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Abstract: Multiple epoxy resins were embedded in parallel into a copper substrate along the flow direction to
construct a heterogeneous material surface. The flow boiling characteristics of deionized water at atmospheric
pressure on this surface in a mini-gap channel (54 mm long, 10 mm wide, 1 mm high) were experimentally
investigated and compared with a pure copper surface. The experimental conditions were a mass flux of 200 - 400
kg/(m?+s) and an inlet temperature of 80° C. The results show that bubbly flow, churn flow and annular flow appear
sequentially in the channel, with flow instability observed in the early churn flow regime. The heterogeneous
material surface advances the onset of boiling. Compared with the pure copper surface, the heat transfer coefficient
is enhanced by 60.1% and 63.8% on average during the subcooled and saturated boiling regimes, respectively.
Meanwhile, the critical heat flux of the heterogeneous material surface is reduced by 9.56%. Due to the occurrence
of flow instability, the heterogeneous surface exhibits a sharp increase in pressure drop, resulting in an average
increase of 79.5% compared to the pure copper surface. After the instability subsides, the pressure drop remains

15.8% higher than that of the pure copper surface.

Keywords: heterogeneous material surface; mini—gap channel; flow boiling; gas—liquid flow; phase change; heat

transfer; pressure drop

WREA: 2026-03-31  fEEHEH: 2026-05-01

BEEE. TiF1964—), 5 =4, #Hd7, wangshixue_64@tju.edu.cn

F—1EE: KEH(1982—), M4 AIZEE , zhuyu@tju.edu.cn

SIRZARS: KA, BRI, FU . S BURRRR I /N R BE 18 3 3l o s e s im0, A T 2430, XXXX, XX(XX): 1-12

Citation: ZHU Yu, CHEN Xinyuan, WANG Shixue. Effect of heterogeneous material surface on flow boiling characteristics in mini—gap channels[J].
CIESC Journal, XXXX, XX(XX): 1-12



“ 2 i T

¥

FXXE

il

El

H, 175 5L 0 3 %) A BT i e v R e R T V2
HPMERT H 25 0™ 5 YRR YA 21038 A SR X U B
P A FART S v AR Y, AH AL B B W AR
SERR HCATR SR, S TR TRV RS 1L Ak
AR A R Ca B I S 9! S W B Y
FTFRE T RAEEFFE, SR, X e g5 M 7R FHA5 FA
PERE 4 [A) I AR 1 E 23 0 B Hs B3 O S D T FE 3 i 45
[T, B H R G RARRERCT B, 2023 442
BRECHE R0 L R B A 176042 T BUR, 1 Herh v 2
RGEAERE (5 L ik 439", T UL 5, 780 2
e R A SR T B T IR R S REAE C LH
WA RGBT S EZE HRZ "

/N ) 52 308 T (— e 3 v B KR AT
I IE B 5 FEAS/INT 51 Y B I Sl il R e — R e R
Pt Iy 2 AR P A AR AR 7= A i v i e
T4 2L R, H/ N AR RE B AR 2R 5 BT
SR TN s | ) R e Y v L A N [ S B N R SRk
s S G AT T IR AR AR G RO RE Y &
JRaFA M — R O A A i A RE B 1Y
Bl By i A R AT T8 T B ik 9 1 AR
S HAET, E NS E O SRR Z A T
TR A 235 ¥ R ) 8 3% i /K R 1 A ) S O v kAT
TRFGER XLy ik B AT S ek A R T HOUE 2SS
s Ak A% PR R |, (H B0 2 T A 7E 45 1 5 R AR 0D
et 111 o 5 it 08 DRSS A PR TIE V2 ) 2R G K R e
BEY

Ry A 3R THT CPE 9 R PR, Rahman 25248 4 ) f%
LT ARG 2R v o O F 2 TR v p S R =i
B XU AR o 32 45 A Pl PR AR P T e e A
DXk, A1 3 3 T R 210 i A1 A D U 6 1] iy
DR WA AR TR o AR LG R T A5 A
-3 v P it B 4G 1 (critical heat flux, CHF ) A% K
Z K (heat transfer coefficient, HTC ) 435Il $2 Ft 4 % Al
AR, IR A A 7 e 3R T 238 3R T b W
HTC $2F+ % 76 kW/(m*- K), #4 IFi 35 58%. © A W5
FE], U 2R 3R T TR 1 25 S 0 R AR AL
PR, PR S 2% T 25 0 B R O T 4 T T AR A
P REes

