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An ana lys i s  of the ae rodynamic  c h a r a c t e r i s t i c s  of var ious  modif icat ions of blunted bodies of smal l  length 
was made  on the ba s i s  of the r e s u l t s  of expe r imen ta l  invest igat ions.  The exper imen t s  we re  pe r fo rmed  on an 
ae rodynamic  instal lat ion in the r ange  of Mach number s  M =0.4-3 at Reynolds numbers  Re =7" 105-3 �9 108, ca l -  
culated f r o m  the midsec t ion  d i am e t e r  of the models  and the p a r a m e t e r s  of the oncoming s t r e am.  We tes ted  
models  of  segmenta l  bodies  (Fig. l a ,  r e l a t i ve  rad i i  R / D = l . 4 6  and 1.18, where  R is the radius  of the sphere  
and D is the d i ame t e r  of the b a s e  cut; the cen t ra l  angles a r e  40 and 50 ~ respec t ive ly)  and of blunted cones (Fig. 
lb) with l a rge  ape r t u r e  ha l f -ang les  (O =60 and 70 ~ and a degree  of blunting d /D =0.25 (where d is the d iamete r  
of the sphe r i ca l  blunting). The ae rodynamic  c h a r a c t e r i s t i c s  we re  obtained for  different  va r i an t s  of blunted 
cones:  with beveled  ba se s  (Fig. lb ,  O =60 ~ d /D=0 .25 ,  T =5 and 10~ O =70 ~ d /D=0 .25 ,  T =40 ' ,  1 ~ and 1~ 
with edges cut off pa ra l l e l  (Fig. l c ,  0 =60 ~ d/D =0, d ' / D = 0 . 9 6 ,  0.93, and 0.87; d' is the dis tance between the 
edges); with cy l indr ica l  g rooves  on the conical  par t  (Fig. ld ,  the rad ius  o f a g r o o v e  equals the rad ius  of t h e b a s e  
cut) which cut the r e a r  par t  into 12 faces  (~ =77 ~ d /D=0.25) .  
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The m a x i m u m  d i a m e t e r  of the middle  c r o s s  sect ion of the model  and the a r e a  of the middle  c r o s s  sec t ion  
w e r e  taken as  the p a r a m e t e r s  in the ca lcu la t ion  of the ae rodynamic  coeff ic ients .  The to ta l  r m s  e r r o r  in the 
m e a s u r e m e n t s  of the a e r o d y n a m i c  coef f ic ien t s  of the tangent ia l  fo rce  c~ ,  the  n o r m a l  f o r c e  Cn, and the pi tching 
moment  m z did not  exceed  6% for  subsonic  ve loc i t i e s  and 3% for  supe r son ic  ve loc i t i e s .  

With an i n c r e a s e  in M the  d r a g  coeff ic ient  c x of blunted bodies  of s m a l l  length f i r s t  i n c r e a s e s  at n e a r -  
s o n i c  ve loc i ty ,  d e c r e a s e s  somewhat  at a low supe r s on i c  ve loc i ty ,  and r e a c h e s  a max imum value at M =2-3  (Fig. 
1, 1 i s  a s e g m e n t a l  body,  R / D = I . 5 ;  2 is a blunted cone,  0 =60~ 3 is  a blunted cone with c y l i n d r i c a l  g rooves ,  0 = 
77~ 4 (dashed line} is a s egmen t ,  R/D =1 [1]; 5 (dashed line} is  a cone,  0 =60 ~ [2]}. A d e c r e a s e  in the r e l a t i v e  
r a d i u s  of the s e g m e n t a l  body f r o m  R / D = 1 . 4 6  to 1.18 l eads  to a 5-7% d e c r e a s e  in r e s i s t a n c e  in the en t i r e  r a n g e  
of Much n u m b e r s  inves t iga ted .  The influence of the beve l  angle ~ /of  the ba se  cut on the r e s i s t a n c e  of cones 
depends on the ve loc i t y  of the oncoming  s t ream. ,  a n  i n c r e a s e  in T at subsonic  ve loc i t i e s  a l t e r s  c x s l igh t ly ,  in-  
c r e a s e s  it at  n e a r - s o n i c  v e l o c i t i e s ,  and d e c r e a s e s  it at s upe r s on i c  ve loc i t i e s .  

