
the first specimen Bo = 198, ~I : 434, and for the second Bo : 348, BI : 764. Thus, the 
assumptions adopted with respect to Bo and B~ are satisfied. All of the tests were carried 
out at pressures up to 4.0 MPa. In recording pressure value they did not differ from the 
limiting pressure by more than 10%. This made it possible to assume a viscosity value for 
methane in all tests of p = 1.14"10 -5 Pa.sec (with a relative error not worse than • 
Calculated permeability values for average values of the product c20=tr are given in Table i. 
They agree quite well with the results of steady-state measurements. 

Thus, on the basis of the studies carried out it is possible to conclude that in the 
conditions considered the filtration process is well described by equations of an elastic 
regime. The method for determining filtration parameters according to typical relaxation 
time is new and it gives results conforming with those obtained in steady-state measurements. 
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ACOUSTIC EFFECT ON THE HEAT-TRANSFER AND FLOW 

PARAmeTERS OF A COMPOUND JET IN AN INCIDENT FLOW 

A. N. Golovanov UDC 536.24 

Processes involving the interaction of small perturbations (acoustic vibrations, vibra- 
tions of a surface with gas flows), of interest in both scientific investigations and in 
practical applications, are encountered in problems dealing with the transition of a laminar 
boundary layer to a turbulent boundary layer, the sensitivity of turbulent flows to acoustic 
vibrations, and the control of the aerodynamic and thermal characteristics of power plants 
[1-3]. 

Here, we examine the effect of acoustic vibrations on heat transfer and the hydrodyna- 
mic parameters in a compound jet discharged from a system of circular holes counter to a 
free-stream flow. 

Tests were conducted in jets produced by an EDP-IO4A-50 electric-arc plasmatron, in an 
ohmic gas heater, and in the working section of a T-124 low-velocity low-turbulence wind 
tunnel. 

The models (Fig. i), made in the form of cylinders i, were positioned with their end 
counter to an incoming flow of air 2. Air 4, formed into a compound jet, was fed through 
the internal volume of the models and seven circular holes in the end part 3. The dynamic 

Tomsk. Translated from Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki, No. I, pp. 
153-158, January-February, 1989. Original article submitted October 6, 1987. 

0021-8944/89/3001-0147~12.50 �9 1989 Plenum Publishing Corporation 147 



1 
/ 

V////}~/////// 
/ 

l 

5 ~ 

/ 

/ 

5 

\ 
\ 

8 \ \ 
) 

I 
! 

I 

I 
6 , 

I 

I I 
8.. ~-~ "--~ g ,a 
o ~ I r 

6 , ] 

I I 

t i 

// I//////7 / - 

0 / /  
/ 

. f  

z 

~ ~  

Fig. i 

loudspeaker 5 inside the model generated sinusoidal (with respect to time) longitudinal 
(with respect to the flow) waves which propagated along the individual jets. 

Table 1 shows the geometric dimensions of the models and the test conditions. Here, 
T= and v~ are the mean-mass temperature and the mean-flow-rate velocity of the incoming 
flow. The quantity Re D is the Reynolds number, calculated from the diameter of the models. 

The parameters of the incident flows were determined by means of thermocouples and 
pneumatic probes. The energy-balance conditions for the operation of the plasmatron were 
determined by the methods described in [4, 5]. The total rates of air flow Gw through the 
circular holes of the models were varied within the range (0.1-8.5)'10 "3 kg/sec. The flow 
rates were monitored with PC and GF rotameters and were kept constant within a given test. 
The temperature of the air fed through the circular holes varied only slightly (300-310 K) 

for all tests. 

During the tests, we measured the heat flow to the wall at a distance of l'10 -3 m from 
the front critical point 0 (Fig. 1). This measurement was made by the well-known exponen- 

tial method [4-6]. 

