
LOFT TECHNICAL REPORT LTR 141-67  

RE & C REPORT NUMBER RE-A-77-029 

MAY 2, 1 9 7 8  

FLUID LOADS ON LOFT DTT SHROUDS 

LOCATED I N  REACTOR VESSEL DOWNCOMER 

AND DTT THERMAL LOADS DURING NUCLEAR LOCE 

G. K y l l i n g s t a d  

NOTICE 

PORTIONS OF THIS REPORT ARE ILLEIBLE it -- 
has been reproduced from the best avalbbk 
cow to permit the broadest possible avail- 
ab Uity. 

n ~ * E G z G  Idaho, Inc. 

C . .... . . 
I IDAHO NATIONAL ENGINEERING LABORATORY 

- 

I A R T M E N T  OF ENERGY 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



. , 

FORM EG8G-1816 
(Rev. 6-77) 

LOFT. TECHNICAL REPORT LTR 141 -67 

RE&C Report It 

DATE 3 - 2  
WORK REQUEST NO. 

RESEARCH, .ENGINEERING AND CONSTRUCTION REPORT 
ENGINEERING ANALYSIS DOWI.SION 

THERMAL ANALYSIS 

, 
F L U I D  LOADS ON LOFT DTT SHROUDS 

LOCATED I N  REACTOR VESSEL DOWNCOMER' 

AND DTT THERMAL LOADS DURING NUCLEAR LGCE 

NOTICE 

This mport was prepared a an account of work 
sponsored by the United Staler Covemmcnt. Neither the 
Uniled Stater nor lhc United Statcr Lkparlment of 
Energy, nor any of lhcir employees, nor any of their 
controctorc, aubconmclon, or their cmplnyrr.~. mnkcs 
any warranty, express or implied, or anurncr any legal 
liability or responlibility for the accuracy,completeneu 
or uvfulncu of any information, apparatus, product or 
proses diwlosed, or represents lhat its use would not 
infringe privalcly owned lights. . 

6. Kyllingstad 

CHECKED BY:  v .  E. Pace 

tB DISTRIBUTIG?? CIP T@TlS DOCUMENT IS 



FORM INEL-228 
(REV. 1-78) 

IDAHO NATIONAL ENGINEERING LABORATORY 
LOFT TECHNICAL REPORT 

LOFT PROGRAM 

T l T L E  R E P O R T  , N O  

F l u i d  Loads on LOFT DTT Shrouds Located i n  Reactor Vessel 11 LTR # 141 -67 ' . 

Downcomer and DTT Thermal Loads Dur ing  Nuc lear  LOCE 11 
I1 - - 

A U T H O R  11 G W b  N O .  

G. Kyl 1 ings tad '  
P E R F o R m l N G  O R C b N I Z A T  I o #  // 

May 2, 1978 



LTR 141 67 

SUMMARY 

A thermal ana lys i s  was performed on a LOFT DTT f o r  a nuc lear  LOCE. 

Thermal g rad ien ts '  through the  DTT shroud and t u r b i n e  body, and temperature 

d i f ferences between body and shroud were ca lcu la ted .  Th i s  was done t o  de- 

termine the  poss ib le  need f o r  a d d i t i o n a l  s t ress  analyses o f  t h e  DTT shroud 

t o  body welds based on thermal loads f o r  a nuclear  LOCE. 

The DTT geometry. analyzed i s  rep resen ta t i ve  of DTT' s spec'i f i e d  i n  

drawings 204500 Rev (M)  and 207726 Rev (A). DTT's s p e c i f i e d  I n  drawing 

204645 Rev . ( L )  i nc lude  a 0.600 i n c h  by 2.25 i n c h  rec tangu la r  mounting arm. 

Th is  arm was n o t  inc luded i n  t h e  ana lys is .  I t  i s  f e l t ,  however, t h a t  t he  

arm would n o t  have a s i g n i f i c a n t  impact on t h e  thermal ana lys i s ,  and t h a t  

t h i s  s tudy i s  a l s o  v a l i d  f o r  these DTT's s p e c i f i e d  i n . d r a w i n g  204645 Rev CL). 

~ e s u l t s ' o f  t h e  thermal ana lys i s  a r e  tabu la ted  below. 

DTT Locat ion  Max. D i f fe rence Between Shroud 
and .Average Body Temperature ( O F )  

1ntac.t  Loop Cold Leg (PC-1) 2 20 

I n t a c t  Loop Hot Leg (PC-2) 132 

Steam Generator Out1 e t  (PCb3) 

Reactor Vessel 'Upper Plenum 131 

Reactor Vessel Downcomer 

Broken Loop c o l d '  Leg (BL-1) 

Broken Loop Hot Leg (BL-2) 1 28 

The f l u i d  loads on the  .DTT1s l oca ted  i n  the  r e a c t o r  vessel  downcomers 

were a1 so analyzed'. Loads were based on v e l o c i t y  .and rnomentum f l u x  da ta  
----- 

f o r  the nonnuclear LOCE t e s t  se r i es  L1-1 through L1-4 and a r e  assumdd t d  a c t  

on the f r o n t a l  area o f  t he  DTT shroud and screen. F l u i d  loads f o r  bo th  non- 

nuc lear  and nuc lear  LOCEis should be essential ly t h e  same. 
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Hydrau l ic  loads on the  downcomer DTT ' s  a re '  s u b s t a n t i a l l y  l e s s  than 

those p rev ious l y  c a l c u l a t e d  i n  Refe/rence (2 ) .  These prev ious l o a d  calcu-  

l a t i o n s  were based on v e l o c i t y  data f rom L1-1 and L1-2 da ta  r e p o r t s  r e -  

leased i n  A p r i l  and J u l y  o f  1976 (Reference (8)  and ( 9 ) ,  r e s p e c t i v e l y )  which 

were i n .  e r r o r .  Ca lcu la t i ons  i n  t h i s  r e p o r t . a r e  based on co r rec ted  data  

found i n  References (4 )  and ( 5 ) .  Resul ts  a re  tabu la ted  below. 

