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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.
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GEOMETRICAL CHARACTERISTICSOF TYPICAL BODIES

1 NOTATION AND UNITS (see Sketches 1.1 to 1.3)
A family parameter for Body 9 (see Table 8.1)
a area of maximum cross-section (see Section 5.2)
a, area of maximum cross-section of spherical cap
g Cc centroid of planform area coefficient, 2x/!
% Cp planform area coefficient, So/DI
@
g Cg surface area coefficient, S/pl
g Cy volume (sometimes called “prismatic”) coefficient, V/al
g D maximum diameter of body
g D. maximum diameter of spherical cap
; D, maximum diameter of tangent ogive from which secant ogiveis
'EJ obtained
g E secant ogive parameter, ¥9[4(1/D)? + 1]
-E: E’ secant ogive parameter, ¥{4(l’ /D)? + 1]
§ F tangent ogive parameter, ¥9{4(1/D)2 — 1]
é Fo secant ogive parameter, ¥4 4(l /D)% - 1]
G tangent ogive parameter, p/R
H maximum height of body component
Kg factor required to obtain D 4 , used in determining surface area
of non-axisymmetric body (see Section 5.3)
Ky factor required to obtain D 4 , used in determining volume of
non-axisymmetric body (see Section 5.2)
ks Ky family parameter for Bodies 7 and 8 (see Table 8.1)
L body overall length

I length of body component
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length of tangent ogive from which tangent ogive frustum,
secant ogive, or secant ogive frustum are obtained

length of secant ogive from which frustum is obtained
family parameter for Body 5 (see Table 8.1)

family parameter for Body 6 (see Table 8.1)

perimeter of maximum cross-section (see Section 5.3)
maximum radius of body, D/2

local radius of axisymmetric body

surface area of body component (excluding base areafor a
truncated afterbody)

planform area of body component

volume of body component
maximum width of body component

axial distance measured from nose or tail

axial distance measured from nose or tail of body component to

its centroid of planform area

function for Bodies 7 and 8 (see Table 8.1)

cone semi-apex angle
tangent or secant ogive radius of curvature

radius of curvatureat x=0

dimensionless radius of curvature, pOI/ D2

radius of curvature of tangent ogive having same length and
maximum diameter as a given secant ogive

half angleatx=0

relating to afterbody
relating to afterbody base
relating to spherical cap

denotes effective value
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f relating to forebody
L relating to overall body
m relating to midbody
t relating to truncated section of forebody aft of any spherical
blunting
ri | ri AT AT
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§ Sketch 1.1 Geometry of typical axisymmetric body components
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Sketch 1.2 Secant ogive Sketch 1.3 Secant ogive frustum
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2. INTRODUCTION

This Item provides data for the planform area, centroid of planform area, surface area, volume, radius of
curvature and/or half-angle at x = 0 for a number of typical axisymmetric forebody and afterbody shapes,
see Section 3. Planform area, centroid of planform area, surface area, and volume data for certain
spherically-blunted forebodies and truncated afterbodies are also given, see Section 3. It isthen asimple
matter to calculate these geometrical parameters for a body consisting of any combination of these
forebody and afterbody shapes, usually in combination with a cylindrical midbody, see Section 4.

The data in Tables 8.1 to 8.5, and Figures 1 to 44 relate to axisymmetric bodies. This Item also gives
guidance, using Figures 45 to 48, on the effect of body cross-sections different from circular for all but the
secant ogive and spherically-blunted bodies, see Section 5. The equations used to produce the data for the
axisymmetric bodies are listed in Appendix A. This has been done to allow their implementation in
computer programs and to extend the ranges of data available.

