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INVBSTIGATION OF SUBEBSCHNIC THBREE-DIBENSICRAL PICW ABOUT SEGNENTAL

EODIES

V¢ B. NBinostsevw

Jn 1966 in the Institute of Mechapics cf the Moscow State
University under the leadershifp cf Prcf. G. F. %elenin an
investigation was conducted of superscyic tiree-dimensional flow
abcut btodies of segmental sbape. For calculaticr of flow there were
used the methods discussed in [1, Z2]. In these sethods the
gas-dynamic functions cn the layers are regreserted by Lagrange
Folynomials op tvo variables, and fcr transiticer from layer to layer
during calculation of the subsonic and tragscnic regions of flcw
there is solved a system cf ordinary differential equations, during
calculation of the superscnic regicn of flcw there is used the method
of characteristics. Some cf the obtained results of investigationms
are presented in articles [4-5]). Since the cevelcoped methods are
adapted for calculation of smooth flcus, the ccrtour of the segmental

bodies vas approximated by a single analytical formula [2-5]). The
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gtiliked approximation sade it possiltle to ccnsider flow around
bodies, the contour of which differs fxcam tiat cf the segmental body
with treak of generatrix wvirtually crly in the region of the maximum
cross section. Calculaticns are perfcrmsed fcr susbers M_ 35, angles
of attack a to 30°, different central angles of the fromtal spherical
segmeat ( éfi: ) and different generatrix argles of the rear cone (
£ ) As a result of calculaticns there are ckteined distributicns of
the gas-dynamic parameters in the shcck layer and on the surface of

the bpdy, there are constructed shcck vaves and the patterns of

distribution of lines of flcw and iscbars in the plane of symmetry of
flow and on the surface of the body, tlere is investigated the effect
of the real properties cf gas cn the patterr of flow, distribution of
the gas-dynamic parameters and the aercdynaxic characteristics. In
the refort attention is given only to tke sein gualitative results,
cbtained on the basis cf analysis cf calculaticn data. All the linear
disensions provided in the xepcrt pertain tc tbke radius of curvature
of the body at the forwerd foint, fressure i t¢ the product cof the

density of incident flcw by the square cf saxiswm velocity.

?igs. 1-6 show the results of calculaticn cf flov around a body,
close to sixty-degree spherical sectcr, on ar e¢xample of which are
examined the properties of flow arcund todies cf such shape. The
pattern of flow arcund tke frcptal surface cf the body at M, ** is

grovided in Pig. %a, b, €. S0lid lives depict tie contour of the
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bcdy, limes of flow and tke shock save, dask¢d limes - isobars

g,a: (vhere P, - pressure at thke critical point, the position
of which for angle of attack a = 15° is marked Ly an arrov on Pig.
1a), dct-dash - sound line. In Fige 1 is given the pattern of flow in
the plane of symmetry, Fig. 'b and ¢ - cn tle frcatal surface of the
body. As calculations show, provide¢d with varicus angles of attack,
the pattern of flow arcund the fromtal surface vith increase of angle
cf attack is changed in the fcllowing sanae¢r: lines of flow, exiting
the critical point, with the exception cf tke two lyimng in the plane
cf sysmetry, acquire the preferred dire¢cticr apd at this point have

cossop tangent, which is clearly seer in Pig. 1t c.
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The derivative from the scdulus of velccit) cn the length of the arc
alcng the line of flow in tite flane cf symsetry exceeds the
cocrresgonding derivative in the directicn ct the common tangent, in
particular, with angle cf attack 309, by 2.f tises. The displacement

ctf the critical point from the axis cf symsetry turns out to be less




“ Loc = 0933 PAGE &

than that calculated by Nevton theory and, jarticularly, for angle of
attack 30° by approximately 25 o/o0. The flcw lire vith maximsua
entropy lags behind the flcw line arriving at the critical point,
bosever, this lag even for angle of attack 30° turns out to be
ipssigaificant., The isobars 2nd sourd line 21e deformed, being

ccpdeased in the directicn parallel tc the flare of symmetry.

