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A physical  model of the process  of heat t r ans fe r  during resonance oscil lation of a gas in chan- 
nels is proposed.  The resul ts  of experiments a r e  general ized by a c r i te r ia l  dependence. 

We have made an attempt to genera l ize  experimental  data on the hea t - t rans fe r  coefficient under condi- 
tions of resonance oscillations for gas flow in channels.  The experiments were conducted in cyl indrical  chan- 
nels with d iameters  d o = 12 and 19.4 mm and lengths L = 2.045 and 2.337 m. The tests  were conducted in the 
following range of the basic pa ramete r s  : flow tempera tu re ,  Tf = 350-700~ t empera tu re  of the channel wall, 
T w = 500-800~ t empera tu re  factor ,  Tw/Tf  = 1.1-1.5; Reynolds number,  Re 0 = 104-105; p re s su re  in the 
channel, P0 = 3.5-20 bar ;  frequency of oscil lations,  f = 70-1000 Hz; and amplitude of p r e s su re  oscil lations,  
Ap  = 0.1-3 bar .  A detailed descr ipt ion of the experimental  equipment and the procedure  of the  experimental  
investigations a re  given in [5, 3]. The following physical model was taken as the basis for general izing the 
experimental  data.  Since in the s t a t iona ry  turbulent flow of a fluid the heat t r ans fe r  is proport ional  to the 
flow velocity and the thickness of the viscous layer,  under conditions of an oscillating flow the relat ive heat-  
t r a n s f e r  coefficient K = Nu/Nu 0 must depend on the relat ive amplitude of oscillations of the bulk velocity 
L(Pu)0/(pu) 0 and on the relat ionship between the thicknesses of the s ta t ionary viscous layer  60 and the osci l -  
lating layer .  The thickness of the oscillating layer 5os = 4 2 v / ~  charac te r izes  the gradient of the amplitude 
of oscillation of the velocity close to the surface;  the thickness of the s ta t ionary viscous sublayer  50 cha r -  
ac te r izes  the velocity gradient  close to the sur face  in a s ta t ionary flow of the fluid. 

According to semiempi r ica l  theor ies ,  the thickness of the viscous sublayer  in the s tat ionary turbulent 
flow reg ime is given by the formula 

8o l.r~ Io. (1) 
u 

The tangential s t r e s s  at the wall of a cyl indrical  channel in the s ta t ionary flow is given by 

~,  u~ (2) 
0o - ~  - 8 - '  

where the frict ional drag coefficient for 104 -< Re 0 -< 105 is given by 

= 0.3164Reo ~ 

Using this re la t ion we obtain 

1 / /  ~/~ Rel'7~ 6QL- = 0.1 2 xw 1 = 0,0282 (3) 
6 o Po coy R% 

According to the above physical  model, the cr i te r ia l  equation for the relat ive hea t - t ransfer  coefficient 
can be writ ten in the form 
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Fig. 1. Distr ibution of re lat ive amplitudes of oscillations of 
the bulk velocity (a) and hea t - t ransfer  coefficient go) along the 
length of the channel. F i rs t  resonance,  f = 77 Hz: 1) P0 = t .5 

kg/cm2;  2) 4.25; 3) 15; second resonance,  f = 152 Hz: 4) 
P0 = 1.75; 5} 4.25. 

Thus,  the problem of experimental  investigation of the relat ive hea t - t ransfer  coefficient reduces to the 
determinat ion of the functional dependence (4). For  computing the distr ibution of the relat ive amplitude of 
oscil lation of the bulk velocity along the length of the channel in a nonisothermal  gas flow we made use of the 
technique proposed in [5]. 

A typical  var ia t ion of the relat ive amplitude of oscillation of the bulk velocity along the length of a chan- 
nel with d iameter  d o = 19.4 mm and close to the f i rs t  and second resonances  is shown in Fig. l a .  

As follows f rom this graph, the shape of the standing wave is distorted due to the nonisothermal  nature 
of the flow and the fr ict ion; the re  a re  no welt-defined nodes of the velocity of the standing wave and the ampl i -  
tude decreases  along the length of the channel. 
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Fig.  2. The relat ive hea t - t ransfer  coefficient as a func- 
t ion of Reynolds number:  1) f i rs t  resonance;  2) second 
resonance;  3) third resonance.  
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Fig.  3. Generalized dependence of the maximum 
hea t - t rans fe r  coefficient on the ra t io  of the osc i l -  
lating and s ta t ionary layers .  F i rs t  segment :  1) 
f i rs t  resonance;  2) second resonance;  second seg -  
ment :  3) f i rs t  resonance;  4) second resonance;  5) 
third resonance .  

The distr ibution of the local heat t r ans fe r  along the length of the channel near the f i rs t  and the second 
resonance  harmonics in a channel with d iameter  d o = 19.4 mm is shown in Fig. lb in re lat ive coordinates 

Kma. , -  - -  1 

The form of the distr ibution of heat t r ans fe r  along the length of the channel corresponds to the nature 
of the distr ibution of the relat ive amplitude of oscillation of the bulk velocity~ The re la t ive  hea t - t ransfer  co-  
efficient along the length of the standing wave changes in proport ion to the relat ive amplitude of oscillation of 
the bulk velocity according to a law which is cIose to l inear:  

g - -  1 A (pU)o 
- ( 5 )  

Kma x - -  1 [A (@U)0]max 

Thus,  the experimental  dependence of the distr ibution of heat t r ans fe r  along the length of the standing wave 
shown in this figure can be regarded as universal .  Therefore ,  for general izing the experimental data it is 
sufficient to determine the c r i te r ia l  dependence for the maximum of the heat t r ans fe r  (heat t r ans fe r  at the 
antinode of the velocity of the standing wave). An experimental  investigation of this dependence is the most 
difficult stage of the investigation, since,  as a rule,  all three  c r i te r ia  of s imi lar i ty  Re0, Rew, and A(0u)0/(PU)0 
a re  interrelated in the experimental  equipment and a sufficiently large number of tests  are  required in order  
to separa te  out the effect of each individually. 

