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MEMORANDUM

DOE/PNC Plant Systems and Components W/G

Thermal Striping and Stratification S pecialists Meeting

In accordance with the Record of Discussion of the Fourth Meeting of the
DOE/PNC Working Group on Plant Systems and Components, signed April
22, 1982, a specialist's meeting was held in Sunnyvale, California, from
October 11 through 14, 1982, on the subject of Thermal Striping and

Stratification Effects in LMFBR reactors .

The agenda of the seminar and the list of participants are given in

Appendices 1 and 2, respectively.

In accordance with the agenda for this meeting, 12 Japanese and 14 U .S,
papers were presented and discussed. The agenda was organized to provide

presentations and discussions in the following two areas:

A, Thermal Striping

B, Thermal Stratification

Tese presentations described experimental studies of thermal striping on
the upper core structures of the Clinch River and MONJU reactors. Both
water and sodium tests were reported. Experimental and analytical in-
vestigations of thermal stratification in LMFBR reactor plenums were also

reported and discussed.,

This exchange has been very useful in giving the participants a comprehen-
sive understanding of each other's programs and their bases. Brief

summaries of presentations for each session will be provided later.
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It was agreed that the specialist meeting was very constructive and beneficial
for both countries. A large amount of information was exchanged, indicating
common agreement in many areas between the various experts at the meeting.
Both sides are agreed that further exchange in this area could be quite
beneficial, and that such exchanges should be negotiated as specific items
through the Working Group as the need may arise.

For the United States For the Power Reactor and Nuclear
Department of Enexrgy Fuel Development Corporation

(sl Ol ferp

Name: "¢
Carl E ., Ockert Tadao Aoki
Title: Manager, Reactor Component Title: Manager, Structural
and Technology Development Engineering Section
Breeder Mechanical Component FBR Components Development
Development Division Division PNC/OEC
Office of Breeder Reactor
Technology Projects
Date: October 14, 1982
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AGENDA

DOE/PNC SPECIALIST MEETING

ON

REACTOR THERMAL-HYDRAULIC PERFORMANCE

Monday, October 11, 1982

8:30 ~ 9:00

October 11~15, 1982

Welcome, Introductions

SESSION A - THERMAL STRIPING

9:00 - 10:00
10:00 - 11:00
11:00 -~ 12:00
12:00 - 13:00

13:00 ~ 14:00

14:00 - 15:00

15:00 - 16:00
16:00 - 17:00
17:00 - 18:00
19:00

Summary of CRBR UIS Bypass Thermal Striping
Tests in the IRFM

MONJU Thermal Striping Design Concept

Summary of the CRBRP Full Scale, Seven-
Assembly Thermal Striping Tests

Lunch

MONJU Thermal Striping Test Results and

Evaluation

Evaluation of Sodium Thermal Striping Test

Results at AI
High~-Cycle Thermal Fatigue Analysis

Evaluation of Sodium Thermal Siriping Test

Results
Future Test Plan for Thermal Striping

Cocktails and Dinner at Anthony's Pier 9
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Tuesday, October 12, 1982

SESSION A - THERMAL STRIPING (Continued)

8:30 - 9:30

9:30 - 12:00

12:00 ~ 13:00

FFTF Core Thermal Striping Benchmark

Experiment

General Discussion and Consensus on Thermal

Striping Issues

Lunch

SESSION B - THERMAL STRATIFICATION

13:00 - 14:00

14:00 - 15:00
15:00 - 16:00
16:00 - 17:00

FEFTEF QOutiet Plenum Transient Test Resulis and

Evaluation

Thermal Stratification Design Concept for
MONJU

Summary of Experimental and Analytical

Evaluations of Plenum Stratification for CRBRP

Thermal Stratification Test Program for MONJU

Wednesday, October 13, 1982

SESSION B - THERMAL STRATIFICATION (Continued)

9:00 - 13:00

10:00 - 11:00

11:00 - 12:00

12:00 ~ 13:00

13:00 - 14:00

14:00 - 15:00

Phase I Large Scale Prototype Breedexr Outlet

Plenum Test Results and Evalvation

Sodium Thermal Stratification Test with A 1/6
Model of MONJU Outlet Plenum

Phase II Large Scale Prototype Breeder Outlet

Plenum Test Results and Evaluation
Lunch

Water Thermal Stratification Test with a Full-
Scale 1/3 Sector Model of MONJU Outlet Plenum

Evaluation of FFTF Test Results and Influence of
Upper Plenum Stratification using SSC

._8.—
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SESSION B - THERMAL STRATIFICATION (Continued)

15:00 - 16:00

16300 - 17:00

18:00

Sodium Thermal Stratification Test with A 1/10
Model of MONJU Outlet Plenum

COMMIX-1A Code Modeling and Evaluation of

Thermal Stratification Effects

Cocktails and Dinner at Michaels

Thursday, Cctober 14, 1982

SESSION B - THERMAL STRATIFICATION (Continued)

8:00 - 9:00

9:00 - 10:00

10:00 - 11:00

11:00 - 12:00

12:00 ~ 13:00

13:00 - 14:00

14:00 - 15:00

15:00 - 18:00

Friday, October 15, 1982

9:00 - 12:00

Comparison of Thermal Stratification in Sodium
and in Water with 1/10 Models

Water Simulation Tests and Analyses at Natural

Circulation Conditions
Analytical Evaluation of Thermal Stratification

Evaluation of Sodium Simulation Tests and

Analyses
Lunch

Outlet Plenum Stratification Modeling for Plant

Thermal Transient Analysis Code

Preliminary Test and Analysis Plan for Outlet
Plenum Stratification of Large Scale Prototype
Breeder