Pig. 2 shows the field of flcw in the flape of symmetry and the

grcjection of the flow lime to this fplane c¢r the surface of the body.
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The shock wave, flow lines, isobars and sourd surface are depicted by

the same lines as in Pig. 1. Since thke calculations are conducted for
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ideal gas, the question shculd be e€xamined about the effect of
viscosity on the obtained fpattern cf flcw, distribution of
gas~dynamic parameters and aercdynamic characteristics. Concerning
the frcntal surface, up tc altitudes cp the crder of 60-70 km the
boundary layer is still quite thin ard the flow field ocutside it can
te cbtained from the calculaticns cf flcw by ideal gas. On the
lateral surface separaticn can occur. The magpitude of the separation
zcne is determined by the angle of attack, cecmetry of the body and
condigions in the incident flow. It is patural that during
calculation of ideal gas flow arcund tte bcdy it is impossible to
calculate the flovw in the separaticn 2zcne, Lcsever, the effect of the
separation zone on the flcw cutside it and tke 2erodynamic
characteristics of the tcdy can be sufficiertly well simulated during
the calculation of flow arcund segmental bcdies by ideal gas.
Actually, during flcw arcund the rcund area in the area of the
saximum cross section there cccurs ccnsiderztle acceleration of flow
and sharp pressure drop, which on the leeward eide at the surface of
the body leads to the formaticn of a regior of very low pressure, in
vhich there is virtually no gas. Sc the flcwu demsity at the surface
cf the body for the case refresented in Fig. 2 ¢cn the leevard side of
flow is greater than an order lower than tke¢ flcw density of the
vipdvard side of flow. If we take the isobai, corresponding to the

exgerimental value cf Lase pressure, ané take it as the boundary of

the separaticn zone, and assume pressure ir regica P < p,, equal to
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Poow +» during calculation cf flow ty ideal gcas we obtain simulation
of the effect of the separaticn zcne cn the pattern of flow and the
aercdynamic characteristics of the segmental bcdy. The area,

sisulating the separaticn 2cne, is limited im Fig. 2 by broken line.

The physicochemical prccesses cccurring ir the shock layer
during hyperscnic flov arcund blunt kodies lead to considerable
change of the values of gas-dynamic farameters. The conducted
investigations [5) showed that the aercdynasic characteristics of
ideal gas flcw around segmental bcdies in tie case of
near—equilibrium flow arcund frontal surface with rather high
accuracy can be obtained frcm the calculaticns cf flcw around a given
tody by some simulating ideal gas. Ip this case the flow around the
frcntal surface is considere¢d equilitriums, and the adiabatic index
for flow, simulating the given equilibrium floy, is selected frcm the
copdition of equality of the ratio cf densities in direct shock wave
for equilibrium and sisulating flows. It is shcwn that the errors
cbtained with such simulaticn in the values cf gas-dynamic functions
in the shock layer in tte ertire sulscpnic regicr do not exceed 2-3
¢/0. Calculation of the svpersonic regicn is ccpducted with the value
of adiakatic coefficient, cttained fics the ccpdition of "freezing"®
of the composition of gas in the regicop of the maximum cross secticn
cf the body. Comparisons with results of calculations of axisymmetric

ncneguilibrium flow [5] indicate the rather trigh accuracy of such a

A e e s AT T B
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systea of simulation. Pigs. 3-5 show the results of calculation of
flcw with a = 152 about a body, clcse tc siaty-degree sector. Fig. 3

shows the position of shock waves in tie plane c¢f symmetry for the

following cases: 1, 2, 3 - M_ === respectively monatomic, diatomic
and triatomic gases witk ccpstant adiatatic imdices ( ) = 1.66, 1.4,
1.53); 4, S, 6 - M. = 10, A = 120 kgys2, T = 230° K,

respectively N,, air and C0,; 7, 8 - M_ = 25, AR.= 2.5 kg/m2, T =

250° K respectively aip (or N;) ané CC,.




—/’0 e "
-Q25 o 025 50 75 I

Fig. 3.

