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Singularities of the problem of shock interact ion with permeable  obstacles,  f r o m  the pract ical  to the 
purely scientific,  a t t ract  the attention of r e s e a r c h e r s .  In grea t  par t  the available bibliography re fe rs  to shock 
interaction with wire meshes ,  i.e., obstacles that have no spatial extent in the direction of shock propagation. 

The problem of nonstat ionary flow of a gas that occurs  during incidence of a plane shock on a homo-  
geneous set  of semiinfinite p r i sms  is examined. It is assumed that the charac te r i s t ic  features of the phenom- 
enon occurr ing  during shock incidence on a rigid permeable  wall take place in this problem. The resul ts  of 
experiments  yield a good bas is  for the development and perfection of theoret ical  models.  In par t icular ,  com- 
par ison of the data obtained in experiment  by the theory of C h e s t e r - C h e s n e l l - W h i t h a m  and f rom a computa- 
tion by the method of , ,coarse part icles" resu l t s  in a distinctive representa t ion  about the quality of the different 
approaches.  

On the way to solving pract ica l  modifications of the problem of shock interaction with a permeable  ob- 
s tacle,  we examine a simple and charac te r i s t i c  model which is a homogeneous set  of pr i smat ic  plates {Fig. 1). 
The leading face of the set  is paral lel  to the incident wave and a quasi-one-dimensional  t rea tment  is possible 
for  the plane problem of nonstat ionary gas flow in such interaction. Let us note that the model is exhaustively 
descr ibed by one pa rame te r  

= i - ~ / ( ~  + d) ,  (1)  

where 6 is the width of the gap between plates of thickness d. 

Individual interact ion between the shock and an element of the set  occurs  in the f i rs t  stage of the process  
under consideration.  Later ,  as the interference deepens, the c i rcumstance  that the composite is a system of 
many bodies turns  out to be more  and more  essent ia l .  The uniformity of the element distribution specifies 
the closeness  of the phenomenon in this phase to shock interaction with a straight  wall of rigid material  of 
permeabi l i ty  ~ (a homogeneous approximation). In another approach the problem is equivalent to the phenom- 
enon caused by a shock in a channel passing the site (x~ where its section is suddenly diminished so that the 
drop in the a rea  cor responds  to the magnitude of the pa r ame te r  ~. F rom the very beginning in the f i rs t  case, 
and in the large t ime approximation in the second, the problem is s e l f - s imi l a r  (the length and t ime dimen- 
sionality p a r a m e t e r s  do not  enter  explicitly), and as experience in studying it shows [1-3], it allows an exact 
solution of the type "decay of a discontinuity" in the limit sense under the conditions that a momentum dis- 
continuity is provided at the site where the channel section changes (x0). The question of the content of the 
wave pat tern originates.  It is proved in [1] that trader our conditions only the wave pattern displayed in Fig. 2 
is possible (ae,  reflected; ac ,  t ransmit ted  shock in the cascade; ad ,  contact surface;  and at ,  surface of dis-  
continuity of the pa rame te r s  at the site of the sect ion change). 

The magnitude of the discontinuity in the momentum is determined by secondary effects relative to the 
one-dimensional  model. It t ransmits  the dynamics of a two-dimensional  flow in the neighborhood of x 0. Con- 
sequently, the problem becomes indeterminate within the f ramework  of the one-dimensional model. Closure 
is possible by simplifying assumptions,  e.g., an assumption about the isentropy of the flow in the neighborhood 
of x 0 [2] or  (for smal l  ~) the assumption of weakness of the perturbat ions indueedin the flow 3 by an obstacle 
[4]. A semiempir ica l  approach is possible in which the indeterminacy is removed by taking account of infor-  
mation obtained in experiment .  

