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Experimental Investigation on Flow Boiling Heat Transfer of
R141b in Circular Micro-Channel Heat Sinks
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Abstract: In order to intensify heat transfer and solve the problem of high heat flux and heat dissipation in-
side the equipment, the boiling heat transfer characteristics of R141b in horizontal micro—channels with different
diameters (D=0.5mm and 1.0mm) were studied experimentally. The effects of heat flux (g=2.0kW/m>~47.6kW/
m?) , vapor quality (x=0~0.6) and mass flow rate (G=111.11kg/(m?-s)~333.33kg/(m?-s) ) on the average heat
transfer coefficient h were analyzed, and the dominant factors affecting boiling heat transfer were explored under
different conditions. The experimental study showed that the average heat transfer coefficient h decreased with the
increase of heat flux ¢ in significantly different rate according to different range. The effects of mass flow rate G on
the average heat transfer coefficient h are obvious when heat flux ¢g=2kW/m?>~5kW/m?, while when the heat flux is
high, the mass flow rate G has little effect on the heat transfer. At different mass flow rate (G=111.11kg/(m?+s)~
333.33kg/(m?*s) ) when the vapor quality x>0.3, the average heat transfer coefficient h decreased with increas-
ing vapor quality x. Micro—channel heat exchangers should be well-designed to insure R141b working under the

initial boiling stage to achieve better heat exchange effect, and certain measures should be taken to prevent the
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heat deterioration caused by excessive dryness.

Key words: R141b; Heat transfer characteristic; Circular micro—channel; Boiling; Average heat trans-

fer coefficient
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1. Tank; 2. Filter; 3. Pump; 4. Safety valve; 5. Damper;
6. Back pressure valve; 7. Regulating valve; 8. Reservoir;
9. Mass flow meter; 10. Micro-channel test section;
11. Voltage regulator; 12. DC power supply; 13. Cartridge heaters;
14. Pressure transmitter; 15. Gas-liquid separator;
16. DAQ device; 17. Computer

Fig. 1 Schematic diagram of experimental system

LA R Ge A 4 R S ST O BT AR B A
R RN AR o R RCR FH 380V = AH HELUR 5 4 ) 7Y
W R % A5 o8 TDGC2-2K VA, 3% $2 78 JF 56 1 W7 e {4
Prw 22 05, Al LK 220V R L R K 3 Sk BT AR 1) 22 i
HL PR 5 A 22 1 S 06 B A ik AR 1 RGPl 11 AR
LM RA SG7650 K T HEE 5 1Y I #1 g 41 aL , 38 i 7
TR R A AT LA AR AR I A R O RS 0 b
P ) I R Ty 22 A ) B S A 00 HE A A5 AR g A
557 1l o AR 3

s R R G AR Al R AR A B R
FERAEEAL . R 2 7R, L M8 R4 4 %6 (1) K 7
IR ) 22 T A 0 R M R VR L DR AR EE S T IR
B TERGEERIILA T 75, 5 K B AE RE s i 43 =
Xof A A i A v DL i A B AR B . E L S AR
T AR R, 7S A TT-K-30-SLE % 4 B 44 pl xf
b DA A R P P R A B R AR
USB-4718 BRI R 4 KRB TIF H sl wb , fe 2408 i
T HLINIZ 4T 9 DataLogger Wi 45 FIiC 5%

Pl 2 Sy 5 36 B 114 = A B 4y, B A R
b7 N N W AN V1 L T O 2 o 1
FIRE ) 22 2% A A ORI HS 2, A LA o v B
1o HZ iR T 3R AR T A SE 5
g5 5 1 R AR O T B B | b 36 AR L =
A3 W AR R T SR DU R £ 0 B R DA 4 B Bl
VAR 5 = 38 S B o, DT 9/ XoF R DY 3R
IR T 90 o S 56 I3 B, 4 A S 56 BE B A TR 1 A TR
JEALZE AT DAAR A G T A R A B R A A B
P ASE B I 0 9 2 T BT 1) O AR A Ak AH
Xof - fi FH B B T R AT A AR AT R IR AT
3 I AT DAY/ SR R R 25 L AR S0 R P e ET

e W4 1) KT TR 3 T A B, fGE B B AR 4 S
0.5mm Fl 1.0mm, 9 2% [ JE 5338 i DL 1.0mm 9 [8] #E Jf:
G HEAR , 40 38 A K 250mm , 98 40mm, 5 16mm , #%
T S 3R RSH U 3 B, W, H, 40 590 o 3 3 A e
o R, W R fGE T (R) BB, D oA fE I EAR

1. Cover plate; 2. Micro-channel heat sink; 3. Inlet pressure hole;
4. Inlet temperature hole; 5. Working fluid inlet; 6. Inlet chamber;
7. Cartridge heater port; 8. Base thermocouple; 9. Housing;
10. Outlet chamber; 11. Working fluid outlet;

