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EQUATIONS OF THE FREE-FLOW OF MOLECULES AROUND OBJECTS

;% By
E. Larish
g‘ Equations are dervied which express [stationary and nonstationary flows of

SR

rarefied gas around bodies under conditigns of free-molecular flow, where it is

RS

' necessary to take into consideration the [repeated reboundings of gas particles

from the surfaces of the bodies around which the flow is directed. Due to reasons,

which are explained in this report, theslequations are formulated without im- -

)

position of any kind of limitations on the law of reflection. In the appendices

%

; . there is described a method of determiniﬁg the reflective properties of a surface,

{ ‘possessing a certain finely granular strycture; an important special case of the

; : (‘ reflection law is discussed, representing a combination of diffusionsl and mirror

E; reflection; a simplified nonstationary irétance is examined where nonstationary

% movements which are superimposed over thq statlionary ones, appear to be smallj %
% ‘and finally we discuss the flow around bgdies of a stream, the parameters of %

& which execute small harmonic oscillations around their mean values.

! If in the flow of a rarefied gas sevsral bodies are simultaneously situated

T S

arranged so, that their reciprocal influence is noticeable, or even one body, the
surface of which has depressions, it is necessary to take into consideration the
repeated reflections of gas particles frgm various parts of the surface of bodies ¢
; around which the flow is directed. This | problem is discussed here for a com-
: bination of bodies, the dimensions of which are such, that the flow flowing

i around it can be considered as free-mole¢ular. This requires that the charac- i

teristic length, i

bl s S
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the free path in the gas for particles of

.*:I.clu. Vhen this condition is maintained

At such a simplified irrangonlt. it
'to £ind the distribution functioa for the

consequently, upon time and the invaria

o0 the solutiom of the problem ,sonmected

‘for the density of the flow of particles

'absolute diffusioul reflectring surfase.
cam with a eertain accuracy be treated a
.smooth bodies it would mot be nesessary
complex reflection laws.It might,however,
ces with a ecertain proper finely-grained
le to change of their streamline eoasider
the average, by introdusing a suitable r
experimental or thecretical eonsiderati
derived equatioms for statiomary flow ar

with this latter case im mind. It is on

‘ P any other kimd of reflectios law the d

icles of the onsoming flow have an umpery

Tais latter operatiom appears to be diffipult, and here is suggested another appr

flow is directed,puxsizims which im the ton ease replaces the kimetic eguatiom.
Applying this method in roport[l}n vestigated the flow arcusd bodies witk

accepted in the problem, should be -ll#r them the smallest of the leagths of

the encoming flow and for reflested part-

:,bot\:non the subsequent reflections from the surface the particles are mot seattered

14 appear,that it is possible directly

gas. Vo disregard the reactioa of the par

icles,and the distributiom fumetionm lhou.\.t satisfy the Louville equatiom and de
at

of frec particle £ = £ (v.[rv}.t)‘. The

form of fumction f should be determimed from the boundary and initial eonditioms.

ebsolute diffusion reflecting, and for

o imtroduse into the imvestigatiem more

bly. This structure camn be coasidered oa
lection law,vhich can be determimed frem

o 88 it will be shown later o=, Next are

natural,that during diffusion as well as

isy of the impacts can be determined

bed velecity distributioa,dut also that|

it can met only be comsidered that the parg—

with the derivatiom of an integral equatis
reflected from the surface around wigieh th
As is shown by experimens,polished mfacfu

structure, because im this vay it is pout{b—

at any arbitrary reflection law,samely

appear to be sonvenieat to prodwee surfa-

__ ITDeTT=61=53/1¢2 2 _
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indepondently from the temperature distribution, Such a possidbility disappears

' during nonstatiomary flow arcumd,when the demsity of the impacts (collisions) and

temperature distridbution should be determined parallel. The nonstatiomary flew equs -
i $ioms proposed in this report are obsai " in & quite simple manner,by gemerali ‘
&  stationary flov equatioas.