The originality of the situation being expounded here  is that it could be thought that experiment is neces -  
sa ry ,  then it is not neces sa ry  to switch the complex analytical apparatus for  solving the sys tem of equations 
of the decay of a discontinuity over to it. In fact,  obtaining sufficient information for  its automony in exper i -  
ment (e.g., the flow pa rame te r s  in zone 2) is not a simple mat ter ,  and it is consequently expedient to combine 
a simple incomplete experiment  with complementary  computations. On the other hand, it can be expected that 
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the product of systematic experiments with the most character is t ic  modifications of the shape of the transition 
part  can yield a foundation for the generalizations removing the necessity for  experiment in each specific case. 
Evidently the model under consideration, the set of prismatic plates, can be acknowledged as sufficiently char-  
acteristic. 

Investigation of the plane nonstationary gas flow originating during shock interaction with a cascade of 
plates was in an air shock tube for an incident shock Mach number in the range 1.2-2.0. 

A specially developed separable model was used to assure the necessary variation in the parameter 
characterizing the permeability. 

The quantity ~ has the value 0.09259, 0.1695, 0.2941, 0.3846, 0.5556, 0.7143. For a conception of the 
physical scales of the experiment, we mention that the thickness of the plates used is 2 am. The shock tube is 
equipped with apparatus to measure the incident wave parameters, interferometry for the high-speed photo- 
recording process, and synchronizing apparatus. 

Instantaneous shadow photographs and interferograms of the flow field were obtained at definite times. 
An example of an interferogram obtained for the cascade characterized by the parameter ~ = 0.1695 is pre- 
sented in Fig. i (~ = 0.1695, M = 1.41, t = 23 psec) for the interferoaeter adjusted to the "finite width" fringe. 

In a number of cases, moving pictures are made by using a high-speed photorecorder to establish the 
approximateness of the approach with the central wave pattern. The wave pattern obtained in processing the 
high-speed motion pictures is presented in Fig. 2 (~ = 0.1695, M = 1.595). This result shows that the tra- 
jectories of the waves reflected by and entering the cascade differ slightly from straight lines. This not only 
indicates that the shocks entering and reflected by the cascade vary weakly in time but also that the influence 
of dissipative factors is slight in the scales considered, meaning that the problem is simulated well geomet- 
rically. To confirm this assertion, a series of additional experiments on shock interaction with cascades 
having the identical parameter ~ but different plate thicknesses was performed. 

Analysis of the results obtained confirmed completely the possibility of geometric modeling. Differ- 
ences in the velocities of the transmitted and reflected shocks for cascades with identical a but different 
plate thicknesses are within the limits of error of experiment and are random in nature. 

Therefore, it was assumed in processing the experimental data that the phenomenon corresponds to cen- 
tral wave patterns of the type "decay of a discontinuity," and the result of measuring the location of the shock 
reflected from or penetrating the cascade at a known time can be used to determine the characteristic ve- 
locity of the corresponding wave. These data were later used in the system of relationships for the decay of 
the discontinuity: 
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(2) 

where U 0 is the velocity of the incident shock; V, velocity of the ref lected shock; U 1, velocity of the passed 
shock; and F, loss of momentum. 

The remaining notation is s tandard;  the subscr ip t  corresponds  to the zone number  (see Fig. 2). 

The sys tem of equations (2) was solved by two methods. In the f i r s t  the experimental ly  measured  ve-  
locity of the shock penetrat ing the obstacle is substituted into the sys tem (2). As a resul t  of solving (2) we 
obtain the gas flow p a r a m e t e r s  in all the zones.  To close the sys tem (2) in the second, the velocity of the r e -  
flected shock V is taken f rom experiment in place of U t. 

The results  of process ing  the experimental  data, including that obtained in solving the sys tem (2), are 
presented in Figs .  3 and 4. The c i rc les  cor respond to experimental  values of Pl/P0 (a) and P3/P0 (b); the 
squares ,  the flagged figure, andthe rhombi are  used for  resul ts  obtained by the theory of the "decay of the 
discontinuity, ~ by a numerica l  computation (see below) and by a computation by the CCW theory; ~ = 0.09259, 
0.2941, 0.5556 respect ively,  fo r  the unshaded, part ial ly,  andeompletely shaded points. 