General Discussion and Consensus on Thermal

Stratification Issues -~ End of Official Meeting

Tour and Demonstration of GE LMFBR Water
Simulation Test Facilities at Natural Circulation

Conditions
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NAME

S.C., Rose
D.R. Dickinson
C.E ., Ockert
M.D ., Woods
J.P., Kuo

S. Kishi

K. Sasanuma
K. ' Okada

M. Ogzawa

T, Aoki

T. Nakamura
J.G. Guppy

Jd. Matte

B. Sha

J ., P, Wei

R L, Stover

P M. Magee

R .I, Jetter
G.E. Berg
J.F. Murdock
J.C. Reese
J.C, Mills

R, Yahalom

J, Oras

C. Martin

T .A . Shih
F.R. Wiltshire

M. Yamakawa

MEETING ATTENDANCE

October 11, 1982

ORGANIZATION

GE-ARSD
HEDL
U.S.DOE
W-ARD
GE-NESD
Toshiba
Toshiba

MHI

MAPI

PNC

PNC

BNL

EPR1

ANL
GE-ARSD
W-Hanford
GE_ARSD
Rockwell-ESG
EPRI-COMO
CRBRP/PO
W-ARD
Rockweli-AI/ESG
GE-ARSD
ANL

CE

GE-ARSD
GE-ARSD
GE-ARSD (Hitachi)
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MEETING ATTENDANCE

October 12, 1982

NAME ORGANIZATION
S.C, Rose GE-ARSD

J.P. Kuo GE_-NESD

J.P, Wei GE-ARSD

J.C. Mills Rockwell - AI/ESG
B. Sha ANL

D, Dickingon HEDL

J.G. Guppy BNL

T, Aoki PNC

T . Nakamura PNC

M. Ozawa MAPI

K. Okada MHI

K. Sasanuma Toshiba

S, Kishi Toshiba

J . Reese W-ARD

C.E. Ockert DOE

R.L, Stover W-Hanford

P .M. Magee GE-ARSD

S. Grewal - GE-ARSD

R. Yahalom GE-ARSD

J. Oras ANL

J.F, Murdock CRBRP/PO
M.D, Woods W-ARD

G.E. Berg EPRI/COMO
R.I, Jetter Rockwell-AI/ESG
L.L. Eyler Battelle NW

M. Yamakawa
C.B, Martin

GE-ARSD (Hitachi)
CE
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MEETING ATTENDANCE

October 13 ,l 1982

NAME ORGANIZATION
5.C. Rose GE-ARSD
R. Yahalom GE-ARSD
C.E, Ockert DOE

John Oras ANL

J.P, Kuo GE-NPSED
S . Kishi Toshiba

K . Sasanuma Toshiba

K. Okada MHI

M. Ozawa MAPI

T . Nakamura PNC

T, Aoki PNC

J.G. Guppy BNL

F .J. Halfen GE-ARSD
R.L, Stover W-Hanford
D.R. Dickinson W-Hanford
R .M. Singer anl

B. Sha ANL

J.C. Mills Rockwell-AI/ESG
J.P. Wei GE-ARSD
P M. Magee GE-ARSDP
H.S. Bailey GE-ARSD
J.F, Murdock CRBRP /PO
J.C. Reese W-ARD
L.L. Eyler Battelle

M. Yamakawa GE-ARSD (Hitachi)
F ., Wiltshire GE-ARSD
C.B. Martin CE

5.3 . Grewal GE-ARSD
R. Yahalom GE-ARSD
R . Markley W-ARD
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MEETING ATTENDANCE

October 14, 1982

NAME ORGANIZATION
S.C. Rose GE-ARSD

J.C. Mills Rockwell-AI/ESG
C.E. Ockert U.S.DOE

E. Gluekler GE-ARSD

J.P. Kuo GE-NESD

S . Kishi Toshiba

K. Sasanuma Toshiba

K. Okada MHI

M, Ozawa MAPI

T . Nakamura PNC

T . Aoki PNC

J.G. Guppy BNL

F .J. Halfen GE-ARSD

R.L. Stover W-Hanford
D.R. Dickinson W.Hanford

B. Sha ANL

R M. Singer ANL

J.P., Wei GE-ARSD

P .M, Magee GE-ARSD

H.S. Bailey GE-ARSD

G.E, Berg COMO

J.F. Murdock CRBRP/PO

R .A . Markley W-ARD

R, Yahalom GE-ARSD

C.B. Martin CE

M. Yamakawa GE-ARSD (Hitachi)
J,J. Oras ANL

L.L. Eyler Battelle NW
J.C. Reese W—ARD
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ElE RKRESLHBEAR

H—1 ®2ri=z2A THERMAL STRIPlNG
« KE Rl FERR L
A—1 BSUMMARY OF CRBR UIS BYPASS THERMAL STRIPING TESTS
IN THE IRFM
M.D. Woods (W-ARD)
B g
BRIk
* CRBRO 1/4 =2y —n2lhzFri A TKAR ( EFEE)
* Taor — TecoLp =1 2~40T
* Ri #ix/bd, MBEEICRBR®20~30%
« # 200K OBREY (G ERHE 60ms) & EH
HERER
« UIS/core leakage gap KT AREW L ¥k, BHHEHE> 1Hz.
4R E pk-pk=0.4 4T
* Lower Plate FA( i* v F xS EHOER) TE, BEH
< 0.1Hz, 2R pk-pk=0.254T
*k
* CRBRO 77 ¥+ » PRAK L BAF.CHE L OFHHOBREZE251F
AT LT, R 71y 7R ELRETD, FERY

ab

VFAROEBBICHLEEL 9230 Thd ok, (—HoOHIEFR

Alloy718 24 77w i,

BEIRE

(Q v=—nzbts €y sFficdid, v s BIEEDL 5T

BHDLZOD
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(A)

