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Void Fractions and Pressure Drops in Reactor Fuel Assemblies

Yasaburo YAMAZAKI, Motoaki OKAZAKI "and Yasushi NITITSUMA
Radioisotope and Nuclear Engineering School, JAERI

(Received February 2, 1982)

Model fuel assemblies of the Advanced Thermal Reactor

( 2nd design ) and tne JPDR-II have been tested in ar alr-
water test loop (FAT-I) to study two-phase flow character-
istics at the system pressure of %.5 kg/cm2 g, tne void
fraction of 10 - 50 %and the water flow rate up to 60 t/h.
Average void fractions and pressure drops due toc spacers,
base plate, tie plate as well as rod bundle were measured.
The ratic of the average void fraction to the velumetric
flow fractiorn cof air was 0.95 for the ATR fuel assembly and
0.7 for the JPDR-II1I. The frictional pressure drop for tne
rod bundle was expressed as & function of the volumetric
flow fracticn. An estimation method of the total pressure
drop at normal reactor operation pressure has been derivead
in the light of two-phase flow in pipes. Nearly one half
of the total pressure drop was the pressure drop other than
for the rod bundle friction.
Observations tnrough a window showed that bubble flow regime

predominated throughout the experiments.

Keywords: Fuel Assembly, Void Fraction, Pressure Drop, ATR,
JPDR-1I, Flow Pattern, Two Phase Flow, Spacer,

Prediction of Pressure Drop

+} Division of Reactor Safety, Tokail Research Establishment,
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T,

AP, IHEBEBAOOLSSRES

AP, IRBEBICL - TETLEREJHE

AP, IBBAEHAQONTES L~y FE

AP, IBEEHAOOHTHET HMEE NHEE

(AP ), (1 AN—V— Lo THETLEETNALSuffix THEHO = ~—

V=L TEFbEERT,

AP L, P BB EFA T v - VL S THETLEREEE
INGORBSHBEREXESLTED, Bl kg cm’ Tob,
1) BEBICL-TETLERETNREAP
BLTHNCRINDBMUETL Y ODEDHEEAP (kg em® om) %

APmX104:1 EL ;; Ef +02ﬂ+03ﬂ2 O 2

M

OETRLTLERTA, FUFREIHDS=00LEDETSH Y, BHEKO - EOBlasius
DERICAHLL T B,

T
_ W
u, = L OV PR PRSP <)
SGOO-Ab-yL
L
2=0.316Re * e e e snce e (3)
u, *d
Re= .;_.M_ TR e T e RN eere i h AR ek d ke ne e ramaan e ..............A.-.........(&l—'))
¥
L

— 28
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C,. Ol EBFERNrOABERTOEDRERAD, OBKELTRED .

C,=1730

40t/0D & & | -+ (36)
C,=1790
C,=2060

60t/ hD& & | revereeeeneenn (37)
,=4350

LEEINAE, ABHC,, C, & kg/m? m ORTHE AT 5,

BT L AMECAERO ENREERDACL T, BEHTHEBOLLBETHBROES
THEHLTELETARPEROEHEFIVEEEE .

(£#) AOPLWOZETI 407« HERHCELT D,

£
X = E Xe

0T, LEMAOHOBE#wW, L0AOL)EEOE#W, x HHBEZ7AY 7414 TH5,

LELTHEODRELH L TRBEEE (3.Tm) 2 &bNETHLHH, TLTHHBEDR
WHADHOCESRSE (412m) % &£ -7,

(FEl] EEROBEENBEEFSTERELLAER®R, TA4LL (R RE, SHEICENT
st sl

(EE 2] BREBCOWTROAa/8=095 (F16H) OBEMAE, HEATHMRICEN
CEECET b b g EOBGEAEECEYo V0L RS, BELENTIRILDIOL

35,
O+ HE
w
x= — G. 8 = Qo Lo
WG+WL QG+QL
<= Pre O PO OO ¢ 1))
Br g+( 1=8)r L
5L

Xy
- L cer e et e e eeneesannss eneenes (40)
XTL-I—(l—X)rG

(SH I HLFAORE @GR THD, 0>LITHERSITL L.

