EFFICIENCY OF HEAT SHIELDING OF A PLANE
WALL DURING BLOWING OF AIR THROUGH A
SLOT AT AN ANGLE TO THE SHIELDED SURFACE.
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Results are presented of an experimental study of the effect of the angle of secondary air in-~
jection on the efficiency of heat shielding of a plane surface at the turbulent surface layer.

Experimental data cited in the literature known to us [1-3] on the effect of the geometry of a slot on
the efficiency of heat shielding of a wall
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were either obtained in simultaneous measurement of several characteristic quantities (in particular, shape
of slot channel, relative arrangement of slot edges, and angle of injection of the secondary current [1-2])

or [3] were presented in a form which does not allow one to fully evaluate the effect on 75 of the angle of

the secondary current supply.

To obtain the indicated data experimental studies were conducted on the efficiency of heat shielding
of a flat plate at a wide range of variation (from 0 to 90°) in the angle of injection of the secondary current
while maintaining a fixed shape and degree of restriction of the channel for its supply.

The experiments were conducted on a low velocity wind tunnel with a working channel constructed in
the form of a chute with cross section dimensions of 120 x 120 mm and length 750 mm. The lower wall of-

Fig. 1. Shape and location of slot for secondary air injection.
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= the chute served as a thermoinsulating measuring plate
% ,:v N~ \\ made from Textolite with a Chromel —Copel thermo~
4 “:_“":ﬁ‘z ~ N couple surface. The secondary air is blown through indi-
04 L E ?ﬁﬁ % vidual plane slots distributed at the start of the working
g :‘\“#, Bah section in front of the measuring plate. Slots were used
N\ Yl |’ in the experiments with angles of inclination to the channel
4 o — 1 P A axis y = 0, 45, 75, and 90° (Fig. 1). The nominal height
. :g B M by of the slot, Sy measured in a plane perpendicular to the
a! o — 4 A ': channel axis, was from 2.05 to 2.5 mm for slots with dif-
qob : :g \'\ x ferent angles y. Slots with angles y = 0 and 90° were made
406 : 1 of Textolite, while the slots with angles y = 45 and 75°
4 6 60 20 W 60 oW x/S, were made of asbestos cement. In the latter case three

variants of the position before and behind the chute were
studied: flush with the measuring plate (I}, perpendicular
to the channel axis (I}, and perpendicular to the shielded
surface (II).

Fig. 2. Dependence of efficiency of heat
shielding of a wall on dimensionless dis~
tance x/sy for various injection coef-
ficients m. y = 0°: ) m =1.0; II) 0.3. vy
=90°% 1) m =0.,3; 2) 0.5; 3) 0.8; 4) 1.0; Near the lower wall of the chute the current flow
5) 1.2; 6) 1.6. was close in its characteristics to the flow along a flat

plate and the dynamics of the boundary layer were tur-
bulent. A detailed description of the experimental apparatus, characteristics of the working section, and
methods of conducting and working out the experiment were given in [4, 5].

Air at low velocities and temperatures (u; =25 m/sec; Ty and T, = 380°K) was used for the primary
and secondary currents in all the experiments, where the temperature of the secondary current was ~ 50°
higher than the temperature of the main current. In order to achieve maximum uniformity of the tempera-
ture field at the entrance tothe working section, the temperature of the primary current was chosen equal
to room temperature. The system of temperature stabilization of the primary and secondary currents
assured a maximum error in the measurement of the efficiency at 7 > 0.1 not exceeding + 10% (relatively).
In the experiments whose results are presented below the quantities characterizing the operation of the
apparatus remained stable and were equal to

T T,

Re, = 4% _095.104 T, =2 =10; 8=—2=LI7.
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For each slot geometry the coefficients of injection m were varied over a range from 0.3 to 1.5.

The results of experimental studies with slots in which the edges of the outlet were perpendicular to
the axis are given in a logarithmic coordinate system in the form of the dependence of heat shielding ef-
ficiency 7 of the dimensionless distance from the slot x/sH.

