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Evaporation Characteristics of a Single Droplet in Laser Treatment of
Port Wine Stain in Conjunction with Cryogen Spray Cooling
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Abstract Cryogen spray cooling (CSC) is an effective cooling technique used for laser treatment of port wine stain
(PWS). The cooling process involves complex droplet evaporation, strong convective heat and mass transfer,
therefore a deep understanding of spray characteristics is essential to optimize the nozzle design and improve the
cooling efficiency of the spray. This paper presents a theoretical model to describe the equilibrium evaporation
process of a single droplet in cryogen spray. The model considers mass transfer through mass transfer number
method, the momentum transfer by selecting the suitable empirical correlation of drag coefficient, and heat transfer
by taking into account the droplet evaporation and convective effect with ambient air. Through simulating the
cooling stage of a hanging water droplet and the temperature variation of cryogen droplets in cryogen spray, the
model is validated by the reasonable agreement with the experimental measurements. Then a parametric study of the
influences of initial diameter and velocity on the droplet evaporation is carried out, which states that an effective
analysis method can be provided by the proposed model to guide the CSC of laser therapy.
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Table 1 Temperature-dependent physical properties of R134a

Parameter

Value or prediction method

cpag /(kJ/ kg« K))
Coap / (kI/ (kg » K))
L /(k]/kg)

kg /(W/(m + K))
kot /(W/(m = K))

v /(107° Pa« s)

1. 33882 4-0.00246 T+ 8. 7774 X 1075 T*
0.89338+0.00412T 4 0. 00001 T*
199. 04689 — 0. 71314T — 0. 00107 T*
0.01149 + 0. 00008T
0.09117 — 0.00049T
10. 71416 + 0. 03524 T — 0. 00002 T*

Pr., 0.83244 +0.0003T + 6. 1954 X 107°T* — 2. 9346 X 107" T*
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Fig. 1 Comparison of predicted temperature as a function
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1.58 mm, T, =—19 C,V, =0.42 m/s)
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Fig. 2 Predicted droplet temperature as a function of
distance and

comparison with experimental

measurements (D, =56 pm, V, =60 m/s)
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Fig. 3 Influence of initial diameter on the evaporation
process of cryogen droplets, predicted droplet
velocity (a), temperature (b), diameter (¢) as a
function of the distance (V, = 60 m/s, T, =
—27 C)
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