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IIVBSIIGAT ION OF SUPEBSCBIC 8 —LIBkI SICLAL FLOW ABOUT S!GBEITAL

EOCXES

L B. Binostse v

~a 1966 in the Institute of Ne cha ip ica Cf the Noscow State

University under the leadershi F ct Picf. G. P. lelenin an

inwestigation was conducted of su~~tsc~ ic t1ree—di .easiona l flow

about bodies of segmental share. For calculatict of flow there were

used the methods diEcusEE d ~n [1, 2). In these pethods the

gas-dynamic functions cn the la yers are reçres€rted by Lagrange

Folynomials op two variab les, and fcr transiticn from laye r to layer

duiinq calculation of the subsonic and tra ;scnic regions of flcw

there is solved a systea Cf ordinary differe ntial equation s, during

ca lcigation of the supersonic regicn of flcv there is used the method

at characteristics. Sole Cf the obtain ed results of invest igations

a r e presented in articles (2—5]. Since the cavalope d methods are

adaptm d for calculation of smooth tlcvs , the ccttou r of the segmental

bodies was approximate d by a single analytical formula (2—5]. The

~~~~~ ~~~~~ - .~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~ ~-A~~::~ ~~~~~~~~~~~~~ ~~~
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uti lited approximation made it possitle to ccnsider flow around

bodies ,, the contour of whic h differs ftc. tkat cf the segmenta l body

w ith  tz~eak of generatrii vixt uallj cnly ii1 the region of the maximum

cross section. Calculations are pezfcrsed icr limbers M - ~- 5 a.gi.s

of attack a to 30 , different central ang lq~ of the froata l spherical

s.q.smt ( .7.9’ ) and different genaratrix aiglea of the rear cone (

~ 
). is a result of calculations there are cttained distributions of

the gas—dynamic parameter s in the stjcck lajer end on the surfa ce of

the bpdy, there are constructed sbcck wave s and the patterns of

distr ibution of lines of f 1cm and isobars in the plane of symmetry of

flow and on the surface of the body, ther e is investigated the effect

of the rea l properties of gas cu the pa tterr of flow, distribution of

the gas—dynamic parameters and the aercdyna i ic  characteristics. In

th. report attention is given only to tbe aim qual itative results,

chtain.d on the basis ci analysis of calculaticn data. All the linear

dimensions provide d in the repçrt pertain tc the radius cf cur vature

of the bod y at the forward point , pressur e ~ ta the product of th.

densit y of inciden t flow by the square of aezimim velocity .

Jig s. 1—6 show the res ults of calculat icu of flow around a body,

close to sizt~- degree spherical sectcr , on at exampl. of which are

examined the properties of flow arcu nd bodies ci such shape. The

patter n of flow arcund the frcatal surface ci th. body at bf~~~~

provided in rig. Ia , b, c. Eolid l imes depict t h e contou r of th e
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body. limes of flow aid the shock wave , dashe d limes — isebars

(where ~~~ — pressure at the critical ~oint, the position

of which for angle of attack a 15° is marke d ky an arr ow on Pig.

is), dot—d ash — sound line. In Pig. I is given the patters of flow in

the plane of symmetry, flq. lb and c — ca the ircital surface of the

body. is calculations show, provi ded with varicus angles of attack,

the pattern of flow arcund the frontal sartace with increase of angle

of at-tack is changed in th e following lancer: lines of flow , exiting

the critical point, with the exception of the two lyimg in the plane

of symme try, acquire the preferred dircctic c •id at this point have

commo n tan gent, wh ich is clearly seer in Pig. 1 c.
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the d rivative from the acdu lu s  of velcci ty  cn the lengt h of the arc

along the line of flow in t he plane Cf symm etry exceeds the

cczrea [ouding derivative in the dir cticn ci the common tangent, in

particular, with angle Cf attack 30° , b y 2.~ times. The displacement

ci the critical point from the axis ci symmet ry  turns out to be less
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than that calculated by l euton  theory andy iarticularly, for angle of

attack 30° by approximately 25 ojo. The flcw lire with maximum

entrop y lags behind the flow line arri vipg at the critical point,

ho wever, this lag even for angle of attack 30• tur ns out to be

ilsigaificant. The isobers end sound line era deformed, being

cc~deesad in the direction larallal to the pL a ne of symmetry.

