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FOREWORD

This publications was prcpared under contrect
by the UNITED STATES JOINT FUBLICATIONS RE-
SEARCH SERVICE, a federal government organi-
zation estsdlished to service the translation
and reseerch reeds of the various government

departments.




PRS: 9649
C3C: 6357-N/1

ON TdE ANALOGY TO
EXPILOSION OF EJPERSONIC FLOW
ARCUND FOZIES
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{}cllowirg ie e transglation of zn urticle by

Yo L. Telkulin entitled “X vzryvnol snalogii
pri sverkhzvukcvom obtekanii tel" (English
version sbove) in Izvestiya Akademil Nauk
S58R, Ctdel. Tekhnésh&&k&&h.ﬁ&n&_::;lhgrssilka.
i ﬁvtomautgg_kﬁews of the USSR Acadenmy of
Sciences, Techmical £S:lences Section ~«
Energetics and Automaties), No 1, Jan~-Fedb
1961, pp 91~ 96.]

The shock wave formed durlng flow eround rotating
bediea of a different formm by & stream of gas with great
supersonlc spesd csn in the limits of applicabllity of
the law of plune seetions be p”esented ag a result of two
factors [1}: 1) blunting of the forward end eguivslent
to the actlon of an exploeion and 2) subseguent increase
in the crosa section of the body squivalent to the action
of an expanding rcund cyliindricel pieton. For blunt-
nosed rotating bedles with constant cross section and for
bodies with small length, with ths ratic of the iength
to the trsnsverse dimensions in the order of one, vhen
the effect of the equivalent exranding pleton can be ig-
nored, the deperting shock wave isg equivalent to the
shock wave of an explosion. In genersl, for bodles of
complex form and especlally for thin sharp bodles with
considerable length the explosive snalogy 1s correct at
distances which zre grest in comparieson with the trana-
verse dimensions of the body. In this case energy due
to the action of an equivalent cylindricai plston 1s add-
ed to the energy of the sxplosion, equivalent to the ef-
fect of blunting.
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The use ol the saiution to the problem of a force-
ful sxplosion to deseribe the <aparting shock wave when
a strosm of goe flows witn great supersuale epeed around
todles gives a parebuilc fera of the fromt [1-
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which egrecs wsll with the experirental data [3. 4]-

Here d end vy are the diameter and the cosfficient of
frontal resistence of ths Lody, z and r the dlstance_a-
long nnd perpendiculaer to the axis cf the body, and K, the
coefficlent.

But the numerlcal value of tne coefficlent of pro-
portionality ¥, obtained experimentally is 30% greater
then thet according to the precise solution. At emall
velocities of the flowirg stream, and likewise a% & remov-
2l from the body where the excess pressure in the wave
i1s comparable to the original pressure of the gas, the
form of the front 1e still not parebolic.

It 1s interssting to use for the description of a
leading shock wave the experimental results obtalned in
investigatling the exzplosion in alr of long VV cord charg-
es {5/. The charactaristic velue in the explosion which
defines ail the parameters of the shock wave at a given
dlistance from the axis of the expiosion, is the linear
scale of a cylindrical explosion
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where q) 1z the snergy of the explosion &t a2 unit of
length and py the initial pressure of the gas. The de-
pendence of the excess pressure on the front of the
shock wave 4py / p, upon the dimensionless distance to
the axls of the explosion § » r/A in the range of 25 <
&p,/po < 0425 Lz well described by the empirical formu-
la

APp 024 048 (2
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In compering thne experimental results for the Dara-
meters o! eshock waves cbtulned *n the sexplosion of cylin-
drical VV charges and thcse for {low 2t srest supersonic
veloclity aronnd bodles it i3 necszssry to express the
equivrlpnt enaprzy ¢ end Lhe cheracteristic lianear scale
ef a cylincr;cal ex%loqlon 2 by the paremeters of the
Tlowing streem end by veluss charecterizing the dimerslonﬁ
and shaps of the body.

The squivalent energy ¢i exrlosizan per unit of
lenzth gy 1s proportlional to the full force of the frontal
resistance E ‘

= qE (o’ |

which 1s a projJection of the forces of the pressure acting
cn the body in the direction of the flowing current. At
& greav supersonic velocity of ths flowlag streem the .
Pressure on the surface of the body determirned, with an
eccuracy accepteble for preetical purroses, agcording to
the Newtonlan for.ule, 18 proportional to cosc @ (@ 1is
the angle betwesa the normal to the surface of the bodly
end the direction of the flowing stresm). In thie case
ths full force of the frontsl resistance of a biunt-nosed
rotating body is expresssed by ths formulsa:

;
= 2:nu,,&cos2 Or dr = ccaR%p, (9!
0 '

whers R 18 the greatest rsdivs of the btody and pg is the
pressure at the leading point of the body, which 1s equel
to the pressure bshlind the forcstful shncik weve P =
2pPpoV2/( Y+ 1) on account of incresse in uressurs due
to stoppage of gap on the section from the front of the
wave to the surfece of the tody. In this the precise
foector Y4+ 1) /&z’j = rop acticei purpogss does not
differ frem the factor ( ¥4 3)/4 wnich is obtained:if
the gag behind the front of the eshock wave ls considered
an 1ncompreasible finld.

