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Abstract: An experimental investigation was conducted on the flow boiling heat transfer characteristics of R32,
R1234ze(E) and their mixtures in a horizontal microchannel with an inner diameter of 1.54 mm. The effects of mass
flux, vapor quality, heat flux, saturation temperature and mixture concentration on the boiling heat transfer
coefficient were systematically analyzed. The experimental mass flow rates were 200, 300, and 400 kg/(m?-s); the
heat fluxes were 20 kW/m? and 30 kW/m?; the saturation temperatures were 22, 24, and 26°C; the dryness fraction
was 0—1; and the mass ratios of R32/R1234ze(E) were 30/70, 50/50, and 70/30. The results show that the pure
working fluid exhibits a non—monotonic variation in heat transfer coefficient with increasing vapor quality,
characterized by an initial decrease, followed by an increase and then a further decrease. In contrast, the mixture

shows a single—peak trend, first increasing and then decreasing. Increasing mass flux is beneficial to enhancing
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forced convection, thereby improving the heat transfer performance. Heat flux is a crucial factor that not only

intensifies heat transfer but also causes the earlier occurrence of critical vapor quality. The variation of saturation

temperature exerts a weak effect on the boiling heat transfer coefficient. Owing to mass transfer resistance, the

boiling heat transfer performance of the mixtures is generally lower than that of pure refrigerants, while it improves

with the increase of R32 mass fraction. Moreover, the predictive capability of existing correlations was evaluated

against the experimental data. Among the evaluated correlations, the Lim—Kim correlation yields a mean relative

error of 38.43%.
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Fig.1 Schematic diagram of the experimental system
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Fig.4 Effects of mass flux and vapor quality on the heat transfer coefficients of R32, R1234ze(E) and their mixtures
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Fig.5 Effect of heat flux on the heat transfer coefficients of R32, R1234ze(E) and their mixtures
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Fig.6 Effect of saturation temperature on the heat transfer coefficients of R32, R1234ze(E) and their mixtures
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Table 2 Operating conditions for refrigerant correlations
FeER MR/ mm Hil 5 Jo 2 i A(kg/(m® - 5)) Pui /(kW/m?)
Gungor—Winlerlonm] 2.95~32 R114.R113 .R22.R12.R11.7K . % 12.4~8179.3 0.348~2620
Liu-Winterton'' 2.95~32 R114 .R113.R22.R12.R11 7K .Z 8 12.4~8179.3 0.348~2620
Choi 258 7.55 R32/R134a .R407C 240~600 4.1~28.6

Lim—-Kim™' 10 R134a/R123 150~600 5~50
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Fig.8 Prediction results of four correlations

Ak, F R32/R1234ze(E)EAE LW IR A T, ir A 4l
T3 S X G TN B 24 B R G R, MR S
DAE T AR 7S 3o 2 Fh A A5 TR BE T

i

(1) B2 % 5 T J5i 5 4R 4 T Jo )52 i AL ) A
[a] « BT A T AR M " e — T — " A AR TR AL AL
FFAE , 7390 32 SODR A I A Rz T BLR R 5 TR T
JOR DU 28 B S T I o ) LIS R 5 B v o O
A2 5 A 5 ) XA AR T P RE , X A A s i 5
i A7 BR o

(2) #0012 AR BORA B AL PR B
TEfR A T iz e 32 2044 JBRH 7 i AR Lk
29 R AR T DX, e PAGE 5 R A S
S8 341K T P IR RE R AR A PO AL RN

(3) 4 A0k J38 X A A 3 A 2 i A 555 , A
L O TR A A S RO R S, RS

3 4

“a

ek X1 B R A XL 1) 25 (1) 90 B 550

(4) i FEAE S 0 R P A7 7E  R32/R1234ze(E) 3
PR W e HCE AL IR S . SEER R I, 7E 30/70 i
Fo R A% T BH 3k B A, T 35005 2 R B 2 1 0
(B 0 BRI B R32 VK BT, IR W RS /)N, e
PAEREZ T 21T

(5) FIridk 4 Fh S5 Gungor—Winterton™ | Liu—
Winterton™ S BT 36 T8 T, M 2Z /DT 11%;
Choi %5 ¢ 15 3K JC T 53 fib 1) M AH 8 AAORS B AN &
Lim-Kim™' 3¢ 1 2 Y 2 /& MAD 28 38.43% , A X 52
Mo, AEGHIR A 05 1% 000 4 22 1 23.35% 6 B T
7235 61.43%.