The parameters of the gas in the region xOy -- velocity V and longitudinal u and trans- 
verse v velocity pulsations -- were determined with a hot-wire anemometer (the diameter of 
the tungsten wire of the sensor was 20"10 -6 m). The values of V, u, and v were measured at 
30 points with the coordinates x i and yj (i = l, ...,6, j = l, ...,5) and an interval of 
5.10 -3 m between adjacent points (Fig. i). The total errors of the parameter determinations 

were as follows: 8T~I0%, 8v~.6 %, 6q~<9 %, GGw<~.5 %, 6v.~<12 %, Gu<~12 %. 

The frequency and amplitude of the acoustic vibrations were established by means of a 
GZ acoustic vibration generator and a TA dynamic loudspeaker. The ranges of the frequency f 
and sound intensity I were 10-2000 Hz and 30-64 dB. The frequency parameter F = 2wgf/v~ was 
varied within the range 33.4.10-7-1.9 (~ is the kinematic viscosity of the incident flow). 

Figures 2 and 3 show the dependence of the relative heat flux to the wall of the models 

on the frequency parameter for different rates of flow of the injected air. Here, q+ and q_ 

TABLE 1 

Type of unit 

EDP- I04A- 50 

Ohmic heater 

T-i24 
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are the values of heat flux in the presence and absence of the acoustic field. Curves 1-3 
in Fig. 2 were obtained for the models in the plasma jet with G w = (0.70~ 1.18; 2.58)'10 -~ 
kg/sec. Curves 1-3 in Fig. 3 are for the models in the jets of heated air, with G w = (0.36~ 
0.62; 1.52)'10 -4 kg/sec. The lines in Figs. 2-6 are approximations of the experimental 
points obtained by the least squares method. 

An analysis of the results we obtained shows the dual effect of the acoustic field on 
heat transfer~ the conditions may be such as to intensify heat transfer ((q+ -- q_)/q_ > 0) 
or decrease the heat-transfer rate ((q+ -- q_)/q_ < 0). Increases and decreases in heat- 
transfer rate are seen with both the plasma jet and the jet of heated air. The regions in 
which heat transfer is intensified are present at relatively low acoustic field frequencies 
and low gas injection rates (curves 1 in Figs. 1 and 2). The regions in which heat transfer 
is reduced are present at higher acoustic field frequencies and higher values of gas injec- 
tion rate (curves 2 and 3 in Figs. 1 and 2). The sensitivity of the heat-transfer process 
to the frequencies associated with the acoustic field may be either stable (curves 1-3 in 
Fig. 2) or unstable. Here, certain groups of field frequencies stand out (curves ]-3 in Fig. 
3). 

To explain the increase and decrease in heat-transfer rate, we measured the profiles of 
velocity V and pulsations of velocity u and v in a compound jet in the working part of the 
wind tunnel. The rate of flow of the air injected through the circular holes was changed 
within the range G2 = (4.5-8.0)'10 -3 kg/sec. The degree of turbulence of the gas, measured 
on the axis of the holes at the point 0 (see Fig. I) of the end part of the model, was 0.07- 
O.09. 

The flow region near the wall (see Fig. I) contains regions corresponding to the main 
sections of elementary jets 6, regions in which jets mix with one another 7, stagnant regions 
8, and a region in ~lich the injected gas mixes with the incident flow 9. 

Curve 1 in Fig. 4 corresponds to the profile of dimensionless velocity of the gas at 
the distance x/5 = 1.67 from the end part of the wall of the model. The velocity of the gas 
at the edge of one hole here V m = 6.78 m/sec. Curves 1 in Figs. 5 and 6 illustrate the dis- 
tribution of the longitudinal u and transverse v pulsations of velocity measured at the same 

k 
points as the velocity profile (curve 1 in Fig. 4): ~2=~ u~/k, ~z= ~.jv~/k, Vx, Vy are pro- 

(=I i = I  

jections of the velocity vector. The distribution of curves 1 in Figs. 4-6 shows that high- 
gradient gas-velocity profiles are present on the main sections of the elementary jets. At 
the inflection points of the velocity profiles (y/6 = 0.42), there are large-scale low-fre- 
quency gas pulsations. The amplitude of the velocity pulsations in the stagnant zones and 
the zones where the elementary jets undergo mixing (y/6 = 0.83) is lower than on the main 
sections, while the frequency is higher. 

