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Abstract-A theoretical investigation into the processes of heating and evaporation of a spherical particle 
under strong optical radiation is carried out. A system of equations is formulated which describe the process of 
particle evaporation in diffusional regime. Based on numerical solution of this system of equations, the 
evaporation of air-suspended water droplets under the i.r. optical radiation is investigated in detail. The time- 
dependent and stationary values of the evaporation process parameters have been obtained for a wide range of 
the initial problem parameters. The calculated results are compared with the experimental data. A simple 

model of particle evaporation is considered, analytical and numerical solutions have been obtained. 

1. INTRODUCTION 

THE HEATING and evaporation of spherical solid and 
liquid particles under the influence of optical radiation 
have been investigated theoretically from 1965 in a 
number of studies [l-14], where a wide range of 
problems were considered with the use of different 
approximations. Different regimes of regular evapor- 
ation of particles under the effect of optical radiation, 
i.e. diffusional, convective, gas dynamic, were 
considered [l-7, 10, 123 and the regions of their 
development were established. The time dependences 
of the radius re and temperature T, of evaporating 
particles were calculated numerically [4-8, 10, 131. 
Approximate analytical solutions were obtained for the 
dependence of r,,, T, on time t in the case of 
quasistationary evaporation [2, 51. The effect of the 
condensation coefficient c( and optical constants of the 
particle substance on the evaporation process 
parameters was studied in works [ 10,111. Common to 
all of these works [l-14] are : 

(1) No allowance for the dependence of the problem 
thermophysical parameters (diffusion coefficient D, 
thermal conductivities K~, tc2, heat ofevaporation L) on 
temperature, except for works [9,10,12,13]. However, 
the experimental dependences of D, or, ICY, I-. on 
temperature in these studies differ substantially from 
those reported in reference [ 151. 

(2) No allowance for the vapour density and 
temperature jumps near the evaporating particle 
surface, except for works [ 10,121. In reference [ 121 this 
has been done with the aid of approximate 
phenomenological coefficients. 

(3) Except for works [lo, 111, numerical and 
analytical calculations of the evaporation process are 

based on the approximate factor of effectiveness of 
optical radiation absorption by a particle K,, (re) [2] 
which leads to an error of about 30%. 

(4) No coverage of the energy response charac- 
teristics of the evaporation process for particles with 
different initial radii r,. 

(5) The lack of comparison between theoretical and 
experimental results for particles having characteristic 
dimensions of about 10 pm. 

The analysis of these problems is of great interest and 
is conducted in this paper. Accounting for the actual 
dependences of the problem thermophysical para- 
meters on temperature and on density and temperature 
jumps near the surface of a particle, a system of 
equations is formulated which correctly describes the 
process of particle evaporation in diffusional regime on 
exposure to optical radiation. The effectiveness factor 
K,,(r,) [ 10,l l] is used which incurs an error of no more 
than 1%. Based on numerical computer solution of this 
system of equations, the dependence of the evaporation 
process parameters on the optical radiation energy flux 
density IO, initial particle radius r, and temperature 7: 
evaporation coefficient a and optical constants nI, K~ of 
the particle substance is investigated. Some of the 
results obtained are compared with the experimental 
data; the non-stationary stage of evaporation is 
considered. Approximate analytical solutions are 
obtained for r,(t) and T,(t) in non-stationary 
evaporation, and the estimates of the accuracy and 
regions of applicability of widely used approximations 
are made. The results of the present work are of 
practical interest for the investigation of heat and mass 
transfer in dispersed media, optical radiation 
propagation in a medium with particles, radiation- 
produced bleaching of polydispersed water aerosol. 
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Cl heat capacity of gas medium 4 power density of heat sources in particle 
[JK-’ kg- ‘1 r. instantaneous particle radius [pm] 

c 2 heat capacity of particle substance per r radial coordinate [m] 
molecule [JK _ ‘1 &I particle surface area [m2] 

E) diffusion coefficient of particle substance T temperature [K] 
vapour in surrounding gas [m2 s-‘1 T, particle temperature [K] 

EC thermal energy of particle t time [s] 

10 radiation energy flux density v, particle volume [m3] 

CWm 1 -2 s-.l 
X dimensionless particle radius 

I, mass flux density J’ dimensionless particle temperature. 

JE energy flux density 

i7 density of energy flux dissipated by Greek symbols 
conduction CL condensation (evaporation} coefficient 

hb effectiveness factor of radiation K 1 absorption coefficient of particle 
absorption by particle substance at wavelength I 

K,C effectiveness factor of radiation Kl thermal conductivity of gas medium 
scattering by particle CWm 1 -1 K-1 

k Boltzmann constant, x2 thermal conductivity of particle 
1.38054 x 1O-23 JK-’ substance [Wm-’ K-‘1 

L evaporation heat of one molecule of /z optical radiation wavelength 
particle substance [J] Pl gas medium density 

1 free path length of vapour molecule in z dimensionless time 
surrounding gas Xl therma diffusivity of gas medium 

M mass of vapour molecule [kg] [m’s_‘] 

n, refractive index of particle substance at x2 thermal diffusivity of particle substance 
wave length II [m* s-l]. 

n number density of molecules of particle 
substance vapour [mm31 Subscripts 

60 number density of molecules (atoms) of 03 initial value 
particle substance [me31 m maximum. 

2. PROBLEM FORMULATION 

AND SYSTEMS OF EQUATIONS 

Let, starting from time t = 0, a spherical particle of 
initial radius r, and temperature ?b (equal to the 
surrounding medium temperature) be exposed to 
optical radiation with the wavelength Land energy flux 
density I,(t). The particle absorbs the energy of the 
incident optical radiation, becomes heated and starts to 
exchange heat with the surroun~ng gas medium. First, 
the energy is given off to the surrounding medium by 
heat conduction and then, with an increase of the 
surface temperature To, by evaporation. The processes 
of heating and heat and mass transfer of the spherical 
particle are described by equation (I), subject to initial 
and boundaryconditions(2)in thespheric~coordinate 
system with the origin at the particle centre, as 

fi,c, F = div (K~ grad T) + q 

--x1 grad T/,,, =j, (2) 

r,(t = 0) = r,, T(r,t=O)=T_, r<r,, 

wherej, is the density of the energy flux transferred by 
heat conduction and evaporation, q is the density of the 
energy release power in the particle due to radiation 
energy absorption. Generally, the energy release q can 
be a complicated function of coordinates and be 
substantially inhomogeneous [16]. The inhomo- 
geneity degree depends on 1, r. and the optical 
constants of the particle substance; for particles with 
r. K 2, the q is practically homogeneous. After the start 
of energy release, the particle is heated non-uniformly 
and this leads to heat transfer by conduction and to 
equalization of temperatures inside the particle. In a 
liquid droplet, in addition to temperature field 
equalization due to heat conduction, non-uniform 
heating causes a thermocapillary circulation (mixing) of 
liquid and this also leads to equalization of the 
temperature field [ 171. If the characteristic time of heat 
conduction-induced temperature field equilibration 
inside the particle, tT _ ri/Xz (for particle and droplet), 
and that induced by thermocapillary liquid circulation, 
t, N t-$/v,, where vZ is the kinematic liquid viscosity (for 
a droplet), are much smaller than the characteristic 
times ofparticle heating and evaporation, then one may 
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consider a uniformly heated particle (droplet) with a 
certain volume-averaged temperature T,. Corres- 
ponding numerical estimates will be given below. 

