




0 KNL -3890 

Contract N o .  W-7405 -eng -26 

CHEMICAL TECHNOLOGY DIVISIOP;;  

FLOODING I N  PERFORATED-PLATE PULSED EXTRACTION COLUMNS : A SURVEY OF 

REPORTED EXPERIMENTAL DATA AND CORRELATIONS, AND THE PRESENTATION 

OF NEW COKRELATIONS WITH PHYSICAL P R O P E R T I E S ,  OPERATING 

VARIABLES, AND COLUMN GEOMETRY 

W. S .  Groenier 
R. A. WAll is ter  
A. D.  Ryon 

MARCH 1966  

OAK RICGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 

operated by 
UNION CARBIDE CORPOFLATZON 

f o r  the 
U . S .  ATOMIC ENERGY COMMISSION 



. 



.ii i. 

CONTENTS 

Page 

Abs t r ac t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

1 . I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . .  2 

2 . L i t e r a t u r e  Survey . . . . . . . . . . . . . . . . . . . . . . .  8 

F l o o d i n g D a t a  . . . . . . . . . . . . . . . . . . . . . . . .  8 

Flooding Due .. I n s u f f i c i e n t  P u l s a t i o n  . . . . . . . . . . .  11 
and Ba i l l i e  . . . . . . . . . . . . . . . . . . . . . . . .  l’j C o r r e l a t i o n s  by Swift .  Claybaugh. Thornton. Smoot and Babb. 

P i k e ’ s  C o r r e l a t i o n  . . . . . . . . . . . . . . . . . . . . .  18 

T h e o r e t i c a l  Development . . . . . . . . . . . . . . . . . .  19 

The F S t a t i s t i c  . . . . . . . . . . . . . . . . . . . . . .  21 

Appl ica t ion  of the  C o r r e l a t i o n  t o  I n s u f f i c i e n t  P u l s a t i o n  
Flooding . . . . . . . . . . . . . . . . . . . . . . . .  24 

3 . C o r r e l a t i o n  Procedure . . . . . . . . . . . . . . . . . . . . .  26 

Mul t ip le  Regression Analysis  . . . . . . . . . . . . . . . .  31 

Development of a C o r r e l a t i o n  . . . . . . . . . . . . . . . .  52 

Computer Programs Developed . . . . . . . . . . . . . . . . .  39 

4 . Resul t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41 

The P r e f e r r e d  Equat ions . . . . . . . . . . . . . . . . . . .  1t1 

Comparison of Ca lcu la t ed  and Experimental  V e l o c i t i e s  a t  
Flooding . Group-1 Data . . . . . . . . . . . . . . . . . .  43 

Equat ions R e s t r i c t e d  t o  Emulsion Flooding . . . . . . . . .  52 
Data Groups Other  Than Group 1 . . . . . . . . . . . . . .  53 

Mul t ip l e  Regression Analysis  . . . . . . . . . . . . . . . .  5 7  

Group-1 Data and I t s  D i s t r i b u t i o n  . . . . . . . . . . . . .  58 

Data Groups Other than  Group 1 . . . . . . . . . . . . . .  61 



- iv  - 
CONTENTS Cont ’ d 

Page 

Analysis o f  Variance - The F S t a t i - s t i c  . . . . . . . . . . .  64 
5. Conclusions.  . . . . . . . . . . . . . . . . . . . . . . . . .  ‘(I. 

Suggest ions f o r  Future  Work. . . . . . . . . . . . . . . . .  )72 
. . . . . . . . . . . . . . . . . . . . . . .  6. Acknowl.edgements &72 

7. Nomenclature 73 

8. References 77 

9. Appendix . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  86 

. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

. 



-1 - 
FLOODING I N  PERFORATED-PLATE PULSED EXTRACTION COLUMNS: A SURVEY OF 

REPORTED EXPERIMENT& DATA AND CORRELATIONS, AND THE PRESENTATION 

OF NEW CORRELATIONS WITH PHYSICAL PROPERTIES, OPERATING 

VARIABLES, AND COLUMN GEOMETRY 

W. S. Groenier  
R. A. McAllister 
A. D. Ryon 

ABSTRACT 

A l l  o f  t h e  r e a d i l y  a v a i l a b l e  f low c a p a c i t y  d a t a  f o r  
pu lsed  p e r f o r a t e d - p l a t e  e x t r a c t i o n  columns have been compiled 
and c o r r e l a t e d  wi th  p h y s i c a l  p r o p e r t i e s ,  mode of ope ra t ion ,  
and column parameters .  About 2200 d a t a  p o i n t s  r e p r e s e n t i n g  
over  20 d i f f e r e n t  chemical systems having a wide range o f  
p h y s i c a l  p r o p e r t i e s  were used i n  t h e  c o r r e l a t i o n s  for both  
aqueous- and organic-cont inuous o p e r a t i o n  i n  a v a r i e t y  of  
columns. 

Exact equa t ions  d e s c r i b i n g  f lood ing  due to i n s u f f i c i e n t  
p u l s a t i o n  are p resen ted  f o r  9 d i f f e r e n t  modes of f l o w  c o n t r o l  
i n  and ou t  of  t h e  column. I n  each case,  t h e  flow c a p a c i t y  i s  
a f u n c t i o n  only of f low r a t i o  and p u l s e  v e l o c i t y .  

Flooding i n  t h e  emulsion regime, however, i s  much more 
complex. C o r r e l a t i o n s  w e r e  made by combining t h e  v a r i a b l e s  
of p h y s i c a l  p r o p e r t i e s ,  pu l se ,  and column geometry i n  dimen- 
s i o n l e s s  groups and determining t h e  c o e f f i c i e n t s  by m u l t i p l e  
r e g r e s s i o n .  A number of equa t ions  gave n e a r l y  equa l  success .  
The g e n e r a l  type i s :  

n 

i=l 
Y = A +  b i X i  

where Y i s  t h e  loga r i thm of  t h e  dependent group and the  X ' s  
r e p r e s e n t  logar i thms of  n independent  groups, c r o s s  products ,  
o r  powered t e r m s .  Using the  b e s t  equat ion ,  t h e  c a l c u l a t e d  
flow c a p a c i t y  is, on t h e  average, 8.6$ h ighe r  than  e x p e r i -  
mentaLwi th  a s t anda rd  d e v i a t i o n  of '4.5. 
are compared t o  s e v e r a l  i n  t h e  l i t e r a t u r e  which had been 
de r ived  from a much narrower range of t h e  v a r i a b l e s .  

The new c o r r e l a t i o n s  
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1. INTRODUCTION 

This r e p o r t  p r e s e n t s  t h e  r e s u l t s  of a s tudy  of flow c a p a c i t y  a t  

f looding  i n  p e r f o r a t e d - p l a t e  pulsed  e x t r a c t i o n  colun-ns . Exact equat ions  

are presented  f o r  t h e  r e g i o n  of f looding  known as f looding  due t o  i n s u f -  

f i c i e n t  p u l s a t i o n .  I n  addit-i.on, t h e  p r e f e r r e d  equat ion  c o r r e l a t e s  a l l  

types of f looding  -- f looding  due t o  i n s u f f i c i e n t  p u l s a t i o n ,  f looding  

due t o  excess ive  p u l s a t i o n  (emulsion f l o o d i n g ) ,  and t h e  i n t e r m e d i a t e  f l o o d -  

i n g  r e g i o n s .  Most e x i s t i n g  f looding  c o r r e l a t i o n s  were der ived  s p e c i f i c a l l y  

f o r  t h e  case of s i n u s o i d a l  pu lse  wavel aqueous phase continuous,  and metal 

s i e v e  p l a t e s ,  where no m a s s  t r a n s f e r  was occurr ing .  The p r e s e n t  s tudy  

examined f looding  d a t a  in. which t h e  aqueous and/or t h e  organic  phase were 

cont inuous;  i n  which mass t r a n s f e r  was o c c u r r i n g  o r  n o t  occur r ing;  i n  

which meta l  p l a t e s ,  p l a s t i c  p l a t e s ,  o r  combi.nati0n.s of m e t a l  and p l a s t i c  

were used;  and i n  which both p e r f o r a t e d  p l a t e s  ( a l s o  c a l l e d  s i e v e  p l a t e s )  

and nozzle  p l a t e s  were used.  Methods are a l s o  i n d i c a t e d  t o  a d a p t  the 

equat ions  t o  p u l s e  shapes o t h e r  than  si .nusoida1. The v a r i o u s  groups of 

d a t a  i-ncluded i n  the  s tudy  are summarized i n  Table 1. F u r t h e r  d e t a i l s  

a r e  g iven  i n  Tables A-1, A-2, and A-3 of t h e  Appendix. 

About 2200 d a t a  p o i n t s  r e p r e s e n t i n g  over  20 d i f f e r e n t  chemical systems 

were compiled and used i n  t h e  c o r r e l a t i o n s .  The range of  v a r i a b l e s  i s  

broad enough t o  provi.de a good base f o r  g e n e r a l  c o r r e l a t i o n s .  I n t e r f a c i - a l  

t e n s i o n  ranges from 3.7' t o  k.2 dynes/cm, d e n s i t y  from 0.68 t o  1.45 g/cc, 

v i s c o s i t y  from 0.41 t o  22 c e n t i p o i s e s ,  p u l s e  frequency frol*L 6.8 t o  la20 

cycles/min, pu lse  amplitude from 0.1 t o  3 in . ,  and flow r a t i o  from 0.01 

t o  100. Column parameters  inc lude  column diameter  from 1 t o  12 in . ,  

p e r f o r a t e d - p l a t e  f r e e  a r e a  from 8 t o  6 2 7, o and iro1.e diameter  E r o m  0.02 t o  

0.188 i n .  
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Table 1.  Data Groups 

Data No. of 
Data P o i n t  >lass Continuous Data Codes* 
Group Nos. Transfer  Phase P u l s e  P l a t e  P o i n t s  Tr CP C t  Note 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 

20 

No Aqueous 
Y e s  Aqueous 
No Aqueous 
Yes Aqueous 
No Aqueous 

Yes Aqueous 
NO Aqueous 

NO Organic 
Yes Organic 

NO Organic  
yes Organic 
No Organic  
NO Organic  
Ye s Organic  

No Organic  
Yes Organic  

No Aqueous 

Yes Aqueous 

NO Aqueous 

Metal s i e v e  
Metal  s i e v e  
Metal nozzle 
Metal  nozzle 
Zebra 

Zebra 
P l a s t i c  no?z le  
p l a s t i c  nozzle  
> l e t a l  s i e v e  
Metal bieve 

Metal nozzle  
Metal nozz le  
p l a s t i c  s k % e  
Zebra 
P l a s t i c  sieve 

P l a s t i c  nozzle  
P l a s t i c  nozz le  
t ie ta l  s i e v e  
> f e t a l  o r  p l a s t i c  

or Organic  
Yes o r  No Aqueous &!tal s i e v e  

1106 
2 la 
8 

37 
144 

0 
0 
0 
1 

12 

96 
125 
28 

l j J +  
10 

12 
10 
51 
85 

1'71 

1 
1 
1 
1 
1 

1 
1 
1 
2 
2 

2 
2 
2 
2 
2 

2 
2 
1 
1J2 

1 

+Same codes a s  i n  Tables  A-2 and A-3. 

aExcept d a t a  p o i n t s  859-863. 

bInc ludes  d a t a  p o i n t s  853-86j. 
'Type V f looding ,  see  Reference 87. 
d S p i r a l  c a r t r i d g z .  

'Thornton's square  wave and sawtooth wave pu lse .  

I n  a d d i t i o n  to the r e g u l a r l y  spaced p e r f o r a t e d  p l a t e s ,  3 s h e e t  of s t a i n l e s s  s teeI  
w a s  i n s e r t e d  between t h e  p l a t e s  t o  cause t h e  f l u i d s  t o  move up and dorm the  column s p i r a l l y .  

See Reference 90 and Tab le  A-4. 



A l l  of t h e  c o r r e l a t i o n  equat ions  were der ived  us ing  Group-P d a t a  

(Tables  1 and A - 1 )  only,  which are f o r  aqueous-continuous o p e r a t i o n  o f  

m e t a l  s i e v e - p l a t e  columns wi thout  mass t r a n s f e r .  Flood equa t ion  122 w a s  

used t o  c a l c u l a t e  f low c a p a c i t i e s  €or  the  o the r  d a t a  groups .  New c o n s t a n t s  

f o r  t he  Pike, Thornton, and the  §moot and Bahb equat ions  have been de r ived  

and are  l i s t e d  i n  Tables A-7  and A-8 under f lood  equa t ions  7, 208, and 209, 

and a l s o  as E q s .  (54), (53), and (55) .  It i s  recommended t h a t  t he  

Thornton and the Siiioot and Babb equat ions  be used only  f o r  pure  emulsion 

f lood ing  and n o t  f o r  f looding  near  t he  i n s u f f i c i e n t  p u l s a t i o n  r eg ion .  

The pulsed  column commonly used f o r  l i q u i d - l i q u i d  e x t r a c t i o n  i s  a 

v e r t i c a l  column con ta in ing  p e r f o r a t e d  p l a t e s  - A p a i r  of immiscible 

l i q u i d s  is  f e d  cont inuous ly  i n t o  t h e  column, they  pass coun te rcu r ren t ly ,  

and are removed cont inuous ly  o u t  of t he  oppos i t e  ends of {:he column from 

the i r  p o i n t  o f  i n j e c t i o n .  Both l i q u i d s  w i t h i n  the  colunm are  s u b j e c t e d  

t o  a c y c l i c  p u l s i n g  a c t i o n ,  genera1l.y s i n u s o i d a l ,  i n  which t h e r e  is  a 

v e r t i c a l  pumping a c t i o n  superimposed on the  r e g u l a r  coun te rcu r ren t  f lows  

o f  the phases .  The p u l s e  breaks  up one of the l i q u i d s  i n t o  d r o p l e t s  as 

i t  i s  forced  through the  p e r f o r a t e d  p l a t e s .  

I f  an  o rgan ic  phase i s  t o  be di-spersed, and i t  i s  less dense than  

the  o the r  phase, which u s u a l l y  i s  an aqueous phase,  the o rgan ic  phase  

would be in t roduced  i n t o  the  ~01itrnn a t  the bottom. It breaks up i n t o  

d r o p l e t s  as i t  passes from the  i n l e t  p o r t ( s )  up through the  aqueous phase 

t o  the  unders ide  of the f i r s t  p l a t e .  A t  l o w  pu l se  and f l o w  rates, the  

d i s p e r s e d  phase has  the opportun.i.ty t o  coa le sce  under the  p l a t e .  Genera l ly  

the ho le s  i n  the  p e r f o r a t e d  p l a t e s  a r e  s m a l l  enough so  t h a t  [:he s u r f a c e  

fo rces  between the  pl.at:e and t h e  two phases  are  suf f ic i .en . t ly  h igh  t o  



prevent  passage of  e i t h e r  phase, were i t  not  fo r  the  pulllping a c t i o n  of  

the  p u l s e r .  

through the  ho le s  on the bottom p l a t e ,  and subsequent ly  up through each 

success ive  p l a t e  t h e r e a f t e r .  On the  r e t u r n  down s t r o k e ,  aqueous phase 

i s  p u l l e d  down through the  p e r f o r a t i o n s ,  a l lowing  the  aqueous phase t o  

flow through the  layer of o rgan ic  phase under t he  p l a t e s .  h r i n g  tliis 

type of  ope ra t ion  t h e r e  are two d i s t i n c t  layers of l i q u i d  i n  between 

each p a i r  of plates,  and some drops of each of t he  phases which have 

passed through the  o t h e r  phase and are coalescing,  on t h e i r  r e s p e c t i v e  

phases .  

On t h e  up s t r o k e  of t he  p u l s e r ,  o rgan ic  phase i s  forced  

This o p e r a t i n g  regime i s  c a l l e d  the  m i x e r - s e t t l e r  zone s i n c e  i t s  

116 a c t i o n  i s  s imilar  t o  t h a t  i n  a m i x e r - s e t t l e r  e x t r a c t i o n  appa ra tus .  

Should the  o rgan ic  phase be fed i n t o  t h e  bottom of the  column f a s t e r  than 

i t  i s  be ing  pumped through the bottom p l a t e ,  i t  w i l l  cont inue  t o  accumulate 

u n t i l  it d i scha rges  ou t  t he  bottom of the  column a long  with the  aqueous 

phase.  I f ,  on the  o ther  hand, t h e  aqueous phase is fed  i n t o  the  top  of 

t h e  column f a s t e r  than i t  can be drawn down through the  top p l a t e ,  i t  w i l l  

engorge the  top  s e c t i o n  of t he  column and e v e n t u a l l y  flow ou t  wi th  the  

organic  phase.  E i t h e r  type of behavior  i s  c a l l e d  f lood ing  due t o  i n s u f -  

f i c i e n t  p i i l sa t ion .  

As t h e  p u l s e  f requency and ampli tude a r e  increased ,  so  is  the  pulsed-  

volume v e l o c i t y ,  and i t  is p o s s i b l e  t o  i n c r e a s e  the  f low rates of each 

phase cor respondingly .  AS t he  flow rates and p u l s i n g  ra tes  inc rease ,  so  

a lso do t h e  i n e r t i a l  and shea r ing  forces on the  phases. These f o r c e s  

r e s u l t  i n  t h e  formation o f  a d i s p e r s i o n  o r  emulsion which has i n s u f f i c i e n t  

o p p o r t u n i t y  t o  coa le sce  between plates .  The r e s u l t i n g  emulsion i s  
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d i s t r i b u t e d  f a i r l y  uni-formly throughout t h e  h e i g h t  of t h e  column. This 

kind of regime i s  r e f e r r e d  t o  as  t h e  emulsion zone of o p e r a t i o n .  The more 

vigorous t h e  puls ing ,  i n  genera l ,  t he  f i n e r  t h e  emulsion f o r  a given system. 

It i s  o.f i n t e r e s t  t o  note  t h a t  dur ing  both tihe u p  and t h e  down s t r o k e s  of 

t he  pu l se ,  both phases are recyc led  through each p l a t e  dur ing  each  p u l s e  

c y c l e  i n  the  emulsion zone of  o p e r a t i o n .  

b o t h )  of  t he  phase flow r a t e s  becomes 

t h e  phases  leav ing  t h e  end of the column i n t o  which i t  was introduced,  

t h u s  r e s u l t i n g  i n  "emulsion f l o o d i n g .  " 

i s  obta ined  a t  a f i x e d  f low r a t e  oE t h e  phases i f  t h e  pulsed-volume v e l o c -  

i t y  ( t h e  frequency-amp l i t u d e  product  ) i s  s u f f i c i e n t l y  i n c r e a s e d .  

Again, when. one o r  t h e  o t h e r  (o r  

t oo  l a r g e ,  i t  w i l l  r e s u l t  i n  one of 

The same r e s u l t  (emulsion f l o o d i n g )  

Geier" r e p o r t s  f i v e  separate reg ions  of pu lsed  column o p e r a t i o n .  

Two of t h e  r e g i o n s  are c l a s s i f i e d  a s  f looding  -- one due t o  i . n su f f i c i en . t  

p u l s a t i o n ,  t h e  o t h e r  emulsion f looding .  A t  l eas t  2our ot:her types 05 

f looding  have been descr ibed .  

one of t hese  types  which occurs  i n  t h e  absence of mass t r a n s f e r .  Another 

type of  f looding  i n  which m a s s  t r a n s f e r  w a s  o c c u r r i n g  i s  descr ibed  by 

' L 0 ~ r i . e ~ ~  as tak ing  p l a c e  i n  a compound colunin 24 f t  t a l l  i.n which t h e  

heavy phase was introduced 12 f t  from t h e  top of t h e  column. Two o t h e r  

types  of f looding  were descr ibed  by McEacherng7 i n  t h e  r e g i o n  of  €looding 

due t o  i n s u f f i c i e n t  p u l s a t i o n .  The wel l -def ined  r e g i o n s  o f  pulsed colurim 

o p e r a t i o n  a r e  shown i n  Fig.  1 i n  which the  o v e r a l l  flow rate of  both  phases 

i s  p l o t t e d  versus  t h e  pulsed-volume v e l o c i t y  ( t h e  frequency-amplitude 

product  ) . 

Defives,  Duraiidet, and Gladel" d e s c r i b e  

It i s  d o u b t f u l  t h a t  a l l  t h e  o p e r a t i n g  r eg ions  o f  t h e  pulsed  column 

have been explored o r  r e p o r t e d .  An example o f  such unusual  o p e r a t i n g  



ORNL DWG 65-9417 

Comp I e te flooding I 
I due to insufficient 

pu I sat ion 

I 
Complete flooding due to 

emulsification 

/Mixe;;;ztt!er 

operation . / 
Insufficient 
pu I sa t i  on 
flooding 
I ine 

/ \ Emu I s  ion f I ood ing 
curve 
I 

/ I / Emulsion-tvae onerotinn 

“50% flooded due to 
i nsu f f i  c i e  nt pu Isa t ion 

/ 

FREQUENCY-AMPLITUDE PRODUCT, FA (ft/hr) 

Fig .  1. General Pulsed-Column Operat ing and Flooding  Zones. 
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c o n d i t i o n s  i s  r e p o r t e d  by D e W i t t  113-11s i.n which a i r  i n j e c t i o n  i n t o  t h e  

column dur ing  t h e  r e g u l a r  o p e r a t i o n  adds a t h i r d  phase and s u r p r i s i n g l y  

i n c r e a s e s ,  somewhat, the flow c a p a c i t y  of  t he  o t h e r  two phases .  

I n  t h e  reg ion  of i n s u f f i c i e n t  p u l s a t i o n  f looding,  t h e  Elow c a p a c i t i e s  

have been mathematical ly  d e s c r i b e d  and may be  p r e d i c t e d  a c c u r a t e l y .  

phenomena of emulsion f looding  are n o t  as y e t  amenable t o  r i g o r o u s  a n a l y s i s .  

Not on ly  are t h e  pulse  r a t e s  and phase flow r a t e s  important  v a r i a b l e s ,  b u t  

t h e  v iscous  f o r c e s  and s u r f a c e  f o r c e s  a s  w e l l  a s  g r a v i t a t i o n a l ,  i n e r t i a l ,  

and s h e a r i n g  f o r c e s  a l s o  become predominant i n  t h e  d e s c r i p t i o n  of f looding .  

I n  a d d i t i o n ,  such e f f e c t s  as p l a t e  w e t t a b i l i t y ,  coalescence,  and whether 

or  n o t  t h e r e  i s  i n t e r n a l  c i r c u l a t i o n  w i t h i n  the  drop1et:s a l l  may a f f e c t  

t h e  f low c a p a c i t y .  What p h y s i c a l l y  measurable q u a n t i t i e s  are  necessary  

t o  c h a r a c t e r i z e  t h e s e  e f f e c t s  are n o t  known. 

The 

Most approaches t o  a d e s c r i p t i o n  of  emulsion f looding  are  consequent ly  

empir ica l .  S e v e r a l  s e m i t h e o r e t i c a l  approaches 64?'73?75?83 have 

appeared i n  t h e  l i t e r a t u r e  and a r e  descr ibed  below. These approaches,  

while  pa r t i a l7 .y  empir ica l ,  have der ived  s e v e r a l  per t i -nene concepts  and 

groupings of  v a r i a b l e s  which p o i n t  t h e  way toward a more complete d e s c r i p -  

t i o n  and understanding of  f looding  phenomena. The p r e s e n t  s tudy  has taken  

advantage of t h e s e  guidepos ts  and developed some f u r t h e r ,  i f  not: e n t i r e l y  

newg r e l a t i o n s h i p s .  

2. LITEWITJJXE SURVEY 

Flooding Data 

I n  g a t h e r i n g  f looding  d a t a ,  i t  w a s  decided t h a t  a t  least  t h e  fol lowing 

informat ion  would be necessary  f o r  t h e  d a t a  t o  be u s e f u l :  Vc, V,, A, F, 
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7, pc, pD, pc, pD, d, D, E, and S .  

same dimensional  system and a r e  p re sen ted  i n  Table A-3 i n  t h e  Appendix. 

Other in format ion  as t o  the  cont inuous phase, whether o r  n o t  m a s s  t r a n s f e r  

was tak ing  place, t he  kind of p e r f o r a t e d  p l a t e s  used and t h e  composition 

o f  t h e  phases  a l so  appears  i n  Table A-3, or i n  supplemental  Tables A-3. and 

A-2. I n  c e r t a i n  cases it w a s  necessary  t o  r ead  d a t a  p o i n t s  from graphs 

i n s t e a d  of t a b l e s .  I n  o t h e r  cases  where p h y s i c a l  p r o p e r t i e s  of t he  phases 

were not  given, s o l u t i o n s  were mixed a t  ORNL and t h e i r  p r o p e r t i e s  measured. 

These l a t t e r  cases are noted i n  Table A-1, Supplementary Data. 

A l l  t h e  d a t a  were converted t o  t h e  

Two e x c e l l e n t  reviews ‘j6’ cover t h e  s u b j e c t  of t he  use  of pu l sed  

coLums i n  s o l v e n t  e x t r a c t i o n .  Both inc lude  a survey of  t h e  l i t e r a t u r e  

on f lood ing .  A t  l e a s t  two o t h e r  reviews of the  L i t e r a t u r e  

p r i m a r i l y  concerned wi th  f looding  i n  per fora ted-p1ate  pulsed  columns. 

are 82,108 

A pulsed  e x t r a c t i o n  column has  as i t s  u l t i m a t e  purpose t h e  t r a n s f e r  

of one o r  more s o l u t e s  from one phase t o  the  o t h e r .  For more than  h a l f  

the  d a t a  on f looding,  however, t h e r e  i s  no m a s s  t r a n s f e r ,  t h a t  is, t h e  

phases  are i n  equ i l ib r ium.  

of determining ranges o f  o p e r a t i o n  of t h e  column, which inc ludes  informa- 

t i o n  on f lood ing .  Table 1 summarizes a l l  t he  d a t a  i n  t h i s  r e s p e c t .  

These d a t a  were o f t e n  ob ta ined  i n  the  course  

The usual. i n d i c e s  of  in format ion  were thoroughly explored,  from about  

1335 t o  August 1964- 

has appeared s i n c e  1950. Chemical Abs t rac ts ,  B r i t i s h  Abs t r ac t s ,  and 

e s p e c i a l l y  Nuclear Science Abs t r ac t s ,  w e r e  the  n o s t  h e l p r u l .  

d e a l  of the  development work i n  the  f i e l d  r e s u l t e d  from t he  h igh  i n t e r e s t  

and u t i l i t y  of  t he  p e r f o r a t e d - p l a t e  e x t r a c t i o n  columns. Most o f  t he  d a t a  

OR f looding  and mass t r a n s f e r  have been ob ta ined  by, o r  under the  

Most of t he  l i t e r a t u r e  on the  s u b j e c t  of f looding  

A g r e a t  
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sponsorsh ip  of ,  t he  va r ious  atomic energy establ-ishments i n  the  United 

States,  Canada, Grea t  B r i t a i n ,  A u s t r a l i a ,  and France.  The r e p o r t  f i l e s  

a t  the  Oak Ridge Nat iona l  Laboratory were a good source  of d a t a .  

Graduate theses ,  both a t  the  Master's a-rld Ph.D. l e v e l s ,  have been 

f r u i t f u l  sources  of informat ion .  Fo r tuna te ly ,  ~ i s s e r t a t i o n  Abstracts 

c a r r i e s  in format ion  regard ing  most of t he  r e c e n t  Ph.D. t heses  which have 

been completed. No such index i s  r e a d i l y  a v a i l a b l e  f o r  master's theses ,  

120> 121 except  f o r  a few i s o l a t e d  c a s e s ,  Severa l  u s e f u l  mas te r ' s  t heses  

were found, however, and a r e  'Listed i n  t h e  r e f e r e n c e s .  

Some d a t a  were j -n t en t iona l ly  no t  inc luded  i-n the  c u r r e n t  l i s t .  For 

example, p o i n t  Nos. 1209 and 1722 were d e l e t e d  from the  l i s t  of a prev ious  

report:,  s i n c e  the  fi-rst had a va lue  of X =: -2.O7(, and the  second h ::: 

1.35, both  of which a r c  p h y s i c a l l y  impossible  f o r  ca se - I  f loodi.ng. The 

value  of X must be between -1.0 and +1.0 f o r  [:here t o  be a p h y s i c a l  

r e a l i t y .  Other  d a t a  from the  pre.vious l i s t  have been rear ranged  and 

c o r r e c t e d ;  consequent ly  the  p o i n t  numbers no longer  co inc ide .  

I08 

A l a r g e  b lock  of d a t a  which do n o t  appear  i n  the  f looding  d a t a  of 

S t 0 1 l e r l ' ~  g ives  many t h i s  r e p o r t  a r e  i n  the  c l a s s i f i e d  1 . i t e r a t u r e .  

graphs showing f looding  d a t a  p r e v i . m s l y  a v a i l a b l e  only  i n  the  c l a s s i f i - e d  

l i t e r a t u r e  of the  United S t a t e s  Atomic Energy Commission. Most of  t h e s e  

d a t a  a r e  s t i l l  c l a s s i f i e d ,  and s i n c e  one o r  lmre o f  the  components i s  

rad ioac t i -ve ,  no a t t empt  w a s  made t o  me t h e s e  da.ta, s i n c e  i t  w a s  Ee l t  that  

t h e  r a d i o a c t i v i t y  would c a s t  doubt on the  p h y s i c a l  p r o p e r t i e s  of  the  

systems r e s u l t i n g  from an  unknown amount o f  r a d i o a c t i v e  degrada t ion ,  

p r i i n a r i . 1 ~  o f  t he  s o l v e n t .  The e f f e c t  of r a d i o a c t i v i t y  on i n t e r f a c i a l .  

t e n s i o n  or  coalescence i s  n o t  we l l  c h a r a c t e r i z e d .  
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Other  d a t a  were l a b e l e d  ques t ionab le  by the  o r i g i n a l  experimenters  

Such d a t a  cons idered  t o  be of ( see  re f .  'r3) o r  by the  p r e s e n t  au tho r s .  

doub t fu l  va lue  were n o t  used; f o r  example, t he  d a t a  of Jones.  None of 

t h e  d a t a  r e p o r t e d  a f t e r  September 1964 were used. Thus, t he  ve ry  r e c e n t  

d a t a  of  Logsdai l  and Lamer'" and Wrench''' were no t  inc luded .  

The most common r eason  f o r  n o t  L i s t i n g  d a t a  t h a t  were found w a s  t h a t  

t he  p h y s i c a l  p r o p e r t i e s  of t h e  phases were n o t  given.  I n  most of t hese  

cases the  compositions of t he  phases were a l s o  unce r t a in ,  and so i t  was 

no t  p o s s i b l e  t o  measure t h e  p r o p e r t i e s  o€ s imula ted  s o l u t t o n s  a t  ORNL. 

Flooding Due t o  I n s u f f i c i e n t  P u l s a t i o n  

Flooding i n  t he  r eg ion  of low pu l se  energy marks the  lower boundary 

of t he  m i x e r - s e t t l e r  o p e r a t i n g  zone. As prev ious ly  d iscussed ,  the  f l o w s  

of each phase 

a c t i o n  of t h e  

imp or  tance of  

through 

p u l s e .  

how the 

the  p l a t e  p e r f o r a t i o n s  a r e  dependent: on the  pumping 

S w i f t 8 7  was one o f  t he  f i r s t  t o  recognize the  

s t reams were in t roduced  t o  and removed from the  

CQlumll. Swi f t  cons idered  n ine  cases in whi-ch t h e  d i spe r sed  phase was 

the  l i g h t  phase,  He based his analys is  on a m a t e r i a l  balance around the  

bottom end s e c t i o n ,  t he  p u l s e  gene ra to r ,  and the bottom p l a t e .  It w a s  

assumed t h a t  on ly  d i spe r sed  phase moved upward p a s t  t h e  p l a t e  on the 

upstroke,  and cha t  on ly  the cont inuous phase moved damward p a s t  the 

p l a t e  on the  downstroke$ Fur ther ,  t he  r e s u l t i n g  expressiims are v a l i d  

only  fo r  equa l  f l o w  of each phase (Vc/VD = 1.0). 

eases cons idered  by Swi f t .  Case I i s  probably t h e  most common and can be 

ac.comp 1i.shed by p o s i t i v e  displacement  pumps i n  the  d i spe r sed  -phase i n f l u e n t  

l i n e  and t he  cont inuous -phase e f f l u e n t  l i n e .  Some s m a l l  f l u c t u a t i o n  i n  

these f l o w  rates i s  c e r t a i n  t o  occur, due t o  the  f l u c t u a t i o n s  i n  s t a t i c  

Table 2 summarizes the  
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87 Table 2. Flooding Due t o  I n s u f f i c i e n t  P u l s a t i o n  - Vc/VD = 1.0 

a Continuous D i  s p e r s e d 
Case Phase Phase Resul t ing  Capaci ty  Equat i.011 

I 

I1 

IIT 

I V  

V 

VI 

vz I 

V I 1 1  

I X 

Removed 
continuous 1.y 

Removed 
cont inuous 7.y 

Removed 
cont inuous ly  

Removed on 
downstroke 

Removed on 
up s t r o  ke 

Removed on 
ups t roke  

Removed on 
downs 1:roke 

Removed on 
ups t r  oke 

Removed on 
downs t r o  ke 

Introduced 
c o n t  i.nuous l y  

In t roduced  
on downstroke 

In t roduced  
on ups t roke  

I Ln t r o duce d 
cont inuous ly 

In t roduced  
cont:i.nuous ly 

In t roduced  
on downstroke 

In t roduced  
on ups t roke  

In t roduced  
on ups t roke  

In t roduced  
on downstroke 

( V  t VD)  f t / h r  -1 

C 

-1- I F  -)(A m 1  II i n . )  

(vc t VD) c 10 FA - TII) 

(vc + VI))  = 10 FA + v 

7 10 FA 

D 

(V C 11 e + V  ) = 10 PA t V  

( V  + V D )  = 10 FA - V 
c C 

(vc + v ) = 5 EA 

(vc + VD)  = (vc -I- V n )  

D 

(Vc + VI)) = 5 FA + VD 

(Vc 1 V ) = 5 FA + Vc u 

.-- ___ 
a Symbols and t h e i r  dimensions are d e f i n e d  i n  t h e  t a b l e  of  nomenclature. 
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p r e s s u r e  r e s u l t i n g  from the  p u l s i n g  a c t i o n ,  even wi th  p o s i t i v e  d i s p l a c e -  

ment pumps. It i s  f e l t  t h a t  i n  most ca ses  t h i s  e f f e c t  i s  minor, and t h a t  

ca se  I: i s  very  c l o s e l y  r e a l i z e d .  

Edwards and Beyer” de r ived  an  equa t ion  for t he  l i m i t i n g  flow 

c a p a c i t y  f o r  a s i n u s o i d a l  p u l s e  wave ope ra t ing  under cond i t ions  r equ i r ed  

by case V. 

u n i t y .  They a l s o  confirmed the  c a l c u l a t i o n s  by ope ra t ing  a column; t h e  

Their  d e r i v a t i o n  allowed V /V t o  have va lues  o t h e r  than  
c D  

r e s u l t s  are c l a s s c d  as group 18 i n  Table A - 1 .  In lg59, Claybaugh 19 

deri-ved an equa t ion  f o r  case  I; f o r  va lues  of V /V o t h e r  than l*Q. In c D  

1964, Groenier117 p resen ted  the  equat ions  for cases I, 11, V, and V I .  

The g e n e r a l  equat ions  f o r  a l l  of S w i f t ’ s  cases are  summarized i n  

Table 3. As before ,  m i x e r - s e t t l e r  operatl ion i s  assunled; t h a r  i s  t o  say, 

t h e  l i g h t e r  phase moves only  upward dur ing  t h e  upward p o r t i o n  of the  

pu l se ,  and t h e  heav ie r  ( o r  more dense )  phase moves only  downward dur ing  

t h e  downward s t r o k e .  This r e q u i r e s  t h a t  t h e r e  be no r e c y c l e  of e i t h e r  

phase, and means t h a t  t h e r e  i s  no flow a t  any time dur ing  t h e  pulse ,  up 

o r  down, of e i t h e r  phase in a d i r e c t i o n  oppos i t e  t o  the  n e t  f l o w  of  t h a t  

phase i n  the  column. The equa t ions  g iven  i n  T a b l e  2 are i n  t e r m s  of the 

cont inuous and d i spe r sed  phases  r a t h e r  t han  t h e  l i g h t  and heavy phases .  

Note t h a t  t he  g e n e r a l  equa t ions  take cdre  of all. cases whether t he  

cont inuous phase i s  l i g h t  o r  heavy. The equat ions  a r e  r igo rous  f o r  t h e  

cond i t ions  given.  I n  a l l  ca ses  where an e x t e r n a l  p u l s e r  is  used, the  

equa t ions  g iven  i n  Table 3 r e f e r  t o  the  s i n u s o i d a l  p u l s e  wave. Equations 

may be de r ived  f o r  o t h e r  p u l s e  wave shapes,  such a s  square  wave o r  s a w -  

t o o t h  wave, etc. ,  b u t  i t  g e n e r a l l y  involves  a g r a p h i c a l  i n t e g r a t i o n  

which r e q u i r e s  t h a t  a knowledge of  t h e  p u l s e - v e l o c i t y  p r o f i l e  wi th  t i m e  



Table 3. Flooding Due t o  I n s u f f i c i e n t  P u l s a t i o n  - General  Equat ions 

87 S w i f t ' s  
Case No. L imi t ing  Flow Capaci ty  Equat ion 

T 

I1 

III 

I v  

V 

v + v L = v  
H P 

V I  

V I  I No p u l s e  r e q u i r e d  

VIII v = v  
H P  

IX v = v  
L P  

Note: Cases I through V a r e  f o r  s i n u s o i d a l  p u l s e  shapes, b u t  t he  equat ions  

may be modif ied f o r  any p u l s e  shape. Case V I I  has  no e x t e r n a l  

pu l se ;  cases VI, V I I T ,  and I X  are f o r  any p u l s e  shape.  
_I_____ ___ 
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m u s t  be a c c u r a t e l y  known. A l l  t h e  equa t ions  i n  Table 3 reduce, of  course,  

t o  those  i n  Table 2 when Vc/V = 1.0. u 

C o r r e l a t i o n s  by Swif t ,  Claybaugh, Thornton, 
Smoot and Babb, and B a i l l i e  

W. H. Swift8" proposed the  f i r s t  impor tan t  c o r r e l a t i o n  which r e l a t e s  

t h e  e f f e c t  of c a r t r i d g e  geometry, p u l s e  c h a r a c t e r i s t i c s ,  and flow v a r i a b l e s  

i n  t he  r eg ion  of  emulsion f lood ing .  The equa t ion  i s  e m p i r i c a l  and does 

n o t  i nc lude  the  p h y s i c a l  p r o p e r t i e s  of t h e  systems used. Swi f t  sugges t s  

t h a t  t h e  two cons t an t s  i n  the  equa t ion  c o n t a i n  the  eLEect of t h e  phys ica l  

p r o p e r t i e s  of the  system. The Swi f t  c o r r e l a t i o n  i s :  

The c o r r e l a t i o n  w a s  based on 180 runs  us ing  as an  o rgan ic  phase a petroleum 

f r a c t i o n ,  Amsco l25-9OW, manufactured by the American Mineral  S p i r i t s  

Company, i n  e q u i l i b r i u m  with water .  Swi f t  had the  f o r e s i g h t  t o  record  

t h e  p h y s i c a l  p r o p e r t i e s  oE the  mutua l ly  s a t u r a t e d  phases .  

B. E. Claybaugh" determined a similar equa t ion  f o r  t he  methyl 

i s o b u t y l  ketone--water system. Claybaugh a l s o  demonstrated how Thornton's 

equat ion ,  g iven  below, could  be used t o  d e r i v e  a n  equa t ion  s i m i l a r  i n  form 

t o  Swift's equat ion ,  i n  which C1 and C2 were r e l a t e d  t o  the p h y s i c a l  

p r o p e r t i e s  of the  system. 

J. D. Thornton 64J90 and h i s  a s s o c i a t e s  r e p o r t  an  ex tens ive  s tudy  i n  

which s i x  organic-water  systems, e l even  column c a r t r i d g e s ,  and six columns 

o f  d i f f e r e n t  dimension were s t u d i e d  f o r  bo th  f looding  and m a s s  -transfer 

c h a r a c t e r i s t i c s .  Thornton's c o r r e l a t i o n  f o r  f looding  u s e s  the c h a r a c t e r -  

i s t i c  d r o p l e t  v e l o c i t y  (7 ) in t roduced  by Gayler,  Roberts, and P r a t t  i n  
0 
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a n  ea r l i e r  paper.38 

phase holdup (x) and the  phase f low rates by the foll.owing e q u a t i o n :  

This drop]-et v e l o c i t y  i s  r e l a t e d  t o  t h e  d ispersed-  

provi-ded t h a t  t h e r e  i s  a uniform d i s t r i b u t i o n  of the di .spersed phase along 

t h e  h e i g h t  of t h e  column, and provided t h a t  t h e r e  i s  l i t t l e  n e t  coalescence 

of t h e  d i s p e r s e d  phase. Flood-point flow rates of t h e  two phases were 

obta ined  by t a k i n g  t h e  p a r t i a l  d e r i v a t i v e s  of E q .  ( 2 )  w i t h  ' r e spec t  eo t i m e  

and s e t t i n g  them equal  t o  z e r o .  Thus a t  f looding,  
I 

= 2 v o X f 2  (1 - X f )  , % f )  
and 

= To (1 - X f ) 2  (1 - 2 X f )  . 
c ( f )  

v 

Equations (3 )  and (1.)) may be combined t o  g i v e :  

(4) 

which demonstrates  t h e  r e s u l t  t h a t  t h e  holdup a t  emulsj-on f looding  i s  a 

f u n c t i o n  only  o f  t h e  flow-rate r a t i o  r e g a r d l e s s  of the p h y s i c a l  p r o p e r t i e s  

of t h e  phases  o r  t he  column o r  pulse  parameters .  E q u a t i o n  ( > )  has been 

demonstrated v a l i d ,  no t  on ly  by Thornton, b u t  by many o t h e r  investi .gat0r.s.  26, 

29,94-102,105-108,iio 
The most r e c e n t  d a t a  v e r i f y i n g  Eq .  ( 5 )  were obta ined  

f o r  va lues  of v /V ranging from 0.01 t u  100. 

118 
c D  

The e q u a t i o n  w a s  chal lenged by Jones,  whose deri.vaI:ion r e s u l t e d  

i n :  

1 
x =  

1 -t- Ji7-7Y- c D  

The two equat ions  are n o t  equiva len t ,  the l a t t e r  yiel-ding a va lue  of  
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= 0.5 when V /V = 1.0, and a va lue  of 1.0 when V /VD is very  small. Xf c D  C 

Thornton's c r i t e r i o n ,  Eq. (5), gives va lues  of x 

r e s p e c t i v e l y ,  f o r  Vc/VD = 1.0 and ve ry  small, approaching zero .  

(6)  c o n s i s t e n t l y  g ives  l a r g e r  va lues  of x 

i s  be l i eved  t h a t  Jones '  c r i t e r i o n  f o r  f looding  i s  i n v a l i d  s i n c e  h i s  d e r i v a -  

t i o n  i s  based on Edwards and Beyer's approximate f lood ing  equa t ion  r a t h e r  

t han  t h e i r  r i g o r o u s  one. 

= 0.333 and 0.500, E 

Equat ion 

than  'Thornton's equat ion .  ~t f 

31 

To complete the  f looding  c o r r e l a t i o n ,  Thornton g ives  the  c h a r a c t e r -  

i s t i c  d r o p l e t  v e l o c i t y  by the  following equa t ion :  

'0 * 24 1.01 1.80 0.30 

-- To% Y - 0.60 r-] rFre9' !$I b] re] *(7) 
64,go 

Babb33 combined the  d a t a  of S w i f t , 8 T  Thornton, L .  D. Smoot and A. L. 

and Pike, 73-'Ts i n t o  another  equat ion ,  which fol lows : 

It w i l l  b e  no t i ced  t h a t  n e a r l y  a l l  the dimensionless  groups on the  r i g h t -  

hand s i d e  of t h e  equa t ion  are i d c n t i c . a l  w i th  those Thornton used.  I n  

t h e  term (g~~ , " /p ,y~) ,  used by Smoot and Babb, the  d e n s i t y  t e r m  i n  the  

denominator i s  p whereas Thornton's equa t ion  uses  Ap. 
c' 

M. G .  Baill&3'4 p o i n t e d  o u t  t h a t  t he  range of p h y s i c a l  p r o p e r t i e s  

used i n  the  Thornton and Smoot-Babb c o r r e l a t i o n s  w a s  n o t  large, e s p e c i a l l y  

t h e  p r o p e r t i e s  o f  t h e  cont inuous phase.  B a i l l i e  t hen  determined emulsion- 

f looding  d a t a  over  a much wider range of p r o p e r t i e s  of the two phases .  
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Bai l l i e ' s  c o r r e l a t i o n  w a s  n o t  designed t o  be genera l ,  b u t  f o r  h i s  s p e c i f i c  

column ( D  = 1.00 in. ,  S = 1.94 in. ,  E' := 'TO cycles/min, d = 0.111 in. ,  and 

E = 0.230). 

(9  1 
0.36 (vc + V D )  vc 

Y 

Notice t h a t  Bai l l ie ' s  c h a r a c t e r i s t i c  of  f looding  on the  le f t -hand  s i d e  of 

the equat ion  i s  t h e  same as Smoot and Rabb's. B a i l l i e  3 .1~0  used p i n  

t h e  denominator of t h e  f o u r t h  t e r m  on t h e  r igh t -hand s i d e  i n s t e a d  of Ap. 

c 

P i k e ' s  C o r r e l a t i o n  

Perhaps t h e  most i inportant c o n t r i b u t i o n s  t o  t h e  theory  o f  f looding  

were made by F. 1 7 .  Pike  i n  1954 and 1955. 73-''5 

probably r e f l e c t  t h e  e a r l i e s t  work i n  f l o o d i n p d a t a  c o r r e l a t i o n s .  I n  h i s  

own words, 75 "An i n t e n s i v e  s t u d y  of  I:he a v a i l a b l e  p u l s e  -column f looding  

These c o n t r i b u t i o n s  

d a t a  on two b i n a r y  systems has l e d  t o  t h e  e v o l u t i o n  o f  a theoreti . i :al  

p i c t u r e  of f looding  behavior ,  and the demonstrat ion t h a t  the  equat ions  

thus d e r i v e d  a i d  g r e a t l y  i n  expressi-ng and i n t e r p r e t i n g  f looding  d a t a  on 

b i n a r y  systems. 

"Reliance was p laced  mainly on t h e  f looding  d a t a  f o r  t h e  benzene-- 

w a t e r  system,74 w i t h  a u x i l i a r y  use being made of t h e  d a t a  on t r i c h l o r o -  

e t h y l e n e  --water .r'3 I d e a s  concerning s u i t a b l e  ways o f  express ing  and 

r e l a t i n g  f looding  c a p a c i t y  were deri-ved by dimensional a n a l y s i  s 7  i r i t u i t i o n  

and a de ta i l - ed  a n a l y s i s  of t h e  f low p a t t e r n s  w i t h i n  a p u l s e  column. These 

i.deas were t e s t e d  by a mathematical  procedure p r e v i o u s l y  developed, and 

e v a l u a t e d  by means of a s t a t i s t i ca l .  cri tei-i .on c a l l e d  the  F s t a t i s t i c .  

The use of t h i s  F statist : i .c served  t o  e v a l u a t e  one i d e a  as b e t t e r  or worse 

t h a n  another  and thus t o  p o i n t  towards t h e  more p e r t i n e n t  concepts ."  
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The o r e  t: i ca l  Deve lopment 

Pike r e a l i z e d  t h a t  unders tanding  of t h e  f looding  phenomenon depended 

on proper  grouping of the  v a r i a b l e s ,  which depends d i r e c t l y  on a t h e o r e t -  

i c a l  foundat ion.  To a i d  i n  the  development of t he  theory,  f u l l  u se  was 

made of the  s t a t i s t i c a l  procedure c a l l e d  a n a l y s i s  of va r i ance .  To begin 

with,  t he  f looding  d a t a  from t h e  benzene--water system were taken i n  a 

sys t ema t i c  wag us ing  an exper imenta l  des ign  c a l l e d  t h e  cube-octahedron- 

cuboctahedron. 124 

and a l s o  r e q u i r e s  r e p l i c a t i o n  of each d a t a  p o i n t  so  t h a t  an  a c c u r a t e  

This des ign  cal ls  for a regular spac ing  of the v a r i a b l e s  

estimate of the  exper imenta l  e r r o r  may be made. 

With a g iven  column and a g iven  l i q u i d - l i q u i d  system t h e  primary 

ope ra t ing  v a r i a b l e s  are  F, A, VD, Vc, and t h e  shape of the pu l se  wave 

a i t s e l f .  I n  a l l  of P ike ' s  work the p u l s e  w a s  a lmost  s i n u s o i d a l ,  and i n  

a l l  t h e  equa t ions  given below a s i n u s o i d a l  pu lse  was taken.  It is  poss ib l e ,  

however, by g r a p h i c a l  i n t e g r a t i o n  t o  inco rpora t e  any p u l s e  shape i n t o  

P ike  s equa t ions .  

Flaw c a p a c i t y  a t  f l o o d i n g  can be c h a r a c t e r i z e d  i n  s e v e r a l  ways .b If 

C i s  t he  f l o w  capac i ty  one may w r i t e :  

c = ( v  3. vc)  , D 

VD 3. u 
c 

9 FA c =  

a I n  conve r sa t ion  wi th  Dr. Pike, he poi i i ted ou t  t h a t  a l l  h i s  r e s u l t s  and 
data  needed a slight c o r r e c t i o n  s i n c e  the  p u k e  was measured t o  lie not: 
e x a c t l y  s i n u s o i d a l .  By the  use of t h e  i n t e g r a l s  shown i n  r e f  75;; i t  w i l l  
be p o s s i b l e  t o  make t h i s  c o r r e c t i o n  by performing a g r a p h i c a l  i n t e g r a t i o n .  

bNuch of t h e  d i s c u s s i o n  which f o l l o w s  was taken d i r e c t l y  from ref  '75. 



I>  c :I1 - 
FA ’ 

FA c :I: - 

c = In (v,JFA) , (15 1 

c = In  (vJTro) , 
c ’= In (v&+), . 

Among tile v a r i o u s  p o s s i b l e  Eormulations o f  t h e  r e l . a t ionsh ips  between C and 

the o p e r a t i n g  v a r i a b l e s  are  t h e s e :  

C = f (AF, A, V /V ) , (18 1 D c  

c = E ( I n  7p I n  A, I n  v ~ v ~ )  , (22) D’ 

and so  o n .  

Note, furthermore,  t h a t  the  use o f  l n  E’ i.nsteczd of F r e su l t s  i n  a more 

uniform di.s t r i b u t i o n  of da t a ,  l essening  t h e  r e l a t i v e  importance o f  t h e  high. 

and l o w  v a l u e s  of F. The choice of th ree  independent o r  o p e r a t i n g  v a r i a b l e s  

w a s  a r b i t r a r y .  The use of V V as a n  independent v a r i a b l e  by  P ike  i n s t e a d  

of  VD, v 
p a r t l y  based on h i s  success  i n  us ing  t h e  f low r a t e  r a t i o  as a primary 

Obviously one might w r i t e  a very  l a r g e  iziumber of such equatioizs. 

Jc 
(VD 4 V c ) ,  o r  some o t h e r  e x p r e s s i o n  was p a r t l y  i n t u i t i v e  and 

c7 

opera t ing  v a r i a b l e  i n  an e a r l i e r  r e p o r t .  73 
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The next  s t e p  i s  the  s e l e c t i o n  of t he  p a r t i c u l a r  f u n c t i o n  t o  f i t  the  

I n  t h e  absence of a t h e o r e t i c a l  r e l a t i o n -  equa t ion :  

s h i p  among the  v a r i a b l e s ,  an a r b i t r a r y  r e l a t i o n s h i p  could be assumed. 

example, a second- o r  th i rd -degree  polynomial might be chosen. The 

expres s ion  Pike s e l e c t e d  w a s  a Taylor s e r i e s  o f  the  fol lowing form: 

C = f (XI, X2, X3)' 

For 

3 C = A0 t b l X 1  -t bZX2 C b,X, -+ biiX12 +- bzzX;?' -t b,,Xz'- + b l z X l X 2  4- 
(24 1 

-I- k l 3 X I X 3  i- b23XZX3 + b2;2ZXz3 

The F S t a t i s t i c  

Once the  f u n c t i o n a l  form of t h e  equa t ion  w a s  s e l e c t e d ,  t he  c o e f f i c i e n t s  

of t h e  equa t ion  could then  be determined by the  nethod of least  squares .  

Then an  a n a l y s i s  of va r i ance  w a s  made fo r  each d e f i n i t i o n  o f  C, XI, X,, 

and X,. 

l a ck  of f i t  of the  equa t ion  t o  the  da ta ,  and the  r a t i o  of t h i s  l a c k  of 

f i t  t o  the  exper imenta l  e r r o r .  

t aken  as a measure of the  combined a b i l i t y  of t he  d e f i n i t i o n s  employed 

t o  express  adequate ly  the  observed f lood ing  behavior .  If t h e  equa t ion  

f i t s  t h e  d a t a  w i t h i n  the  exper imenta l  e r r o r  of those  da ta ,  the F s t a t i s t i c  

would be 1.000. The l a r g e r  t he  s t a t i s t i c  the  poorer does the equa t ion  fit 

t he  d a t a .  

The powerful. f e a t u r e  o€ t h i s  a n a l y s i s  w a s  t h e  ca l .cufa t ion  of t he  

This r a t i o ,  c .a l led the  F s t a t i s t i c ,  was 

The F s t a t i s t i c  i s  always a r a t i o  of va r i ances ,  o r  t h e i r  estimates. 

The p a r t i c u l a r  s t a t i s t i c  sugges ted  h e r e  by Box .and Huntercr3 i s  t h e  r a t i o  

of the  va r i ance  due t o  l a c k  of f i t  t o  t he  variance of the  exper imenta l  

e r r o r  of the  dependent v a r i a b l e .  

computed by s u b t r a c t i n g  from t h e  sums of squares of t h e  deviation about 

r e g r e s s i o n ,  

The va r i ance  due t o  l a c k  of f i t  i s  

a the  sums of squares  of t h e  w i t h i n  t r ea tmen t s  o f  t h e  dependent 

a For t h e  e x a c t  formula t ion  of  t hese  q u a n t i t i e s ,  see s t anda rd  t e x t s  on 
s t a t i s t i c s  .I247125 

, . . . . . . . . . . . _. . . . 



v a r i a b l e ,  and d iv id ing  by the  proper  degrees  of freedom. The former 

q u a n t i t y  inc ludes  the  v a r i a t i o n  between tlic c a l c u l a t e d  and experimental  

va lues  of t he  dependent v a r i a b l e  due t o  l a c k  oE f i t  o f  the  model, and 

a l s o  inc ludes  the experimental  e r r o r  of t h e  dependent v a r i a b l e .  Ey 

s u b t r a c t i n g  from t h i s  q u a n t i t y  the  sunis of squares  w i t h i n  t rea tments ,  

which i s  a measure of the  experi-mental e r r o r ,  one i s  l e f t  wi th  the  sums 

of squares  due t o  lack o f  f i t .  When d iv ided  by the  p r o p e r  degrees of 

freedom, a va r i ance  of t h e  l ack  o f  f i t  r e s u l t s .  This q u a n t i t y  d iv ided  by 

the va r i ance  of the experimental  e r r o r  i s  the  1: s t a t i s t i c  used. A sample 

c a l c u l a t i o n  o f  t h i s  q u a n t i t y  i s  g iven  i n  the 4pendi .x .  A low va lue  o f  

th i s  s t a t i s t i c ,  near  1.0, i n d i c a t e s  t h a t  the  model f i t s  the  d a t a  as well 

a s  can be expected i n  the  l i g h t  of the  exper imenta l  e r r o r  involved. 

The usua l  F s t a t i s t i c  c a l c u l a t e d  i n  m u l t i p l e  r e g r e s s i o n  and co r re l a -  

126 t i o n  i s  g e n e r a l l y  very  l a r g e  when t h e  mul t ip l e - r eg res s ion  cocf f  i c i e i i t  

i s  l a r g e r  than 0.70 or  0.80. This s t a t i s t i c  i s  ve ry  d i f f e r e n t  from the  

one p rev ious ly  d iscussed  i n  t h a t  i t  r a t i o s  the  va r i ance  of the degree o f  

f i t  ( r a t h e r  than  the l a c k  of f i t )  Lo the  va r i ance  of the d e v i a t i o n  about: 

r e g r e s s i o n .  A l a r g e  va lue  of t h i s  s t a t i s t i c  i s  a measure of a high degree 

of f i t  between the  d a t a  and the  model. This s t a t i s t i c  i s  n o t  as s e n s i t i v e  

a measure of goodness of f i t  a s  t h e  one desc r ibed  previous1.y. 

By means of the  F s t a t i s t i . c .  ( r a t i o  o f  the esCin~ate  of va r i ance  due t o  

l a c k  of f i t  t o  the e s t ima te  of vari-ance of exper imenta l  e r r o r )  Pike showed 

t h a t  the  b e s t  f i t  of the  d a t a  was obta ined  us ing  the fol lowing form of t he  

f looding  equa t ion :  

100 VD 

% 
c = 111 ? 

X i  = ln A , 



r e s u l t i n g  i n  the fo l lowing  equa t ion :  

100 VD 

AD 
c = I n  = 4.826373 -t 0.680200 I n  A - 0.0Gjj54 ( I n  A)" - 

- b.338677 I n  x - ~  I- 2.419305 [ l n  (TI-,)]' - 

- 0.241265 [ I n  ( V d V c ) ] '  - 0.266134 ( la  A )  ( I n  rD) - 
- 0.0005'75 ( I n  A )  I n  (V,/Vc) + 0.212904 ( I n  T ~ )  In (VJVc) . 

One of t he  most i n t e r e s t i n g  f a c t s  r e s u l t i n g  from t h e  a n a l y s i s  of va r i ance  

i s  t h a t  t h e  t e s t  of a th i rd-order  form o f  the Taylor series, as shown 

below, d i d  n o t  s i g n i f i c a n t l y  improve the  F s t a t i s t i c  o r  t he  degree of f i t .  

C I= A 0  + b l X 1  + b Z X 2  -t b3X3 i- b i iX12  + b Z z X 2 "  I- b 3 z X s 2  i- 
r + b L Z X l X 2  t b l 3 X l X 3  + b;?&X3 + b l l l X l d  + b222X2.' + 

-I- b,3,X3s I- b l l z X L 2 X 2  + b 1 z z X ~ X 2 '  + b 1 1 3 X 1 2 X 3  -t 

+ bl,,XlX3' -i- b z z 3 X 2 2 X 3  I- 1>2J3XzX32 + b 3 . z s X i X z X 3  

Dimensional a n a l y s i s  has long been a u s e f u l  t o o l  t o  a i d  i n  t h e  grouping 

of v a r i a b l e s .  In g e n e r a l  it i s  more e f f e c t i v e  when it i s  a s s i s t e d  by a 

p a r a l l e l  t h e o r e t i c a l  a n a l y s i s .  The s t a t i s t i c a l  development desc r ibed  

above t h e r e f o r e  p o i n t s  t he  way toward a more e f f e c t i v e  use of  dimensional  

a n a l y s i s .  P ike  sugges ted  the  fo l lowing  two dimensionless  equat ions  t o  

c o r r e l a t e  f lood ing  d a t a :  

and 
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1:t i s  expected t h a t  t h e  second of t h e s e  equat ions  would g i v e  a much bet-i:er 

d% f i t  t o  t h e  d a t a  t:han t h e  f i r s t .  This f o ~ ~ o w s  Erom t h e  fac t  t h a t  V 

shown t o  be a much b e t t e r  express ion  f o r  f i t t i n g  the  d a t a  than  V . dFA 
One observa t ion  i s  p e r t i n e n t  i n  r e g a r d  t o  these  t.wo equat ions .  They 

are much d i f f e r e n t  from those  used by Smoot and Rabb, Tnorrrton, and B a i l l i e .  

Smoot and Babb used t h e  groups V dVc, d/D> Ap/pc, and 

of tile dimensionless  groupings a r e  a l s o  d i f f e r e n t ,  p a r t i c u l a r l y  i n  the  

d e f i n i t i o n  of t h e  f looding  c h a r a c t e r i s t i c ,  which has  been made dimension- 

p.dpc. Other forms 

- 

l ess  wi thout  t h e  use of t h e  p h y s i c a l  p r o p e r t i e s  o f  e i t h e r  phase.  I n  

P i k e ' s  equat ions ,  one recognizes  t h e  independent v a r i a b l e  Reynolds number, 

dVDp,,/pD; t h e  Proude number, VD2pd(&p); and t h e  Weber number, PDVD2d/Y 

A m l i c a t i o n  of t h e  C o r r e l a t i o n  t o  I n s u f f i c i e n t  P u l s a t i o n  Pl.oodine 

One f u r t h e r  comment about  P i k e ' s  developnlent of a f looding  c o r r c l a t i o n :  

The equat ions  t h a t  were der ived  allowed one t o  t ake  i n t o  account  flows of 

bo th  phases through t h e  p l a t e s  on both  the ups t roke  and downstroke of  t h e  

p u l s e .  Such would be t h e  case when emulsion f looding  i.s obta ined .  I n  

t h e  l i m i t i n g  case  o f  f looding  due t o  i n s u f f i c i e n t  pulsati .on,  nothing about  

the equat ions  needed t o  be changed. The only  f u r t h e r  requirement  w a s  t h a t  

t h e r e  be no r e c y c l e  of t h e  phases,  which i s  t h e  u s u a l  assumption made f o r  

i n s u f f i c i e n t  p u l s a t i o n  f looding .  
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P i k e ' s  A i s  i d e n t i f i e d  wi th  V and 4, wi th  VD, so t h a t  fo r  S w i f t ' s  
C C Y  

case  I (cont inuous i n j e c t i o n  of t h e  d i spe r sed  phase and removal of  the  

cont inuous phase a t  i n s u f f i c i e n t  

a t  f looding  becomes: 

p u l s a t i o n  f looding) ,  t he  f low c a p a c i t y  

(5FA) [,~6- f arc s i n  X] . ( 3 0 )  

Claybaugh' s equation'' f o r  f low c a p a c i t y  a t  i n s u f f i c i e n t  p u l s a t i o n  i s  : 

G + L = 2 [ V  C O S  Q -I- (G - L)(Q/$ (31 1 P 
The two equa t ions  are i d e n t i c a l  f o r  0 z arc s i n  ( - X ) .  

Groenier'" gene ra l i zed  P ike ' s  and Claybaugh's equat ions  i n  terms o f  

the recyc le  v e l o c i t y  and the  v e l o c i t i e s  of t h e  l i g h t  and heavy phases .  

For the  i n s t a n c e  of S w i f t ' s  case I (see Table 2) ,  t h e  genera l  equa t ion  i n  

terms of t h e  r e c y c l e  v e l o c i t y  ( V  ), heavy- and l igh t -phase  v e l o c i t i e s  R 

( V  and V r e s p e c t i v e l y )  i s :  H L' 

v + v = 2 [v 
H L  P 

cos tJ' 4- (VL - V a l  P / T  - VR1 , 
where 

$ 8  = arc s i n  [ ( v  - vH)/.rrvp] 
L 

For the  i n s t a n c e  i n  which t h e  r e c y c l e  r a t e  i s  zero,  i n s u f f i c i e n t  p u l s a t i o n  

f lood ing  is  ob ta ined  and t h e  equa t ion  becomes : 

v + VL = 2 v cos 9' + 2 (VL - VH,) rpl/Tf . (33 ) H P 
Equat ion (33) can be shown t o  be t h e  same as E q s .  (30) and (31). 

V- here is  i d e n t i f i e d  wi th  G which i s  equa l  t o  V Likewise, t he  heavy 

phase i s  u s u a l l y  i d e n t i f i e d  wi th  L and V . For case I, cont inuous removal 

of  t h e  heavy phase and i n j e c t i o n  of the  l i g h t  phase, the i n s u f f i c i e n t  

L D' 

C 

p u l s a t i o n  equa t ions  are not  changed r e g a r d l e s s  of whether t he  heavy phase 

is  cont inuous o r  d i spe r sed .  This i s  n o t  t r u e  f o r  t h e  o t h e r  cases ,as  

i n d i c a t e d  i n  Table 3 .  



Pike had developed t h e  use of c e r t a i n  parameters  f o r  f looding  which 

were i d e n t i c a l  wi th  those d e r i v e d  la te r  s p e c i f i c a l l y  f o r  f looding  due t o  

i n s i i f f i c i e n t  p u l s a t i o n .  Pike has shown e a r l i e r  t h a t  t h e  parameters  

0, ire, and TT 

altlioitgh he knew i t  w a s  n o t  necessary  t o  so  r e s t r i c t  t h e i r  use  t o  t h i s  

r e g i o n .  Here w a s g  f o r  t h e  f i r s t  time, i n  19>5, parameters  t h a t  would he  

u s e f u l  over t h e  e n t i r e  range of  f looding-f looding due t o  i n s u f f i c i e n t  

p u l s a l i o n ,  t h e  i n t e r m e d i a t e  zone, and emulsion f looding .  

%, 
were useaTul i n  d e s c r i b i n g  the  emulsion-f looding region,  D' 

3 .  CORRELATION PROCEUURE 

One of t h e  b i g g e s t  problems involved i n  a t tempt ing  t o  c o r r e l a t e  d a t a  

on f looding  i s  i n  t h e  d e f i n i t i o n  of f looding  i t s e l f .  Most o f  t h e  f looding  

d a t a  r e p o r t e d  i n  t h e  l i t e r a t u r e  are tile r e s u l t  of v i s u a l  observa t ions  by 

t h e  experimenter .  It i s  almost  i n e v i t a b l e  t h a t  d i f f e r e n c e s  e x i s t  among 

i n v e s t i g a t o r s  a s  t o  what i s  l a b e l e d  f l o o d i n g .  I n  c e r t a i n  systems, 

i n ~ e s t i g a t o r s ~ ~  have r e p o r t e d  a n  u n s t a b l e  zone of operat i -on which 

i n d i s t i n c t l y  fades  i.ntx a f looding  reg ion .  This would imply a "range" 

of i n c i p i e n t  f looding,  r a t h e r  than  a d i s t i n c t :  boundary between f looding  

and s t a b l e  o p e r a t i o n .  Other i n v e s t i g a t o r s  7 3 y ' T 4  r e p o r t  no h y s t e r e s i s  a t  

al.l., and are a b l e  t o  approach the  f looding  p o i n t  from any d i r e c t i - o n .  As 

long  as a v i s u a l  observa t ion  i s  t h e  c r i t e r i o n  f o r  t h e  deficiit-i.on of fl.ood- 

i n g  t h e r e  w i l l  be an u n c e r t a i n t y  i n  d e f i n i n g  t h e  f looding  p o i n t ,  Logstlail 

and Larner,  usi.ng n o z z l e  p l a t e s ,  take a phase i n v e r s i o n  as a s i g n  o f  

i n c i p i e n t  f looding .  

i n t o  the column a s  a measure of f looding .  I n  h i s  column t h e  f l o w  r a t e  of  

t h e  organic  phase w a s  s e n s i t i v e  t o  t h e  holdup, o r  volume f r a c t i o n  of t h e  

111 

Claybaughlg used the flow r a t e  o f  the organic  phase 
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o r g a n i c  phase.  A t  t h e  f lood ing  p o i n t ,  a r a p i d  imrease i n  the  holdup 

r e s u l t e d  i n  a r a p i d  i n c r e a s e  i n  o rgan ic  f low rate t o  t h e  column. The 

po in t  where such a r a p i d  change took p l a c e  i n  t h e  o rgan ic  flow rate  w a s  

t aken  t o  be t h e  f looding  p o i n t .  It i s  appa ren t  t h a t  wi th  some systems i t  

is more d i f f i c u l t  t o  d e t e c t  f l ood ing  than  w i t h  o t h e r s .  

A more q u a n t i t a t i v e  measure of f lood ing  w a s  r e p o r t e d  by M c N a m e e .  33 The 

volume f r a c t i o n  of t h e  d i spe r sed  phase ;  t h a t  is, the  holdup, i s  measured 

a t  a g iven  s e t  of ope ra t ing  cond i t ions .  

a f t e r  30 min of s t e a d y - s t a t e  ope ra t ion .  

say,  60 inin of ope ra t ion .  

r e g i o n  has no t  y e t  been reached.  

h igher ,  t hen  the  f looding  p o i n t  has been passed ,  

ve r sus  p u l s e  frequency (hold ing  flow rates  and p u l s e  anipl ;.tude cons t an t  ), 

the  f looding  p o i n t  w i l l  be def ined  by t h e  frequency a t  wh.ic1i t h e  30-min- 

holdup curve d ive rges  from the  60-mi.n -holdup curve.  

Holdup measurements a r e  made 

The measurement i s  r epea ted  a f t e r ,  

If t h e  two holdup readings  agree,  t he  f looding  

If t he  60-min readFng is  s i g n i f i c a n t l y  

I f  one p l o t s  holdup 

A similar c r i t e r i o n  of f looding  has been u s e f u l  a t  the Oak Ridge 

Nafzional Labora tory .  

dispersed-phase holdup, x, may be measured a t  i n c r e a s i n g  values  of t o t a l  

f l o w  (Vc + V D ) .  

t i m e .  When the lioldups a t  the  two t i m e  i n t e r v a l s  d i sag ree ,  o r  approach 

For a g iven  Vc/V r a t i o  and p u l s i n g  cond i t ions ,  t h e  
E) 

Holdup va lues  are ob ta ined  a f t e r  30 and 60 rnin o f  ope ra t ing  

as c a l c u l a t e d  by E q .  ( 5 )  above, the  f looding  throughput  i s  assumed t o  "f 

be  reached.  

Another problem which one f aces  i n  a t t empt ing  t o  cor?XLate e x i s t i n g  

f looding  d a t a  i s  t h a t  t h e  d a t a  o f t e n  a r e  incomplete.  Data on the  p h y s i c a l  

p r o p e r t i e s  of t he  systems used arc f r e q u e n t l y  missing.  Pox some  of the  

d a t a  r epor t ed  here ,  p h y s i c a l  p rope r ty  measurements were made a t  the  Oak 



Ridge Nat ional  Laboratory by mixing t h e  s o l u t i o n s  t o  t h e  compositions 

r e p o r t e d  i n  t h e  l i t e r a t u r e  and tak ing  measurements on these  s o l u t i o n s .  

Such a procedure is  n o t  e n t i r e l y  s a t i s f a c t o r y  s i n c e  s m a l l  di.fferen.ces i n  

composition may make a g r e a t  di-fference i n  some of t h e  p r o p e r t i e s  measured. 

A s t r i k i n g  e x a m p l e  of t h i s  i s  t h e  i n t e r f a c i a l  t e n s i o n  of t h e  n-heptane-- 

water system used by Defives and Durandet.26 

- 
The l a t t e r  r e p o r t  t h e  i n t e r -  

f a c i a l  t ens ion  t o  be  33.6 dynes/cm, while  t h e  accepted v a l u e  =17,47 is $o*5 

- i. 0.4,  

s y s  tern. 

Hu5* repoi-Ls an i n t e r f a c i - a 1  t e n s i o n  of 41 dynes/cm f o r  the same 

Another major problem i n  c o r r e l a t i n g  fl.ooding d a t a  i s  that i t  i s  n o t  

y e t  known what a l l  tile important  v a r i a b l e s  are, and how t o  cha rac . t e r i ze  

o r  measure them. P l a t e  wetC.i.ng, coalescence,  and mass t r a n s f e r  a r e  a l l  

known t o  a f f e c t  t.he fl.ooding p o i n t .  Dispersed-phase holdup i s  another  

p o s s i b i l i t y  f o r  an important  v a r i a b l e .  While all .  t h e s e  f a c t o r s  a r e  undoubt- 

e d l y  r e l a t e d ,  i t  i s  n o t  known what t h e  r e l a t i o n s h i p  i s ,  

Pike both report: t h a t  f o r  h igh-pur i ty  systems i n  whic :h  t h e r e  i s  no m a s s  

t r a n s f e r ,  small  traces oL g r e a s e  contaminat ion can make a d i f f e r e n c e  of 

as much a s  a f a c t o r  o f  4 i n  t h e  f looding  r a t e .  

Due t o  some of these u n c e r t a i n t i e s ,  e s p e c i a l l y  i n  r e g a r d  t o  a meastire 

Edwards3' and 

y4 

of  p l a t e  wet t ing  and mass t r a n s f e r  and thei.r e f f e c t s  on coalescence a11d 

f looding ,  i t  was decided t o  s e p a r a t e  trhe f looding  d a t a  i n t o  the groups 

i n d i c a t e d  i n  Table 1. 

case  of aqueous phase continuous,  m e t a l  sieve p l a t e s ,  and no mass t r a n s f e r .  