(Q)

RAECT r e/ 7 -2 c HEFERAL TWAILDIC, HFKr 12
rEEAT Y LTnkn, AT -2 FMliC S b, Re #%
NSNS e o THENESFETT T b, TOTTRBIKCIH
HMTEBLEL TnE,
KEBEREL T, RNEARKBEZ251F KWL THEER AR
RBEZIB80F T h, BITFMBLOHFEBENIK S 5,
UIS SKIRT LINER( VY~ 7 ) E@EIK#J 5 LEAKAGE GAP
MPHEDI - FF )Y LiORNMAERETHRLWBRE® LET &
LTwna,
Bt —veELTAEERBLAL?
W7 v > £ OREFHORT (EFRE) @, VARB-I,
TEMPEST: AL 1 #-¢ » 7 » %k ( BNWLIC T B#T % 1T - %o
#) VARR—IL, TEMPESTHWFh 3 FRILT ~FTH 523,
v 7T i THAEI N £ TEMPESTO AR RE#RAWE S bh
Tnb,
GEHK & T4 TEMPEST, COMMIX %R L T+ b, 4
WTEMPEST# &< FML T3,
BREGOLER?
T=60ms L RWATENROFELH1~5Hz TS 54 LHEE
Zho 200 HHLTHF D, /4 X XDOATERHEES v £
KLy ERELTHL,
H) ANLOZEZSL10ms 2FALTH D, 60msTH Wi
THEAHEDOERZ S o ko
LEAKAGE FLOW® TOTAL(MIXING CHAMBER %@ 14
Lo FLOW) dn< &9
15%f@$0
BEWYLEOFMFER?
TPMPEST) o gut= — vick b MES T RS, ch i
Film BREZRET R 5,
COoEEEHELT, BERLEOENE( THnsrF—25 )%
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A—-2 SUMMARY OF THE CRBRP FULL SCALE, SEVEN—ASSEMBLY

THERMAL STRIPING TESTS
M.D. Woods {W—ARD)
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A—3 EVALUATION OF SODIUM THERMAL STRIPING TEST RESULTS
AT AT

R.I. Jetter(Rockwell—AT)
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A —4 EVALUATION OF SODIUM THERMAL STRIPING TEST RESULTS

J.C. BReese {W—ARD)
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A—5

FFPTF CORE THERMAL STRIPING BENCHMARK EXPERIMENT
R.8. Stover(W-Hanford)
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« BEHFRH L
A—1 MONJU THERMAL STRIPING DESIGN CONCEPT
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A—2 MONJU THERMAL STRIPING TEST RESULTS AND EVALUATION
® B(R %)
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A—3 HIGH CYCLE THERMAL FATIGUE ANALYSIS
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A—4

FUTURE TEST PLAN FOR THERMAL STRIPING
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sy Yas X ACE LD

General Discussion and Consensus on Thermal Stiriping Issues

B2 OMr Rose P HbRODEBEOWTIT 23228 L 5 EO0RERD %,
(1) How protoypic do we meed the test geometry and test condition

to be to obtain valid thermal striping test data 9
(2) How do we relate water test data ito sodium conditions ?

(33 How do we determine the surface heat transfer coefficient?
(4) How do we process the test data to evaluate the material
fatigue damage ? Is there simplified yet not overly conserv-

ative method in place of the costly time history analysis 7
(5) What future experiments are needed ?

(6) What future analyses are needed ?
() How do we design to avoid thermal striping 7
(8) Need to understand frequency mechanism 9
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I—2 v 32B THERMAL STRATIFICATION
« KE RIS KRR X
B—1 FFTF OUTLET PLENUM TRANSIENT TEST RESULTS AND

EVALUATION
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B—2

SUMMARY OF EXPERIMENTAL AND ANALYTICAL EVALUATIONS
OF PLENUM STRATIFICATION FOR CRBRP
J.0. Reese (W—ARD)
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B—-3 PHASE I LARGE SCALE PROTOTYPE BREEDER OUTLET
PLENUM TEST RESULTS AND EVALUATION
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B—-4 PHASE 11 LARGE SCALE PROTOTYPE BREEDER OUTLET

PLENUM TEST RESULTS AND EVALUATION
J.J. Oras (ANL)
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KT@EL, GREO SO/ A To7vr aflEBEHLTLE %
BEERBHAENEIN, Dol bE7viasbB~EBTLTHFKCESR
W, ERABOREAREA® L I>HCE ), HIREBOEIIHEML TT <,

MO/ ZrvBRETIERBELACFETZ v vz P HATCRELEL,
LO0~15F/sec THok, 2WHMEF» THHPLENUM—2AFTH= —
FCLAFTEERAED A v B T2 BELELICHL T ERBER &
Bwn—H% AL, BESABO MBI OWTE—HL 2ok,

HEILE

(Q) F.LHDOMHE, BERLOISKETF L TnDH?