The system of equations, which describes the heating 
and evaporation of the particle and which results from 
equation (1) by integration over the volume for a 
spherically symmetric case, by passage to the averaged 
temperature TO and introduction of the evaporation 
kinetics equations, has the form 

(3) 

dK, 
iiodt = -j,S, 

where 

s 

10 
q(t)4arz dr = ~l,(t)K,,S,, 

0 

j, is the density of a flux of molecules (atoms) 
evaporating from the particle surface per unit time. For 
ICab( the following approximation [lo] will be used : 

K,, = &~,[l -e-airO] (4) 

where &,, and a are certain constants. Equation (4) 
approximates the tabulated data on K,, (ro) [lS] for 
different radiation wavelengths within the range 
0 < r. < 50 pm with an error of about l-5%. 

2.1. D$isional regime of evaporation 
In the diffusional regime of particle evaporation, the 

heat and mass are transferred by heat conduction and 
diffusion. A corresponding system of equations for 
spherical symmetry is * 

with the temperature drops in the surrounding gas 
being assumed small, (To- T,)/T, < 1, and the 
pressure constant. The external heat and mass transfer 
problem, equation (5), is characterized by the times for 
establishing the quasistationary profiles of tempera- 
ture, tl - r&, and of vapour density, t, - r$D. Since 
the characteristic times of particle heating and 
evaporation are generally much greater than the 
characteristic times t: and t,, then, instead of solving 
non-stationary equations (5), it is possible to pass over 
to the solution of the quasistationary equations 

(6) 

with boundary conditions 

T(r,) = ii;, T(r + co) = T,, 

n(ro) = ri, n(r-+co)=n, (7) 

where T, fi, and T,, n, are the values of T and n 
immediately at the particle surface and at infinity, 
respectively. In a wide temperature range it is possible, 
with fair accuracy, to represent K1 and D as power 
functions of temperature [ 151: 

where Kim = rcI(Tm), D, = D(T,), p1 and bare certain 
constants. The inclusion of the temperature depen- 
dence of K1 and D is important, since the heat and mass 
transfer processes in the surrounding gas control the 
particle evaporation dynamics. The solution of the heat 
conduction equation in system (6), with equations (7) 
and (8) for temperature distribution in the space 
surrounding an evaporating particle taken into 
account, has the form 

1 
1/(p1+ 1) 

7-c T, l+‘O(Tg+‘-1) (9) 
r 

where TN = T/T,. The density of the heat flux 
transferred from the particle surface by heat 
conduction is determined as 

dT 
A = -KI dr l=,. =G(~+1_1). (10) 

(pl + l)ro 

In the case of pi -b = - 1, the vapour density 
distribution in the space around the evaporating 
particle is given by equation (6), with equations (8) and 
(9) taken into account, as Cl93 

W-n,) 
n=nm+(pl+l)ln?fN 

In l+~(T~+‘-1) 
[ r 1 

(11) 
while the density of the mass flux transferred from the 
droplet surface by diffusion is determined as 

(12) 

In the case of pl -b # - 1, the distribution n from 
equations (6), (8) and (9) is defined as 

n = 12, +(ri-n,) 

x [{l+(r,lr)(Fc+‘-l))*-I] (13) 
=ffi-b+l_l 

while the density of the mass flux j, is 

j, = _Dd” 
dr r=ro 

= D,(p,-b+l)_ (W+l-1) 
ro(pl+l) (‘i.R-b+l_l)(“-nm)’ (14) 

The expressions obtained for the distribution of 
temperature (9), density (11) and (13), heat fluxes (10) 
and mass fluxes ( 12) and (14) seem to be the most general 
of those available in the literature. Specific cases of the 



280 V. K. PUSTOVALOV and G. S. ROMANOV 

temperatur~de~ndence of K1 and D, equation(8), have 
been considered in the works f9, 10, 12, 131. For 
example, it was assumed that p1 = 0, b = 2 [lo] ; 
p, = l/2, b = 3/2 [9, 131; p1 = 1,f2, b = 2 [12]. At 
the same time relations (9), (10) and (11)-(14) are valid 
for any pt > 0 and b > 0 and not only for integer or 
half-integer ones. 

equations [22] 

When IC, and D are independent of temperature, 
rot = ICKY = const., D = D, = const., and p, = OY 
b = 0, equations (9) and (13) yield the following 
linear quasistationary distributions for T and n : 

where tl is the coefficient of evaporation (assumed to be 
equal to that of condensation) of the particle substance, 
no is the saturated vapourdensity at the particle surface 
temperature Te[15] and m the mass of a vapour 
molecule. Equations (13), (141, (21) and (15), (16), (19) 
finally yield : 

T= T,+:(T-Tm), n=n,++-n,) 

(W 

atp, = b-l 

and equations (10) and (16) give, for j, and j,, 

jr = %(T- T,) (16) 

