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Abstract 

Tests of Cambridge absolute f i l t e r s ,  Model S1-071, specif ied f o r  
use i n  the  GCR-ORR Loop No. 2 a s  full-f low, primary coolant f i l t e r s  
have been completed. D .O .P. ( d i o c t y l ~ h t h a l a t e )  e f f i c iency  t e s t s  
were performed on th ree  f i l t e r s  i n  the  "as received" conait ion,  on 
two f i l t e r s  following "canning" and thermal cycling, and on one of 
the  "cannedt' f i l t e r s  following baking out.  None of the  th ree  un i t s  
met the  desigfi c r i t e r i a  of 99.97% ef f ic iency  f o r  removal of 0 .3  
micron pa r t i c l e s  i n  the  "as received" coodition. The post-thermal 
cycle e f f ic ienc ies  of the "canned" f i l t e r s  were s l i g h t l y  higher 
than t h e i r  respective "as received" e f f i c i enc i e s .  A t  the  completion 
of t e s t i ng ,  t he  two f i l t e r s  "canned" f o r  i n s t a l l a t i o n  i n  the  reactor  
f a c i l i t y  had measwed e f f ic ienc ies  of 99.885% and 99.93%. These 
values were judged acceptable f o r  t he  intended appl icat ion.  The 
t h e m a l  cycling of +he two "canned" f i l t e r s  and the  subsequent baking 
out of one of t,h.ese u.nfts demonstrated t h a t  a l imi ted amount of o f f -  
gas products would be given o f f .  Pressure drop t e s t s  were performed 
on the  "canned" fi1:ers w i t h  instrument a i r  (ambient temperature, 
atmospheric pressure) over a flow r a t e  range of 150 t o  530 lb /h r .  
Curves of pressv.re drop across each f i l t e r  versus Reynolds number 
were plot,ted f o r  a i r  and helium. 
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In t roduct ion 

The helium coolant of t h e  GCR-ORR No. 2 i n - p i l e  loopL i s  t o  be f i l t e r e d  

through a fu l l - f low f i l t e r  t o  remove s o l i d s  which might damage t h e  com- 

pressor  impel ler  and gas bearings.  I n  t h e  expectat ion t h a t  t h i s  u n i t  

would be e f f e c t i v e  i n  l i m i t i n g  t h e  spread of p a r t i c u l a t e  radioact ive  

mater ia l  throughout t h e  loop, a high-efficiency (absolute)  f i l t e r  media 

was speci f ied .  Tes ts  have been conducted i n  experimental f a c i l i t i e s  of 

t h e  Reactor Division t o  determine the  adequacy of a  proposed f i l t e r  design.  

Obiective 

The object ive  of t h e  t e s t s  was t o  determine t h e  following: 

1. If t h e  f i l t e r  could be handled and mounted i n  i t s  pressure vesse l  

(canned) without damage, by exerc is ing reasonable care  

2. The e f f i c iency  of t h e  f i l t e r  i n  t h e  "as receivedr1 condit ion;  i n  t h e  

"canned" pre-thermal cycle condit ion;  and i n  t h e  "canned" post-thermal 

cycle condit ions 

3. If thermal cycl ing would impair t h e  e f f i c i e n c y  of t h e  f i l t e r  

4 .  If off-gas products would be given off  during thermal cycling,  and if 

such products would be given off  repeatedly whenever the  f i l t e r  was 

heated .  

