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Experiment on breakup mechanism of impinging jet of power-law liquid

LI Jian-jun, XIA Zhen-yan, TIAN Yan
(School of Mechanical Engineering, Tianjin University, Tianjin 300072, China)

Abstract: High-speed photography technology was used to investigate four kinds of
shear-thinning Carbopol gel non-Newtonian power-law f{luids with different Carbopol mass
fractions by self-developed impinging jet system, the breakup pattern, spray cone angle and
breakup length of liquid sheet of impinging jet were experimented and analyzed under differ-
ent jet conditions. Results show that power-law fluids with different rheological properties
have different breakup pattern, the higher viscosity means the more complex breakup pat-
tern, when Weber number is about 8000, four kinds of Carbopol gel achieve to fully devel-
oped pattern, and show the similar breakup pattern; as Weber number increases, the spray
cone angle increases gradually and tends to be a stable value less than the impinging angle.
with increasing of the Carbopol mass fraction, the biggest spray cone angle decreases, even-
tually converging to 60°, the breakup length slightly increases first and then decreases of four

kinds of Carbopol gel, but the theoretical results agree well with the experimental results in trend.

Key words: breakup mechanism; power-law liquid; impinging jet;

breakup pattern; spray cone angle; breakup length
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Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 Configuration of nozzle and liquid sheet of

impinging jet
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Fig. 3 Rheological properite curves of four kinds of

Carbopol gel
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Table 1 Rheological parameters of four kinds of Carbopol gel

we K n
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0.50% 25.543 0.415
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Fig. 4 Liquid sheet breakup images of impinging jet by Carbopol gel of we=0.15%
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Fig.5 Liquid sheet breakup images of impinging jet by Carbopol gel of we=0.25%
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Fig. 6 Liquid sheet breakup images of impinging jet by Carbopol gel of we-=0.35%
(Fig. 6(a) —Fig. 6(e)) and 0. 50 % (Fig. 6(f) —Fig. 6(}))
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Fig. 7 Breakup pattern diagram for four kinds of
Carbopol gel
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Fig. 8 Liquid sheet breakup images of Carbopol gel of
we=0.15% at Uj,—28. 9m/s and Reg, =9 755
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Fig. 9 Variation curves of spray cone angle with Weber
number of four kinds of Carbopol gel
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