To al low for  the  b a s e  d r a g  of  the ho lder  we m e a s u r e d  the b a s e  p r e s s u r e  with two dra in  openings e m e r g i n g  
through the f a i r i n g  of the s t r a i n - g a u g e - h o l d e r  at a d i s tance  of 2 m m  toward the ba se  end of the mode ls .  The 
b a s e  p r e s s u r e  behind a segment  of e = 50 ~ i s  somewhat  g r e a t e r  for  subsonic  flow and l e s s  for  supe r son ic  flow 
than that  behind a segment  of O = 40 ~ (Fig. "1, 6 is  0 =40 ~ and 7 is 0 =50~ Since the r a t i o  of the a r e a  of the 
ho lder  to the a r e a  of the model  b a s e  is 11%, with a l lowance  for  the ba se  d r a g  of the holder  the f ron ta l  d r a g  co-  
eff icient  of the mode l s  i n c r e a s e s  by  1.4-2% at  M> 1 and by 3-6% at M_<I. 

The coef f ic ien t s  of n o r m a l  fo rce  for  conica l  bodies  and of l i f t ing  fo rce  for  s egmen ta l  and conical  bodies  
a r e  l i nea r  funct ions within the  l i m i t s  of the angles  of a t tack  inves t iga ted ,  which was a lso  noted in [1, 3]. 

On a s egmen ta l  f ront  s u r f a c e  in the p r e s e n c e  of an angle of a t tack  a n o r m a l  fo rce  develops  with the s a m e  
sign as  the  value  o f a .  Only for  a model  of a s egmen ta l  body with R / D = I . 5  at subsonic  or  n e a r - s o n i c  ve loc i -  
t i e s  of the  oncoming  s t r e a m  and s m a l l  angles  of a t tack  does the coeff ic ient  c n behave  l ike  that for  s e g m e n t a l -  
conica l  bodies  in [4], i .e . ,  have a negat ive  value.  But w he r e a s  this  effect  for  s e g m e n t a l - c o n i c a l  bodies  is con-  
nec ted  with the p r e s s u r e  d i s t r ibu t ion  on the conica l  s u r f a c e ,  for  a s egmen ta l  model  it evident ly  is  caused  by  the 
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anomalous  movement  of the leading cr i t ica l  point at subsonic velocit ies and by the a symmet r i ca l  format ion of 
:Local supersonic  zones near  the r i m s  at nea r - son ic  velocit ies.  

In the subsonic and nea r - son ic  veloci ty  ranges  an increase  in the Much number causes an increase  in the 
a for segments  and cones,  while for supersonic  flow the value of c~ var ies  slightly (Fig. absolute value of Cy 

a and mz ~ , l / t a d ) .  2a; the notation cor responds  to Fig. 1; Cy 

In o rde r  to compare  the data on cones and segments  we took as a pa ramete r  the angle e, which in the 
:first case  is the aper ture  half-angle of the cone while in the second case  it is the angle between the tangent to 
the contour of the model at the corner  point and the axis of s y m m e t r y  (see Fig. 1). A pointed cone changes 
into a segment  as the spher ica l  blunting d/D of the cones var ies  f rom 0 to 1. 

a 
Some general ized functions c x and Cn for test bodies,  cones with large aper ture  half-angles [5, 6], and 

segments [1] a re  presented in Fig. 3, where 1-6 are  Cx; 7-8 are  Cn~; 1 is a blunted cone, O =60 ~ and a cone 
with grooves ,  0 =77~ 2) a re  segments ,  R /D=1 .18  and 1.46; 3 and 4 are  experiment and calculation by Newton's 
:method (dashed line) for a segment with R/D =1 [1]; 5 and 6 are  cones [5, 6]; 7 is blunted cones,  0 =60 and 70~ 
8 is cones [5]. For all the cones and segments ,  s tar t ing with O =60 ~ the frontal  drag coefficient depends 
weakly on the shape of the body, i .e. ,  the angle O and the degree of blunting of the cone, with the experimental  
values of c x for a segment  with 0> 45 ~ being less  than the values calculated f rom Newton's theory  [1]. Good 
agreement  between the calculated and experimental  data is observed in the range  of angles O =0-45 ~ 