(A) F/M, Blanket 4 C2WTEE, MBATZEL Tw 3,
Striping %R L Twnb,
Ri#>015 L ERX L BESHEFBEUIS Chimny LTS % corn
toble K@P A\, LASEH T8I ETR LAEENE
K b8 EE2T®o{bELRLTWS, corn table{d@%E £
T#% <, scramfFICd BR2 S5, (LA L, core tabledHFE
THZECIS>TTRMECHAMBR 22 &BE[/I i)
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s ARBROB®EI, AhBEREAEZNWT &L, blanket EFELESD
TwndT LTH D,

c HABO LRABERMENIm s TULS kKK flat % table %
BBLAC LKLY 008 sec & >7o

« XHBIE PLENUM-2ATRIT 2T o T 2,
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B—-5 EVALUATION OF FFTF TEST RESULTS AND INFLUENCE

OF UPPER PLENUM STRATIFICATION USING S8SC
J.G. Guppy (GE—ARSD)

i
Ift

SSC—-L(the loop version of the Super System Code) &
1981FXEMANATFPTFERT ~ 203 av—vavyCTAWLART
Wwhe SSC—-LTH, R ID L7 v> oz 2 BISELTE D,
(Z#ZL, 1RTET» ), BHOXFIFLLDEZ Y2y PO EAR
BWLELIREEIN S, FFTFOF — 2 EHBLAR, I<{—HKLTwbH
BRI N,

e lL, BROIRT2HEBEF TR, F=—€ -2 —-70-&0
forced flow conditionlCE¥ T H 7Yz ODBEfTCOWTH,
TAUETEE8, UTOREBERELBRBACOWTEEESD 3,

1) BFHXEOHR ( HARESE)
i) AEELESOREL H+ 5 B oRE W
i) 7—nBEhd, KBEOr—-7E75 b ORI LTV F a0
KE(BRTH2RBABBEET 7> + OB
v} DRACS (Direct Reactor Auxiliary Cooling Systems)
*EL%EE
TDik, HEZ - FOHEE{ToTw 3,

HEILE

(Q) Z=T—FOWB LT 2ERTEDT &y
(A) FTR2ETCLAWEELZ TV, AF L, EHEI1EZTLTDE 5,
(727ZL, LEMBLTEARES 7~ FEEM code TH D T L

THLREREZWEORBAND o ko )
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(Q) FFTF® pump @4z 3 oTE D, MILABGDARETLLOEE
ANRFOHD?

(A) TFPTT %87 Laekd, ERECE L5 KED L.

(Q) EBHT —2EIL5CEDDLE., 772 FRIFT A2 -NFICRA
BELBEWOTHENWST

(A) TFFTF @42o00"3i—2%2H%B LA, (X#3 D)
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B—-6 CODE MODELING AND EVALUATION OF THERMAL STRATI-
FICATION EFFECTS

W.T. Sha (ANL)

COMMIX 1AW, BBBH L ERERGD, EERUVIEERERE:
Ho, BH3KITHEN = - F COMMIX—1D0HRE TS 5,
R A
#% D porus media (volume-porosity,distributed resistance,
distributed heat source) A Tdistributed heat sink &
UHROBHTH 5 surfacé permeability AL Tw 3,
H5WC surface permeabilityCi b, FEFHEE=Fr» ToHERUE
EEFOHRRETToTwna,
¥k, TO=— VFVitsurface permeability 2 &t, H L\ porus-
media CHESW2HE, EFHE, =3 ¥ -RENEEHKO WIS
REMBEELT, TABMIE W TRDBEENEL L TRWTW 3,
% W
RV LT H2RERVEAER: -V T 2EHRT -2 LOhE%:
fToTwnbd,
o R/V W#EH O3\ thermal-hydraulic coupling #EEI h ik
(FC LT v 2 L FLEORIIC)
cHECHHETH, PFLLERIVFLLEIHLTHTL Twah, &
MTEZ W, BEBERALB 7 v > 2 LFLEOBRETCET S 2D,
BRACEWTEDLHEREG 5L 2HEREL o
o EBR-I1%:BKHTL7 7> v v t AR TCOMRh MR, COMMIX
—1ATHBHTE 5,
o EHOREFEL DT, BBERS (SICRE, BATER) 2B
TEHE, ZEATLLBRED D,
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COMMIX—THX, SGIZDOE#sponsor & LTHEH LA LD
Thb, COMMIX-IHXORHE R D» o %o KEL, HPHD
DT ED,

FEH->200~300M$

HEIRE

(Q) EDL L WORITEERAL B ?

(A) EBR-[OE#fTHE, 600 vy ¥y=T1lHr, FFTFRE3RTT
2500 # v v =2 T10Hr 28 LA, %L, crey OFEHBRETHEL
Fa4~5EEBIFTE B, BRERALTHRL T bR WE

Ci&o
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B—-7 WATER SIMULATION TESTS AND ANALYSES AT NATURAL
CIRCULATION CONDITIONS

E.L. Qleukler {GE—ARSD)

LMFBROFEFH T HF T, BABREFTOFLAHZEL ( FMET 2
i, REMETrHETLIADUEBELRT L TH D,
I>T, GEC$HFnTi, DOE shutdown heat removol R&DF
B LAO—HBELTKRIAYI av—varRBe) —X%#3BHL %,
Bivd, RBEOMEL = - VORIETD 5,
#EBE, KBrv—-72%247 LMFBRO1/B8 24 —neFrTdY, AH
BomR{ke T » TH b,
Ay va—nF4ABBCHNTED, BBUTOLE D TH 5,
Phase — I, I i~198343RAKToRALHANL DA,
Phase —lf ;~1982F12A%#K& T '
—EH B ORI
~19834&F 3AHEFERTET
Phase —V  ;1983F9A~1984F4R#KT
L BOEEY ML 5, C OB DHRS #1542
¥ o |
L, RiihoFBaUTolsb T o,
1) ABREHR, FPHEBHFCIHREL Tni,
BFCERALL= —Fid, 3 RICOCOMMIX—1A T %,
@) Phase—I, [ &, HROAKFELARXBR TSI L2 05FO
FEIAYTERTMCBAHE I AN Tn b,
(@) v—¥—F»75—iEEE
(b) Hz &
(0 ®» b+ 74%—
B) WwWl2hDr—2L2nT, DHEELHRECHERIBLA TV S
P, FHRBITELOMBE 2 LERBL Thin,