12. Outlet temperature hole; 13. Outlet pressure hole

Fig.2 Experimental section structure diagram

(a) D=0.5mm

(b) D=1.0mm

Fig.3 Cross section of micro-channel module
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Fig. 4 Cross section of test section and unit block view

diagram
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Fig. 5 Effects of heat flux on average heat transfer

coefficient
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Fig. 6 Effects of mass flow rate on average heat transfer

coefficient
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Fig. 7 Effects of vapor quality on average heat transfer

coefficient

A LUFE 1 349 % 1A 22 580 b O 5 T B o 4 384 Jonn v
TR I ER B SR TS 18 S OO, AR
4.1 43 HT AR AR ) A SR O i SE B IR B 2
T A i 5 T A o O 2%, R T Bh e R U e )
WA B R . BRER T 6=111.11kg/(m’+ s)
T Z 4, W R A2 (D=0.5mm & 1.0mm) A [5] i &
WE (G=111.11kg/(m** s) ~333.33kg/(m*+s) ) F , 24 i

it TR ] 4=0.3 22 47 I, P 45 R BCT BRI
LA 7 PR o Li PR R134a 76 5 A8 5256 A
[f] 7K 71 BLAR (D,=0.5mm ) o 388 38 1E 4 7 3 5 4 A S 50
AT T A 6] 4 28 7 (q=1k W /m*~200kW/m?) Fil Jift 5
W (G=164kg/(m**s) ~573kg/(m*+s) ) T L Ji (19 e #4
B 45 SRR WY o TR K TR 0.3 B TS sl %
6 T i FV 4L A R B h 808/, Charnay'™
S BURTR] TR T 50 F B 3 8 5 Ak T AR 4 ok 2
I R245fa 7 17 52 56 i AS [a] T30 F 3 1R 5% 725 S IR0
WAy B S R T TE x=0.2~0.4, 3F H R Z 8 T T 24
x=0.2 i B 5648 I ERIR T . X e A T 0, AR S op
M x=0.3 B N T 50 S JE 2 el A2 i 1 22 25 o Sy o)
TR S IR AR R R T
SR U B0 43 2 2 H A A, A I 1 G Bl X e A
A (1 1 5 AR5 R AR A B 5 O L Fh T T N SR Y
T BE B K, JRy R BE I B ZE T, RE T S G E LR
A BT i, DR A% A R 5T i i B 8 o

5 & it

AR SO R141b 78 [ Y £ T8 v i) i 1 e 240Re
HEAT T WY, G G R I B RO R T
R TR B AT T B I T TR SRS
1R 508 Xof i sl 4 AR 5 M) L AR BN S5 B AT

(1) 15 $OR % ¢=2kW/m*~5kW/m?, J5i 1 I % 6=
111.11kg/(m*-s) ~333.33kg/(m’ - s) & Bl P , R141b F
P14 R R B30 h BB AR D 9 X 0 T R R 4 BUE 5K
H 5 i X5 3L 1 B IR A% B AR Oy B — 1 W i AL
B, I ELER 43 DX Bl BE T A9 5t 25 TT RE A2 B L T A
BHLAH 0 8, TR I T B B A5 38 5 1 DA R141b 40 T
V5 0 ey B B, AR A T A 4 AR AIUR

(2) J02 f it 3 GANCAE AR AR T 2 DX W I 46 A 5
JEE 7 AR A 0 R B B R I P AR AR B
h HEA AN 3Z ot i G S A S

(3)7E S50 3 Bl P, >4 T i T 3 4=0.3 I 3 2 B =X
A R S Y JR T RE T AT R B 2R T, AR
R B h BT A TR o HE T B R R L S B FH v
SR I il 90 B B R e e g | A ) e AOERA
Bt B e R AR 55 B [ R AR
ST E RAUK A RIS s & H BT .

SE WK

[0 ] PNEREL . (o o) folcoat 208 i s 4 16 52 sl AL B ) 40F 5

(D], dbat . ERL B TR FEHF 5 B, 2017.



a0k ol

R141b 75 B 72 filcith 38 A 54 7 450 24 52 6 WF 52

1369

[2]

[4]

[ 6]

[9]

[10]

[13]

[14]

Bachmann C, Bar-Cohen A. Hotspot Remediation with
Anisotropic Thermal Interface Materials [c]. Orlando:
Intersociety Conference on IEEE , 2008 : 238-247.

Singh B S, Hasan M M. Innovative Multi-Environment ,
Multimode Thermal Control System[ C]. Dubrovnik : Inter-
national Conference on Environmental Systems, 2007.
Charnay Romain. Flow Boiling Heat Transfer in Minichan-
nels at High Saturation Temperatures, Part [: Experimen-
tal Investigation and Analysis of the Heat Transfer Mecha-
nisms[ J]. International Journal of Heat and Mass Trans-
Sfer, 2015, 87(2): 636-652.

Issam Mudawar. Two—Phase Micro—Channel Heat Sinks:
Theory, Applications and Limitations [J]. Journal of
Electronic Packaging, 2011, 133(4).

Mehendale S S. Fluid Flow and Heat Transfer at Micro
and Meso—Scales with Application to Heat Exchanger De-
sign [J]. Applied Mechanics Reviews, 2000, 53 (7) :
175-193.