5. The pressure drop across  the  f i l t e r  a t  a  helium (314.4 ps ia ,  6 0 0 ' ~ )  

flow r a t e  of 1000 l b / h r  

Scope 

Two of t h e  t h r e e  f i l t e r s  procured were "canned", and the fol lowing tests 

were performed: 

A .  F i l t e r  Zff ic iency Test  

1 .  Performed on t h e  th ree  f i l t e r s  i n  t h e  "as receivedr1 condit ion 

2 .  Performed on two f i l t e r s  i n  the  "canned" pre-thermal cycle con- 

d i t i o n  

1 J .  Zas le r ,  In ter im Design Report - GCR-ORR Loop No. 2, ORNL 
CF 61-5-39 ( M ~ Y  1 5 ,  1961). 



3. Performed on two f i l t e r s  i n  t h e  "canned" post-thermal cycle con- 

d i t i o n  

4. Performed on one f i l t e r  i n  t h e  "canned" post-bake-out condi t ion  

B .  Pressure Drop Tes t  

Performed on two f i l t e r s  i n  t h e  "canned" post-thermal cycle  condi t ion  

C .  Thermal Cycle Tes t  

Performed on two f i l t e r s  i n  t h e  "canned" condi t ion  

D .  Bake-Out Tes t  

Performed on one f i l t e r  i n  t h e  "canned" condit ion 

Tes t  Specimens 

The f i l t e r s  t e s t e d  were Cambridge absolute ,  Model S1-071 a s  shown i n  

Figure 1. Each u n i t  cons is ted  of a  c y l i n d r i c a l ,  16  gauge, type 304 s t a i n -  

l e s s  s t e e l  s h e l l ,  10 3/4 inches i n  diameter and 12  inches long, conta in ing 

a f i l t e r  element made up of type  CM-1153  glass-asbestos f i l t e r  paper and 

1 1/2  m i l  corrugated s t a i n l e s s  s t e e l  sepa ra to r s .  The f i l t e r  paper was 

arranged i n  a  s e r i e s  of f o l d s  p a r a l l e l  t o  the  flowstream with a corrugated 

s t a i n l e s s  s t e e l  separa tor  between each f o l d .  The passages formed by t h e  

corrugations of t h e  separa tors  i n  t h e  upstream f o l d s  d i rec ted  t h e  flow- 

stream t o  t h e  f i l t e r  paper while the  passages formed by t h e  corrugat ions  

i n  t h e  separa to r s  of t h e  downstream folds served a s  escape rou tes .  



Fig. 1. '~ncanned ' '  F i l t e r  



The f i l t e r i n g  element was sea led  i n  t h e  s h e l l  with f i n e  f i b e r - g l a s s ,  and 

the  ends of t h e  f i l t e r  were covered with a heavy wire mesh screen of type 

304 s t a i n l e s s  s t e e l  a s  shown i n  Figures 2 and 3. Following e f f i c i e n c y  

t e s t i n g  i n  t h e  "as received" condit ion,  two of t h e  f i l t e r s  were enclosed 

i n  pressure vesse l s ,  "canned", a s  shown i n  Figure 4 .  The "canned" f i l t e r s  

were designated F i l t e r  Unit I and F i l t e r  Unit I1 respec t ive ly .  

Tes t  Equipment 

A .  Pressure drop and f i l t e r  e f f i c i e n c y  data  were obtained i n  a t e s t  

f a c i l i t y ,  a s  shown i n  Figure 5, composed of t h e  following: 

1. A f i l t e r  mount provided with upstream and downstream pressure  t a p s  

and probe holes 

2 A i r  supply (4'' instrument a i r  header) ,  pressure reducing valve,  

t h r o t t l i n g  valves,  6" o r i f i c e  run, and t h e  necessary manometers 

3 .  Thermocouple ( ~ h r o m e l - ~ l u m e l )  , Potentiometer (~hermo E l e c t r i c ,  

Model 70200, s e r i a l  ~ 4 7 5 8 )  
4.  A i r  supply p r e f i l t e r   lander's Airpure, s i z e  C )  

