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Abstract: Considering the phase change process of
refrigerant in flat tubes, the SST (shear stress transm
ission) k- w model and the Eulerian-Eulerian two-phase
flow model are used to simulate the two-phase
distribution characteristics of refrigerant in parallel-flow
evaporators. It is found that increasing the refrigerant
mass flow rate and inlet quality will lead to a decrease in
the uniformity of refrigerant distribution. When the
refrigerant mass flow rate increases from 15g-s ' to 25 g-
s ', the distribution inhomogeneity increases by 39.4%;

When the inlet quality increased from O to 0.3, the
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50.8%.

Appropriately increasing the inner diameter of the outlet

corresponding increase in inhomogeneity is

header as well as the aspect ratio of the evaporator is
beneficial to improve the uniformity of refrigerant
distribution. Doubling the inner diameter of the outlet
of 41.8% in the

inhomogeneity; compared with the basic structure, the

header results in a decrease

evaporator with an aspect ratio of 1.455 achieves a
decrease of 21.6% in the refrigerant inhomogeneity.

Key words: parallel flow evaporator; phase change

process; two-phase flow distribution; inhomogeneity;

computational fluid dynamics
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Fig.8 Flow distribution and inlet pressure of flat tubes at different inlet quality

L2 O Wik FEARAE SRR BURAS (S 0T L A8 25 % 8
=10 i (9K FE L L ORI BE AR 28 R R L 42
%g 0.8 KB MARFETERE . FEMELS YK FEH R 1. 055, i
&0 WK 55 W 0. 755 5 1. 455 By PR X7 £ o
8 04 B RO 30 120, T4 FISE L R R A 15

O-Z-D i ges L FRENO. 20 MBI 11 AT LA M T S vfi st

R— o1 02 03 1,455 L 1455 1, SMR 1 A1 M9 5 B3, oM
L DT o 8 LS A e B0 30 F I T 17. 4% AN
B9 ARTESHRANEAHEROLER 21.6% ; K GE L 0. 755 16, 4M e ¥ A1 A8 2% Wi A

Fig.9 Flow inhomogeneity at different inlet quality o .
53 WE g R B 43 T e 53 0 1S Y 13,7 9% Al

PE ) AT AT R Z A TR AR S AR 78 25.8% . K58 FeRyek s, SEbr b ol 28 1 5 A 9 R
BEHARAE P RRE AR BTG OL T, 3 B0 I B IO B it B e o 49 17 b, ORI AR A B S 1k

1 322 5N, v 700 2 B4 S Mg & Y A
0.9, 09¢
08| SWIE 0.8} O ﬂﬁiﬁ
= | A 207} Wil
gon m A = ol m i
E 05| B o5}
§ 04} § 04}
F 03t & 0.3t
K oz2| ’/ K 0.2 |7 ”
0.1} 0.1}
1.0D 1.5D 2.0D 0.755 1.055 1.455
HOEEER R I
E10 HAKBERESHRFSEAHEERHXR El11 ZHERKELLSHERFSEAHEERHALR

Fig.10 Flow inhomogeneity under different inner Fig.11 Flow inhomogeneity in evaporators with dif-

diameters of outlet header ferent aspect ratios



1648 6] 5% K 2 2 (A 4K BE 2 B 5551 %
4 Q:lél:i/[’.\, Journal of Materials and Manufacturing, 2011, 4(1):231.

(1) Bt 1 ¥4 590 o e B84 0, R T 40T A
TRAH A BC A 511 B TS 20 B2 S0 A g
Bo BETTFREN 0. 20, i 15 g-s' B3 25 -
s* B YRORE RILEL AL B 0 BC Y e (L0 BB T 17, 4%
F139. 4%, SARSTBCHY pABUIE/N T 17.4%

(2) Bt A FUHPATAIBE ARG, S AR 5
FC X5 500 TR ST BCES S T . 4 i
15 g ', AT EE M OBEINE] 0. 3, AR /AL 1 AE AV,
TR E ARSI I T 273. 5% 150, 8%6; TR
MO, THEIE] 0. 3, SAHZMBC (BN T 43.5% 6

(3)3E M1 b AR AR AR R 2R K e Ly mT
DIBE 28 R R o0 TR o L, DT s i v 741
TEREC RS SRMESSAILL, B S NE
A3 51A 1. 5D 1 2D B, B A B Y e A 0T 40 S AR
46.9% F141. 8% ; MK B kb -k 1. 455 F1 0. 755 B, B
TG AU A3 S A A T 21, 696 A1 25. 8%

1EE STk A :
B2 PSR 5, 5 LT, SCERIB
B R R 5
Wl TR B

Sk

[1]  BERNOUX P, MERCIER P, LEBOUCHE M. Two-phase
flow distribution in a compact heat exchanger [ C]//Proceeding
of the Third International Conference on Compact Heat
Exchanger. Davos:[s.n.], 2001 347-352.

