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Experiment on flow boiling heat transfer of R134a

in mini-channel of flat tube

ZHAN Hongbo, WEN Tao, ZHANG Dalin

(College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: An experimental study about R134a refrigerant flow boiling in a horizontal
multiport flat tube mini-channel with the hydraulic diameter of 0. 63 mm and 0. 72 mm was
carried out. The refrigerant was heated in uniform heat flux. The experiments were per-
formed at the mass flux in range of 82 — 621 kg/(m® ¢ s), heat flux in range of 9.7 — 64
kW/m?, saturation pressure in range of 0. 22— 0. 63 MPa and vapor quality in range of 0—1.
Results showed that when the vapor quality in range of 0—0. 6, the local heat transfer coeffi-
cients of mini-channel were higher than those of conventional channel, nucleate boiling was
the main contributing factor, the local heat transfer coefficients increased with increasing
heat flux and saturation pressure, but had little dependence with mass flux. When the vapor
quality was bigger than 0. 6, the local transfer coefficients decreased sharply; the influences
of heat flux and saturation pressure on local heat transfer coefficient were small, but closely
related to mass flux. Gungor-Winterton correlation was modified based on the experimental
R134a flow boiling heat transfer coefficient from present study and published literatures,
with —1. 71% of the mean relation deviation and 19. 24 % of the mean absolute relation devi-

ation respectively, showing an obvious improvement.

YR E A :2015-10-25
YEE BT AR 1987 —) 5 W R, M FFIAR IR A AT 28 BRI 50 5 W B AT 5E . E-mail : zhanhongbonol @ 126. com
SIS AU, S0, T R MR. A5 S/ B N R134a 19 Wk B e R0 58 [T 1. WS 3 1 2% i, 2017, 32(7) : 1585-1591. ZHAN

Hongbo, WEN Tao,ZHANG Dalin. Experiment on flow boiling heat transfer of R134a in mini-channel of f{lat tube[]].
Journal of Aerospace Power,2017,32(7):1585-1591.



1586 it

¥

3

DA LRV

Key words:

mini-channel; multiport flat tube; R134a refrigerant;

flow boiling heat transfer; heat transfer coefficient

TR AR 0 EE A T 4 e o R 1 v AR 4 R A
SE AL o AT B T A T HECEA TR A T 5 A
PG U BT e L Y TTRANER /£ 2
A B ny 4 ORE ) O FL PG 25 /0N 5 BRI B
/N3 TE ) T IV At ARy R RO B R ORI T — b
AT Bl R T %

Kandlikar & $8 17 —FpilaE 43 28 ik 24
HEHBKT 3mm )8 FHMEE, N T 0.2~
3mm Y J& F fi /N i 18 s Jabardo AR T
R134a ¥ F7E Y & H A2 N 12. 7 mm 1414 N
P18 T I A AR P a6 SR T 45 A U 8 T O S
BUIR S5 SR W] A NIRRT R << 0. 8 if, K
e B ZR BB A T R AR RN R ) R B O R
1 s Chot 25 LS & AN 1.5 mm il 3
mm AW E R E 1 A5 S et T
x < 0.2 W BT i R AL AR O AR N R T
JE 0.2 << <C0. 8 IX[A] , 1% H R $h b 57 2 dit AR R
T3 K5 I HAEIZ X8, i BN IR 2L
HK . Bertsch %51 14 9 i Sk 3R F 45 S0 %
JEm# ARG G — R[4 145 A2 P R 3L
Wi J5 8 YAt 5 DR T 4 K T -5 A A T 6 O 5 SR
L5 JIUITA Ay 1 # R H50 52 Jo o Ik 236 52 Ml AN K O HLAE
TRE & < 0.7 I, B0 AR B0 16 AN R | 1S R T
WK, BT Rl34a,R22 5 R410a t0fF R F T
BT T # R T Kim S50 BL R22 5 1. R
TR I N AL AR BAE R B VT = <
0. 6 Ff B4R 0 Hs oy 3G O T 14 R i 7R N B0 A
I8 A 7 JC R W Yun S5 R 7E S T IE " Z
AT U 25 1 XL R O A 52 . Fang 5 4L
SEREAG T AT 19 R134a b B #4020 3, 1000 45
BB 1718 Gungor-Winterton™ 2458, H -3 4
xR ZEWA 36,62,

SRR O T V8 R AR A/ T T A e S e A
WANC ST — Se A AT, (H & th Tl 36 7 5
K B £ ASHR TF] 3 35006 T BT a5 9 28 AL 5 R A
TN 6 TAE R BOE I B 45 A A R] . A
SCUA i 8 B0 38 38 O a5 L BIF ST A T B
T OL T 3 R R XL TR B 52

1B

1.1 KBRS
Tl 5 45 A 6 28 6 A4 751 [ S5 AR ASCH )

RYEWH AL IR R G TAE R A 1 iR,

i ¥ 79 [l S A Uy K P il e R S
BEAT - A L TR R T B SR AL R
i T A7 28 48 2o 2 4 50 A B 4 28 4 7 T o
VoI s A 0 B i v BEAE IR F TR 28 I YR
7R o [0 E -t W] A A7 00 5 398 A0 23 <l o
Y A v KRR I . AR R O A
790 [ it S (R AR B 20 7, [l g ) ) 94 3R] Jo O
K5y 0. 25 D0 14 5 5t it At 31 D045 dad DR/ I
AU A SR R P . TR AR 14 1 R AR A
Vo 70 AR 1 R AR 7 1) 1 v 730 B D R R
i A L IR AC A

it R PR A SE M R A 2 B,
ZER RGP 1.

o
Receiver Valve Tube-fin
condenser Gear
pump

Bypass

value Coriolis
‘F= Data acquisition system ~ Mass flow
meter
BRI R G A
Fig.1 Schematic diagram of experimental system

(a) #1(144L)

[ QARRRSSRRRRRRRRRRARARRS

(b) #2(234L)
Bl 2 Z ALk
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Table 1 Structure size of the min-channel of flat tube
Parameter #1 ®2
Channel height/mm 0. 65 0. 85
Channel width/mm 0.8 0.5
Hydraulic diameter (Dy)/mm 0.72 0.63
Number of channel (N) 14 23
Length/mm 274 274
Flow area/mm?* 7.28 9.78
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Table 2 Uncertainty of calculation parameters (unit: % )

Parameter Uncertainty
q 0.5
G 0.4
a 4.6
x 1.2
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Table 3 Experimental data source of boiling heat transfer for R134a

lj;rcriirccf giiﬁily (D L) /mm (kg/ (ani e ) Tu/K ¢/ (kW/m?) (1;::1 Eiﬁi
Ref. [11] C.,H 0.51,550;1.12,935;3.1,3235 150~450 278,283 5~39 126

Ref. [14-15] C,H 4.26,500;2.01,21151.1,150 100~600 295~319.5 13~150 648
Ref. [16] C,H 2.6,183 240~930 285,295 10~100 281
Ref. [17] C,H 0.19,31 314,392,470 308.5,316 10,15,20 177
Ref. [18] C,H 1.03,180 100~1500 304 2.3~250 164
Ref. [19] C.H 6,6000 371 282~302 11~21 28
Ref. [20] C.H 2. 3,464 50~700 295,304,314 5~55 76
Ref. [21] C.H 1. 75,600 200~1000 304~323 1~83 34
Ref. [22] C.H 0.5,120;0. 96,127 300~1500 288~318 30~165 53

C;circular, H:horizontal
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