Tes t  Downcomer Load (LBf ) ,  
Steady S ta te  B l  owdown 

Nominal Worst Nomi na l  Worst 
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1.0 INTRODUCTION 

I n  response t o  recommendations made i n  Reference ( I ) ,  a  thermal ana l -  

y s i s  o f  a  LOFT DTT based on an a n t i c i p a t e d  coo lan t  temperature p r o f i l e  f o r  

a  nuc lear  LOCE was performed., and f l u i d  loads experienced by t h e  LOFT DTT1s 

l oca ted  i n  t h e  r e a c t o r  vessel downcomer were est imated. 

A previous ana lys i s  has been done f o r  o t h e r  DTT's w i t h i n  t h e  LOFT sys- 
- . . . . .- .- . -...- - - . -- . . -. . - - - . . . - - . . . . . . . . .. 

tern i n  support o f  weld requirement c a l c u l a t i o n s  i n  a t tach in ,g  t h e t u r b i n e  

shroud t o  the  DTT body, Reference (2) 'and (3).  These a re  i'ncluded i n  

Appendix C f o r  convencience. However, temperature cond i t i ons  d u r i n g  a 

nuc lear  LOCE were n o t  considered, nor  was an ana lys i s  o f  t h e  f l u i d  loads 

on the  r e a c t o r  .vessel downcomer DTT1s. The c u r r e n t  ana lys i s  i s  in tended 

t o  cover these obvtious omissions o f  t h e  prev ious analyses. 

2.0 ANALYSIS 

The ana lys i s  f o r  t h i s  r e p o r t  cons i s t s  o f  two p a r t s :  

(1 ) C a l c u l a t i o n  o f  f l u i d  loads on t h e  r e a c t o r  vessel downcomer DTT's, 

- ( 2 )  Calcu1,ation of thermal gradients and t h e  temperature d i f f e r e n c e  be- 

tween LOFT DTT body and t u r b i n e  shroud dur ing  a  nuc lear  LOCE. 

2.1 F l u i d  Loads Analys is  

F l u i d  loads c a l c u l a t i o n s  were based on pas t  ana lys i s  methods, Refer- 

3 ence (2) .  For blowdown, a  maximum f l u i d  d e n s i t y  o f  60 I b m / f t  was measured 

du r ing  ECC i n j e c t i o n  i n  t h e  c o l d  l e g  loops f o r  t h e  L1-1 t e s t .  Th is  dens i t y  

was used i n  con junc t ion  w i t h  the  v e l o c i t y  peaks f o r  a1 1  tests,.  L1-1 through 

\. 
L1-4. The r e s u l t i n g  c a l c u l a t e d  loads are  conserva t ive  s ince  f l u i d  i n  the  . 

downcomer d u r i n g  these v e l o c i t y  peaks may be a  two-phase m ix tu re  o f  steam 

3 and water w i t h  d e n s i t i e s  s u b s t a n t i a l l y  l ess  than the  60 i b m / f t '  used. 



A t  steady s t a t e  pr ior  to  blowdown, high speed pump t e s t s  generate higher 

loads in some cases. The f lu id  density used to  calculate these loads was 

3 6 47 l b d f t  a t  a flow ra t e  of 3 . 9 ~ 1 0  lbm/hr. Steady s t a t e  loop operating 

'conditions a r e  well defined and allow an accurate assumption of f lu id  den- 

s i t y .  

The substanti  a1 ly higher loads calculated .., ... i n  . Reference (2) were based 

on velocity data from L1-1 and L1-2 data reports released in April :and July 

of 1976 (References (8) and ( 9 ) ,  respecti vely) . These docuaents were in 

e r r o r  and have been corrected and released in January 1977 (Reference (4) 

for  L1-1 and Reference (5)  f o r  L1-2). Fluid veloci t ies  in the corrected 

documents and used i n  t h i s  analysis were substant ial ly  less  than previously 
* 

indicated. 

Load calculations f o r  the L1-4 t e s t  a re  based on RELAP4 velocity pre- 

d i c t ions (6 ) .  I t  should be mentioned tha t  for  L1-1 t e s t  RELAP4 predictions 

were in excess of measured veloci t ies  by as much as  a factor  of two. This 

may a l so  be t rue  fo r  L1-4. Even i f  RELAP4 predictions fo r  L1*4. a re  close,  

resul t ing loads based on these predictions are  s t i l l  one-half those calcu- 

la ted  in Reference (2) f o r  a Type A DTT, used tn both the core simulator 
\ 

and the downcomers. 

2.2 Thermal Analysis 

A thermal analysis s imilar  to  the method of Reference (3)  was used. 

