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NUMERICAL STUDY OF THE DROPLET EJECTION BEHAVIOR OF NEWTONIAN
AND SHEAR-THINNING FLUIDS

E. Kim and J. Back'
Dept. of Mechanical Engineering, POSTECH.

The droplet ejection behavior from drop-on-demand printhead are investigated numerically for Newtonian and
shear-thinning fluid. The numerical simulation is performed using a volume-of-fluid model. In this study, we compare
the printable range in terms of Z number and pinch-off time for Newtonian and shear-thinning fluids. The
printability range are found to be 1.08 < 7 < 12.9 for Newtonian fluid and 0.8 < Z < 12.9 for shear-thinning

fluid. However, air entrainment is observed during merging of primary and satellite droplet within the printability
range. The pinch-off time of the shear-thinning fluid is apparently shorter compared to the corresponding Newtonian

fluid due to shear-thinning effects and the differences in the pinch-off time

capillary number is larger than 0.5.
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Fig. 1 (a) Schematic diagram showing the computational domain
and boundary conditions (b) computational mesh
generation
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Fig. 2 The inlet velocity V(t) obtained by a parabolic fitting

to the inlet condition used in Lagrangian simulation
of Castrejon-Pita et al.[2]
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Table 1 Fluid properties and dlmenswnless numbers based on
the protrusion speed (0.6 ms™) during the first positive
inflow. ST indicates the shear-thinning fluid (n=0.5)
and NT indicates the Newtonian fluid.
(p=1000Kgm™~, 6=0.07 Nm", We=10.3)

Berr(u)(Kg m™'s™) K| Z |Re | Ca
STI(NT1) 0.020 0.5]12.9]58.80.18
ST2(NT2) 0.033 08| 8.1 [36.7]028
ST3(NT3) 0.041 1| 65294035
ST4(NT4) 0.061 15| 43 [19.6 | 0.52
ST5(NT5) 0.074 1.8 | 3.6 163063
ST6(NT6) 0.082 2 132]147]0.70
ST7(NT7) 0.16 411673140
ST8(NTS) 0.20 511359175
ST9(NT9) 0.24 6 | 1.1 |49 [2.10
ST10(NT10) 0.33 8 | 0837280
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Fig.3 Time evolution of droplet shape after pinch-off
(a)NTlatt=11.4,13.3,19.8,29.1 ms
(b) STl att=11.3, 14.0,21.1, 28.8 ms (c) NT1 at
t=11.7,13.6,21.1, 32.1 ms (mesh 46,350)
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Fig.4 Time evolution of droplet shape after pinch-off
(a)NT4att=12.7,189,21.5,37.7 ms
(b) ST4 att=11.6,15.4,17.9,35.3 ms
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Fig. 5 Time evolution of axial tip position up to pinch-off.
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