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SUMMARY

Measurements have been made in the College of
Aeronautics 23" x 23" intermittent high speed tunnel of the
pressure distributions on five non 1lifting bodies of revolution
of different nose angles at zero incidence, The tests were

made at Mach numbers of 2,45 and 3,19,

The results are compared with the pressure distribu-
tions given by two approximate theoretical methods, and good

agreemert is found at the Mach numbers used.

*These authors submitted part of this work as a part
requirement for the award of the Diploma of the College of

Aeronautics.
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82, IList of Symbols

(Suffix) referring to axi-symmetric flow
P~ P,

2

o

pressure coefficient =
a
EPO M

Mach number

surface static pressure

surface static pressure at nose

surface static pressure at an arbitrary point P
surface stagnation pressure

pressure difference

free stream velocity

streamwise co-ordinate, expressed as a fraction of
body length

crosswind co-ordinate, expressed as a fraction of body
length

length of body
max, diameter of body

angle between body axis and tangent to body profile

fineness ratio =

nose semi-angle of body

nese semi-angle of equivalent ogive of curvature
Prandtl Meyer angle

ratio of specific heats

free stream density
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@3 e Introduction

Some rapid approximate methods or variants of methods
of calculating the pressure distributions on non-lifting ogival
heads at supersonic speeds have been described in a recent paper
by Bolton~Shaw and Zienk:i.ew:i.cz.1

These methods allowed a considerable saving in
computing time as compared with the more accurate method of
characteristics or Van Dyke's second order theory, whilst in
particular cases for which a comparison was made they appeared
to give good agreement with these more accurate methods, These
approximate methods varied however in their range of applica-
bility and in rapidity and from this point of view two in

particular seemed more promising than the others,

The purpose of the present work was to extend the
comparison by obtaining experimental pressure distributions for
bodies with a wide range of nose angles and for a wide range of
Mach numbers and to use these pressure distributions as a further
guide to the reliability of the more promising approximate
methods,

Details of the geometry of the five bodies are given
in Table I, Ogives, 1II, IV and V belong to a particular
family of curved head shapes.

Ogives I, II, and IIT were originally tested in the
N,P.L. 9" x 3" high speed wind tunnel at a Mach number of 1.8 as
described in Ref, 7. The present paper describes further tests
made at The College of Aeronautics on these three ogives,
together with tests of ogives IV and V, at M = 2,45, Ogives
ITI, IV and V were also tested at M = 3,19,

§);,,, Description of the approximate theoretical methods

For convenience a brief summery of the methods

developed by Bolton Shaw and Zienkiewicz is given below,

(i) The /i-method for a circular arc ogive

It has been shown by Zien.kie'ﬂir:'l.cz2 that for a circular
arc ogive in a supersonic stream, the decrease in pressure from
the nose to any point P on the ogive surface, is proportional
to the decrease in pressure from the leading edge of a two-
dimensional aerofoil section, having the same profile as the
ogive, to a corresponding point P on the aercofoil, provided
that the Mach number and pressure just downstream of the nose
and leading edge are the same,

/Thus o



Thus
(PN_PP)A_S = ?\(pN—IJP)g_D -u--oo-oo.--(1)

where ¢\ depends only on the free stream Mach number MD and

the nose angle Bs.*

In equation (1), Py 1is the constant pressure at the

nose of both the axi-symmetric and two-dimensional profiles,

It should be noted that in this method, the surface
stagnation pressure is constant, and is the same on both body
and aerofoil, but the free stream Mach number ahead of the aero-
foil will not equal Mo'

(1i) The ?h step~by-step method for an arbitrary head shape

For this method it is assumed that the expansion of
the flow between any point P on the surface and an adjacent
point Q, is the same as would have been obtained by the expansion
of the flow arcund the equivalent circular arc ogive passing
through P and Q. It follows from equation (1) that

