HEAT TRANSFER IN LAMINAR CONVECTION
COMBINED WITH INJECTION (SUCTION)

V. I. Dubovik UDC 536.253

An equation derived from an analysis of numerical results is presented for heat trans-
fer in combined laminar convection.

The problem of heat transfer in laminar (free or forced) convection combined with injection (suction),
which is specified by a series of equations for a uniform boundary layer, has been solved [1] using itera-
tive methods,.

Differential equations for free laminar boundary layers, neglecting viscous dissipation and as-
suming the physical parameters to be constant, are written for vertical porous surfaces in the form:
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with the following boundary conditions:
u=0, v=u,, T:T;U for y=0 @

Combined convection is investigated for free and forced flows with the same direction for Ty, > T.

To study the boundary layer characteristics of both free and forced convection, the mutual effects
of the free convection on the forced flow and of the forced flow on the free flow must be considered. The
value A = Gr/Re? is the main parameter for determining the effect of the boundary forces on the forced
convection and the value B = Re/ (2Gr1/ %) is used to determine the effect of the forced flow on the convec-
tion,

In Fig. 1 profiles for the nondimensional velocity f' and the temperature ¢ in boundary layers with
combined convection are compared, using the data of Shevchik [2], who investigated two methods of solv-
ing the problem for nonporous surfaces: by expanding in a series the velocity and temperature functions,
in terms of Gr/Re?, when forced convection has the major role and in terms of Re/Gr!/ % when free con-
vection has the major role; Gr = gf(Ty — T)x*/ 412 andRe = Ux/v are the Grashof and Reynolds numbers,

For heat transfer described by the numerical analysis [1], generalized ratios were obtained (for Pr
= 0.72) using correction factors for nonporous surfaces:

a) for determining the effect of free convection on the forced flow ‘
N .
= (1 — 1,69 ) [14 (0.34 -+ 0.86f g ) A"+ % sor |, 3

Nufor
where g, = ~vyVRe/ U is the injection (suction) parameter;
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Fig. 1. Dimensionless velocity (")
and temperature (0) profiles for Pr
=0.72; 1) A =0.1; 2) B = 0.1; 3) so~
lution according to Shevchik [2]; 4) the
author,

0 2 4

b) for determining the effect of forced flow on the free convection

Nu

= (1 —0.77fg) [1 + (0.24 + 0.02f¢) B 5105 fry, (4
Ni.lfr

where fg. = —ReW(Gr/zL)‘V4 is the injection (suction) parameter; Rey = vyx/ v.

In Egs. (3) and ¢) Nug,, and Nugy are the Nusselt numbers for forced and free flows in the absence
of injection (suction),

Equation (3) is used to determine the heat transfer when the free convection affects the forced fiow,
and Eq. 4) is used when the forced flow affects the free flow. For flow conditions in which the inertia and
bouyancy forces are comparable, another equation for the Nusselt number for nonporous surfaces was ob-
tained by simple rearrangement of Egs. (3) and (4):
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Comparison of the values calculated using Eqg. (5) with the experimental data and numerical results
of Kligel [2] are presented in Fig. 2. The results presented were obtained using Eq. (3) (curve 1) and
Eq. @) (curve 2). To calculate the heat transfer in the vicinity of porous surfaces under conditions of
combined convection, another equation was derived:
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Fig. 2. Heat exchange in combined convection, Pr
=0.72: 1) according to Eq. (3) at fp, = 0; 2) according
to Eq. () at ff. = 0; 3) according to Eq. (5); 4) experi-
mental data of Kligel [2].
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where
a4 =1— l.69ffor. Gy =1—0T77fs,s
b, = 0.34 + 0.86ff0r. b, = 024 + 0,02ffr;
¢ =05+ 0.2ffor. €y = 1.16 4 0.8f ¢

In Egs. (5) and (8), the parameters of the effect of free convection on the forced ﬂow A and of the
effect of the forced convection on the free flow B are related as follows

= 2By

Without injection (suction), i.e., when fz,,. and fyy are zero, Eq. (6) takes the form of (5) for non-
porous surfaces.

NOTATION

are Cartesian coordinates;

are projections of the velocity in the boundary layer onto the x, y axes;
is the rate of injection (suction);

is the kinematic viscosity;

is the acceleration due to gravity;

is the coefficient of thermal expansion;

is the thermal diffusivity;

is the temperature;

is the velocity of the external flow;

is a dimensionless variable;

is the parameter of the effect of free convection on forced flow;
is the parameter of the effect of forced motion on free flow.

g2
<<

£

8

Her3 cdN®wn v o

LITERATURE CITED

1. P. M. Brdlik and V, L. Dubovik, Pribory i Tekh,. }kaperim., No. 2 (1969).
2. A, A, Shevchik, Teploperedacha, Ser. 6, No. 4 (1964).

972