The p r  i-mary e c f o r t s  a t  developing a c o r r e l . a t i a n  were concent ra ted  on th i . s  

group of d a t a  s i n c e  i t  covered the  wider range of physi.cal. p r o p e r t i e s  and 

opera t ing  c o n d i t i o n s .  Over two hundred c o r r e l a t i n g  equat ions  were t e s t e d  

By f a r  t h e  most d a t a  f e L l  i n  group 1, which i s  t h e  
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w i t h  t h e  group-1 d a t a  b e f o r e  any of  t h e  o t h e r  groups were added t o  see 

t h e i r  e f f e c t  on t h e  c o r r e l a t i o n .  With some of t h e  a p p a r e n t l y  b e t t e r  

c o r r e l a t i o n s  r e s u l t i n g  from t h e  group-1 s tudy,  a combination o f  groups 

w a s  used t o  tes t  i t s  e f f e c t  on t h e  c o r r c l a t i o n ,  and t o  see how w e l l  i t  

f i t  a p a r t i c u l a r  c o r r e l a t i o n .  

I n  t h e  absence of a complete t h e o r e t i c a l  model f o r  t h e  whole o f  t h e  

f looding  phenomenon, i t  w a s  necessary  t o  use a semi-empir ical  approach, 

c l u t c h i n g  a t  any t h e o r e t i c a l  s t r a w  t h a t  might evolve.  The dimensional 

a n a l y s i s  approach was e x p l o i t e d  t o  t h e  f u l l e s t ,  i n c o r p o r a t i n g  p h y s i c a l  

r e l a t i o n s h i p s  which seemed most reasonable .  The primary measure of  "good- 

ness  of  f i t "  of a p a r t i c u l a r  equat ion ,  or model, w a s  t h e  c o e f f i c i e n t  of  

m u l t i p l e  r e g r e s s i o n ,  R. The mathematical  fornmla t ion  of t h e  "mU1tiple -R" 

can  b e  found i n  any s t a n d a r d  text  on s ta t is t ics .  ''7 

e v a l u a t i o n  based on t h e  multiple-R, use  was made of t h e  I? s t a t i s t i c  

d e s c r i b e d  above. 

P a r a l l e l  t o  the 

73 

The u s u a l  type of dimensionless  e q u a t i o n  t h a t  has  been used e x t e n s i v e l y ,  

e s p e c i a l l y  i n  engineer ing ,  has  t h e  fo l lowing  form: 

Y = ho  XI)^' (X3)b3 (&Ib4 . . . (xJbn ' (3!4 1 
Taking t h e  logar i thms of  such a n  e q u a t i o n  r e s u l t s  i n  a l i n e a r  equat ion:  

I n  (Y) = I n  A0 + b l  I n  X 1  .+ b2 I n  Xz + . . . + b In Xn . (45 1 n 

Examination of t h e  f l o o d i n g  curves  shown i n  Fig.  1 shows t h a t  a l i n e a r  

r e l a t i o n s h i p  between (Vc -t VD) as  a dependent v a r i a b l e ,  and FA as a n  

independent v a r i a b l e ,  could  n o t  hope t o  d e s c r i b e  t h e  p h y s i c a l  s i t u a t i o n .  

Following t h e  l e a d  of  Pike,  73-75 a T a y l o r ' s  series inc luding  powers 

of  t h e  independent v a r i a b l e s  a t  f i rs t :  up t o  th ree ,  and e v e n t u a l l y  up t o  

six,  w a s  t r i e d .  For t h e  most p a r t ,  t h e  dependent v a r i a b l e s  were made 
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dimensionless ,  and a l s o  t h e  independent v a r i a b 1 . e ~  were dimensionless .  Both 

P i k e ' s  e a r l y  s t u d i e s  with t he  F s t a t i s t i c  and t h e  f u r t h e r  s t u d i e s  made 

here  confirmed t h e  f a c t  t h a t  t h e  logari thms of bo th  independent and dependent 

v a r i a b l e s  r e s u l t e d  i.n a b c t t x r  f i t  o f  t h e  da t a .  One reason  f o r  t h i s  w a s  

t h a t  u s u a l l y  t h e  1ogarFthm of a dimensionless  groi.ip had a much bett:er 

d i s t r i b u t i o n  of t h e  d a t a  than  the number i t s e l f .  €Xowcver, one exponenLi-al 

func t ion ,  used by was shown 'io be q u i t e  good. 

The c o r r e l a t i o n  procedure was approximately a s  fo1.1.ows : us ing  t h e  

'(3 >, r e p l i c a t e d  d a t a  on a sing1.e chemical. system ( P i k e ' s  benzene-water d a t a  

v a r i o u s  dimensionless  dependent v a r i a b l e  groups ( Y  i n  E q ,  35) were t e s t e d  

w i t h  s e v e r a l  key di-mens i o n l e s s  independenz vari-able groups by comparing 

val.ues of t h e  F s t a t i s t i c .  Promising d e p e d e ~ ~ t  v a r i a b l e s  were then  used 

i n  many equat ions  wi th  many d i f f e r e n t  independent v a r i a b l e s  ( i n c l u d i n g  

cross-products  and higher-powered terms ) and a l l  group-l  f looding  d a t a  f o r  

a de te rmina t ion  of m u l t i p l e  r e g r e s s i o n  c o e f f i c i e n t s  (R) and e q u a t i o n  

c o e f f i c i e n t s  - 
The c o r r e l a t i o n  development followed something o f  a p a t t e r n  ii-1 s p i t c  

of i t s  somewhat t r i a l - a n d - e r r o r  appearance i n  t h e  f i r s t  100 ( o r  s o )  f looding  

equat ions .  

w e r e  s i g n i f  icaiit v a r i a b l e s ,  p lus  a g r e a t  d e a l  of  imagination, i n t u i t i o n ,  

and computer t i m e  were devoted t o  t h e  c o r r e l a t i o n s .  

Confidence t h a t  P i k e ' s  fundamental. v a r i a b l e s  rTD, ircy %J and Ac 

Equations having h igh  va lues  f o r  R were then  s t u d i - e d .  The few having 

the most simple mathematical  s t r u c t u r e s  i n  a d d i t i o n  t o  a h igh  va lue  for R 

were used t o  p r e d i c t  a c t u a l  f low c a p a c i t i e s  at f looding  f o r  t h e  coizdit ions 

r e p r e s e n t e d  by ea.ch o f  t h e  d a t a  p o i n t s .  Deviati-ons between experimental  

and c a l c u l a t e d  fl-ooding v e l o c i t i e s  were determined f o r  all- da t a  p o i n t s  i n  
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c 

f 

a l l  groups,  us ing  these  few equa t ions .  

from a p l o t  o f  f low c a p a c i t y  versus  puLsed-volume v e l o c i t y  as c a l c u l a t e d  

from these  equa t ions  w a s  cons idered  i n  t h e  s e l e c t i o n  o f  a s i n g l e  equa t ion  

t o  r e p r e s e n t  all f looding  d a t a .  The recommended equat ions  are t h e r e f o r e  

the  r e s u l t  of  s e v e r a l  c r i t e r i a  f o r  goodness of f i t ,  r e p r e s e n t  the  b e s t  

independent and dependent v a r i a b l e s  f rom among those  t e s t e d ,  and produce 

the  smallest  d e v i a t i o n s  between c a l c u l a t e d  and exper imenta l  f l o w  c a p a c i t i e s  

The shape of t h e  curves r e s u l t i n g  

Mu 1 t i p  l e  R e  g r  e s s i o n  Ana 1 y s i s  

The m u l t i p l e  - r eg res s ion  computer program used he re  was  o r i g i n a l l y  

w r i t t e n  by the  Div is ion  of B i o s t a t i s t i c s  of t h e  Department of P reven t ive  

Medicine and Pub l i c  Heal th  a t  t he  Un ive r s i ty  of C a l i f o r n i a  a t  Los Angeles 

and was call.ed HIMD-23 Mul t ip l e  Regression No. 3 .  One powerful f e a t u r e  of 

t h i s  pragram i s  t h a t  i t  ranks the  independent v a r i a b l e s  accord ing  t o  how 

much each v a r i a b l e  c o n t r i b u t e s  t o  the  o v e r a l l  r e g r e s s i o n .  I n  t h i s  way 

i t  w a s  p o s s i b l e  t o  compare any r i v a l  v a r i a b l e s  as In (7pp /Ae2&) wi th  

I n  (Gpc/&).  

square  term i n  t h e  denominator.  By p u t t i n g  both q u a n t i t i e s  i n  as indepen- 

dent  v a r i a b l e s ,  t h e  BIMD-29 program would rank  them accord ing  t o  t h e i r  

r e l a t i v e  worth.  I f  t he  two were ranked t h i r d  and f o u r t h  ou t  of,  say, t e n  

independent v a r i a b l e s ,  t hen  one would have l i t t l e  choice  between t h e  two. 

I f  t hey  ranked f i r s t  and las t ,  then  unques t ionably  the  t e n t h  ranking  one 

is much, much less s i g n i f i c a n t .  A t  i n t e rmed ia t e  d i s t a n c e s  a p a r t ,  i t  becomes 

t h e  judgment of t h e  i n v e s t i g a t o r  as t o  t h e i r  r e l a t i v e  worth.  Another way 

t o  compare the  r e l a t i v e  va lue  of the t w o  f a c t o r s  g iven  above would be  t o  

run  two r e g r e s s i o n s  i n  which a l l  the  Y ' s  and X's; are i d e n t i c a l ,  w i th  the  

excep t ion  of t h e  two g iven  above. One could then examine the  two r e s u l t i n g  

M e  
Both t h e s e  v a r i a b l e s  are t h e  s a m e  except  f o r  t h e  eps i lon -  



r e g r e s s i o n  a n a l y s e s  t o  compare the  c o n t r i b u t i o n  of t h i s  v a r i a b l e  t o  t h e  

sums of  squares ,  o r  t o  t h e  c o r r e l a t i o n  c o e f f i c i e n t .  The sums of  squares  

would be l a r g e r  f o r  t h a t  v a r i a b l e  which c o n t r i b u t e d  most t o  t h c  c o r r e l a t i o n ,  

and t h e  incremental  i n c r e a s e  i n  t h e  m u l t i p l e - r e g r e s s  i-on c o e f f i c i e n t  would 

be cor respondingly  g r e a t e r  f o r  t h e  more important  v a r i a b l e .  

Development of a C o r r e l a t i o n  

I n  developing a c o r r e l a t i o n  equat ion ,  t h e  g o a l  w a s  a n  s q u a t  Lon which 

+ V. ) from a knowlcdgc of would p r e d i c t  t h e  flow c a p a c i t y  a t  fl-ooding ( V  

the system parameters  1.1 

parameters  

have t o  b e  cornpared wi.th t h e  e x i s t i n g  c o r r e l a t i o n s  developed by Pike,  Smoot 

and Babb, and Thornton, as d iscussed  e a r l i e r .  

C D 

pD, pc, pD, and 7 ,  and t h e  column o p e r a t i n g  
C Y  

d, D, F, A, S, E, and Vc/VD. Such a c o r r e l a t i o n  would then  

I t  w a s  decided (1) t h a t  t h e  independent and dependent v a r i a b l e s  should 

p r i m a r i l y  be dimensionl.ess wi.th as much p h y s i c a l  s i g n i f i c a n c e  as p o s s i b l e ,  

and (2) t h a t  t h e  €1-ooding c h a r a c t e r i s t i c  ( t h e  dependent v a r i a b l e )  should 

no t  con.tain p h y s i c a l  p r o p e r t i e s  of  t h e  systems,  The Eirst c o n s i d e r a t i o n  

has long been a u s e f u l  t o o l  i n  s c i e n c e  and engineer ing  and i t s  use r e q u i r e s  

no j u s t i f i c a t i o n .  The second guide w a s  a n  a r b i t r a r y  choice.  I f  one 

examines t h e  f l o o d  equat ions  t h a t  have EJ, f o r  exarnpl.e, i n  t h e  f looding  

c h a r a c t e r i s t i c  ( E q s .  4, 5, 6, 22, 24, 167, 168, 169, 208, 209, and 210) 

one f i n d s  that: t he  most important  independent v a r i a b l e  ( o r  t h e  second most 

important  one)  c o n t a i n s  11 . Thus it  would s e e m  'chat a covariance ex i . s t s  

which would mask o t h e r  e f f e c t s .  

C' 

c 

A s  a s t a r t i n g  p o i n t  i n  t h e  development of a f looding  equat ion,  i .6  w a s  

f e l t  t h a t  t h e  work done by Pike 73-75 formed t h e  b e s t  b a s i s .  Pike showed 

t h a t  f o r  t h e  systems and equat ions  lie s tudied ,  t h e  fol lowing model was by 

f a r  t h e  most s i g n i f i c a n t :  
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Y = l n -  ? 0 
XI = In A 

& = I n  rD I 

X, = I n  vC/vD , 

The dependent v a r i a b l e  above i s  a l r e a d y  dimensionless  and con ta ins  no 

phys ica l  p r o p e r t i e s .  Phys ica l ly ,  i t  i s  t h e  r a t i o  of t he  s u p e r f i c i a l  

v e l o c i t y  of t h e  d i spe r sed  phase t o  the  s u p e r f i c i a l  v e l o c i t y  of bo th  phases  

dur ing  t h a t  p o r t i o n  of t h e  p u l s e  i n  which the  n e t  v e l o c i t y  i n  the  column 

i s  f lowing i n  the  d i r e c t i o n  of t he  d i spe r sed  phase flow. The independent 

v a r i a b l e s  can be made dimensionless  i n  s e v e r a l  ways. It: seemed reasonable  

t h a t  A/S would be a s i g n i f i c a n t  dimensionless  r a t i o .  Ttie v e l o c i t y  t e r m  

TT could be incorpora ted  i n t o  any number of dimensionless  groups.  I n i t i a l l y  

the  Weber and the  Froude numbers were used:  

D 

X2 = I n  (Weber) = I n  ( pDeyy) , 

x;! = I n  (Froude)  = In [ p D F d ( g ~ Q ) ]  . 

( 42 ) 

and 

(43 1 
E i t h e r  of t hese  d e f i n i t i o n s  of  X;!, a long  wi th  XI = I n  (A/S) ,  and X3 = 

I n  (Vc/VD), would g ive  an F s t a t i s t i c  f o r  P i k e ' s  da t a ,  a t  l e a s t ,  which 

w a s  the  s a m e  as be fo re .  It a l s o  seemed reasonable  t h a t  bo th  t h e  Froude 

and Weber numbers should be used toge the r ,  s i n c e  the Froude number i s  t h e  

r a t i o  of  i n e r t i a l  fo rces  t o  g r a v i t y  forces, and the  Weber number i s  it r a t i o  

oE i n e r t i a l  t o  s u r f a c e - t e n s i o n  f o r c e s .  The equa t ion  s t i l l  would not  
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account  f o r  vi.scous f o r c e s ,  which would probably be important .  Therefore  

t h e  use of a Reynolds number, e i t h e r  

dTDPD x = l n  (44) 

o r  both,  should a l s o  be p e r t i n e n t .  The Eirst few f looding  equnti.ons t e s t e d  

t h i s  idea,  u n f o r t u n a t e l y  wi thout  t h e  second and t h i r d  powers o f  t:he indepen- 

d e n t  v a r i a b l e s  a s  suggested by P i k e  I Various combinations of  t hese  

v a r i a b l e s  were a l s o  t e s t e d .  

One s i g n i f i c a n t  e a r l y  development which seemed reasonable ,  and which 

could be t e s t e d  very  n i c e l y  by comparing tile r e s u l t i n g  multiple-R, was 

t h e  use o f  i i i  and .de. The quant i - ty  T r e p r e s e n t s  t h e  average v e l o c i t y  

of  bo th  phases wi th  r e s p e c t  t o  the  column dur ing  1:lriat p e r i o d  of t h e  p u l s e  

when t h e r e  i s  a n  o v e r a l l  v e l o c i t y  i n  lifie d i r e c t i o n  of flow of the d i s p e r s e d  

phase.  By d i v i d i n g  TI- by E, t h i s  makes i.t now t h e  v e l o c i t y  through t h e  

p e r f o r a t i o n s  i n  t h e  p l a t e .  It would be a t  the  p l a t e  p e r f o r a t i o n s  t h a t  t he  

viscous,  i n e r t i a l ,  and s u r  €ace f o r c e s  would i n t e r a c t  most v igorous ly ,  so 

t h a t  e v e r y  term involv ing  v e l o c i t y  should incli ide the f r a c t i o n a l  f r e e  area 

E .  Flood equat ions  7 and 8 demonstrate t h a t  t h e  a d d i t i o n  of E makes a 

s i g n i f i c a n t  i n c r e a s e  i n  t h e  multiple-R, from 0.880 t o  0.885. 

p o i n t  on, E was used w i t h  most d e f i n i t i o n s  o f  v e l o c i t y .  

n D 

D 

From t h a t  

Ear ly  i n  t h e  development o f  t h e  c o r r e l a t i o n ,  r e l u c t a n c e  w a s  e x e r c i s e d  

i n  us ing  a ‘;raylor‘s ser ies  type of expansion, as fi.ood e q u a t i o n  16 s u g g e s t s .  

I t  w a s  hoped t h a t  a mat te r  o f  f o u r  t o  s i x  terms, n o t  involv ing  squares 

and cubes of logari thms,  could be used-  The obviously poor va lues  
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(< 0.900) of t h e  mult iple-R ( i n  f l o o d  e q u a t i o n s  2 through 3 0 )  a t t e s t  t o  

t h e  f a i l u r e  of such a hope. 

A comment i s  a p p r o p r i a t e  h e r e  i n  r e g a r d  t o  a l l  t h e  f looding  equat ions .  

S t a r t l i n g l y  h i g h  mult iple-R v a l u e s  are s u s p i c i o u s  and sugges t  f u r t h e r  inspec-  

t i o n  of t h e  e q u a t i o n s .  For those  e q u a t i o n s  whose mult iple-R i s  h i g h e r  

t h a n  0.960, and e s p e c i a l l y  those  of 0.999, i t  fol lows t h a t  one t e r m  con- 

t r i b u t e s  t o  more t h a n  0.900 on t h e  p a r t i a l  cumulat ive c o r r e l a t i o n  c o e f f i -  

c i e n t .  

Compare f lood  e q u a t i o n s  32 and 33 f o r  examples : 

F1-33 : 

R = 0.999 e 

The equat ions  are n o t  so  v e r y  much d i  r f e r e n t ,  and so t h e  difference i n  R i s  

s u s p i c i o u s .  

n o t i c e  t h a t  t h e r e  i s  FA i n  t h e  denominator of t h e  dependent v a r i a b l e ,  and 

Since  t h e  q u a n t i t y  (% t Ac) r 10 FA - k2 f X arc  s i n  A], 

PA i n  t h e  numerator of t h e  f i r s t  independent v a r i a b l e  of  f l o o d  equation 33;  

i n  o t h e r  words, Y = Y should g i v e  a good tnultiple-K! The o ther  s u s p i c i o u s  

r e s u l t  n o t i c e d  between f lood  e q u a t i o n s  32 and 33 i s  the shift of t h e  Weber 
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number from f i r s t  i n  equat ion  32 t o  l a s t  in 33 i n  the o r d e r  of importance.  

The BPMD-29 m u l t i p l e  - regress ion  computer code ranks the v a r i a b l e s  i n  t h e  

o r d e r  o f  t1iei.r contr i .but ion to t h e  r e g r e s s i o n .  Silch l a r g e  changes i n  rank  

from one equat2on t o  t h e  next  should be  looked upon w i t h  s u s p i c i o n .  There- 

fo re ,  fl.ood equat ion  33, and incidental.1.y a l s o  31, 34, and 35, are not 

v a l i d ,  s i n c e  FA appears  a s  a pr imary variable on both  s i d e s  of t h e  equat ion .  

Flood e q u a t i o n  214 i s  p r o b a b l y  not  v a l i d  f o r  s i m i l a r  reasons .  Examine 

tlze dependent v a r i a b l e ,  In (Vdfo). Now, 

s o  

o r  

H u t  x i t s e l f  i.s a f u n c t i o n  only  o f  v /V f c D: 

11: i s  obvious, then, why the independent v a r i a b l e s  i.n e q u a t i o n  21.4 

involving only  V / V  

1 . o ~  s i g n i f i c a n c e  in previous  and succeeding equati.orls . 
should jump t o  fiirst p l a c e  s i g n i f i c a n c e ,  from a very c D  

Beginning wi th  f lood  equat ion  36, and running Llirough equakion 175, 

a sys temat ic  s tudy  was made, us ing  some new dimensionless  nuni3ers. l’hese 

numbers, a long with t h e  GJeber, Keynolds, and Fruude  numbers, a r e  l i s t e d  



i n  Table 4. I n  gene ra l ,  when an i n e r t i a l  f o r c e  was involved, t h e  v a r i a b l e  

d e f i n i t i o n  conta ined  9 s i n c e  t h i s  q u a n t i t y  i s  proport ional .  t o  t he  average 

k i n e t i c  energy due t o  the  pu l s ing  a c t i o n ;  whenever a v i scous  f o r c e  was 

involved, t he  average p u l s i n g  v e l o c i t y  ri' w a s  t h e  p r e f e r r e d  v e l o c i t y .  I n  

f a c t ,  T? w a s  g e n e r a l l y  changed t o  an  average k i n e t i c  energy through the  

p e r f o r a t i o n s  by d i v i d i n g  i t  by e2, and 71; w a s  o f t e n  converted t o  (TI- / c )  

fo r  s imilar  reasons .  Care w a s  e x e r c i s e d  i n  forming the  c r o s s  p r o d u c t s  of 

t he  v a r i a b l e s .  

i n  any f lood  equat ion ,  it was recognized  t h a t  an i n c r e a s e  i n  the  g r a v i -  

t a t i o n a l  f o r c e  should  i n c r e a s e  t h e  flow capac i ty ,  while  an i n c r e a s e  i n  

the  i n e r t i a l  f o r c e s  should  decrease  the  flow c a p a c i t y  a t  f looding  (hence 

the  i n d i c a t e d  r a t i o  f o r  t h e  drag c o e f f i c i e n t ) .  

decrease  the  f low c a p a c i t y  whi le  t h e  su r face - t ens ion  f o r c e s  should inc rease  

i t .  Hence whenever S O  and X21 were used as a c r o s s  product  it was always 

a r a t i o ,  o r  t h e  product  of XLO and (l/X21). 

and x18/x20 seemed more r e a l i s t i c  than  t h e  products .  

groups of equa t ions  p re sen ted  i n  Tables A - 1 1  through 8-20, more of the  

p l a n  of a t t a c k  i n  the development of the f lood ing  equa t ions  w i l l  be e v i d e n t .  

I n  some of t h e  t a b l e s  of equat ions ,  however, t he  purpose o f  t he  c a l c u l a t i o n  

may be obscure .  

f o r  f lood  equa t ions  177 through 190. 

i t  w i l l  be noted t h a t  one a d d i t i o n a l  independent v a r i a b l e  was dropped f o r  

each success ive  equa t ion .  I t  w i l l  be r e c a l l e d  t h a t  the  BIMD-29 program 

r a t e s  aiid l i s t s  t h e  independent v a r i a b l e s  accord ing  t o  t h e i r  re la t ive  

c o n t r i b u t i o n  to the o v e r a l l  sums-of -squares due t o  r eg res s ion .  I n  equat ion  

l'(8 a l l  15 v a r i a b l e s  shown i n  Table A - 1 6  were used; i n  l'(9, the l e a s t  

M 

V 

M 

v 

For example, i n  us ing  X 2 G  and X21 (see T a b l e s  A-5 and A - 6 )  

The viscous  fo rces  should 

Likewise, the  r a t i o s  of X17 /Xlg  

Lf one fol lows the  

For example, i n  Table A-16 i s  shown the  series of runs  

For t h e  group from l@ through 186 
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impor tan t  one, X23, w a s  dropped from t h e  equa t ion ;  and i n  the  nex t  equat ion ,  

18'3, t h e  next two least  important  v a r i a b l e s ,  X23 and X20 2, were dropped; 

and so  on. This w a s  an  e f f o r t  t o  s e e  how many v a r i a b l e s  could be dropped 

wi thout  a f f e c t i n g  t h e  cumulat ive mult iple-R.  It was found t h a t  one could 

d e l e t e  more than  h a l f  t he  v a r i a b l e s  wi thout  s e r i o u s l y  a f f e c t i n g  the  

cumulat ive mul t ip lc -R va lues .  The rea f t e r ,  a l a r g e  number o f  v a r i a b l e s  

were used, even though t h e i r  c o n t r i b u t i o n s  were very  small, because one 

could always c u t  o f f  t h e  lowes t  v a r i a b l e s  wi thout  s e r i o u s l y  a f f e c t i n g  t h e  

cumulative mul t ip le -R.  

I n  the  s e r i e s  of equa t ions  shown i n  Table A-19,  i t  i s  appa ren t  t h a t  

no t  on ly  i s  group 1 being compared wi th  the  combined groups 1 and 2, b u t  

t he  e f f e c t  of the  dependent -var iab le  d e f i n i t i o n  i s  being s t u d i e d .  

Computer Programs Developed 

I n  t h e  course 01: the c o r r e l a t i o n ,  s e v e r a l  programs were developed 

s p e c i f i c a l l y  f o r  the c a l c u l a t i o n s ,  bu t  t h e y  are s u f f i c i e n t l y  v e r s a t i l e  

s o  t h a t  they  could  b e  used f o r  many o t h e r  types  of c a l c u l a t i o n s .  

t he  programs (GNENj and GR4EN4)  are l i s t e d  i n  the Appendix in I?$RTRAN-63, 

w i th  i n s t r u c t i o n s  f o r  t h e i r  u se .  

Two of 

The G@EN1 and C;@EN2 programs a l low a s o r t  of t he  b a s i c  d a t a  i n t o  

n 2 -  o r  3 - l e v e l  (2n o r  3 

o r  independent v a r i a b l e s .  The computer seeks t h e  d a t a  p o i n t s  t h a t  f a l l  

i n t o  each l e v e l  of t h e  a r r a y  a where the s u b s c r i p t  i i s  the level  
ij' 

(1, 2, o r  1, 2, 3 ) ,  and t h e  s u b s c r i p t  j i s  the f a c t o r  ( 2 ,  2, 3 ,  . . . 7). 
It w a s  found t o  be  a lmost  impossible, wi th  the existing d a t a  and v a r i a b l e s ,  

t o  f i n d  even a f r a c t i o n a l  f a c t o r i a l  des ign  that:  w a s  balanced, and so  

these  programs were n o t  inc luded  i n  the  Appendix. 

f a c t o r i a l )  exper imenta l  des igns  f o r  up t o  7 f a c t o r s  
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GROEN3 i s  t h e  program used t o  prepare  a 25- leve l  s o r t  of  t h e  v a r i a b l e s .  

I n p u t  t o  t h e  program inc ludes  t h e  b a s i c  d a t a  p o i n t s .  The computer can 

perform cal.cula1sions on t h e  v a r i a b l e s  to ca lcu l - a t e  independent o r  dependent 

v a r i a b l e s  (up t o  36) and perform s o r t s  and d i s t r i b u t i o n s  of  t h e s e  d a t a .  

The program i s  l i - s lxd  i n  t h e  Appendix a f t e r  a d e s c r i p t i o n  of .its o p e r a t i o n .  

GR$ENb i s  t h e  prograin r e q u i r e d  t o  c a l c u l a t e  ( V  + V ) F r o m  a given 
C D 

f lood  e q u a t i o n .  Input  d a t a  t o  t h e  program may be ei . ther  the  independent 

o r  dependent v a r i a b l e  va lues ,  o r  s u f f i c i e n t  f a c t o r s  necessary  f o r  t h e i r  

calculat:i.on e Most: of t h e  f looding  equat ions  r e q u i r e  a t r i a l .  -and-error 

technique t o  c a l c u l a t e  (V 

are used as i n p u t  va lues  t o  t h e  GR(PEN4 program. 

t h e s e  va lues  as a n  i n i t i a l  s t a r t i n g  p o i n t  i n  t h e  i t e r a t i o n  and f i n a l l y  

ca l cu l . a t e  ( V  

I n  doi.ng t h i s  c a l c u l a t i o n ,  i t  w i l l  r e t a i n  t h e  same f low r a t i o  ( V  /V ) as 

w a s  o r i g i n a l l y  g iven  t h e  estimat:ci:d i n p u t  v a l u e s .  That is, i f  one wants a 

10-to-1 V /V 

p u t  i n t o  GR$ENk should be i n  t h a t  r a t i o .  

i- V D ) .  BesCl p o s s i b l e  e s t i m a t e s  of ( V  -1- 
C c v D )  

The program will then  use 

+ V ) as d i c t a t e d  by whatever f looding  e q u a t i o n  i s  d e s i r e d .  
c D 

c D  

r a t i o ,  t h e n  t h e  o r i g i n a l  estimates of Vc and VD t h a t  ilre c D  

Also enc losed  i n  the Appendix i s  a d e s c r i p t i o n  of t h e  BIND-23 program 

used i n  t h i s  s tudy.  The o r ig ina l .  program was s l i g h t l y  modifi-ed e s p e c i a l l y  

f o r  use  i n  f looding  equat ions .  Detai ls  of  tihe c a l c u l a t i o n  of the v a r i o u s  

s t a t i s t i c s  which the program g e n e r a t e s  may be obta ined  from the Department 

of Prevent ive  Medicine and P u b l i c  Health,  School of Medicine, U n i v e r s i t y  

of C a l i f o r n i a  a t  Los AngeIes. 



The P r e f e r r e d  Equat ions 

The s e l e c t i o n  of a s i n g l e ,  unique equat ion ,  one t h a t  i s  b e t t e r  than 

any o the r ,  w a s  n o t  p o s s i b l e .  

the  mult iple-R i s  h igh  does n o t  a u t o m a t i c a l l y  guaPantee t h a t  t h e  (V 

c a l c u l a t e d  from a g iven  equa t ion  w i l l  be the  most a c c u r a t e  va lue .  

Table A-7, a l l  t h e  equa t ions  whose m u l t i p l e 4 3  i s  above 0.900 are l i s t e d ,  

92 equa t ions .  As has been poin ted  ou t  prev ious ly ,  equa t ions  31, 33, 34, 

35, 214, and 215 should be ignored as being i n v a l i d .  

on ly  a few have been s t u d i e d  on the  b a s i s  of  t he  (Vc t V ) back calcula- 

t i o n  t o  compare exper imenta l  and c a l c u l a t e d  flow c a p a c i t i e s .  

A s  w i l l  be po in t ed  o u t  below, t h e  f a c t  t h a t  

+ V D )  
C 

In 

Of the  86 remaining, 

D 

S p e c i f i c a l l y ,  f l ood  equa t ion  122 has been s e l e c t e d  as p r e f e r a b l e .  

The choice  i s  admi t t ed ly  somewhat a r b i t r a r y  

cr i ter ia  desc r ibed  above. 

ing  region,  w i th  c o e f f i c i e n t s  based on group-1 d a t a  i s :  

b u t  i s  based on a l l  t he  

Flood equa t ion  122, v a l i d  f o r  t he  e n t i r e  f lood-  

2 v 4- VD 

Ac +%I PC'T$ 
I n  C == - 3.741 -I- 0.2568 I n  - 0.071911 4- 

3 
t 0.006191 P n  s] - 1.034 I n  V J V  - 

CY 

+ 0.1424. I n  vC - - 0.180'j' I n  h, t 0.07198 I n  ~i ".-;/'n d$ e 

' c  PI S vD 

This equa t ion  may be used t o  p r e d i c t  f low c a p a c i t i e s  w i t h  an average e r r o r  

of 8.56$ ( p r e d i c t e d  va lue  h igh  by t h i s  amount) w i th  a s t anda rd  d e v i a t i o n  

of 44.70, as seen i n  Table $. Note t h a t  the  confidence band s p e c i f i e d  i n  

T a b l e  5 i s  a measure of  how w e l l  t he  d a t a  r e p r e s e n t  an i n f i n i t e  popu la t ion  

and i s  n o t  t h e  i n t e r v a l  w i t h i n  which t h e  e r r o r  of a s i n g l e  p r e d i c t i o n  would 

f a l l .  
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t 

The reasons  f o r  s e l e c t i n g  f lood  equa t ion  122 as a recommended equa t ion  

inc lude  t h e  f a c t  t h a t  t he  equa t ion  g ives  approximately the  proper  shape 

over  t h e  e n t i r e  range of f lood ing .  See, f o r  example, F igs .  2 and A - 1 8  

through A-28. Those equa t ions  having h ighe r  powers of c e r t a i n  independent 

v a r i a b l e s  have a tendency t o  e x h i b i t  maxima o r  minima t h a t  have no s i g n i f -  

i cance  ( see  Fig.  A-29). 

Flood equa t ion  208 i s  the c o r r e l a t i o n  developed by Thornton'' w i th  

newly eva lua ted  c o e f f i c i e n t s  based on group-1 d a t a  i n  the  r eg ion  of 0 t o  

50% of f lood ing  due t o  i n s u f f i c i e n t  p u l s a t i o n .  This equat ion ,  v a l i d  f o r  

emulsion f looding  only  i s :  

I n  the  r eg ion  of emulsion f looding  both  equa t ions  122 and 208 a r e  very 

s i m i l a r  ( s e e  ~ i g .  2 ) .  

Examples of  t h e  f i t  expected from equat ions  122 and 208 may be seen 

from Figs .  A-30 through A-b5.  

A-44 and A-45 show the  new d a t a  of  Chr is tensen ,  

I t  i s  t o  b e  noted t h a t  the d a t a  i n  Figs.  

129 
not l i s t e d  i n  Table A - 3 .  

Comparison of Ca lcu la t ed  and Experimental  V e l o c i t i e s  
at: Flooding - Group-1 Data 

Ca lcu la t ions  were made t o  P r e d i c t  (Vc + V a t  f loodixg  us ing  s e v e r a l  D 

of t h e  f looding  equat ions  f o r  n e a r l y  a l l  of the  (data groups.  The f l o o d  

equat ions  w e r e S  of course,  de r ived  us ing  only the group-1 da ta .  I n  

g e n e r a l  it i s  be l i eved  that the  c a l c u l a t i o n  o f  (V  

be more a c c u r a t e  fo r  equat ions  wi th  a h igh  multiple-R, b u t  making a choice 

+ Vi,) a t  f looding  w i l l  
C 
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F i g .  2 .  Comparison of F lood  Equat ions  7, 122, 180, 207, 208 and 
209. 
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between two equat ions  whose mul t ip le -R i s  as c l o s e  as 0.92115 and 0.9250 

is not  p o s s i b l e  wi thout  f i r s t  c a l c u l a t i n g  ( V  

means and the  s t anda rd  e r r o r  o f  e s t i m a t e s  between c a l c u l a t e d  and e x p e r i -  

mental  va lues  for  the  two equa t ions .  A t t e s t  can then be app l i ed  t o  

dec ide  whether t h e  mean d i f f e r e n c e  between c a l c u l a t e d  and experimental  

(Vc 4 V ) f o r  one equa t ion  i s  s i g n i f i c a n t l y  d i f f e r e n t  from another ,  and 

then  t h e  equa t ion  having t h e  smaller value of a mean d e v i a t i o n  can be  

s e l e c t e d  as t h e  b e t t e r  equa t ion .  

me c a l c u l a t i o n  of  ( V  

-i V ) and coinparing the  
C D 

u 

-t v ) f o r  a g iven  equa t ion  g e n e r a l l y  involves  
C D 

R t r i a l - a n d - e r r o r  procedure,  and w a s  done by us ing  t h e  GK$EN4 program 

desc r ibed  above and  i n  the  Appendix. The r e s u l t s  of t hese  c a l c u l a t i o n s  

arc shown i n  F i g s .  3 and A-1 through A-17, and i n  Table A-10.  The graphs 

show t h e  c a l c u l a t e d  ( V  + V as an a b s c i s s a  and experimental  ( V  + V D )  

as an o r d i n a t e .  P igures  ]5 and A-1 through A-5 show the  r e s u l t s  of t he  

c a l c u l a t i o n  wi th  the  group-1 d a t a  p o i n t s  (see Table 1) f o r  s e l e c t e d  f l o o d  

equa t ion  Nos. 7, 122, 180, 207, 208, and 209. Flood equa t ion  7 i s  the 

one sugges ted  by Pike,75 wi th  new c o e f f i c i e n t s  based on the group-1 d a t a .  

C u C 

vD A - 0.8739 I n  5 - 
%I 

In  - =  - 6.435 - 0.2698 I n  

[g] + 1.130 In "". 4 

v 
% 

(54) 

Flood equa t ion  122 i s  the p r e f e r r e d  equa t ion  l i s t e d  above as E q .  (53). 

Flood equa t ion  180 is s imi l a r  t o  f lood  122 b u t  con ta ins  h ighe r  powers of 

the independent v a r i a b l e s  (see Tables A-r7 and A - 8 ) .  Flood equat ion  207 



- 9tr- 
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w a s  one developed i n  t h i s  s tudy  which had a r a t h e r  complex mathematical  

s t r u c t u r e  and a ve ry  h igh  mul t ip le -R (O.glt]+ compared wi th  R = 0.931 f o r  

f lood  equa t ion  122). Flood equa t ion  208 i s  Thornton’s equation" us ing  

t h e  d a t a  i n  the  range of 0 t o  50% f looded due t o  i n s u f f i c i e n t  p u l s a t i o n  

(F . I .P .  ). 

type of d a t a  i s  g iven  above as Eq. (5’c). 

and Babb equat ion,”  a l s o  u s i n g  the  0 t o  50% F.I .P .  d a t a .  

type of da t a ,  t h i s  equa t ion  wi th  new c o e f f i c i e n t s  i s :  

Thornton’s equat ion ,  w i th  new c o e f f i c i e n t s  a p p l i c a b l e  t o  group-1 

Flood equa t ion  209 i s  the  Smoot 

For group-1 

- 0.1249 I n  d . 

Figures  A-6 through A-1‘7 g ive  t h e  r e s u l t s  of the c a l c u l a t i o n  us ing  f lood  

equa t ion  122 w i t h  most of t h e  o t h e r  d a t a  groups.  

Table A-10 g ives  a more d e t a i l e d  a n a l y s i s  of t h e  comparison of t h e  

c a l c u l a t e d  and exper imenta l  ( V  

va r i ance  of t h e  percentage  d i f f e r e n c e  between t h e  c a l c u l a t e d  and experi- 

mental  va lues  of ( V  

+ VD) .  The t a b l e  g ives  an e s t i m a t e  of t he  
C 

i- VD), and the  mean percentage  d i f f e r e n c e .  I f  
C 

and 

then  d i  i s  an  a c t u a l  d i f f e r e n c e ,  and d 

b a s i c  need i s  t o  dec ide  whether one expec t s  an  exper imenta l  e r r o r  which is  

i s  a percentage  d i f f e r e n c e .  A i 
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p r o p o r t i o n a l  t o  the va lue  o r  level.  o f  ( V  

independent of t h e  va lue  of (V 

( V  + V ), then  one should be concerned wi th  d and i f  the  e r r o r  i s  

independent of ( V  The 

on.1.y s e t  o€ d a t a  from which a measure of the. e r ror  was a v a i l a b l e  was the  

benzene--water d a t a  of Pike.75 

f V ) o r  whether the  e r r o r  i s  
C [I 

I f  t h e  e r r o r  i s  p r o p o r t i o n a l  t o  -t V D ) .  
C 

C D i' 

+ V ) then d i  i s  the  more meaningful d i f f e r e n c e .  
C D 

For each p a i r  of r e p l i c a t e d  d a t a  p o i n t s  

i t  was p o s s i b l e  t o  cal .culate  an e s t i m a t e  of the  va r i ance  and p l o t  t h i s  

quant:ity as a func t ion  of ( V  

measure o f  the  v a r i a b i l i t y  o f  the  d a t a  and hencc a measure o f  t h e  e r r o r .  

P i k e ' s  d a t a  ( p o i n t s  No. 552 through 605, Table A - 3 )  a r e  i n  r e p l i c a t e d  

+ V D ) .  The e s t ima te  of the  va r i ance  i s  a 
C 

p a i r s .  For  each p a i r  o f  p o i n t s  one may gel; a n  average throughput,  

(Vc -1- V D ) .  

i s  : 

Then the  e s t ima te  of the  va r i ance  f o r  t h a t  pair o f  d a t a  p o i n t s  

Figiire 4 shows a p l o t  of S' as a func t ion  of the  throughput,  (Vc + V D ) .  

It i s  apparent  why an  error  p r o p o r t i o n a l  t o  the  l e v e l  o f  ( V  

chosen as the more meaningful d i f f e r e n c e  t o  examine. 

i 

f V ) w a s  
C u 

Therefore  the  r e s u l t s  a r e  g iven  i n  Table A-10 on the  b a s i s  of d the 
i.' 

percentage  d i f f e r e n c e .  

Table 5 g ives  i3 summary o f  t he  informat ion  p resen ted  i n  Table A-10 

f o r  the group-1 d a t a .  The t a b l e  shows the  mul t ip l e - r eg res s ion  c o e f f i c i e n t  

R f o r  t he  s i x  f l o o d  equa t ions  s e l e c t e d .  

average percentage  d i f f e r e n c e  between the exTerimenta1 and c a l c u l a t e d  

The column l a b e l e d  d. gives  the  
1 

va lues  of throughput,  where 
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666.25 
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COLUMN THROUGHPUT, Yc -t. VD (ft/hr) 

F i g .  4. E s t i m a t e  of t h e  Variance of t h e  Throughput,  uc + 

(Benzene-Water System). 



It i s  o t  i n t e r e s t  h e r e  t o  note t h a t  a l l  t h e  va lues  of x. are negatFve. 

This means, of course,  t h a t  on the  average t h e  c a l c u l a t e d  v a l u e s  of the 

1 

throughput a r e  too h igh ;  f o r  f l o o d  e q u a t i o n  122J f o r  example, t h e  c a l c u l a t e d  

(Vc + V D )  i s  8.56% t o o  high.  One should m u l t i p l y  t h e  c a l c u l a t e d  v a l u e  of 

-1-  V ) by [l/(l + 0.08$6)] t o  g e t  a more a c c u r a t e  meastire of (V + V D ) .  

By t h e  r u l e s  o f  s t a t i s t i c a l .  i n f e r e n c e  i t  i s  p o s s i b l e  t o  compare t h e  
('c D C 

f l o o d  equat ions  i n  Table 5 by t e s t i n g  the so  c a l l e d  n u l l  hypothes is  t h a t  

the mean percentage  d i f f e r e n c e s  d ,  are equal .  127 If the n u l l  hypothes is  

H i s  accepted,  then  t h e  d a t a  i n d i c a t e  there i s  i n s u f f i c i e n t  evidence t o  

i n d i c a t e  a d i f f e r e w e .  The a l t e r n a t i v e  hypothes is  H must be accepwd 

i f  II i s  r e j e c t e d .  To t e s t  the hypothes is  H :d.  = d one c a l c u l a t e s  a t 

s t a t i s t i c  as Follows: 

- 
1 

0 

1 - - 
0 1  j' 0 

The a l t e r n a t i v e  hypothes is  i s  I€ :ze f d . 
comparison i s  Student!  s t which may be found among any s e t  o f  

s t a t i s t i c a l  t a b l e s .  For t h i s  case, t h e  degrees  of freedom Y i s  def ined  

The c r i t i c a l  s t a t i s t i c  f o r  1 1  j 

a/2, v ,  

as : 

Here (1 - a )  i s  t h e  l e v e l  of  s i g n i f i c a n c e ,  o r  a i s  t h e  p r o b a b i l i t y  t h a t  

one will r e j e c t  t he  n u l l  hypothes is  when i t  i s  t r u e .  
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I 

On comparing t h e  mean percentage  d i f f e r e n c e  d f o r  f lood  equat ions  i 

122 and 180, the  n u l l  hypothes is  w a s  accepted ;  t h a t  i s  t o  say ,  one may 

be 95% s u r e  t h a t  the t r u e  mean d i f f e r e n c e  f o r  the  two equat ions  i s  t h e  

same. Another way of viewing t h i s  conclus ion  i s  t h a t ,  i n  view of the  

scatter of  t h e  percentage  d i f f e r e n c e s ,  i t  is  no t  p o s s i b l e  t o  say  which 

equa t ion  g ives  t h e  b e s t  r e s u l t .  The same conclus ion  w a s  found when f lood  

equa t ion  122 w a s  compared wi th  208 and wi th  209. 

For t h e  comparisons of f lood  equa t ion  122 wi th  7 and 207, however, 

one had t o  r e j e c t  t h e  n u l l  hypothes is  and accep t  t he  a l t e r n a t i v e ,  which 

w a s  t h a t  t he  mean percentage  d i f f e r e n c e s  were n o t  equa l .  I n  f a c t ,  t he  

f i n a l  r e s u l t  w a s  t h a t  one may be 95% s u r e  t h a t  the t r u e  d i f f e r e n c e s  of 

equa t ions  7 and 207 ,are indeed smaller ( l a r g e r  nega t ive  number) than f o r  

f lood  equa t ion  122. 

cri t ical .  s t u d e n t ' s  t w a s  t . 
This was done wi th  a one-sided tes t :  i n  which the  

a, y 
S i m i l a r  conc lus ions  may be reached by c o n s t r u c t i n g  a 95% confidence 

i n t e r v a l  about  t h e  mean percentage  d i f fe rence ,  which i s  t a b u l a t e d  i n  

Table 5 

6. here 

be hween  

1 

f o r  fl.ood equa t ions  7, 122, 180, 20'i, 2G8, and 209. The q u a n t i t y  

i s  t h e  symbol f o r  the  t r u e  va lue  of  t h e  mean percentage  d i f f e r e n c e  

experimental-  and c a l c u l a t e d  f looding  throughput,  of which the  

va lue  T i s  an e s t i m a t e .  i 

When one compares the  confidence i n t e r v a l  for 

f o r  example ,  one f i n d s  (-11.19 < GIz2 < -5.93) and 

-6.'18). Since  most of t h e  confidence i n t e r v a l  Eor 

equa t ions  122 and 208, 

(-13.30 62*8 < 

the  two t j t s  i s  over- 

lapping  i t  i s  n o t  unreasonable  t h a t  one cannor d i s t i n g u i s h  between t h e  

t w o  8 ' s  wi th  any measure of confidence.  

207, on t h e  o t h e r  hand, one f i n d s  (42.55 << 

I n  comparing equat ions  122 and 

< -61:.57),which i s  
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For comparing 122 

completely o u t  o f  t h e  95% confidence i n t e r v a l  f o r  6 

6, with  6 one f i n d s  some overlapping o f  t he  95% confidence i n t e r v a l s ,  7 1227 

and s o  one must r e s o r t  t o  t h e  n u l l  hypothes is  t e s t  d e s c r i b e d  above i n  

o r d e r  t o  compare t h e  6's. 

T e s t s  of hypotheses were a l s o  made on t h e  v a r i a n c e s  ( 5  ") of t h e  i 

percentage d i f f e r e n c e s  by means of  t h e  convent ional  F s ta t is ,Cic ,  I n  a l l  

cases (except  when comparing f l o o d  equat ions  122 and 180) th-  Lre was a 

s i g n i f i c a n t  d i f f e r e n c e  between the variances of t h e  percentage  d i f f e r e n c e s  e 

It i.s of i n t e r e s t  t o  note  the  range and va lues  of t he  m u l t i p l e - r e g r e s -  

s i o t r  c o e f f i c i e n t s  f o r  t he  s i x  equat ions .  I f  one were t o  se lec t  a f looding  

e q u a t i o n  s o l e l y  on t h e  b a s i s  of  the multiple-R, e q u a t i o n  207' w i t h  a n  R L: 

0.94k would be t h e  b e s t .  

va lues ,  t h i s  e q u a t i o n  i s  t h e  p o o r e s t  of  t h e  s i x  shown i n  Table 5. On t h e  

average, t h e  va lue  of (I7 

d i v i d e d  by 1.736 t o  g i v e  the b e s t  estimate of  t h e  throughput ( V  

The f a c t  t ha t .  e q u a t i o n  208 has an R a s  low as O.gS'( demonstrates  i n  a n  

emphatic manner t h a t  even wi th  a range of  R from, say  0.900 t o  0.950, i t  

i s  n o t  p o s s i b l e  t o  choose which e q u a t i o n  will.  p r e d i c t  t h e  throughput 

be t te r  . 

However, on t h e  b a s i s  of t h e  c a l c u l a t e d  (Vc + V D )  

-1- V ) c a l c u l a t e d  from e q u a t i o n  2'07 must be 
C n 

-I- V D ) .  
c 

Equations RestricLed t o  Emulsion Flooding 

One f u r t h e r  comment i n  regard  t o  f lood  equat ions  208 and 209: 

equati.ons w e r e  der ived  origina1.3.y f o r  t h e  emulsion-flooding region,  and 

s o  t o  ensure t h a t  they  would r e p r e s e n t  on ly  t h e  emulsion-flooding region,  

a l l  p o i n t s  l y i n g  i n  the  range from 50 t o  100% of  i n s u f f i c i e n t  p u l s a t i o n  

fl.ooding ( o r  > loo%) were screened from t h e  group-l  da t a  p r i o r  t o  doing 

any o f  t h e  c a l c u l a t i o n s .  The d a t a  p o i n t s  s o  screened a r e  g iven  i n  

*These 
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Table A - 2 1 .  A t  t h i s  p o i n t  i t  may be w e l l  t o  cons ider  what: i s  meant by 

more than  50s f looded due t o  i n s u f f i c i e n t  p u l s a t i o n .  Quit.e simply when 

{[(vc -t- Vg)expt l .  /f!J x 100) 2 50, the  d a t a  point: i s  s a i d  t o  be i n  the  

r eg ion  equa l  t o  o r  more than  50% f looded due t o  i n s u f f i c i e n t  p u l s a t i o n  

(F . I .P . ) .  This f igu re ,  50% F.I.P. ,  has been the  a r b i t r a r y  boundary 

between i n s u f f i c i e n t  p u l s a t i o n  and emulsion-f looding zones as set: by the  

a u t h o r s .  

Data Groups Other Than Group 1 

Ca lcu la t ions  were made us ing  d a t a  groups o t h e r  than  group 1 i n  only  

Table 6 shows a comparison of  t h e  mul t ip l e - r eg res s ion  c o e f f i -  two ways. 

c i e n t  c a l c u l a t e d  f i r s t  w i th  group-1 d a t a  only,  and then  wi th  groups 1 and 

2 combined. I n  each case, except  w i th  f lood  equa t ions  214 and 225, i t  

is noted  t h a t  t he  mult iple-R decreased  when the  combined data were used 

i n  the  r e g r e s s i o n  a n a l y s i s .  This i s  an i n d i c a t i o n  t h a t  the  f i t  of t he  

d a t a  from group 2 i s  poorer  t han  t h a t  from group 1, or  that:  the  e r r o r  o r  

va r i ance  of the  d a t a  i n  group 2 i s  l a r g e r ,  o r  bo th .  

Flood equa t ions  211t and 225, as i s  t h e  case  wi th  a11 the  equat ions  

s t u d i e d  whose mult iple-R i s  g r e a t e r  than  0.950, a r e  n o t  v a l i d  and should 

be d iscounted .  

and A-6)  shows i t  t o  be In (VD/ro). 
be a f u n c t i o n  of (Vc/VD) a lone  and i s  t h e r e f o r e  no t  a u s e f u l  f looding  

c h a r a c t e r i s t i c  

a primary and fundamental  independent v a r i a b l e .  

Examination of t he  independent  v a r i a b l e  (Tables  A-7, A-5, 

This r a t i o  (Vdyo) can be shown t o  

s i n c e  (Vc/VD) o r  i t s  logar i thm h a s  been cons idered  t o  be 

N o  comparison may be drawn between equa t ions  220 and 231 s i n c e  the  

BLMD-29 program would n o t  ope ra t e  on t h e  ORWL Cont ro l  Data Computer, 

CW-l604A, us ing  groups 1 and 2 combined i n  f lood  equa t ion  231. The 
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Table  6. Comparison of Regressions w i t h  Data Groups 1 and 2 

Groups -1 and -2 Data -.-.- -- Group-L Data 
Flood Eq .  Multiple -K Flood 'Kq. M u l t i p l e - R  

21 1 

212 

213 

214 

215 

216 

21 7 

2 18 

2 1.9 

220 

22 1 

0.9362 

0.31~27 

0.9h2J-1- 

0.9628 

0.850~~ 

0.939'1 

0 -9336 

0.9314 

0.9401, 

0.9414 

0 9309 

222 

223 

224 

225 

226 

227 

228 

229 

230 

23 I 

232 

0.9272 

0.9331 

0. g32y 

0.9635 

o .8249 

0.9291 

0.9260 

0.9252 

0.9300 

- 
0.9240 
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program was te rmina ted  

a p p a r e n t l y  an  u n s t a b l e  

i n  the  mids t  of t h e  m a t r i x  i n v e r s i o n  and so 

m a t r i x  was gene ra t ed .  

More u s e f u l  r e s u l t s  can be  de r ived  from Table A-10  i n  which comparisons 

were made on t h e  basis o f  t he  c a l c u l a t e d  (Vc + VD) f o r  t h e  va r ious  d a t a  

groups us ing  GR$ENI+ (see Appendix) and f lood  equa t ions  122 and 208. 

r e g r e s s i o n  equa t ions  (equat ions  122 and 208) de r ived  us ing  group-1 d a t a  

were used t o  c a l c u l a t e  flow c a p a c i t i e s  f o r  the  o t h e r  d a t a  groups.  For 

each d a t a  p o i n t  i n  the  o t h e r  da t a  groups shown, a c a l c u l a t i o n  of  % w a s  

made t o  determine i f  t he  p o i n t  r e p r e s e n t e d  f looding  i n  the  emulsion f lood-  

ing  r eg ion .  

f l ood  equa t ions  122 and 208. I f  t h e  p a r t i c u l a r  d a t a  p o i n t  r ep resen ted  

f looding  t h a t  w a s  more than  50% f looded due t o  i n s u f f i c i e n t  p u l s a t i o n ,  

t hen  the  c a l c u l a t i o n  of  (Vc + V ) by GROEN4 w a s  done f o r  f lood  equa t ion  

122 only .  The q u a n t i t i e s  d the  percentage  dif.Eerence between e x p e r i -  

mental  and c a l c u l a t e d  throughputs ,  i t s  mean (z.1, and va r i ance  ( s  *) were 

c a l c u l a t e d  as desc r ibed  e a r l i e r  and were t a b u l a t e d  i n  Table A-10. Table 

7 below summarizes p a r t  of Table A-10 for t h e  s p e c i f i c  purpose of  comparing 

d a t a  groups.  

d a t a  group shown f o r  f lood  equat ions  122 and 208. 

hypothes is  tes ts  comparing the  mean percentage  d i f f e r e n c e s  of group 1 wi th  

each of  t h e  o t h e r  groups are a l s o  shown. Note t h a t  t he  r e s u l t s  of t h e  

hypothes is  tes ts  are the  same f o r  t h e  two f lood  equa t ions  used except  fo r  

group 1-1. 

f o r  group 4 s i n c e  the  number of  d a t a  p o i n t s  i s  l a r g e  and t h e r e  i s  ve ry  

l i t t l e  ove r l ap  of the  confidence i n t e r v a l s .  

The 

I f  it did ,  then (V + VD) w a s  c a l c u l a t e d  by GROENk f o r  bo th  
C 

D 

iJ 

1 i 

The t a b l e  l i s t s  the  mean percentage  d i f f e r e n c e s  d f o r  each i 

The r e s u l t s  of t h e  

There i s  an apparent  r e a l  d i f f e r e n c e  between t h e  two equa t ions  
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Table 7. Comparison of the  Data Groups 

Flood Equation 122 Flood Equation 208 
F O ~  c! I = 0.05 - For a = 0.05 - Data 

di__ H:h  = x  
di 0 1  i 

Group H :dl = T.  
0 I. 

1 

2 

3 

14. 

5 

10 

11 

12 

13 

14 

15 

16 

17 

Re jecli 

Accept 

Reject: 

Reject  

Reject  

Reject  

Re j e e t  

Accept 

Reject  

Accept 

Accept 

Reject  

-8,56 

-29 15 

4-03 

37 9 77 

-76.31 

17.56 

15 232 

51t.00 

-7.31 

-114.31 

-2 1. e 8'7 

-36.63 

29.96 

- 
Re j e c. t 

Accept 

Accept 

Reject  

Reject  

Reject  

Reject  

Accept 

Reject  

Accept 

Accept 

Reject  
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For t he  o t h e r  d a t a  groups t h e r e  i s  agreement no t  on ly  i n  whether o r  

n o t  t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  i n  the  mean percentage  d i f f e r e n c e s ,  

b u t  a l s o  i n  t h e  va lue  of t h e  percentage  d i f f e r e n c e .  This r e p r e s e n t s  a 

r a t h e r  r igo rous  t e s t , c o n s i d e r i n g  t h a t  t he  f lood  equat ions  w e r e  de r ived  

us ing  group-1 d a t a  only .  Based on these  t r ends  i t  i s  t h e r e f o r e  recommended 

t h a t  t h e  b e s t  estimates of ( V  

made e i t h e r  w i th  f lood  equa t ion  122 o r  208 and a d j u s t e d  by the fo l lowing  

formula : 

-k V ) f o r  t h e  v a r i o u s  d a t a  groups should  be 
C D 

The proper  ;I 

and group used.  It i s  recognized t h a t  t he  scatter o f  the d a t a  i s  i n  many 

cases wider than  w i t h i n  group 1 i t s e l f ,  b u t  f o r  t he  p r e s e n t  t he  best 

e s t i m a t e  of the throughput i s  ob ta ined  by the  above formula.  The va lue  

i s  obta ined  from Table 7 f o r  t h e  p a r t i c u l a r  f l ood  equa t ion  i 

i s  obta ined  from GRf)EN4 or  o t h e r  i t e r a t i v e  procedures .  
Of  (vc -t VD)calc.  

One could  e a s i l y  inco rpora t e  t h e  c o r r e c t i o n  f a c t o r s  

g ive  (Vc -t- V ) d i r e c t l y ,  b u t  a t  t h e  present :  t i m e  i t  d id  n o t  seem worth 

doing.  A t  t h i s  p o i n t  i t  i s  w e l l  t o  remember t h a t  f lood  equa t ion  122 may 

be used over t h e  e n t i r e  range of f looding ,  whereas f lood  equa t ion  208 i s  

only f o r  t he  range 0 t o  50% of f looding  due t o  i n s u f f i c i e n t  p u l s a t i o n  

i n t o  GR4EN4 t o  i 

D 

( L e . ,  [ loo  (v 4- VD,/AG1 :> - 50). C 

Mult iplecRegress  ion  Analysis 

Much r e l i a n c e  w a s  p l aced  i n  the  mul t ip l e - r eg res s ion  c o e f f i c i e n t  R t o  

dec ide  t h e  r e l a t i v e  m e r i t  of one f lood ing  equa t ion  c o r r e l a t i o n  compared t o  

ano the r .  For two equa t ions  which have t h e  same dependent v a r i a b l e ,  but: 



d i f f e r e n t  indeperitlent v a r i a b l e s ,  the  equa t ion  wi th  t h e  h igher  n iu l t i p l e -  

r e g r e s s i o n  c o e f f i c i e n t  f i t s  the  d a t a  b e t t e r .  Also,  when comparing t w o  

eqixati-ons having the  same independent v a r i a b l e s ,  b u t  d i f f e r e n t  dependent 

v a r i a b l e s ,  t he  equa t ion  having the  h igher  mul t ip l e - r eg res s ion  c o e f f i c i e n t  

f i t s  the  d a t a  b e t t e r .  

I f ,  however, bo th  the  dependent v a r i a b l e s  and the independent v a r i a b l e s  

a r e  d i f f e r e n t  f o r  two equat ions ,  i t  becomes a q u e s t i o n  of judgment which 

equa t ion  r e p r e s e n t s  the  b e t t e r  c o r r e l a t i o n .  The equa t ton  wi th  the h igher  

multipl .e - r eg res s ion  c o e f f i c i e n t  i s  the  one whose independent v a r i a b l e s  

b e t t e r  account  f o r  t he  v a r i a b i l i t y  of t he  dependent v a r i a b l e .  

however, the  paramount g o a l  t o  f i t  a se t  of equat ions  t o  a s e t  of d a t a .  

The d e s i r e d  resv1-t i s  p r e d i c t t o n  of t h e  flow capac i ty ,  gi-ven t h e  system 

and c e r t a i n  o t h e r  parameters .  Given t h e  organic-aqueous system t o  be 

used,  t he  cont inuous phase,  t he  p h y s i c a l  p r o p e r t i e s  of t he  system ( v i s c o s i - t i e s ,  

d e n s i t i e s ,  i n t e r f a c i a l  t e n s i o n ) ,  t he  column dimensions , t h e  type of p l a t e s ,  

t h e  flow r a t i o  ( V  /V >, A, and F, what va lue  of V 

s u m  oE t h e s e )  causes  f looding  i n  t h e  column? When comparing two f looding  

equa t ions  having mult iple-R va lues  of  0.9245 and 0.9250, f o r  example, i t  

i s  no t  p o s s i b l e  t o  p r e d i c t  which equa t ion  w i l l  do a b e t t e r  j o b  of pred ic t i -ng  

( V  + V ) a'i f looding  under the  c-i-rcumstances o u t l i n e d  above. Thus, t he  

d i r e c t  comparisons based on ( V  + V ) were used t o  advantage,  as desc r ibed  

p rev ious ly .  

It i s  not ,  

and YD ( o r  the c D  C 

C 13 

C D 

Group-1 Data and I t s  D i s t r i b u t i o n  

Table A-8 l i s t s  a l l .  the  f looding  equat ions  t e s t e d ,  showing the  

dependent and independent v a r i a b l e s  used and the  r e s u l t i n g  c o e f f i c i e n t  o f  

m u l t i p l e  r eg res s ion ,  R ( c a l l e d  ' 'mi1 t i p l e - R " ) .  The v a r i a b l e s  a r c  coded, 
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since most of t h e  forms are complicated dimensionless  groups.  The code 

f o r  t h e  dependent v a r i a b l e s  i s  g iven  i n  Table A+, and the  l i s t  of independ- 

e n t  v a r i a b l e s  i s  g iven  i n  Table A - 6 .  

Those equa t ions  having a mult iple-R h igher  than 0.900 are l i s t e d  i n  

more d e t a i l  i n  Table A-7. 

and the  c o e f f i c i e n t s  ( b . )  f o r  t he  r e g r e s s i o n  equat ion ,  which i s :  

In t h i s  t a b l e  are a l s o  l i s t e d  the  i n t e r c e p t  ( A )  

1 

n 

i=l 
Y = A t- biXi , i = 1,2,3 . . . n independent v a r i a b l e s  . (63 1 

Also l i s t e d  f o r  each independent v a r i a b l e  i s  the  cumulat ive c o e f f i c i e n t  of 

m u l t i p l e  r e g r e s s i o n  up t o  and inc lud ing  t h e  c o e f f i c i e n t  f o r  t h a t  v a r i a b l e .  

As was po in ted  ou t  ear l ier ,  t h e  BIMD-29 computer program ranks the  

v a r i a b l e s  accord ing  t o  t h e  magnitudes of t h e i r  c o n t r i b u t i o n  t o  the  c o r r e l a -  

t i o n .  The l a s t  f i g u r e  i n  t h i s  column fo r  each equa t ion  i s  the  o v e r a l l  

mul t ip le -R r e p o r t e d  i n  Table A - 8 *  

IT ( y )  and the  s t anda rd  d e v i a t i o n  ( s  ) of Y. 

of  percentage  d i f f e r e n c e  i s  g iven  on the  a n t i l o g a r i t h m  of  U, s i n c e  the  

Y 1 s  have n e a r l y  always been the  loga r i thm of  some express ion ,  as [(Vc i- 

V n )  pc/y] i n  t he  Smoot-Babb equa t ion ,  

r e s i d u a l s  : 

T a b l e  8-7 also l i s r s  t h e  mean va lue  of 

The e r r o r  a n a l y s i s  i n  t e r m s  
Y 

Die t e r m  Cz i s  the  range o f  t h e  

Note t h a t  & w i l l  a lways  be p o s i t i v e  s i n c e  i t  is  the l a r g e s t  z less the 

smallest  z .  Regardless  of whether the l a r g e s t  and smallest r e s i d u a l s  a r e  

p o s i t i v e  or nega t ive ,  OZ w i l l  be p o s i t i v e ,  

symbolic f o r  the  r a t i o  of  t he  range of  the residuals to the  standard 

e r r o r  of e s t i m a t e .  Both these  q u a n t i t i e s  a r e  measures of  t he  v a r i a b i l i t y  

of t h e  r e s i d u a l s .  When these  q u a n t i t i e s  a r e  compared wi th  the  mean of Y 

The expres s ion  &/s ynf(x) is 



and i t s  s tandard  d e v i a t i o n ,  a b e t t e r  understanding i s  obta ined  of t he  

goodness o f  f i t  of t h e  regressi .oti  model. 

The t h r e e  q u a n t i t i e s  l a b e l e d  % Deviation are the average d e v i a t i o n s  

between t h e  a n t i l o g a r i t h m s  of Y e q e r i m e n t a l  ('i) Y c a l c u l a t e d  (Ti) 
If Y = In [ ( V c  -I- V ) p / y ] ,  f o r  example, t h e  r e s i d u a l s  di-scussed above 

w i l l  be  : 

D c  

The a n t i l o g a r i t h m  ( Y )  = ( V  + V ) p 17, S O  t h a t  
C I) c 

The t h r e e  q u a n t i t i e s  l i s t e d  under t h e  heading are (1) t h e  average of t h e  

p o s i t i v e  p e r  c e n t  d e v i a t i o n s ,  (2) t h e  average of t h e  nzga t ive  PPI- c e n t  

d e v i a t i o n s ,  and ( 5 )  t h e  overal.1 average p e r  cenL d e v i a t i o n  (al lowing 

p o s i t i v e  and n e g a t i v e  d e v i a t i o n s  t o  c a n c e l ) .  Not ice  tltat t h e  average of 

t h e  p o s i t i v e  d e v i a t i o n s  i s  always h igher  than t h e  average of the  n e g a t i v e  

ones.  Such a resu1.t i s  t o  be expected s i n c e  t h e  r e g r e s s i o n  i s  done on t h e  

logari-thms o f  t he  v a r i a b l e s  ra ther  than  t h e  v a r i a b l e s  themselves,  It is 

t h e  square  of t h e  r e s i d u a l s  o f  t he  logari thms t h a t  i s  minimized and should 

be near  zero .  The average of  the p o s i t i v e  and negat ive  r e s i d u a l s  would 

be equal  ( o r  t h e  sum near  z e r o )  i f  logari thms o f  the r e s i d u a l s  were used. 

Table A-9 g i v e s  t h e  d i s t r i - b u t i o n  of d a t a  w i t h i n  group 1. I n  t h e  t a b l e  

are l i s t e d  t h e  h igh  and l o w  va lues  f o r  l5 oE t h e  dependent v a r i a b l e s ,  27 

of  t h e  independent v a r i a b l e s ,  and s e v e r a l  o t h e r  var iabl-es .  Each v a r i a b l e  

i s  subdivided i n t o  25 l e v e l s  by  d i v i d i n g  t h e  range of t h e  v a r i a b l e  by 25 

and then  s o r t i n g  a l l  of those v a r i a b l e s  i n t o  t h e  appropriat:e level.. The 

nuiiibers appearing i n  the  t a b l e  f o r  each l e v e l  under each v a r i a b l e  s i g n i f y  

c 
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t h e  number o f  d a t a  p o i n t s  t h a t  f a l l  w i t h i n  t h e  p a r t i c u l a r  l e v e l .  

example, for YO1 [which i s  Thornton’s f lood ing  c h a r a c t e r i s t i c ,  I n  (yo pc/y)] 
18 of the  d a t a  p o i n t s  (see Table A - 3 )  g i v e  va lues  of YO1 i n  the  lowest  

level ,  30 i n  l e v e l  2, 16 i n  l e v e l  3, r te .  The d i s t r i b u t i o n  of p o i n t s  f o r  

Y O 1  can be seen  t o  fo l low c l o s e l y  a normal d i s t r i b u t i o n ,  as do t h e  p o i n t s  

f o r  Y02. Independent v a r i a b l e  PO3, however, shows a skewed d i s t r i b u t i o n  

having no d a t a  p o i n t s  i n  12 of t h e  l e v e l s ,  and only  one p o i n t  i n  t h e  h i g h e s t  

lcvel..  

f o r  example V i n  Table A-9, t h e  v a r i a b l e  i t s e l f  shows a severe skewness, 

b u t  t h e  loga r i thm o f  t h e  v a r i a b l e  tends  morc n e a r l y  tu a normal d i s t r i b u -  

t i o n .  This, of course,  is one of t h e  reasons  t h a t  t h c  loga r i thmic  func t ion  

w a s  used f o r  s o  many of the  v a r i a b l e s ,  and it n e a r l y  always fol lows t h a t  

on ly  those  v a r i a b l e s  having a good d i s t r i b u t i o n ,  e i t h e r  normal or f a i r l y  

f l a t ,  c o n s i s t e n t l y  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  the  c o r r e l a t i o n s .  

For 

One i n t e r e s t i n g  t h i n g  t o  no te  i s  t h a t  €o r  many of the  v a r i a b l e s ,  

C 

One o t h e r  f a c t  t o  n o t i c e  about  Table A-9 i s  t h a t  1111. da ta  p o i n t s  

were used i n  i t s  c o n s t r u c t i o n .  

n o t  have appeared i n  group l as noted i n  Table A-1, b u t  should,  i n s t ead ,  

be l o c a t e d  i n  group 18. This adjus tment  w i l l  not a f f e c t  Table A-9 s e r i o u s l y  

b u t  w i l l  cause s o m e  ad jus tments  of t h e  boundaries  and t h e  popu la t ions  i n  

s e v e r a l  levels. 

F ive  of t h e s e  po in t s ,  Nos. 859863, should 

Data Groups Other t han  Group 1 

Data groups 1 and 2 were combined f o r  one s e r i e s  of c a l c u l a t i o n s  from 

f lood  equa t ions  222 through 232” Although group 2 had daira from runs i n  

which mass t r a n s f e r  w a s  t ak ing  place, it w a s  always assumed t h a t  t he  column 

f looded a t  the  end where l i t t l e  m a s s  t r a n s f e r  was occur r ing .  It w a s  a t  

t hese  l o c a t i o n s  t h a t  t h e  p h y s i c a l  p r o p e r t i e s  of the phases  were s e l e c t e d  



f o r  use i n  the  c a l c u l a t i o n s ,  and it seemed reasonable  t o  expec t  Chat 

t hese  d a t a  would n o t  be f a r  from the va lues  i n  group 1.. 

Equat:ions 222 through 232 shoi.1l.d be compared wi th  f lood  equat ions  211 

through 221, r e s p e c t i v e l y ,  s i n c e  the  d e f i n i t i o n s  of all t h e  independent 

v a r i a b l e s  a r e  the  same. The equat ions  go i n  p a i r s  (No. 222 w i t h  No. 211; 

No. 223 wi th  No. 2 l 2 ;  . . . ; No. 232 w i t h  Nu. 221), with each p a i r  having 

one d e f i n i t i o n  of t he  dependent v a r i a b l e .  From one p a i r  t o  the  next ,  

o n l y  the  dependent v a r i a b l e  changed i n  d e f i n i t i o n .  

I n  each case  (except  for  f lood  equat ions  211! and 225, s ee  below) t h e  

mul t ip l e - r eg res s ion  c o e f f i c i e n t  Ii. for the  group-1 p o i n t s  only,  was supe r io r  

t o  the  mult iple-R f o r  the  combined groups 1 and 2. A t  b e s t ,  however, the  

s u p e r i o r i t y  w a s  on ly  margina l .  I f  one compares t h e  cumulative multiple-I1 

f o r  t he  f i r s t  e i g h t  independent v a r i a b l e s  i n  each p a i r ,  one f i n d s  t h a t  the 

d i f f e r e n c e  i n  t h e  mu11:iple-R is  i n  the t h i r d  s i g n i f i c a n t  f i g u r e .  Such a 

d i f f e r e n c e  i n  i t s e l f  i s  not  s ign i f i canL ,  b u t  t he  f a c t  t h a t  a l l  o f  them 

(except  Nos. 214 and 225)  showed a s u p e r i o r  multi.ple-R f o r  group- l  d a t a  

only, ( t ha t  f a c t  alone) i s  s i g n i f i c a n t .  

examining Table A-IO, where i t  is  noted that: the  Lest of t he  d i f f e r e n c e  

of two mean r e s i d u a l s  [A(V 

a s t a t i s t i c a l  d i f f e r e n c e .  Furthermore, i t  i s  noted from tI9e same t a b l e  

Such a conclus ion  i s  supported by 

] showed t h a t  t h e r e  was c + VD)calc .  = exptl. 

t h a t  t he  e s t i m a t e  of the va r i ance  of t he  r e s i d u a l s  i s  g r e a t e r  f o r  t h e  

group-? d a t a  than f o r  t he  group-l  d a t a .  Both t-hese f a c t s  would tend  t o  

T k e  the  mult iple-R f o r  the  combined groups 1 and 2 smaller than  f o r  

group-1 d a t a  only .  
V’ $ 

Notice t h a t  t he  mult iple-R i s  very  h igh  f o r  bo th  f lood  equat ions  

214 and 225. Both these  equat ions  should be ignored s i n c e  the  l e f t -hand  



E 

s i d e  of the  equa t ion  [ I n  (Vdyo)] can be shown t o  be a f u n c t i o n  of  (V /V ) 

alone. It is  t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  t h e  independent v a r i a b l e  X22 

[ l n  (Vc/V,)] c o n t r i b u t e s  over 95% of t h e  multiple-R. 

