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SUMMARY 

A redesign o f  the LOFT instrument 'penetrat ion necessitated. a reanalysis of 

the thermal condi t ions e x i s t i n g  i n  the nozzle and f lange dur ing a Loss o f  Cool- 

ant  Experiment (LOCE). T h e  maximum temperature grad ient  e x i s t i n g  i n  the  i n s t r u -  

ment f l  ange w i  11 be used t o  determine the thermal stresses ,arid.'maximum number 

of a1 lowable cycles f o r '  the instrument f lange. Based upon (he s p e t i f i c a t i o n  11 1 

and thermal condi t i  on; pred ic ted by R E L A P ~ / M O D ~ [ ~ ] ,  the maximum temperature 

grad ient  through the f lange w i l l  no t  exceed 216 "F. The thermal condi t ions 
. . 

predicted by R E L A P ~ / M O D ~  f o r  the n,ozzle head penet ra t ion assembly were less 

seveie than those used i n  the o r i g i n a l  thermal-stress analysisC31, so on ly  the 

f lange was analyzed'here. I'f the thermal stresses are marginal w i t h  the 216 O F  

AT, a more de ta i led  analysis should be done as the heat s lab model used i n  

RELAP i s on ly  one di.mensiona1. 

Conservative hand ca lcu la t ions were, performed f o r  a heatup r a t e  o f  100 O F  

per hour and i t  was determined t h a t  the worst temperature gradient  th rough  the  

f lange w i l l  be less than 81 OF. 
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. '  NOZZLE THERMAL ANALYSIS 

. . 
. . r. INTRODUCTION . . 

. . 

Design mod i f i ca t i ons  t o  the  LOFT r e a c t o r  vessel ins t rument 'penet ra t ion  r e -  

su l  t ed  i n  a  change i n  thermal  condi t i b n s  occu r r i ng  du r ing  ~ : L O C E '  i n s i d e  t h e  

nozzle p e n e t r a t i o n  s t i l  k  (see ,Fig. 1  ). A s  the  reac to r .  vessel pressure fa1 1s dur-  

i n g  a  blowdown, the  water i n s i d e  t h e  penetaat ion assembly w i l l  b o i l ,  n e s u l t i n g  

i n  nucleate bo i  1  i n g  and/or two phase f l o w  heat t r a n s f e r  and a  corresponding 

l a r g e  heat  t r a n s f e r  c o e f f i c i e n t .  U n t i l  t h e  volume o f  s tagnant  l i q u i d  i n  the  

s t a l k  i s  vaporized and expel led,  these h igh  c o e f f i c i e n t s  w i l l  .generate l a r g e  

thermal g rad ients  and corresponding h igh  st resses.  The o r i g i n a l  c o n f i g u r a t i o n  

was such t h a t  the  vo~ume o f  water i n s i d e  the  nozzle was very  .small and vapor ized 

almost immediately f o l l o w i n g  i n i t i a t i o n  o f  t h e  blowdown. Howev,er, m o d i f i c a t i o n s  

t o  the  f lange s e a l i n g  assembly r e s u l t e d  i n  the  e n t i r e  c e n t e r  s t a l k  volume of 

water being a v a i l a b l e  t o  two-phase convect ion and n u c l e a t e - b o i l i n g  heat  t rans fe r  

as i t  was expe l led  through the ou te r  annulus du r ing  a  blowdown. 

Only a  LOCE t r a n ' i i e n t  was analyzed i n  d e t a i l  because a l l  o t h e r  t r a n s i e n t s  

are  i n s i g n i f i c a n t  compared w i t h  t h e  LOCE. Th is  i s  e s p e c i a l l y  t r u e  w i t h  the  i n -  

strument pene t ra t i on  nozzle s ince a l l  i n s i d e  sur faces are  exposed t o  a  sfagnant 

f l u i d  du r ing  a l l  t r a n s i e n t s  except a  LOCE. Th is  r e s u l t s  i n  a  low convect ion 

boundary c o e f f i c i e n t  so ,any temperature t r a n s i e n t s  i n  t h e  boundary f l u i d  w i  11 

no t  cause a s i g n i f i c a n t  thermal g rad ien t  i n  t h e  components. 

Hand c a l c u l a t i o n s  were performed us ing the  ~ e i s l e r ~ ~ ]  cha r t s  f o r  a  semi- 

i n f i n i t e  s lab  w i t h  a  heatup-cooldown r a t e  o f  100 OF/hour. 
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11. ANALYSIS . . 