The two-dimensional f i n i t e  el ement code fo r  plane and axisymmetric geeme- 

t r i e s ,  COUPLE MOD2 in l ieu  of COUPLE 11, was used t o  calculate  the tran- 

s i en t  temperature his tory of the body and shroud. I n i t i a l l y  a f lu id  tem- 

perature prof i le  in  accordance with ANC Specification No. MS-201, Rev. 7 

f o r  the hot leg nozzle was used. This subjected the DTT t o ' a  severe 



thermal g rad ient  dur ing  ECC i n j e c t i o n  where t h e  fl u i d  temperature was 

brought f rom 615OF t o  70°F i n  10 seconds. Th is  was judged t o  be un- 

reasonably severe.. F l u i d  temperature p r o f i l e s  based on RELAP4 p red ic -  

t i o n s  o f  t h e  L2-4 nuclear  t e s t  i s  be l ieved t o  generate t h e  l a r g e s t  tem- 

pera ture  grad ients .  A  v a r i a b l e  f i l m  c o e f f i c i e n t  as g iven i n  Reference 

( 7 )  was not  used. The constant  400 Btu/hr- f t2-OF prev ious ly  used i n  

Reference (3)  was considered the  b e t t e r  choice s ince SEMISCALE data 

demonstrated considerable uncer ta in ty  i n  heat t r a n s f e r  c o e f f i c i e n t .  .- . 
(10) 

Moreover the  heat t r a n s f e r  c o e f f i c i e n t  i n  Reference (7 )  represents speci f i  - 
c a t i o n  l i m i t s .  Using t h e  400 Btu/hr- f t2-OF sub jec ts  t h e  DTT t o  somewhat 

h igher thermal g rad ients ,  and designs t o  those st resses would then be w e l l  

w i t h i n  s p e c i f i c a t i o n .  Average temperatures were c a l c u l  ated as they were i n  

Reference (3 )  w i t h  temperatures a t  i n t e r i o r  p o i n t s  be4ng volume weighted. 

3.0 - RESULTS AND RECOMMENDATIONS 

F l u i d  loads f o r  t h e  var ious nonnuclear t e s t s  (L l -1  through L1-4) a re  

tabu la ted  i n  Table I. Largest loads a r e  f o r  t h e  L1-4 RECAP4 p red ic t i ons .  
. . 

Assuming RELAP4 p ' redict ions t o  be c lose t o  ac tua l  observat ion,  p r e d i c t e d  

loads a re  on t h e  order  o f  one-hal f  those ca lcu la ted  i n  Reference (2 ) .  f o r  

t he  Type A DTT analyzed. Although i t  was located i n  t h e  core  s imula tor ,  . . 

t h e  same type o f  DTT i s  l o c a t e d  i.n the  r e a c t o r  vessel downcomers. Should 

t h e  shroud t o  body welds f o r  both Type A DTT's be designed f o r  t h e  loads 

ca l cu la ted  i n  Reference ( 2 ) ,  no s i g n i f i c a n t  design changes based on f l u i d  

loads would be an t i c ipa ted .  Should t h e  welds be s i zed  otherwise,  a  s t ress  

ana lys i s  may be advisable. 

Figures (1 ) through (16) i l l u s t r a t e  t h e  temperature p r o f i l e s  and 

average body and shroud temperature d i f f e rences  du r ing  a  nuc lear  LOCE. 



Figures  (1 ) and (2)  show t h e  ca l cu la ted  temperature p r o f c l e s  and d i f f e r -  

ences f o r  a  DTT body and shroud du r ing  a  nuc lear  LOCE i n  accordance w i t h  

ANC S p e c i f i c a t i o n  No. MS-201, Rev. 7. (7 )  Although t h i s  f l u i d  temperature 

p r o f i l e  was considered t o o  severe, i t  i s  inc luded here f o r  comparison 

purposes. The remaining f i gu res  show t h e  ca l cu la ted  tenpera ture  p r o f i l e s  

and d i f f e r e n c e s  f o r ,  t h e  var ious  DTT's l oca ted '  throughout '  t h e  LOFT system.. . . , 

d u r i n g  a  nuclear,  LOCE as p red ic ted  by RELAP4 f o r  t h e  L2-4 t e s t .  The f l u i d ,  

temperature p r o f i l e  f o r  t h e  L2-4 t e s t  was used s ince i t  was considered t h e  

most severe o f  t h e  L2 t e s t  ser ies .  

The maximum temperature d i f f e r e n c e  between DTT body and shroud du r ing  

t h e  L2-4 t e s t  i s  approximately 220°F as i l l u s t r a t e d  i n  F igure  ( 4 ) .  This  

i s  about 20°F l e s s  than t h e  ca l cu la ted  maximum d i f f e r e n c e  f o r  t h e  non- 

nuc lea r  LOCE o f  Reference (3 ) .  This apparent anomaly i s  a r e s u l t  o f  t h e  

t i m e  sca le  adjustment i n  Reference (3 )  t o  s imula te  a  l a r g e r  break than 

a c t u a l l y  s p e c i f i e d  i n  t h e  L1-1 t e s t ,  hence a  more severe thermal g rad ien t  
- .- . 

was s imulated a t  t h e  PC-1 l o c a t i o n .  



TABLE I 

Measured Maximum Vel o c i  t i e s ,  Momentum F l  uxes For Downcomer DTT' s From Nonnuclear Tests L1-1 , L1-2, L1-3, 
11 -4 (RELAP4 Pred ic t ion)  and Estimated Loads Based on Nominal and Expected Max. Drag Coe f f i c ien ts  

Max. Vel . Max.. Mom. F l  ux Load ( 1 bf ) 
Down- Recorded Recorded Steady-State . Blbwdown 

Test comer ( f t l s e c )  , ( lbm/ft-sec2) Nominal Worst . Nominal Worst Remarks 

Not  
L i s t e d  

100% Break o f  Cold Leg, ECC i n j e c t i o n  
i n  c o l d  leg ,  Max. dens i t y  60 1 bm/ft3 

100% Break o f  ho t  leg, ECC i n j e c t i o n  i n  
co ld  l eg ,  Max. dens i t y  47 l bm/ f t3 ,  Max. 
Mom. Flux used. 