(pg - pP)a-s = }\(pQ - PP)Q-D sevesassnessil)
The value of }\ depends on the nose angle, x , Oof the equivalent
ogive of curvature, and an equivalent free stream Mach number,
ME' The value of I\fiE has first to be found by trial and error
such that the pressure at P agrees with that obtained in the
previous step, After the value of ME is found, the value of
)\ can be obtained from the charts in Ref, 1, The pressure at
the adjacent point Q then follows from an application of
equation (2),

(iii) The ogive of curveture method

It was found from applications of the 'h step-by-step
method that the ratio of the static to stagnation pressure at a
point P on an arbitrary head shape at a free stream Mach
number Mo was practically the same as at P on the equivalent
ogive of curvature at P at the same value of M, (i.e. in (i)
above, M, = Mo). Since the pressures on the ogive of curvature
can be calculated from equation (1), the pressure on any arbitrary
head shape can be quickly obtained, The only informetion
required is the distribution of the surface inclination to the
axis, 6 , and the nose angle A of the equivalent local ogive

/of curvature, ...

« Values of N\ are giveu in graphical form in Ref, 1, but an
extended and modified set of values for h has been evaluated
by Zienkiewicz.8
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of curvature., The stagnation pressure on the local ogive of
curvature was taken as equal to that at the nose of the actual
body but for the bodies examined the change in stagnation
pressure across the nose shock was very small, and the method
could equally well have been developed on the assumption that

the stagnation pressures ahead of the nose shock for the body and
the equivalent ogive of curvature were the same,

(iv) The log p- @ method

It was found that for convex ogival head shapes,

1055% was proportional to (GS ~0), provided that A taﬂ%:‘}o-%

where B is the nose semi-angle of the body and A is the nose
semi~angle of the equivalent ogive of curvature, This method
gives good results for bodies of small nose angle, and the results
of this method are here compared with the experimental pressure

distributions obtained for Ogives I, IT and III, (Sce Figs,8~13).

(v) The modified ogive of curvature method

It was found that for head shapes having large nose
angles, both methods (iii) and (iv) gave consistently low values
of pressure on the downstream end of the head, It was then
suggested by Zienkiewicz that better agreement could be obtained
if' the condition for the same stagnation pressure aft of the nose
shock on the local ogive of curvature as at the nose of the actual
body be replaced by the condition of the same stagnation pressure
ahead of the nose¢ shocks since as noted above the original data
examined did not allow one to decide which of these conditions

was likely to lead to more accurate results,

In this modified method the values of X are calculated
from the 8 ~ x distribution at a selected number of values of x,
Lt ecach station a value of ’h‘(Mo’;t) is selected for the given
free stream Mach mumber M , and from equation (1), the values
of pp and C = pP-pd/%poug cen be obtained once p is
determined,

The wvalue of Py the pressure at the nose of the
equivalent ogive of curvature, is obtained from cone tab1354 for
the given values of A , M, end o and the same free stream
stagnation pressure as that ahead of the body., The stagnation
pressure on the equivelent ogive of curvature is therefore taken
to be the stagnaticn pressure on the surface of the cone of nose
semi-engles A , For small values of #., however, the loss of
stagnation pressure across the nose shock wave is very small,
and as already remarked the stegnation pressure on the surface
of the cone could then equally well be taken as the same as the

/freestream ...
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freestream stagnation pressure, Large values of “¥, can occur
near the nose of bodies of large nose-angle but even then the
value of . drops rapidly further downstream,

A pro forma suitable for this method is given in the
Appendix, It will be evident from what follows that this method
offers the best combination of speed and accuracy for computing
the surface pressure distribution for a wide variety of head

shapes and Mach numbers,

§5. Experimental apparatus and Method

The tests were conducted in the 23" x 23" intermittent
supersonic wind tunnel, A general view of part of the tumnnel
with the working section open is shown in Fig, 1, The working
section with a model fitted in position is shown in Fig, 2,

