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Fig. 1. Coupled Level Set-VOF phase interface

IR
1) S RS A
V-u=0, (6)
p(8) (9 /0t +u - Vu)
=-Vp-F,+V-17+p(9)g, (7)

i, p WEE, p NIRSE, moARETEN Sk, g
FITINRSE, Fy IR

K H CSF (continuum surface force) 157 %
TR AR, R CSF R Fh R i 2 i 5K

F; =0k (¢) VH (¢) s (8)

R, o HRMK I REL, H (¢) M Heaviside PREL.

244401-

24 Level Set-VOF A F- 1B i 7 82115 i F2 &

tracking method calculation flow chart.

Heaviside pREFEAANT:
1, ¢ = +h,
07 ¢ g _h’a
HO =05, @, Lo (20} ()
05+ 21 <3h>,
9] < h,

A, RIS RN, BPERL T3k = 20 (9) S,
VGRS E S W)

S = % Vu + (Vu)T} . (10)

A[R] X 35 p 1 0 AT 1 Heaviside PR
p () =p[l = H ()] + pH (), (11)
p(d) =ml—H(P)+pH(d).  (12)

3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 24 (2019)

244401

2) R
Opc,T
ot

X, o WITFBRITNE I, AR BITN
IR, T RITNIRE.

3) BETHIZH T

TR T RETRERE R (wall adhesion),
WA 2 Frz, ik 25 8 4 £ TR B 2R e L
RE AT A, SR 7 R R T [ e i, e X
RE TSl A o 0, FH T VR R BE IR BT 26 1
I Al my B 7y 30 S BN 125 ] AL T 4] o)
I, BEMRR R 0E CER T ) &

Ng = Ny, €08 O + T sin 6. (14)

+ V(pc,Tu) = V - AVT, (13)

Vapor

1
1
1
1
1
B Interface
1
1
n
] Lo
] Liquid
1
U 0
1

Solid

B2 EE K
Fig. 2. Wall adhesion diagram.
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Fig. 3. Model of droplet impact on wall at initial time.
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Fig. 4. Verification of grid independence.
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Fig. 5. Comparison of experimental and simulated results: (a) Spreading factor changes with time; (b) comparison of droplet mor-

phology evolution.
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Fig. 7. Heat flux density distribution of droplets impinging on different wetted walls with initial velocity: (a) 0.1 m/s; (b) 1.6 m/s.
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Fig. 9. Pressure distribution at 0.05 ms after droplets impact wall with different velocities.
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Fig. 11. Heat flux distribution on different temperature walls at (a) 0.05 ms and (b) 1.6 ms.
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Fig. 12. Droplets temperature distribution on different temperature wall at (a) 0.05 ms and (b) 1.6 ms.
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sionless time on different wall temperatures.
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Numerical study on phase change behavior of liquid
nitrogen droplets impinging on solid surface”
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Abstract

The distinct physical properties of liquid nitrogen make liquid nitrogen spray cooling a promising technique
in aerospace engineering, the electronic industry, superconductor cooling, cryobiology, etc. In-depth study of the
dynamics and thermodynamic behavior of liquid nitrogen droplets impinging on the wall surface is helpful to
understand the heat transfer mechanism of spray cooling technology with liquid nitrogen. Therefore, the
mathematical model of single-liquid nitrogen droplet impacted solid surface is developed by Level Set-VOF
method. The effects of wall wettability (30°— 150°), initial velocity (0.1, 1.6 m/s) and wall temperature
(300— 500 K) on the phase change behavior during the evolution of droplets are investigated, and the
mathematical model of film thickness is established. The results show that enhancing the wall wettability and
increasing the impact speed facilitate the spreading of the droplets in the radial direction, thereby increasing the
heat exchange area and reducing the thermal resistance. Ultimately, the heat exchange performance is
significantly improved. Increasing the wall temperature results in an increase in the difference between
temperatures of the solid surface and the liquid, thereby significantly increasing the wall heat flux density. The
lower thermal resistance at the three-phase contact line results in a higher heat flux density at the edge than in
the center; the difference among the heat flux distributions on different wetted walls decreases due to the
increase of initial velocity, showing a significant velocity effect. In the film boiling region, the heat transfer
process is mainly concentrated in the initial stage of impact, and the gas film is the main heat transfer
resistance. Based on conservation of mass and energy, a numerical model of film thickness is developed in this

paper. The model predictions are in good agreement with the simulation results of this paper and others.

Keywords: Leidenfrost, liquid nitrogen, impingement, Level Set-VOF simulation
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