’ = 

~~~kT~/2~m~1/2 +(D,n,/r,b In TN) (Q + ’ - 1) 

a(k~/2~m)i’z +(D,/r,b In TN)(T@+’ - 1) 

n,T$2-nn,T1/2 

jm = (2~m/k~z)1iz -#-(To F1/‘b In ?‘&‘D,( PR + ’ - 1) 
j, = $+n,) 

atp, #b-l 

_ n~~(kT~/2~m)1’2 +fD,n,(p, - bf 1)/r& + I)] [(?Q’*’ - l),‘(C&‘-“+ * -1)-J 

‘== ~(k~/2nm)“2+[D,@,-b+l)/~,Cp,~1)][(~~+’-l)/(~~-b+‘-f}] 

j, = 
U~T;‘~ -n, T”* 

(2am/ka2)“2 + 
rOT”z(pl+l)(Ti;l-*+l-l)’ 

I),@-b-t l)(r$‘+l-l) 

which, when the density and tem~rature jumps at the 
particle surface are ignored, i.e. at T = T,, ti = ne, 
coincide with the well-known expressions from 
reference [20]. 

The gas temperature T and vapour density g 
immediately at the particle surface are determined on 
the basis of the kinetic theory. The quantity 9” is given 
by the relation [21] 

(17) 

where 

7% 2-0.83a, 

v=i% a, ; 

a, is the accommodation coefficient assumed to be 
equal to unity, 1 the free path length of a molecule of the 
surrounding gas. With equation (9) taken into account, 
the expression for T has the form 

1 

TPl+l_+_ 
m T#‘+‘-Tg” PI~I. 

I+ CMA + l)rol l- 
(18) 

in order to determine ii, the expression for j, is used 
which is obtained from the kinetic consideration of 
evaporation and condensation processes (the Knudsen 

The density of the energy flux j, from a particle 
evaporating in diffusional regime is determined by the 
relation 

j, = jr +j,L(T,f, (221 

where L(Te) is the heat of evaporation of one molecule 
of particle substance [15]. 

In reference [3,4], the diffusional-convective regime 
of particle evaporation due to radiation is considered in 
the case when, along with the diffusional flux, the 
convective motion of the medium is allowed for in the 
constant pressure approximation. In work [S] the 
gas dynamic regime of particle evaporation with 
shock wave formation [23] was considered for which 
j, = j,,,L, can be determined from 

(PolPaJ - f 
x (8m, jTo/nmT,)‘/2 +(4po/p,)- 1. Lm GJ) 

where p0 is the pressure of saturated vapours at Te, pm 
thesurroundinggas pressure, j = c&, thespecific heat 
ratio for a gas (air), cP and c, the heat capacities at 
constant pressure and constant volume per molecule; 
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the water vapour heat capacity cP is taken to be cP = 
4 k ; m8 the mass of a gas molecule. 

The solution of the system of equations (3) together 
with the expressions for j, and j, and boundary 
conditions 

i-e(t = 0) = rw, T,(t = 0) = T, (24) 

allows one to obtain the time dependences of the 
temperature and radius of an evaporating droplet. 

2.2. Parameters of the particle evaporation process 
Considerable interest attaches to the differential 

parameter 

kK&o) 
Dl(rO) = ~ 

4j, 

which can be termed the degree of the quasistationarity 
ofthe particle evaporation process [see equation (311. It 
represents the ratio of energy release in a particle to 
energy losses by evaporation and heat conduction and 
characterizes the imbalance between these quantities 
and the rate of change of the quantity To. Also the 
integral energy response characteristics will be 
considered which represent the particle evaporation 
process from the instant of exposure to radiation, t = 0, 
up to the time t considered, i.e. the radiation energies 
Qa,,(ro, t) and Q&,,, t) respectively absorbed and 
scattered by the particle, the energies Qev(rO, t), QT(rO, t) 
expended for particle evaporation and removed from 
the particle by heat conduction 

Q,, = 4n 
s 

’ j,L(T,)r~ dt 
0 

Qr = 4n 
s 

’ j,rg dt (26) 
0 

where the factor of the effectiveness of radiation 
scattering by the particle K,,(r,) is determined as in 
reference [18]. Also, the energy response parameters 
Mi, i = 1,2,3 will be considered which characterize the 
contribution of separate processes into the energy 
balance of the evaporation process 

Q Q," Q 
M1 = e,. Mz = Qab+Qsc' M3 = Q.,;bQsc. 

(27) 

The parameters M 1 and M, respectively characterize 
the contributions of evaporation and absorption into 
the total energy balance of the evaporating particle 
which absorbs and scatters the incident radiation 
energy. The parameter M, characterizes the efficiency 
of the evaporation process. 

In energy balance equation (3) the thermal energy of 

particle, ET(t), is 

E, = c,noVo,To. (28) 

Its integration over the time from t = 0 to t with regard 

for equation (26) and the energy Q, 

will give the energy conservation law for the particle 

Qab+-%m = &(t)+Qy+Q~t (30) 

where E ra, = c,ti,$&,T, is the initial thermal energy 
of the particle. In numerical calculation of the system of 
equations (3), control of the energy conservation law 
(30) was performed which was satisfied with an error of 

5 0.1%. 
The above system of equations can be used for the 

investigation of the processes of heating and 
evaporation ofspherical particles and droplets exposed 
to optical radiation with different wavelengths i. 

3. NUMERICAL RESULTS AND 

DISCUSSION 

Consider evaporation, in atmospheric air, of a water 
droplet of initial radius rm, which varies over the range 
2.5 < rm G 50 pm, and of initial temperatures T, 
= 273 and 293 K on exposure to continuous optical 
radiation with the wavelength I = 10.6 pm. Except for 
otherwise specified cases, it will be assumed that the 
evaporation (condensation) coefficient for water is CL 
= 1 and indices of reflection, nl, and absorption, K~, for 
water at the wavelength 1 = 10.6 pm are: n, = 1.173, 
rcn = 8.23 x lo-* [18]. The parameters p1 and b in the 
temperature dependences of Icr and D, equation (8), are 
assumedtobeequaltop, = 0.80,b = 1.80[15],withp, 
being equal to b - 1. The discussion will be restricted to 
the diffusional regime of evaporation, which is of 

greatest practical interest, with j, being defined by 
equation (12) and j,, by equations (22) and (10). The 
dependence of the evaporation heat Z_. of a water 
molecule and of the saturated steam density no on To 
were determined as in reference [15]. The characteristic 
relaxation times of the inner, t, and t,, and outer, t+ and 
t,, temperature and density fields for air-suspended 
water droplets with the initial radius rw = 2.5 pm are : 
t, z 4.3 x 10-4 s, t, z 3.5 x 10-5 s, t: z td z 3 x 
10m6s and with the radius rm = 50pm: t, x 1.7 x 
lo-2s t, x 1.4 x 10m3 s, t+ x t, z 1.2 x 10m4s. Com- 