- 1 . LOCE TRANS1 ENT 

. . 

RELAP4/MOD5 was used t o  determine the thermal condi t i ons  i n  .-the nozzle 'v 

dur ing  blowdown. The d e t a i l s  o f  .the RELAP4 model are described i n  d e t a i l  i n  
. . 

Appendix A. RELAP4 ca lcu la tes  i ns i de  and outs ide temperatures for? a.11. sur-  

faces using a one-dimensional. s lab  model , f l u i d  boundary coeffic.ients and 

temperatures based upon t h e  t ime dependent pressure and vo l  uine i npyt t o  the 

code. 
. . 

A hand ca l cu la t i on  was performed f o r  the instrument penet ra t ion nozzle 

f lange t o  determine the temperature gradient  occurr ing dur ing a heatup o r  cool-  4 

down thermal cyc le  a t  a r a t e  o f  100 OF/hr. A one-dimensional sem i - i n f i n i t e  ., 
s lab  model was used, which i s  a conservative model, s ince t h i s  . ignores . the 

e f fec t  of na tu ra l  convection on the outs ide surface. The f o l  lowing assumptions. 

were made. 

1. One-dimensional semi- inf  i n i  t e  s lab (outs ide surface convection 

was ignored). . - . . 

2. L = 3 inches (0.25 f t ) .  

3. Since ins ide  f l u i d  boundary i s  stagnant dur ing heatup:and cool-  

down, an i ns i de  convection boundary coe f f i c ien t  of 200 B t u / h r - f t 2 - ~ ~  

was assumed. 

4. A heatup - cooldown r a t e  of 100 OF/hour was used from 70 OF t o  610 OF. 

5. For Inconel 600 a l l oy ;  a = 0.159 f t 2 /h r ,  k = 10.75 Btu/tir-ft-OF. 
* 

. . 

6. The He is le r  char ts  f o r  a i e m i - i n f i n i t e  slabL4' were used t o  evaluate ., 

the  temperature 3 inches from the ins ide  surface. 

assuming T = 5.4 .hour 
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assuming an i n i t i a l  temperature o f  70 OF and heatup r a t e  o f  100 OF/hour 

assuming a k ~ n v e c t i o n  c o e f f i c i e n t  of 200 ~ t u l h r - f t ' ? ~  

from t h e  ~ e i i l e r  cha r t s  a t  t he  above po in ts ,  ' ' , . . 

.Therefore, T = 459.0 +' 70 = 529.0 OF 

sb AT = 81 OF which i s  the  maximum temperature g rad ien t  through ' the  

f lange w a l l  (assumes i n s i d e  sur face temperature equals f l u i d  

temperature).  



111. RESULTS 

1. NOZZLE FLANGE GRADrENT DURING LOCE TRANSIENT - .  ,'. 

RELAP4 c a l  cu l  ated t h e  cbnvecti  on boundary c o e f f i c i e n t  f o r  a l l  i n s i de  sur- 
. . , .  i 

faces as a  f unc t i on  of t ime, . The boundary coe f f i c ien ts  as a  func t ion  o f  t ime 

are shown i n  Figures 2  and 3 f o r  the f lange and nozzle penetrat i ,o"surfaces,  , 

r espec t i ve ly .  The c o e f f i c i e n t  i s  i n i t i a l l y  h igh due t o  nuc leate . 'bo i l  i ng  and 

two-phase forced convection heat t ransfer .  This i s  the 1 i m i  t i n g '  . regime . i n  t e v s  

o f  thermal stresses s ince nucleate b o i l  i ng  i s  fo l lowed by saturated steam con- 

vec t ion  and corresponding small heat t r ans fe r  coe f f i c i en t s .  The 'h ighest  the r -  

mal grad ients  w i l l  then be'observed e i t h e r  dur ing o r  immediately fo l l ow ing  the  

nucleate b o i l i n g  two-phase heat t rans fe r  regime. 

F l u i d  boundary temperatures as a  func t ion  o f  t ime are shown i n  Figures 4  
d* 

and 5 f o r  the f lange surface and ins ide  instrument p e n e t r a t i o n s t a l k  surface, 

RELAP4/MOD5 ca lcu la tes the i ns i de  and outs ide s lab surface' temperatures 

as a  f unc t i on  o f  ttme. Th is  i s  a  conservative ca l cu la t i on  s ince a one-dimensional' 

s l ab  model i s  assumed and convection from the outs ide surface i s  ignored. The 

time-temperature p l o t  f o r  the  f lange i s  shown i n  Figure 6. As 'would be expected, 

the g rea tes t  temperature d i f f e rence  occurs du r i  ng the nucleate. b o i l  i n g  regime 

a t  a  t ime o f  26 seconds. Th is  temperature d i f fe rence  i s  216.6 , O F .  

