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Abstract: To explore the breakup characteristics of liquid nitrogen droplets in a cryogenic wind
tunnel and determine the underlying mechanism, a two-dimensional liquid nitrogen droplet break-
up model is established adopting the coupled level-set and volume of fluid (CLSVOF) method and
adaptive local mesh refinement technology. The morphological evolution patterns of liquid nitrogen drop-
lets and normal temperature droplets are compared, and the effects of We on the morphology, deforma-
tion coefficient and temporal features of liquid nitrogen droplets are analyzed. The results show that com-
pared with normal temperature droplets, liquid nitrogen droplets have a higher We, which makes them
more prone to deformation and fragmentation. As the We increases, the droplets sequentially undergo
bag breakup, multimode breakup and shear breakup. For the three different breakup modes, the pres-

sure difference between windward and leeward sides of the liquid nitrogen droplet increases first and then
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decreases with time. This is attributed to the formation of bag structures or the separation of droplets

from the edge. Under different breakup modes of liquid nitrogen droplets, the pattern of deformation co-

efficient is distinctly different. The dimensionless initial breakup time of the droplet decreases with the

increase of We. In the range of 0<XWe<C100, the critical deformation coefficient is maintained around

2.6. This study can provide a theoretical basis for the optimization of liquid nitrogen spray cooling sys-

tem in cryogenic wind tunnel.

Keywords: cryogenic wind tunnel; liquid nitrogen droplets; breakup characteristics; breakup

modes; deformation coefficient
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Fig. 1 Droplet breakup simulation model
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Fig. 2 The relationship between the deformation coeffi-

cient and the time under different grids
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