1, Statiomary flow., Flow around surfaces, which alike diffusiomaleseattering ref
‘ let sc that the dutr:lbutiol.of particles of the reflected stream by angies depends
oaly upoa the poimt on the body, can be described, .rm\rmuu only the mumber of
~ particles eolliding agaiast umit ef sur ‘co per unit of ti.. In the presense of
& relatioaship botvnl. incident flow and reflected one the datter should be loﬁgg,-
bed in greater detail,ineluding the angu velocity distribusion of the pnrtielqo;
2 For this we will introduce into the investigatiom fumesions m (P, )e Bg (Py )
" | so that the products nidof pade and 5‘ "m‘ will desigaate the mumber of pnrt:l.cloi
falling (reflected) oa the element of ﬁco near point P, the velecity of whieh |

! ' bas the trend imclwded im the solid angle du with axis (»

To determine fumctidm A, it is possible to obsain an integral equatiom,whieh .

appears to be the resul$ of the conditi  of preserving the number of partieles
duriag the reflection. The form of this ¢quatioa depends upon the lav of reflestieq
' of the surface of the body around which jhe flov has been directed. Asswming that b
R(P.q.@r) 4T = probabilisy that the ‘ rticle falling on the surfase Reer poimt| P
with a veloeity having the treamd<dy, acquires upon reflectioh a velosity with »
" tremd in solid angle dcdp. Next it is importans that R does not depend (er depends i
only slightly) upoa the absolute velocity value of the imcident particle and upoal she
she temperature of the surfase. The missions of fumction R are sufficient to de-~

scribe the statiomary flow,because it ean be expected, that at the discussed here

’ | low densities in the presess ef reflection the primsiple ef superposition will be

e
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maintqined.The preservation of the umboﬂ‘ of particles duriag reflectiea is mrodf
| sed by she fact thas e .

e . (RP w0 de =1 (.4)

¢ [T, —— e g e

i‘
The relstionskip beiween n, eand ny is wris

‘ ton in form of o o
' A 3 u,.)_SR(P o) n.(P m)do) (1.2)

In order to tnutm shis rohtiu :I. ‘o '
an equation to determine B, we like %o p
Tig.l, ous, thaat the particles moving in direc -

| tion U arrive either from the onecming :I‘u-.cr from that sestion of the surface
sects the bedy for the first time (fig.l)

:
o
‘
P _mear poiat P vhere the directiom (O ins
P ,
s It is apparent that _ _ _ . . 3
¢ PP@ OVp
ng=(P, o) = n; (P, w) + oy ny (Pa, ®) (1.3)

; . )

4 3

B Py Tpp,
i I

v where n, - denstty of sollisioas of particles of the unpesturbed ineident flow, T

R rekaea

= dietance between points P and Q, and Y, -~ sihgle vecter of the nermal iam poias Py

The sealar products are always in absolute value.
If this expressiom for my is substited in formula (1.2) then the latter acqui-

res the form of -

n,(P o,)-SR(P », o) [:n; (p ®) + = Er, (P, u)}du (1.4)

This is the sought for oqutiol for |ny - basic equatiom of the prodlem, It u*
be formed differeatly,changing insegratiea by angles with iategral by surfese.For

this we make a ehange —— ) I N V'«;
PaQ, e Mdsq, w—sero (/L/
. PQ .

and we will obsaia instead (1.1.) o

2 m(P. o) = (P, o)+ § R(P, wro »)--—~ ne (Q, wro) ddg  (1.5)
i P :

3 Hore [ m e e
- -
4

. i.nr'(P,m)=' | . | h-"

S R(P, w;, o) (P, wi)duw; . (1.6)

! ' Sp

l

1

|
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‘ - reflected by the body per unit of time,

and the integration is done ever that pars of the surfase sp whioch is viaibles frem
Pollt P (3
We will show that this equation has 4 single solusion,Ve will sake for $his plﬁ-

Pese & uniform equatiom correspomding to jequation (1.5)

- \ ©pAV
{ "y (P, 0)) == § R (P, wpg, (J)) PS\PII,.(Q, wPQ‘)dSQ‘ (17) :
i . Sp "PQ

and vill soavinse curselves, that it has fao other solutions exsept the trivial a,
- 0. Haviag integrated this equatiom acc ::u. %0 (W and saking into econsidere~

tiom (1l.1) we will obsain . . . - R,

WpaV !
(7 (2, 0)do= % PEP 1 (Q, wpg) dog (1.8)
o SP ’PQ

Ve will agein 1nt£égto over the 'ontiro surface of atraﬂiyg _bodies

dep gn,‘ (P, w)dw =Sd6p \ gﬁ—gv—’é]z,‘ (Q, wpg)dsg (1.9
g ép PQ N . .

