APPROXIMATE DETERMINATION OF TEMPERATURE
FIELD IN HEAT-CARRIER FLOW WITH AXIAL HEAT
CONDUCTION AND INTERNAL SOURCES

A, M. Fain UDC 536.2.01

The application is considered of the variational process to solve the axisymmetrical problem
of convective heat exchange in which axial heat conduction and internal sources have been taken
into account in laminar regime.

The heat-transfer condition for a stationary cylindrical axisymmetrical flow (Fig, 1) is given by

MAT + g, — e,y Wy T =0. (1)
To be specific, the following boundary conditions are assumed:
2 , )
T(x, R)=TO+(T,~TO)_’Z‘2-, T, r)=Te(0, ) =0. (2)
The internal sources have the following distribution law:
3
0y = Wy (X) w, (f). ( )
Since one only considers the laminar regime one has
T.=0, vT=Tsi, W=W_i. (4)
It is assumed that the velocity distribution across the flow section follows the Hagen— Poiseuille law
r2
Wx=2W‘,(l—~R7). (5)
By introducing the notation
T~—T, r X
t= 0 y = —, =
r—r,’ TR ¥R (6)
g IR R (N
ko (Tl —To) r
one obtains the original heat problem transformed into
L= At +quu, —2Pe(1—p)t, =0, (8)
th, 1) = kit 10, 0) =1 (0, p)=0. (9)

One now introduces a system uj of coordinate functions and attempts to find an approximate solution
by using the Kantorovich variational process within the class of functions which satisfy the boundary condi-
tions (9), namely

=k Y u; (0)s; (9)- (10)

The introduction of the term kp%)? enables one to determine the minimizing functions s; for zero
boundary conditions,

If in Eq. (8) t is inserted one obtains
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Fig. 1, Computation diagram of cylindrical the flow: 1) p =0; 2) 0.5;
flow, 3) L.0.
T= N s+ ou)'s, —2Pe (1 — ) us/ 21 opg? g
= u; s . (ous)"s; — (I =0 u;s: | + quwy + 4k - 2kp* — 4Pe (1 — pPkp?P = 0. (11)
A simple problem is now solved:
(ou") + qowyw, =0, (12)
' (0)=0, u(l)=0. (13)

In view of the boundary conditions (13) the solution can be written as
|
w= gy @) =201 2@ = [ (w0, (14

It is not difficult to see that if one includes qwy in s; and constructs uj in the form
u; = o, (15)

then the conditions (13) are satisfied for any i; the system (15) is complete in the region 0 < p =1 and it
can thus be considered as a coordinate system.

Equation (8) is nonself-adjoiat; therefore, there is no energy functional corresponding exactly to it.
However, a functional can be found which satisfies (8) approximately. For zero boundary conditions the
Euler equations for the minimizing functions can be written as

1
j' Lupdp = 0. (16)

Nondimensional coefficients are now introduced:
1
&y = Wl pp, by = j u; uj pdg,
0
: : (17
Ly = 5‘21)6 (I —pY) uupodp, dy = ( 2kp%udp,
] o
1 1
by, = | 4Pe(l —p%) ko*udp, [, = | uykodp.
b 0

updp, ¢, =

e

Qld}__

Then by integrating (16) with respect to p one obtains
E ViiSi = Pps {18)

where vigj = akidz/dwz— Zkid/d;b —bki is a differential operator; ¢k () = hgd ——dk—qckvvzp——szp2 is a known
function,

To give an example of the implementation of the described variational process, the temperature field
was determined in a flow of liquid—metal heat exchanger (Fig. 2).



NOTATION

T is the temperature;

xand r are the axial and radial coordinates;

A is the thermal conductivity;

cp is the specific heat flux;

Y is the specific weight;

w is the velocity;

q is the power of internal sources;

Pe is the Péclet number;

pandp  are the axial and radial dimensionless coordinates;
t is the dimensionless function of temperature;
s is the minimizing function;

u is the coordinate function;

Land v are the differential operators.

Subscripts

0 initial;

1 final;
xand ¢  axial;
randp radial;

i current.
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