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Abstract: In order to explore the behaviors of nitrogen droplets impacting surfaces with different
wettabilities and reveal the differences of the impact performance between nitrogen droplets and
normal-temperature working fluid droplets, this paper adopts the volume of fluid method to study
the process of nitrogen droplets impacting the walls with contact angles of 30°, 90°, 120° and 150°
at a certain speed, and compares this process with that of water droplets. The results show that
on the wall with contact angles of 30° and 90°, both the nitrogen droplets and water droplets
exhibit oscillating behavior, but the nitrogen droplets have a larger spreading factor during the
spreading stage; the initial retraction speed is uneven in the retraction stage, the overall
oscillation frequency is lower and reaches slower to a stable state. On the wall with contact angle
of 120°, the water droplets oscillate, but the nitrogen droplets rebound completely; on the wall
with contact angle of 150°, it takes longer time for nitrogen droplets to rebound.
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Table 1 Comparison of physical properties between water

and liquid nitrogen at corresponding saturation

temperature of 0. 1 MPa
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Fig. 2 Simulation and experimental results'™ of water

droplets and oil droplets impacting the wall
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Fig. 3 Simulation and experimental results"'® of the water

droplet spread factor
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Fig. 4 Impact performance of nitrogen droplets on surfaces

with different wettability
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Fig. 5 Variation of spread factor with dimensionless time as
nitrogen droplets and water droplets impacting the

wall with a contact angle of 30°
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Fig. 7 Morphological evolution of water and nitrogen droplets impacting the wall with contact angle of 120° and 150°

PR G AT 3 5 7K A EE  ZORRG W 58 42 B st . e
fi £f3 g 1507 A BE ThT - 7K 1 RS20 U0 BT o8
SRR, K7 ms B2 B4 MH T e
Il 5 B T 195 O s RO AE 24 5 s 2L A VB T
SR RE AR 00 . AHEL 2R BT 19 5 4
S BT A IR A o Xk e RO B LR P R
BETAT b 69 1 00 AT 40 7 [A) — B 220, 4 ik £ 5 K 9
150 BE AT L= » 808 19 i3 Jo 1o B/ T 22 fid A /DN 114
120°BE AT » e 24 1 [0] 3t B 524

UM FK T AE 25 H Ml ff O 1207 H1 150° EE
T b 48 4 2R ) 2 S R BRI O B AR . Ak
i ff3 g 120°H1 150° Bty BE ThG L, 831 114 i Ji 32 BIAR K
FIR A« 7 G JRE 1) 4 o R v DAL Dl JBE 458 ) 286 1 A
N NVR A i N N DN DR S L R SR R
S TR T figh £ A L R R B 22 L T L A
B B

Xt T RARAGNE 7 Ak T 2Z 8] X /N Y G
NZSHL Re M5 » FBH I 128 KT 7K I ZOB0H B B
PEFE OV FIAR XS B2 58 76 191 47 )5 il AT 58 2 19 3l BE S
Fr A B BB RET . (£ 45 32l A 0 1207 A BE 1 L
JK % B IR T 10 W B S s T e ik AR A
150 BE AT L= » Fh T %6003 o Jo 1ol ALt — 2B 4D L
ARSI RE A A By B RN S0 FE B [ 9

http: // zkxb. xjtu. edu. cn

P8 45 Hh 1 IR 7 18] 5 AN ] By B i)z R 2

. . fﬁ‘ (N

() WA RS (b) il ' B B

() TF 4y ] 4

Ce) A MR

(e e

() F58L LTt (ho 5 i [m]
P8 G [ml g R P A% B B ok A 1A

Fig. 8 Vector diagrams of nitrogen droplet rebound process

CON LSt 8

at different stage




156 [ . ]

Ko

R

Eird i 55 4

R AT AR WA A B Be i AT O ek R A [0
S 52 B Y g FE BRI ) R K T R
8 s 3 RV Tt A ) 2R B 7o e R g AR i 9
T DR R W0 46 328 IR 2 5 3 T 5K g e 18 90 =% T AR
Fae/dN 5 P I 7 e P Bl 3R T 5K g i A 2 R T
T AF7E 53 5 5 0 R BT s g W o 2« & 0 05 1wl 4 1wl
I PG BV T IR A B G z 3 L S R TR
T V47 55 W 32 31 0849 07 ) A