200% Break o f  co ld  l eg ,  No ECC i n j e c t i o n ,  
Max. dens i t y  47 l bm/ f t3 ,  b u t  60 l b m / f t 3  
used f o r  Blowdown. 

200% Break o f  c o l d  leg ,  ECC i n j e c t i o n  i n  
RV LWR plenum, Max. dens i t y  47 lmb / f t3 ,  
but  60 1 bm/ f t3  used f o r  Blowdown. 

200% Break o f  c o l d  leg,  ECC i n j e c t i o n  i n  
cold leg,  Max. dens i t y  47 1brn/ft3, bu t  
60 1 bm/ft "sed f o r  Blowdown. 

* Hot Wall delay data no t  considered s ince s i m i l a r  experiments (Hot w a l l  delay)  w i l l  n o t  be repeated. 

** L a t e s t  data a v a i l a b l e  based on REALP4 p red ic t i on .  
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APPENDIX A 

1. F igure  A-1 - schematic o f  LOFT Drzg D isk  Turbine 
Flowmeter (DTT) Body and Shroud 

2. F igure  A-2 - COUPLE- MOD2 Model o f  Drag Disk 
Turbine Flowmeter (DTT) Body and Shroud 

3. ,COUPLE MOD2 Inpu t ,  Node and Element L i s t i n g ,  
- 'and Heat Conduction S o l u t i o n  a t  0.0, 1 ~ 0 ,  and 

11.5 Seconds. 



F igu re  A-1 - LOFT Drag D isk  Turb ine Flowmeter (DTT) Body and shroud 



Figure  A-2  - COUPLE MOD2 Model of Drag Disk Turbine F l o m e t e r  (DTT) Body and Shroud 



j 7 4 I ~ L E S '  S T L  B T C I H ? r F T r F  . . 

5 

. ; T A I ! ~ L E $ S  S T L  D T U / F T " * 3 . - F  
2 2 
2; 
7 > 



1 - 1 T L E  
2 L g E T  C C T  -Ef!PEZATURE 2ESPORSE F G R  N U C L E b Z  LOCE r75N 0 5  
3 iut,E - ECC JLh. l h ~  i 9 7 i  C s z P L :  ?!c3 2 

S T E P  
0.0 50. 5  . 1  61C. 

T H E X Y A L  C O N D U C T I V I T Y  OF A U S T E N I T I C  S T A I N L E S f  S T L  B T U / K R , F T I F  
100 .  8.4 1 5 0 .  5.67 
3 3 0 .  9 .35 430.  4 .8  
500. L C - 2 3  5 5 0 -  10.45 
65CF,  13.9  
DEN2,TY * SPEC HEAT 3 F  AUSTENITIC' S T A I N L E S S  S T L  3 T O / F T * * 3 . * F  
1 0 0 .  56.157 15G. 55.252 
300.  5e.842 r o o .  5 ~ . 1 2 2  
503. o ? . t 6 4 .  5>0.  6 2 . 0 5 3  



10. 70. 
4 3 1 H E A T  T R L N ' F i Q .  .:a;.EFFI:if&TS 2 T c / E ? : f T * 9 2 p i  

0.  C 4 C. ,2 . 7 . 0  LC:\, .?5.0- L C C .  
5 ? 1 V j 5 i Z I A S L E  'T i?;! :  l : < C j c l i . k : , T  ).z:i:T. @ t -. '' t., 

0.0 l . c r  5.3 1 .  C 7 . 5  C . Z 5  
3.75 0 - c 2  i i . ?  y . 3  L C ; , j  3.; 

2 0 .  :.c 57.c  L. C 

T o P L O T S  
7 1 4 0 

7 3 7 2  C O ' J P L E  
7 4 
7 5 !END GF DATA 



COUPLE HOC 2 ( H A Y - 2 3 ~ 7 7 1  UPDATE 1 (HAY-23,771 ECL 
L O F T  0 3 1  TEMPERATURE RE5PONSE FOR NUCLEAR LOCE RL.N 0 5  
LOCE - ECC JbN. 16, 1 9 7 7  COliPLE MOD 2 

~ E S H  O U T P U T  D A T A  

N O D E  C A T 4  

NOOE NUMBERS, I-:# R-2 COOkDINATE INFORMATION 

NOOE 
1 
4 
7 
: 0 
i 2 
1 5  
1 8  
21.  
E 3 
2 6 
z 9 
3 2 
3 4 
3 7 
G 0 
4 3 
4 5 
4 8 
5 1 
5 4 
5 6 
5 9 
6 2 
6 5 
6 7 
7 0 
7 3 
7 6 
7 8 
a 1 
8 4 
8 7 
8 9 
9 2 
9 5 
9 8 

1 0 0  
203  
1 0 6  
1 0 9  
11 1 
1 1 4  
1 1 7  

J NGDE R Z I J NODE K Z 
1 2 1.349E-01 0. 3 1 3 2.697E-01 0. 
1 5 5.394E-01 0. 6 1 6 6.743E-01 0 .  
1 8 9.4COE-01 0. 9 1 9 9.755E-01 0. 



