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Abstract: The gas-liquid two-phase flow widely exists in nuclear energy, chemical industry, petroleum
engineering, and other industrial production fields. Two-phase flow will occur in pressurized water
reactors during normal operation and accident conditions. The distribution of void fraction and
interfacial area concentration in rod bundle channels has an important influence on the flow resistance,
heat transfer, critical heat flux, and power distribution of the reactor. The complex geometric structure
of rod bundle channels brings a great challenge to the local experimental measurement of two-phase
flow. As a result, the existing database of the interfacial structure parameters in rod bundle channels is
still insufficient, which greatly affects the accuracy of two-phase flow modeling. To clarify the
transformation mechanism of the phase distribution in rod bundle subchannels and provide a database
for future modeling, an experimental study of air-water two-phase flow in a 5x5 rod bundle channel was

carried out in this paper. The four-sensor conductivity probe was used to measure the distribution of
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local two-phase flow parameters (void fraction, interfacial area concentration, bubble diameter, and
bubble velocity) across the test section at 36.5 hydraulic diameters. The results show that with the

increase of liquid phase velocity and the decrease of gas phase velocity, the “axial peak” gradually

3 i3

changes to the “wall peak” under the influence of radial force. The transition boundary of phase
distribution is obtained and has a relatively accurate classification effect. The non-uniform void fraction
distribution over the cross-section is observed, bubbles tend to gather in the central subchannels which
are less affected by the wall and have a higher mass velocity. For the overall cross-section, the decrease
of liquid phase velocity and the increase of gas phase velocity exacerbate the non-uniformity of bubble
distribution. In the experimental conditions of this paper, the established correlation of void fraction and
interfacial area concentration exhibits strong predictive capability. The average minimum relative error
is +18.2% and +12.2% respectively. The drift flux model for the rod bundle channels should take into
account various phase distribution types to enhance the modeling of distribution parameters.
Furthermore, it is imperative to validate the model using comprehensive void fraction distribution
databases to enhance the accuracy of prediction outcomes. Because of the small size of the bubble flow,
the interfacial area concentration correlation established based on the vertical circular pipe database can
also be used for rod bundle channels, but the modified correlation considering the influence of the
bundle geometry on the bubble is more accurate. This study can provide a reference for the closure of
the two-fluid model in the reactor thermal-hydraulic analysis program.

Key words: rod bundle channel; subchannel; two-phase flow; conductivity probe; phase distribution;

Hi58%:

interfacial area concentration

TR HEIE W s A7 b v e s S s T T,
HECRBL N 27 A P AR Bl o A2
7 K J #8800 B 5 W, SOBLAE I I N 2 R A
W1 B8 By, T 30 W A L A A TR A S R
B 43 A ) A2 Ak, HE T 52 e ¥ A 500 U B B L RARE
WA AL EYE R T30 A, 5 IO HE & A is ty
FLHEAROCI R, A 0 5% 48 o3 8 AH A A A
R B e AL ) O R 5

H T, X T 79 A 3 A 2 A3 A R 0 B oY
Erh TR E R4 8 1, Mendez-Diaz 552! I
Shen 45P) BT K& SCR Bl , W1 18 b AR
B B AH A o A SRR L AR FLARE, R 4R T A
At I 2 o ORI B P R T R AR
W RIFS 2N, 3801 S50 I = A X B2, B B X A
WRIE AR S AR R SEAT AN 8 3 . Sy 4 i S
I A% %, B T R ARG T I A O X R B A,
BB 3230 AL T R AT & 454 B o Ren S50 SR H]
RT3 T 2 AR R S A0
JR R A AR, BESE T ORI L LAR SRR R G
FIX AR S A FEE RS20 . Yang 4801, Han S0
1 Shen S50 I 4 1 HE E IE Y 1/4 B 1/8 4, 3K

%0 ER 0 A AR ST SR R A . 7R
TR I B P AR AR 5 BEARAG AR S 1 S 80 — 4
AT, BRET I AT B B AR - 24 {1
Mo ARAEA SN Ren 55014 76 -1 18 A2 _F I 4 1)
Ferm oA S B R, M 25 M S HOF A S 2 R
HRC X B3 AT 7 B — A AT LR AT B
YEf A AT P P44

AR SCR Y 3k v SR B X 4 R el A 25y
A FEPE T e SC I BT T, H R BT T 4EERATH I
H, DU TR A B 7 1, 92 B AOm 3 4 A4
20 A, Ao R TR R L I 0 R 285 0 A e Y
S MR L ) A2 SR R A 0 A e fe i B, ST A
BUA ARSI 2 80T 356 & U 0 14 RE, JF 56k
SRR BT

1 KBRS
1.1 I [E B

P o 3E T AR S 0 RGN 1 R, SR
B [al | 5x5 R GHE A | RN i R G
Bs R E RGN, 7 NP B BRE
W I L g R B U A I A A SOKIR &



BT RS MR R T A I A R A BT Uk R 3 AT R S R BT 5T 35

RE, BB FKMAKEMB#RRITE S5 R
RA, KRG 2 B WIE 34 51 1 28 < -/K I A
T WHAHTE A 4 38 o S0 AR J5 i A SOK B
i, A SRR, 8K R B K S 58 G B,
SIS AR IR R R 244 ((20.0£0.5) °C, 0.1 MPa)
PEAT o YRR I 38 Ao F R I T (R R 90.5 m/h,
AN FE 0.3% ) I, SO IR R — AR 2T
i 2% (R R 30SLM, B 2 B 1.5%) 1415 -
T, JRi e 1 R R SR FH 25 PR AR 3% 2% (LR 50 kPa,
KB 0.075 9 ) 4

