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ABSTRACT 

BLAST simulates the high temperature gas cooled reactor reheater- 

steam generator module with a multi-node, fixed boundary, homogenous 

flow model. The time dependent conservation of energy, mass, and mo- 

mentum equations are solved by an implicit integration technique. The 

code contains equation of state formulations for both helium and water 

as well as heat transfer and friction factor correlations. Normal 

operational transients and more severe transients such as those resulting 

in low and/or reverse flow can be simulated. The code calculates helium 

and water temperature, pressure, flow rate, and tube bulk and wall 

temperatures at various points within the reheater-steam generator 

module during the transients. BLAST predictions will be compared with 

dynamic test results obtained from the Fort St. Vrain reactor owned by 

Public Service of Colorado, and, based on these comparisons, appropriate 

improvements will be made in BLAST. 

the IBM 360/91 computer at the Oak Ridge National Laboratory. 

BLAST is written in FORTRAN IV for 

Keywords: gas cooled reactors, dynamic response, programs (computer), 

once-through steam generator. 
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TABLE OF NOMENCLATURE 

S ymbo 1 s 

A 

C 

C 
P 
C 
V 

DH 

fRf2 

E: 

g 

gC 

H 

h 

k 

L 

M 

N 

N* 

Nu 

P 

Pr 

Re 

Rin 

out R 

P 

3 
flow area (ft-) 

conductance (Btu/sec-OF) 

specific heat capacity at constant pressure (Btu/lbwoR) 

specific heat capacity at constant volume (Btu/lbm-OR) 

hydraulic diameter (in.) 

tube surface roughness (in.) 

friction factor 

acceleration of gravity (32 .2  ft/sec ) 2 

conversion constant ( 3 2 . 2  lbm-ft/sec2-lbf) 

specific enthalpy (Btu/lbm) 

convective heat transfer coefficient (Btu/sec-f t2-OF) 

tube conductivity (Btu/sec-ft-OF) 

flow length of node (ft) 
1 .  

mass (lbm) 

number of water nodes, number of tube nodes 

number of helium nodes 

Nusselt number 

pressure (psia) 

Prandtl number 

Reynolds number 

tube inner radius (in.) 

tube outer radius (in.) 

density (lbm/ft3) 

I 



X 

T temperature  ( O F )  

t t i m e  ( s ec )  

A t  c a l c u l a t i o n a l  t i m e  s t e p  ( sec )  

U i n t e r n a l  energy (Btu) 

u s p e c i f i c  i n t e r n a l  energy (Btu/lbm) 

V s p e c i f i c  volume ( f t  /lbm) 

W mass f low ra te  (lbm/sec) 

z a x i a l  h e i g h t  ( f t )  

3 

S u p e r s c r i p t s  

W denotes  water node v a r i a b l e  

h denotes  helium node v a r i a b l e  

t denotes  tube  node v a r i a b l e  

S u b s c r i p t s  

i, j o r  k 

i*, j*,  k* 

f 

g 

SAT 

ou t  

i n  

I 

water o r  tube  node index  

helium node index 

denotes  s a t u r a t e d  l i q u i d  p r o p e r t y  

denotes  s a t u r a t e d  vapor p r o p e r t y  

denotes  s a t u r a t i o n  p r o p e r t y  

nodal  o u t l e t  

nodal  i n l e t  

index denot ing  t a b l e  e n t r y  
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BLAST: A D I G I T A L  COMPUTER PROGRAM FOR THE DYNAMIC 
SIMULATION OF THE HIGH TEMPERATURE GAS COOLED 

REACTOR REHEATER-STEAM GENERATOR MODULE 

R.  A. Hedrick J .  C .  Cleveland 

INTRODUCTION 

BLAST w a s  developed s p e c i f i c a l l y  t o  p r e d i c t  t h e  dynamic response  of 

t h e  h igh  temperature  g a s  cooled r e a c t o r  (HTGR) reheater-s team genera tor  

module f o r  use  i n  a system response code f o r  t h e  HTGR p l a n t .  A t y p i c a l  

HTGR reheater-s team g e n e r a t o r  module, developed by t h e  General Atomic 

Company, is shown i n  F igure  1. The HTGR u t i l i z e s  a once-through steam 

g e n e r a t o r .  The code i s  n o t  l i m i t e d  t o  t h e  s p e c i f i c  des ign  shown i n  

Figure 1 and can b e  used t o  s i m u l a t e  d i f f e r e n t  des igns  w i t h  a p p r o p r i a t e  

input  d e s c r i p t i o n .  The v e r s i o n  of BLAST descr ibed  h e r e  is  t h e  component 

s imula t ion .  S l i g h t  m o d i f i c a t i o n s  are r e q u i r e d  t o  i n c o r p o r a t e  t h i s  com- 

ponent s i m u l a t i o n  i n t o  a system response  code. 

This  r e p o r t  c o n t a i n s  a d e r i v a t i o n  of t h e  i n t e g r a t i o n  technique used 

t o  s o l v e  t h e  conserva t ion  e q u a t i o n s ,  a d i s c u s s i o n  of t h e  h e a t  t r a n s f e r  

and f r i c t i o n  f a c t o r  c a l c u l a t i o n s ,  and of t h e  equat ion  of s t a t e  formula- 

t i o n  both  f o r  helium and f o r  water, an i n p u t  d e s c r i p t i o n  and a sample 

problem. A FORTRAN I V  l i s t i n g  o r  deck i s  a v a i l a b l e  upon r e q u e s t .  

STEAM GENERATOR DESCRIPTION 

I d e n t i c a l  reheater-s team g e n e r a t o r  modules are l o c a t e d  i n  symmetric 

cavi t ies  w i t h i n  t h e  p r e s t r e s s e d  c o n c r e t e  r e a c t o r  vessel (PCRV) of t h e  

HTGR. The 2000 MW(t) HTGR c o n t a i n s  fou r  such modules, and t h e  3000 MW(t) 



2 

O R N L  -.*DWG 76--10494 

SUPERHEATED STEAM 

HOT REHEAT STEAM 

COLD REHEAT STEAM 

FE EDWAT E R 

. PCRV 

'REHEAT ER 
BUNDLE 

P 

Fig. 1. Large HTGR p l a n t  steam gene ra to r .  
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p l a n t  c o n t a i n s  s i x .  Each module i s  composed of r e h e a t e r  and main steam 

tube  bundles  arranged as shown i n  F igure  1. The h e a t  exchanger bundles  

c o n s i s t  of m u l t i s t a r t  c o i l s  wound i n  a h e l i c a l  arrangement.  Hot helium 

e n t e r s  t h e  r e h e a t e r  near  t h e  bottom of t h e  module, f lows down over t h e  

r e h e a t e r  t u b e  banks,  up through a c e n t r a l  d u c t ,  and down over t h e  main 

steam bundle.  The r e h e a t e r  t u b e s  are c o i l e d  upward and t h e n  downward 

so  t h a t  t h e  r e h e a t  steam f low i s  i n i t i a l l y  countercur ren t  and then  co- 

c u r r e n t  t o  t h e  helium f low.  The water-steam f low i n  t h e  main steam 

bundle i s  upward, c o u n t e r c u r r e n t  t o  t h e  helium flow. Fur ther  des ign  

d e t a i l s  of  t h e  module shown i n  F i g u r e  1 are i n d i c a t e d  i n  t h e  i n p u t  t o  

t h e  sample problem (Appendix B) . 

C ON SERVAT I ON EQUATION S 

BLAST s o l v e s  t h e  conserva t ion  of energy, mass, and momentum equa- 

t i o n s  f o r  bo th  helium and water and t h e  conserva t ion  of energy equat ion  

f o r  t h e  tube  i n  nodal  form. F igure  2 shows schemat ica l ly  a nodal  ar- 

rangement r e p r e s e n t i n g  t h e  d e s i g n  shown i n  F igure  1. Since  a more 

d e t a i l e d  nodal  s t r u c t u r e  i s  o f t e n  d e s i r a b l e  on t h e  w a t e r  s i d e  than  on 

t h e  helium s i d e ,  t h e  code a l lows  f o r  more than  one tube  metal node t o  

receive h e a t  from a g iven  helium node. Each t u b e  node must have one 

a s s o c i a t e d  water node. A s  many as twenty water nodes,  twenty helium 

nodes,  and twenty t u b e  nodes may be  used t o  r e p r e s e n t  t h e  f o u r  s ec t ions -  

r e h e a t e r ,  economizer, evapora tor ,  and superheater-of  t h e  reheater-s team 

g e n e r a t o r  module. Another v e r s i o n  of t h e  code h a s  been developed which 

a l lows  as many as 100 water nodes,  100 helium nodes,  and 100 t u b e  nodes 

and a l lows  p a r a l l e l  f low pa ths .  This  v e r s i o n  y i e l d s  nodal  temperatures  

and p r e s s u r e s  i n  s u f f i c i e n t  d e t a i l  f o r  i n p u t  t o  stress a n a l y s e s .  
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Figure 3 shows a gene ra l  case i n  which t h r e e  tube nodes r e c e i v e  

hea t  from one helium node. The conservat ion equa t ions  f o r  water node j 

are as fol lows:  

Conservation of energy: 
. 

( r a t e  of change (ne t  rate of en- ( r a t e  of energy 
of nodal i n t e r -  ergy flow i n t o  t r a n s f e r  v i a  
n a l  energy) node v i a  t r a n s -  convect i on  and 

p o r t  1 conduction) 

where HW i s  t h e  i n l e t  enthalpy t o  water node j , .  and Cw t h e  conductance 
j j ’  

from t h e  tube node t o  t h e  water node, i s  given by 

wi th  

Conservation of m a s s :  

dMW 

d t  
3 

- - R i n , j  + R o u t , j  R .  = 2 J 

WW 
j y  

( r a t e  of change (mass flow rate  (mass flow r a t e  
i n  nodal mass) i n t o  node) out  of node) 

Conservation of momentum: 

dWW 

144g AW[F’; - F’;] - i n ,  j I +  C J  
- - 

( r a t e  of change (net  f o r c e  on f l u i d  ( g r a v i t a t i o n a l  f o r c e  
of momentum of 
f l u i d  i n  node) s u r e  d i f f e r e n c e )  

i n  node due t o  pres-  on f l u i d  i n  node) 
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- 
f R e  ( 3 )  

( r a t e  of momentum inf low 
- ra te  of momentum outf low) fo rce )  

(drag due t o  f r i c t i o n a l  

Note t h a t  changes of k i n e t i c  and p o t e n t i a l  energy have been neg lec t ed  

i n  t h e  conserva t ion  of energy equat ion .  

The water node p r e s s u r e s  and tempera tures  are considered t o  be  

funct ions,of  i n t e r n a l  energy and mass, i . e . ,  

. T W  = Tw[UwyMw] . 
j J J ~  

Pw = P .  w[ U . , M  w, and 
J J J ~  

Since t h e  t y p i c a l  nodal  d e s c r i p t i o n  shown i n  F igure  2 a l lows  more 

than  one tube  node t o  t r a n s f e r  hea t  w i th  t h e  helium node, t h e  conserva- 

t i o n  of energy equa t ion  f o r  t h e  helium node j *  is: 

Conservat ion of Energy : 

( r a t e  of change (ne t  r a t e  of ener-  
of nodal  i n t e r -  gy f low i n t o  node 
n a l  energy)  v i a  t r a n s p o r t )  duct  ion)  

(rate of energy t r a n s f e r  
v i a  convect ion and con- 

where C 

a = i, j ,  or  k) is  

t h e  conductance from helium node j *  t o  tube  node a (with 
j* ,a 

t 

t 
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where Lt i s  t h e  l e n g t h  of t ub ing  i n  tube  node a, and' (NTja i s  t h e  number 

of tube  c o i l s  which r e c e i v e  h e a t  from t h e  helium node. The summation 

over  i , . j  and k accounts  f o r  t h e  f a c t  t h a t  i n  t h e  t y p i c a l  c o n f i g u r a t i o n  

shown i n  F igure  3 ,  t h r e e  tube  nodes t r a n s f e r  hea t  w i th  one helium node. 

The conse rva t ion  of mass and'momentum equa t ions  f o r  hel ium node j *  

a 

are s imi la r  t o  t h o s e  f o r  water node j .  They are g iven  below f o r  l a t e r  

r e f e r e n c e .  

Conservat ion of mass: 

d t  

( r a t e  of change 
i n  nodal  mass) i n t o  node) 

(mass f low ra te  (mass f low rate 
out  of node) 

Conservat ion of momentum: 

- 2  
i n , j *  

- - 144gcAj*(Pi* h - P Z )  - 
J 

( r a t e  of change (ne t  f o r c e  on tf h i d  ( g r a v i t a t i o n a l  f o r c e  
of momentum of 
f l u i d  i n  node) s u r e  d i f f e r e n c e )  

i n  node due t o  pres -  on f l u i d  i n  node) 

( r a t e  of momentum i n -  
f low - ra te  of momentum t i o n a l  f o r c e )  
outf low) 

(drag due t o  f r i c -  

The helium nodal  p r e s s u r e s  and tempera tures  are considered t o  be  f u n c t i o n s  

. 

of nodal  i n t e r n a l  energy and mass, i . e . ,  
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The Conservation of energy equation for tube node j is: 

(rate cf change (rate of heat trans- (rate of heat trans- 
of internal ener- fer from helium by fer to water by con- 
gy in tube node) . conduction and con- duction and convection) 

vect ion) 

HEAT TRANSFER CORRELATIONS, FRICTION 
FACTOR CORRELATIONS AND TUBE PROPERTIES 

In order to solve the conservation equations (Eqs. 1-7), values for 

convective heat transfer coefficients on both the helium and water side 

and the tube properties, p ,  c and k must be obtained. To obtain the 

convective heat transfer coefficient on the helium side, BLAST u.ses the 

modified Grimison correlation' for helium flowing over banks of tubes : 

P 

Nu = B(Re)n(Pr/0.69) 0 . 3 3  
9 

where B and n are tabulated in Reference 1 as functions of the transverse 

and longitudinal pitch to diameter ratios. These functions are stored 

in the code. 

For 'the helium side friction factor, the code uses correlations2 

for flow over banks of tubes based on the transverse and longitudinal 

pitch to diameter ratios and the Reynolds nuxnber. Allowance is made 

for tube arrangements that are partly inline and partly staggered by 
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weighting t h e  c o r r e l a t i o n s  f o r  i n l i n e  tubes  and s t agge red  tubes  appro- 

p r  i a  t e l y  . 
Various c o r r e l a t i o n s  are used t o  de te rmine  t h e  h e a t  t r a n s f e r  coef- 

f i c i e n t  on t h e  water s i d e  depending on t h e  water flow regime. 

c o r r e l a t i o n s  are l i s t e d  i n  Table  1. The c o r r e l a t i o n s  f o r  d e p a r t u r e  

from n u c l e a t e  b o i l i n g  (DNB) f l u x ,  a l s o  g iven  i n  Table 1, are used as 

t r i p s  t o  de te rmine  when two phase c o r r e l a t i o n s  beyond DNB r a t h e r  than  

t h e  n u c l e a t e  b o i l i n g  c o r r e l a t i o n  should be a p p l i e d .  T r i p s  from o t h e r  

flow regimes are based on q u a l i t y  ( e . g . ,  from f i l m  b o i l i n g  t o  supe rhea t  

forced  convec t ion)  o r  on a comparison of t ube  w a l l  t o  bu lk  f l u i d  temper- 

a t u r e  drop as c a l c u l a t e d  by c o r r e l a t i o n s  f o r  a d j a c e n t  flow regimes.  

For example, i f  a Di t tu s -Boe l t e r  c o r r e l a k i o n  i n  t h e  subcooled fo rced  

convec t ion  flow regime r e s u l t s  i n  a tube  w a l l  t o  bu lk  tempera ture  drop 

g r e a t e r  t han  t h e  Thom n u c l e a t e  b o i l i n g  c o r r e l a t i o n ,  bu t  t h e  DNB f l u x  

has  no t  been exceeded, t h e  n u c l e a t e  b o i l i n g  h e a t  t r a n s f e r  c o r r e l a t i o n  

i s  used. 

These 

F r i c t i o n  f a c t o r s  on t h e  water s i d e  are obta ined  from f i t s  t o  t h e  

Fanning f r i c t i o n  f a c t o r  curves .  l 2  

Nelson two phase m u l t i p l i e r s ’  

phase m u l t i p l i e r s  are a p p l i e d  depending on t h e  p r e s s u r e .  The curva- 

t u r e  e f f e c t s  f o r  h e l i c a l l y  wound tubes  are a l s o  t aken  i n t o  account 

based on i n f o r m a t i o r  i n  Reference 1. 

I n  t h e  two phase r e g i o n s ,  M a r t i n e l l i -  

o r  Thom modified Mar t ine l l i -Nelson  two 

P r e s e n t l y  t h e  code c o n t a i n s  d e n s i t y ,  c o n d u c t i v i t y  and s p e c i f i c  h e a t  

f o r  t h r e e  tube  types :  Carbon s teel  (SA-210-A1), Incoloy  800 and Croloy 

(SA-213-T22). P r o p e r t i e s  f o r  o t h e r  t ube  materials could e a s i l y  be added 

by t h e  u s e r  i f  necessa ry .  

. 
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Table 1. Heat transfer and DNB flux correlations* 

Regime Correlation 

Subcooled forced convection Dittus-Boelter 

Two phase 

a. Nucleate boiling Thom 
(subcooled and saturated) 

b. Transition boiling McDonough-Milich & King4 

c. Film boiling Dougall Rosenhow’ 

Groeneveld 

Morgan7 (for low flow) 

or 

Of 

Superheat forced convection Dittus-Boelter 

DNB flux W-3*, Jansen-Levyg 

B&W-2 ’ O ,  Barnett’ ’ o r  

*These correlations were chosen on the basis that they 
are acceptable for emergency core cooling system evaluations 
for light water cooled reactors (10-CFR-50, Appendix K). 



1 2  

STEADY STATE SEARCH TECHNIQUE 

A t  t h e  beginning of each run ,  t h e  code performs a s t e a d y  s t a t e  

search .  The f low ra te  i n  each node i s  i n p u t  e q u a l  t o  t h e  s p e c i f i e d  

i n l e t  f low rate so  t h a t  t h e  s t e a d y  s ta te  conserva t ion  of mass e q u a t i o n s  

(2)  and (5) are a u t o m a t i c a l l y  s a t i s f i e d .  S t a r t i n g  wi th  i n i t i a l  guesses  

a t  nodal  p r e s s u r e s  and e n t h a l p i e s ,  t h e  code de termines  - f o r  each 

helium and water node by e v a l u a t i n g  t h e  r i g h t  hand s i d e  of t h e  momentum 

e q u a t i o n s  ( 3 )  and ( 6 ) .  Unless t h e  c o r r e c t  s t e a d y  s t a t e  v a l u e s  of nodal  

e n t h a l p i e s  and p r e s s u r e s  have been s u p p l i e d ,  - w i l l  n o t  be  ze ro .  Begin- 

I ning  w i t h  t h e  i n l e t  nodes t o  t h e  r e h e a t e r  and main steam bundle ,  t h e  code 

next  a d j u s t s  t h e  nodal  p r e s s u r e s  so  t h a t  t h i s  t i m e  d e r i v a t i v e  is  z e r o  f o r  

each node. Using t h e s e  a d j u s t e d  p r e s s u r e s  and t h e  o r i g i n a l  e n t h a l p i e s ,  

t h e  above process  i s  r e p e a t e d  ( i . e . ,  - i s  computed f o r  each node from 

e q u a t i o n s  ( 3 )  and ( 6 )  and t h e  nodal  p r e s s u r e s  r e a d j u s t e d  t o  f o r c e  - t o  

e q u a l  ze ro )  f o r  t h e  new s ta tes  u n t i l  nodal  p r e s s u r e s  converge.  

dW 
d t  

dW 
d t  

dW 
d t  

dW 
d t  

Next, a guess  a t  nodal  t u b e  temperatures  i s  made so t h a t  t h e  temper- 

a t u r e  dependent t u b e  c o n d u c t i v i t y  can be  es t imated .  Heat t r a n s f e r  coef-  

f i c i e n t s  f o r  helium and water nodes are a l s o  c a l c u l a t e d  so  t h a t  t h e  nodal  

h e a t  f l u x e s  can be  found. These nodal  h e a t  f l u x e s ,  a long  w i t h  t h e  i n l e t  

f low rates and e n t h a l p i e s  t o  t h e  r e h e a t e r  and main steam bundle  are t h e n  

used t o  determine nodal  o u t l e t  e n t h a l p i e s ,  assuming s t e a d y  s ta te .  The 

average nodal  e n t h a l p i e s  are then  determined and compared w i t h  t h e  

prev ious  guesses  of nodal  e n t h a l p i e s .  I f  t h e y  d i f f e r  by more t h a n  a 

p r e s e t  convergence c r i t e r i a ,  t h e  code r e p e a t s  t h e  i t e r a t i o n  on nodal  

p r e s s u r e  d iscussed  i n  t h e  prev ious  paragraph us ing  t h e  new v a l u e s  of 

nodal  en tha lpy .  This  i t e r a t ive  technique  i s  cont inued u n t i l  convergence 

1 
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is achieved on helium and water nodal pressures and enthalpies and on’ 

nodal tube temperatures. 