Since a de ta i l ed  two-dimensional f i n i t e  element ana lys is  has already been 

performed[31 f o r  the instrument nozzle, a  comparison was made w i t h  the boundary 

condi t ions pred ic ted by RELAP4 and those used i n  the o r i g i n a l  thermal-stress 

ana lys is .  These condi t ions are  presented i n  Table I. The RELAP4 model pre- 

d i c t e d  a  h igher  f l u i d  temperature and lower convection coef f ic i ;enfs than those 

used i n  the ~ v e r ~  analysis[31. Therefore, the o r i g i n a l  analysis i s  conservative 

i n  p r e d i c t i n g  thermal stresses, so a  de ta i led  thermal ana lys is  w i l l  no t  be 

redone on the instrument nozzle. 

4 
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Based upon the preceding assumptions and aal cul ations , a maximum tempera- 

ture gradient of 81 OF will result in the flange during a heatup or cooldown . . 

. . 

transient of 100 '~/hdur: 
. . . . 



. ' . I V .  CONCLUSIONS 

Upon comparing the convect1 o n  coe f f  i c i en t - t ime  p l o t  and ins.ide surface 

temperature-time p l o t  (Figs.  2 and 6 ) ,  one, can see a d e f i n i t e  corr?elat ion be- 

tween the boundary c o e f f i c i e n t  and surface temperature. Nucleate % o i  1 i n g  i s  

the predominant heat t r a n s f e r  mechanism f o r  t h e  f i r s t  25 seconds and a l a rge  
. . 

heat t r ans fe r  c o e f f i c i e n t  : r esu l t s  u n t i l  a11 o f  the  1 i q u i d  , is  vaporized. The 
... . 

i n s i d e  surface temperature f a l l s  r a p i d l y  dur ing t h i s  phase o f  the ' t rans ient .  

A f t e r  nucleate b o i l i n g  ends, the  surface temperature a t  26 seconds~~corresponds 

t o  the l a r g e s t  thermal g rad ien t  dur ing the t r ans ien t  s ince the outs ide surface 
.. . 

temperature i s  e s s e n t i a l l y  constant  a t  6 1 9 ' 0 ~  dur ing the f i r s t  30 seconds of 

the t rans ien t .  
4: 

A l l  gradients ca lcu la ted  i n  t h i s  r epo r t  are conservative due t o  the one- 
' 

ci. dimensional s l ab  model used t o  compute them. 
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TAB-E I 

BOUNDARY CONDITIONS INSIDE INSTRUMENT PENETRATION STALK 

( Avery Anal ys,i s ) (RELAP4) (Avery-Anal s i s )  . (RELAp4). 
Time (sec )  T ( O F )  T (OF) h (Btu /hr - f tY -OF)  h ( ~ t u / h r - f t ~ - " )  

. . . . 
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Figure 1. Cross Section o f  Instrumentation 
Penetration Nozzle Assembly 
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APPENDIX A 

. . 
RELAP4 ANALYSIS OF THE LOFT UPPER . . 

HEAD .INSTRUMENTATION PENETRATION . . 

by 

R. P. R i o r d a n  
. . 



A RELAP4 a n a l y t i c a l  model o f  t he  LOFT pressure vessel upper  head i n s t r u -  

mentat ion penet ra t ions  was developed t o  analyze the  t r a n s i e n t  thermal -hydraul i c  

behavior  o f  one such pene t ra t i on  du r ing  a 1  oss-of-cool an t  experiment. . . %  The i n -  

s t rumenta t ion  pene t ra t i on  was analyzed us ing  p r e v i o u s l y  p red i c ted  upper plenum 

cond i t i ons  as the  bo6da:ry cond i t i ons  f o r  t he  a n a l y t i c a l  model. The upper 

plenum cond i t i ons  . a re  . f rom a  prev ious RELAP4 c a l c u l a t i o n .  .Thi s  RELAP4 model 

was a  p r e l i m i n a r y  s tudy  of a  200% c o l d  l e g  break s imu la t i on  by the LOFT f a c i l i t y .  