£
— 1 — X. 7L
u d T4 L 7 — L L
AP =0316 (1 My* L vi+C,/
v dy 2¢g 0
—x 7L+(1— xe)rG
£
< 7.
L L erL 2
+C, / { - }ode e (41)

—XerL+(1_ E—Xe)r{}
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£
L e
A*CZ{ S 7 d £ e (42)
A Pl ——x g
£
L T Fed L 4
B—CS{ { 7 p JodL e (43)
T XPTL‘}‘(I‘“—"XP)TG
EgRCE, (42), B) RNRFECMSPINT
1 _
A=C, (1 HL{1- F ¢ log (L2 T2 4 41y}
'L Ta x, (rp-7g I¢!
......... 42y
2 —_
B*C3(—Viﬁm—)zL{l— To log (L @ x _+1)
L 7ag X . (I’L g e
(ro-rglx.trg
&:ﬁéo J;’)T (41)5&:@
u,d, -+ L
AP, =0316(_ L ¥y" TL oWl JAEB e e ()
¥ d, 2g
2) BMBELAODHO~y VZE
L
APH:{ {ay ot (l=a)y JA L e L (45)
[RE2 I HLCUNKXLD
l —_
AP, =7 LL14005 4 19 goglt 7o 41y-1))
e TL To Ta
corieeeeee (45)

B) BREAQL2LHOF TOMEEDHESE
CNERCIDORBEC T THELAZGRE AL BN,

I =2 AO0bHERFT '

2 ~N—=dOhbsrqg 77— AOQFT

3 FA7v—FAO0LHOET
1ESEZHROFHEEREES—TS (B TNIEAENRI ) AHARBH ERLELT L35 T
Y 2EMBEFERAENRALAWSEMAINL I LITL - TFA VEIEL L ZHEHK O V4 kb
EEVELTERDI TS S,
1O~ = 2T L THRRDKILD,
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AP = "L (. iz _— ir. Y e e (46)
2g
2OMBEICHL TERRAH-REEDNTWND,
G
AP a2 = e { ( 1 — X ) u ia +x u a3 —u L2 } M. sesimset-ss meimessbiencetrse (47)
g
T CTGREMEESY, BRRALERME (kg /m’ s sec) TH 5,
~ G(l—x) Gx 55
u = 1 3} = ——— [ —C o
- L3 }’L(I*aa) a3 rG'as
ot
G* x° (1—-x) ¢
AP = { (rL Y4 — —1} ............... (48)
T8 a ra 1—-a

£20 | R Martinelli ®©Thom #ir, BN TVLRBTH L,
64 THENAEBD, XAEBCEERIC /=095 L& GOXNSME-Tr, ZEATHL

2 2

X (1—-x)
r,v — (.&)4_ - — -1 B LIS IRT SRV 1))

e Tg l1—a

H 2

b.4 7 (1—x)x (l1-x) {xr +(1—x)r }
A A P PR L L, : 0

0.95 ra 0.935 -1

0.06xy  +(1-x2)74

TH 5L,
3OA4 7V — LR LT, ZHRREOFSLER y TRV, ZOREPEFATV D
AR, #oMTtEklEZns & L THEET b,

T m 2 2
AP 33: ( uL4 LULZ, ) T ,.............-....(50)
g

“sTsuffix lig~<—=2 A0, 2@~<—xHO, 3@ds47v—1rAQd, 4d#17v—+
HO#®mRT,

' L3 7
3600~A, 7| l—a3

ra=argt(l—a)y
fE-T

AP a =ar al +&P az "'LAP a3

e e e (B1)

4) AR~N—¥-CL-TETLEEBEDEL
H] 1Pl 2BERINDLLONC, BHAOEBS, KRBOCBERILC T HO TG 5.3
CHE~NRIM @R LD T0ata CORBRENBEELE L 1HT T L, T EE
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RELTELD-KIHB TOERBRLSMINEBE K-> THEKRTE Vi,

—HHBEAN TN - A HOBL L4 7o — P ADE T—RBRETHE, 2 <— ¥ —&AK
BIH2AVT 4 x, LOBREREE, §, 0RELOTIADLLE] 1LOBERFR AT
AN—F—BECETHA R~ —TDHEREAP L ERO, CALEMABDETIDDR ~
— T -—Z2HWOETDRETRCA, EIRBCN—-248 0062 <—7r—& A ( n{gx~—¥% —%&F
H)ETCOEEL, LEREEITHI2AVT 4%, U2 A YT 4% "5 2—-2—-LLTHET,