INTEGRATION TECHNIQUE FOR TRANSIENT SOLUTION 

Defining N to be the number of water nodes and the number of tLbe 

nodes and N* to be the number of helium nodes, the conservation equa- 

tions (1-7) can be written in state variable form as 

where y is the 4N + 3N* column vector of state variables: 

and r[y(t)] is the 4N + 3N* column vector of functions determined by the 

right-hand sides of equations (1-7). The value of the nth state variable 

at time t + At, where At is the computational time step, can be written 
in terms of state variables at time t by a linearized implicit formula- 

t ion : 

where, using Eq. 8, 
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d 
d t  n Applying t h e  c h a i n  r u l e  t o  t h e  -f [ y ( t ) ]  t e r m  g i v e s  

dym(t )  ym(t+At) - y m ( t )  
and s u b s t i t u t i n g  A t .  Approximating - i n  Eq. 11 by 

Eq. 11 i n t o  Eq. 9 g i v e s  

d t  

4N+3N*af [ y ( t )  I 
= (At)fn[y( t ) , l  , 'Ym - (At) e- 

m= 1 'm 'yn 

where Ay E yn(t+At) - y n ( t )  . . 

This  equat ion  can be  w r i t t e n  i n  t e r m s  of t h e  Jacobian  m a t r i x ,  J [ y ( t ) ] ,  - 

n 

as 

XI 
where _I i s  t h e  i d e n t i t y  m a t r i x ,  and t h e  Rmth element of J i s  - . 

'Yrn 
- - 

Next, each of t h e  conserva t ion  e q u a t i o n s  (1-7) is  cast i n  t h e  form 

of Equation 12.  For example, 

water node j (Eq. 1 )  becomes, 

- HWAWW + Cw 
k j  j 

t h e  conserva t ion  of energy e q u a t i o n  f o r  

Note t h a t  t h e  two p a r t i a l  d e r i v i t i v e  terms appear because t h e  nodal  

water tempera ture ,  TW 

v a r i a b l e s ,  UW and M". 

i s  considered t o  be  a f u n c t i o n  of t h e  s t a t e  

Note a l s o  t h a t  HW and HW 
j' 

t h e  nodal  i n l e t  and J j J k' 

. 

I 
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e n t h a l p i e s ,  and Cw 

have been assumed c o n s t a n t  d u r i n g  A t  so  t h a t ,  f o r  i n s t a n c e ,  t h e r e  

t h e  conductance from t h e  tube  node t o  t h e  
j' 

is  no a H w / a u w  t e r m  i n  Equation 13. I n l e t  and o u t l e t  e n t h a l p i e s  and 
j J  

conductances are recomputed a t  t h e  end of each t i m e  s t e p .  

Wri t ing  t h e  momentum Equat ions (3) and ( 6 )  f o r  water and helium i n  

terms. However, t h e  form of Equation ( 1 2 )  i n t r o d u c e s  z, z, x, aM ap ap a p  ap 

terms c o n t a i n i n g  t h e  d e r i v a t i v e s  of d e n s i t y  are o r d e r s  of magnitude 

smaller than  terms c o n t a i n i n g  t h e  d e r i v a t i v e s  of p r e s s u r e  and are,  

t h e r e f o r e ,  neglec ted .  Also, t h e  f r i c t i o n  f a c t o r s  are assumed c o n s t a n t  

d u r i n g  A t  and are  recomputed a t  t h e  end of each t i m e  s t e p .  

When a l l  of t h e  conserva t ion  Equat ions (1-7) have been w r i t t e n  i n  

' W t h e  i m p l i c i t  form of Equation (12 ) ,  terms c o n t a i n i n g  AU , AMw, AW", 

aTW/aU, aTW/aM, aPw/aU, and aPW/aM ' for  water nodes,  similar terms f o r  

t h e  helium nodes,  and AT f o r  t h e  tube  nodes have been in t roduced .  The 

AUw, AU , AM", and AM terms can be  e l imina ted  from t h e  4N + 3N* equa- 

t i o n s  by a l g e b r a i c  manipulat ion,  l e a v i n g  a 2N + N* system of equat ions  

t h a t  may be  w r i t t e n  

t 

h h 

where - v i s  t h e  2N + N* column v e c t o r  

w t  t h  h [ dWy, . . , AWN, AT1 , . . , AT N , Awl, . . ,AWN*) . 

- - A and - b are determined by t h e  v a l u e s ,  a t  t i m e  t ,  of h e a t  t r a n s f e r  coef-  

f i c i e n t s ,  tube  p r o p e r t i e s ,  f r i c t i o n  f a c t o r s ,  e n t h a l p i e s  t h e  d e r i v a t i v e s  
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of p r e s s u r e  and tempera ture  w i t h  r e s p e c t  t o  i n t e r n a l  energy ,and mass and 

t h e  v a l u e s  of t h e  right-hand s i d e s  of t h e  conse rva t ion  Equat ions  (1-7)~. 

Once t h e  components of A - and b have been determined, Equation (14) is  

so lved  by i n v e r t i n g  A, - From t h e  r e s u l t i n g  v a l u e s  of AW and AW f o r  

t h e  water and helium nodes and AT f o r  t h e  tube  nodes AU", AU , AMw, 

AM 

t i o n s  which were w r i t t e n  i n  t h e  form of Equation 12 .  

W h 

t h 

h can be  determined by back s u b s t i t u t i o n  i n t o  t h e  conseFvat ion  equa- 

R e s u l t s  ob ta ined  us ing  t h e  i m p l i c i t  i n t e g r a t i o n  technique  desc r ibed  

above a g r e e  q u i t e  w e l l  w i th  r e s u l t s  ob ta ined  us ing  an  e x p l i c i t  Euler  

i n t e g r a t i o n  technique .  

from a few minutes t o  an  hour o r  two i n  d u r a t i o n - t h e  i m p l i c i t  i n t e g r a -  

t i o n  technique  i s  judged s u p e r i o r  s i n c e  e x p l i c i t  t echn iques  are l i m i t e d  

t o  s m a l l  t i m e  s t e p s  by s t a b i l i t y  c o n s i d e r a t i o n s .  A d i s c u s s i o n  of t h e  

For HTGR t r a n s i e n t s ,  which tend t o  be  "slow"- 

s t a b i l i t y  and e r r o r  propagat ion  f o r  t h e  i m p l i c i t  t echnique  i s  g iven  i n  

Reference 15. 

The v e r s i o n  of t h e  code which a l lows  up t o  100 helium nodes,  100 

water nodes,  and 100 t u b e  nodes t o  provide  t h e  d e t a i l e d  tempera ture  and 

p r e s s u r e  d i s t r i b u t i o n s  r e q u i r e d  f o r  stress a n a l y s i s  employs t h e  e x p l i c i t  

i n t e g r a t i o n  technique .  The i m p l i c i t  t echnique  i s  n o t  s u i t a b l e  f o r  simu- 

l a t i o n s  us ing  t h i s  l a r g e  number of nodes because i t  r e q u i r e s  i n v e r s i o n  

of t h e  A - m a t r i x  (Eq. 1 4 ) .  

EQUATION OF STATE AND THERMODYNAMIC 
TRANSPORT PROPERTIES - HELIUM 

I n  o rde r  t o  c a l c u l a t e  terms i n  t h e  A m a t r i x  and t h e  b v e c t o r  i n  - 

Equation (14 ) ,  t h e  helium s ta te  and thermodynamic t r a n s p o r t  p r o p e r t i e s  

must be found. The s o l u t i o n  a t  t i m e  t y i e l d s  v a l u e s  of U( t>  and M(t) 

._ 

c 
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f o r  each ,he l ium node. 

tempera ture  and p r e s s u r e  and t h e i r  d e r i v a t i v e s  wi th  r e s p e c t  t o  i n t e r n a l  

energy and mass as w e l l  as t h e  t r a n s p o r t  p r o p e r t i e s  p, c and k. The 
P 

helium nodal  tempera ture ,  i n  degrees  Rankine, i s  found by 

From i n t e r n a l  energy and m a s s ,  t h e  code determines 

1 
u 9  T = -  

C 
' V  

where u is  s p e c i f i c  i n t e r n a l  energy (Btu/lbm-OR) and cv i s  t h e  s p e c i f i c  

h e a t  a t  cons t an t  volume (.75 Btu/lbm-OR). Nodal p r e s s u r e  fo l lows  from 

t h e  helium equa t ion  of state (Ref. 16 ) .  

1 
B A '  P =  
--- 
pT i1.2' 

where A and B are c o n s t a n t s .  The d e r i v a t i v e s  of tempera ture  wi th  r e s p e c t  

t o  i n t e r n a l  energy and m a s s  are found from Equation (15): 

and 

= - - 1 [;] . 
vc  

V 
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The d e r i v a t i v e s  of p r e s s u r e  wi th  r e s p e c t  t o  i n t e r n a l  energy and m a s s  

are obta ined  as fo l lows:  

From Equation (16) 

so 

F i n a l l y  

Equat i  nd (16) can  be combined t o  g i v e  

1 

Bcv -- 
A (PC,,) I a 

and i t  follows t h a t  

2 P ( 1 . 2 ) A  . 

The thermodynamic t r a n s p o r t  p r o p e r t i e s  are obta ined  from t h e  f o l -  

lowing f i t s  t o  d a t a  i n  t h e  i n d i c a t e d  r e f e r e n c e s  

1-1 = 5.9178 X lO4ToS7 ( lbm/f t -hr )  , (Ref. 16) 

= 1.29 X 10 -3 T 0 * 6 7 4  + 8.15 X 
khe 

lo4 (P - 14.69) o '28(Btu/hr-ft-oR) (Ref. 17) 



1.9 

1. 

(Ref. 16) , Btu c = 1.2462- l b  "R ' m P 

where T i s  i n  degrees  Rankine, and P is  p s i a .  

EQUATION OF STATE AND THERMODYNAMIC 
TRANSPORT PROPERTIES - WATER 

Determining t h e  s t a t e  and t r a n s p o r t  p r o p e r t i e s  f o r  each water node 

is  somewhat more involved than  f o r  helium. The water equat ion  of s t a t e  

i s  determined by d a t a  from t h e  1967 ASME Steam Tables  (Ref. 18), t h a t  is  

s t o r e d  i n  BLAST i n  t a b u l a r  form. For a series of v a l u e s  of s a t u r a t i o n  

g '  p r e s s u r e  t h e  t a b l e s  con ta in  t h e  corresponding v a l u e s  of p f '  Pg '  U f '  u 

I n  t h e  subcooled r eg ion  t h e  code a l s o  s t o r e s  SAT ' and T 

and i n  t h e  superhea t  r eg ion ,  t h e  code s t o r e s  

This  in format ion  w a s  ob ta ined  from References 19 and 20.  The thermody- 

namic t r a n s p o r t  p r o p e r t i e s  of v i s c o s i t y ,  conduc t iv i ty ,  s p e c i f i c  h e a t  and 

P r a n d t l  number are determined from f i t s  t o  t h e  1967 ASME steam t a b l e s .  

The code a p p l i e s  i n t e r p o l a t i o n  and i t e r a t i o n  techniques  t o  c a l c u l a t e  

p r e s s u r e ,  t empera ture  and t h e  r equ i r ed  d e r i v a t i v e s  us ing  t h e  above i n f o r -  

mation from v a l u e s  of s p e c i f i c  i n t ' e rna l  energy,  u ,  and d e n s i t y ,  p, known 

a t  t i m e  t .  I n  t h e  s i n g l e  phase r eg ions  t h e  techniques  are b a s i c a l l y  

those  presented  i n  Reference 20. 
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The f i r s t  s t e p  i n  t h e  p r e s s u r e  sea rch  i s  t o  compare t h e  d e n s i t y ,  p, 

t o  t h e  c r i t i c a l  d e n s i t y ,  and t h e  s p e c i f i c  i n t e r n a l  energy,  u ,  t o  t h e  

a t  t h e  known d e n s i t y  p. The SAT ' s a t u r a t e d  s p e c i f i c  i n t e r n a l  energy,  u 

v a l u e  of u i s  c a l c u l a t e d  by i n t e r p o l a t i o n  on dens i ty .  From t h i s ,  i t  can 

be  determined whether t h e  water i s  i n  a l i q u i d ,  two phase o r  vapor  s ta te .  

SAT 

I f  t h e  water is  i n  t h e  l i q u i d  phase,  t h e  s a t u r a t i o n  p r e s s u r e ,  'SAT' 

and t h e  d e r i v a t i v e ,  ap( a t  t h e  known d e n s i t y ,  a re  determined by l i n e a r  

i n t e r p o l a t i o n  on d e n s i t y  from d a t a  s t o r e d  i n  t h e  t a b l e s .  

s u r e ,  P ,  i s  found from 

aU 
P 

Then t h e  pres -  

The en tha lpy  fo l lows  s i n c e  h = u + P/p.  

determined us ing  i n t e r p o l a t e d  v a l u e s  from t h e  t a b l e s  of T 

a t  t h e  known d e n s i t y :  

Nodal tempera tures  are next  

and ar( ap SAT 
P 

To c a l c u l a t e  - , recall  t h a t  p r e s s u r e  may be cons idered  a Elup 
f u n c t i o n  of s p e c i f i c - i n t e r n a l  energy and d e n s i t y ,  i . e . ,  

P = P(u,p> . 

L e t  pI  and pI+l be t h e  d e n s i t i e s  s t o r e d  i n  t h e  t a b l e s  t h a t  b racke t  t h e  

k n o 4  d e n s i t y ,  p ,  as shown on t h e  cons t an t  d e n s i t y  l i n e s  i n  t h e  pressure-  

en tha lpy  diagram, F igure  4 .  I+1 Values of p r e s s u r e  a t  d e n s i t i e s  PI and P 

J 
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w i t h  a c o n s t a n t  product  of i n t e r n a l  energy and d e n s i t y  are determined 

p[uypI] = 'SAT,I + ( u - u  SAT,I]%l ' 
P I  

and 

where t h e  v a r i a b l e s  s u b s c r i p t e d  w i t h  I and I+1 are found i n  t h e  t a b l e s .  

Then 

The v a l u e  of - is  c a l c u l a t e d  next  us ing  t h e  v a l u e s  of p r e s s u r e ,  
ap up 

T ~ ~ ~ ,  I+I 9 

aT I 
determined i n  Equat ions ( 2 2 )  and ( 2 3 ) ,  and v a l u e s  of TSAT,I, 

from t h e  t a b l e s ,  i . e . ,  
ap 

O I + 1  

and 

T 

Then 

# 
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0 

The remaining tempera ture  d e r i v a t i v e  'can be  w r i t t e n  

Both of t h e  terms on t h e  right-hand s i d e  can be  determined by i n t e r p o l a -  

t i o n  on d e n s i t y  i n  t h e  t a b l e s .  

A very  s imi l a r  tech'nique t o  t h a t  descr ibed  above f o r  t h e  s t a t e  

s e a r c h  f o r  t h e  l i q u i d  phase is  followed i f  t h e  water i s  i n  t h e  vapor 

phase.  

I n  t h e  two phase r e g i o n ,  a d i f f e r e n t  s e a r c h  technique i s  used t o  

f i n d  tempera ture ,  p r e s s u r e ,  and t h e  r e q u i r e d  d e r i v a t i v e s  from known 

i n t e r n a l  energy and d e n s i t y .  I t e r a t i n g  on nodal  p r e s s u r e ,  two v a l u e s  

of p r e s s u r e ,  Pa and P 

volumes, v and v b r a c k e t  t h e  known s p e c i f i c  volume [v = i], i . e . ,  

are found such t h a t  t h e  corresponding s p e c i f i c  
B '  

a 8 '  

8 '  
v < v < v  a 

and are  as  c l o s e  t o  v as d e s i r e d ,  i . e . ,  

Iva - v.1 < E and lv3 - v (  < E , 

where E i s  a p r e s e t  convergence. 

from P and P by, e . g . ,  

The v a l u e s  of vu and v are  determined 
B 

a I3 
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where u and v are known, and t h e  s a t u r a t i o n  p r o p e r t i e s  a t  P and P are  
a e 

determined by i n t e r p o l a t i o n  on p r e s s u r e  us ing  t h e  t a b l e s .  

v which b racke t  v and s a t i s f y  t h e  r e s t r i c t i o n s  i n  Equation 27, 

t h e  p r e s s u r e  corresponding t o  t h e  known u and v i s  found by i n t e r p o l a -  

Having found 

and v a B 

t ion  : 

Now t h e  s a t u r a t i o n  p r o p e r t i e s  a t  P can be  determined.  

The r equ i r ed  d e r i v a t i v e s ,  - and - , i n  t h e  two 

phase r eg ion  can now a l s o  be determined. The f i r s t  of t h e s e  i s  found 

from t h e  r e l a t i o n  

S ince  

and 

i t  fo l lows  t h a t  

c 

To f i n d  t h e  o t h e r  d e r i v a t i v e  of p re s su re ,  , E q .  (29) can be 

combined wi th  
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_. 

. 

to obtain 

The derivatives on the right-hand side come from Equations (30) and ( 3 1 ) .  

Since temperature in the two phase region is a function of pressure 

only, the derivatives of temperature follow from the derivatives of 

pressure in the following way: 

and 

where 
- 

- . T ~ ~ ~ , ~  T ~ ~ ~ , ~ - i  [%] - - 
SAT 'SAT,I 'SAT,I-I * 

are the pressures in the tables that bracket P, and 'SAT,I and p ~ ~ ~ , ~ - i  
are the corresponding saturation temperatures. SAT , 1-1 and T T~~~ , I 

SAMPLE CALCULATION 

The sample calculation presented in this section is intended to 

illustrate, the use and features of BLAST. 

the dynamic response of the reheater-steam generator module to a reactor 

This calculation simulates 
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trip from 100% power. The nodal arrangement shown in Fig. 2 was used 

for this sample problem. Time dependent boundary conditions required 

as input to the component simulation were derived from printout to a 

sample problem supplied with the General Atomic TAP program2 

simulates the HTGR nuclear steam supply system. Input instructions for 

which 

BLAST are given in Appendix A ,  and a listing of the user supplied sub- 

routines, the input data card images and sample transient printout for 

this sample calculation are given in Appendix B. 

BLAST for the reactor trip are included in this section. 

CPU time required for this sample calculation was 0.2 sec/time step. 

Plots generated by 

The IBM 360/91 

A description of the event sequences corresponding to reactor cool- 

down using the reheater-steam generator modules following a reactor trip 

is given in Reference 22. The sequence of events for this sample problem 

are quite similar and are summarized below. The signal for reactor trip 
1 

causes the control rods to be rapidly inserted into the core. The plant 

control system ramps the feedwater flow down to 257; at a rate of 0.5% 

per sec as shown in Fig. 5. The helium flow (Fig. 6) is also reduced by 

the plant control system during the initial part of the transient to 

-27% and then increases as the control system increases the circulator 

rpm in an attempt to maintain the main steam temperature at a preset 

value. Upon initiation of the reactor trip, the high pressure turbine 

throttle valve area is decreased, resulting in an increase in main steam 

pressure as shown in Fig. 7 .  Two minutes after the reactor is tripped, 

a turbine trip occurs, and the steam generator outlet pressure remains 

essentially constant at 2603 psia as the steam is discharged to the main 

*- 

I 

._ 

steam bypass system. . .  
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The reheater helium inlet temperature is shown in Fig. 8, and the 

calculated steam generator helium outlet temperature is shown in Fig. 9 .  

This outlet temperature initially decreases with the decreasing inlet 

temperature and then peaks again at -370 sec due to the peak in the 

helium flow rate (Fig. 6). The main steam outlet temperature is shown 

in Fig. 10. The small oscillations shown here are due to changes in 

flow regime, and the resulting change in the water side heat transfer 

coefficients, in the evaporator and superheater nodes. Note that wet 

steam is emitted from the steam generator from -385 sec to -550 sec at 

which time the steam generator is completely flooded. 

To illustrate the capabilities of the code, the temperatures, heat 

transfer coefficients, and heat fluxes for the first superheater section 

shown in Fig. 2 (represented by nodes H 10, W 15 and T 15) were plotted 

in Figs. 11-17. Also the fluid quality, defined as 

in water node 15 is plotted in Figs. 18-a and 18-b. Figures 12 and 18-a 

show that this first superheater section contains wet steam of decreasing 

quality from -100 sec to -490 sec. 

declined sufficiently such that the flow regime changes from a film 

I" - Hf)/Pg - Hf), ( 

At 400 sec, the fluid quality has 

boiling regime to a nucleate boiling regime with a considerably higher 

heat transfer coefficient (Figs. 16-a and 16-b). The resultant large 

increase in heat flux (Figs. 17-a and 17-b) drives up the quality (Figs. 

