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Experimental study of heat transfer in manifold microchannel heat sinks

ZHOU Naixiang, XU Jinjin, ZHANG Jingzhi *
('School of Nuclear Science, Energy and Power Engineering, Shandong University, Jinan 250061, Shangdong, China)

Abstract: To study the performance of high heat flux cooling devices, a visual experimental setup for flow and heat transfer in
manifold microchannels was built. Experiments were conducted to investigate the heat transfer performance of copper-based
microchannels. Using deionized water as the coolant, the heat power was varied from 100 to 400 W. The effects of single-phase and
boiling flow on heat transfer were analyzed at coolant flow rates of 120 and 300 mL/min. The bubble growth process was also
observed. Results showed that under both single-phase and boiling conditions, the thermal resistance decreased slightly as the heat
flux increased. During boiling, bubbles formed along the wall, detached from the bottom, and migrated into the manifold channels.
When gas had accumulated sufficiently at the inlet of the manifold, it quickly passed through the microchannels below and exited
through the outlet channel, enhancing heat transfer performance.

Keywords: manifold arrangement; microchannel; single-phase flow; boiling heat transfer; bubble growth

ST o 43 X B 3ot A1 B, T Ak 1 e
0 5% AEL I G T R L T K B B

LA o5 PR 25 PR RIDRE 4 s P S 450, B 2 43t o

BB Tl = 5 (BRI T ) AN ik R IR

TR T AL, o 2 A T ok 2, SCHR 473 TF $(E A LT 58 2 01, 3 6 L
T T ST B PR 25 A S R P BE L S BRIy iy e A0 2 Y 11 908 38 8 2 | I 1 o G B O
Hy AR SR Z 82 G IE, BT MO B (manifold  pr g 2GS RY, SCHR[ S ) RO BF T4 B %
microchannel, MMC) I A A BEASRE R TLEEI iy S Py ol 45 24 7 2 e 0k 4 7 b A ol i
RSO 2 A ORI D SE I SR, s sl SOk 6 5L T X EUA O A R A
RERS NIRRT S THRAE SV B SR PR B8 i g 44 1) MIMIC 30547 50 (8 ML, B0F 930 19 2

%% B #A . 2024-12-16

EETB : IIARA B ARRHAR 4 % BT H (ZR2021ME080)

FE—1EEBN JRTIEF(1987— ) , 2, INAREEYG A, SCER I A1, EZAF5E 7 M oML E IS T REH R . E-mail ; zhounaixiang @ sdu.edu.cn
«BIEMEEEN R E(1989— ), B INFREFEN, #bz, WA S0, A EEAF T RS VE B R . E-mail : zhangjz@ sdu.edu.cn



176 TR N N

%56 %

KA B A8 SCHR[ 7 ) sh iR & B3 S IR I
ol a0 T RICRA A AN (] R O % R Rt 1 T X
3 PRI 25 4 1 MMC 17 3030 AL AU B AU, 75
5 %5 28 K O T 0E T P T0 R ST A0 v R
SRIR A SCHR [ 8 ] X A 7] 45 44 52 i HE 51 13 B3 X
ek 0 G T T 45 SR R WD, B A X A5 AL
F8 R P BE 0 T I 1 2 MR AR O SCRRL 9 ] % 4R
SO I8 143 3l W I AL TR HE AT T ST 2 T
TSR FH IV 5 7 o Al %, DA 0L 00 3 i o 7 5 SC
B[ 10 ] AYRT T 45 2R 2 W, 300 U T 348 45 4% ) i 5 £
M IE AT LA RCH U Sl B G R R A £ R RE
SCHR [ 11 ] a0 e 15 L 5 B A AS ) 4 i i AR
H o 18 1 AR RE, A5 ORR U, R AY B A

i 11 AUBE A8 o 12 34

C D

SN IPSE N S FE R ST EN=RT A s 3 I Gy
LRI T 8 A HL 22 B il — R B, G
TS I G e . B A0 U B i m] R AL U
T 1 OE A, 2 BT B O T Y
PRIt , AT 5 15 A A T U s 45 A T A X
A, PRIC S T 8 SR 0 1 I sl g ke, OF
IERUAE R

1 B O g B T ALK e
R
ARBIF SR FH 0 T G 3 £ Pt 0 R

G EENIE 1 s, 3 R G MR R G
PERIERG

Ve :( D

> /)

H

10 22 EAR K 2%

9 AL

TR g gL

| e—]
C—O| 5 sy

6 K fEE

I
1 /e

4R BE

12 EH IR

14 7ML

13 FdiEREAL

BT AT o e R i R SR IR

Fig.1 Schematic diagram of visualized manifold microchannel heat transfer experimental system
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Table 1 Test system equipment model and accuracy
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Fig.2 Schematic diagram of the experimental section
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Fig.3 The variation laws of temperature and thermal resistance with heat flow rate
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Fig.5 Thermal image of manifold cover and bubble distribution with heating power of 300 W
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Fig.6 Thermal image of manifold cover and bubble distribution with heating power of 350 W
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Fig.7 Thermal image of manifold cover and bubble distribution with heating power of 400 W
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Fig.8 Enlarged view of bubble distribution in manifold microchannel
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