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Abstract
The shrinkage of liquid bridge with temperature gradient is a common phenomenon in nature and
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industrial production. The fracture behavior of liquid bridge plays a key role in the process of
printing and inkjet. In this paper, the effects of surface tension gradient and viscous force gradient
on the contraction process of liquid bridge in microgravity environment are analyzed by numeri-
cal simulation. By analyzing the free surface profile, axial velocity and pressure at four times and
the cloud diagram of liquid bridge velocity and pressure at the time of fracture, the formation
mechanism of the fracture point of liquid bridge on the side with large surface tension or small
viscous force is clarified. At the same time, with the increase of surface tension gradient, the gra-
dient of axial velocity and pressure of liquid bridge also increases. Finally, it is analyzed that un-
der the simultaneous action of surface tension gradient and viscous force gradient, the counter-
balance effect of surface tension and viscous force directly affects the profile of the liquid bridge.
Finally, the shape of the liquid bridge at the time of fracture combines the long cone type under
the action of surface tension gradient only and the filament type under the action of viscous force
gradient only. This study provides a simulation basis for the fracture of liquid bridge under tem-
perature gradient in practical industrial application.
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Figure 1. Liquid bridge model
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Figure 2. Variation diagram of minimum radius of liquid bridge with time
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Table 1. Main parameters of the case
F 1 RMEESY

SH Teold Thot () o1 1o ur
(K) (K) (N/m) [N/(m*K)] (Pa*s) [(Pa*s)/K]
H 1 273.16 273.16 0.2186 0 le-3 0
A 2 273.16 298.16 0.2186 —8e—4 le-3 0
HHil 3 273.16 278.16 0.2186 —4e-3 le—3 0
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Continued
Hipl 4 273.16 298.16 0.2186 0 le-3 —1.6e—4
5 273.16 298.16 0.2186 —8e—4 le-3 —1.6e—4
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Figure 3. Liquid bridge contraction process at different times. (a) Free surface profile; (b) Free surface axial velocity distri-
bution; (c) Free surface pressure distribution
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Figure 4. Cloud picture of liquid bridge at fracture time. (a) Axial velocity distribution of liquid bridge; (b) Pressure distri-
bution of liquid bridge
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Figure 5. Liquid bridge contraction process at different times. (a) Free surface profile; (b) Free surface axial velocity distri-
bution; (c) Free surface pressure distribution
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Figure 6. Cloud picture of liquid bridge at fracture time. (a) Axial velocity distribution of liquid bridge; (b) Pressure distri-
bution of liquid bridge
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Figure 7. Liquid bridge contraction process at different times. (a) Free surface profile; (b) Free surface axial velocity distri-
bution; (c) Free surface pressure distribution
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Figure 9. Liquid bridge contraction process at different times. (a) Free surface profile; (b) Free surface axial velocity distri-
bution; (c) Free surface pressure distribution
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Figure 10. Cloud picture of liquid bridge at fracture time. (a) Axial velocity distribution of liquid bridge; (b) Pressure distri-
bution of liquid bridge
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Figure 11. Liquid bridge contraction process at different times. (a) Free surface profile; (b) Free surface axial velocity dis-
tribution; (c) Free surface pressure distribution
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Figure 12. Cloud picture of liquid bridge at fracture time. (a) Axial velocity distribution of liquid bridge; (b) Pressure distri-
bution of liquid bridge
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