18-a and 18,-b) causing a return to the film boiling regime. This lowers 

the heat transfer coefficient and therefore the heat flux causing the 

quality to decrease, thereby producing the oscillation in quality, heat 

transfer coefficient, and heat flux shown in the figures. The oscilla- 

tions in fluid quality in water node 15 from -150 sec to 180 sec are the 
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result of oscillations in the heat transfer coefficient in the upstream 

node between film boiling and nucleate boiling. 

PLANS FOR FUTURE USE 

The future uses of BLAST include analyzing other transients result- 

ing from normal plant operation and from postulated accident conditions. 

BLAST is currently being used to model the Fort St. Vrain reheater steam 

generator module. Results obtained with this model will first be compared 

with a linear model developed by the University of Tennessee and then 

with FSV dynamic test results. BLAST .will also be used to analyze the 

transient behavior of the steam generator during postulated depressuri- 

zation and partial 'loss of forced circulation accidents. 

BLAST is being used to obtain information concerning pressures and 

temperatures necessary for stress analyses on the General Atomic rede- 

signed reheater-steam generator module for the Delmarva plant. Also, 

BLAST has been incorporated into ORTAP, a system simulation code for 

the HTGR. A comparison of the modeling techniques used in BLAST with 

those used by General Atomic for the steam generator model in TAPz1 will 

be made once the TAP code is made dperational at ORNL. 
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APPENDIX A: INPUT DESCRIPTION 

The i n p u t  d a t a  r e q u i r e d  by t h e  code i s  d e s c r i b e d  below. Subrout ines  

which must be  suppl ied  by t h e  u s e r  are  d e s c r i b e d  i n  Appendix B.  The i n -  

p u t  w i l l  b e  more e a s i l y  understood i f  s t u d i e d  i n  conjunct ion  w i t h  t h e  

i n p u t  card  l i s t i n g  and i n i t i a l  p r i n t o u t  of t h e  sample problem i n  Appendix 

B and w i t h  t h e  nodal  d e s c r i p t i o n  f o r  t h i s  sample problem shown i n  F igure  

2 .  I n  determining a nodal  arrangement such as i n  F igure  2 ,  t h e  u s e r  

should p l a c e  nodal  boundaries  where t h e  t u b e  material  o r  d iameter  changes. 

Also,  d i v i d i n g  a l e n g t h  of tube  of a g iven  material  and d iameter  i n t o  

more than  one node provides  f i n e r  c a l c u l a t i o n a l  d e t a i l  and t h e r e f o r e  more 

a c c u r a t e  r e s u l t s .  

The f i r s t  e n t r y  on each d a t a  c a r d  is  a c a r d  series number. The 

d a t a  c a r d s  must be  ordered numer ica l ly  according t o  t h i s  series number. 

The series number is  i n  format 110, and t h e  remaining e n t r i e s  are  i n  10 

column f i e l d s .  

CARD CARD 
SERIES FORMAT 

lONN 110, 7D10.2 NN = Ol,...,k where k l  9 

T i m e  i n t e r v a l  and a s s o c i a t e d  t i m e  s t e p  

informat ion  i n  ordered t r i p l e t s :  A t ( s e c ) ,  

end of i n t e r v a l  ( s e c ) ,  number of ou tput  

e d i t s  dur ing  i n t e r v a l .  Up t o  twenty ordered  

t r i p l e t s  are allowed. 

The t i m e  s t e p  A t  should be  chosen 

less t h a n  nodal  m a s s  t r a n s p o r t  t i m e s ,  

-. 
... 

.- 
h 
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1 
CARD CARD 

SERIES FORMAT 

.. 

. 

2 5NN 

M .  Wi. 

be b lank  i n  columns 71-80. 

The l a s t  ca rd  i n  series lONN should J 

Opt iona l  series. See p . 4 9 .  

NN = 2*N - 1 where N 5 water node number 

and (1 I N I 2 0 ) .  

Columns 11-20: Water node N p r e s s u r e  

guess ( p s i a )  f o r  s t eady  state sea rch .  

Columns 21-30: Water node N en tha lpy  

guess (Btu/lbm) f o r  s t eady  s t a t e  sea rch .  

Columns 31-40: Water node N f low area 

W W 
70NN 110, 4D10.2, 3110 

W 

W 

. w  

W 

( f t 2 ) .  

Columns 41-50: Tube l e n g t h  ( f t )  a s s o c i a t e d  

wi th  water node N . 
Columns 51-60: Ou t l e t  p o s i t i o n  (1 = t op ,  

0 = bottom) Note: I f  node i s  h o r i z o n t a l ,  

i npu t  0 i n  column 60 and column 70. 

Normally t h e  code u s e s  t h e  he igh t  ( f t )  of 

t h e  a s s o c i a t e d  helium node f o r  t h e  Az 

f a c t o r  i n  t h e  s t a t i c  head term i n  t h e  

water s i d e  momentum equa t ion .  However, 

W 

t h e  u s e r  can s p e c i f y  t h e  v a l u e  of Az by 

i n p u t i n g ,  i n  i n t e g e r  form, lOOO*Az i n  

columns 61-70. 
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CARD CARD 
SERIES FORMAT 

Columt?s 71-80: Number of helium node 

(Nh) which can transfer heat to this water 

node. 

KK = 2*N - Continuation of information on 
card 70NN for water node N . 
Columns 11-20: Tube type (Specify 1, 2, 

or 3) 

W, 70KK 2110, D10.2, 2110 

W 

= 1 for carbon steel (SA-210-A1) 

= 2 for Incoloy 800 

= 3 for Croloy (SA-213-T22) 

Columns 21-30: Number of tubes which 

transfer heat with the helium node referred 

to in columns 71-80 of previous card. 

Columns 31-40: Upstream node number 

(= 201 for first reheater node) 

(= 230 for first economizer node.) 

Columns 41-50: Downstream node number. 

(= 215 for last reheater node.) 

Use 216, 217, ... for multiple reheater 
exits. 

(= 251 for last superheater node.) 

Use 252, 253, ... for multiple superheater 
exits. 

/ 

4 
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CARD CARD 
SERIES FORMAT 

75LL 110, 4D10.2, 110, LL = 2*Nw - 1 

D10.2, I10 Columns 11-20: Mass flow rate (lbm/sec) 

in one tube coil in water node N at 
W 

.. 

initial steady state conditions. 

Columns 21-30: Tube inner radius (in.) 

Columns 31-40: Tube outer radius (in.) 

Columns 41-50: Tube hydraulic diameter 

(in.) 

Columns 51-60: DNB correlation number 

= 1 for user supplied correlation. 

See card series 9101. 

= 2 for W-3, Jansen, Levy. See card 

series 9101. 

= 3 for B&W-2, Barnett. 

If 1, 2, or 3 is chosen, the code will not 

return to nucleate boiling once DNB has 

occurred. 

= 4 for user supplied correlation. 

See card series 9101. 

= 5 for W-3, Jansen, Levy. See card 

series 9101. 

= 6 for B&W-2, Barnett. 

If 4 ,  5, or 6 is chosen, the code will 

return to nucleate boiling once DNB has 

occurred. 
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CARD CARD 
SERIES FORMAT 

75MM 110, 3D10.2 

Columns 61-70: Minimum h e a t  t r a n s f e r  

c o e f f i c i e n t  (Btu/hr-ft2-"F).  

Columns 71-80: Film b o i l i n g  c o r r e l a t i o n  

key. 

(= 0 f o r  Dougall-Rosenhow) 

(= 1 f o r  Groeneveld) 

MM = 2%w; Cont inuat ion of i n fo rma t ion 'on  

card 75LL f o r  node Nw. 

Columns 11-20: Constant f r i c t i o n  f a c t o r  

f o r  node N . This  f r i c t i o n  f a c t o r  i s  

added t o  t h a t  ca l cu la t ed  from t h e  Fanning 

f r i c t i o n  f a c t o r  curves  t o  determine t h e  

f r i c t i o n  l o s s e s .  

W 

Columns 21-30: E / D  (Roughness t o  diameter  

r a t i o  f o r  tube;  D = i nne r  d iameter )  

Columns 31-40: Re la t ive  cu rva tu re  of 

tubes  a s s o c i a t e d  wi th  water node N . 
( Input  0.0 f o r  s t r a i g h t  t ubes ) .  

W 

80NN 110, 5D10.2, 2110 NN = 2*Nh - 1 where Nh f helium node num- 

ber  and (1 I Nh I 20).  

Columns 11-20: Helium node N p re s su re  

guess  ( p s i a )  f o r  s t eady  s t a t e  search .  

h 
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.. 

CARD CARD 
SERIES FORMAT 

Columns 21-30: Helium node N enthalpy 

guess (Btu/lbm) for steady state search. 

Columns 31-40: Helium node N flow area 

h 

h 
2 

(ft 1 .  

Columns 41-50: Helium node N flow length 

(ft) * 

h 

Columns 51-60: Height of nodal volume (ft). 

Columns 61-70: Inlet position (l=top, 

O=bottom). 

Columns 71-80: Outlet position (l=top, 

O=bottom). 

Note: Input 0 in column 70 and column 80 

if node is horizontal. 

80KK 110, D10.2, 2110 KK = 2*Nh; Continuation of information on 

card 80NN for node Nh. 
3 Columns 11-20: Nodal volume (ft >. 

Columns.21-30: Upstream node number. 

(= 201 for first reheater node) 

(= 215 for first tunnel node) 

(= 230 for first superheater node) 

Columns 31-40: Downstream node number. 

(= 215 for last reheater node) 

Use 216, 217, ..., for multiple reheater 
exits. 
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CARD CARD 
SERIES FORMAT 

(=  230 for last tunnel node) 

(= 251 for last steam generator node) 

Use 252, 253, ..., for multiple steam 
generator exits. 

85LL 110, 4D10.2, 2110, LL = 2*Nh - 1 

D10.2 Columns 11-20: Mass flow rate (lbm/sec) 

in.helium node N at initial steady state 

conditions. 

h 

Columns 21-30: Average tube OD (in.) in 

helium node N 

Columns 31-40: Constant friction factor. 

Columns 41-50: E/D (Roughness to diameter 

ratio: D = outer diameter.). This is used 

as a key. If E/D i 0 . 0 ,  only the constant 

friction factor will be used to compute 

friction losses. If E/D > 0 . 0 ,  the code 

will calculate a friction factor based on 

the correlation described in section 6 and 

add this to the constant friction factor 

t o  determine the friction losses. 

Columns 51-60: Number of inline rows of 

tubes in helium node N 

Columns 61-70: Number of staggered rows 

of tubes in helium node Nh. 

h' 

h' 
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.* 

.* 

CARD CARD 
S E R I E S  FORMAT 

Columns 71-80: Pitch to diameter ratio- 

85MM 110, D10.2 

9001 3110 

9101 

transverse. 

MM = 2*Nh; Continuation of information on 

card 85LL for helium node Nh. 

Columns 11-20: Pitch to diameter ratio- 

longitudinal. 

Columns 11-20: Number of first helium 

node in tunnel. 

Columns 21-30: Number of last helium 

node in tunnel. 

This card series is required if DNB cor- 

relation number on card series 75LL is 1, 

2, 4 or 5. Otherwise, this series is 

omitted. 

Columns 11-20: DNB flux (Btu/hr-ft ) for 

zero quality. Used only for DNB correla- 

2 

tion number = 1 or 4 .  

Columns 21-30: Quality at which DNB occurs. 

Used only for DNB correlation number = 1 

or 4 .  

Columns 31-40: Quality at which DNB flux 

becomes zero. Used only for DNB correla- 

tion number = 1 o r  4 .  
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CARD CARD 
SERIES FORMAT 

9201 110, 2D10.2 

18001 2110, 6D10.2 

180NN 110, 7D10.2 

Columns 41-50: "E factor" in Jansen-Levy 

correlation. See Reference 9. Used only 

for DNB correlation number = 2 or 5. 

Columns 11-20: Allowable temperature 

change for water before recomputing ther- 

modynamic transport properties. 

Columns 21-30: Allowable temperature 

change for helium before recomputing ther- 

modynamic transport properties . 

Steam generator (water side) inlet flow 

rate vs time in one tube. 

Columns 11-20: Number of pairs (time, 

flow rate) describing water side inlet 

flow rate vs time. Up to 150 pairs may 

be input. 

Columns 21-30: Time (sec). 

Columns 31-40: Flow rate (lbm/sec). 

Columns 41-60: Repeat Columns 21-30. 

Columns 61-80: Repeat Columns 31-40. 

NOTE: Code interpolates linearly between 

input values. 

NN = 2, ..., k where k L 42. 

card 18001. 

Continuation of 

.- 
e 
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. CARD CARD 
SERIES FORMAT 

18101 2110, 6D10.2 Steam generiator (water s i d e )  i n l e t  pres-  

s u r e  v s  t i m e .  

1 8 1 N N  -110, 7D10.2 

18201 2110, 6D10.2 

1 8 2 N N  110, 7D10.2 

Columns 11-20: Number of p a i r s ,  ( t ime,  

pressure)  desc r ib ing  water s i d e  i n l e t  

p re s su re  vs t i m e .  

Columns 21-30: T i m e  ( s e c ) .  

Columns 31-40: P res su re  ( p s i a ) .  

Columns 41-50: Repea t  Columns 21-30. 

' Columns 61-80: Repeat Columns 31-40. 

NN = 2 ,  ..., k where k 5 42. Cont inuat ion 

of ca rd  18101. 

Steam gene ra to r  (water s ide )  i n l e t  en tha lpy  

vs  t i m e  . 
Columns 11-20: Number of p a i r s  ( t ime,  

en tha lpy ) .  

Columns 21-30: T i m e  ( s e c ) .  

Columns 31-40: Enthalpy (Btu/lbm). 

Columns 41-60: Repeat Columns 21-30. 

Columns 61-80: Repeat Columns 31-40. 

NN = 2 ,  ..., k where k L 42. Cont inuat ion 

of card 18201. 
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CARD CARD 
SERIES FORMAT 

18501 2110, 6D10.2 

185NN 110, 7D10.2 

18601 2110, 6D10.2 

186NN 110, 7D10.2 

Reheater (helium s i d e )  i n l e t  f low ra te  vs 

t i m e  . 
Columns 11-20: Number of p a i r s  ( t i m e ,  

f low rate) desc r ib ing  helium i n l e t  f l o w  

rate vs  t ime) .  

Columns 21-30: T i m e  (sec). 

Columns 31-40: Flow rate ( lbm/sec) .  

Columns 41-60: Repeat Columns 21-30. 

Columns 61-80: Repeat Columns 31-40. 

NN = 2 ,  ..., k where k L 42. Cont inua t ion  

of ca rd  18501. 

Reheater (helium s i d e )  i n l e t  p re s su re  vs 

t i m e  . 
Columns 11-20: Number of p a i r s  ( t i m e ,  

p r e s su re )  desc r ib ing  helium i n l e t  p re s su re  

v s  t i m e .  

Columns 21-30: T i m e  ( sec)  . 
Columns 31-40: P res su re  ( p s i a ) .  

Columns 41-60: Repea t  Columns 21-30. 

Columns 61-80: Repeat Columns 31-40. 

NN = 2 ,  ..., k where k 5 6 .  Cont inuat ion 

of card  18601. 
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CARD CARD 
SERIES FORMAT 

18701 2110, 6D10.2 Reheater (helium s i d e )  i n l e t  en tha lpy  v s  

t i m e  . 
Columns 11-20: Number of p a i r s  ( t ime,  

en tha lpy)  d e s c r i b i n g  helium i n l e t  en tha lpy  
. . .  , 

v s  t i m e  . 
Columns 21-30: T i m e  ( s e c ) .  

Columns 31-40: Enthalpy (Btu/lbm). 

Columns 41-60: Repeat Columns 21-30. 

Columns 61-80: Repeat Columns 31-40. 

187NN 110, 7D10.2 NN = 2 ,  ..., k where k L  42. Cont inua t ion  

of ca rd  18701. 

I n  a d d i t i o n  t o  t h e  above r e q u i r e d  i n p u t ,  d a t a  c a r d s  may be supp l i ed  which 

r e q u e s t  p l o t s .  

r e q u i r e d  f o r  each p l o t .  

begin  wi th  2501, cannot exceed 2580 and must be consecut ive .  

a l s o  be  i n  numerical  o r d e r  w i t h  t h e  r e q u i r e d  i n p u t  c a r d s ,  i . e . ,  they  

must fo l low t h e  las t  l O N N  ca rd .  

Two d a t a  c a r d s  w i t h  success ive  card  series numbers are 

Card series numbers f o r  t h e  p l o t  r e q u e s t  c a r d s  

They must 

The two c a r d s  r e q u i r e d  f o r  each p l o t  are: 

F i r s t  Card: (2110, 3D10.2, 110, D10.2) 

Columns 1-10: Card series number. 
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Columns 11-20: IDPLT - a number d e f i n i n g  v a r i a b l e  t o  be 

p l o t t e d  vs t i m e .  (See Table A-1) 

Columns 21-30: XMINP - Mimimum va lue  of t i m e  ( sec)  f o r  

p l o t .  

Columns 31-40: XMAXP - Maximum va lue  of t i m e  ( s ec )  f o r  

p l o t .  

Columns 41-50: XLENP - Length of p l o t  ( i n . )  i nc lud ing  

v e r t i c a l  a x i s  l a b e l .  (Choose 8 . 5  f o r  

8-1/2 X 11 s h e e t )  

Columns 51-60: Not used. 

Columns 61-70: YMINP - Minimum va lue  of dependent v a r i a b l e  

f o r  p l o t .  

Second Card (110, 2D10.2, 2110) 

Columns 1-10: Value of series number on f i r s t  card ( f o r  

t h i s  p l o t )  p l u s  1. 

Columns 11-20: YMAXP - Maximum v a l u e  of dependent v a r i a b l e  

f o r  p l o t .  

Note: I f  YMINP and YMAXP are both inpu t  

as 0.0,  t h e  code searches  f o r  a maximum 

and a minimum. 

Columns 21-30: YLENP - Height of p l o t  ( i n . )  i nc lud ing  

h o r i z o n t a l  a x i s  l a b e l s .  (Choose 11.0 f o r  

8-1/2 X 11 s h e e t )  

Columns 31-40: NlPLT - I f  p l o t t i n g  AP, NlPLT i s  t h e  f i r s t  

node number f o r  t h e  AP. Otherwise NlPLT = 

0. 
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Columns 41-50 N2PLT - If plotting AP, N2PLT is the second 

node number for the AP. Otherwise N2PLT = 

0. 
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Table A-1 .  Values of IDPLT for card series 25NN 

IDPLT 

1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
3100 
3200 
3300 
3400 
3500 
3600 
37 00 
3800 
4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 

Steam generator 
Steam generator 
Steam generator 
Steam generator 
Steam generator 
Steam generator 
Steam generator 
Steam generator 
Reheater helium 
Reheater helium 
Reheater helium 
Reheater helium 
Reheater helium 
Reheater helium 
Reheater helium 
Reheater helium 
Steam generator 
Steam generator 
Steam generator 
Steam generator 
Steam generator 
Steam generator 
Steam generator 
Steam generator 
Reheater 
Reheat er 
Reheat er 
Reheat er 
Reheater 
Reheat er 
Reheat er 
Reheater 

water 
water 
water 
water 
water 
water 
water 
water 

helium inlet pressure 
helium outlet pressure 
helium inlet temperature 
helium outlet temperature 
helium inlet flow rate 
helium outlet flow rate 
helium inlet enthalpy 
helium outlet enthalpy 
inlet pres sur e 
outlet pressure 
inlet temper at ur e 
outlet temperature 
inlet flow rate 
outlet flow rate 
inlet enthalpy 
outlet enthalpy 
water inlet pressure 
water outlet pressure 
water inlet temperature 
water outlet temperature 
water inlet flow rate 
water outlet flow rate 
water inlet enthalpy 
water outlet enthalpy 
inlet pressure 
outlet pressure 
inlet temperature 
outlet temperature 
inlet flow rate 
outlet flow rate 
inlet enthalpy 
outlet enthalpy 

psia 
psia 
O F  

O F  

lbm/sec 
lbm/ sec 
B tu/lbm 
B tu / lbm 
psia 
psia 
OF 

OF 
lbm/ s ec 
lbm/sec 
Btu/lbm 
B tu / lbm 
psia 
psia 
OF 

O F  

lbm/sec 
lbm/sec 
Btu/lbm 
B tu / l b m  
psia 
psia 
O F  

O F  

lbm/sec 
lbm/sec 
B tu/lbm 
B tu / lbm 

. 