Pig. 2 shows the f ield of flcv  in the p lape of symmet ry and the

prcj.ction of the flow line to this plane cr t he  surface of the bod y. 
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Tb. shock wave, flow lines, isobar. and sour d sur face an, depicted by

the same lines as in Fig. 1. Since the calculations are conducted for
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ideal gas, the question should be Examine d about the effect of

viscosity on the obtained pattern Cf f lcw , distribution of

gas— dynamic parameters and aercdynan ic characteristics. Concerning

the fr cnta l surfac e, up tc altitudes c~ the crdet of 60— 70 km the

boundary layer is still quite thin and the flow field outside it can

te obtained from the calculaticns Cf flc~ ty ideal gas. On the

lateral surface separation can occur. The lagnitude of the separation

zcne is detetmined by the angle of a t tack , cecactry of the bod y and

covdi*lons in the incident flow. It is na t ural  that during

calculation of ideal gas f low ercun d t te  b cdy it is impossible to

calculate the thou in the separaticn zcne, towever, the effect of the

separation zone on the ficu outside it and the ietodynam ic

characteristics of the bcd y car be sufficiently well sim ulated during

the calculation of flow arcund segmental bccies by ideal gas.

Actually, during flcw a x c u n d  the r cund  area in the area of the

maximum cross section there cccurs ccnsideritle acceleration of f low

ai!d sb~ rp pr essure drop , which on the leewar d aide at the surface of

thø body leads to the foriation of a regio n of very low pressure, in

which there is virtually no gas. Sc the flcw density at the surface

Cf the body for the case represente d in Fig. 2 cn the leeward side of

fig. is greater t h a n  an order lower than tbe flcu density of the

windward side of f low. If me take the im oba t , corresponding to the

experimental value Cf tase pressure , and take It as the boundary of

the separaticu zone, and assume p r essure it negi ca P < P~ equal to

~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ LTT TTIJ - —
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during calculation ci flow by ideal ças we obtain simulation

of the effect of the separaticu ZCU Q cu the pa t tern of flow and the

a.rcdynamic characteristics of the segmental bcdy. The area,

simulating the separaticu zcne, is limited in Pig. 2 by broken line.

The physicochemical prccesses cccurring it the shoc k layer

dunin.g hypersonic flow arcund blunt bodies lead to considerable

change of the values of gas—dynamic parameters. The cond ucted

iivestigations [5] showed that the aerodynaxic character istics of

ideal gas flcw around segmental bcdies in tie case of

near—equilibrium flow arcund frontal surface with rather high

accuracy can be obtained ftcm the calculaticns ci flow around a given

body -by some simulating ideal gas. Iii this case the flow around the

f rcn ta l  surf ace is considered equ i l ib r ium , and the adiabatic index

f or f low , simulating the give n equilibrium ilo~, is selected frca the

copdition of equality of the  ratio ci densities in direct shock wave

for equilibrium and s imula t ing  flows. It is shcwn that the errors

obtaimed with such s imu la t i co  in the value s of gas—dynam ic functions

ig the shock layer in the ertire subscnic regicr do not exceed 2—3

c~c. Calcu lation of the supersonic r egicn Is ccrducted wit h the value

of adiatatic coefficient, cbtained tica the ccndition of “freezing”

of the composition of gas in  the region of the ua zimum cross secticn

of the body. Comparisons with results of calculations of axisymmetric

mcneg.ilibnium flow [5) indicate the rath~er high accuracy of such a
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system of simulation. Pigs. 3—5 show t~e resul ts  of calculation of

f l cw with a = 15° about a body , clcs. tc si2ty— degre e  sector. Pig. 3

shows the position of shock waves in the plane ci symmet ry for the

following cases: 1, 2. 3 — ‘~~~~~ respectivel y monatom ic , diatomic

and triatonic g ases with cc nst ant ed iat a t ic  imdices ( f  = 1.66 , 1. 14,

1.53) ; l4~~~ 5, 6 — fri..,. = 10, !?~. 
z 120 kg~ i a, 1 = 230° x ,

respectively N~ , air and Ca 5; 7, 8 — 
~~~~~~ 

z 25, /~,, 2.5 kg/m 5, ~
250° ~ respectively am (or N 2) and CC 2. 
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Pot air curves S and 7 corresp ond tc ccnd i t icns  at altitud e 30 km or

