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DIMINUTION OF THE THERMAL ACTION OF A GAS JET ON 

A PLATFORM BY DELIVERY OF COOLANT IN THE NEIGH- 

BORHOOD OF THE CRITICAL POINT 

l 
N. I. Melik-Pashaev,* E. K. Moroz, 
and A. I. Mel'nikov 

UDC 532.525.6 

Results are presented of an experimental investigation of the thermal action of 
a high-enthalpy jet on a normally disposed platform and the means to diminish 
this effect. 

The thermal action of a gas jet impinging on a normally disposed platform can be dimin- 
ished by supplying coolant in the neighborhood of the critical point [i]. Investigations 
were performed on an experimental installation including an axisymmetric nozzle through 
which a preheated gas escaped onto the platform model (Fig. i). The platform models were 
an asbestos-plastic slab and a steel plate with installed thermocouples to measure the gas 
flow temperature near the platform surface T~ and the platform surface temperature T w. 
The models were moreover equipped with sensors to measure the heat flux density q by the 
auxiliary wall method [2, 3] and by alpha-calorimeters to measure the heat elimination co- 
efficients by the a method of a regular thermal mode [2, 4]. The temperature T~ was mea- 
sured near the surface when using the asbestos-plastic slab, however, because of-the low 
heat conductivity of the slab this quantity is close to the wall temperature T w. Measure- 
ment of the temperature Tcool and the mass flow rate Gcool of sprayed in water or blown-in 
air was provided for in the neighborhood of the critical point in the coolant delivery main- 
lines. 
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Fig. i. Model diagram: 1) thermal flux sensor; 2) coolant 
delivery; 3) tlhermocouples; A) jet spray (blow-in); B) slot 
blower; C) domain shielding the platform surface from the 
action of the hot gas. 
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Fig. 2. Distribution of the dimensionless temperature of the 
platform over the radius of the spreading jet ~or the case: 
coolant is water, modification A, D n = 34 mm, x = 6, T~ = 
993 K, Tcool = 293 K: i) ~ = 2.5, gcoo!_ = 0; 2) ~ = 2.5, 
gcool = 0.94%; 3) data of [5] (gcool = 0, x = 7~ T~ = 973 
K); 4) z~ = 1.9; 5) ~ = 2.5. 

Fig. 3. Distribution of the dimensionless temperature of the 
platform over the radius of !he spreadinK jet for the case: 
coolant is air, D n = 25 mm, x = 6, ~ = 1.4, T~ = 798 K, 
Tcool = 273 K: i) modification B, gcool = 0; 2) modification 
B, gcool = 13.7%, 3) modification B; 4) modification A. 

Two coolant delivery methods were investigated: along the normal to the surface 
through a jet sprayer (jet blower or sprayer (Fig. i, modification A)); along the slab sur- 
face (slot blower (Fig. i, modification B)). 

The gas mass flow rate through the nozzle Gg, the pressure p~ and the temperature T~ 
of the decelerated flow through the nozzle were also measured during the experiment. The 
experiments were performed under the following conditions: nozzle diameter D n = 25 a~d 34 
mm, assumed degree of gas pressure reduction in the nozzle ~m = P~/Ps = 1.4...2.5 (Ps is the 
pressure of the surrounding medium), the temperature is T~ = 798...993 K, the relative dis- 
tance between the nozzle exit and the platform is ~ = x/D n = 2, the relative coolant flow 
rate is gcool ---- Gcool/Gg • 100%: water 0.39...1.26, and air 3.8...14.6%. 

Processing the experimental data was reduced to determining the dimensionless wall tem- 
perature 0 = (T w - Tcool)/(T ~ - Tcool), where the coolant (water or air) temperature is 
Tcool ~ T s (T s is the temperature of the surrounding medium) and the heat elimination 0oef- 
ficient by known methods [2]. 

A domain C shielding the platform surface from the action of the hot gas is formed un- 
der a jet spraying of wster against the flow in the neighborhood of the critical point (Fig. 

143  



NU 

/o00 

600 

200 
0 

A. \. ,--# 
\ 

k k 4~00 L ! _a.--.L , ~--, T 
--. o qs #,~ I,o gcooZ 

.... I .... m"'-..~ I 

Z # e F 

Fig. 4. Distribution of the numbers Nu 
along the radius of the spreading jet 
for the case: coolant water, modifica- 
tion A, D n = 34 mm, ~ = 6, T~ = 993 K, 

T~ool = 293 K: i) ~m = 2.5, gcool = 0; 

2) ~m = 2.5, gcool = 0.94%; 3) ~m = 
1.9; 4) ~m = 2.5. 

I). The wall and near-wall jet layer temperature in this domain is close to the temperature 
of the cooling fluid, i.e., the complex O is close to zero (Fig. 2>. The shielding effect 
of the jet diminishes with distance from the critical point because of water evaporation. 
This explains the presence of the peripheral maximum on the graph of the dependence e = O(?) 
(Fig. 2). An increase in the cooling fluid flow rate results in both a diminution in @, 
and an increase in the extent of the domain C whose size can be taken as proportional to the 
distance between the critical point and the point r = rma x corresponding to the peripheral 
maximum of 8. 