Fig, 3 shows a block diagram of the tunnel circuit, In normal
operation, the pump draws air from the vacuum chamber, and exhausts
into the dry air bag, When the tunnel is running, air flows

from the dry air bag through the silica gel bed and working section
into the vacuum tanks, The normal available running time with
one vacuum tank is about 45 secs, at a Mach number of 2.45. The
change in pressure in the vacuum tank during the run is from about
100 mm,Hg, absolute to 300 mm, Hg, absclute,

The ogival heads, Fig, L, were supported at zero
incidence on a sting, The interior of each model was divided
into twc compartments; pressure tappings being taken from each
to & manometer via hypodermic tubing and a pneumatic clamp, Fig, 5
shows details of the sting and the method of attaching the models
to the hypodermic tubing, Pressure holes (0,025in, diameter)
were drilled normal to the surface to connect the imner compertments
with the surface, Each compartment contained five or six tappings,
of which all but one were sealed in any one test, In order to
check the axial pressure distribution and the symmetry of the flow
in the working section, a conical head of similar length and fineness
ratio to ogive IIT was placed in the tummel, Preliminary measure-
ments demonstrated the need for the pressure readings to be obtained
with the greatest possible accuracy and the normal vertical multi-
tube manometer was found unsuitable, A manometer was therefore
constructed using three 0,25in, inside diameter tubes close
together, These were connected to the two pressure tappings on
the body, and a working section tapping on the flat top liner of
the tunnel (p ). The values of p-p, Were then read off
directly on a height gauge, An accuracy of about 0,003ins, Hg,
could be obtained by this method, The difference between

/atmospheric ...
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atmospheric and stagnaticr pressure was measured on a Chattoclk
geuge, atmospheric pressure being measured on a Fortin barcmeter,
Nevertheless, a variation of about 10% in (p-po) was still
observed at each tapping as the model was rotated through four
angular positions, This variation showed no constant tendency
for different tappings, and was therefore assumed to be due not
to misalignment of the model in the stream, but rather to small
imperfections in the flow, the body shepe, or the pressure holes

themselves,

The same procedure was adopted for the pressure plotting
of the ogives, It was found that the experimental scatter, on
rotation of the body, was rather less than in the case of the
cone, In the previous tests made at the N,P,L, (Ref., 7) the
mean value of the pressure at each hole was obtained from the
four readings at OC, 900, 180° and 270° roll respectively, A
correction to this mean pressure was then applied based on the
non-uniformity of the surface pressure as measured on the cone

at the same station in the tunnel, it being assumed that the
non-uniformity was due to imperfections in the flow, In the
results reported here of the College of Aeronautics measurements,

no such corrections have b=en made,

86, Results

From the manometer and Chaftock gauge readings, a
PP,

series of values of was obtained along and around the

sta
go P-p

(o]

cone, A theoretical curve of s Mo for this cone

Pstago
was obtained from Kopal's tables.4 The mean value of MO was
S T

then read off corresponding to the mean value of on the

Pstago
cone, This value agreed within 4% with that obtained from
readings of the working section pressure divided by the free

stream stagnation pressure,

In the case of the cone, a variation of about + 7% in
P-p, Was found along the body in the streamwise direction (see
Figs. 6 and 7), Since the corresponding variation in Mach
number was less than + 3%, it was felt that to find a mean
value of Mach number in the way described sbove was sufficiently

accurate for the present prrpose,

The values of the pressure coefficients were obtained

from
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with o taken as equal to 1.4.

Figs, 6-18 show the pressure distributions obtained
experimentally for the cone and the ogives, and the corresponding
curves calculated by the modified ogive of curvature method are
shovn in Figs, 8-18,

In the case of Ogives I, II and III, a curve given by
the log p- 6 method is also shown (Figs, 8-13), The comparison
of the experimental results and theoretical curves is summarised
in Table II,

In general, both methods, when applicable, give results
which coincide witn experiment within the limits of the experi-
mental error, The log p- 6 method is comparable in accuracy
with the ogive of curvature method in predicting the pressure
distribution over the forward portion of OgivesI and II, but is
less accurate over the rear of Ogive II, The latter body has
the larger change in curvature, This 1log p- 0 method is
evidently unsuitable for Ogives such as III, whose change in

curvature, especially near the nose, is large.

