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Motion and Evaporation Characteristics of Spray Droplets

Under Coupled Effect of Thermal Radiation and Convection
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Abstract: On the assumption of single spherical frog droplets, the motion and evaporation character-

istics of frog droplets under the coupled effect of thermal radiation and forced convection are studied by

establishing a model for the motion and evaporation of frog droplets. It is found that the main factors

which have influences on the frog droplet lifetime in outdoor environment are ambient humidity and the

initial diameter of frog droplets. The influences of thermal radiation and forced convection are negligible.

The thermal radiation can cause the temperature of frog droplets to increase, even above the ambient

temperature. The temperature of frog droplets may firstly increase and then decrease. The influence

of forced convection on the temperature of frog droplets is negligible. The larger initial frog droplet

diameter is helpful to the formation of dense frog. However, the oversize diameter may cause the lifetime

of frog droplets to decrease due to their sedimentation. So there exists an optimum initial diameter for

frog droplets.

Key words: heat and mass transfer; motion and evaporation; spray droplet; coupled effect1�/-�2013–11–18QM�!��_ (1981-) �r�
KKU��$���l��dM�SA
0d`�
E-mail:375723336@qq.com

∗ 5b�� E-mail:dycheng@yeah.net

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.1, Jan 2014



28  ( 2014 # 1 .
0 qe�A|3#1,D }MIQTI[b`"�W%%D"I�D}��-��Q}r�K�R r/I\a}
|A�4X}MIQTI[bv��m�
`"e�j1�\GCw4MIQTI[b7E>℄,D� Abramzon B �
Sirignano W A g�.3}Mt���y4^}M[bI!��A [1] �DZ�,D��1% r/|A%v�o\}'I?� [2−4] �\ r/I\a}
|A�I}M[bI,D^OCRvx�v)��r/��\aK$Yf3�> I [5−8] �_�Q}I Y��/5�6G℄)IEmxW�)[�oVKf3��%j 1 \B� Collin A K [9−10] 4X^)x))�Q}\�.IY�P0v��D
,D\�t�r/L���vLdv�o\}'I?�� Moita R

D K [11] 4X^*Q�_�iR)x�A%Eof3�||IQTv��DvLd r/I|A�!G8,,D�p��zdRg�4X}MIQTI[bv��m� r/L�v�o\}'QTI[bI?��t�Q} Y�(M
~ShbF�
1 CCSDS "apZ

k 1 �Tw�.3}Mt���| {xWbW (&FE{� Ff�z� [11]^sZi.3C℄�I)��9i�,O
aVt 0��gO
r/�}Mv4Ir/k (CGO
xW�}MxWVMLGr/LIxW) �

k 2 �H<qLd
dlm[�}Mj[�t[�T}MIQTi/N�Bt [10]

dmp
−→
Vp

dt
= CDρgπ

D2
p

8
|
−→
Vg −

−→
Vp|(

−→
Vg −

−→
Vp) + mp(1−

ρg

ρp
)

(1)Ah� m � ρ � d � −→
V m��Bg℄�oW�aB�VW��� g � p m��BO
�}M� CD = 24

Re,p

(

1 +
R2/3

e,p

6

) �B
dx[�O�
Re,p = ρgDp|

−→
Vg −

−→
Vp|/µr �B}MQTI ReynoldsO� µr t�

IT[VW�}MIQT�#N�Bt

d
−→
Xp

dt
=

−→
Vp (2)zEz� [1,4] I,D�}MI[bVft
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