* 
5.  Aerosol contaminant and f i l t e r  e f f i c i e n c y  measuring equipment 

f o r  conducting D .O .P. (d ioc ty lph tha la te )  f i l t e r  e f f i c i e n c y  t e s t s  

a .  Photometer (phoenix Prec i s ion  Instrument Company, Model 

JM-1000) a s  shown i n  Figure 6 

b .  Light  source voltage regu la to r  ( ca ta log  LSR-1000 J M )  a s  shown 

i n  Figure 7 

c .  Pump (ca ta log  SP-1000 JM) a s  shown i n  Figure 7 

d .  Aerosol contaminant conta iners  a s  shown i n  Figure 8 

B. Tes t  equipment f o r  t h e  thermal cycl ing  and bake-out t e s t s  cons is ted  

of t h e  following: 

1. An e l e c t r i c a l l y  heated furnace with con t ro l  panel 

2 .  A vacuum pmp,  two Hastings vacuum gauges and a l i q u i d  n i t rogen  

cold t r a p  

* 
F i l t e r  ef f  iciei icy meamring equipment was supplied and operated by 

t h e  Inspect ion  Engineering Department of t h e  Oak Ridge National  Laboratory. 



Fig. 2. Upstream End, "~ncanned" F i l t e r .  



Fig. 3. Downstream End, 'Vncanned" Filter. 



Fig. 4. "Cannedrr F i l t e r  I n s t a l l e d  i n  Furnace. 



Fig. 5. F i l t e r  Test R i g .  



Photo 52939 

PI&,. 6. Photometer. 



Photo 52937 

Fig. 7. Photometer, Voltage Regulator, and Pump. 





3. Cooling a i r  supply (1" plant a i r  header) ,  t h r o t t l i n g  valve, 

1/2" copper tubing and cooling nozzle 

4. Brown elect ronic  recorder and thermocouples (~hromel-Alumel ) 

Test Procedures 

A.  F i l t e r  ef f ic iency t e s t i n g  was accomplished by flowing instrument 

a i r  ( a t  approximately ambient temperature and atmospheric pressure ) 

through the  f i l t e r  a t  a f lowrate of approximately 530 lb /h r  - which 

corresponds t o  a helium (314.4 ps ia ,  6 0 0 " ~ )  flow r a t e  of 1000 lb /h r  

on t h e  bas i s  of equivalent Reynolds numbers. Dioctylphthalate was 

then sprayed i n to  the  a i rs t ream upstream of the  f i l t e r  and contami- 

nation l eve l s  were measured upstream and downstream of the  t e s t  u n i t .  

The stepwise procedure was as  follows: 

1. The f i l t e r  was given a v i sua l  inspection and i n s t a l l e d  i n  t he  

t e s t  f a c i l i t y  a s  shown i n  Figures 9 and 10.  

2 .  A i r  flow through the  f i l t e r  was gradually brought t o  t he  designed 

flow r a t e ,  

3. The a i r  flow equipment was allowed t o  come t o  thermal equilibrium 

before f i n a l  flow adjustments were made. 

4.  The f i l t e r  ef f ic iency measuring equipment was turned on and 

allowed t o  warn; up. 

5.  Aerosol contaminant equipment was started-.  

6.  A i r  flow data a,-d f i l t e r  e f f i c iency  data  were taken. 

B. Pressure drop t e sk i rg  was accomplished by flowing instrument a i r  ( a t  

approximately ambien5 temperatuse ac.d atmospheric pressure) through 

the  f i l t e r  over the  flow r a t e  range of 150 t o  530 lb /h r  - which corre-  

sponds, on a Heq~~olds  number bas i s ,  t o  a helium (314.4 ps ia ,  6 0 0 " ~ )  

flow r a t e  range of 280 t o  1000 lb/hr ;  and by taking pressure drop 

measurements a t  f i n i t e  flow r a t e  range increments as follows: 

1. A i r  flow through the  f i l t , e r  was gradually brought t o  t he  desi red 

flow r a t e .  





Fig. 10. "canned" F i l t e r  I n s t a l l e d  i n  Test R i g .  



2 .  The a i r  flow equipment was allowed t o  come t o  thermal equi l ibr ium 

before f i n a l  flow adjustments were made. 

