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Fig. 3 Curves of dimensionless spreading diameter of droplets
impinging hydrophilic wall varying with time
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Fig. 4 Morphology change and temperature field distribution of droplet
impacting high temperature hydrophilic wall
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impinging high temperature wall varying with time
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different wettability walls varying with time
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L9 Ry 7K 0 Tt PR R 43 o) 8 <o A ) L R
BETE B BEET AR fb i £, AT LALE H, Bl & RE R
JE B T X5 T K RN G RO B, YA P
I AH 35 0 1 R B A R 22 . Hod, KR Y
B M 2,44 385 2 47, BIKIEM B, K1 2%,
I B A B, AN 2. 54 36 % 2,73, Bl 2 BT
T Bl YEK 7.5 %0 X R SR LA /N T
IKHY LE A, H B0 T 5 il e, 2 AT TR KL 7E
A RSP B[] P o 0 TR b T ) I BE KT K
THOUREE o 3t U W, BE T 5 9T = ) L 25 KR
[ Y 9 A 22 ) P A% RO DB i VR TR O B b T
PR VR (8 W 1 2 HIORR X AR Al 1 TR, BE T 5 T
22 1) #1042 R A FH X 38k 48 o I 3 ot R ) S e
ELpIIETE

3.01

251

201 ¢
\Ky/ ==

—=— /K, T,=313K
—— K, T,=373K
—e— ZJ%, T,=313K

o
e—

0.5 7

—o— %, T,=3713K

0.0‘ 1 1 1 1 1 1 L L ]

0 5 10 15 20 25 30 35 40 45
t/ms

9 KR 2 TR Yk ik 1 o A [ VI 32 e T G 49 2 fioh EL AR
i 15} 1) 28 £k il 26

Fig. 9 Dimensionless contact diameter curve of water and
ethanol droplets impinging on different temperature

walls varying with time
A\
4 & it

ARICHTF CLSVOF Jrik, @ ar T % 58 RE 1
D R T YR A2 AR 25 D 0% YRR i R A 2 B3 (1 A
U ASEALLBIF 9 A I JR R L Bh AT Sk, 4 M T ORE THDRR
it T L B B R AT R R L A5 LR 458

(1) R FH i 25 B2 fo 7y A5 401 Y00 308 13 A 3 A5 1) T
T Sl R S LR A R R R K 2R R 8
BB L R S LR G .

(2) 38 13 #5200 5% W i i o AS ()3 1 1 R T
R BIAT Oy 2 BB o £ 8K, YA 7 il R o Bt 1Y
il R AR BN L YR AN B R s E 22 0 M B B
TR 8 T W 4 R R K ORE T BT B A 5
PG 168 SR K BETET I, VIR 7 35 3] 5 KAl R e 1k
FE O

(3) FEADLAIF 5 7 BE T 108 1 M 0 A LR
VB FH X6 Y0079 1 B S s A7 A 1) B2 W), R ) B T Vi VR



766 TR % F R %39%
PSR L A R R T R [ VR R AR 2 TR 8 AR AR (6] % M. h#s IRAE RiBSEmisEaii
L Ak 8, Y TR R S T R s O [ T Y R T R R HAARX RGN [J]. %% FIR.2019.68(15):
e A A P S YL O o S R R 0 2 W AT DA £00°-268. (RONG Song, SHEN Shirquan, WANG

4y 6 % 0 O B O 3 o 0 A Hlamyou, et al. Bouncingwithspray mode and res

SUTESE L 45 5052 1] B A7 15 V00 4 10 5L 22 15 H7E F 3 dence time of droplet impact on heated surfacc's [J1.

