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Flow Characteristics of NSRR Forced
Convection Testing Rigs at Void Generation

Makoto HIROSE®, Toshio FUJISHIRO, and
Shinsho KOBAYASHI

Division of Reactor Safety, Tokai Research Establishment, JAERI

(Received July 27, 1981)

This report describes the out-of-pile test results to study the charac-
teristics of two phase flow that occurs in the testing rigs to be used in the
NSRR forced convection tests.

In the tests a void generation was simulated by blowing air into the
testing rigs assembled equivaiently to the ones used in the in-pile forced
convection test. Behavior of flow velocity was measured by drag-disc type
flowmeters as the functions of initial flow velocity at the testing section and
air flow rate blew into the section.

Through the tests and the analyses, the following conclusions are obtained;
the large flow depressions cbserved in the previous forced convection tests
were caused by the pump cavitation; the prevention of the pump cavitation was
achieved by lowering the pump position; the by-pass flow gave the slightest
effect on the flow behavior around the fuel.

Keywords: RIA , Fuel Behavior, Forced Convection, Two-phase Flow, Void,
LWR Safety, Out-of-pile Test

* On leave from Mitsui Engineering & Shipbuilding Co.,Ltd.
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Table 2.1 Test Fuel Design Summary

U0, Pellets

Diameter 9.29 mm
Length 10 mm
Density 95%TD
Enrichment 10%
Shape Cﬁamferred
Cladding
Material Zircaloy-4
Wall thickness 0.62 mm
Outer diameter 10.72 mm
Gap
Pellet-cladding 0.095 mm
Element
| Overall length 309 mm
Active fuel length 135 mm
Weight.of fuel pellets 95.5 g
Number of pellets 14
He

Fill gas
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1) FRAEBTHEINLCREEY

FRTHAON-EEBERTE, SV 2RNEEORBHMEECLRCH > THEMADIMR
BOEFAER s, Fig.310, AubapiE (RERBEAORRMECE T 5 ME)
ML 8m s ORBRUVHNHERCF I IGBHEES L UCRIHADREORMEMLERL
EDT, REEA1 90 cal/gU0,25310cal/gUO,FTOERBRTHD, RAEN
190cal/QqU0, ClHALREZMNBED SN LA, 230 cal gU0,iKu s L RHER
CH0lm s BECHEBFTMEL, X0ICH2sBICIDASURBETHELD LR, &Y
CHEAEETEET S, RARMN27 0cal U0, N3 L HABTOHKBITS SICHE L
0, L5 sHEEITEELIOREETMNHO, TOHRIWE 2 ORHEETHE LT K 3T
BHOWERCETTF o, S56&, 310cal U0, THE2ORBETHAX(A ST, 4
s/h5 55 s TTOMIAENELEFLL>TLI 0N,

T, BLETLR~L, ULEORBEGHIRMERTO _HERERALDOEMNIITT
BRERETANL, $4b5, E1CTHRERERS FRERCH(FEELTOLSETTHS
2, BHEBE230cal /gUOL M ETHRMENEF 2ROKERERETAEIRACHHEEHERE
B oM LTRENERESEELTED, a4/ FREBOEMNELBERELS
NI, W2, REE3 10 cal LU0, THHRIEMEZRFLTORLEGAPDLTHN
MBS Licps, AV ZTHEAEEB ZnAL 55 TEOT, HBLENFS FLHEoT
LEEHEREBEISATOAINENSHNOES CHBEROERREMAY TRHWAT S OERH
AnfRdishic,

2) P BB ER

COESBFRAEBCSUOTHEINLERLNAAHMABETORR2BHREL» SHET S
SN EREG SRR T 3 ERE T o7, HIHRALLTFNERZHACEGETLEm S
(fiB12 ¢ /min) %2X09m/s (@6 £/ min) D27 -R4EF, chicdl, EK
£ HRBHL10L / minT3#H, 4HEIUBHEZT Vv 2HCBEHREANCKAAL, O
B oREE{LORSs Fig.32wnd, RBEEFTORMELORMILFTNOBESHULYE
EHERL, WA SHEE LTS IMEREN/NSOREE FLMELTLS, TOR
BoDKENLHBETHE LT, B2OXEHRBEETHEIARAAZEDILRECEHE OH
T, WAHBRNEOVERET LTWAKEMNE( 2T S,

CDEGUOAHICHE T, RBEORFEZEREE L, COKE, B2OKESHBET S
B ABEICE, REBREAL TR0 - BHEREA Yy T CEbIN, Ry TOFr-v YO
DAk LTEFLTLEYCEMNEP LA, CORFERRI R LI TEIRBIEELT
ORI A VvRIPEFAOPTETDOLTOIONBEESNL, b, BMNOHEE FEA
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BLitEl?, ThiTOERTRBEINAB2ORBURBE NNE( Loz, 2T, [
DE Y FREES T ARECENERAT >0, FREBR CHLABURBETHED LA
Wl tot, COFNERCEBITAIANDMRBENE Fig 3377, COHRIILFAER
MODHFEDELIEZTALTNNSEEFALS, '