Utilization of air as coolant has a number of singularities ai compared with 
water: An equal degree of wall temperature reduction is achieved in the neighborhood of the 
critical point for a high coolant flow rate; this is explained principally by the substan- 
tially high cold resource of water; a reduction in the protective effect is observed when 
cooling air is delivered at high pressure ((3-5)-i0 s Pa); this is caused by a growth in the 
long range action of the air jet and is associated with this diminution in the coolant con- 
centration in the gas jet near the surface; in case the gas and the cooling air flows are not 
coaxial, a nonsymmetric shielding surface is formed that reduces the protective effect. 

In order to achieve a long shielding effect, a slot air delivery (Fig. I, modification 
B) was investigated in addition to the axial delivery. Despite the qualitative and almost 
quantitative agreement between the platform surface temperature distributions along the 
radius (O = 0(~)) (Fig. 3), the slot coolant delivery turned out to be more preferable: it 
is less responsive to coolant delivery pressure and noncoaxiality of the gas and cooling 
air flows. 

Analysis of the dependences of the dimensionlessmaximal temperatures 8me x on the cool- 
ant flow rate gcool,%, shows that an increase in the latter is effective just to specific 
values. Thus, the tempo of 8ma x diminution is reduced noticeably by 0.8...I.0% for water 
and more than 10% for air (Figs. 2 and 3) as gcool is increased. 

Results of measurements of the heat elimination coefficients are represented in the 
form of dependences of the Nusselt number Nu = eDn/l (l is the heat conduction coefficient 
for the gas temperature near the platform surface) on the platform radius and the water flow 
rate. It is seen from Fig. 4 that these dependences are similar to analogous dependences 
in the temperature 8 = 0(?); in the nature of their progress; the elevated values of the 
number Nu in the domain ~ > 3 as gcool increases are apparently explained by the additional 
turbulization of the flow because of the coolant delivery. 

Therefore, the investigations performed displayed the possibility of diminishing the 
thermal action of a gas jet on a platform surface by delivering coolant in the neighborhood 
of the critical point. A coolant flow rate in the quantity of 0.8...i.0% (for water) and on 
the order of 10% (for air) will assume 40...50% reduction in the maximal values of the plat- 
form surface temperatures. 
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INVESTIGATION OF THE HEAT TRANSFER LAWS IN A 

THREE-DIMENSIONAL VISCOUS SHOCK LAYER ON BLUNT 

BODIES AT ANGLE OF ATTACK AND SIDESLIP 

A. I. Borodin and S. V. Peigin UDC 533.6.011 

The authors analyze the results of numerical solution of the equations of the 
three-dimensional thin viscous shock layer over triaxial ellipsoids of differ- 
ent shapes in a flow of supersonic viscous gas, with no symmetry planes. 

In many applied tasks one needs to investigate the basic laws of heat transfer in three- 
dimensional flow of a supersonic viscous heat-conducting gas over blunt bodies of complex 
shape, over a wide range of Reynolds numbers. The thin viscous shock layer theory, first 
proposed in [i], is widely used to solve these problems. Being comparatively simple mathe- 
matically (a problem of parabolic type) this theory allows one to eliminate a number of de- 
fects present in the widely-used boundary layer theory. On the one hand, in shock layer 
theory one need not divide the entire flow region into individual sublayers, because the 
appropriate equations are uniformly applicable in the entire perturbed flow region froJ~ the 
shock wave to the body surface. On the other hand the shock layer equations describe :he 
flow correctly, asymptotically, over a substantially wider range of change of Reynolds num- 
ber, from small through medium to large [2]. 

However, the shock layer model possesses a number of limitations, associated in partic- 
ular, with the fact that the use of a simplified momentum equation along the normal leads to 
the appearance on the surface of a convex body of zero pressure lines (separation lines), 
beyond which the solution cannot be continued. 

On the whole, however, as is confirmed by analysis of numerous comparisons of solutions 
of shock layer equations with experimental data and with computations on a more complete 
formulation (see the review in [3]), the thin viscous shock layer model has good accuracy 
over quite a wide region of the forward surface of blunt bodies for which the shock layer 
thickness is small compared with a characteristic body dimension, and the surface pressure 
Pw is on the same order as the stagnation point value P0 (Pw/P0 ~ 0.05-0.1). 

Taking into account the above limitations, in this study we have solved the three- 
dimensional thin shock layer equations in their region of application in the case of f]ow 
over triaxial ellipsoids of different shapes at angle of attack and sideslip. We have ana- 
lyzed the influence of body shape, Reynolds number, and the other governing parameter~ of 
the problem on the basic heat transfer laws. Previously the thin shock layer equation~ have 
been solved for different special cases of three-dimensional flows in [4-11]. In [4, f] the 
authors investigated flow over delta wings of infinite size at angles of attack and side- 
slip, in [6] the authors investigated flow over rotating axisymmetric bodies at zero argle 
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