%OX22 [ I n  (Drag No.) In  (Vc/V,)] i s  the  nex t  r,iost prominent v a r i a b l e  

i n  each case .  The e f f e c t s  of a l l  o t h e r  v a r i a b l e s  are t h e r e f o r e  masked, 

s i n c e  we have an  equa t ion  which c o r r e l a t e s  fl(Vc/VD) = f2(Vc/VD). 

c D  

Notice a l s o  t h a t  

S p e c i a l  a t t e n t i o n  should b e  a t t r a c t e d  by f lood  equa t ions  225 and 226, 

which have p a r t i c u l a r l y  low va lues  f o r  mult iple-R.  These two equat ions  

have Y 1 2  as t h e  independent v a r i a b l e ,  which is  I n  (yo). 
the  parameter  i s  n o t  dimensionless ,  and a l l  the  independent v a r i a b l e s  are 

dimensior i less .  

a g a i n  used as t he  dependent v a r i a b l e ,  a l s o  e x h i b i t s  a ve ry  low mult iple-R.  

The i n d i c a t i o n  i s  t h e r e f o r e  very  clear t h a t  v by i t s e l f  i s  n o t  a good 

c o r r e l a t i n g  parameter .  But when used i n  a r a t i o ,  such as In (vo/+) o r  

I n  [vo/(/b -i- Ac)], i t  g ives  e x c e l l e n t  r e s u l t s  (see f lood  equat ions  164, 

165, 205, 216, 227, and 241). 

In t h e  f i r s t  place,  

Note a l s o  t h a t  f l ood  equa t ion  237, i n  which I n  (To) w a s  

0 

Flood equa t ion  231 could n o t  be s t u d i e d  us ing  the BIND-29 program on 

the  Cont ro l  Data Corpora t ion  1604 computer f o r  t he  combined groups-1 and 

-2 d a t a  because t h e  program would no t  perform. The most common cause f o r  

such an  occurrence  i s  t h a t  w i t h i n  the  BIMD-29 program (as f o r  any m u l t i p l e -  

r e g r e s s i o n  a l g o r i t h m )  t h e r e  i s  a mat r ix - inve r s ion  technique,  and f o r  c e r t a i n  

sets  of d a t a  and r c g r e s s i o n  equat ions  i t  i s  p o s s i b l e  t o  g e t  a nea r  s i n g u l a r  

m a t r i x  which makes t he  whole c a l c u l a t i o n  uns t ab le  and impossible  t o  do on 

any computer. No o t h e r  d a t a  groups were combined f o r  r e g r e s s i o n  a n a l y s i s  

w i t h  any o t h e r  group or run s e p a r a t e l y .  It was  f e l t  t h a t  no f u r t h e r  mean- 

i n g f u l  c o r r e l a t i o n  could be developed a t  t h i s  t ime by t h i s  means. 
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h a l y s i s  of  Variance - The F S t a t i s t i c  

The e v a l u a t i o n  o f  v a r i o u s  p o s s i b l e  c o r r e l a t i n g  equat ions  and grouping 

of v a r i a b l e s  by means of t h e  F s t a t i s t i c  was cont ihued i n  t h i s  s txdy .  

' f i i i r ty-f ive cases were t e s t e d  and the r e s u l t s  are g iven  i n  Table A-b.. 

'LTie t a b l e  g i v e s  che r e s u l t s  on t h e  a n a l y s i s  w i t h  t h e  benzene--water system 

and wi th  t h e  heptane--water system. 

The purpose of t h e s e  c a l c u l a t i o n s  was t u  determine t h e  groupings of 

v a r i a b l e s  t h a t  gave t h e  b e s t  desc r ip t i . on  of t h e  €looding phenomeiion, us ing  

many d i f f e r e n t  dependent v a r i a b l e s  w i t h  some v a r i a t i o n  i n  t h e  independent 

variable groupings.  The model used was: 

Y := A + b l X l  + bZX2 + b3X3 + b 4 Q  t b S X l X 2  + beXIX3 + b7XlXa + 
0 

4 +  (673 -t b,X12 + b9X2" + b1oX3" + bllX4 2 + b12XZ3 + b I 3 X 2  

6 
+ b1.4XZ5 + blS& 

The f u l l  model w a s  used w i t h  only  fou r  cases, XXXI through XXXLV. For 

a l l  o t h e r  cases b13 = b l q  ::: b l ,  = 0. Al so  as noted i n  t h e  t ab le ,  f o r  a l l  

except  cases XXVI and XXVITT, & = 0. That i s  t o  say, f o r  most o f  the 

cases, only  t h r e e  independent v a r i a b l e s  were used.  A sample ca l cu l . a t ion  

f o r  a t y p i c a l  v a l u e  of F i s  g iven  i n  t h e  Appendix. 

The benzene--water d a t a  w e r e  those  of Pike73 and w e r e  gathered,  w i t h  

r e p l i c a t i o n ,  accord ing  t o  a c a r e f u l l y  s e l e c t e d  exper imenta l  des ign .  The 

r e p l i c a t i o n  allowed a n  a c c u r a t e  a n a l y s i s  of t h e  e r r o r  of  t h e  da t a ,  a.ad t h e  

exper imenta l  des ign  a s s u r e d  a good d i s t r i b u t i o n  of  d a t a .  

water data26 were n o t  ga thered  fol lowing a n  exper imenta l  design,  but: t h e r e  

was some r e p l i c a t i o n  apparent .  These sets of d a t a  w e r e  used t o  conduct 

t h e  a n a l y s i s  0 . C  v a r i a n c e .  

p a r a l l e l e d  those of t h e  benzene - - w a t e r  system wben compared 011 t h e  b a s i s  

The heptane-- 

The r e s u l t s  w i t h  heptane--water c loseby  



of the  mult iple-R.  When one compares the  two systems on the  b a s i s  of 

t h e i r  F s ta t i s t ics ,  however, t h e  conclus ions  are q u i t e  d i f f e r e n t .  This 

i s  a s t r i k i n g  example n o t  on ly  of t he  power of t h e  s ta t is t ic ,  b u t  a l s o  of 

t h e  comparative i n s e n s i t i v i t y  of t h e  m u l t i p l e  -R. 

The F s t a t i s t i c  shown i n  the  t a b l e s  i s  t h e  r a t i o  of  t h e  l a c k  of f i t  

t o  t he  exper imenta l  e r r o r .  The s t a t i s t i c  i s  t h e r e f o r e  a s e n s i t i v e  measure 

of  how w e l l  a model or r e g r e s s i o n  equa t ion  f i t s  the  data ,  and  i t  is compared 

wi th  F which is  a c r i t i c a l  va lue  taken  from a t a b l e  of the  F-  

d i s t r i b u t i o n  ( f o r  example, see  r e f s  127, 128). I f  t h e  c a l c u l a t e d  va lue  of 

the  F s t a t i s t i c  i s  g r e a t e r  than  the  c r i t i c a l  va lue ,  then  t h e r e  i s  a s i g n i f -  

i c a n t  lack of f i t .  I f  t h e  c a l c u l a t e d  va lue  i s  l e s s  t han  o r  equa l  t o  the  

c r i t i c a l  value,  then one m u s t  i n f e r  t h a t  t h e r e  i s  i n s u f f i c i e n t  evidence 

t o  say  t h a t  t h e r e  i s  a l a c k  of f i t .  

( 1 -a 1, I.J 1, I.JV2’ 

The square  of t h e  m u l t i p l e - r e g r e s s i o n  c o e f f i c i e n t  measures t h e  f r a c t i o n  

of  t he  v a r i a t i o n  i n  the  dependent v a r i a b l e  which is  accounted f o r  by the  

combined c o n t r i b u t i o n s  of  t h e  independent v a r i a b l e s .  I f  t h c r e  is  a p e r f e c t  

c o r r e l a t i o n ,  t he  mul t ip l e - r eg res s ion  c o e f f i c i e n t  i s  1 .O; i f  t h e r e  i s  no 

c o r r e l a t i o n ,  t h e  value i s  zero .  The d i f f e r e n c e  between 1.0 and t h e  square  

of t h e  mul t ip l e - r eg res s ion  c o e f f i c i e n t  i s  a f r a c t i o n a l  measure of e x p e r i -  

mental e r r o r  and l a c k  of f i t ,  It i s  n o t  p o s s i b l e  t o  s e p a r a t e  exper imenta l  

e r r o r  and l a c k  of  fit by use o f  the mul t ip l e - r eg res s ion  c o e f f i c i e n t .  It 

i s  t h u s  seen t h a t  t h e  prev ious  a n a l y s i s ,  u s ing  t h e  F s t a t i s t i c ,  should  be 

a more powerful one t o  i n d i c a t e  what s o r t  of c o r r e l a t i n g  equa t ion  g ives  

the b e s t  r e s u l t s .  

One can observe t h a t  i n  each case  t h e r e  are no physical.  p r o p e r t i e s  

or column dimensions used €or the  independent o r  dependent v a r i a b l e s .  



Therefore  each p a r t i c u l a r  system, benzene--water, heptane--water,  e t c  ., 
would be expected t o  have d i f f e r e n t  v a l u e s  f o r  the r e g r e s s i o n  c o e f f i c i e n t s .  

One could,  however, t u r n  each of t h e  equat ions  i n t o  dimensionless  f l o o d  

equat ions  by inc luding  t h e  p h y s i c a l  p r o p e r t i k s  and column dimensions i n  

the v a r i a b l e s .  The important  t h i n g  t o  recognize  i s  t h a t  when this a d d i t i o n  

i s  made, i t  does not  change the  a n a l y s i s  of v a r i a n c e  f o r  t h e  p a r t i c u l a r  

systenz. 

For exampk,  one might compare the variab1.e d e f i n i t i o n s  f o r  case IX 

w i t h  those  f o r  f l o o d  9. 

Flood 9 Case I X  

Y = In ( v J % )  Y ::: I n  ( v & q  
XI = I n  ( A )  

~2 = In  (n,) 

XI = I n  (A/s)  

Xz ::- lil [Q$d/(E2;Y)] 

'3 = In (vc/vD)  x, .:= I n  (VC/VD) 

x, = ( P d P c >  

The dependent v a r i a b l e s  i n  each case  are i d e n t i c a l .  For In A, t:Erc a d d i t i o n  

of t h e  p l a t e  spac ing  S produces a dimensionless  v a r i a b l e  having a column 

dimension i n  i t .  Furthermore, i t  i s  a p h y s i c a l l y  s i g n i f i c a n t  parameter,  

g i v i n g  t h e  f r a c t i o n a l  r a t i o  of  p u l s e  ampli tude t o  p l - a t e  spac ing .  One 

changes In i n t o  t h e  logar i thm of  t h e  Weber number by adding Ap, d, E, 

and y, a s  shown above. Since ~ j -  i s  needed i n  t h e  Weber number also,  i t  

may be d e r i v e d  from 1.n TT by remembering t h e  r e l a t i o n :  

D 

D 

D 

For t h e  benzene - - w a t e r  d a t a ,  a1 1 the column dimensi orls relilained cons tan t ,  

and t h e  p h y s i c a l  p r o p e r t i e s  remained approximately c o n s t a n t .  The t e r m  

x,, o r  ~n (p,LJpC), of course,  i s  a l s o  approximately a constant  for tlie 
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benzene-water d a t a .  Therefore  any conclus ions  a r r i v e d  a t  from t h e  a n a l y s i s  

. 

of va r i ance  would apply  t o  f lood  equa t ion  9. 

The F s t a t i s t i c  l i s t e d  i n  Table A-4 f o r  case IX is 3.35. It w i l l  be 

r e c a l l e d  t h a t  t h i s  F s t a t i s t i c  i s  t h e  r a t i o  of t he  va r i ance  of t he  l a c k  of 

f i t  t o  t h e  va r i ance  of t h e  e r r o r .  The l a c k  of f i t  i n  t h i s  case has  16 

degrees  of freedom, and the  e r r o r  has  27. 'She c r i t i c a l  va lue  of P a t  the  

= 2.36. Since t h e  c a l c u l a t e d  F i s  l a r g e r  0.05,16,27 95$ Confidence level, F 

than  the  c r i t i c a l  onel then  w e  re jec t  t h e  hypothes is  t h a t  t he  va r i ance  due 

t o  l a c k  of f i t  equa l s  t he  va r i ance  due t o  e r r o r .  That i s  t o  say  t h e r e  i s  

a s i g n i f i c a n t  l a c k  of f i t ,  n o t  accounted f o r  by t h e  e r r o r .  The l a c k  of f i t  

r e f e r r e d  t o  i s  between the model and the  d a t a .  

Closer  examinat ion of t h e  t a b l e  shows t h a t  on ly  cases  I, X I I ,  X I I I ,  

XIV, XV, XXXI, XXXIII, and X X X V  produce F s t a t i s t i c s  below the  c r i t i c a l  

va lues  f o r  the benzene--water d a t a .  

Cases I, XII, and XIIS: a l l  have a s  t h e i r  dependent v a r i a b l e  I n  (VdnO). 
Although t h e s e  cases show no lack of f i t  f o r  t he  benzene--water da ta ,  t he  

use of ( V  / 
been good, 

w i t h  2200, and 233 wi th  204. For each p a i r  o f  equat ions ,  t he  independent 

v a r i a b l e s  are i d e n t i c a l ;  t he  equa t ions  d i f f e r  on ly  i n  the  dependent v a r i a b l e  I( 

) i n  t h e  f lood  equa t ions  w i t h  a l l  of t h e  group-l  data has not  
D O D  

For example, one may compare f lood  equa t ion  195 w i t h  194, 201 

F Q ~ :  equa t ions  195, 201, and 233, the dependent v a r i a b l e  w a s  I n  (V A . 
For equa t ion  194 t he  dependent v a r i a b l e  was I n  "/A 

dependent v a r i a b l e  was I n  (Vc/Ac i- VdAD),  and f o r  equa t ion  233, t he  

dependent v a r i a b l e  w a s  In [ (vC + v, ) / (A~ + % ) I .  I n  each p a i r  o f  equat ions  

t h e  mult iple-R for the  equa t ion  having In ( V n / / b )  as the dependent v a r i a b l e  

was 1 t o  4$ less. It i s  t h e r e f o r e  concluded t h a t  ln ( V  / 

d a) 
f o r  equa t ion  200 t h e  (2, 

) i s  n o t  a good 
0 %  
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dependent v a r i a b l e  t o  use f o r  a l l  t he  da t a ,  a l though f o r  t h e  benzene--water 

d a t a  i t  provides  a good d e s c r i p t i o n  o f  t h e  f looding  phenomenon. 

Cases X I V  and XV show no s i g n i f i c a n t  l a c k  of fit for t h e  benzene--water 

da t a ,  b u t  t h e  use of the independent v a r i a b l e s  was n.ot explored wi th  a l l .  

o f  the d a t a  i n  a f lood  e q u a t i o n  because of t h e  s t r a n g e  d e f i n i t i o n  of the 

parameter ir' : D 

TD lOFA + (VD V c )  = - (2/11- - X)(~TFA) . (69) 

74 This parameter was f i r s t  used by Pike,  b u t  i t s  p h y s i c a l  s i g n i f i c a n c e  2s 

obscure.  

It i s  i n t e r e s t i n g  t o  compare cases X X V I I  and XXXI w i t t i  f l ood  eqimtions 

146 and 122. 

- 

Benzene --Water System Group-1. Data 
Analysis  o f  Variance Mu1 t ip le -Regress ion  Analysis  

Case XXVII R = 0.9976, F = 3.40 

Y ::: I n  [ ( v 
XI = I n  ( A )  

~2 = I n  (T ) 

-I-- vP. )/A~] 
C 

M 

x3 = I n  (VC/VD> 

Case XXXI K = 0.9983, F = 2.16 

y = 

X1 = I n  ( A )  

~2 = I n  ( n -  ) M 

~3 = I n  (vC/vD) 

[ (vc  + V D ) / ( 4 )  + AJI 



Not ice  t h a t  t h e  d e f i n i t i o n  of t h e  v a r i a b l e s  f o r  ca se  &WIT i s  very  s i m i l a r  

t o  f l o o d  146, and case XXXL i s  very  sinrLlar t o  f lood  122. 

t he  mult iple-R f o r  t h e  two f lood  equa t ions  ( o r  the two cases  f o r  t h a t  

Wtien one compares 

matter), t h e r e  i s  ve ry  l i t t l e  b a s i s  f o r  making a d e f i n i t i v e  choice .  

p a r i s o n  of t h e  F s ta t i s t ic ,  however, shows the  s u p e r i o r i t y  o f  l n  [ ( V  

(A+, i- A ~ ) ]  over I n  [(v -t- v )/A ] for the  benzene--water da ta ,  s i n c e  t h e  

Com- 

I- VD)/ C 

c D G  

0.05,16,2'9 l a t t e r  dependent v a r i a b l e  shows a s i n g i f i c a n t  l a c k  of f i t  ( F  > F 

= 2.76). 

even though margina l ly ,  f o r  f lood  equa t ion  lh6 when compared wi th  f lood  

The fac t  t h a t  t he  mult iple-R f o r  all.  t h e  group-1 d a t a  i s  poorer,  

equa t ion  122, might l e a d  one t o  conclude that YOr( i s  s u p e r i o r  t o  YO9 f u r  

a11 the d a t a .  Such a conc lus ion  based on t h e  evidence so f a r  p re sen ted  

might n o t  be j u s t i f i e d ,  b u t  f u r t h e r  s tudy  shows t h a t  when one compares 

f lood ing  equa t ion  191 wi th  193, 19'7 with  200, 202 wi th  20b, 212 wi th  217, 

one f i n d s  t h a t  i n  4 cases out o€ 5, t h e  equation. having In [(V, -t VD)/  

(% -t- A ) ]  i s  s u p e r i o r  t o  t h e  one having I n  [(V, + VD)/ilG],  when compared 

on t h e  b a s i s  of  t h e  mult iple-R.  

C 

For all the  paj-rs of  equat ions  cited, 

t he  independent v a r i a b l e s  are t h e  same, b u t  t h e  dependent variables are 

e i t h e r  In [(V, t VD)/(L+, -t- Ac)] or  I n  [(V, 4- VD)/AG]. 

t h a t  In [(V, f VO)/(O + Ac)] i s  b e s t ,  seems more j u s t i f i e d  in t h e  l i g h t  

of t hese  c o n s i d e r a t i o n s .  

The conclus ion  

The a n a l y s i s  w i th  only t h e  benzene--water d a t a  shows t h a t  I n  ( V  /A c c  

f V&'??l) should be a s i g n i f i c a n t  grouping ( s e e  case ~ ~ 1 1 ) .  Here a g a i n  

t h e  F s t a t i s t i c  i s  below the  c r i t i c a l  va lue  of 2.~6,whiclri s i g n i f i e s  t h a t  

t h e r e  i s  no l a c k  of f i t  f o r  t h i s  model. I f  one examlnes the  f l o o d  equa- 

t i o n s  t h a t  i nc lude  t h i s  independent v a r i a b l e ,  one f i n d s  a good m u l t i p l e - R ,  

b u t  one c o n s i s t e n t l y  less than  f o r  I n  [(V, f Vr,)/(O + C , ) ] .  



Case XXXV  seem^ t o  be an anoma1.y. The anal .ysis  of va r i ance  wi th  the 

benzene--water d a t a  shows no s i g n i f i c a n t  l ack  of fi.6. I f ,  however, one 

compares these  r e s u l t s  with f lood  equat ions  21.5 and 212 t h e r e  i s  seen to 

be a l a r g e r  d i f f e r e n c e  i n  f lood 215 (iiiiietiple-K := 0.851) an,d f lood  212 

(mult iple-R = 0.943 ) . 
comparable t o  case XXXV. For fl-ood equat ion  2 l j ,  the independent var ikhle  

i s  In Vo, and far f lood  equa t ion  212 the independenL v a r i a b l e  i s  aga in  

l n  [ (V,  + VD)/(Ac J- L j , ) ] .  

a good corre1.at.i.ng v a r i a b l e  can be seen by comparing f lood  equat ions  237 

and 23111. 

whi le  the  l a t t e r  has a dependent v a r i a b l e  In  [ ( V  

mu l t ip l e  -R = 0.948. 

Both have i.ndependexit var iab?.es  i d e n t i c a l  and 

- 

Fur ther  evidence t h a t  l n  7 by i . tself  i s  not. 
0 

The former w i t h  t h i s  dependent variab1.e has a niultip1.e-R = 0.844, 

.f V,)/(i., i- Ac)] and a 

Both equat ions  have the same independent va r i ab1 .e~  .I 

C 

- 
The q u a n t i t y  V g ives  b e t t e r  r e s u l t s  when used i n  a dimensionless  

0 

group than when used a lone .  

v a r i a b l e s  as f lood  equat ions  21.2 arid 215) has 3 mult iple-R of 0.939. 

dependent v a r i a b l e  i s  1.n (v /A ). 

may be compared wi th  f lood  237 having a mrilti.pLe-R of 0.844. 

have the same independent v a r i a b l e s ,  but  f lood  2)+1 uses  I n  [ vo / (~c  -t q. >], 

compared wi th  In  V for f lood  237. 

For example, f l o o d  216 (with Sam independent 

The 

Flood equa t ion  241, mu1t:i.pJ.e-R =: 0.946, 
o G  

Both eqrrat:ions 

1 - 
0 

'Table A-)$ a l s o  shows the  a n a l y s i s  o f  var i ance  f o r  t he  heptane--water 

system. These d a t a  were not  run  on an experimental  design,  and f o r  tile 

f i r s t  1.4 cases  i t  was assumed t h a t  the e r r o r  measured i n  t h e  benzene--water 

work could b e  used f o r  t he  heptane--vater  s y s t e m  (and o t h e r  systems as 

w e l l ) .  

water  s y s t e m  and a number o f  o t h e r  systems. That  the  r e s u l t s  oE t hese  

c a l c u l a t i o n s  were i n c o n s i s t e n t  is demonstrated by comparing the  F statistics 

Extensive cal .cu1ations i n  th i s  manner were made wit:ti the  heptane--  



f o r  t h e  f i r s t  14 cases. Cases X I 1  and X I X I  are q u i t e  h igh  f o r  heptane--  

w a t e r ,  whi le  l o w  f o r  benzene--water. C a s e  X i s  h igh  f o r  benzene--water, 

l o w  f o r  heptane --water. 

Beginning wi th  case  XVIII, t he  c a l c u l a t i o n s  were based on 19 apparent  

r e p l i c a t i o n s  w i t h i n  t h e  heptane--water system. 'The F s ta t i s t ics  thus  

calcul .a ted a r e  compared w i t h  a c r i t i ca l  va lue  of 2.20 (o r  more i n  c e r t a i n  

c a s e s ) ,  and i t  .is seen t h a t  a l l  t he  equat ions ,  except  XXXIV, XLX, and XX, 

show no s i g n i f i c a n t  Lack o f  f i t .  What t h e s e  r e s u l t s  probably show is  t h a t  

t he  e r r o r  t e r m  is so l a r g e  t h a t  no l a c k  of  f i t  can be d e t e c t e d .  It may 

a l s o  mean t h a t  t h e  d a t a  assumed t o  be r e p l i c a t i o n s  were not  r e a l l y  in tended  

t o  be and a r e  thus not: a c t u a l l y  a measure of  exper imenta l  e r r o r .  

5 CONCLUSIONS 

1. Flooding equa t ion  122 i s  recommended f o r  the  purpose of  c o r r e l a t i n g  

t h e  fl.ooding phenomena i n  pulsed  p e r f o r a t e d - p l a t e  e x t r a c t i o n  columns employ- 

ing  t w o  l i q u i d  phases .  

equa t ion  122 must be mul . t ipl ied by the  f a c t o r  1.094 for  the  b e s t  r e s u l t s  

f o r  group-1 type of da ta ,  o r  by the  a p p r o p r i a t e  f a c t o r  f o r  o t h e r  groups 

[Table 7, E q .  ( & ) I .  

Throughputs a t  f lood ing  (Vc 3 V ) c a l c u l a t e d  from D 

2. Other  equat ions ,  such as 180, have been shown t o  be n e a r l y  e q u a l l y  

as good as 122 i n  c a l c u l a t i n g  (V 

a r e  a p p l i e d  (see Table 5). 

t V ) when t h e  proper  c o r r e c t i o n  f a c t o r s  
C D 

3 .  New c o e f f i c i e n t s  have been developed fo r  the  e x i s t i n g  c o r r e l a t i o n  

by Thornton ( f l o o d  equa t ion  208) based on a l a r g e r  mass of d a t a .  

4. Eighty-s ix  equa t ions  w e r e  genera ted  which correlated the f lood ing  

phenomenon about  e q u a l l y  as w e l l  (see Table A-7), as judged by t h e i r  

mu l t ip l e - r eg res s ion  c o e f f i c i e n t .  



Suggest ions f o r  Future  Work 

It i s  suggested t h a t  i n  o r d e r  t o  make a s ign i f i can l :  improvement on 

f lood  e q u a t i m  1.22, o r  perhaps a dozen o t h e r s  i n  Tab1.e A-7, some v a r i a b l e  

i s  needed t o  c h a r a c t e r i z e  p u l s e - p l a t e  w e t t i n g  and d r o p l e t  coa l -  ns cence 

One g e n e r a l  o b s e r v a t i o n  i s  tha t  i n  many cases f l o o d  122 does n o t  peak 

s h a r p l y  enough, or t h e  maximum of t h e  peak i s  n o t  h igh  enough. It very  

o f t e n  happens t h a t  t h e  c o r r e c t  curve l i e s  between f l o o d  I22 and 208, 

e s p e c i a l l y  i n  t h e  zone of f looding  near  the peak va lue  of ( V  + VD). 

s p e c i f i c  recommendations along t h i s  l i n e  can be m.ade at: t h i s  t i n e .  

No 
C 

E t  i s  a l s o  suggested t h a t  another  form o f  the f looding  equat ion,  such 

as a n  e x p o n e n t i a l  of t h e  type :  

.might be worth looking in.to.  

Poss ib ly ,  some of t h e  d a t a  should be  e l imina ted ,  e s p e c i a l l y  some of 

t h e  e a r l i e r  d a t a  f o r  which t h e  p h y s i c a l  p r o p e r t i e s  are u n c e r t a i n .  'The 

screening  ought t o  be done so as t o  improve t h e  range and distribu,t:i.on of 

d a t a .  It may a l s o  be desirab1.e t o  o b t a i n  some a d d i t i o n a l  d a t a  on a care- 

f u l l y  planned exper imenta l  des ign  involv ing  n o t  only p u l s i n g  parameters,  

b u t  a l s o  p h y s i c a l  p r o p e r t i e s  o f  t h e  systems.  Such q u a n t i t i e s  as i n t e r f a c i a l  

v i s c o s i t y ,  mean d r o p l e t  s i z e  ( o r  o t h e r  parameters  of  t h e  drop-size d i s t r i b u -  

t i o n ) ,  and v a r i o u s  w e t t i n g  angles  may need t o  be i.ncluded f o r  a s i g n i f i c a n t l y  

b e t t e r  c o r r e k L i o n .  

The au thors  wish t o  acknowledge I:he a s s i s t a n c e  of t h e  Computer Serv ices  

Group and the S t a t i s t i c s  Group of t h c  Mathematics Div is ion  of ORNL. R. J. 
McNamee  of the ORGDP Computer Group a l s o  a s s i s t e d  i n  Lhe d a t a  s o r t i n g  and 

f i n a l  p r i n t o u t .  
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7. NOMENCLATURE 

a = Constants ,  i = 1, 2, 3 ,  ctc .  i 

A = I n t e r c e p t  (Tables  A-7 and A-8 on ly )  

A = Pul se  ampli tude ( in . ) ,  o v e r a l l  f o r  e n t i r e  p u l s e  s t r o k e  

A = I n t e r c e p t  

b .  = Constants ,  i = 1, 2, 3,  etc. 

0 

1 

C = C h a r a c t e r i s t i c  o f  f looding,  v a r i o u s l y  expressed 

C = O r i f i c e  c o e f f i c i e n t  of p u l s e - p l a t e  p e r f o r a t i o n s  
0 

d = Pul se -p la t e  hole  or  p e r f o r a t i o n  diameter  ( i n . )  

= Percentage d i f f e r e n c e  between c a l c u l a t e d  and exper imenta l  
f l o w  c a p a c i t i e s  [see Eq. (57)] di 

d! = Absolute  d i f f e r e n c e  between c a l c u l a t e d  and exper imenta l  
L f low c a p a c i t i e s  [see Eq.  (56)] 

n, - 
= Average o r  mean va lue  of d de f ined  as EL di/ni 

i=l i di 

D = Pulsed-column i n t e r n a l  diameter  ( i n . )  

f = Funct ion n o t a t i o n  

F = Pulse  frequency (cycles/min)  

F = The E s t a t i s t i c  de f ined  as the r a t i o  of the var i ance  due 
(1"),y1~v2 t o  l a c k  o f  f i t  d iv ided  by the variamce due t o  e r r o r  

g = G r a v i t a t i o n a l  a c c e l e r a t i o n  (ft /hr22) 

% m = G r a v i t a t i o n a l  c o n s t a n t  (32.l.7 ft l b  /sec2 l b f )  

M : = Hypothesis n o t a t i o n  
0 

L = Length o r  h e i g h t  n o t a t i o n  ( f t )  

n = No. of d a t a  p o i n t s  i n  popu la t ion  i i 

R = C o e f f i c i e n t  of m u l t i p l e  r e g r e s s i o n  

i s2 = E s t i m a t e  of the  va r i ance  between r e p l i c a t e d  d a t a  p o i n t s  or 
between exper imenta l  and c a l c u l a t e d  d a t a  p o i n t s  



s = Standard d e v i a t i o n  of Y 
Y 

I 

S TI: Standard e r r o r  of  estimate of Y 

s == Pul se  p l a t e  spac ing  ( i n .  ) 

t = The t s t a t i s t i c ,  t o  be compared wi th  S tuden t ' s  t 

Y * f W  

a/27Vi = S t u d e n t S s  t of s t a t i s t i c s  

V z: Vel.ocity n o t a t i o n  ( f t / h r )  

t 

V = Continuous-phase v e l o c i t y  ( f  t /hr  

V = Dispersed-phase v e l o c i t y  ( .Et /hr)  

VH = Heavy-phase v e l o c i t y  ( f t / h r )  

VL = Light-phase v e l o c i t y  ( f t / h r )  

V = Pulsed-volume v e l o c i t y  ( V  := 5FA f t / h r )  
P P 

VR = Recycle ra te  ( f t / h r )  

C 

D 

- 
= C h a r a c t e r i s t i c  d r o p l e t  ve1oci.t-y (€t /hr)  

vO 

x ::= Dispersed-phase holdup, f r a c t i o n  of t o t a l  volume 

x .-. Dispersed-phase holdup a t  fLoodirig, f r a c t i o n  of  t o t a l  volume 

X. ;Z Independent v a r i a b l e s ,  i L- 1, 2, 3 ,  e t x .  

f .-. 

1 

Y = Dependent var iab l e  

Y. = Experimental  va lue  of dependent v a r i a b l e  
i 1 - 

Y = Average va lue  of dependent var iable ,  de f ined  a s  'i!ni 
i = S .  

9 .  = Calcu la t ed  va lue  oE dependent v a r i a b l e ,  
1 i = 1, 2, 3, e tc .  

4 
z = Residual ,  Yi - Y i i 

Greek L e t t e r s  

a = Confidence l e v e l  ($ or  f r a c t i o n )  

y = I  n t e r  f a c i a l  t e n s  ion  ( dynes/cm) 

6 .  = The t r u e  percentage  d i f f e r e n c e  between exper imenta l  and 
1 c a l c u l a t e d  f low c a p a c i t i e s  
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A = Dif fe rence  n o t a t i o n  

L .  

A = Average f low rate  of a l l  material p a s t  t h e  p u l s e  p l a t e s  i n  
t h e  d i r e c t i o n  of t h e  continuous-phase flow, averaged over 
t h e  e n t i r e  p u l s e  c y c l e  ( f t / h r ) ,  see Note 2, Table A-6 

C 

i+, = Average f l o w  ra te  of a l l  material p a s t  t h e  p u l s e  p l a t e s  i n  
t h e  d i r e c t i o n  o f  t h e  d i spe r sed -phase  flow, averaged over  
t h e  e n t i r e  p u l s e  c y c l e  ( f t / h r ) ,  s e e  Note 2, Table A - 6  

Flow capac i ty ,  Vc -t VD, due t o  i n s u f f i c i e n t  p u l s a t i o n  ’ = ( f t / h r ) ;  see Note 2, Table A-6 

ap = Absolute d e n s i t y  d i f f e r e n c e  between phases ( l b  /ft3) m 

E = F r a c t i o n a l  f r e e  a r e a  of t h e  p u l s e  p l a t e s  

X = Rat io  of v e l o c i t y  d i f f e r e n c e  t o  p u l s e  vol.unie v e l o c i t y  t i m e s  
r> (vc - v D > / ( 5 m  

p, = V i s c o s i t y  n o t a t i o n  ( c e n t i p o i s e )  

= V i s c o s i t y  of cont inuous  phase ( c e n t i p o i s e )  

= V i s c o s i t y  of d i s p e r s e d  phase ( c e n t i p o i s e )  

IJ.C 

VD 

v 1  = Degrees of freedom a s s o c i a t e d  wi th  l a c k  of f i t  

v2  = Degrees of freedom a s s o c i a t e d  wi th  error  

= Continuous-phase kinematic v i s c o s  i t y ,  pc/p,, 

= Dispersed-phase k inemat ic  v i s c o s i t y  

v c  

’ %4, 
TT = 3.141.59. . . 

= Average flow rate of a l l  material p a s t  the pulse p l a t e s  i n  
t h e  d i r e c t i o n  of t h e  continuous p h a s e  flow, averaged O V ~ K  
t h e  a c t u a l  time of f l o w  i n  t h a t  d i r e c t i o n  ( f t / h r ) ;  see 
Note 2> Table A-6 

= Average f l o w  r a t e  of a l l  material p a s t  t he  p u l s e  p l a c e s  i n  
t h e  d i r e c t i o n  of t h e  d i s p e r s e d  -phase flow, averaged over  
t h e  a c t u a l  time of flow i n  t h a t  d i r e c t i o n  ( f t / h r ) ;  see 
Note 2, Table A-6 

5 
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p = Density n o t a t i o n  ( g / c c )  

= Density of continuous phase (g/cc> 

= Density of d i s p e r s e d  phase ( g / c c )  

pc 

pD 

C = Summing n o t a t i o n  

JI = Maximum f r i c t i o n a l  power absorbed per  u n i t  m a s s  of f l u i d  ' i n  t h e  p u l s e - p l a t e  p e r f o r a t i o n s  (ft"/hr3 i n . ) ;  see Note 2, 
Table A-6 
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Table A-l .  Supplementary Data 

Pulse P la te  
3a tJ sys tern Column Hole 
Po ins  xeyef. Distr ibut ing H e i g h t  Spacing Pla te  
Nos. b0. Organic Phase Bcpeous Phase Species ( i t )  ( in . )  Thickness Notes* 

Group I .  No Mass Transfer, Aqueous Phase Continuous, Metal Sieve Plates .  

1-110 5 54 TBP-erosene Basic Al(NO,)a-H$ 12 0.167 1/16 in .  f,g,h 
111-191 90 Vhite S p i r i t  €I& 3.5 16 swgu j 
132-355 90 Toluene €I& 5.5 - 16 swg j 
754-367 90 a u t y i  Acetats It$ 3 ."; - 16 swg j 

3.5 16 swg j 
- 1s swg j 

16 swg j 
3.5 

WJ 

3.5 
-59'7 go I s o a c t a n e  B . 9  

3 .O 
$19 90 Ethyl Acetate %$ 

3 -0 10 0% a, 
420-46k 64 Toluene H2J 

6.0 10 swg a, 1 
465-49 64 White S p i r i t  w 

0.250 20 bwg" 4.0 
500-551 6 L  'dhite S p i r i t  H;O 

4.0 0.250 20 bwg b, i 
552 -605 74, $5 Benzene 3 9  

2.25 See note k 
636-675 Tj Trichloroethylene 

24 - b,Dti 
676453 8s ,%CO 125-90w W 
554fl j8 55 4.5s TBP-Amsco 2.7 M_ A ~ ( N o ~ ) ~  
8:$SGj (See  roup IS) 

0.250 3/64 in .  b,g,i 6.C 
5.0 

8642366 86 LO$ TbP-Amsco 123-15 0.7 M_ A l ( N U 3 1 3  

6.0 - 20 gage g, i 
8&(-Y'fC, 1g,20 %.thy1 Isobutyl  Ketone H 2 0  
~e0+1 24 53% TBP-Shell E-2342 Spray 2 m_ ma, 13 g U / i  

692-E46 24 33% TBP-Shell E,  0.005-g Uja, 0.02 M_ NNO,, 3-02 g U/e 6.0 - 29 gage $, i 

- ,, 228-387 gii Methyl Isobutyl Kecone 

12 swg a, i 

i 

0.0% 0.024 in .  i 

Base, ::3 g u / e ,  e.2 M m3 

0.02 M 
so-;-91;; 24 3u$ TBi?:sShe:: P, 0.0016 g U/8 ,  *3.,21 E mm3, 0.014 g ' J / B  6.0 - 20 gage g, i 

0.04 in. j 
0.01 E mo3 

1C61-1071 P3,2L Methyl Isobutyl Ketone k o  

5.0 
10;6-1%3 4 c a l t e x  Kerweiie Al(N03)3-H2() (Basic) 12 3/16 1/16 in .  h 

1.5 - 1/16 in .  i 
10'72-1075 23,21 Methyl Isohutyl Ketone sa$ Ethylene Glycol-€19 

- gj4-lOii5 26 Ileytane 

- 1.5 - 1/16 in .  g,i 
1076-1079 20,21 Methyl ~ s o b u t y l  Ketone 62p Ethyiene Glyco l -Bg  - 1.5 - 1/16 in. 9, + 
lW,O-!&j 2G,21 Methyl Isobutyl Ketone 82$ Ethylene Gljjcol-Hg - 1.5 - 1/16 in. 
1Q'--lo1;6 20,21 Toluene It9 - 1.5 - 1/16 in.  "i" lCfi7-lCl93 97 5% TBP-hsco  125-62 1.6 M_ AL(NC~), 24 0.031 i n .  p , i  
l ~ ) k - l L ~  1Of~ SO$ TBP-Amsco 125-62 4.1 M_ Sam,, 0.1 5 12 0.059 i n .  g , i , m  1c9g 137 3 0 ~ 9 %  T E P - ~ S C O  125-82 4.0 M_ NaNOs, 0.05 M_ m, 12 0.059 in. g,i ,m 

20 0 . M S  in .  j 
2k - 0.60 i n .  i , m  

- 
110C-llCl~ 109 "Carbitsl," HXO, m3 
1104-1107 113 I M B m P  (k-Sec-bUtyl- Purex TWW, Tartr.ite cunplexed, 

Diluted 3-fold, and adjusted 
t o  pH 13 (0.b E O H - ,  0.5 M_ 
SO,=, 1.5 >I NO?-, 3 .O 5 xa+, 

l esser  amounts of ~ r ,  N:, ~ i )  

F(a-niethy1) b e n z y l  - 
phenol )-?lmsco le5 -82 

0.2 Fe3"; S.3 M_ C&OB=, 

15.1 NaOH, 0.002 M_ Na2C4&0, 12 0.060 i n .  i , m  
0 . 6 0  i n .  i ,n  

11a-lL09 110 Same as NOS. LIO4-1107 - 1110-1111 113 Same as NOS. ;io$-1107 3.2 E r n 3  12 

*See end of table for  notes. 



Table A-1. (continued] 

~~ - 
Pulse P la te  

Data System Column Hole 
lZoint Ref. Dis t r ibut ing Height Spacing p la te  
N O S .  No. Organic Phase Aqueous Phase Species ( i t )  ( t n . )  Thickness No:es 

Group 2. Mass TransEer, Acueous Phase Continuous, Metal Sieve P la tes .  

11 12 -11 13 

1114-1126 

1127-1132 
113 j -1149 
1150-1157 
1158-116!1 
1165-11n 
1174-1102 
1183-1!?1 

1194-1207 
li92-iig3 

12m-1211 

1212-1221 

1222 -1224 

1225-1228 

1229-1234 

1235 -1238 
1239-1247 

1248 -1255 

256-1259 

1260-1263 
1264-1266 
1267-1271 
1272-1273 

i27:-:279 

1280-1286 

1287-1290 

1274-1276 

b5 

43 

%,79 
29 
28 
28 
28 
28 
28 
28 
68 

68 

50 

3'. 

33 

55 

55 
86 

86 

86 

96 
36 
86 

86 

3 

9 

10 

a6 

Wchyl Isobutyl Kecone 

Methyl Isobutyl  Ketone 

30% TBP-CCI4 
40$ TBP-Petroleum (170-248°C) 
1:0$ TBP-Amsco, 120 g U/J 
io$ TBP-Amsco, U 3 2 ( N 3 , ) 2  
20$ TEP-Amsco, U 0 2 ( N 3 3 ) 2  

40% K?,?-AmsCo, UO,&NOa)2 
60% TBP-Amsco, UO,=(NO3 )2 

5 9  'BE' -Decal i n  

42.5$ TBP-Amsco 

42.5$ TBP-Decalin 

k2$ TBP-SpscLal Raptha No. 1 

42$ TBP-Special Naptha No. 1 

b.5$ TBY-Amsco 

4.5% TBP-Amsco, 2 g U/B 
IO$ ~ ~ ~ - k n s c o  125-15 

30% T3P-AmSC0, uo2:Ko3)2 

10% TYr-Amsco, 0.1 Hl?O3, 
1 g ule 

lo$ TBP-,CLmsco, 0.002 HNO, 

l0$ TBP-Amsco, 0.1 M-mo, 
io$ T Y P - A ~ S C O ,  1 . 5 3  u/z 
10% TBP-.hsco, 0.01 M ET303 

lo$ TBP-Amsco, 0.1 E HNO,, 
3.25 2 u/e 

30$ TS'P-~SCO 125-82 

2 4 HC1, 0.37 M_ A l ( N 0 3 ) 3 ,  

2.8 g NTC1&, 0.415 M_ NkCNS, 
0.01 M Feci, 

ii.4 R CoCLJe 

3.0 

12 

9.0 
3.0 
3.0-12 
j.O-12 
j .  0-12 
j.0-12 
j .0-12 
3.0-12 
26 

26 

26 

24 

2& 

24 

24 
14 

14 

6.0 

6.0 
8.0 
8.0 
R . 0 
8.0 

2L 

2 l L  

21; 

33 tioles 1/16 in .  

0.25 

0.25 

0.25 

0.25 
0.25 
0.25 
0.25 
0.25 

3/61 i n .  

j / G 4  i n .  

4/64 i n .  

3/64 in. 
3/64 in .  
3/61 i n .  
3/61 in .  
5/64 i n .  

0 . 0 j l  i n .  

0.031 i n .  

3.037 i n .  

I 
\r, 
0 

1 

I '  
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Table A-1.  (Continued) 

I , *  t * n I 

~~ ~ ~~~~ ~ 

Pulse Plate  
Data Sys tern C O ~ U I N I  Hole 
P o h L  Kef. X s t r i l u t i n g  Height Spacing P l a t e  
N s s  . No. Orga:?ic Phase iiqiieotis Phase S p e c i e s  (ft) ( i n . )  T h i c k n e s s  Notes 

24 

21, 
24 

e4 
12 

24 

24 

12 

12 

24 - 
24 

10 1-75 

24 - 
24 

12 
12 

10 See Note 

10 See Note 

10 See Note 

0 . O j i  i n .  

0.031 in. 
0.071 in. 

0.051 i n .  

0.031 i n .  

0.03: in. 

0.060 i n .  

0.060 i n .  

0.~160 i n .  

0.060 i n .  

0.060 i n .  

0.031 i n .  

0.031 i n .  

0.051 i n .  
0.031 in. 

I 



Table A - 1 .  (Continued) 

?ulse P l a t e  
Data System Column Hole 
Po i n  t &f. 3is t r i b u t  i n g  Cie igh  t Spacing Plate  

NO. Organic Pnase Aqueous Pnase Species ( E t )  ( i n . )  Thickness Notes  NOS. 

Group 5. No Mass Transfer, Aqueous Phase Continuous, Zebra Sieve Plates .  

:375-1399 k5 3O$ TBP-Shell E-2342, g i o  g nle, 146 g HNO,/I 
u / i ,  11 g :m$e 

u/j ,  13 g imw3/e 

u/e 
iJ/e, 2 , ~  g m 3 / e  
ule, 19 g ma3/1 

1400-1429 '15 3O$ TBP-Shell E-231t2, 55 g 7 g Z/Z, 126 g KX0,lB 

1430-lS58 45 3 6  TBP-Shell E-2342, 0.001 g 0.01 g U l e ,  1.0 g m03/J 

1459-149'7 45 30% TBP-Shell E-2342, 0.005 g 93 g HNO,/e 

1496-1518 45 3O$ TBP-Shell E-2342, 0.005 g -(Oj g IIN03/e 

Group 9. No ?lass 'Transfer, Orqanic Phase Continuous, Ketal Sieve Plates .  

1519 94 30% T B P - ~ ~ S C O  125-82 K 9  
G=lO. Mass Transfer, Organic Phase Continuous, Ketal  Sieve Plates .  

1520-1522 9 3O$ TBP-Amsco 125-82 2 5 FINO,, 321 g ule 

0.01 K m31 

3.0 ** 0.070 i n .  g , i  

3.0 ** 0.070 in. g , i  

3.0 ** 0.070 i n .  g , i  

* 0.070 i n .  g , i  3.0 

0.070 in .  g , i  3.0 ** 

0.03; in. f , g , i  24 

I 
24 

2k 

24 

24 

0.031 in .  f,g,i 

0.031 in .  g,i 

0.03:. i n .  g , i  

0.031 i n .  f , g , i  

Group 11. No Mass Transfer, Organic Phase Continuous, & t a l  Nozzle Plates .  

1532-1534 

1535-1539 
1540 

34 

106 
110 

120 g 24 

12 
24 

0.031 in .  

0.059 in.  
0.060 in .  

130 
111 

0.060 h. 24 
io 

10 
10 
10 
10 
10 
10 

See Xote 

See Note  
See Note 
See Kote 
See Note 
See Eote 
See Xote 

121 
111 
111 
ill 
121 
111 - 

WSee Table A-2, Cartridge Nos. 35-50, 

' 1  ' 



Table A-1. (Continued) 

# I 

Pulse P la t e  
Column Hole Data Sys te in  

Point Ref. Distri3u:iiig Height Spacing P la t e  
Nos. No. Organic Pha'se Aqueous Phase {ft) (in.) Thickrless Notes Species 

Croup 12. Mass Transfer, Organic Phase Continuous, Metal Nozzle Plates.  

10 

9'; 
st 

96 
100 

130 

130 

101 

111 

111 

111 

111 

111 

111 

11 1 

111 

111 

111 

111 

111 

39$ TBP-Amsco 125-82, 100 g 
U/%, mo, 

30s TBP-Amsco 12542, 2 g U/2 
5% TBP-Amsco 1252#2 

5% TBP-Amsco 125-82, 10 g ule  
0.3 tj Alamine 30k-Diethyl 

0.3 M_ Alamine 304-Diethyl 

0.3 tj Alamine $%-Diethyl 

Benzene 

Benzene, 0.5 M €NO3 

Benzene, 0.3 M HN03 
30$ TBP-AmsCO 5 5 4 2  

52 g u/.c, mo, 
23$ TBP-Odorless Kerosene (OK) 

2C$ TBP-OK 

20$ TBPUK 

20$ TBP-OK 

20% TBP-OK 

20$ TBP.OK, 52 g u / i ,  mO3 
205 TBP-OX, 1: 8 E/2, :At3 

20% TBP-OK, 17 g U/B, HE03 

20$ TBP-OK, 41 g V/L, HNO3 

20% TBP-OK, 23 g U,b, 

20% TBPP-OR 

20% TBP-OK, 53-62 g U/2, 1IN0, 

0.01 M_mo3 
0.31 M_ A1 (NOs )s 
2 g HNo3, 10 g U / B  

0.01 M_ m3 
1.5-2.0 M_ HNO, 

2 M, CHsCOOH 

1 g Na2C03 

'2 M, m,, 05 P ule 

0.01 M, HNO, 

3 M, HN03, 24 g U/1 

5 moa, 204 g u/a 

3 M_ IMO,, 100 g u le  

f, pi mo,, j 0 0  g U!B 

G.G1 IINO, 

s.01 m3 
0.01 M_ ELKIS 

0.01 mo, 

9.01 HEIOQ 

3 M_ HNO,, 100-312 g U / i  

0.01 M_ mo, 

Group 13. ND Mass Transfer, Organic Phase Continuous. P l a s t i c  Siave Places. 

1?.5?-1:84 L Caltex Kerosene A 1  (NOS )S -H& 

0.sj: I C .  

C1.03l i n .  
0.231 in .  

0.031 in. 
0.060 in .  

0.360 in. 

0.063 in .  

0 . 6 0  in .  

12 5/16 1/16 in.  h 
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Table A-1.  (Contiaued) 

. U 

Pulse P la t e  
Data Sys tern Column Hole 
Point Ref. Distributing Height Spacing Plate  
Nos. KO * Organic Phase Aqueous Phase speci-es ( f t )  (in.) Thickness Notes 

Group 20. Aqueous Phase Continuous, Metal Sieve Plates ,  Square Wave and Sawtooth Wave Pulse. 

- 3.5 - 16 swg " t i  - c, i 3.5 - 16 swg - - b,c,i - - b,d,i 
3.0 
- - 0.031 in. c,g,i 

2062+l72 90 Toluene H$ 
Zl'(3-2210 90 Toluene H20 

221642i15 67 10 w t  $ Acetone-Toluene H2i,  
~ ~ 4 6 - 2 2 5 2  62 15% T B P - ~ C O  1 2 5 9 0 ~  0.2 M_ Al(NOSj,,  0.4 M_ HNO, MO3 

2211-221; 104 Toluene, 0.8 g CeH&OO#S H$, 0.4 g C,H&OO#la 

aStainless s t e e l  column; a l l  others  are glass. 
bWhere no physical property data were reported, solut ions were made up and the physical propert ies  measured a t  O W L  i n  1962. 
'Pulse wave, semisquare. 
$ulse wave, truncated s ine.  
ePulse wave, sawtooth. 
fComqound column-extraction and scrub, flooding points  were interpreted t o  occur i n  the ex t rac t ion  section. 
gThe symbol. $ i s  generally volume percent, unless otherwise specified, interpreted as fullaws : 

hSquare hole pat tern.  
iTrisngular hole pat tern.  
311ole pat tern not given. 
$08. 825 through 830, 0.010-in. thick perforated p l a t e ;  Nos. 850Y53J 0.070-in. thick p l a t e ;  a l l  others 0.020 i n .  thick. 

l"Staggered" hole pattern, presumbly t r iangular .  
4 i e loc i t i e s  i n  o r ig ina l  reference not corrected fo r  a r ea  of center rod. 

"Physical property data were estimated from data i n  references (96), (112). 
'Plate thickness not given. 
'Height t o  1/2 base r a t i o  1-75. 
'Flooding assumed t o  be a t  bottom of column Ln ex t rac t ion  runs. 
'Flooding assumed t o  he a t  top of colunln i n  backwash runs. 
'Organic phase continuous i s  assumed here. 
tNote that's = 0.W9 i n  data  since there were no horizontal p l a t e s  i n  the column, only a v e r t i c a l  s ieve plate .  

See Table A-2. 

See Table A-2.  

5% TBP (tributylphosphate )--kerosene means that  
kerosene was add@d t o  50 m l  pure TBP u n t i l  the solut ion was a l i t e r  i n  volume. 

Point Nos. YP5-&C??, 
831-843J 847-849 square gr id  hole pat tern;  a l l  o thers  t r iangular  grid. 

Vc, VD reported nere are Corrrcted For area of center rod. 

Nozzle depth 0.102 cm. 

Original reference unclear. 
One could calculate  a 

"Plate Spacing" based on a 2-in. s p i r a l  pi tch.  
"Standard wire gage. 
VBritish wire gage. 

I 
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Table A-2. Code f o r  Fl-ooding Data, Table A-3 

_.I- --- 
C O l U m r l  Code Meaning of Code Numbers 

Trans f e r  T r  1--Solute being t r a n s f e r r e d  p r i m a r i l y  f r o m  organic  
t o  aqueous phase 

2--Solute being t r a n s f e r r e d  p r i m a r i l y  f rom aqueous 
t o  o r g a n i c  phase 

continuo1.1s CP 
Phase 

C a r t r i d g e  C t  

3--Mass transEer i n  only  a p a r t  of t h e  column as 
i n  t h e  end of a scrub tower where scrub  is 
introtluced 

4--No mass t r a n s f e r ;  phases are thought  t o  be i n  
e qu i 1 i b  r ium 

1--Aqueous phase continuous 

2 - 4 r g a n i c  phase continuous 

3--Zebra formation, a l t e r n a t e  c r g a n i c  -continuous 
and aqueous-continuous s e c t i o n s  i n  s a m e  column, 
wit.h f looding  due p r i m a r i l y  t o  aqueous phase 

4--Zebra formation rrrith f looding  dur pr i rna r i ly  t o  
organic  phase 

1- -Sta in less  s t ee l  

5 - -Nozzle c a r t r i d g e ,  p r  o t r u s  ions  o r i e n t e d  downward 

6--Nszzle c a r t r i d g e ,  p r o t r u s i o n s  o r i e n t e d  upward 

'(--Aluminurn 

8- -Spi ra l  c a r t r i d g e  - 6 i n .  p i t c h ,  s t a i n l e s s  s t ee l  - 
h o r i z o n t a l  s t a i d e s s  s t e e l  p e r f o r a t e d  p l a t e s  

g--Spiral. c a r t r i d g e  - 3 i n .  p i t c h ,  s t a i n l e s s  s t ee l  - 
h o r i z o n t a l  stainless s (-.eel p e r f o r a t e d  p l a t e s  

lO--Spiral  c a r t r i d g e  l i k e  8 and 9 - 3 i n .  p i t c h  i n  
upper 3 f t  column, 6 i n .  pitc'ti  i n  lower 3 ft: 

II 
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Table A - 2 .  (Continued) 

co l u m  Code Meaning of Code Numbers 

C a r t r i d g e  C t  11 - -Sp i r a l  c a r t r i d g e ,  2 i n .  p i t c h ,  s t a i n l e s s  s tee l  - 
h o r i z o n t a l  s t a i n l e s s  s t ee l  p e r f o r a t e d  p l a t e s  

12- -Spi ra l  c a r t r i d g e ,  2 i n .  p i t c h ,  s t a i n l e s s  steel  - 
v e r t i c a l  s t a i n l e s s  s t ee l  s i e v e  p l a t e  w i t h  no 
h o r i z o n t a l  s i e v e  p l a t e  

3 1 - -F1 o r  o the  ne - (Ke 1 -F ) p o 1 y t r i f  l u o r  omono ch 1 or0 - 
e t h y l e n e  

32--Lucoflex (Cohen and Reyer) - c h l o r i n a t e d  poly-  
v i n y l  c h l o r i d e  

33-Zebra i n  scrub ,  nozz le  i n  e x t r a c t i o n  s e c t i o n s .  
Scrub: 11- s t a i n l e s s  steel  s i e v e  p l a t e s ,  E. = 0.21 
followed by 2 p l a s t i c  s i e v e  (h igh  d e n s i t y  l i n e a r  
po lye thy lene )  p l a t e s ,  0.188-in. -holes, E E 0.23 

34--Teflon - p o l y t e t r a f l u o r o e t h y l e n e  

35--"Super Dylan" l i n e a r  po lye thylene  s t a n d a r d  
zeb ra  c a r t r i d g e  

36--"Marlex" l i n e a r  po lye thylene ,  2 tes t  p l a t e s  i n  
c a r t r i d g e  35 

37--"Hi.faxt' l i n e a r  po lye thylene ,  2 test p l a t e s  i n  
c a r t r i d g e  35 

38--ltHitax1' l i n e a r  po lye thy lene  zeb ra  c a r t r i d g e  

~ ~ - - " K i f a x "  l i -near  po lye thylene  z e b r a  c a r t r i d g e  

40--Regular po lye thy lene  "WhiKlCliXd" coated, 2 
p l a t e s  in c a r t r i d g e  35 

41--Regular pol.yethylene "Whir l c l a d "  coated, 2 
plates i n  c a r t r i d g e  35 

42 --"Super Dylan" l i n e a r  po lye thylene  , 
coated, 2 p la tes  i n  c a r t r i d g e  35 

"Mhir l c l a d "  

Ii?--Plntes of c a r t r i d g e  N o .  42 p r e s s e d  between 
sheets of Tef lon  a t  l j .?"C,  hol.es d r i l l e d  t o  
metal, 2 p l a t e s  i n  c a r t r i d g e  35 



Tab l e  A-2.  (Continued) 

_I_. 

Column Code Meaning of Code Numbers 

C a r t r i d g e  C t  44--"Super Dylan" l i n e a r  po lye thylene  d i s p e r s i o n  
coated,  2 p l a t e s  i n  c a r t r i d g e  35 

)-;5--Cartridge N o .  411 w i t h  hole5 d r i l l e d  t o  metal, 
2 plates i n  c a r t r i d g e  35 

46--Cartridge No. 1.~5 w i t h  aJ.l. 4 sur faces  lapped 
on o i l  s tone ,  2 p l a t e s  i n  c a r t r i d g e  35 

47- -Chlor i na  t.ed p o l  ye ther  , " W h i  r 1 c 7.ad I' coated, 2 
plates  i n  C a r t r i d g e  35 

48 - -6hlor i n a t e  d p o l y e t h e r  
p l a t e s  i n  c a r t r i d g e  35 

'%hi.r IC l a d "  coated,  2 

49- -"~uper  Dylan" linear polye thylene  zebra 
c a r t r i d g e :  Holes edges rounded 01-L one s i d e  ( u p )  

5 0 --"Super Dy lan I' 1. inear  po l y e  t h y  l e n e  zebr  P 

c a r t r i d g e :  Hole edges rounded on m e  s i d e  
(down 1 

51--Linear polyethylene,  0.070 in .  thick, zebra 
c a r t r i d g e  

52- -Poly te t ra f luoroc thylene  (PTE'E) coated nozzle  
p l a t e s ,  o r i e n t e d  down 

52--Elorothene sieve p la tes  w i t h  s t a i n l e s s  s t ee l  
s p i r a l  ca r t r - idge ,  6 i n .  p i t c h  on s p i r a l  



* N 

d 
(in.> 

E S 
(in.:) Tr* CY* Ct* (in.) 

1 46.65 
2 46.60 
3 46.63 
4 35.00 
5 46.60 

6 46-60 
7 k h  .$a 
8 70 03 
9 70.00 

10 70.00 

I I  
12 
13 
14 
15 

16 
! I  
18 
19 
20 

23 
22 
23 
24 
25 

26 
27 
28 
29 
3n 

31 -. 
32 
33 
38 
35 

35.00 
G6.60 
46.60 
46-69 
70.00 

35 .00 
70.00 
70.00 
35-03 
70.00 

35,09 
70.00 
70 .DO 
35.00 
35,OO 

35 .oo 
46 -60 
?U,00 
35,00 
48.60 

70.03 
7B.00 
73 -00 
T5.00 
70.00 

60.30 
17.50 
93.40 
93.40 
3 I .20 

41.70 
63.40 

65.43 
93,40 

91.90 
66.50 
77.90 
46.60 
71.00 

& l . l O  
25.43 
54.20 
26.80 
23.30 

55. 00 
95.70 
5 1 - 0 0  
57. I C  

I02.00 

57. I 0  
83.00 
74, $ 0  
66,40 
IS. 60 

40.30 
44-80 

i 03. TU 
97.40 
44.80 

49.80 

36 7B.00 81.10 
37 46.60 52.30 
38 46.60 98.80 
39 46.50 99.60 
40 46.63 77.80 

b i  55.03 75.70 
42 35.0.3 83.40 
43 35.03 37.00 
44 46.60 107.00 
45 70.00 21.50 

*See Table 8-2 f o r  neEring of c 
+See Table A-2 for medii% of: 

103.0 0.125 1.240 0.772 3.310 

103,O 0.500 1.2163 0.772 3.310 
103.g t.nou 1.z4n 0.772 3.310 

200.15 0.125 1.240 0.772 3.510 
75.0 1.080 1.248 0.772 3.310 

50.0 
5Q.D 

103.0 
53 .0 
50 .0 

203.0 
75 .o 

203 .o 
50.0 
100.0 

0.125 1.240 
1,030 1.21;o 
0.500 1.240 
I.009 1.240 
0.500 1,240 

0.250 1,240 
0.250 1.2415 

0.250 1.240 
0.250 1.240 

0.125 1,240 

0.772 
0.772 
0,772 
0.772 
u. 772 
0,772 
C.?72 
0.772 
0.772 
0.772 

75.0 0,250 L*2&0 0,772 31310 
75.0 lmO0O 1.240 0,772 3.31C: 

100.0 1.000 1.240 0.772 3.310 
103,D 0.125 1.24Q 0.772 3.310 

50.0 0.25~1 1.240 0,772 3.310 

3,420 
3.420 
3.420 
3.420 
3.420 

3.420 
3.420 
3.420 
3.420 
3.420 

3.420 
3.420 

3.420 
3.420 

3.420 
3.420 
3.420 
3.420 
3.420 

3.420 

53.0 0,250 1.240 0.772 3.310 3.420 
75 -0  0.500 1.240 0.772 3.310 3.420 
75.0 0.250 1.240 0.772 3,310 3.420 
75,O 0.125 1.240 0.772 3,3$0 
503.0 0.250 1,2110 U.732 3.310 

75.0 8.000 1.240 n , m  3.310 
ia3.o 0.250 1.240 0,772 3.310 
203.0 0.125 1.240 0.772 3.310 
103.0 0.125 1.2kO 0,712 3,510 
165.0 0,500 1,240 0.772 3.310 

75.0 3.125 1.240 0.772 3.310 
203.0 0.250 1.240 8.772 3.310 
25.0 1.600 t.240 0,772 3.3tO 
40-0 r.000 1.248 0.772 3.310 
25.Q 0.500 1,240 0.772 3.310 

150.0 0.250 1,240 0.772 3.310 
25.U 0.505 i,240 0.772 3.310 
5 3 - 0  0.500 t.240 0.772 3.310 
153.0 0.250 1.240 0.172 3.310 
203.0 0.250 1.245 0.772 3.310 

25.0 0.500 J.21(0 0.772 3.310 
l5U.D 0,500 1.240 0.772 3.510 
200.0 0.500 1.2413 0.772 3.310 

7 5 . 0  0.500 1.240 ~1.772 3.310 
26.0 0.500 1.202 0.71‘3 2.370 

:ode :cr 2riTrere.ierjt ~ k o ~ t i m o m  ~ n a s e ) ,  arJd 
cxie  for ~ r ( ~ r w f e r ) ,  CPkmt i i iwm ~ n a s d  

3.420 
3.420 

3.420 
3.420 
3.42D 
3.420 
3.420 

3.420 
3.420 
3.420 

3.420 

3.420 
3.420 
3.b20 
3.420 
3.420 

3.1120 
3.420 
3.420 
3.420 
t ,250 

3.420 

Ct ( c a m i  

15.10 
15.10 
15.10 
15.10 
15.10 

15.10 
15.10 
15-10 
15.10 
15.20 

15.10 
15.10 
15.15 
15.10 
15.10 

15.10 
15.1 0 
15.10 
15.1 0 
15.10 

15.1 0 
15.1 0 
15.10 
1 5 . f C  
15.10 

15.1 0 
15.10 
15.10 
15.10 
I 5 . t O  

15.10 
15.10 
15.10 
15.1 0 
1 5 . I O  

15.10 
I5.IO 
15.10 
15.10 
I 5 . l n  

15.10 
15.10 
I5.10 
1 5 . l O  
15.80 

Q4. 

0.111IO 
0.1 I IO 
0.1 1 I O  
0.1110 
0.1110 

0.1110 
O.L!IO 
0.1110 

O.III0 

0.1110 
0.1110 
0.1 I 10 
0.1110 
O.lIl0 

0.1110 
0.IIIU 
0.1110 
0.1110 
O . l l l 0  

0.1110 
O.III0 
0.1110 
O.lf10 
O . I l 1 0  

0.1 I I O  
0.lIIO 
0.1113 
O.iii0 
0.1110 

0.4110 
0.tlID 
0.l110 
0.1 I IO 
0.1113 

a.1110 

O.lif0 
C.tll0 
0.1110 
0.1 I I O  
0.1 I 10 

0.1110 
O . l t 1 0  
O.I I I O  
0.1110 
0.1110 

0.230 
0.230 
8.238 
0.230 
0.230 

0,230 
0.230 
0.230 
0.230 
D.230 

0.230 

0.230 
0.230 
0.230 

0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

0.230 
0.230 ~~~ 

0.230 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

0,230 

0.230 

0.230 
0.230 

0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

1.938 
1.938 
1.938 
I .938 
1.938 

1.938 
1.938 
1.938 
f .936 
1.938 

1.938 
t -938 
1.938 
I .  938 
I. 938 

I. 938 
1.938 
I. 938 
1-938 
1.938 

1.938 
1.938 
1.938 
I .938 
1.938 

1.938 
1,938 
I. 938 

1.938 

I. 938 
1.938 
1.938 
I .938 
s .938 

I .  938 
I .938 
I. 938 

I .938 

1 938 
I .936 
1.938 
I .938 
I e 938 

1.9333 

I .93a 

1.002 4 I I 
1.002 4 I I 
1.002 4 D I 
1.0112 k i I 
1.002 4 I I 

1.002 4 I I 
1.002 4 I I 
1,002 Ir I 1 
1.002 4 I I 
1.002 4 I I 

1.002 4 I I 
1.002 4 I I 
1.002 4 I 1 
1.002 4 1 1 
1.002 4 I I 

1.002 4 I I 
1.002 4 1 I 
i.002 4 1 I 
1.002 4 I I 
1.002 4 I I 

1.002 
t .a02 
I -002 . - - ~  
I .002 
1.002 

I .OD2 
I .002 
I .002 
I .002 
1.002 

4 1  I 
4 1  1 
4 1  I 
4 1  I 
4 1  I 

4 1  I 
4 1  I 
4 1  I 
4 1  1 
4 1  I 

1,002 4 I I 
1.002 4 I I 
1.002 4 1 I 
1.002 4 I 1 
s.002 4 I 1 

1.002 4 1 I 
1.002 4 1 I 
1.002 4 I I 
1.002 4 I I 
1.002 4 I I 

1.002 4 I I 
1.002 4 I I 
1.002 4 I I 
1.002 4 I I 
i.noz 4 I I 





Table A-3 (continuad) 

l 'oint  
xi0 . VD (f t /hr) c 

91 
92 
93 
PI, 
95 

96 
97 
98 
99 

100 

I O 1  
I02 
I 0 3  
I04 
I os 
I Ob 
I 07 

I09 
I 10 

I l l  
I12 
I I 3  
I I4 
I 1 5  

116 
I17 
I I8 
1 1 9  
I20 

I21 
122 
I23 
t 24 
I25 

I 2 6  
127 
I28 
I29 
I30 

I oa 

13i 
I32 
I33 
134 
I35 

46.60 80.90 
46.63 67.40 
46.63 74.70 
46-63 73.60 
46.60 73.60 

46.60 13.50 
46.60 1 7 - 6 0  
46.60 24.90 
46.60 42.60 
46.63 ir6.60 

$6.60 58.03 
46.60 72.50 
46.68 86.33 
46.60 72.50 
46-60 82.90 

31.10 59.10 
38.80 52.50 
46.60 46.60 
58.30 38.10 
70.00 28.80 

83.03 94.20 
105.00 83.30 
126.80 74.40 
149.50 66.50 
176.40 63.90 

62-00 83.50 
84.50 72.80 

129.53 52.90 
106.0s 68.90 

154.10 43.00 

21 .eo 67.03 
176.40 39-70 

40.80 59.70 
84.00 44.80 

I O b * O O  35.80 

124.23 50.20 
84.60 i15.80 
95.80 98.40 
106.80 104.80 
118.30 89.60 

F 

min) 

70.0 
70.0 
73.0 
73.0 
70 .0 

(CYC126 

73 .0 
73.0 
70.0 
73.0 
73.3 

73 - 0  

73 .0 
70.0 
70.0 

73.0 

73.0 

73 .o 
73.0 
73 .O 

70 .o 

180.0 
180.0 
180 .o 
180.0 
180.0 

183.0 
153.0 . -~ .~ 
I80  -0 
180.0 
I83 .O 

I80 .o 
180.0 
180.0 
180.0 
I80 .o 
i93.0 
210.0 
210.0 
213.0 
213.0 

130.70 87.90 210.0 
152.90 79.30 213.0 
176.30 74.70 213.0 
41.80 69.40 
52.30 6 3 . 2 0  

180 .o 
I 00 .O 

A 
(in.) 

0.500 
0.500 
o . 5 ~ 0  
0. son 
0.500 

0.500 
0.500 
0.500 

0.530 

0.503 
0.500 
0.500 
0.500 
0.5ou 

a. 500 

0.500 
0 ,  5oc1 
0.500 
0.500 
0. 500 

0.350 
0.350 
0.350 
0.350 
0.350 

0. so0 
0.500 
0.500 
0.500 
0.500 

a. 500 

0.720 

0.720 
0.720 

0.720 

0.728 
0.250 
0.250 
0.250 
0.250 

0. 250 
0.250 

0.250 
0.250 
0.250 

1.175 0.828 
1.197 0.828 
1.157 0.828 
1 . 1 4 3  0.828 
1.130 0.828 

1.362 0.877 
1.323 0.877 
1.302 0.877 
1,283 0.877 
1.285 0.877 

1.276 0.877 
1.261 0.877 
1.231 0.877 
1.224 0.877 
1.226 0.877 

1.285 0.877 
1.285 0,577 
1.285 0.877 
1.285 0.877 
1.205 0.077 

0.998 0.772 
0.998 0.772 
0,998 0.772 
0.998 0.772 
o . 9 ~  0.772 

0.998 0.772 
0.998 0.772 
0.998 0.772 
0.V98 0.772 
0.998 0.772 

0.998 0,772 
0.998 0.772 
0.998 0.772 
0.998 0.772 
0.990 0,772 

9.998 0.?72 
0.998 0.772 
0.998 0.772 
0.998 0.7T2 
0.998 0.772 

0.998 0.772 
0.998 0.772 
0.998 0.772 
0.998 0.772 
0.998 0.772 

C 
(cent ipi: 

d 
(in.) E 

S 
(in.) 

