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Experimental study of contact velocity effect on spreading factor of non-
Newtonian and Newtonian droplets during collision with dry solid surface

Mohammad Kazem Sheykhian, Mahmood Norouzi®, Mohammad Mohsen Shahmardan
Department of Mechanical Engineering, Shahrood University of Technology, Shahrood, Iran

*P.0.B. 3619995161 Shahrood, Iran, mnorouzi@shahroodut.ac.ir
ARTICLE INFORMATION ABSTRACT

Original Research Paper The collision of droplets on solid surfaces is widely used in oil and gas industry, surface painting, hot
Received 01 December 2017 surface cooling and spraying of agricultural products. In the present study, the spreading factor of Boger
Accepted 20 January 2018 non-Newtonian fluid is experimentally investigated on the dry solid surface such as an acrylic
Available Online 23 February 20189 . . . . A .

(Plexiglas) and stainless steel sheet and is compared with Newtonian droplets (water and glycerin). The
plates of Plexiglas and stainless steel both have a hydrophilic surface. In this research, the Newtonian
and non-Newtonian fluids droplets collapse at two heights of 27 and 47 cm from the dry solid surface
and are examined in the range of Weber numbers 245 < We < 538. The purpose of this study is to
investigate the effects of contact velocity on the spreading factor of non-Newtonian and Newtonian
droplets during the collision. The results of this study show that with the growth of Weber number
(increasing contact velocity), the maximum value and velocity of spreading and receding are increased
for the Newtonian or non-Newtonian droplets. Also, with increasing the viscosity of droplets, the value
and velocity of spreading and receding are decreased for the Newtonian and non-Newtonian droplets.
By increasing the velocity of collision on the Plexiglasas surface (raising the Weber number) up to 32%,
the maximum value of droplets spreading is increased 22, 31 and 20 percentage respectively for the
fluids of Boger, water and glycerin.

Keywords:

Contact velocity
Non-Newtonian fluid of Boger
Spreading factor

Viscosity
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Fig. 3 Test of surface tension for the water droplet
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Fig. 2 The Viscosity changes of Boger fluid based on the shear rate
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Table 1 The viscosity values of Boger fluid at different shear rates

A/s) Sop gy (MPa-s) e (MN-mM) sk
1.22 92.4 0.010
1.83 87.2 0.015
2.44 89.3 0.019
3.05 89.3 0.024
3.66 89.2 0.030
4.88 88.8 0.038
6.12 88.4 0.047
7.42 88.7 0.059

1 Weissenberg
2 |FT-ES20
3 Pendant drop
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Table 5 The values of dimentionless numbers for Newtonian and non-
Newtonian droplets
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Table 3 The values of storage modulus and loss modulus for different
angular frequencies

w(s) ¢'(Pa) G (Pa)

Slagly U5 0ad 035 oo a8) 9 Jyoe
3.26 0.099 0.372
2.82 0.093 0.367
2.44 0.080 0.350
211 0.082 0.322
1.83 0.082 0.297
1.58 0.072 0.277
1.37 0.075 0.257
1.19 0.065 0.2393
1.03 0.065 0219
0.887 0.061 0.205
0.768 0.053 0193
0.664 0.050 0.172
0575 0.056 0.168
0.497 0.046 0.158
0.43 0.028 0.148
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Fig. 4 The schematic of the generalized Maxwell model for viscoelastic
fluid
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Fig. 10 Spreading factor of droplets on the steel plane with the velocity
of 2.30 m/s
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Fig. 5 spreading factor of droplets on the Plexiglas plate with the
velocity of 2.30 m/s.
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Fig. 6 spreading factor of droplets on the Plexiglas plate with the
velocity of 3.03 m/s
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Fig. 11 Spreading factor of droplets on the steel plane with the velocity
of 3.03 m/s
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