8a N WA RAS W IR 4% MR 15071 fik A 5
BETAH $2 . SRR BRI By BB g 0 P4 AR ) #8
G 1A T K S AR 4 O R T 42 s T AR

P 8b J2 A% [ Bl JEE it BE - 8 1 L 18] 1 B I L
UG TR o MR LA 1) 80 SO 4 15 7 i P s
I3 2 AR 5K 3 A0 R B 3 O fif B R 1 b a2
Eo) 1 TR o 1 OB 94 N E M N O i )
R JEE TT U6 5% 16) I 15 BE 1T 5 18] 1] S

8c YL 1 Wiy o L e A] MR AR CRR 2 VT
L2 O0F PR A M AR o b T YRR b S e T Y R
AR AN I R JERE S T A R A M 1 AT ) R O
JIr L B R TR ) AN 38 ) R T A R B
TBCTH 4 AR s 0 7 1w fR 2Z2 T RG A 1) SN R DA 45 1]
Pl F b b B AR ) 5T B BOR S
TR B RS 1) B KB R AR A5 T i [T 4

P 8d 2 TTA6 [0 4 B BE - W T 25 by WL 4% AR
) i ROF IR 9 . 32 500 A2 B Y 7 L H A )
LI R TK ) L R R ) A0S AT T BE T A 2 M
J1didE A =F w S EAE AT S W L R HE |
A o3, e B )b A R G TR R U T BE T A i
] YR PR 0 114 3

P 8e 2 rbL (Ml [ B W0 AE 1] oL R S
BERE TR H T AR AN 7RG R R T 1) Y
S PRl /N AELATS SR DR T T P8 U B T4 1) N 90 ) T

811 8g Wi Bl 20 M 5 TOURT 1) b iy B4 g
iR &) A IN Y ST P A N A <R
5 B b T TOURH 3k 8 A0 8 T i)

AR 8h B B 58 )i [l 5 L 1) I 5 5 BE T
AR fih

3 4

18 3 AF X HE s RH AT KR 5 28R T AR [ A
BE T 32 B[R 0 52w o JFG 2 76 A (] 352 11 1P B
b 5 B S TR AT e BAR A DU 4598

(1) R L — 72 T8 38 ilf 488 A (] 332 11 1 f) B ThD
Ji 23 BRI K 26 00 A IR 357 B it i A (H s L

http: // zkxb. xjtu. edu. cn

A 3 R 24 D0 T K AT 5

(2) ZUWTHA A o 2 fah Ry 3071 90° BE TH S 1) HR
Vb B, R T VR T A K Bl R R B
R I 407 8 AN 35 57 iR 35 IR B /D ik B R E RS
RS

(3) R iR 7E 42 ik #1207 F0 150° (4 BETH |-,
AR 7K 5 25 B O A T i B 42 (] s T 5 19 B[R]
PR

(A ST T 48 o 122 o £ Ok 120° R 150° 1) B 1 I
SR AR 0 B W N R I T A Al R o R
J2 A S5 Y [ 45 B R A R 21T K 1 AN
PR 7 B R

S Z 3CHk

[1] RIOBOO R, TROPEA C, MARENGO M. Outcomes
from a drop impact on solid surfaces [J]. Atomization
and Sprays, 2001, 11(2): 155-166.

[2] RANGE K, FEUILLEBOIS F. Influence of surface
roughness on liquid drop impact [J]. Journal of Colloid
and Interface Science, 1998, 203(1) . 16-30.

[3] STAAT H J J, TRAN T, GEERDINK B, et al.
Phase diagram for droplet impact on superheated sur-
faces [J]. Journal of Fluid Mechanics, 2015, 779
(R3): 1-12.

(4] Z%, FXW, BWHWE, 55, W Ak A [ R [F B

RS [T, PO B FRIEE RS M (A AR
i), 2019, 39(1): 86-90.
QIN Yuan, WANG Guanging, HUANG Xuefeng, et
al. Spreading of droplet impacting on various size solid
surface [J]. Journal of Hangzhou Dianzi University
(Natural Sciences), 2019, 39(1): 86-90.

[5] NEGEED E-S R, HIDAKA S, KOHNO M, et al.
Effect of the surface roughness and oxidation layer on
the dynamic behavior of micrometric single water drop-
lets impacting onto heated surfaces [J]. International
Journal of Thermal Sciences, 2013, 70: 65-82.

[6] LIANG G, MUDAWAR 1. Review of drop impact on
heated walls [J]. International Journal of Heat and
Mass Transfer, 2017, 106. 103-126.

[7] YARIN A L. Drop impact dynamics: splashing,
spreading, receding, bouncing:++ [J]. Annual Review
of Fluid Mechanics, 2006, 38(1): 159-192.

[8] JOSSERAND C, THORODDSEN S T. Drop impact
on a solid surface [J]. Annual Review of Fluid Me-
chanics, 2016, 48(1): 365-391.