D 
(in.) Tr* CP* Ct* 

2.350 
2.429 
2.140 

I .940 

7.910 
5.670 
4.880 
&,.U20 
4.500 

2-060  

3.820 
3.380 
2.980 
2.950 
2.95U 

4.500 
b. so0 
4.500 
4.500 
4-500 

I .060 
1.060 
1.060 
I.06ti 
f -060 

I .060 
1.060 
I .060 
1.0613 
1.060 

I .060 
1.060 
1 .O60 
I .060 
1.060 

1 .E60 
1.060 
1.060 
1.060 
I. 060 

I .Ob0 
I e060  
1.060 
I e060 
I .Ob0 

3. I 6 0  
2.260 
2.480 
2.4t0 
2.220 

2.210 
2.020 
2.540 

3.560 

4.460 
4.750 
5.6FO 
4.920 
5.13C 

3.530 

3.560 
3 . 5 6 0  
3.560 
3.560 
3 * 560 

U.926 
0.926 
0.926 
0.926 
0.926 

0.926 36.00 

0.926 36.0C 
0.926 
0.92 6 

0.926 
0.926 
0.926 
0.926 
0.926 

0.926 
0.926 
0.926 
0.926 
0.926 

0.926 
0.926 
0.926 
0.926 
0.926 

0,926 36.00 

36.00 
36.00 

36.00 
36.00 
36.00 
36.00 
36.00 

36.00 
36.00 
36.00 

36.00 

36.00 

36.00 

36.00 
3d.00 
36.00 
36.00 

10.70 
11.60 
10.60 
I t.uo 
i I .00 

9.66 
9.60 
9.82 
9.30 
8.90 

9.48 
9.54 
9.63 

9.75 

8.90 
8.90 
8.90 
8.90 
8.90 

36.00 
36.00 
36.00 
36.00 
36.00 

8-69 

0.1110 
it.lll0 
0.1110 
0.lltO 
O.Ill0 

0.1110 
0.1110 
O. i lJ0 
0.1110 
0.1110 

0 -1  I tu 
0.1 I IO 
0.1110 
0.1110 
0.1110 

0.11IO 
0.1110 
0.1110 
0.1110 
O.SIl3 

0.1250 
0. I250 
0. I250 
0. I 250 
0. I250 

0. I 2 5 0  
0, I250 
0. t 230 
0. I 2 5 0  
0. I250 

0. I250 
0. I250 
0. I250 
0.1250 
0. I250 

0.1250 
0.1250 
0. I250 
0.l25Q 
0, I250 

0.I25O 
0. I250 
0.1250 
0.0625 
0.0625 

0.230 
0.230 
0.230 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

0.230 
0.230 
0,230 
0.230 
0.230 

0.246 
0.246 
0.246 
0.246 
0,246 

0.246 
0.246 
0-246 
0.246 
0,246 

0.246 
0.246 
0.246 
0,246 
0.246 

0,246 
0.246 
0.21t6 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

I. 938 
1.938 

1.938 
t - 9 3 8  

I .938 
I. 938 
I .938 
1 .938 
1.938 

I .93a 

1.938 
I .?38 
1.938 
1.938 
1.938 

1.938 
1.938 
1.938 
I .938 
I .938 

2.000 

2.000 
2.000 
2.000 

2 - 000 

2 f 000 
2.000 
2. 000 
2.E)oo 
2.000 

2. 000 
2.000 
2.000 
2.000 
2.000 

2.1300 
2.000 
2.000 
2.000 
2.000 

2.080 
2.000 
2.000 
2.aoo 
2.000 

I .002 
1.002 
I .002 
1.002 
I .002 

I .002 

1.002 
I .002 

i -002 

I .a02 

I .on2 
I .002 
I .002 
1.002 
I .002 

1,002 
I .002 
1.002 

I .no2 

2.875 
2.875 

i ,002 

2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 

2.875 
2.875 

2.815 
2.895 

2.875 
2.875 
2.875 
2.875 
2.875 

4 1  1 
4 1  I 
4 L  I 
4 1  I 
4 1  I 

4 1  I 
4 1  I 
4 1  t 
4 1  I 
4 1  I 

4 i  I 
4 1  I 
4 1  I 
4 t  4 
4 1  I 

4 1  I 
4 1  I 
4 1  I 
4 1  1 
4 i  I 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 I  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 I  2 

I , \  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 



I' 

z ? h SL8.Z 
2 1 b SLB'Z 
2 I cl SLB'Z 
z I il SLB'Z 
Z i h SLB'Z 

00'9F 
Og'9E 
O0'9E 
C0'9E 
00'9E 

02'9s 
00'9s 
D0'9E 
U0'9E 
00'9F 

02'9E 
O0'9E 
130'9~ 
00.9~ 
02'92 

00'9E 
C0'9E 
00'9F 
U0'9E 
OG'92 

926'3 39O.r 
926'0 D9O-i 
926'0 390't 
926'0 09C'I 
926'3 U9D'E 

926'0 29G't 
926'0 090-i 

926'0 09C'I 
926'0 1190'1 

9Z6'0 09U'I 
926'0 090'1 
926'0 099'1 
926'3 090'1 
926'0 290'1 

916'0 C',d. ? 
926'0 090'1 
926'0 09C'I 
926'C 090'1 
PZ6-G 090'L 

926'0 09C'i 
926'0 090'1 
PZ6-0 OPC'I 

9Z6"G 290.i 

9Z6'0 090'1 
926.3 090'1 
926.0 090'1 
926'0 D90'1 
916'0 U90'I 

926'0 CPO'I 
926'0 090'1 
926'0 U90.I 
$26-0 090'1 
926'0 09O'f 

926'0 090'1 

926.0 090'1 
1126'0 090'1 
926'G 290'1 

926'0 C90'f 
926'0 090'1 
926'0 090'1 

926'0 090'1 

926.0 u9c-L 

926-c a90-1 

926-0 n9e-i 

926-o 090.1 

2Li'C 
ZLL '0 
ZLL'O 
ZLL'O 
ZLL 'S 

806'0 
806'0 
866'0 
866'0 
866'0 

060'O 
866'0 
B66-0 
Q66'C 
966'0 

860'0 
866'0 
866'8 
866'U 
866'0 

066'0 
966'2 
1366.Z 
866'0 
866'0 

466.D 
866'8 
R66'0 
866-U 
6'66.0 

866'3 
866'0 
866'0 
R66-B 
6366'61 

866'0 
866'0 
866'0 
866'0 
366'0 

066'0 
866'0 
866'0 
066'0 
866'0 

'366'3 
Q66.C 
866'0 
866'0 
866'O 

DSZ'O 
USZ'O 
OSZ'O 
OSZ'O 
OSZ'O 

O'C8 I 
C.08 I 
O'CB 1 
O'C81 
0-08 t 

OZ'Ltl 
OR'ZS 
0 f 'SS 
09'19 
05'29 

a8 t 

aL I 
6L I 

Li. 1 
91 I 

SL I 
(lL L 
Ei t 
ZL 
ti I 

DL t 
69 1 
89 i 
L9 I 
99 I 

s9 1 
tlF ! 
E9: 
29 I 
I9 t 

09 I 
65 L 

LS I 
9s t 

5s 
+Is I 
ES I 
1s f 
(5 1 

QS I 
6ei I 
Qti 1 
Lh! 
9ti r 
SQ I 
htl t 
fhl 
zcr I 
Ih I 

Rei I 
6E I 
BE ! 
LC 8 
9F i 

es I 

0SZ 1'0 
us2 t '0 
asz L '3 

Sb&"Z 
5L8'Z 
SL8.2 
SLS'Z 
SLB'Z 

see-z 
SLB'Z 
SL8'2 
SLO'Z 
SLO'Z 

SLB'Z 
SLR'Z 
si 8'2 

?SZ i '0 
zsz i '0 
os2 i '0 
os2 t '0 
nsz 1 -5 

SZ90'O 
5293'0 
SZ90-G 
SZ9U'D 
SZ90'0 

SZ9C'O 
s29c-3 
SZ90'2 
SZ90'0 
SZPO-a 
SZ9(3'0 
SZ90.C 
SZ90'0 
SZ90'0 
SZ90'0 

S290'3 
SZ90'0 
SZ9D'O 
S290-0 
SZ90'0 

ZLL '0 
ZLL'O 
ZLL -0 

GSZ'fl 
CSZ'O 
OSZ'O 

m-cz 
OS'SZ 
09'9C 
08-95 
Oi'OL 

ntl-02 
CQ'SZ 
O9'IE 
D9'ltl 
OZ'SS 

01 '22 
CL'EZ 
Otl'9E 
OE'Sh 
Ofl'*Q 

09'1s 
0tr'GS 
OS'L9 
00'6E 
ns-stl 
09'25 
0f'!9 
Uf 'tl L 
09'9 t 
Gtl'tlZ 

0 I 'nz 
CI'LF 
OE'Ztl 
OL'SQ 
Of 'tlZ 

36'Cdl 
3L.69 I 
Cl'tl+tl 
0S'L1! 
02'26 

OO'iO I 
0s. h8 
OF'Z9 
0Z'Ztl 
31-22 

C,L' is I 
OI'90I 
Oi'Sb 
DL'CB 
OZ'SL 

ZLL'O 
ZLL'O 

ZLL 'a 
ZLL'D 
ZLL'O 
ZLL'G 
ZLL'O 

ZLL'0 
ZLL'LI 
261.3 
2LL.G 
ZLL '0 

OSZ'D 
DSZ'C. 

061s '0 
DOS'O 
OOS '0 

S2S'D 

ocs.0 
005'3 
00s '3 
00s '0 
nos'o 

oos-o 

SLB'Z 
SLR'Z 
SL3.Z 
SL9.Z 
Si.8'2 

SLB'2 
SLB'Z 
si9-2 
SLB'Z 
SLA'Z 

SLO'Z 
SLO'Z 
SLB'Z 
sta-z 
SLO'Z 

SLB'Z 
SLO'Z 
SLB'Z 
SLB'Z 
SLB'Z 

SLB'Z 
Sl9'Z 
SL9'2 
S19.2 
sea-2 

aoo-z 
non-2 
300'2 
DCfj '2 
003-z 

000- z 
000'1 
OOU'Z 
000'2 
OQO'Z 

ZLL '3 
ZLL '3 
ZLL'O 
ZLi'U 
ZLL'O 

ZLL '0 
ZLi'O 
ZLL'O 
ZLL'Q 
ZLL'O 

ZLi'O 

005'0 
aos'c 
OOS'C 
09s '0 
035-0 

00s": 

UOS'O 

00s '0 

OOS'0 
00s-a 

onsv 
aw-0 

CZ.19 
89'09 
OF' Icr 
35'Er;t 
01-901 

C0'118 
09'09 
OL' Ltl 
OO'LO I 
OP'tr8 

01-19 
30'Ztr 
36' I2 
OL'IZ 
Oi'9C I 

OSl'SB 
00' L9 
OB' I tr 
00' z 2 
OZ'+IS I 

3L'ffI 
Oi' sc 
Ot'hR 
Oh'Z9 
01.19 

OGO'Z 
CCO'Z 
000'2 
000 '2 
30u-2 

SZ90'0 
SZ90'0 
sz9c-0 
SZ98'0 
s 2 9 a -,s 

OO'FE 
OQ'92 
CO'9E 
00'9f 
00'9f 

ZLL'O 
ZLL'O 
ZLL'O 
ZLL -3 

000'2 
500'2 
000'2 
OD0 - z 
oca-z 
con-z 

oao-z 
00O'Z 
000'2 

000'2 

SZ90'G 
SZ9G'O 
SZ90'0 
SZ98'0 
s290-0 

SZ90'0 
S29O'C 
5290'0 
sz90-0 
SZ9D'O 

00'9E 
U0'9F 
00'9F 
00'9E 
20.9s 

C0'9f 
[10*95: 
D0'9F 
00'9F 
00'9s 

ZLL '0 
ZLL'O 
ZLL '0 
ZLL'O 
ZLi'O 

ZLL'O 
ZLL'O 
ZLL'O 
ZLL'O 
ZLL'O 

Sih '0 
SLS'O 
SLE 'G 
SLE'0 
CSZ'O 

nsz '0 
0SZ'O 
OSZ'C 
OSZ'O 
OSZ'O 

Ob'lE 
0 I 'Ztr 
CE'IS 
CF'l9 
Utl'QZ 

OS'BE 
Ott'Zti 
OL'@* 
0 ! -5s 
01 -9s 

('E?) 

S . ON IIUTOd 
3 



Table A-3 (continued) 

Point 
No. "c . 

( € t i  

F 
(cvcles 

rrin) 

A 
(in. j 

d 
( in . )  E 

S 
( i n .  j 

D 
(in.! 

181 
182 
I 8 3  
I 8 4  
I 8 5  

I 8 6  
I 8 7  
I 8 8  
I 8 9  
I 9 0  

I 9 1  
I 9 2  
I 9 3  
I 9 4  
195 

I 9 6  
I 9 7  
I 9 8  
I 9 9  
2 00 

201 
2 02 
203 
204 
205 

2 06 
207 
2 08 
209 
210 

211 
212 
213 
214 
215 

2 t 6  
217 
216 
219 
220 

221 
222 
223 
2 24 
22s 

i 7a.00 
50.80 

105.40 
128.50 
I 5 2  .OO 

176.30 
103.50 
127.00 
149.90 
173.90 

199.90 
22.60 
43.70 
64 -20  
76.60 

87.20 
105.50 
I 0 5  -60 
I 2 7  -00 
57.30 

79.10 
93.60 
97.03 

127.40 
148.30 

22.90 
44.20 
85.00 

I 2 9  .OO 
148.20 

22 .40 
43.40 
63.60 
84.20 

105.60 

7.90 
22.50 
32.40 
43.40 
53.00 

23 .OD 
42.80 
43.83 
63.80 
85 .oo 

41.90 
53. IO 
40.00 
33. I O  
28.40 

23.30 
98.30 
86. UO . . -  
80.70 
75.20 

~ a .  30 
106.40 
90. OD 
80.00 
67.30 

63.50 

48. I O  
35.90 

101.00 

88.30 
66.60  
6 2 - 2 0  
55.20 
uo. 40 

45. ea 

6a. 40 
54. IO 
44.50 
27.73 
23.40 

58.60 
51.40 
39.40 
27.30 
23.00 

44.40 
23.00 
14.80 
10.90 
4.10 

76.00 
59.20 
77.70 
55.60 
49.50 

180.0 
183.0 
183.0 
189 .o 
183.0 

183.D 
I 83 .a 
180.0 
I83 .o 
183.0 

180.0 
183.0 
183.0 
180 .o 
180.0 

180.0 
I8cl.O 
180.0 
180.0 
180.0 

180.0 
I83 .o 
183.0 
180.0 
I80.0 

18D.0 
I80  .o 
I 8 0  .o 
i 80 .o 
180.0 

180.0 
183.0 
183.0 
180.0 
180.0 

180.0 
I80 .o 
180.0 
189.0 
183.0 

240.0 
240 -0 
240.0 

240.0 
243 .I3 

0.250 
0.500 
0.500 
0.500 
0.500 

0.500 
0.250 
0.250 
0;250 
0.250 

C. 250 
0.240 
0.240 
0.240 
0.240 

0.240 
0.240 
0.240 
0.240 
0.250 

0.250 
0.250 
0.250 
0.250 
0.250 

0.390 
0.390 
0.390 
0.390 
0.390 

0.520 
0.520 
0.520 
0.520 
0.520 

0.870 
0.870 

0.870 
0. 8 T O  

0.240 
0.240 
0.240 
0.240 
0.240 

3. 070 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0.998 
D*99B 
0.998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0,998 
0.990 
0.998 
0.998 

0.998 
0.998 
0.998 
0,998 
0.996 

0.998 
0.948 
0.998 
0.998 
0.998 

0.998 
0,998 
0.998 
0.998 
0,998 

0.998 
0.998 
0.998 
0,998 
0.998 

@.7?2 
0.772 
0.772 
0.772 
0.772 

0.772 
0.772 

0.772 
0.772 

0.772 
0.864 

0.864 
0.864 

0.864 
0.864 
0.864 
0.864 

0.712 

0.864 

0.864 

0.864 
0.864 
0.864 
0.864 
a. 861, 
0.864 
0.864 
13.864 
0.864 
0.864 

8.864 
0.864 
0.864 
0.864 
0.864 

0.864 
0.864 
0.864 
0.864 
0,004 

0,864 
0.864 
0.864 
0.86b 
0.864 

1.0613 
I .Ob0 
1.360 
1.060 
1.040 

1 .Ob0 
I .n60 
I .a60 
I .Ob0 
I .Ob0 

1.060 
1.060 
I .Ob0 

I .060 

1.060 
I .06O 
I .Ob0 
I .060 
I .Ob0 

1.060 
1.060 
1.060 
I .060 
I .060 

I .060 
I .06R 
I -060 
I .Ob0 
I .060 

t ,060 
1.060 
1.060 
I.060 
1.060 

1.060 
I .060 
1.060 

I .a60 

I .I360 
I e060 

I .OS0 
I .060 
1.010 
1.1360 
I .06R 

0.924 
0.926 
0.926 
0.926 
0.926 

0.926 
0.926 
0.926 
0.926 
0.926 

0.926 
0.585 
0,585 
0.585 
0.585 

0.585 
0.5e5 
0.585 -. . 
0.585 
0.585 

0.585 
0,585 
0.585 
0.585 
0.5@5 

0.585 

0.585 
0.585 
0,SBS 

0.585 
0.585 
0.585 
0.585 
0.585 

0.585 
0.585 
0.585 
0.585 
0.585 

0.585 
0 .585  

0.585 

_ _ . . ~  

0.585 
0.585 
0.585 

36.00 
36.00 
36.00 
3 6 . 0 0  
36.00 

36.00 
30.00 
36.00 
36.00 
36.00 

36.GO 
34.00 
34.00 
34.00 
34.00 

34.00 
34.00 
34.00 
34.00 
34.00 

34.00 
34.00 
34.00 
31r.00 
34.00 

34.00 
34.00 
34.00 

54.0cI 

34.00 
34.00 
34.00 
34.00 
34.00 

34.30 
34.00 
34.00 
34.00 
34.00 

34.00 

34.00 
34.00 
34.00 

j4.00 

34.00 

0.1250 
0. I 2 5 0  
0. I 2 5 0  
0. I 2 5 0  
0.1250 

0. I 2 5 0  
0. I 2 5 0  
0. I 2 5 0  
0. I 2 5 0  
0. I 2 5 0  

0,1250 
0. I 2 5 0  
0. t 250 
0. I 2 5 0  
0. I 2 5 0  

0. I 2 5 0  
0. I 2 5 0  
0. I 2 5 0  
0.1250 
0. I 2 5 0  

a, 1250 
0. I 2 5 0  
0. I 2 5 0  
0. I 250 
0. t 250 

0.1250 
0. I 2 5 0  
0. I 2 5 0  
0. 1250 
0. i 250 

0. I 2 5 0  
0. t 250 
0. I 2 5 0  
0. I 2 5 0  
0. I 2 5 0  

0. I 2 5 0  
0. I 2 5 0  
0. I 2 5 0  
0.1250 
0. I250 

0.1250 
a. I 250 
0, I 2 5 0  
0. I 250  
0. I 2 5 0  

0.246 
0.246 
0.246 
0.246 
0,246 

0.246 
0.246 
0.246 
8.246 
0.246 

D.246 
0.246 
0.246 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.2k6 

0.246 
0.246 
0.246 
0.246 
0.2h6 

0.246 
0.246 
0.246 
0.246 
0.246 

0.246 
0.246 
0,246 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.244 

1.000 
1.500 
1.500 
1.500 
1.500 

1.500 
3.000 
3.000 
3.000 
3,000 

3.000 
2.000 
2.000 
2.000 
2.000 

2 * 000 
2.000 
2.000 
2.000 
2.000 

2 * 000 
2,000 
2.000 
2.000 
2.000 

2.000 
2.000 
2.000 
2.000 
2 .  oao 
2.000 
2.000 
2 IO00 
2.000 
2.000 

2.000 
2 000 
2.000 
2.000 
2.000 

2.000 
2.000 
2.000 
2 000 
2.000 

2.875 

2.875 

2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 

2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.675 

2.875 
2.075 
2.875 

2.875 

2.875 
2.875 
2 -575 
2.875 
2.675 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 i  2 
4 1  2 

4 1  2 
4 1  2 
4 I 2 '  
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

P 
0 w 



Table A-3 (continued) 

Point 
No. 

F 
<cycles 

min) 

A 
(in.) :m3) p3 

p C  I/. 

(centipoise) 

Y 

cm! 
(W 

d 
(in.) 

€ S 
(in.) 

D 
(in.) 

226 
227 
228 
229 
2 30 

231 
2 32 
2 33 
2 34 
235 

236 
2 37 
238 
239 
2 43 

241 
2 42 
243 
244 
245 

246 
247 
248 
249 
2 50 

251 
2 52 
253 
2 54 
2 55 

256 
2 57 
2 58 
259 
2 60 

261 
2 62 
263 
2 64 
265 

266 
267 
268 
269 
270 

136.30 39.30 
126.70 31.50 
22.50 60.30 
32.90 52.20 
43.80 49.30 

84.90 33.90 
125.30 20.90 
22.50 51.83 
43.73 41.30 
64.03 28.80 

85.10 22.80 
128.30 13.20 
22-80 46.70 
32-20 37.20 
43.10 35.00 

62.70 16.73 
85.50 12.10 
22.90 86. i0 
30.90 7l.3Cl 
31.33 188.00 

45.9C 58.40 
45.i: r51.50 
55.50 56.70 
56.82 66.40 
67.0C 50.!5 

76.2Kl 53.90 
78.30 42.63 
91 .80 38.00 
92.40 38.40 

1!9.40 29.20 

421 - 5 0  29.75 
149.65 24.5; 
152.35 25.00 
l 8 i . m  15.32 
184.13 15.60 

8 1 - 6 0  $23.55 
82.40 135.70 

104.40 106.50 
l23.JO 97.40 
I 5 1  - 5 0  77.10 

176.70 71.10 
191.13 65 .$0  
43.40 89.40 
85-10 71.73 

125.23 52.30 

243.3 
243.0 

300 .O 
300.0 

300.0 
330 .O 
360.0 
360.0 
363.0 

363 .O 
363.0 

423 .0 
423 .0 

42cI.O 
420 .O 
180.0 
180.0 
180.0 

180.0 
i83.0 
r53.3 
183.0 

ma. o 

422 .a 

sa3.o 

180.0 

180.0 

183.0 

180.0 
180.0 
I eO.o 
180.0 
183.3 

180.0 

180.0 

18cI.0 
I 8 3  .o 
180.0 
180.0 
183.0 

180.0 
180.0 
180.0 
I 8 0  .o 
180.0 

0.240 
0.240 
0.248 
0.240 
3.240 

0. 2 m  
0.240 
3.240 
0.240 
8.240 

0.240 
0.240 
0.240 
o.2*0 
9.240 

3.2*0 
0.240 
0.250 
3.250 
0.250 

0.250 
0.253 
0. 250 
0.250 
0.250 

0.250 
0.250 
0.250 
0.250 
0.250 

2.250 
0.250 
0.250 
0.250 
0.250 

0.250 ~~~~~ 

0.250 
0.250 
3.250 
3.25C 

0.250 
3.250 
C.240 
C.240 
0. 240 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
O.VV8 
0.998 
0.998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0.993 
0.898 
0.999 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
2.998 
0.996 
0.996 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0.998 

0.998 
0.998 

0.998 

0.864 
0.864 
0.864 
0.864 
0.864 

0.664 
0.864 
0.864 
0.364 
0.864 

0.864 
0.864 
0.664 
0.864 
0.86% 

0.864 
0.864 
0.864 
0.864 
0. 864 

0.86r 
0. 864 
0.864 
0. E 6 4  
U.E6% 

0.864 
0.864 
0.864 
0.864 
0.864 

0.364 
C.961, 
C.96$ 
C.86r( 
0.864 

0.864 
0.864 
0.864 
0.864 
0.864 

0.864 
0.864 
Ll.861, 
0.864 
0.864 

1.060 0.585 
1.060 0.585 
1.060 0.585 
I .060 0.585 
1.060 0.585 

3.060 0.5E5 

1.060 0.585 
1.060 3.585 

1.060 0.585 
1.060 0.585 

1.060 0.585 

1.060 0.585 
3.06s 0.585 
i.060 0.585 

: .060 0.585 
1.060 0.5P5 
1.060 0.585 
1.060 0.565 

1.060 0.585 

1.060 0.585 

1.060 C.585 
1.060 0.585 

1.060 0.585 
1.360 G.585 

1.060 0.585 

1.060 0.585 
1.060 0.585 
1.060 0.585 
1.060 0.585 
t .040 0.585 

1.060 3.585 
1.360 0 . 5 8 5  

1.360 0.585 
1.360 0.585 

1.060 ii.5e5 

1.060 0.585 
3.062 0.585 
3.061 C.585 

i.06C 0.585 

1.060 0.585 
i.060 0.585 
1.060 ll.585 
1.060 0.565 
1.i360 0.585 

:.OBO 0.585 

34.00 
34.00 
34.00 
34.00 
34.05 

34.00 

34.0G 
34.00 
3h.00 

34.00 
44.00 
34.00 
34.00 
34.02 

34.0c 
34.00 
34.0C 
3b.00 
34.00 

34.05 

3L.30 
34.30 
34.00 
34.00 
34.00 

34.00 

34.00 
34.00 
34.20 

3u.30 
34.30 
3U.00 
34.00 
34.30 

34.00 
34.00 
34.00 
34.00 
34.00 

3 b . 0 '5 
34.00 
34.00 
34.0ci 
3 4 - 0 0  

34.00 

3. B 250 
0.1250 
0. I 2 5 0  
0. I) 250 
0. I 2 5 0  

0.1250 
0. I 2 5 0  
0. 1250 
5. I 2 5 0  
0. I 2 5 0  

0.125O 
0. f 255 
0.1250 
0.1250 
0.1250 

0. I 2 5 0  
0. d 250 
0.1250 
0. I 2 5 0  
0.1250 

0. 1 250 
0. i 250 
0. I 2 5 0  
3. i 252 
2.1250 

0.125U 
0.1250 
0. I 2 5 0  
0.1250 
0.1250 

0.5 250 

0. I 2 5 0  
0.1250 
0. I 2 5 0  
0. 1250 
0.1250 

0.1250 
0.1250 
0.1250 
0.1250 
0. d 250 

0.246 
0.256 
3.246 
0.246 
G.246 

0.245 
0.246 
0.246 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.244 

G.246 
0.246 
0.21a6 
0.244 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