@) HWEFT 2=-+iE, COMMIX—1A Ok TEMPEST $ £ % T\ 5
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EHETDH B,
o F
flow visualization measurement WX T
o Laser Doppler Velocity Measurement (LDV)

TrarsrHxFRH, FELREBRO2I2ODOORNZ b 7 & T4EOC—2fEH

)
© Hz method # L\, Lexan®polalization T
b OREEE

o Hot wire

Euler Number

o Buler Mt flow resistance %) Twnwd i, EHE%Z Number T
H2L, (Mr Dickinson®@a ¥ )

o Buler £ P.LOBNIKEDAT, EREEDLE D,

Pe Number

oPe ¥ BbLITROBICEKERTE, VEHLUBL T 2L ERDE D,
TOF A THREBEPe LEDE TN,

Simple geometory water test

o BElectrolyte ( BfB® ) VT ToTnbd, (blue)

o Scaling @i ToTwn&\n,

BEELE

(Q) Test Schedule T ?
(A) Phasel, 1;~19834& 38#7

Phasell i~1982F12AF/ETHET

i~19834F 38, FHESKT

PhaseV ;1983%F98~19844F4A (#&T)

o Phase I~ ; itz A~ 5 O &

o PhaselV i BAOEBEML L,

TOLEWCEDHRS®TAZRITHEL L W,
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(A)

B [ R Pa—nmRETELOTRAWMEDOQIL T,
LDPoxsrva—nBHERRThAWAED, AR EZWE
DATH ok,

MOBNTCORBRET Y007

Qo - rYREO LD

QRZBRETET B0

{E) ReactorDFFTHEIALoTEF LT, SHREALALE > TKH L
Loz L,

TEMPEST & COMMIX ¢ZER E2ZE4L 557

SR B,

EERDO A T?

RE4A A, B2 ATD 3,
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B—8 EVALUATION OF SODIUM SIMULATION TESTS AND ANALYSIS
J.C. Mills (AI/ESGQ)

SEREOFENAF Vv 2 HB 07, BEAKREEECHEIBR
PERCESTEESELALI O TS D, %5 Phase ONBERITERF =4 v =
-2k, BTERTBEDITH S0

© Phase—] e 1982~1984FKEH

o R B I RERE (BEHREI3t) ANV, BiLF
FU Y APRTCERERMT 50
o ABDO B, HBEOWBEBRUMEN = — VORI » %,
o Phase—1 © 1984~1986%&EKELH
 Phase~I L) X7y 7 LAEBE(BESHe10t;
BRe—228/ATHD ) TRV ) v s ABREAT
5o
e B, BB% v A7 272 ELTHFICERY = —
FOMIEL D 5o
o Phase Il e 1986~199 04 CEH
e EFR( 7 b 247 )HEBITLY, KEFERAL THAER
THRET o
e 77y tHTLARBOERERE T L2ADLDLDTS
| b, 542D F— ¢ & B0

A, BITCHERLA=— FiZ, COMMIX(2D) %X TEMPEST{3D)

Tdh, FERBLCLIBREI L T
COMMIX(2D) o BTSSR ; 0~1000 sec X
o/ — FE ; 423
o HASTEM ; IBM ( 3B )
TEMPEST(3D) © BHTHREM ; 0~8 0 sec ‘&
o/ — V¥ ; 2500

o HHAEEHM ; CDC—6300 (0.5 HR)
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¥&KEFLV )Y AOBEERGLDONT

ATKTEBLTWEF IV Y 2F BT, GEOXKER(F Y 72
HEBLFE—HR, #FTER) tEFLTEHBLTF Y, EHEZOH

BEfT>Twndo

%o

Tk, BT FOBEKODWTY, —a2- FZHAHLTT>2Twn

CO2o00RBREROEEL Y, BRAEHRBORERN =T ~LICES

L2HRE[/LIEL TR A,

HEL S
(Q) T/C® time constant {E ?
{(A) 7.=50msec
(Q) Phasel~MNOFEM, RUFEATr v —nid?
{A) Phasel ; 1982~1984, small scale7 X} (Na)
o HRDIEE
2B
o Code DIEE
Phasell ; 1984~1986
cHBEEVAFTLTFALELTHF d0
o Code MIKEE
Phasell ; 1986~1990:F&FK7 v} &4 7 (K)
OLicensing Dy HE—t
QY - VFEE T o ?
(A) OCOMMIX(2D) ; 0~1000seciEfi#ii, # v v = 9%x47
IBM#R ( 3hr)
TEMPEST (3D) ; 0~80seci&f@¥f, A » ¥ = node 2500
CDC-6300ERA(30%4)
") MRkEe—2F2 AN TERETIFESRO

(TN TEETHEBEBR-£4HTLERFKIE)
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B—9

MODELING THERMAL STRATIFICATION AND THEERMALLY
INDUCED OSCILLATIONS WITH THE TEMPEST COMPUTER
CODE

J.L. Byler (PNL)

LMFBR O# & icB+ 2 52m=7Fo(tid, U.S.DOE OEFEL L b,
sty F A ftH TEMPEST T — FOBRRELZIEL L o
TEMPEST= — Fid, 3IREDa»¥a-23—FThb, AEMORK
BEHdD A, BE—MEEHOBRBHEER O T LB TE 20
e — VAKE, — 23O TH D, LMFBR OZRFEATIKIGAT
BRBIKRAFEEILLZT — FThho
WiER, WEF— %, BRABER, LT, ooy Ya—-s3-1Ln
HEZELHRCEDIVE/INL Tndo
i, BEnwa—F -7 v s -V, UT22ATHFIBF
BT EBTE bo
o 3REXYZEAEIRAEMHEERTHEA 50
oWADH, RHOH, pEWEHRRA LA GDLETHRMAT B L8
TE& %o
oM, =— ¥V -ANTRE, 3~ VECRBEIhAT 477 ) —
(FMEE 1188, [FR L 2BH) OWSh BRI EHTE
Bo
o B % A HELM ML Bo
o BEMICE T ARBTR, REERBEEANE DAL BT LD TES
L, a—FARTHELTELBC LY TE Do
o BEMIC & A2 BEREE, ANEZLE2-YRTHELTERX B L
ELTE B,
oMECEEOERARFRANELLTEL b0
o 24 aAT v 7, BHBIE RA—ETHHEL 50
% 7z, TEMPEST= - Vg, —RKJLA T4 5 LMFBR & FR T
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By, I-FRFIVEFER(RX 754745 —vay, ROBEK LS
®’E, 7775142 —va¥ ) THbhTnibo

