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HEAT AND MASS TRANSFER IN THE CASE OF
SUBLIMATION IN A GAP BETWEEN ROTATING DISKS

V. V. Faleev, S. V. Faleev, and UDC 536.248.2
D. A. Firtych

A solution is obtained of the problem of the temperature distribution in a sublimation flow in a slot.

The effect of sublimation on heat transfer in flat channels is considered in [1 ]. In what follows the problem
of [1]is extended to the case of a sublimation flow in a gap between two rotating disks.

1. Consider a steady-state laminar flow of subliming vapor in a narrow slot between circular horizontal
porous disks rotating with angular velocities w; and w;. Let the lower disk be subjected to a constant, uniformly
distributed heat flux with intensity ¢g. The substance is sublimed from the upper disk at a constant rate w;. The
problem is solved in a cylindrical coordinate system with the axis z directed along the axis of the disks and the
axis r along the radius of the slot. The coordinate origin is located on the axis of symmetry of the disks at an equal
distance between them (Fig. 1). Assuming that the problem is one of rotational symmetry, we write the mass
transfer and continuity equations for steady flow in the form
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In reducing system (1) to dimensionless form, the components of the velocity vector u, v, w were referred
to ws, the pressure to pwf, and the coordinates to the characteristic geometrical parameter A. The boundary
conditions are

u=0, v=w;r, w=w at z=-1;
u=0, v=w,r, w=w, at z=1.

A solution of this system will be sought in the form
u=-—%f'(z),v=r<p(z), w=f(2), o)

where f, f, ¢ are dimensionless functions.
Substitution of Eq. (2) into Eq. (1) gives the system of ordinary differential equations
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Fig. 1. Schematic diagram of flow in slot.

e 12 ”
FraRe (LT g <20 =~ ZRe 22,
2 r dr 3)

” , ' . , d
p"~Re(fp' —¢f )=0, /"~ jf'Re=Re ]
In this case the continuity equation is satisfied identically.

Using cross-differentiation with respect to z and r to exclude the pressure p from the 1st and 3d equation
in (3), we arrive at the system of two ordinary differential equations in the unknown functions f and u

v . . .
fUHRe(—ff —4p)=0, ¢ —Re(fp' —pf ) =0. )
In dimensionless form the boundary conditions are
F(=D=0, p(~D=a, f(~)=p at z=—1;
)
Ff()y=0, p(hH)=a,, F1)=1 at z=1.
A solution of Eq. (4) is sought in the form of the series (Re << 1)

f,Re, f =3 f,Re, p= > p,Re.
0 n=0 n=0

M8

f=

n

Using the method of successive approximations and taking only the zeroth and first approximations, instead
of (4) we write

v v " " ' '
for +Refl +Re(—fofy —4p) =0, po+Rep —Re(fopg—pofy) =0. (6)

The zeroth approximation allows us to obtain

2
v " ! z
fo =0, fy =C, fo=Ciz+Cy, fo=Ci73 +Cyz+Cy,
(7N
z3 22 " ’
f0=C1—6—+C2'§'+C3Z+C4, ?0'—_0, 300=k1, ¢0=klz+k2,
where Cy — Cy, k), ko are integration constants.
In the first approximation system (6) gives the quadratures of the functions f; and ¢y:
v v ' '

hi =fofo t4p0. 91 =JfoPo~¥olo- @)
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Substitution of expressions (7) into (8) gives

3 2
g [cl%+c252~+c3z+c4] C, + (ky 2+ ky),

3 2 2
P = (C1%+C2%+C3z+c4] ky — (ky z + ky) (Cl—zz—+sz+C3] . 9)
Integration of (9) leads to the relations
o ) Z4 Z3 2 22
fl =Cl’i'4”+C1C2?+C1C3%+C1C4Z+2le+4k2"Z+nl,

5 4 3 2 2 2
" 2 z z z z z z
fl =Cl 120+CIC22_4+C1C3—6"+ClC4—2-+2k1‘§+2k2—1‘+ﬂ.12+n3,

6 S 4 3 2 3 2
2 z7 26 25 24 zs z4 z3 22
f] =Clm+C1C2m+ClC3m+clC4‘2~4+k1-3—6+k2'€+n1“6—+n27+n32+rl4.
In a similar way, for the function ¢ we have

4 3 2 4 3
! Z yA z Z z
?1 =C1k1ﬁ+C2klF'{'C3k17+C4klz—k1C]'8_—k1C2'3_‘

2 3 2
~kCy3 5~ Clhy % - Cly 5 — Cakyz + py (11)

S 4 3 2 5 4
pA ¥4 z pA 2 Z
P = Clkl ———120 + C2k1 —2—4— + C3k1 —6— + C4k1 —2—‘ - k1C1 26 - k1C21—2' -

3 4 3 2
z z z Z
—k1C3’E—Clk22_4‘—C2k2—6——C3k27+p12+p2

In systems (10) and (11) the integration constants n; — n4, p1, py are determined under boundary conditions (5).

