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Experimental Study on the Saturated Boiling Heat Transfer Characteristics

of Water in Parallel Rectangular Channels

HUO Fuqgiang, WANG Teng, YAN Tianyu, BI Qincheng

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Aiming at the boiling heat transfer problem under the conditions of high temperature
and high pressure between the narrow channels of the plate fuel in ship nuclear reactor,
experimental studies on the heat transfer and flow distribution rules of vertical upward flow of
water in two parallel narrow rectangular channels were performed. The electric heating
simulation body of plate-type fuel was designed, the parallel rectangular narrow-slit channel
circulation structure used at high parameters was fabricated, and the problems of sealing,
insulation and thermal expansion of the test section at high temperature and high pressure were
solved. The test section has two parallel rectangular channels with the aspect ratio of 39. 4. The
experimental pressure ranges from 2.1 to 10 MPa, mass flux from 1 000 to1 500 kg e m * » s ',

heat flux from 100 to 300 kW « m ™ ? and inlet temperature of subcooled water from 80 to 299 C.

The results show that no significant difference of the heat transfer characteristics between the
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rectangular channel with a gap size of 2 mm and the conventional circular channel was observed.
In the saturated boiling region, heat flux became the dominant factor of boiling heat transfer, and
the effects of mass flow rate were weakened. In addition, the effects on the heat transfer
characteristics between the parallel channels resulting from wall temperature, mass flow rate,
heat flux and system pressure were analyzed, and it was found that the relative deviations of heat
transfer coefficients between the two parallel channels were less than +7% at same position and
in the same working conditions. It is concluded that the flow distributions in the two parallel
rectangular channels tend to be uniform. Moreover, the experimental data were compared with 5
existing boiling heat transfer correlations, and a new correlation was proposed based on the Kim
formula. The proposed heat transfer correlation is in good agreement with the experimental data,

and about 77.1% and 96.4% of the experimental points have deviations from the correlation

within £10% and +20%, respectively.

Keywords: rectangular double channels; saturated boiling; heat transfer coefficient

5 A

A/m’* it 3 K T AR Pr/m RTIERN

Ay /m’ A 300 B A i AR Py/m S

a/m EEBER BRI Pr TR AH A B R A
B b 1 %L Q/kW TR R P i
b/m WA N K g/ (kW + m™ %) P R

Co/ (k] = (kg+CH™D R %o Rey W TS
D./m B EHA S RLAZ W 1 00 ) A
E X 3 4 A 8 R s o 1 AR 22

F X e R 8 IE(E Twi/C N BE I

H,/(kJ « kg™") SN RN Two/C A EE Tk

H/(k] + kg T kS T:/C TR I
H,/(k] « kg ") A G Wey, WA A E
H/(kJ » kg™") TRAL T A Zeg I 2E T
hy /(KW e (m* « C)™Y) WAL AR B X Martinelli Z: 4
hy, /(KW « (m® « CHY™ 1) HAEHREE z/m N W AT N
B /(KW o (m? « C) 1) Wl 45 34 2 8 AT/ RE T P
ha /(KW (m? « C) 1) X Wb o 4 44 R 8 AP../Pa HETHT 1ok 4032 0 o 400 A
L/m B0 B K 7/ % R

M W B o/ (kW e m %) PRFRE R

M, T M4 F R &/m Jin FRopR BE JE
Eur S R 2 A/(ws (meCH) ) WA T R B
Euat S g 4 N} 15 22 o/(kg e m ) AR % B

N W 5ty 2 o/ (kg e m™*) S
P/kW Jin AT 2R 6/(N+m™) E K D]

Pr REENHHAEITZ I oi S 25 R R R 22

Wt 7 R RSS2 i FiL 6 K 4 A fl 25 S0 E 42
AR S NATTR R D) 2 4 b B R T R AR
SRAE AR . HE Y A% A A5 R TR A Bk HL
AR A AL ARG Z O . TR L R N
R (1 7 P 5 A 1 1) O T e AR AT

http: // zkxb. xjtu. edu. cn

s ) FH aHe 2 R T 5 0k AR 7 B N R 3 R A
Pt AL LB — R BIGR B) [ F o ik,
B A R 3 0 2 I G T P B O B A PR AT
THE.

Gong SFHFFE 1R 5 B Il 3 4% 1F 8 TR i 1 A




59 3

FEG SR L 55 RE S U I 1 i 1 1% PR P 1 8 B 5 143

Y B PR e 235 2R D B T A R O
TE P9 IR J AR TR FRI538  X 2 A% Rd  rhA s
b £ PAMEMY . Shiferaw 22 F 7 T KT 0.2
B % BT )R e B0 KIS R 3 o (A
4 75 1 T 9 AR 3 T PR 6 Rl R R I e v A B
338 R T Y M T R s R 4 A R O O T AR A R
B 78 A 52 PR 2 B 52 0 JLF 1T L2 LG
Li G2 ffd hmaset Y —28.

il I F Ak B A T TR A Gl T A
4 1 PR TR R s FA DL B B DGR R R A — B &
o WA R CA S M R B E YA CTK )
PEBEAT TR IT L (B 248 KR 03 2 3 22 DA & 51
F AR AKIRE YN L, H 28 T3 5 8
(O AIF S o T AE S B ffe i 4 b 22 DO RS B8 X077
TE o R B PN I A 0 I 2 EL RS R IR A R
TE it JBE B A8 A A A L 28 T RE 2> 51 Jm v o A4 )
L 3 ARl I 153 3 AU 2l B 9 A PR R A A
DRI B0 4% LI 368 3 PAY 9 I 4 PR 1 ) BF S A
A B A SORE B SIS G A A
it $80 R B A 3 C R R R T L O Ak T A 45 2R 0 A
Y 1 e PR W DR 2R L A R (] 48 PR e () S B
J 55 BUAE A O IR SO0 He I £ 1 Bl i G i =X

1 RG-Sk

1.1 KRS

B 1A R 5 e 5 T AR 1A . 3 T
JEREEEN O SRR T 0.5 ps « em 'R BT K,
KA TR 25 8 K 28 ) B e L B A A JE SR RS
A TGAS 1] % o — % 28 1K I 54238 RK A 5) — i
A FE R, 3FA T 0 1 & B K 2 [ JA 2% | T 4R
i Ja HE AR 56 B WO g B AR R AR B A el
PR R BEAR VR A B — 8 R IR [0 K A8 S8 G 3R .
T2 50 B 3 ok 3E DAIG H R K H I R R T 8 Y

B AR E B T £ R AR

Fig. 1 Schematic diagram of heat transfer experiment
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Fig. 2 Schematic diagram of test section
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Table 1 Measurement parameters and instrument precision
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Table 2 Summary of measurement uncertainty
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Fig. 3 Calibration results of heat transfer system
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cient prediction
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Fig. 11 Comparison of existing and improved correlations
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