parison of these values with those presented in Fig. 5 
indicates that the characteristic relaxation times are 
generally much smaller than the characteristic time of 
water evaporation, so that the approximations used are 
valid. In the conditions considered the radiative cooling 
of water droplets can be neglected [2]. 

Consider the heating and evaporation of water 
droplets exposed to continuous radiation with a 
constant energy flux density I, = 5 x lo6 W mm2 
Figures l-6 present some calculated results for 



282 V. K. PLJSTOVALOV and G. S. ROMANOV 

FIG. 1. The time (t) dependence of radius r0 (1-S) and 
temperature T, (6-10) for rm =lO~matI,=5~10~Wm-~, 
T, = 273 K, a = 1, n,, ICY [lS] (1,6); at I, = 5 x 10” Wm-‘, 
T, = 273 K, a = 1, n,, x1 [18] (2,7); T, = 293 K, GI = 1, n,, K~ 
[18](3,8);T,=273K,c~=3.6x10-*,n,,zc,[18](4,9);T~ 
= 273 K, cs = 1, n,, K~ [26] (5,lO) ; and the time dependence of 

the energies Qab(l), Q&2). Q,Rb Q7(4) and ED at f, = 5 
x f06 W m-‘, n, xA [lS], tl = 1, T, = 273K (p), T, 

= 293 K (- - - -), G( = 3.6 x 1O-2, T, = 273 K (---.-). 

evaporation ofwater droplets. Figure 1 shows the time- 
dependence of ra, To and of energies Q, equation (26), 
and ET, equation (28), for a droplet of r, = 10pm at the 
temperature T, = 273 K. From the instant the droplet 
is exposed to continuous radiation, it starts to absorb 
the radiation energy and its temperature rapidly 
increases (energy release is much in excess of energy 
losses}. This leads to droplet evaporation and to an 
increase in the conduction and evaporation heat losses 
by the droplet. At a certain time t,, which depends on 
the initial parameters ofthe problem, the energy release 
in the droplet and energy losses due to evaporation and 
heat conduction balance out and the droplet 
temperature attains the maxims value T,. In the 
process of temperature rise and evaporation, over the 
time interval [O, t,], thedroplet acquires, by the time t,, 
the radius r, < rm. At the time wt,,, the droplet 
evaporation rate is at a maximum. In this case t, = 2.06 
x 10-s s, T, = 337.1 K, r, = 9.55 grn. With T, having 
been attained, the temperature of the droplet starts to 
fall in the process of evaporation at t > t, (energy 
release is less than energy losses). As r0 decreases with 
time (especially at t > t,), the rate of droplet 
evaporation also decreases. The characteristic time 
interval ofevaporation, to be used for the assessment of 
the process duration, is the time ofdecrease in the initial 
droplet radius rm down to a certain value, e.g. t,(r, 
z.? r,/2) or t ,,,(ro = r&O), i.e. the time of a two- or ten- 

fold decrease of rm due to evaporation. In this case t, 
= 1.66 x lo-’ s, tlo = 6.08 x lo- ’ s. In the process of 
droplet evaporation, Qab, Q,,, Qevt Qy and QT increase 
monotonously, while &decreases monotonously with 
time. Asymptotically when t + co (virtually, when the 
droplet radius r. 6 O.lr,), these energies acquire the 
constant values Qab, Q,,, Q,,, Q, QT and E, x 0, i.e. 
the processes of energy absorption and release by 
the droplet actually terminate. Then 

Q,,+E,, = Q,+QT. (31) 

This is because of r0 decreasing to such an extent in the 
process of evaporation that the droplet practically 
ceases to absorb and scatter the radiation energy: The 
energy release by the droplet decreases sharply because 
of a significant reduction of its radius and because of the 
approach of To to the surrounding medium 
temperature T,. 

Figure 2 gives the plots of the parameters Mi, 
equation (27), and D,, equation (25), vs. the time for the 
droplet of rm = 10 pm at T, = 273 K. The parameters 
M f and M, depend on the time in the process ofdroplet 
evaporation, with M, having the maximum at rk t,. 
The parameter M, changes little during droplet 
evaporation. Asymptotically, M,(i = 1,2,3) acquire the 
constant values liii. 

The process of droplet evaporation over the time 
interval [O, t,] is a substantially non-stationary one 
and takes place in the conditions of a marked excess of 
energy release over energy losses at D, > 1. At the time 
t,, the energy release in the droplet and energy losses 
due to evaporation and heat conduction balance out 
and D,(t,) = 1. When t > t,, the energy losses start to 
exceed the energy release and, at a certain time instant, 

FIG. 2. The time (t) dependence of the parameters M, i = 1 
(1,4),2(2,5),3(3,6)andD,(1,4)foradropletwithr, = 1Opm 
atI,=5x106Wm~2,a=l.T,= 273K(-);T, 
= 293 K (- - - -), o! = 3.6 x IO-a, ?-, = 273 K (-.-.-) (l-3) 

andatf,=5x105Wm-*,a=l,T,=273K(46). 
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the imbalance between these attains the maximum, 
while D, acquires the minimum value equal in the 
present case to 0.983. In the course of the process, the 
rate of evaporation, while regulating the balance 
between the energy release and energy losses, “keeps 
watch” on r,, and T, and automatically adjusts itself so 
that there is some excess ofenergy losses over the energy 
release. In this case, T, and the amount of imbalance 
between the energy losses and energy release decrease 
with time, and D, tends to unity. The process of 
evaporation approaches the quasistationary regime 
when the energy release and energy losses exactly 
compensate one another and D, = 1. 

Consider the effect of the initial parameters of the 
problem, I, and T,, on the dynamics of droplet 
evaporation. A decrease of I, to I, = 5 x lo5 W mm2 at 
T, = 273 K (see Figs 1 and 2) leads to a sharp decrease 
in the maximum temperature T, = 292.1 K and in 
droplet evaporation rate, to an increase of t, and of 
characteristic times of evaporation t,, t,,,. A noticeable 
increase is observed in &,, &,,, & (Table l), in the 
minimum value of D,, equal to 0.994; the parameters 
A, and A, decrease. A decrease in T, leads to a 
substantial increase in the heat conduction contri- 
bution to the energy balance of the evaporating droplet 

(MI, QT). 
The growth of T, up to T, = 293 K at I, = 5 

x lo6 W m-’ (see Figs 1 and 2) leads to a reduction of 
the heat conduction contribution into the energy 
balance and to a higher rate of droplet evaporation. 
This, in turn, leads to some increase of T, (r, = 10 pm) 
= 340.9 K, of I@, and A, and to a decrease of Qab, Q,, 