The modified ogive of curvature method predicts the
pressure distribution with acceptable accuracy for Ogives III,
IV and V, for which the changes in curvature are large, However,
the method tends to under-estimate the values of CP ‘near the
nose at M = 2,45 and to over-estimate them at M = 3,19 for Ogive
V (nose angle 30°), TWhether this is due to errors in the
experimental results or an indication of the errors in the method
when applied to bodies having larger nose angles than 300 must
be left for future investigation, The theory does not predict
the small recompression at the rear of the bodies shown by the
experimental points, It is probable that this mey be due to
boundary layer eff'ects on the body and possibly to effects due
to the tunnel boundary layer,

§7. Conclusions

The experimentally obtained pressure distributions on
five head shapes with nose angles up to 300, at Mach numbers of
2,45 and 3,19, are given, They are compared with the rapid
approximate methods of calculation due to Bolton-Shaw and
Zienkiewicz,

It is shown that the modified ogive of curvature method

/can BE  aas
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can be successfully used for the rapid prediction of pressure
distributions on arbitrary convex head shapes, with nose angles
up to at least 30° and for Mach numbers up to 3,2, to an
accuracy better then + L% of the nose value,

The log p-6 method provides a rapid method suitable
for ogives whose nose angles are less than 150, but it is less
accurate than the modified ogive of curvature method over the
rear portion of the ogives tested,
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APFPENDIX

Example of the application of the modified ogive of curvature

method to Ogive ITI at M = 2,45,

The pressure is required at points on the profile given
by x = 0,08, 0.16, 0.24, 0,40, 0,56, The values of and X.
at these points can be obtained from

_ N
y = 0,0620 x + 0,0372 log, (1 + 0.1__2_5) p
-~ &y &y
= tan y1 where y1 = ax ? y2 = dxz
o -
1 +y, +3y¥
x = 005_1 1 2 3/r22
(1.+33)
After finding p/pStag at the nose of the equivalent
ogive of curvature, the decrease in p/p from this value to

stag
its value at the point concerned is determined as a fraction, ?s,

of the two dimensional decrease in p/p over an aerofoil of

stag
the same profile,

For nosc¢ angles below about 100, pstag is almost -

equal to pstag , and so for simplicity, steps (6) and (7)
s TR

5

the procedure congistent, it is necessary to work in terms of

pstag’ rather than pstago’
retained in the present argument,

below might be omitted, giving (8) = -Eft} . However, to keep

and so these two steps have been



<AD

Ogive III Mc = 2:hb
|
1 X .08 .16 i .21# oll-o -056
21X 12,53 | 9.43 | 8,10 | 6,50 | 5,70
3 CP at (2) for given M (i.e. nose
G, for local ogive of curvature) 1381 ,08 | ,068 | .ou7 | .039
o i
L WPO = | 1 4 Qe MO CP. (pN = ‘
pressure at nose of local ogive of
curve) 1.580 | 1,361 | 1,286 | 1,197 | 1.163
5 | Pgtag /P, 2t given M (constant) 15.80 [15.80 15,80 15,80 (15,80
(o]
6 Pstag/pstag at given M_ and g
(Bow shock loss for equivalent
ogive of curvature), Ref.6, Fig,3.2.| .997 «999 | 1,000 | 1,000 { 1,000
7 1 (5)x(6) = Pstag/Po for equivalent
ogive of curvature 15.75 [15.78 [15.80 [15.80 {15.80
8 | (W/(7) = o/Pye,
_ hose pres, on equiv, ogive
~ stag, pres, for that point 0,1003 | .086k4| .0814| .0757| .0737
9 vy at (8) = wave angle at nose of _
equivalent ogive, (Ref, 5). i30.70 33,05 (34,01 35,12 535.63
10 (X -0 | 2,00 | 1.53 [1.40 | 0,95 | 0.65
11 {(9)+(10) 132,70 34,58 35+ 36,07 |36.28
- P/Pstag at (11) (at P for two i i
dimensional aerofoil) Ref. 5. .0880 | ,0783, .0746 .07152 .0705
13 |(8)=(12) =(A p/pge,,) L0117 .00?8% ,0068! .oou2! .0032
2-D
1 |/ at (2) for given M_. Ref, 1, "
Fig,1, and Ref, 8, o802 | #TH2 1n.e095 (| 4896 | 645
15 {(13)x(14) = (A p/pgy,,) .009% | ,0060! 00511 .0029| .Co21
A-S | 1
16 |(8)-(15) = p/p ;. .0903 | ,0801: ,0763| ,0728] ,0716
Ep-s _
|
17 (16)x(7) =1 =p/p - 1. 426 126501 (205 1 450 | 13
(18) 17)/0.735 = ¢, w101 | 063 [ Loug | 036 | .03t
i i
3 -
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TABIE T
Geometry of The Bodies