60 km~ The se same numer ical designatic ;s of cur ves  are retained in

___  - ~~~~~~~~~~ ~~~~~~~~~~~ ~~
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Pigs. ~~~, 5, where there are p r ovided dlstnikuticns of pressure along

th e sur face of the body P (x )  and across t~ e sheck layer P(~) in
section x ~~ 0.36 on the w indward side ( s’-.~?7 ) of flo w

where r — distance from th e  axis of sy mm et r y  ci the body , inde x s

designates the surface of the body , v — s.hcck wave. Incr ease of 7’

leads to more intense o~erezpansior of flow d u r i n g  tur n in the region

of the maximum cross sectict than is revealed relative to different

di mensions of “spoons ” in tie distrikution Cf pressure along the

surface of the bod y at curves 1—3 in r ig. ~~.
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The presence of physicochemical processes in tb e  shoc k layer in the

ex am ine d case of f i cu  a z cu t d  a body,  close in shape to sph erical

sixty—degree sectox, leads to lowering ci t ic  pressure on the latera l

surface, and consequently, to decrease of t ie ccntributic; of the
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lat eral sur face of the Lcdy in the total ae zc dyn amic cha racteristics.

Th~ differences in the pre ssure d istr ibuticns  icr N~ , air and CO 2
(curves — 6) are explaine d ty the diflet .n t va lues of ti me of

.xcitatioq of oscillaticns end disacciatict .  If for N5 under the V

examined conditioms ( M , = 10) the e f f ec t  ci real properties cannot

practically be considered , the real prcpetties for CO5 mus t already

be considered. The corresponding velue~ of adiatatic iad ices of f low ,

simulating flow around the frontal surface, in the examined ca ses

will be the following: 4 — 1.3 (?1.5~), S — (illeg .], 6 — 1.14. With

M... ~ 25 (curves 7, 8). the correspo nding va lues  of ad iabatic index

f or flow , simulating fig. around the  ficata ]  surface, for all three

examined cases ~~~~a 1.1, an d for •fr ogen ”  f lo w jy~ 1.6, which
corresponds to almost ccapletely disscciatec gas, in view of which

the distributions of pressure, obtained by the given method, in all

tht ee of the examined cases are virtually identical.
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Let us examine now acme results (Pigs. 6—Il) of investigation of

ficu aroun d elongated segmental bodies by perfect gas ( 1.4).

Analys is of calculation data show th at for elosgated s q..nta l bod ies

Lk~~ . — 44
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even with small angles ci a ttack and smal l an gl es of bac k cone th•r.

is cossids*abl. run—ove r of f low , which leads to the fact that

presser , on the iseward sid, of the body s tart s  fr om a cer tain length

to exceed the pressure c m the wind ward aide. Tb. indica ted length in

th. considered range of angles of attack v i r tual ly  do not depend on

the angle of attac k (F ig. 6).
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Pig. 6.

