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Fig. 1. Schematic view of the experimental apparatus.
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Fig. 2. Schematic view of the test section: (a) Thermocouple arrangement on the copper heat sink; (b) assembly drawing; (c¢) dimen-

sional drawing of the microchannels.
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Fig. 3. Verifications of single-phase (a) Nu-Re and (b) fRe.

054401-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 73, No. 5 (2024)

054401

3.2 HEEEAHL

4 5 HFE-7100 ZEARFA H 3R B (A Ty)
MRS (G) Nk B Z. ikl 4(a) B
7N, TERRAHDCTE N, BET IV (T T) FA R4k
MERE (qor) LT REGMEARMC R, AXF AR
ATy, HEMERBOIEAMN. MiE (T, T,) HK,
AT WEZF] o AL Pl 26 B S (4 05, ARG
T ST UG H BRI S R 52, A A W I A Bl 2
) ONB. & ONB J&, {8 N A W= A= =i
PEBEARAS AR I (T T,) BRI, qupe TRV I8
T, RS FR Ak R T B 4 0281, e ak, AT DLBE S
ATy FEAK, KA ONB B g AT (T T,) 346K
N U B R A Ty, 23 90 A AU B0, AT AE 2%
ONB 1 % £E. 5 3Ciik [9] (i FH 0 25 8 T /K R[],
HFE-7100 7EBAR A Ty, T 5 H 3000 R s 30 42,
X Al fE S A 4 HFE-7100 H A %A% /Y 26 1 5k 7
(13.6 mN-m !, 2597k 1/5). T b8 STk
A= TR A R RS B (FR O SAERAZ ) T,
I %) 2R 1T 7 0 A5 A 5 38 0 2 T ) B2 Ak AR )N
MRl AR /N TS T A AR, SRR 75 5 3
oA, FEONBIERE M (T T,) T &4,
ULAh, R A, OO S B s Ak i <
B Sk R, P RE S w5 AR I AR R 1Y
T2 i, (AR 3R AR AZ R 4R s 9, DA il 1
RIS AL B S TG AL, B2 580 ONB BrER
(K (T T,) FARER A& 2L B2 (T, T,) By 3E—
AEHER, TRAH DX 1] 0 0 1 A2 th Ze bR ] d K T2
FHIXE], HAHRE GF A U RIA Ty, A0 1S 15 44
£ /e ONB Ja B 25 qo XIBINEEATE S, L]
FEACH B A AR s AR B s I, Ak E T

300000

(a) G =155.6 kg/(m>s) WL
250000 —— ATy, =20.5°C Wz
I i/‘ CHF
—— AT, =25.5C
—o— AT, = 30.5C
o~ 200000 AT, =355
|
£ 150000 |
z
5 100000 |
o
50000 | S .
v//'.'///ﬁ
0 /:2./‘/
—30 —20 ~10 0 10 20

Ty—T3/C

T FRBE A 2 AR AL M BB AT BRI 52 ).
HEEZ R, Kl 4(b) Ui, ATy, MFEE, BE
G HIIER, W A% Rt 2 A8 S XA P AR
S, H R4 ONB B g F1 (T~ T,) 43
R 38K, ONB & 1 T A X 18] P il 5 4% 4 il 2
AR, IR T GO, TR S i R A
T Y BEAR AR S T, FEOh S
P ARERAS K. BRI, AT,y A G AR IEXT
BRI 5 i SR /N, T RA T, F1 G 23 3E
22 ONB By &4, HIGR G i mT A 46 = W AH X [a]
1) qor WAL, TS50 RGBSR A2 A FR,
ASCH A THUARENE] CHF 4.

3.3 HEmARE

AR S o i B i A LB L
R, I S A B R e R AR A 1 AN ) T ) s
EPI AR AL AR AL, WAl 5 B,

G REIA S ONB Ji, SEIL H 171 A4 38 18 BE i
SN, B qur WK, T LA A
NI /S0 L 3P by B Rl A SR G TE W [ 2054
WK, RMREE S, S OERD K. X
— B B AR /DN, A R XIS, PR L
FHLRI, WAL 5(a) Fras. Bt BT R 1)
PR, qo 155 ONB Ji B P 45 HRG7 26 B IX ), B8
T AR P A o e U 2 | S T v A
AW, SR ARG . XSRS
FRERK, B WO K 1 B A 28R 58, I Il 3
R, WE 5(b) Fros. T2 ERIE L2 il
TR B = AR LR 28 B AR 1T = A
A, (AR SR AE Z 2, FBUEHAE