NU36 
lil 
123 
126 
129 
132 
134 
137 
140 
143 
14 5 
14 8 
151 
154 
157 
160 
163 
16 b 
169 
172 
175 
176 
1 M 1 
184 
187 
190 
193 
196 
199 
202 
2G5 
2 0 8 
2 11 
214 
2 17 
220 
223 
226 
2 2 9 
2 3 2 

t-' 



C O U P L E  K O 2  2  ( f i A Y - 2 3 , 7 7 1  U P C A T E  1 ( K A ? - Z ? r 7 7 )  E C L  
L O F T  3 0 1  T E ' I P E R A T L R E .  RiSPO?iZi. Fa-? N U C L E P 4  L l i C E  2CN 0 5  
L O C E  - = C C  JUN. 16, 1 9 7 7  C O U P L E  MCO 2  

H E A T  C 0 N : I C C T I O X  S O L U T I C N  

T I Y E  = 0. C O C O O  9T = C .  C C C O G  S T F P  = 1 P A S 5  = 1 

H G O E  
2  
7 

' E t 1 2 i i ; ~ T L R  
1 0 0 0 5 + 0 2  
1 C O O E  + a 2  
1 0 0 0 E + 0 2  
1 0 C G E + O Z  
1 2 C C E + O 2  
1 C O C E + O Z  
1 C O G E t 0 2  
l C 3 G E + O ?  
l C \ C C E + C I 2  
l L 1 0 0 E t 0 2  
1 0 C C E t C 2  
1 C - 9 G E  + 2 ?  
? C C C t t G Z  
l r ; 3 ( 1 C + O 2  
1 C O C k + G 2  
l C . O C E + O Z  
1 G O O E + C 2  
1 C C 3 E + C 2  
l G G ? E + O Z  
l C G C k + G Z  
? C C . 0 i + O Z  
l tOL'2+02 
1 0 3 ~ * : + 0 2  
l @ O O E + 0 2  
1 0 C C E t O Z  
1 C O C ) E + C 2  
1 2 C O E i C 2  
1 G G O E + C 2  
1 0 O C E + 0 2  
1 C O G E t 0 2  
l G 0 3 E t 0 2  
1 0 3 C E t O 2  
1 C O O E + 0 2  
i 0 0 0 E + 0 2  
f 0 0 0 E  t o 2  
, C ; O C E + O Z  
l O C G E + 9 2  
i 0 0 3 k + C 2  
l C C C E + O 2  
L C O O E t C Z  
1 0 0 0 E + O 2  
1 3 @ 0 E + 0 2  
l C O C E i C 2  
1 C O C E t O Z  
1 0 0 0 E + 0 2  
1 0 0 C E + 0 2  

N O S E  
5 

10 
1 5  



C O U P L E  h00 2  (fl:Y-23,77) LJPGATE 1 !KnY-23,77)  E C L  1 0 3 7  T E P a P E R A T b R E  2 E S P C t N S E  F O X  h L C L E A 2  L C C E  l l j N  0 5  
. - . E C C  JUN. 16, 1 9 7 7  C i i i P L E  i t02 2 

4 7  C O N D U C T I O N  S E L L T I O N  

I .  

[ H E  1. CGOCC D T  = i. COO00 S T E P  - 2 P A S S  = 2 

N C D E  
5  

1 0  
1 5  
2  0  
2  5 
3 0  
3 5 
4 0  
4 5  
5 0 
5  5  
6 0  
6  5  
7 0  
7  5  
8 0 
8 5  
9 0 
F 5 

1 0 0  
1 0 5  
1 1 0  
1 1 5  
1 2 0  
1 2 5  
1 3 0  
1 3  5  
1 4 0  
1 4  5 
1 5 0  
155:  
1 6 0  
1 6 5  
1 7 0  
175 
1 8 0  
18 5 
1 9 0  
195  
2  0 0  
205  
2 1 0  
215  
2 2 0  
225  
2 3 0  



T I N E  = 1:. 5 3 0 0 0  S T  = . 5 0 2 0 0  S T E P -  23  

NGOE 
1 

r 4 O G i  
5 

1 g 
1 7  
5 0 
2 5 
3 5 
3 5 
2: 
5 6 
5 5 
6 0 
b 5 
;; 
e o 
8 5 
9 0 
9 5 

1c.O 
?C5 
11C  
1 1 5  
1 2  0 
1 2  5  
1 3 0  
1 3  5 
1 4 3  
1 4 5  
1 5 2  
1 5 5  
1 6 5  
lci5 
1 7 0  
1 7 5  
1 8 0  
1 8 3  
I T C  
173 
ZCO 
2C 5 
2 10 
2 YL 5 
220  
225  
230  



APPENDIX B 





I 
f i  3slcn)e YP/OC; I/ ) ~ n c t . r  kqln f Y  a n r e  as DTT )n~~$~ff.rnBnf 

/ 

L 

/ Y =  ~ / , 5 ) ( ~ 7 $ $ ) ( / 5 ~ ~  I C ~  -) ( - 7 1 7 9  45.  3 /S, ' 

b0*1, -' Z. - i C , L / ~  ill /&,, C* 1 ,,) (67.7 - 
/b4 sicL 

I 
! 
I 



I 

: - 2  7 S e e  KC. R O ~ I ~ ~ O V  , - - L~--fr/;,e+,f~ -- . - .------- &-& RRf CN LOFT &nfiHc /Cqr 7e5f 
I L 1-2, mCE -AJUk'(G -102 _P_r 6 (~4.d. /977 I 
I I 

I i 
I 









.dol.vri romev fti? - (FL-MT- I )  





j 
a I ( lA-4  

I 
(se C )  

Auc S p e c ,  
i \vpra e Bdy funp. - I F, . /W o e (  -- y&i'+',+tZ'ri 

- : 

















i I 
. 

i I 
-

.
!

 
h

;
.
 , 

Q
 

. 
. 1.) 