8) EMg1 v - Lo TETLIEELNES _

BIA4HBL VLI SHFHERALT, 2x—3—0OB8 L2 RBLRD B,

6) N—ATCL->TEFLEBENES

FLIHERINLLOIT, BEROBEAKREDHRCHF T AOT6.5 1 T~k
(@R YLD T02t2a TOEMEKTNBELTROA,

M, ZERTHA -2 BCELNRATHOMEN VBN T LA THWADT, R—2 HOET
FREPSPLREBCEHTHS,

b (44), (45), (46). (48), (B0) LU ~N—2H., X ~— 3 ~F, 24 71— p FOLL
KOMT%EL%%%%%Z%K%?OCﬂ%%%ifﬁbéﬂ%APT%.ﬁﬁKﬁDﬂ#
VT4, MBE 74— 4 —¢L LT 73720 FTALE20MOLY RS, FEAFRE AP
DRHEHTHLT0kg e’ abs COWT ok, BELLTLOED S - x OB ((10)
N)FE25HTFT,

CORDPORHLIC, AR T LIEREBE TR A0S THELD TERINTODZ 4 )
74T O0005(06%)BT, T0ataTE I L-TO005(5%) MERLOEL RN &
PonoTHECI 274V T 45 BUEOENBEREL DA THNAETH L LITEEL A
iz ok, X, 5ataTild, 3 LERBEISLBERAP0THULELZDLEx/ O
BEEEBTCALOT, TAMEDOBE 2PN TOENRREELOWTRZ A VT4 xT L -TE
BTLADLVERARLEALTHS 5,
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B1R A~-T-OENHEEAP, kglem”
n| £un |a_ X.01 001 | 002 | 0004 | 006 | 0.08 0.1 0.12
1] 412 0.1 6.001/0002/0004}000610008 | 001 ] 0012
2! 824 0.2 0.002]0004]0008[0012!0016 1] 00210024
31236 0.3 0.003|0006{0012/0018[0024 | 00310036
401648 u. 4 0.004|0008[0016!0024(0032 | 0041 0048
502060 0.5 0005001 10020/0030{0040 | 0.05 | 0.06
62472 0.6 0.0061001210024,0036|0048 | 0.06 | 0.072
712884 0.7 0.007 | 0014{0028|0042/0056 | 0.07 | 0.084
813296 0.8 0008 10016]0032|0048|0064 | 0.08 | 0096
93708 0.9 0.009!06018/0036|0054/0072{ 009 | 0108
(AP ), | 0045|009 |018 027 |036 0.45 | 0.54
;25 JAERIFEHER T L L LA2T70ataTD
ENHREFEE  (kglem®)
x, | APL | APy AP 1 AP, AP‘ﬂ AP, |[aPglyl AP | AP | AP,
0.01 0.28 T 0.00823 +
0.02 0.26 0.01657
391 0.04 0.23 0.03246
t10.06 ¢.21 [0.0185 |0.04801 0.0246
<1008 0.19 0.06287
higt 0.175 0.07726
0.12 0.164 | 0.09113 !
0.01 |0.3205 + |0.01463(-0.039 [0.00853[0.421 t 0.047 | 1.12
0.0210.3901 0.02945|-0.04491(]0.01745({0.452 0.065| 1.23
40150405120, @ 0.05770{-0.0533(10.0373 [0.514 0.096 ! 1.43
t10.060.6139 0.0329 |0.08533|-0.067 ||c.05123[0.566 |0.0436 | 0.12 | 1.60
7 10.080.69831 - 0.1118 |[-0.077 ||0.0739 [0.609 0.14 | 1.75
hilo1 o707 0.1373 |-0.094 [[0.0762 [0.643 0.16 | 1.87
0.12 0.8299 . |o162 |-0.095 |[0.0999 [|0.674 ] 0.198 | 2.01
0.01 + |0.0229 !
50| 002 0.0460
010.04 i 0.0902
;'0.06 0.0516 | 0.1334 0.0684
0.08 E 0.1746
higy 0.2146
0.12 ! 0.2532 i
0.01(0.6018 + 100329 |-0.0878||0.0193 [0.906 * 0.098 | 2.00
0.02 0.7061 0.0663 |-0.1012//0.0393 [0.95 0.127 | 2.18
6019.0410.9045 & 0130 |-0.12 |[0.0842 [1.031 0.19 | 254
t 10.06[1.0803 0.0742/0.192 |-0.151 ||0.1152 [1.108 ]0.0983 | 0.246 | 2.86
< 10.08(1.2306 F 0.252 |-0.173 [|0.1532 [1.178 0.294 | 3.14
hilo1 |1.3614 0.300 |-021 |l0.1732 [1.236 0.336 | 3.38
0.12(1.471 | |0.365 |-0215 |0.2242 |1.287 ! 0.46 | 3.7
=) AP, =AP _, +AP , +4AP