This  ana lys i s  was performed t o  determine the  f l u i d  p rope r t i es '  :of t he  f l u i d  i n  
. . 

. t h e  i ns t rumen ta t i on  penet ra t ions  d u r i n g  a  t r a n s i e n t .  These . resu l t s  were used 

1 t o  analyze the  thermal . s t r e s s  r e s u l t i n g  f rom t h i s  t r a n s i e n t .  

The RELAP4 c a l c u l a t i o n  i s  a  p r e l  im inary  scoping ana lys i s  f o r  L2-4 and was 
0 

performed us ing  a  non-standard vers ion  o f  RELAP4/MOD5 update 2(ET3) w i t h  the  

LOFT CHF - c o r r e l a t i o n  update. 

MODEL DESCRIPTION 

The nodal d i a g r a m o f  the  RELAP4 a n a l y t i c a l  model i s  shown i n  F igure  A-1 . 
. . 

Th is  model cnns i s t s  o f  4  volume nodes, 3  f l o w  junc t i ons ,  and 5  passive heat 

slabs. Volume Node .1 descr ibes the  upper plenum reg ion  o f  t he  LOFT pressure 

vessel and i s  the t ime dependent volume f o r  which the  f l u i d  , cond i t i ons  as a  
. . 

f unc t i on  o f  t ime,  a re  r e t r i e v e d  f rom a  prev ious  RELAP4 data tape. Th i s  data 

tape was c rea ted by a  ..RELAP4 ana lys i s  o f  the  LOFT system re'sponse t o  a  s imu la ted  

200% c o l d  l e g  break, l oss -o f - coo lan t  experimentr1']. The nodal diagram o f  t h i s  

RELAP4 model o f  t he  .LOFT system i s  shown i n  F igure  A-2. 



. . 

Nodal Volumes 2, 3, - and 4 model the  f l u i d  volumes associated . ,wi'th . t he  

upper l e a d  p e n e t r a t i o n  nozz le  and ins t rumenta t ion  s t a l k .  Volume 2 models the  

f l u i d  volume i n s i d e  t h e  i ns t rumen ta t i on  s t a l k  l e s s  the  volume o f  the  inst rument  
t 

heads. Volumes 3  and 4 model t h e  f l u i d  volume w i t h i n  the  annular  . space . .  between 

t h e  o u t s i d e  w a l l s  of t he  i ns t rumen ta t i on  s t a l k  and the  i n s i d e  w a l l  . . ' o f  t he  upper 

head p e n e t r a t i o n  nozzle. Tab1 e. A-1 g ives a  tabu1 a r  1  i s t i n g  o f  t h e  nodal volume 

d e s c r i  p t i o n s  . 
The j u n c t i o n s  connect ,the volume nodes t o  c reate  the  f l o w  path f o r  the  

f l u id  t o  l eave  the  i ns t rumen ta t i on  s t a l k  and enter  t h e  upper - du r ing  a  

LOCE. Table A - 2  i s  a  t a b u l a t i o n  o f  t he  impor tant  data regardin'g these junc t i ons .  

These j u n c t i o n s  are model ing t h e  two major f l o w  c o n s t r i c t i o n s  and. the  connect ion 

o f  two s i m i l a r  volumes.  unction 1 i s  the  f l o w  path  from', the ins t rumenta t ion  
9'  

s t a l k  t o  the  annular  space between the  inst rument  s t a l k  wa' l ls and the  i n s i d e  
a 

w a l l s  * o f  t h e  upper head pene t ra t i on  nozzle. Junct ion  2 i s  the  connect ion o f  

the two annu lar  vol urnes hodel i n g  t h e  gap between t h e  w a l l s  o f  t hc  upper hesd 

p e n e t r a t i o n  nozz le  and t h e  ins t rumenta t ion  nozzle. The t h i r d .  j u n c t i o n  models 

the  connect ion between the  upper plenum and t h i s  annular  volume' i n  the  upper 

head p e n e t r a t i o n  nozzle. 
t i  

The heat  s labs were. modeled t o  descr ibe a l l  t h e  metal wa l ls .  of t he  i n s t r u -  

menta t ion  nozz le  i n  con tac t  w i t h  t h e  f l u i d .  Heat S lab 1 models the  b l i n d  f lange 

on t h e  p e n e t r a t i o n  nozzle. The ins t rumenta t ion  s t a l k  i s  modeled a s  Slabs 2. and 

3 .  Slabs 4 and 5 model t h e  pene t ra t i on  nozzle w a l l s  and t h e  upper head 

surrounding it. 