$
 

. 
,... I.. 

. . 
. 

. 
. 

. 
. 

- 
. 

. 

. 
Ll 
,- 

1
9

 
,p

.,.D
.k* 

~
J

r
l
i
r
-
~

r
.
,
J

-
l
J

y
J

"
"
"
b

\
?

"
 

a
 
"lp

,,3
 

: 
a
 

o
b

.
~

)
 

a
b

:2
M

I\+
\9

%
P

+
 

. 
. 

. 
*

.
 . 

d
-

-
-

-
 

-
.

 a . g
.
+

-
9

4
~

~
 

.
.

.
.

 +
p

+
-

*
(

3
4

,
e

9
 

,
.

.
.

 

t- 
d

~
~

-
>

w
d

~
~

~
*

a
-

~
o

>
a

r
~

,
~

~
~

~
+

P
~

~
.

~
~

 
v

f
A

j
<

&
6

 
. 

-s
3
 

4 
s

"
Q

d
d

~
'

3
b

 
 M

Y
<

::-
;=

=
^
=

-
 
N

 
n
( 

e
m

 
- a

-n
 

\
,
\
 
\
.
'\
\
 

7-b' . 
: 

!<
 

t'-
 

I 
\
-
 

1
 

b
 
5
 

:
 

\. 
. 

. ...; '.:\, 
, 

.. 
. 

5 \, 
, 

.'.
 

ti 
3
 

; 
.-Q

 

; 
._. 
Y

 - (S
 
.
L
 

i
 

>
 

. 

7
 









. . . . . . - --- - - -- . - ... - . , . -- 

R Q ~ C  for l/esse- / 
~ o w e r :  D W L ~ P T  :.. . 

: I 
I ! 







LTR 1 4 1- / 











b r c  1 
I 



PREVIOUS ANALYSES 

(1 )  R. C. Go t tu la  and R. G. Rahl l e t t e r  t o  L. 9 .  
Ybarrondo; Gott-4-76 "LOFT Drag Disc Turb ine  
Meter Shroud Welds" (June 9, 1976). 

( 2 )  K. H. Hedquist  l e t t e r  t o  R. L. Crumley; 'UH- 
1-77, "Thermal Ana lys is  o f  LOFT DTT a t  Loca- 
t i o n  PC-l and BL-l o f  L1- l  Tes t "  (March 7, 1977). 

( 3 )  L2-4 RELAP4 F l u i d  Temperature P r o f i l e  p r e d i c t i o n s  



Clerojet nu(;lear Company 
In te rof f i ce  Correspondence 

June 9,  1976 

1.. J .  Ybarrondo 
CSC-'TSB 

LOFT DRAG DISC TURBINE FlETER SHROUD NELDS - Gott-4-76 

. . 

As a r e s u l t  of the  f a i l u r e  of the  LOFT PC-3 drag d i s c  turbine  (DDT) flow- 
meter shroud, .ca lcula t ions  have been made t o  determine the  weld area  required 
on the  shrouds of the o ther  DDT flomneters t o  prevent another s im i l a r  
occurance. The maximum f l u i d  fo rces .on  the  flowmeters i n  the  blowdown pipe,  
opera t i  ng 1 oop, and core sinlul dtor- 1 ocations have been est imated,  a t  t h e i r  
respect ive  loca t ions ,  f o r  both bes t  es t imate  (nominal) and worst case  con- 
d i t i ons  during steady s t a t e ,  blowdown, or  E C C  i n j e c t i on  condi t ions .  The 
s t r e s s e s  in the shroud welds have been calcula ted on each flowmeter f o r  
the following condi t ions:  1 ) present  condit ion taking c r e d i t  only f o r  the  
estimated good' weld a r ea ,  2) bes t  f i x  assuming a l l  good edge remaining on 
the flo\aneter body can be welded, and 3 )  proposed new weld design.  The 
following t a b l e  summarizes the  s a f e ty  f a c t o r s  f o r  each flowmeter and each 
condit ion.  

I t  can be seen t h a t  the PC-2 flowmeter i s  the  only one with adequate welds 
and can be ' re ins i -a l led  i n to  t he  loop with no rework. Also,  PC-1 and BL-2  
cannot be repaired without removing the  shroud and rewelding. Flownieter 
BL-1 can be fixed by addi t ional  welding (.035 inch t h roa t  thickness new 
wid, to t a l  length 1.73 inch outboard s i d e  and 7.46 inch inboard s i d e )  
\d't'thou t rerllvt i tig the shroud . 
The p r~poscd  new weld design .:shcs.&d ~-be . . sa ' t i : s~ac to ry  f o r  t he  core  simulator 
and BL-2 flovmeters. The s a f e ty  f a c t o r s  l i s t e d  f o r  t he  PC-1 f l o m e t e r  a r e  
based on loads estimated a t  the PC-3 loca t ion .  However, t h e  loads.  on the  
PC-1 flopmeter should be between those est i i r~ated a t  the  PC-3 and PC-2 loca- 
t i ons .  Therefore, the proposed new weld design should be s a t i s f a c t o r y  f o r  
the  PC-1 flowmeter, pa r t i cu l a r l y  in view of the  f a c t  t h a t  the  proposed weld 
design provides more weld area  than present ly  ex i s t ;  ori the  PC-1 shroud, and 
t ha t  the PC-1 Plopni~eLrr~ lias renia-ined i n t a c t  during t . h ~  1.1 -1 and Ll-2 blow- 
downs. 