FOFRLMFBR TTRIh H2EARANRIORFL T T 5 & RATHE
THHTL EHRTEINTWho

T, ILWI-—FERITHLAODH LWEBEERLOEE Y T HC L&
BHBLEBENTKH Do

#9C, thermal stripingflEHTH 2o

BEgn®

(Q) VAR-L: (DT ENRDBED LT

(A) o VAR—T/: 2D, TEMPEST{Z 3D( 2D option)
o VAR- Wi A v va¥4x#H—, TEMPESTR %
o VAR ; Ke=x7Fanr, TEMPEST i KexeFa
o HEMOBER; VAR-1T X, TEMPEST ; OK

(Q) TEMPEST M e—n2# 4 bid?

(A) o TEMPEST Tid = b NI b o« RMEFT 21T 2 5o
© time stepiX automatic WD B
o EEBEILHFENL T, useriCEoTHUTH %0

(COMMIX EHWwIK L)

(Q) free surface ZTHBTHED ?

(A) LIAT, BB L AT 2358, $#£F LB TNEN,
(BRED, Lzt n)

Q) ¢OBREABROEFENE2TToas?

(A) o pipeDPFDORYZFF 4 7445 —v3v
o LDPICs W 5 H, # 2D %¥Fetc

(Q) BAEH (HEHLBLTO~), EHOBEETES?

(A) BEZHEA, BFEMEzeFr (FTFRetc) OH Ao
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(Q)

(A)

Down Commer Piping ® Plenum B®DZEEIC DWW T OERITEITo
fe i 7

Evier BB 2o - GE, WHIHERD>Z T T

(GE) : TEMPEST %#BwT7 v+ s ROBITE1T o o
Mr-Rose(GE) OBR (ARDBTORETEE W)

GE & LTiR4HCOMMIX & b 3 & L5 TEMPEST % L 2o
TEMPEST # iE~F A2 LU WT EDRZHHR B 55 7
(DOE . Mr.Ockert)

O %Hfiz¥eonz Xl iEEH . (Bquitable basis)
@ Ao Fat~ZEEEEL CTEMPEST THITF 52 LTl
USA ¢ LTAHADBRAET P ERA T IAD, HE~MEICE
EXZinwiEs 9% (DOEOLBHOER)

TEMPEST!d, HMHMICEY I hcER, BRI IVREI L TK
o COMMIX Lk b 2HKEL D — R THRIERFEA TN Do
Ockert fEAE LT, FBR OBREORDIC, E~NEST C LR
AOER L B, LLOERTELW.
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B-10 PRELIMINARY TEST AND ANALYSIS PLAN FOR OUTLET
PLENUM STRATIFICATION OF LARGE SCALE PROTOTYPE
BREEDER

S3.C.Rose (GE—ARSD)

Large Scale Prototype Breeder (LSPB) WK !T 2&MEEIL
DEBLOWTOFROHER, MHEREF LI L AKEF Na EE
(B 1.4 Scale 360° 72— KB, KMBEK 17 5 BB KRR
(DRACS # 2 BADCARER~OES ), EHEHICH T 5 —BD N
B Na RB ), RUSRILHMEBMR = — + (TEMPEST, COMMIX-1A)
DEE, BT ~—2&ELThi,

REF ) v 2 H B, LERE, =  FTr - LEAZWFHREE
ERBBF/EW, KT 2SS B,

HEIL &

Q) Ar Yo nEEOBLAE>TWED?

(A) LDP ORAZva—rHEMRSTWEWED, BB LT X
Fo Th, RPFETTE A, PlenumP® Thermal—hydlaulics
FTARAPEFZELTniDo

Q) BRAUwT@(1/17K, 16 Na, K, 110 Na, K )t E&B% T
> TETWBREEFLHLT, K2+ 7 CET 2ERETOF
EEDBEDH?

(A) EEFERALWOEREEL: 258, BREKRELELZWED
B WLBEE W 7L, Outlet Plenum#®&5HCid Thermal—
Hydraulic OB+ 2EREZT o ENLETDY, TOFCER
DDA ZOERBEXTICLETDBH3Lh%E o
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Q)

Q)

chzT, USATHCRBRP etc T2 F 7KL THE s ERRT

b Twabsd, LDP©Na®Large Scale‘fx FRBLBETHLED

7

LDP CEDRHS %&b, e —F Y — 2R, e b ¥ X7 BBbo

( CRBRTHAEW)

ZTDHW, FEAREEREIFE>TWwDHE LI, Nad Large

Scale Testil HBIL % %o

¥ LDPY LT, 4 2RBREzTOILENDHO T

AEPFTF, CRBRP etc £ DT~ 246 d0ETH %0
(Mr-Stover)

Outlet Plenum @&t 2w Tl Thermal Hydraulic #ER

Thh, 2 FRFORO1 OOMBER T E % o

(BALBALELHERNTNS )

LDP KowTil, 7—a, r—7RACERFTEDR D500 ?