For ajir curves 5 and 7 correspond tc ccnditicns at altitude 30 km or

60 km¢ These same numerical designaticps of curves are retained in
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rigs. 4, 5, wvhere there are provided distrikuticns of pressure along
the surface of the body F(x) and across the sheck layer P(&) in
section x =¥ 0.36 on the windvard side ( v.% ) of flow fgifv_-% =
shere r - distance from tie axis of sysmetry cf the body, index s
designates the surface of the body, w - shcck wave. Increase of J
leads to more intense overezpansion cf flow during turn in the region
of the maximum cross secticr than is revealed relative to different

dimensions of "spoons™ in tle distrilution cf fpressure along the

surface of the body at curves 1-3 in Fig. 4.




poc = 0933 PIGE F /2
o
| ;;
|
l
hN‘Q:::::::Y
o5 !
’19. 8. & "

The presence of physicochemical processes ir thke shock layer in the
examined case of flcw arcupd a body, close in shape to spherical
eixty-degree sector, leads toc lowering cf thke pressure on the lateral

surface, and conseguently, to decrease cf tle ccontributicp of the
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lateral surface of the kcdy in the total acicdypamic characteristics.
The differences in the ressure distributicns fcr N, air and CO,
{cerves 4-6) are explained ty the different valwes of time of
excitation of oscillaticns end disscciaticr. If for N, under the
exasiaed conditioms ( M= 10) the effect cf re¢al properties cannot
practically be considered, the real frcperties for CO, must already
ke ccasidered. The corresgcrding values of adiatatic indices of flow,
sisulating flow around the frontal surface, in the examined cases
will te the following: 4 - 1.3 (21.57), 5 - [illeg. ], 6 = 1.14. Hith
M. = 25 (curves 7, 8) the corresgonding vzlues of adiabatic index

for flow, simulating flov around the fircntal surface, for all three

exasined cases !2 = 1.1, ard for *frczen® flow J;* 1.6, which

|
corresgonds to almost ccapletely disscciatec gas, in viev of which
the distributions of pressure, obtained by the given method, in all

three cf the examined cases are virtuvally identical.
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let us examine now scme results (Pigs. 6-11) of iavestigation of

flcw atound elongated segmental Ltodies Ly perfect gas (

Analysis of calculation data shov that for elomgated segaental bodies

a5
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even with ssall angles cf attack apd ssall zprgles of back cone there
is coasidegable run-over of flcv, which leads tc the fact that

pressure on the leevard side of the kcdy starts from a certain length
to exceed the pressure cop tke windward side. The indicated length in

the ccnsidered range of angles of attack virtually do mot depend on

the angle cf attack (Pig. 6).
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large pressure gradients, appearing at consideratle angles of attack,

- . P

for example @« = 20° (solid lines im FPig. 6) lead to separatiom and

reorganizatios of flow. Hovever, the fact described above occurs even
for aagle of attack 1° (troken line cn Fig: 6). FPig. 7 shows the
pattern of flow lines on the surface of the tody in the projection to

the plane of sysmetry at argle of attack a = 209,
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The data presented in PFigs. 6, 7 are calculated with

M=, O%. 260, A - 1he experimental deta cf Yu. Ya. Karpeyskiy,
shcwn ty points inm Pig. 8, fcr the case of ftlow around a body with
break of generatrix at M_s o; =10, 6"=3° and p = 10® indicate

the guite good coincidence cf calculateé aré experimental data.
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The mpst difference is in the regicm of the saximum cross secticn of
the body, vhich, inm all protability, canm be explained by the effect
cf rousding of the apprcximatipng ccntour. It Fig. 9 for the given

case of flovw there are shcur the presssre distributions with respect

tc seridian angle WA -
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§ith large x from the leeward side the fressure sharply rises, which
leads to the appearance cf jcsitive radial velccities at the surface
cf the body from the leevard side (Figs 10), i.€. to curving of the

flcvw lines near the surface of the kcdy (Pig. 117).
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the broken line on Pig. 11 depicts tte charecteristics of the first
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It is seen that the characteristics, prcceeéinc from the surface of
the body in range 0.5 < x < 1.5, virtually flow together at x = 2.5,
i.e., run-over of flov near the surface of tke segmental body leads

tc the formation of suspended shock wave ir tte field of flow froa

the leeward side of flow.
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