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Evaporation Characteristics of Single R404a Droplet in Laser Treatment

of PWS in Conjunction with Cryogen Spray Cooling
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Abstract Cryogen spray is an effective cooling technique for the laser treatment of port wine stain (PWS), which
can protect the epidermis from the thermal injuries safely. However, cryogen R134a cannot supply enough cooling
capacity for the laser surgery in patients with darker skin because of the absorption of laser energy by melanin.
Cryogen R404a are expected to protect the darker skin well because of its lower boiling point. A theoretical model is
proposed to describe the evaporation process of single droplet and its validation is confirmed by the agreement
between numerical simulation with experimental result. With this model, the cooling effect of R404a droplet is
compared with R134a droplet and it is found that R404a droplet can reach lower temperature. Then the influences of
initial diameter and ambient mass faction of cryogen on the evaporation characteristics of R404a droplet are analyzed
and the result is useful to guide the cryogen spray cooling for laser therapy of PWS patients with darker skin.
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Table 1 Temperature-dependent physical properties of R404a

Physical properties

Relation with temperature

Specific heat of saturated liquid ¢,.;, /[ kJ/ (kg « K)]
Specific heat of saturated steam c,..., /[ kJ/(kg + K)]

Thermal conductivity of saturated liquid &1, /[ W/(m + K) ]
Thermal conductivity of saturated steam k..., /[ W/(m « K) ]

Dynamic viscosity of saturated steam /10 SPaes
Density of saturated liquid pg, /(kg/m®)

Density of saturated steam pmp/(kg/mg)

Latent heat of vaporization L,/(k]/kg)

Pr number of saturated steam

1.3675440. 00262 T—5.9665X 10 ° T —1. 849X 107" T*
0.9811+0.00488 T-+0.00001 T*
0.07133—0.00048 T
0.01412+0. 00008 T
12.42666 + 0.04781 T
1164.71471—3.02799 T
29.13753 + 0.84939 T+0.00861 T*+ 0.00003 T*
173.67173—0. 56866 T
0.8619 + 0.00288 T-+0.00002 T*
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Fig. 1 Diameter of water droplet versus time
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Fig. 2 Droplet temperature of R404a and R134a droplet
as a function of distance
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Fig. 3 Influence of initial diameter on the evaporation process of cryogen droplets, predicted droplet velocity (a) ,

temperature (b) and diameter (¢) as a function of the distance
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Fig. 4 Influence of ambient mass fraction on the evaporation characteristics of R404a droplet,

droplet temperature (a), velocity (b) and diameter (¢) as a function of the distance
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