In this case, use is made of the equations fi = f{(2) and f; = f;(z) in system (10) and ¢; = p;(2) in (1]).
Thus, the solution of problem (1) and (2) is expressed in the form

3 6 S5 4
z 2 z z z
u=—(C17+C22+C3J"RC[C1712—0+C1C21—26+C1C3ﬂ+

3 4 3 2
+c,c4%+kl%+2k2%+n152—+n2z+n3],

S 4 3 2
v=klz+k2+Re [C1k1%6+C2kl§Z+C3kl%‘+C4C1%"

z z Z Y4 Z A
—kCigg —kiCry kG — Cikag — Coky e = Cikp 5+ P12+ py

5 4 3 4 3 2
, (12)
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For determination of the integration constants C, — Cy, k1, k3, n; — ng, py, and p,, boundary conditions
(5) were expanded into power series. In the zeroth approximation we have

fo(=1)=0, go (- =ay, fo(-1)=4;

(13)
fo()=0, po(1) =ay, fo(l)=1.
The first approximation gives
AED=p(-D=AED=0; ) =p D)=/ 1)=0. (14
As a result, using (13), we obtain from (7)
3 3 1 .
C! "503_ 1)’ C2=0» C3=z(1 _ﬂ)s C4—§(1 '*':B)’
(15)
1 1
kp=g(ay—a), k=5 tay).
Substitution of (14) into expressions (10) and (11) gives
1 2 1 I I 2
n1=—mc IOC kl’ n2=—T2—0ClC2-6C1C4_§k2;
_ 1 2 1 1 . 1 16
"3 = 7536 C1 + 135 C1Cs + g ki 5 e = 365 CiC2 + 93 C1Ca + ks (19)
1 1 1

2. Now consider the heat transfer process. Assuming that the temperature drop along the radius of the slot
is insignificant for the case of rotational symmetry, this equation can be written in the following dimensionless
form:

Peﬂ_if_l (17)

dz d22

In being made dimensionless, the dimensional temperature is referred to the surface area of the upper
subliming disk T. As the boundary conditions for Eq. (17), use will be made of the condition of constant sublimation
temperature T'= 1 at z =1 and the heat balance equation A(dT/dz) = —hq/Ts at z = —1. Then, the solution of this
problem can be written in the form

1

TE=1-m } exp (Pe} wy (2) dz] dz. (18)
1

Upon integration, we obtain the temperature distribution along the height of the gap between the disks
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Fig. 2. Temperature distribution in slot between disks: 1, 2, 3) Pe =Re = 0.5,
m=l,a=a;=1;,1)$=0,2)=05,38=1.
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In Fig. 2 one can see the shapes of the temperature distribution in a narrow slot between the disks that
were calculated from formula (19) at different values of the injection (suction) coefficient of subliming vapor 8 from
the channel through the porous disks. It can be seen that as 8 rises, the temperature of the lower heated disk falls.
A similar effect is observed as the rotational velocity of the disks increases. This indicates a positive effect of the
suction coefficient 8 and the effect of rotation of the disks a; and a5 on intensification of sublimation in the channel
between the disks.

NOTATION

h, half-width of gas gap; ¢, intensity of heat flux; wj, angular velocity of disks, subscript j = 1, 2, refers to
upper and lower disks, respectively; wg, sublimation rate; z, r, cylindrical coordinates; p, density; p, pressure in
gas gap; T, sublimation temperature; Re, Reynolds number; a; = wih/ ws, dimensionless rotation velocity of disk;
B = wy/w,, dimensionless injection (suction) coefficient; wj, injection (suction) rate through porous disk; Pe =
hwg/a, Peclet number; a = 1/(pC,), thermal diffusivity; A, thermal conductivity; Cp, isobaric heat capacity; m =
Pers/(TsCp), dimensionless complex; rg = ¢/ (pws), sublimation heat.
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