N—THREETH D,
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o F &l 5 25w

B—1

THERMAL STRATIFICATION DESIGN CONCEPT FOR MONJU

fr & (8 B)

BFFER2 5 2BEE, #2722 20 CLARBOED %Mo PO
EOBEOCSWMABELLE, BFF LB v AP AL 27474 4
—vart Wi BRICRBE2REI R, 770 rBEE, RUFPESATR
EdHENBRL VBT LEZR T 24BN S 5,0

TR, bALOHEREFER L AZTEAr -2+ 720 LAHKRT Na
RBENEEINHBZOBRAUC RS FEFEO®RE, 3HE - BF A - FO
AR TNk,

RBOEMLELT, 7vF WK, BEAAIEEIL T v 2 EED
R~OEE, BEERBOESHHCH L TEENEIh ko T, RRER
%%%Kﬂ#?&éb@x¢f»%%,%ﬁﬁ%%KDMT%%Eﬁﬁéﬂ
fo

ERRAGTFMLC DA o TR ERARE - RKE 7 - VL 2HIFTHERCEL
THAERETRBEEREL (RETEH(LTEITFETH 5o

SROBELLCT, v aNKHT 5ERHMEB IR & R - BHITH
BT 2EE T 2 5o

HEILE

(Q) K, # P VY 2RRTL6 RAsr— L ZTEHEMALABEAI?

(A) 1L/3x24xF021/6 FL Vv 2RkBeFrid, b LbliinB
BIDaDIObhadDERL5TF 47445 —vs yRBCHWE
KT THoTHRZERDTZ Vo
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(A)

(Q)
{A)

FRBOY vv v 2 va v E@Ms?

(e cHBaMHo )

SKORT- 1, THAUPR, NAGARE%Z ¢ D L 5 W TTnDH D ?
B —H B HEW, REREOIr AT =y 7 Mo
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B—2 THERMAL STRATIFICATION TEST PROGRAM FOR MONJU
TR (B &)

Fd3ALw] BHECHFFEF —=2rRAPFTF 47 45—varyORER,
BEAERFRERLER 7 vr220BRELTnwbe EFTREFALLAES b
Vo AR RBEET L WIOOT X OB A DFTERALD 1L/6 £ 1,710
ARy —nEBFAREDF PN L EKREFETEBLTE Lo BECRT — 2
HMBEOREBRF 2 v 20DDETKLBs 2-—TcOKPRBELT o %o

—F, EBEMR L LG LT, BRI - v Eo THEBET - £ QR -
FMMbToTndo 22 TH, [PALw] 7evz2 t OBEBARATOY —

TARANEFF 4 T4 r— vy YRBEHBEIROWTEENFHHINTCNE,

BERILE

(@ (3AUWwI] ICSuppresser Plate @& A ?
(A) 3530
Q) HhEFrlonT, EFHRECTHE Re BHOBVWEMEEL % b nhA
BEFLCEWIARBRCZ > TRES 220 TERT LRRD D07
(A) BERKITL, Ef- =7 REKTH 5.
(Q) BERI, NERAKKEZREZEN2(H, HHEMEZ -2 ?
(A) WERBE~0THEZ V.
(Q) WEmBEINE?
(A) EFEEBROLMLIvIFoDxy /g
=Ty T g

HCDA %o
(Q) CRBRPTHE, Rt 7WKEHA v 2  dadhokeo BATZDL S
AFAHEERBEToTWADE, LR IA 2 t BHELLEDHT
(A) (OHPWKFLZ3ODBEMEBHS)
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B—-3 SODIUM THERMAL STRATIFICATION TEST WITH A 1.6

MODEL OF MONJU OUTLET PLENUM

BEA2 7 2 BROBEROBEZEHLCONT, [3ALw] FEH v
LEWRWC 1/6 #r—neTFriEoTr b ) 7 2hRA@BEToke )V F
F—FY Y BE(BHEBENOL) 283 TTOYREFMUL A 7—
2OHBEOFEL LTHEM ) s+ —FY Y HRi (=10 -2t x o
HEBCHFTIEFAEERLO)Fr— VY YHIE) £Ho ko

F—=w=rR}FF4 745 —YardR] >0 2 OEHACHEIN &0
AMFTFAT4b—var®REETLLE, EHIVvIFILARNOF )Y AEBE
F, BAFRICETFESRCIALTED, dod b LAEFREAER I T
WwEwve Ry = 1T, v dalodr )y A BRESREE-FEAN FiTRIT
TEHREHRELE 0 FBRE TS oo

HBELE

(Q) RiEg%E <742+l TwadRBT0OFELFERT

(A) Riﬁfﬁﬁ@%&Lf&bﬁkﬁmc&ﬁb#ofmamf,ﬂ?
A= 2L THE oA R Vo BT — VOMEO R DITEFH T,
BTRI M2 Ty 2T » 7 TE 2o

(Q) ABTORARNEORESMEKNL TEELLLE 017

(&) Bff7— Y THEEE LT

(Q) ReBZ EDOBEST

(A) 2#fE, dARER T 3,

Q) 7m—Fw—rDREZ, HELED I OWKRE LAd?

(A) LOPIMzZEL TR®DTWw Do
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(Q)
(A)

Q)
(A)
(Q)

(A)

Q)

(A)

(A)

(Q)

HEFCHLTAHARE2T 2007
BHAOHRLELT WD, A Mixing 2 RE£EL, O/ XKL
Ty 7 rO%HF, HCDA WKL TREND b0
REEndsctiCiot, [3ALw] TE100PKHENI x>
7 B o

7 — R — A DHBLCOWTRAMDO Frictiond ZEE L Tnh b5 1
iz — VTHERLTWS.

e FrlCDnT 2
Stra.WRATER =T r @B T e IETEHK-e =712 Eo
Twado (KAUMBLAL)

A1 4, B1OCDNTHHENFEZLIOCHRFFRLAOR %2
7

KBETIHEAT TLVHREGVEZBL2WERRB LR TW Do
(KB BAEHRT S 5 )

TIy sy b DN EEIEBLTIND ST
FLE—BEREEL TR s Tnd, ERTLEDLA L 9 CiLE
BERLZ V.