Large pressure gradients, appearing at considerable angles of attack,

for e~ample • a 200 (solid lines in Pig.  6) lead to separatioa and

reorg ani zatiop of flow. However , the fact de icr ibed above occurs even

for aegi. of attack 1° (broken line cm tig. 6).  Pig. 7 shows the

pattern of flow lines on the surface of the body in the proj.ction to

th e plan. of symmetry at angle of attack a 20°.
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Tb. data pr.s.nt.d in Figs. 6, 7 are calculate d with

~~~ 25°, ~~3 . The experimental data ci Pu. Ta. Karpeyskip,

ahown by points in Fig. 8, ton the case of flow around a body with

break of g.n.ratr i x a t M _, a 6~ ct.t~~, 6’.300 and ~ ~ 10 indicate

the geit. good coincid.nc. of calculate d end .xp.r im.nta l data.
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lb. most differenc , is in the regicn of the uaxi .um cross section of

the body, which, in all probability, cam be explaine d by the effect

ci rounding of the a~prcximatip*g ccntour. In Pig. 9 for tI~. given

case of flow the r • are shown the pr esser . diatn ibetiam s with respect

tc meridia n angl. ~~~~~.
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11th -large x from the leeward side the pressur e sharply rises, which

leads to th. appearance ci pcsitive radial velocities at the surface

Cf the body from the leeward side (Pige 10), i.e. to curving of the

f low lines near the surface  of the t cdy (P lc .  11) .
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The broken line on Fig. 11 depict s t i€  characteristics of the first

fam i ly  in plan. p.o 
V

f p  — ___________________

9’’30’
/~?/

as 
//

V

o 
~~~~~~~~~

‘

\
.

\
V

./f

~~~~~~~

__ ___ z.w

-05 —-- VV ~~~~~~~~~~~~~~ _ _

F~~. ‘o.  1)5

~~~~L - _ _~ :~ — - ~~~~~~~
-
~~~~~

- 
~~~~

- - --
~~~~

—- -- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 

- - -



- —— V 
- -  ~~~~~~~~~~~~~~~~~~~~~~~~~

~ 0933 PAG E ~~~.2•/

I — ——
~~~~~~~~~~~

~~

6? ’~ 30 N.. 6

J 
—

/ ~~~~~~~ _
_

____

_ _ _ _  -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — _ _ _ _ _  _ _ _ _-

4 ~~~~~~~~~~~~~~~~ 

V

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 

-

f  
_ _  

— 

- -
- -s

_ r 
-
_ __ _ _  _  _ __ _  

: 
-

() 1,5 7

Pig. 11.

It is seen that the characteristics, p zcce ecinç  from the surface of

the body in range 0.5 ‘C z ‘C 1.5, virtually flow together at x = 2.5,

i.e., run—over of flow near the s u r f a c e  of th e  segmental body leads

t-c the formation of suspended shoc k w ave  in tb e  f ield of f low from

the leeward side of f low.
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B344 DIA/RDS-3C 9 E403 AFSC/INA 1
C043 USAMIIA 1 E404 AEDC 1
C509 BALLISTIC RES LABS 1 E408 AFWL 1
C510 AIR MOBILITY R&D 1 E4l~ ADTC 1

LAB/PlO
C513 PICATINNY ARSENAL 1 FTD
C535 AVIATION SYS COMD 1 CCN 1
C59 1 FSTC 5 ASD/FTD/NIIS 3
C619 MIA REDSTONE 1 NIA/PHS 1
D008 NISC 1. NIIS 2
11300 USAICE (USAREUR) 1
P005 DOE 1
P050 cIA/ cRs/ADD/sD 1
NAVORDSTA (50L) 1
NASA/K51 1
AFIT/LD 1
LLL/Code L-389 I

FTD—ID(RS)T-0933-78
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DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

ORGANIZATION MICROFICHE ORGANIZATION MICROFICHE

A205 DMATC 1 E053 AF/INAKA 1
A210 DMAAC 2 £017 AF/RDXTR-W 1
B344 DIA/RDS-3C 8 E403 AFSC/INA 1
C043 USAMIIA 1 E404 AEDC 1
C509 BALLISTIC RES LABS 1 E408 AFWL 1
C510 AIR MOBILITY R&D 1 £410 ADTC 1

LAB/PrO E413 ESD 2
C513 PICATINNY ARSENAL 1 FTD
C535 AVIATION SYS COMD 1 CCN 1
C591 FSTC 5 ASD/FTD/NICD 3
C619 MIA REDSTONE 1 NIA/PH$ 1
D008 NISC 1. NICD 2
11300 USAICE (USAREUR) 1
P005 ERDA 1
P005 CIA/CR8/ADD/SD 1
NAVORDSTA (50L) 1
NASA/KS I 1
AFIT/LD 1

FTD—ID(RS) T-0933-78
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