3. A i r  f low and pressure  drop d a t a  were taken.  

C .  Thermal cycl ing  was performed by a l t e r n a t e l y  hea t ing  and cooling t h e  

evacuated f i l t e r  i n  an e l e c t r i c  furnace  a s  fol lows:  

1. The "canned" f i l t e r  was placed i n  an e l e c t r i c  furnace a s  shown 

i n  Figure 11. 

2.  Thermocouples were a t tached t o  the  f i l t e r  "can" a s  shown i n  

Figure 4. 
3. A vacuum pump and cold t r a p  were connected t o  t h e  f i l t e r  o u t l e t  

with 112 inch  copper tubing ,  and a Hastings vacuum gauge was 

connected t o  t h e  f i l t e r  i n l e t  with 114 inch copper tubing  a s  

shown i n  Figure  11. 

4. The f i l t e r  was heated t o  an average temperature of 750°F i n  

t h r e e  hours. 

5 .  The f i l t e r  was he ld  a t  an average temperature of 750°F f o r  112 

hour. 

6, The f i l t e r  was cooled t o  an average temperature of 150°F i n  

t h r e e  hours by t u r n i n g  of f  t h e  power, removing t h e  furnace t o p  

i n s u l a t i n g  cover a t  one end and proper ly  a d j u s t i n g  t h e  cooling 

a i r  flow. 

7 .  The above cycle was repeated t h r e e  t imes f o r  each f i l t e r .  

D .  The bake-out t e s t  was performed on F i l t e r  Unit I fol lowing post-  

thermal cycle  e f f i c i e n c y  t e s t i n g  a s  fo l lows:  

1. The f i l t e r  was placed i n  t h e  furnace a s  above. 

2 .  The f i l t e r  was heated t o  an average temperature of 750°F i n  

t h r e e  hours.  

3. A f t e r  t h e  f i l t e r  had been he ld  a t  an  average temperature of 

750°F f o r  twelve hours, t h e  cold t r a p  was changed. 

4 .  A f t e r  t h e  f i l t e r  had been he ld  a t  an average temperature of 

750°F f o r  a t o t a l  of 24 hours,  t h e  hea t  was turned off  and the  

f i l t e r  was allowed t o  cool  slowly i n  t h e  closed furnace.  



Fig. 11. "canned" F i l t e r  Being Thermal Cycled. 



Test  Resul t s  

A .  Visual Inspect ion  

Visual  in spec t ion  of t h e  "as received" f i l t e r s  showed no holes  i n  

t h e  f o l d s  of t h e  f i l t e r  paper o r  v i s i b l e  openings around t h e  edge 

of t h e  f i l t e r  element. However, a s  can be seen i n  Figures  2 and 3, 

t h e  f i b e r - g l a s s  s e a l  m a t e r i a l  used around t h e  per iphery  protruded 

from under t h e  metal screen and covered p a r t  of t h e  flow passages,  

Inspect ion  of t h e  f i l t e r s  fol lowing t h e  "as  received" e f f i c i e n c y  

t e s t  showed no v i s i b l e  l o s s  of t h e  f i b e r - g l a s s  o r  plugging of t h e  

o the r  flow passages.  

B.  The f i l t e r  e f f i c i e n c y  t e s t  r e s u l t s  a r e  given i n  Table I .  

C .  The pressure  drop t e s t  r e s u l t s  a r e  given i n  Table 11. 

D .  Thermal Cycling 

Following thermal cycl ing,  t h e  f i l t e r s  were removed and v i s u a l l y  

inspected  p r i o r  t o  post- thermal  cycle e f f i c i e n c y  t e s t i n g .  I n  both 

cases the  por t ion  of t h e  f i l t e r  i n l e t  and o u t l e t  p ipes  which protruded 

out of t h e  furnace were coated on t h e  i n s i d e  with a g reen i sh -o i ly  

f i l m .  I n  a d d i t i o n ,  F i l t e r  Unit I had spots  of greenish-black res idue  

baked on t h e  i n s i d e  of t h e  i n l e t  and o u t l e t  pipes a t  t h e  poin ts  where 

t h e  p ipes  en te red  t h e  furnace Severa l  cubic centimeters  of greenish-  

yellow l i q u i d  were condensed i n  t h e  cold t r a p  i n  each case .  The 

contents  of t h e  cold t r a p s  were analyzed spec t rograph ica l ly .  The 

r e s u l t s  of t h e s e  analyses  a r e  given i n  Table 111. 