In this equality the i;fviin'rt characterizes —tho.jo"nen_l' nu-bo;“otr ﬁrtiol.u.

she right pert the number of partsieles
vhich is reflected from the body and falling on it agaia, In
the case of flowing around as is discuesed here (but not for movements in clesed
zome) the first number should alwqys be greater than the secoad ome,im view of the
' fact that a part of the reflected particles departs iato imfinity. Formula (1.7)
coasequently, sannot be fulfilled,
2. Unsteady Flow. ¥e will formulate an equation of nomatationary flow ia the
| case,vhen only the parameters of the outer flow are changed,and the geametrie para
meters remaia unchanged. Gsnerally s » $0 write an equation for aa wastasiomsry
flov is needed a more detailed descripticm of the properties of the reflectiag sur
fage,which was necessary in the mxmmxmt statiomary case. But the basic difficulsy,

which emerges here, lies in the fact, thet the demsity of the collisiens ean mo»

longer be determined indepeadently from temperature distributiom; valuwes a, at ¢

. moment t appear to be dependent upoa the temperature values in all foregoing mementgs,

TID=TT-61-57/1¢2 5
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This leads to the point vhere the equatiocn of the [roblem in essense becomes Reme

linear .The equationx to determine the t rature will be written out here; is wil
be considered as a fixed fumstioa of position and time.

The reflection proeess is comsidered occurring imstantaneously; we deal in
‘around which the flow is directed, whieh,of course, is very small, wut She time of
Sheir delay in thess macroscopie details of the surface ,about which meation was

made in the introduetion,
. stationmary flow equations originates om
' of the bodies should change moticeably at the time of relaxatiom,which is of the

- order here of the average time the parti

icles), Otherwise the movement is quasistatiomary and f&kmx it is possible to apply

' equatioa (1.5).rophcin¢. of course, 911 the paramsters by valmes at thwe moment $

. l s s . .
Ve (P, w, ) =n (P, w, 1) + R(P, wpq, w) "’f‘i”f‘; ) n, (Q, pa, t)dsg (2.1)
' Sp (1) PQ .

have a chamge Rot only in form of functi

flow is directed may become quite def d.

Let us discuss the particular form ¢f surfaces,which are of special practical
importange and the flow around which can|be deserided with the aid of equatioms
(1s3)s (165)c This imcludes these surfaces which allew to give a descriptioa ef ¢
stream reflected from them with the aid ¢f the temperature aspees., It means that

the distribution of veloeity values of ticles reflected from any given smll

' disregarding mot of time the incident pariticles remaim imn the interior of the bedy

We like to0 point out,first of all,that the nesessity of introdusing changes h&o:
at sufficiently rapidly changing state of
the system, Namely the parameters of the imcident flow or the neometric parameters |

les remain within the limits of the lyltt*.

This equatioa should be solved in the dssumption that ¢ = parameter. Here we ean
Bp,but the very surface arcund whieh M

around which the flow is dirested (" 1/v,viere 1 - mean distance covered by the pars—

" 4cle between two subsequent reflectioms, (v ~sertain mesn velocity of reflected part -

FTD-TT-61-57/1+2 6
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section of the surface is given for all ¢nglu by the expression ef the form ef

%

ace,and is conmected vith seme jy «he re—

const v2 exp (-vzlms). The temperatur included herein generally does not

' eoincide with the temperature of the sur
latior of accommodatioa.

Assuming AGp and d4¢’ Q- two such face elements ,where one is visible from
’ the other; lets ws see how their mutual influence spreads, The partieles whieh are
rive frem the olement d¥p fall on 46Q vith delay Tpe/ve It 15 appareat, if Tg(Q,t)
- temperature of particles leaving the elemeas “Gq then from their number the tou.L-i.u

amoun$ will fall om element 4y during the time imterval ds:

e Tage 74‘/"1‘?“4'*"’"//"‘")
8 Hence we obsaia a generalization of Lquatiol (1.55 for the meastationery eases|
. e Fage Ta foo Cpuation’(2-2)

O In spite of all this, this equation E formilated on the basis of a sertain

S schematization, 1t is still quite sumbersome. A substantial simplifieatien of same

ean be attain in the following menner, By|virtus of the presemss of an expomeatial |

mlsiple the sime utoml in (2,2) is practically taken oaly in the um:l.
i ‘ ' © 0.5rpq ( WT, ) L. 5rpo( 4,:; ) ! -
|

