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Fig. 1 Microscopic observation platform: (a) schematic diagram; (b) actual structure
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Fig.2 Test section structure; (a) schematic diagram; (b) cross-sectional view
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Fig.3 Schematic diagram of the microstructure
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Fig 4 Details of the microstructured surfaces and smooth surface

1 <« .
” J\h(x,y)dxdy‘ MNE;IEHML,M\ (D

b RIS SE SO0 = AR XHE B FX AR ECaes ) AR AR A3 7E = i BRI L 5 1L o33 X3
x I AR JEAE s 1 oS Xy 7 1) B BEAE

AR S 8 THT Tl 45 R TR DAy 257 S HE B DR st o B A M 4% g 0 A7 R R 3 5 B AT R A A 220 ok I
SR ) 2 T REDRE 2 . o PRT 3 RTURI 6 T LA (MR S5 A L HC i S O T AE T LG B T R L B X AR
a7 Ca HBELCIESERZI . 8 LR REAE, | ECo, ) [ RS N A 2 AME, XD A M)
KT 7o” ¥ (o g MU R IE 5 242 2 He ) >4 2 TR 45 F T B50AS A2 4 2 2% 3X0nT g 46 O A3 55 [MTAS ~f 42
LA AT O 1Y pR R B

S =V Ty 2)
a 9

A R 2 — A5 SR IR A 5 B 5 80, 25 A2 15 TR B9 HO A sl B8 B e A AR AR L i B 2 B R
1.3 mARFEHRRZ

AR S I FRL AR R DR I B T IR 7 ) B o) R (R R S 0 4 S L TR 3 9 23 A el 2041
AMLEAT I ZLANAHALAE 20°C ~ 100°C A9 0 v [ PN 20 aed 3R 38 3 E AT A, R 3 0 4 25 2R A0 1A 5
s AEAESE TA R AY I OL T L 7 B R B I RE 20 A bR B0 20 39 0 . T B2 7 A Bl AR A A — S B R
JEEB BE A3 A1 AELX T BRI o LB/ P AR IR B A B 2 2] o H AR SO B I B 43 L

- - . 80°C

Is 98Xk 2s
70°C

s [OJ0]E

30°C

110°C
100°C
90°C

5 ZLAMRAR P R 1A T 1s)
Fig.5 Infrared thermogram (current: 1A; time interval: 1s)
K 2mm 758 B AL E AL T E R 09 b, R ATk Sy S50 AR v i S 5 X IR R AR . i T
LLAMHPLIE TAES R b B B 27 A R R 2l o DR 5 2 X6 Z0 AR AR LT 47 35 19 IR AT D2 22 40 A, B



736 Lo N % (2023 4E) 45 38 4

H s S 58 DX I A B BIL LA i 9 S AT G 0 A B 32 DI P R JBE AR v 22 (L 29 O 0. 4°C L i 45 RIE
BT R T AR G A B 0 T T G 15 25 /0N XL B 3 84 4 ) P G UE B T

2 ORI S &R

AR SCEL AR TR T AT, TRy R B 1K, RPN
(1 A o AR L A AR A 2 T 90 T Al ) 2 M EL 5 P B i 2 er — B0 IR R FE A 0. 5K DA,
(2) MTe/K S pest A 2, Z )5 AR R I e A 2 70°C R K Tmin, FAFFFAE R R A EE

(3) HIRWAR s 20p L 2585 T /KRG 7E i v T rp O 2 B T RS WROAR 78 52 B R v b W ol i 25 B 1
IR BR J AR R T b S 3 %A R AT LB 1 2 S 5 I R T A e A A R . T R O R
FAT SR S R 0T AT A 18] T B W 6 g DAY b 90 T A7 i 3 5 e A (DI AR E A 222 0. Smim
i 5B T KB

() JA ST A R AR A B[R] 2 fioh K -5 v T AR BIL A I 2 SR AR 4% 22 I3 4 S8 o R AR R L TR
AT o AR R T e TR IR B SV [ 2 fih e g R i e v AR AL R R SR R A Mk R S AR i
BN Sy WON R 25 B # 22 [] 9 B R AR 2 [l iR AR 1Y

(5) FEAKBERGE ST AT P IR R GE LR, B8 LU Xk HEAT SR B 4R, 1 28 26 8 K R Bt I
e B CE 2 D 10min, v A R F R AR S T B 40 G BN O L 3200 TR O R AU R AR
RIS WA v 7 ik ) MR R B S B A el R S R B T A AR SR T AT A
(D8,

(6) FH A Ho, Yt =i i R 3o B A it )% 0y SW L PR RHEAT W I S . AR e AR e R R
BAR G TR AAT A BEATIC 3 IF AT B R AR

(7 AR A MR RE R e BE . T R SC 0 0 3R L B A OV 45 4 2 Tl 1 I g 2B K
[ERLS

3 KBWERSWIE

3.1 FR|EASESHIBEIXTLL

i e LRSI T LUR TR B BEAT AR ol T s b R % A7 7 A SR A AR R
RS ARG AR A S R A O [ B R R A Z R B T A
FFBA AR I PR B BT S I AN 2 — A BB 0 00 S T e PR B S I OB A
S AN RLEE SR | Bl I 1] A 38 0 A 2 K R B BT O ARG R AN AT 6 B

- -
4s 4.5s Ss
5.5s 6s 6.5s

K6 ApEKSLI (R 2, FR 5W)

Fig. 6 Non-degassing experiment (surface 2 power 5W)
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Fig. 7 Growth process of bubbles on each surface under degassing conditions (5W heating power)
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Microscopic observation of initial bubbles in
nucleate boiling on microstructured surfaces

WANG Haonan' ,ZHOU Zhanru' , HUANG Shenghong' ,ZHAO Kai' , WANG Guangzu’ ,FU Yao*

(1. CAS Key Laboratory of Mechanical Behaviour and Design of Materials, University of Science and Technology of China, Hefei,
230026, Anhui, China; 2. CAS Key Laboratory of Urban Pollutant Conversion, Anhui Province Key Laboratory of Biomass Clean

Energy, University of Science and Technology of China, Hefei 230026, Anhui, China)

Abstract: The heat transfer characteristics of nucleate boiling are significantly higher than that of
single-phase heat transfer. Nucleate boiling is widely used in related systems and equipment in many
fields such as aviation, aerospace, navigation, electronics, energy, power, air conditioning,
refrigeration, and biomedicine. The latent heat of vaporization in boiling heat transfer can take away a
large amount of heat, and the bubbles create a disturbance, which can enhance heat transfer. The
initial bubble characteristics are an important factor affecting the heat transfer characteristics of
nucleation boiling, and the surface structure on the heated wall has a very important influence on the
formation of the initial bubbles. The surface structure can change the bubble characteristic
parameters, such as the temperature of onset of nucleate boiling, bubble diameter, and nucleation site
density, etc. Therefore, understanding the bubble characteristic parameters on the structured surfaces
is significant to the development of the enhanced boiling heat transfer mechanism. Three kinds of
single crystal silicon wafers with different scale microstructures and the same specific surface area
were prepared. A set of nucleation boiling visualization microscopic observation experimental
platforms to observe the dynamic process of bubble growth was built. Nucleation boiling test was
performed. The experimental results showed that the microstructure on the heating surface could
promote the growth of bubbles and the effect might be associated with the structural scale.

Keywords: nucleate boiling; microstructure; onset of nucleate boiling; dynamic process