E .  "Bake-Out" Operation 

A small sample of l i g h t  greenish-yellow l i q u i d  was condensed i n  t h e  

cold t r a p  used. during t h e  f i r s t  1 2  hours of baKing o u t .  The spect ro-  

graphic a n a l y s i s  of t h i s  szmple i s  given i n  Table I V .  There was no 

condensation i n  t h e  cold t r a p  used dur ing  t h e  second 1 2  hours of 

baking o u t ,  No evidence of an o i l y  f i l m  and/or  res idue  was found on 

t h e  i n s i d e  of t h e  f i l t e r  i n l e t  and o u t l e t  pipes a f t e r  t h e  t e s t .  



* 
Table I. Results of D.O.P. Efficiency Tests on Cambridge Absolute Filters 

Unit Condition Air Temperature Filter ~ f f i c i e n c ~ ~  A 

Number During Test F1y:,;zte Serial Number "F Air Pressure % 
~p --- -- 

Atmospheric 

Atmospheric 

As received 

As received 

"Canned" Pre- 
Thermal Cycle 

Atmospheric 

"Canned" Pre - 
Thermal Cycle 

Atmospheric 

"Cannedn Post- 
Thermal Cycle 

Atmospheric 

"Canned" Post- 
Thermal Cycle 

Atmospheric 

"Canned" Post- 
Bake-Out to 
70 5 O F  

Atmospheric 

As received Atmospheric 

* Particle size 0 . 3 ~  

** Average of two tests 



Table 11. Pressure  Drop Across GCR-ORR Loop I1 "Canned" F i l t e r s  

Flow Rate ( lb /h r )  Pressure Drop ( inches H 0 )  
2  

F i l t e r  Unit I 
0.34 

0.52 

o .96 
1.38 

F i l t e r  Unit I1 

Table 111. Spectrographic Analyses of 
Thermal Cycle Off -Gas Condensate 

Unit I 
( g/ml > Unit I1 

( q u a l i t a t i v e  ) 

A 1  - 2 A 1  - t r a c e  

B - 2  B - t r a c e  

Ca - 4 Ca - t r a c e  

Cd - 20 Cu - t r a c e  

Cu - 1 Fe - t r a c e  

Fe - 0.4 K - t r a c e  

K - 2  Mg - t r a c e  

L i  - .1 Na - t r a c e  

Mg - 100 S i  - major 

Na - 10 

S i  - 40 

Zn - 100 



Table I V .  Spectrographic Analyses of 
"Bake-Out" Off-Gas Condensate 

Unit I 
( q u a l i t a t i v e )  

A 1  - minor 

Ca - minor 

Fe - t r a c e  

K - minor 

Mg - minor 

Na - minor 

Pb - major 

S i  - major 

Discussion 

A .  F i l t e r  E f f i c i ency  T e s t s  

From Table I it can be seen t h a t  f o r  both "canned" f i l t e r s  t h e  "as  

received" e f f i c i e n c i e s  were lower than  e i t h e r  t h e  pre- thermal  cyc le  

o r  t h e  post- thermal  cyc le  e f f i c i e n c i e s .  The cause of t h i s  e f f i c i e n c y  

v a r i a t i o n  p a t t e r n  was not  determined. 