I

FL TG e T

UK A RE
PR 1 R T R A S R e

Fig. 1 Schematic diagram of two-phase flow experimental

system in rod bundle channel
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Table 1 Measurement condition
T Je/(m/s) Jeam /(M0/8) Jeloc /(10/8)

1 0.30 0.03 0.023
2 0.30 0.05 0.039
3 0.30 0.07 0.054
4 0.50 0.03 0.023
5 0.50 0.05 0.038
6 0.50 0.07 0.053
7 0.70 0.03 0.022
8 0.70 0.05 0.037
9 0.70 0.07 0.053
10 1.00 0.03 0.021
11 1.00 0.05 0.036
12 1.00 0.07 0.050
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Fig. 3 Flow pattern of vertical-up two-phase flow
in rod bundle channels
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Fig.4 Measurement mesh of conductivity probe
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Table 2 Weighted value of measuring point area

Tl A A /mm? AJ/mm?

A 15.53 36.17
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Sk HL S AR AT B DN R B, an IRl 5 ROR,
R TS AR I ) 9 R K T
HHFATR L . Hoh, <av>3R7R 3 T 28 A3 AL
£ U L AT P 1B, < o> 2078 UM TR
DN 48 T Y Ml ) R O R S B A R .
Fo & B, H T I - X8 5 R A R T3 2 Ak ) A
A R A R, RE A RS T 0 A N A K, (R L
A T B S B FE£30% 1R 2228 LN, S 2R 22
R 17.8%, Ui B T HRET I G245 5 i A B

0.10
<> /(mis) o
A03 +30% ,7
0.08 | /7
0o0.5 ,
4 .
007 S L7
Z 006} , -7
g <©1.0 230%
=~ -
= -7
§ 0.04
0.02 |
0.00

0.00 0.02 0.04 0.06 0.08 0.10
<jg, loc>z/(m/s)

PS5 U T B H S P ) 8 X L
Fig. 5 Comparison of gas-phase velocity
measured by flow meter and conductivity probe



BT RS MR R T A I A R A BT Uk R 3 AT R S R BT 5T 37

3 BREHH

2 SR A AL Kl 23R 224> T, R
FHAE 388 T8 P9 ¥ U 3l O -5 AR 488 3 77 75 5 IR,
M R 3 A A S T A A R B A T G R O
Ao ARSCHEE T VY Sk L SR I B AR B T 2 RA
1) A B dE, 455 SO T 3 P 32 B R T
3 M SR LG 3 X R 285 0 A R 4 e L
- — L AR TR Y- 42 725 36 073 A5 TR T R 52 36 4
Y5 RT3 5C 2R ARG B (ELE A7 0 HE
31 FERENBFESHENSH

miE 6 Fiss, Lh4 MR 1/4 b el i o+
I ], 24 TE IR S A rh SRR AR T
v, 23 LA BURIAR F T e P A L R S R AL, Sy
P8 fr /N B H BT AR BE THT B O, R ORI M o 5
LR, 275 A5y AR ST o 4 Jm) R e L H
DLAE AR BE T B IT, R foe /MRS 3 B 1 3 L
Ak, Bk h BEWEE I3 A

AR SCHRAT T AL 421l T8 1Y 66 I A

+
N

BElg il

6 il i AR A3 A e Rl
Fig. 6 Phase distribution types in subchannel

14 S 56 K540, IR ) Han 250 (931 A S, E— 4
A5 ) Fhy TR A G R BE S Y Ay 30 A R T
DA, 38 5 — AR AR A ARAT 1 A S IR B A A,
a7 R o i B R AR, W E SO T B
M 7R oA B, A A B B A BEAU R %
Y S PRAH

"0 9 _" 300
60 180
Heeeeoe ” ”
140
=40 B = g 120 - . 150 - o 200 _
£ o LI 1o & 8 oy 50 &
B« @ _O0_O_0_ | KU 100 § = 5
Neeeoo0 |l ; 10
10 50
00000 |}
0 0 0 0 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
x/mm x/mm x/mm
JF0.3 m/8, jy o, =0.03 m/s JE0.3 m/s, jg 44n=0.05 m/s JE0.3 m/s, jg 44n=0.07 m/s
150 200
180
160
140
100 i
g T, E g 120 7
E £ £ E 100 E
= SN = 30 S)
50 60
40
20
0 0 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
x/mm x/mm X/mm
JE0.5 M8, jy oy =0.03 m/s JE0.5m/s, jg 44n=0.05 m/s JE0.5m/s, jg 44n=0.07 m/s
200 350
180 250
160 300
140 1 200 250
120 T T
g 100 = 150 & E ok
= 80 S | 100 S A 150 <
60 100
40 50
20 50
0 0 0

0
0 10 20 30 40 50 60

JE0.7 m/8, jg oy =0.03 m/s

0
0 10 20 30 40 50 60
x/mm x/mm

JE0.7 /8, jy oy =0.05 m/s

0
0 10 20 30 40 50 60
X/mm
JE0.7 m/s, jy oy =0.07 m/s

P 7 RS e A =

Fig. 7 Contour plots of interfacial area concentration distribution
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Fig. 10  Subchannel average void fraction distribution
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