¥ N

‘ The temperature ‘.vuch is conmected vith the tomutuo of tho llrfno.chn;h.

e £ o e s

o

B0 MWWM: R R A T AR AT T

gonerally speaking, lll.wly.l'o that wve ean|write

Making substitution T | !

m 1% &

1 T=TrpqQ [2—,-‘-——)—] u=Tpg(t)u (ju/[, ) I

we obtaia imstead of (2.2) o S |
S n(P,w, f)=n"(P, 0,4+ (23 y

e cieh e

: o

|

I (16) g It (P wpQ, 0)) PQV g u™ exp (-~ u"") ne [Q, ®pq, i~ Tpg (t) u) dsqdu
' A ke ¢

PTD-T1-61-57/142 7
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FTE g 41 e pes ot
z

oo

dt Snr(Q ®pg, L —1T

[

o2

16 m rPQ
TEN [ém (j / y
m dT(oPQvP
BT,(Q t= ,)] o dopdsq

': (P, w, 1) = n," (P, ©, ) + SR(P’ wrq, ©) mpfpi?ij)’/x[___L]v.x

3

X (LTP—Q) ex?[ (

FPrd-17-6/ ;.r7//' #ol

PQ
T

r”o(.’ n/) [2%T,(Q, t—7)

Sp

) m] n"(Qv WAQ, t—’l’)%‘ddq (22)

7 a




reflections; below equation (2.2) is considered in scmevhat greeater detail.

lducrof nonstationary flow equatioas,becapise these equatioas are more seasitive %o

details of the distributioca funetiomn. The published experiwats eannot be used as

The physical idea of the approximation made here is clear:the temperature eof
bedy surfase should not change sharply during the elapse of time betweem subsequent

Application of the temperature comceps to the reflected stream,even theugh it/

appeared Epk up until new satisfacsoery fof the recording of the energy balamse and

quantity of motion at the surface, may lp‘ ar to be highly approximate for the rn*-

basis for the evaluasion, equation (2,2) has $o be presented in a more genersl farﬁ.
‘We will very briefly describe,for referente p\u';;onl. how this should be handled.
If the distribution of reflected particlo“ by emergy value depeads upon the angles |
 the propersies of the roflecung nrfuo ‘hould be given through fusctiea
) R[P I‘(P), i, o7, O, ] (2 3w)

80 that

RIP, T (P), o1, 1, 0, 0120 dv,.dw, ( 2 3,@)

is the probeuility of the faos that the ticle falling with a veloeity vy will

appear after reflectiom ia the dv, elemen of the velocity spase. Consequently the

‘donaty of collisions sjjouls also be Bmmg broken dowa into xsmypmExm pompements ia vﬁlo-

city spaces np(P, odr, vr)vrzdvrdaar-mbe of reflected particles with a volooiti

in the :I.unt dvpoIn result the generalized equation (1.5) acquires the ferm
ny (P, w v) =n,"(P, v, v) -

o]

Dpav
+S 2"{2d?_71 S {ETP R[P, T(P), WpQ, Vi, W, v]n,:(Q, wpQ, z;i)dgq (24)
. 0 Sp - . L. o e

The noastatiomary flow equatiom,corresponding to (2.4) is obtaimed fumediately

by changing from integrating by velocities into iategrating by tiu.und.u tht‘(

s r’Q/vi,'. obtain | T n (P, w, v, t) =n'(P, w0, t) + Sf’io%g(rfq) }x
" Sp ™p 0 ‘

. r ‘ d
AR[P, T (P, 1), wpo, =2, ®, an, ((), @pgs %, z—:);:dab (2.5)

e R AR T T e e 3 S R SR R R R RN DR TEFSSIIEEC IR S T i

RN S
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Bguatiea (2.2), (2.3), (2.5) were fomlated by us in she assumptien that the
 geometry of the streamlinmed system is copstant, It slow ehanges may,jewever, be
 takea imto comsideratien, just as it wvas dems in (2.1).