0.245 
0.246 
0.246 
0.246 
0.246 

0.246 
0.246 
3.246 
0.2;66 
0.246 

0.2*6 
2.246 
0.246 
C.246 
0.246 

2.000 
2 .mu 
2.000 
2.000 
2.300 

2.000 
2.c00 
2. cuo 
2.000 
2.000 

2.000 
2. ooti 
2.000 
2.000 

2 IO00 
2.000 
0.500 

0.500 

0.503 
0.503 
0.500 

0.502 

0.500 
0.500 

0.500 
c.500 

0. 500 
0.500 
D.530 
0.530 
0.530 

3.000 
3.000 
3.000 
3.000 
3.000 

3.300 
3. OUG 
2.000 
2.300 
2.000 

2.002 

0. 500 

o.sn1 

o. son 

2.875 
2.875 

2. 875 
2.375 

2.635 

2.875 
2.875 
2 .875  

2.875 
2.8?5 
2.8:s 
2.875 
2.575 

2.875 

2.875 

2 . a ~ ~  

~~~ 

2.875 
2.8?5 
2.875 
2.875 

2.875 
2.375 

2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 

2.875 
2.835 
2.875 
2.875 
2.875 

2.875 
2.675 
2.875 
2.675 
2.675 

2.375 
2.675 
2.835 
2.875 
2.875 

4 1 1  2 
4 t  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 L  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 !  2 
4 1  2 
4 1  2 
4 1  2 
4 !  2 

4 i  2 
4 :  2 
4 1  2 
4 1  2 
4 4  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 t  2 
4 i  2 
4 I  2 
4 4  2 

4 1  2 
4 1  2 
4 1  2 
9 1  2 
1 8 1  2 

4 !  2 
Y !  2 
4 8 2 
li I 2 
4 1  2 

Tr*  CP* Ct* 



I , 

T a b l e  8-3 (continued) 

Point 
No. 

1.' 
(cycles 

nin)  

h 
(io.) 

d 
(in.) E 

S 
(in.) 

D 
(in.) 

Tr* CP* Ct* 

271 
2 72 
2 73 
2 74 
275 

2 76 
277 
278 
2 79 
2 80 

281 
282 
2 83 
284 
285 

2 86 
2 87 
2 8% 
2 69 
2 90 

295 
292 
2 93 
2 94 
295 

2 96 
2 97 
2 98 
299 
300 

301 
3 02 
303 
304 
305 

306 
3 07 
308 
3 09 
310 

311 
312 
313 
314 
315 

167.20 46.40 
63.60 73.90 
73.48 78.73 
87.30 54.03 
104.40 47.00 

125.40 41.30 

62.80 81.40 
84.80 52.30 
95.90 54.80 

110.73 39.50 
127.00 25.20 
43.30 92.40 
65.10 84.40 
80.90 ? ! . IO  

84.50 85.10 
86.40 74.20 
105.30 59.30 
158.50 62.10 
127.00 52.10 

130.20 50.10 
149.70 40.10 
163.50 36.50 
22-80 50.30 

146.50 30.80 

22.90 84.10 

43.30 39.00 
43.53 64.90 
62.50 32.90 
65.:C 33.90 
84.30 22.00 

105.40 13.30 
108.30 7.70 
43.30 60.20 
43.80 71.83 
62-53 53.50 

62.50 63.40 
65.50 50.10 

84.80 40.70 
86.00 38.60 

74*60 45.50 

133.90 30.90 
I06.lO 23.90 
107,9O 25.40 
116.70 18.30 
126.60 15.10 

I80 -0  
123.0 
I23 .o 
125.0 
120.0 

123.0 
123.0 
153.3 
153.0 
I53 .O 

I53 -0 
150.0 
18'3.0 
183.0 
I82 .o 
t 8 J . O  
183.0 
183 e 0  

183.0 
1m.a 

1 80 .u 
180.0 
183 -0  
100.0 
180.0 

183.0 
183.0 

153;O 
180.0 

183.0 
10D.O 
243 .O 
243.0 
240 .O 

243 .fl 
243.0 
243 .O 
240.0 
243.0 

t 80 .a 

243 -0 
240.0 

243.G 
243 -0  

243 .O 

0.240 
0.240 

0.240 
0.240 

0.240 
0.240 
0.240 
0.240 
0.240 

0.240 
0.240 
0.240 
0.240 
0.240 

3.240 
0.240 
0.240 
0.24C 
0.240 

n; 2110 

0.240 
0.240 
0.240 
0.390 
0.390 

0.390 
0,390 
0.390 
0,3917 
0.390 

0.390 
0.390 
0.240 
0.240 
0,240 

0.240 
0.240 
0.240 
0,240 
0.240 

0.240 
0.240 . . ~  - 
0.240 

0.240 
0.240 

0.998 

0.998 

0.998 

0.998 

0.996 

0.998 

0.998 
0.99% 
0.998 
0.998 

0.998 
0.998 
0.998 
0,998 
0.998 

0.99% 
0,998 
0.99a 
0.998 
0.998 

0.998 
0.998 
0.998 
0 -998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.864 
0.864 
€3.864 
0.864 
0.864 

0.861( 
0.864 
0.864 
0,864 
Li.864 

0.364 
0.864 
0.864 
0.864 
0.8b4 

0.864 
0.864 
0.864 

0.864 

0.864 
0.864 
0.864 
0.8b4 
0.864 

0.864 

0.864 
0.864 
0.864 

0.864 
0.864 
0.864 
c1.864 
0.864 

O.8bb 
0.864 
0,864 

o. a64 

a.a64 

0.864 
0.864 

0.864 
0.864 
0.860 
Oe86b 
0.864 

1.060 
I ,060 
I .Ob0 
1.060 
1.060 

I .Ob0 

I.060 
I .Ob0 
1.060 

I .Ob0 
1.060 
1.060 
I .Ob0 
I .Ob0 

1.060 
I .060 
I .060 
I.060 
1.060 

I .Ob0 
1.063 
I .Ob0 
I .060 
I -060 

1 .a60 
1 .Ob0 

1,060 
I .060 

i .ob0 

I .ob0 

1.060 
I ,060 
1.060 
I.060 
I.060 

1.060 
1.060 
1.060 
1.060 
t -060 

I.060 
1.060 
1.060 
1 .om 
1.060 

0.585 
o.se5 
0.585 
0,585 
0.5e5 

0.585 
0.585 
0.585 
0.585 
0.585 

0.585 
0.585 
0.585 
0.5e5 
0.585 

0.585 
0.585 

0.585 
0.585 

0.585 

0.585 
0.585 
0.585 
0.585 
9-585 

0.585 
0.585 
0.585 
0.585 
0.585 

C.585 

0.565 
0.585 
0.585 

0.585 

Q.585 
0.585 
0.585 
0.585 
0.585 

n.585 

0 . 5 8 5  
0.585 

0.585 
0.585 

34.00 
34.00 
34.00 
34.00 
34.00 

34.00 
34.00 
34.00 
34.00 
34.00 

3b.00 
34.00 
34.00 
34.00 
34.0c 

34.00 
34.00 
34.00 
34.00 
34.00 

34.00 
34.00 
34.00 
34.00 
34.~10 

3C.00 
34.00 
34.00 
34.00 
34.0cI 

34.00 
34.00 
34.00 
34.00 
34.05 

34.00 
34.00 
34.00 
34-00 
34.00 

3b.00 
34.00 

34,00 
34.00 

34.00 

0. I250 
0. I250 
0. I 250  
0. i 250 
0. I250 

0. I250 
0.1250 

0.  I 2 5 0  
0.1250 

0. $250 

a. J 250 
0.1250 
0.1250 
0. I250 
0. I250 

0.1250 
0.1250 
0.1250 
0. I250 
0.1250 

0. I250 
0.1250 
0.1250 
a. I 250 
0. I250 

0. I250 
0.1250 

0. I250 
fi. I 250 

0- I250 

0. I250 
0.1250 
0.1250 
0.I250 
a. I 25a 

0.125U 
0.1250 
01 I250 
0. I2SD 
0. I250 

0. I250 
0. I250 
0- I250 
a. 1250 
0. I 250 

0.246 
0.13) 
0. I 3 1  
0.131 
0.131 

0.131 
0. I31 
0.131 
0.131 
0. I31 

0.131 
0. I31 
0.172 
0. 172 
a. I 72 

0. I 72  

a. I 72 

0. I72 
0. I72 

a. I72 
0. I72 
0.172 
0.172 

0.172 

0. J 72 
0.172 
0.t72 
0. I72 
0.152 

a. I 72 

0. I72 
0.172 
0.172 
0.172 
0.1112 

0. i 72 
0.172 
0.172 
0.172 
0.172 

0. I72 
07172 
0.172 
0.172 
0.172 

2.000 
2.floo 
2.000 
2.000 
2.000 

2.000 
2.000 
2.000 

2.000 

2.000 
2.000 
2.000 
2 * 000 

2. no0 

2. on0 

2,ooo 
2.000 
2.000 
2.000 
2.0130 

2.000 
2 * 000 
2.000 
2.000 
2.000 

2.000 
2 000 
2.000 

2.000 
2.000 

2.000 

2.000 
2.000 

2.000 
2.000 

2.500 
2.000 
2.000 
2.000 
2.000 

2.000 
2. 000 -~ 
2.000 
2.000 
2.000 

2.875 
2.875 

2.875 
2.875 

2.815 
2.875 
2.875 
2.875 
2.875 

2.875 
2 -875 
2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2 A 7 5  
2.875 

2.875 

2.875 
2.875 
2.075 
2.875 
2.875 

2.875 
2,875 
2.875 
2.875 
2.875 

2.875 
2.875 
2,875 
2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

4 1  2 
4 1  2 
4 )  2 
$ 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
b I  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 f  2 

0 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 L  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

i-' 
0 
# 



Point 
so . A 

(in.) 
d 

(in.) E 
S 

(in.) 
D 

(in.) 

le A-3 (con:inued) 

Tr* CP* C t *  

3 f 6  
317 

319 
320 

3 1 a  

32 1 
322 
323 
324 
325 

326 
327 
328 
329 
330 

331 
332 
333 
334 
335 

336  
3 37 
338 
339 
340 

341 
342 
343 
34a 
345 

3 46 
347 
348 
si$<, 
350 

351 
352 
353 
354 
355  

S 56 
3 37 
3 58 
359 
363 

126.70 
426.70 
0 35.00 
63.95 
8.1 .e3 

104.50 
j25.10 
165.85 
82.53 
9 )  -90  

127.63 
160.23 
177.83 
60.90 
7k.50 

62.00 
91 -60  

103.70 
104.70 
I i9 .30  

128.30 
I36 .BB 
150.80 
1st .TO 
63.60 

84.80 
1Ok.50 
10b.59 
i 27.80 
82.LiO 

102.83 
127.80 
160.00 
127.10 
127.85 

; 37.60 
8 49.30 
: 77.30 
60.80 
54.30 

106.23 
129.10 
155.90 
21.90 
11.4G 

9.90 
P. 50 

16.00 

75.3s 
8s. an 

64.1 0 
56.30 
38.90 

126.1‘5 
1C6.70 

92.53 
78.5’3 
53.93 

130.23 
l46.1O 

74.50 
! 06.53 
5a.80 
75.70 
62.20 

42.60 
44 .10  
32.30 
34.20 
80. 00 

66.50 
83. : a  
56.90 
47.20 

i 19.0; 

93.73 
62.60 
63.08 
b?. 50 
53.83 

38.20 
32. 30 
29. I O  

I O Y .  I 0  
86.70 

72.20 
50.80 

97. a0 
48.70 

59. u0 

243 .O 
240.2 
243.0 
183.0 
18J .O 

I 8 O . U  
189.0 
I80 .O 
180.J 
1KI .J  

180.0 
l30.0 
i 90 .0 
198.0 
183.0 

I83 .O 
153.0 
1 EL! .U 
135.0 
1 BG .0 

189 .E 
183.3 
183.3 
J 33 .u 
243 .0 

2 4 . 3  
243.; 
249.3 
240.3 
18J.U 

I8S.0 
480.0 
100.0 
210.0 
213.0 

215.0 
2k2.U 
213.0 
iao.0 
B a 3  .o 

0.240 
5. 240 
0.240 
0.2110 
0 . 2 a  

0.200 

0.240 
0.250 
C.250 

3.250 
0.250 

0.200 

0.25C 
0.7513 
0.750 

G.75Q 
0.75c 
0.750 
0.750 
0.750 

u. 750 
0.750 
0.750 
0.750 
0.243 

0.240 
0.2190 
0.240 
0.240 
0.250 

0.250 
0.250 
0.250 
0. so0 
0. 500 

0. 5uc 
0.502 
0.530 
0.250 
0.250 

0.250 
0.2582 
0.250 
@ . S X  
0.500 

0.998 
3.998 
0.998 
0.998 
0.998 

0.998 
0.998 

3.998 
3.998 

0.998 
0.998 

0.998 
0.998 

0.998 
0.996 
0.995 
0.990 
0.899 

0.998 

0.998 
0.998 
0.998 

0.993 
0.998 
0.998 
3.998 
U.998 

0.998 
0.998 
0.995 
0.998 
0.998 

0.990 
0.993 
0.993 
0.997 
3.997 

0.997 
0.997 
c.997 
c1.997 
G.997 

3.998 

0.998 

0.998 

0.86C 
C.864 
C. 844 
0.864 
0.861, 

0.844 
0.864 
0.864 
C. 864 
0.864 

0.861, 
0.864 
0.064 
0.864 
0.864 

0.864 
0.864 
0.86b 
0.844 
0.86% 

0.864 
0.854 
0.864 
0.864 
0. 86:, 

0.96b 
0.86:, 
0.854 

CI.3611 
2. 964 

0.864 
O.861r 
0.864 
3.864 
0.864 

0.86% 
0.864 

0.881 
0. ea e 

0.891 
U.83t 
0.03 1 
C.83!  
0.E31 

0.864 

1.060 

8 .Ob0 

1.060 

I  .DM 
I -060 
1 .06U 
1 .om 
? .04C 

3.065 
i -060 
1 .  E60 
1 .060 
I .  060 

I .O60 
I .060 
I .Lib13 
1.060 
1 .a60 

1.360 
1 .060 
4 . M U  
1 .060 
4 -060 

1 .060 
3 -060 
1 .060 
1 .Ubi! 
t .a60 

I.0613 
I - 0 6 0  
I .Ob0 
i .Ob0 
: -060 

I .E60 
I .JbO 
I .G60 
1.060 
1.369 

i.G6@ 
i -560 

1.060 
1.360 

i.065 

e .O60 

1.360 

0.5e5 
2.585 
0.585 

0.585 

0.585 
0.585 
0.585 
0.585 
0.585 

0.585 
0.585 

0.585 

0.535 
0.585 
0.585 

0.565 

0.585 
0.585 
O.SE5 

‘J.585 
0.585 
0.595 
0.585 
3 .5e5  

0.585 

3.585 
3.585 
0.585 
0.585 
0.585 

2.585 
0.585 

0.585 
0.585 

0.585 

0.585 
3.585 
P.585 
13.7b8 
C.748 

r!. 748 
0.746 
c.  148 
2.140 
0.948 

34.00 
3b.00 
34.00 
34.OG 
34.03 

34.00 
34.00 
34.QCI 
34.00 
34.00 

34.03 
34.03 
34.00 
31a.00 
34.00 

34.00 
34.00 
34.00 
34.3 0 
31(.30 

3b.3D 
34.00 
34.00 
34.05 
34.00 

3+.ac 
3c.ilc 
34.05 
34.00 
34.03 

34.00 
34.00 
34.00 
34.OiJ 
34.00 

34.00 
3C.30 
34.00 
1U.20 
14.20 

I4.20 
I h.20 
I k.2 0 
14.2c 
14.2C 

0. ! 250 
0.I25O 
0. I250 
0.1250 
0.1250 

D. 125D 
0.1250 
0.1250 
0.1258 
0.1250 

0.3 250 
0.9 250 
0. I 2 5 0  
0. I250 
0. 8250 

0.1250 
0. i 250 
0. s 2513 
3.125O 
0.1250 

0. I250 
U. I250 
0.1250 
0. I250 
0.1250 

0. I250  
0.1250 
0.4 250 
0.1250 
0.1250 

E. 1250 
0.1250 
0.1250 
0.1250 
0.125Ci 

2.1253 
0. I253  
0.1250 
U. 8250 
0.1250 

0. i 250 
0.1253 
0. I258 
0.1253 
0.1253 

0.172 
0.172 
C. 172 
0.390 
13.390 

0.390 
0.390 
0.39u 
0.390 
c.390 

0.390 
0.390 
0.390 
0.393 
0.390 

0.390 
0.390 
0.390 
0.39t  
0.393 

0.390 

L\. 390 
U. 3Q0 
0.3P0 

0,390 

0.3Q0 
0.390 
D. 398 
0.390 
0.62t 

13.621 
0.62 1 
3.62! 
3.621 
3.521 

0.62 1 
0.621 

0.246 
0.244 

U.246 
U.246 
0.246 
0.2k5 
0.246 

a.621 

2.3uo 
2. coo 
2.000 
2. 000 
2.000 

2.000 
2.000 
2.300 
2.300 
2. OD0 

2.0u0 
2.001; 

2.000 
2.000 

2. 000 
2.000 
2.u130 
2. ria0 
2.000 

2.000 

2. O00 
2.000 
2.000 

2. Oao 

2. 000 

2.3uo 
2.000 
2. 0ou 
2. 00u 
2.UOrs 

2. OUO 
2. 000 

2.000 
2.000 

2.c30 
2. 000 

2. o m  

2. 000 

2. no0 
2.000 

2.000 
2. COO 
2.030 
2.030 
2. ooc 

2. 875 

2.875 
2.875 
2.875 

2.875 
2.875 
2.875 

2.875 

2 . ~ 5  

2 . ~ 5  

2.875 
2.675 
2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 
2.675 
2.875 
2.875 
2.075 

2.875 
2.875 
2.075 
2.875 
2.~75 

2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

4 1  2 
4 1  2 
% I  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
L I !  2 
4 1  2 
4 1  2 
4 J  2 

4 1  2 
4 4  2 
4 1  2 
4 I  2 
4 :  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
* :  2 

4 1  2 
4 1  2 
4 1  2 
4 :  2 
4 1  2 

4 1  2 
I 2 

4 1  2 
4 1  2 
4 i  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
L t i  2 
4 1  2 
4 1  2 



P o i n t  
No . 

‘I 

min) 
(cycles 

A 
(in.) 

Tahle A-3 (continued) 

d 
(in.) 

F S 
(in.) 

D 
(in.) Tr* cP* Ct* 

361 
362 
363 
3 b4 
365 

366 
367 
348 
369 
370 

37% 
372 
373 
3 74 
375 

376 
377 
378 
379 
388 

38 I 
382 
383 
384 
305 

306 
387 
388 
389 
390 

391 
392 
393 
3 94 
395 

396 
397 
3 98 
399 
400 

401 
402 
403 
4 04 
4 05 

61 -23  33.55 
82-70 20.50 
61.00 131.00 
82.70 !i7.)0 

136.40 99.70 

129.55 84 .13  
154.12 77.10 
63,90 145.10 

104.60 124.1U 
128.50 109.60 

t78.60 76.69 
82.03 124,20 

104.00 i12.50 
129,23 86.40 
153.30 7C.40 

171.50 57.60 
$1 .33  1rt.50 
41 -40  113.23 
83.13 90.50 

106.63 7 1 - 7 8  

t 2 9 . a ~  49.70 
130.10 54.70 
82.63 144.40 

193.35 117.69 
128.50 97,20 

152,VO 83.10 
173.00 67-10 
97.43 137.50 

135.83 130.4ti3 
128.00 1 J 9 , 3 0  

151.60 108.30 
I75.80 105.23 
95.53 S26.OrJ 

119.60 101.50 
129.80 ~ 9 . 6 0  

153.70 89.20 
177.50 84.90 
40,DO I36,20 
61.49 Sb2.50 
82.60 77.80 

!04.50 62.80 
125.90 46.20 
151.23 28.30 
20.30 60.50 
32.50 53.60 

180.0 

120.3 
123.3 
123.0 

12’3.0 
123.0 
I83 .B 
1 M J ’ ” R  
i83.3 

t83.0 
188.0 
130.0 
Z 83 .O 
I 80 .0 

l B D . 0  
180.0 
IBB.0 
180 .o 
! 80 +E! 

I83 .O 

210,o 
2 1 2 - 0  
213,o 

2)O.D 
213.5 
180,O 
I80,O 
?noen 
I ti0 *3 

210.0 
210.0 
213.0 

ia0.o 

I 80 .ti 

tag,o 

213*c 
213.0 
ieo.0 
180 .D 
180.13 

160.0 
$80*0 

183.8 
i $0 .o 
I6o.o 

0.50Q 
0.500 
0.250 
0.2SC 
0.250 

0,250 
0.250 
R. 250 
0,250 
0.250 

0.250 
0.370 
0.373 
a- 370 
0.370 

0.3713 
0.500 
0,500 
0.530 
a. 500 
0.500 
U.500 
0.250 
3*25cl 
0,250 

0,250 
a.250 
0.250 
0,250 
0 , 2 5 0  

0.250 
0,250 
0.25il 
0.250 
3.250 

0,250 
0,259 
0.250 
0.250 
0.250 

0.250 
0.250 
0,250 
0.500 
0.500 

0.997 
0.997 
0.997 
0. F93 
0.997 

0,997 
0.997 
0.996 
0.996 
0.996 

0.996 
0.996 
0.996 
Q.996 
3.996 

0.996 
0.996 
0,996 
0.996 
0,996 

0.996 
8.996 
0.996 
0,996 
ci,9J6 

0.986 
0.996 
0.998 
0,998 
3,719 

0.9‘?$ 
0.998 
0.998 
0.998 
G. 990 

0.998 
0.998 
0,998 
0,998 
o. 998 

0.998 
0.998 
0.998 
0.996 
0.998 

0.88 1 
0.881 
0.381 
a.mI 
0. a8 I 

a.mt 
O . B 8 !  
3.805 
0. B O 5  
0.805 

0.805 
0,805 
0. BO5 
0. BO!, 
0.805 

0.805 
0,805 
0,805 
0.805 
‘J. 80s 

13.805 
0.805 
0.805 
E * 805 
0.305 

n.sm 
O.8G5 
0.69I 
0.691 
G.GPi 

0.691 
0.691 
0.691 
C. 69 I 
0.69 t 

0.691 
0.6V 1 
0,905 
0.905 
0.905 

0 . m  
0.905 
0.905 
0.905 
D.?OS 

0.748 
0.?48 
0.148 
0.748 
0.748 

‘3.743 
0 . 7 ~ 8  
0.61ar 
0.614 
0.614 

0.614 
0.514 
0.614 
0.614 
0.614 

5.614 
0.614 
Ue4$4 
Q a 4 1 4  
0.614 

0.414 
cl.614 
0,614 
0.414 
0.6iC 

a.6rs 
0.614 
0-4el5 
8.4Eb 
0,486 

0.486 
0.4e6 

0.486 
0.486 

@. 484  
0.486 
0.490 
0.490 
0,490 

n. 466 

0.490 
O.b?O 
0.490 
0.490 
0.&90 

14.20 
14-20 
14.20 
I 4.20 
10.20 

14.2c 
14.20 
10.1 U 
fG.10  
10.10 

10.10 
1 O . I O  
10.1 0 
1 O . I O  
10.10 

10.1 0 
l O . 1 0  
I O . I U  
l 0 . l O  
13.10 

1C.10 
10.1 0 
10.6 0 
l 0 . I D  
10.15 

10.10 

40.00 
40.00 
48.00 

40.00 
40.00 
40.00 
40.0rJ 
40.00 

4ff.00 
40.00 

8.50 
8.53 
8.50 

8.58 
9.50 

8.50 
8.50 

1o.in 

8.50 

0. I 2 5 0  
0,1250 
0. I 2 5 3  
0. I 250 
U, I 2 5 0  

0. i 250 
0. I 2 5 0  
0.1250 
0. I 2 5 0  
0.1250 

0.1250 
0.1250 
0. I 2 5 0  
0. I 2 5 0  
0. t 25C 

0. I 2 5 0  
0. I 2 5 0  
0.1250 
0.4 250 
o. I 250 

0.1250 
0. t 250 
0.1250 
0. I 2 5 0  
3. i 25G 

0. I 2 5 0  
0. I 250 
a. I 250 
0.1250 
0. I250 

0. I 2 5 0  
0. I 2 5 0  
0.1250 
0.1250 
0. I250  

0.I25ff 
0. I250 
0. I 2 5 0  
0. 12SO 
0. I250 

0.1250 
0. I 2 5 0  
U. I 2 5 0  
0. t 250 
0.1250 

0.246 
R.246 
0.246 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

5.246 
0.246 
0.246 
0.246 
0.244 

0.246 
0.246 
0.246 
0.246 
0.246 

0,246 
0.246 
0.246 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

0.246 

0.246 
17.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

0.246 

2.000 
2.000 

2.000 
2.000 

2.000 

2.000 
2.000 
2.000 
2.000 
2.000 

2 - 005 
2.000 
2 * 000 
2.000 
2.000 

2.000 
2.000 
2.000 
2.000 
2.000 

2.000 
2. 000 
2.000 
2 * 000 
2 000 

2. no0 

2. on0 
2 * 000 
2 a C)oo 
2.000 

2.000 
2. 000 
2. no0 
2. DDO 
2.000 

2.030 
2 * 000 

2.000 
2 000 

2.000 

2. oao 

2.000 
2.000 
2,000 
2.000 

2.875 
2.875 
2.3T5 
2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.815 

2.875 
2.675 
2.875 
2.875 
2.075 

2.875 
2,875 
2.875 
2.875 
2.875 

2.875 
2.075 
2.875 
2.075 
2.875 

2.8T5 
2.875 

2.875 
2.875 

2.075 
2.875 
2.875 
2.875 
2.875 

2.875 
2.875 
2.075 
2.875 
2.875 

2.875 

2,875 
2.875 
2.875 

2.875 

2.875 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
U I  2 
4 1  2 

4 1  2 
4 1  2 
4 f  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 t  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 t  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 



P o i n t  
No. "D ( f t l h r )  "c F 

(cycles 
min) 

405 
4 07 
$08 
409 
410 

4 ! 1  
$12 
o r 3  
& l U  
k l 5  

416 
417  
L18 
419 
42U 

42; 
422 
425 
ri2li 
ip25 

425 
o27 
420 
429 
4 30 

431 
432 
4 33 
43% 
435 

4 36 
437  
ie 38 
4 39 
k 4 S  

4413 
442 
445 
444 
445 

445 
647 
US8 
4 4 9 
450 

39.bO 44. iU  
42.30 33.10 
60.43 29.10 
39.10 107.00 
59.80 83.10 

80.10 86.50 
127.40 50.70 
lu9.10 $6.20 
24.30 iD5. i lO 
38.53 95.3, 

3E.80 74.80 
56.93 b5.50 
81.20 54.23 

t24.00 53.90 
76.50 1 4 . C i l  

5G.80 85.40 
91.60 69.90 

1:I .30 64.40 
12t.03 59.22 
I44.13 54.30 

342.40 90.50 

215.50 25.20 
?5.20 76.80 

159.80 45.40 

ia7.93 62.10 

136.50 48. r 0  
179.00 36.13 
215.50 18.iff 
iu7.9'J 52.10 
126.03 5 6 - 4 3  

136.50 52.50 
179.03 43.50 
215.50 34.43 

75.20 31.55 
I08.GO 6 3 . 2 2  

L37.OC 42.50 
179.00 25.40 
215.50 84-33 

S I  .20 77.T3 
59.00 71.50 

44.00 J4.30 
66.53 74.25 
79.5c 74.50 

114.00 61.52 
$44.311 r8.33 

180.3 
38D.0 
180.0 
183.0 
183.0 

18c1.0 
183.0 
183.0 
180.0 
180.0 

i 93.0 
I 8 0  .a 
i 00 .0  
183.0 
180.0 

180.0 
ias.0 
183.U 
180.3 
!89.3 

! 80.0 
18D.O 
IR3.0 
183.0 
183.0 

j83.3 
983.0 
3 €30.0 
183.0 
183.3 

I180.0 
160.0 
183.0 
123.0 
120.0 

120.; 
r23.U 
120.0 
I 2 0  .D 
122.0 

150.0 
1 5 D . D  
153.0 

150.0 
153.0 

A 
(in.) 

0.530 
0.500 
a. 500 
'3.250 
0.250 

0.250 
0.250 
0.250 
0.500 
0.500 

0.50D 
0.503 
0. 500 
0.500 
0.250 

0.250 
0.250 
0.252 
3.250 
0.250 

U. 25U 
0.250 
0.250 
0.25U 
0.250 

0.250 
0.250 
0.25C: 
3.3k3 
0.318 

0.310 
ci.340 
0.343 
0.250 
0.250 

0.25C 
0.250 
9.250 

0.250 

0.250 
0.250 
0.250 

C.250 

0.250 
0.250 

Table A-3 (continued) 

Y d 
(in.) @ a  

(cent ipoise)  

9 
p c  (gm/cm3 ) p D  C 

cm ) 

€ 

1.996 0.935 1.C60 2.490 8.50 0.1250 
0.998 0.905 1.060 0.Q90 8.50 3.1250 
0.998 0.905 t.060 0.490 6.53 0.1250 
0.998 a.905 1.060 0.49': 8.511 0.1250 
0.998 17.90'3 1.060 O . h 9 0  8.50 0.1250 

0.998 0.095 1.060 0.490 8.50 0.1250 
0.999 0.905 1.050 0.290 8.50 0.1250 
0.998 0.905 1.060 0.490 8.50 0.1250 
0.998 0.Q05 1.060 0.490 6.50 0.125R 
C.998 1.925 1.060 0.490 8.50 0.1250 

0.998 0.905 1.069 0.492 8.53 3.I250 
0.998 0.905 1.060 0.490 8.50 fr.1250 

0.898 0.905 9.360 0.490 5.50 0.1,250 
0.995 0.864 1.802 12.585 34.00 0.1250 

0.998 0.86(6 1.002 0.585 334.00 0.1250 
0.998 U.66ri 1.0P2 G . 5 8 5  34.03 0.1250 
0.998 0.661, 3.002 0.585 3k.03 0.1250 
3.998 J.86ir 1.002 0.5,95 44.0C 0.1250 

0.998 0.905 1.060 0.490 8.50 0.1250 

G . P P ~  0.814 1.002 o.ses 31r..zn 0 . 1 2 5 ~  

0.998 0.864 r.002 0.585 34.05 0.1250 
0.998 0.864 1.002 0.585 3 4 - 0 0  0.J250 
0.998 0.864 1.002 0.5@5 34.00 0.1250 
0.998 0.864 1.0U2 0.585 3 4 - 0 0  0.1250 
0.998 0.864 1.002 0.585 3C.OO 0.!250 

0.998 

0.998 
o.99a 

0.996 
0.998 

0.995 
0.998 
0.980 
0.998 
0.996 

0.998 
0.Y7B 
0.998 
0.VQ8 
0.998 

0.864 
0. 864 
0.864 
3. as4 
0. a64 

0.864 
0.869 
0.864 
3.864 
J.864 

0.861, 
0.664 
3.a6b 
0.869 
0. b64 

1 .so2 
1 .  G52 
I .OD2 

1.002 

I .002 
1 .DO2 
1 .a02 
I .002 
t .go2 

I .os2 
1 .no2 
I .a02 
I .go2 
I .002 

1 . a m  

0.585 
C.585 
0.585 
0.5f5 
0.585 

n. 58s 
73.585 
0.585 

0.585 

0.585 

0.585 

0.585 
0.585 
G.555 

0.585 

34.00 
34.00 
34.30 
34.00 
34.00 

34.03 
su.00 
34.00 
34.00 
34.00 

34.00 
32.00 
34.00 
34.00 
34.017 

0. 3 250 
0. 1 250 
0.1250 
0. !250 
0. t 259 

0.1250 
3.3 25U 
Q. ! 250 
0.1250 
0. I 2 5 8  

0.1250 
0. I 2 5 0  
0. 1250 
0. B 250 
8.1250 

0.998 0.8634 I.082 0.585 34.UD 0.3250 
0.098 0.664 1.632 0.585 34.00 0.1250 
0.990 0.864 1.002 0.585 34.0% 0.1250 
0.998 0.864 1.002 0.585 34.00 0. i253 
3.998 3.864 1.302 3.585 34.00 0.1250 

0.246 
0.246 
0.246 

0.2b6 

0.246 
0.246 
0.246 
0.246 
0 . 2 ~ 6  

0.246 
0.2k6 
'3.2b.4 
0.245 
0.258 

0.250 
0.25C 
3.250 
1.250 
0.253 

6.246 

0.25G 
13.250 
0.250 

S 
(in.) 

2.000 
2.G40 
2.000 
3. DOG 
3.000 

3.000 
3. o m  - .  -~ 
3 .  aoo 
3.000 
3.000 

3.090 
3.00C 
3 .  OOa 
3.000 
2.0QO 

2.000 

2.030 
2. oou 
2.300 

2.030 

0.250 
0.250 
0.250 
0.250 
0.250 

0.253 
0.250 
G.250 
0.250 
0.252 

2. DO0 
2.000 
2.000 

0.250 2.000 
0.250 2.000 

0.250 2.000 
0.250 2.003 
2.250 2.000 
G.250 2.OQU 
C.250 2.000 

U.2512 2.000 
0.250 2.000 
0.250 2.000 
0.250 2.000 
0.250 2.000 

2. OD0 
2.000 -~ 
2.200 

2.002 
2. os0 

2. DO0 
2.000 
2.300 
2.000 
2.003 

1) 
($11.) 

T r *  CP* Ct* 

2.875 
2.615 
2.815 
2.8?5 
2,875 

2.875 

2.875 

2.875 
2.875 

2.675 

2.875 
2.875 
2.875 
2.875 
6.250 

6.250 
6.250 
6.250 
6.250 
6.250 

6.250 
6.250 
6.250 
4.250 
6.250 

4.25U 
6.250 
6.250 
6.250 
6.250 

6.253 
6.250 
6.250 
6.250 
6.250 

6.250 
6.250 
4.250 
6.250 
6.250 

6.250 
6.2561 
6.250 
6.250 
6.253 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 )  2 
4 1  2 
& I  2 
4 1  2 
4 1  2 

4 1  2 
2 1  2 
4 1  2 
4 1  2 
b !  I 

4 1  I 
4 1  I 
4 1  1 
% I  I 
4 1  i 

4 1  1 
4 1  1 
4 1  1 
$ I  I 
4 1  1 

4 i  I 
4 1  I 
r l  1 
4 I t 
4 i  t 

4 1  I 
4 1  i 
U J  1 
? , I  I 
4 1  i 

4 1  I 
i i I  I 
4 )  3 
U I  I 
4 1  I 

4 1  I 
4 1  I 
4 i  I 

4 i  I 
4 1  I 

iJ 
0 m 
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Table A-3 (continued) 

4 
(in.) pc (gm! 

Y 
(centipoise) . cn) P D  pc pL! (dynes 'cn3) 

d 
{in. j 

s 
(in.) 

D 
(in.) 

Point 
NO. 

F 
(cycles 

min) 
E Tr* CP* Ct* 

150.0 
I 5 3  .o 
150.0 
210.0 
210.0 

210.0 
213.0 

0.250 
0.250 
0.250 
0.250 
0.250 

0.250 
0.250 
u. 250 
t i -250 
0.250 

0.998 
0,998 

0.998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0.998 
0.998 
0.990 
0.998 

0.998 
0.996 
0.998 
0.998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.P98 
0.998 
0.998 
0.3P8 

o . 9 ~  

0.998 

0.998 
0.998 
0.9P8 
0.998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.99% 

0.999 
0,998 
0.998 
0.998 
0.998 

0.864 

0.864 

0.864 

0.864 
0.864 

0.864 
0.864 

0. a64 

a. 864 

0.864 

0.864 
0.864 
O.R6h 

I .002 
1.002 
1.002 
1.002 

0.585 
0.5@5 

0.585 
o.sa: 
0.585 

0.585 
0,585 
0.585 
0.585 
0 . ~ 8 5  

U.5@5 
U.585 
0.505 
0.505 
0.926 

0.926 
0.926 
0.926 
0.926 
0.926 

0,926 
0.926 
0.926 
0.924 
8,926 

0,926 
0.926 
0- (r26 
0.926 
0.926 

0.?26 
0.926 
0.926 
0.926 
0,926 

0.926 
0.926 
0.926 
0,926 
0.926 

0.926 
0.926 
0,926 
0.926 
0,926 

34.00 
34.00 
34.00 
34.00 
34.00 

34.00 
34.00 
34.00 
34.00 
34.00 

34.00 
34.00 
34.00 
34.00 
36.30 

36.30 
36.30 
36.30 

36.30 

36.30 
36.30 
36.30 
36.30  
36.30 

36.30 
36.30 
3 b s 3 0  
36.32 
36.36 

36.30 
36-3D 
36.30 
56 .30  
44*40 

36.30 

0. I 2 5 0  
0. I 2 5 0  
0.4 250 
0. I 2 5 0  

0.250 
0.250 
0.250 
0.258 
0.250 

0.250 
0.250 
0.250 

0.250 

0.250 
0.250 
0,250 
0.250 
0.250 

0.250 
0.250 
0.250 
0.250 
0.250 

0.250 
0.250 

0.250 

2.000 
2 * 000 
2.000 
2,000 
2 * 000 

2.000 
2.000 
2.000 
2 * 000 
2 * 000 

6.250 
6.250 
6.250 
6.250 
6.250 

6.250 
6.250 

6,250 
6.250 

6.250 

451 
4 52 
453 
4 54 
455 

456 
457 

4 59 
4 60 

461 
462 
463 
464 
465 

4bb 
4 67 
468 
469 
4 70 

471 
472 
473 
474 
4 75 

476 
477 
478 
c79 
480 

481 
482 

481, 
485 

486 
487 

489 
400 

491 
4 92 
493 
b94 
495 

4 sa 

483 

48% 

150.00 46.00 
168.00 39.50 
226.00 27.50 

75.20 73.50 
108-00 56.70 

4 1  1 
4 1  1 
4 i  i 
4 1  1 
4 I  I 

4 1  I 
4 1  I 
4 1  I 
4 1  4 
4 1  i 

4 1  I 
4 1  I 
4 1  I 
4 1  1 
* I  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 t  2 
4 1  2 
b i  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 I  2 

4 s  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 i  2 
4 8  2 
4 1  2 
4 1  2 
4 I  2 

I .002 

I .002 
I .002 
! .002 
I .002 
1.002 

I .002 
I .002 

0.1250 

0.1250 
0.1250 
0, I 2 5 0  

0. I 2 5 0  
n. j 2 5 0  

n. I 250 

a, I 250 
0. I 2 5 0  

166.00 45.90 
219.00 27.30 

75.20 69.30 
108.03 56.60 

213.0 
213.0 
2111.0 

213.0 
210.0 
213.0 

137.00 46.50 

179.00 39.90 
215.03 25.40 

247.00 16.00 
60.90 92.90 

90.00 87.10 
105.00 82.70 
75-50 90.00 
47.90 97.20 
31 -90  119.00 

51.30 83.30 

120.00 56.80 
103.00 61.50 
88.53 69.60 
73.90 78.30 
60.90 85.80 

46.40 89.90 
32.50 95.70 
16.80 I 0 2 * 9 0  
52.83 85.30 

L10.20 63.20 

96.30 65.20 

0,250 
0.250 
0.250 
0.250 
0.220 

2.000 
2.000 
2.000 
2.000 
2.000 

6.250 
6,250 
6.250 
6.250 
12.000 

1.002 
I .002 
I .002 

. _ ~  
0.864 
0.772 

210.0 
I 80.0 

ra0.o 

ia0.o 
180.0 

I83 .O 
180.0 

180.0 
183.0 
180.0 
I 8 3  - 0  
$80.0 

18a.o 

1w.o 
180.0 
180.0 

I 8 0  .o 
183.0 
I 8 0  -0 
180.0 
180.0 
183.0 

183.0 
l8O.U 
I80.0 
183.0 
180.0 

I80.C 
183.0 
120.0 
120.0 
120*0  

0.772 
0.772 
0.772 
0.772 
0.772 

0.772 
0.772 
0.772 
c\*772 
(7.772 

I .002 
.OD2 

1 .DO2 
1.002 
I a 002 

I e 032 
Is002 

1,802 
1 .OD2 

I -002 

0. I 2 5 0  
0. I 250  
0. I 2 5 0  
0.1250 
0. I 2 5 0  

0.8 250 
0. I 2 5 0  
0. I 2 5 0  
0, t 250 
O *  i 250 

2.000 
2.000 
2 * 000 
2 e 000 
2.000 

2 000 
2.030 
2.000 
2,000 
2.000 

0.220 
0.220 
0.220 
0,220 
0.220 

0.484 
0.484 
0.484 
0,484 
0.484 

0,484 
0. 484 
0.484 
0, 484 
0.484 

0.484 
0.522 
0.522 
0.522 
0.522 

12c.000 
12.000 
12.000 
12.000 
12.000 

12.000 
12.000 

0,250 
0.250 
0.25R 

0,250 
0.250 

~ ~~~ 

12,000 
12.000 
12.000 

0.732 
0.772 
0.772 
0.772 
0,772 

0.772 
0-  772 
0.772 
0.77 2 
0.772 

0.772 
0.772 

1 eo02 
1 .OR2 
1 * 002 
I *OS? 
I .  002 

I .on2 
I.002 
1.002 
I * 002 
I I 0 0 2  

I,oor 
1.032 

0.1250 
0. I 2 5 0  
0.1250 
0. t 250 
0.1258 

0. D 250 
3.1250 
0.1250 
5. I 2 5 0  
R. 1250 

0.1250 
0. I 250  

2.000 
2.000 
2 * 000 
2. ooc 
2.000 

2.000 
2.030 
2,000 

2,000 

2.000 
2,000 
2.000 
2.000 
2 * CIOO 

2. oou 
2.000 
2.000 
2.000 

2. coo 

2.ooa 

12,000 
I2.000 
I2.CIOO 
; 2.000 
i2,ooo 

12.000 12.003 

I2.000 
12.000 
4 2.003 

! 2.000 
6 2. UO0 
12.000 
12.000 
12,000 

12.000 
I 2.009 
12.000 
I2.000 
12.000 

0.250 
0.253 
0.250 

n.250 
0.250 
0,250 
0.250 
0,253 

0.250 
0.250 
0,250 
0.250 
0.250 

0.250 
0.250 
8.250 
0.250 
0.250 

103;05 60.46 
90.03 62. I0 
75.53 68.50 
59.SO 78.30 

46.40 80.70 
103.00 58.60 
90.00 60.90 

60.90 72.50 

46.40 76.00 
31.90 91.00 
90.00 87.50 

103.00 78.SO 
I I9.00 6 9 - 7 0  

74.30 66.80 

0.522 
0.560 
0.560 

36.30 
3 6 - 3 0  
36.317 0 ; 1 7 2  I*002 

0.772 1.002 
0.772 l .00 t  

0. I zfo 
; 6 ; 3 6  0,1250 
36.40 C.1250 

0.560 
0.560 

0. SbD 
0.560 
0.650 
0.658 
0.650 

0.772 
0.772 
0.772 
0.772 
0.772 

i. no2 
I .no2 
1.002 
1,002 
1,002 

36.3D 
36.30 
36.30 
36.30 
36.30 

D. t 250 
0. I 2 5 0  
0.I25O 
0.8 250 
0. I253 



Table A-3 (continued 

F 
(cycles 
min) 

A 
(in.) 

Y 
(dynes 
cm) 

d 
(in.) 

S 
(in.) 

D 
(in.) 

Paln'i 
NO. 

T r *  CP* cc*  

$96 
497 
r, 98 
$199 
580 

f20.00 65.00 
75.50 91.50 
78.50 84.20 
95.80 8 3 - 0 0  

116.00 54.70 

923.0 
123.3 
120.0 
120.0 
i80.0 

0. 650 
3 .  650 
0.650 
0.650 
0.240 

0.998 
0.995 
0.993 
0.998 
0.998 

0.998 
0.998 
0.998 

0.772 
0.772 
0.772 
0.772 
0.864 

0.864 
0.861, 
0.864 
0.864 
0.864 

0.064 
0.864 
0.064 
0.864 
0.844 

0.664 
0.664 
0.864 , 
3.964 
0.864 

0.864 
0.864 
0.664 
0.864 
0.664 

0.864 
0.864 
0.864 
0.864 
0.864 

0.944 
0.861, 
0.664 
0.864 
0.864 

0.864 
0.864 

0.861, 
0.864 

0.864 
0.664 
0.864 
0.864 
0.864 

0 . m  

1.002 0.926 
L -002 0.926 
1.002 0.926 
1.002 0.926 
1.002 0.585 

1.002 u.e,ecJ 

i.002 0.585 

1.002 0.585 

1.002 0.585 
1.002 0.585 

1.002 0.585 

1.002 0.585 
1.002 0.585 
1.002 0.585 
1.002 0.5A5 

:.002 0.585 
I.022 0.585 
f.002 0.585 
8.002 3.5E5 
1.002 0.5@5 

1.002 0.585 
1.002 0.585 

1.002 0.585 
1.002 0.585 

1.002 0.5e5 
1.002 0.585 
1.002 0.565 

1.u02 U.5E5 

1.002 0.585 
1.002 0.585 

:.DO2 0.585 
i.002 0.5E5 

1.u02 cl.5E5 
t.002 0.585 
1.002 0.585 
I - C J 2  0.585 

1.002 0.585 

1.002 3.585 

i.002 0.585 

1.152 0.585 

I.GZ2 0.585 
1.632 0.585 

.ur2 0.585 
I.UGI 3.585 

.no2 u.5e5 

36.3C 
36.30 
36.30 
36.30 
34.00 

34.00 
3Q.00 
34.02 
34.03 
34.00 

34.00 
34.00 
34.00 
44.00 
34.00 

34.05 
34.D17 
34.00 
34.3c 
34.00 

34.00 
34.00 
3%.00 
34.0: 
34.85 

34.0C 
34.0C 
34.00 
34.00 
34.0u 

34.00 
34.03 
34.0C 
3c.02 
3$.CIO 

34.0ir 

394.00 
34.00 
3LI.00 

34.00 
34.03 
34.OC 
34.JG 
34.00 

34.00 

0. I 2 5 0  
0.1250 

0. i 250 
0. i 250 

0.1250 
0.1250 
0.1250 
0.1250 
0.1250 

0. 1258 
0. i250 
0.L250 
0.1250 
0.125O 

0.12513 
0.1250 
0.1250 
0. I25C 
8.1250 

0.1253 
3. $ 2 5 0  
CI. 1250 
0. 1250 
0. $ 2 5 0  

0. t 250 
0.1250 
0.125O 
0. I 2 5 0  
0. $ 2 5 0  

a. 1250 

2.250 

0.250 
0.250 
0.250 

0.250 
2.250 

5.250 
0.250 

0.250 
0.250 
0.250 
0.250 
0.250 

0.250 

0.250 

2.000 
2 I 0oc 
2.000 
2.040 
2.000 

2.000 
2.002 
2. DOC: 

2.500 

2.300 
2. OGU 
2.000 
2. 080 
2.000 

2.000 

i 2.00u 
: 2.000 
$2.8300 
9 2.00CI 
B 2.000 

1z.000 
; 2.00G 
12.002 
; 2.000 
: 2-BC)O 

! 2.Kloo 
I2.OQ0 
12.DOU 
12.000 
I2.08G 

u 1  2 
4 1  2 
4 I  2 
13 1 2 
4 4  2 

4 1  2 
4 1  2 
24 I 2 
4 1  2 
4 1  2 

4 4  2 
4 9 2 
3 8  2 
9 1  2 
4 1  2 

4 : 2 
k :  2 
4 I 2 
4 1  2 
4 1  2 

1 2 
4 1  2 
$ 1  2 
4 i  2 
4 ;  2 

4 1  2 
4 : 2 
b l  2 
$ 1  2 
(4 I 2 

4 . 2  
s :  2 
4 : 2 
4 i 2 
li I 2 

4 I 2 
4 1  2 
* I  2 
4 I 2 
4 1  2 

4 1  2 
' 2 

h i  2 
;i ' 2 
4 1  2 

531 

503 
5c i i  
5c5 

506 
507 
SI38 
509 
510 

51Y 
512 
513 
510 
515 

516 
5 1 1  
518 
519 
510 

52 i 
522 
523 
524 
5 2 5  

526 
527 
526 
529 
533 

5 3 1  
5 32 
5 33 
5 34 
535 

536 
537 
538 
539 
5 45 

so:! 
132.00 62.30 
87.30 65.80 
87.36 72.70 
74.20 73 .30  
59.60 77.40 

180.0 
150.0 
180.0 
180 .O 
1 az.0 

0.240 
0.240 
0.243 
0.240 
0.243 

0.998 
0.998 

45.1u 82.10 
33.50 0 6 . 3 0  

87.33 54.60 
87.33 55.00 

102.00 50.00 

r9.2c 62.20 
59.70 64.60 
46.60 11.30 
33.50 79.50 
87.30 37.20 

74.20 42.50 
59.70 47.73 
46.63 58.70 
33.5U 59.10 
21.6G 63.:0 

87.30 29.40 
74.20 32.00 
59.70 34.60 
~ 6 . 6 0  3'7.50 
33.50 39.60 

2i.80 50.10 
Ii32.0S 20.70 
87 .3% 25.i0 
74.20 26.8U 
59.7@ 32.30 

46.60 37.30 
C6.60 23.30 

21.80 36.70 
33.50 2i3.80 

1 6 . c ~  ~ ~ 3 . 1 0  

1b.04 46.00 
Ii&.GO 58.3C; 
94.60 64.00 

107.0U 65.20 
87.312 66.30 

183.0 
180.0 
180.0 
180.0 
I80.0 

i8G.O 
180.0 
f 8 3 . 0  
I 8 0  .n 
180.0 

180.0 
i 80 .0 

0.240 
0.255 
0.255 
0.255 
0.255 

0.255 
0.255 
0.255 
3.255 
0.370 

0.370 
0.370 

0.995 
0.998 
0.998 
0.998 
0.998 

0.998 
0.998 
0.998 
0.995 
0.998 

cl.998 
0.998 
0.998 
0.998 
2.998 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0.998 
0.998 
0.Q98 
0.Q98 

0.990 
0.998 
0.998 
0.998 
0.998 

3.998 
0.998 
0.998 
0.998 
0.998 

3.250 
3.250 
6.250 

2.300 
2.305 
2.0Li0 
2. 300 
2.030 

2.038 
2.009 
2.000 
2.000 
2.300 

2.G30 
2. tJ0 
2. m a  
2. CIUU 
2.093 

1 2.03Cl 
12.000 
$ 2  .a00 
J 2.080 
12.003 

I2.1300 
i 2.000 
I2.000 
; 2.320 
i 2:OQO 

12.200 
I2.6.CU 
IZ.GD0 
12.003 
h 2. un3 

0.250 
U.25U 

0.250 
8.250 
0.2513 
Z.250 
0.250 

C.250 
C.250 
D.250 

I-' 
P 
0 

180 .8 
180.U 
i83.0 

0.370 
0.372 
0.372 

i8n.u 
iau.0 
180.0 
180.0 
180.0 

183.0 
I E3 .3 

180.2 
18G.U 

180.0 
180.0 
1801.0 
180 .o 
i60.0 

183.0 

0.480 
0.482 
0.480 
0.480 
0.480 

0.480 
0.520 
0.520 
0.520 
0.520 

0.520 
0.610 
0.610 
0.610 
0.610 

~~ 

0.253 
0.250 

0. i25O 
0. $ 2 5 0  
0.1250 
0. i 250 
0. I 2 5 3  

0.3250 
0.1250 
0. I 2 5 3  
0. I 2 5 0  
ci.1250 

0.125U 
3.1253 
0. t 250 
0.1250 
0.1250 

0.250 

2.250 
0.258 
c.250 

0.25U 
0.250 
0.250 
0.250 
0.250 

0.250 
0.250 
0.250 
G.250 
0.250 

3.250 
2. ClOO 
2.000 
2. coo 
2.000 
2. coo 

i 2.0CJC 
! 2.00c1 
12.000 
12.000 
12.3SCI 

2. GO0 

2.000 
2.002 
2.0UQ 

2.000 

2.020 
2. 030 
2.520 

2.000 

2. onc 

12.083 
12.003 
I2.00J 
J 2.UflU 
P 2.000 

; 2 . m  
12.;c0 
12.005 
I2.005 
i 2.0CJ 

0.610 
0.240 
0.240 
0.240 
0,240 

t 
4 t 



.' ' .  

Poin t  
KO. 

F 
(cycles 

m i n )  

h 
(in.) 

Table A-3 (coatinuec) 

d 
(iz.) E 

5 D 
(in.) (in.) 

*. -.* 
A 1  C?* Ct* 

54 I 
542 
543 
544 
545 

546 
547 
548 
599  
550 

551 
552 
553 
554 
5 55 

556 
557 
558 
5 59 
560 

561 
562 
563 
564 
565 

5 6 6  
5 6 f  -. 
5 68 
569 
570 

57 J 
5 72 
573 
574 
5 75 

576 
577 
578 
5 79 
5 80 

581 
5 82 
583 

585 
5 a4 

74.20 72.70 
53.80 80.90 
59.70 83.80 
10.40 84.40 
48.00 88.20 

116-40 44.80 

87.30 47.40 
74.20 55.00 
59.73 58.80 

33.53 72.50 
35.60 14.50 
37.30 15-19 

111.50 44.50 

102.00 46.30 

i12.50 45.10 

85.30 34.10 
83-02 33.60 
19.90 8.00 

13.15 31.90 

12.20 30.60 
28.00 59. I O  
27.60 68.60 
24.80 62.00 
24.40 61.20 

19-70 8.00 

7 - 2 0  18.90 
5.90 14.20 

63.60 63.40 

45.10 45.00 

47.10 47.00 
32.10 32.2'3 
33.60 33.50 
56.10 55.70 
56.10 56.50 

50.10 50.30 

110.70 50.40 
114.20 51.90 
34.70 75.20 

34.63 7h.60 

17.10 17.10 
46.20 46.80 
46.30 46.40 

63.60 53.40 

56-80 56.40 

16.20 15.90 

153.0 
153.0 
150 .ii 
150.0 
t 50 .o 
243 -0 
240 -0  
243.0 
24'3.0 
243  0 

243 .O 
24.8 
25 .0 
24.5 
24 .8 

75.3 
75.4 
75.2 
76 * 3 
2k - 5  

25.1 
24.8 
24 e 7  
?5*2  
75.4 

74.3 
75.2 
50.7 
53.2 
50 .O 

59.2 
53.0 
53 .o 
28. I 
28.5 

71 - 6  
72 .D 
53.5 
50.0 
50.0 

53.8 
23.0 
20 -6  
80 -0 
80 .o 

0.240 
0.240 
0.240 
0,240 
0.240 

0.240 
0.240 
0.240 
0.240 
0.240 

a. 240 
0. 240 

0.240 
1.650 
I .650 

0.240 
0.240 
I .650 
I. 650 
0.240 

0.240 
I .  650 
1 .450 
0.240 
0.240 

I .650 
1.658 

0.633 
0.280 

0.280 
1.440 
1.440 
0.630 
OeS3D 

0.630 
0,630 
0.630 
0.630 

0. 630 

0.630 

0.630 
0.200 
0.200 
0.200 
0.200 

0.998 
0.998 
0.998 
0.998 
0.998 

0.998 
0.998 

0.998 
0.948 

0.998 
3.997 
0.997 
0.996 
0.997 

0.997 
0.998 
0.997 
0.997 
0.997 

0.993 
0.996 

0,997 
0.996 

0.997 
0.996 
0.997 

0.997 

0.997 
0.997 
0.996 

0.996 

0.997 
0,996 
0.997 
0.997 
0.996 

0.996 
0,997 
0.996 
0.997 
0.997 

0.998 

0.996 

0.997 

0.997 

0,864 
0.864 
0.864 
0.864 
0.864 

0.864 
0.864 
0. 86L 
0.064 
0. 864 

a. 864 
0.872 
0.873 
0.871 
0.875 

0.875 

0.875 
0.874 
0.874 

O *  877 
0.872 
0.8?1 
0.873 
0.870 

0.875 
0.870 

D. 878 

I .002 
I .002 
.GO2 

I .002 
I .on2 

I .or12 
i .a02 . ~~ 

1.002 
I .002 
I .a02 

I .002 
0.866 
0.874 
0.853 
0.914 

a.914 
0.963 
0,916 
0.896 
0.908 

0.969 
0.860 
0.836 
0.876 
0.829 

0.914 
a a r 8  

0.873 0.374 

5.875 0.915 
o,e7s 0,921 

0.873 
0.875 
0.871 
0.875 
0 . 8 7 !  

0 . ~ 5  
0.871 
0.875 
0,874 
0.869 

0.870 
0.874 
0.87f  
0.874 
0.875 

D.880 
0.914 
0.843 
0.922 
0 .853  

0.934 
0.831 
0.912 
0.892 
0.818 

0.832 
0.914 
0.847 
0.90C 
0.914 

0.5e5 
0.585 
0.585 
0.5(35 
0.585 

0.5e5 
u.se5 
0.585 
0.565 
0.5E5 

0.585 
0.587 
0.599 

0.613 

0.61 f 
0,636 
0.613 
8.607 
0.604 

0.632 

0.576 
0.594 
0.573 

0.617 
0.571 
0.593 
0.616 
0.612 

0.583 

0.587 

0.598 
0.61 3 
0.sec 
0.6C9 
0,584 

0.618 
0.575 
0.612 
0.601 
0.568 

0.574 
0.609 
0.581 

0.6 I 3  
0 . ~ 3  

34.00 
3 4 - 0 0  
34-00 
34.00 
34.00 

34.00 
34.00 
34.00 
34,OO 
34.0u 

34.00 
34.60 
34.70 
34.60 
3k.80 

34.80 
34.90 
54.80 
34.70 
34.80 

34.40 
34.60 
34.50 
34.80 
34.50 

34.80 

34.80 
34.80 
34.83 

34.80 
34.80 
34.80 
j % . P @  
54.80 

34.90 
34.50 
34.80 
34.70 
34.50 

3 4 * 5 0  
34,80 
34.60 
34.70 
34.80 

34 .80  

0. I 2 5 0  
3.1250 
0. L 250 

0, I 2 5 0  

3. I 2 5 0  
0. I 2 5 0  

a. I 250 

0.250 
0.250 
0.250 
0.250 
0.250 

0.250 
0.250 

2.000 12.o(Jo 
2.000 12.000 
2.000 12,000 
2.0013 12.000 
2.000 12.003 

2.000 12.000 
2.000 12.000 

0.1256 0.250 2,000 12.000 

0.IZSO 0.250 2.000 12.000 
n .Jxo  o . m ~  2.000 12.000 

0. I 2 5 0  
0. I 2 5 0  
0. i 250 
0. I250 
0. I 2 5 0  

0. I 2 5 0  
0. I 2 5 0  
0. t i s0  
0.1250 
0.1250 

0. I 2 5 0  
0.1250 
U. I 2 5 0  
0. I 2 5 0  
0. I250 

0. I250 
0.1250 
0. I 2 5 0  
0.1250 
0. I 2 5 0  

0,1250 
0.1250 
0. I 2 5 0  
0. 1250 
0. I 2 5 0  

0. I 2 5 0  
0.1250 
0.125ff 
0.1250 
0,1250 

0.1250 
0. I 2 5 0  
0.1250 

U. 1250 
0. I 2 5 0  

e. 2 50 
0.210 
0.210 
0.210 
0.210 

0.210 
0.210 
0.210 
0,210 
0.210 

0.210 
0.210 
0.210 
0.210 
0.210 

8.210 
0.210 
o.210 
0.210 
0.210 

0.210 
0.210 
0.210 
0.210 
0.210 

0.210 
0.210 
11.210 
0.210 
0.210 

0.210 
0.210 
0.210 
0.210 
0.210 

2.corJ !2.800 
2.000 1.920 
2.000 1.920 
2,000 1-920 
2.000 1.920 

2.000 1.920 
2.000 1.920 
2.0DO 1.920 -. 
2.000 1,920 
2.000 1.923 

2.000 1.920 
2.000 #.?E0 
2.000 1.920 
2.000 1.920 
2.000 Je923 

2.000 1.920 
2.000 1.920 
2.000 1.920 
2.000 3.920 
2.093 1.920 

2.000 1.920 
2.000 1.920 

2.000 1.920 
2.000 1.920 

2.000 1.920 

2.000 6.920 
2.000 1.920 
2.000 1.923 
2.000 1.920 
2,000 1.920 

2.000 1.920 
2.000 1.920 - ~~. - -~ 
2.000 1.920 
2.000 1,920 
2.000 1.920 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  I 
4 1  I 
4 1  i 
4 1  I 

4 1  I 
4 1  I 
4 1  I 
4 1  I 
4 1  I 

4 1  I 
4 1  I 
4 1  i 
4 1  I 
4 1  I 

4 1  I 
4 1  I 
4 1  1 
4 1  I 
4 1  1 

L I  I 
4 1  I 
4 1  I 
4 1  I 
4 1  1 

4 1  1 
4 1  1 
4 1  1 
4 1  1 
4 1  I 

4 1  I 
4 1  I 
4 1  I 
4 1  I 
b I  1 

P 
P 
P 
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TaSe A-3 (continued) 

Point 
x u .  vD vc (f:/hr) 

A 
(in.) 

d 
(in.) 

s 
(in.) 

D 
(in.) 

r' 
E Tr* CP* Ct* (cycles 

min) 

6 3 6  
677 
678 
6579 
480 

681 
682 
683 
684 
085 

686 
687  
688 
689 
690 

6 9  1 
692 
693 
6 9h 
695 

6 9 4  
6 8 7  
6 9 8  
699 
TUU 

3Cl 1 
7 02 
703 
708 
:c5 

305 
307 
7u4  
701  
?:a 
7 i i  
712 
713 
71.y 
715 

7 1 6  
717 
718 
719 
72G 

5i.99 a9.42 
30.53 59.9u 
20.13 69.DO 

59-90  54.60 

98.40 49.2ii 
142.90 37.70 
36.50 33.50 

78.70 22.dO 

15.30 41.00 
58.10 63.IC 
78.70 60.10 

20.40 79 .UO 

39.40 k2.60 
60.23 40.10 
97.70 31.10 
13.5c 55.03 

se.10 54.30 

49.20 28.60 

132.80 33.00  

2 3 . 0 ~  78.50 

10o.30 50.20 
43.63 19.20 

6 0 . 3 3  63.40 

19.83 26.10 
I I  .30 28.70 

I I  .69 29.30 
7u .23  10.2c: 
20.40 2b.70 
54.20 t4.80 

103.CO 15.88 

29.60 t 5.4 0 
39.90 50.50 
38.90 111.73 
20.10 22.73 
$0.50 25.90 

59 -20  S1.30 
S?.IC 36.00 
43.3G 38.90 
19.70 46-90 
88-60 78.80 

87.1Cl 51.90 
59.30 59.12 
13.SC 66.80 
43.55; 3.45 
13.64 8.86 

S0.U 
5U.O 
60.0 
62.0 
60.0 

bD.5 
60 .O 
9k .O 
94.0 
94.0 

94.0 
4J .0 
43.0 
4'3 -5 
40.0 

0.750 
0.750 
3.750 
0.750 
0.750 

0.750 
0.750 
0.750 
0.750 
0.753 

0.750 
0.750 
0. 750 

0.998 
0.998 
0.998 

0.898 

0.998 
0.998 
0.998 
13.998 
0. 9 0 3  

0.998 
0.998 

0.998 

0.998 

0.998 

0.998 

0.998 
2.998 
0.998 
0.?98 
0.998 

0.998 
0.998 
U.998 

0.998 
0 . 9 9 ~  

0.998 
0.998 
0.998 
2.993 
0.998 

0.098 
0.998 
0.998 
0.99s 
0.998 

0.998 
a.990 
2.998 
0.998 
0.99% 

0.990 
0.993 
0.996 
0.996 
0.998 

0.75; 
a. 75 1 
0.751 
0.751 
n.751 

0.751 
0.751 
0.75 B 
0.751 
0.751 

0.35 1 
0.753 
8.751 
0.751 
0.75 I 

0.910 
0.913 
0.913 
0.910 
0.910 

0.950 
0.910 
0.910 
0.910 
8.910 

0.9IU 
0.980 
0.9IO 
0.910 
0.910 

1.320 
1.320 
I .320 
I .320 
1.320 

I .32D 
1.320 
1.320 
1.323 
1.320 

I .32u 
1.32u 

42.c10 
42.00 
42 -02  
42.00 
42.00 

42.00 
h2.00 
42.00 
42.00 
42.00 

42.30 
42.00 
42.00 
42.00 
42.0s 

42.00 
42.00 
le2.00 
u2.00 
42.00 

42.00 
42.00 
42.00 
42.00 
42.00 

42.UC 
42.02 
42.00 
42.U0 
42.00 

0.0400 
0.0400 
3.0400 
0.0400 
0.0400 

0.DLOO 
0.0400 
0.0400 
O.O&OO 
3.u400 

0.0400 
O.U400 
0.0400 
U.0400 
0.04I30 

0.0400 
Q.0400 
0.0400 
0.04G0 
O.UCC0 

0.0400 
U e 0 4 0 0  
D.U400 
0.0400 
0.0400 

C.0POU 

9.227 
8.227 
0.227 
u.227 
0.227 

0.223 
0.227 
0.227 
0.227 
D. 221  

1.000 
B.000 
8 . o m  
I .  000 

1 .no0 
I .ooo 
I .OOD 
i. 000 
i . o m  
I .030 

B .on5 

2.000 
2.0u0 
2.000 
2.000 
2.000 

2.u00 
2.000 
2 .OD0 
2.003 
2 * o m  
2.000 
2.000 
2.000 
2.ouo 
2 .ooo 
2.000 
2.000 
2.000 
2.000 
2. OOCI 

2.000 
2.000 
2.000 
2.000 
2. 000 

0.227 
0.227 

.~ ~. 
_ ~ _  I. coo 
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0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

n.230 

0,420 

0,230 

2.000 
2 * 000 
2,000 
2.000 
2.000 

2.000 
2.000 
4.000 
4 aoo 
4.000 

4.000 
2.000 
2.000 
2.000 
2.000 

2,000 
2.030 
2.000 
2 * 000 
4. oon 
4 I 000 
r , .  000 

4.000 
4.000 

4.000 
4.000 
4. 000 
4 000 
2.000 

I,. oao 

2.ooa 
2.000 
2.000 
1 e 970 
I .?TO 

9.970 
t.970 
I.970 
1.970 
1.970 

1.910 
I .v70 
1.970 
1.970 
i ,970 

3.000 

3 .QQU 
3,aoo 

3.000 
3.aoo 
3.000 
3.000 
3.003 

3.000 

3.000 
3.000 

3.000 
3,000 

3.000 

3.090 

3.000 
3.000 
3 I 000 
3.000 
3.000 

3. 000 
3.000 

3.000 
3.003 

3.0ffO 
3.000 

3.000 

3. oao 
3.080 
3. 000 

3.000 

3 .ODD 
1.575 
I .575 

1.575 
I .575 
I . 5 7 5  
I .5?5 
I .575 

I .575 
I .575 
I .575 
I .515 
I .575 

3.003 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

CP* ct* 

i 
I 
I 
I 
I 

I 
1 
I 
1 
1 

I 
I 
I 
I 
L 

L 
i 
I 
1 
1 

f 
1 
I 
I 
1 

I 
I 
I 
I 
I 

I 
I 
I 
I 
1 

I 
I 
i 
I 
I 

I 
I 
I 
I 
I 

1 
i 
I 
f 
I 

I 
1 
I 
1 
I 

I 
1 
I 
I 
I 

I 
I 
f 
L 
i 

1 
I 
I 
1 
1 

1 
I 
I 
I 
I 

I 
I 
1 
I 
i 

I 
I 
I 
t 
I 

I 
I 
i 
I 
I 



Table A-2  (cont inued)  

F 
(cycles 
min) 

d 
(in.) 

S 
(in.) 

D T r x  
(in.) @ D  

P 

( c a n t i p o i s e )  
C Y 

(dynes 
cm) 

A 
( i n . )  E CP* Ct* 

9 46 
947 
948 
949 
950 

951 
9 52 
9 53 
954 
955 

956 
957 
958 
959 
960 

Qbl 
962 
963 
96% 
965 

966 
963 
968 
969 
970 

9 1  1 
972 
973 
974 
975 

9 76 
917 

979 
980 

98 1 
982 
983 
984 
985 

986 
9E7 
9E8 
989 
990 

978 

11.95 
8.94 
5.39 

13.28 
0.84 

28.22 
27.73 
24.51 
25.10 
2 :  .7Q 

23.75 
26.81 
22.50 
18.47 
22.97 

8 . i 4  
25.24 
12.74 
i9.57 
:3.80 

9.23 
5.36 
5.76 

24.33 
5.23 

9.68 
i 9.88 
13.08 
$.26 

14.65 

7 . 2 6  
5 . C I  
6.40 

8.94 

32.92 
31-39  
29.43 
26.94 
21.58 

19.96 
23.61 
22.45 
24.59 
f2.69 

21.97 
12 .  E2 
19.25 
i 6.30 
i7.97 

19.46 
17.13 
i 4 . 6 5  

7.72 
17.53 

13.60 
:3 .57 
10.73 
15.62 
13.20 

6.72 
8.63 
9.73 
7.66 
5.76 

L c. 99 
12.30 
12.40 

6.54 
11.12 

1 0. 33 
3.79 
7.06 
7.  19 
8.50 

4.05 

175.Z 

I91 .o 
$91  .o 
202 .o 

187.0 
i. io2  
!. 102 
I. 102 
1.102 

0.99a c . 6 ~ 1  
0.998 0.684 
0.998 0.684 
0.998 0.684 
0.998 U.684 

0.998 0.684 
0.998 0.684 
0.998 0.684 
0.998 0.684 
C.998 3.684 

0.998 0.684 
0.998 D.68* 
0.998 0.684 
0.998 0.684 
0.998 0.684 

0.998 0.684 
0.??8 0.684 
0.998 0.684 
3.998 0.684 
0.998 0.684 

0.998 0 . 6 8 ~  
0.998 0.684 
0.998 0.684 
0.998 0.684 
0.998 0.684 

0.998 3.68k 
0.998 0.604 

0.998 0.63;r 
0.9Y8 0.684 

0.998 0.684 

0.998 0.684 
0.998 0.634 
0.998 0.584 

0.998 0.684 
0.998 0.6E4 
0.998 0.684 
0.998 0.684 
0.998 0.684 

0.993 D.684 
0.998 0.684 
0.998 0.684 
0.99E 0.684 
0.998 0.584 

0.998 c.6ak 

0.998 0.684 

1.313 0.411 
1.013 0.411 
1.015 0.411 
I.010 0.411 
1.010 0.411 

1.ato 0 . 4 i 1  

i . o i a  0.441 
1.010 0.43 I 

i .Oi0  0.411 
1.010 0.411 

1.310 0.411 
1.010 0.411 
1.013 0.411 
i . 0 tZ  0.41 I  
i.010 0.4t1 

1.310 0 . 4 I I  
1.010 0.411 
1.010 0 . 4 i I  
I.0:O 3.4ii 
i . O t 0  D.UiC 

1.310 0.141 I 
1.010 0.411 
1.010 0.411 

1.010 0.411 

1.010 0.411 
1.010 U.411 
1.010 0.411 
1.c10 0.41 I 
1.010 0.4I I  

1.010 0.blI 
1.010 f l .ht1 
1.010 0.411 
I .O i0  0.411 
1.010 fl.411 

{ . U i G  0 . 4 i !  
i.010 0 A i I  
1.090 r i . b l !  
s.010 c.411 

1.010 0.411 

1.010 u.411 

1.310 0.431 
1.0:z 0.41; 
i .Ol0 G.?8 I 
i .0 :u  O . & l !  
8.010 O . g l l  

33.93 
33.93 
33.90 
33.90 
33.90  

3.0788 
3.0788 
G.3798 
0.3786 
u . o m ~  
0.0788 
0.0786 
0.0788 
0.0788 
0.0788 

3.0788 
0.0786 
0.0788 
0.0788 
0.0780 

0.0788 
C.0788 

0.232 
0.230 
0.230 
3.230 
0.230 

0.238 
0.230 
0.230 
D.230 
0.238 

0.230 
0.239 
0.230 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
c.230 

i .970 
1.97i: 
1.970 
1 .PI0 
I .97a 

1.970 
1.970 
1.970 
i .970 
i .970 

: .970 
1.970 
1.970 
I e970 
I .970 

I .978 
1.970 

: .9?0 
t.970 

I .  970 

1.575 4 
i.575 4 
i.575 4 
1.575 4 
1.575 4 

I t  
11 1.102 

1.890 
1.890 
I - 890  
1.890 
1.890 

> - 8 9 3  
1.692 
I .a90 
1.890 
1.890 

60 .O 
61 .U 
65.0 
57 .O 
70.0 

71 .C 
71 .0 
71 .0 
71 .0 
80.0 

80 .O 
60 .O 
E2.O 

81 .o 
81 .O 
87 .3 
87 .o 
87 .0 
87.0 

87 .O 
97.3 
89.0 
89.3 
89.0 

89.0 
89.0 

8 1  .a 

33.90 
33.90 
33.90 
33.90 
33.90 

33.90 
33.90 
33.90 
33.90 
33.90 

33.90 
33.90 

1.575 4 
1.575 4 
1.575 4 
1.575 4 
1.575 4 

1.595 4 
f.575 4 
1.575 4 
1.575 4 
l .575  4 

1.575 4 
i.575 4 
i .575 la 
1.575 4 
1.575 1( 

1.575 4 
! . 5 7 5  4 
1.575 b 
i.575 4 
j.575 4 

1.575 4 
1.575 4 
r .575  4 
i.575 4 
I .575 4 

1.575 4 
1.575 4 
1.575 4 
1.575 4 
1.575 4 

1.575 la 
1.575 4 
1.575 4 
1.575 4 
1.575 4 

1.575 4 
1.575 4 
1.535 4 
1.575 '+ 
1.575 4 

1.893 
i .E90 
1 .E90 
I .  890 
1.890 

~~ ~ 

33.9i; 
33.90 
33.90 P 

n, 
0 1.890 

I .BY0 
I - 8 9 0  
! .e90 
I. 89U 

I .e90 
1.890 
i - 8 9 3  
5. E90 
1 .a90 

i . E90 
1.890 
I. 890 
i .a90 
I .89C 

1.890 
8.990 
I .  890 
I .  890 
I .890 

1.890 
I .  890 
1 .890 
I .E90 
1.890 

33.90 
33.90 
33.90 
33.90 
33.943 

33.90 
3 3 . 9 0  
33.90 
33.92 
33.90 

33.90 
3 3 . 9 0  
33.90 
33.90 
33.90 

0.0768 0.23il 
0.0788 0.238 
0.0768 0.230 

i - 9 7 3  
1.970 
1.97@ 
1.970 
1.970 

i -970  
i .970 
I .37c 
1.970 
1.970 

1 .Y70 
5.970 
1.970 
1.972 
I .9-u 

! .9?0 
f .P70 
1 .970 
1.970 
1.9713 

I .9FO 
: .970 
: .970 
: -970 
i -973  

0.0789 
n.mm 
0.0789 
0.0788 
0.0768 
2.0768 
0.C788 

E . O J B 8  
0.0788 
0.0788 
%.0786 
0.0786 

0 . 2 3 0  
P.230 

0.230 
0.233 
0.230 
0.230 
0 .230  

0.230 
0.230 
0.230 
0.2313 
0.230 

22.63 
18.31 
7.01 

10.33 
15.43 

lbO.0 
I03  .o 
103.0 

I03 .o 
103.0 

S.9! 
1.24 
2.01 
9.55 
5.89 

3 - 7 9  
16.74 
12.76 
10.46 
8 . 6 3  

33.90 
33.90 
33.90 
33.90 
33.90 

33.90 
33.90 
33.90 
33.90 
33.90 

0.0788 
0.E788 
0.0788 

c.230 
G.233 
0.23u 
0.233 
0.230 

0.230 
0.230 
0.230 
0.230 
il . 2 30 

I !  
11 

101 .o 
113.0 
118.0 

$11.0 
12;.0 
I20 .o 
120 -0  
120.8 

0.0788 
0.0788 

0.07d8 
ii.c7~cd 
0.0798 
0.0788 
0.0788 



Y’ l  4 I I ” 
I 

x it 

Table A-3 (cont inued)  

991 
9 92 
9 93 
994 
995 

996 
997 
998 
9 99 

I ooa 
1001 
1002 
1003 
I 004  
I 005 

I 0 0 4  
I007 
1008 
I 0 0 9  
I O I O  

l O I t  
1012 
1013 
1014 
1015 

1016 
1017 
i o 1 8  
IO19 
I020  

1021 
I O 2 2  
IO23 
I024  
I025  

I 0 2 4  
1027 
I028 
I 0 2 9  
I030 

I031 
I532  
1033 
I034 
I 035  

4.97 
4.05 
4.58 
4.39 

23 94 

20.59 
7.64 

18.65 
12.69 
9 A 2  

4.53 
2.96 

13.34 
7.32 
4.26 

9 -23 
I .70 

24.90 
26.94 
20.93 

I I .77 
17.34 
7.59 

20.27 
10.99 

26.03 
20.59 
16-27 
6.15 

I 8  -65 

7.80 
5.02 

24.90 
22s74  
20.43 

12.30 
19-95 
17-34 
14.65 
$1.98 

I I .64 
7.61 
4.45 
7.09 
3.71 

9.16 
9. 16 
6.80 
5 - 9 3  

10.33 

13.16 
18.89 

6.54 
7. T 4  
6 . 1 6  

12.43 
11.12 
6. I 5  
7. E6 
9.42 

I). 92 
9.55 

27.55 
13.66 
1a.50 

25.24 
18.73 
23.28 

8.69 
7.13 

4. 84 
7.59 
9.66 
3.13 
3.09 

8.63 
10.44 
15.75 
1 9 - 1 0  
22.31 

12.56 
9.42 

IO,8b 
i1.51 
10.86 

10.41 

1 3 - 6 6  
9.29 

l 0 ,99  

I 2. sa 

i 23 .0 
121 .a 
I 3 2  .O 
141 .o 
71 .O 

70 -0  

93 .0 
93 .G 
90 .O 

91 -0 
91 .O 

03.0 
03 -0 

31 -0 
31 .0 
45 - 0  
5J.O 
50.0 

55 .Q 
51 $0 
54 .O 
55 .o 
55 .O 

6 8 - 0  
68.0 
68 .O 
68 .0 
91 .O 

91 .0 
92 .D 
45 .o 
45.0 
45 -0 

54 .0 

5 5  “ 0  
55 ,D 
63  .0 

63 .O 
63 .D 
63 -0  

65.0 

7 1  .a 

oa .a 

55.0 

65.0 

1 .89C 
I. $90 
I .89U 
I - 8 9 0  
2,244 

2.244 
2.244 
2.244 
2.244 
2.244 

2.244 
2.244 
2.244 
2.244 
2.244 

2.244 
2.244 
2.795 
2.795 
2.795 

2.795 
2.795 
2.795 
2.195 
2.795 

2.795 
2.795 
2.795 
2.795 
2.795 

2.795 
2.795 

3.150 
3,150 

3.153 
3- 150 
3-  1 50 
3, E50 
3. I 5 0  

3.150 

3.150 
3.150 
3. IS0 

3. i s a  

3. I 50 

0.998 0 . 6 9 4  
0.998 0.684 

0.998 0-684 
0.998 0.684 

0.998 D.b84 
0.998 0.684 
0.998 Cb684 
0.998 O.6E4 
0.998 O - b B c i  

0.998 0.684 
3.998 0.684 

0.998 0.68S 
0.998 0.684 

0.998 0.084 

0.998 0.684 

0.999 0.684 
0,998 0.684 
0.998 0.684 
0.998 0.584 
0.958 0.684 

0.998 0.664 
0.998 C.684 

0,9?S O.6f34 
0.998 0.684 

0.998 0.684 
0.998 3.684 
0.998 0.684 

0.998 0.684 

0.998 0.1584 
0.998 0,664 
0.998 0.684 
0-996  0.684 
0.99e 0.654 

0.998 3.684 

0.998 0.684 

0.998 0.684 

0.998 0,68:, 
0.998 0.684 
0.998 0.664 

0.998 0.684 

0 . 9 9 ~  0.684 

o.wa c . 6 ~  

0 . ~ 9 8  0.684 

0 . 9 9 ~  0.684 

0.99a 0.684 

1.010 0 . 4 $ 1  
1.013 0.411 
1.010 0.411 
1.010 0.41J 
1.010 0.411 

1.010 0.411 
1.010 0.4lJ 
1 ~ 0 1 0  0.411 
1,010 0 . 4 1 1  
i.aia 0 . 4 1 1  

1.ffICl 0.411 
1.010 0.411 

1.010 0.411 
1.010 0.411 

I . ~ I U  n.411 

.Ill0 0.411 
*OlC 0.4lI 
.OIn 0.411 
.010 0.411 
.a10 0.411 

.010 0.411 

. D l 0  0.411 

.OIO 0.411 

.E10 0,411 

. a la  0 .411  

. c i a  c . 4 1 ~  
,010 0 . 4 l i  

.010 0.411 

.OIO 0,!4I? 

.OI0 0.411 

1.010 U.411 
1.010 0.411 
1,010 0.411 
1.010 0,411 
r e n i n  0 , 4 1 1  

t , O l O  0.411 
I . O I 0  0.411 
9.010 0.416 
1 , O I O  o,l(ri 
I . O I 0  U.4lt 

1,010 0.411 
I.210 0.4 l l  

1.010 0.411 
I.010 0.411 

i.t l ia 0.411 

33.90 
33.9 D 
33.50 
33.90 
33.90 

33.90 
53.90 
33.90 
33.90 
33.90 

33.90 
33.90 
33.90 
33.90 
33.90 

33.9 0 
33.90 
33.90 
33.90 
33.90 

33-90 
33.90 
33.90 
33.90 
33-90 

33.90 
33.9u 
33.90 
3 3 , ? 0  
33.90 

33.9@ 
33.90 
33.90 
33.90 
33.90 

33.90 
33.90 
33.90 
33.91: 
33.90 

33.90 
33.90 
33.90 
33.90 
33*90  

0.0788 
0.9790 
0,0790 
0,0790 
0.0790 

0.0790 

0.0790 
0.0790 
0.0790 

0.0790 
0.0790 
0.0790 
0.0790 
0.0790 

0,3790 
0.0790 
0.0790 
0.0790 
0.0790 

3.0790 
0,0790 
0.0790 
0.0790 

0.0790 

0. a790 

0.0790 
0.0790 
0.0790 
rll,Q790 
0.0790 

0.0790 
0.0790 
0.0780 

0.0768 

C.0788 
0.0788 
0.0788 

U.O?88 

0.0?88 
0,0788 
0.0788 

0,0788 

0.0788 

o+o?a8 

o,a788 

0.230 
0.230 
0,23Sl 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0,230 

0.230 
0.230 

0.230 
0.230 

8.230 
0.230 
0.230 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0,230 

0.230 
0.230 
0.230 
0.23C 
0,230 

0.230 
0.230 
0.230 
0,230 
0.230 

0.2313 
0.230 
0.230 
0.230 
0.230 

0 .230 

1.970 
1 -970 
I .970 
1.970 
I .  970 

I .970 
t .9?0 
I. 970 
I .970 
I .9TO 

I .  9 T O  
I .970 
I .970 
I .970 
1.970 

1.970 
-970 
.970 
.975 
.970 

.970 
-970 
.9?0 
.970 
.970 

.970 
-970 
-970 
.9?0 
-970 

1.970 
I .970 
1.970 
I .970 
1.970 

1.970 
I .970 
1.970 
I .970 
f .9?0 

1.970 
1.970 
I .970 
1.970 
i. 970 

I .575 
1.575 
1.575 
I .575 
1.575 

I .s75 
I .575 
1.575 
1.575 
1.575 

IS75 
I .575 
1.575 
I .575 
I .575 

1.575 
I .5?5 
I. 575 
1.575 
1.575 

I 575 
1.575 
1.575 
I .575 
1.575 

I .575 
1.575 
1.575 
1,575 
I .575 

1.575 
I .575 
I .575 
I .575 
1.575 

I .575 
I .575 
1.575 
I .5?5 
1,575 

1.575 
I .575 
I .5?5 
J .575 
1.575 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
tr 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

I 
I 
i 
I 
I 

1 
I 
1 
I 
I 

I 
I 
I 
I 
1 

I 
I 
I 
1 
I 

I 
1 
I 
I 
1 

I 
I 
I 
I 
I 

I 
I 
1 
I 
I 

I 
I 
I 
I 
1 

I 
I 
1 
1 
I 

I 
1 
I 
I 
I 

1 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
1 
I 
I 
I 

1 
I 
I 
I 
I 

I 
I 
i 
I 
I 

I 
1 
{ 
I 
I 

I 
I 
t 
I 
I 
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?able A-3 (cont inued)  

P 
(cycles 

n l n j  

2 
(in.) 

S 
(in. j 

1) 

(in.) Tr* CP* Cf*  E 

I084 3.59 
I082 10.49 
L 083 11.18 

4. 18 
9 . 3 3  

15.05 
25.75 
52.Y5 

215.0 
98.8 
61 .o 

129.0 
199 .e 

0.218 
0.218 
0.218 
0.210 
0,233 

O . Z L 8  
I .DO0 
I .000 
I ,000 
I . o m  
1 .ana 
I 000 

1 .XI@ 
I .out 

1 .goo 

t .392 
f -092  
I ,292 
c.994 
3.998 

U.994 
i ,275  
I .275 

1.275 
i . i r s  

0,803 7.860 0.605 3.70 
0.833 7 . 6 6 %  O.tC5 3.20 
0,803 7.860 0,605 3.70 
C,832  U.926 0.550 28.00 
c.892 0.924 o.sm 28.00 

0.892 0 ,926  0.550 28.00 
0.765 3.1r25 1.420 (6.50 
0.765 3.425 1.420 16.50 
C.765 3,%25 1.420 t 6.50 
C.755 3,S25 1.420 14.50 

o. 0860 
O.UR60 

0.200 
0.200 
3.200 
0,200 
0.200 

0.200 
0.230 
0.250 
0.230 
0.235 

0.250 
0.230 
0.230 
0.230 
0.230 

I-895 

I .%95 
1.895 
1.895 

1.895 
2.000 
2.000 
2.000 
2.00@ 

2. 000 
2.000 
2.000 
2,000 
2.000 

).a95 
2.GOO 

2.000 
2 * 000 
2.000 

2.003 

2.000 
1.920 
1,920 
I .923 
1.920 

1.920 
i -920 

4 1  I 
4 1  I 
$ 1  I 
4 1  I 
4 1  I 

4 1  I 
4 1  I 
4 1  I 
4 I I 
4 1  I 

4 1  I 
4 1  I 
4 1  I 
4 1  I 
4 1  1 

4 1  1 
4 1  I 
4 1  I 
4 1  I 
4 1  I 

4 1  1 
4 1  I 
4 1  I 
4 1  I 
4 1  1 

4 1  I 
I , 1  1 
4 1  I 
r, I I 
4 1  I 

4 1  I 

0 -0860 
0.0860 
a. 0060 

I 084 P h . 7 0  
1385 59.23 

1084 20.43 
i 387 9 5  -90 
1088 68.4LI 
I OB9 4 1 - 1 2  
I O 9 0  1 9 - 8 3  

I091 9.59 
1092 15.06 
to93  97.63 
# 094 69.90 
1095 i 62 .8C 

20,413 
2 6 . 5 0  
2C.l- 5u 
% I . i O  
35.67 

28.77 
45. I4 
29.*0 

1.3% 
3.25 

6 , 3 0  
8.31 
1 .b?i 

2 4 - 2 5  
13.39  

33.40 
35.60 
26.63 
25.70 
i 2.70 

21.73 
iB.IY0 

29.20 
8 7 - 5 0  

53.50 

48. ro  

236.2 
7D.0 
Y2.C 
72 .G 
73 .O 

73,O 
53.0 
93.0 
93.2 
70.0 

0.0840 
0.1255 

s. I 2 5 0  
0.1250 

0. f 250 
0.. I 2 5 0  
0. I250 
0. I250  

o. I 250 

0. t 250 

8.275 0.785 3.425 1.420 16.50 
1.275 0.765 3.425 l .420 16.50 
1.275 C.765 3.425 1.420 16.50 
1.206 3 . 8 i 3  !,380 1.763 13.80 
1.206 3 , 8 1 3  t e 3 m  1.760 15.80 

1.256 D,E!3 i .380 1.76C 13.80 
t .206 0.613 1.380 1.760 13.83 
i.zm 0.813 1 . 3 8 0  1 . 7 6 ~  1 3 . 8 ~  
! .z(a 3.819 t ,wo  1.7an 13.80 
1.36a 17,925 5 . a m  3.120 14.90 

1,360 c.925 5.350 3.1213 1 4 ~ 9 0  
1.340 0.925 S.ir50 3.123 i4 .9C 

1,350 P - 9 2 5  5.350 3.125 14.90 
( - 1 6 8  0.820 2 - 2 i Z  3.270 9.40 
t . i 6 8  0,820 2.215 3.275 9.$tG 

t.lSB n-823 2.230 3.270 '7.40 
1. t58  0.920 2.210 3.273 9.40 
0.937 0,1320 0-921! 3.270 5 2 - 6 0  
&?9? 0 - 8 2 3  0.920 3,2?C 12.80 
1.333 0,820 C.G.20 3.27: L O * Z 3  

i.uo3 0,320 0.920 3.270 23,20  

~ _ _  
1.920 
2,OOD 
2.000 

1096 315.53 
1097 4l4.03 
I 0 9 8  I47.8O 

55.0 
35 .o 
7 3 , o  
IJ.0 
90 .a 

42-0  
67.0 
93 -0 
53*0 
70. D 

53-0 
73.C 
59.9 

0 ,  I 250 
0,1250 
0. I250  

0,230 
0.230 
0.230 
0.235 
0.210 

0.210 
0 ,210  
0.210 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

0.230 

2.000 
2 s 000 
2,000 
2,000 
I .019 

1.019 
I .0!9 
I .019 
2.000 
2.000 

2.000 
2.003 
2.000 

2.090 

2.000 

2. no0 

2.003 
2.000 
2 000 

1.243 

1.243 
I .2b3 
I .243 
2.000 
2. Don 

2.000 1099  120.8U 
i t o o  25-70 

! i o 1  b9.93 
1102 102.83 
I la4 76 -00 
1104 128.40 
I I05 63.1s 

I106 f08.30 
1 I37 4 9  -80 
I 138 9.80 
1 I 09 %e90  
I I10 8 - 7 3  

I I I I  5 . 8 0  

G r o ~ p 2  h t d :  

0. I250  
0.0450 

0.0450 
3.04 50 
0,0450 
0.1250 
0. I250 

0,1250 
3.1250 
0. I255 

0. I250 

2.1258 

a. t 250 

2 .000 
2 -000 

2,009 
2.000 

2,000 
70.0 
57.2 

73.0 2.000 

21.50 
20.98 
2t(.4G 
2b.49 

24,411 
35.90 
38.90 
35.?0 
58.50 

58.50 
53.50 
18.00 

78.00 
28.00 

52.5 
45 .a 

140.0 
123.0 

82 .E 
f 33 .D 
! f ? . 3  
71r.0 
55 .0 

55.0 
55 -0 
43  .€I 
44.u 
44.0 

8.1057 
0. iDb3 

0.288 
0.2t3~ 
0.230 
0.230 

0.230 
0.230 
0.230 
0-230 
0.230 

0,230 
0.230 
0,230 
0.230 
0.23~1 

I .530 
L .so0 
0.980 
c.950 

0.950 
0,980 

0,380 
0.980 

0.980 

0.980 
0 * 980 

0.980 
0.980 
0 980 

I I500 
I .  50U 
2 * 000 
2.000 

2. oa3 

2. noa 
2.000 

2. 000 
2.00il 

2 * on0 
2.000 
2.000 

2.000 
2. a m  

2 1  4 
2 1  k 
2 1  I 
2 1  I 

2 1  1 
2 1  1 
2 1  I 
2 1  I 
2 1  I 

2 1  1 
2 1  I 
2 1  I 
2 1  I 
2 1  1 

i I JB 15.50 
I l l 7  24 -80 
1118 24.82 
I I  19 24-83  
8120 37.23 

I !21 37-20  
I 122 37,20 
1 I23 49.60 

1125 40.60 
1124 49,60 

O,O3t 3 
5.0313 
0 . 0 3 ) 3  
0.0313 
0.0313 

0.03 I3 
0.031 3 
0.0313 

1,125 
0,  5ou 

0. 750 
1,125 
U. 500 
O.?SU 
1.b25 

Obi313 
0.031 3 
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T a b l e  A-3 (cont inued)  

Ooint 
No ~ 

F A 
( in . )  P <  u u  

(centipoise j 

Y 

cm) 
(m d 

(ill.) 
E S 

(in.) 
D 

(in.) Tr* CP* Ct* (cycles 
N i C )  

16-00 
16.00 
16.00 
I6.0G 
16-00 

16.00 
16.00 
16.03 
16.00 
16.00 

16.03 
16-00 

a. I 250 
0. I 2 5 0  
0. I 250  
0.1250 
0. I 2 5 0  

0. t 250  
0.1250 

0, I 2 5 0  
0.1250 

0. I 2 5 0  

0.230 2.000 

0,230 2.000 
0.230 2.~00 

2.000 
2.000 

2.000 
2.000 

2.000 
2.000 
2. on2 
2 * 000 

2.003 

2.000 

I261 
I 2 6 2  
1263 
1264 
1265 

I 2 6 6  

I 2 6 8  
I 2 6 9  
1270 

1271 

1 2 6 r  

10.70 42.80 
16.02 64.08 
21.40 85.60 
10.73 42.80 
16-02 64.08 

18.72 74.88 
8.02 31.38 

12.02 48.08 
16.02 64.08 
21.48 85.60 

29.40 117.60 
8.02 31.08 

21 -40  85.60 
l0.7Cl 42.50 
18-72 74.88 

29-43 117.60 
19.53 43.10 
32.80 72.50 
37.00 81.70 
61.90 34.10 

79.10 43.60 

94.60 52.tO 
61.90 34.30 
94.60 52.10 

94.60 52.10 
9 4 . 6 3  52.13 
74.10 43.60 
79.10 43.60 
62.00 34 .20  

36.20 101.50 
103.40 69.00 
31-30 68.90 
39.63 87.40 
35.43 78.30 

40.?0 90.40 
97.00 i00.00 
64.00 66.00 
36.10 37.20 
20.80 82.80 

12.70 50.80 
7.40 29.lrO 
3.00 11.97 

206.20 61.50 
155.10 31.23 

79-IO 43-60 

1.003 1.013 
1.000 1.013 
1.000 1.013 

0.802 
0,802 
0.802 

1.313 0.802 
( - 0 1 3  

I .OI  3 
1.013 
I .013 
I .at 3 
i -05 3 

1.013 
1-31 3 
I .OI  3 
1.013 
1.013 

1.013 
1 .Ob0 
1.060 
1.060 
i,ooo 
I .ooo 
I .000 
1.000 
I .DO0 

1 .OD0 
I .oao 
f .000 
1.000 
I .nil0 

I .a92 
I .OD0 

I .OD0 
I.000 

I .ROO 
1.063 
I .Ob3 
! ,063 
1 . 1 1 1  

l . l f I  
1 . l i l  
1 . 1 1 1  
1 a 2 7 5  
I .275 

I . o m  

I .mo 

0.970 1.3CO 
0.97@ 1.3CO 
0.970 1.300 
U.970 1.300 
9.970 1.3co 

I 1  r 
I 1  1 
I 1  I 
I I  1 
1 i  I 

I 1  I 
I 1  I 
I 1  I 
I t  I 
I 1  1 

1 1  1 
I t  I 
I I  I 
1 1  I 
I I  I 

I I  I 
2 1  I 
2 1  1 
2 1  I 
I 1  I 

{ I  I 
I I  I 
I 1  I 
I I  I 
I 1  I 

1 1  I 
I I  1 
I 1  1 
1 1  I 
I 1  I 

2 1  i 
I I  i 
I 1  I 
1 1  I 
i I  I 

I 1  I 
2 i  I 
2 1  I 
2 1  i 
I I  i 

I 1  I 
I 1  I 
I I !  
2 1  t 
2 1  I 

63.0 
43-0 ~.~ 
25 .O 
65 .O 
45.0 

1 .oa3 
I .OD0 

I .ooo 
I .a00 
I .003 
1 .000 
I ,000 

1.000 

0.230 2.000 
0.230 2.000 

0.230 2.000 
0.230 2.000 
0.230 2,000 

0.230 2.000 

0.230 2.000 
0.230 2.000 
0.230 2.000 

0.230 2.000 

0,230 2.000 
0.230 2.000 
0.230 2.000 

0.230 2.000 

u.23~1 2,000 

0.230 2.000 

0.230 2.000 

0.8C2 

0. a02 
0.802 
0.802 
0.8C2 
0.802 

0.802 
0- 802 
0.802 
0.802 
0.802 

0.802 
0.814 
0.014 
0 - 8 1 4  
0.814 

0 . 6 I U  
0.814 
0.81tr 
O.814 
0.814 

0.814 
0.814 
0.814 
0.814 
0.814 

0.314 
0.814 
0.819 
0.8t 9 
0,619 

35 -0  
8D.0 
65 -0 
53.D 
45.0 

35.0 
72.0 
25.0 
85.0 
53 .O 

35.0 
70.0 
53.0 
33.0 
71 .o 
53 .O 
35 .O 
25.0 

103.0 
73 - 0  

53 -0 
25.0 
35.0 
50.0 
73"O 

50 .O 
35.0 
53.0 
30.0 
50.0 

0 . 9 7 0  1.3CO 
0.970 1.3CC 
0.970 I.3CO 
0,970 1.3CiJ 
0,970 1.3CU 

0.970 1.300 
0.970 1.3C3 

0.970 1.3CO 
0.970 1.3C0 

0.970 1.380 

0.1250 
5.1250 
0. I250 

2.000 
2.000 
2.000 
2.000 
2.000 

2.000 
1.92G 
1.920 
1.920 
1.920 

I 2 7 2  
1273 
I 2 7 4  
4 275 

I .ooo 
I .  000 
1 .ooo 
I .u00 

~~~- 
16-00 
16.00 
16.00 

0.1250 
0. I 2 5 0  

0. I250 

0. I 2 5 0  
0. I250 
0. I 2 5 0  

0.1250 
0. I 2 5 0  
0.1250 
0.1250 
13. i 250 

0. I 2 5 0  
0 -  I250 
0. I 2 5 0  
0,1250 
0.1250 

0. I250  
0. I 2 5 0  

0.1250 
0. t 250 

0. I 2 5 0  
0.1250 
0. I 2 5 0  
0. 1 250 
0.1250 

0. i 250 
0. I250 
0.1250 
0. I 2 5 0  
0. I 2 5 0  

0.1250 

a. I 250 

1276 
I277 
1270 
I 2 7 9  
1280 

1281 
I282 
I 2 8 3  
I2811 
I 2 8 5  

I 2 8 6  
I 2 8 7  
1288 
I 2 8 9  
I 2 7 0  

1291 
I292  
1293 
I294 
I 2 9 5  

I 2 9 6  
1297 
1298 
I 2 9 9  
I 3OO 

1 3 n 1  
I302 
I303 
1301, 
I 305 

I .ooo 
I .  000 
I .DOC 
I .oou 
I ,DO0 

I .ooo 
I. 000 
I .OLIO 
tr. so0 
0.500 

0. 50a 
t .ooo 
I .000 
I .ooo 
I c OD@ 

I .ooo 
I .ooo 
I .000 

e. 970 
I .  120 
1.120 
I. I 2 0  
t .ooo 
1 .OOO 
I .ooo 

1.3CU 
I .63O 
1.630 
I .630 
1.630 

1.630 
I .63O 
I +630 
I .  630 
I . 6 3 3  

I .  630 
1.630 
I .63O 
t .63C 
I .630 

i A 3 0  
i .630 
t.787 
1.787 
I .787 

I .787 
I .  420 
I.420 
I .Q20 
1.1150 

I .450 
I .&SO 
I .45O 
1.420 
I .&20 

16,OO 
10.50 
1n.50 
i o . s n  
10.50 

10.50 
10.50 

10.50 
10.50 

10.50 
10.50 
10.50 
10.50 
10.53 

10.50 
10.50 
13.30 

10.50 

0.VO 2.000 
0.230 2.000 
0.230 2.000 

I. 920 
1.920 
I .  920 
1,920 
I. 922 

i .925 
1.923 
I .920 
I .?20 
I. 920 

I .920 
t.920 
3.920 
1.920 
1.920 

1.920 
1.920 
I .920 
I .920 
I. 920 

1.920 
1.920 
I I 920 
1.920 
I 920 

_ .  
I .300 
I .300 
1,000 

0.230 2.000 
0.230 2.000 

0.230 2.OOcI 
0.230 2.000 
0.230 2.000 

0.230 2.000 

0.230 2.000 

0.230 2.000 
0.230 2.000 

0 , 2 3 0  2,000 

0.230 2.00~1 

0.230 2.000 

0.230 2.000 
0.230 2.000 
0.230 2.000 
0,230 2.000 
0.230 2.000 

0.230 2.000 
0.230 2.000 

I .ooo 
I .COO 
I .ooo 
I *ooo 
I " 500 

1.120 
I .ooo 
I .ooo 
L .coo 
I IO00 

1.000 
0.940 

0,960 
I .040 

1.04U 
I .US0 
1.040 
3.425 
3.425 

0.~60 

I IO00 
l.000 

I .a00 
I .a00 
I .ooo 

t 3-30 
13.30 

30.0 
50.0 
70 .O 
90 .o 
30 .O 

0.819 

0.757 
e. 757 

13.30 
16.00 
16.00 
16.013 
17.12 

17. I O  
17.10 
17.10 
17.10 
J7.10 

1.000 
I .ooo 
1 .a00 
I .000 
1*000 

i .Oil0 
1. oaa 

G.757 
0,760 

n. r60  
0.760 
0.740 
0.765 
0.165 

53.0 

90 .O 
50.0 
713.8 

r u  .o 
0-230 2,000 
0.230 2.000 
0.230 2.000 
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’Cable A-3 ( c o n t x u e d )  

- 

“Y P o i n t  
NO. vc ( f t / h r )  

P A 
(cycles ( i n . )  

min) 

I396  
I397 
t 398 
d 3PV 
lOO0 

I408 
i 402 
I 4 0 3  
1 404 
I405 

I lsC6 
J 407 
1408 
1 e09 
1410 

i 4 l l  
i 4 i 2  
? S i 9  
i 4 i 4  
1 4 1 5  

1416 
1 4 i 7  
l 4 1 3  
l h l 9  
1420 

1421 
! 422 
i 423 
i 424 
l 4 2 §  

I 4 2 6  
I 4 2 7  
i 428 
i 1429 
14110 

143;  
I 4 3 2  
B 433 
s 434 
I k 3 5  

$ 4 3 6  
1437 

1439 
1433 

I490 

6.83 
6 - 6 3  
6.60 
6.80 
6.80 

6.60 
13.53 

6 .80  
6.8C1 
6.53 

6.83 
6.80 
6.80 
6.80 
6.80 

6.8G 
6.8G 

i 2.30 
34.33 
16.90 

33.53 
6.82 

15.50 
12.30 
54.39 

I 6.95 
33.50 
6.80 

13.50 
12.30 

34.33 
16.93 
16.90 
6.90 
6 .a0 

13.55 
6.80 
6 - 8 0  
6.80 
6.80 

6.60 
16.90 
33.50 

6.80 
(3.50 

49.45 
49.43 
49.43 
49.40 
49. 40 

49.40 
96.60 
49.40 
49. k0 
ia9.43 

49.40 
49.40 
LIP. 4 0  
49.CO 
k9.40 

49.40 
49.40 
43.90 
77.80 
39.30 

79.60 
49.40 
98.60 
43.90 
77.83 

39.30 
76.60 
4c.40 
98.60 
4 3. YO 

77.80 
39.30 
39.50 
349.4; 
49.43 

98.62 
49.43 
49.lrJ 
49. $ 3  
4 v . 4 5  

49.40 
39.30 

4g.4; 
93.5,’ 

78.60 

85.0 
75.0 
80.3 
78.0 
90.0 

90.0 
65.0 
90.0 
93.0  
88.0 

83.0 
85.0 
83.3 
85.0 
85.0 

65.0 
65.2 
65.2 
65.0 
90.0 

65.0 
I 0 5  .O 
85.0 

105 .0 
90.0 

lE3.0 
85.3 
70.2 
60.0 
75.0 

55.0 
70.0 
33.0 
60 .O 
94.0 

80.0 
103.3 

93.0 
103.0 
IU0.0 

i U 3 . 0  
:03.0 
93.3 
92.0 
75.0 

0. 600 
3.600 
0. 630 
0.600 
0.600 

0.600 
0.600 
0.600 
0.600 
0.600 

0.600 
0.600 

0.600 
0.600 

U. 620 
U. 600 
0.650 
0.600 
0.600 

0.600 

,J.300 
3.300 
G. 300 

0. 300 
0.320 
0.9GO 
0.903 
0. PO0 

0. 900 
0.93CI 
0.90% 
i .2u0 
0.502 

0.600 
0.600 
0.6C3 
0.633 
0.600 

0.60U 
0.600 
0.600 
3.60C 
3.600 

0.600 

0.3110 

Y d 
cID (dynes (P-1.) P C E 

cm? ( c e n t i p o i s e )  

I.CE8 0.950 
1.GBB 0.950 
1.06B 0.950 
1.088 @.I50 
1.072 0.128 

1.072 0.929 

1.072 0.929 
i.072 0.029 
1.072 0.929 

L.272 0.929 
1.072 0.929 
1.072 C.929 
1.072 0.929 
3.072 0.929 

1.072 0.029 
1.072 0.929 
1.072 0.P29 
f.072 0.929 
1.072 0.929 

1.372 0.929 
5.072 0.929 
1.072 U.92P 
1.072 0.929 
:.072 0.928 

i.372 3.929 

3.072 0.929 

.~ - - .  ~ 

1.072 3.P29 
1.072 3.929 
t.072 0.929 
1.072 0.929 

1.372 0.929 
I.Ui’2 0.929 
1.072 G.929 
1.072 0.929 
1.000 0.Bb9 

; -220  0.349 
1.000 0.949 
1.000 3.8Q9 
1.000 P.81&9 
1.c.x 0.349 

1.00G 5.854, 
1.000 2.849 
1.000 0.849 
1.350 0.849 
1.502 0.81;9 

13.980 3.080 
0.9@2 3.C82 
0.980 3.080 
0.980 3.080 
1.020 2.890 

1.020 2.890 
1.020 2.890 
1.020 2.890 
I.C20 2.890 
1.220 2.890 

!.022 2.890 
1.020 2.890 
.020 2.890 
,020 2.890 
.020 2.890 

.02% 2.69G 

.020 2.690 

.I320 2.890 

.020 2.390 

.320 2.990 

-020 2.890 
.G2U 2.893 
.020 2.890 
.020 2.890 
.E20 2.803 

14.50 
14.50 
! 4.53 
84.50 
13.nc 

! 3.00 
$3.00 
13.DC 
13.00 
13.00 

13.00 
13.00 
15.03 
I3.00 
I3.00 

i 3.30 
(3.00 
i 3.00 
13.oc: 
i 3.oc 

13.00 
tY.00 
i3.00 
t 3.01: 
13.oc 

.020 2.890 

.022 2.59c 

.022 2.590 

.a20 2.860 

.a20 2.890 

.U2O 2.89G 
- 0 2 0  2.890 
1.02i 2.b9C 
i.02U 2.8911 
3.900 2.2:O 

0.9CO 2.210 
G.YU3 2.217 
0.902 2.21C 
3.900 2.21 i  
0.900 2.210 

0.VC:: 2.210 
0.9us 2.21, ~~ 

3.900 2.2:U 
3.93u 2.210 
T;.9%D 2.210 

3.c0 
3.00 
3.0’3 
3.02 
3.02 

4.00 
S.OC 
3.00 
3.00 

I 0 . T C  

13.70 
13.70 
10.70 
0.72 
0.70 

0.70 
c.73 
0.75 
0.7o 
0.70 

9.1705 
0. I800 
G. 1150 
0. I 7 5 0  
0.2500 

0.188U 
0.1800 
0.1760 
0.1 130 
0.2503 

o. I e60 
0. r250 
0.0800 
0.2500 
0.1250 

0.G620 
0.2520 
0. I760 
0.1760 
0. I760 

0.1763 
0.8 160 
0.1760 
0. 1760 
0.1763 

0. ! 760  
0.1760 
3.  i 760 
0.1760 
U. I 7 6 0  

0. I760 
0.1760 
3. i 760 
0. i 760 
c;. I 7 5 0  

0.1763 
9.iJ625 
3.2500 
0 . ~ 8 0 0  
0.2500 

0.2500 
0 .  i 760 
G. 176Ci 
0.1760 
0.1760 

0.27b 
0.212 
0.154 
D.I54 
0.405 

0.410 
0.410 
C.294 
c.32’7 
c.231 

0.236 
0.231 
0.258 
0. t 08 
0.101 

0 . : 0 3  
0.~65 
0.294 
C.293 
3.294 

0.294 
0.294 
0.294 
0.294 
0.294 

0.291, 
0.294 
0.294 
2.294 
0.294 

0.294 
0.294 
0.294 
0.294 
0.294 

G.29b 
13. 103 
0. IO8  
0.258 
0.231 

0.405 
0.204 
0.294 
2.294 
0.294 

Tr* CP* Ct* s D 
( in . )  (in. j 

1.1013 
1.430 
?.210 
1.210 
! .U7U 

1.070 
1.070 
I .070 
1.070 
1.0aa 

I .270  
1.070 
I .070 
! .U70 
1.070 

A . o m  
I .  070 
: .070 
1.07n 
1.U7G 

I .O?O 
1.070 
! .070 
I .070 
1 .I370 

- 0 7 0  . 273 
.E73 
.070 
.07O 

.070 
,070 

; -070 
1.070 
1.072 

I - 0 7 0  
1 - 3 7 0  
1 .G70 

.070 

. o m  
-070 
.E73  . 073 
.070 
.07E 

3.000 
3 000 
3.000 
3.000 
3.000 

3 .DO0 
3.000 
3. 000 
3.000 
3 .  one 
3.000 
3. m u  
3.000 
3.000 
3.000 

3.0013 
3.030 
3.300 
3.UO2 
3 .  ODD 

3.000 
3.000 
3.000 
3.000 
3.003 

3.000 
3.0IJO 
3.300 
3.530 
3.002 

3.000 
3. DO0 
3.000 
4.002 
3.033 

3.000 
3.OOG 
3 .  000 
3.000 
3.000 

3.000 
3.000 
3.000 
3.OG3 
3.003 

+ 
11 
4 
4 
4 

4 
4 
4 
”) 

4 

u 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

4 
4 
11 
4 
4 

4 
4 
4 
4 
4 

4 
k 
4 
4 
4 

4 
4 
11 
4 
4 

1 
I 
I 
i 
j 

I 
I 
i 
1 
1 

I 
I 
I 
1 
I 

I 
i 

1 
3 

I 
I 
I 
L 
I 

I 
I 
I 

I 

I 
I 
I 
1 
I 

I 
I 
i 
! 
I 

I 

i 
I 

47 
J49 
49 
5 0  
51 

51 
S I  
51 
51  
51 

51 
51 
51 
51 
51 

51 
51 
5 1  
51  
51 

51  
5 1  
5 1  
51 
51 

51  
51 
51 
52 
51 

51 
51 
51 
51 
51 

51 
51 
51 
5 1  
51 

51 
51 
51 
51 
51 

P w 
0 
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Table A-3 (continued) 

E 
(cycles 
mi.?) 

k 
(in.) 

Point 
BO. "12 < f t  

S 
(in.) 

D 
(ir..) 

d 
(in. j T r *  iP* Ct* 

G r o q - l l  Data: 
1532 163.90 
1533 144.23 
t 534 58 -40 
1535 0.49 

I 5 3 6  0.98 
I 5 3 7  2.18 
I 5 3 8  8.39 
t 539 13.82 
I 5 4 0  95.43 

I 5 4 1  77.30 
I 5 4 2  59.90 
1543 87.33 
I 5 4 4  I 3  -70 
1545 33.50 

I 5 4 6  27 .90  
1547 29.50 
1548 39.50 
I 5 4 9  27.90 
1550 61.00 

1551 71 .SO 

I .092 
! e 0 9 2  
I .092 
1.213 

I .213 
I .213 
1.213 
1.213 
I .003 

I .OL3J 
I e003 
I .DO3 
1.196 
1.196 

I. 196 
1.196 
1.196 
I .  I 9 6  
1.196 

1.194 

1 .  196 
1.196 
1 .  196 

I IO0 

I. I00 
I .  rnn 
I. 100 

1 .  100 
t.100 
I .  I00 
t.100 
1.100 

9.100 
1,100 
I .  I00 
1.100 
I "  100 

I.100 
l.lO0 

1 196 

1 . 1 0 0  

1.630 
f - 530 
1.630 
1 .750  

1.750 
t .?SO 
I .?SO 
1 .?SO 
3.270 

3.270 

3,270 
2.290 
2.290 

2.290 
2.290 
2.290 
2.290 

3.270 

2.290 

2.290 
2.290 
2.290 
2.290 
2.290 

1.970 
1.970 
I . 9 t Q  
1.970 
t.970 

1.970 
1.970 
1.970 
I .  970 
t ,970 

t .970 
1,970 
1.970 
1,970 
1.970 

1.970 
f -910 
1,970 
I. 970 
1.970 

1.120 
1.120 
1.120 
1.450 

f .4c0 
I .4CO 
I .4C0 
I .&CO 
0.920 

0.920 
0.920 
0.920 
1.196 
1.196 

1.196 
1.194 
1.196 
1.196 
1.196 

1.196 
4,. I96  

1.196 
1,196 

1.170 
1.170 
1.170 
1.170 
1.170 

1.170 
1.f70 
1.170 
i . t 7 0  
l.170 

1.170 
!.I70 
I . 1 7 0  
1.170 
1.170 

1.170 
1.170 
1.170 
1.170 
1.170 

r . 1 9 6  

10.50 
10.50 
10.50 
13-60 

13.60 
13-40 
13.60 
13.60 
20.20 

2 0 - 2 0  
20.20 
20,20 
19.50 
I9,50 

19.50 
19.50 
19.50 
19.50 
19.50 

19.50 
l9.5D 
19.50 
19.50 
1 9.50 

16.00 
16.03 
16.00 
t 6-00 
16.00 

16.00 
16.00 
(6 .00  
f 6.00 
I6.00 

t b.00 
16.00 
16.00 
16.00 
lS.00 

16.00 
I 6 , O D  
16.00 
16-00 
I6.00 

0.1250 
0,1250 
0. I250 
0.1250 

0. I 2 5 0  
0.1250 
0.1250 

0.100 
0.100 
0.100 
0.100 

0.100 
0.100 
0+100 
0. LOO n. 100 

0.1013 
0.100 
0. I00 
0.330 
0.330 

0,330 

23.43 
20. 90 

33.0 
50.0 
70.0 
73.0 

52.0 
35.0 
50.0 
35.0 
50.0 

53.0 
73.0 
50 .O 
50.0 
63.0 

I .ooo 
I.0UQ 
I .ooo 
1 .ooo 

0.814 
0.814 
0.814 
0.8t6 

0.816 
0.816 

2.noo 
2.000 
2.000 
2.000 

1.923 
I .  920 
1.920 
2.003 

3 2  5 
3 2  5 
3 2  5 
4 2  5 

4 2  5 
4 2  5 
4 2  5 
4 2  5 
4 2  5 

4 2  5 
4 2  5 
4 2  5 
3 2  5 
3 2  5 

3 2  5 
3 2  5 
3 2  5 
5 2  5 
3 2  5 

3 2  5 
3 2  5 
3 2  5 
3 2  5 
3 2  5 

8.35 
24.70 

49.00 
108.50 
41.40 
98.60 

9.60 

7.70 
6.00 
1.70 

J 3 J 0  
33.40 

27.80 
29.50 
39.4D 
54.80 
61.00 

71.50 
83.73 
8G. 70 
83. T O  
39.50 

1 .ooo 
1.000 
1.000 
1.000 
I .000 

2 * 000 
2.1300 
2.0013 

2 * 000 
2. no0 

2.000 
2.000 
2,000 

2.000 
2. a03 

2. on0 

2.000 
3 e aoo 
3 . ~ 0 0  

2.000 

0;8f6 
0.816 
0.620 

0.1250 
0.125C 

I .OD0 
1 .000 
I .  000 
0.909 
0.909 

0.909 
0.909 
0.909 

0.909 

0.909 
0.909 
0.909 
0.909 
0.909 

0.909 

0.909 
0. 909 

0.909 

0 L 909 

0.909 

0.909 
0.909 
0.909 
0.909 
0.909 

0.909 
0.909 
0,909 
0.909 
0.909 

0.9239 

0.820 
0.820 
0.820 
0.874 
0.874 

0.874 
0.874 
0.874 
0.874 
0.874 

O.874 
cis874 
0.874 
0.874 
a.871t 

0 -837 
0,837 

5. i 250 
0.1250 
0. 1250 
0.1780 
0.1780 

0. I 7 8 0  
0. I 7 8 0  
0. t 780 
0 ,  I 7ao 
a. I 780 

0.1780 
0. If80 
0. I780 
u. I760 
U. I S 8 0  

0.1 I80 
0.1 I80 
0.1180 
C.1180 
0.1 I80 

O.II80 
O.ll%O 
0.1180 
0.1 IBO 
O.ItB0 

0. I I80 
0.1 I80 
0.4180 
0.1 I80 
0,1180 

0.1180 
0.1 I80 
0.1180 
0,IISO 
0. I180 

2.000 
2.000 
2.000 
2.000 
2.000 

6D.O 
IOO.0 
100.0 
120,o 

50.0 

63 .O 
60.0 
73.0 
80.0 

103.0 

2 * 000 
2.000 
2.000 
2.000 
4.000 

3.000 
3.000 
3.003 
3.003 
3.000 

3.ClOO 
3.000 

3.  003 
3.00D 

3.000 
3.000 
3.000 
3,003 
3 DDU 

3,oao 

3.000 

3.000 

3.000 
3.000 

3.000 

3.000 
3.000 
3.000 

3.000 

3.000 
3.000 
3.000 
3.000 
3.000 

3,oao 

a. 330 
0.335 
0.330 
0.330 

0,330 
0.330 
0.330 
0.330 
0.330 

0-230 
0.230 

4, DO0 
4.000 
2( 000 
4.000 
4.000 

2. UOO 
2 .  ODD 

I 5 5 2  83 ;BO 
1553 80.83 
i 554 83 -80 
1555 39.50 

1556 61.2[1 
1557 114.50 
I558 117.00 
I S 5 9  132.00 
1560 126.00 

1561 158.50 
I 5 6 2  152.40 
1563 140.50 
1564 I l l  .TO 
1565 193.30 

1566 230.50 
1567 223.00 
1568 193-00 
1569 114.40 
I 5 7 D  131.15 

1571 214.40 
1572 338.60 
1573 316.00 
f 5 7 4  294.2D 
1575 275.20 

61.20 
114.50 
117.00 

IO3,O 
80.0 
83 .O 
70.0 
60 .0 

3 2  5 
3 2  5 
3 2  5 
3 2  5 
3 2  5 

3 2  5 
3 2  5 
3 2  5 
3 2  5 
3 2  5 

3 2  5 
3 2  5 
3 2  5 
3 2  5 
3 2  5 

0.837 
cj+837 
0.837 

0.230 

0.230 
0.230 

Looti 
2.000 
2.000 

132.00 
126.00 

158.50 
152.40 
140.50 
55.80 
9b.00 

115.50 
l I 2 , ~ U  
96.00 
28.60 
32.90 

6 3  .O 
50.0 
4Ll.0 

100.0 
83 .O 

40 .O 
50.0 
43,O 

100.0 
103.0 

0.857 
0.837 
0.837 
0.837 
0.837 

0.837 
0.837 
0,837 
0,837 
0.837 

0.837 
0.837 
0.837 
0.837 
0.837 

0.230 
0.230 

0.230 
0.230 

0.230 

a.230 
a.230 
0.230 
0.230 
0.230 

0,230 
6.230 
0.230 
0.230 
0.230 

2.000 
2.000 
2.000 
2.000 
2.000 

2 s 008 
2.000 
2.000 
2 s 000 
2.000 

2.000 53.60 
77.20 
79.00 
73.80 
68.80 

80.5 
b0.0 
63,O 
50.0 
53 e 0  

3 2  5 
3 2  5 
3 2  5 
3 2  5 
3 2  5 

-. ~ 

8.908 

0.909 
0.909 

0.909 
2 * 006 
2.000 
2 * 000 
2. (300 

l ; l o c  
l.lO0 
I. 100 



Table A-3 (continued: 

Point 
No. 

F 
(cycles 

min) 

A 
(in.) 

~ 

pc  pLl 
(centipoise) 

d 
(in.) 