and &. The effect of I, and T, on Q,, and iii, is 
insignificant. A similar behaviour of heating and 
evaporation of water droplets is observed for different 
I,, I, and T,. 

For purposes of comparison with the experimental 
results [24], numerical calculations have been made for 
the process of evaporation of water droplets with 

rm = 15, 25 and 35pm under continuous radiation 

FIG. 3. The dependence of the droplet radius r0 on time t at rm 
= 15 (I), 25 (2), 35 (3) pm, I, = 9.3 x IO6 W m-‘. (-), 
Experimental data [24], (- - - -), calculation ; vertical 

segments, experimental error. 

at 1 = 10.6 pm and at constant I, = 9.3 x lo6 W m-*. 
Figure 3 presents the measured and calculated 
functions r,,(t) which agree fairly well, thus attesting to 
the validity of the model used. It should be noted that 
in the process of heating and evaporation of droplets, 
the maximum temperature T, of droplets with 
rm = 25.35pm reaches, in this case, the water boiling 
temperature Tb. Within this temperature region, To 
- Tb, it is necessary, along with the diffusional vapour 
transport from the droplet, equations (12) and (22), to 
take into account the motion of vapour-air medium. A 
good agreement between the predicted and experi- 
mental functions r,,(t) indicates that the diffusional 
regime of evaporation with the actual dependences of 
the diffusion and heat conduction coefficients describe, 
with a sufficient accuracy, the evaporation of droplets 
over the temperature range T, < To 6 Tb. 

Consider the effect of the initial parameters of the 
problem on the evaporation process characteristics for 
droplets with r, within the range 2.5 < rm < 50pm. 
Numerical calculations of the process of water droplet 
evaporation were performed for I, = 5 x lo5 and 5 
x lo6 W rne2, T, = 273 and 293 K. 

Table 1. Parameters of the droplet evaporation process at a = 1, ttl = 1.173 and k’* = 8.23 x lo-’ 

10 
;;;I, 

OS’ ;;f"-' 
(W mm2) 

“’ ?J,'"-' 
273 K 293 K 273 K 293 K 273 K 293 K 273 K 293 K 

5x 105 2.5 3.79 2.36 0.61 0.38 1.60 1.58 2.13 0.79 
5 28.7 18.7 13.6 8.93 13.0 12.8 15.7 5.98 

10 202 145.1 189.6 137.6 102.7 101.3 96.4 41.9 
20 1357 1095 1690 1370 813 805.3 503 261.3 
30 4180 3572 4830 4110 2720 2705 1590 745 
40 9420 8245 9910 8667 6415 6371 2515 1534 
50 17800 15800 18000 16000 12500 12400 4210 2685 

5x 106 2.5 3.17 2.26 0.50 0.36 1.61 1.59 1.52 0.65 
5 20.5 16.8 9.55 7.99 12.7 12.6 7.15 3.8 

10 137.2 124.2 130 118.6 99.2 98.8 28.3 18.4 
20 997 943.5 1243 1180 776 773.6 112 83.8 
30 3278 3143 3730 3579 2588 2585 264 207.8 
40 7680 7374 7982 7679 6083 6066 493 397.9 
50 14900 14300 15000 14400 11800 11800 809 666 
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Figure 4 presents the dependence of T,, T2 and T,, on 
r= at the time when the evaporating droplets attain the 
radii r. = r,/2 and r,, = r&O [T2 = T,(r, = r,/2), 
T,, = T&r, = r&O)]. Several versions of calcula- 
tions were employed. The values of T, for the drop- 
lets with rm -40-50 pm at I,=5x106Wm-2 
somewhat exceed the water boiling temperature Tb; 
however, as the comparison with the experimental data 
has shown, this does not entail a noticeable error in the 
determination of the evaporation process parameters 
for these droplets. An increase in I,, 7’, and r, leads to a 
noticeable increase in the temperatures T,, T, and T,,. 
Figure 4 allows one to find the temperature intervals 
within which droplets with different r, evaporate in 
diffusional regime depending on I, and T,. The 
minimum values of D, for the given values of rm, I, and 
T, vary within the range from about 0.98 to 0.99. 

It is of interest to assess the role of the non-stationary 
stage in the process of droplet evaporation, i.e. to 
compare the time t, and radius r,(t,,J with the 
characteristic time of droplet evaporation and rm for 
the given values of I, and T,. 

Figure 5 presents the dependence of &,, t, and t,, 
[ro(t2) = r,/2, ro(t,,) = r&O] on rm for several 
versions of calculations. The vertical strokes on the 
curves t,(r,) denote the values of the droplet radius 
r,(t,). The values oft, increase monotonously with rm ; 
lz and t, ,, have a minihum at rm - 10 pm, which is due 

10 20 30 40 'toipm) 

FIG. 4. The dependence of temperature T, (p), Tz (-.-.-), 
T,, (m---) on rm at I, = 5x 105Wm-2, nA, ~~[18]; OL = 1, 
T, = 273K(1),293K(2);a = 3.6x lo-‘,T, = 273K(3)(Fig. 
4(a)) and at I, = 5 x lo6 W m-‘, n,, ~~[18]; a = 1, T, = 273 
K (l), T, = 293 K (2); a = 3.6 x lo-‘, T, = 273 K (3), n,, K~ 

[26], a = 1, r, = 273 K(4) (Fig. 4(b)). 

FIG. 5. The dependence of times t, (-), t, (-.-.-), t,, 
(----)onr,atZ,=5x106Wm-2,a=1,T,=273K(1) 
andT,=293K(2);a=3.6xlO-*,T,=273K(3);Z0=5 

x lo5 W m-*, a = 1, T, = 273 K (4). 

to a sharp increase in the contribution of heat 
conduction at r, < 10 pm. The growth of I, from 5 
x lo5 to 5 x lo6 W rn-’ leads to a noticeable decrease 

oft,, t2 and t,,. The increase of T, from 273 to 293 K 
leads to a slight decrease in t,, t, and t,,. The growth of 
rm and I, substantially increases the duration of the 
non-stationary stage of t, in the overall droplet 

evaporation process characterized by the times t, and 
t,,. In this case, depending on rm and I,, 
O.O2t, 6 t, 6 0.24t2, O.Olt,, 5 t, 6 O.l2t,,. The in- 
crease of rm and I, leads to a noticeable increase in the 
mass of the droplet, which has been evaporated by the 
time t,, and to a decrease of r,, with the latter lying in 
the region 0.93 rm 6 r, 5 0.99r,. Consequently, a 
decrease in the droplet mass for the time t, may amount 
to about 20% ofthe initial droplet mass, and this should 
be taken into account when describing the evaporation 
process of a droplet exposed to radiation. 

Table 1 contains the calculated values of Qab, Q,,, Q,, 
and &for droplets at I, = 5 x lo5 and 5 x lo6 W me2 
and T, = 273 and 293 K. The energies &,, e,,, Q., and 
QT depend substantially on I,, rm and T,. The increase 
of rao by an order of magnitude at constant I, and T, 
leads to an increase in &,, Q,,, Q,, by about lo3 times 
and in & by about 102-lo3 times. The increase of I, at 
constant r, and T, leads to a noticeable decrease of 

Qab, Q,, and especially of QT. This is attributed to a more 
rapiddroplet evaporation which reduces Qab, Q,, and to 
a decrease in the heat conduction contribution, QT, to 