(EASTE A2, 3 b S5 oo ARl 52 48 HEA 1 2 i
o HL 28 5 Ak /] [8] BT 18 I 2 9 AL T . AR
M0, BT BF 5T 32 B v 10t s 50 0 RO 1

i, Wk = % S5 AL AR /DN 8] BUE I P Y 3 Sl s i %
BB ST . BT, AR A PR AR R R e i
I T JRy e B i T i, O 2 R
WA AL R [N %3 B IXC T A BHL B 4 -5
ARRR I R AR A | AT HRp 25 ) AR 208 A i) 2003 o IX b S ¥
AR 7 e A I A0 ) JB R ke P I

LR EPITIR A LB 5T S S A 1 X /N ]
I AE NS SRR AR . DR, AN S i S
BF5E 53 B 1 S Jo A ARk 38 1T X /0 ] B2 368 3 PA) 7 R O
T AL AR FR BRI (RS20, - S B 45 2R 5 4l
FHEAT X L, DU O s 1R B A A7 i 4 3 30 i i
SRAL LSBT BB S

1 S RGAn 7 ik

1.1 BERERMEEREH &

(1) RHEI B T 2000 T 58 FE & B T 5¢ i
A U R TG 7K & B RN 25 8 - AKORE S I Uk 15
min, 25 BRF 1 0 TE KR E &L (2)
i i R e HE 401 FRELES 1 PR IR 5 MO3 4k 5], 15
AR 10 min L EIR A4, BEEDEHIR A
2SR 15 min HERRTE A2 B 5 1A B0, B 1k
AL 5 T2 AL M S5 o (3) B PR AR i 22 18 18
T 2 A0 2 T P MR P i DR AR i S 4 S e TR HLJG
Wi b o WEVESE S KRR S E T b E R
100°C [ 4 20 min. (4) X &4k 5 B FE G AR UK H 504
F 200040 AT B , J3 Bk Z2 R PR AE R B L 1 22 4l T 5
S E B AR M3 R R BRI H TE K G BER
F B TG T R 15 min, 4E T 515 2 40 & 1(b) T
NGB iy p S iy = i

S JOAE R 2 T A 45 A T 2 B SR A A R
S0 HEA 7 SR o AR YR A A O B S st
AR B S A I BB K A AR ST
FAEPCEAL . BT T sl 7 1 i HEA 7 = T
i B0 7 Il i AT e 400 ) AR 1) SR ORISR AR A
#E o BEAD i AR S AR Y B R 5 TR R A
PPERERS 25790 AL 250 wm XELUTEAL ST 1
FeE BT BA R , 25 500 pm 23 B R 46 47 300%
X TR BE M 500 pum 25 ANHABH , 1) 55 15 A
PERE™,  [RIMS, P bA 6 255 0 R[] 1) 25 Jl S99 HE
G AT T RS AE A IR BE 22 53 A, IRt
RCAE 10 mm e 92w _ELL0.8 mm BYMREIFE N T. 7 8
A~0.45 mm B 0.3 mm R AR, A5 R W 1(a) Ir



5 XX

www.hgxb.com.cn c 3

(b) 524
K1 SEpeERn

Fig.1 Heterogeneous material surface
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Fig.2 Comparison of contact angles of different surfaces
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Fig.3 Experimental device schematic diagram
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Table 2 Maximum relative uncertainties of parameters
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Fig.6  Evolution of bubbly flow in channels with increasing heat flux at G=200 kg/(m’-s), T, =80°C
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Fig.8 Periodic annular flow in channels at =200 kg/(m’-s), T,=80°C, ¢,,= 99.1 W/cm®
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Fig.14 Bubble behavior schematic in channels with heterogeneous material surface
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