. 
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Table A-1.  (Con inued) 

IDPLT NNN ! NODE NUMBER 

1 lNNN 

12NNN 

13NNN 

14NNN 

16NNN 

17NNN 

18NNN 

22NNN 

3 lNNN 

32NNN 

3 3NNN 

34NNN 

35NNN 

36NNN 

3 7NNN 

38NNN 

50000 

51000 

52000 

Helium pressure of node NNN, psia 

Helium temperature of node NNN, OF 

Helium flow rate of node NNN, lbm/sec 

Heat flux from helium node NNN, Btu/hr-ft 

Heat transfer coefficient for helium node NNN, Btu/hr-ft2-"F 

Helium density of node NNN, lbm/ft 

Tube wall temperature, helium side, for tube node NNN, OF 

Tube temperature for tube node NNN, OF 

Water pressure of node NNN, psia 

Water temperature of node NNN, OF 

Water flow rate of node NNN, lbm/sec 

Heat flux to water for water node NNN, Btu/hr-ft 

Quality in water node NNN 

Heat transfer coefficient for water node NNN, Btu/hr-ft2-"F 

Water density in node NNN, lbm/ft 

Tube wall temperature, water side, for tube node NNN, OF 

2 

3 

2 

3 

AP Helium node NlPLT to Helium node N2PLT, psid 

AP Helium node NlPLT to water node N2PLT, psid 

AP Water node NlPLT to water node N2PLT, psid 
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APPENDIX B 

BLAST requires the user to supply three subroutines. They are 

SUBROUTINE POH: Through this subroutine the user supplies the fractional 

change, FH, in the helium pressure at the outlet of the last helium node 

as a function of time. This pressure is used only to obtain a value for 

the AP term in the momentum equation ( 6 )  for the last helium node. Since 

BLAST calculates the helium outlet pressure for the initial steady-state 

conditions, the outlet pressure used in the AP term is found from P = 

(t=O) * FH. The user must supply the values of the fractional change Pout 

in helium pressure at the outlet of the last helium node at selected 

times through the DATA statements. The code then linearly interpolates 

to determine FH at each time step. 

SUBROUTINE POW: This subroutine supplies the fractional change, 

FREHET, in pressure at the outlet of the last reheat steam node and the 

fractional change, FSGEN, in pressure at the outlet of the last main 

steam node as functions of time. These pressures are used to determine 

the AP terms in the momentum equation for the last reheater node and the 

last superheater node respectively. The user must supply values for the 

fractional change in pressure at the outlet of the last reheat steam node 

at selected times through the DATA statements. The code then linearly 

interpolates to find FREHET and FSGEN at each time step. 

SUBROUTINE REHETW: This subroutine is used to provide values of 

reheater inlet flow rate (REWI), inlet enthalpy (HREWI) and inlet pres- .- 
sure (PREWI) on the steam side vs time. The user must input values of 

inlet flow rate, inlet enthalpy and inlet pressure at selected times 

through DATA statements. The code then linearly interpolates to deter- 

mine inlet flow rate, enthalpy and pressure at each time step. 
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rc 

..* 

. 

' The f i r s t  ou tpu t  genera ted  by t h e  code i s  t h e  l i s t i n g  of t h e  i n p u t  

d a t a  card  images followed by several pages which d i s p l a y  t h i s  i n p u t  i n -  

format ion  i n  t a b u l a r  form. Next, r e s u l t s  of t h e  s t e a d y - s t a t e  i t e r a t i o n  

are d i sp layed .  The "ca l cu la t ed  f r i c t i o n  f a c t o r s "  l i s t e d  i n  t h i s  s teady-  

s ta te  output  are obta ined  from t h e  u s e r  supp l i ed  informat ion  and p r e s s u r e  

drop c o r r e l a t i o n s  wh i l e  t h e  " inpu t  f r i c t i o n  f a c t o r "  i s  t h e  sum of t h e  

c o n s t a n t  f r i c t i o n  f a c t o r  ( inpu t  by t h e  u s e r  on ca rd  series 75MM) p l u s  an  

adjustment made by t h e  code t o  f o r c e  dW/dt (Eqs. 3 and 6 )  t o  be e x a c t l y  

ze ro  a f t e r  a l l  parameters  have achieved s t e a d y - s t a t e  convergence. This  

ad jus tment  f a c t o r  should be  an  o r d e r  of magnitude o r  more smaller than  

t h e  c a l c u l a t e d  f r i c t i o n  f a c t o r .  A t  v a r i o u s  times, determined by i n p u t  

on ca rd  series l O N N ,  t h e  code p r i n t s  ou t  in format ion  concerning t h e  water 

s i d e ,  helium s i d e  and tubes  i n  t h e  r e h e a t e r  and steam g e n e r a t o r .  

t a b l e s  c o n t a i n  informat ion  concerning t h e  nodal  p r e s s u r e ,  mass, i n t e r n a l  

energy ,  tempera ture ,  f low rate  ( i n  one tube  on t h e  water s i d e ,  t h e  t o t a l  

f low rate  on t h e  helium s i d e )  v a l u e s  f o r  each of t h e  terms i n  t h e  momentum 

equa t ions  ( 3  and 6 ) ,  h e a t  t r a n s f e r  c o e f f i c i e n t ,  h e a t  f l u x ,  t ube  s u r f a c e  

and bulk  t empera tu res ,  h e a t  t r a n s f e r  mode and t h e  h e a t  f l u x  r equ i r ed  t o  

cause  a d e p a r t u r e  from t h e  n u c l e a t e  b o i l i n g  mode. 

i n d i c a t e  t h e  h e a t  t r a n s f e r  mode are g iven  below: 

These 

The keys used t o  

1. subcooled f o r c e d  convec t ion ,  

2 .  n u c l e a t e  b o i l i n g ,  

3 .  t r a n s i t i o n  b o i l i n g ,  

4 .  f i l m  b o i l i n g  (Dougall-Rosenhow c o r r e l a t i o n ) ,  

5 .  f i l m  b o i l i n g  (Groeneveld c o r r e l a t i o n ) ,  

6 .  f i l m  b o i l i n g  (Morgan c o r r e l a t i o n ) ,  and 

7 .  supe rhea t  fo rced  convec t ion .  
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For the sample problem, the steady-state printout at t=O indicates 

that the reheater (tube nodes 1-8 in Fig. 2) is in the superheat forced 

convection mode, the three economizer nodes and the first evaporator 

node are in subcooled forced convection, the second evaporator node is 

in nucleate boiling, the third is in film boiling, and the superheater 

is in the superheat forced convection mode. The nodal heat transfer 

modes given at t=200 sec indicate that the last evaporator node has re- 

turned to nucleate boiling, and the first superheater node contains a 

two-phase fluid in the film boiling mode. By t=500 sec, the evaporator 

has flooded, and wet steam is being emitted from the superheater, and by 

t=600 sec, the superheater has also flooded. 

c 

.- 

..- 
P 
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S U H R n U T l h F  P n H l  I I 

I N T f G E R ' 4  HFL I N v H F L O U T  
IYPLICIT F FALAAI A-H,~-LI 

COMMnr4 / H T I  I N V /  n E L z i  701, 
1 F L O A H I  201, FLI ILGHI  201, 
2 H E L I F I I  2 O ) r  HELnlJTl 2 O ) t  
3 HONEOI(  ZOlr NDOWNHI 2 0 1 .  
4 RECONH( 2 0 ) .  WHI)FPII 201, 
5 WHIIPREI ,201, WHDSHI 201, 
6 riHGCnPlI 20)s WHMWI 2 0 )  

CWMIJN / E V E c Y /  DEL T t 

1 TAU , HR TF)SC t 

7 LASTHE I LASTUP t 

3 FITINST t N IN * 

C r M M U Y  / S T A T F /  
1 THZOI 2 O I r  
2 D!lTUUl 201. 
? DPDUWI 7 0 1 ,  
4 TTUR( 2 0 ) .  
5 UPAOHI 701, 
b WHFLI 7 0 1 ,  
7 OPDl l t l l  2 O I r  

URAPWI 
W I  

DOTMW( 
DPDMWI 

I IUTTUBI  
TM A 5 SH I 

DOTUHI 
OPDMH( 

REA1'8 NOFTUP 
INTFGEP'4 TUR IIlt TUBIIUT 
CPMMClN / T U @ I N h /  F I N P F P (  

1 hDOWFIW1 ? O ) r  NODHELI 
2 Y T 3 T Y P l  2 0 1 ,  YIJPW( 
?. TPMFPI  701, TUBEHDI 
4 T U R I N 1  7'01, T U R I P (  
5 TUBOIITI  2 0 ) .  TUPPVI  
6 WDFRI(  701, WD'IIIYI 
7 WDSH( 201. WFCPNI 
8 dMOW( 201. W n N E n l (  

201, 
Z U ) ,  
2 0 1  , 
201, 
201 t 
201  t 
201 , 
201  I 

201, 
2 0 )  t 
2 0 1 ,  
201 I 

2 0 ) t  
2 0 1 ,  
201, 
2 0 1  , 
20 

CCMWlN/ ' lUTLFT/PdA TSV 1601 9 PHFL S V I  201 
D I H F h l S I f l N  T H I  22) .  F I Z Z 1  
DATA 

P'lUTT 

T H/O 0 t 60.0 , 100.0 t 1 5 0.0 , 16 0 .0  I 2 00 .0  9 25 0.0 t 3 0 0  - 0 t 350.0 . 2 70 .7  9 

1 4 J O . O 1 4 4 O .  O,450.O1460.U, 4 8 0 . 0 , 5 0 0 . 0 , 5 6 0 . 0 ,  5 7 0 . 0 t 6 0 0 . 0 ~ 6 7 3 . O 1  
-7 6 4 0 . 0 ~ 7 C O . O /  

1 

3 0 . 7 6 3 0 7 2 /  

D A T A  F / ~ . o , o .  9 5 a 1 3 7 , o .  9 2 ~ ~ 1 9 . 0 .  9 0 8 0 2 6 ~ 0 . 9 0 3 6 2 3  ,o. 8~36223,3.~79r~67, 

0 . 8 ~ 7 0 3 0 , o .  ~ i a i  7 3 ,  a. 8 0 0 9 4 9 , o .  7 9 8 0 6 0 ~ 0 . 7  139350 ,o. 7 8 4 0 3 4 . 0 . 7 7 9 0  ' 5 ,  
0 . G  7 2 ~ 7 2 ~ 0 . 8 6 6 ~ ~ 9 ~ 0 . 8 6 4 4 1 3 1 0 . 8 6 1 9 1 7 r O . 8 4 4 7 8 2  ,0.84034013.8359 17, 

z 

10 

31 
32 

OATA I H / l /  
DATA NH/22 /  
1FlTAU.GT.n.ODO) GO Tfl 10 
N H l  = NH-1 
POUTT = 2.0 f P H F L ( I 1  - P H k L I N U P H I I ) )  
KETURFI 
J = N O n W N t i l I l  - 2 5 0  
DO '1 I I = I I i , N H I  
K=l I 
I F I T A U . L T . T H I K t 1 1  I GO TO 32 
CLNT I Y U E  
1H = K 

POUTT = F H  * Pt iFLSV(  J I  
RETUPU 
END 

F H  = F ( K )  + ~ F l < 4 l J - F l K ~ ~ / l T H l K 4 l l - T H ~ K l l  ( T A U - T H I K I )  

, 
2 0 )  , 
1 U l  . 
?O), 
201 * 
701 .  
?0l. 
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SUBHflUTINE RFPFTW 
IMPLICIT REAL*B(I-t<,O-L I 

COMMON /€VERY / D€LT , DELTI(  201,  E O I (  2 0 ) 1  
C 

1 TAU 9 HRTOSC I NPRlNl (  201, 
2 LASTHE p CASTUB , 
3 NTIHST , N I N  1 NOUT 

COHMON /PLFNUN/ NOFTUN,NOLTUNI TAREWvTARFHv TASCWpTASGH 9 

1 REWI,REWO,REHI,REHO, SGWI,SGWO~SGHI,SGHfl, 
2 
3 VSllEWI, VSR EWO, V S R E H I  ,VSREHOs V S S G W I  v VSSGWOtVSSGHI ,VSSCHO. 
4 
5 RFW1T.R EWCITSRE HIT +REH?T, SGWIT, SGWOT, SGHI 1, SGHOT 

PREWI, PREWOtPR EHI  9 PREHOt 

HREWI 9 HR EWO, HR EHI  9 HREHO, 

P S G W I  9 PSGWDvPSGH I rPSGHl7, 

HSGWI 1HSGWl ,HSGH I i HSGHO 9 

C 
DIMENSION TIF116) ,T IH(  1619TIP(16)  
DIMENSION FLOW( 1 6 l r E N T H A L ( l 6 )  sPPES(161 
OATA N F , N l i ~ N P l l b r  161 161 
OATA IF, IN, I P / l ,  1,1/ 
DAT A 

O A T  A 

T I F/O. 0,100.0, 200.0, 3 0 0 . 0 ~ 4 0 0 . 0 ~  500.01 600.0 9 700 0 

FLOW/222 5.01 1126.71501.3, 553.3 9 304.6 1173. R I  152 - 9  196.21 108.39 

830 0 1 

1 900.01 1000.01 1100.0 , 1200. 0 ,  1300.01 1400.0 9 1 500.01 

. 

.- 
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1 ~ 3 . 7 . 7 8 . 7 ~ 6 4 . 7 . 4 9 . 5 . 3 5 .  I ,  2 2 . 0 , ~ .  a/  
O A T  A 

UATA 

TIH/O.O,lOO.O, 2 0 0 ~ 0 ~ 3 0 0 ~ 0 1 4 0 0 ~  01500. 0,600.0 1 700.01800.0 1 

E N T H A L / I  311. 3 ,1323.81 1 3 3 9 . 8 1 1 3 3 9 . 9 1 1 3 7 3 . 0 9 1 3 0 9 . 2  . I  796.2 1 

T IP/O.Ot  100.01 2 00.0,300.0 I 400.0~500.0,hOO. 0 1 700.0,800.0 t 

PRFS/628 .8 ,3  16.21 1 4 4 . 6 r 1 5 6 . 6 ~ 8 4 . 8  ~ 5 0 . 1 , 4 4 . 7 1 2 8 . 3  1 3 0 . 2  -76. A I  

1 

112U9.01 1280.21  1773;3,1268.21 1 2 6 4 . 4 , 1 2 6 1  .h  11 259.71  1 2 5 8 . 7 1 1  2 5 8  - 5 1  

1 

1 22.6,17.9,16.dr 14.2113.8,13.5/  

9 0 0 ~ 0 ~ 1 0 0 0 ~ 0 1 1 1 0  0.0 1 1200.01  1300 .01  1400 .0  r l 5 0 0 . 0 /  

DATA 
YOO. 01 1000.0 P 1 1  00.01 1 200.01 ? 300.01 1 400 .0  11500 m O/ 

D A T A  

N t- 1 =N F- 1 
Dr 10 I I = I F , N F l  
1 = 1  I 
I F I T A U . L T . T I F ( I + I l I  Gn 13 11 

1 0  CUNTIYUE 
1 1  I F = l  

R E h l  = FLf ’Wl I 1  t (FLOW( Itll- FLPWI 1 I l / ( T I F ( I + I  I - T I F I I  I 1  
1 ( T A U  - T I F ( I l l  

c 
PIP 1 = N  H- 1 
Dr l  20 11= IH,PJI+l 
I = I  1 
I F ( T A U . L T . T I H I I t 1 I I  Gn Tn 71 

20 Cl lNTINUF 
2 1  I n 5 1  

HQFkI  = ENTHALI  I I t (EPITHCL( I t 1  I - E N T H A L (  I l l / ( T I H (  I t 1  I -Titi( I I I 
1 f ( T A U  - T I H I I I )  

r 
NP 1 
01 30 I I = l P . N P I  
1 = 1 1  

3 0  C O N T I W F  
3 1  I P = I  

N P - 1 

IF(TAU.LT.TIPI I t 1 ) )  1 3 1  i n  31 

P a t h 1  = P R F C , ( I I  t ( P R F S l I t l I - P P f  S l I l l / ~ T T P ~ I t l I - T I P l I ~ l  
1 f ( TAU - T I P ( 1 I )  

c 
H k k I  = R F W l / l t . C I  * 228.01  
K F T U Y N  
EhiD 

-* 

... 
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LISTING OF 

100 I 
2501 
2502 
2503 
2 504 
2505 
2506 

2508 
2509 
2510 
251 1 
2512 
2513 
2514 
2515 
2516 

25? 8 
25lY 
2520 
252 1 
2522 
2523 
2524 
2525 
2526 

2528 
2529 
2530 
2531 
2532 
2533 
2534 
2535 
2536 
253 7 
253 8 
2539 
2540 
254 I 
2542 
2543 
2544 
2545 
2546  
2547 
2548 
2549 
2550 
255 I 
2552 
2553 
2554 
2555 
2556 

2558 
2559 
2560 
256 I 
2562 
2563 
2564 
2565 
2566 

2568 
2569 

2507 

251 r 

2527 

2557 

2561 

2570 
2571 

2573 

2575 

2572 

2514 

INPUT D A T A  C I R O S  

.020 
11010 

71015 

3215 

31014 

31014 

34015 

36015 

14010 

16010 

22014 

22015 

18015 

18015 

18014 

18014 

38014 

14010 

34015 

35015 

35014 

35015 

35015 

34015 

36015 

36015 

18015 

1400 

3400 

22015 

22014 

16010 

38014 

38015 

38015 

32015 

38015 

12010 

22015 

10.0 
390.0 
11.0 
0.0 
11.0 
0.0 
11.0 
0.0 
11.0 
152.0 
11.0 

152.0 
11.0 

152.0 
11.0 

390.0 
11.0 

390.0 
11.0 
0.0 
11.0 

152.0 
11.0 
0. c 
11.0 

152.0 
11.0 

152.0 
11.0 

390. C 
11.0 
0.0 
11.0 
0.0 
11.0 
0.0 
11.0 
0.0 
11.0 

152.0 
11.0 

390.0 
11.0 

152.0 
11.0 

390.0 
11.0 

390.0 
11.0 
0.0 
11.0 

390.0 
11.0 
0.0 
11.0 
0.0 
11.0 

390.0 
11.0 

152.0 
11.0 
0.0 
11.0 

152.0 
11.0 

390.0 
11.0 

152.0 
11.0 
0.0 
11.0 
0.0 
11.0 
0.0 
11.0 
0.0 

2.0 
420.0 

0 
600.0 

0 
600.0 

0 
600.0 

0 
200.0 

0 
200.0 

0 
200.0 

0 
420.0 

0 
420.0 

0 
600.0 

0 
200.0 

0 
600.0 

0 
200.0 

0 
200.0 

0 
420.0 

0 
600.0 

0 
600.0 

0 
600.0 

0 
600.0 

0 
200.0 

0 
420.0 

0 
200.0 

0 
420.0 

0 
420.0 

0 
600.0 

0 
420.0 

0 
600.0 

0 
600.0 

0 
420.0 

0 
200.0 

0 
600.0 

0 
200.0 

0 
420.0 

0 
200.0 

0 
600.0 

0 
600.0 

0 
600.0 

0 
600.0 

.025 610.0 40.0 
8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
.O 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 / 

0 
8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 
0 

8.5 

. 