Ong C L. Macro—to—Microchannel Transition in Two—
Phase Flow, Part 1: Two—Phase Flow Patterns and Film
Thickness Measurements| ] ]. Experimental Thermal and
Fluid Science, 2011, 35(1): 37-47.

Bao Z Y. Flow Boiling Heat Transfer of Freon R1 1 and
HCFC1 23 in Narrow Passages[J]. International Journal
of Heat and Mass Transfer, 2000, 43(18): 3347-3358.
Lee Jaeseon, Mudawar. Two Phase Flow in High—Heat-
Flux Micro—Channel Heat Sink for Refrigeration Cooling
Applications, Part 1: Pressure Drop Characteristics [Jl.
International Journal of Heat and Mass Transfer, 2005,
48(5): 928-940.

Cheng Ping. Recent Work on Boiling and Condensation
in Microchannels [J]. Journal of Heat Transfer, 2009,
131 (4): 569-574.

Saitoh Shizuo. Effect of Tube Diameter on Boiling Heat
Transfer of R— 134 a in Horizontal Small-Diameter Tubes
[J]. International Journal of Heat and Mass Transfer,
2005, 48(23): 4973-4984.

Chin L Ong, Thome.
R134a, R236fa and R245fa in a Horizontal 1.030mm Cir-

Flow Boiling Heat Transfer of

cular Channel [J]. Experimental Thermal and Fluid Sci-
ence, 2009, 33(4): 651-663.

2Ok, X R, A A, S RN TE N R141b Wk
SOWE A A B e R PR B (D)L MR OR
2018, 39 (4) : 802-809. (LI Lin, LIU Cun-liang,
YANG Qi, et al. Numerical Simulations on Two-Phase
Boiling Flow and Heat Transfer of Refrigerant R141b in
Micro/Mini—Channel[J]. Journal of Propulsion Technolo-
gy, 2018, 39(4): 802-809.)

Han J L, Sang Y L. Heat Transfer Correlation for Boiling

[15]

[16]

[17]

[21]

[22]

[23]

[24]

Flows in Small Rectangular Horizontal Channels with
Low Aspect Tatios [J].
phase Flow, 2001, 27(12): 2043-2062.

International Journal of Multi-

Steinke Mark E, Kandlikar. An Experimental Investiga-
tion of Flow Boiling Characteristics of Water in Parallel
Microchannels [J]. Journal of Heat Transfer, 2004, 126
(4):518-526.

LERE, AR, DI, L M7 AT S A B
Ve RS B L)) M HEER 2015, 36(3):
443-449. (JIANG Yu-ting, ZHENG Qun, LUO Ming-
cong, et al. Conjugate Simulation of Two Phase Flow Im-
pingement Cooling [J].
gy, 2015, 36(3): 443-449.)

BaIR, BRI, AR, & BT ARSI O
P B 2l Dk BHL AR PR )] HE 2E AR, 2015, 36(11) -
1640-1647. (GU Yun—qing, MU Jie-gang, DAI Dong—

Journal of Propulsion Technolo-

shi, et al. Drag Reduction Characteristics on Gas=Liquid
Two-Phase Flow Based on Gas Jet[J|. Journal of Propul-
sion Technology, 2015, 36(11): 1640-1647.)

TR, AR, TR, 4. R141b 7R AR U R
TE o A AT R RE LD ). AUE S 14 AR, 2018, 33
(8): 1793-1800.

&, 5k I8, @ %, . BoEE RO AR
s B AR (], TR B AR, 2011, 32
(5): 811-815.

BN SR, BN, BEFE 2 I S AN G T G4 K O AR
i S B D RE R AR ST D). PR R R (B AR
I, 2014, 45(7): 2209-2216.

Yang Q, Shu B, Wang J, etal. Experimental Investigation
on Flow Boiling Heat Transfer and Flow Patterns in a Sin-
gle Micro—Channel with Large Mass Velocity [J]. Experi-
mental Thermal and Fluid Science, 2018, 91: 283-291.
Maxime Ducoulombier . Carbon Dioxide Flow Boiling in
a Single Microchannel, Part I1: Heat Transfer| J . Exper-
imental Thermal and Fluid Science, 2011, 35 (4) :
597-611.

Kline S, Mecclintock F A. Describing Uncertainties in
Single-Sample Experiments [J]. Mechanical Engineer-
ing, 1953, 75(1): 3-8.

Li X, Jia L, Dang C, et al. Visualization of R134a Flow
Boiling in Micro—Channels to Establish a Novel Bubbly-
Slug Flow Transition Criterion[J]. Experimental Thermal
and Fluid Science, 2018, 91: 230-244.

Charnay Romain. Flow Boiling Heat Transfer in
Minichannels at High Saturation Temperatures, Part I:
Experimental Investigation and Analysis of the Heat
Transfer Mechanisms [ J]. International Journal of Heat

and Mass Transfer, 2015, 87(2) : 636—652.
(%3 .M BL)