3. FOREBODY AND AFTERBODY SHAPES CONSIDERED
31 Presentation of Data for Axisymmetric Bodies

Seven families of axisymmetric forebody and afterbody shapes, in addition to two individual shapes and
three families of spherically-blunted forebodies, are considered. Equations for generating these together
with cross-references to Figures giving the shapes are presented in Table 8.1. Figure 1 illustrates sel ected
shapeswith specified D/l to give abetter impression of the body profile. Table 8.2 provides cross-references
to Figuresgiving datafor planformarea (Cp), centroid of planform area(C.), surface area(Cg) and volume
(C,) for each body while Table 8.3 provides similar information for afterbodies formed by truncated cones,
paraboloids, tangent ogives and secant ogives. Table 8.4 lists data for dimensionless radius of curvature
(Py) and/or half-angle parameter ((1/D)tan 1) for eachof thebodiesgivenin Table8.1. Finally, Table 8.5
lists relevant geometrical relationships for spherically-blunted cones, tangent ogives and secant ogives
based on continuity in surface slope across the junction formed by the spherical cap and the truncated ogive
or conical section of the forebody.

3.2 Notes

In some applications the use of a particular family of shapes may be limited to those members exhibiting
desirable qualities for that application. For example, a reflexed (or cusped) afterbody shape is usually
avoided in practice. Where such peculiarities are present details are given in the Figures. It will also be
seen from the notes on the Figures that certain members of one family may aso be common to another
family. While al the bodies (except Bodies 4, 5, 10 and 12) given in Table 8.1 exhibit continuity in surface
slope across a junction with a cylindrical midbody, only Bodies 7 and 8, devised in Reference 9, exhibit
continuity in surface curvature across such ajunction.

ESDU Copyright material. For current status contact ESDU.

4, 21, CALCULATION OF VALUESOF Cp, C, CgAND C,,

Many of the bodies considered in this Item can be used as either a forebody or an afterbody and so no
attempt has been madeto differentiate between these two usesin the notation used in the Figures. However,
in order to define values of Cp , C , Cgand C,, for combinations of body components it is necessary to
introduce appropriate subscripts for each component.
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4.1 Calculation of Geometric Coefficientsfor Spherically-blunted Forebodies
For the case of spherically-blunted cone, tangent ogive and secant ogive forebodies the data for spherical
caps are combined with the data for truncated cone, tangent ogive and secant ogive afterbodies to obtain
overdl forebody values of C , C;, Cg and C, . To distinguish between the spherical cap and truncated
section of the forebody, the subscripts ¢ and t have been used. Thus, for ablunted forebody of total lengthl,
_ DC Ic It
Cpt=Cpc I Cpt I (4.1)
Cpe » Deflcf, Corlf, ) ly
= K& —= + == 2=+ =
CCr ™ oy “o¢ D [If Cor I 11 Oty 42
_~ Dcle ly
Cq = Cq 3 If+CSt I 4.3
and
D)2 | |
— C C t
Cvt = Cve [BJ |‘f+ Cwt E (4.4)
4.2 Calculation of Geometric Coefficientsfor Complete Bodies

For abody of total length L, with any given cross-sectional shape, consisting of forebody, parallel midbody
and afterbody of lengths|,, | . and |, respectively,

CpL = Cpy l[f * I'|En+ Cpa IT_av (4.5)
2
CeoL = (C::—F:iccf [:—j + C—iljl_lf“{lf“ + zﬂ + g—:i‘ %{Z—CCaﬂ , (4.6)
CSL:CSf:—_f+I—E3+CSa%, 4.7
and
— If Im |
CyL = Cyt TR Cva L (4.8

The planform area, surface area and volume coefficients in Equations (4.1), (4.3) to (4.5), (4.7) and (4.8)
aredefinedintermsof thediameter, D, perimeter, p, and area, a, respectively of the maximum cross-section
of the body. The centroid of planform area coefficientsin Equations (4.2) and (4.6) are defined in terms of
the body length, |. For axisymmetric bodies a = nD?%/4 (= nD2/4, for a spherical cap) and p = nD
(= D, for aspherical cap); for non-axisymmetric bodies see Sections 5.2 and 5.3.
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5. NON-AXISYMMETRIC BODIES

The data given in Tables 8.1 to 8.5 and Figures 1 to 44 relate to axisymmetric body components. This
section is concerned with the case of non-axisymmetric bodies for al the shapes considered except the
secant ogive and spherically-blunted bodies.

51 Po: To

The data for py and t givenin Table 8.4 will apply to bodies with any cross-sectional shape provided
that, where necessary, D isreplaced by the relevant length, H or W for example.