L- 

e 



Y 

c 

-* 

* 

2576 
2577 
2578 
700 1 
7002 
700 3 
7004 
7005 
7OOb 
7007 
700 5 
7009 
7010 
701 1 
701 2 
701 3 
7014 
701 5 
701 6 
701 7 
701 5 
701 9 
7020 
702 1 
702 2 
7023 
7024 
7025 
7026 
702 7 
7028 
7029 
7030 
703 1 
703 2 
7S01 
7502 
7503 
7504 
7505 
7506 
7507 
750d 
7509 
7510 
751 1 
751 2 
7513 
7514 
751 5 
7516 
751 7 

7519 
7520 

7522 
7523 

7525 

7527 

'151 a 

752 I 

7524 

7526 

7 5 2 8  
7 5 2 9  
7530 

7532 
753 1 

800  I 
800  2 
800 3 
8004 
8005 
8006 
800 7 
800 8 
8009 
8010 
801 1 
8 0 1 2  

14011 

6 30.000 
2 

6 28.000 
2 

625 .000  
2 

6 21.000 
2 

6 QC. .OOO 
2 

591.000 
2 

587.000 
2 

2 
2883.060 

3 
28 01.060 

3 
2791.850 

3 
27 83.540 

3 
27 72.280 

3 
27 54.690 

3 
2736.270 

3 
2584.910 

3 
1.626462 

0.0 
1 .  t 26462 

0.0 
1.626462 

0.0 
1. t26462 

1.626462 
0.0677 

1.626462 
0.0 

I .  626462 
0.0 

1.626462 
0.0 

1.1453 
0 .5  

1.1453 
0.0 

1.1453 
0.0 

1.1453 
0.0 

1.1453 
0.0 

1.1453 
0.0 

1.1453 
0.0 

1.1453 
0.0 

714 .670  

7 14.320 

sa2 .000  

0.0677 

58.7039 

5 e. 7039 

s e.7039 

5 e.7039 

713.980 

713. t 5 0  

7 13.260 
16 0.2 059 

426.7337 
712.570 

1 1 . 0  0 
152 .0  200 .0  

1 1 . 0  0 
1324 - 7 0 0  .00963335 

228.0 201 
13 55.400 -00963 335 

228.0 1 
1304.900 -00963335 

228.0  2 
1413.600 .00963335 

228.0  3 

220 .0  4 
1464.600 -00963335 

228.0  5 
1484.600 .00963 335 

2 2 8 . 0  6 
1501.200 .00963335 

228.0  7 
405.280 .00320026 

325.0  230 
5 ? 2 . 0 3 0  .00320026 

3 2 8 . 0  9 
607 .880  .00320026 

328.0  10 
704.030 -00295449 

328.0  11 
825 .230  .00295449 

328.0 12 
991.900 .00329203 

3 2 8 . 0  13 
1182.200 .00217163 

328.0 14 
1364.300 .00269549 

1440.  roo .00963335 

328.0  
0 .6645 
7.00-4 
0 .664  5 
7.00-4 
0 .6645 
7.00-4 
0.6645 
7.OD-4 
0.664 5 
7. OD- 4 
0 . 6 6 4 5  
7.00-4 
0 .6645 
7.OD-4 
0 .6645 
7.00-4 

0 .303  
3.00-3 

0.383 
3.OD-3 

0.383 
3.00-3 

3.OD-3 
0 . 3 6 8  

3.00-3 
0 .3885 
3.OD-3 
0 . 3 1 5 5  
7.00-3 
0 .3515 
7.OD-3 

2216.000 
201 

21 78 .700  
1 

2143.500 
2 

2110.000 
3 

2093.500 
21 5 

2093 - 5 0 0  
5 

0 .360  

15 

0.0154 
0.8125 
0.0154 
0 .8125 
0.0154 
0.8125 
0 .0154 
0 .8125 
0.0110 
0.8125 
0.0110 
0 . 8 1 2 5  
0.0110 
0 .8125 
0.0110 

0.5 
0 .0070 

0.5 
0.0010 

0 . 5  
O.OQ70 

0.5 
0 .0068 

0 .5  
0.0068 
0.5625 

0 .8125 

0.0071 
0.5625 

0.5625 
0.0058 

0 .0065 

2 

3 

4 

215 
33.6632 

6 
21 .3803 

7 
21 .3803 

29.  i r  
2 9 .  i r  

29 .17  

29 .  i r  

0 
8 . 5  

0 
4 .0375 

2 
4 .0375 

3 

. 4  
4.0375 

5 
4 .0375 

6 
4.03 75 

7 
4 .8375 

0 
4 .8375 

215 
38 .25  

10 
3 8 . 2 5  

11 
42.9  

12  
4 6 . 4  

13 
46 .4  

14 
38.6 

15  
39.6 

1 6  

25 1 
1.329 

1.329 

1 .329  

4. a375 

43 .6  

1.329 

1.329 

1 .329  

1 .329  

1 .329  

0 .766  

0 .766  

0 . 7 6 6  

0 .736  

0.736 

0 . 7 7 7  

0 . 6 3 1  

0 . 7 0 3  

1.1rr5 

1.1775 

i . i r i 5  

1. 1775 

2 .20125 

19 .9592 

19.9592 

61 

0 

0 

0 

0 

1 

1 

1 

I 

0 

0 

0 

0 

0 

0 

0 

0 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

1. ir is  
1.1775 

1.1775 

1.1775 

2.3333 

19 .9592 

19 .9592 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

30.0 

30.0 

30 .0  

30.0 

30.0 

3 0 . 0  

3 0 . 0  

30 .0  

30.0 

30.0 

3 0 . 0  

3 0 . 0  

30 .0  

30.0 

30.0 

3 0 . 0  

1 

1 

1 

1 

1 

0 

0 

4 

3 

2 

1 

1 

2 

3 

4 

16 

15 

14 

13 

1 2  

11 

10 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 .  

1 

1 

1 



8014 426.7337 

8016 281.1518 

8018 191.0015 
8019 711.920 
8020 173.4057 
8021 711.480 
8022 169.0975 

8024 200.00255 
8025 710.810 
8026 200.00255 

8015 712.270 

8017 712.470 

8023 711.080 

802 7 
802 8 
8029 
8030 
803 1 
8032 
8501 
8502 
8503 
8504 
8505 
8506 
8507 
8508 
8509 
8510 
851 1 
851 2 
851 3 
8514 
8515 
8516 
8517 
851 8 
8519 
8520 
852 1 
8522 
8523 
8524 
8525 
8526 
8527 
8528 
8529 
8530 
853 1 
8532 
9001 
9201 
1800 1 
18002 
18003 
18101 
18201 
18202 
18203 
18501 
18502 

. 18503 
18504 
18505 
18506 
18507 
18508 
18509 
18510 
1851 1 
18 51 2 
18513 
18514 
18515 
1851 6 
1851 7 
18518 
1860 1 
1860 2 

710.540 
184.9705 
710.310 
164.8711 
7 1 0.010 
164.8711 
522.200 
1.5582 

5 22.200 
1.5582 

522.200 
1.558' 

5 22.200 
1.5582 

5 22.200 
1.5274 

5 22.200 
1.0 

522.200 
1.0 

522.200 
1.6933 

522.200 
1.3964 

522.200 
1.3964 

522.200 
1.3964 

5 2 2 .  ?OO 
1.4420 

5 22.200 
1.4420 

5 22.200 
1.4420 

5 22.200 
1.4420 

522.200 
1.4420 

5 
1.0 
7 

140.0 
0.2861 

3 
10 

300.0 
222.7 

61 
30.0 

333.5 
100.0 
197.5 
180.0 
149.7 
250.0 
200.5 
320.0 
278.7 
390.0 
175.1 
460.0 
146.5 
600.0 
114.5 
840.0 

16 
300.0 

c 
2093.500 

7 
2031.800 

230 
1901.300 

9 
1765,000 

10 
1645.500 

1 1  
15 58.600 

12 
1489.600 

13 
1420.900 

14 
1 344.40 0 

15 
1.625 

1.625 

1.625 

1.625 

! ,625 

40.0 

40.0 

1.125 

1.125 

1.225 

1.125 

1.000 

1 .ooo 

1 .ooo 

1 .ooo 

1.000 

8 
.2 

0.0 
.3389 

0.0 
0.0 

262.3 
700.0 
0.0 

421.0 
70.0 

263.4 
140.0 
149.8 
220.0 
167.2 
290.0 
254.3 
356.0 
231. S 

152.5 
540.0 
144.5 
740 0 
116.8 
0.0 

620.5 

430.0 

8 
36.2 744 

230 
40.00 

to 
40.00 

11 
40.00 

12 
45.81 

13 
45.81 

14 
45.81 

15 
45.81 

16 
45.81 

251 
0.0 

0.0 

0.0 

0.075 

0.075 

0.080 

0.080 

0.075 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.1453 
150.0 

2965.0 
346.8 
400.0 
214.3 
522.2 
40.0 
313.5 
110.0 
170.8 
190.0 
151.7 

215-4 
330.0 
276.5 
400.0 
157.3 
480.0 
140.8 
620.0 
122.9 
900.0 

400.0 

' 260.0 

115.0 

62 

2.5 

3.1139 

2.82 03 

2.7568 

3.0418 

3.0418 

2.8124 

2.5075 

2.5075 

1.0 

1.0 

1.0 

1.0 

1.0 

-10.0 

-10.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

10.0 
0.2886 

160.0 
100.0 
247.6 
900.0 
10.0 

387.5 
80.0 
245.1 
150.0 
149.2 
230.0 
176.1 
300.0 
263 5 

217.0 
440.0 
153.3 
560.0 
147.1 
760.0 
113.0 
100.0 
612.8 

370.0 

3.5833 

3.11 39 

2.8283 

2.7560 

3.04 LE 
'I 

3.0418 

2.8J 24 

2.5075 

2. 50 75 

4 

4 

4 

4 

7 

0 

0 

1 1  

18 

16 

16 

19 

19 

18 

16 

15 

1.0833 
1c0.0 

2741 - 2  
306.1 

212.5 
490 -4 
50.0 

296.9 
120.0 
143.3 
200.0 
155.1 
270.0 
232.8 

500.0 

340.0 
275.7 

152 - 6  
410.0 

500.0 
137.9 
640.0 
126.5 

6C0.5 
500.0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

7 

0 

0 

10 

6 

5 

5 

7 

6 

5 

6 

5 

120.0 
0.2861 

1400.0 
200.0 
234.6 
1400.0 
20.0 
358.1 
90.0 
219.5 
160.0 
149.2 
240.0 
187.2 
310.0 
270.9 
380.0 
201.6 
450.0 

570.0 
111.9 
000.0 

200.0 
581.3 

151.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.5274 

1.5274 

1.5274 

I. 5274 

4.5513 

1.0 

1.0 

7.2528 

1.6933 

1.6433 

1.6933 

1.9050 

1.9050 

1.9050 

1.9050 

1.9050 

0.4538 
14OO.O 

2726.6 
277.6 
600.0 
212.0 
456.0 
60.0 
280.6 
130.0 
150.0 
210.0 
160.3 
280.0 
243.2 
350.0 
248.3 
420.0 
152.0 
520.0 
138.0 
700.0 
121.6 

629.6 
600.0 
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1860 3 560.8 700.0 542.0 800.0 530.4 900.0 519.7 
18604 1000.0 509.6 1100.0 500.0 1200.0 490.4 1300.0 
18605 
18701 

18703 

10705 
18706 
18707 

18702 

18704 

i8ri)e 
18709 

479.9 
26 

30.0 

150.0 
1739.7 

1415.1 

1333.0 

2056.6 

410.0 

700.0 

1400.0 
0.0 

2232.0 
110.0 
1980.4 
350.0 
1512.7 
600.0 
1364.1 
840.0 

470.5 

40.0 
2035.0 
230.0 
1602.3 
460.0 
1395.8 
740.0 
1321.6 

2269.3 
1500.0 

10. 
2206.7 
130.0 

1858.2 
370.0 
1475.2 
620.0 

1351.5 
900 0 

464.5 
2269.9 

60.0 
2000.5 
2 50 e 0  
1565.6 
500.0 
1386.5 
760.0 
1305 -6 

20.0 
2155.2 
140.0 
1823.0 
390.0 
1447.3 

1344.6 
640.0 

255.1 
100.0 
988.6 
290.0 
536.1 
560.0 
382.4 
800.0 



LISTING OF THE INPUT o n ~ 4  

*+********* ****I ,*******************+** 
* * 

+ 
I MPL I CI T SOLUT ION TECHN I QUE * * 

* 
.*n************..********************* 

TIME STEP AN0 PRINT INTERVAL INPUT 

T I M E  STEP EN0 OF INTERVAL E D I T S  TIME STEP EN0 OF INTERVAL EOITS TIME STEO EN0 OF INTERVAL E D I T S  

0. 2000 0- 0 1  0.10000 0 2  2 O.2500D.01 0.61000 03 6 0  

0. 
P 

PLOT INFORMATION 

IOPLT 

11010  
31015  

3215  
31 01 4 
3101 4 
3401 5 
3601 5 
1401 0 
1601 0 
2201 4 
2201 5 
1801 5 
I801 5 
18014 
1801 4 
3801 4 
14010 
3401 5 
3501 5 
3501 4 
3501 5 
3501 5 
3401 5 

XYINP 

0.39000E 0 3  
0.0 
0.0 
0.0 
0.15200E 03 
0.15200E 03 
0.15200E 03 
0.39000E 0 3  
0.39000E 03 
0.0 
0.15200E 03 
0.0 
0.15200E 03 
0.15200E 03 
0.39000E 03 
0.0 
0.0 
0.0 
0.0 
0.15200E 03 
0.39000E 03 
0.15200E 03 
0.39000E 03 

XMAXP 

0.42000E 03 
0.60000E 0 3  
0.60000E 0 3  
0.60000E 03 

0.20000E 03 
0.20000E 03 
0.42000E 03 
0.42000E 0 3  
0.60000E 03 
0.20000E 03 
0.60000E 03 

0.20000E 0 3  
0.42000E 0 3  

O.20000E 03 

0.20000E 0 3  

0.60000E 03 
0.60000E 03 
0.60000E 03 
0.60000E 0 3  
O.20000E 0 3  

0.20000E 03 
0.42000E 0 3  

0.42000E 03 

XL ENP 

0 . 8 M O O E  0 1  
0.850OOE 01 
0.85000E 0 1  
O.8SOOOE 01 
0.85000E 0 1  
0.85OOOE 0 1  
0.85000E 0 1  
0.85OOOE 01 
0.85000E 01 
0.85000E 0 1  
0.85000E 0 1  
0.85000E 0 1  
0 . 8 5 O O O E  01 
0.85OOOE 0 1  
0.85000E 01 
O.8W)OOE 01 
0 . 8 M O O E  01 
0.850M)E 01 
0.85000E O? 
0.85000E 01 
0.85000€ 01 
0 . 8 M O O E  01 
0.85000E 01 

KINOY YMINP 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

YHAXP 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
0 . 0  
0.0 
0.0 
0 . 0  
0 .0  

YLEN? NlPLT NZPLT 

0.11000E 02 0 
0.11000E 02 0 
0.11000E 0 2  0 

0 0.11000E 02 
0.11000E 0 2  0 
0.11000E 0 2  0 
0.11000E 02 0 
0.11000E 0 2  0 
0.11000E 02 0 
0.11000E 02  0 
0.11000E 02 0 
0.11000€ 0 2  0 
0.11000E 0 2  0 
0.11000E 0 2  0 
0.11000E 0 2  0 
0.11000E 0 2  0 
0.11000E 0 2  0 
0.11000E 0 2  0 
0.11000E 0 2  0 
0.11000E 0 2  0 
0.11000E 0 2  0 
0.11000E 0 2  0 
0.11000E 0 2  0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

t 1 



8 4 

3 4 0 1  5 
3601 5 
1801 5 

1 4 0 0  
3400 

2201 5 
2201 4 
1601 0 
3801 4 
3801 5 
3801 5 
3201 5 
3801 5 
12010 
2201 5 
1401 1 

0.39000E 03 
0.0 
0.39000E 03 
0.0 
0.0 
0.39000E 03 
0.15200E 0 3  
0.0 
0.15200E 03  
0.39000E 0 3  
0.15200E 03 
0.0 
0.0 
0.0 
0.0 
0.15200E 03 

0.42000E 03 0.85000E 01 0 0.0 
0 0.0 0.60000E 03 0.85000E 01 
0 0.0 0.42000t 03 0.85000E 01  
0 0.0 0.60000E 03 0.85000E 01 
0 0.0 0.60000E 03 0.85000E 01 
0 0.0 0.42000E 03 0.85000E 01 

0.20000E 03 0.85000E 01  0 0.0 
0.60000E 03 0.85000E 01 0 0.0 

0 0.0 0.20000E 03 0.85OOOE 01  
0 0.0 0.42000E 03 0.85000E 0 1  

0.20000E 03 0.85OOOE 01 0 0.0 
0.60000E 03 0.85000E 01 0 0.0 

0 0.0 0.60000E 03 0.85000E 01 
0 0.0 0.60000E 03 0.85000E 0 1  
0 0.0 0.60000E 0 3  0.85000€ 01 
0 0.0 0.20000E 03 0.85000E 01  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.11000E 0 2  0 
0.11000E 0 2  0 
o.iiOoo+! 02 0 
0.11000E 02 0 
0.11000E 0 2  0 
0.11000E 0 2  0 
0.11000E 02 0 
0.11000E 0 2  0 
0.11000E 02 0 
0.~11000E 02 0 
0.11000E 02 0 
0.11000E 02 0 
0.11000E 02 0 
0.11000E 02 0 
0.11000E 0 2  0 
0.11000E 0 2  0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

WATER NODE INPUT 

INLET OUTLET ASSOC. TUBE 
PRESSURE ENTHALPY FLOW AREA TUBE LENGTH P O S I T I O N  POSITION HEL. NODE TYDE 

PSIA B TU /L 811 FT**Z FT l=TOP O=BOTTOM 

UPSTREAM DNSTREAM 
NODE NODE NO. OF TUBES 

0.6300000 0 3  0.1324700 04 0.9633350-02 0.4837500 01  0 1 4 2 
0.6280000 0 3  0.1355400 0 4  0.9633350-02 0.4837500 01 0 1 3 2 
0.6250000 03  0.1384900 04 0.9633350-02 0.4037500 01 0 1 2 2 
0.6210000 03 0.?413600 04 0.9633350-02 0.4837500 01 0 1 1 2 
0.6069000 03 0.1440700 0 4  0.9633350-02 0.4837500 01 1 0 1 2 

0.2280000 0 3  
0.2280000 03 
0.2280000 0 3  
0.2280000 03 
0.2280000 03 

2 0 1  2 
1 3 
2 4 
3 5 
4 6 

0.5910000 0 3  
0 . 5 8 r o o o ~  0 3  
0.5820000 0 3  
0.2883060 04 
0.2801060 04 

0.1464600 04 
0.1484600 04 
0.1501200 04 
0.4052800 03 
0.5120300 03  

0.9633350-02 
0 -963335D-02 
0.9633350-02 
0.3200260-02 
0.3 2 00260-02 

0.4837500 01 1 
0.4837500 01 1 
0.4837500 01 1 
0.3825000 02 0 
0.382500@ 02 0 

2 
3 
4 

16 
15 

0.2280000 03 
0.2280000 03 
0.2280000 0 3  
0.3280000 03 
0.3280COD 03 

5 7 
6 8 
7 215 

230 10 
9 11 

0.2791850 04 
0.2783540 04 

0.2154690 0 4  
0.2772280 0 4  

0.27362ro 0 4  

0.6018800 03  

0.8252300 0 3  
0,9919000 03 
0.1182200 0 4  

017040300 03 
0.3200260-02 
0.2954490-02 
0.2 954490-02 
0.3 29283D-02 
0.2 171630-02 

0.429000C 02 0 
0.4640000 02 0 
0.464000C 02 0 
0.3860000 02 0 
0.3960000 02 0 

1 
1 
1 

14 
13 
12 
11 
10 

0.3280000 0 3  
0.3280000 03 
0.3280000 0 3  
0.3280000 03 
0.3280000 0 3  

10 1 2  
11 13 
12 14 
13 1 5  
10 16 

0.2584910 0 4  0.1364300 04 0.2695490-02 0.4360000 02 0 9 3 0.3280000 03 1 5  2 5  1 



WATEP SIDE PYOSAULIC INPUT 

M 4 S S  TUBE 
FLOW RATE IYSlOF R b  

L B H / S E C  FT 

TUBE 

FT 
I U S  OUTSIDE R t  

MINIMUM GROEY. CONST4NT TUBE ON8 
EP S ./O I A. IUS HYORAU. O I A .  CORREL. H. 1. COEF. COPnEL. FRIC. FACT. 

I N  BTU/ SC-F T 2  

0.1626460 0 1  0 .5537500-01  0.6770830-01 0.1329000 01 6 0.8333330-02 F 0.0 0.7000000-03 
0.1626460 0 1  0.5537500-01 0.6770830-01 0.1329000 01  6 0.833333D-02 F 0.0 0.7000000-03 
0.1626460 0 1  0 .5537500-01  0.677083D-01 0.1329000 01 6 0.8333330-02 F 0.0 0.7000000-03 
0 .  I 6 2 6 4 6 0  0 1  0.5537500-01 0.6770830-01 0.1329000 01 6 0.8333330-02 F 0. t770000-01 0 ~ 7 0 0 0 0 0 0 - 0 3  
0.1626460 0 1  0.5537500-01 0.6770830-01 0.1329000 01 6 0.8333330-02 F 0.6770000-01 0.7000000-03 

RELATIVE 
CURVITURE 

0.1540 000-01 
0.154OOOD-01 
0.1540000-01 
0.1540000-01 
0.1100000-01 

0.1626460 01 0.5537500-01 0.6770830-01 0.1329000 01 6 0-8333330-02 F 0.0 0.7OOOOOD-03 0.1100000-01 
0.1626460 0 1  0.5537500-01 0.6770830-01 0.1329000 01  6 0.8333330-02 F 0.0 0.7000000-03 0.1100000-01 
0*1626460 0 1  0.5537500-01 ,0.6770830-01 0.1329000 01 6 0.8333330-02 F 0.0 0.7000000-03 0.1100000-01 

0.1145300 01 0.3191690-01 0.4166670-01 0.T660000 00 6 0.8333330-02 F 0.0 0.3000000-02 0.7000000-02 
0.1145300 01  0.3191670-01 0.4166670-01 0.7660000 00 6 0.8333330-02 F 0.500000D 0 0  0.3000000-02 0 ~ 7 0 0 0 0 0 0 - 0 2  

'0 .1165300 0 1  0.3191670-01 0.416667D-01 0-766OOOC 00 6 0.8333330-02 F 0.0 
0.1145300 0 1  0.3066670-01 0.4166670-01 0-7360000 00 6 0.8333330-02 F 0.0 
0.1145300 0 1  0.306667C+Ol 0.4166670-01 0.7360000 00 6 0.8333330-02 F 0.0 

0.1145300 0 1  0.2629110-01 0.4687500-01 0.6310000 00 6 0.8333330-02 F 0.0 
0.1145300 0 1  0.323750D-01 0.4687500-01 0.7770000 00 6 0.8333330-02 F 0.0 

0.3000000-02 0.7000000-02 
0.3000000-02 0.68OOOOD-02 
0.3000000-02 0.6800000-02 
0.3OOOOOD-02 0.7100000-02 
0.7000000-02 0.5800000-02 

O. l l4530D 0 1  0.292917D-01 0.4687500-01 0.7030000 00. 6 0-8333330-02 F 0.0 0.7000000-02 0.6500000-02 

HELIUM NODE INPUT 

PRES SURE 
PSIA 

0.7146700 0 3  
0.71432OD 03 
0.7139800 0 3  
0.7136500 0 3  
0.7132600 03  

0.7125100 03 
0.7124200 03 
0.712270D 03 
0.71247OD 03 
0.7119200 0 3  

ENTHALPY 
BTU/LBM 

0.2216000 05 
0.2178700 0 4  
0.2143500 04 

0.209350D 04 
0.2110000 0 4  

0.2093500 0 4  
0.209350D 0 4  
0.2093500 0 4  
0.2031800 04  
0.1901300 0 4  

FLOW AREA 
FT**2 

0,2917000 02 
0.2917000 02 
0.2917000 02 
0.291700D 02 
0.3366320 02 

0.2138030 02 
0.2138030 02  
0.3627440 02  
0.4000000 0 2  
0.4000000 02  

INLET OUTLET NOOA L UPS TRE bM ONS TR E A M  
FLOW LENGTH VOL. HEIGHT POSITION POSITION VOLUME KOOE NODE 

F T  FT I=TOP 0=90TTOM FT**3 

0.1177500 01  0.1177500 0 1  

0.1171500 01  0.1177500 0 1  
0.1177500 01 0.1177500 01 
0.228125D 01 0.2333300 01 

0.1177500 01 0.1177500 01 

0.1995920 02 0.1995920 02  
0.1995920 02 0.1995920 0 2  
0.2500000 01 0.3583300 0 1  
0.3113900 01 0.3113900 01 
0.2820300 0 1  0.2828300 01  

1 0 0.5870390 02  201 2 
1 0 0.5870390 02 1 3 
1 0 0.5870390 02 2 4 
1 0 0.5870390 0 2  3 215 
1 1 0.1682060 0 3  2 15 6 

1 0.4267340 0 3  5 
1 0.4267340 0 3  6 
0 0.281152D 0 3  7 
0 0.191002D 03 2 30 
0 0.1734860 03 9 

7 
8 

2 30  
10 
11 

0. e. 