Prastically up to this moment it vas| believed that im the flow exists caly ome|

 kiad of partieles, If there are several kimds or duriag reflestiom the partieles

 dissesiate or besome ionized,then a separate suitable equatiem should be writtea

RO
for eash type. All these equations ar'in ependent, and form a system, Exsited m[g
~ states of one and the very same partiecle should mot be coasidered separately sinsp

" they have a very short life spam and influence only the energy balamge,

3. Flov of Emergy and Asrodymamic Fofces. If the reflection emergy a, has be

e S A e
AT R Y

found then the recording ef term for emergy flows and for the ameunt of metien )ro‘

*3 | Sents no difﬁculty vhatsoever.At first find the colnu.el density
?% .: ./LI\;) w, v, t.‘)--n1 (P.u) v, t)—'—SSP—rLPQ:—Pnr(Q ©pgr Vs t-————)ch (31) :
% The flow of the nmmber of movemeat,falling om the body. i.e.the fumm fores astiag
i por uais of its surface is determined by pression _
% 7 (P, t)=m&v3dvgln,1> 0,9, ) =" (P, w, 9, 8)] wd v (3.2) Y
?’i . The stream of ourgy sielded to ¥he is olmuod in form ‘
:; &= —;l—gdw g n; — n,) vidy (3-3)
% Parts of thes s expressions,corres ing $0 A *,for combining diffusiemsl and
": mirrer reflection, can be fousd 1a the book Wy Pattersoh(2] ifar the flow,exesuting|mmix |
3 oscillations, they were establisped by N.T,Pashchenko ia rowt[?l o ‘
?k If upoa reflestion the particles transform into excited state,then the energy :
é consumed for this should, apparently, be deducted from the right part (3.3). ;
? 4. Appendix, Ve will showa briefly $0 £ind the probability of reflestioms ‘

. © R (Wy,Wy) for a surfase,which is not |

the Separating from the surface any ﬂvr

FID-TT-61-57/1+2 9 il
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element of its strueture we shouid solve for this element equatioa (1.3) frem repori
1] shaving taken Ne(P) for the single floy with-$Tead (3. Ve vill ebtain, in tkis Wy,
a termydetermining l' (P) as a flnt:lol of (o Thon |

Ao, @) = NPy, s wn

where the integral is saken by the very . ’ut of the structural elemeat which

3 is seen from directioa (.
1:3?’*‘ For example, for a surface with spherical depressioas one cam wse solutiem E.j’.
; equatioa (3.5) for a sphere, For a surface with eylimdrical grooves (fig.2) ome san 4
i 2
f e solution for erlisder,vhich acquire} & simple famx form 3
o ; | o ppage fo0 fo. t}._a.../(y.z ) 3
r - | 4
: , - 3
Figd _ Ve shall make a mere shorough investigatioa %
IB of a stationary flow in the important spe¢ial case when the lav of reflectiom corre B
L. 1 &
{ pond ¥o a co-bmt:l.on of diffusiemal and mirror reflestioas, lqution (1e5) leck §
O ovp T ;
"y (P, m)—'r["'(P ‘°>+mv,, n (Pa.m] )
3
i +(1—r)—[~' m+) 222, (o, mpq)dcq] (4.3) f
5 Sp rPQ 5
; where gamma is the “coefficiehs of proportiomality of mirror rof].oltiu (specular re- %
fleetion), (o' = 2 (o)v, eWe= vecter, s triecal ¢» ia ratio te vpi & designation "F i
3 i
. 4ntrodused v
| N(P)= S;.(P 0) do (1434,) }
: In comerete problems,to which equatiok (4.3) can be applied,the propersiea of q

-

the specular reflectioa os alvays small.Naturally according to this it is meecessar]

to break down the values figuring im (4.3) meccodding so degrees gamma. Ve write

n, (P, 0) = [N(P) +yn/ (P, @) avp,. a*(P, (o)—-n"(P w) aw,,/u (/AB '5)
Il sero npprqn-tion we obuin mtu+ of (4.3) nd oqu.tion
. 1
' N(P)=N" (p)-;.7 g MBQ"_QN(Q) dsq (4.4) €
’ ‘ l . Sp PQ I Q

4
PID-TT-61-57/1+2 10 ‘i
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the flow mtxam around an absolute 4if

|

t
t
i

This equation is immediately redused|
fnr-tiel.n will mentioa,that funetioa
20 loager depeads upomn the angles, ror 1t
setly with (4.4),0nly with/

‘ s Tpq

P

iiuto‘d of N*)P), In this wqgy ,the prese
tioa does not brimg in angx substantial 4i
‘congerning flow arouad diffusion reflecti
| Ve will investigate simply the flow
motion execute & small nomstatiomary move
aid of equation (2,3).At first we will
integral figuring there
| -
Since the noastatiomary movemens is ¢

meat can be eonsidered in npprozi-tion.