Figure 7 shows the results of calculations of the spectral densities of the longitudinal 
Cku and transverse Ckv pulsations of the gas. Curve 1 corresponds to values of Cku at the 
point y/6 = 0.42 -- the inflection point on the velocity profile -- while curve 2 corresponds 
to the value of Ckv at the point y/6 = 0.83 -- the point where the elementary jets merge. 
Such turbulent formations are termed coherent structures [2]. The results of spectral analy- 
sis shows that low-frequency large-scale turbulent pulsations of the gas develop at the 
inflection points, with f = 15 Hz, Cku = 0.17: 
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(At = 0.002 sec, k = i00). In the region where the jets merge, the main contribution to the 
energy of the turbulent pulsations is made by transverse high-frequency pulsations CZv = 
0.14, with f = I00 Hz. 

The possibility of the development of turbulent eddies in a compound Jet discharged 
counter to a free-stream flow was indicated in [7], although here the author assumed that 
such eddies arise in the region where the injected gas mixes with the flow 9 (see Fig. i), 
in the so-called recirculation region, or in stagnant regions 7. Our measurements show that 
turbulence is generated and low-frequency turbulent pulsations develop on the main sections 
of the elementary jets. Recfrculation flows develop at a substantial distance from the wall 
(x/~ > 5) with large rates of gas injection (G w > 7.3.10 S kg/sec). 

Curves 2 and 3 in Figs. 4-6 show the distribution of dimensionless velocity and the 
longitudinal and transverse pulsations of velocity measured in the section x/~ = 1.67 in the 
presence of an acoustic field with the frequency f = 15 and 100 Hz at I = 60 dB. It is evi- 
dent that the acoustic field transforms the velocity profiles in the region xOy. Low-fre- 
quency sound waves increase the amplitude of the longitudinal velocity pulsations on the 
main sections of the elementary Jets, high-gradlent regions are formed, and the velocity pro- 
files are elongated (curves 2). High-frequency sound waves increase the amplitude of the 
transverse pulsations of the gas in the region where the elementary Jets merge and the velo- 
city profiles become smoother without high-gradient regions (curves 3). 

The results of calculations of the cross-correlation functions [8] 
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are shown in Fig. 8, where the dark points correspond to the correlations of longitudinal 
gas pulsations in the presence of an acoustic field and sound waves. The clear points cor- 
respond to correlations of transverse pulsations of the gas in the presence of the acoustic 
field and sound waves. The circular points show the results of calculations at the point 
y/6 = 0.42, while the squares show the results for the point y/6 = 0.83. It is evident that 
low-frequency acoustic vibrations f = 15 Hz cross-correlate with the longitudinal pulsations 
of velocity on the main sections of the elementary jets (y/~ = 0.42, Ruf = 0.63). High-fre- 
quency acoustic vibrations f = I00 Hz cross-correlate with transverse pulsations of velocity 
in the region where the elementary jets merge (y/6 = 0.83, Rvf = 0.48). 

The results of study of the parameters of the gas in a compound jet discharged counter 
to an incident flow showed that low-frequency acoustic vibrations promote the generation of 
large-scale turbulent pulsations. High-frequency acoustic vibrations suppress the formation 
of these pulsations and the gas flow field becomes more uniform without high velocity gradi- 
ents. 

The intensification of heat transfer between the models and high-temperature jets by 
means of low-frequency sound waves is evidently connected with tlle interaction of the acous- 
tic vibrations and coherent structures on the main sections of the elementary jets. The 
flow is subjected to additional agitation, leading to intensification of heat transfer. 
High-frequency acoustic vibrations cross-correlate with transverse pulsations of velocity 
in the regions where the elementary jets merge. Here, large-scale pulsations of gas velo- 
city are suppressed and heat transfer is reduced. 

In conclusion, we thank S. A. Antonkin for his help in preparing and conducting the 
experiments and A. M. Grishin for his fruitful discussion of the results. 
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