It must  be kept in mind in examining the resu l t s  presented that the e r r o r  in experiment  is superposed 
(the e r r o r s  in determining the incident wave pa ramete r ,  the time of the photograph, and the e r r o r  in measuring 
the location of the front). Analysis of the e r r o r  yields an est imate of 5%. The fact  that the phenomenon c o r -  
responds only approximately to the idealized pat tern  (see Fig. 2) is also of definite value for the  accuracyof the  
computation. 

Comparing these resul ts  with the data of a computation can turn out to be interesting.  Besides the ap- 
plication of special ized p rog rams  [2], utilization of general  p rograms  of the type in [5, 6] can turn out to be 
sufficiently productive.  In the case when details of the flow in the neighborhood of x 0 a re  solved, its resul ts  
within the f ramework  of the ideal gas model evidently contain effects result ing in a limit representat ion,  to the 
conception of the discontinuity of momentum. In the ease when the homogeneous approximation deprives us 
of the possibil i ty of a detailed computation of the flow around an element,  the proper t ies  of the computation 
model become unclear  and a compar ison between the data of such a computation and a more  definite result ,  
experiment,  say:, is desirable.  
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The possibil i ty of using the homogeneous approximation represented  by the scheme is related,  in p r in -  
ciple, to the conception of part ial  ceils ,  whose proper t ies  are  formal ized by the set  of p a r a m e t e r  {fii, Aijk} 
{the notation is the same as in [5]), where fij is the relat ive volume of a cell free for  the flow, and Ak is the 
par t  of the k-th boundary of the cell open to the flow. 

Let us consider  the difference equations of the computation scheme by turning attention t o t h e  effect of 
this conception on the computation s tages .  To do this we assume that a cell arr iving in the neighborhood of x 0 
is placed in the field of view. 

In the f i r s t  stage, in conformity with an equation of the type 

(3) 

the change in velocity because of the existing inequality between the p r e s su re s  ahead of the mouth and in the 
channel is t a lon  into account. 

The second computational step is to compute the mass  flux through the par ts  of the cell boundaries open 
to the flow and the change it causes  in the mean density 

t p~+l= [}~+ ~(__ AM|+,[,,~ J 7 AM~j_21 + A M  n. , .-..: AM~. , ~, 
" ~ ' - - ~ '  ~ " ~ + T /  (4)  

A ' "  " A S x '~ ~'~ h M | + x / ~ , |  ~ I+1/':',5 iP . . , jU i+1 1 2 ,  i f. 

In the third s tage the mean values of the velocity and internal energy components in ~ e  cell a re  de te r -  
mined f rom the flux balance 

_ ~ F n - . ,  , + r .  jAM."._v. ' + " -  r.( ,) ,  }" 

Analyzing the computational scheme represented  here  by (3)-(5), it can be seen in what manner the usual 
proper ty  for  a mesh approximation, which is the indistinguishability of  details in the dimension O(h), is ex- 
p res sed  in this specific case.  The specific set  (1) can evidently be set  in correspondence with the set  of modi-  
fications in the obstacle geometry,  and the solution cor responds  uniquely to this set .  

This is the above-designated unclearness  relative to the nature of the descript ion of the scheme of gas -  
dynamic conditions at the leading edges of a homogeneous permeable  obstacle.  

Let us turn to the resu l t s  of computations. Data obtained in a computation by the scheme discussed above 
are  noted in Figs.  3 and 4. Data computed by the CCW theory [4] are superposed in these same graphs.  As 
is seen, th i s  theory which has been derived by using hypotheses about the smal lness  of ~ yields fa i r  results  
even in other cases .  

It should be noted that the computation and experiment,  each on its own, become especial ly difficult and 
inaccurate as ~ approaches one. 