S % M

E—35 A
G—— TR kg/(m?+s)
h——fLEE, Wi’ - K)
h, T FIEAE LERS k) /g




81

www.hgxb.com.cn

+ 4775 -

h, —— 1AL Kl kg
h, ——PIAHIE R ZR KL, W/(m® - K)
I—HLE LA

L—K&F ,m
MAD —— P-4 X i 22
m——J i, ke/s
Nu Nusselt £%
Pr Prandtl %

Q—ImIAT R, W
g —HGEE, kW/m®

Re Reynolds %%
r At m

S —— il A
(—RE,C
1, —— BRI, °C
1, —IMERE, °C
U—H%,V
Tz

A —HFH W/(m-K)
T s

b——f 5

X

d—H& 5
i MR
I— AR
o AR
pre T
sat TR S
v S

S 3Lk

[1]

Longo G A, Mancin S, Righetti G, et al. Hydrocarbon refrigerants
boiling local heat transfer coefficients inside a brazed plate heat
exchanger (BPHE)[J]. International Journal of Refrigeration, 2023,
156: 113-122.

AR, AR5, SRR, 45 IR AR RS AR e TR &
T Bl B e BAREHELT]. AL Tk, 2023, 42(9): 4496-4503.
Chen L, Xu P Y, Zhang X H, et al. Investigation on the LNG
mixed refrigerant flow and heat transfer characteristics in coil-
wounded heat exchanger(CWHE) system[J]. Chemical Industry
and Engineering Progress, 2023, 42(9): 4496-4503.

GRUPIGE, AR, AR, S AR RS TR AR TS
i R GEHERE LR L] Al TARER, 2025, 41(7): 259-268.

Liang K F, Li L L, Gao C Y, et al. Experiment on performance of
the non-azeotropic refrigerant closed—cycle heat pump drying
bypass of the
Agricultural Engineering, 2025, 41(7): 259-268.

EAR, ZE b, AT, ARG TR 4% T O REBT 5T
[J]. TR IR, 2024, 45(5): 1300-1307.

Wang L, Li S Q, Tan Y Y, et al. Study on the performance of
zeotropic mixture ejector under variable operating conditions[J].
Journal of Engineering Thermophysics, 2024, 45(5): 1300-1307.

system[J]. Transactions Chinese Society of

[5]

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Fu H, Zhao R, Zheng L, et al. Experimental study on spray cooling
heat transfer performance of R245fa/R142b mixture in boiling
regime[J]. Applied Thermal Engineering, 2023, 227: 120450.
Dang C, Jia L, Peng Q, et al. Experimental and analytical study on
nucleate pool boiling heat transfer of R134a/R245fa zeotropic
mixtures[J]. International Journal of Heat and Mass Transfer,
2018, 119: 508-522.

BRTR, SRITIT, A BN, A A OK S5 S SR A OB RGE
TE W I S I BT (D], TR AR, 2025, 46(4): 1278
1287.

Yin L F, Zhang K X, Yang Z L, et al. Multi-stage enhancement on
flow boiling in open microchannels with micro/nano structures|J].
Journal of Engineering Thermophysics, 2025, 46(4): 1278-1287.
FRUE . I T I 3 i R v N HOR K N T N AR 2R
2023, 23(3): 195-199.

Zheng H. Microchannel flow boiling cooling technology and
application[J]. Journal of Technology, 2023, 23(3): 195-199.
Consolini L, Thome J R. A heat transfer model for evaporation of
coalescing bubbles in micro—channel flow[]J]. International Journal
of Heat and Fluid Flow, 2010, 31(1): 115-125.

Rui Z L, Hao J J, Ma J, et al. Research on single—phase flow and
two—phase flow boiling cooling performance of microchannel
thermal management system with novel Tesla valve design|J].
International Journal of Heat and Mass Transfer, 2024, 229:
125760.

Zhuang X R, Xie Y C, Li X, et al. Experimental investigation on
flow boiling of HFE=7100 in a microchannel with pin fin array[J].
Applied Thermal Engineering, 2023, 225: 120180.

Wu X L, Li CY, Yang J L, et al. Theoretical and experimental
research on flow boiling heat transfer in microchannels for IGBT
modules[J]. International Journal of Heat and Mass Transfer,
2023, 205: 123900.

Fang Y D, Lu D, Yang W L, et al. Saturated flow boiling heat
transfer of R1233zd(E) in parallel mini—channels: experimental
study and flow—pattern—based prediction[J]. International Journal
of Heat and Mass Transfer, 2023, 216: 124608.

e, EER, MEIRIL, A R32 VA R N R KA B
18 5 A5 BEL ) R S SR BIF ST (0], T 4 S0 TR o4, 2023, 57
(3): 58-67.