IO 000Zttl'O 10 OOOS061'0 S 

IO aoozeti-o IO aoos06~*0 9 
IO oooz+'r~-o io aoos061=0 S 
IO OOOZC~I*O io aoos061*0 9 
IO ooozcc~*o io aoos061*0 L 
IO 00t96E1°@ 10 00hE69I'O S 

10 30t96E1'0 10 00EE691'0 S 
IO 301196€1*0 10 00EE691'0 9 
10 00€€691'0 10 OO8ZSZL.O 01 
IO 0000001'0 I@ 0000001'0 0 
IO 0000001'0 10 0000001'0 0 

IO 30fLZSl'O 10 OOEISSt'O L 
' 10 007.8ss1-0 IO OO'pLZSI'O 2 

10 0028s51'0 10 OOtL2S1'0 2 
IO ooz8ss1'o 10 001112SI'O 2 
10 002ess1*0 10 OOtLZS1'0 7. 

51 

91 
81 
61 
61 
91 

91 
81 
I1 
0 
0 

L 
e 
t 
+. 
c 

IO 300oq01~0 0.0 IO OOOOOOI-o EO aoozzzs-o 

IO 3000001'0 
IO 0000001'0 

IO 0000001'0 
10 3000001'0 

IO aoooooi-o 
0'0 . 10 0000001'0 EO 000z27.s-0 
0'0 10 0000001'0 €0 000222s*0 
0-0 IO aoooooi-o EO aoozzzs'o 
0'0 IO 0000001'0 €0 ooozz2s'o 
0-0 . IO aooszrr-o EO aoozzzs*o 

IO 3000001'0 0'0 io OOOS211'0 EO OOOZZZS'O 
10 i1000001'0 0.0 10 000s211*0 EO OOOZZZS-O 
IO JOOOOOI=O io-aoooosL*o IO OOOSZII=O EO aoozzzs*o 
20 ooocnoi*o- 1o-aoooooe*o zo aoooooc-o EO ozzzs*o 
20 P000001*0- 10-0000008'0 20 000000C'0 EO 000~f25'0 

10 aoooooi-o io-aoooosL*o IO OOOSZ~I-o EO aoozzzs~o 
IO 0000001'0 0-0 IO ooosz91-o EO aoozzzs-o 
IO 0000001'0 0.0 IO OOOSZ~I-o EO aoozzzs'o 

10 3000001.0 IO-00000SL'O 10 OOOSZ91'0 €0 OOOZZZS'O 

IO 0000001*0 0'0 10 OOOSZ91'0 €0 COOZZZS'O 

N1 33s /k91 
31VY Mol3 lVNIOn119NOl 3SY3ASNV'UA 031302)VlS 31UI lN1 . Y10/Sd73 -nv~ -3ibj =via 3axs~no 

.VI0 Dl H311d 'VI0 Ul H321d SMOY 'ON SHU1 'ON lNVlSN0 3 38nA '9AV ssvw 

lndN 1 31 1IlVYOAH WnI 13H 

\ 

1sz SI €0 0lL91191'0 0 

91 ti EO OIL~C91°0 0 
SI €I EO 0126t81'C 0 
71 21 EO O€OOOOZ'O 0 
€1 11 EO OEOOOOZ'0 0 
21 01 EO art60691*0 0 

I KO aosLosz*o io OOSLOSZ*O to ooo18s'r-o eo OO~~~EI*O io aoLoou'o 

1 10 OOSLOSZ~O IO OOSLOSZ-o 20 ooo~est*o eo a060ztt*o EO aoiEoiL*o 
1 IO OO'~ZI~Z~O IO oocz~ez*o zo oooies+*o eo ao96et1.0 EO OO~SOIL'O 
I IO OOBI+OE~O IO OOB~~OE*O zo OOOI~SVO to OO~BSS~=O EO ao1eou-o 
I IO OOBI~~OE~O IO OO~~~OE*O zo OOOIBS~*O $0 aossc91-o EO aoeoiu-o 
1 10 0089SLZ'O IO 3069SL2'0 20 00000011'0 '10 000S9LI.O €0 008311L'O 

* 'I b 
r 



*-******* TUNNEL INPUT ********* * 
THE FIRST NOOE I N  THE TUNNEL IS 5 
THE LAST NOOE I N  THE TUNNEL IS 8 

*a8 ******* WATER AN0 HELIUM ALLOWABLE TEMPERATURE CHANGES *ti******* 

ALLOWABLE TEMPERATURE CHANGE FOR WATER = 0.100000000 0 1  
ALLOWABLE TEMPERATURE CHANGE FOR HELIUM = 0.200000000 00 

0.0 1.14530 00 1.00000 01 1.08330 00 1.20000 02 4.5380D-01 1.40000 02 3.389OD-01 
1.50000 02 ' 2.88600-01 1.60000 02 2 -861 OD-01 1.40000 03 2.86100-01 

1.40000 03 2.72660 03 0.0 2.96500 03 1.60000 02 2.74120 03 

*r#.+****i**Htn**,t~****************;;;*;******# WATER SIC€ *************l****+*********l******************~ 

*#***i*~*****************#*******+,*********** ENTHALPY V S .  TIME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TIME ENTHALPY T I M E  EY TH AL PY T I  YE ENTHALPY TIME ENTHALPY 

2.62300 02 0.0 3.46800 02 1.00000 02 3.06100 02 2.00000 02 2.77600 02 3.0000D 02 
4.00000 02 2.47600 02 5.00000 02 2.34600 02 . 6.0000D 02 2.22700 02 7.00000 02 2.1430D 02 
9.00000 02 2.12500 02 1.40000 03 2.12000 02 



, 

*U******************************~*************** HELIUW SIOE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
**L.***++*ni* *,******W.rt*t+*~***ni**rr*+*t+t FLOU R I T E  V S .  TIME ............................................. 

TIW E FLOW R4TE TIME FLOW RATE TIME FLOU RATE T I  CE FLOW RATE 

0.0 
4 .00000 
8 .00000  
1 .20000  
1 .60000 
2 .10000 
2.5 000 0 

3.30000 
3 .70000  
4 .10000  
4.50 00 0 

6 .00000  

9 .00000 

2 .  9000  0 

5 .20000 

7 .40000  

5.22200 02 
01 3.07500 02 
01 2.96900 02 
02 2.19500 02 
02 1.50000 02 
02 1.49100 02 
02 1.67200 02 
02 2.15400 02 
02 2.63500 02 
02 2.75700 02 
02 ' 2.01600 02 
02 1.52000 02 

02 1.44500 02 
c2 1.22900 02 
02 1.13000 02 

02 1.56500 02 

1.00000 01 
5.00000 01 
9.00000 01 
1.30000 02 - 
1.80000 02 
2.20000 02 
2.60000 02 
3.00000 02 
3.40000 02 
3.00000 02 

4.60000 02 
4.20000 02 

5.40000 02 
6.20000 02 
7.60000 02 

4.90400 02 
3.50100 02 
2.00600 02 
i . 9 rsoo  02 
1 OD 02 
1.5110D 02 
1.76100 02 
2.32000 02 

2.48300 02 

1.52500 0 2  
1.40800 02 

1.26500 02 

2 . r0900  02 

1.r5100 0 2  

1 . 4 n o o  02 

2.00000 01 
6.00000 01 
1.00000 02 
1.40000 02 
1.90000 02 
2.30000 02 

3.1000D 02 

3.90000 02 
4.3000D 02 

5.60000 02 
6.40000 02 
0.00000 02 

2.r0000 02 

3.50000 02 

4.80000 02 

4 .56000  02 3.00000 01 
3 .33500 02 7.00000 0 1  
2.63400 02 1.10000 02 
1.70000 02 1 .50000 02 
1.49200 02 2.00000 02 
1.55100 02 2.40000 02 
1 .07200 02 02.80001) 02 

3.20000 02 2.43200 02 
2.10100 02 3.56000 02 
2 .31500 02 4.00000 02 
1.51300 02 4.40000 02 
1.53300 02 5.00000 02 
1 .37900 02 5.70000 02 
1 .11900 02 7.00000 02 
1.21600 02 8.50000 02 

4.21000 02 
3.13500 02 
2.45100 02 
1 .43300 02 
1.49200 02 
1.60300 02 

2.54300 02 

2 .11000 02 
1.52600 02 

1 .30000 02 
1.1450D 02 

2.00500 02 

2 . r6500 02 

1.51200 02 

1.16000 02 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HELIUM SIDE *********tt********~**********b*u************** 

* ~ * i + * * i * * t L i ~ * * * * t * ~ * r * i * * i t H n * * u * * * * * * *  PRESSURE V S .  T I M E  *98***l*******t*********ii**+***********tt**** 

TIWE PRES SUR E T I Y E  PR E S SUR E TIME T I  ME PRESSURE PRES SUR E 

0 . 0  7.15000 02 1.00000 02 6 .60500 02 2.00000 02 6 .29600 01 3.00000 02 6 .20500 02 
4 .00000  02 6.12000 02 5.00000 02 5 -0 1300 02 6 .00000 02 5.60800 02 1.00000 02 5.42000 02 
8 .00000 02 5.3040D 02 9.00000 02 5.19700 02 1.00000 03 5.09600 02 1.10000 03 5 .00000 02 
1 .20000 03 4.90400 02 1.30000 03 4.79900 02 1.40000 03 4 .70500 02 1.50000 03 4.64500 02 

......................................... HELIUM S I D E  *************************L*************~l*~~****~ 
tU**~Ct*I*******l*+t*+.lt************************* ENTHdLPY V S .  TIME .............................................. 

TIME ENTHALPY TIME ENTHdL PY T I  ME ENTHALPY T I  ME ENTHALPY 

2.23200 03 0 . 0  2 .26930 03 1.00000 01 
4 .00000 01 2.20670 03 6.00000 01 2.15520 03 1.00000 02 2.05660 03 1.10000 02 2.03500 03 
1.30000 02 2.00050 03 1.50000 02 1.98060 03 1.50000 02 1.90040 03 2.30000 02 1.85820 03 

1.565bO 03 2 .50000 02 1.01300 03 2.90000 02 1.73910 03  3.50000 02 1.60230 03 3.70000 02 
3 .90000 02 1.53610 03 4 .10000 02 i . 5 i z r o  03  4.6000D 02 1 ,47520 03 5.00000 02 1.44730 03 
5 .60000  02 1.41510 03 6 .00000 02 1 . 3 9 5 8 ~  03 6.20000 02 1 .38650 03 h.40001) 02 1.38260 03 
7 .00000 02 1.36410 03 7.40000 02 

2.26990 03 2.00000 01 2 .25510 03 3.00000 01 

1 .35159 03 



*****I**** MATER SIDE ***+**r**i 

INPUT 
FRICTION FACTOR 

-3.20601 ’4290-05 
-7.84749961D-05 
-8. 656069420-05  

6 .  7 5 1 0 3 0 7 2 ~ - 0 2  
6.74831 1990-02 

-4.269 130260-04 
-6.302823491)-04 
-1. i r o 3 r i 3 8 0 - 0 3  

r. m i r 6 4 8 0 - 0 3  
5.00365 9400-0 1 

3.992 750620-03 
1.107666630-06 

-5.93631 7 0 2 ~ - 0 4  
-4.80693250D-03 

3.06059 1910-07 

C ALCUCA TED 
FRICT1C)Y FACTOR 

1.837141000-02 
1 .8386~392~+02 
1 . 8 4 0 2 3 r 4 ~ ~ - 0 2  
1.841742190-02 
1.843198470-02 

1.844441140-02 
1.845598500-02 
1.84651 1400-02 
2.66722 5030-02 
2.65r545240-02 

CALCULATED TWO - PHASE TRANSITION REGION PARAMETERS F=A*EXP(RE)**B 
CURVITURE FACTOR MULT I PLIER 4 8 

4. 449598620-01 1 . 3 8 9 ~ r ~ 1 0 9 0  00 1.000000000 00 1.01 32 2 658O-03 
1.385 31 81 60 00 1. 000000000 00 1.0132 2 6580-03 4.449598620-01 
1.380990180 00 1. 00000000D 00 1.01 32265 ED- 0 3  4.449598620-01 
1.37703429D 00 1.000000000 00 1.01 32 2 65 8r)- 03 4.449598620-01 
1.315565890 00 1. 000000000 00 1.013226580-03 4.449598620-0’. 

1.313039280 00 
1.310770190 00 
1.30902175D 00 
1.181066590 00 
1.19i i r3830 00 

1.198Z04980 00 
1.20261880D 00 
1.20431480D 00 
1.205890520 00 
1.251095470 00 

1.253458080 00 

1.000000000 00 
1.000000000 00 
1.000000000 00 
1. OOQQOOOOD 00 
1.000000000 00 

1. 000000000 00 
1. 000000000 00 
9.36019542D-01 
9.104288370-01 
1.00000000D 00 

1.0 I 32 2 6 5  80- 03 
1.0 1322658D- 03 
1.0 132 2 6 5  80- 03 
5.34551246D-04 
5.345512460-01 

5.345572460-04 
5.345572460-04 

5.34551246D-04 
2.0081 21100-04 

5 .34557246~-04  

2.0081 27 100-04 

4.449598620-01 
4.449596620-0 1 
4.4+959862D-01 
5.28552283D-01 
5. 2a5522830-ai 

5.285522830-01 
5.285522830-01 

5.285522830-01 
6-565398900-01 

5.2a5522830-01 

6.565398900-01 

w b 



1 ” i b I 

INPUT 
FRICTION FACTOR 

-2 .02170 1740- 03 

-9.149886170-04 

-8.70728 134D-(W 

7.406085380-02 

7.30 183 8070-02 

7.780053480-02 
7.948 082 1 80-02 
7.336793420-02 

-1.896355290-02 
-1.991043300-02 

-1.636489240-02 
-8.191583790-03 
-9.991237000-03 
-1.30058983D-02 - 1.971564480-02 

1.49630 109D- 01 

#****-I* 

CALCULATED 
FRICTION FACTOR 

3.856499070-01 

3.849274570-01 

3.842349100-01 

3.835659470-01 

4.230909460-01 

0.0 
0.0 
6.16562956D-01 
1.268069050 00 
1.093854430 00 

1.005053710 00 
1.176997720 00 
1.099332580 00 
9.883832740-01 
9.821114730-01 

8.719246280-01 

HELIUM S I D E  

TUBE GRIM 
NUU8ER 

4 
5 
3 
6 
2 
7 
1 
8 

16 
15 

14 
13 
12 
11 
10 

cr 

***** *** ** 

SON PARAUETERS NU= 
9 

2.565 11 82 10-0  I 
2 .565118210-01 
2.56 5 1 1 8 2 10-0 1 
2.565118210-01 

2.565 118210-01 
2.56511 021D-01 
2 .565  118210-01 

2.565118210-01 

B*RE**N*t PR/. )**1/3 
N 

6.1508581 60-01 
6.15085816D-01 
6.15085816D-01 
6.1508581 60-01 
4.1508581 6D-01 
6 .1508581  60-01 
6.150858160-01 
6.150858160-01 

1.670145880-01 6.623726030-0 i 
1.670145880-01 6.623726030-01 

1.67014588D-01 6.62372603D-01 
1.468547440-01 6.756699200-01 
1.468547440-0 1 6.756699200-01 
1.468547440-01 6.756699200-01 
1.46854 7440-01 6.756699200-01 

9 1.468547440-01 6.756699200-01 



I NTFRN AL ndSS *****+**it****** PRESSURE OR@P - P S I  ***************+ 
NODE PRESSURE TOTAL MASS ENERGY TEMP. OUACITY FLow R A T E  INERTIA PRESSURE STATIC HEAO MOMENTUM FRICTION 

PSIA  L BM 8TU OEG. f CBC/SEC 

1 629.80 4.779300-02 5.803330 01  679.50 1 .17  1.62646D 00 2.88210-13 3.54840 00 -8.38620-03 -1.98530-01 -3.34150 00  
2 626 .25  4.471840-02 5.538650 01  729.75 1.22 1.626460 00 3.3218D-13 3.97670 00  -7.84670-03 -4.12540-01 -3.55630 00 
3 622.27 4.201230-02 5.303260 01 781.11 1 - 2 6  1.626460 00 4.09250-12 4.19590 00  -7-37180-03 -4.1304D-01 -3 .77550  00 
4 618.08 3.963510-02 5.094410 01 830.55 1.30 1.626460 00 -7.50510- 14 1.50910 01 -6.9547D-03 -4.09370-01 -1.46750 0 1  
5 602 .99  3.691930-02 4.825350 01 878.76 1.33 1.626460 00 2.4583D-11 1.60870 01  6.47820-03 -5.3223D-01 -1.55610 0 1  

v 6 586.90 3.455960-02 4.582790 01  920.04 1.37 1.626460 00 -9.40890-12 4.83560 00 6.06410-03 -5.30340-01 -4.31140 00  

8 577.29 3.211540-02 4.352410 01  988.36 1 .42  1.626460 00 -4.44090-16 4.77420 00  5.63520-03 -2.94510-01 -4.48540 0 0  
9 2881.59 6.543600 00 2.594450 03 426.31 -1.44 1.145300 00 1-06580-14 8.3367D 01 -9.30850-01 -2.05640-02 -8 -24160  01  

10 2798.22 5.96507D 00 3.014090 03 524.32 -0.89 1.145300 00 0.0 7.59291) 00 -8.48559-01 -5.01600-02 -6.69420 00 

7 582.06 3.321080-02 4.457030 01 958.08 1.39 1.626460 00 5.0402D-11 4.77420 00  5.82750-03 -3.36990-01 -4.44310 00 M 

11 2790.63 5.974210 00  3.601360 03 602.68 -0.54 1.145300 00 3.32200-12 8.5549D 00  -8.49870-01 -6.80000-02 -7.63700 00 
12 2782.07 5.043350 00 3.535170 03 664.17 -0m.18 1.145300 00 l.J.1020-15 1.16430 01 -7.77120-01 -2.46390-01 -1.06190 01  
13 2770.43 2.677930 00  2.19563D 03 683.35 0.27 1.145300 00 -3.55270-15 1.99300 01 -4.12640-01 -7.18840-01 -1.87380 01  
14 2750.50 1 .298850  00  1.267940 0 3  682.27 0 . 8 8  ? .145300  00 0.0 2.28240 01  -1.95630-01 -8.9496C-01 -2.17340 0 1  
15 2727 .68  4.904590-01 5.551920 02 766.09 1 .51  1.145300 00 -5 -96860-13  1.56500 0 2  -1.12020-01 -7.97210 00 -1-4842D 02 