Thus we get
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In these formulas V.and My are the velocity and
Mach number of the flowlng stream; Do, po &nd co are the
preesurs, density and gpeed of sound gn an undisturbed
ggs: Y 418 the ratio of the individual heat capacities of
the gas.

The coefficient of the form cg equale
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R
k= 3w Scos“&(r)ra'r (37
¢

The coefflicient of proportionality ¥ in (3) and
(7) between the energy of exploeion per unit of length
end the force of the froatal resistsnce 1s determined
in 2 comparieon between the erxperimental date according
to the exploeion and according to the supersonie flow
around blunt-nosed bodies.

The velue of 1/m scquires significence relative
to t.llze propor’  nal pressure of trinitrotoluene explosion
in alr.

For the angle of inclinastion of the front of the
vwave to the axis within the limite of applicebillty of
the law of plane sections we have approximately

a& M
I )

at conditions M2/ME € 1, where [ = z/)\ 1s a dimension-




less dlstance clong the axis, $ = r/A a dimensicnless
distance along Lhe perpendlenlar to the axls of the ex-
rlosion, M = Dfc, and i, = V/cg are the vzlseity of the
front of the shoek wave and the source of ths wave relate
to the veloclty of round in en undisturbed gas. Tor the

front ¢f the shock wavs we heve

I
- T4+14p L 10)!
Al"‘/i‘*"if- 7.--‘?—1/ i+ 'j.;"‘/(g) \10)1

Substituting (10) 4in (9) and considering § = G,
if = 0, for Mg a const we obtain the equatlon for the
line of the front

an’

Formula (1), when (7} is substituted in 1t, ex-
presses the law of similarity of the flow around axially
svmmetric dles with the dlunting obtained by G« G.
Ckerniy [1}.

The tatle presente the resulte of approximete nu--
merical integraticn, made at 7(% )}, given by the empiri-
cal formula (2), '

To compsre tne lesding wave in the experiments on
supersonic flow arcund bodies vwith that calculated accords
ing to (11) {sesc Table) the data in the literature have
been extrascted [4, 6-10]. In these works they investlge-
ted the flow of a streem of gas (&ir, helium, cerbon
tetrachloride vepcr) with Mach numbers from 5.8 to 22.6
sround spheres (cg = #) and cylinders of different length
with & hemispheric (cp = %) and plane (cg = 1) leadl
part (the stream parslisl to the axis of the cylinder).

Comperison showed that when the wvalue of the coef~
ficient N = 20 % 0e2 sc that

= Q204+02)E @ |
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1 o lisal 0‘3:)5‘ 4.5 | 3.705
6051 00021 1.4 | 0.634 Y} 5.0 | 4173
010 | 0.010{{ $.2 | 0.714 | 5.5 | 4.643
045 0.0231 1.3 ! 0.79 1 6.0 | 5.1
0201 00401 1.4 . 0.8} 5.5 | 5.362
0.25 1 0.060 1 4.5 1 0,963 | 7.0 } 6.068
.30 | 0.082 || 1.6 | 1.047 y 7.5 | H.548
0,350 0108 it 1.7 1.133! 8.0 | 7.024
.46 9133 |1 1.8 1 £.219 85 , 7.502
0.45 0.165 || 1.9 | 1.306 §§ 9.0 ' 7.881
0,50, 0.135 1 2,0 | 4.283 }} 9.5 ' 8.486l
0.60 | 0 261 1 2.5 | 1.841 110.0 ; B. M3
0.70 | 0.330 || 3.0 | .288 || ;
0.96 | 0.403 ( 3.5 | 2.786 i
0.90] C.478 1 4.0 1 3 249 })

eccellent agreement of the shape »f the front of the lead-
ing wave is observed in experimenta on the flow around
bodies with the line of the frent caleculeted according to
the data for the explosicn of a cylindrical VV 8harge.

In Figure 1 the continuous line shows the form of the
Tront according te {(11) {&se Teblse} and the symbole ghow
the form of the front in experiments on supersonic flow
around bciles. For bodies with a hemlapheric tip in alr
Yz ledm = 2.0 aceerding to (7) there cocurs & simple
afpression for the lineer scale of the cylindrical explo~
glon

= Md (12)

where d 1s the diameter of the body. The coincidence of
the experimental data indicates that other parsmeters of
the leading wave (presesure, duration, etec.) can also,
within the limits 9f the law ¢of plane sections, be cel-
culated zccording to the formulss for the shock wave of
explozion of a cylindrical VV charge.
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Fig. 1. Form of the front of a leading
shock wave. I -~ according to the explosion
date (Table 1), iII ~ parabolic form of the
front. Conventional symbols: 1) according
to the data for the explosion of cylindrical
charges; 2) according to [4], hemisphere~
cylinder in air, M = 7.7; 3) according to
é}, hemisphere~cylinder in air, M = 5.8;
4) according to [7) s with end forward,

