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THE HYPERSONIC FLOWING AROUND OF

THIN BLUNTED BODIES

M . D .  L a d v z h e ns k i y  (Moscow )

The hynersonic flowing around of a thin blunted body of an

arbitrary cross section Is examined. Under the assumntion that

the whole mass of the c~as is concentrated in an Infinitely thin

layer behind the shock wave [1, 2], t he  t’ollowing assertion is

correct: the  force of resistance acting on the body and the shape

of the shock wave denend with the fixed n~ rameters of the advanc—

ing flow on the magnitude of resistance of the bluntin g and the

law of the chanp~e in direction along the flow of the area of’ t h t ’
cross section of the body .

The geometric dimensions of t h e  examined body sat lsr the re-

lation d/1( t. where d Is the maximum dimension of the cress see—

t ion , and I Is the length of the body . Furthermore , condit ion

(3) is fulfilled , the necessit .y of which follows from the sub-

sequent . From this condition , In particular , it follows t h a t  t h e
resistance of the body with resnect to the order of magnitudes In

any case must not exceed the resistance ~f the blunt .Inc’.

The nroblem of the streamline flow Is reduced to the enulva—

lent problem on the nonstationary motion of gas disniaced by the

piston , whereunon the action of small blunting Is replaced by

the effect of the instantaneous energy release in the tin of

the body 0 (there occurs a cylindrical explosion , at which the

energy of the exnlosion E , referred to a unit of length , Is equal

to the resistance of the blunting X0). In the direction of the

blunting the gas is acted upon by the concentrated pulse , the

1
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magnitude of which , however , In the equation of the pulse can
be neglected [1, 2].

When t Is close to zero Ct — the time which is Introduced

by the relation x = Ut , where x is the coordinate read off In the

direction of the flow from roint 0, u — the rate of the undis-

turbed flow ), there appears a flow caused by the powerfu l point

exolosion , which nossesses cylindrical symmetry with resnect to

noint 0. Within the accepted assumptions the flow nossesses an

axial symmetry when t Is close to zero at any , even non—axlsym—

metric , form of blunting and is determined only by the magni-

tude of drag of the blunting . (Let us note that this would be

imnossible to confirm if In the enuation of the Imnulses It was
imnossible to disregard the effect of the concentrated impulse

imnarted to the gas In the direction of the blunting . In t h i s
case the additional assumption about the axisymmetric form of

bluntin g would be required .)

if’ we assume further that the whole mass of the gas Is con-

centrated in the Infinitely thin layer behind the shock wave , the

form of the shock wave In the subsequent layer preserves a cylin-

drical symmetry , which follows from the impulse and energy eciua—

tions .

Similar to [1 , 2], these equations are written (the dot de-

notes differentiation with respect to t)

(I)

12)

Here R is the radius of the shock wave , p — pressure In the

region between the shock wave and body constant at. the given

moment in the whole region due to the assumption about the con—

ceritrat ion of the entire mas of gas in the infinitely thin layer

behInd the shock wave ; p1 and p1 
— oressure and density, re—

pectively , of the undisturbed gas ; S - area of cross sec ti on of

2
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the body or , in enuivalent oroblem , area of the niston ; K —

adiabatic index.

According to equation (2), the single magnitudes determining

the form of the body are E and S(t ) ,  i.e., we can conf irm the
following : with the flowing around by hyoersonic flow , the naram—

eters of which are fixed , of thin blunted bodies with equal mag-

nitudes of drag of blunting and the identical law of the change in

direction along the flow of the cross section , the forces acting

on the bodies in the examined aporoximation are equal to each

other (the total drag force X acting on the body is

.r=x ,+~ ps dt

where t= !/ ~ ). Furthermore , for such bodies the shock waves

have an ident ica l form , being surfaces of rotation .

From the account given above , it follows that for the re-

duction to a minimum of the drag of the thin blunted body of non—

cIrcul~ ’- cross section , the law of the change in the area of’

cross section must coincide with the appropriate law for the

equivalent blunted body of rotation of the minimal wave drag.