the energy balance of the evaporating droplet. The rise 
of T, at constant I, and r, leads to a noticeable 
decrease of&,,,, Q,,, &due to a smaller heat conduction 
contribution into the energy balance of evaporation. 
The energy Q,, depends weakly on I, and T,. 

Figure 6 presents the dependences of the stationary 
parameters @iii and the effectiveness factors of radiation 
absorption, Kab, and scattering, K,,, at i = 10.6 pm by 
a droplet of radius from r, to ro. The parameter R,, 
equation (27), increases with I,, rm and T, due to a 
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FIG. 6. The dependence of parameters iii, i = 1 (l), 2 (2), 3 (3), 
andoffi,(4)atI,=5~10~Wrn-~,T,,=273K(~)and 
T,=293K (----) and I,=5x105Wm-2, T,=273K. 

(-.-.-) and of factors K,, (5) and K,, (6) on rm and r@ 

decrease in &. The parameter M,, equation (27), 
increases with I, and T,. A?, and iii, have the 
minimum at rm N 10-25 pm which can be explained by 
the maximum of the effectiveness factor of scattering 
K,, in the specific range of r,. A?fi, does not practically 
depend on I,, and T, (in Fig. 6 the dependences of A?, on 
r,atI,=5~10~and5xlO~Wm-~,T,=273and 

293 K practically coincide) and changes little in the 
process of droplet evaporation (see Fig. 2). This 
indicates that R, may be governed by the initial 
problem parameters and is independent of the process 
evaporation dynamics. It will be assumed ap- 

proximately that 

fi,(r,) = Kab(rm) 
K&J + fL(rJ 

(32) 

The function h?,(r,) is given in Fig. 6. Expression (32) 
correctly describes the dependence of or, on r,, agrees 
satisfactorily with the calculated values of A, and can 
be used for an approximate evaluation of M3. 

Consider the effect of the evaporation coefficient tl 
and of n,, K~ for water on the process of evaporation. 
The values a and nl, K~ at I = 10.6 pm measured in 
different experiments differ noticeably. According to 
recent experiments [25], themost exact seems to be the 
value CI = 1 which was used above. However, in order to 
elucidate the effect of tl on the parameters of droplet 
evaporation, the calculations at the lowest knowable 
value of x = 3.6 x lo-’ [25] and at former n, = 1.173, 
K~ = 8.23 x 10m2 [ 181 have been carried out, the results 
of which are presented in Figs 1,2,4 and 5 and listed in 
Table 2. With CI = 3.6 x lo-‘, the droplet evaporation 
is slower and the droplet temperature increases by 
about 2-10 K. This leads to a noticeable increase in Qab, 

Q,, and Qr, and to a corresponding change in I@, and 

A,, while Q,, and R, change insignificantly. 

Consequently, a change in 0: may appreciably influence 
the parameters of the droplet evaporation process. In 
order to find out the influence of n,, K~ on droplet 
evaporation, calculations were carried out at 01 = 1 and 
at the least knowable values of nl = 1.144, K~ = 6.7 
x 10m2 [26] for 1 = 10.6 pm. The function K,,(r,) was 

determined from expression (4) (see, for example, [ 111). 
The results of calculations are presented in Figs 1 and 4 
and listed in Table 2. For n, = 1.144, rcA = 6.7 x lo-’ 
[26], the maximum temperature of droplets T, 
decreases by about 2-5 K, since K,,(r,) in this case is 

Table 2. Parameters of the droplet evaporation process 

r, = 273 K, a = 3.6 x lo-‘, nl = 1.173, ~2 = 8.23 x lo-* 

(W!lS 1 G-G ‘SC ?Ji’-’ a, M2 MS 

5x lo6 2.5 5.94 0.827 1.59 4.34 0.270 0.235 0.879 
5 26.5 11.43 12.52 13.1 0.489 0.330 0.699 

10 148.3 137.1 98.2 38.9 0.717 0.344 0.520 
20 1020 1264 771 130.7 0.856 0.337 0.446 
30 3315 3764 2576 293 0.899 0.364 0.468 
40 7730 8030 6061 528 0.920 0.384 0.490 
50 1.5 x lo4 1.51 x lo4 1.18 x lo4 852 0.933 0.392 0.499 

T, = 273 K, a = 1, n, = 1.144, K~ = 6.7 x lo-* 

(WL ) ;2 
Q,b x lo-’ 

(J) es, ;;t’-’ 

5x lo6 2.5 3.28 0.477 1.61 1.63 0.497 0.43 1 0.873 
5 21.33 8.59 12.72 8.01 0.614 0.425 0.713 

10 140.1 122.9 99.6 31.5 0.759 0.379 0.533 
20 1005 1289 778 120.9 0.865 0.339 0.438 
30 3289 4071 2593 277.5 0.903 0.352 0.447 
40 7689 8450 6089 509.7 0.923 0.377 0.476 
50 1.49 x lo4 1.54 x 104 1.18 x lo4 823.6 0.935 0.389 0.492 
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somewhat smaller than K,,(r,) for nl, K~ as in reference 
[18], and the evaporation rate decreases noticeably. 
This also leads to a change in Qab, Q,,, or, n,, M, and 
R,. The quantity Q,, changes insignificantly. Thus, the 
change in n,, K~ may appreciably influence the rate of 
evaporation and the parameters of the process. 

4. SIMPLE MODEL OF PARTICLE 

EVAPORATION. NUMERICAL AND 

ANALYTICAL SOLUTIONS 

4.1. Non-stationary evaporation 
In the absence of temperature and density jumps at 

the surface of an evaporating particle and at constant 
heat conduction, Key, and diffusion, D,, coefficients 
and heat of evaporation L,, the process of particle 
evaporation is described by the system of equations (3), 
with equation (16) taken into account, 

-~(~o-n,)L,S,--(T,--T,,)S, (33) 

dT/, 
ii,dt = -~(n,-n&J 

10 
(34) 

with the initial conditions 

ro(t = 0) = rmr T,(t = 0) = T, (35) 

where the values of D,, xlmr L, are taken at T,. In 
order to find out the effect of jumps and temperature 
dependence of D, ICY and L [ 151, numerical calculations 
of equations (33)-(35) have been carried out at different 
I,, T, and rm. The magnitude of the vapour density 
jump at the surface of an evaporating droplet, An = (no 
- ri)/n, x 100x, at the given I,, r,, T, and CI = 1 varies 
within the range 1 5 An 6 6%. At a = 3.6 x lo-‘, the 
jump An changes in the range 10 6 An 6 50x, i.e. a 
decrease in a leads to a sharp increase in An. Besides, An 
depends on time in the process of droplet evaporation. 
The difference of temperatures AT = To - T on the 
surface and near the surface of the droplet amounts to 
0.5 5 AT 5 4 K, with AT decreasing in the process of 
evaporation and being weakly dependent on a. Since 
the quantities T and ii enter into expressions for j,, 
equation (lo), and for j,, equations (12) and (14), then 
the importance of the allowance for the vapour density 
and temperature jumps at the surface of an evaporating 
droplet is apparent. It should be noted that the 
allowance for An is especially important at a = 3.6 
x lo-‘. Droplets evaporate in the temperature range 
T, < To < T, where the maximum temperature T, 