52 Cy,

The volume coefficient for a body component is independent of cross-sectional shape provided that the
cross-section is symmetrical about the vertical and horizontal axes and that the non-dimensional equation
representing the body profile is the same in both the horizontal and vertical plane passing through the
longitudinal axis. Note that, of the profilesto be considered here (i.e. Bodies 1to 3 and 5 to 9) the tangent
ogive would be excluded by this proviso. Therefore, with the exception of the tangent ogive, the volume
coefficient for anon-axisymmetric body with any of the profilesof Bodies 1, 2 and 5t0 9, whether truncated
or not, may be obtained from the relevant Figures cross-referenced in Table 8.2 or 8.3.

For the case of the tangent ogive a good approximation to the volume coefficient can be obtained from
Figure 28 for Body 3, for any cross-section that is symmetrical about the vertical and horizontal axes and
whose areais afunction of HW only, using a circular cross-section having an effective diameter

Dgs = KyH, (5.1)

where K,, is given in Figure 45. Agreement with exact data for C,,iswithin +£0.2 per cent.

For the case of the truncated tangent ogive afterbody a reasonable approximation to C,, may be obtained
from Figure 43 with

Ders = vHW and Dy o = [HpW,. (5.2)

This artifice leads to underestimates in C,, not greater than 1 per cent provided W/H >0.5.

ESDU Copyright material. For current status contact ESDU.

Documents
6 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 77028 F 1990


http://www.avadocuments.com/doc/esdu-77028-f-1990
http://www.avadocuments.com/doc/esdu-77028-f-1990

ESDU 77028

In order to calculate the volume from C,, it is necessary to know the volume, al, of the enclosing cylinder.
The cross-sectional area, a, for anumber of cross-sectional shapesis as follows.

Rectangular H a=HW
Flat-sided with
semi-circular H a=HW+W? (/4 — 1)

top and bottom

Elliptical H a=rnHW/A4

Rhombic Q H a= HW?2

The datafor surface area coefficient given in this Item are not so generally applicable to non-axisymmetric
bodies as are the data for volume coefficient. In order to provide a guide to the effect of cross-sectional
shape on Cgq the cross-sectionsiillustrated in Section 5.2 will be considered.

53 Cg

An analysis of exact datafor the surface area coefficient of anumber of bodies” with various profilestaken
from those in Table 8.1 and having any of the four cross-sectionsillustrated in Section 5.2 has shown that
agood approximation to Cg can be obtained using a circular cross-section with effective diameter

Dy = KH (5.3)

in conjunction with the data given for axisymmetric bodies (see Table 8.2). For agiven cross-section, Kq
(see Figure 46) is a function of W/H and is essentially independent of body profile and inverse fineness
ratio, H/I. The independence with respect to body profileis subject to the proviso given in Section 5.2, so
that, of those profilesto be considered here (i.e. Bodies 1 to 3 and 5 to 9) the tangent ogiveis excluded (but
see later). For bodies with the four cross-sections considered in Figure 46 agreement with exact data for
Cgiswithin about £0.2 per cent.

ESDU Copyright material. For current status contact ESDU.

For the case of bodies with arectangular cross-section asimple, exact, expression for C has been derived
and its use is recommended where better accuracy is required;

-1 W
Cs= 1 +\_¢|_V{(CS)W/I +ﬁ(CS)H/|} ! 64

For the case of the genera dlipsoid ESDU isindebted to Dr D. Martin and Dr A.R. Curtis of the Division of Numerical Analysis and
Computing at NPL.
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where (Cg)\,, and (Cg)y,, arethe areacoefficients for axisymmetric bodies with inverse finenessratios W/
and H/I respectively. Here again the use of Equation (5.4) is subject to the proviso given in Section 5.2 and
therefore is not strictly applicable to bodies with atangent ogive profile, for which, even with W/H>0.5,
underestimates of up to 2 per cent would result. For better accuracy (within £0.2 per cent over the whole
range of W/H from O to 1) Equation (5.3) should be used in conjunction with the datafor Body 3 in Figure
19 and K¢ obtained from Figure 47.