Furt her , as it is easy to see , the drag force acting on

the body Is not changed with the presence of’ the angle of attack

(under the condition that the magnitude of the drag of the blunt-

ing is not changed , which will be approximately fulfilled with

a soherical shaoe of the blunting), s ince the presence of the
angle of’ attack leads to the movement of the piston as a rigid

whole without a change In Its area.

The given discussions are valid with one important limita-

tion : the equivalent piston must remain within the circle of the

radius R w ith the center at point 0, which symbollically we
write

(3)
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i.e., the surface of the oiston nowhere touches the surface of

the shock wave . More accurately, the minimum distance between

the surface of the niston and the shock wave , referred to the

radius of the shoc k wave , exceeds In order of magnitudes
g=(x—tV (K -4- t) which when ~~~~~~ leads to the renuirement of the

absence of the touching between surfaces of the shock wave and

olston. As it is easy to see , from this condition it follows ,

in narticular , that the magnitude of the drag of blunting must

exceed or , at least , be comparable in order of magnitudes with

the drag of the remaining nart of the body . Tn the onnosite

case , at a certaIn x < l.. the effect of the blunting will cease to

affect the layer of gas compressed by the shock wave , and when

~ .t it will he located along the surface of the body , and the

discussions will lose force.

When condition (3) is fulfilled , all the conclusions re-

main correct if within the circle of the radius R not one but

several nistons are expanded. Here the j—th piston begins to

be expanded at the moment of tIme t = ;> O  from noint O~not co-

inciding in general with point 0. In equation (2)

S

The result . obtained in the indicated statement is carried

over to a similar case of the three—dimensional nonstationary

flow : at the fixed initial narameters of the gas , the flow de—

nends on the energy of the nolnt explosion and the law of the

change in the total volume disolaceable by the piston (or pIstons);

it is clear in the assumption that the niston remains within the

snhere l imited by the shock wave.)

The obtained result reminds us of’ the result of the theory

of the thin body fl] with moderate sunersonic H numbers , accor d-
ing to which the drag of the thin body denends only on the law of

the change In the area of the cross section , and the near—sonic

rule of’ the areas [ii], and therefore can be called , by analogy ,

the hynersonic rule of the areas.
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The ~v no r~ en I c p~ I e of t he areas can  he comb i ned wit h t he

1:iw of’ s I m I l i t ude !‘e t’ t he f l o w i n g  around of’ b l u n t e d  t h i  bed I

as a resul of whi ch t he flow near t he bod y I a t he a n —
n r o nr l a t e  dime nsIonles s variables will be d e t e r m i n e d  l v  t w o  d l —

m e n s I o n l e s s  n a r am e t ep s  — the hynerseni c narameter ot’ simil Itude

and t h e  naramet or w h i c h  ch a rac t  cr 1 ~es t h e  b l u n t I n g  ,and one di —

mens I enles  s f u n .’ t on w h l  ch e x n t e s s e s  the law of t h e  c h a ng e  In
area of  t he c ress  sect Ion .

It should be n ot e d  t h a t  the obtained result , bei ng t h e  con—
s e i u en ce  c t’ the a n n i ’ox i m a t e  assumo t i on s  , up to a cert  al n decr ee

~~~~~~~~~~~~~ t o  t he  a c t  ua l  posit- ion of the o b j e c t s , when w i t h  t h e
h v n e r s en i c  f l o~:i n ~ around of the  b l u n t e d  body near  t he  body an

eat  ronv  lay e r  w I t h  a smal l  d e n s i t y  is  formed .

It Is r o s sib le  to  e xn e c t  t h a t  in t h e  pr e ci s e  f o r m u la t  ion

t h e  form of t h e  shock  wave and t h e  drag  of the  body are l i t t l e

~en s t t  lye  t o  such  a change  in t h e  form of t h e  body at  w h I c h  the
dra g  of t h e  b l u n t  I n g  and t h e  law .~~~ of the  change in t h e  area of

he c ro ss sec t  ion ar e retained .

Ta conclusion t h e  author expresses h i s  t h a n k s  t o  A . I .  Go—
luhinskiv and V.V. ~y [ille~ ihle] fo r  t h e I r  very u s e f u l  d i s cu s s i o n .

Su b m i t t e d  17 An r i l  lQt~fl
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