D 
(in.) 

s 
(in.) E 

I 576  
I577 
1578 
1579 
3 583 

i 581 
I582 
I583 
1584 
I585 

1586 
1587 
i 588  
1 589 
1590 

3 595 
8 592 
d 593 
I594 
4 595 

I596  
t 597 
1596 
I599  
1530 

1601 
i 602 
1603 
1 6 0 k  
I bC5 

I606  
I 6 0 7  
I 6 0 8  
I 609  
l 6 l O  

1611 
1612 
1613 
151% 
1615 

1616 
1617 
16iEl 
1619 
1620 

236.80 59.20 
132.90 22.10 
231.50 38.S0 

367.80 61.20 

295.00 b9.30 
59.30 59.20 
86.70 86.80 

126.00 126.00 
$10.50 110.50 

358.30 59.70 

40.0 
103.0 
82.0 
50.0 
50.0 

40 .O 
I  OD .0 

6 3 . 0  
50.0 

80.0 

0. 909 
0.909 
0. 900 
0.909 
0.909 

0.9c19 

0.837 
0.839 
0.837 
0.837 
0.837 

0.837 
0.843 
0.843 
0.843 
0.843 

0.843 
0.8163 
0 . 6 ~ 3  
0.5Y3 
0.843 

0.643 
0.843 
0.843 

0.872 

C.672 
2.872 
2.612 

0.843 

I .  100 
r.100 
1.180 
i.100 
: . I00 

1.970 1.170 
1.978 1.1 70 
1.970 1.170 
1.970 1.175 
1.970 3.175 

16.03 
16.00 
3 6.00 
16.00 
36.00 

! 6.00 

O . l l r B 0  
0. I I80 
O. i  I80 
0.8 189 
0.i183 

0.1180 
0 .  L 130 
0.1180 
0. I I no 
0.3 180 

0.1 i o 0  
0. i I 80  
O.li83 
0.3 i E 0  
3.4 180 

13.1 162 
0.9 lei0 

i i . l l80 
S.id80 

2.1180 
2. i 180 
3.118C 
3. I 1 8 0  
0. i 160 

0.1 rec 

0.230 2.000 
0.230 2.000 
0.230 2.000 
0.233 2.000 
0.230 2.C0i: 

0.230 2.c30 
G.230 2.C30 
6.230 2.000 
0.230 2.000 
0.230 2.030 

3.000 
3.000 

3 2  5 
3 2  5 

3.000 
3.000 
3.020 

3 2  5 
3 2  5 
5 2  5 

f .  i o 0  
1.150 
I.152 
1.150 
!.!SO 

1.970 f .170 
2.002 1.243 
2.003 i . 243  
2.000 1.240 
2.000 f .240 

3.000 
3.000 
3.000 
3.000 
3.000 

3 2  5 
3 2  5 
3 2  5 

~. - 
0.969 
0.939 
0.909 
0.909 

~. ~ ~ 

23.02 
23.uc  
23.00 
23.00 

3 2  5 
3 2  5 

3 2  5 
3 2  5 
3 2  5 
3 2  5 
3 2  5 

3 2  5 
3 2  5 
5 2  5 
3 2  5 
3 2  5 

3 2  5 
3 2  5 
3 2  5 
3 2  5 
3 2  5 

3 2  5 
3 2  5 
3 2  5 
5 2  5 
3 2  5 

b 2  5 
4 2  5 
i ; 2  5 
4 2 5 
4 2  5 

4 2  5 
4 2  5 
4 2  5 
4 2  5 
4 2  s 
4 2  5 
4 2  5 
4 2  5 
4 2  5 
4 2  5 

83.70 83.80 
64.70 3 2 - 5 0  

121.50 61.02 
178.70 89.10 
163.00 81.02 

40.0 
103.0 
80.0 
63.0 
45.5 

43.0 
IOO.0  
60.0 
5!l .a 

I 03 .a 

80.0 
69.0 
60.0 
40.0 

10El.o 

75 .o 
80.0 

0.909 
0.909 
3.909 
3.909 
C. 909 

0.909 

0.909 
0.909 
0.909 

0. 939 
0.909 
C. 909 
5.909 
0.909 

0.909 
0.909 
e. 909 
0. 9P9 
0.909 

0.909 
0.939 

0. 909 
0.939 

0.909 
0.909 
0.909 
a. 939 
0.939 

a .  909 

c.909 

1.150 
1.150 
1.150 
1.150 
1.150 

1.150 
1.150 
1.150 
3.150 
i . 1 9 0  

I .  19.3 
I. I 9 0  
1.190 
I .  190 
1.193 

I. I 90  
1 .  I 9 0  
I. 190 
I .  I90  
i .  i 9 c  

i . 000 
! .000 
f . c c0  
I . o m  
1 .  oce 

1 .0u0 
i .OD0 
I .nu0 
1 . O D s  
I .on0 

2.000 1.240 
2.000 1.240 
2.c00 1.290 
2.230 1.210 
2.220 1.240 

2 . t00  1.240 

2.900 1.2'40 
2.000 :.240 
2.273 , .350 

2.000 1 . 2 ~ 0  

2.270 1.350 
2.230 1.350 
2.270 1.35s 
2.270 1.350 
2.270 I.35Ll 

23.00 
24.00 
23.50 

0.230 2.0GO 
0.23G 2.Ci00 
0.230 2.000 
0.230 2.000 
0.230 2.00C 

0.230 2.006 
0.238 2.000 
0.230 2.000 
0.230 2.000 
3.230 2.300 

0.230 2.30u 
a.232 2.000 
0.230 2.000 

3.000 
3.000 
3.000 
3.000 
3.000 

3.000 
3.000 
3. 000 
3.00'2 
3.000 

3.000 
3.002 
3.000 

23.00 
2.3.00 

23.20 
23.30 
24.00 
23.00 
26.00 

26.03 
26.03 
26.00 
26.00 
26.00 

136.60 58.25 
124.00 31.00 
300.80 75.20 
299.83 75.20 
65.10 21.C0 

164.02 41.00 
236.82 50.20 
248.0ii 62.03 
260.00 65.08 
i?r .43 $9.60 

239.10 39.90 
I90.2Q 31.80 
289.60 48.40 
29b.93 49.10 
295.53 49.50 

36 .53  73.00 
65.SC 532.00 
6 6 - 5 0  434.50 

7b.00 148.00 
70.00 04u.en 

79.50 156.00 
62.33  62.20 
79.00 79.00 

iB5.0D i05.00 
l j5.53 115.50 

.~ 
2.872 
0.872 

0.230 2.000 
0.230 2.005 

. ~~. 
3.000 
3.00s 

0.872 
0.072 
0.872 

0.872 

G.934 
0.8 ik  
,2*3 i % 
0.8 1 4  
0.899 

0.8 1 4  
0.8Ib 
0.314 
0.814 
5.8 14 

5.3 I 4  
0.814 
0.81b 
0.8J4 
0.814 

0.8'12 

2.270 1.350 
2.270 1.35u 
2.270 r.350 
2.270 i .350 
2.270 1.352 

i.eG0 1,232 
I.EC3 i.C32 
1.800 1.202 
1.800 $.E02 
1.800 I .Ci32 

i.603 1.002 
! . e m  i.002 
i.BUC; 1.1332 
i.6PC i.002 
i.605 !.E32 

26.U0 
26.CiC 
26.00 

0.1982 

0.1180 
0. I130 

o. 1 iau 

t. I 1au 
0.1 130 
0. I i a u  
2.1 l a 0  
CI. 1180 
0 . :  180 

0.  I J80 
0.1 180 
0.  I 180 
0. I I 80 
G .  180 

0.230 2.000 
0.230 2.000 
0.230 2.CDO 
0.230 2.L'UU 
L.230 2.z20 

3 .  [ JUG 
3.000 
3 . m  
3.303 
3.000 

3.000 
3.30P 
3.000 
3.000 
3.000 

3.000 
3. 000 
3.000 
3.2DCI 
3.3';U 

6tl.0 
50.0 
40 .D 

26.05 
26.02 

d I .DO 
1 I .0C 
1 2  .GC 
I l .03  
1 I - 0 0  

i J .OG 
I l . D 3  
I I - 0 0  
i i.uo 
1 1  .0G 

io0.s 
60.0 
70.2 
60.0 
43.D 

Lis .U 
103 .E 
8 8 . 2  
6O.O 
7 3  .a 

0.230 2.300 
0.23CI 2.300 
0.230 2.300 
0.230 2.200 
0.230 2.000 

0.230 2 . ~ 0 0  
0.230 2.500 
0.230 2 . o m  
5.230 2.000 
G.290 2.003 

112.5C 112.50 

132.50 832.50 

120.00 r20.00 

125.50 825.50 

! 26.53 B 26.50 

73.5 0.939 
63.0 0.909 
63.0 0.909 

t . 000 
I . o m  
1 .000 
I .000 
E .000 

1.800 f.C32 
1.600 o.oc2 
1.1300 I.CC2 
1.800 ! . C C Z  
1.600 1.0C2 

! I .OO 
ic.00 
d I .OD 

I i .OD 
t 1-00 

0. I I80 
0. I I80 
0.1180 
0.1180 
0. I : E 2  

c.230 2.c.m 
0.230 2.000 
c1.230 2.003 
ti.230 2.000 
0.230 2.00P 

52 .0 
51 .u 

0.939 
0.909 3.003 

, 



I .- 

T a b l e  A-3 (coorinued) 

F 
(cycles 

min) 

A 
(In.) 

d 
(in.) 

S 
(in. j 

D 
(in.) e 

0.814 I ~ @ O O  1.800 I.OC2 11.00 
0.814 1.000 1.800 1.032 11-00 
0.814 I.~JOC! 1.8n0 1.0~2 i i .oa  
0.814 1.000 1.800 1.002 11.00 
0.814 l.000 1.800 1.002 11.00 

0.814 1.000 1.800 1.002 I I ~ O O  
0.814 1.000 1.800 1.002 11.00 

1621 132.50 132.50 
I622 110.20 110.30 

I 6 2 4  91.00 45.50 
1625 162.80 81-20 

1623 1 1 7 . 2 0  117.30 

45.0 
43.0 
35.0 
100.0 
80.0 

63.0 
45 -0  

0.909 
0.909 
Cia 909 
0.909 
0.909 

0.1180 
0. 1 I80 
0.1 I 8 0  
0.1180 
0.1 I50 

0.i150 
o.iree 

0.230 
0.230 
0.230 
0.230 
0.230 

0.230 
0.230 

2.000 
2.000 
2 * 000 

2.000 
2.auw 

3.000 
3.000 
3.000 
3.000 
3 .OOO 

4 2  5 
4 2  5 
4 2  5 
4 2  5 
4 2  5 

4 2  5 
4 2  5 

1626 
I627 

Croup-12 

I625 
I629 
I630 

1631 
I632 
I633 
I634 
I635 

1636 
1637 
I638 
I639 
1640 

I643 
I642 
1 643 
I bb4 
I645 

1646 
I b47 
I 6 4 8  
I 6 4 9  
I 650 

I 6 5 1  
I652 
I653 
I 6 5 4  
1655 

1656 
I 6 5 7  
I 658 
I 659 
I 6 6 0  

I661 
I662 
I663 
I664 
I665 

206.50 
223 50 

103.50 
I I  !.SO 

0.909 
0.909 

2,000 
2.000 

3. oao 
3.000 

Ceta: 

I .ooo 
I .ooo 
I .goo 
1.000 

1 .am 
0.814 1.000 1.630 I .OC0 10.50 
0.814 1.000 1.630 I.OC0 r0.50 
0.814 1.000 1.630 1.000 10.50 

0.8f4 1.000 1.630 I.OC0 10.50 
0,814 1.000 1.630 I.CC0 10.50 
0.760 8.063 1,450 0,960 I6.00 

0.760 1.063 1.450 0.960 16.00 
0.760 1.063 1.450 0 . w  16.00 

0.757 0.997 1.520 i . o m  15.80 
0.757 0.997 1.420 i.om 15.80 

0.870 i.050 2.410 t.oeo 20.40 

O . t S ?  0.997 1.420 I .OC0 15,80 
0.870 1.050 2.410 f .OC0 20.4U 

0.870 1.050 2.410 I.OK0 20,40 
0.870 1.050 2.4 i0  1.OCO 20.40 
0.870 1.050 2.410 1.000 20.40 

0.870 1.010 2.600 1.030 15.10 
0.870 1.050 2.410 i.aco 20.40 

0.870 1.010 2.600 1.030 15.10 
0.870 1.oto 2.600 1 . 0 3 ~  t j . r 3  
0.850 1.090 1.280 l.4CO 1.00 
0.850 1.090 1.280 I.4KO 1-00 
0.814 1.060 1.630 1.120 10.50 

0.8ik l e G 6 0  1.630 1.120 i0.50 
0.814 1.060 1.630 1-82fl 10.50 

0.8f4 1.060 1.630 1.120 10.50 
0.814 1.060 1.630 r.120 10.50 

0.814 l.060 1-630 1.120 1O.SO 

0. I250 
0. I 250  
0.1250 

0.100 
0.100 
0.100 

2.000 
2.000 
2 - 000 

1.920 
1.920 
1.920 

I .92O 
1.920 
I .920 
1.920 
I .920 

I .92D 
I .920 
1 .920 
2.000 
2.000 

2.000 
2.003 

2.000 
2.000 

2.000 
2.00Q 
2.000 
2.000 
2.000 

2 .  cor3 

I 2  5 
1 2  5 
1 2  5 

1 2  5 
1 2  5 
2 2  5 
2 2  5 
2 2  5 

1 2  5 
1 2  5 
1 2  5 
2 2  5 
2 2  5 

2 2  5 
2 2  5 
2 2  5 
2 2  5 
1 2  5 

1 2  5 
1 2  5 
1 2  5 
1 2 5  
2 2  6 

2 2  6 
2 2  6 
2 2  b 
2 2  6 
2 2  b 

2 2  5 
2 2  5 
2 2  5 
2 2  5 
1 2  5 

72.70 
65.10 
33.20 

14.25 
121 -93 

131.80 
118.00 
60.40 

25.85 
182.80 
1 17.00 
53.60 
24.90 

25.30 
14.70 
8.75 

100.00 

76.30 
157.00 
94-50 
70.60 

173.00 

9.80 

5-46 

10.90 

b 9.90 

42.70 
69.90 

I O .  79 

9. oa 

54.30 
44.70 
23.00 

63.60 
36.60 
48.30 
32.90 
63.90 

74.50 
79.70 
7 9 . 7 0  
70.30 
119.50 

25.0 
35.0 
50.0 

70.0 
35.0 

70 .O 
90.0 

s0ao 
70.0 
90.0 
33.0 
50.0 

73.0 
33.0 

50.0 

50.0 
70 -0  
35.0 

50,D 
35 -0 
35.0 
53.0 
35,O 

50.0 
35.0 
50.0 
35 .o 
50.0 

0. I250 
0. I880 
0.1250 
0. I250 
0.1250 

0. t250 
0.t2sa 

0.100 
0.230 
0.100 
0.100 
0.100 

0. IO0 
0. IO0 

2.000 
2.000 
2.000 
2.000 
2.000 

2.000 
2 * 000 
2.000 
2.000 
2.000 

2.000 
2.000 
2.000 
2 * OF30 
2.000 

2.000 

~. . - 
121 .OD 
55 -30 
25 -70 

I;ooo 
I .000 
I .ooo 

101 -70 
58.80 
34.65 
39.43 
24.80 

17.33 
36.20 
21.55 
14.10 
49 .oo 
3i - 3 4  
53.91 
35.90 
29.80 
46.80 

28.60 
48.80 
36-49 
29 “90 
18.70 

141 .Oil 
80.90 
I07 -00 
72 -70 
63.90 

74.50 
79.80 
79.80 
70.20 
114.50 

I .DO0 
I .ooo 
I .ooo 
I .ooo 
1 .OOQ 

I .ooo 
i . oau 
I . o m  
I .ooo 
1 .ooo 
I .nnn 
I * 000 
1 .OD0 
t .ooo 
I .OD0 

I .DO0 
1 .ooo 
1 .ooo 
I .  000 
I .  DDO 

1.000 
I * 000 
t .OD0 
I .ooo 
0.909 

0.909 
0.909 
0.909 
0.909 
0. 909 

0.1250 
0.1250 
0.1250 

0. I00 
0.100 
0.100 

w ul 

0. I250 
0. I250 
0.1250 
0. I 2 5 0  
0. I250 

0.1250 
0. i 250 
0. I 2 5 0  
0. $250 
0. I250 

0. I250 

0. I250 
0, I250 
0. I250 

0. I250 
0. I250 
0. f 250 

0. I780 

0.L780 
0. I78C 
0.1780 
0. I780 
0.1180 

0. I 25e 

n. I 250 

0. I D 0  
o.ro0 
0. I00 

0.100 

O.JO0 
0. I00 
0. IO0 
0.100 
0.230 

0.230 
0.230 
0.230 
0.100 
0. IO0 

0.230 
0.230 
0.100 
0.100 

e. 100 

e.330 

2.000 
2.000 
2.000 
2.000 

2.000 
2 * 000 

2.000 
2.000 

2.000 

2.000 
2.000 
2.000 

2 .  oao 

2.000 

2.000 
2.009 
2. OOD 
2 * 000 
2.000 

2.000 
2.000 
2.OOO 
2.00L3 
3 I 000 

35.0 
50.0 
35.0 
50 .O 
60.0 

80.0 

90.0 
IO9 .o 
34.0 

80.0 

0.8/4 
0.814 
0.814 
0.81b 
0.614 

0.814 
0.814 
0.814 
0.814 
0.814 

1.060 1.630 1 . t20  
1.060 1.630 1.120 
1.0615 1.630 1,120 
1.060 1.630 1.120 
1.001 1.800 I . O C 2  

r.mi 1.800 1.002 
1.001 1,aoo 1.~02 

i.oai i.am 1.002 
l.OOi l,8ClO 1.002 

1.001 i.800 I.OC2 

10.50 
10.50 
10.50 
10.50 
I I .20 

t 2.20 
I 1.20 
I I .20 
3 t .20  
I I .20 

0.330 
0.330 
0,330 
0.330 
0.230 

2.000 
2.000 
2.0r30 
2 * 000 
2.000 

3.000 
3.000 
3. 000 
3.000 
3.000 

1 2  5 
1 2  5 
1 2  5 
1 2  5 
1 2  5 
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Table A-3 (cont inued)  

Y 

min) 
(cycles 

A 
(in. j 

d 
(in.) 

s 
(in.) 

3 
(in.) E 

1711 
1712 
1713 
1714  
l T I 5  

1716 
1717 
I718 
1719 
I720 

I721 
I722 

I724 
1725 

I t23 

I 726 
1727 
I726 
I729 
I730 

1731 
I732 
I733 
1734 
1735 

I736 
1737 
I738 
I739 
I f 4 0  

1741 
l7b2 
1743 
I744 
I745 

It46 
I 7 4 7  
IT46 
1749 
It50 

I751 
I752 
1753 
I754 
1755 

I r56  

J18.50 
75.00 
Il9.60 
189.00 
200 .so 
45-63 
80.50 
I20 -00 
153 -00 
54.73 

54.70 
Il4.00 
29.20 
64.50 
82 .00 

118.50 
37-50 
59.90 
94.00 
100.50 

45.60 
80“ 50 
120.00 
153.00 
54.80 

54.80 
I 1  4.00 
58.80 
409.50 
164.00 

182.00 
56.2Q 
91.20 
130.50 
153.00 

133.00 
33.80 
63.20 
101.50 
lO6.00 

89.  I D  

3 4 . 3  
102.0 
83.8 
60.0 
40.0 

100.0 
83 .O 
60 - 0  
40.D 
93 .O 

80.0 
63.0 

103.0 
80.0 
63 .O 

0.909 
0.909 
0.VOY 
0.909 
0.909 

0.909 
0.909 
0.909 
0. 909 
0.909 

0.909 
0.909 
0 * 909 
0.909 
0.909 

0.814 1.001 
0.814 1.001 

0.814 1.001 
0.814 1.0Cl 

0.814 I.OOI 
0.814 1.001 

0.814 I.001 
0.814 1.001 

0,814 1.001 
0.814 1.001 
0.814 1.001 
0.814 1.001 
0.814 1,001 

0.814 1.001 
0.814 1.001 
0.814 1.001 
0,814 1.001 
0.814 1.001 

0.814 1.001 
0.014 I . U O t  
0.814 1.001 
0,814 1.001 
0.81b I.00l 

0.814 1.OCI 
0.814 1.098 
0.614 1.098 
0.814 :.W8 
0.814 1.098 

0.814 1.098 
0.814 1.098 
0.814 t.098 
0.814 1.098 
0.814 1,098 

o.ai4 t .on t 

0.814 t . 0 0 1  

O ~ E I J ~  1.098 
0.814 1,098 
0.814 1.001 
0.814 I.OOI 
0.814 1.00) 

0.614 I.00l 
0,814 1.001 
0.814 1.001 

0.814 1.001 

0.814 1.001 

o.e i l r  1.001 

1.80D 
I .a00 

!.BOO 
1.800 

I .  800 
I .a00 
I .BOO 
I.800 
I I 800 

1.800 
1.800 
1.800 
I .a00 
I -800 

:. ea0 

# .c02 
I .002 
I .co2 
I .on2 
1 .DE2 

11-20 
11.20 
11.2D 
11.20 
11.20 

11.20 
11.20 
11.20 
t 1.20 
I1.20 

11.20 
I I .20 
11.20 
1 I .20 
11-20 

I I .20 
l I . a o  
I I .20 
11.20 
11.20 

11.20 
1 1-20 
11.20 
I 1-20 
11.20 

11.20 
I t .a0 
I1.00 
I 1  .nn 
I I .oo 
I1.00 
1 I .oo 
I I .oo 
1 I .oo 
1 I - 0 0  

I I .oo 
I I .00 
t I .20 
11.20 
11.20 

I le20 
I 1  -20 
11.20 
11.20 
11.20 

i1.20 

0.11BO 
O.Il00 
0,1180 
0.1 I80 
a.)iao 
0. I180 
0.1 180 
0.8 I80 
0.1180 
a.1180 

U.Il85 
0.1 180 
0. I I80 
0. I I80 
0.1 180 

0.230 
0.230 
c1-230 
0.230 
0.230 

2. 000 
2 000 
2 000 
2 * 000 
2. ooa 

3.000 
3.000 
3.000 
3.000 
3.000 

1 2 5  
I 2  5 
1 2  5 
I 2  5 
1 2  5 

1 2  5 
1 2  5 
1 2  5 
1 2  5 
1 2  5 

1 2  5 
1 2  5 
I 2  5 
1 2  5 
1 2  5 

1 2  5 
I 2  5 
t 2  5 
1 2  5 
1 2  5 

1 2  5 
1 2  5 
1 2  5 
1 2  5 
1 2  5 

1 2  5 
2 2  5 
2 2  5 
2 2  5 
2 2  5 

I .ne2 
1 .002 
I .0c2 
I .002 
1.022 

I .c02 
1.002 
I .oc2 
I .002 
1.002 

0.230 
0.230 
a.230 

2.000 
2. 000 
2.000 
2.000 
2.000 

2. oao 
2.000 
2.000 
2.000 
2.000 

3.000 
3.000 
3.000 
3.000 
3.00D 

3.000 
3.000 
3 e ODD 
3 - 000 
3.000 

3.000 
3.000 

0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

92 .OD 
56 -30 
91.30 

43 .O 
100.0 
80.0 
60.0 
50.0 

43.0 
103.0 
80 .0 
63 -0 
50.0 

43.0 

61.0 
40.0 
511.0 

IOO.0 
40.0 
6 3 . 0  

80.0 

52.0 
IOO.0 
80.0 
61 - 0  
b l  - 0  

a3 .a 

60 .o 

aa.0 
50.0 
40.0 

I O 0  .o 
80 .o 
60.0 

0.909 
0.909 

0.909 
0.909 

0.909 
0.909 
0.909 
0.909 
0.909 

0.909 

I .  aoo 
1 .do0 
I .BOO 
I .800 
1 .a00 

1,800 
I *a00 
I .a00 

1 .a00 
I .mu 

I .an0 
1 -800 
f .BOO 
! .a00 
I.800 

I .a00 

I .a00 
I .BO0 
! .a00 

I .BOO 
I .800 
I. 800 
1 .BOO 
I 800 

I .Boa 

I (. &DO 
1 .a00 
1 800 
I ,800 
i.800 

1,800 

I .002 
I .002 
I .GO2 

I .0c2 

I .oc2 
1.002 
I .c02 
I .OD2 
I e002 

! .e02 
1.150 
1.150 
1.150 
1.150 

1.150 
1.150 
1.150 
1.150 
1 .!SO 

1.150 
1.150 
I .E02 

1 .@G2 

I .pa2 

I .ca2 

0.1180 
0. I I80 
0.1 180 
O.li80 

0.230 
0.230 
0.230 
0.230 
0.230 

0.230 
0,230 
0.230 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

2.000 
2.000 
2.000 
2.000 
2.000 

3.000 
3.000 
3. 000 

130.50 
153.00 

I33 .oo 
67.70 
126.80 
203 - 3 0  
213.00 

O.ll80 

0.l180 
0. I I80 
0.1180 

0. I I80 

0. I180 
0.1180 
0.1 IRO 

0. i 180 

2.000 
2.000 
2.000 
2.000 
2.000 

2.000 
2.000 
2.000 
2.000 
2.000 

3.000 
3.000 
3.000 
3.000 
3.000 

3.000 
3.000 
3.000 
3.000 
3.000 

178.90 
109.50 
136.00 
I I I .50 
126.20 

55.80 
69-50 
73.00 
72.00 
56.20 

69.30 
40 -50 
54 -73 
97.50 
97.50 

54.70 
122.00 
I26 .DO 

59.13 

97.50 

39 .e0 

0.909 
0.909 
0.909 

0.909 
0. 909 

2;9;50 
272.00 
223.50 
253.80 

0; I reo 
0.1 180 

1 11.70 
346.50 
365.00 
366.00 
29I.60 

346.70 
203.50 
54.80 

9T.50 

54.80 
122.00 
!26.00 
36.20 
50.40 

97.50 

9t.59 

0.909 
0.909 
0.909 
0.909 
0.909 

0.909 
0.909 
0.909 
0.959 
0.90Q 

0.909 
0,909 
0.909 
0.909 
0.909 

0,909 

0.1 180 
0. I180 
0. I I80 
0.1 180 
0.1 180 

0.1180 
0. I180 
0.1 180 
0.1180 
o,iiao 
0.1 180 
0.1180 
0. t I80 
0*1180 
O.tl8D 

0.1180 

2.000 
2.000 
2.000 
2 * 000 
2. a00 

2. 000 
2.000 
2.000 
2.000 
2.000 

3.000 
3.000 
3,OOU 

3.000 
3. a00 

3. oac 
3.000 
3.000 
3.000 
3.000 

2 2  5 
2 2  5 
2 2  5 
2 2  5 
2 2  5 

2 2  5 
2 2  5 
1 2 5  
( 2  5 
1 2 5  

1 2  5 
1 2 5  
I 2  s 
1 2  5 
1 2  5 
1 2  5 

I .cc2 

1.002 
I .ti02 
I .0c2 

I .a02 

I .ea2 

0.230 
0.230 
0.230 

0.230 

0.230 

0.230 

2.000 
2.008 
2.000 
2.000 
2.000 

2.000 

3.000 
3.000 
3.000 
3.000 
3.000 
3.000 



Table A-3 (continued) 

GI ip-13 ilata: 

757 
758 
758 
7 60 

I761 
I762 
1763 
1764 
I765  

1766 
I767 
I 7 6 8  
2 769 
! 770 

8 77J 
I772 
I773 
1 7 7 4  
I775 

1 7 7 6  
i 777 
i 7 7 8  
1 ?79 
$ 7 8 5  

I781 
1782 
1783 
1784 

46.60 
46-60 
46.60 
46.6U 

46.60 
46.60 
46.60 
46.60 
46.60 

46.60 
4 6 - 6 0  
46.60 
46.60 
U6.60 

46.60 
46.60 
46.60 
46.60 
46.60 

46.60 
46-60 
s 6 . 6 3  
46.60 
46.63 

46.60 
46.68 
46-60 
46.50 

Group-14 3ats: 

I765 49.40 

1786 98.60 
1787 49.40 
I 7 8 8  98.40 
1789 49.40 
I79G 98.60 

I791 49.b0 
k 792 49.4D 
; 793 49.40 
I794 98.60 
I795  49-40  

1796 49.40 
I797 98.60 
I790 49.40 
I799 98.60 
1 80G 49.40 

55.50 
55.50 
47.80 
32.20 

22.50 
OC. 10 
80. 00 
70.00 
36.90 

14.39 
13&OU 
151.82 
159.20 
72.30 

75.00 
62.20 
22.50 
18.70 
75.80 

15.56 
55.60 
78.93 
98.10 
86.70 

78.90 
24.35 

51.10 
73.90 

6.60 

13.50 
6 . 8 0  

13.50 
6.80 

13.50 

5.63 
4 . 8 3  
6.60 

13.50 
6.80 

6.80 
i 3.50 

6 . 9 %  
2 3.5% 
6-80 

200.0 
166.0 
144.0 
126.0 

108.0 
~ 0 0 . 0  

76.0 
66.0 
42 .0 

26.0 
240.0 
23c. .0 
1 5 0  .o 
I r3 .0 

186.0 
100.0 
62.0 
62 .0 
43.0 

20.0 
! 36.0 
13E.B 
86.0 
69 .0 

56.0 
40.0 
28 .0 
24.0 

85 .0 

45.0 
85.0 
65.0 
3S.U 
65.0 

33.0 
35.0 

55 .u 
93 .O 

00 .o 
55 .0 
90 .0 
70.U 
00.0 

aG .o 

0.250 
0.250 
0.255 
0.250 

0.250 
0.255 
0.250 
U.25i) 
0.250 

0.250 
0.50c 

0.500 
0.520 

0.500 
3.500 
0.500 
0.500 
3.500 

0.500 
i .OOG 
1 -003 
1.000 
1 .OD0 

I .000 
\ .a03 
I .DOC; 

a. 500 

1 .no0 

0.600 

0.600 
0.600 
0.600 
0.600 
0 . 6 0 2  

0. SOG 
0. &E3 
0.6G2 

0.602 
o. baa 

a. 600 
0.603 
0.60U 
0.600 
0.600 

0.780 1.403 1.330 22.2130 
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OO'Z1 OclL'I 062'2 IZE'I 288'0 
0O"ZI OhL'f 062"Z LZE'I 288'0 
00'21 0bL"I 062'1 LZE't 288'0 

006'0 
006'0 
006 '0 

006'0 
006 '0 
ODE '5 
DOC '0 
O5F '0 

o-e8 
0'58 
0'08 

0'08 
0'66 
C'Oi I 
O'Slt 
O'Ctl 

OO'ZI 

00'21 
OO"2 1 
00'2l 

00'2 I 
oo*z i 
00'2 I 
00'2l 
00'21 

OD'Z 1 
09'0 i 
09.8 I 
09"Dl 
OQ'Ui 

09.0 I 
09*0l 
09'0 I 
09'0 I 
09'0 t 

ao-z i 
LZE'I 288'0 
LZE'I 288'0 
1ZE'l 288'0 
LZE'I 288'0 
LZE.1 Z88-D 

LZE'I 298'0 
LZE'I 288'0 
LZf'l 189'0 
LZ'i'I 289'0 
LZf'l 288'0 

305 '0 
OO€'O 
009'0 
009 '0 
009 '0 

009 '0 
002'1 

DUZ' I 
DO2 * I 

ao2-i 

0'02 I 
O'OZI 
0'06 
0'56 
0'06 

O'OOI 
O'C9 
0'59 
O'SS 
O'SP 

is 
is 
IS 
IS 
15 

IS 
IS 
1s 
IS 
IS 

IS 
IS 
5s 
ts 
fS 

OfL'I 06Z'Z LZE'I 289'0 
026'0 06E'Z 940'1 RSR'O 
326'0 06C.2 9+fO'I 858'0 
026'0 06'2'2 930'1 858'0 
OZ6'0 G6F-2 9110'1 858'0 

026'0 36'2.2 930'1 BSS'O 
OZb'O O6f'Z 9ttD.I BS@'O 
OZ6'D 06F'Z 940'1 858'0 
DZ6"O 06'2.2 9*0'1 858'0 
026'0 ObS*X 930'1 858'0 

OPL 1.0 
09L 1'0 
09L I"0 
092 I '0 

om-i 
GOZ't 
006 '0 
006 '0 
006'0 

006 '0 
GDL'D 
006 "0 
OOE'O 
OD€ '0 

0'09 
0-06 
0'59 
O'CL 
O'G9 

006 I 
669 I 
868 I 
L68 I 
968 I 

568 I 
tr6Q I 
E6Q I 

I68 I 
z6e I 

00'92 OZ'Of 
OS'EF 09'8L 09L I'D 

091 I'O 
091 I'D 
09L I '0 
09L 1'0 
091 1'0 

O'OL 
O'S9 
0'08 
0.01 I 
Q'0Z I 

06'91 OF'&€ 
OS'€I 09'86 
08'9 0$'6* 
08'8E OE'5tl 
00'92 OZ'OE 

09'01 026'0 06€'Z 9fO'I BSB'O 
09'0i UE6-0 OOF'Z 9tlC'I 8S8'0 
09'0I UZ6'0 O6E.Z 940'1 858'0 
09'01 026'0 06€'2 980'1 818'0 
09'0L 026'0 06C'Z 9trO'I 858'0 

('UT: 

Y 
('U?) 

P 
*d3 dr 

t 1 



Table A-3 (continued) 

E [in.) Tr* CP* Ct* 
S 

(in.) 
F A p D  p c  U D  Y d 

(in.) (centipoise) (dynes (cycles (in.) vD ( f t l n r )  "c Point 
No. 

min) cm) 

I936  73.00 73.00 

1 933 71.50 71.50 
i 939 62.30 52.20 
I940  36.50 30.50 

I 937 78.80 78.70 

Group17 Data: 

30.0 0.909 
43.0 0.909 
5'3.0 U.909 
63.0 0.909 
30.0 0.909 

1941 94.00 91.00 23.0 0.909 
I942 91.20 91.10 33.3 0.909 
l 9 b 3  73.00 73.00 40.0 0.909 
I944 57.8U 57.70 67.0 0.909 
1945 34.90 35.00 80.0 0.909 

1946 105.53 105.50 
1947 s2u.00 120.30 
; 946  84.20 84.30 

I950 4L.on w.00 
I949 68.23 69.30 

Group-18 3ata: 

i 951 39-80 46.10 
3 952 4i.80 6.87 
I 9 5 3  40.43 16.69 
195b 43.4c iG4.tO 
i 955 41.80 57.20 

956 39.93 55.6C 

I958 40.00 41.70 
1959 49.70 31.80 
I960 41.7C 82.40 

1961 YS .45 2J3.73 
I962 41.23 149.3cI 
I P63 4'.6C 94.60 
t 964  4 1 . 6 3  134.70 
B 9 6 5  43.40 u9.50 

I966  40.90 179.10 
I967 41 -03 21 1.80 
I968 40.30 213.20 
1969 41  .6C 2C1.20 

975 39.80 26.33 

i 971 40.2U l74.9L 
1972 43.03 454.20 
I973 40.00 149.60 
I9?4  41.63 52.00 
1975 41.15 17.65 

I957 co.au 264.50 

'9B6 41.7U 3r.2C 
1 977 5P.30 u7.33 
1973 b0.4G iG7.'0 
L 975 2 2 - 7 3  -13.00 
I9E2 19.92 103.43 

25.0 0.939 
28.0 0.9GY 
4E.D 0.909 
69.0 2.909 
80.0 0.909 

72.6 0.;75 
72.6 0.124 
72.6 C.i32 
72.6 0.264 
72.6 0.252 

7 2 . 6  0.179 
72.6 0.435 
72.6 0.156 
72.6 U.I4R 
72.6 0.226 

7 2 . 6  C . 3 G i  - - .  
72.5 0.303 
59.9 0.293 
59.9 0.334 
59.9 0.204 

59.0 0.398 
59.9 0.444 
59.9 5.449 
35.7 0.691 
35.7 0.256 

35.7 2.724 
35.7 0.606 
35.7 0.606 
35.7 0.294 
17.5 0.545 

1 7 .5 5 . 6  3 ? 
I 7 -5  0.7 0 8 

12.6 3.101 
72.6 3.2!0 

i7.5 i.072 

0.874 1.196 2.290 1.196 
0.674 1.196 2.290 1.196 
5.874 1.196 2.295 1.196 
0.874 1.196 2.290 1.196 
0.871r 1.196 2.29C ' - 1 9 6  

0.834 I.0U1 l.800 1.002 
U.8lb 1.001 1.800 I.CO2 
0.814 1.001 ~ . O O D  f . 0 ~ 2  
0.814 i.001 1.800 1.002 
0.814 1.001 1.600 1.002 

0.9Jk C.031 1.600 1.3C2 
0.8111 1.001 1.800 1.302 
0.814 !.UOI 1.830 I.0C2 
0.614 1.30; (.L!OC \.BO2 
0.814 i.0CI 1.800 1.002 

0.996 0.805 l.f;60 0.614 
0.996 0.505 1.060 0.614 
0.995 12.805 1.06C 0 . 5 ; k  
O.YP6 0.805 1.CSU 0.6i'J 
0.?96 0.605 1.560 0.614 

0.996 0.905 I.060 0.61L 
0.996 0.835 1 . C K  2 . 6 $ 4  
0.996 0.805 1.060 0.614 

0.996 0.805 1.960 C . 6 1 4  
0.996 0 .80s  1.060 3.614 

U.996 2.805 : .060 0 .614  
2.996 0.@05 1.360 2.614 
0.996 O.EO5 1.060 G.614 
0.996 0.9U5 I . U 6 i :  0.611; 
0.996 3.805 S.060 0.611) 

0.996 0.805 1.060 0.614 
0.996 0.805 i.06iI 0.614 
0.996 0.835 f.U6i: G . h i 4  
Ci.996 0.605 1.260 13.614 
0.996 0.605 1.060 0.614 

0.996 C.805 1.06C 2.614 
0.996 O.EG5 1.360 C.614 

U.996 0.805 \.flb'C1 U.6lQ 
0.996 0.805 1.060 0.614 

0.996 0.805 1.060 n.611r 

5.996 J.905 1.060 0.614 
5.996 0.835 1.360 C.6i4 
0.9B6 0.805 1.060 0.614 
0.996 0.805 t.063 0.611+ 
0.996 2.935 1.06C 3 .5rh  

19.53 
19.50 
19.50 
19.5G 
i 9 . 5 0  

11.20 
I1.23 
$1.20  
1 I .20 
1 1.20 

11.20 
i 1.20 
? i .20 
11.20 
11.23 

i o . i c  

i0.i 0 
ic.10 
I O . i 2  

13.10 
13.10 
10.1 0 

10.13 

10.10 
13.13 
10.1s 
IcI.;c 

: n . i  0 

10.1 o 

10.10 

0.l880 0.230 4.000 
0.1180 0.230 4.000 
0.118'3 0.230 4.000 
0.1180 rj.230 S.000 
0.1130 3.230 4.0u0 

3.1180 0.230 2.000 
O.IBU0 u.230 2.000 
0.1180 0.230 2.000 
0,1180 0.23G 2.000 
U.I !80 0.230 2.000 

:.$:E': 0 .23~1  2.03: 

0. i  180 3.230 Z.;OCI 
n . r i m  2 . 2 ~  2.330 
O.!I&D 0.230 2.0cIc 

C. I160  0.233 2.000 

0.5333 3.250 2.300 
0.03r3 G.250 2.c130 

0.0513 0.250 2.300 
0.~1313 0.252 2 . 0 0 ~  

0.0333 U.250 2.00C 
G.03!3 0.250 2.000 

O.U3!3 0.250 2.09C 
0.0319 U.252 2.UCIO 

0.0313 0 . ~ 5 ~  2 . 1 3 ~  

0 . ~ 3 1 3  z . 2 5 ~ 1  2 . n ~  
2.U313 0.25i: 2.0iiC 
0.0519 0.25C: 2:200 
Ll.G.313 3.250 2.020 
0.0313 0.25n 2 . 0 U G  

0.03:3 0.25Ci 2.990 
0.0313 0.250 2.0OC 
3.0313 0.25:: 2.0UR 
0.%313 0.250 2.5'00 
O . G 3 : 3  0.250 2.UOCI 

~.s3:3 0.250 2.500 
0 . 5 3 ; 3  3.250 2.000 
0.O313 c.250 2.002 
3.0313 0.25% 2.000 
o.e3rs 0.250 2 . D U O  

0.0313 0.250 2.000 
U.C3;3 0.250 2.COO 
0.C1313 3.256 2.023 
C.0313 C1,.253 2.0C3 
2.0313 U.252 2.000 

3.000 
3.000 

3.0UO 
3.000 

3.  aao 

s.ou3 
3. OOG 
3.060 
3.000 
3.000 

3. DE0 
3.00,; 
3.000 
3.230 
3.030 

3 2 52  
3 2 52 
3 2 52  
3 2 52  
3 2 52 

i 2 52  
I 2 52 
! 2 52  
i 2 52 
I 2 52 

: 2 52  
I 2 52 
1 2 52  
I 2 52 
t 2 52  

I 
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Table A-3 (continued) 

Point 
No. 

~ _ _ _ _ _  
F 

(cycles  
min) 

A 
(in.) 

d 
(in.) E 

S 
( i n . )  

D 
(in.) 

21 I 6  
21 I 7  
2e I 8  
2 1  I9  
2120 

2121 
2 r 2 2  
2123 
212k 
2125 

2126 
2 I 2 7  
2129 
2129 
21 30 

2 i  31  
2 I 32 
21 33 
213; 
2 I 35 

21 36 
21 37 
2 I 36 
2 139 
2 : 4 0  

21 k i  
2142 
21 43 
21 44 
21 45 

21 46 
21 47 
21 48 
2 149 
21 53 

2151 
2152 
21 53 
2154  
2155 

2156 
2 I 5 7  
2156 
2 15P 
2160  

6 3 - 0 0  11.40 
94 .60  3.50 
22.50 $3.50 
43.30 40.00 
43.40 37.10 

53.20 37. I O  
63.00 27.40 
85.40 15.50 
32.40 O l . ! O  
39.40 59.10 

84.83 7c.5c 
105.00 57.60 
127.2c1 25.30 
22.80 59.90 
43.40 46.60 

43.40 W4.4G 
63.00 34.7,2 
85.40 24.20 

64.80 57.60 

105.00 40.10 
127.00 33 .~&0 
44.90 62.90 
54.80 62.80 

i05.03 41.80 

i33.OcI 32.60 
22.10 54.40 
43.40 46.80 
63.0rJ 33.90 
85.0C 21.90 

27-80 66.40 

22.80 58.70 
43.4D 56.40 
43.4e 49.00 
63.30 39.bO 
74.00 3 3 . 8 0  

85.00 22.90 
rG3.20 13.f0 

32.20 39.43 
sa.4cI 34.70 
6 3 - 0 0  21.nO 

85.40 .!ir.BU 
22.80 45.90 
63.03 94.8G 
74.30 77.20 
bh.60 45.70 

:80.0 

160.0 
I 8 0  .o 
I 8 0  .o 

ia0.s 

180.0 
180.0 
i 50 .0  
!80.0 
: 6 0 . 0  

180.0 
103.0 
163.3 
! 80 .c 
183.0 

i80.0 
183.0 
180.0 
I80.0 
i0Cl.3 

180.0 
180.0 
j 80.0 
I80 .O 
150.0 

180.0 
iGD.3 

I80.0 
180.0 

I80.0 
i 5 i l . U  
180.0 
I 6 3  .C; 
l60.0 

i m . 0  

180.0 
180.3 
180.3 
183.0 
180.0 

iBJ.0 
185.0 
190.0 
i 80 .3 
:Kl.; 

0.230 
0.230 
0.25C. 
0.250 
0.250 

0.250 
0.250 
0.250 
0.230 
0.230 

3.230 
0.230 

0.250 
0.250 

0.25C 
0.250 
Z.250 
0.260 
0.260 

0.260 
0.250 
0.260 

C.260 

a. 2 3 0  

0.260 

0.260 
0.25C 
8.250 
3.250 
0.250 

0.230 
0.230 
0.230 
0.23Z 
0.230 

0.230 
0.233 
0.250 
0.250 
0. 250 

0.250 
0.250 
5.230 
0.233 
0.230 

0.998 
U.998 
0.998 
3.998 
cI.99B 

0.995 
0.998 

c:.P98 
0.998 

u.o?a 
3.998 
0.998 
0.998 
0.985 
0.998 

0.998 
0.998 
3.998 
3.998 
0.998 

0.998 
0.998 
0.?98 
0.995 
0.995 

0.996 
0.9Q8 
0.9ve 
0.998 
C.998 

0.996 
0.998 
0.996 
0.9?8 
0.998 

D.996 
c.993 
0.995 
0.998 
C.996 

0.995 
0.998 
5.998 
0.998 
0.998 

E. 834 
0.864 
0.86ii 
0.861, 
0.864 

0.864 
0.564 
0.864 
0.864 
0.864 

0.364 
0.864 
0.864 
0.864 
0.864 

0.864 
0 .86b  
C.354 
0. 861r 
0.864 

0.864 
0.86b 
0.86W 
0.864 
0.864 

E. 864 
0.864 
Cl.66i; 
0.664 
0.864 

0.864 
0. 864 
0.064 
0.86% 
c1.86k 

3.864 
c.954 
0.864 
U. 86C 
0 .86% 

0.554 
0.664 
0.864 
U. 864 
0.864 

; .0ba 
1.060 
1.CbU 
I .a60 
I .Ob0 

1 -060 
I .U60 
I .060 
1 .06C 
i .a60 

I .B6O 
i .060 
I .060 
I .060 
1.060 

I .Oh0 
I .060 
I .a60 
3 -06': 
i .360 

1.060 
I .060 
I .Ob0 
I .O60 
i .Ob0 

i .060 
I .060 
I .Ob0 
I .a60 
i .Ut10 

1 .Ob0 
I .Ob0 

1.060 
1.360 

i .Obi? 
1 .DbO 
I.060 
I .U60 
I.060 

I .060 
I .Oh0 
: -06 :  
I .05C 
1 .us0 

i .060 

0.515 

0.585 

0.585 

2.585 
0.585 

0.585 

0.585 
0.585 
3.595 
C.585 

0.585 
0.585 
0.585 
0.5E5 
3.585 

0,585 
0.585 

0.585 
c. 585 
0.585 
0.585 
0.585 
0.585 
U.585 

0.585 
0.585 
0.585 
U.585 
0.5E5 

0.585 
0.555 
0.585 
3.585 
0.585 

0.5ES 
0.5e5 

e. 585 
0.585 

0.5e5 
U.585 
0.5E5 
0.555 
0 .585  

0. 585 

0.585 

34.00 
34.DO 

34.03 
34.00 

34-00 
34.00 
34.00 
34.00 
34.00 

34.00 
ss.00 
3b.00 
34.00 
34.00 

311.00 
34.00 
34.03 
94.00 
34.00 

34-00 
34.OG 
34-00 

34.00 

34.00 
34.130 
34.00 
3 4 . 0 s 
3b.0G 

34.00 

3c.ao 

34.00 
3 4 - 0 0  

34.00 
34.013 

34.00 

3s.02 
3ri.CIC 
34.00 
34.00 
34.00 

34.00 
34.8'; 
34.00 
34.ilu 
34.20 

0.1250 
0. I 2 5 0  
0.1250 
0. li 25C 
0.125O 

0.1250 
0. I 2 5 0  
0.1250 
0.1250 
0.1250 

0.1250 
0. I 2 5 0  
0. I 2 5 0  
0. I 2 5 0  
0. ! 250 

0.1250 
0.125C 
0.7 255 
0. I 2 5 0  
0. I250 

0. 1250 
0. I255 
0.1250 
0. I250 
0. i 250 

0. I 250  
0. ; 250 
3.  \ 250 
G. i 2% 
0.1250 

0. I 2 5 8  
0.1250 
0. I 2 5 0  
0. i 253 
8. I253 

0.1258 
0. I 2 5 0  
0. I 2 5 0  
0. t 253 
3.L250 

0. I250 
0. I 250 
0,1250 
0. I 2 5 0  
0. I 2 5 0  

Tr* CP* C c *  

0.246 
3.246 
0.246 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
C.246 

0.246 
0.248 
0.21r6 
0.246 
0.245 

0.246 
0.246 
0.246 
Cl.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

9.246 
9.246 

0.246 
C.2u6 

0.246 

0.246 
0.246 
0.246 
0.236 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

0.246 
17.246 
0.246 
0.246 
Z.2b5 

2. on0 
2.000 
2.000 
2.oco 
2.000 

2.000 

2.000 
2.000 
2.000 

2.000 

z.ocIc! 
2.000 
2.000 
2.500 
2.030 

2.000 
2.000 
2.000 
2.000 
2. ooa 
2. uao 
2.000 
2.000 
2.000 
2.000 

2.000 
2.300 
2.030 
2.002 
2.000 

2.000 
2.000 

2. 030 
2.030 

2.000 
2.000 
2. cao 
2.000 
2.000 

2. o m  

2. o m  
2. 0oc 
2. 000 
2.000 
2.300 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2.8J5 
2.075 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2 . 8 1 5  
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

2.875 
2.575 
2.875 
2.875 
2.875 

2.875 
2.875 
2.875 
2.575 
2.875 

2.875 
2.b75 
2.875 
2.875 
2.875 

2.675 
2.875 
2.875 
2.675 
2.b75 

4 1  2 
4 ;  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 I 2 
4 :  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
% I 2 
4 I 2 
4 1  2 
4 4  2 

4 1  2 
4 1  2 
4 1  2 
S I  2 
4 L  2 

4 1  2 
4 1  2 
4 i  2 
4 1  2 
4 1  2 

h i  2 
4 1  2 
4 I  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 i 2 
4 3  2 

. '  



1 , Table A-3 (continued 

d 
(in. j 

S 
(in.) 

3 
(in.) 

Point 
NO. 

a 
(in.) 

Y 
(dynes 
cn) 

Tr* CP* Ct* E 

2151 
2162 
21 6 3  
2164 
21 65 

2 I66 
2167 
21 68 
2169 
2170 

21 71 
2172 
21 73 
2174 
21 75  

2 I76 
2 t 77 
2 1  7s 
2179 
2180 

2181 
2182 
2183  
2 I 8 4  
2185 

2 i 8 6  
2187 
2188 
2139 
2190  

z i p 1  
2!72 
2573 
2 I 94 
2195 

2196 
2197 
21 98 
21 99 
2200 

104.60 20.80 
tIO.70 17.03 

13.10 39.40 
22.80 36.60 
33.10 32.10 

38.70 9.90 
15.90 35.00 
22.40 27.70 
32.20 27.70 
44.30 19.43 

6 3 . 8 3  11.10 
22.60 44.40 
33.50 37.00 
43.90 34.50 
54.10 27.90 

64.00 25.00 
85.00 iq.73 
10.90 41.30 
22.50 30,80 
32.30 23.4U 

44.30 18.70 
63.80 10.00  

180.0 
1 80 -0 

I 80 .a 
180.0 

183.0 
183.0 
183.0 

183-0 

I80 .O 
180.0 
180.0 
I80 .o 
180.0 

8 8 3 - 0  
182 -0 
243.0 
240.0 
243.0 

240 -0  
240 .R 
300.0 
3UO ,O 
300.0 

303.0 
303 .0 
300.0 
f 83 .0 
180.0 

I80 .I) 
I a0 .C 
!BO.B 
! 80 .o 
180.0 

183.0 
I 80 .e 
I50 -0 

180.0 

1 80 .O 
I 8 0  " 0  
I80.0 
I80.C 
183.0 

1m.n 

I 8 3  .a 

I ao .o 

0.230 0.998 
0.230 0.598 
n . 2 m  0 . 9 9 ~  

0 . a ~ ~  
0.864 
0.864 
0.864 
0.864 

o.am 
o. 854 
0.a64 
0,864 

0.864 

0.864 
0*864 
0.864 
0.864 
0.354 

0.86ir 
0.864 
0.864 
0.864 
0.864 

c1,864 
0.864 
0.864 
0.84r( 
5.864 

a . w  
0.864 
0.864 
u-. 8h4 
0.864 

0.864 
0.864 
0 ,864  
0.86s 
0.864 

0.864 
0.864 
0*8Q4 
0.864 
0.964 

0,a54 
0.864 
0.864 
0.864 
0.864 

1.060 
I .060 
I .06rJ 
I . o m  
I .Ob0 

1 .D60 
I .360 
1 .om 
i .Ob0 
1.060 

t .Ob0 
1.063 
I .GbO 
1.060 
I .O6U 

I.040 
1 .OB0 
1.060 
t .060 
L -060 

I.060 
1 .Ob0 
I .060 
I .O60 
1.060 

t . o m  
ii .Ob0 
I :050 
I .Oh0 
I -360 

I .960 
I .0b0 
I.060 
1 .Ob0 
I.060 

1.060 
! - 0 6 0  
I .06O 
1 .a60 
1 .Ob0 

I .060 
I .060 
I ,060 
1.060 
1,060 

0.585 
0.585 
0.585 
0,5135 
0.585 

34.0n 0.1250 
34.00 0.1250 
34.00 C.1250 

0.246 
0.246 
0.246 
0,246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.2k6 

0.246 
0.24b 
0.24L 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0.246 

0.246 
0,246 
0.2k6 
0.246 
0.246 

0.246 
0.246 
0.246 
0,246 
0.246 

0.246 
0.246 
0.244 
0.246 
0.246 

0.246 
0.246 
0.246 
0.246 
0,246 

2. a00 

2 . ~ 0 0  
2. a00 

2.000 

2.000 

2.000 
2.000 
2.000 
2.000 
2,000 

2.875 

2.875 
2.875 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 I  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 i  2 
4 1  2 

4 1  2 
4 I -  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

4 1  2 
4 1  2 
4 1  2 
4 1  2 
4 1  2 

0.230 
0.230 

0.230 
3.240 
0.240 
0.240 
0.240 

0.998 
0.998 

0.998 
0.998 
0.998 
0.998 
0.908 

0.998 

0.998 
0.998 
0.998 

0. 9 98 

0. 998 

0.998 
0. 998 
5.998 
0.998 

0.998 
o 938 
o. 996 

34.00 
34.00 

34.00 

34.00 
34.00 

34.00 
34*00 

3 4 - 0 5  

0, I 250 
0. I250 

0.1250 
0. I250  
0. (250 
0. f 250 
0. I 2 5 0  

2.875 
2.875 

2.875 
2.875 
2.875 
2.875 
2.875 

0.585 
0.585 
li.5e-5 
a . m  
0.585 

U.585 0.240 
0.270 
0.273 
R.270 

0. I250 
0. I 2 5 0  
0, I 2 5 0  
0. I250 
0. I 2 5 0  

2.000 
2.000 
2.000 
2.000 
2.000 

2.875 
2.875 
2.875 

-. ~ 

0.585 
0.5e5 
0.585 
0.505 

- .~~ 
34.00 
34.00 
34-00 
34.00 

2.875 
2 . 8 7 5  

2.875 
2.875 
2.875 
2.875 
2.075 

2.875 
2,875 

3.270 

0.270 
0.210 
0.250 
0.250 
0.250 

0.250 
0.250 
0.270 

C.270 
0.270 

0.585 
0.585 
9.585 
5.585 
C.585 

0.585 
0.585 

0.585 
0.585 

0.585 
0.585 
0.585 
0,585 
0.585 

0.585 

0.585 
G.585 
0.585 

0.585 
0.585 
0.585 
0.585 
0.585 

0.585 

0.505 

0 ,  t 250 
0.1250 
0.1250 
0.1250 
0.1250 

0.1250 
0,1250 
0.1250 
0. I250 
0. I250  

0. t 250 
0.1250 
0. I250 
0.1250 
0. I 2 5 0  

0.1250 
a. 1250 

0.I25O 
0, I258 

0. I 2 5 0  
0. I250  
0. I 2 5 0  
0.1250 
0 . i250  

n. I250  
5.1250 
0.1250 
0. I250  
0. I250 

a. 1250 

2.000 
2. on0 
2,000 
2.000 
2 * 000 

2.000 
2.0no 

3 4 m  
34.00 
34.00 
34.00 
34.03 

34.00 
34.00 
34.00 
34.00 
34.00 

34.00 
31r.00 
34.00 
34.00 
34.00 

54.00 
34-00 
34.00 
34.00 
34.03 

34.00 
34.03 
34.00 
54.00 
34.00 

34.00 
34.00 
34.00 
34.00 
34.00 

10.90 28.00 
22.50 22.70 
32 .38  18.50 

~~ ~- 
2.000 
2.000 
2.000 

~ . .  ~ 

2.875 
2.875 
2 -875  

- _  . 
3.998 
0.998 

44.70 9.70 
44.75 14.7[3 
52 -92  3,50 

2 L Q O  39.60 

3Q.60 33.60 
U3-50 25.40 
52.00 22.80 
63-40 18.90 
76.20 12.50 

22.40 31.80 
2b.90 29.43 
34.90 26.60 

52.20 15.50 

b3.80 9.40 

18.00 4 4 - 5 0  
22 -43  319.50 
2 V . O D  39.70 

8 - 3 0  s1.00 

43.70 21.20 

7 6 - 0 0  4.10 

0.2?0 
3.270 
0.270 
0.14c: 
0.140 

c. 140 
0. f 40 
0, I40 
0. I40 
0. I l t O  

0.360 
0.360 

0,3613 
0.350 

0.360 

0.998 
0.998 
0.998 
0 , 9 9 8  
0,998 

0,998 
0.998 

0.998 
0.998 

0,998 

u,wa 

0.998 

0,938 
0,998 

C,998 

0,990 
0.998 
0.998 

0-993 
0.998 

2.000 

z.aw 
2.000 

2.000 
2.000 

2. aoo 
2.000 
2.000 
2.000 
2" 000 

2.000 
2.000 

2.000 
2.000 

2.000 

2.000 
2.000 
2.D00 

2.aoo 

2. on0 

2.875 
2.875 
2 -075 
2.675 
2.875 

2.875 
2.875 
2.075 
2.875 
2. %75 

2.075 

2.895 
2.875 
2.875 

2.875 
2.875 
2.875 
2.675 

2.075 

2.075 

2201 
2202 
2203 
2204 
2205 

0,350 
0.360 
0. $ 1  0 
0.51C 
0.510 

0.585 

3.585 
0.5E5 
0.585 

a. 585 



Table A-3 (continued) 

Po in t 
E70 . F 

(cycles 
min) 

A 
(in.) 

d 
(in.) E 

S 
(in.) 

D 
(in. j Tr" CP* Ct* 

2206 
2207 
2200 
2209 
22 t o  

22 I 1  
2212 
2213 
22 1 1 %  
2215 

2216 
2217 
22 1 8 
22 19 
2220 

2221 
2222 
2223 
222h 
2225 

2226 
2227 
2226 
2229 
22 30 

2231 
22 32 
22 33 
22 34 
22 35 

22 36 
22 37 
2238 
22 39 
2248 

2241 
2242 
2243 
224* 
2245 

2246 
2247 
2248 
2249 
2250 

35.03 32.60 
41.00 21.20 
43.80 25.50 
62.30 14.50 
73.83 11.65 

58.40 29.20 
58.40 29.20 
58.43 29.20 
56.44 29.20 
70.011 35.22 

16.60 915.20 
17-82 96.70 
20.00 71.60 
2k.00 45.03 
29.25 29.80 

35.60 24.00 
41.90 24.50 
55.c3 20.50 
75.70 13.18 
151 - 4 0  $23.30 

4 7 . b 0  80.50 
52.00 57.50 
53.7': ii8.90 
6 l . l C  L 3 . 6 G  
6 4 . i C  48.60 

69.70 51.00 
90.30 46.70 

105.53 ~$2.60 
l ro .03  35.23 
66.513 124.60 

72.40 95.50 

7E.CO 81.6G 
78.30 77.90 
87.5G 75.10 

73.00 82.50 

93.30 72.90 
1U7.80 74.60 
114.00 7b.70 
142.00 6T.CICI 
llt9.80 65.20 

76.60 36.40 
103.45 51.72 
137.45 69. I Cl 
125.40 55.35 
104.80 47.70 

180.0 
l8rl.O 
180.0 
180.0 
18O.U 

8.5 
3.5 

i6.0 
26.0 
23.0 

5.3 
5.3 
5.3 
5.3 
5.3 

5.3 
5.3 
5.3 
5.3 
5.3 

5.3 
5.3 
5.3 
S .3 
5 - 3  

5.3 
5.3 
5.1 
5.3 
5.3 

5.3 
5.3 
5.3 
5.3 
5.3 

5.3 
5.3 
5.3 
5.3 
5.3 

70.0 
60.0 
50.0 
43 .a 
63.0 

0.510 
0.510 
0.510 
0.510 
0.510 

1 .  I 2 5  
3.375 
I .a63 
1.250 
I. 375 

! .000 
s.000 
I .OOD 
I ,u00 
i .000 

1 .  u00 
I .000 
I .oou 

2.030 
I . o m  

2.300 
2.000 
2.030 
2.000 
2.0133 

2. 00c 
2.000 
2.000 
2. 030 
3. 000 

3. GOO 
3 .  COO 
3.040 
3.000 
3.000 

3.000 

3.000 
3.000 
3. Cluc 
3.700 
I .coo 
1 .000 
i.375 
I .on3 

3. 000 

,2.996 
0.99% 
0.998 
0.978 
0.996 

i .031 
I .001 
1.001 
i .no1 
I .DO!  

I .OZ0 
1 .OD0 
I .OD0 
1 .oou 
I .000 

I .I300 
I .000 
1.003 
I .ooo 
1 .000 

1.161 
1.16; 
1.161 
i .161 
1.161 

3.864 
c'. 864 
0.864 
0.864 
0.864 

0.867 
0. 867 
0.867 
0.867 
3.867 

0.860 
0.860 
0.860 
0.860 
0.850 

0.860 
0.862 
3.862 
C.860 
C.860 

0.860 
0.U60 
0.830 
U. 860 
U .  860 

0.060 
3.860 
0.860 
E. 860 
0.860 

3.56C 
2.860 
0.960 
0.860 
0.860 

0.060 
0. a60 
0.860 
0.860 
5 . 0 6 0  

0.802 
0.832 

0.802 
0.8132 

0. 802 

I .063 
1 .Ob0 
I .060 
I .060 
1.060 

I .020 
1.020 
1.020 
i .020 
t .020 

I .000 
1 .OD0 
I .no0 
I .ROO 
I .000 

I .  000 
1 .uoz 
1 .000 
I .@@0 
I * 000 

i .003 
! .on0 
1.000 
I .us0 
I .DUG 

0.970 
3.970 
0.970 
0.970 
0.970 

0.585 
0.585 
0.585 
0.585 
0.585 

0.594 
u. 59*  
c.59;, 
0.594 
0.594 

0.564 
0.564 
0.564 
0.564 
0.554 

0.564 
0.564 
0.564 
0.564 
2.564 

0-564 
0.564 
0.554 
E. 564 
0.564 

0.564 
0.564 
0.564 
C.564 
0.564 

0.564 
0.564 
Z.564 
0.564 
0.5614 

0.564 
3.564 
0.564 
0.564 
0.564 

1.3cn 
I .3:0 
L.3CJ 
t .3tC 
I . 3 c u  

3*.00 

34.00 
34.00 
34.00 

29.40 
29.40 
29.40 
29.40 
29.40 

20.clu 
20.00 
20.00 
20.00 
23.00 

20.00 

3b.00 

~ ~~ 

20.00 
20.00 
20.00 
20.00 

20.00 
20.00 
20.90 
20.00 
22.00 

20.00 
20.0G 
20.00 
2w.00 
20.00 

20.00 
23.20 
2 0 ; 0 0  
20.00 
20.00 

20.00 
20.00 
20.00 
20.00 
20.00 

16.00 
16.05 
1 6.0G 
l6.0C 
16.00 

0. B 250 
0. I 2 5 0  
0.3250 
0. I250 
0.1250 

[3.03;0 
O.DSj0 
0.0310 
0.0310 
8.0312 

0.0630 
0.0630 
U.063U 
0. D630 
0.O630 

0.0630 
0.0630 
G.063C 
0.0630 
0.0630 

0.0630 
0.0630 
0.0630 
0.063U 
0.0630 

0.063G 
3.0633 
0.0630 
0.0630 
0.0630 

0.0630 
0.0630 
0.0630 
0.0630 
0.0630 

0.9630 
U.0630 
0.0630 
0.0630 
D. 0633 

0. I 2 5 0  
0. $ 2 5 0  
G. I 2 5 2  
0. I 2 5 0  
0. I 2 5 5  

0.246 
0.246 
0.246 
0.246 
0.246 

0.054 
2.054 
0.054 
0.0534 
0. 054 

0.230 
0.230 
0.230 
0.230 
0.2311 

5.230 
0.230 
0.23n 
0.230 
0.230 

0.230 
0.230 
0.230 
0.230 
0.230 

0.235 
0.233 

0.230 
0.230 

0.230 
0.230 

0.230 

0.230 
0.230 
0.238 

0.230 
0.230 
8.230 
0.230 
0.230 

0.230 
0.230 
0.230 

0.230 
0.230 

2.000 
2.003 
2.000 
2. OS0 
2.000 

2.000 
2.030 
2.030 
2.000 
2. ODG 

7.  375 
7.375 
7.375 
7.335 
7.375 

7.375 
7.375 
7.375 
7.375 
7.375 

7.375 
7.375 
7.375 
7.375 
7.375 

7.375 
7.375 
7.375 
7.375 
7- 375 

7.375 
7.375 
7.375 
7.375 
7.315 

7.375 
7.335 
9.375 
7.375 
7.375 

2. n x  
2.080 
2.000 
2. 030 
2. m u  

2.875 
2.875 
2.875 
2.835 
2.075 

2.000 
2.000 
2. oclo 
2.0m 
2.030 

2.000 

2.000 
2.000 
2.000 

2.000 
2.1330 
2.000 
2.003 
2 .000 

2.000 

2.000 
2. 000 
2.000 
2.000 
2.000 

2.C30 
2. DO0 
2.000 
2.000 
2.000 

2.000 
2.000 
2 .00C 
2.GG5 
2.000 

2.003 _ _ ~  
2.080 
2.000 
2.000 
2.000 

I .920 
i .920 
1.920 
I .920 
1.920 

4 1  2 
k 1  2 
4 1  2 
4 1  2 
4 1  2 

2 1  I 
2 1  1 
2 1  i 
2 1  k 
2 s  1 

4 1  7 
4 1  7 
4 I 7 
4 I  7 
4 4  7 

4 1  7 
4 i  7 
4 i  7 
4 I ? 
4 1  7 

4 1  7 
15 ; 7 
4 1  7 
4 1  7 
4 1  7 

4 1  7 
4 5  3 
4 1  7 
4 1  7 
4 1  7 

4 1  7 
4 1  7 
4 :  7 
4 ;  7 
4 1  7 

4 1  7 
4 1  7 
4 I  7 
4 1  7 
4 1  7 

2 i  4 
2 1  I 
2 1  I 
2 1  I 
2 1  I 

I '  
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Table A-4. Analysis  o f  Variance Ca lcu la t ions  

I 
I1 

I11 

I V  

V 

V I  

V L I  

V I 1 1  

I X  

X 

X I  

XI 

XiiI 

X I V  

xv 
X V I  

X V I I  

X V I i I  

XXX 

xx 
XXI 

XXTI 

XXIIL 

X X I V  

XXV 

xxil 
XXVII 

WIT1 

X X I X  

xxx 
XXXI 

XXXLI 

XXXIII 

XXXIV 

XXXVd 

ro3a In A 

YO:, a 2  

yo3 In ii 

YC3 In  A 

YC3 In A 

124 In  A 

'R4 In  A 

YO3 In  A 

YO3 I n  A 

I n  (vD+yC)  :: 

In  (vDivC) o 
YO3 A 

YC3 A 

-3 In  A 

Y0j In  A 

yo7 In A 

Y 1 1  I n  A 

I n  (vD+vC) xz 
Yl2 l n  FA 

Y 1 2  I n  A 

YO5 ln A 

Yo7 In A 

Y11 In A 

yo7 In A 

Y l 1  I n  A 

Y37 I n  A 

Y39 In A 

Y3c/ I n  A 

YO9 In  A 

Y10 In A 

YO7 In A 

YCk5 In  A 

Y 1 1  I n  A 

Y12 In  A 

Y E  I n  rM 

In rrD X22b 

I n  A I n  T i  

x2? In  A 

In ~i 

In T~ 

I n  7, 

I n  ,i 

In irb1 
FA 

In  FA 

FA 
r; 

I n  T' 

In  TI 

I n  :iv 

I n  :r 

I n  FA 

3 

I n  T 

I n  r 

I n  rN 

In rM 
In 7, 

I n  T 

In T 

I n  ,iM 

I n  irM 
In ir 

I n  iiM 

I n  T,, 

I n  T~ 

In rM 
In  T+, 
l n  

3 

3 

a 

i) 

C 

0 

Cl 

0 

J 

0 

0 

3 

3 

0 

3 

0 

5: 

0 

x22 

0 

x2? 

3 

3 

3 

U 

0 

c 

1.65 
5.29 

j .65 
3.39 
5.96 
6.23 
6.23 
3 2 6  

5.35 
92.2 

I3.L 

C.:k 

1.75 
1.66 
3.25 
2.71 

4.16 
4.35 
3.5'; 
3.78 

3 .2e 

2 2 1  

3.22 

2 . 7 j  
2.11 

3 .!-C 

2.52 

: .21 
3 .Y 
2.16 

2.45 
2.3'1 

2.51 

0.71 

0.20 

1.64 
2..17 
1.93 

2.36 

2 . (36 
4.44 

1.7.13 
1' 3 -., 
2.29 

2.C6 
6.20 

2.25 
2.13 

1 .60  

1.26 

1.54 
1.3; 

c.59 
C.?L 

0. '15 

3.85 

1.17 

1.02 

1.66 
1.68 

2.96 

aSee Tahle  A-5. 

bSee Table A-6. 
'Terms 14 through 16, i n  pa ren theses (  ), were used only fo r  Cases XXXL through XXTV. 

d Ins t ead  of the term b5 X1X2, t h e  t e r m  b5 X1/Xz w a s  used i n  t h i s  case. 

Xeegression Model 

For a l l  o the r  Cases b l ?  = h14 = h13 = 3.  

Y = b + hlXl + baX2 + b3X, - b4& + b5X1X2 + b,XIX, + b7XzX2 + beXlz - b,XZ2 - b13X32 + bl1X4' + bl2Xz3 + 
(b13Xz4 + b14Xz5 + h15X2e)c. 
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Table A-5.  List o f  Dependent Variables Used, 

All Dimensionless” Except Where Noted 

Symb o 1 De fin i t ion 

YO1 

YO2 

YO3 

YC4 

YO5 

yc6 

yo7 

YO8 

YO9 

Y10 

Y11 

Y12 

Y13 

Y 1 )-I 

y15 

Y16 

Y17  

Y 1 8  

Yl9 

Y2 0 

Y2 1 

The gravitational constant must be added where 
appropriate to make the group dimensionless. 

a 

bNot dimensionless; see notes, Table A-6 .  
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T a b l e  A-$.  (Continued) 

_____ -0. 

Symbol Def in i t ion  

Y22 

e 3  

Y24 

y25 

Y26 

See D.Q&S at end of Table A-6, which  a l s o  a p p l y  here .  
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Table A - 6 .  List of Independent Variables ,  
A l l  Dimensionlessa 

Symbol Def in i t i on  

XOl 

x02 

x03 

xo4 

xo5 

xo6 

xo7 

XC8 

XO9 

x10 

x11 

x12 

X I 3  

X 1 4  

X I 5  

xi6 

X I 7  

x18 

XI9 

S O  

x2 3. 

x22 

Wie gravi-tational cons t an t  mus t  be added where 
appropr i a t e  t o  make the  group dimensionless.  

. 



Table A - 6 .  (Continued) 

Symb o 1 De f i n i  t i  on 

173 (PJP , )  

I n  [&(% + A=) 2 t l / ( ~ ’ ? y ) ] ,  Weber No. 

Note 1: Basic Var:i.ables 

V = Conti-nuous phase v e l o c i t y ,  f t / h r  

V = Dispersed phase vel .oci ty ,  f t / h r  

C 

D 

A = Pulse  ampli tude,  i n .  

F = P u l s e  frequency,  cpni 

y = I n t e r f a c i a l  tension,  dynes/cm 

= Continuous phase  v i s c o s i t y ,  c e n t i p o i s e  
VC 

pD = Dispersed phase v i s c o s i t y ,  c e n t i p o i s e  

= PC/PC 

V D  = W J P D  

--- . .- 
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Table A-6. (Continued) 

Note 1: Basic Var iab les  (Continued) 

= Continuous phase dens i ty ,  g/cc 

= Dispersed phase dens i ty ,  g / c c  

pc. 

PD 

d = Pulse  p l a t e  ho le  diameter,  i n .  

D = Column diameter,  i n .  

E = Pul se  p l a t e  free area 

S = Pulse  p l a t e  spacing,  i n .  