For truncated afterbodieshaving conical or parabolic profileswith any of thefour cross-sections considered,
good agreement with exact data for Cg (within about +0.2 per cent) is obtained from Figure 38 or 39 with

D = KH and Dy, o = KHy (5.5)
inwhich Figure 46 is used for K.
For the truncated tangent ogive afterbody with a rectangular cross-section a reasonable approximation to
Cg may be obtained from Figure 40 in conjunction with Equations (5.2). This procedure leads to
underestimates no greater than 1 per cent provided H /H>0.2 and W/H>0.5.

In order to calculate the surface area from Cgit is necessary to know the surface areg, pl, of the enclosing
cylinder. The perimeter, p, for anumber of cross-sectional shapesis as follows.

Rectangular H p=2H+W)
Flat-sided with
semi-circular H p=2H+W(m-2)

top and bottom

o N | /2
Elliptical H p=2H [, V1-[1- (WH)Fsin% do
Rhombic Q H p=2VH2+ W2

For the ellipse, Figure 48 (plotted from data on elliptic functions given in Derivation 1) gives p/H plotted
against WHH for W/H<0.5. For 0.5<W/H<1 agood approximation to p/H (within £0.02 per cent) is
given by the formula

ESDU Copyright material. For current status contact ESDU.

E:g[um +o.3[1—\—|’4-\’}2'2. (56)

54 Cp,Cc

The datafor Cp and C givenin the Figures will apply to bodies with any cross-sectional shape provided
that, where necessary, D isreplaced by the relevant length, H or W, accordingly.
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6.1

6.2
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7.1

DERIVATION AND REFERENCES
Derivation

The Derivation lists selected sources that have assisted in the preparation of this Item.

1. ABRAMOWITZ, M. Handbook of Mathematical Functions. National Bureau of Standards,
STEGUN, |.A. AMS 55, June 1964.
References

The References lists selected sources of information supplementary to that given in this Item.
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Congress, Rome, pp. 222-277, 1935.

3. HAACK, W. Geschossenformen kleinsten Wellenwiderstandes.
Ber. Lilienthal-Ges. L uftfahrt, Vol. 139, 1941.
4. LIGHTHILL, M.J. Supersonic flow past bodies of revolution.
ARCR & M 2003, 1945.
5. SEARS, W.R. On projectiles of minimum wave drag.
Qu. appl. Math., Val. 14, No. 4, 1947.
6. EGGERS, A.J. Bodies of revolution for minimum drag at high supersonic airspeeds.
RESNIKOFF, M.M. NACA tech. Rep. 1306, 1958.
DENNIS, D.H.
7. GRADSHTEYN, I.S. Table of Integral Series and Products.
RYZHIK, .M. Academic Press, New York and London, 1965.
8. MYRING, D.F. A theoretical study of body drag in subcritical axisymmetric flow.
Aeronaut. Q., Vol. 27, Part 3, pp. 186-194, August 1976.
9. GARNER, H.C. Private communication. RAE (Farnborough).
EXAMPLES
Example 1

Find the surface area and volume of athree-section axisymmetric body of overall length 2 m and diameter
0.2m. Theforebody, of length 0.4 m, utilises Body 7 withk; = 1 and the afterbody, of length 0.6 m, utilises
Body 9 with A =0.75. The parallel midbody is therefore of length 1 m.

N

For the forebody, ID = ID =02_05,
f

o
N

Thus, from Figure 23 with D/l = 0.5 and 1/(1 + k;) = 0.5,

Cg = Cq = 0.818.
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From Figure 29 for Body 7, with 1/(1 + k;) = 0.5,

C
For the afterbody, = IIQ =02 0.333.

Thus, from Figure 25 with D/l =0.333 and A = 0.75,
Cg = Cg, = 0.632.
From Figure 28 for Body 9, with A= 0.75,
C, = Cy, = 0.486.
Lty
0.818 x 0.2+ 0.5+ 0.632 x 0.3

Therefore, from Equation (4.7), Cq.

Cyq

0.853.

Therefore, S= Cg xnxDxL = 0.853xnx0.2x2 = 1.07 m?.

a

I
From Equation (4.8), Gy = Cyy 1 +1°+Cya ©

=0.688 x 0.2+ 0.5+0.486 x 0.3
=0.783.