AP ,=AP  +AP +AP, +(AP )  +AP , +AP o
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8 FEEDOEIEIC S BHERC & bR L D

8.1 Martinelli # & U Marchaterre @itH
1) ERHBOEBERK

RENCERRESL, AP, CZHR:BRBGEALTHEALZL EOENHELAP | KX
BMOTELLNARM e, #RELAIDEL THDINE,

2 .
AP p =9, AP ceeereenane (52)

AP td, &Blasivs OXROEERNTRD L, ¢, EMartinelli OHETOERM
BHEDavidsonBOBEFA 7 - ORBBERE L L LTRENCBL T BREELTRDS
NESOT, ENEBOZ4Y F 4L TEDSN TN A, LMOIO Table L £25 70ata
TO¢, EROFBLABREEIRICTT,

Z3FE Martinelli ORI L HAP 45 (kg/cplz)
x 6) 30¢./h 40t/ h 50¢.h 60¢./h
0.01 | 145 021460 0354380 | 0525770 | 0722390
002 | 1.66 024568 | 0405704 | 0601916 | 0827012
0.04 | 205 030340 0501020 | 0743330 | LOZ21310
0.06 | 246 | 036408 | 0601224 | 0891996 | 1.225572
0.08 | 279 041292 | 0681876 | 1.011654 | 1389978
0.1 3.10 045880 0757640 | 1124060 | 1.544420
0.15 | 390 057720 0953160 | 1.414140 | 1.942980
(kg/em® )P —| 0148 0.2444 0.36 26 0.4982

(2 INEES
MBHETOMEBEAP

[

- (53)

THEALNA, T TGUHENHNELY, BRANIERAR TH L, r, Q) ERARICHE
LTROD LN TED T0ataTOE% Table 2 L5~ THELAERYE 4 RICEKRT,
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L4E  Martinelli ORI L BAP (kg em?®)

x |r,(ft°/€b) | r(emkg) | 30t h | 40t/ h 50t/h 60t./h
0.0 1 00093 |00581x10" | 001945 | 003456 | 005404 | 007780
0.02 0.0130 0.0811x10 002714 004825 007544 0.10859
0.0 4 0.0183 |o01142x10° | 003822 | 006794 | 010623 | 015291
0.0 6 0.0230 |01436xi0' | 004806 008543 | 013358 | 019228
0.08 00272 0.17 x10* 005690 0010113 015813 0.22763
0.1 0.0313 |0.195x10° | 006540 | 011624 | 018176 | 026164
0.1 0.042 0.262x10* | 0.08769 { 015586 | 0.24371 | 035082

kg ® G?/g— 0334107 [0.5940x107" | 0.9302x107* | 1.339x107°
-
cm

@) ~v FE-- Marchaterre O RS FIL L A,
OXEBEOTH~ FEXFROLLLEL, BELETAFT FICEB+57 —
(3@ () Itk »T