Note 2:  Developed Var iab les  

'$, = (1 - E " ) ( ~ 4 ) " / ( 2 ~ ~ G 3 4 ,  ft3/(hr3 i l l . )  

1. = (Vc - V ) / ( F j l ~ F h ) ,  dimensionless  D 
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Tab l e  A-6. (Continued] 

Note 2 :  Developed V a r i a b l e s  (Continued)  

vC .+ - ft/hr 
x' f 1 - Xf 

~OFA[JI - + x arc s i n  1 1 ,  ft/Plr 

Vc' ( R  -1- 1 ) J R  

vC/vD = v , ~ / v ~ I  (Primed v e l o c i t i e s  
are (:hose a t  i n s u f -  
f i c i e n t  p u l s a t i o n  
f '1 ood i n g  ) 

Note 3: Examples of Fower or  Cross-Product  T e r m s  
i n v o l v i n g  t h e  Above V a r i a b l e s  

~ 2 2  4 means ( ~ 2 ) ~  or [ ~ n  (v~/v , ) ]"  
x22 Cx%%'> means e or vC/vD 

X22/X23 

X22X23 

means (X22) / (X23)  o r  [ I n  (Vc/VD)]/[2n (A/S) ]  

means (X22)(X;23) or  [ I n  (Vc/Vn)][ln (A/S) ]  

a 2  X? 

x22 x23 (.iZ-i55 means e e o r  (v~/v,)(A/s) 

(-zZG~G~J means e / e  --3 or (VC/V,)/(A/S) 

( x 2 j n i e a n s  [ e  a213 o r  (vc/vU)3 

1-1 
~~~$~ means I n  [e e o r  I n  [(Vc/VD)(A/S)] 

means I n  [ez2/ez3] or In [(Vc/V,)/(A/S)] 

x22 x23 

x22 x23 means [ I n  ( e  e ) I "  o r  (In [(Vc/VD)(A/S)]}5 
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i xi  Table A-7. Surmaary of Flood Equations, Y = A + z b  

& t a i l s  of equations having a muitiple regression coef f ic ien t  > 0.900, and other equations of in te res t .  
Intercepts and coefficients based on a l l  Group 1 data unless noted otherwise. 

Standard 
Cumulative Drviation 
k l t i p l e  Mean Value of t h e  
Regression of Dependent Dependent Range of Deviation' Flooding Dependent Independe% 

Equation Variablea Intercept Veriables COefficiCnt8 Coefficient6 Variable Variable Residuals " Avg. of t ' Avg. of - 
NO. ( U )  (A ) (Xi) (bi)  ( R j  (7) 

Thornton Equation: 

0.6876 0. ;%2 -&'E7 1.124 4.973 5.992 92.4 -25.5 19.8 4 YO1 -3.312 xo2 
x0 1 -G. 1772 O.@& 
M7 0.8356 0.543 
XO4 0.5601 0.866 
=5 0.1825 0.8'71 

Swot-Babb Equation: 

5 Y62 -5.057 X33 0.7876 0.76'1 -,;.e@ 1.1.38 5.088 9.650 76.1 -25.3 
X O l  -17.1727 Le35  
XOii 

16.7 

Pike Equation: 

-31.3 22.3 7 yo3 -6. '435 xo7 -0.269? 0.668 -1.862 1.267 4.860 8.05s 83.5 
Q3 -Cj.F;:gg 0. Tfi 
X22 -L..1881 3.823 
x10 -c .5L76 D * 1\40 
X25 1.130 0.852 
Xlg 0.9411 3.670 
X I 5  -17.5536 0.876 
x27 -0.2'151 C.830 
E!, -0. ol:16d 0.680 

31 YO7 -1.859 4 1 -0.g307 0.991 (Tnir equation redundant, YO7 and X21 too nearly a l ike . )  

33 Y B  3.4641 m2 -:.001 0.969 (This equation redundant, Y08 defined by X22 and x32.) 
xP.2 -0.1748 0.599 



Table A-7.  (Continued] 

Cumiilat i v e  
Standard 
Ueviat ion 

X u l t i p i e  >lean Value of Cne 
Flooding Dependent Independent Xegre3s;on of &pendent Dependant Range o f  C !e Deviazionc 
Equation Variable" I n t e r c e p t  Var i ab le sS  C o e f f i c i e n t s  C o e f f i c i e n r s  Vargabie VaTiabie Xesiduais  aZ Avg. 01 + Avg. o E  - 

(&) Deviat ions Deviat ions Average .i (Y) ; A )  (:Ci ) 5 i' ( R )  :y) ( ) 
!b \ X O .  

-0.99 17 
0. !660 

-0.9887 

0.0158 j 
0.1638 

-O.g&l 
-0. i909 
-0.05654 

0.5145 
-0.2947 
-0.5797 
-0.Ob1C6 
0.4129 
0.l584 
-..50:, 

0.oot14 1 
0.081 18 

-0.5 15~1 
-0-3179 
-0.3600 
0.1484 
-0.0729-f 

0.991 
0.999 

(This  equa t ion  redundant, see 44. 31.) 

0 . y g l  (This equa t ion  redundant, see E q .  3i . )  

0.873 -1.7';9 1.203 6.009 11.49 55.0 -27.0 13.7 
0.887 
0.895 
0.898 
0.901 

0.817 -1.749 56.3 -29.2 13.7 
0.845 
0.362 
0.883 
0.894 
0.903 
0.901 

i.?o:, 4.2m 8.151 

0.873 -: :749 1.203 5.'(15 12A1  41.5 -25.4 9.9 
0.887 
0.895 
0.904 
0.913 
0.919 
0.92h 

92 Y O 7  0.2923 x20 3 0.00607j o.B-(j -1.749 1.203 5.269 11.57 41.9 -25.7 9.8 
X20 0.1j54 0.887 
xi 8 -0 . p I8  0.895 
x23 -0.2788 0.904 
X I 7  3 -0.0L'syy 0.916 
X22 0.1447 0.925 
x20 2 -0.07069 0.925 
X I 7  -1.903 0-925 
X17 2 0.3664 0.926 

0.01075 0.DD -1.749 i.203 5.36: 10.64 5'.9 -27.7 13.3 
X2O 0.2492 0.887 

YO7 2.353 
X20 

83 

XI3 -0.3302 0.835 
XZ.7 3 -0.04791 0.901 
x17 e 0.6715 0.905 
x17 -3.037 0.307 
~ 2 0  2 -0.05346 0.909 

I r 
W: 
a 



Table A-7. (CocKlnu@d) 

Standard 
Cumulative Deviation 
Multiple Mean a l a e  of the 

Flooding Dependent Independenf Regression of Dependent Wpendent Range of Deviation' 
Equation Variablea Intercept VariablesD CoeEficients Coefficients VarLable Variable Residuals rT Az f Avg: of i- ' Avg. of - 

fio . ( A )  ( A )  ( X i )  ( b i )  (R) ( y )  by) (&) , .f Deviations Geviations Average 
L Y  

0.0140g 

-0.3253 
-0.2330 
0.1512 
1 .:32 

0.015i;l 

-0.07151 
-C.i.5380 

0. CC9969 
0.2775 

-3.07892 
-0.2578 

0.5805 

-O.G3:94 

0.2833 

2.1349 
-3.06134 

3.G103 
-0.6013 
4.2407 
-0. c6420 
0.1?72;56 

0.006175 
-0.5241: 
4.2474 
-3.2005 
3.1292 

-S.O71:il 

-0.6:gp 
-0.2783 

0.12Lj 
0.5?79 
o.04352 
0.4'381 

1.465 

0.e.r: -1. '749 1.203 6.2-s 12.92 49.8 -26.2 12.5 
C.887 
0.895 
0.924 

-1.842 3.873 
0.887 
O.c/W 
3.905 

3.8%, 
0.837 
0.902 
3.912 
0.918 
0.922 

1.263 5.961 11.63 51.3 -26.8 12.8 -1.749 

-2.364 -1.749 1.205 5.7w 12.21 42.6 -25.9 10.1 

117 YO7 -1.77: 1.203 5.964 12.39 46.2 -25.6 10.9 0.8m -1.7k9 
0.900 
0.911 
0.915 
2.916 

120 YO7 -2.1~3 0.e3 
0.502 
0.911 
0.919 
a.924 
0.')2:, 

0.863 
0.tiE.A 
0.852 
0.8g-( 
0.8y'i 
0.901 
0.905 

-1.749 1.205 5.490 12.29 38.6 -25 .0 8 .E! 

12 1 Y37 -1:749 1.233 4.536 9.393 55 *2 -28.5 1.3.2 
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r 1 ' v  ,. 7 

Standard 
&via t ion Cumulative 

b l t i p l e  Mean Value or' the 
Flooding Dependent Independent Regression of Dependent Dependent Range of , Deviation' Equation Variablea Xntercept Variablesb Coefficients Coefficients Variable Variable Residuals f cz: lC Avvg. of + 'Avg. of - 

( m )  1 -j Deviations Deviations Average no. 0)  (A )  (Xi ) ( b L )  i R )  (Ti by) 

145 

146 

144 Vosi -2.191 

YW -0.3719 

YO9 -3.658 

14: Yog -2.650 

3 
X20/X21 
X21 
a 3  
2 0  2 
x22 
S O  

xZo/x21 
=3 
X21 
Jc?2 
E O  
x213  
x.21 2 

3 
X20/El 
El 
E 3  
x20 2 
x22 
E O  
a 1  2 

E O  

E 1  
x20 2 
S O  

)[20?*1 

0.005635 
4-5303 
-0.2530 
-0.2038 
-0.07215 
0.1202 
0.08637 

-0.8457 
-0.2197 
1 507 
3.11il-7 
0.3792 
0.04368 
0 .5~60  

0.005695 
0. Ob52Td 

-0.9558 
-0.1846 
-0.m20 
0.1726 
0.2598 

-0. 0?45Ed 

0.01342 
3.03421 ld 
-0 . ! k l y p  
-QbO*e 

0 .OlOMd 
0.2796 

0.812 -1.E2 1.213 
0.900 
c.911 
0.919 
0.924 
0.928 
0 . 9 3  

0.565 -i./82 1.210 
0.885 
0.893 
0.897 
0.696 
0.901 
0.905 

0.672 -1.782 1.210 
0.930 
0.911 
0.919 
0.9224 
0.928 
0.929 
0.y30 

0.872 -1.752 1.210 
3.YW 
0.911 
0.915 
0.916 
0+18 

l5l (Sam as Eq. 135, b u t  restricted to m l s i o n  flooding.) 
yo3 -3.j26 x20 2 3.1420 0.868 -2.027 1.139 

E 3  -0.2291 0.881 
x?2 0.1561 0.889 
X18 -0.5766 0.8?7 
Xl&/X20 3.572 0.89 

0.400 

5.539 

4.691 

5.520 

5.934 

6.591 

E.30 

9 4 2  

12.40 

12.34 

13.44 

?E .3 

52.2 

37.7 

47.4 

57.8 

-25.6 9.1 

-28.5 

-25 .J 

-2J.E 

-24.9 

13.2 

8.9 

1 
t-J 
0 
P 
1 

11.5 

14.6 



Table A-7. (Conrinued) 

~~~~~ ~~~ ~ ~ - 
Standard 

Cumulative *via t ion  
Xul t ip le  ?lean Value oi the 

Eiooiing =pendent Independent degression of  *pendent Dependent Range of c r'p DeviationC 
Equation Variablea In te rcept  Variablesb Coeff ic ien ts  Coeff ic ien ts  VariaDie Variabie Residuals \ nZ 7 Avg. of + Avg. of - 

No I (Y) : A )  (Xi) (hi)  (R) ( 3 (. 1 (nz) j . f,x , ,i kvi r i t ions  Devrations Average 

155 

160 

161 

162 

:6qe 

~ 6 5 ~  

(Same as Eq. 139, b u t  r e s t r i c t e d  t o  emulsion flooding.)  
-2.60: w0 2 -0.08402 0.868 -2.027 1.139 5 . 6 ~ 9  11.63 42.8 -26.5 10.: 

0.88: X02 -0.07365 

x22 0.1383 0.907 

YY 

%2j -0.2640 0.899 

(Same as  Eq. 144, but r e s t r i c t e d  t o  emulsion i iooding.)  
-2.320 U0 2 -0.1414 0.8& -2.027 1.139 5.451 11.97 38.1 -25.3 9. 1 YUJ 

M1 -0.22jG 0.9% 
x23 -0.2'976 ().YO9 
x22 0.1340 0.916 
xm/w? -0.6576 0.91.: 

(Same as E q .  145, but r e s t r i c t e d  t o  emulsron flooding.) 
-2.950 %?0/:(2l -0.1L40d 0.848 -2.027 1 . 1 3 ~  4.666 9.391 50.2 -27.2 11.8 

0.877 
0.0136ed 0.8f!i 

Yog 
=3 -0.2834 
a 1 3  
x22 0.1&45 
x20 0.@2 1 0.896 
XZl -0.j79Td 0.901 

0.891 

(Same a s  E q .  ilks, but res t r icced  t o  emulsion fiooding.)  
-;1.2:0 x20 e -0.1320 0.869 -2.027 1.139 > A 6 5  12.06 39.8 -24.7 9.1 

0.698 Ml -1.77: 
Y.23 -0.2377 0.9~9 
x22 0.1400 0.916 
i120/x21 -0.5310 0.917 
X21 2 -0.39$5 0.917 
x213 -0.03201 0.918 

YW 

Yo9 -3. ~ 8 4  wo 2 -0.1321 0-875 -0.8291 1.117 5.445 l2.02 36.0 -25 .z 9 - 1  
XZl -1.855 0.00A 
.=3 -0.2327 0.913 
x2o/yyzi -0.5380 0.913 
X21 2 -0.4108 0.914 
xzl j -0.03300 0.915 

YC8 -1,101 MO 2 -0.1437 0.875 -3.8291 1.11: 5.418 11.90 37.8 -25.6 9.1 
X21 -0.2234 0.904 
x23 -0.2218 0.913 

0.9i3 

1 

i 



Tahtble A-?. (Continued) 

(Y? ( A )  (Xi) (bi) (R) (3 (S,) .f(x) NO I 

t 

Deviations DeviaKionb: Average 

' .. c 

16Te 

lae 

16ge 

170e 

I n e  

177 

174 

YO1 -5 -580 

YO1 -2.825 

YO1 4.317 

Y 1 0  -3.171 

Y10 -1.152 

Y11 -3.471 

11 1 -1.6% 

0.1C:Od 
-0.04569 
-3.1m 
-3.2223 
-0.5443 
-1.490 

3 . O % C d  
!j .67;4 
-0.122> 
-0.2079 

c .77k3 
-9.001g16d 
-0.2645 
-o.og865" 
0.2879 

-0.1307 
-1.832 

ij.55k9 

4. ~ 3 5  11 

-0.14FLI 
4.23f3 
-0.22k6 
-0 ~ 6293 

-0.2562 

-0.40% 

3. el i07 
o.219id 

-1 :5'!5 
4.17633 
0.1:og 
0.3101 

-0.1766 
-0.04362 

0.01141 
-0.25 l!+ 
-3.2742 
-3.191J 
3.1379 
0.1791 

-i..036,-$ 

3.788 -6 .e25 1.12E 5.021 
0.89': 

0.Wd 
3.925 
0.926 

0.914 

3.788 -6.825 1.128 5.0se 
0.894 

0.924 
0.916 

0. ?A3 -6.825 1.128 4.459 
0.597 
0.910 
E.911 
0.912 

-0.8650 i.12k 5.LTd 0.6?1 
0.901 
0.gro 
c.511 
0.911 
0.912 

0.871 -0.9550 1.124 5-45d 

0.910 
0.912 

0.901 

0.658 -I .0?4 1.227 6.628 
0.857 
G.902 

0.012 
3.91.5 
0.916 
0.917 

C.907 

3.858 -1.074 1.227 8.548 
0.887 
o.ym 
'J.gW{ 
c.912 
c.915 
0 . C l h  

11-75 

11.77 

9.535 

11.86 

11.75 

17.61 

17.31 

34.2 -22.2 .E 

33.6 -22.3 

43.5 4.9 

40.1 -25. I; 

39.8 -25.7 

58.1 -25 .J 

59.4 -24.9 

7.9 

10.0 

9-6  

9.5 

9.3 

9.5 

I 
P 
ch 
Y 



Table A - 7 .  (Continued) 

Standard 
Cum la  t ive Deviation 

& l t i p l e  Mean value of the 
C Deviationc FIooding Dependent independent Regressisn of Leependent &pendent Unge of 

Zquation Variab;ed Interceji  Variablesb Coefficients Coefficients VariabLe Residuals Avg: of + 'AVp. Of - 
8 . E  x i  Deviations Deviations Average NO. 0)  ( A )  (Xi 1 ( h i )  ( R )  (F bz 1 
Y (  

-1 f 749 1.205 5.119 11.62 38.; -25 -7 8.8 177 YO7 -2.15~+ =0 3 0.02912 0.873 
x20/x21 -0.6559 0.900 
MI -0.23 5 I 0.911 

-0.1830 0.919 
0.924 

a 3  
w2 0.1270 
x20 2 0.000765gd 0.929 
x20 5 -0.001470 0.950 
x20 4 -0.005449 0.951 

YO7 

0. 03 148 0.8y3 -1. "49 l.203 5.137 12 . j i  35.4 -22.0 
-0.6142 0.900 
0.1445 0-913 

-0.33a1 0.920 
-0.001837 0.528 
-0.03b36 0.933 
0.3430 0.534 
-0.03160 0.935 
0.05868 0.936 
-0.06530 0.937 
-0.006599 0.937 
0.04339 0.938 
0.04'3-6 0.938 

-3.205i 0.939 

0.05113 0.83 
-0.6563 0.900 
0.1648 0.913 

-0.302? 0.920 
-0.001839 0.923 
-0.03424 0.93j 
0.3752 0.934 

-0.07021 0.93: 
0.07gj7 0.956 

-0.06646 0.93' 
-0.006698 0.93'/ 
0.046S9 0.938 
0.0>335 0.938 

-0.2079 0.939 

i .749 1.203 5.136 12.50 35.9 -21.8 

8.0 

8.0 

8.0 



, ' 

Table A-7. (Continued) 

Standard 
Cumulative Deviation 
k l t i p l e  Mean Value of the 

DeviationC Flooding Dependent Independent Regression of Dependent Dependent Range of 
Equation Variable' Intercept Variablesb Coeff i iknes  Coefflciencs Variable Variable Residuals [A]' Avg. of + 'A~, .  of - 

( T) by) . f ( x i j  Deviations Deviations Average No. (Y) (4) (Xi ) (b i )  ( R )  

182 YO7 -1.910 

183 Y@7 -1.924 

y37 -1 .gl& 164 

0.03129 
-0.6974 
% l a g  

-G.03363 

-0.07125 
0.*240 

-O .oG5 10 
-0.2034 
0.04501 

-0 .392 
4 .oGE469 

0.3240 

0.03154 

6.1697 
-0.6670 

-0.3154 
-0*0308:51 
-3 . o E q  
0.3227 

-0.0711 1 
0.G8k35 

-0.03263 

0.031k; 
-3.64 70 
0.1674 
-0.3184 
-c.0308455 
-0.C26L1 
0.3254 

-D,07251 
0.*193 
-0.014E6 

0.0j214 
-0.6.588 
0.1649 

-0 149 
-0.W&Z6 
-3.o4?26 
0.3151 

-O.O@!gS 
0.@155 

0.B-q -1.749 
0.900 
3.913 
c.920 
0.928 
5.953 
0.93& 
3.955 
0.936 
0.937 
c.937 
0.937 

a.3v -1.749 
0.gCj0 
0.913 
0 .920 
C .928 
0.953 
0.934 
0.935 
0.936 
0.93'T 

0.EE -1.749 
0.900 
0.913 
3.920 
0.928 
3.935 
0.?2& 
c.935 
0.936 
C.?5? 

0.37g -1.749 
0.9CC 
0.913 
0.920 
0.928 
3.933 
0.934 
3.93s 
0.936 

1.20: 5.1j3 12.21 36.1 -22.1 8.1 

1.203 5.107 12.12 36.1 -22.7 8.1 

1.203 5.~20 12.11 36.4 -22.5 6.1 

1.203 5.211 12.27 36.9 -22.6 8.2 



I 
LO 

d'O 

4.6 

rC6-0 
oE6.0 
626.0 
~26.0 
676.0 
11.6'0 
006-0 

6qL.T- u8.0 

916.0 
668'0 

6tL-1- U8'0 

512-2- Lon 881 



Tab le  A-7. (Continued) 

Standard 
Cumlative Deviation 
mltiplc Mean Value of the 

F1oodir.g Dependent Independent Regression of Dependent Dependent Range o f  C 6 %viation'  
Equation Var i ab lea  Intercept Variablesb C o e f f i c i e n t s  Coefficients Variable Variable Residuals aZ Avg. of + Avg. of - 

( A )  (Xi 1 (bi) (R) (3 by) b ) 7 . f  Eeviations Deviations Average No. (Y ) 

0.02741 0.6-5 -1.7'19 1.203 5.084 1 1 . 3 ~ ~  36.4 -25.2 6.4 YO7 -1.853 x20 J 
x20/x21 -0.6737 0.900 

X 2 l  -0.2351 0.920 
x20 5 -0.001536 0.928 
x22 0.1225 0.933 
x23 0.2115 3.933 
x20 4 -0.00j584 0.355 

X2C/X21 -1.k17 0.900 
~ 0 x 2 3  0.04624 0.912 

-0.04187 0.918 
19-16 0.920 

-3.4182 0.g21 

0 . p I  

-O.04971 0.915 
-9.665 U.919 
20.03 a.921 

(x2j) - 0 . 4 4 ~  0.921 
0.1616 0.922 

3 s a 7  
ZOX23 O.C'el52 0.sg'i 

-@. 04';81 0 . 9 ~ 3  

190 
x20x23 O.OYf96 0.913 

-0.4697 x20 3 0. e1518 0.873 -1.7119 1.293 6.348 13.50 42.3 -24.9 9.5 T07 

@ -9.3m 0.915 

e -0.oo6547d 0.920 

-0.4637 xa3 3 0.01815 3.672 -1.7b2 1.210 6.35: 13.51 42.2 -24.6 9.5 uog 
QC:X;?I -1.428 
X2QZ3 0.&@? c.912 

-3.0&133d 0.921 

0.2072 S O  J 0.91866 0.658 -1.374 1.927 9.078 17.56 44.5 -24.1 10.6 Y 1 1  199 
X2J/El -1-359 

@ -9.641 0.S;aO 

a 19.70 0.305 

a -0.0031m3~ C.YO.7 

@ C!.006Cbijd 0.996 

0.X436d C.907 

@ -0.4.11; 0.?07 

0.14E5 0.gob 



Table A+'[. (Continued) 

Standard 
Ceviation Cumulative 

Multipie Mean Value of the 
Flooding Dependent Independent Repression o f  Dependent Dependent Range of Deviation' 
Equation Variablea Intercept VariablesU Coefficients Coefficients Variable Variable Residuals &L Avg. OL + ' ~ ~ g .  of - 

No. :Y, ( A )  (Xi 1 ( b i )  : a )  (3 by! b) sy .r(x) ; Deviations Lkvlarions Average 

200 Y10 0.7645 0.0:837 
-1.206 
0. 00fXJ~'+~ 

2 02 YO 7 -2.043 

203 -2.111 

-10.55 
21.01 

-0.02760 

-0.6472 
0. 0427Td 
0.2025 

0.0001445 

0.007267 
0.3085 

-4. 1 7 3 ~ 1 0 - ~  

-0.08563 
-22.50 

-0.00006i33 
1.036~10-' 
h.22> 

-0.0001894d 

0.06883 

0.007098 

0.3151 

- 4 . 1 6 3 ~ 1 0 - ~  
-0.1031 

-22 .'[I 

-0. GOO%@% 
1.371~10-~ 

4 . h l l  
-0. X~Ul6:7~ 

39.3 -26.0 9.5 0.871 -0.6208 1.197 6.384 13.46 
0.900 
0.909 

0 * Y l 3  
0.915 
0.917 
0.91' 
0.918 
0 . 9 2  
0.919 

0.t;n 

0.910 
0.930 
0-937 
0.939 
0.941 
0.94; 
0.941 
0.9$1 

0.912 

39.4 -23.6 -1.749 1.203 3.960 9.792 7.9 

0.872 

0.930 

0.938 
0.940 

0.9Jie 
0.942 
0.9$3 

0.910 

0.942 

-1.782 1.210 3.950 3.735 36.7 -23.3 7.8 



Table A-7. (Continued) 

Standard 
Cumulative Deviation 

Mul t ip l e  Mean Value of the 

No. (Y! ( A )  (Xi) (bi! (R) (3 by) (is) 7 xviacions Deviations Average 

Flooding -pendent Independent Regression of Lkpendent &pendent Kange of C -viation' 
Equation Var iab lea  Intercept Variablesb Coefficients Coefficients Variable V a r i a b l e  Residuals AE Avg. of + 'AvAvg. of - 

234 Y l 1  -1.503 MO 3 0.006511 0.058 -1.07;1 1.227 7.318 16.39 41.9 -23.7 8.9 

IzqEii c.3535 0.901 

-&.034~10*~ 0.919 
(x252) -0.Og-pj'. 0.926 

cx212) -2R.99 0.928 
2 . 3 9 5 ~ 1 0 ~ ~  (3.928 a 0.002554 0.929 

7.1s  C.931 
-0.oooo1658 0.931 e -00.0000464~ 0.952 

205 Y10 -1.032 E11 3 0.306664 0.871 

pqzi] 0.3233 0.411 

a -22.4: 0.936 

cx21) 

-3.964xlO-~ 0.931 
@ -0.07567 0.934 

-5 .21@~10-~ 0.gJ8 
7.516~10" 0.939 

4.367 0.939 
0.940 

d 

@) -0.05609 

-0.6208 1.197 4.584 10.65 35.9 -25.3 7.9 

35.1 1.203 4.053 10.13 -1.749 -24.1 '7.3 

1 
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Table A-7. (Continued) 

. 

Standard 
Cumulative k v i a  t ion 
Multiple Mean Value of the  

Flooding Dryendent Independent Regression of Dependent Dependent Range of -C $ Deviation' 
Equation Variable" In te rcept  Variablesb Coeff ic ien ts  Coeff ic ien ts  Variable Variable Residuals .& Avg. of 4- Avg. of - 

No. ( Y )  ( A )  (Xi ) (bi)  ( 1 % )  ( Y )  ( m )  Deviations Deviations Average 

0.83 -1. '749 1.203 5.187 12.82 33.4 -22.7 7.5 
i l  . yo8 
0.921 

0. ye3 
0.931 
0.935 
0.97'7 
0.933 
0.941 
0.941 

0.942 
6.942 
0.943 

0.942 

0.6'12 

0.913 

0.921 

0.928 

0.931 
0 . ~ 5 4  

0.933 
fi.F&l 
0.+1 

9.341 
0.94 

0.937 

-1.732 1.210 5.319 13-05 34.7 

9.959 -2.014 0.3770 1.251 12.31 11.2 

0.%1 
C.961 
6.961 
0.961 
0.961 

0.961 

i; .962 
0.962 

0.962 

c .y63 

0.960 
0.960 (This equation redundant, Y l 8  is defined by x22.) 

0.962 

-23.0 

-5.0 

8.0 

0.6 

1 



Tab le  A-7. (Continued) 

~~ ~ ~ ~~ ~ 

Standard 
Cumulat ive Deviat ion 

~ l t i p l e  ?lean Value of che 
C Deviation' Flooding Dependent Independent Regression of &pendent Dependent .Unge 

Equation Veriablea In te rcept  Variablesb Coefficients Coeff ic ien ts  Variable  Variable Residuals  AZ Avg. 01 + 'Avg. of - 
(&) x .f ( ) Deviations Deviations Average No - (Y) ( A )  (Xi ) bi 1 ( n )  (3 by) 

2 16 YI.0 -1.134 x20 3 
-1 
~20x23 
x 2 1 3  
x25 2 
=o 5 
~21x23 
=3 2 

MO/x21 
x23 

x22 

217 Y 1 1  -1.388 *o 3 
pq iq  
x21Y22 
~20x23 
a0 5 
x25 2 
X20/rnl 
MOx22 

0.02n1 

0.4624 
0.04115* 
0.001458d 

-0.1444 
- 0 . 0 0 1 5 ~  
-0-1557 
0. 02582d 

-0. 1444d 
-0.5522 
0.6034d 

0.03587 
0.2969a 

-0.07724 
-0.02684a 
-0.001772 
-0.1550 
-0.5 148 

-0.1412 
-0.4523 

0.02844 

0.08157 
-0.oc61L5 
-3. 46Ud 
13 .3 16bd 

-0.02637~ 

-0.4466 
0.03576 

-0. 796gd 
-0. 01436d 
-0.1238 
0.09615 

-0.157: 

-0.1378 
-0.001749 

-0.372ad 
0.08182 

35.0 -22.3 7.9 -0.62C8 1.197 5.327 12.88 0.871 
0.911 

0.920 
0.926 
0.930 
0 * 932 
0.934 
0.?37 
0.937 
0.938 
0.939 

0.858 

0.90: 

0.9 i i  
0.918 

0.925 
0.927 
0.928 

0.923 

0.929 
0.932 
0.933 
0.933 
0.933 
0.933 
0.934 

0.947 
0.677 
0.d33 
0.903 
0.909 
0.918 
0.922 
0.926 
0.927 
0.930 
0.930 

36.7 1.227 7.154 16.14 -1.0'14 

0.1515 1.268 7.392 15.88 39. I 

-22.5 8.4 

-24.7 9.7 

4 



Table A-7. (Continued) 

Standard 
Cumulative k v i a  t i o n  

H u l t i p l e  Mean Value of t h e  
Flooding Dependent Independent Regression of Dependenr %pendent Fangs of 6 Deviation' 
Equation Variablea I n t e r c e p t  Variablesb Coeff ic ien ts  Coeff ic ien t5  Variable Variable Avg. of + 'Avg. of - 

Deviations Deviations Average NO * (Y) ( A )  (Xi) (hi)  (R) (3 (by 1 

31.7 7.5 

-0.2812 1.2@ 6.91 15.21 43.6 -25 .J 10.8 



Table A - 7 .  (Continued) 

Standard 
Cumulative Deviation 
Eultiple Bean Value of the 

% &viat;onc Flooding Dependent Independent Regression of Dependent kpenaent Range of 
Equation Variablea Intercept Variablesb Coefficients Coefficients Variable Variable %s;duals Az 7c Avg. of + 'Avg. oi - 

( R j  (3 by) ( ~ 2 )  isy.f(x)j Deviations Deviations Average No. (Y) (A)  <Xi) {hi) 

2221 

223: 

224f 

(Sam as E q .  211) 
n 7  -5 e645 x20/X21 

~20x23 
-1.059 
0.2396 

-16.8Ad 
-0.04827' 
0.0176kd 

-0.2939 
0.2108 

-0.2372 
0.04933 
-0.09aC6 
19 * 75 
-0.001642 
0.03438 

-0.3863 

0.5~60 

0.1269 

0.01710 
-0.01~64~ 
-0.0009782 
-0.1070 

0.00281 i 
-0. ~ 9 6 7 0  

-0.003 1ggd 

0.C9485 

-0.42 10 
0- 1339 
0.4858 
0.01570 

-0.01626d 
-0.00&979 
-0.1185 
-c .co2838d 
0.002382 

-0.1072 

2.442 24.41 26.54 > 1000 -71.6 > 1000 0.864 -3.833 
0.890 

0.905 
0.911 

0.917 
0.920 
0.922 
0.925 
0.926 
0.926 
0.926 
0.926 
0.927 

0.867 
0 .89  
0.910 

0.917 
0.923 
0.926 
0.929 
0.930 
0-930 
0.931 
0.933 

0.868 
0.898 
0.910 

0.91'7 
0.923 
0.925 
0 929 
0.929 
0.930 
0.070 

36.7 -23.7 6.5 1.;go 5.203 12.08 -1.327 
r 
-.l 
-3- 
1 

-1.861 1.196 5.215 12.0i 38.9 -23.4 6.9 

I '  



Table A-7. (Continued) 

Standard 
Cuimlative lkv ia t ion  
Multiple Mean Value of the 

Flooding Dependent Independent Regression o f  Dependent Dependent Range of C Deviation' 
Equation ?ariablea Intercept Variablesb Coefficients Coefficients Variable Variable Residuals & Avg. of + $Av&. of -~ 

NO. (Y) (A)  ( X i )  (b i )  (R) ( 3 by) (u) ", -f(x ) Deviations Deviations Average 

E O  3 
Y.25 2 
x237.22 
mix23 
x2; 2 
7.20 5 
x21x22 
X21 

-0.3939- 
-6 .ocgo 12 
0. om33 

-o .@~r3  
0.01278d 

-0.003 184 
-o .o1159 
0.0001475 
o .0005769~ 

-0.olghti 
-0.01405 

-0.4734 
0.1421 

0 .2305~  

-0.0&25 id 

0.116:, 
-0.1312 
- 5 . ~ 5 5  

9 .oo5610d 
-~.ooc613!+ 

ii.0319d 

0.01426 

-0.453: 
0.07576d 

5-2gd 
-0.05120~ 

-0.1362 

-0.1059 

-0.001035 
-c.06516 

0 .e2404 

0.34j14 

0. 06iJTld 

4.625d 

0.960 -1.97 Q.3625 1.292 13.19 10.5 -4.7 0-5 
0.961 
0.961 
0.962 
c . '162 
0.962 
U.962 
0.962 
9.962 
9.962 
3 * 963 

(This equacion redundant, see E q .  21L) 

0.871 
0.896 
0.ga 
0.918 
0.321 

0.926 
0.926 
0.928 
0.328 

0.925 

0.929 

0.859 
0.8e5 
0.900 
0-9W 
3.915 
0.919 
0.923 
3.921 
0 %  923 
0.924 
0.925 
0.926 

-0.633 1.18) 5.192 11.79 46.; -22.9 10.1) 

-1.153 1.209 6.565 14.34 66.7 -30.2 19.1 



Table A-7. (Continued) 

Cumulative 
Standarc 
Deviatiun 

Plult iple  Mean Value of the 

No. 0) (A  ) (x, ) ( b : )  ( R )  (3 (s.,) (&) [T .7E ,” , ]  Deviations Deviat ions Average 

Flooding %pendent Independent Regression of Dependent Dependent Range of c 5 Deviation‘ 
Equation Variablea In tercept  Variab lesb CoeEf i c i e n t v  C o e f f i c i e n t s  Variable  Variable Residuals Avg. of  + Avg. of - 

229‘ (Same as Bq.  23) 
YO4 42.8 -23.9 10.0 -0.1362 x 2 O / x 2 i  -0.3.rSOd 0.675 0.854 0.07402 1.245 8.329 17.53 

X20x23 0.08636 
-0.066416 0.892 

x20 3 0.02595 0.900 
x21x22 -0.1115 0.907 
X20x22 0.1066 0.915 
x25 2 -0.1363 0.918 
X?0 5 -0.001047 0.921 
~21x23 -0.1029 0.922 
e 3  -0.06986~ 0.924 
=3 2 0.06863 0.925 

230‘ (Same as Eq. 219) 
y13 -5.024 X20/KZl -0.4751 0.870 

x2omj 0.1422 0.6548 
-1. 0y0 :.i92 7.218 16.37 66.8 -35.7 27.6 

40.5 -24.6 9.8 -0.3599 1.228 8.056 17.06 

=3 2 0.1166 04921 
x25 2 -0.1276 0.9e.b 
x2:x23 -0.1101 0.926 

O.0294kd 0.928 
0.00i666d 0.929 

x20 5 -0.000811T 0.929 
x20 3 0.01412 0.930 

3 

2jef (Same as  Eq.  221) 
Y15 -0.5915 X20/Ml -0.4510 0.857 

~20x23 0.08171 0.880 

1-1 0.3858 0.696 

x20 3 0.02403 0.904 

x20~2z o.067&6 0.914 
x21x22 -0.08352 0.911 

X25 2 -0.1455 O.Yl’, 
x20 5 -0.000g903 0.923 

m j  -0.0625d 0.921 
=c?j 2 0.06840 0. ye2 
~ 2 1 x 2 3  -o.iioo 0.923 
a 3  -0.1250d 0.924 

, 



' 4  c 1 
I 

Table A-7. (Continued) 

Standard 
Cumulative Deviation 
Xultiple Mean Value of the 

Flooding Dependent Independent Regression of Dependent Dependent Range of C Deviation' 
Equation Variablea Intercept Variablesh Coefficients Coei f ic ients  Variable Variable Residuals az A v g .  of + 'Avg.  of - 

NO. 0)  (A) (Xi) (bi) (R) (A%) 5 Deviations Deviations Average 

233 YO3 

234 YO7 

235 Tog 

-3.652 

-3 e465 

-3.973 

3 .  14ld 
&.25Ed 
5 .  40Gd 
-o.1;61 
0.2963 

0.001246d 
3.0675: 

-0. 1304 

-0.1610 
-0.@176 
0.005405 
0.1250 
3.03667 
-s.ooig&g 
-0.3980d 

4 * 594d 

.70-5d 
-0.1449 
-0. 1018 
0*3W6 
-0.q569 

0.005051 

4 . 0 1 3 0 9  
0.004555 
0.1129 

-0.0.32 117 
0.04165 

4.016d 

0.005025 
5.65@ 
-0- 1497 

0.3045 
-0. w703 
-0.01526d 
0.1170 
0.004m 
-0.002~0 
0.~3980 

-o.ii44 

-6.500d 

38.4 -23.6 9.7 0.824 -1.862 1.267 7.503 16.40 
0 . w  
0.e* 
0.859 
0 . 9 5  
0.915 
0.920 
0.922 
0.926 

0.930 
3.931 
0.932 
0.953 
0.934 

0.928 

0.847 
0.896 
0.912 
0.921 
0.928 
0.932 
0.933 

0.943 
0.945 

0.941 

0.945 
0.948 

0.%53 

0 .e97 
0.913 
0.922 
0.929 
3.933 
0.939 
0.942 
0.943 
0.945 
0.945 
0.947 
0.948 

35.5 -1.749 1.203 4.681 12.14 -21.0 7.4 

-1.782 1.210 6.955 1?.&5 79.3 -35 *6 24.2 
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Table A-7. (Continued) 

~ ~~~~~ 

Standard 
Cumlarive Deviation 
Multiple Mean Value of the 

BO. ( Y )  (A) (Xi) (hi) ( R )  ( 3 by) (.%) [T%r B?viations ",viation* Average 

Fiooding Dependent independent Rfgression of Dependent Dependent Range of k v i  a tion' 
Equation Variablea Intercept Variablesb Coefficients Coefficients Variable Variable Residuals Avg. of + Avg. of - 

84. j -32.5 25 .o -5.2424 1.288 7.015 15.73 0.840 

0.900 
0.912 
0 . p i  
0.528 

0.573 

0.954 
0-935 
c.936 
c.937 
c.33r. 
0.939 

,J.C& 

3.595 
,3.910 
3.929 
3.942 
0.9jj 

3.335 
0.940 

0. 9!+3 

0.9G 

3.849 
0.876 
0.835 
c.go: 
C . Y i l  
C.316 
9.923 
2.926 
0.931 
0.932 
0.953 

0.941 

0.943 

64.0 > 1000 

-37.0 32.4 



Table A - 7 ,  [Continued) 

aSee Table A-5 for the meaning of the symbols. 

bSee Table A d  for the meaning of the symbols, only variables which contribute significantly to the regression are included; they are listed in order, 

iaz/~v.f!x, represents the range of residuals (&): the mst significant variable occurring iirst. 
, \ ,  

[(Yexptl - Ycalc)maxlmum - (Yeqtl - Ycalc)minimuJdivided "y :he stancard error 0 5  estimate of ?. 

Deviation represenrs the deviations of the antilograLthms of Y, or 

YexptI Ycalc - e  

'exptl 
x 100 

Averages are given for positive deviations, negative ceviations, and finally f o r  all deviations. 

dCoeIficient no: significant. 

eRes:ricted to emulsion flooding. 

'Both group-1 and group-2 data used to develop these coefficients. 
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i 
Table A - 8 .  Flood Equations, Y = A -t- bixi 

Coef f i c i en t  
Flood1 ng of Multiple 
Equation Dependent Independent Var iab lesJb  L i s t ed  i n  Order Regression 

of Their Cont r ibu t ion  t o  the  Regression ( K )  NO. Var iab  le  a 

1 A  

1 B  

2 

3 

4 

Il-A 

IbB 

5 

6 

7 

8 

9 

10  

11 

12 

13 

111. 

15 

16 

YO3 

yo3 
YO3 

yo3 

Y O 1  

YO1 

YO2 

YW 

Y M  

yo3 

yo3 

yo3 

yo3 

yo3 

yo3 

YO3 

Y 03 

Y 03 

yo3 
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Table A - 8 .  (Continued) 

____-.__ 
Coefficient 

Flooding of Multiple 
Equation Dependent Independent Variables,b Listed i n  Order Regression 

No. Variables of Tlieir Contribution to  the Regression ( R )  

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

)+ 0 

4 1 

42 

'1-3 

44 

45 

46 

47 

4.8 

YO4 

YO1 

YO3 

Y 02 

X06, x23, X12, X17,  X02, X22. 

x02, ~ 2 3 ,  x12, x06, xi7, x22. 

X06, x23, XI2, X22, X 1 7 ,  X02. 

XO2, x23, X12, X22, X06, X17. 

x09, @, @. 
x23? ~ 2 6 ~  x22, x25, x12, x04, x01, x29, x02, 

X17, Z)L. 

P D J  A, E> 7, pc> d, F, C(D? D, ', Pc' 

e o ,  x23, x22, x04. 

x05, x23, x22. 

X ~ I ,  ~ 0 5 .  

x05, x23, x22. 

x32, x z ,  x05. 

x31, x22, x31 2, x3i 3J x05. 

x31, x31 2, xog, x31 3. 

~05x16, XIS, x05. 

X05X18, xog 2, xoj 3, xle, x05. 

~05x18, ~ 2 3 ,  x22, X18,  x05. 

xojx16, ~ 2 3 ~  x05 2, x05 3, ~ 2 2 ,  x05, x18. 

X05X17, X17,  X05. 

X05X17, X05 2, XO5 3, X17, X05. 

xo5xi'/, xi7 3, x05, x17, xi7 2. 

X05X17, X23, X l i ,  X22, X O j .  

x05x1r, x23, xi-(, x05 2, xog 3, xz, x05. 

X05X17, XZ3, X 1 7  3, X22, XO5, X 1 7  2, X17. 

~05x17, x23, xi7  3, xm, x05 2, X O ~  3, x05, 

x17> xi7 2. 

X O j X 1 7 ,  X 1 7  3, XO5 2, X05 3, X 1 7 ,  XO5, X1'; 2. 

~02x05, x02, x05. 

0.881 

0.868 

0.818 

0-873 

0.7'16 

0. '165 

0.'761 

0.663 

0.637 

0.798 

0.9yld 

0 * 790 

0 - 999d 

0 ~ 9 9 9 ~  

o.ygld 

0.727 

0.783 

0.801 

0.825 

0 * 772 

0. (90 

0. *p30 

0.824 

0.833 

0.825 

0.834 

3 792 

0.755 

YO7 ~02x05, xoj 2, X O ~ ,  xog 3, x05. 0.807 
..-I______ 

49 



-183- 

Table A-8. (Continued) 

Coef f i c i en t  
Flooding of K l t i p l e  

RCgreS6ion Equation Dependent Independent Variables J b  L i s t e d  i n  Order  
No. Variablesa of Their Cont r ibu t ion  t o  the Regression ( R )  

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

6J+ 

65 

66 

17 

68 

69 

70 

71 

72 

73 

7k 

75 

76 

77 

78 

~02x05,  x23, x02, e 2 ,  x q .  
~02x05, x q ,  x05 2, xop, xog 3, x22, x05. 

x05, ~05x21, wi. 
x05, x05 2, x05 3, SI, ~05x21. 

XQ5, x05x21, x21, x21 3, x21 2. 

x05, x23, ~05x21, x22, x21. 

x05, ~ 2 3 ,  x05 2, x05 3, z2 ,  ~05x21, =I. 

xog, ~ 2 3 ,  ~05x21,  x22, x a  3 ,  x a  2, m. 

x05, x23, x05 2, xcg 3, ~ 2 2 ,  3 ,  x21 1, 

~ 0 5 x 2 1  x2i. 

x05, x05 2, xog 3 ,  MI, x a  3, ~05x21, x21 2. 

x17, xi8, ~17x18.  

Xl7 3, Xl7Xl8, X18, Xl7 2, X17. 

~ 2 3 ,  ~ 1 7 ,   XI^, ~ 2 2 ,  ~ 1 7 ~ 1 a .  

w3, xi-7 3 ,  ~17x18, x22, x17, x17 2, xl8. 

xi7, xa2, xo2xi7. 

xi7 3 ,  xi7 2, XI?, x02, x02x17. 

x23> X17, X02, X22, X02X17. 

x23, xi7 3> x02, x22, xi7 2, xi7, ~02x17.  

xi7, xig, xi-(/x19. 

xi?, xig, xlg 3, xi9 2, x17/x19. 

X l 7  3 ,  X 1 7  2, Xlg, X17, XlC(/Xl9.  

X23, X l 9 ,  X22, X17, X17/X19. 

=3> ngJ =2J xlg ' J  X17, '19 3 ,  xl?/xlg' 

X23, X l 9 ,  X22, X17, X l 7  3, X 1 7  2, X17/Xlg. 

X23, Xly, X22, X l 9  2, X17, X17 3 ,  X17 2,  Xi!, 3 ,  

X17/Xlg. 

Xl ' r  3 ,  Xl7 2, Xl9 2, Xlg, X17, X19 3 ,  X17/Xlg. 

x20, xi8, x17. 

X20, X l 8 ,  X l 7  3, X17 2, X17. 

~ 2 0  3 ,  S O ,  X18,  X1'(, %0 2. 

S O ,  X23, X18, X17, X22. 

0.810 

0.835 

0. (50 

0.782 

0.785 

0.811 

0.825 

0.837 

0 .Oh2 

0.802 

0.619 

0 * 703 

0.826 

0.839 

0.574 

0.663 

0.788 

0 * 790 

0.539 

0.548 

0.7@ 

0.831 

0.841 

0.879 

0.582 

0.7'+3 

0.851 

0.882 

0.901 
d 

o.RT9 79 
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Table A-8. (Continued) 

-.._. _-- I- ... . _I- 
Coef f i c i en t  

Flooding of Mul t ip le  
Equation Dependent Independent Var iab les ,b  L i s t ed  i n  Order Regression 

No. Var iab  lea  of Their Contribution t o  the  Regression ( R )  

80 

81 

82 

83 

8L 

85 

86 

e .( 
88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

9e 

99 

100 

101 

102 

1 03 

104 

105 

106 

107 

X20, X23, X16, X17 3, X17 2, X22, Xl7. 

X20 3 ,  X20, X l R ,  x23, XL7, s.2, x2n 2. 

x20 3, ao, x18, ~ 2 3 ,  x17 3,  ~22, x.20 3, x17, 

xi7 2. 

X20 3, X20, X l e ,  X 1 7  3 ,  X17 2, X17, X20 2. 

X l - i ,  x 1 p 1 ,  x21. 

xl7 3, x17x2i, X21, Xl’r, xl’i 2. 

x17, ~ 1 ~ x 2 1 ,  x21, ai 2, x2i 3. 

x23, x1.7, X l * ( Z I ,  x22, x21. 

xe3, xi7 3,  ~17x21, x22, x17, ai, xiy 2. 

x23J x2i 3, x17, x1.%(21, x22, x21 2, x21. 

~3~ xi7 3, x i ~ x a ,  ~2~ xi*(, ai 2,  si 3 ,  x21, 

xi7 2. 

X17 3 ,  X17x21, X21, X17, X17 2> x21. 3 ,  X 2 l  2. 

~18x19,  x19, xis. 
~18x19,  x19, xlg 2, xi9 3, xlH. 

x23, ~18x19,  xi8, ~ 2 ,  x29. 

x23, ~18x19,  XLS, x22, xi9 2, xlg 3, xl9. 

~02x19, x02, xig.  

x s x i g ,  x02, x19, xi9 2, xig 3 .  

xz3, ~02x19,  x02, x22, xig. 

x23, ~02x19, x02, ~ 2 2 ,  xi9 3,  xi9 2, xiy.  

x19, %I, x1gX21. 

x19, ~ 2 1 ,  ~19x21,  xi9 e, xig 3. 

~ 2 i  3, x19, ~19x21,  x21, x21 2.  

xq,  x19, xa, xigx21, xm, 

p .3 ,  x19, si, x i g x x ,  ~ 2 2 ,  xi9 7 ,  xi9 2. 

~ 2 3 ,  x19, xa, ~19x21,  xz, si 3, ai 2.  

x23, ~ 1 9 ,  =I, x i g x a ,  ~ 2 2 ,  xi9 3, x2i 3, x2i 2> 

xlg 2. 

x2i 3 ,  x1.9, ~19x21,  xi9 2, xig 3, xa, x a  e .  

0.90hd 
d 0.9214 

d 0.9?6 

0. 909d 

3.747 

0.771 

0.154 

0.839 

0.e46 

0.842 

0.850 

0.778 

0.510 

0.522 

0.860 

0.865 

0.516 

0 * 527 

0.864 

0.e (0 

0.675 

0.694 

0.693 

0.880 

0.885 

0.885 

0.  ago 

0.710 



Table A - 8 .  (Continued) 

Coefficient 
of Mu 1 t i p  le Flooding 

Equation Dependent Independent Variables, Listed i n  Order Regression 
(R) No Variablea of Their Contribution to the Regression 

1C8 

log 
110 

111 

112 

1 13 

114 

115 

116 

117 

1 18 

119 

120 

121 

122 

123 

1211 

125 

121 

127 

1.28 

129 

130 

13 1 

132 

133 

134 

13 5 

136 

137 

X20, X18, X18/X2G. 

X2G J, MO, X18, X18/X20, X20 2. 

x20, x23, x18, X18/x20, x22. 

x20, xo2, xo2/mo. 

x 2 O  3, X?O, x02, X202, xo2lx20. 

x20 j, x20, xo2, x23, x22, MO 2, x0-/ L X20. 

x 2 O  3, x20/X21, x21, E O  2, MO. 

X;1O/M1, x21, x20, x21 3 ,  x21 2. 

x2qx21, X23, &?l, x22, X20. 

x20 3, x2o/x21, x21, x23, x22, x20 2, X20. 

x2o/X21, x?g, lQIJ x22, s o ,  x21 5,  x21 2. 

X20 3, X20, X18, X23, x22, X15/X20, x20 2. 

X20, Z(23, XO2, X22, XG2/x2O. 

.X20/X21, X21, X2G. 

W O  3, x 2 G / Z I ,  M1, X23, X22, A20 2 ,  S O J  X21 2, 

x21 3 .  

X20 3, 

X21, X18, X18X21. 

x21 3, X18, X18W1, X21, X21 2. 

MO/X21,  x21, x20 2, x20, X21 3, x 2 L  2. 

a g ,  x21, xis, ~18x21, m2. 
mg, M1 3, X l 8 ,  X18X21, M2, M1 2, x21. 

x21, x02, XO2x22.1. 

X21 3, XG2, X21 2, XWx21, el. 

X23, X21, X02, W 2 ,  XO2Zl. 

X23, Ml 3, XG2, El 2, X02x21, X21, a;?. 

X20, X18, X18/~20. 

x20 3, s o ,  no, XL~/MO,  X ~ O  2. 

E O ,  X23, X18, Xl8/x2G, X22. 

E O  j, x20, x18, x23, x22, x18/X20, w-0 2 ,  

EO, x02, xoe/mo. 

x20 3,  E o ,  X E ,  x20 2, X@2/x20. 

0.848 

0 -899 

0.883 

0.91p 

0 .g05d 

0. 32pd 

0.839 

0.880 

0.871 

0.916~ 

0.883 

0.897 

0.929d 

o.gogd 

d 0.931. 

o.glsd 

0. ,186 

G:E8 

0.812 

0.838 

0.841 

0.873 

0. e63 

o A92 

0.850 

0.900 

0.883 

0.91gd 

0. g a d  

0.842 
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Table A-8 .  (Continued 

Coef f i c i en t  
Flooding of Mul t ip le  
Equation Dependent Independent Variables,b L i s t ed  i n  Order Regression 

No. Variablea of Their Cont r ibu t ion  t o  the  b g r e s s i o n  (R) - 
138 

139 

140 

141 

1J12 

1.43 

144 

145 

146 

147 

lMe 

14ge 

150e 

151e 

152e 

153e 

15he 

155e 

156e 

15Te 

158e 

159e 

160e 

161e 

162e 

163e 

16he 

165e 

x20, x23, x02, x22, xo2/x20. 

x20 3, MO, x02, x23, x22, x20 2,  XO2/x20. 

x20/x21, E l ,  s o .  

S O / x 2 1 ,  x21, x20, x21 3,  x21 2. 

x2o/x21, x23, x21, x22, x20. 

x20 3, x20/M1, x21, x23, x20 2, x22, x20. 

x 2 O / x 2 1 ,  x23, x21, x m ,  x20, x21 3, X 2 l  2. 

W O  3, x2o/x21, x21, x23, x20 2, x?P, x20, x21 2,  

G O  3 ,  x20/x21> x21, x20 2, x20, x21 3, x21 2.  

SO 3,  MO/x21,  XZ~, QO 2, GO. 

x21 3.  

x ? O ,  X18, x18/x20. 

x20 2, X18 x18/x20, MO, XZO 3 .  

x20, x23, x18, x18/x20, x22. 

MO 2, ~ 2 3 ,  ~2.2, XIS, xia/x2o, x20, x20 3. 

x20, x02, x02/x20. 

x2c 2, x02, x20 3, x20, XO2/X20. 

MO, x02, x23, x22, x02/x20. 

x20 2, x02, x23, x22, x20, x20 3,  XO2/x20. 

x20/x21, x21, x20. 

x20 2,  x21, x20/X21, x20, x20 3 .  

x20/X21, x21 3 ,  x20, x21 2, x21. 

x201x21, x23, x21, x20, x22. 

x20 2> x21, x23, x22, x20/w1, x20, e o  3 .  

x2o/x21, x23, x21 3, x22, s o ,  x21, x21 2. 
x20 2, x21, x23, x22, X20/x21, x21 2, x21 3,  

Z O ,  x20 3.  

x20 2, x21, Z O / x 2 1 >  x20, x21 2, s o  3 ,  x21 3. 

x20 2, x21, x23, x2o/x21, x21 2, x21 3, s o ,  

x20 2, x21, x23, x 2 O / x 2 1 ,  x20, x20 3 .  

z o  3 .  

0.881 

0.922 

0.8D 

d 

0.g16d 

0.885 

0.898 

0 .92gd 

0.905d 

d 

0.918d 

0.854 

0.930 

0.882 

0.887 

O.gOJd 

0.846 

0.685 

0.887 

0 .90Td 

0.870 

0-899 

0 875 

0. e99 

0.91Td 

0.901d 

0.918* 

0-899 

0.91gd 

0.91bd 
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Table A-8. (Continued) 

Coef f i c i en t  
of MJ 1 t i p  l e  Flooding 

Equation Dependent Independent L i s t e d  i n  Order Regression 
NO * Variab lea of Their Cont r ibu t ion  t o  the Regression ( R )  

166e 

16Te 

lae 

170e 

169e 

171e 

172e 

173 

1?(4 

175 

176 

177 

170 

179 

180 

181 

182 

183 

184 

x2o/x21, ~ 3 ,  x21 3 ,  x20, x21, x21 8. 

x20, x21 3, a 0  2, Q3, x21 2, x21, x2.0 3 

x20/x2l" 

MO, x21, x20 2, 

M O ,  x21 3 ,  x23, 

a 0  2, x21, M3, 

x20 3 .  

x20 2, x21, x23, 

x23, x2o/x21, x20 3 .  

x21 2, Z O / x 2 1 ,  x21. 

x20/x21, x21 2,  x;?l 3, x20, 

MO/x21, x20, x 2 O  3.  

x2o/x21, x23, x21 3, x20, x21, x21 2. 

a 0  3, x2@/x21, %21J x23, x22, x20, x21 2, 

'QO J, x2o/x21, x21, x2g, x22, s o ,  s o  2.  

x2.O/x2.1, x23, a1 2, M2, x20, x21 5 ,  x21. 

xo1 3,  xo1 2, x;?J+, x22, x27, xo1. 

x20 3, x20/%1, x21, x23, x22, E O  2> x2.0 5 ,  

x20 2, x21 3.  

x20 4, z0. 

x20 5 ,  z o / x 2 i ,  x20&?3, ai, x20 5, x2oxz?, x20, 

x21x23, x23 2, ZlX22, MO 4, x22x23, a 0  2, 

x22, z 3 .  

x20 3, X%o/x2.1, X;?ox23, x21, e o  5,  X20Z2, x20, 

x21E3, x2c;27 2, x21w2, wo 4, x22x23, x 2 O  2, 

x22. 

X20 3 ,  X20/AX21, x2Gx25, X21, - Q O  5 ,  aOx22,  S O ,  

X21x23, x23 2, x21S2, X20 4, x22X23, M2. 

x20 3, MO/X21, x 2 o s 3 ,  x21, x20 5 ,  eoX22> 

~2x20, ~21x23, ~ 2 3  2, ~21x22, x22, ~ 2 x 2 3 .  

X20 3 ,  x2O/x21, MOS3, Z l ,  x20 5, x;1?0X22, X2G, 

~21x23, x23 2, x2imJ ~22x23. 

x20 3 ,  x2o/X21, x20M3, x21, wo 5, wox22, 

x20 3,  x2o/x21, X20x23, x21, x20 5, W O x 2 2 ,  

x20, ~21x23, x2.3 2, ~21x22. 

x20, ~21x23, x23 2. 

0 .By7 

0.926d 

d 0.9214 

o.912d 

d 

d 

0.912 

0.911 

0 .e95 

O.91Td 

o.glrjd 

0 .Rg4 

0.549 

d 0.931 

0.9Bd 

0 939d 

G.938' 

0. 938d 

o.93Td 

O.93Td 

0 I 936d 
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Table A - 8 ,  {Continued) 

Coeff ic ient  
Flooding of Multiple 
Equation Dependent Independent Variables,b Listed in O r d e r  Reg r c s s i on 

No. Variablea o f  Their Confri.hiition t o  the Regression ( R )  

o.935d 

0 .934d 

0 .930d 

0 . 9 3 1 ~  

0.?31d 

d 
0.935 

0.513 

0.814 

0.e19 

0.810 

0.787 

0 - 79'1 

d 0.321 

d 
0.922 

O.gmd 

o.91gd 
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Table A-8. (Continued) 

Coe f I i c i e n t  
Flooding of Multiple  

No. Variab lea  of Their Contribution t o  the Regression (R) 
Equation Dependent Independent Variables ,b Lis ted  i n  drder Xegression 

201 

202 

203 

*. 

204 

205 

206 

207 

F 20ae 

209" 

2 10" 

211 

2 12 

i 



Table A - 8 .  (Continued) 

Coef f i c i en t  
Flooding of Mul t ip le  
Equation &pendent Independent Var iab les ,b  L i s t ed  i n  Order R e  e r e  s s ion  

( R )  No. Variablea of  Their Cont r ibu t ion  t o  the  Regression - 

214 

215 

216 

2 18 

219 

Y12 

Y10 

Y11 

0.851 

YO4 
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Table A-8. (Continued) 

Coef f i c i en t  
o f  Mu 1 t i p  le F1 ooding 

Equation Dependent Independent Var€ables,b L i s t ed  i n  Order Regression 
no. Variab lea of Their Cont r ibu t ion  t o  the  Regression ( R )  

22 1 

f 222 

22jf 

22hf 

22Sf 

2 2 G f  

22,rf 

f 228 

Y 1 5  

Y 1.7 

YO7 

yo9 

Y18 

Y12 

Y10 

Y11 

x 2 O / X 2 1 ,  MO 3, I*], X20X23, x21x22, 

x20 5, x22, x25 2, x 2 o X ; ) 1 2 , [ ~ ~ ~ x 2 0 2 3 ; 1 ,  

X20 4, x 2 1 x 2 3 , [ z k  X23 2, M1 3, X21, 

s o  5, x20 3, xzo 4,/-], x2i 3 ,  x a ,  

x20/x21, x20x23, [ZqGi], a0 3, Mlx22, 

x22, x23. 

d 0.931 

0. 92Td 

0.93jd 

o.93gd 

0.9h3d 

0.825 

0.5129~ 

0.92Gd 
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Table A*. cont inued)  

..- -- 
Coef f i c i en t  

Flooding of Multiple 
Equation Dependent Independent Var iab les ,b  L i s t ed  i n  Order Reg r e s  s ion  

No. Variablea of 'Their Cont r ibu t ion  t o  the  Regression ( R )  

22gf YO4 

23Of Y l 3  

231f Y 1 4  

232f Y 1 5  

23 3 

234 

235 

236 Y20 

x20/x21, X20x23, rsqziq, X20 3, X21x22, 

~20x22, x25 2, x20 5, ~ 2 1 x 2 3 ~  x23, x23 2, 

x21 3,  X22,rG0?3, ........ . . . . . . . . x20 4 , p i q ,  x21J 
d x20, [lZGG-]. 0.925 

X2G/x2l, x20X23, Ix;?o/x;l-l) ,Ira, X 2 3  2J 

x25 2, ~ 2 1 ~ . 2 3 , ~ w X / ,  si 3 ,  s o  5, x20 3, 

x20 4, x21x22, x23, x20x22, x21, x20> Q2, 

... 

[.+3 - o.g30d 

Same independent va r i ab le s  as  flooding equat ion  

No. 220. The r eg res s ion  ana lys i s  could no t  

be obtained with the computer program; 

consequently, no r eg res s ion  c o e f f i c i e n t  i s  
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Table A - 8 .  cont inued)  

Coeff i c i e n t  
Flooding of Mul t ip le  
Equation Dependent Independent Variables,b L i s t ed  i n  Order Regression 

No * Variab lea of Keir Cont r ibu t ion  t o  the  Regression (R) 

238 

239 

240 

241 

242 

aSee Table A-5 f o r  the  meaning of the  symbols. 

bSee Table A-6 f o r  t he  nleaning of the  symbols. 

'Depends upon da ta  subgroup, t h i s  equat ion  r e s t r i c t e d  t o  a s i n g l e  system,independent 

dSee Table A - 7  f o r  d e t a i l s .  

eErnulsion f looding  reg ion  only, d a t a  were r e s t r f c t e d  t o  those < 50$ flooded by i n s u f f i -  

fGroup-l  and group-2 da ta .  

va r i ab le s  not  necessa r i ly  i n  order .  

c i e n t  pu l sa t ion .  

4 



T a b l e  A-9. Distribution of Data i n  Group 1 

Population a t  Each Level 
Variable 

Level YO1 Y 32 Y 03 YO14 yo5 YO6 YO7 YC8 yo9 Y10 Y 1 1  ~ 1 2  ~ 1 3  Y14 Y15 

Low 1 15 0 5 34 2 6 6 6 4 7 22 1 2 6 27 
2 30 23 23 39 1 12 9 1: 6 11 30 0 7 3 30 
3 16 20 46 43 2 15 16 14 19 19 32 5 22 22 40 
4 26 20 37 61 6 15 14 14 13 13 45 18 10 9 48 

23 l j t  12 78 
12 15 162 

5 29 27 58 124 12 10 12 13 11 13 56 
6 42 35 116 219 9 16 13 17 13 18 93 13 

277 22 15 15 12 18 11 17: 19 16 13 215 
23 1: 17 19 15 19 215 16 17 16 3 13 

32 23 23 149 
124 2 0 21 /+e 

21 26 0 

16 26 20 19 23 1'7 

7 39 43 
8 42 $6 233 
9 8.7 65 250 66 

4 23 19 21 21 19 2.13, 
17 28 26 '7 20 31 24 39 11 115 93 23 

12 185 11,9 0 0 4Ei 32 26 29 31 28 3 33 34 26 0 
13 59 126 0 0 27 60 40 46 42 45 0 56 39 43 0 

75 0 56 59 55 0 
72 76 0 .(I 76 77 0 
49 14 76 105 0 0 

15 28 L3 0 0 56 75 67 
16 19 15 0 0 72 90 82 93 9c. 87 0 128 92 89 0 
17 2h 22 3 0 93 9c 91 81 01 82 0 148 81 86 e 
18 33 38 0 0 123 137 99 104 95 112 0 150 87 89 0 
19 42 39 0 0 130 1!3 106 136 I 03 129 0 128 119 115 0 
20 30 42 0 0 114 98 142 123 154 119 0 50 lii8 145 0 
21 25 24 0 3 13 1 62 99 53 97 63 0 50 51 2 93 0 
22 26 22 0 0 65 50 59 54 57 54 0 27 52 53 3 
23 15 11 0 0 46 56 53 37 52 38 0 22 IF6 49 0 

21: 19 22 18 0 1 19 17 0 24 7 '7 
High 25 5 10 

Low Value -9.230 -10,61 - 5 . O l L  -3.549 3.270 -3.403 -5.566 -);.2'411 -5.687 -4.319 -4.97h 3.291 -4.89'1 -4.776 -4.085 

292 20 

156 242 

10 92 7t: 128 

49 53 50 ;; 

? 1 5 5 3 1 1 3 3 1 
0 0 11 

1 13 

H i r h  Value -3.722 -4.863 8.73': 12.46 11.52 2.6914 0.3471 1.596 0.3493 1.598 8.73l 7.351 1.170 1.167 10.88 



Table A-9. (Continued) 

Variable 
Level XO1 x02 X0j x0b XO5 X06 X07 X08 X F J  x10 xi 1 x12 XI3 X14 xi5 

LOW 1 2 248 237 19 1 1 1 1 1 1 1 1 1 1 3 
0 0 0 3 0 1 3 0 3 0 0 2 

0 0 0 0 0 0 1 
2 4 169 5 02 
3 7 123 3 0 i 0 0 0 
4 i& 262 2 0 3 0 0 0 4 0 0 0 0 0 6 

26 2 0 3 0 0 0 0 2 0 0 0 2 0 5 
0 0 0 2 0 0 3 0 0 2 
0 0 3 le 3 0 2 0 0 4 7 1 

2 9 0 0 0 4 (3 0 a 0 0 7 
56 38 7 

6 1% 44 34 
9 182 25 22 6 6 0 0 0 6 0 0 14 0 0 10 
10 101 2 - 7 7 0 0 0 14 0 0 12 0 0 17 
11 07 45 23 13 23 0 0 0 18 0 0 21 0 0 15 
12 50 16 48 12 0 0 0 1s 0 0 22 0 0 23 

3 0 16 0 0 27 
0 3 57 2 , 32 

13 4 G  52 61 14 32 0 0 0 36 
14 33 6 6 14 62 0 0 0 a? 

26 10 8 24 13 7 1 1 1 l C 8  3 0 51: 4 $- 56 
20 8 9 14 121 5 1 1 133 2 2 40 20 21 44 

17 24 9 i 0 126 5 5 5 102 3 3 82 38 37 ,a0 

89 1 18 9 1 9 sg 101 17 13 14 112 11 10 87 72 $5 
19 16 8 7 20 131 28 21 27 1 l a  25 e4 156 114 132 170 P 
20 ' 7  3 9 200 95 63 52 64 111 5: 50 138 
21 7 0 2 115 71 257 115 165 76 151 132 1 73 
22 3 
23 4 15 3 229 60 
24 3 0 15 125 39 141 2 13 165 79 24 1 247 

0 56 7 5 47 
142 

2 
9 

n 

-' 

z 
0 
L? 

139 134 129 
145 156 8? 

0 0 1GS e5 1 326 299 65 193 195 92 249 243 134 
53 122 133 85 

15 1 136 61 44 
High 25 1. 4 4 10 12 66 120 86 12 54 68 10 48 29 20 

55 240 2it3 267 60 373 3 79 

Low Value -39.39 -22.04 -23.12 4.962 -7.196 -20.75 -22.26 -19.32 -7.5?9 -22.24 -19.30 -5.689 -6.088 4.619 0.2494 
High Value -11.94 -5.970 -7.2% 12.39 3.&O j.0& 3.9228 4.039 5.086 -0.2126 2.592 2.711 6.917 8.477 6.283 



Table A-9 .  [Continued) 

LOW 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

High 25 

Low Value 
High Value 

3 
2 
3 
3 
6 
2 
4 
8 
10 
16 
I6 
22 
30 
31 
59 
65 
86 

113 
166 
101 
122 
121 
69 
1, i 
12 

1 719 
7.844 

1 
ii 
3 
3 
3 
5 
4 
9 
11 
16 
14 
36 
29 
55 
4T 
82 
86 
105 
163 
102 
121 
106 
52 
47 
i o  

i. 554 
7.382 

80 
1: 
22 
2 14 
47 

' S 3  
11 
52 
48 
17 

54 
47 

9 ,  
L 4  

12 
11 
2 
9 
3 
7 
6 
0 
0 
0 
15 
4 

-5.553 
-1.816 

1 
0 
0 

0 
2 
2 
9 

13 
12 
21 
22 
1'i 
53 
83 
LO 
32 
85 
156 
139 
17(1 
92 
53 
44 
10 

-5.692 
2.710 

6 
22 
45 
'3 
50 
102 
78 
118 
101 
1 32 
99 
77 
7 5 
56 
23 
24 
20 
3 
18 
7 

i 
It 
3 
0 
1 

-5.455 
3 -836 

2 
6 
0 
8 
15 
29 
19 
84 
166 
125 
112 
147 
60 
102 
92 
37 
40 
18 
25 
9 

2 
3 
1 
1 

-7.808 
-0.8639 

a 

5 
3 
19 
54 
41 
67 
81 
96 
211 
110 
116 
101 
79 
!t 9 
31 
21 
11 
7 
3 
0 

0 
4 
0 
1 

-2.491 
4.6011 

10 90 
17 0 
1 0 
15 3 
277 0 
6 0 
21 0 
37 167 
15 37 
183 0 
17 0 
35 8 
70 0 
5 4 

141 75 
34 298 
21 122 
4 5 0 
8 0 
55 1.72 
33 0 
16 0 
36 0 
0 10 
10 125 

-2.759 -4.605 
0.8109 -2.200 

15 
4 
0 
0 
0 
6 
1 
1 
2 
6 
2 

121 
40 
3 32 
1 j2 
27 
123 
47 

1b9 
12 

2 
1 
0 
42 
16 

-2.815 
1.268 

19 
0 
0 
0 
4 
3 
3 
1 
L 

73 
25 
113 
311 
108 
9 
85 
44 

3 
52 
192 
5 
2 
0 
54 
4 

-2.257 
1-!1-70 

22 173 
3 L57 
0 eo7 
14 116 
66 110 
259 86 
0 85 

4 2 73 
0 20 
0 32 
ic 28 
49 6 
0 7 
0 5 

120 2 
182 0 
LO 1 
13 3 
18 0 

13 5 1 
0 
0 

9 
17 
50 e 
10 2 
88 1 

-2.373 0.8400 
-0.7897 411.0 

2 
1 
1 
i 
3 
3 
25 
12 
11 
33 
31 
38 
54 
66 
5 0 
84 
146 
138 
119 
121 
99 
49 
15 
5 
1 

-0.1'[4& 
6.026 

142 
183 
139 
198 
169 
1 9  
66 
3 '7 
26 
12 
8 
9 
4 
4 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

1.380 
352.0 

1 



T a b l e  A-9. (Continued) 

Low 1 
2 
3 
li 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

High 25 

Low Value 
Bigh Value 

3 
0 
0 
2 
5 
3 
7 

26 
34 
42 
41 
63 
'79 
77 
13 4 
141 
177 
122 
63 
38 
17 
10 
0 
1 

0) r 4  

0.7221 
5 -864 

12 
352 
81 
181 
51 
76 
6 

128 
03 

0 
10 
5 

21 
0 
52 
8 
0 
16 
0 
3 
0 
0 
16 
0 

23 

c.0950 
3-150 

1 
9 
1 
0 
3 
LO 

295 
13 
14 
li.5 
36 
160 
21 
51 
40 
33 

128 
63 

0 

15 
21 
60 
16 
3 

39 

-2.354 
1,147 

26 
43 
1 ia 
18 7 
i07 
77 
n 
13 
50 

5 
3 03 
22 
36 

2 
34 
0 
0 
5 
0 
0 
0 

5 
0 
0 

5 

6.EX 
420. 0 

1 
0 
0 
2 
7 
0 
9 

2; 
8 
'7 

37 
27 
66 

100 
I64 
67 
50 
73 
52 

3 07 
58 
3'7 
5 
0 
10 

1.917 
6.040 

4 1 
4 0 
4 c) 
42 0 
110 4 
5 0 
21 0 
87 
10 22 
15 19 
2 103 
5 9 
0 1i 
0 21 
0 87 
3 13 
0 15 
0 '7 
0 0 

372 0 
53 3 
116 0 
70 361 
10 239 
178 188 

I. 

j .700 1 . 3 8  
42.00 3.738 

588 
1 7 
116 
I& 
215 

3 
6 
1 
3 
47 
1 
0 
16 
14 
54 
4 
1 
0 
0 
1 
1 
1 
1 
0 
1 

0.4110 
j .690 

112 
32 
3 

441 
3 
1L 
0 

116 
0 
3 

2ii 
205 

r; 
6 
0 
1 

46 
7 
0 

30 
57 
2 
1 
2 
2 

-0.8891 
1.739 

954 
33 
60 
17 
15 
2 
1 
3 
5 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1-5 

22.20 
0.7910 

lir7 
484 
3 11; 

0 
6 
8 
2 
13 
1: 
11 
56 

5 
8 

13 
2 
1 
3 
5 
2 
1 
0 
0 
0 
0 

15 

-0.2345 
3.100 

122 
0 

3 73 
811- 
37 

391 
86 
26 
12 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
70 

0.6340 
1.454 

122 
0 
0 

165 
228 
70 
31. 