An increase  in the re la t ive  radius  R /D (or the angle e) of a segmental  body and an increase  in the half- 
:angle at the apex of a conical body are  accompanied by an increase  inthe absolute value of the lift coefficient 
Cy, with the value of the lat ter  being negative at positive angles of attack. This is explained by the fact  that 
:[or bodies of smal l  length the coefficient of tangential force  c0nsiderably exceeds the coefficient of normal  
:force, as a consequence of which negative values of Cy are  obtained when calculat ing the forces  in the flow co-  
ordinate sys tem.  

OZ . 

For segments  the quantity c n increases  with the transi t ion to l a rger  Mach numbers .  For  pointed cones 
~he absolute value of c~ increases  with an increase  in the angle 0 [6]. 

For blunted cones with bases  cut off at an angle the la rges t  absolute value of c n occurs  at a zero angle 
of attack (the value of c n is negative and c n dec reases  with an increase  in (~). An increase  in the bevel angle 
leads to an increase  in I Cnl ; e .g. ,  a change f r o m  5 to 10 ~ increases  I Cn[ by 40-50%. A shift in the balancing 
~ngle toward l a rge r  values of ~ with an increase  in the bevel angle is cha rac te r i s t i c  for the tested cones. A 
concept of the influence of the bevel angle of the r e a r  section on the variat ion in the lifting force  can be ob- 
~ained on the bas is  of the data for a blunted cone with 0 =60 ~ (Fig. 4, M=3,  a =0; curve 1 is Cy). 

For  models with r i m s  cut off paral le l  one observes  a decrease  in the coefficient of normal  force  with an 
!increase in the bank angle (at a zero  bank angle the cutoff planes a re  paral le l  to the plane of the angle of attack). 
For these models the value of c n has a local maximum at nea r - son ic  velocit ies and increases  for supersonic  
:[low. 

For segmental  bodies (see Fig. 2b) in the entire range  of Much numbers  one obse rves  longitudinal static 
stabili ty,  with the s tabi l i ty  being higher for  a segment with a smal le r  re la t ive  radius.  With an increase  in the 
:Much number the r e s e r v e  of longitudinal static stabil i ty decreases .  In the region of angles of attack ~ =3-13 ~ 
the curve c n =f(~) for a model of a segmental  body with R / D = I . 5  passes  through zero at subsonic and n e a r -  
sonic velocit ies.  If the normal  fo rce  is equal to zero then the resul tant  of the aerodynamic forces  act ing on 
the body is equal in magnitude to the tangential  force  and acts parallel  to the axis of the body. In the general  
case ,  being displaced f r o m  the axis of s y m m e t r y  of the craft ,  it can create  a longitudinal moment ,  which has 
been observed  in experiments .  At any positive angles of attack the tangential moment  for segments  was hege-  
l:ire and its absolute value increased  monotonically with an increase  in the angle of attack a .  In the entire 
i:nvestigated range of angles of attack cones with a large  aperture  half-angle have a negative derivative m~z (see 
Fig. 2b) and hence a re  stable re la t ive  to some position determined f rom the condition m z = 0. A decrease  in 
stabil i ty with a dec rease  in the degree  of blunting is charac te r i s t i c  for cones. The r e s to r ing  moment grows as 
:~ increases  and the balancing angle shifts toward la rger  values of a .  