(9] B8, T2, KM, 55 WO A [ 2 4 B 1w 2
S EsE [J] T3, 2013, 64(8);




%73 58815 45« SRIRCIR LA AN [ 352 30 At B A A W 5 157
2745-2751. CL7] FEMS T, S 10 Rl BE 1 3 25 47 1R A7 M BF 58 (D] it

[10]

[11]

(12]

[13]

[14]

[15]

[16]

LIANG Chao, WANG Hong, ZHU Xun, et al. Nu-
merical simulation of droplet impact on surfaces with
different wettabilities [J]. CIESC Journal, 2013, 64
(8): 2745-2751.

SAHOO N, KHURANA G, HARIKRISHNAN A R,
et al. Post impact droplet hydrodynamics on inclined
planes of variant wettabilities [ J|. European Journal of
Mechanics: B Fluids, 2020, 79. 27-37.

XUE R, RUAN Y, LIU X, et al. Experimental study
of liquid nitrogen spray characteristics in atmospheric
[J]. Applied Thermal
2018, 142, 717-722.

WA, AR, B R, AF. R IR O BE T AR AR AT
HEEAERT R (). PR, 2019, 68(24): 201-
215.

ZHAO Ke, SHE Yangzi, JIANG Yanlong, et al. Nu-

environment Engineering,

merical study on phase change behavior of liquid nitro-
gen droplets impinging on solid surface [J]. Acta
Physica Sinica, 2019, 68(24). 201-215.

HIRT C W, NICHOLS B D. Volume of fluid (VOF)
method for the dynamics of free boundaries [J]. Aca-
demic Press, 1981, 39(1). 201-225.

UBBINK O, ISSA R I. A method for capturing sharp
fluid interfaces on arbitrary meshes [J]. Journal of
Computational Physics, 1999, 153(1) . 26-50.

YAO Yina, LI Cong, CHEN Xiantao, et al. Droplet
oscillation after impact on a solid surface [C]// ASME
International Mechanical Engineering Congress and
Exposition. New York, US. ASME, 2016 1-5.
JGVE, BEE, M4, . & 70 o e
TS R AR T S [T J22E 4l 2018, 50(2).
427-437.

ZHOU Jianhong, TONG Baohong, WANG Wei, et
al. Deformation and rupture of bubble when the hollow
droplet impacts on the oil film [J]. Chinese Journal of
Theoretical and Applied Mechanics, 2018, 50(2).
427-437.

http: // zkxb. xjtu. edu. cn

M O HL PRI K%, 2020 31-35.

[18] HATTA N, FUJIMOTO H, KINOSHITA K, et al.
Experimental study of deformation mechanism of a wa-
ter droplet impinging on hot metallic surfaces above the
Leidenfrost temperature [J]. Journal of Fluids Engi-
neering. 1997, 119(3): 692-699.

[ 2 1 48 5€ STk 95 4%
FHRKEE. I RA RHEFIRMEEERET A
24T R LB A K. 2017,51(9):26-31. [doi: 10. 7652/ xjtuxb
201709004 ]
T EAEN . ITAE.E. AR BH R AN S EY
A5 L. 2016,50(11):56-61. [doi:10. 7652/xjtuxb2016
11009]
Erg,xliEH, K e WA EIT WA M BT Boltz-
mann # A K i+ & 2016,50(9) :55-60. [doi: 10. 7652/ xjtuxb
201609009 ]
FREEF R E UM E R B R AL P R R
A RO L B % B %K. 2016, 50(7): 51-57. [doi: 10.
7652/ xjtuxb201607009]
ITREZAR . BER.E. LB . FEAAZHANELE S
A7 TN AE A K 528 3 3F. 2016,50(5) :65-71. [doi: 10. 7652/
xjtuxb201605010]
LI e, R AR R G AT BT AR S
2015,49(11) :8-13. [doi: 10. 7652/xjtuxb201511002]
AW EHK . FHEEZ. S AELFEBEREKEPHEZ
B oM A A, 2015,49(7):120-125. [doi: 10. 7652/ xjtuxb
201507020
AT B N LS TR R IR B A R AR R
e 2 S By BF #]. 2015, 49 (6): 90-95. [doi: 10. 7652/xjtuxb
201506015 ]
ARG R ERE. R RE AR E RN &
5. 2014,48(9):123-129. [doi:10. 7652/ xjtuxb201409021]
WAL R RN E RS AT R AL Ay B R
2013,47(9):23-27. [doi: 10. 7652/xjtuxb201309004 ]

(il R