305 
62 
22 
15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

70 

-0.3798 
0 -3743 

933 
0 
0 
4 
4 

16 
0 

13 
3 
3 
5 
3 

16 
5 
5 
46 

5 
17 
3 
1 
3 

2 
0 

15 

0.9940 
1.403 

933 
0 
0 
4 
0 
4 

16 
0 

13 
2 

3 
5 
li 
11 
10 
5 
46 
5 
17 
4 
3 
1 
9 
1 
15 

-O.O#OlS 
0.3386 
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with (Vc + VD'experimental Table A-10. Comparison of (Vc + 

~~~ 

Estimate of 

95$ Confidence In t e rva l  for the Standard 
Number Deviation of Mean Percentage Difference 

Flood Group $ Difference Diffgrence Points $ Difference For = 0.05 - 'i 1 
Estimate of 

Data Variance of Mean $ of the Mean 

IIS- No. bi2)  (di) (ni 1 ( s i k / s )  (Ho:di = zj) ['i = di i t q2 ,vd (&)  j R  
122 1 

2 
3 
4 
5 
10 
11 
12 
13 
14 
15 
16 
17 

208 1 
2 
3 
4 
5 
10 
11 
12 
13 
14 
15 
16 
17 

1,998.01 
4,956. 55 
3,34C.66 
1,035 -96 
6,727.35 
577-63 

11,118.95 

823.74 

4,559.07 

637.61 

11 494.34 

2,331.91 
396.78 

2,614.69 
7,&1.62 

2,667.58 
4,278-01 
428.99 

7,001.69 
iJ0k2.96 
6,432 -91 
5,837.35 
7, 013 -52 
422.41 
89.31 

2,795.16 

4 . 5 6  
-29.15 
4.03 
37.77 
-76.31 
17.56 
1: .82 
54.00 
-7.31 

-11k.31 
-21.87 
-36.63 
29.?6 

-10.04 
-42.24 
-15 -38 
0.50 

-69 .yo 
19 * 71 
23.41 
45.66 

5 -27 
-7: .go 
-25.63 
-4.59 
29.37 

1110 
218 
8 

37 
144 
12 
96 
129 
2E? 
134 
10 
12 
10 

947 
=9 

5 
24 
144 
10 
64- 
7s 
16 
154. 
6 
11 
6 

1.742 
4.768 
29.438 
5.292 
6.835 

2.223 

6.937 
10.762 

5.425 
9.261 
21.354 
13.441 
6.300 

5.812 
e j  .645 
10.543 
5.451 
6.550 
10.460 
3.656 
22.9:s 
6.600 
29.615 
6.195 

1.662 

3.8'71 

Reject 
Accept 
Reject 
Reject 
Reject 
Reject 
Reject 
Accept 
Reject 
Accept 
4ccep t 
Reject 

Accept 
Reject 
Accept 
Accept 
Reject 
Reject 
Reject 
Reject 
Accept 
Reject 
Accept 
Accept 
Reject 

7 1 6,4:)1 .35 -1ii.82 lC89 2.425 Reject -19.56 < tj7 < -10.06 0.880 

209 1 2,160.15 5.93 947 1.510 Accept -11.89 < SI.09 < -5.97 0.526 

-7-90 1110 l.jL2 Accept -10.53 < 6mo < -5.27 0.9339 
Reject 42.55 < t izw < -64.57 3. i)U+ 

18@ 1 1,998 - 63 
207 1 23,269.28 -73.56 1 :ob i.5E7 

Note: Cowarisons a r e  between flood eqnation 122, group 1, and the f i r s t  group of each of the other equations; Khen comparisons 
of group 1 with each of the other data groups were made fo r  equations 122 and 2% on ly .  
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Table A-11. (Continued) 

Var i a b l c  Flood Equation No. (Group 1 Data) 
Codea 1 2 3 4 5 6 7 8  y io 11 E 13 14 15 16 17 16 i g  pi) 21 22 23 24 2s 26 2'7 29 29 j c  

x x x :  

x x x  
x x x x  

x x x  

x 1 

x x  X 

X 

X X X j  

X 

x x x  
s 

X X 

X 

X 

2 

X 

X 

X 

X 

X 

x 
X 

X 

x 
X 

X 

X 

X 

X 

x 

x x x x  K x >  
X 

X 

X 

X 

X 

X 

s 

x X I  

X 

Y X  x 
X X X  

X X X  

I 
h) 
0 
P 
I 

d ~ e e  TdbleS A+ and AA for che explanation of t h e s e  codes. 

'Emulsion flooding only. 
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Table A-12. (continued) 

x x x x i x x x x x x x x x x s x x x x x  
P 

I X  

x02 

XO5 

XI7 
x1 ti 1 
:a9 
X Z O  x x x x x x x x x x x x  

Variable Flood Equation No. (Group 1 %ta)  
Codea 112 113 1:h 115 116 117 115 119 120 121 192 123 124 125 126 127 12b 129 130 131 

- 

x s x x  

x22 x x  
=3 x x  
X05 2 

XO5 3 
X l ' l  2 

x2O 2 X X I  x x x X I  

x x  X X X X  

s x x x  

XPl 2 

x 2 1 3  

X05X17 
~05x18  

~ ~~ 

X x x  x j  x X 
X x ;  X X 

~ 0 5 x 2 1  

1 
1U 
0 
f 

1 
X17x::8 
X17/X:g 

! 

X18/Y20 
~ 1 8 x 2 1  

XSO/x21 
Xl9X21 

j x  x x x i  
1 

x x :< x ii x x x i  
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Table A-13. Structure of Flood Equations 152-165. 

x x x x x x x x  .... i %  I . -........__a . . . . - - ~ _ _ _  _ ~. 

x x x x x x x x  
-.-.- .... LII__ .... _l_l-._ .I-- _____-__ 

=See Tables A-5 and A-6 for the explanation oE these codes. 
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Table A - l h .  S t r u c t u r e  of Flood Equat ions  16b1.72. 

V a r i a b l e  Flood Equat ion  N o .  
Codea 164 165 166 167 168 169 170 171 1'72 - Emulsion Flooding Only, Group 1 

x x x  

a 0 3  x x 

See T a b l e s  A-5 and A-6 f o r  t h e  e x p l a n a t i o n  of these codes.  a 
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Y 

Table  A - 1 5 .  Structure of Flood 
Equations -1'76 (I 

Flood Equation No. 
Variable (Group 1 Data) 

codea in 174 275 176 

YO3 
Yl 1 x x x  

XOI 

X 2 Q  x x x  
X21 x x x  
x22 x x x  
w3 x x x  
E 4  

xo1 2 

xo1 3 

x20 2 x x  
3 x x  

a 1 2  X x 
X X 

See Tables  A-5 and A-6 for 
the explanation of these codes. 

a 



Table A-16.  S t ruc tu re  of Pload Equations l'('(-lgO. 

Variable Flood Equation No. (Group 1 Data) 
Codea 177 178 179 180 181 182 1-85 184 185 186 187 188 189 190-- 

x x x x x  - ............. _I_ 

YO7 

X20 x x x x x  
X21 x x x x x  
x22 x x x x x  

x x  

x20 2 x x x  
=o 3 x x x x x  
x20 4 x x x x  
S O  5 x x x x x  
x2g 2 x x x x  
ao/X21 x x x x x 
x20x22 x x x x  
~20x23 x x x x  
a l a 2  x x x x  
~21x23 x x x x  
~22x23 x x x x  

___ x x x x x  ___ 

x x x x x  
x x x x x  

x x x x x  

x x x x x  
x x x  

x x x x x  
x x x x x  
x x x x x  

_.. 

x x  
x x x x  
X 

x x x x  I.-_ ._.I_ 

x x x x  
x x x x  
x x x x  
x x x  

x x x x  
x x x x  
x x x x  
x x x x  
x x  - 

x x x  

a See Tables A-5 and A-6 f o r  t he  explana t ion  of these codes. 
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x x x x x x x x x x x  

x x x x x x x x x x x  
x x x x x  

(ZJ x x x x x x x x x x x  

X 

( E ~ ~ x x x x x x x x x x x  
3 

Table A-17.  S t r u c t u r e  of Flood Equations 191-201. 

x x x x x  

, 

Yarkable 
Codea 191 192 193 194 195 196 197 198 199 200 201 

Flood Equation N o .  (Group 1 Data) 

YO3 X 
Y10 X 

X 

X 

x x x x x x  x x x x  
(Zl-2) x x x x x x x x x x  

@ z q i . z 3 x  x x x x x 
X20x23 x x x x x  

a 
See Tables A-5 and A-6 f o r  t h e  explanation oE these codes. 

3 
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Tab le  A - 1 8 .  Structure of Flood 
Equations 202 -207. 

Flood Equation Nan 
(Group 1 Data 

202 203 204 205 ?06 207 
V a s  i a b  l e  

Codea 

-...I_ 

Yl l X 

@%) x x x x x x  
(TZ-1 x x x x x x  
C K) x x x x x  
(ET- X 

I- 

x20 3 x x x x x x  

~ x x x x x x  
(-jQT9 x x x x x x 
~ x x x x x x  

@ Z i j X  x x x x x 
x x x x x x  

_.. __- 

IWO/WlJ x x x x x x 
x x x x x x  

a 
See T a b l e s  A-5 and A-6 for the explanation 
of t hese  codes. 
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YO4 

YO"( X 

Table A-19. S t r u c t u r e  of Flood Equations 211-232. 

X 

. ., 

c 

YO9 
Y10 

Y l 1  

X 

X 

X 

Y12 X I  

aSec Tables A-5 and A-6 for  the explana t ion  of these codes. 
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T a b l e  A-20. S t r u c t u r e  of Flood Equations 233-242. 

Var i a b  le Flood Equation N o .  (Group 1 Data) 
Codea 233 234 235 236 237 238 239 240 21Cl 242 

Y12 

y15 

Yl9 
Y2 0 X 

Y2 1 

X21 x x x x x  
x22 x x x x x  
=3 x x x x x  

x x x x x  x3 4 

x 2 1 3  x x x x x  
a 3  2 x x x x x  

x x x x x  a5 2 

x34 3 x x x x x  
x34 4 x x x x x  
x34 5 x x x x x  
x21x22 x x x x x 
~21x23 x x x x x 
~34x21 x x x x x 

_I 

_l_____l__ 

........__ 

lx34x21J x x x x x 
x34xz x x x .& -._.... X 

x34x23 x x x x x 
[ X j G q X  x x x x 

[ - i y E g ] X  x x x x 
r G Z G - ] x  x x x x 

X 

x 

X 

x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  
x x x x x  

a See Tab les  A-$ and A-6 for the explanation o f  these codes. 



-213- 

Table A - 2 1 .  Group 1 Data Points 50 t o  loo$ 
Flooded Due to Insufficient Pulsation 

$ Flooded Due t o  Insufficient Pulsation 
50 - 60% 60 - 70% 70 - 80% 80 - 90$ 90 - 100% > 100% 

. 
." 

. 

12 441 
15 442 
16 452 
25 453 
27 579 
28 584 
39 585 
55 601 
189 698 
190 609 
igi 610 
266 647 
267 648 
273 649 
275 650 
276 651 
277 673 
327 689 
328 753 
368 754 
369 7-56 
370 781 
371 845 
388 1057 
389 1058 
390 1059 
391 1075 
440 1079 

10 575 
23 588 
33 589 

363 627 

365 630 
392 631 
443 "77 
556 757 
557 804 
561 817 
570 927 

574 1067 

45 600 
50 621 

364 629 

571 1061. 

14 
20 
21 
29 
54 
366 
367 
560 
586 
587 

622 
623 
628 
643 
644 
645 
646 
651C 
655 
670 
758 
760 
8 13 
8 16 
870 
lo60 

611 

1 
37 
41 

552 
553 
582 
583 
598 
599 
606 
607 
6 12 
6 13 
616 
632 
634 
638 
652 
656 
657 
658 
6 9  
66% 
669 
671 
871 

1097 

18 
24 
35 
617 
6 18 
633 
639 
653 
868 
869 
a72 
8?c: 
8 79 
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L .... . . . .. ~ - J - - J . . . - ~  .... I-.. I I I 1.1.. 

1 o3 
CALCULATED Vc + VD (ft/hr) 

F i g .  A - 1 ,  
7 and Group-1 Data. 

Experimental vs Calculated Throughput  f o r  F lood  Equa t ion  
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c 

CALCULATED V, + VD (ft/hr) 

F i g .  A-2 .  Experimental  vs Calcu la ted  Throughput f o r  Flood Equat ion 
180 and Group-1 Data. 
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n 

CALCULATED Vc + VD (ft/hr) 

F i g .  A - 3 .  Experimental vs Calcula ted  Throughput f o r  F lood  E q u a t i o n  
207 and Group- l  Data. 
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1 o2 

10. 

CALCULATED Vc + VD (ft/hd 

F i g .  A - 4 .  Experimental  vs Calculated Throughput f o r  F lood  Equation 
2 ~ 8  and Group-1 Data (O-5O$ F.I.P.). 
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CALCULATED Vc + VD (ft/hr) 

F i g .  A - 5 .  Experimental vs Cal-culated Throughput for Flood  Equation 
209 and Group-1 Data (0-50$ F .I.P.) . 
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CALCULATED Vc t V D  (it/ni) 

Fig. A - 6 .  Experimental vs Calculated Throughput  f o r  F Lood E q l l n t i o o  
122 and Group-2 Data. 
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10' 

101 

CALCULATED Vc + V,, (ft,/hr) 

F i g .  A - 7 .  E x p e r i m e n t a l  vs C a l c u l a t e d  Throughput  f o r  F l o o d  E q u a t i o n  
1?2 and Group-3 Dat.a. 
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CALCULATED Vc + VD ( f d h r )  

F i g .  A - 8 .  Expe.riniental 77s C a l c u l a t e d  Throughput f o r  Flood Equa t ion  
122 and Group-14. Data. 
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. . -  

CALCULATED Vc + VD (ft/hr) 

F i g  A-9 .  Experimental  v s  Calculat-ed Throughput for F lood  Equa t ion  
122 and Group-5 Data. 
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CALCULATED V, + VD (ft/hr) 

F i g .  A-10.  Experimental  vs Ca lcu la t ed  Throughput f o r  Flood Equat ion 
122 and Group-10 Data. 
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CALCLJWTED Vc + VD (ft/hr) 

Fi.g ~ A - 1 1 .  Experimental vs Cal.culated Throughput for F l o o d  Equation 
122 and Group-11 Data. 



CALCULATED Vc + V (ft/hr) 

P i g .  A - 1 2 .  Experimental vs Ca lcu la t ed  Throughput for Flood Equat ion 
122 and Group-l? Data. 
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F i g .  A - 1 3 .  E x p e r i m e n t a l  vs Calcu la ted  Throughput  f o r  F lood  E q u a t i o r ~  
122 and Group-13 Data. 
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CALCULATED Vc + VD (ft/tlr) 

F i g .  ,444. Experimental .  vs C a l c u l a t e d  Throughput for  F lood  Equation 
122 and Group-14 Data. 

c 
c 
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F i g .  A - 1 5 .  Experimental  vs Calcula ted  Throughput f o r  F l o o d  Equa t ion  
122 and Group-15 D a t a .  



I I I I I I I l l  1 I I I I I L 1 I  I I I 1 1 1 1 1  

CALCULATED Vc + V,, (ft/hr) 

F i g .  A - 1 6 ,  Experimental vs Calcula ted  Throughput for Flood Equation 
122 and Group-16 Data. 
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CALCULAlEU Vc t VD (ft/hi) 

F i g .  A - 1 7 .  Expe r imen ta l  vs C a l c u l a t e d  Throughput f o r  Flood Equa t ion  
122 and Group-17 Data, 



200 

1st 

cc 
L 
\ 
I-- 
LL 

d > + u > 

T 10 
t;; 
E 
u 

a u 
3 
B 
J 
LI 

E 

I I 

Variables 

I 25.00 dynes/cm 

PD 1.00 centipoise 

1.00 centipoise 

'D 0.85g/cc 

d 0.10 in. 
D 2.00 in. 
e 0.20 
5 2.00 in.  

'e l.lOg/cc 

v p D  1.00 

I I I I I I I I I - 
I 100 200 300 900 500 600 700 800 900 

PULSE VOLUME VELOCITY9 f x R 9  fT/HR 

F i g .  A - 1 8 .  E f f e c t  of Varying P u l s e  Amplitude on Flood Equat ion  122 
Flow Capacities. 

. 
I 

c 



--l-----"-"-~..- ,.... ~ , , ._____ 

Variables 

A 0.75 in. 

'D 1.00 centipoise 

'c 1.00 centipoise 

pc l,70 g/cc 

P D 0.85 3/cc 

d 0.10 in. 
D 2.00 in. 

I e 0.20 

F i g .  A-19. 
122 Flow Capacities. 

Effect of Varying I n t e r f a c i a l  Tension on F l o o d  Equat-ion 



5 

I 1 I I I 1 I I I 

Variables 

A 0.75 in. 
y 25.00 dynes/cm 

‘c 1.00 centipoise 

‘ D  0.85 g/cc  

pc l.lOg/cc 
d 0.10 in. 
0 2.00 in. 
€ 0.20 
S 2.60 in. 

VC/VD 1.00 

‘D = 0$0 cp 
or 1.00 c p  \ or 1.50 c p  

PULSE VOLUME V E L O C I T Y Y  FsR9 FT/HR 

F i g .  A - 2 0 .  Effec t  of Varying Dispe.rsed Phase Viscosi ty  on Flood 
Equation. 122 Flow Capaci t ies .  
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I -1- _ _ _ _  ~ ____.____ d I 
100 200 300 Li00 SUO 600 700 800 900 1000 

Variables 

A 0.75 in. 
y 25.00 dynes/cn 

’D 1.00 centipoise 

’D 0.85g/cc 

I C  1.10~/CC 
d 0.10 in. 
D 2.00 in. 
E 0.20 
S 2.00 in. 

.- 

F i g .  A - 2 1 .  E f f e c t  of Varying Continuous Phase V i s c o s i t y  on F l o o d  
Equation 122 Flow Capacities. 
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I I I I I I I 1 

Va r io b I es 

A 0.75 in. 
7 25.00 dynes/cm 

"D 1.00 centipoise 

''C 1.00 centipoise 

pc l.lOg/cc 
d 0.10 in. 

\ D 2.W in. 
e 0.20 
S 2.00 in. 

I /  \ v/v, 1.00 

1 I --- I 

1 100 200 300 900 500 600 700 800 900 1000 

PULSE YULUME VELOCITY9 F*R9 FT/HR 

F i g .  A - 2 2 .  E f f e c t  of Varying Dispersed  Phase Density on Flood 
Equation 122 Flow Capaci t ies .  
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0 -  
0 

I_ 

I 1 I I I 

Variables 

A 0,75 in. 
y 25.00 dynes/cm 

'% 1.00 centipoise 

'c 1.00 centipoise 

'D 0.85g/cc 
d 0.10 in. 
D 2.00 in. 
€ 0.20 
S 2,OO in. 

VC/VD 1.00 

I I I I I 
100 200 300 qO0 500 600 700 800 

I I I 

PULSE VOLUME VELOCITT9 F*Rs FT/HR 

A - 2 3 ,  E f f e c t  of Varying Continuous Phase D e n s i t y  on 
1.22 F l o w  Capacities" 

I 
900 1 

Flood  
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1 I I I 1 I 1 

Variables 

A 0.75 in. 
7 25.00 dynes/cm 

“D 1.00 centipoise 

”c 1.00 centipoise 

‘D 0.85g/cc 

l.lOg/cc 
D 2.00 in. 
€ 0.20 
5 2,OO in. 

I 

-0;. 

I w \ 

3 io0 i0-00 i o 0  $00 i o 0  i o 0  Esoo 1000 

PULSE VOLUME VELUCITYs FXRP FT/HR 

F i g .  A - 2 4 .  E f f e c t  of Varying P u l s e  P la t e  Hole Diameter on Flood 
Equat ion  122 F low C a p a c i t i e s .  

R 
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.....-..----. .......... 3 - v  ., ....... ~ _ .  lr 

Variables 

A 0.75 in. 

"LI 1.00 centipoise 

"C 1.00 centipoise 

pc I. lOg/cc 

r 25,OO slytles/cm 

D O.Wg/cc 

d 0.10 in. 
e 0.20 
S 2.00 in. 

VC/VD 1.00 

D = 1.00 in. 
or 2.00 in. 
or 3.00 in. 

----. 

....... I ....... I_L_I 1 . 1  1 1 ....... J I 
100 290 300 '400 500 SOB 700 800 900 

PULSE VOLUME VELOCI T Y s  F x R ~  FT/kiR 

0 

F i g ,  A - 2 5 .  E f f e c t  of Varying Col-~unn Diameter on F l o o d  Equati.011 122 
F l o w  Capaci t ies .  



5 

I I I I I 200- I 

Variables 

A 0.75 in.  
r 25.00 dynedcm 

WD 1.00 centipoise 

''C 1.00 centipoise 

'D 0.85 g/cc 

pc l.lOg/cc 
d 0.10 i n .  
D 2.00 in. 
S 2.00 in. " \\\ VJVP 1.00 

P U L S E  VOLUME V E L O C I T T t  F*Rs FT/HR 

Fig. A-26.  E f f e c t  of Varying Pulse-Plate Free Area on Flood  
Equation 122 Flow Capacities. 
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Variables 

0.75 in. 
25.00 dynas/cm 

1.00 centipoire 

1.00 centipoise 

0.85 g/c c 

1. I O  g/cc 
0. IO in. 
2.00 in. 

- - . - L - _ _ _ L _ _ _ _ _ _ k - - d  ..-. 1__-__1-... 1 ___- 
100 200 300 YO0 500 600 700 800 900 11 

PULSE VOLUME VELOCIPTs FRAY FT/HR 

3 

F i g .  A-27. 
122 Flow C a p a c i t i e s .  

E f f e c t  of Vary ing  P u l s e - P l a t e  S p a c i n g  on F l o o d  Eqiuation 



b 

I I I I I I 1 I 

Variables 

A 0.75 in. 
7 25.00 dynes/crn 

' D  1.00 centipoise 

"c 1.00 centipoise 

'D 0.95g/cc 

pc l.lOg/cc 
d 0.10 in, 
D 2.M) in. 
€ 0.20 
S 2.00 in. 

I I 1 1 1 l l - - - _ _ _ _ L p  

100 200 300 '400 500 600 700 800 900 1 

PULSE VOLUME VELOCITY9  F*Rs FTIHR 

00 

F i g .  A - 2 8 .  E f f e c t  of Varying the F low R a t i o  on Flood Equa t ion  122 
Flow Capaci t ies ,  
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I I I 1 I I 1 I i..~.l.lI 
100 200 300 q00 500 600 700 800 900 1 

PULSE VOLUME V E L O C I T Y ?  FXAY FT/HR 

F i g .  A - 2 3 .  E f f e c t  of Varying P u l s e - P l a t e  F r e e  Arc>.? on Flood 
Equa t ion  180 Flow C a p a c i t i e s .  

00 



r 

I T  

Variables 

A 0.13 in. 
y 15.10 dynes/crn 

pD 3.42 centipoise 

'c 3.31 centipoise 

'D 0.77g/cc - 
' c  1.24g/cc 
d 0.11 in. 
D 1.00 in. 
'e 0.23 
5 1.94 in. 

- 

-L-L-.I-I--..L-.-------..~A 
100 200 300 LtQQ 500 600 700 800 900 1000 

PULSE VOLUME VELOCITY9 F*RY FT/HR 

Fig. A - 3 0 .  F i t  of Flood Equation 122 to Some Data from Po in t s  
1-44. 



I -----r------- 
Variables 

A 0.25 in. 
Y 15.10 dynes/cm 

'D 3.42 centinoise 

'C 3.31 centipoise 
P 
D 0.77g/cc 

p c  1.24 g/cc 
d 0.11 in. 
D 1.00 i n .  

S 1.94 in. 
E 0.23 

Vc/VD 0,92 

...... - ......... L ...... I . . d . . _ _ _  ...... L I ... I ..___ I 
100 200 300 900 500 600 700 80n 900 11 

PULSE VULUME VECUCI T Y 9  FwH9 FT/HR 
3 

F i g .  A - 5 1 .  F i t  of F lood  E q u a t i o n  122 t o  Some Data f rom P o i n t s  
lJ+h . 
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I I I I I I I 1 I 

Variables 
A 0.50 in. 
7 15.10 dynes/cm 

'D 3.42 centipoise 

'c 3.31 centipoise 
'0 0 .77g /cc  

'c 1.24g/cc 
d 0.11 in. 
D 1.00 in. 
e 0.23 
S 1,94 in. 

Vc/VD 0.95 

_ _ _ _ _ I _ I i _ _ _ _ L _ - - L I - _ L _ _ _ _ L _ - - - I _ - - . . - . _ L -  
3 100 200 300 Y O 0  500 600 700 800 900 1000 

PULSE VOLUME V E L O C I T T e  F*Rs FT/HR 

F i g .  A-32. F i t  of Flood Equation 122 t o  Some Data f r o m  P o i n t s  
1-44. 



Var i o  b I er 

A 1.00 in. 
y 15.10 dynes/cm 

'D 3.42 centipoise 

'C 3.31 centipoise 

D 0.77g/cc 

fc 1.24 g/cc 
d 0.11 in. 
D 1.00 in. 
E 0.23 
S 1.94 in. 

Vc/VD 1.32 

--- -- 
-----+__ 

------.-.-. 

I . 1 -  I I I I I I I __.. ........... 
1 00 200 300 900 500 600 700 BOO 900 1 

PULSE VOLUME VELOCITY3  FsR9 FT/HFI 

00 

Fig. A-33. F i t  of F lood  Fqi1ati.m 208 t o  Some Data €rom P o i n t s  
1-44. 



I 1 I I I I I 7 

P- 

\ 
\ 
\ 

\ 

Variables 

A 1.00 in. 
y 15.10 dy nes/cm 

'D 3.42 centipoise 

' c  3.31 centipoise 
r 
D 0.77 g/cc 

fc 1.24g/cc 
d 0.11in. 
D 1.00 in. 
e 0.23 
S 1.94 in. 

vc/vD 1.32 

Variables 

A 1.00 in. 
y 15.10 dy nes/cm 

'D 3.42 centipoise 

' c  3.31 centipoise 
r 
D 0.77 g/cc 

fc 1.24g/cc 
d 0.11in. 
D 1.00 in. 
e 0.23 
S 1.94 in. 

vc/vD 1.32 

- 1 I I 1 I I I 
I 100 zoo 300 ~foo 5oo 600 700 BOO 900 

PULSE VOLUME VELOCITY7 FrR9 FT/HR 

10 

F i g .  A - 3 4 .  F i t  of Flood Equation 122 t o  Some Data from Poin t s  
1-44. 



1 oc 

75 

5t 

2: 

I 

Variables 

7 18.30 dynes/cm 

IrD 1.33 centipoise 

'c 22.20 centipoise 

' D  0.78g/cc 

pc 1.4og/cc 
d 0.11 in. 
D 1.00 in. 

S 1.94 in. 
E 0.23 

0 I 

A I  I I 1 ..I ............... I........ I-.-- 
100 200 380 900 500 600 700 800 900 1 

PULSE VOLUME V E L O C I T Y Y  F T R ~  F l / H R  

F i g .  A-35. Fi . t  of Flood Equat:i.on 122 t o  Data P o i n t s  1046-1060. 



I I I 

Variables 

A 1.00 in. 
r 20.80 dynes/cm 

' D  1.27 centipoise 

' C  2.73 centipoise 
P 
D 0.79g/cc 

pc 1.11 g/cc 
d 0.13 in. 
D 1.92 in. 
e 0.23 
S 2.00 in. 

Vc/VI, 0.50 

-1 
\ 

(.I I I I I I I I 
100 200 300 ~ f o o  soo ~ o o  700 aoo goo 

P U L S E  VOLUME V E L O C I T Y 3  FpR3 FT/HR 

00 

F i g .  A-36. Fit of Flood Equat ion 208 t o  Data P o i n t s  854-858. 
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160 

120 

8C 

Lfc 

( 

-7- I - -  I I I I I I I 

\ 
\ 

a 
\ 

IF\ \ 

\ 
\ 
\ 

Variables 

A 1.00 in. 
y 20.50 dynes/cm 

' D  1.27 centipoise 

'C 2.73 cPntipoise 
P 
D 0.79g/cc 

*c 1 . 1 1  g/cc 
d 0.13 in. 
D 1.92 in. 

S 2.00 in. 
6 0.23 

V / V D  0.50 

... .I.... I I 1 .... -1 ....... LUL 
100 200 300 YO0 500 600 700 800 900 

PULSE VOLUME VELOCITY? FVRS FT/HR 

00 

F i g .  -4-37. Fi . t  of Flood Equation 122 t o  Data P o i n t s  854-858. 
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-IT- I I I I I I 

1 Variables 

00 

F i g .  A-38.  F i t  of F lood  Equati-on 1.22 t o  Data Poi-nts 676-'(007. 

c 
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160 

120 

8C 

If[ 

I 

.~ ......... 
I I I 

Variables 

A 1.60 in.  
42.00 dynes/cm 

'D 1.32 centipoise 

'c 0.91 centipoise 

'D 0.75g/cc 

pc 1.00g/cc 
d 0-CM in. 
D 2.00 in. 
E 0.23 
5 1.00 in. 

I I .... I I I .......... 1 ........ I ..... 
I 100 200 300 LlOO 500 600 700 aoo 900 iooc 

PULSE VBLUME VELnCI'TYs FSRP FT/Hi7 

F i g .  A-39 .  F i t  of F l o o d  E q u a t i o n  208 t o  Data P o i n t s  r7u8-77;20. 



16 

121 

81 

Ldc 

C 

\ 
+\ 
\ 
\ 

‘Jar ioh les 

A 1.60 in. 
42.00 d y n d c m  

rD 1.32 centipnise 

pc 0.91 centipoise 

‘D 0.75 g/cc 

pc 1.oog/cc 
d 0.04 in. 
D 2.00 in. 
e 0.23 
S 1.00 in. 

-1 I I I I I I I 
100 200 300 YO0 500 SO0 700 800 900 1 

PULSE VOLUME VELOCITY9 F*A9 FT/HR 

F i g .  A-40 .  F i t  of Flood Ecluation 122 t o  Data P o i n t s  TO8-720. 



I ....- ---..... __r_..- 

Variables 

y 34.70 dynes/cm 

i ;D 0.60 centipoise 

pc 0.88 centipoise 

‘D 0.87 g/cc 

Q 

pc 1.00 g/cc 
d 0.13 in. 
D 1.92 in. 
e 0.21 
s 2.00 in. 

1 _... I-..- ....... 1 I I I ......... 

I 100 200 300 YO0 500 600 700 800 900 1000 

PULSE VOLUME VELOCITYs F*Rs FT/HT;I 

F i g .  A - 4 1 .  F i t  of F lood  Equati-on 122 t o  Data Poin ts  552-605. 



Variables 
y 37.60 dynes/crn 

'D 0.59 centipoise 

' c  0.90 centipoise 

'D 1.45g/cc 

pc l.Oog/cc 

d 0.13 in. 
D 1.92 in, 
c 0.21 
S 2.00 in. 

1 100 200 300 Li00 500 600 700 800 900 1000 

PULSE VOLUME VELOCITY, F*Rs FT/HR 

F i g .  A - 4 2 .  F i t  of Flood Equation 122 t o  Data Poin t s  606-675. 
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Variables 

r 33.90 dynes/cm 

'D 0.41 centipoise 

'c 1.01 centipoise 

'D 0.68g/cc 

d 0.08 in. 
D 1.58 in. 
e 0.23 
S 1.97 in. 

pc l.oog/cc 

__I ._.... ..... . ._ L I  L ....... I ......... I ____... I I I 150 300 950 600 750 900 1050 1200 1350 1 

PULSE: JOLUMt VELOCITY9  FXRY FT/HR 
0 

F i g .  A-43. F i t  o f  F lood  Equation 122 to Data Points 934-1045, 
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I I I I 1 I 

Variables 

1 10.70 dynes/cm 

'ID 0.60 centipoise 

'C 0.93 Centipoise 

' D  0.80g/cc 

pc 0.99 g/c. 
d 0.09 in. 
D 3.83 in. 
6 0.25 
S 2.00 in. 

VC/VD 1.00 

I x.  0 \\ \ 

-------.I 
100 200 300 q00 500 600 700 800 900 1 

PULSE VOLUME VELOCITTs F*R9 FT/HR 
3 

F i g .  A - 4 4 .  F i t  of Flood Equation 122 t o  N e w  Data of Chris tensen.  



-258- 

.I... 
I 100 

... I I . . . I . . I I . . . ~ . . . - -  
200 300 900 500 600 700 800 YOCl 1 

PULSE VULUME VELi3CITYs FrRs FT/Hfl 

F i g .  A-l+5. F i t  o f  F lood  Equation 208 t o  New Data of  Christensen. 

00 
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PROGRAM GROEN3 

This i s  a program i n  FORTRAN-63 t h a t  p rforms a s o r t  of t he  va lues  of 

up t o  36 v a r i a b l e s  i n t o  25 equal  increments.  The i n i t i a l  p o r t i o n  of the  

program accepts  a s  input  the  va lues  of the  v a r i a b l e s  to be s o r t e d  o r  the  

va lues  of  o t h e r  v a r i a b l e s  which can be used t o  c a l c u l a t e  t he  v a r i a b l e s  t o  

be s o r t e d .  I n s t r u c t i o n s  f o r  c a l c u l a t i n g  v a r i a b l e s  f o r  s o r t i n g  are r ead  i n  

from "Transgeneration Cards". 

A l l  of these  opera t ions  are performed i n  SUBROUTINE CALCUM. 

t i on ,  t h a t  of ob ta in ing  the f looding capac i ty  due t o  i n s u f f i c i e n t  pu l sa t ion  

(+) from the  pu l se  volume v e l o c i t y  (ZZ = 5FA) and the  f low r a t i o  ( Z = 

Vc/VD), i s  done w i t h  the  use of a func t ion  subprogram, FUNCTION DELG(Rl,AF), 

where R 1  = Z, AF = ZZ. 

Other inpu t  includes the  names of the  v a r i a b l e s .  

One t ransgenera-  

The second h a l f  of the  program, SUBI4UTINE S4RT25, performs the  s o r t i n g  

opera t ion ,  de f in ing  the  maximum and minimum values  O F  each v a r i a b l e  t o  be 

socted,  and p lac ing  each va lue  wi th in  an appropr i a t e  l e v e l  out  of a t o t a l  

of 25 e q ~ a l  increments.  

a l l  d a t a  p o i n t s  w i t h i n  each l e v e l  arc p r i n t e d  outa 

of each l e v e l  i s  given.  

ORDER OF CARDS: Problem Card 

'ffie boundaries o f  each l eve l  are determincd,and 

F i n a l l y ,  t he  popula t ion  

Transgenerat ion Card(s (300 al lowed) 

Var iab le  Format Card 
P ick  Card 
Input  Data Gard(s)  - i f  used (1200 al lowed) 
Problem Card far the  next  problem, e tc .  

V a r i a b l e  Name Card(s )  ( 3  al lowed) 

Problem Card: Columns 1-2 ?%e l e t t e r s  "PK". 
I I C  11 3 -4 I i f  i npu t  d a t a  are on cards .  
"'(" i f  input  data are on  ape Unit '(. 
N o .  of o r i g i n a l  v a r i a b l e s  inc luding  

'In'', the  da t a  po in t  numbers. 
Maximum value  allowed i s  60. 

5 -6 
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7-10 

11 -13 

14 -16 

1 'y -72 

Tcansgerieration Card(s  ) : 

C O ~ U ~ T I l ~ Z S  '1-2 
3 -4 

5 -6 
7-8 
9-14 

Var i a b  l e  Name Card (s ) : 

CoIumns 1-6 
7-12 

13 - 
67-72 

Vari.ahle Format Card:  

No. o f  d a t a  p o i n t s  o r  o b s e r v a t i o n s ,  

No. o f  Transgenera t ion  Cards, maximum 

N o .  of v a r i a b l e s  t o  b e  s o r t e d ,  maximum 

Job t i t l e .  

maximum of  1200. 

of goo. 

of 36. 

The letters "TR" . 
V a r i a b l e  number a s s i g n e d  I:o t ransformed 

Transformat ion  Code (set? below). 
A-variable  No. o r  Z .  
B-var iab le  No. o r  ZZ. 

v a r i a b l e .  

Name o f  1st var f -ab le  t o  s o r t .  
Name o f  2nd v a r i a b l e  t o  s o r t ,  

Name of 1.2th v a r i a b l e  t o  s o r t .  
. * .  

Columns 1-72 iuiist s p e c i f y  the format  of t h e  i.nput d a t a .  
For examp 1.e : 
Note:  The l a s t  f i e l d  spec i  f i e d  

( ~ 6 . 3 , 2 F >  .2, F10.4, F4 0 ) 

(under l i n e d  above ) must be t h e  
format. € o r  d a t a  p o i n t  o r  observa-  
t i o n  numbers. 

P i c k  Card: Columns 1-2 V a r i a b l e  No. o f  1st v a r i a b l e  t o  s o r t .  
3 -4- V a r i a b l e  N o .  of 2nd v a r i a b l e  t o  s o r t .  

71-72 V a r i a b l e  No. o f  3 6 t h  v a r i a b l e  t o  s o r t .  
. . .  5- 

Note: No v a r i a b l e  number may exceed 60. 
v a r i a b l e  t o  a number g r e a t e r  t h a n  60. 

Do not  a s s i g n  any t ransformed 

Tran.sformation Codes : 

00 
01. 
02 
03 
04 
05 
06 
07 
08 

N o  a c t i o n  taken  
x = SQRTF(X) 
X = SQKfF(x) + SQRTF(x+l) 
x = L$GF(X) (Log Funct ion)  
x = E D P ( x )  
X = ASINF(x) 
X = ASINF(SQRTF(x/(n+1))) -!- L~rNF(SC2RTF((~~1)/(ni-1) ) )  

x = x + ( c o n s t a n t )  

( Square -Root; Function ) 

(Exponent- i-a1 F u n c t i o n )  
(-kcs i n e  F u n c t i o n )  

x = 1.o/x 
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09 x IT: x(constant) 
10 x = *(constant)  
11 x = x  -tx A B  
12 x - . x A - x  B 
13 x zz xAxB 
14 X = X,/X 

A-variables on transgeneration cards correspond to x or xA. 
B-variables on transgeneration cards correspond to x 3 or constant. 
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n 9- 0 2-6 4 

79 
80 
81 
82 
8 3  
8 4  
8 %  
86 
87 

A9 
aea 

91 
90 

9 2  
9 3  
9 4  
95 
98 
9 7  
98 
9 8  

I D O  
1 0 1  
102 
109 
104 
105 
196 
107 
I of3 
109 
1 I O  
I I !  
112 
113 

14 
115 
116 
I I 7  
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n 9 - 0 2 - 6 4  
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f l 9 - 0 2 - 6 4  



-269 I 

PROGRAM GR@ENh 

. 

This i s  a program i n  FORTRAN-63 t o  compute -2nd compare observed and 

c a l c u l a t e d  pulsed-column throughputs a t  f looding f o r  a given f looding 

equat ion .  Input  d a t a  may b e  va lues  of the dependent and independent 

v a r i a b l e s  of the  f looding equat ion,  o r  may be va lues  t h a t  can be used t o  

c a l c u l a t e  dependent and independent var iablf ts  . ‘The f looding equat ion  must 

have the  form: 

The Y v a r i a b l e  must be the  logar i thm of some group t h a t  conta ins  V cI VD, o r  

o the r  v e l o c i t y  t e r m .  The programmer must rear range  the  f looding equat ion  

t o  read:  

5 )  I n  (Vc -t V ) = A + blXl + b,$z 4 . . . -t b X + D 0 n n  

where X i s  a FACTOR VARIABLE t h a t  relates I n  ( V  F C 
-t. V u )  t o  Y tis shown. 

Y = I n  (V I- v0) - 
C 

Input  d a t a  a l s o  inc ludes  the  va lues  o f  A and b l  through b . The program 

al lows va lues  of V + V c a l c u l a t e d  from the  f looding  equat ion  t o  be 
c D  

p r i n t e d  out  along wi th  the  observed va lues .  

0’ n 

The abso lu te  and percentage 

d i f f e r e n c e s  between c a l c u l a t e d  and observed throughputs are p r i n t e d .  Then, 

e s t ima tes  of the var iance  and s tandard  dev ia t ion  and mean values  of these  

d i f f e r e n c e s  are p r i n t e d .  F ina l ly ,  the d i f f e rences  a r e  s o r t e d  and p r i n t e d  

i n  ascending order .  

P N G W  GR$ENI+ conta ins  f i v e  subrout ines  and one func t ion  subprogram. 

SUBR$UTLNE SE‘LEC performs t h e  unique t a sk  of s e l e c t i n g  s p e c i f i e d  da t a  po in t s  

or groups of data po in t s  out  of a m a s t e r  l i s t .  The only requirement i s  

t h a t  da t a  p o i n t  numbers be consecut ive i n  any on.e gr0upin.g. 

or groups of points may be s e l e c t e d .  A da ta  p o i n t  used here  r e f e r s  t o  a 

Up t o  60 po in t s  



s ing1.e s e t  of  c o n d i t i o n s  r e q u i r e d  f o r  t h e  calculai:j.on o f  a throughput  a t  

f looding ,  and may i n c l u d e  t h e  observed throughput  f o r  these  c o n d i t i o n s .  

SURRl$UTINE READUM a l lows  i n t p r c e p t  and c o e f f i c i e n t  v a l u e s  f o r  t h e  f l o o d i n g  

e q u a t i o n  t o  be  r e a d  i n ,  r e a d s  the Transgenera t ion  Cards ( i n s t r a c t i o n s  f o r  

t h e  c a l c u l a t i o n  of independent v a r i a b l e s ,  see IPR$GRW GR$EN3 >, v a r i a b l e  

format card,  and p i c k  card,  and p r i n t s  o u t  m n y  of t h e s e  i n f o r m a t i o n  b i t s .  

SUKR4UTINE CALCUE: performs the  r e q u i r e d  c a l c u l a t i o n s  t h a t  a r r i v e  air the  

proper  c a l c u l a t e d  v a l u e  o f  throughput  t h n t  s a t i s f i e s  the  f l o o d i n g  e q u a t i o n .  

It uses  t h e  f i r s t  s e t  of  Transgenera Lion Cards t o  calculate a1.l independent  

v a r i a b l e s  t h a t  do n o t  involve  a v e l o c i t y  t e r m .  Tf no t r i a l - a n d - e r r o r  

procedure i s  r e q u i r e d ,  c o n t r o l  i s  immediately t r a n s f e r r e d  hack t o  t h e  main 

program. I f  a t r i a l - a n d - e r r o r  technique  i.s r e q u i r e d ,  t h e  second s e t  of 

Transgenera t ion  Cards i s  used.  Conilrol i s  t h e n  t r a n s f e r r e d  t o  t h e  main 

program t o  c a l c u l a t e  v a r i a n c e s ,  staridart1 d e v i a t i o n s ,  and mean v a l u e s  of 

d i f f e r e n c e s .  SUBR@UTINE ORDER s o r t s  t h e  d i f f e r e n c e s  i n t o  ascending  o r d e r  

and p r i n t s  t h e s e  v a l u e s .  FUNCTION DELG(KE,AF) i s  used to o b t a i n  the  

throughput  a t  f l o o d i n g  due t o  i n s u f f i c i e n t  p u l s a t i o n  from t h e  fiorsr r a t i o  

( R l )  and t h e  pul se volume (AI?) through a t r a n s f o r m a t i o n  code e 

DKAWZT p r e p a r e s  a tape  t o  be used on t h e  CALC@P PMTTER which p r e p a r e s  

SlJBK+.JTINE 

a graph  showing a logar i th in ic  p l o t  of observed throughputs  v e r s u s  c a l c u l a t e d  

throughputs .  

ORDER O F  CARDS: Problem Card 
I n t e r c e p t  Card 
C o e f f i c i e n t  C a r d ( s )  (35 a l l o w e d )  
Transgenera t ion  C a r d ( s )  I (99 a l l o w e d )  
Transgenera t ion  C a r d ( s )  - II (99 a l l o w e d )  
Var iab le  Format Card 
P i c k  Card 
S e l e c  Cards (2 minimum, 8 maximum) 
I n p u t  Data Cards - i f  usc? (2400 a l l o w e d )  
Drawi t Card 
Problem Card f o r  t h e  n e x t  problem, e t c .  
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Problem Card: Columns 1-2 

3 -  

4 -5 

6 -9 

10-11 

12 -15 

14-15 

16- 

17 - 

18 -72 

I n t e r c e p t  Card : 

The l e t t e r s  "PR" . Use "RP" i f  a l l  cards  
from the I n t e r c e p t  Card through the  
Pick Card r ena in  the  same as i n  the  
preceeding problem. For t h i s  s p e c i a l  
case, d e l e t e  those ca rds .  

ca rds .  The number "7" i f  input  d a t a  
a r e  on Tape Unit  7. 

No. o f  o r i g i n a l  'var iables  inc luding  % I t ,  

t he  da t a  p o i n t  numbers. Maximum value  
allowed i s  60. 

N o .  of  da t a  p o i n t s  o r  observat ions,  
maximum of 2400. 

N o .  of Transgenerat ion Cards i n  f i r s t  
group, maximum of 99. 

N o .  of Transgenerat ion Cards i n  second 
group, maximum of 99. 

No. of  independent v a r i a b l e s  i n  f looding 
equat ion,  maximum of 35. 

"0" f o r  d i r e c t  c a l c u l a t i o n ,  "1" f o r  a 
t r i a l - a n d - e r r o r  technique.  

"1" i f  a l i s t  of every t r i a l  i n  the  t r i a l -  
and-error  procedure i s  des i r ed ,  o t h e r  - 
wise "0".  

The number "5" i f  i npu t  da t a  are on 

Job t i t l e .  

columns 1-20 used f o r  i n t e r c e p t  value ( A  ) i n  F@WT 
0 (F20.8). 

C o e f f i c i e n t  Card( s ) : 

Columns 1-20 used f o r  c o e f f i c i e n t  value (b ) i n  n F$RMAT (F20.8). 

Transgenerat ion Cards: 

(Both Groups, s e e  P@GRAM GROEN3). 

Variable  Format Card: 

(See PR~GRAH G R $ E ~  ). 

Pick  Card: Columns 1-2 Var iab le  No. of 1st independent va r i ab le ,  
the v a r i a b l e  having t h e  c o e f f i c i e n t  
shown on the  1st: c o e f f i c i e n t  card .  . . .  3 -  

69-70 Var iab le  No. of 35th  independent v a r i a b l e .  
'(l-72 Variable  N o .  of the FACTOR VARIABLE. 

Note: The v a r i a b l e  No .  of t he  FACTOR 
VARIABLE appears l a s t ,  b u t  not 
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n e c e s s a r i l y  i n  columns '(1='T2. If 
t he re  are  only  two independent 
variables, then  the number of the 
FACTOR VARIABLE would a p p e a r  i n  
columns 5-6. 

Selec  Cards : 

1st Card: Columns 1-11. used f o r  the  iiuiiiber o f  da t a  po in t s  o r  groups 
of da ta  points ,  maxinium o f  60. 

2nd Card: Columns 1-4 
5-8 
9 -12 

13 -16 
17- 
69 -72 

3 r d  through 8th Card: 

D r a w i t  Card: Columns 1-2 
3-8 
9-21:. 

Po in t  No .  o f  1st p o i n t  i n  1st s e r i e s .  
P o i n t  No. o f  last po in t  i n  1st series. 
Poin t  No. of 1st  po in t  i n  2nd s e r i e s .  
Poin t  No. of l a s t  point: i n  2nd s e r i e s  .. 
Poin t  No. of  l a s t  po in t  i n  9 t h  s e r i e s .  
S i i n i l a r  format as i n  the  2nd card 

. . .  
u n t i l  al-1 groups up  t o  60 a r e  def ined.  

Blank. 
The l e t t e r s  "DRAWIT". 
Name of  p rogramer .  
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PROGRAM BIMD.29 
Modified f o r  Use i n  Flooding Equations 

This i s  a program i n  FORTRAN-65 devised by the  Divisi.on o f  B i o s t a t i s -  

t i cs ,  Department of Prevent ive  Medicine and Pub l i c  Health,  School of 

Medicine, Univers i ty  of Ca l i fo rn ia ,  Los Angeles, and s u i t a b l y  modified by 

Unit  Operations Sec t ion  o f  t he  Chemical Technology Divis ion of Oak Ridge 

Nat ional  Laboratory t o  produce the  des i r ed  output  format and a l low more 

f l e x i b i l i t y .  The program accepts  input  d a t a  and coiilputes va lues  of all 

dependent and independent v a r i a b l e s  f o r  an equat ion  of the  t y p e :  Y ::: A + 

bl,XI -I- b2X2 + ... - t -  bnXn, then performs a mul t ip l e  s tepwise r eg res s ion  

an.al.ysis leading t o  a multiple-R s t a t i s t i c  and proper c o e f f i c i e n t s  A and 

b l  through bn. 

crossrproduct  sums, c ros s  products  of devia t ions ,  and s i m p l e  c o r r e l a t i o n  

c o e f f i c i e n t s  fo r  each v a r i a b l e .  Terms i n  the equat ion  may be d e l e t e d  o r  

rep laced  f o r  success ive  r eg res s ion  analyses ,  t h e r e f o r e  Replacement and 

Delet ion Cards spec i fy  the  v a r i a b l e s  to be used i n  each a n a l y s i s .  Fina.lly, 

0 

0 

The program p r i n , t s  ou t  va lues  of sumsl sums o f  squares, 

f o r  eacb r eg res s ion  ana lys i s ,  p r i n t o u t  inc ludes  a n a l y s i s  of var iance  t a b l e  

f o r  r eg res s ion  inc luding  means, s tandard  devia t ions ,  r eg res s ion  c o e f f i c i e n t s ,  

s tandard  e r r o r  of r eg res s ion  c o e f f i c i e n t ,  computed t values  and p a r t i a l  

c o r r e l a t i o n  c o e f f i c i e n t s ;  incremental  va lues  of multiple-R, F value,  sums 

o€ squares ,  etc., and f i n a l l y  a t a b l e  of r e s i d u a l s  and a t a b l e  of percentage 

dev ia t ions .  The Cable of r e s i d u a l s  g ives  the  Y value,  Y es t imate ,  and 

r e s i d u a l .  The t a b l e  of percentage d i f f e r e n c e  g ives  the  a n t i l o g  of the Y 

value,  a n t i l o g  of the Y es t imate ,  and t h e  percentage d i f f e rence .  This 

t a b l e  i s  u s e f u l  only i f  Y va lues  are logarithms.,  A t  t he  end of  the  t a b l e  

of dev ia t ions ,  the  l a r g e s t  p o s i t i v e  percentage d i f f e r e n c e  i s  given.  Also 



-290 - 

p r i n t e d  o u t  are t h e  average o f  t h e  p o s i t i v e  p e r c e n t a g e  d i f f e r e n c e s ,  t h e  

average  p e r c e n t a g e  d i f f e r e n c e ,  t h e  average  of  t h e  n e g a t i v e  percentage  

d i f f e r e n c e s ,  and t h e  l a r g e s t  n e g a t i v e  p e r c e n t a g e  d i f f e r e n c e .  

PRflGRAM BIMD-29 c o n t a i n s  SUBRflUTINES Wh$, SELEC, RANK, INVERT,  

R E S I D U ,  and FUNCTIflN DELG. REAM, RANK, INVERT, and RES'LDLJ are e s s e n t i a l l y  

unchanged from t h e  o r i g i n a l .  program. SELEC a l l o w s  up t o  60 d a t a  p o i n t s  o r  

groups of  d a t a  p o i n t s  t o  be s e l e c t e d  from t h e  e n t i r e  l i s t  f o r  u s e  i n  t h e  

r e g r e s s i o n  a n a l y s i s .  FUN'C'X@N DELG(Z,ZZ) i s  a v a i l a b l e  t u  produce the  

throughput  a t  El.ooding due t o  i n s u f f i c i e n t  p u l s a t i o n  (+) from i n p u t  

q u a n t i t i e s  Z, and ZZ, where 7, is  t h e  r a t i o  V /VD and ZZ i s  5FA. 
C 

Compu t a  t iona!. Procedures  

Mode 1 assumed : 

Y i s  normally d i s t r i b u t e d  w i t h  mean \.I. and v a r i a n c e  02, 

where 1-1 = A + B l X l  + P2X2 t- ... + P X . 
P P  

'1%~ computat ion s t eps  performed by the program f o l l o w :  

S tep  1. P r e l i m i n a r y  computat ions.  

1. Trans-genera t ion :  I f  d e s i r e d ,  data are  t ransformed and/or 

g e n e r a t e d  accord ing  t o  t h e  codes s p e c i f i e d  i n  t h e  T r a n s g e n e r a t i o n  

Cards.  

2.  Sums: C Xi i = 1,2, ... , p, where p i s  t h e  number of 

v a r i a b l e s  

3. Sums o f  s q u a r e s :  c xi2 

1-1.. Means: X.  = - , where n i s  sample s i z e .  
- c xi 
1 n 

r__ q x i  -' X i )  2 

5. S tandard  d e v i a t i o n s :  s = i 
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6. Crosscproduct  sums: 

= c x  e x  i = 1,2, .. . ,p 
’i j i j 

j = 1,2> ..., p 

7. Cross  product  of d e v i a t i o n s :  

= C(Xi - Xi)(Xj - Zj) 
Di j 

5. Simple c o r r e l a t i o n  c o e f f i c i e n t s :  

c(x i - F i ) ( X .  - X.) 
r =  i j  J.(x - x. ) 2 J 7 ( X j  - Xj)2  

i 1 

S t e p  2.  The program r e a d s  t h e  Replacement and D e l e t i o n  Card and performs 

t h e  f o l l o w i n g  computat ions:  

1. Kearrange t h e  v a r i a b l e s  i n  t h e  C ~ Q S S  product  of d e v i a t i o n  m a t r i x  

and construct: a i n  t h e  working s to rage  area. 

(i = 1,2 ,..., k; j = 1,2, ..., k,  where k i s  t h e  number of v a r i a b l e s  

a f t e r  d e l e t i o n . )  

i j  

a 
2. Compute: b , i y  a , .  1.1. 

c - b  - a  
iY iY i y  ’ 

i = 1,2, . . . , p ,  where p i s  the  number of  independent  

vae i ab 1.e s * 

Then, f i n d  the maximum c which is t h e  Bargcst sum o f  squares 

explairietl  by t h e  i t h  v a r i a b l e  i n  t h e  f i r s L  s t e p  o f  t h e  regression. 

This value i s  p r i n t e d  o u t  under  (:he heeding of  Sum of Squares .  

iy’ 

= c  - a  = a  
ly iy’ l j  i j  ’ bly = biy; c 

where i is t h e  v a r i a b l e  en te r ing  in t h e  r e g r e s s  Lon. 

Le t 
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P i s  compared w i t h  the percentage  v a l u e  s p e c i f i e d  i n  Col.  21-25 of  

t h e  Problem Casd. I f  P i s  g r e a t e r  t h a n  the  percentage  v a l u e  

s p e c i f i e d ,  t h e  program goes t o  t h e  s e c t i o n  immediately fo l lowing;  

o therwise ,  i.t jumps t o  6, below.. P i s  p r i n t e d  o u t  under the head- 

ing  of  P r o p o r t i o n  o f  Var iance"  

4. Obta in  f v a l u e  f o r  . v a r i a b l e  e n t e r e d .  

l y  C 

f =  
7: (Yi - F):? - ClY 

( n  - 1) - 1 

I n  general ,  

sum o f  squares  
res idua  1 

D.F. r e s i d u a l  

f =  
~ _ I  

5. Conupute : 

a 
b = j = l J 2 ?  . . . ? p 3  where p is  (:lie number of independ- 

1j all 

c n t  v a r i a b l e s  . 
a = a .  - a  a b  i = 2,3, ..., k i j .1  i j  i l .  l j  

j = : c )  c,jy . . . k, where k i s  t h e  

number o f  v a r i a b l e s  inc1udin.g the 

dependent v a r i a b l e .  

The s e c t i o n s  2-5 above are r e p e a t e d  tlo se lec t  and e n t e r  t h e  

remaining v a r i a b l e s  i n  the  r e g r e s s i o n  i n  t h e  o r d e r  o f  t h e i r  con- 

t r i b u t i o n  t o  t h e  sum o f  s q u a r e s  of t h e  dependent v a r i a b l e .  

6. Compute cumulat ive r e g r e s s i o n :  

a. Sums o f  s q u a r e s :  



c 

k 
z = c  

i =I. c ju 
k = 1,2, . . . , q ,  where q i s  the  number of  the  k 

J -  

var i ab le s  en te red  i n  trhe r eg res s ion .  

b .  Proport ions of var iances  : 

k z 
R 2  = 

c ( Y .  7. - Y)" 

c .  Mult ip le  c o r r e l a t i o n  c o e f f i c i e n t s  : 

d. Standard e r r o r  of estimates: 

e.  F va lues :  

'k I 
- k - - k F z  

?c C(Yi - ?i)2 Z(Yi - T)" - Zk 
n - k - 1  n - k - l  

S t e p  2. Simple c o r r e l a t i o n  c o e f f i c i e n t s  of those v a r i a b l e s  en te red  i n  the  

r e g r e s s i o n  are rear ranged  i n  the  working s to rage  area t o  perform 

the  fol1owi.ng computations : 

I n v e r t  t h e  c o r r e l a t i o n  c o e f f i c i e n t  mat r ix  and o b t a i n  1. 

C! (1 = 1,2', . . . ,p ;  j = 1,2, . . . ,p, where p i s  the  number of 
lj 

independent v a r i a b l e s  en te red .  ) 

using the  SUB@UTINE INVERT, programmed a t  Rocketdyne, North 

Tne inversi.on i s  performed by 

American Aviation. 



2. c va lues :  
i j  

c t  r ii i j  

Di j 
c I= 

i j  

3. Joint: r eg res s ion  c o e f f i c i e n t s  : 

+ ... + c c(x - E )(Y - Y )  . 
p j  P ? 

I n t e r c e p t  ( A  v a l u e ) :  

A = P - C b . X  
J J  

5. Standard devia t i -om o f  the r eg res s ion  c o e r f i c i e n t s  : 

j = 1,2,. . .,p,where p i s  the number o E  independent variables 

entered .  

6. t values :  

7. P a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  : 

where a i s  the inverse  of a s i m p l e  c o r r e l a t i o n  c o e f f i c i e n t  r . 
jj jj 

8. Compare check on f i n a l  c o e f f i c i e n t :  

"lie l a s t  11 computed i n  the s e c t i o n  2 o f  Step 2 i s  a l s o  the  
i Y  

r eg res s ion  c o e f f i c i e n t  of the l a s t  independent va r i ab le .  This 

c o e f f i c i e n t  i s  p r i n t e d  out  t o  check the accuracy of the computing 

procedure explained above. 



Strep [I., Analysis O S  extreme r e s idua l s :  The s t a t i s t i c a l  procedure f o r  

d e t e c t i o n  of o u t l i e r s  expla ined  by Dixon and Massey13' i s  used 

i n  t h i s  program. This procedure assumes t h a t  d a t a  a r e  normally 

d i s  t r  i.buted and tha t  t h e y  come f r o m  the  same popula t ion .  Residuals  

a r e  not  c l a s s i f i e d  i n  t h i s  group. Therefore, r e a d e r s  arc reminded 

t h a t  t h i s  s t a t i s t i c a l  procedure i s  only  approximate. 
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INSUFFICIENTaPULSATION FLOODING 

In a p u l s e d  column, f l o o d i n g  can occur  when t h e  p u l s i n g  energy i s  too  

l o w  t o  f o r c e  t h e  Liquids  through t h e  p u l s e  p l a t e s  as f a s t  as t h e y  arc f e d  

t o  t h e  column. This type  of f l o o d i n g  behavior  i s  d i s t i . n c t l y  d i f f e r e n t  

from f l o o d i n g  due Lo e m u l s i f i c a t i o n  of t h e  phases ,  where t h e  l i m i t i n g  

column througliput i.s governed by a inu l t i tude  of  f a c t o r s  i n c l u d i n g  column 

geometry and f l u i d  p h y s i c a l  p r o p e r t i e s .  Flooding due t o  i n s u f f i c i e n t  

p u l s a t i o n  i s  governed o n l y  by t h e  amount o f  p u l s i n g  energy  and thn r a t i o  

of phase f low r a t e s .  

W. H. S w i f t  ana lyzed  n ine  c a s e s  i n v o l v i n g  v a r i o u s  means of feeding  

f l u i d s  t o  and removing f l u i d s  from p u l s e  columns. ‘7 Four of these  cases 

a r e  of  i n t e r e s t ;  t h e s e  a r e :  

Case 1 : Constant  i n t r o d u c t i o n  and withdrawal  of b o t h  l i q u i d  phases .  

Case 2: I n t r o d u c t i o n  of t h e  l i g h t  phase d u r i n g  t h e  p u l s e  downstroke 

w i t h  c o n s t a n t  withdrawal  of  the heavy phase.  

Case 5: Cons tan t  i n t r o d u c t i o n  of “Lie l i g h t  phase w i t h  removal of t h e  

heavy phase d u r i n g  t h e  p u l s e  u p s t r o k e .  

Case 6 :  I n t r o d u c t i o n  of  t h e  l i g h t  phase dur ing  the p u l s e  down-stroke 

and withdrawal. o f  the heavy phase d u r i n g  t h e  p u l s e  u p s t r o k e ,  

The e q u a t i o n s  f o r  column throughput  developed f o r  t h e s e  c a s e s  by S w i f t  

are:  

v -1-v = H L  2 v  
P 

(Case 1) 

v + v L =  II 
2 v - VL (Case 2) 

P 
VH .1- VL = 2 vp - VH (Case 5) ( 3  ) 

-t- v zz v (Case 6 )  ( l!~ 
L p 

and a r e  v a l i d  i f  one d e f i n e s  t h e  p u l s e  u p s t r o k e  o r  downstroke as t h a t  
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p o r t i o n  of t he  pu l s ing  cyc le  where the  pu l s ing  u n i t  p i s t o n  o r  diaphragm 

i s  moving i n  a d i r e c t i o n  which tends t o  ra ise  o r  lower t h e  column con ten t s .  

However, i n  a c t u a l  opera t ion ,  t he  p u l s e  ups t roke  must be i n f e r r e d  as mean- 

ing  t h a t  p o r t i o n  of t h e  pu l s ing  cyc le  where the  e v e l o c i t y  i n  the column 

i s  upward. The two d e f i n i t i o n s  are i d e n t i c a l  on ly  i f  t h e r e  are no flows 

t o  o r  from the  column, o r  i f  the  flow rates of l i g h t  and heavy phases  are 

equal. ( f l o w  r a t i o  = 1.0) and s t eady  throughout t he  pu l s ing  cyc le .  

and Beyer recognized t h i s  d i f f e r e n c e  and developed a more usable  equat ion  

Edwards 

31 f o r  case  5.  

VLQ, ' 
VH -t. VL = v cos 0 '  + - + 

P 77- 

where $ '  = a r c  s i n  vL - In a s imi l a r  manner, B nv' 
19 P 

b e t t e r  equat ion  f o r  the  condi t ions  of  case  1: 

-I. VL = 2 v cos Q, -k 2 (VL - 
vH P 

E.  Claybaugh der ived  a 

(5  

The fol lowing d e r i v a t i o n  of cases 2 and 6 para l le l s  those  of  cases  1 

and 5. For case 2 cons ider  f o r  t he  moment only those f lows  which are 

cons t an t  o r  which vary  i n  a continuous manner. 

column due only to t h e  p u l s e  i s :  

The upward flow i n  the  

Q = - 2  - s i n  ( 2 ~ ~ t )  , (7)  

where time ( t )  i s  measured from the  midpoint of t he  upward s t r o k e  of the 

pu l s ing  u n i t .  Superimposed on the  p u l s e  flow i s  the  s t eady  downward flow 

of heavy phase.  

Q2 = -V 1-1 t a ( 8  1 
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The t o t a l  n e t  upward flow due t o  the  pu l se  and heavy phase i s  then:  

Q = 2 s i n  ( 2 - r r ~ t )  - vHt . (9 1 

These r e l a t i o n s h i p s  are shown i n  F i g .  A-11-6. 

i s  : 

The n e t  r a t e  of upward flow 

a t  dQ= TFV cos (2rrFt) - VH , (10)  

and i s  shown i n  F ig .  A-47. During a t y p i c a l  pu lse  cyc le  the t o t a l  upward 

and downward flows due t o  the  

and q i n  F i g .  A-4'7, where qU D 

t 2  

pu l se  and heavy phase are represented  by 

To eva lua te  the l i m i t s ,  note  t h a t  

t3 4F 5 - p  . (15 1 

Also  note  t h a t  when V = 0, t' = 0 and when V = TTFV, t '  = 1/4F. Therefore, H H 

vH Let  = arc s i n  - 
TFV 

vI-I a r c  s i n  tt = - 1 
27rF TFV 

1 a '  Therefore,  tl = - e 

r 
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(24,'+- 7) -b v cos 9 '  . (22 1 vH = = -  
q D  mF 

The q u a n t i t i e s  q 

l i g h t  phase and r ecyc le  as follows, no m a t t e r  how these  f lows  vary wi th  

t i m e  . 

and q u D must be r e l a t e d  t o  the  d.iscontinuous flows of 

(23 1 R + 'L q % = V  U 

q F = V t  R I- VI, vti (24 1 D 

By s u b s t i t u t i n g  Eq.  (21) i n  (23) and E q .  (22) i n  (21+)t i t  is immediately 

seen t h a t  

A t  f looding,  VR = 0, and the  column throughput i s :  

where @ f  is  def ined  by E q .  (1'0. 

For case 6, t he  only cont inuously varying flow is  the  p u l s e  flow 

r ep resen ted  by Eq. (7); and t h e r e  are no s t eady  f l o w s .  Therefore, 

and q,, = qD = Y . (28 

This quan t i ty  i s  re lated t o  the discont inuous flows of l i g h t  phase ,  heavy 

phase, and r ecyc le  as f o l l o w s :  



q F = q F = V  = v + VH + VI, . (29) U n P R  
A t  f looding ,  V. = 0, and t h e  column throughput  is, f o r  t h i s  case,  i d e n t i c a l  

t o  t h a t  shown by S w i f t  i n  E q .  (4 ) .  Thus, E q s ,  (6) ,  (26), (5), arid (4), a r e  

Li 

t h e  proper  ones t o  use  f o r  cases 1, 2, 5, and 6, r e s p e c t j v e l y .  

For any o f  thc cases a t  any f low r a t i o  ( V  /V ), a p l o t  01 column 

v e r s u s  t h e  pulse-volume v e l o c i t y  ( V  ) produces a 

H L  

throughput  ( V  + V 

s t r a i g h t  l i n e  p a s s i n g  through t h e  o r i g i n .  T h i s  I iiie r e p r e s e n t s  t h e  niaxirnuiix 
H 1, P 

column throughput-., a t  a g i v e n  p u l s e  condi.I:i.on t h a t  i s  a1.1.owabl.e before  

f l o o d i n g  due t o  i n s u f f i c i e n t  p u l s a t i o n  o c c u r s .  O f  courseJ  a t  some g i v e n  

p u l s i n g  c o n d i t i o n ,  f l o o d i n g  due t o  ernuJ.sifi.cation may occur a t  a column 

throughput  t h a t  i s  much lower than r e q u i r e d  to f l o o d  by i n s u f f i c i e n t  p u l s i n g  

c o n d i t i o n s .  

Table A-22 l i s t s  t h e  s l o p e s  of t h e s e  i n s u f f i c i e n t :  f l o o d i n g  2.iiles for 

t h e  f o u r  cases  a t  f l o w  r a t i o s  f r o m  0.01 t o  100. These are siiown g r a p h i c a l l y  

i n  F i g .  A-4%. Thc v a l u e s  f o r  cases 1, 2, and 5 were o b t a i n e d  us ing  t h e  

c U C  -1604 d i g i t a l  computer t o  per form the n e c e s s a r y  r e p e t i t i v e  cal culat ioxis  . 
Not a t  ion  

a := Amplitude of p u l s e  i n  t h e  column from one e x t r e w  p o s i t i o n  t o  t h e  
o t h e r ,  cm, c a l c u l a t e d  f r o m  t h e  p u l s e  g e n e r a t o r  o u t p u t  a d  the 
column c r o s s - s e c t i o n  

A = C r o s s - s e c t i o n a l  area of  column c a r t r i d g e ,  cm2 

F = P u l s e  frequency, cycles/min 

qu, q D  = T o t a l  upward and downward f lows,  r e s p e c t i v e l y ,  i n  a g i v e n  p11l.se 
c y c l e  c o n s i d e r i n g  o n l y  those  s t reams whose f l o w  rates are c o n s t a n t  
o r  v a r y  i n  a cont inuous manner, cm3 

Q == N e t  upward f l o w ,  c o n s i d e r i n g  only  t h o s e  streams whose flow ra tes  
a r e  c o n s t a n t  o r  vary i n  a cont inuous manner, cm3 

t ::= Time, s e e  

t '  ::: Time increment  d e f i n e d  i n  Fig.  A-117, sec 



Tab le  A-22. Insuf  f i c i e n b P u l s a t i o n  Flooding Rat ios  

1 :loo 2 - 894 1.005 2.86,q 1 ,000 
1 :'TO 2.841 1 .a07 2.804 1 .000 
1 :s;o 2.783 1.010 2 ' 733 1 e o 0 0  
1 :30 2.680 1.016 2.603 1 .000 
1 :20 2.586 1.025 2.4.80 1 .00G 

1 : l O  2.408 1 .04-8 2.231 1 .ooo 
1 :7 2 *313 1.068 2.088 1 .GOO 
1:5 2.228 1.093 1 -949 1 .ooo 
1 : 3  2.114 1 .148 1 . ''140 1 .000 
1 :2 2.047 1.210 1.536 1 .000 

1:l 2 .000 1 .:3@ 1. .365 1 .ooo 

3 :1 2.114 1.740 7. . 148 1 .000 
5 :I 2.228 1.749 1.093 1 .ooo 
7:1 2 4 1 3  2 .OB8 1.068 1 .ooo 

2:1 2,047 1.586 1.210 1 e000 

10: 1 2.408 2.231 1 .048 1.000 
2O:l 2.586 2.480 I .025 1 .ooo 
3c:i 2.680 2.603 1.016 1.000 
50:1 2 9 783 2-733 1.010 1.000 
70:l 2.841 2.80b 1.007 1 .000 

100 : 1 2.8911- 2.867 1.005 1 .000 

c 





-3 05 * 

v = aA, cm3 

= Heavy-ptiase flow rate, cm”/sec 

VL = Light-phase f low rate,  cm3/sec 

v 
VR = Recycle ra te  i n  upward direction, cm3/sec 

vH 

= PuZse-volume v e l o c i t y  = VP, cm3/sec 
P 

’ = Recycle r a t e  i n  downward d i r e c t i o n ,  cm3/sec vR 



SAMPLE CALCULATION: F STATISTIC 

Note: A l l  d a t a  are from t h e  benzene--water system, p o i n t s  552-605. 

D X3 = l n  TT 

For the benzene--water d a t a ,  the number of data p o i n t s ,  n = 54; number 

o f  t r e a t m e n t s ,  m = 2'i'. The d a t a  i n  t h e  following t a b l e  r e s u l t  frorn the 

r e g r e s s i o n  c a l c u l a t i o n  as  made w i t h  the  KZMD29 computer program on t h e  above 

model. e 

Analys is  of Variance,  Surnmary T a b l e  fo r  Regression 

Source of Degrees of Sum of 
Variat i -on Freedom Squares Mean Square 

_.I.. 

Due t o  r e g r e s s i o n  10 92 e '7849227 9.278k9 
D e v i a t i o n  about  

r e g r e s s i o n  Q -4Sj602 o 00803 163 

Tota l  53 93.1302829 

The v a r i a t i o n  a s s o c i a t e d  w i t h  t h e  d e v i a t i o n  about  r e g r e s s i o n  (It3 degrees  

of freedom) i s  t h a t  ana lyzed  h e r e .  11: i s  made up of both t h e  l a c k  of f i t  

of t h e  model and t h e  experimental .  e r r o r .  The e x p e r i m e n t a l  e r r o r  i s  

e v a l u a t e d  as fo l lows  : 

For the independent  v a r i a b l e  Y: 



2 m 

i=l j=1 
Sums of squares within treatments: (Yij - yj)2 = 0.1655696, 

where i = number of repl icat ions within each treatment, 2 i n  t h i s  case. 

Degrees of freedom: j = number of treatments, rn = 27 i n  t h i s  case. 

k. = mean Y for each treatment. 
J 

Mean square within treatments = 0.1655696/27 = 0.00613221 

- B. 12 
I. 

Sum of squares, deviation about  regression: f (Yi. 
i-1 

A wllere Y Is the calculated value of Y o r  the estimate of Y. a t  various i i' 1 

values of Xi. 

A mierefore: Y. = A i- A ~ X ~  t- A ~ X ~  + A ~ X ~  -t A ~ x ~ ~  t A , X ~ "  I- A ~ x ~ ~  t- +x1x2 
1 0 

-t k X 1 X 3  + AgXzXS f AloXS3 0 

TZie Deviation about  Regression == (Sum of squares within treatments) 3 

(Sum of squares due t o  Iaclz of f i t )  

Analysis of Variance, Summary Table  f o r  Lack of F i t  

a 
Degrees o f  Sum of Me an 

Source of Variation Freedom Squares Square F S t a t i s t i c  

With in  t r e a  tment s 
0.16155696 o.oo61322n 

I .8j 
(experimental e r r o r )  27 

Lack o.i- f i t  16 o . l ~ g ~ p y 6  0.011.23Gg1 

Deviation about  
regression 43 0.311.$3602 

The F s t a t i s t i c  here is  the r a t i o  of (mean-sqiiare lack  of fit)/(rnean square 
experimental error ). 

a 

= 2.056 a t  t h e  95% leve l  of significance.  
SG,2'7 

arid should be compared with F 

The fac t  that  the  calculated F i s  less  than the c r i t i c a l  value shows no 
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significant l ack  of fit, that is, the  equation fits the d a t a  within the 

experimental. error e 
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