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Swmar

A ncthod 1s saven for a rapid determination of pressure
distributions on carcular arc ogives et zero incidence ot supersonic
spceds, The method ls based on the characteristics pressurc
dastributions of Ref. 1 ond involves the use of the two-dincnsionel
Prandtl-lleyer flow rclations., It gives very good agreeuaent with
charactoristics rasults fraa other sources and with experinental
results,

The nethod cen probably be cxtended to oglves with profiles
othcr thon the clrcular arc,

List of Syubolsg

C, = m=m——— s lhe pressure coefficient.

D = aaxlaga diemeter of tangent ogive,

I
K = w=w~ , the hypersonic sinilarity peramcter.
L/D

L = length of the tengent ozrve heod,
i = linch nunber.
p = static prossure

p, = stognation (reservoir) pressurc,

x = dis%ance from the nosc of ogive, ncesured along the
) nxas of syaaetry.

[
Y
il

=% ircroment of pressurc in axi-symetric flow,
|
|
eorresponding incrament of pressurc in two-diniensional
simple~wave flow,
= '
% = function defined by p = Adp

On
}U )
u

¢ = chenge of dircctlon of flow (sce fig. 1.)

Suffix o rofers to the free sbren: conditions,
4ll other symbols are defaned in the text,
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1, Introduction.

There are a number of methods aveilable for calculating
pressure distributions on bodies of rcvolutisn at supersonic speeds, each
of thom requiring & congiderablo omount of computinge Of these, the
linearised theories are of little use as the accuracy onhe can expect in
caloulation of the wave drag coefficiont Oy is of the order of % 30%,
Approxinate goluilons of any desirod accurzey can be obtained by the method
of cheracteristics, but the method is very leoborious, With the Znd. order
theory of Van Dyke (Rof, 2.) accurasy of about x 2% in Cp can be obtained
for a wide range of the free stream Mach mumber and body fineness ratio, tut
conputing work is still rather hcavy,

The present note gives an alternative method cf calcu-
lating the pressure distribution on circuler ere ogivese The methed is
based mainly on the numerical characteristics results of Rof. 1. nnd involves
the use of the two-dimensional Prandtl-Meyer flow relations, The time
required to pressure plot a given head ot one Mech mumber is about 30-45 mins,
by this methed, os compared with about 25 hrs by van Dyke's 2nd order thecry
and 80-100 hrs by the methed of characteristics,

24 Method,

Consider an serofoil profile APQE (Fige 1.) in o uniform
supersonie strezm of Mech number M, ond static pressure p.. If the effeets
of vortigity produced by the nose shock wave ore neglecteg, the ehange of
flow conditions botween points P and @ on the surface depends only on the
conditions at the point P end on the change of direction, @, which the flow
undergoes between P and Q. When we consider a bvody of revolution with the
same profilo APQB, the conditions ot § are olso affected by the change of
crosa-sectional aret betwoen P and @ of the stresm tube adjoeent to the body,
end the flow can no longer be described by the simple Prandil- Meycr relstions,
However, it may not be unrencsonable to aasume that it is possible to separate
these two offects (i.e. the effect of the change of direction and that of the
change of streamtube cross~seclional arca) and to relate the conditions at
the point Q in exi-symmotric flow, to the conditions that would exist at Q
12 the flow wore twowdimensionel, sterting from the seme conditions at the
point Py In particular, one nay expeot that if Ap is the change of
pressure between P and Q in axi-symmetric flow and §p is the corresponding
guantity in the two-dimensicnal flow, then

By = Adp ).

where M is seme funetion of the conditions at P and of the shape of tho profiles
between P and Q,

In the particuler case of the circular are ogives, it was
found most convenient to take the point P to be just downstream of the nose
shock and to define M by

(py - P) = Mpy = ) (2).
vhere P, = presgure at the nozc just downatream of the shock wave in
axi=symrmetric flow,
p = prossure at a point P on the surfase in axi-symmetric flow,
by = pressurc at P if the flow cxprnded two~dimensionally from

P &t the nosce

Characteristies prossure distributions of Ref,l. were
used to salculate M and it was found that M was, within the accuraey of
the distributions, eonstant along the profile and varied only with the frce
strean Mach munber, M,, ond the ogive fineness rotio, 1/D,
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36 Results and Gomen‘bs._

. Pige 3. shows the verietion of M with M, and I/D, For
convenience, the lines of constant K = are elsc shown. K 1s the
D

hypersonic similarity parsmetor; its significsnes is fully explained in Ref.l.
whore it is shown that for o wide range of M, and I/D the pressure distribu~-
tion m 2 fonily of geomotrically similor oplves is e functlon of K only.

The dutted ports of the curves correspond to reglons in which A varies clong
the surfoce by more than ebout * 2-3% of its average value, The values of M
wore not ecloulated for K <0,5 becounse of the lack of characteristics pressure
distributions, The method ean probably be extended to My> 345, 054 K<l
and to L/D>2, K.~1l3 however, no eelculatiocns woro mado, sinee these regions
are of less interest from the point of view of practicel epplleaticns,

Pige 4(a) to (d) shows the comparison of pressuro
distributions on circular erc ogives obtained by using equation (2) and Fig.2.
with somo thooretical and one experimental pressurs distributions, which were
not used in the determination of A; to illustrate the methed , one emleulation
of pressure distribution is shown in doteil in the Appendix, It is seen that
the agrooment in sases (&), (b) and (e} is excellent. Cage (d; is at a low
Mach number and fells within the region (shown dotted in Fig, 3) where the
applicability of the A relaiion is doubtful. BEven herec, the agrcement with
the eharasteristics pressure distributions is good, the meximtm error in Gp

boing about 2% of Gp ot tho nosc.