For the  DDT flowneter a t  locat ion PC-3, the  highest  forces  on the  shroud 
should occur during normal operation a t  the  higliest pump speed. The flow 
a t  PC-3 wi l l  be h,ighly turbulent  and swir l ing e f f e c t s  caused by th.e 90° bend 
a t  the steam g e n e ~ ~ s t o r  o u t l e t  \.rill prohahly n o t  t ~ e  damped ou t  a t  the  PC-3 
locat ion.  Thc actual  flow pat.tc1-n a t  the  PC-3 l cca t ion  i s  unknown. Also,  
v ibra t ion forces  caused by turbulence cannot be defined.  
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Before  t h e  f a i l u r e  o f  t h e  PC-3 meter, two meters had been i n s t a l l e d '  i n  t h e  
PC-3 l o c a t i o n .  Du r ing  s teady  s t a t e  ope ra t i on ,  bo th  o f  these meters measured 
a v e l o c i t y  about h a l f  ' t h a t  measured a t  PC-1 and PC-2. Th i s  i n d i c a t e s  t h a t  
a  l a r g e  amount of  c ross f l ow  was occu r i ng  a t  t he  PC-3 meter p reven t i ng  a  good 
v e l o c i t y  measurement by t h i s  ins t rument .  Also, c ross f low on t h e  PC-3 shroud, 
w i l l  r e s u l t  i n  a  much h i g h e r  f l u i d  f o r c e  than f l o w  p a r a l l e l  t o  t h e  shroud 
would g i ve .  Due t o  t h e  u n c e r t a i n t y  i n  de termin ing  t h e  maximum f l u i d  and 
v i b r a t i o n  fo rces  on t h e  PC-3 f lownieter,  t h e r e  i s  s t i l l  a  s i g n i f i c a n t  r i s k  
t h a t  t h e  PC-3 f lowmeter  may n o t  s tay  i n t a c t  f o r  extendei: ope ra t i on .  A lso ,  
s i n c e  t h e r e  a re  good i n d i c a t i o n s  t h a t  t he  PC-3 f lowmeter  i s  i n  a  poor  l o c a -  
t i o n  t o  o b t a i n  a  good f l o w  measurement, i t  i s  s t r o n g l y  recoymended t h a t  t h e  
PC-3 f lowmeter  - n o t  be i n s t a l l e d  i n  t h e  LOFT pr imary  coo lan t  system f o r  
e i t h e r  s t e a d y . s t a t e  o r  blowdown opera t ion .  

Recommendations 

CS: A t t a c h  shroud w i t h  new procedure c a l l i n g  f o r  3.5 i n c h  weld o f  .035 i n c h  
niinimum th i ckness .  

PC-1: A t t a c h  shroud w i t h  new procedure o r  i n s t a l l  PC-3 i ns t rumen t  here  w i t h  
added weld (minimum 1.29 i nch  outboard and 1.46 f nch i nboa rd ) .  

PC-2: OK as i s .  

PC-3: O n l i t  i ns t rumen t  a t  t h i s  l o c a t i o n  o r  use f u l l  l e n g t h  welds on shroud. 

BL-1: Add weld t o  p resen t  shroud (mininiuni l e n g t h  o f  new weld 1.73 i n c h  
ou tboard  and 1.46 i n c h  i nboa rd ) .  

BL-2: A t t a c h  shroud w i t h  new procedure c a l l i n g  f o r  3.5 i n c h  we ld  o f  .035 i n c h  
mininium th i ckness .  

The assumptions and c a l c u l a t i o n s  f o r  t h i s  a n a l y s i s  a re  shown I n  t h e  a t t a c h -  
ment. Best  es t ima te  and wors t  case values used f o r  var ious  f a c t o r s  i n  t h e  
a n a l y s i s  a r e  g iven  i n  t h e  attachment.  

v R ' t ,  ,Jc .; 'z 
R .  C .  G o t t u l a  
Thermal Ana l ys i s  Branch 

.?-'A% P?@, 
R. G. Rahl 
App l i ed  Mechanics Branch 

cc :  LFCurdge RCGuenzl e r  
t1MBurton DWtlood 
RLGump JRKarvi nen 

YCi 
JLLiebenthal  ' f  RPHadkins 
~A~ loo re ,  j.;i..~?"L RCGo t t u l  a  
MLStanl ey RGRa h  1 

LPl-each 



SUKMAEY CF SAFETY FACTORS FC2 SHPOUD WELDS 

***These l o a d s  a r e  t h o u g h t  t o  b e  b e t w e e n  PC-2 a n d  PC-3  l o a d  v a l u e s .  

**Best  F i x  a s s u m e s  g o o d  e d g e s  we1 dead a s  i n d i c a t e d  by L N ~  
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lo R. L. Crumley 

from K. A. Hedquist  

subject THERMAL ANALYSIS OF iOFT DTT-AT LOCATION PC-! and BL-1 
OF L1-1 TEST KAH-1-77 ... . . 

References: 
a )  "LOFT P i p i n g  Drag-Disk, Turb ine Flow Meter Assembly", 

ANC Drawing 204645, Rev. L, May 22, 1972. 

b) Personal Communication, J. S.  M a r t i n e l l  t o  K. A. Hedquist  
February 9, 1977. 

c )  J .  S. M a r t i n e l l  l e t t e r  t o  R. L. Crumley; JSM-2-77, "Eva lua t ion  
o f  LOFT P i p i n g  Type DTT Shroud and Cover Velds",  February 10, 1977. 

e) S. A. Naff ,  Q u i c k  Look Report, LOFT Loss o f  Coolant  
Experiment L1-1, March 11, 1976. , 

f )  Personal Communication, J .  K. ~ a c o b y '  t o  N. E. Pace, 
February 2, 1977. 