depends on I,, r,, T, and a, n,, ICY (see Fig. 4). The 
inclusionofthe temperaturedependenceofrc,, D,L {see 
equation (8) and reference [15]} over the interval T, 
- T, leads to an increase of rci, D and to a decrease of L 
by about l&60%. Thus, the magnitude of the error 
incurred by the replacement of the actual temperature 
dependences of K~, D and L {see equation (8) and 

reference [ 151) by constant coefficients at T, depends 
substantially on I,, r, and T,, and may be appreciable. 
Characteristic of a simple model of droplet evapora- 
tion, equations (33) and (34), is the overestimation ofthe 
maximum temperature T, and of temperature To in the 
process of evaporation by about l-6 K, with this 
overestimation decreasing with time. In spite ofthis, the 
use of equations (33) and (34) leads to underestimation 
of the droplet evaporation rate. This, in turn, leads to 
overestimation ofthe energies Qab, Q,, and &, by about 
2-10x, and of Qr by about l&l% at a = 1, and to a 
change in the energies Qab and Q,, by - 50 to + lo%, to 
overestimation of Q,, by 2-lo%, underestimation of Q, 
by 6&5x at a = 3.6 x lo-‘, respectively for the radii 
lying in the range r, = 2.5-50 pm. Consequently, the 
use of the simple droplet evaporation model, equations 
(33) and (34), for rm < 10 pm, I, 5 1 x lo6 W m-’ at a 
= 1 leads to errors ofabout 5-10x in thedetermination 
of evaporation parameters. The use of equations (33) 
and (34) for r, > lOpm, I, > 1 x lo6 Wmm2 and 
especially at the condensation coefficient a = 3.6 
x 10-2 may lead to errors of about l&SO% in the 

determination of the dynamic and energy response 
parameters of droplet evaporation. 

For droplets of small radius, r. < 1, the effectiveness 
factor of radiation absorption by a droplet, Kab, is 
approximately equal to : K,, x &,r, [see equation (4)]. 
With allowance for this circumstance, the system of 
equations (33) and (34) together with equation (35) can 
be represented as 

dy, 1-y-y, 1 dx 

dr 2+3x& .x 

dx xz = _~(e-‘iY_e-riY~) (36) 

y(o)=y,;x(o)=s,;y=~;x=~, ,’ r=- 
m * 

4K,&, 1’2 

( > 

12ii,L, 

‘* = I,lt,,k 
; t*=I,ll,,;p= 

3AkD, 

KlC0 

where the saturated steam density is determined from 

no = A ,-L&To (37) 

and it is assumed that c2 = 9 K. The results of three 
versions of numerical calculation of equation (36) are 
presented in Fig. 7. Here, the time r is reckoned from the 
time ofy,maximum attainment so that the total timeof 
the process is equal to the sum of the left- and right- 
hand side abscissas. A remarkable property of the 
system of equations (36) is that the curves y(r), x(7) have 
a self-similar character with respect to rm and I,. The 
substitution of the numerical values of ICKY, L,, k, ii,, 
and A into equation (36) gives 

x = 44.1 ro(i&,lo)1i2, 7 = 0.332 IO&,& (38) 

where I, is in W m -‘. From Fig. 7 andequation(38kit is 
possible to find r,(t) and T,(t) for wide ranges of I, and 
r,, at which evaporation of droplets occurs in 
diffusional regime. 
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FIG. 7. The dependence of the dimensionless temperature y 
and of dimensionless droplet radius x on dimensionless time T. 
y, = 0.0572, T, = 310K(l),y,= 0.0627, T, = 34OK(2),y, 
= 0.067, T, = 363 K (3); the uutial temperature T, = 300 K 

(y = 0.0535). 

The maximum temperature of droplet at I, = const. 
can be approximately evaluated from equation (33) 
assuming aTo/& = 0 and r&J z r, 

f ~&.&,) = ff Cn,(T,)---n,lL, 

+ 2 (T,- T,). (39) 

In the region of small superheats, To - T, < 10 K, 
equation (39), together with the expansion of n,(T,) 
-n, from equation (37), give the following expression 
for T,: 

Tm = Tm + 4(D,Lz, n, + qmkT2,)’ 
(40) 

If T, is known and the energy losses are neglected, the 
droplet energy balance equation (33) can be used to 
estimate the time for the attainment of the temperature 

maximum 

(41) 

The values of T, and t, obtained from equations (39b 
(41) agree satisfactorily with the results of numerical 
calculations. For example, at I, = 10 pm, T, = 273 K 
and I, = 5 x lo6 W m-‘, it is possible to obtain from 

equations (39) and (41) that T, x 345 K, t, x 1 
x10-3s;atr,=5~m,I,=5x105Wm-2andT, 

= 273 K, equation (40) yields T, x 281.6 K (see Figs 1 

and 4). 
It is of interest to obtain an analytic solution of the 

system of equations (33) and (34). However, this is a 
complex non-linear system of equations and its 
analytical solution can be obtained only with the use of 
certain simplifications. Similar to reference [27], it is 

possible to represent no--n,, with allowance for 
equation (37), as 

f$SJ -1 
> 1 (42) 

m 

thus receiving a good accuracy and simultaneously 
retaining the characteristic non-linearity typical of the 
problem. In the region of high superheats, when the 

droplet energy losses by heat conduction and 1 in 
equation (42) can be neglected, the system of equations 
(33) and (34) for droplets with r. < 1, K,, x EabrO and 
I, = const. has the following analytical solution : 

rO=r, l+ 
[ 

4D,n,kc,TL 

3rLL&,I,h 

3LA 3L r. 
T, = T,+4At+c,ln,m 

0 z 

(43) 

where 

h= 
c,TZ,k 

3LZ,--2kc,T2,’ 

For t >> 1, neglecting 1 in equation (43), it is possible to 

obtain 

3rZ,L,&,,Ioh h 

” = ra, 4D,n,kc,TL > 

The characteristic time of droplet evaporation tsV 
from equation (44) is 

4kfi,c, TZ, 

tev = 3L,IE,,l,h’ 
(45) 

The time dependencies of r. and To from equation 
(43) agree satisfactorily with those calculated by 

equation (3). 

4.2. Quasistationary evaporation 
Consider the case of quasistationary evaporation 

when it is assumed that energy release by a particle and 
energy losses due to evaporation and heat conduction 
exactly compensate one another, i.e. 

T = const. d.?! = 0. 0 
dt 

(46) 
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Then, equation (33) can be replaced by 

~~(~)~~~(~~)r~ = 4D,(n* - n&m 

f4h.rm(TO- T,) = const. (47) 

and the quasistationarity parameter from equation (25) 
isD,(r,) = l.Condition(47)issatisfiedat thetimewhen 
t, reaches T, at r,. With equation (47) taken into 
account, the solution of evaporation kinetics equation 
(34) at f 2 t, is 

- ~$+,)(t-t,) 1 
l/2 

(48) 

The function lo(t), which provides the fulfilment of the 
qu~istationarity condition (47) together with equation 
(4), is determined by the relation 