300000

_ ‘ CHF
V., o
250000} G =88.9 kg/(m*s) Ve
—=— G =155.6 kg/(m?s) r
— 2, r
200000 | G =277.8 kg/(m?s)
9
£ 150000 b CHF
g e
5 100000 | v
o /‘
50000 |- -
~—
o ONB
e
0 L
—20 —10 0 10 20
Ty—Ty/C

4 R (a) AR EEA (b) BT % N HFE-7100 190 9% 1% #4 il £

Fig. 4. Boiling heat transfer curve of HFE-7100 under different operating conditions: (a) Inlet subcooling temperature; (b) mass flux.
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Fig. 5. Boiling two-phase flow patterns of HFE-7100 at G = 155.6 kg-m 2-s ' and AT, ;, = 25.5°C: (a) Bubbly flow (g = 90.6 kW-m 2);
(b) slug flow (g = 110.6 kW-m ?); (c) annular flow (g = 202.3 kW-m 2); (d) local drying state (g = 263.4 kW-m 2).
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Fig. 6. The variation of flow boiling heat transfer coefficient of HFE-7100 with respect to the effective heat flux density under differ-

ent operating conditions: (a) Inlet subcooling temperature; (b) mass flux.
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Fig. 7. The variation of flow boiling heat transfer coefficient of HFE-7100 with dryness under different operating conditions: (a) In-

let subcooling temperature; (b) mass flux.
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Fig. 8. The variation of flow boiling heat transfer pressure drop of HFE-7100 with effective heat flux density under different operat-

ing conditions: (a) Inlet subcooling temperature; (b) mass flux.
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Abstract

With the rapid development of microelectronic technology, the integration and power of chip are
increasing. Heat dissipation with high heat flux in limited space has become a bottleneck restricting the efficient
and stable operation of the microelectronic devices. Flow boiling in microchannel heat sink is one of the most
essential candidates for solving this problem. It has been shown that remarkable high heat transfer performance
can be achieved through the liquid-to-vapor change process, which can dissipate a large amount of heat from a
small area. In addition, dielectric fluorinated fluids, such as HFE-7100, HFE-7200, and FC-72, are especially
suitable for cooling microelectronic devices, because of their excellent safety and environmental characteristics.
However, dielectric fluorinated fluids have poorer thermophysical properties than water. Thus, the flow boiling
heat transfer characteristics of dielectric fluorinated fluids can be different from those of water. In this work,
flow boiling heat transfer and flow characteristics of HFE-7100 in a rectangular parallel microchannel are

investigated. The tests are conducted at mass fluxes from 88.9 to 277.8 kg:m 25!

, inlet subcooling temperature
from 20.5 to 35.5 °C and effective heat flux from 12 to 279 kW-m™? at nearly atmospheric pressure. The effects
of mass flux, inlet subcooling temperature, effective heat flux and vapor quality are examined and analyzed.
Additionally, flow visualization is also obtained to explain the heat transfer mechanism during the experiments.
The results show that the boiling hysteresis is observed for HFE-7100 at low inlet subcooling temperature, and
the increasing inlet subcooling temperature and mass flux can delay the onset of nucleate boiling. The increases
of inlet subcooling temperature and mass flux can enhance the two-phase heat transfer coefficient. And the two-
phase heat transfer coefficient is significantly dependent on the inlet subcooling temperature in the slug flow,
while it is significantly dependent on the mass flux in the annular flow. The two-phase pressure drop increases
drastically as the effective heat flux increases. And the two-phase pressure drops with different mass fluxes at
constant vapor quality are obviously different between the slug flow and the annular flow. Furthermore, the
experimental data are compared with four predicted values of the literature. It is found that the correlation of
Lockhart has the best statistical agreement with an MAE of 19.6% and over 85% of points in the deviation
bandwidth of +30%. The results in this paper give valuable theoretical guidance for designing and optimizing
heat dissipation equipment for microelectronic devices. By utilizing HFE-7100 as the coolant and microchannel
heat sinks in flow boiling, it is possible to enhance the stability and reliability of the electronic devices.
Additionally, the heat transfer performance associated with different heat fluxes can be improved by regulating
the inlet subcooling and mass flow rate. Finally, the two-phase pressure drop correlation proposed by Lockhart
can be employed to predict the pump power for heat dissipation equipment.

Keywords: flow boiling, microchannel, HFE-7100, heat transfer, electronic devices
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