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Corrected Model for Transport in Static Diffusion
Chamber

M. Anisimov', 8. Shandakov!, V. Pinaev’, A. Beiyshevl, and R. Heist’

Ik emerovo State University , 6 Krasnaya Sir., £50043 Kemerovo, Russia.
2gemerovo Institute of Commerce, 34 Kuzneiskiy Prospect, 650099 Kemerove, Russia
? Nucleation Laboratory, Manhattan College, Riverdale, NY, USA

Abastract. In present consideration for the’ static diffusion chamber the model of mass and
heat transfer and its analytical solution are presented for the pseudo-open in cne direction
system.

Experimental research of homogencous nucleation kinetics of supersaturated vapors is based
on the determination of relation between nucleation rate and, as a rule, vapor supersaturation {activity)
under the constant other parameters. The static diffusion chamber (SDC) allowed direct measurements
of nucleation rates could be a powerful instrument for nucleation study. The vapor supersataration is
calculated by using the heat and mass transfer models. Recently the effect of the radial vapor flow to
sidewall 1% has been calculated. A good agreement between one-dimensional and two-dimensional
models (with zero mass average velocities at boundary) was received. It is customary to accept that the
diffusion flux is zero at the chamber boundary where vapor is in equilibrizm with wet wall. Bui sDC
can be considered as an open system in one direction because of the mass transport of vapor from cne
boundary (hot plate) to other {cold plate). For this reason idea of a zero vapor flow to boundary is not
comrect. The model with zero vapor flow may be realized in the case of zero vapor concentration only.
At nonzero vapor concentration one have for this model three boundary conditions (first and second are
respectively equilibrium concentration values on hot and cold plates, third is zero value of the vapor
diffusion flux) for one differential equation of 2.d order with two integration constants only. Recentl
the nonzero diffusion vapor flux to boundary was accounted in the initial transport equations
Presented numerical sojution % s in a good agreement with an existing one - dimension model based on
numerical solution of the Stefan-Maxwell and heat transfer equations. In present consideration the
model of mass and heat transfer and its analytical solution are presented for the open in one direction
system. Calculated values for vapor supersaturation are compared with results of Czech group by
Rudek et al.* on the example of n-pentanol nucleation rates.

According to Hirschfelder et al. system of mass - heat transfer equations in the case of axial-
symmetry for the binary mixture stationary flow at the relatively small mass average velocities may be
presented as
ok dh__da:

d(pu) dp
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Here p, p and u are the total pressure, density and the average mass velocity, respectively; ¢ is the vapor
mass fraction: b, k; and k; are specific enthalpies of mixture, gas and vapor, respectively; J, and g, are
the axial mass flax of vapor and heat flux, respectively; 7 is temperature; A, D;; and kg, are heat
conductivity, binary diffusion coefficient of mixture and thermal diffusion factor of vapor, respectively;
M;, Myand M = [(J-c)/M 1+cIM1}'l are molar weights of gas, vapor and mixture, respectively.

It is assumed that at given temperatures on hot plate, Ts and cold plate, T;, the vapor
concentrations, as boundary conditions, are equal to the equilibrium vapor concentrations, ¢, and ¢,

respectively. The boundary average mass velocity is determined from condition of not penetrating gas
through boundaries. At z=0 this condition is

{1—codpoo =40 =0- (3)
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Accepted that specific enthalpy & = (3-c}+ch;. Equation (1) after integration with the taken
into account the boundary condition {3) may be expressed as

put = Pty 1i: . P=py 4
J
g = I (5)
J
> (h - R+ el - h) - Ry - gl = - (g - ). {6)

i- ¢
0
Here and further values at reference plate (at z=0) are indicated by index "zero". After transformation
the equation (3} can be writien as

1- ¢ N
oy o= . cOJZO' {7

Substitating (7) into {2) we have
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After substitution of heat fluxes, g, and g, in the form (9) into (6) and after the result transformation
we receive the next equation:
.0
LD (C2 I SR O SR . ) I Sy (10)
dz jy cpe o ep fi-c
Specific heat capacity, - OF vapor at constant pressure and temperature is constant. Using state

equation for mixture, Pfp = RT/M , equation (10) can be rewritten to form

AEE“}%} a7\ (de) _ Jw e dr_r Y21 kmMzT_kgzMzTe ) an
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Here gas constant is presented through adiabatic ratio for the vaporas R =¢ »2 (}'2 —l)l Yz -