. ‘ B Acta Physica Sinica,2019,68(15):260-268. (in Chi-

T YT R o T TR AT A ) S W) DT R K B S s

BT SR R R 1 e s e s s s e A

2 B0 T 8 o B R AT S 1 S e R/ IN A ] 5 A AR HHR AR []]. % R, 2020, 69 (2): 184-

2 S50 Y03 P RS RN 6 T 5K T SR v S 8, 194. ( TANG Peng-bo. WANG Guan-qing. WANG

T 52 Vil 3% 128 B s sh il R A7 oM Lu.et al. Experimental investigation on dynamic be-

) havior of single droplet impacting normally on dry

% % Lk (References) : sphere [J7. Acta Physica Sinica.2020.69 (2): 184-

(1] x4&#.F %.8 9.5 miliis2RkE@A 194. (in Chinese))

BA S RAT A A (1. 35 A % $4.2016,33(1),  [8] MHL.E MWWk R & TR @
107-113. (LIU Dong-wei, NING Zhi, .U Ming. et al. W ERAR [J]. #3h H T42,2020,41(4) : 64-69.
Study on the rebound and breakup of the droplet after (CHEN Bo-wen, WANG Bo, TIAN Rui-feng, et al.
impacting on the super-hydrophobic wall [J7. Chinese Experimental study on spread of droplet Impacting on
Journal of Computational Mechanics, 2016,33(1) . dry inclined wall [J]. Nuclear Power Engineering,
107-113. (in Chinese)) 2020,41(4) :64-69. (in Chinese))

[2] simefe,R—of, TR, E HBRAFETREKAD TR (9] Wopesa, iRiEM. RRIKF. RGBT AR B LR EE
BRERRKERDDFHREGY WAL [J]. KM MR [T %2 %W, 2015,64(13):270-276. (SHEN
#& % 4R, 2020, 41 (10): 1-7. (LIU Xiao-hua, ZHAO Sheng-giang, ZHANG Jie-shan, LIANG Gang-tao.
Yi-ming, WANG Kai-min,et al. Research on effect of Experimental study of heat transfer from droplet im-
viscosity force and surface tension on dynamic charac- pact on a heated surface [J]. Acta Physica Sinica,
teristics of droplet impact on super-hydrophobic tube 2015,64(13) :270-276. (in Chinese))

[1]. Acta Energiae Solaris Sinica,2020,41(10) ;1-7. [10] Norouzi M. Sheykhian M K. Shahmardan M M. et al.
(in Chinese)) Experimental investigation of spreading and receding

[3] iait, &R K, &5 8. kR85 KEd R behaviors of newtonian and viscoelastic droplet im-
A ARSMA A [T+ HE A FFIR.2021,38(2): pacts on inclined dry surfaces [J]. Meccanica, 2021,
215-221. ('TU De-yu, PAN Qing-min, TONG Bao- 56(1):125-145.
hong. Numerical analysis of rebound process of ellip- [11] Guo C F,Sun Y J,Zhao D Y. Experimental study of
soidal droplets impact on superhydrophobic surface droplet impact on superheated cylindrical surfaces
[J]. Chinese Jowrnal of Computational Mechanics., [J]. Experimental Thermal and Fluid Science,
2021,38(2):215-221. (in Chinese)) 2021,121:110263.

(4] FLRm k&, AR, F o RERFEF- R LKIRE [12] Philippi J,Lagrée P Y. Antkowiak A. Drop impact on

w9 F) S FAFAE [J]. R F A3 H K,2020,54(10) a solid surface:Short-time self-similarity [J]. Journal
1801-1808. ( KONG Qing-pan, JI Xian-bing, YOU of Fluid Mechanics,2016,795.:96-135.
Tian-ya,et al. Dynamic characteristic of droplet colli- [13] Gordillo L,Sun T P, Cheng X. Dynamics of drop im-
sion at hydrophilic-hydrophobic interface [J]. Atomic pact on solid surfaces: Evolution of impact force and
Energy Science and Technology.2020,54(10) :1801- self-similar spreading [J]. Journal of Fluid Mecha-
1808. (in Chinese)) nics,2018,840:190-214.