Therefore, V = C, x xD2xL = 0.783x 2 x (0.2)2x 2 = 0.492 m3.
4 4

7.2 Example 2

ESDU Copyright material. For current status contact ESDU.

In the estimation of the aerodynamic force characteristics of amissile configuration it is required to know
the body planform area and the position of the centroid of this area relative to the nose of the body. The
axisymmetric body consists of a spherically-blunted tangent ogive forebody of length 0.6 m with blunting
ratio, po/R = 0.4, aparallel midbody of length 1.8 m, diameter, D = 0.3 mand atruncated conical afterbody
of length 0.6 m and base diameter, D, = 0.2 m.

I | _ 0.6
f = - = —— =
For the forebody, 5°D 3 2.
From Table 8.5 e _ p_O[Q_]_J/[Q_p_OJ
- D RLR R R

SR

= Y[ (4x22—4x0.4x 2+ 1)/(1-0.4)] = 11.5.
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D
Therefore, BC = 0.4[(11.5 - 1)/(11.5—0.4)]

=0.378.

e _p | p
Again, from Table 85, =< = _0[1 9__J [9__0J
gain, from e ST /ZR S / R R

= 0.4[%3 —2J fa15-04)

=0.135.

lc _1.D 0135
Therefore, £ =S 220357
D. DD, 0378 >

Thus, from Figure 30 with IC/DC =0.357,

Cp =Cp, = 0.731 and
Cc =Cg = 1171,

For the truncated ogive forebody section,

ESDU Copyright material. For current status contact ESDU.

1 _ 1 _c_5H_
DD D 2-0.135
= 1.865,
D D
[ b _
D =D = 0.378 and
D-D, D-D, D D.D
L, = 1 l, DI
__1 0378
1.865 1.865
= 0.334.

Thus, from Figures 33 and 36 with Db/D =0.378 and (D — Db)/I 2= 0.334,

Cp =Cp, = 0.795 and
Cc =Cg = 1.130.

| D
Now, le _le2 - 0135 - og75

Documents
11 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 77028 F 1990


http://www.avadocuments.com/doc/esdu-77028-f-1990
http://www.avadocuments.com/doc/esdu-77028-f-1990

ESDU Copyright material. For current status contact ESDU.

ESDU 77028

e _ &
D

-+

= %65 = 0.9325.

and

D
l¢

—h

Therefore, from Equation (4.1),

ly

DI
Cpr = C:Pcﬁ_c'i-cPtEc

If
=0.731x0.378 x 0.0675 + 0.795 x 0.9325

= 0.76,

and from Equation (4.2),

C D.(1 ) Cp [ | I
C :ﬁc _C(_Cj .|._F>t _II:Z_C+C _t}
Cf C Ct
Cpr “ D) Cprl It I

_ 0.731 2
=576 x1.171x0.378 x (0.0675)

0.795
0.76

+

=1.161.

D
For the afterbody, —=° = 8—% = 0.667.

Thus, from Figures 32 and 35 with D /D = 0.667,

Cp =Cp, = 0.832 and
Cc =Cg, = 1.067.

Therefore, from Equation (4.5),

[
_ 06 18 0.6
= 0.76 % -——3 + -—3 +0.832x —3

Giving, S$=Cp xDxL=0918x0.3x3=0.826 m .
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From Equation (4.6),
Cpy (I T il T l} Cp |{ N
Cq = f 1 f
CL = C +2-|+—=|2-C
CPL L CPLL{L L| Cp L CaL

= 0.76

—— x1.161 X
0.918

3 0918 3 3 3

06] 1 18X[£3+2><0.6

0.832 06 0.6
+0918 3 {2—1.067><3}

= 1.016.