AT — FOMELCKTEFEBE LTS L 5T

FAOHREO A 7 =X o, BT — FOBER, EROFMzCoT
VWho (AADHBRIER Very Good! T25LEbh, EbAL

Logical Ko TWbaHIBR*EX /AL H5Td5B0)
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B-4 WATER THERMAL STRATIFICATION TEST WITH A FULL-SCALE
1/3 SECTOR MODEL OF MONJU OUTLET PLENUM
' B (H Z)

BEREAZBCILILZ227 o OBRERCENWTE, FBREMZvIF2RT
ANFTATZ 45— vavRRBETLCLRETEINLG COBRORELS A
RFFERCFLENBRBLRAT 2 L TLBERZBRTS 2,

LiedoT, SEBEEGETTOA NI T4 744 —vavBHEFHL A
CKTHCLHPERLAZDB COVHE— P TEFBREBZVvFoHD= 35
FA474 757 aYC2nTEBLABRBRMERREREL Th 2o

EBRTEK, BK, EXKEMoTnwie 22, BV Fr— VY v EEH
CEERBREHF L RE L o

ABROBR, UTOZL23Bbhtioko
1) FERSVvIFI2DETKLB27 2—F A2 TRUTORHETAL 57

4745 —varpaFHElLko

Ri=025~135

R'e=0.28~0.58
2) FEEABOLREER, 7o —h -1 pbOBRECRET 50
3) Rz Jafg, TVIFILAROFIVRA—v sy TOERE®LERHASEL,

LT oRE®/iko
A B & # (Hz} iR ( $08147 )
U CS T 175 30
UCSTHE 1730 10
Hos =z 1.5 25

1) FERIAGSLOH TRFESBRBREO/ A v OFICEH#EL Tyhiko
ABRERAEMEF s 2~ v THAUPR TOEELEHINABEN—F
VHh bk
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HERE

(Q) Density Interface WML A» T

(A) t" #0.7%CHOTHE LME s % o

(Q) O/ XArOREFHLONWT?

(A) HO/ZrOREBILTLIEREERCEEL Thiho TOK
YRE®LELELEDLIAHEEAS 5,
EEL, 1710 =Fr THEELSEEL TWwa,
Na ERTHBE®PLEXALTCHLT, ERTL2ZWZ TR
hnbo

(Q) WO/ X BESMOITHRBELC2WT?

(A) zcZTRLABEBHMETCS Y, ¥FHThEGHRLE 50
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B-5

SODIUM THEBMAL STRATIFICATION TEST WITH A 110
MODEL OF MONJU OUTLET PLENUM
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B—-6 OCOMPARISON OF THERMAL STRATIFICATION IN SODIUM

AND IN WATER WITH 1710 MODELS
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B~7 ANALYTICAL EVALUATION OF THERMAL STRATIFICATION
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B—-8 OUTLET PLENUM STRATIFICATION MODELLING FOR PLANT

THERMAL TRANSIENT ANALYSIS CODE
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ey aYBOF LY
General Discussion and Consensus on Thermal Stratification
Issues — End of Officical Meeting
(1) What are the major conclusion from evaluating sodium and
water test 7
{2) What are the major modeling / test uncertainties ?
— scaling
— water V.S. sodium
— T/H coupling to core
— Free surface effects
(3) What further experiment are needed ?
— Is there a minimum nmmber of water ~ Na test required
for each design 7
(4) Are water tests adequate to provide data for computer code
validation ?
(5) What are the major uncertainties in one dimensional and
multi—dimensional thermal — hydraulic computer codes 7
.(6) What is the status of 2—D and 3D code validation ?
What remains to be done ?
(7) What future analysis are needed ?

— Are the necessary analytic tcols in place 7
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My—1 SIMONE FACILITY
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FFTF CORE THERMAL STRIPING
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CONTROL ROD&U!DE TUBE (CRBR)

od 42K b/he
') 0‘"&
[ |_UPPER GUIDE TUBE
1093°F | &
P~
5
1,165K Ib/h Ni 8K tb/hr
r
’ L4
/CHIMNEY
/ LOWER GUIDE TUBE
[ ]
1
Q
Ty]
(3]
. [= -]
1093°F
Ig- .
=1 48K th/h .
HIGH THERMAL BEIN ‘
STRIPING POTENTIAL\R \? C/A
y,
A" % ?
FLOW: 193 45 166 (10° Ib/hr)

TEMPERATURE: 1088 753 1175 (°F}

F/A - FUEL ASSEMBLY

C/A - CONTROL ASSEMBLY POTENTIAL AT=-300°F TO 400°F
HEDL B8105-188.10

Fig. 2



FFTF CORE THERMAL STRIPING
BENCHMARK EXPERIMENT

7-ASSEMBLY TEST MODEL FOR CRBR

MODIFED
INSTRUMENT
TUBE |

140°F
(1141°F)

140°F
{1147°F)

140°F
(1130°F)

(1191°F) {1191°F)

(1141°F)

XXX°F - WATER TEST TEMPERATURES
{(XXX°F) - TYPICAL SODIUM TEMPERATURESIN CRBR

Fig. 3

HEDL 8105-188.13

10-€8 096NL ONd




PNC TN960 83-01

FFTF CORE THERMAL STRIPING
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