16 2571.18 4.360080-01 5.531680 02 938.57 1 .90  1.145300 00 -7.10540-15 1.56500 0 2  -8.02250-02 2.3057C-02 -1.56440 0 2  

c b I' s 



$ .! 
f e 

NUDE PRESSURE 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 

P S I A  

784.67 
714.32 
713 .97  
713.63 
713.23 

712.52 
712.37 
712 .22  
712 .42  
711.85 

711.41 
71 1 - 0 0  
710.73 
710 .45  
710.21 

709.99 

TOTAL MASS 
LBM 

8.641120 00 
8.787230 00  
8.929800 00  
5.069880 00  
2.618060 01  

6.635350 01 
6.633950 01 
4.369820 01 
3.052980 01  
2.950530 0 1  

3.096580 0 1  
3.94269D 01 
4.176060 01 
4.043780 01  
3.781890 01 

3.999250 01  

INTERNAL 
ENERGY 

BT U 

1.167200 0 4  
1.166490 04 
1.165800 04 

3.336400 04 
1.165120 04 

8.455970 04 
8.454190 04 
5.568820 04  
3.783510 04 
3.432210 04 

3.341250 04 
3.947020 04  
3.943310 04 
3.642760 04 
3.245000 04 

3.241850 04 

TEMP. 
OEG. F 

1341 31 
1310.29 
128  1.00 
1253.11 
1239.48 

1239.49 
1239.49 
1239.49 
1192.69 
1091.31 

979.00 

199.33 
741.42 
684.36 

875.11 

621  13 

5.222000 02 4.16330-17 3.54540-01 1.2037D-03 3.92480-03 -3.59670-01 
5.222000 0 2  4 . !6330-17  3.45010-01 1.22400-03 7.81490-03 -3.54040-01 
5.222000 0 2  4.16330-17 3.3918D-01 1-24390-03 7.37900-03 -3.47800-01 
5.222000 02  2.7756D-17 4.00480-01 1.21340-03 7.02380-03 -4.08770-01 
5.222000 02  1.38780-17 7.09920-01 0 . 0  -3.79590-01 -3.30330-01 

5.222000 02  0.0 1.50910-01 -2.15520-02 -8.21900-04 -1.28530-01 
5.22200D 0 2  0 .0  1.53070-01 -2.15470-02 -1.74820-04 -1.31350-01 
5.222000 02 -1.38780-17 -2.02040-01 0.0 5.98180-01 -3.96140-01 
5.222000 0 2  8.32670-17 5.63540-01 3.45640-03 6.5386C-03 -5.73540-01 
5.222000 02  1.52660-16 4.46250-01 3.34040-03 1.38480-02 -4.63440-01 

5.222000 02  6.93890-17 4.09390-01 3.50580-03 1.54170-02 -4.28310-01 
5.222000 0 2  -1.38780-17 2.68820-01 4.16410-03 5.86140-02 -3.31600-01 
5.222000 0 2  1.38780-17 2.79570-01 4.41060-03 7.95170-03 -2-91930-01 
5.222000 0 2  0.0 2.39250-01 4.27090-03 6.06740-03 -2.49590-01 
5.222000 0 2  2.71560-17 2.24790-01 3.99430-03 5.98800-03 -2.34170-01 

5.222000 0 2  -2.77560-11 2.24790-01 4.22390-03 6.64610-03 -2-35660-01 



*#* ******.** ****************#**~*************~******** TUBES 

W ~ T E R  
SURFACE 

TEMP. 
OEG. F 

908.08 
951 .27  
9 9 4 . 4 8  

1036.58 
1064.66 

1075.80  
1085-99  
1092.54  

448 .63  
541.70 

617 .23  
616.61 
685 .52  
716.41 
813.59 

993 .76  

ASSOC. 
HEL IUM HELIUM 

HELIUlr 
SURF A t  E 

TEMP. 
OEG. F 

1017.51  
1054.86  
1092.80  
1130.64  
1149.50 

1147.41 
1145.32 
1141.25  

56 8.62 
480 .89  

640 .85  
702.89 
126.49 
790.79 
920.63 

1061.53  

T U B E  
AVERAGE 

TEMP. 
OEC. F 

965.54 
1005.67 
1046.11 
1085.97 
1109.21 

111 3.41 
111 7.14 
111 8.11 

465.03 
556.05 

629 .82  
6 9 0 . 7 5  

757.02 
874.15 

70 7.57 

1031.59 

HEAT 
W ~ T E R  TRAN. HEL I UY 

TRAN. COEF. 
BTU /HR-FT2-F 

WATER 
TRAN. COEF. 

BTU/HR-FT2-F 

MASS 
FLUX 

L BY /HR-FT 2 

0n8 
FLUX 

BTU/HR-FT2 
NODE WOO€ H E 3 1  FLUX 

BTU/HR-FTZ 
H E 4 T  FLUX 
BTU/HR-FTZ 

YnoE 

7 
7 
1 
7 
1 

7 
7 
7 
1 
I 

1 
1 
2 
4 
7 

7 

1 4 
2 3 
3 2 
4 ' 1  
5 1 

9 .227130 04 

8 . 5 0 5 3 3 0  04 
8 .351220 04 

8.890790 04 

7 .603100 M 

3.916400 02 
3 .931660 02 
3 .947509 02 

3 .964080 02  
3.964080 02 

4.935830 02  
4.907560 02 

4 .956160 02  
5.001110 02 

4.919780 02 

1.128220 0 5  
1.087100 0 5  
1.049750 05 
1.021120 0 5  
9.297300 0 4  

6 . 0 7 a i 2 ~  0 5  
6.078120 0 5  
6.078120 0 5  
6.078120 0 5  
6.070120 0 5  

0.0 
0.0 
0.0 
0.0 
0.0 

6 2 
7 3 
8 4 
9 16 

10 15 

6 .429480 04 
5.334430 04 
4 . 3 8 1 0 3 0  04 
4 . 9 1 3 2 5 0  0 4  
4 . 1 0 0 1 0 0  04  

3 .947500 02 
3.931660 02  
3 .916400 02  
3 .503530 02  
3.542500 02 

5.046980 02 
5.099160 02 
5.142130 02 

3.080790 0 3  
2,873660 0 3  

1.861380 04 
6.522590 0 4  
5.351320 0 4  
6.414160 0 4  
5.352590 0 4  

6.078120 0 5  
6 .078120 0 5  
6 .078120 0 5  

1.208360 0 6  
1.288360 06 

0 .o 
0.0 
0.0 
1.922840 06 
1.502000 06 

11 1 4  
12 1 3  
13 1 2  
14 1 1  
15 10  

3 .596700 04 
3.480930 0 4  
5 .426000 04 
7.253210 0 4  
6 .600840 04 

3 .576300 0 2  
3 .609380 0 2  
3.650970 0 2  
3 .853870 0 2  
3 .914170 02  

3.227670 0 3  
3.802650 03 
3.399170 04  
3.076310 03 
2.507080 0 3  

4.695410 0 4  
4.729460 04 
1.372210 0 4  
1.050160 0 5  
1.190980 0 5  

1.288360 0 6  
1.395530 06 

1.252140 06 
1.395530 06 

1.898610 06 

1 .115150 06 
2 .216060 7.540850 05  05 

0.0 
0.0 

16 9 5 .201670 0 4  3 .965840 02 1.508190 0 3  8.323560 0 4  1 .529620 0 6  0.0 . 

***+**********************~*** REHEATER AN0 STEAM GENERATOR INLET AN0 OUTLET CONDITIONS L******+*+*******+**~*********** 

**** REHEATER ***** ***** STEIM GENERATOR ***** 
-------- INLET -------- ----I- OUTLET -------- -------- INLET -------- ------ OUTLET -------- 

WATER HELIUM WATER HELIUM WATER UATER HELIUM HELIUM 

7.09870 0 2  2.49290 0 3  PRE S SURE 6.28800 02 1-15000 02 5.74900 0 2  7.13230 0 2  2.96500 03 7.13230 0 2  
TEMPERATURE 6.51400 02 1.35730 03 1.00160 0 3  1.23950 0 3  3.69670 02 1 .23950 03 1 .03280 0 3  5.86660 0 2  

1 .30940 0 3  ENTHALPY 1.31130 0 3  2.26930 0 3  1.51900 0 3  2.12250 0 3  3.46800 02 2 .12250 0 3  1.47800 03  
SPEC. VOL. 9.42800-01 6.85030 00 1.41340 00 6 .42480 00 1.79630-02 6 .42480 00 3.15840-01 3 .99330 00 
FLOW RATE 1.62650 00 5.22200 02 1.62650 0 0  5 .22200 0 2  1.14530 00 5 .22209 02  1 . 1 4 5 3 0  00 5 .22200 02  



’\ ’ t 

tn** * * i * * * * * *L l i i * * * i *e t r * t  ******+*+#*******+ TRANS.IENT OUTPUT NUUBER 21 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*******************I*************************** T IUE STEP NUMBER 8100 ***************.*****************************~* 
**t****************C******* *****it***********+ TRbhS IFNT TIME = 200.00i)O SEC. +******,Z*****l***+**********j***************** 

I NTFR NAL UbSS ******+***e***** PRESSURE DROP - PSI **************+e 
NOOE PRESSURE TOTAL UASS ENERGY TEMP. QUACITY FLOW RATE INERTIA PRESSURE STATIC HEAD UOHENTUM FRICTION 

P S I 4  LR M BT U OEG. F L BU/SEC 

1 152.67 1.093590-02 1.351050 01 664.52 1.19 .3.666920-01 -1.24410-03 6.85330-01 -1.91890-03. 2.99050-02 -7.14560-01 
2 151 -99 1.029770-02 1.296400 01 721.47 1.22 3.668170-01 -6.48860-04 8.42980-01 -1.80690-03 -8.35730-02 -7.58250-01 
3 151.14 9.767930-03 1.250000 01 778.22 1.25 3.669340-01 -6.76460-04 8.18880-01 -1.71400-03 -7.7772D-02 -8,00070-01 
4 150.26 9.329570-03 1.211120 01 826.98 1.28 3.670450-01 -1.38390-03 3.22100 00 -1.63100-03 -7.11530-02 -3.14960 00 
5 147.04 8.827570-03 1.160180 01 867.12 1-31 3.671500-01 -1.46340-03 3.3887[) 00 1.54900-03 -8.99610-02 -3.30170 00 

6 143.65 8.401860-03 1,115100 01 896.52 1.32 3.672500-01 -7.75780-04 9.73180-01 1.47430-03 -e.48240-02 -8.90600-01 
1 142.68 8.188060-03 1.094610 01 918.28 1-34 3.673490-01 -7.82220-04 9.51000-01 1.43670-03 -4.64020-02 -9.06810-01 
8 141.73 F!.026380-03 1.078500 01 933.01 1.35 3.674480-01 3.87810-02 9.78680-01 1.40840-03 -3.69610-02 -9.04350-01 
9 2624.16 6.732650 .OO 2.381020 03 385.21 -1.16 2.851330-01 1.97440-04 5.92640 00 -9.57740-01 -1.34230-03 -4.96710 00 
10 2618.23 6.06S670 00 2.948870 03 506.87 -0 .75  2.850140-01 -1.34540-03 1.27100 00 -8.63439-01 -3.37410-03 -4.05570-01 

11 2616.96 6.195670 00 3.551780 03 579.42 -0.49 2.852400-01 3.28110-03 1.33990 00 -8.81310-01 -3.47060-03 -4.51820-01 
12 2615.t2 5.592370 00 3.602140 03 629.96 -0.27 2.847790-01 4.62880-03 1.45920 00 -8.61710-01 -1.11630-02 -5.81670-01 
13 2614.16 4.927040 00 3.491810 03 665.60 -0.07 2.825060-01 -5.46990-03 1.40880 00 -7.59200-01 -5.75150-03 -6.49340-01 
14 2612.75 2.567420 00 2.044230 03 674.63 0.22 2.694070-01 2-10990-03 1.01640 00 -3.86710-01 -1.66210-02 -6.11000-01 
15 2611.74 8.802450-01 8.371410 02 674.57 0.75 2.639010-01 8.87170-04 4.0609D 00 -2.01040-01 -2.39900-01 -3.61900 00 

16 2601.67 6.228180-01 7.107220 02 766.04 1.45 2.624890-01 5.35690-03 5.62070 00 -1.14600-01 -7.48330-02 -5.42590 00 



NODE PRESSURE 

1 
2 
3 
4 
5 

6 
1 
8 
9 

10 

11 
12 
13 
14 
15 

16 

P S I A  

6 2 9 . 5 0  
6 2 9 . 4 6  

6 2 9 . 4 0  
629.3 1 

6 2 9 . 4 3  

629 .3  1 

629.2 4 
6 2 9 . 2 1  

6 2 9 . 2 5  
6 2 9 . 2 0  

629.1 6 
629.1  3 
6 2 9 . 1 0  

6 2 9 . 0 6  
6 2 9 . 0 8  

629 .04  

TOTAL MASS 
LBM 

9 . 0 4 5 3 8 0  00 
9 .156520 00 
9.266560 00 
9 .318250 . O O  
2 . 7 0 3 3 7 ~  0 1  

6.851150 01 
6 .857020 01 

3.185810 01 
3 . l 2 3 2 M  01 

4 .517010 01 

3 .243620 01 
3.984160 01 
4.094450 01  
3 .908830 01 
3.b31950 0 1  

3 .868510 01 

INTERNAL 
ENERGY 

BT U 

1.021620 0 4  
1.02148D 0 4  

1 .021200  0 4  
2.942050 04 

1*02?34D 04 

1.46541D 0 4  
1.465090 0 4  
4.918100 0 4  
3.340220 04 
3 . a 3 i i m  a4 

2.953200 0 4  
3.49148D 0 4  
3.490410 0 4  
3.226010 0 4  
2.814860 04 

2.812690 0 4  

TEMP. 
OEG. F 

1055.  C7 
1036.48 
1018.51 
1000.70 
991.81 

991.80 
991.88 
992.04 
938.24 
834.58 

754.26 
108.59 
676.94 
640 .73  
595.71 

530.40 

1.491980 0 2  1 .22650-01  3 .19400-02  1.26OOD-03 2.22510-04 -3.34230-02 
1.491970 0 2  4 .31610-01  3.13320-02 1.27540-03 4.45200-06 -3.3052D-02 
1.491980 0 2  . - I  .44860-07 3.09000-02 1 .29080-03  4.29760-04 -3.26200-02 
1.491990 0 2  -2 .16540-07  3.51420-02 1 .30630-03  4.25500-04 -3.14140-02 
1.492030 0 2  -3 .15330-01  6 .05760-02  0.0 - 3 0 0 6  1 0- 02 - 3 0 5  15 0-02 

1.492150 0 2  - 2 . 3 0 8 7 0 - 0 1  3.24450-02 - 2 . 2 2  740-02 - 1.63990-05 - 1.01540-02 
1.492270 0 2  -2 .97690-07  3.26610-02 -2 .22120-02  -1.74060-05 -1.03110-02 
1.492350 0 2  -1 .02510-07  -1.06050-02 0.0 4.14290-02 -3 .68240-02  
1.492420 0 2  -1 .75680-07  4 .92860-02  3 .60690-03  6.86450-04 -5-35800-02  
1.492520 0 2  -2 .61220-01  3 .77800-02  3 .53600-03  1.32180-03 -4.26380-02 

1.492660 0 2  -3.53680-07 3.51610-02 3 .67230-03  1.02310-03 -3.98560-02 
1.492840 0 2  -2 .19130-01  2 .31270-02  4 . 2 0 8 6 0 - 0 3  4.16500-03 -3.21010-02 
1.493010 0 2  - 2 . 1 8 1 1 0 - 0 1  2.46010-02 4 .32440-03  3.05570-04 -2.92320-02 
1.493190 0 2  -2 .05620-07  2 .09240-02  4 .12830-03  3.502lC-04 -2.54030-02 
1.493360 0 2  -2 .04720-07  1.98510-02 3 .83600-03  4.36530-04 -2.41240-02 

1.493530 0 2  7.7199D-03 2-63490-02  4 .08590-03  6 .34740-04  -2 .33500-02  



NOD E 

1 
2 
3 
4 
5 

6 

8 
9 

10 

7 

11 
12. 
13 
14 
15 

16 

ASSOG. 
HELIUM HELIUM 

NODE 

4 
3 
2 
1 
1 

2 
3 
4 

1 6  
1 5  

1 4  
1 3  
1 2  
11 
10 

9 

HEAT FLUX 
BTU/HR-FTZ 

2.128820 04 
1.905260 04 

1.496650 04 
1.224360 04 

1.692630 04 

9.004630 0 3  
6.342400 03 
4.151910 0 3  
1,632960 04 
1.02727~ 04 

7.186580 03 
5.509290 03 
5.108610 03 
1.091880 04 
1.744560 04 

PRES SURE 
TETPERATURE 
ENTHALPY 
SPEC. VOL. 
FLOH RATE 

HELIUP 
HELIUM SURFACE 

TRAN. COEF. TEPIP. 
BTU/HR-FTZ-F OEG. F 

1.143140 0 2  818.58 
1.748210 0 2  909.53 
1.753260 02 939.94 
1.750530 02 969.97 
1.758530 02 905.45 

1.753260 0 2  905.12 
1.748210 0 2  982.23 
1.743140 02 916.89 

1.495660 0 2  521.02 
1,47735~ 0 2  419.87 

1.507780 0 2  593.06 
1.517229 02 640.63 
1.525250 02 615.09 

1.643870 02 728.45 
1.622550 0 2  606.97 

1 .67009~ 02 835.87 

TUBE W ATER 

TEMP. TEKP. TRAV. COEF. 
OEG. F DEG. F RTUIHR-FT2-F 

AVERAGE SURFACE WATER 

866.02 852.57 1.341430 02 
098.46 886.60 1.367400 02 

961.52 952.42 1.42210D 02 
930025 920.00 1.396510 02 

978.59 971.00 1 . 4 4 4 7 1 ~  02 

980.08 974.33 1,462270 0 2  
978.68 974.49 1.472520 02 
974.56 971.65 ' 1.400890 02 
414.87 409.05 9.099790 02 
523.87 520.27 1.002160 0 3  

590.86 588.35 1.046340 03 

681.88 675.77 1.389420 04 
716.47 700.53 1.195310 03 

638.71 636.44 1.171010 03 
673.31 671.17 1.287660. 03 

826.03 813.11 6.038J90 02 

HEAT 
WATER TRAN. M A S S  

HEAT FLUX MODE FLUX 
BTU/HR-FTZ LBY/HR-FTZ 

0n8 
FLUX 

8TU /HW- F12 

2.522580 04 7 1.370330 05  
2.258090 04 7 1.370800 0 5  
1.979950 04 7 1.371240 05 
1.704580 04 1 1.371650 05 
1.500650 04 . 7 1.372050 05 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
1.574950 Ob 
1.136030 Ob 

9.350130 0 3  1 3.208690 O S  
1.589920 0 3  1 3.4699SO 0 5  
7.167610 03 1 3.442250 05 
1.582340 04 2 2.945380 05 
3.103520 04 4. 4.374800 05  

0.45084q 0 5  
6.309930 0 5  
4.058210 0 5  
5.93203D 04  
0.0 

2.842280 0 4  1 3.505110 0 5  0.0 ' 

***** REHEATER **-* 
OUTLET ---I--- -------- 1hlL.E T --e---- ----- 

WATER HELIUM WATER HEL rUM 

1.44640 02 6.29610 02 1.41260 0 2  6.29310 0 2  
6.29930 02 1.06460 03 9.41920 0 2  9.91810 02 
1.33980 03 1.90410 03 1.49960 03 1.81340 0 3  
4.36000 00 6.52920 00 5.85600 0 0  6.?2210 00 
3.665 60-0 1 1.49200 02 3.67450-0 1 1.49200 0 2  

***** STEAM GENERATOR ****a 

-------- INLET -------- ------- CUTLET -------- 
HEL I UM 

6.29030 02 
4.9076C 0 2  

4.0915C 00 

WATER ++EL run u a T m  

3.02710 02 9.92040 02 a.86730 02 
2.74070 03 6.29240 02 2.60490 0 3  

2.77610 0 2  1.81370 0 3  1.35310 03 1.18890 03 

1.49350 02 
1.72810-02 6.22430 00 2.44 130-01 
2.86100-01 1.49230 02 2.62490-01 

U v 

. .  