Therefore, X = Cg x5 = 10163 = 1524 m.
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8. TABLES
TABLE 8.1
Axisymmetric Forebody and Afterbody Shapes Considered
Body No. Fig. No. for
(Forebody or Generating Equation Cﬁr:rrrr:n Shape
After body) (seealso Fig. 1)
Yo ;
ro_ -1 X XIr X [ x77% von Karméan Ogive
G A AR IR S W R il S B
1% Lighthill
2 r_ )_(|:3_2)_(:| Profile 2
R ' (Reference 4)
=) r 2 x211%
= JF +(Q2F+1)[1-[1-7 -F
& 3 R { [ [ | J J} Tangent 3
L Ogive
S where F = 1/2[4['—]2—1}
g D
§ r p 12 o 1x % p 12 lo B
E a-{[aﬂ “{5‘51” -{[;E] -4[5”
&
2 RG ) . .
= where E = 1/2[4[-} + 1} and, given I/D, | /D is obtained Secant *
4 D 0 :
v Ogive
= from the quadratic,
o | -2 |
S o] _gleg0, g2[1_1277 -
g SE[D} ~85EC+E [1—[p,]] =0
° m
s r _ [)I—(J Power Law 4
© 5 R (Reference 6)
€
£z dittoom = 1 Cone 4
.0
= L x17" Modified
§ ==[1-[1-7]] Ellipsoid S
) ditto,n = % Ellipsoid 5
[m)]
v} 6 . Sears-Haack
L ditto, n Y (References 3, 5) 5
dittoon = 1 Paraboloid 5
Yo
r O 2
= = —(15-10a, + 30,;")
7 R 8 o ESDU | 6
X X 72
where o, = [|—+k1[TJ J/(1+k1)
r
R = 0a(3-3ay+ 0,2)
8 ) ESDU II 7
X X
where o, = [I—+k2[TJ J/(1+k2)
ro X 72 X718 Myring (Cubic)
9 R_l—(s—zA)[l—l] +2(1—A)[1—|] (Reference 8) 8
Asthese body shapes require more than one defining parameter, sketches for these shapes are not included.
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TABLE 8.1 (Concluded)

Body No. Co n Fig. No. for
(Forebody or Generating Equation Name Shape
Afterbody) (seealso Fig. 1)
Yo
r x| [po xlﬂ X cosd
- = e e - < Yo —
R Z[ID R “ipJ) - forys¥yp —snd
10 Po Spherically-blunted *
Where-R— = secd(1 + sind)[1 - 2(I/D)tand] Cone
r_ . 50 X X, ,,0088
andR =1 2Dtan6[l IJ’ forI 2/2I/D sind
R
P p _
I_ 2|:)_(|_|:_0_)_(|_:|] , for)—(s———l _0|:G ZIIDJ
R IDLR ID | “2I/DR G—polR
) and
7 e
w L o1 _G+[G—a/D)’xN -1, _
g Spherically-
= n o Xs 1 P_o[G—ZI/D] bluntgdi'(/aengent *
8 I 2IIDRLG - py/R g
(%]
-} where
o+
©
+ 2
o b {4(I/D) —4(p0/R)(I/D)+1}
e G==-=%
[J) l—pO/R
5
° . Z[ZL[&)_ZLH%
2 R IDLR IDH
= for)_(<p_0i|:(p/p’)E’—2(lo/D—l’/D+I/D)}
2 - ’
g |~ RI/D 2[(p/p")E" ~ py/R]
©
i and
o+
o n
= 2 2 2 | -2
2 r=1[5e] 48] |ai5i [R] -2mee +o[5)]
g R { o E 4ol |2ip)LR) ~2RpE *4D
O
= Y | 2% herically-blunted
a 12 1 Py x72 p_2 0 Spherically-blu *
n — 0 2 _J[RE] Z gl 2
7 +2I/DR IJ [p,E] 4 5 Secant Ogive
fOI’X>p_O—]‘-‘ (p/p")E" =2(l,/D = 1"/D + I/d)
| ~ RI/D 2[(p/p")E" = py/R]
7 —_ |, 2
where E/ = 1/2[4[5] +1]
and, given I’/D, Io/D is obtained from the quadratic
,lo2 Voo e rpe2
8E {5} ~BSEC+E [1—[5;]] =0
Asthese body shapes require more than one defining parameter, sketches for these shapes are not included.
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PLANFORM AREA, CENTROID OF PLANFORM AREA, SURFACE AREA AND VOLUME

COEFFICIENTS

TABLE 8.2 Axisymmetric Forebodiesand Afterbodies

ESDU Copyright material. For current status contact ESDU.