Zhang H, Cao Z H, Mei H H, et al. Experimental study on the flow
boiling heat transfer and pressure drop of refrigerant R32 in
horizontally oriented small-diameter tubes[J]. Journal of Xi’an
Jiaotong University, 2023, 57(3): 58-67.

Gao Y P, Feng Y, Tang K, et al. Comparison of flow boiling
pressure drop and heat transfer of R134a with low GWP
alternative R1234ze(E) in a dimpled flat duct[J]. International
Journal of Refrigeration, 2020, 119: 165-174.

Diani A, Mancin S, Doretti L, et al. Low—GWP refrigerants flow
boiling heat transfer in a 5 PPI copper foam[J]. International
Journal of Multiphase Flow, 2015, 76: 111-121.

IR, SRR, FTRRE, 55 . BT IR AR A T BT R R2456a 1ty
PEREWFIE[)]. K3 TR 2244, 2023, 54(5): 941-949.

Feng B, Zhang Z, Jian L R, et al. Study on the performance of new
high temperature heat pump mixtures as alternatives to R245falJ].
Journal of Taiyuan University of Technology, 2023, 54(5):
941-949.

Azzolin M, Bortolin S, Del Col D. Flow boiling heat transfer of a



+ 4776 -

fb T

¥

BITE

[20]

[21]

[22]

zeotropic binary mixture of new refrigerants inside a single
microchannel[J]. International Journal of Thermal Sciences, 2016,
110: 83-95.

Del Col D, Bortolin S, Rossetto L. Convective boiling inside a
single circular microchannel[J]. International Journal of Heat and
Mass Transfer, 2013, 67: 1231-1245.

ZEPT, A, WIS, 45 . il R32 48 P I B R e R
TR ORI T & (D). AL T2k, 2022, 73(2): 612-621.

Li G, Zhuang D W, Xie L Y, et al. Experimental investigation and
correlation  development of flow boiling heat transfer
characteristics of R32-oil mixture inside tube[J]. CIESC Journal,
2022, 73(2): 612-621.

SR, sk, XS, 45 . /INE T P ARl T Sl i 4 P
TSP HTLI). AL L2441, 2025, 76(8): 3864-3872.

Zhou H, Zhang S J, Liu J, et al. Numerical analysis of flow boiling
heat transfer of zeotropic mixtures in mini—channels[J]. CIESC
Journal, 2025, 76(8): 3864-3872.

Marchetto D B, Revellin R, Rulliere R, et al. An experimental
investigation on R245fa and R1233zd(E) flow boiling at high
saturation temperatures in a horizontal small diameter channel[J].
International Journal of Heat and Mass Transfer, 2024, 220:
124986.

JEIW7, X080, gk /NS . R T 22 S BT A T D) 5 25 T A =
SRR A TR, AL 254, 2023, 74(11): 4487-4500.
Zhou F, Liu J, Zhang X S. Selection of ternary zeotropic mixtures

for high—temperature heat pumps on multiparameter evaluation

[24]

[25]

[26]

[27]

[28]

[29]

[30]

principles[J]. CIESC Journal, 2023, 74(11): 4487-4500.

Dang C, Jia L, Zhang X, et al. Experimental investigation on flow
boiling characteristics of zeotropic binary mixtures (R134a/
R245fa) in a rectangular micro—channel[J]. International Journal
of Heat and Mass Transfer, 2017, 115: 782-794.

Lim T W, Kim J H. An experimental investigation of heat transfer
in forced convective boiling of R134a, R123 and R134a/R123 in a
horizontal tube[J]. KSME International Journal, 2004, 18(3):
513-525.

Moffat R J. Describing the uncertainties in experimental results|J].
Experimental Thermal and Fluid Science, 1988, 1(1): 3-17.
Gungor K E, Winterton R H S. A general correlation for flow
boiling in tubes and annuli[J]. International Journal of Heat and
Mass Transfer, 1986, 29(3): 351-358.

Ong C L, Thome J R. Macro—to—microchannel transition in two—
phase flow(part 1): Two—phase flow patterns and film thickness
measurements|J]. Experimental Thermal and Fluid Science, 2011,
35(1): 37-47.

Liu Z, Winterton R H S. A general correlation for saturated and
subcooled flow boiling in tubes and annuli, based on a nucleate
pool boiling equation[J]. International Journal of Heat and Mass
Transfer, 1991, 34(11): 2759-2766.

Choi TY, Kim Y J, Kim M S, et al. Evaporation heat transfer of R—
32, R-134a, R-32/134a, and R-32/125/134a inside a horizontal
smooth tube[J]. International Journal of Heat and Mass Transfer,

2000, 43(19): 3651-3660.