Martinelli
FHAREEAAGL, ANLMOT — 2T L LMarchaterre OROT,
fEL %,

—BRBEROLIBEOMBICHR TERE,y , CEIKTHRASTAIADEL, BOZ7F VT 4 x

HOKA Ve, TRETHHOEOHOPEEE p , LOECHROBEAN LS L,

B =

LCLTo, BRADBE TS 5,
~Fix,  ba, EOBBRBANLEOHTROLN AT - A2 L TEDONL, R
BRI T B K ET 0.42~0T5m/ sec . HEN?10kg /cm ~100kg em’, #d
LEFEH LI Imon~50mm QHMOMBELERBECL > TAINTED, 21 v 7'l:l3Vg/Vf7§§
HBAFAKREY . HOZ4 Y7+ x, BUOKS P BaFLUETPRLI-TEDONL LD
737 TRINTnAD, V /V BEnsde, Haz407 4 x2527T, HOFA Fa PR
CEAERACL > TROLN 5,
—£ =(—) (Ia“) i’
f g
BEDELOCLTENTOataTOAP, %, 72 PEKRI4I2m L LTFELAKRY
B b RITKRT .
C@ﬁE@V(W}#iﬁﬁmﬁﬁvoK;ofﬁk?é%®&bféé®f.Kﬁ%ﬁi

T~ FPERLENEL B,

cerverenenees (55)
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#5%  Marchaterre DL HAP, (kg om®)
30t/h 40¢/h 50t 60tk
001 0.282 0.282 0.281 0.283
0.o2 0.265 0.261 0.261 0.259
0.04 0.238 0.2343 0.23 02285
0.06 0221 0,217 0212 0,208
0.08 0.212 0.207 0,2044 0.20
0..1 0.20 2 0.198 0.195 0191
0.15 0,182 0179 0175 0172

DTN MBSO TOESERSKIANEEFRARETOS sERT2ALER
ELTROAEDOTD 5,

8.2 Thom ©HEI

1) BEBOBSHEE
CHEDESREAP ,, . TS FRESREE THAK D ENERAP | KX
BU)TEAL LN ARE:, *BLA SO L L TERD AN,

r, *AP -+{56)

AP ppp=r,

f

AP, (I Blasius ORICLY RO B, r, HEBFABTOBECFTOIRBRERT b LT
LT, BEA&HOZzA4 )V F A RLI-TEDLNTAA, ICH (100 Table 3 25 T70ataT

Dr, CEEZRD, SR ABEREYECEILAT,
E 63k Thom & AT L ZDAPTPF (kg/cmz)

x r 30t/h | 40t h | 50t/h | 60¢/h
0 APf 0.148 02444 0.3626 04982
0.01 1.06 0.157 0.26 0.385 0529
0.0 2 1.2 01776 0.2933 04351 0.5978
.04 1.4 8 02190 0.3617 05366 07373
0.06 1.7 6 0.2605 04301 06382 0.8768
0.08 2.02 0.2990 04937 0.7325 1.006 4
0.1 2.2 7 0.3360 0.5548 08231 1.13G89
0.15 2.9 0,429 2 0.7088 1.05 15 1.4448

2) MEIEEK

MBETOMERRAP &
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erreremeeenes (57)

ThHL bbb, CELTGHREVERYY, BHRNLEEMETHY v, HREBFEOHLERTS
Lo ETRICKER 10)D0 Table 2 b RibAr , & GCDRNOHEERERT,

=R Thom DX L AHAP (kg/cmz)
X r, 30t/ h 40t h 50t. h 60t h
.01 0.13 0.05859 0.01041 0.01628 002345
0.02 0.207 0.,093289 001658 002592 003733
0.0 4 0.56 0.025239 004486 007011 010100
0.06 0.85 0038310 006809 010642 015331
0.08 1.15 0051831 009213 014398 0.20741
0.1 1.46l 0065802 011696 318279 0.26333
0.15 2.20 0.10186 0181053 0.28295 040761
2
v, 0.04507 008011 0.1252 001804
g
@) ~w F&E
~ I"VCJZ%EED']E&PU” [
£
AP ---(58)

grav

ThEibhb, LEERTSL, 1, CENLHEAZ 4 ) T 4 OHXCEALMACEERB KT

Vi

5, Table 4 LROA T, & (B8) ROFTHERTES RCTT,

DRI L BAP

8 5= Thom grav

X r, APgrav

0.01 0.93 0.2845

0.02 0.88 0.269

0.04 0.80 0.245

006 0.7 4 0.226

008 0.687 0.21

0.1 0.6 42 0.1986

015 0.55 8 0171

8.3 FMEOLE

1) EREEBEEEX

F22HICRINEGRREAPLERDOT LR B,
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2, Thom & Martinelli TRHIZEIHAOEELE{(RS, Thom DL EMNE T LA
LiadbH A Martinelli CEBPER TS S, JAERIOBREAMEDOFHEZIT - T
5o _

b, 40t /hTEJAERIZMartinelli & x #00~0120HTHE—HL THLE
60t hT{dMartinelli& Thom OFHE %17 > Tnb,