Figure No. for:
Body No. lanf id of Planf
Foboyor | Parmiven | CxoquPaom | suracomen | voune
Afterbody) Coefficient Cg | Coefficient C,,

1 9 14 19 26
2 9 14 19 26
3 9 14 19 28
4 10 15 20 27
5 11 16 21 26
6 11 16 22 26
7 12 17 23 29
8 12 17 24 29
9 13 18 25 28

10 30, 32 30, 35 31, 38 31, 42

11 30, 33 30, 36 31, 40 31,43

12 30, 34 30, 37 31,41 31,44

TABLE 8.3 Truncated Axisymmetric Afterbodies
Figure No. for:
Afterbod Planform Area | Centroid of Planform
Y Coefficient Area Coefficient Surface Area Volume
Coefficient Cg | Coefficient C,,
Cp Cc
Cone 32 35 38 42
Paraboloid 32 35 39 42
Tangent Ogive 33 36 40 43
Secant Ogive 34 37 41 44
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DIMENSIONLESS RADIUS OF CURVATURE AND HALF-ANGLE

PARAMETER
TABLE 8.4 Axisymmetric Forebodiesand Afterbodies
Body No.
(Forebody or Po étan T
After body)
1 0 oo
2 - 312
3 - 1+ (YF)
4 - 1+ (YeF,)
oo(form < 1)

oo (form < %)
5 1/8 (for m = %)
0 (form > v%)
Yo(for m = 1)

ESDU Copyright material. For current status contact ESDU.

0 (form> 1)
oo(forn < 1)
o (forn < %)
6 Ya (forn="%)
0 (forn > Y¥)
1 (forn=1)
0(forn> 1)
0.439/(1 + ky) oo
- 15/(1 +ky)
- A
10 pgl/D? o0
11 pol/D? oo
12 pol/D? oo
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TABLE 85 Sdected Geometric Relationshipsfor Spherically-blunted Forebodies

Cone

Tangent Ogive

Secant ogive

Given |I/D and py/R

Given |/D and py/R

Given I/D, py/R and p/p’

D

—-

Ol

Ya

o [1+4(1/D)° = 4(po/R)(1/D)] = (21/D = po/R)(po/R)

Yo—31 —

1+ (21/D - py/R)?

Y
o[ Po/R+ (21/D - pg/R)[1 + 4(1/D)* = 4(py/R)(1/D)] ’

| ©

R 1+ (21/D - py/R)?

o

ol —
ol

o

Ql

Ol—
Ol

y 4(1/D)? = 4(py/R)(I/D) + 1

peliel

1-py/R

_ Po[ p/R-1
p/R-py/R

Yp/R—1/D
p/R—py/R

o
—_

Ol
Ol

Ol—
|

Olo—

’.2
= 5;1/2[4['5] +1] = §—E’

s from quadratic for Body 12 in Table 8.1.

) po{p/R— 2(I0/D -1"ID + I/D)}

2_Y

’

Ol

2(p/R-py/R)
i} UBJ _4{'_0_ +L__c}
TR D D D
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{18 -8] |
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/

/

D/l =1/2 D/l =12
Body 1. Von Kérmén ogive Body 2. Lighthill profile
D/l = 34 D/l = 12 <| D/l =12
Bodies 3 and 4. Tangent ogive (F = 7.50) Body 5.Power low (m = 1/2)
and secant ogive* (E = 4.06)
Body 6. Ellipsoid (n = 1/2) Body 7. ESDU I (kg = 1/2)

;
}

ESDU Copyright material. For current status contact ESDU.

D/l =1/3 D/l =13
Body 8. ESDU Il (k, = 1/2) Body 9. Myring (A =1.5)
D/l =2/3| D/l =12 (l D/l =12
Bodies 11 and 12. Body 10.
Spherically-blunted tangent ogive (p/R = 0.6) Spherically-blunted cone (p/R = 0.6)

and secant ogive* (p,/R=0.63)

* The secant ogive is atangent ogive with atruncated base

FIGURE 1 TYPICAL AXISYMMETRIC FOREBODIESAND AFTERBODIES
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