B .  Pressure  Drop Tes t  

I n  o rde r  t o  permit c a l c u l a t i o n  of helium pressure  drop (314.4 p s i a ,  

600"~) from t h e  r e s u l t s  of t h e  a i r  t e s t s ,  t h e  pressure  drop  a c r o s s  

t h e  f i l t e r  was considered t o  be a f r i c t i o n  l o s s  which could be ex- 

pressed by t h e  D'arcy-Weisbach equat ion:  

The f i l t e r  was considered t o  be a s t r a i g h t  p ipe  of equiva lent  l e n g t h  

Le, e q ~ i v a l e n t  diameter  D aPd having an equiva lent  f r i c t i o n  f a c t o r  e ' 
f . Since  L 

e e '  De' and f a r e  cons tant  f o r  a l l  f l u i d s  f lowing through e 



eLe 
the same geometry at the same Reynolds number, - may be expressed 
as C (dimensionless loss coefficient) and the 

e 
L 

D' arcy-Weishbach 

equation becomes : 

An expression for pressure drop was obtained by multiplying both sides 

of the D'arcy-Weisbach equation by the average specific weight of the 

flowing fluid. 

W - From the continuity equation (W = A Y ~ ) ,  ? = n 2  was substituted 

into the above equation to give: A Y 

It follows that pressure drop data across a given configuration may 

be readily converted from one flow medium to another with the above 

equation through the loss coefficient term. Filter pressure drop 

data were investigated from both the incompressible and compressible 

standpoints. 

1. Incompressible Flow 

The above equation was directly applied to the incompressible 

flow case and loss coefficient solved for 

2. Compressible Flow 

An expression for head loss coefficient for the compressible flow 

case was developed from the general energy equation and the D'arcy- 

Weisbach equation as follows. The general energy equation was 



2 
written in the form 

-2 
'1 was substituted into % = C L -  
2g 

the general energy equation above and C solved for resulting L 
in the following equation: 

I 

Equation (2) was substituted into Equation (1) to give equation 

To facilitate calculations, the pressure drop across the filter 

was assumed to be an isentropic expansion (adiabatic reversible) 

although the process was actually adiabatic irreversible. 

Using the isentropic relation (pvk = constant), the perfect gas 

law (PV = FZ), and the continuity equation (W = A ~ V ) ,  the 
following expressions were developed: 

'C . L. Beaudoin and R. M. Higgins, Pressure Drop Experiments on a 
Proposed Fuel Assembly for the EGCR, Allis-Chalmers Report No. RD 0007, 
Section I (~ a n u a r ~  1960)~ page 52.  



These expressions were substituted into equation ( 3 ) )  which was 

then arranged to give equation (4). 

Loss coefficients for the incompressible and the compressible 

flow cases for Filter Unit I1 are compared in Table V. 

Table V. Loss Coefficients for Filter Unit I1 

Reynolds Number Incompressible Flow Compressible Flow 

2.2 4.81 4.84 

C . Thermal Cycling 

It was noted that the cold trap content analyses were not identical 

for Filter Units I and 11. The analysis for Filter Unit I showed 

three elements, Cd, Li, and Zn, which were not shown in the analysis 

for Filter Unit 11. Also, the Mg content was proportionately larger 



i n  the  sample from Unit I .  Considering t h a t  the  f i l t e r s  were supposed 

t o  be i den t i c a l  and t h a t  they were i den t i c a l l y  t e s t ed ,  it would seem 

t h a t  the  two analyses would have been i d e n t i c a l .  The f a c t  t h a t  they  

were not could be accounted f o r  by the  di f ference i n  the  type of 

analyses performed on each sample. The sample from F i l t e r  Unit I was 

analysed semiquanti tat ively,  while t he  sample from F i l t e r  Unit I1 was 

analysed qua l i t a t i ve ly .  

D .  Bake-Out Test  

The bake-out t e s t  sample was so small t h a t  only a q u a l i t a t i v e  ana lys i s  

could be performed. Nine elements were detected,  e igh t  of which had 

been detected previously i n  the  thermal-cycle sample. The presence 

of Pb i n  t h i s  sample was not accounted f o r .  