Ogive | Nose Semi- | Fineness Equation of Profile
angle Ratio
R T o IR y =3 - 1)3
rr |} st 3.5 y = .09ubx,> - .2817x," - ,3780x, 'y
- .2335x,° - .01252x, + .19815[;—(1—::1) J
where x_1 2" 0e9% .
III 24" 45 Yy = .0620x + ,0372 log,, (1 + —’0%)
v 2),° be5 y = .0636x + 03286 log1o(1 + ﬁ) "
v 30° 4.5 ¥ = .0655x + ,02782 log,, (1 - 3—233-) .
TABILE IT

Summary of Comparison of Experimental Results with results given by the
modified ogive of curvature method and the log p- method,

Ogive M =18 M= 2,45

& Good agreement with both methods | Good agreement with both methods up
uwp to x = 0,7, to x = 0,7. Log p~ method consid-
0. of C.* method more accurate at erably uncerestimates C_ at rear,
rear, but overestimates C whilst O, of C, method Eives
generally, P { better agreement

II Both methods underestimate CP slightly up to x = 0.6, After this,

the log p~6 method still underestimates C_, but O, of C. method
gives good agreement., P

1 U 1 0., of C, method gives reasonable Reasonzble agreement, with slight
agreement, but overestimates C overestimation of C_ near nose and
at rear, and underestimates C centre of ogive, Log p- methodﬂ
at nose, Log p- 6 method P not suitable,
apparently breaks down beyond
X = O. 20

The following remarks refer to the 0, of C, method; the log p- method was
considered unsuitable for the cases covered,

Ogive M = 2.}4-5 M= 3019

i 4 see above Good agreement except that slight
recompression at the rear end is
not predicted,

Iv 8light underestimation of C As for Ogive III,
near nose, P

v Good agreement over most of Good agreement except for slight
body, with slight underestima- overestimation of C_ near nose,
tion of C P

« O, of C, method denotes the modified ogive of curvature method,



COLLEGE OF AERONAUTICS FIGS. 1&2
REPORT No. 79.

COLLEGE OF AERONAUTICS 2Y2 x 2lo

FIG. I.
INTERMITTENT SUPERSONIC WIND TUNNEL

WORKING SECTION OF THE INTERMITTENT WIND TUNNEL.

FIG. 2



COLLEGE OF AERONAUTICS

REPORT No. 79,

3.

FIG .

NO. 2.
VACUUM

TANK
izooo curT)

NO |

VACUUM
TANK

(2000 cur)

SHUTTER SHUTTER
\ ] ™
1 |siLical
¢ | cec|, ! o
s « ; ILTER
QUICK WORKING ] T
ACTING i -
VALVE
HEATER
REACTIVATION
PLANT
<« AIR DRY AIR BAG
INLET
1 31 11 J —I_ 4500 CUFT
i ) § oL oL
_. _. _.. Fl FILTER
NO. 2. VACUUM PUMP NO.|. VACUUM
PUMP (eLass  (acTivateD
SILK)  CHARCOAL)

BLOCK DIAGRAM OF THE 2%2 x 2)2

INTERMITTENT SUPERSONIC WIND TUNNEL PLANT,



COLLEGE OF AERONAUTICS. FIGS. 4.8 5.
REPORT No.79

OGIVES 1.2, AND 3

gl e ; 1 : 4 3
I l .: - - -]

4

FIG. 4.