ximation adopted here is as fellows: the

assumed to be constant, identical for all

$0 a correspoading equatica for the stati

' which, maturally, coincides with equati

‘ uu ve obhu u nut appruintion an ”ut_ion
n' (P, 0) = n(P, ')+ N (P, )—-N(P)+ %M;L'(Q,mm)% (4.5)

(P)—n (P, ©) —n (P, (o)+N(P)

(1.3) from ropa't[l o8inge it desoribdes |
iomal refleetive surface, Teor Matched vall-

TS 'R

iato for of (h;b).ro ruiis; mh a transt

N (P,) 6

1. obuiud an oqution correspoluu oX=

(1] V(l) v
w { origrste L (@

16
\ = §n,.(Q, @pgr t—7Tpg(¥) wutexp(—u )du~n {Q, opg, t =27 /'TPQ(l)]

See paps 12 ffor Guotionil )

where !'.(Q) - l% & mean temperature

at a temperature Tg(Q). With the aid of I::ce transform equation (4.7) is redueed
t

"’pq) + N(Q)—N (Q, (oPQ )] dag (u 6 a)

e of a mmll fractiom of specular reflesl

ficulties into the solution of problems
e surfaces,

around bodies,which besides statiomary
t. Wo investigate this case with the

AR npprixinto ealoulasion of the time

(4¢4)

idered small,them the shift ef she argu-

nstead of (2,3) is obtuud eqwation

}ow poins Q. The physical idea of the ny&'o

velocity of the partisles leaviag lﬁ is

partioles amd equal to the mean velosity

Yy Ca80.
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“tod in form of

oquation (2,2) and making, as previously,|s subsutntion

in which time figures no longer.The form of this equation allows tc make the follow]

gral according to u is taken actually on

‘At higher frequencies,such, that

T n-(PAa), t);-n‘(P (:,"):—% —”Q—PR(P 0pg ©) X B \
\ [Q Opgr t rpq(ékT 7 )’}ch @7 1

Ve will ducuu a case of small es illntiou.'o will do that \dth the aid of|

‘goneral equation (2,2). Assuming the v‘ah -.ﬁ.wiu in this equasica,are represen~ ‘

D n(P, o, t)=a(P, 0)+ n' (P, u))e_”" ]
1 T (P, )=T, (P)+T (P)e—‘P‘ <q7a¢/ !
i =
The values with primes appears t0 be|complex here in conformity with the fact

that theder phase, generally speaking, are variegated., Making a Vlnurintta of

T=rpg [EWTQ) (# 7@

it is possible to reduce nme into form |7

| e page 7Je/~?;%«(«:j |

important conclusioms.In view of the presense of an exponential multiple the imte—
within limits

1w, 3 '

Fihgue gt (/fgd/)

At given rroquoncy.eouequontly. the mutual influengse is noticeable only fer
mot too distant from each other parts of the surface
‘ ¥z
| 2 i(BnQ) %L gﬂ /

because otherwise the function under the ib of the 1nto¢'n1 oscillases sharply.

)

ke (y.-8c )

for all existing Bypq repeated reflections generally produce né effest. The oseilla—

tion with lov frequensy can be treated as & quasistatiomary movement, Thus

=

‘ ae page /be'[f-mﬁﬂ/ _(‘7_4.?«17)
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41

2

n’ (P, @) =n," (P, (o)—l— — S—f’wup 0o, ©) 7y (Q ©pg} X
Sp

u

n! (P, @) =n," (P, ) p>—(4"T‘Q)>"

TpQ

* @pqVp
2

rHQ

R(P,
Sp

1 4T (Q)\*

rpq m

/2 a

Q)
7 TWQ

] dudsg (4.8) %
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Opg @) 2, (Q, @pq)dsg
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If it will become possible to solve

imposijg i¢s solutioms it is possidle to

lelarish,E.Aerodynamic Reactiom duri

2, of Eaglish origin

3¢+ Pashchenko,N.¥; Flow around an osci
fied gas, FM(, 1959, vol.23,0d.k4

. Aksdemii Nauk SSER, OTN, Mekhanika

(ke8) for any given frequency thea by »I,ID+

Po‘uc‘riu SRy giver small movement,

Submitted 9=2201960

Free Moleculsr Flowing arcusd.Izvestiys
4 Mashinostroyeniye, No.3,1960

llating surface of a flow of sharply raire |
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