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Abstract

In order to reveal the mechanism of the effect of surface tension driven convection on droplet heat
dissipation, this paper adopts numerical simulation methods to study droplet heat dissipation under
thermocapillary convection (surface tension driven convection). A two-dimensional droplet model
using silicone oil as the working fluid was established, considering the effects of constant gravity and
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microgravity on the internal flow and heat transfer characteristics of the droplet. The results indicate
that the larger the temperature difference, the faster the internal flow velocity of the droplet, and the
temperature gradient changes. The more intense the heat, the more obvious the heat transfer effect
of capillary convection; The thermocapillary convection expands the area with high velocity on the
back of the droplet, and reduces or even disappears the low-speed flow area inside. The thermocapil-
lary effect enhances the heat transfer efficiency of the droplet and is significantly improved; The in-
crease in gravity level enhances the overall heat dissipation performance of droplets.
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Figure 1. Physical model
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Table 1. Physical properties of silicone oil
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Figure 2. Flow field and velocity distribution under different temperature differences under constant gravity
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Figure 3. Temperature and contour distribution under different temperature differences under constant gravity

3. BENTIAREE T RERFELSH

Pl 4 o T BT R PR R R A A 1) R 1 L s S R R AR A 2R, TEZE A I 1.85 K
6.85 K. 11.85 K, FEHINEEEN-9.8 m/s?, iHFAER 0.01 m (15 DL S T2 1 i B o B AR AL 2 5 AR
oA, LARZEN 6.85 K I A, L BERA B AR AL X $5nT 4y =3y, XKL IR A A5 45 BF 8° [ AR
X, WREREEE SRR . XIRIT: 8°~80° 2 [AI X ARIX, AR R M K. [XIRIIL: 80°~90° 2 [H] 1]
XFFRIX, il B BEAEAE 56 T BT SURIBG I AR PRI R, AH B 2 1)l B Aof P2 AR A B IR T X 3R, B 2
JECHELE AN T3 i, PT B SR WL R T, DX 3L T RRURI X S I () THT AR AN o/, DX o T AR AS T 344
AR E BN TR, R —t. Hh =M Eh % B RES T IEAER—, AmbT
BRI AT, HEEMENEEERE K.

DOI: 10.12677/aepe.2025.133016 153 ) 5 REdR I


https://doi.org/10.12677/aepe.2025.133016

PR %

300l 1050f]
1000
280 950
260 _ 900
S 240 S 850
& g0 ¥ 800
< ‘ < 750
K 200 K 700
% 180 % 650F |
M 160 Jﬂ 600+
@ 140 P@ 550 ‘
’ 500
1200\ 450
100 / 400
80 % 350
0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03
K kK
(a) AT=1.85K (b) AT=6.85K
1700
1600
~ 1500
5 1400
%’ 1300 ‘
K 1200 |
% 1100 f
1w 1000 \‘ ,
§ 900 \ |
800 /
700
f \/\
600 R S
0 0.005 0.01 0.015 0.02 0.025 0.03
ik

(c)AT=1185K

Figure 4. Changes in temperature gradient at the upper boundary under different temperature differences under constant gravity
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Figure 5. Lower boundary heat flux at different temperatures under constant gravity
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Figure 6. Distribution of different flow velocities at constant gravity with AT = 6.85 K
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Figure 9. Flow field and velocity distribution under different temperature differences in microgravity
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Figure 10. Temperature and contour distribution under different temperature differences in microgravity
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