Conclusions 

A .  F i l t e r  Eff ic iency Test  

From the  r e s u l t s  of the  f i l t e r  e f f i c iency  t e s t s ,  it was concluded t h a t  

the  e f f i c iency  of the  f i l t e r s  was not impaired by thermal cycl ing o r  

handling when reasonable care was exercised.  Also, it was concluded 

t h a t  t h e  f i l t e r s  were adequate f o r  t h e i r  intended use,  even though 

t he  des i red e f f i c iency  r a t i ng  of 99.97$0 following thermal cycl ing was 

not achieved on e i t h e r  of the  f i l t e r s  t e s t e d .  
L 

B. Pressure Drop Test  

Considering t h a t  t he  l o s s  coef f i c ien t s  f o r  the  incompressible and t he  

compressible flow cases were near ly  equal and t h a t  some e r r o r  was 

incurred by using t he  i sen t rop ic  re la t ionsh ip  i n  ca lcu la t ing  the  

compressible flow l o s s  coef f i c ien t s ,  it was concluded t h a t  the  i n -  

compressible flow lo s s  coef f i c ien t s  could be used without incur r ing  

appreciable e r r o r  a t  the  flow r a t e s  considered. Curves of pressure 

drop versus Reynolds number (Figures 12  and 13) and pressure drop 

versus flow r a t e  (Figures 1 4  and 15) were p lo t t ed  f o r  both a i r  and 

helium using the  incompressible flow l o s s  coe f f i c i en t s .  







Fig. 14. Pressure Drop Versus Flow Rate Across Fiiter (unit I). 



Fig. 15. P re s su re  Drop Versus Flow Rate  Across F i l t e r  ( u n i t  11). 



C .  Thermal Cycle and Bake-Out Tes ts  

From t h e  r e s u l t s  of t h e  thermal cycle and bake-out t e s t s ,  it was con- 

cluded t h a t  off-gas products would be given off  f o r  a  l imi ted  period 

of time when t h e  f i l t e r  was i n i t i a l l y  heated.  The source of t h e  o f f -  

gas products was not pinpointed.  It could have been t h e  f i l t e r  paper, 

t h e  f i b e r - g l a s s  s e a l a n t ,  o r  contaminants i n  t h e  d ioc ty lph tha la te .  



Appendix A 

Def ini t ion of Terms: 

H~ 
= Head Loss, f t .  

f  = Equivalent f r i c t i o n  f ac to r ,  dimensionless 

Le 
= Equivalent length,  f t .  

D = Zquivalent diameter, f t .  
e  

2 
g = Acceleration of gravity,  32.17 f t / s e c  

= Average ve loc i ty  of flow, f t / s e c  

CL = Read l o s s  coef f i c ien t ,  dimensionless 

Y = Spec i f i c  weight of coolant ,  l b / f t  3 

A = Cross sec t iona l  area  of coolant flow, f t  2  

U = I n t e rna l  energy of coolant ,  Btu/lb 

P = S t a t i c  Pressure,  l b / f t r  

v = Spec i f i c  volume of coolant ,  ft3//lb 

J = Jou le ' s  constant ,  778 f t - lb /Btu  

C = Spec i f i c  heat  of coolant a t  constant volume, ~ tu / l b -OF  v 

R = Gas constant ,  f t / T  

C = Spec i f i c  heat  of coolant a t  constant  pressure ~ tu / lb -OF 
P C 
K = Ratio of spec i f i c  heats  3 , dimensionless ( taken as  1 . 4  f o r  a i r ,  

v  and as  1.667 f o r  helium i n  t he se  

calcula t ions  ) 

T = T e r n p e r ~ t ~ r e  of coolant ,  O R  

W = Gas flow r a t e ,  l b /h r  

p = Coolant mass densi ty ,  lb-sec2/f t  
4  

2  
y = Dynamic v i s cos i t y  of coolant, l b - s ec / f t  

= Average spec i f i c  weight of coolant ,  l b / f t  
3  
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