STING SHOWING PRESSURE CONNECTIONS TO THE MODEL



COLLEGE OF AERONAUTICS

79.

REPORT No.

6.7 &8

FIGS.

FIG.6,
X
055
X
B
X X
X
+050 X
X
x ﬁ x
X
m A X X
X X
‘o4sp———-——F+-—=-=—=-- kl!.mrlll...|r|ull1-!|milln
X £ 4
3 "
h ._..o_ Hg
-040
ENLARGED SCALE
Sp
‘10
ol | ; L
IIIIIIIIIIIII i R " T S S e, SO
o -2 O 4 06 o8 o

DISTANCE _FROM_NOSE_

BODY LENGTH

PRESSURE DISTRIBUTION ON CONE (8:=6°21") AT M =245

<045

2P

Q40

‘038

=10

FIG.7-

X X X
X X X
||||||||| xlllx |Iw..|.l|¢|||ﬂl..l|.nl||||ll
X X X
y X X ¥ X
X x X
k
X
.
ENLARGED SCALE
X 4
|||||| K B e e Tt md
o o2 o4 (o0 o8 )

DISTANCE FROM NOSE_
BODY LENGTH

PRESSURE DISTRIBUTION ON CONE (¢°21") AT M=3.19

el

Hg

FIG. B.

MODIFIED OGIVE OF CURVATURE
—=-—L0G P - & METHOD
= === EXPERIMENT

-4

DISTANCE FROM NOSE

soDY

LENGTH

6

PRESSURE DISTRIBUTION ON OGIVE I AT M=1-8

Az.v.r RESULTS REF, qu




T. 43¥  SIINS3y .._.n.zv

B8:1=W 1V II 3AI90 NO NOILNBIWLSIO 3dHNSS3yd SP-2 =W 1Y I 3AI90 NO NOILNBIYLSIA 3YNSS3dd

Sy-Z=W Iv II 3AID0 NO NOILNEIY1SIA 3WNSS3dd

oS
)
o
v
o
[ ¥,
w
O
=
-
<
z
o]
o
E.
< o
~
('
° g
3
-
mu._P
O &

11914

1= i
HLON3T AdOE _ H19N31 AdoE P P
HLONIT
3SON WOUA viSia 3SON WOH4 3DNVISIO -
! e .71 1 3SON WOWd4 3DNYLSIA
E - o 8:0 9.0 ¥-0 2. o x o.fr/ g 9. ¥ i o z.
:./Aﬂ’
—
7
H # Rl
.*. ¥'0 ﬂ\Pz!-.a: z
By 10. T e I N
4
& .
IVLNIWIHIXI X . TYANWMEDXS ————— 3 S3NTIVA  TVANIMIEILNE X
QOHLIN @ = d 907 =——ee— QOHLIN © — d 9071—-— 2 AOHLIW 8~d 907 = -
an_..._Ez JUNLVAEND 40 3AIDO A3NHIGON — QOHIIW JFUNUVANND 40 3AIDO a31I00N: QOHLIW 3HNLYANND 40 3AI90 d3IJIQOW _
1 L | | | |
‘Ol ‘Old 6 "OId




79

COLLEGE OF AERONAUTICS
REPORT Ne.