Thus, data are presented in Fig. 2 for two limiting cases of injection: curves I and II correspond to
tangential injection (y = 0°) with injection coefficient m = 1.0 (I) and m = 0.3 (II) [6], while the experimental
points refer to injection through a slot with y = 90° [5].

The efficiency for a slotwith y = 0°, at all profiles x/sy = const grows with an increase in the injec-
tion coefficient from 0 to m = 1.0, while the shape of the curves remains almost unchanged [6]. At the same
time the shape of the efficiency curves for a slot with y = 90° ig strongly dependent on the injection coef~
ficient (Fig. 2), where the nature of the change in efficiency differs for different sections. At a distance
from the slot (x/spy >40) the change in efficiency takes place just as in the case of a tangential slot, while
close to the point of injection (x/sy < 10) ndecreaseswith an increase in the injection coefficient. Thus,
for example, for a slot with angle y = 90° at an injection coefficient m = 1,6 there is a decrease of 50% in
the efficiency close to the slot in comparison with the efficiency for a tangential slot (y = 0°). Here if we
consider the minimum allowable value of the efficiency to be n = 0.4, the extent of shielding of the plate
surface from the effect of the primary current is reduced by five times in comparison with a tangential
injection of the secondary air supply. An analogous picture is found in a comparison of the experimental
data for slots with y = 45° on the one hand and y = 75° on the other.

A correlation of all the experimental data on the efficiency of heat shielding of a plane wall behind
slots {y = 0, 45, 75, and 90°) with fixed values of the injection coefficient is presented in Fig. 3. As seen
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Fig. 3. Dependence of efficiency of heat shielding of a wall on
the dimensionless distance x/ sy for three fixed values of the
injection coefficient m = 0,3, 0.5, and 0.8 (2) and m =1,0, 1.2,
and 1.5 (b) and different angles of secondary air injection vy:
1) y = 0° 2) 45°; 3) 75°; 4) 90°,

from the figure, with an increase in the secondary air injection angle the efficiency on the whole decreases
along the whole length of the measuring plate for all values of the injection coefficient, Vibration in the
values of the efficiency at all profiles x/sy = const can essentially be ignored at small injection coeffi-
cients m = 0.3 for slots with y =< 75°, and at m = 0.5 for slots with y = 45°, At large values of the injection
coefficient (0.5 < m < 1.6) the maximum reduction in efficiency for a slot with y = 45° does not exceed 0.15
in comparison with a tangential slot. As seen from Fig. 3, with an increase in the dimensionless distance
from the slot x/sp1 at small injection coefficients (m =< 0.8) the efficiency curves have a tendency to draw
together.

For slots with y = 45° the relative configuration of the outlet edges (see Fig. 1) has practically no
influence on the efficiency of thermal shielding of the wall, while at the same time for slots with y =75°
the greatest efficiency is found when the edges are set perpendicular to the slot axis (II).

The configuration of edges flush with the shielded surface (I) leads to a negligible reduction in ef-
ficiency in comparison with the case given above (IT) [7].

On the basis of the experiments conducted an increase in the angle of secondary air injection in rela-
tion to the shielded plate surface leads both to a reduction in the efficiency of heat shielding of the wall in
comparison with tangential injection, and to a change in the nature of the dependence of efficiency on the
injection coefficient in the immediate vicinity of the slot; the relative arrangement of the outlet edges of
the slots with vy < 45° has practically no influence on the efficiency, and at angles y > 45° one can recom-
mend an arrangement of the edges flush with the shielded surface.

NOTATION
n =(Ty—Ty 4 )/(Ty—=Ty) is the efficiency of heat shielding of a wall;
Ta.w. is the adiabatic wall temperature;
T; and T, are the temperatures of the primary and secondary currents, respectively;
Tar is the temperature of the surrounding medium;
Rey is Reynold's number, calculated from the parameters of the primary cur-
rent and the slot height sy;
m = p,u,/pily is the injection coefficient;
P14y and p,yu, are the mass velocities of the primary and secondary currents;
u, ig the projection of the secondary current velocity on the axis of the slot channel;
uy is the primary current velocity;
X is the distance along the measuring plate from the rear edge of the slot {(with the
current).
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