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Experimental and numerical simulation study of dynamics
of nanofluid droplet impact on solid surfaces

WANG Rui, SHEN Xuefeng, HUO Yuanping, WANG Junfeng, ZHENG Nuo, LIU Hailong
(School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China)

Abstract The phenomena of droplet impacting on solid surfaces widely occur in engineering fields
such as the power machinery, spray cooling, and coating. The homogeneous and stable nanofluids
were prepared by dispersing graphene and MWCNT to epoxy resin using ultrasound technique. The
impacting process of droplet on solid surface was investigated by means of high-speed camera
technique. Simulations of droplet impacting on surfaces were carried out by employing the finite
element scheme. The level-set method was used to capture the interface movement and a modified
power-law model was used to characterize the effect of nanoparticle additives. Simulations showed
that the results were in reasonably good agreement with the experimental data. The experimental

results showed that the nanoparticle additives brought shear-thinning properties to base fluids and
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suppressed the spreading behaviors of droplet. The simulation results revealed that with the decrease

of the power law index m, the range of variation during the droplet spreading process became

significantly large. With the increase of the surface tension, there was no significant change in the

dimensionless diameter during the spreading phase, while during the receding phase the

dimensionless diameter of droplet decreased gradually.
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Fig.1 Schematic of the experimental apparatus

0 5 A Y 5 R R ] B R B R A A
TFi ) ok 2 [ o R B 803 42 o o Al 114 11 5t 11
5 b — Wit PG A 2 B S 22 5 T 5 P4k 1]
AV ) FEAE TSR T B A RN el T T RE Y
AR AR BT S 22 AR ((541) mN/m) ,
SERRITFE A AT BLAR R AEE Rl BB, 2
H(2.5+0.05) mm, FEBLBFFE R BLARSE
—REN 2.5 mm, FHRAFHEWe=p,V'Dy/
X i A A F AT 30, e o, AW, V
AR IE , o R Tk R, Dy W) IR
FAR . ARSCEET ER A 80F Image] ZRAT W
it e AR P A Ay B T AN S HU A, 25
A RBURZEN 5% o AHIETT o RS i A0 K
WA 1100 kg/m”, SR E K 20K TR
Py BE 3R 25 °C VR R o SE Bk R Y
T A SR K A BRI o S S IR T S Al
L RER SR AR 9 (23+1)

2 HETEEHER

FTA RICE , AP S
2 Jls BRI AR A, AL — A Bl X R 114 VR 4
A RE TR AT R o TG LA Ay B i o BE T,
R BES S AAT TR R P il A e
AU OV SSUR Y PISUR R S UR I LR ES U

Ak ) L O R S TR RO AR X
Sl fk 17 O o

FiLR
| SR

Py
,

ol

2 RiEEGTERTEEIRE

Fig.2 Computation domain for droplet impacting on surface
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Table 1 Parameters in numerical simulation
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Fig.3 Shear viscosity of the prepared nanofluids
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Fig.4 Image sequences of the impacting

process of droplet on solid surfaces
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Fig.5 Variations in dynamic contact angle and dimensionless height of droplet impacting on surface (V=3.43 m/s)
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Fig.6 Simulation snapshots of droplet impacting on

surface at different power-law indexes (V=1.71 m/s)
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