The qualitative cha rac te r  of the variat ion in the stabil i ty of blunted cones having a beveled r e a r  section 
is presented in Fig. 4 (M=3, ~ =0, curve 2 is O =60 ~ 3 is e =70~ As the bevel angle increases  the tangential 
moment  of the models f i r s t  grows rapidly,  r eaches  a maximum in the region of 5' =2-5~ and then s tar ts  to 
decline. The stabil i ty of models of blunted cones with edges cut off paral lel  decreases  with an increase in the 
banking angle as the edge cutoffs approach each other.  
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Let us consider  the influence of the Much number and the angle of attack on the location of the center  of 
p r e s s u r e  of models of blunted bodies of smal l  length. In subsonic flow over a model of a segmental  body with 
R / D  =1.46 the center  of p r e s s u r e  Cp moves f r o m  2-5 ca l ibers  ahead of the model at a =5 ~ to 2.5-20 ca l ibers  
behind the model at a =10 ~ as a r e su l t  of a change in the sign of the normal  force.  In supersonic  flow over 
segments  both the angle of at tack and the Mach number have a weak effect on the location of the center  of p r e s -  
sure ,  which is located behind the model (by 3-5 ca l ibers  for a model with R /D =1.46, for example). For 
blunted cones the location of the center  of p r e s su re  i s  at a distance of 0.3-1.5 ca l ibers  behind the model and 
depends little on the blunting radius .  With an increase  in the Mach number the center  of p r e s su re  approaches 
the model (see Fig. 2c). 

In the case  of flow over cones having a beveled base the value of Cp grows as the angle of attack in- 
c reases .  Edges cut off paral le l  have little effect on the location of the center  of p r e s s u r e  of a blunted cone in 
the investigated range  of  Much numbers  and angles of attack. 
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D I F F U S I O N  S L I P  A N D  B A R O D I F F U S I O N  O F  A G A S E O U S  

M I X T U R E  IN  P L A N E  A N D  C Y L I N D R I C A L  C H A N N E L S  

V. M. Z h d a n o v  a n d  R .  V.  S m i r n o v a  UDC 532.529 +532.72 +533.6.011 

In the forced  flow of a gaseous mixture  in a cap i l la ry  or  a porous medium in a field of par t ia i -  
p r e s s u r e  gradients ,  a number  of effects occur  (the diffusion baroeffec t  [1, 2], the mix tu re - sep -  
arat ion effect [3, 4], etc.),  a r igorous  analysis  of which requ i res  the inclusion of Bol tzmann 's  
kinetic equation. The main object of the kinetic considerat ion in this case  is to obtain expres -  
sions for  the flows of the mixture components ,  averaged over  the c ros s  section of the channel 
or  r e f e r r e d  to unit sur face  of the porous medium. This problem has been solved in a number 
of papers  [5-7] for channels of c o r r e c t  geomet ry  (a plane slit o r  a c i r cu l a r  cyl indrical  capi l -  
lary) using the l inear ized kinetic equation with the model BGK integral  o f  the coll isions in the 
Hamel f o r m  [8]. In [9] the flow of a mixture  in a plane channel was cons idered  using the ac-  
cura te  l inear ized coll ison opera tor ,  but subsequent use of the moment  method of solution was 
confined to the so l id - sphere  model of the molecules .  The l imitation of the models used does 
not enable the accu racy  of  the resu l t s  obtained to be guaranteed,  par t i cu la r ly  with r ega rd  to 
such kinetic quantities as the diffusion slip coefficient or  the barodiffusion constant  of the gas-  
eous mixture  in the channel. It is well known, in par t icular  [8], that no mat ter  how the p a r a m -  
e te rs  of the sl ip in the BGK model for the mixture  a re  chosen,  it is not possible to ensure  an 
adequate descr ipt ion of  the diffusion and the v i scos i ty  of the mixture s imul taneously  even for 
normal  hydrodynamic flow. Below we solve the problem of theflow of a mixture in a channel 
using the l inear ized kinetic equation with the coll ision opera tor  in the model f o r m  p r o p o s e d b y  
MeCormack [10]. The advantage of this model,  based on the equivalence of the N-order  too- 
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