In conclusion, it canbe noted that the extensive experimental  mater ia l  obtained confirms the efficiency 
of the one-dimensional model of the phenomenon, and the closeness of its wave pat tern to a central  pattern,  
which indicates the unimportance (in the  scale of the experiment) of p rocesses  with dissipation. It is in te r -  
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est ing that  both the computat ional  method of " c o a r s e  pa r t i c l e s"  and the approximate  CCW theory,  which is 
somewhat  fo rma l ly  used  in this p rob lem,  a re  handled mainly  with functions to descr ibe  shock in teract ion with 
a pe rmeab le  obstacle  in a homogeneous approximat ion .  
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R E G I M E S  A N D  P R O P E R T I E S  O F  T H R E E - D I M E N S I O N A L  S E P A R A T I O N  

F L O W S  I N I T I A T E D  B Y  S K E W E D  C O M P R E S S I O N  S H O C K S  

A.  A .  z h e l t o v o d o v  UDC 532.526.5 

The study of s ingular i t ies  in the th ree -d imens iona l  in te rac t ion  between an oblique compres s ion  shock and 
the boundary l aye r  on a plane su r face  no rm a l  to the plane of the shock and para l le l  to the f r e e - s t r e a m  veIoci ty  
vec to r  is quite impor tan t  to the  comprehens ion  of r egu la r i t i e s  in the originat ion and development  of t h r e e -  
dimensional  separa t ion  f lows.  

Sufficiently extensive informat ion about the different  p r o p e r t i e s  of the f lows under considerat ion is con-  
ta ined in publ ished pape r s .  Thus an analys is  is made in [1] of known data on the th ree -d imens iona l  interact ion 
between an oblique shock  and l a m i n a r  and turbulent  boundary l a y e r s .  The r e su l t s  in this paper ,  toge ther  with 
[2], y ie ld  a r ep resen ta t ion  of the flow s t r u c t u r e  at dif ferent  s tages  of the in teract ion,  f rom the s t a r t  of s e p -  
a ra t ion  into r e tu rn  flow. Cor re la t ion  re la t ionships  a re  obtained to de te rmine  conditions for  the originat ion of 
the sepa ra t ion  flow [3] and the fo rmat ion  of secondary  separa t ion  [4], as  well as for  the computation of the 
cha r ac t e r i s t i c  p r e s s u r e s  and heat  f luxes in the sepa ra t ion  zones [5]. Measu remen t s  of the f ields of different  
p a r a m e t e r s  are  p e r f o r m e d  in the in teract ion domain [6]. 

Sys temat ic  invest igat ions of the dynamics  of separa t ion  flow development  and its s t ruc tu re  [7, 8] should 
espec ia l ly  be noted, which radica l ly  extend exis t ing rep resen ta t ions  of its p r o p e r t i e s  and refine the phenom-  
enological  s c h e m e s  p roposed  e a r l i e r ,  rFne poss ib i l i ty  and development  of a secondary  separa t ion  zone of 
bounded extent is detected in the las t  two p a p e r s .  It is shown that there  is no secondary  separa t ion  under  these 
conditions in the r e tu rn  s t r e a m  in the turbulent  boundary l aye r  domain, and the inc reae  in its extent in the 
l a m i n a r  flow domain as the shock  intensi ty grows is r e la ted  to fastening the t rans i t ion  because  of the in tensi fy-  
ing s p r e a d  of the flow, which contr ibutes  to diminution of the re tu rn  flow s t r eaml ine  extent .  The analysis  p e r -  
f o rmed  in these  pape r s  also pe rmi t t ed  showing that  the d i sappearance  detected in [9] and the repea ted  o r ig ina -  
t ion of the secondary  separa t ion  fo r  sufficiently high shock intensi t ies  is a s soc ia ted  with the t r an s fo rma t io n  
of conical ly subsonic  into supersonic  flow in the sepa ra t ion  zone. An impor tan t  deduction is  made  he re  that 
the duplicate or iginat ion of secondary  flow should be de te rmined  by the s tate  of the boundary l aye r  in the r e -  
turn  flow and by the intensi ty of the in ternal  c o m p r e s s i o n  shock which will occur .  

In o rde r  to ref ine  fu r the r  the fea tu res  of oblique c o m p r e s s i o n  shock  in teract ion with a turbulent  boundary 
l aye r  being developed on a f la t  su r face  (Fig. 1), exper imenta l  invest igat ions a re  p e r f o r m e d  for  the Mach num-  
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