[2] BENOUALI J, PETITJEAN C, CITTI I, et al. Evaporator-
condenser improvement and impact on heat pump system
performances for EVs [EB/OL]. [2021-10-21]. https://doi.
org/10.4271/2014-01-0708

[3] HRNJAK P. Flow distribution issues in parallel flow heat
exchangers [J]. ASHRAE Transactions, 2004, 110(1):301

[4] FEI P. Adiabatic developing two-phase refrigerant flow in
manifolds of heat [D].
University of Illinois, 2004.

[5]  TUO H,BIELSKUS A, HRNJAK P. Experimentally validated
model of refrigerant distribution in a parallel microchannel
evaporator [J]. ASHRAE Transactions, 2012, 118(1) :375.

[6] TUO H, HRNJAK P. Effect of the header pressure drop induced
flow maldistribution on the microchannel evaporator performance
[J]. International Journal of Refrigeration, 2013, 36(8):2176.

[7] TUO H, BIELSKUS A, HRNJAK P. Effect of flash gas

bypass on the performance of R134a mobile air-conditioning

exchangers Urbana-Champaign :

system with microchannel evaporator [J]. SAE International

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ZOU Y, TUO H, HRNJAK P. Modeling refrigerant
maldistribution in microchannel heat exchangers with vertical
headers based on experimentally developed distribution results
[J]. Applied Thermal Engineering, 2014, 64(1):172.

R W0, Y A B AT IR AR SR R 2 A
WEE [J]. AR S5HS, 2019, 47(3) 44

YUAN Pei, CHANG Hongxu, LI Dan, ez a/. The flow distribution
uniformity research on the microchannel parallel flow heat
exchanger [J]. Cryogenics and Superconductivity, 2019, 47(3):44.
R 22 P, AN XU 2 A AT TR bl v R U k23 R
P [T] RITF R (A AR , 2019, 47(2) :261.
ZHAO Lanping, WANG Renjie, LIU Guilan,

Characteristics  of refrigerant flow distribution in parallel

et al.

microchannel evaporator [J]. Journal of Tongji University
(Natural Science ), 2019, 47(2):261.

FEI, BRI WRBE, A5 . ROE AT IR A R IR A Al
BT [T]. fil¥e2ie, 2021, 42(5):111.

DU Lin, ZHOU Liyang, CHEN Qi, et a/. Distribution
characteristics and optimization on parallel flow microchannel
heat exchanger [J]. Journal of Refrigeration, 2021, 42(5):111.
FROKCHE . AT AR R A R R bk 0 PO RS g
PARID ] bt #der SR, 2014,

Zhang Yongkai. Numerical simulation of refrigerant flow
distribution in parallel flow evaporator and fin performance
optimization [ D]. Beijing: North China Electric Power University,
2014.

PANDA K, HIROKAWA T, HUANG L. Design study of
microchannel heat exchanger headers using experimentally
validated multiphase flow CFD simulation [J]. Applied
Thermal Engineering, 2020,178:115585.

WINKLER C M, PETERS J. Refrigerant droplet size
measurements in conjunction with a novel method for improving
flow distribution in evaporators [J]. Aerosol Science &.
Technology, 2002, 36(6):734.

WEN H L. A pressure iteration scheme for two-phase flow
modeling [M]. Washington DC : Hemisphere Publishing, 1980.
KNUDSEN M, PARTINGTON J R. The kinetic theory of
gases: [J]. Journal
Chemistry, 1952, 39(2):307.

RIVA E, COL D. Numerical simulation of laminar liquid film
condensation in a horizontal circular minichannel [J]. Journal of
Heat Transfer, 2012, 134(5):051019.

RIVA E, COL D, GARIMELLA SV, et al. The importance
of turbulence during condensation in a horizontal circular
of Heat & Mass

some modern aspects of Physical

minichannel [J]. International Journal
Transfer, 2012, 55:3470.

MILOSEVIC A S. Flash gas bypass concept utilizing low pressure
refrigerants [ D ]. Urbana-Champaign : University of Illinois, 2011.
CHANG Y J, WANG C C. A generalized heat transfer
correlation for Touver fin geometry [J]. International Journal of

Heat & Mass Transfer, 1997, 40(3):533.