08 il

FIGS. 12,13 & 14

FIG. 12,

FIG. 13. : FIG.14.
- 40 —
TRUE NOSE
éﬁ = -368
+32 32
o — == = EXPERIMENTAL
————— MODIFIED OGIVE OF CURVATURE METHOD
< —=—L0G P-8 METHOD p
TRUE NOSE VALUE
10 i P TRUE NOSE VALUE
16 el o aean
Ar MODIFIED OGIVE OF CURVATURE METHOD MODIFIED OGIVE OF CURVATURE METHOD
1 | — — - ORIGINAL OGIVE OF CURVATURE METHOD - X EXPERIMENT RESULTS _
Cp — LOG P-@ METHOD |
14 X EXPERIMENT RESULTS
3 X /
A «12 2 X
12
L)

+08

\} {

—
="
==
I
= g —1
”".—"'

b- -0_1 Hg
1 i ‘ol H ¥
b Mo\ | Y W T a
o / \ -06 1 ‘06
Y Ll L W i or Hg ./ ¥
Y :
' T \
\ \ iy X

\

\ A X

Ay \

: \ o4 - 04
p A s .
s // HL// / // . j.lu n
~ X __/
N
. e — r ~ X x
/ - 2 MoTAN %l ellE x 1% T al/m.....lmullm i
llllll s =004 / ........r...... i ‘02 * 2
‘02 > Y e
N Sl e
. .I.I.l...
B
I'lllllll]ull
Q -2 -4 6 8 10 x o .7 -4 g B ro =
o 2 4 6 8 ro =
DISTANCE FROM NOSE DISTANCE FROM NOSE
DISTANCE FROM NOSE BODY LENGTH . BODY LENGTH
BODY LENGTH

PRESSURE DISTRIBUTION ON OGIVE 1l AT M=I'8B PRESSURE DISTRIBUTION ON OGIVE III AT M= 2-45

PRESSURE DISTRIBUTION ON OGIVE III AT M=3-19
Az.au._u. RESULTS REF. .w



COLLEGE OF AERONAUTICS

REPORT No.

15, 16 & 17

FIGS.

79.

Sv-2=W 1Iv K 3A190 NO NOILNEIWLISIO 3UNSS3dd
HLION3T Ados
3SON WOHd 3DNVISI
x 04 B 9. v z o
zo.
2 8 . ¥ 2
T i
yo.

-
u/

N

®H4 10 7

(418

1
* 80 -

AOHLIN

SANTVA TYANIMINILXI

JUNLYAEND 4O 3AID0 Dﬂ_u.ﬂg.ll

X

s

"Ll "o1d

s

00%9.0 =
anTwa 3SON

EE\VL -

6l-€E=W 1LV K 3AI90 NO NOILNEIYLSIA 3UNSS3dd
‘
HLON3T ACGOR
3SON WOH4 3ONVLSIO
- e- 9° v z o
X ..__. I3 X
“ X T X
L3 “%
G
,,/
1 |’
bH  10° T M
M
W
SINTVA TYLNIWIEIIXT X
GOMLIW FWAVAEND 40 3AISC O3HIION —— 5
OsE. =
3INTVA mﬂﬂz andL ]

Z0-

rO-

ol

(48

¥i-

‘91 "OId

90-

80.

42

g€ -

oF.

Sp-2=W Iy K A0 NO NOILNBIWLSIO 34YNSS3dd

HLONZT A0OE

JSON  WOHd 3IDNVLSID

1 8- 9.

o X g

Ets 4

0 3

Y

»

k.4

R

Zo-

yo-

90.

80-

(=113

The

i

S3INTVA

OOHLIW 3dNivAdnD 40 3AID0 g31dI00W

IVANIWIEIANE X

4

$O¥.0 =

INTvA  3ISON

L .A...“

or.

Zr-

“S1°9ld



FIG. 18. COLLEGE OF AERONAUTICS
REPORT No. 79,

*58
- TRUE NOSE VALUE
w~" =.568
-56
—MODIFIED OGIVE OF CURVATURE METHOD
X EXPERIMENTAL VALUES
14
x
X
2 4,
X
x%
%
-lo I
L1 —
\ T O Hg
ooe l
X
.06 \
X
x\
- \
X
X
X b4
X 5\5‘_‘_ § X §
X -x--i . -1
-02
ferzrm
@] 2 ‘4 -6 -8 ‘O o2t

DISTANCE FROM NOSE
BODY LENGTH

PRESSURE DISTRIBUTION ON OGIVE ¥ AT M= 3-19



