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1. Let us compare the equation of tangential velocities of the mean turbulent
motion of an incompressible fluid in the boundary layer of a rotating disk,

v % + Ul + 8%, 0 (1/8% — v ) (1)
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with the energy equation without dissipative terms,
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where v,., v, v,,T are the mean values of the velocity components and temper-

ature, and the primed quantities are the pulsation components (the overbar

denotes averaging); v is the kinematic viscosity; a = A/ ¢,p is the thermal dif-

fusivity. We note that, for a quadratic temperature distribution on the wall

T, =r*and Pr = v/a = 1 (T, = 0), the temperature profiles 0(z,r) = T /r?

and tangential-velocity profiles G(z,7) = v, /rw coincide, since equations (1)
and (2) assume the same form,
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and the boundary conditions are identical,

G(0,r) =6(0,r) = 1; G(o0,r) = (00, r) = 0.

In doing so we assume that the relations between the pulsation and mean com-

ponents are the same for v, and 7.

Hence we obtain the following relation between the shear stress

T, = p0v, [0z — pvlv),
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and the heat flux

q=M\IT 0z — pc,v/T" :

T.
¢=cpTy (3)

We note that the result obtained also includes the case of laminar flow (1), when
there are no pulsation components. Using Cochran’ s solution for 7, (?), we
obtain in this case

P _0616Re’?, Re=_—. (4)

N =
b AT, v

For the turbulent regime, according to the refined solution (*) and in agreement
with experimental data, the moment of resistance M of one side of the disk may
be expressed, for Re = 10° +~ 107, in the form

M =0.157 Re %2 ipw27’5,

which gives
_dM/dr

Nu = = 0.0287 Re”®. (5)

2rwrpu
In the presence of blowing of the disk by an axisymmetric flow perpendicular to

the disk surface, the additional velocity components

0 _ 0 _ 0 _
v, = Qr, v, =0, v, = —2az

do not change the boundary conditions for G; therefore (3) is retained, i.e.,

Nu T @
= =®(—). (6)
Nu |a:0 T¢|a:0 (w)

The function ®(a/w) is determined in works (14).

2. To calculate heat transfer for an arbitrary temperature gradient, we set
up the heat balance for an annular element of the thermal boundary layer
of thickness o, and width dr at a given radius r. The secondary heat flux
in the radial direction through this element,
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o
c,pd (/ 2mrv, T dz) ,
0

is balanced by the heat transfer from the disk surface in an annular strip of area
2rrdr [ 2mqrdr.

Hence we obtain the integral relation

d ([
cop — / ro,Tdz | =rq. (7)
Prdr \

Here the dissipative terms are absent, and also, as in (2), the term associated
with thermal conductivity in the radial direction is negligibly small for large
Reynolds numbers.

Introducing the conditional thickness of loss of heat content

57
o :/ v, T dz/rwTy,

we can represent (7) in the form

dos: Nu dT, /dr 2
5** — — st/ “.
o T pRe T, T (8)
d o Nu T, o OTW
o (Rep rTy) = o v Rey = TV ) (9)

We shall now apply, by analogy with the dynamic boundary layer, the one-
parameter method of L. G. Loitsyansky (°).

We assume that the form parameter fr can be represented as

fr =nd7G (Rey), (10)
where G(Rer) is a universal (independent of 1) power-law function of the form
G=ARep)". (11)

Multiplying both parts of (8) by G and carrying out the known transformations
(%), we obtain

dfy _ o, (0 m <_CL’7)
o —fT<77+7,)+FT77 =g (12)
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where F’T = (m+ 1)(X_f7')7

~ NuG
~ F_Re

X (13)

is the function f,. If y is normalized so that y = 1 for T, = r?, then, by analogy
with the dynamic boundary layer, one may assume that the function
F, = (m+1)(1-1,) (14)
will retain its form for a broad class of distributions Ty (r). Then
fr = T ™ pe(mt2) [(m +1) / T2 g O] , (15)
0

where C' = 0 from the condition of finiteness of f, for T, =72 and r = 0. As a
result, for Re.” we obtain the formula

m+1

(Re.)mH! = ReTS;(mH)r_(m%)/ T2 g, (16)
0

In this case, from the condition x = 1 for T, = r?, by formulas (4) and (5) we
obtain, for Pr = 1, in the laminar regime (Re < 3-10°) m = 1, A = 10.52, and
for the turbulent regime m = 1/4, A = 124.2. Thus the problem is solved. In
particular, for T, = r™ we obtain, at Pr = 1, for the laminar regime

Nu = 0.308+/(n + 2) Re; (17)

for the turbulent regime

Nu = 0.0212 (n + 2.6)°2Re". (18)

Let us compare solution (17) for power-law distributions T, = r" with the exact
solution of equation (2), which in the laminar regime takes the form

0"(¢) = H(Q)#' () +nF(C)6(C), (19)

z/w/v.
Solving equation (19) by the method of successive approximations gives, for

the coefficient Nu/v/Re = —6(0), the values —0.02; 0.399; 0.52; 0.616; 0.67,
respectively, for n = —2; 0; 1; 2; 3. Formula (17) gives rather close values

sovietrxiv.org/items/ru-195801.70286 Machine Translation


https://sovietrxiv.org/items/ru-195801.70286

0; 0.436; 0.547; 0.616; 0.688, which testifies to the effectiveness of the approx-
imate method.

It is obvious that, for an arbitrary temperature gradient, the effect of blowing
will likewise be expressed by formula (6).
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