R. T. French, An Eva lua t i on  o f  P i p i n g  Heat Transfer,  
P i  p i  ng Flow -. - Regimes a n d T e a m  Genera t o r  Heat Trans fer  f o r  
t h e  Senliscale blod-1 Isothermal  --- Tests, ANCR-1229, August 197 

Th is  l e t t e r  i s  t o  document t he  thermal t r a n s i e n t  analyses o f  t h e  LOFT 
p i p i n g  t ype  DTT's as de f i ned  i n  Referetlces (a )  and (b)  which were 
done i n  suppor t  o f  t he  s t r e s s  a n a l y s i s  as repo r ted  i n  Reference (c ) .  

A I ~ o r i z o c t a l  c u t  through t h e  DTT body and shroud was taken and a 
two dimensional symmetric f i n i t e  element model was made ( see F ig .  
1 and 2 ) .  The s m a l l  covers and extensions t h a t  p ro t rude  f rom t h e  
main body of '  the  DTT were neg lec ted  i n  t h e  conlputer model. They were 
taken i n t o  account by assuming the  DTT body . s o l i d  whereas i t  a c t u a l l y  
has smal l  vo ids  w i t h i n .  The niodel was used i n  t h e  COUPLE I1  Code 
(Refererice (d)) t o  o b t a i n  t r a n s i e n t  temperature h i s t o r i e s  throughout  
t h e  body and shroud. Several computer runs were made us ing  t.he f l u i d  
temperatul-e h i s t o r i e s  a t  t he  PC-1  and BL-1 l o c a t i o n  from t h e  LOFT 
L1-1 t e s t  (Reference ( e ) ) .  The P C - 1  l o c a t i o n  i s  t h e  i n t a c t  l o o p  
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cold leg vessel i n l e t  and BL-1 i s  the broken loop cold leg vessel 
ex i t .  The time scale of these temperature h is tor ies  was modified 
by a factor  of .73 to  represent a 1 arger break area (:-Reference ( f )  ) . 
Since the heat t ransfer  coeff ic ients  a re  d i f f i c u l t  t o  obtain f o r  the 
varied locations and s rfaces of the DTT turbine metel-, a lower 
l imi t  of 400 Btu/hr f t y  O F  was used as a constant value during the 
LOCE t ransient  for  both locations (PC-1 and BL-1). Figure 3,  taken 
from Reference ( g ) ,  shows the measured piping heat t ransfer  coef- 
f i c i e n t  a t  the in t ac t  loop cold leg vessel i n l e t  from the Semiscale 
t e s t  that  corresponds to  the LOFT L1-1 t e s t .  By using th i s  lower 
l imi t ,  a s l i gh t ly  conservative estimate of the .temperatures within 
the DTT body will resu l t .  

The s t r e s s  analysis calculations required the difference between the 
shroud and the average body temperature. Temperatures a t  i n t e r io r  
points within the DTT body and. shroud were volume weighted, t o  obtain 
an average temperature. Figures 4 and 6a show the f l u i d ,  average 
shroud, and average body temperatures for  locations PC-1  and B L - 1 ,  
respectively. The maximum difference between the average body and 
shroud temperature was 2400F for  location PC-1 and 750F f o r  location 
BC-1. Figures 5 and 6b show the average body and shroud temperature 
difference throughout the t rans ien t .  Lower temperature differences 
may be obtained by using higher film coeff icients  a t  times during 
the t rans ien t ,  b u t  because of the uncertainty of calculating these 
coeff ic ients ,  the.conservative lower l imi t  as shown in Figure 3 will 
r e su l t  in a maxinlum bound fo r  the shroud and body temperature difference. 

' c c :  R. D. Wesley* R. C .  Guenzler* 
K. B.  Nil so,?;/ .;:, G. B .  shull* 
N. E .  Pace;? :,.ii 

I . K  H .  A .  Rdu* 
W .  C .  ICet tonci~ker~~~ L .  P. Leach* 
J .  S. Martinell J .  R .  Karvinen* 
J .  K.  Jacoby* T.  L .  Kinnaman 
S .  A. Naff 
K .  A .  Hedquist ' ( 2 )  
J .  L .  Liebenthal* 

(* without attachment) 
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SYM M &Te /C 
HALF MODEL 

FIGURE 1 - LOFT DRAG D I S K  TURBINE FLOWMETER (DTT) BODY AND SHROUD 
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.Time after  Rupfure (sec) ANC - A -  5343 

FIGURE 3 - F I L M  COEFFICIEI4TS AT 1NTACT.LOOP COLD LEG VESSEL I N L E T  
FROM SEMISCALE TESTS ( R e f e r e n c e  ( g )  F i g u r e  7 )  . 









THIS ATTACHMENT CONTAINS: 

Attachment 
March 7, 1977 
KAH-1-77 
Page 1 of 10 

1. Method o f  Calculat ing the Average Body Temperature 
f o r  the LOFT DTT 

2. Input  Echos o f  Data Used f o r  Runs* 04 and 05, Locations 
PC-1 and BL-1 

. . 

3. L i s t i n g  o f  Model Nodes and Elements 

* Note Runs 01 th ru  03 used higher f i l m  coeff ic ients t h a t  
were not  included as p a r t  o f  the report .  
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