@ e ORHE

B FDOERAAHEBEL I3 0k, F25 AR LB pEF—vavafbdal,
REBETON ARECEIFREOE(E, KRB TO_MHBERELER Y T7HERETHRI GO
B, FOT, V=T OTHERERBERE LT, BERT~0ZEAVAREREETORRE
FEEBOEBETRD, Table 31 3 EERAAHBEOLEEORES 12 £ /min &L, #
VIHRHEEIEATEEERALBERACBRRCE LIABGEORBOAET -4 TH 5.
CTOEBRLTow T AEFig 340k NKNE, COBBREIRBO_HMRKER LRy 7HEYE
LAEA LI BRETHS, 22T, VKB AERBEETELL, T, BRENELOTS
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ME BB L Fig.350 L3 7 0{LL,

B i R A (m?)
BHRAOGBEEE @ Ae; (m*)
[KAOHBEER @ Ay (m?)
HEHOREEEE ¢ Agze (m?)
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W A A B R P Uey (mSs)
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Wk ER P Te (kg/m?)

[ELER :ore  (kgs/m?)
E-ahiip: i | T g (m/s?)

r45E, BEFRBICRBHEBCDOTROBELNS 5,

Qr=AziUzsi =AgeUste e )
Qg =AgiUgi =AgelUge oo )
A =Aygg

=AgetAge e (3

T, REGELAR, KHEEL (RU v 7H) S, BLUOFRS FRalBRATEDIN D,

Qg
o %' e @
B QL+Qg )
Uge
s = o e (5)
Qg 1
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34, BEKCHT AN Y2 RBETEEZDI3 DRV FOERBEEXRT v 7 RIC T
TEBRELAHEMEY, BERB LA SIHABOAORELZMEL 2, Table 3.2 & A~
4%, ¥, CORBRERBLEVIERBLOBEHKELT oy P Lt DA Fig31 0K
Fd, Fi, N4, FTUDEASACIFGRIBBRBORBEOLEZRRKBRHECH L
T7Fow b353LFig3l 1R85, oMb, CONANAFRERT ZE, REOCRET
R ABRT I, HEATORBRITNASALARZICELOEDI S EHBBBTER,
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R EESRBEOEBRELT oy T AL Figd3l20L5i005, HiikER ) 7 OHE
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FHTOAEXLHL, X205/ mnBEOHEMCTFLVI EEND o/,

Table 3.1 Air injection test data with the single

channel test rig

Air Flow Rate | Coolant Flow Rate Decrease of Coolant
(£ /min) (£ /min) Flow Rate %)
0 ’ 1200 0.0
0.4 1195 0.4
0.8 11.85 1.3
1.4 1170 2.5
1.9 : 11L70 25
3.6 1155 3.8
4.8 1130 5.8
7.8 . 1100 . 83
108 1065 113
150 1020 150
240 240 2L7
36.0 895 254
420 850 292
5590 | 7.95 338

1200 715 404




JAERI—-M 9630

Table 32 Single phase flow data of

the by-pass flow test rig

Power Supply Coolant Flow Rate (€./min) By-pass Flow
Voltage Fuel Rod By-pass Flow Total Flow
(V) Channel {A) | Channel (B) Rate Ratio (B/A)
35 1.20 .09 220 0833
40 235 240 4.7 5 1.021
50 4.05 425 830 1.:04 9
60 I 545 580 1325 1.064
70 E 6.90 7.15 1405 1.036
80 E 800 825 1625 1.031
90 | 835 9.35 1820 1056
100 .85 1025 2010 .41
110 1050 1100 21540 1.048
120 1115 1175 2280 1.05 4
130 1175 1230 2405 1.047
140 1250 1315 2565 1.052

Tahle 3.3 Air injection test data

with the by=-pass flow test rig

Air Flow Rate Coolant Flow Rate (€. min)
hefore air injection at air injection
(£ min) Fuel Rod Ch, | By-pass Ch, Fuel Rod Oh. By-pass Ch,

0.5 1200 1260 1200 1260

1.7 1205 1260 11.65 1265

3.0 1200 1260 1140 § 1270
5.4 1205 1260 1110 | 1280

9.2 1195 1260 1060 1295
108 1200 1260 1045 1295
0.6 6.00 6.30 6.00 6.30

1.7 6.05 6.30 595 635

3.0 | 6.2 0 6.4 5 585 5.50

5.4 6.2 0 6.50 570 560
10.8 6,25 635 530 - 5.6 5
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Fig. 3.1 Transient histories of coolant flow velocity and cladding

temperature in NSRR forced convection tests
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Fig. 3.2 Transient decrease of coolant flow at air injection
in out-of-pile simulation tests
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Fig. 3.4 cCoolant flow rate as a function of air flow rate injected to the test section
while the circulation pump is driven at constant voltage
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Fig. 3.5 Calculation model of test channel for
two-phase flow pressure drop
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Fig. 3.7 Comparison of flow velocity transient in by-pass flow
test with that in single channel test at energy
deposition of 290 cal/g o2
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