[5] x| 40,8 &, RB4EF,F. CBREREREAE [14] LinJ Z,Qian L J,Xiong H B, et al. Effects of opera-
H BT AR [J] T3 & ,2021,40(1) ting conditions on droplet deposition onto surface of
74-81. (LIU Hong, SI Chao, ZHAO Chuan-qi, et al. atomization impinging spray [J]. Surface and Coa-
Dynamic evolution characteristics of an ethanol-water tings Technology,2009,203(12) :1733-1740.
droplet on a heated surface [J]. Chemical Industry [15] LinJ Z,Qian L J, Xiong H B. Relationship between

and Engineering Progress, 2021, 40 (1) . 74-81. (in
Chinese))

deposition properties and operating parameters for

droplet onto surface in the atomization impinging



%62 B &% FREEE &G TREE & RS EGENTE 767

spray [ J]. Powder Technology, 2009, 191 (3): 340- Chinese))
348. [19] DuJ Y,Zhang Y Y.Min Q. Numerical investigations
[16] %k WM. A4 BB . BT A&, F RBALSEGREE HGFE of the spreading and retraction dynamics of viscous
e Amr R [J]. TR XM FIR,2018,39(12); droplets impact on solid surfaces [J]. Colloids and
2687-2691. (ZHANG Bin, ZHONG Jun-wei, ZHAI Surfaces A: Physicochemical and Engineering As-
Ya-xin,et al. Impact force of a drop colliding on hori- pects,2021,609:125649.
zontal plate: Experiment and simulation [J]. Journal [20] Kistle S F. Hydrodynamics of Wetting [ M]. CRC
of Engineering Thermophysics»2018.39(12) ; 2687- Press»1993.
2691. (in Chinese)) [21] AAZE. G REMREELRL KMEAEMFRL [J].
[17] A& &M FF L. F. & Lk EEaAREAT JRFde A ¥ H R, 2014, 48 (SD); 314-319. (ZHOU
A AR [J]. 2 FIR,2019,68(24) :201-215. Long-yu, TIAN Rui-feng. Experimental and nume-
(ZHAO Ke, SHE Yang-zi, JJANG Yan-long, et al. rical simulation study on droplet impact [J]. Atomic
Numerical study on phase change behavior of liquid Energy Science and Technology,2014,48(S1):314-
nitrogen droplets impinging on solid surface [J]. Acta 319. (in Chinese))
Physica Sinica,2019,68(24) :201-215. (in Chinese)) [22] 4L, 24, RZR . F. K-TEREZE T AT
(18] s & F.ERH.F. U EHikibEiEE TR AR T AL [J]. T A2 % 4 3 5 3R, 2019, 40
B R R @R A AR [T, F R, 2020.69 (10):2220-2225. (LI Jing-wen, WU Xing-hui, DUAN
(6):158-167. (SHEN Xue-feng, CAO Yu., WANG Yuan-yuan, et al. Visual observation of droplets of
Jun-feng, et al. Numerical simulation of shear-thinning water-ethanol mixture impinging on heating surface
droplet impact on surfaces with different wettability [J1. Jowrnal of Engineering Thermophysics, 2019,
[T]. Acta Physica Sinica,2020,69 (6):158-167. (in 40(10):2220-2225. (in Chinese))

Simulation study on spreading characteristics of droplet impinging

under different wall conditions

ZHOU Xin', MA Xiao-jing"', HU Li-na', LIU Jia?, ZHANG Bo-wen'
(1. School of Electrical Engineering, Xinjiang University, Urumqi 830047, China;
2. Institute of Nuclear Engineering Design,China Institute of Atomic Energy.Beijing 102413, China)

Abstract; The heat transfer and flow problems of droplet impinging walls of different wettability widely
exist in nature and industrial production. The research adopts the CLSVOF method with dynamic contact
angle,and considers the change of droplet physical parameters with temperature. The model of droplet
impinging on the wall is established to simulate the process of droplet impinging and flowing, and the
validity of the model is verified by comparing with the experimental results. On this basis, the study on
the impinging of droplet considering the wettability of the wall under the effect of heat transfer is also
carried out,and the effect of heat transfer on spreading characteristics of droplet is investigated. The
research shows that during the impinging process,the droplet spreads first and then gradually shrinks.
Compared with the results of the static contact angle model, the spreading characteristics of droplet
obtained by the dynamic contact angle model are more consistent with the experimental results. As the
contact angle increases, it is difficult for the droplet to spread at the beginning of impinging and then
easily shrink. Although the heat transfer affects the droplet spreading diameter,it does not change the
spreading trend of droplet.

Key words: CLSVOF method;droplet impinging;dynamic contact angle; wall temperature
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