A s imi la r  (close to linear) law of var ia t ion of the relat ive heat t r ans fe r  as a function of the relat ive am-  
plitude of oscillation of the bulk velocity is observed at the antinode of the velocity of the standing wave. 

The variat ion of the relat ive hea t - t ransfer  coefficient as a function of Reynolds number is shown in Fig. 
2 for three  frequencies {first, second, and third resonances) .  The hea t - t r ans fe r  coefficient increases  with 
Reynolds number and the hea t - t rans fe r  decreases  with the increase  of the osci l la tory Reynolds number Rew, 
other conditions remaining unchanged. This nature of variat ion of heat t r ans fe r  is explained by the variat ion 
of the quantity 6os/50 as a function of Re 0 a n d r e  w. The analysis of the resul ts  of experiments on heat t ransfer  
at the velocity antinede of the standing wave is shown in Fig. 3 for channels with diameters  d o = 12 and 19.4 
mm in coordinates 

Kma:~--  1 / 50S \ 

I A( U o ] 
L (PU)o Jmax 

As follows f rom this graph, the results  of the experiments can be sa t is factor i ly  general ized with respect  
to the pa ramete r  5os/50. The heat t r ans fe r  increases  with parameter  5os/50 and attains a maximum for 5os = 
360; af ter  this,  for 5os > 35o some decrease  of heat t r ans fe r  is observed.  

The resul ts  obtained above can be interpreted in the following way. The maximum effect of oscillations 
on heat t r ans fe r  is observed for such rat ios of the frequency of oscillations and Reynolds number for which the 
thickness of the oscillating layer  los  is comparable  with the thickness of the s tat ionary t ransi t ional  (buffer) 
layer,  which is approximately equal to 350 . S ince  the thickness of the oscillating layer charac te r izes  the 
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intensi ty of the secondary  vor t i ces  c lose  to the su r face  and the max imum genera t ion  of turbulent  fluctuations 
is observed at the boundary of the t rans i t iona l  layer ,  for  Sos = 360 the m a x i m u m  energy t r a n s p o r t  by turbulent  

f luctuat ions  to the s u r f ace  occurs  through the secondary  vor t i ces ,  which leads to an i nc rea se  of heat t r a n s f e r .  
In the range  5os/60 > 3 a d e c r e a s e  of the heat t r a n s f e r  must  occur  with the i nc r ea se  of 6os/50, i . e . ,  the in-  
c r e a s e  of Reynolds number  and d e c r e a s e  of the f requency of osci l la t ion must  lead to a d e c r e a s e  of the effect 
of oscil lat ing flow on heat t r a n s f e r ,  which ag rees  with the avai lable  exper imenta l  data .  However,  this a s s u m p -  
t ion requ i res  additional exper imenta l  invest igat ion in the range  of low-frequency osci l la t ions .  

According to the invest igations ca r r i ed  out here ,  the resu l t s  of the t e s t s  on the max imum heat t r a n s f e r  
for  5os/50 ~ 3 can be genera l ized  by the c r i t e r i a l  equation 

r Kmax~--l-i-3'13"10-3 L ~  [ A(PU)~ Jmaz ] " (6) 

NOTATION 

do, channel d i ame te r ;  L, channel length; p, densi ty;  u, velocity;  P, p r e s s u r e ;  T,  t e m p e r a t u r e ;  f, 
f requency;  w, angular  f requency;  T w, tangent ia l  s t r e s s  on channel wall;  6os, thickness  of the oscil lat ing 
layer ;  50, th ickness  of the s ta t ionary  viscous sublayer ;  v, k inemat ic  v i scos i ty  coefficient;  Nu, Nussel t  num-  
be r ;  K = Nu/Nu 0, r e l a t ive  h e a t - t r a n s f e r  coefficient;  Re 0 = udt~/v, Reynolds number ;  Re~ = r osci l lat ing 
Reynolds number .  Indices : 0, ave raged  p a r a m e t e r s ;  A, fluctuation p a r a m e t e r s .  
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Relations a r e  given for  calculat ing the local heat t r a n s f e r  in the dynamic initial sec t ion  of a l o n -  
gitudinally washed gene ra to r  of a one-s ided wedge for  the case  of constant wall  t e m p e r a t u r e  and 
turbulent  boundary l aye r .  

Leading edges with the profile of a sharp one-sided wedge, shown schematically in Fig. I, are frequently 
encountered in the natural components of power machinery and in model experiments related to the study of 
heat transfer and flow over longitudinally washed surfaces [1, 2, 13]. When the angle fl is quite small and the 
velocity field in the incident stream is uniform, it is usually assumed that mixed flow is generated in the bound- 
ary layer at the edge of a wedge oriented in the direction of the velocity vector W (the edge A in Fig. I). How- 
ever ,  it is knowntha t  leading edges with an angle near  90 ~ cause  flow sepa ra t ion  [4, t 0 ,11 ] .  
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