RESULTS 

$ 
The t ime dependent p,ressure response o f  t he  upper p l  enum, : is  shown i n .  

C. Figure  A-3. F igure  A-4. i s  the  average pressure p r e d i c t e d  f o r  t h e  inst rumenta-  

t i o n  s t a l k .  compar ing- these two f i g u r e s  no d i f f e r e n c e s  i n  pressure can be seen-. 

The average f l u i d  ,temperature i n  t he  i ,nst rumentat ion '  s t a l k ,  .F igure  A-5, 

and the  average surface temperature o f  t he  p e n e t r a t i o n  nozz le  f lange,  F igure  A-6, 

were used i n  the  thermal ana lys i s  o f  t he  f lange.  The heat  t r a n s f e r  c o e f f i c i e n t  
. . 

f o r  t h i s  heat  t r a n s f e r  sur face i s  shown i n  F igure  A-7. 

F igure  A-8 shows the  average f l  u i d  temperature o f  t h e  f l  u i  d i n  con tac t  w i  t h  
. . 

both heat  Slabs 3 and 5.. F igure  A-9 shows the  sur face temperature o f  t he  

ou ts ide  surface of the  i ns t rumen ta t i on  s t a l k  tube w a l l ,  which i s  modeled as hea t  

Slab 3. The hea't t r a n s f e r  c o e f f i c i e n t  f o r  t h i s  su r face  i s s h b w n  i n  F igu re  A-10. 

The pene t ra t i on  nozz le  sur face temperature i s  shown i n  F igure  A-11 and 
. . 

the heat t r a n s f e r  c o e f f i c i e n t  i s  shown i n  F igure  A-12. ' Heat: ~11ab 5  models the  

pene t ra t i on  nozz le  where i t  passes through the  upper head. . It . . i s  f o r  t h i s  p o r t i o n  

of t he  pene t ra t i on  nozz le  t h a t  t h e  sur face temperature i s  shown i n  F igure  A-11. 

The ana lys i s  o f  t h e  upper head p e n e t r a t i o n  was performed us ing  a  re leased 

ve rs ion  o f  RELAP4/MOD5 The r e s u l t s  o f  t h i s  a n a l y s i s  a r e  s to red  on a  magnetic 

tape i n  t h e  computer sc ience l abo ra to ry ,  tape number T9V584. ' The ana lys i s  uses 

the  r e s u l t s  o f  an ana lys i s  o f  t he  LOFT f a c i l i t y  which was done."using an uncon- 

f i gu red  ve rs ion  of RELAP4/MOD5 which was c rea ted by updat i  ng .RE,LAP4/MOD5 (E73) [A-31 
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Fig. A-1  Nodalization diagram for the model 
of the upper head 'instrumentation penetration 
nozzle. 



Fig. A-2 Nodalizatian diagrw of  the LOFT 
sEyst@ir. 
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Fig.  A-3 Average pressure i n  the upper plenum. . 



T lME AFTER START OF TEST SECWOS 

LOFT-WWL-003 200 CL BK C7.13 MM 1 6  K W F T  XX-ORELAP'?/CO5 09/03/76 Ol/O2/76 
/ 

Fig. A-4 Average pressure i n  the instrunen- 
t a t i o n  sta lk .  
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Fig. A-5 Average f lu id  temperature i n  the 
instrumentation sta lk .  
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T l l l E  AFTER START OF TEST SLCOMOS 
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Fig. A-6 Average surface temperature o f  the 
penetrat ion nozzle f la rge.  



Fig. A-7 Heat transfer coeff icient fo r  the 
inside surface o f  the penetration nrzzle flange 



TIM€ AFTER START OF TEST SECONOS 

Fig. A-8 Average f l u i d  temperature i n  the XX-ORELAPY/COS 0 9 / 0 3 / 7 6  0 2 / 0 2 / 7 8  

flow path between the instrumentation s t a l k  
and the upper plenum. 
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Fig. A-9 Average surface temperature z ~ f  the 
outside surface o f  the instrumentation stalk. 
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Fig. A-10 Heat t ransfer coef f i c ien t  o f  the 
outside surface o f  the Instrumentation s t a l  k. 



F i g .  A-1 1 Average surface temperature o f  the 
penetration nozzle. 
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Fig. A-1 2 Heat transfer -coeff ic ient f o r  the 
penetration nozzle. 
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