It moy be possible to extend the present method to
profiles other than the cireular arc; for a non-eircular ore profile, A would
probably depend also on the losal reding of eurveture of the profilo, or some
related voriable. It i8 hoped to investigate this further when the work
(ot present in progress) is completed on ealeulating the pressure distribution

-on gome parabolic ogives by the 2nd. order theory of van Dyke (Ref. 2a)e

4o Conelusionss

Munarical analysls of results of Refyl. showa that
pressure distributions on elrcular ore ogives at zero ineidenee can be very
simply relotsad to the pressure distribution on the same profile in twoe
dinensionel simple-weve flow, esleulated by the PrendtleMeyer relation,

It is found that the relatlon Ap = M bp ( see equa.
{1) and (R)) holds with very good acouraey for My le6, 0u54K = Mo _¢ 1.0,
/e
Varintion of M with L/D end M, is dotermined from charasteristise resulte
in tho region 0,54 K& 1.0, L?‘D'? 2, 1,6eM <¢3.5, ond 8 given in Fig. 3.

I% is hoped to investigete the possibility of ex=
tending this relation to profiles other than the clreculor arc,
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Appendix,

The following numerical example is given to illustrate the method
eof this report.
Free gtreem Mach number M_ + 2,0

0
Ogive fineness retio, /D 3.12; nose scmi-angle, @, = 18,20°

Let 1 and Pq denote the free stream static pressure
o and stegnotion pressure, respectively;

Pn and Py tho statie ond stagnetion pressures,
respectivoly, at the nose of the ogivd,
just downstrean of the nose shoek waved

P the static pressure et o point P on the
surfacs in axi~symmetrie flow.

Py, the stetic pressure ot P if the flow
oxpanded two=dimensionally from P, at
tho noso,

From Kopal's cone toblos (Ref. 6.) it is found that the presrure

eoceffieient ot the nose I8 G = p = = 042T7,., hence p, = 1,776
P, n_ o 5 = *
0u7 poit? P,

From Ref, 7. the stagnation prossure retio adrose the nose shosk
is found to be p; = 0,994 and from Teble I of Refes 84 pj

= 0,1278,
pao PBO
8¢ thg
. EE Po Pag = 002283,
o P Pg P

Lot V) denoto the engle through which the flow would have to expand
in a Prendtl-Moyor expansion from the sonic weloeity, to roech the pressuro
ratio p/p « Then, from Table I of Ref, 8, one finds that at the nose

a

Qn = 15o460, (sorresponding to Pn = 0e2283) o

Pq

From Figs 3., the value of Mat M, = 2.0 ond L/D'= 9,12 48 0.814.
Taking volucs of & (uoe Fip. 2,) at intervals®of 0.1 85 and using teble I of
refs 8, the following teble can be drawn up:
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TABLE I. - -M,toG%a Pagoo 6,
(1) €) (3) €4) (5) &) V) (8)
° = = ) ?’ - ; — - P o= % =
L & S.. —
e t- :iﬁ :s Yot =9 (R‘gi;alg‘I.) 0:2283 = (4) h.?g) a.zzgg - (6) E%EMQ'.?_
18,20 0 15046 0,2283 0 0 0,2283 0a277
16,38 0.7 17.28 0.2083 00200 0.0163 0,2120 0s232.
14.56 0.196 19.10 0.1595 0.0%%8 C.0316 90,1967 0.190
12,74 O.‘295 20,9 Ca1722 0.0561 0.0457 03,1826 0,151
10. R .39, 2274 0.156;\ 00720 00586 0.1697 0,114
9,10 0.494‘ 24056 0.1415 0.0858 0.0707 0.1576 0.080
7.28 0e5% 26,38 0.1278 0,1005 0,0818 0.1465 0,050
5046 0.696 28420 0.1152 0.1131 0,090 0.1363 0,021
3.64 0.797 30,02 0.1036 0a1247 0,1015 041268 ~ C,005
1.82 0.898 31,84 0,0929 $.1354 001102 . 1181 ~ 0,029
O 1 33.66 0,0831 0,1452 0,1182 €,1101 - 0,051
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FI1G. 1. SUPERSONIC FLOW. PAST A CURVED PROFILE.

|

FIG 2 GEOMETRY OF TANGENT CIRCULAR ARC OGIVES







FIGA (o)

——  METHOD OF CHARACTERISTICS (FROM REF B,
--~-- - RELATION (EQON.2)
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FIG4 PRESSURE DISTRIBUTION‘ON CIRCULAR ARC
OGIVES. AT ZERO! HVCIDENCE
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EXPERIMENT (FROM REF. 5)
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FIG 4 CONTINUED
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FIG 4 (o

VAN DYKES 2ND ORDER THEORY
- === A- RELATION
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FIG 4 ()

—— METHOD OF CHARACTERISTICS (PROM REF. 4)
———- A~ RELATION
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