One can substitute expressions (8) for de /dz and (dc/db) o into equation (11). After transforming we
come {0
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where Lewis numbers, respectively Leand Le,, are expressed as
A Len = Ay

— 3 0 .
pDcqn PoD?szz
The equation (1Z) has two soletions, namely, the first, for zero diffusion flux, .00

noazero vapor flux, J,,. One can get the dimensionless temperature, t = T /T, o and designations

dc 1 Ya=1 M, (k8 My T ke
A=|-—] + K,, Blrc)= 1—7+ —_— , 13
[dr}g o Blre) Leﬂ(l—co)[ v Myl ey M ¢ (3

and the second, for

we rewrite equation (12) for the case of nonzero diffusion flux to form
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de A 1-¢ Le
== -K {14
dr 1+ A-B(r,o) t—gg Leg
Thus we teceived a first order differential equation, where integrating constant A is defined
from one of two boundary conditions for vapor concentration at plates with different temperatures, Ty
and Ty. Le, K and B(r.¢) are not simple functions of vapor concentration and temperature in common

case.

Usually experiments in the static diffusion chamber are doing in atmosphere of light gas
(helium). In this case the gas molar weight is much smaller than vapor ene (M,<<M3) and vapor mass
fraction: is not closely to unit. In the frame of presentation by Hirschfelder et al.” work the heat
conductivity of mixwre in the form of Vassiljev's equaljonﬁ may be presented as

1:1&1«@%. (15)
i

In the same approximation, with account the equation (15), the Lewis pumbers can be expressed
through interaction integrals, 0, as

L o2 vaml( 4 My 3)] M, Myfon ) Q6T fen)
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where ¢, is a specific heat capacity of gas at constant volume; § and q’k‘r are force constanis for

(16}

the Lennard-Jones (6-12) potential. According Hirschfelder et al®, thermal diffusion factor of vapor
can be present as
M2 6y,Leg My [+
- dl- Of ——, fro—n—tlen -5 6] 17
ey i e i ) an
where c;zis function of Ty, = K /65, expressed through the interaction integrals, .

For r}l-pcntanol-helium sysiem in present work is used extrapolation of thermal diffusion factor as in
work

~1
f= —0.7272—~—7r—_ - 1.12281-c£ +0.089303 | .
1636-02882-T M,

With account of equations (16) and (17) the equation (14) may be represented 2s
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Solution for equation (18) is

-1
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The solution (20} of equation (18) is for zero thermal diffusion factor (£=0). The solution {21) gives the

n-order iteration ones (it = 2.3 4...) with account of thermal diffusion effect. The present calculations

were performed for 4-th order iteration (1 = 4},
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Fig. 1. Nucleation rates, J, versus vapor supersateration, S, (Rudek et al.) and the same
data calculated with the present research assumptions.

To evaloate difference between two treatments, nameiy with account of the interplate vapor
flax and without-it, the calculations of vapor supersaturations based on the experimental n-pentanol
nucleation results were done. Present cafculations was done at the same boundary conditions as by
Rudek et at.* The value of supersaturation was corresponded the maximum of theoretical nucleation rate
calculated by using the classical nucleation theory: '

v 20 | o 3 172 3 2
Jppor =——]— P -expl-16m -0~ -V [/3(kT)" -(In S)" |,
o Try? - ol )

where ¢ is the surface tension; m, V are molecular mass and volume, and § is the vapor sapersaturation ratio {or
vapor activity), P is the partial vapor pressure, T is the nucleation temperature, & is the Boltzmann's constant. As
seen in fig. | this difference is very large even for relatively small mass vapor fraction at temperature 260 K.
Herewith the calculated nucleation temperatures are larger as ones in Rudek et al.* work. Our calculations are done
with and without the thermal diffusion influence. The thermal diffusion influence on transport process is not too
essential.
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