¢c. JAERIO T4 Thom OBRUL VBB TWAERER, ATR 2 KBFTBR/ET
OERLEFTHEBERN « /=095 EMEBLL bNLEQBDT NY BL T nHRET
HoktOBEAOMFEILAELVIRENRTHEEL LN b,

2y IEfEX
E23INCERT T,
a. M EbOEB@HAMartinelli OEFFLEF TS L0 JAERLE Thom THRE—K
LTwni,
b, JAERIOfEA Thom L W KE{HTWIZEBERHEBEEROEES & ERITRB KDL~
VOLARNEB THLAOEARAOMEREDON, Kaauar 505 BEMOIET
KanaErHA-ADTHA I,

B3) ~w V&
B2 ANTCERYTT,
a. Marchaterre OB ARKRBRICL o TELDEFRTE,
b. JAERIO FTRENFMO2EFLIPPREANEHREIEREATIMREBETIFZFLOLN
felb, BREGHE TARELIIATNDBDLRNADL TS S S,
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9 EECETBEEL FREFEIREICOVCTOERE

BTECHECS » THEALAKEO@E, BENTARIK2STET #41 FEEL80kg
Vem? FT

a=f ) e e et e et a e ias e e et e e (59)

7, EABRELCDONTY
6 =f @ e e e et e et e e (80)
LEY, Chb
P e e e e (B1)

ET& A,

CHEFRREBEL O T R A ERARERIC 2o 42 Y TOVE—+ D p LT
Th, COHMETCIRENE ( EKBREMNEHF ) ORBECONT, SEEHAICLD ¥
1A FBERDO TS, BEBEIAFEZOnm, SOEBE L.Smm, e ¥ 77 FEOHEES L5
mm TELGARCEFIEN, ATR-3 7R (BE#sH) ONAD=BICHLT 5, MEd
TR UERBONIEEFESEALADIOT, 64OERMILLOHEET AL, ATR-3TH)
EMECHne - ERSATFRANS, ¥4 VEATEENIOkg /cm’ &£50kg em’,
AL 200~3500kg / em sec, 24V T 43075 FTOBBTESIA) 7T+ 5 EL
LTwna,

FORBICINAE, 30kg /cm’ &£50kg/em’ QHTEERL: - SHEBTCEDTLES
DEHZEV, B26MII50kg em® WEiTha~ BB RLAIOT, CAETLAN
g UNCE e gas, chbb (HE2 ) HAIERIDEZELTLASY,

RICENBETH LD, BRKFLPEAFOBRBGFCOWTFATHE L ARREISETOL
LARLL AN, SFEBREYETLALBSY, AL HAEESOEEETT 22 T BEL
TEh, GLAFOLDCKRBICTTHENRKEENLLE TS L, ATR-28 HERBE
DN T, BT « BRERREELHAO 2y #—F Y FEHE A+~ 7 (CTL)THREL Tn%
N OBETOENHE Y ROAERG S5 DoT, TOBECHT 5 ENREEOHEHELD
HErtTh, CORBUIBECENTELS - KZHRTRSICL > THED, THLEHRDOT 2
PECE RMBEOENRETEEL Tvnd, 2V —FFALERKOETDREDL B1)X
b

AP:APF+(AP8P)T:APTiAPH_APA-APTP_&Pm ......... (62)

CDRBTIEAP & AP ZEFnAETNER. Hb ey Foor FAROEDARTHMEL
Tnbd, Bib,
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AP=AP +{AP ) =aP,—AP —AP, e (63)

L#LAP,, AP, # ROHDOCHLEE® 1 VREEMEIATEHHF, BEBankosf ORY

ML TROT AL, BIEENET3kg em’g TERDLORLTROALAP 7+ 1) 74
FESBER/RCD L,

BT, COREEASBARBL O TT TRLAHEFELILHLEBEELAR ST S,

EIE@E: KA. T73kgsem’g, d,=96mm, L=3708m
(b W, =40t hr, G=2480kg. m’ sec, x=005 CHEnT
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