lo(t) = const./[K,,(rO)*ro]. (49) 

The time of droplet evaporation t,, from equation 

(48) is 

with I,(t -+ t,,) + CCI. 
At the constant density of radiation energy flux I, 

= const., the condition dTJdt = 0 is fulfilled only at 
the time when t, reaches T,. At I, = const. and t > t,, 
the condition dT6,ldt = 0 cannot be fulfilled, and the 
following condition holds approximately 

and it is assumed that temperature varies very slowly in 
time. Since r,, decreases due to evaporation, this leads 
with time to a decrease in To, dT,/dT s 0, when 
condition (5 1) is fulfilled. The use of the quasistationary 
condition (51) means that the non-stationary stage of 
heating the particle from t, to T, is neglected, i.e. means 
an instantaneous heating ofdropiets at time t = 0 up to 
thequasistationary temperature T,(r,, I,), determined 
from equation (51) at r0 = r,,_, and an immediate start of 
intensive evaporation. When the time interval t, is 
much smaller than the characteristic time of particle 
evaporation t#,,), and the mass loss by a particle for 
the time t, is small, as compared with the initial particle 
mass, then the error incurred by the use of the 
quasistationary approximation will be small. With the 
growth of I, and roe. when the duration of the non- 
stationary stage t, and the losses of mass by the particle 
for the time t, increase (see Fig. 5), the error introduced 
by the use of equation (51) will also increase. It is clear 
that if the quasistationarity condition (51) is applied 
from the time t = 0, the evaporation of the particle will 
be more rapid and the energies &,, Q,, and QT will be 
smaller than in the non-stationary case. Equations (34) 
and (51) were calculated numerically with conditions 
(35) to elucidate the region of applicability and the 
accuracy of the quasistationarity condition for the 

process of droplet evaporation. In the case of 
quasistationary evaporation the temperature and 
radius of a droplet at f > t, are smaller than its 
temperature and radius in the case of non-stationary 
evaporation. This leads to the underestimation of 
energies Qab and Q,, by about l-25%, of Q, by about l- 
10% within the range of r, = 2.5-50 pm, with Q,” 
remaining virtually intact. The accuracy of the use of 
the qu~istationarity condition improves with a 
decrease in I, and increase in T, within the ranges of 
their variation given above. Consequently, the use of 
the quasistationarity condition (51) for r,, 2 lOpm, 
I, 2 1 x lo6 W me2 incurs errors of about S-10:/, in 
the determination of the evaporation process 
parameters; the use of equation (51) for r, > lOpm, 
I0 > 1 x 10” W m-’ may lead in this case to the errors 
of about l&30”/,. 

The quasistationary evaporation of droplets on 
exposure to radiation was the object of investigation in 
many studies [2, 56, 12, 131. Equations (34) and (51), 
together with equation (35), were solved analytically 
with the use ofdifferent simplifications and expressions 
for Kab(rO). As an example, the following analytical 
solution can be given which is obtainable in the region 
of high superheats, when heat conduction can be 
neglected : 

s ‘O dr, f& _I_ = - ~, 
&, Kab(rOf 4&D,, 

(52) 

Thus, on the basis of numerical and analytical 
solutions of the formulated system of equations, the 
heating and evaporation in a diffusional regime of a 
spherical particle exposed to strong optical radiation 
have been considered in this paper. Note, that the 
diffusional regime of water droplet evaporation is valid 
at p. 5 0.5 pa, i.e. until To - T,, <, 80 K and the Stefan 
flow from the droplet can be neglected. 
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THEORIE DU CHAUFFAGE ET DE L’EVAPORATION D’UNE PARTICULE SPHERIQUE 
EXPOSEE A UN RAYONNEMENT OPTIQUE 

R&m-On dtveloppe 1’6tude thiorique du chauffage et de l’ivaporation d’une particule spherique du 
chauffage et de 1Bvaporation d’une particule soumise $ une fort rayonnement optique. Un systbme 
d’&vaporation est form& pour decrire le m6canisme d’tvaporation de la particule dans un r&ime diffusionnel. 
A partir de la solution num&ique de ce systime, LBvaporation de gouttelettes d’eau en suspension dans l’air est 
Btudi&e en dbtail. Lcs valeurs variables et stationnaires des param&res du mkanisme d’bvaporation sont 
obtenues pour un large domaine des parambtres op&ratoires initiaux. Les rksultats du calcul sont cornparks 
avec les don&es exp&imentales. Un modPle simple de l’ivaporation est considiri et des solutions analytiques 

et numtriques sont obtenues. 

ERW;IRMUNG UND VERDAMPFUNG EINES KUGELFORMIGEN PARTIKELS INFOLGE 
OPTISCHER BESTRAHLUNG 

Zusammenfassung-Erwtirmung und Verdampfung eines kugelfarmigen Partikels bei starker optischer 
Bestrahlung wurden theoretisch untersucht. Es wurde ein Gleichungssystem formuliert, welches den ProzeD 
der Verdampfung im Diffusionsbereich beschreibt. Basierend auf der numerischen LGsung dieses 
Gleichungssystems, wurde die Verdampfung von in Luft suspendierten Wassertrijpfchen unter IR-Strahlung 
detailliert untersucht. Die zeitabhgngigen und stationgren Werte der Verdampfungsparameter wurden fiir 
einen grollen Bereich von Anfangswerten ermittelt. Die berechneten Ergebnisse wurden mit experimentellen 
Daten verglichen. Es wurde ein einfaches Model1 der Verdampfung von Partikeln entwickelt und dafiir 

analytische und numerische Lijsungen gefunden. 

TEOPMIl HAl-PEBA H MCI-IAPEHHJI C@EPHYECKOa ‘JACTMUbI l-IO4 AEfiCTBMEM 
Ol-ITWqECKOrO M3JIYYEHMII 

AHHorarw+B 

$ 

6oTe npoaeaeso TeopeTHqecxoe HccnenonaHHe npoueccoe Harpeea H Hcnapemin 
C+CpH'ieCKOii 'ia THUbl nOA ACkTBHCM HHTCHCHBHOrO OIITHYCCKOI-0 H3Jl)'WiHll. C~OpMyJEi~FGiHa 

CHCTCMB YpaBHCHHii, OllHCblBNOlUal IlpOUeCC HCllaPeHHn WCTHUbl B AW#9'3HOHHOM PCXHMC. c 

~OMO~~~rHCACHHO~O~~CHH~CHCTCMbl~~~~H~HHii~OA~6HOH~~~AOB~HOHC~~~HH~K~~CAbBOAbI, 

Haxonnuuixcn B no3nyxe, non neiicreHeh4 mi+paKpacHoro onTH4ecKoro H3nyqeHHn. IIonyueaM epewes- 
HblC 3aBHCHMOCTH H CTaUHOHapHLJC 3Ha'iCHHR llE+MCTpOB IlpOUWCii HCIIZI~HHR AJIK lUH&,OKOrO 

AHalIa3OHa H3MCHCHHII Ha'iWlbHbIX IklpaMCTpOB 3aAaW. nFJOBeAeH0 CpaBHeHHC p3yJlbTaTOB @WiCTOB 

C 3KCnCpHM‘ZHTaAbHblMB AaHHbIMH. PaCCMOT~HZ, QJOCTWI MOAenb n~UCCC2, HCnaf,CHHK SiCTHUE.l, 

nonyqeHbl aHanHTHqecKoe H qHcnemioe pemesen. 