M + 6.85; 5) according %o [8], hemisphere~
cylinder in helium, M = 22,0; 6) according
to [0), hemisphere in air, M = 14.2; 7)
according to [10), sphere in air, M = 8.1;
8) according to [10), sphers in CCl,
vapors, M = 22,6,
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Compzrigon of the forx of the zubck wave of explo-
slon of a cylindrical VV charge with tins parsbelic Torm
of the fronmt chtulned seccording %o the precisze solution
for a forceful axplomion shows that in tne zons where the
Torw of the front 48 cloes Lo the persbolic the resulte
agree well in tte retic of the energy of the VV explosion
91 snd ths forceful explosicn E, per urdt of Lengih

q = 3.75‘, “3}

A slmllar retlo was obtuined earlier for a spheri-
eal explosion [5). Hence for ths force of the frental
resistence of the body E we have

E = 0.33E, (14

The coefficient ;1, in (A} should thererfore be in-
creased (Eo/E)E 2 1.3 times, which agrees with the experi-d
nental date.

At a considerable distance from the source of the
sxplesion the shock wavs obeys the ssymptoitic laws of
propagation first obtsined by L. D. Landau §1i). At the
Present time there exist methods of calculaiing the in-
leneity of a shock weve remote from s body moving ai
supersonle speed &2}. On tlie score of application for
the shock wave of an explosion, asynptotic formulas have
been obtainsé in [13, 143 in & very convéndlsnt form. For
% cylindricsl explosion they can be substituted in the

orm

A
::'* - . A— (15)
YiVVi—vt.
IS 4 . T4 N R doey =ttt .
Sees8 =Tk VYT _VE (”’)_

where Ap end T are the maximum sxcess pressure behind
the wavefront and the duraticn of the phess of conpression
in the vave, @ is the Mach angle such that sin 8 z1/M,,

snd E end S« are constants cetermined from the experimentd
43 a result of establishing a connection between formulas
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(15) erd (2} tre followizg velues of the asymptotic coef-
flcients wsre cbhtained:

k=G4,

= (3

wis
L ]

80 thet the formulas for the wave in 2ir | ¥ u 1.4) teke
the form

] S . (15 |
S 2 3 A ENY !
fi';- cos @ = 0.68 ;’if—g——:—ﬁ {187 |

Comparison of the reaunlts obtained for the shoek
vave of en explosion with a ballisti~. wave haes becn made
eccordlng to the cata of papsrs t13, 15) in vhich the
rseulte are given fcr measurements of the amplitude and
duration of a wave from & charge mcving with supersonic
cpeed. In this the restio between the energy o7 the equi-
valent cylindricel expicsion and the forece of resistance
1ls essumed according %o (3') to be in agreement with the
results of the comparison of the experimental deta accord-
ing to the form of the ghock weve during explosion and
during supersonic flow arourd bodies. The force of the
recistance wag measured in [13) by its authors and for
a given work [15) hss been Pecalculated with the data of
[13] sccording to & known veloelty of movement and accord-
ing to the dlameter of tlke cherge. The dependencee of
(15" and (169 are represented in Figurs 2 by continuous
lines. The duration of the compression phaze {(Fig. 2)
le assumed to bs half the time interval between the fTirst
and second front of the N-wave.

Compariscn showe that at ratio (3') the perameters
of the ballistic shoex wave sre well desoribed by the
asymptotic formulas for the sghock wave of an explesion.

Thus the experimental results obtained for the
snock wave of an explcsion of a cylindricel VV charge are
fully utilizable for description of s ieading shock wave
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Fig. 2. a) dependence of pressure on the front
of a shock wave on the distance givenm according
to (15'), o - data for the explosion, + ~ dats
according to [13]); ) dependence of the duration
of the compression phase in-the shock wave on the
distance according to (18'): o - data for the
explosion, + - according to [}3], x = according
to [}53.




both near (in the cees of a blunt-nosed tody) and remcte
Trom & body moving witl: supersonic epeed. In thle 1t 1la
necessary tc assume ratic (') eoxists Letvioen the energy
(hest) of the explosion of VV per unit of length end the
force of resistsnce during the Tiight of the bedy. The
machgnlsn 5f formatlion of the shock wave is approximately
tiie same both in the cese of explusion of a VV charge

and in that of flight of a body with supertonle speed! 1n
thie and the other case tha shock weve In the ges is
formed under the action of a rapidly expanding pleton
which displacee the surrounding ges and forms the eghock
rave in 1t. In the case of sn explogion ths prcducte of
detonstion of the VV are the plsion, and in the case of
fligkt of a btody, the body itself. PRatio (3'}), which
turns out 2o be the smeme both near snd far from the body,
indicates that the prrocess of formation of a ghock wave
during the flight of bodioe is more "ideal" and linked
with less "uselese" losses of snergy then in the piopage-
tion of products of sn sxrloslon.

Received 6 May 196C
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