1 52.89 4.078450-03 4.919780 00 582.14 1.16 1.270980-01 -1.31630-04 2.24210-01 -7.15640-04 1.45510-02 -2.38170-01 
2 52.67 3.934790-03 4.794500 00 613.36 1.1 7 1.271240-01 -1.44180-04 2.63500-01 -6.90430-04 -1.58630-02 -2.47090-01 
3 . 52.40 3.824340-03 4.695620 00 636.40 1.19 1.271510-01 -1.48050-04 2.68260-01 -6.71050-04 -1.30470-02 -2.54690-01 
4 52.14 3.738350-03 4.616850 00 653.52 1.20 1.271770-01 -2.19610-04 9.64470-01 -6.55960-04 -1.07320-02 -9.53350-01 
5 51.1 7 3.620410-03 4.491560 00 664.72 1.20 1.272020-01 -2.77570.04 9.92100-01 6.35270-01 -1.54720-02 -9.77540-01 

6 50.18 3.513140-03 4.374360 00 672.52 1.21 1.272270-01 -1.55430-04 2.81400-01 6.16450-04 -1-49860-02 -2.67190-01 
7 49.90 3.464760-03 4.326330 00 679.75 1.22 1.272520-01 -1.55670-04 2.75310-01 6.07960-04 -7.1709c-03 -2.68910-01 
6 49-62 3.424670-03 4.285320 00 684.85 1.22 1.272760-01 8.12280-03 2.79870-01 6.00920-04 -6.12860-03 -2.66220-01 
9 2617.62 6.878130 00 2.199000 03 352.43 -1.26 2.852180-01 -1-86700.02 5.82730 00 -9.78440-01 -1.32900-03 -4.86620 00 
10 2611.79 6.128851) 00 2.912710 03 497.55 -0.78 2.827320-01 8.98690-02 1.36030 00 -8.71850-01 -3.13630-03 -3.95440-01 

11 
12 
13 

2610.43 6.162020 00 3.559570 03 582.83 -0.47 2.783220-01 -5.75220-02 1.25440 00 -8.76590-01 -2.72580-03 -4.32620-01 
2609.18 5.598810 00 3.601650 03 630.12 -0.27 2.738390-01 -3.39870-02 1.37470 00 -6.61170-01 -9.11040-03 -5.38430-01 
2607.81 5.193120 00 3.555430 03 653.95 -0.14 2.699030-01 3.25130-02 1.39750 00 -8.00190-01 -2.06860-03 -5.62720-01 

14 2606.41 4.551820 00 3.232300 03 666.11 -0.06 ?.664870-0? -1.53940-02 1.02450 00 -6.85600-01 8.07700-03 -3.62330-01 
15 2605.38 2.948380 00 2.145450 03 673.06 -0.01 2.645500-01 2.77440-03 1.93260 00 -6.73390-01 -5.39590-02 -1.20240 00 

It 2603.45 3.366190 00 2.519160 03 674.10 0 . 0 6  2.446340-01 1.48350-03 1.39680 00 -6.19380-01 3.13620-02 -8.0732D-01 , 

c , *  



b 

**. ********** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NaDE PRESSURE 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 

PSIA 

581.19 
581.16 
581.14 
581.1 1 
581.08 

581.03 
580.S9 
580.96 
580.97 
580.9 2 

580.88 
580.05 
580.02 
580.79 
580.1 7 

580.74 

TOTAL MASS 
LBM 

1.091010 0 1  
1.091520 01 
1.092300 0 1  
1.093550 01 
3.135310 0 1  

1.953400 0 1  
7.951910 0 1  
5.237820 0 1  
3.576290 0 1  
3.271010 01  

3.202390 0 1  
3.81259D 0 1  
3.856380 01 
3.641250 01  
3.371710 01 

3.613920 0 1  

INTERNAL 
ENERGY 

BT U 

9.472220 03 
9.471750 03 
9.471260 03 
9.470740 03 
2.713520 04 

6.883470 04  
6.883070 04  
4.534620 0 4  
3.080520 04 
2.797620 0 4  

2.726560 04  
3.224480 04  
3.22398D 0 4  
2.980120 0 4  
2.655890 04  

2.653810 04 

TEMP. 
DEG. F 

697.92 
697.32 
696.43 
695.05 
694.25 

694.28 
694.42 
6 9 4  -64  
688 .81  
680.68 

675.53 
667.97 
654.99 
631.55 
590.58 

519.42 

1.512030 02  -1.03520-06 2.60640-02 1 -51970-03 -2.01380-07 -2.75850-02 
1.512040 0 2  -1.04020-06 2.61040-02 1.52040-03 1.41690-05 -2.76400-02 
1- 512050 0 2  -1.04740-06 2.60760-02 1.52150-03 2.20440-05 -2.76210-02 
1.51 2060 02  -1.0686D-06 3.06810-02 1 5 2 3 2 0 4 3  3.50580-05 -3.22400-02 
1.512090 02  2.34960-03 5.55210-02 0.0 -2.67880-02 -2.63840-02 

1.512160 0 2  -2.09720-05 3.48110-02 -2.58330-02 -1.27580-05 -8.99190-03 
1.512240 0 2  -2.09080-05 3.50130-02 -2 -58280-02 -?.6252[3-05 -9.18970-03 
1.512290 02  -3.07160-06 -9.66700-03 0 .0  4.14730-02 -3.18090-02 
1.512370 02  2.32050-03 4.60680-02 4.0489D-03 8.14530-05 -9.78180-02 
1.512500 02  -2.18980-06 3-73330-02 3.70320-03 1.11620-04 -4.11500-02 

1.512630 0 2  -2.13130-06 3.73730-02 3.6256D-03 6.92830-05 -4.10700-02 
1.512780 0 2  -1 -91620-06 2.62700-02 4.02670-03 3.95120-03 -3.42500-02 
1.51292D 0 2  -1.92950-06 2.75230-02 4.07300-03 1.37990-04 -3.17360-02 
1.51 3010 0 2  -1.6616D-06 2.3817D-02 3.84570-03 2.52300-04 -2.7916D-02 
1*513070  02  -1.42820-06 2.26020-02 3.5611D-03 4.43360-04 -2.66080-02 

1.513150 0 2  7.85600-03 2.8852.0-02 3.8169D-03 7.10630-04 -2.55840-02 



........................... .****.l**#**********.r+.th(rt*, TUBES 

W A l E R  
SURFACE 

T ECP. 
DEG. F 

671.54 
680.78 
687.63 
692.74 
695.69 

697.56 

698.86 

512.50 

698.69 

3 80.94 

590.83 
634.15 
656.19 
667.86 
674.16 

674.62 

ASSOC. 
n E L I w  HELIUM 

NODE HEAT FLUX 
BTU/HR-FTZ 

HELIUM 
SURFACE 

TEMP. 
DEG. F 

676.42 

690.08 
694.40 

684.21 

697.01 

698.28 
699.03 
698.91 
393.38 
519.15 

594.76 
636.51 
657.54 
669.10 
675.69 

677.16 

TU0E 
bVERAGE 

TEMP. 
DEG. F 

674.41 
682.96 
689.30 
694.03 
696.92 

698.36 
699.31 
699.32 
38 7.64 
51 6.48 

593.04 
635.53 
656.48 
668.62 
675.14 

676.07 

HEAT 
WATER TSAN. HELI u11 

TRAN. COEF. 
BTU/HR-FTZ-F 

M A S S  
FLUX 

L 8Y/HR -F T2 

DNB 
FLUX 

BTU/HR-FTZ 

WATER 

BTU/HR-FTZ-F 
TRAY. COEF. N'JOE 

1 
2 
3 
4 
5 

6 

0 
9 

10 

7 

11 
12 
13 
14 
15 

16 

HE41 FLUX 
8 TU/HQ- FT2 

'400 E 

7 

1 

7 

7 

7 

7 

7 
1 
1 

7 

1 
1 
1 
1 
1 

2 

4 3.095590 03 
3 2.021030 03 
2 1.204360 03 
1 5.84352[) 02 
1 1.505090 02 

1.661010 0 2  
1.661450 02 
1.661150 02 
1.661840 02 
1.661840 02  

5.459590 0 1  
5.526900 0 1  
5.579030 01 
5.617350 01 
5.642690 0 1  

4.880510 03 
3.126520 03 
2.858210 03  
2.203440 0 3  
1.758810 0 3  

4.749670 04 
4.750660 0 4  
4.751650 04 

4.753510 04 
4.752620 0 4  

0.0 
0.0 
0.0 
0.0 
0.0 

2 -1.592820 02 
3 -4.321580 02 

16 1.873290 04 
1 5  1.067410 0 4  

4 -6.403180 02 

1.661750 0 2  

1.661010 0 2  
1.486360 0 2  
1.507020 02  

1.66145D 02 
5.660480 0 1  
5.676210 01 
5.668700 01  
8.164720 02 
9.906040 02 

1.417710 03 
1.014930 03 
7.967300 0 2  
2.498800 0 4  
1.481130 0 4  

4.754490 0 4  
4.755410 0 4  
4.756330 0 4  
3.208440 05  
3.180480 0 5  

0.0 
0.0 
0.0 
1.686990 06 
1.168650 06  

1 4  5.,587430 03 
1 3  2.81778D 03 
1 2  1.593950 03 
11 1.037340 03 
LO 8.05687D 02 

1.518430 0 2  
1.524290 0 2  
1.528120 02 
1.614250 0 2  
1.615560 02 

1.029240 03 
1.136450 03  
1.175300 03 
1.115930 03 
1.146730 03 

8.240580 03 
4.587550 0 3  
2.640610 03 
1.956640 0 3  
1.900310 03 

3.130870 0 5  

3.288720 05  
2.913460 05 

3.336690 0 5  

4.385550 05  

8.248230 05  
6.223400 05 
4.817770 05  
3.694280 0 5  
3.924660 0 5  

9 1.884140 03 1.617600 0 2  6.182600 03  3.198310 0 3  3,267250 0 5  2.572390 05 

***** STEAM GENERATOR ****a **e** REHEATER ***+ 
------ OUTLET -------- -------- INLET -------- ------ OUTLET -------- 

PRES SURE 5.01090 0 1  5.81310 02 4.94860 01 5.81 080 0 2  2.7372D 03 5,80960 02 2.60280 0 3  5.80730 0 2  
TEMPERATURE 5.59280 0 2  6.98160 02 6.06870 0 2  6.94250 02 2.60170 02 6.94640 0 2  6.74060 0 2  4.74080 0 2  
EN1 HAL PY 1.30920 03 1.44730 03 1.37770 0 3  1.44240 03 2.34600 0 2  1.44290 03 1.84300 02 1.16830 03  
SPEC. VOL. 1.18190 01 5.38070 00 1.36790 01 5.36480 0 0  1.69170-02 5.36770 DO 4.01410-02 4.35330 00 

l .5132D 0 2  FLDW RATE L Z T O ~ D - O ~  1.51200 02 1.27280-01 1.51210 0 2  2.06100-01 1.51230 0 2  2.44630-01 

-----e - - INLET -------- 
WATER HELIUM WATER HEL IUH WATER nEL run WATER HELIUM 

c r. * 



Nu)€ PRESSURE 
PSIA 

1 47.04 
2 46.85 
3 46.63 
4 46.40 
5 45.58 

6 44-75 
7 44.51 
8 44.28 
9 2617.94 
10 2612.12 

11 2610.82 

13 2608.01 
12 2609.46 

14 2606.64 
15 2605.58 

16 2603.61 

INTERN& MdSS 
TOTAL MASS , F M R G Y  

Len 8TU 

3.730900-03 4.4~890 00 547.49 1.14 i.iir760-01 -2.0755~05 i.91780-01 -6.54660-04 1.14580-02 -2.0261~-01 
3.600290-03 4.349630 00 576.22 1-16 1.117800-01 -2.20250-05 2.13910-01 -6.31740-04 -1.31920-02 -2.10100-01 
3,500160-03 4.260630 00 597.34 1.17 1.117830-01 -2.24360-05 2.27830-01 -6.14170-04 -1.07860-02 -2.16450-01 
3.422210-03 4.189830 00 613.00 1.18 1.117870-01 -6.69850-05 8.15420-01 -6.00490-04 -8.83920-03 -8.06040-01 
3.319770-03 4.080620 00 631.53 1.19 i.iir9oo-oi -3.38460-05 8.36roo-01 5.82520-04 -i.223ro-oz -8.25080-0i 

3.234760-03 3.984990 00 646.61 1.19 1.117930-01 -2.02600-05 2.36110-01 5.67600-04 -1.07440-02 -2.25950-01 
3.205800-03 3.953840 00 652.95 1-20 1.117950-01 -2.06210-05 2.2948D-01 5.62520-04 -3.80300-03 -2.26260-0? 
3.183220-03 3.928250 00 656.76 1.20 1.117980-01 1.30240-03 2.26680-01 5.58560-04 -3.01680-03 -2.22920-01 
6.966540 00 2.077270 03 331.28 -1.32 2.857540-01 5.21700-03 5.82090 00 -9.91010-01 -1.21460-03 -4.82340 00 
6.333210 00 2.76azm 03 463.39 -0.90 2.847090-01 1.23430-04 1.29300 00 -9.00920-0i -2. 78150-03 -3.88600-01 

6.494810 00 3.458b10 03 546.72 -0.61 2.825670-01 1.63000-02 1.36620 00 -9.23930-01 -2.55150-03 -4.23430-01 

5.581240 00 3.601330 03 630.64 -0.26 2.764710-01 -3.57520-02 1.37570 00 -8.60000-01 -2.00370-03 -5.69490-01 
4.915600 00 3.313810 03 648.14 4 - 1 7  2.728390-01 -3.11320-02 1.05290 00 -7.40390-01 8.10800-03 -3.51730-01 
3.210700 00 2.220620 03. 657.57 -0 .12  2.699760-01 3.89320-02 1.97310 00 -7.33300-01 -5.10390-02 -1.1499D 00 

5.9742111 00 3 . 5 8 ~ 5 0  03 599.57 -0.40 2.79r980-0i -9.39910-03 1.44610 00 -9.20550-0i -8.85130-03 -5.26100-01 

m - 



NODE PRESSURE 

1 
2 
3 
4 
5 

6 
7 
8 
.9 

10 

11 
12 
13 
14 
15 

16 

PSIA 

560.68 
560.66 
560.63 
560.6 1 
560.5 8 

560.54 
560.50 
560.47 

560.44 
560.48 

560.4 1 
560.37 
560.35 

560.30 
560.32 

560.28 

TOTAL MASS 
LBM 

1.091370 0 1  
1.091880 01 
1.092510 01 
1.093510 0 1  
3.134900 01 

7.95233D 0 1  
7.951070 01 
5.2374313 0 1  
3.550040 0 1  
3 .217050  01 

3.142300 01 
3.744200 01 
3.801260 01 
3 . 6 0 8 7 0 ~  01 
3.357120 01 

3.602300 01 

INTERNAL 
ENERGY 

RT U 

9.137410 0 3  

9.136550 03 
9.136980 03 

9.136080 03 
2.617640 04 

6.640370 04  

4.374460 04 
6.639980 04 

2.971920 04 
2.699260 04 

2.630770 04 
3.111180 04 
3.110000 0 4  
2.875170 01 
2.562250 04 

2.560220 0 4  

TEMP. 
DEG. F 

656.64 
656.06 

654.28 
653.65 

655- 37 

653.67 
653.78 
653.95 
656.51 
659.04 

656.59 
648.22 
631.39 
602.62 
557.95 

487.93 

1.444950 0 2  2.01620-06 2.37420-02 1.5202D-03 8.88290-07 -2.52610-02 
1.444950 02 2.00980-06 2.37790-02 1.520%)-03 1.31510-05 -2.53110-02 
1.444960 0 2  2-00820-06 2.37610-02 1.5218D-03 1.63110-05 -2.52970-02 
1.444960 0 2  2.00240-06 2.79750-02 1.52320-03 2.60210-05 -2.95220-02 
1.444970 0 2  -4.67800-03 4.39550-02 0.0 -2.44690-02 -2.41640-02 

1.44501D 0 2  4.38740-05 3.4093D-02 -2.58300-02 -7.88260-06 -8.21210-03 
1.445040 0 2  4.39510-05 3.42720-02 -2.58260-02 -1.01940-05 -8-39200-03 
1.445060 0 2  6.25480-06 -8.62840-03 0.0 3.77650-02 -2.91300-02 
1.44 509D 0 2 -4  -6 2940-03 3 5 5980-  02 4 0 192D-0 3 -3.472 00-05 -4.4 2 1 20-02 
1.445130 02  3.41210-06 3.47850-02 3.64210-03 -3.58900-05 -3.83880-02 

1.445170 02  3.0897D-06 3.48210-02 3.55160-03 3.10790-05 -3.84070-02 
1.44523D 02  2.92050-06 2.43580-02 3.95450-03 3.68660-03 -3-19960-02 
1.445300 0 2  2.92440-06 2.534OD-02 4.01480-03 1.71310-OC -2.95230-02 
1.445350 0 2  2.73700-06 2.17100-02 3.81140-03 2.93920-04 -2-58130-02 
1.445420 0 2  2.40370-06 2.04770-02 3.54570-03 4.57210-04 -2.44170-02 

1.445520 0 2  5.15400-03 2.4128D-02 3.80460-03 7.16960-04 -2.36950-02 

t r ;. 
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NiEE 

1 
2 
3 
4 
5 

6 

8 
9 

10 

r 

11 
12 
13 
14 
15 

16 

ASSOC. 
HEL IUM HELIUM 

NODE HEAT FLUX 
FTU/HR-FTZ 

2 -3.319380 0 2  
3 -5.834830 0 2  
4 -7.566310 02 

16 i.705040 04 
1 5  1 . 0 5 7 4 7 ~  04 

14 6.293140 0 3  
13 3.545080 03 
1 2  1.935480 03 
11 8.467110 02 
10 1.085950 01 

9 -7.800200 0 2  

HELIUM 
TRAN. COEF. 

9 TU /HR -F T2 - F 

1.600540 02 
1.601010 0 2  
1.601020 0 2  
1.601380 0 2  
1.601380 0 2  

1 ~ 6 0 1 0 2 0  02 
1.601010 0 2  
1.600540 0 2  
1,430890 0 2  
1.450610 0 2  

1 . 4 6 2 ~ ~  02 

i .4r4550 0 2  
1.470840 02  

1.559900 0 2  
1.560350 0 2  

1.558980 0 2  

HELIUM 
SURFACE 

TEMP. 
DEG. F 

637.97 
644.35 
649.04 
652.61 
655 .46  

658.14 

659.01 

485.05 

659.01 

368.rr 

559.60 
601.28 
635.09 
651.17 
658.91 

661.51 

TUBE 
AVERAGE 

TEMP. 
DEG. F 

636.24 
643.19 
648.30 
652.19 
655.34 

65 8.36 
65  9.39 
659.51 
363.55 
481.81 

55 7.67 
606.05 
634.42 
650.17 
65 8.97 

661.96 

WATER HEAT 
SURFACE WATER WATER TRbN. M A S S  DNB 

TEMP. TQAN. COEF. H E 4 1  FLUX MODE FLUX FLUX 
DEG. F BTU/HR-FT2-F BTUIHR-FT2 LBM/HR-F 12 8TUfHR-FT2 

658.01 5.046iio 01 5.154780 0 2  r 4 . 1 r n i o  0 4  0.0 

659.43 5.065580 01 1 . 3 5 ~ 9 5 0  0 2  r 4 . i r r900 04 0.0 

471.99 9.130830 02  1.421580 0 4  I 3.202r20 05 1.297110 06 

659.21 5.059500 01 3.165420 0 2  7 4.177810 04 0.0 

351.53 8.541490 02  2.242600 0 4  1 3.214410 0 5  1.758940 06 

555.32 i . o i 9 8 2 0  03 8 . r 6 5 z i ~  03 1 3.ir86211 0 5  9.782860 05 
604.42 1.129000 03 5.446120 03 1 3.409300 os r . r ~ s 8 0 ~  05 
633.46 1.145510 03 3.222840 03 1 3.368760 0 5  6.212030 0 5  
650.01 1.058200 03 1.9185OD 03 1 2.982900 05 5.922780 0 5  
658.34 1.572920 03 1.2157W 0 3  1 4.475500 0 5  5.33388D 0 5  

W 
W 

662.03 1.298590 03 -1.522310 0 2  1 3.538150 05 4.423550 0 5  

*~i**~+*~**+*tfrt**L***,~**C**+* REHEATER AND STEAM GENERATOR INLET AND OUTLET CDNOITIONS ................................ 

***** REHEATER I*** ***** STE4f4 GENER4TOR ****e 

-------- INLET -------- ------ OUTLET -------- OUTLET ------ ---e- INLET ------ -------- 
WATER HELIUM WATER HELIUM MATER HEL IUM WATER HELIUM 

PRE 5 SURE 4 . 4 7 0 1 ~  01 5.60810 02 4.41680 01 5.60580 0 2  2.73600 03 5.604ro 0 2  2.60200 0 3  5.60270 0 2  
TEMPERATURE 5.2548D 0 2  6.56930 02  6.56560 0 2  6.53650 0 2  2.4828D 0 2  6.53950 0 2  6.63680 0 2  4.44730 02  
EHT H4LPY 1.29620 0 3  1.39580 03 1.35430 03 1.39170 03  2.22700 0 2  1.39210 03 r . i r 9 3 0  0 2  1.1315C 03 
SPEC. VOL. 1.28860 01 5.37910 00 1.46690 01 5.36560 00 1.68250-02 ' 5.36810 00 2.75 720-02 4-3705D 00 
FL3W RATE 1.11770-01 1.44490 02 1~11800-0 1 1.44500 0 2  2.96 100-0 1 1.44510 02 2.64960-01 1.44550 02  
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