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PRESSURE DRAG AND LIFT CONTRIBUTIONSFOR BLUNTED FOREBODIES OF
FINENESSRATIO 2.0 IN TRANSONIC FLOW (M_ <1.4)

SUMMARY

This Data Item presents charts of forebody pressure drag coefficient at zero incidence (equivalent to wave
drag coefficient) and charts, around the optimum blunting ratio, of normal pressure force coefficient and
axial pressure force coefficient for incidences up to 10°. Viscous contributions to these coefficients are not
included. Data are presented for spherically blunted tangent ogive and cone forebodies of fineness ratio
2.0, followed by acylindrical afterbody, over the freestream Mach number range 0.70 to 1.40. Animportant
part of the normal pressure force coefficient results from the pressure distribution over the cylindrical
afterbody, and this part isincluded in the data presented.

The charts were derived using computer codes developed by British Aerospace (Filton) for inviscid flows
around axisymmetric bodies and based on the Jameson method of solving the Euler equations; the forces
were derived from the integration of surface pressuresin the normal and axial directions.

Examples are provided which compare forebody pressure distributions and force coefficients with
wind-tunnel data, whilst other evaluations which compare calculated results with experimental data are
referenced.
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INTRODUCTION

=

This Memorandum presents charts of forebody pressure drag coefficient at zero incidence (equivalent to
wave drag coefficient) and charts, around the optimum blunting ratio, of normal pressure force coefficient
and axial pressure force coefficient for incidences up to 10°. Viscous contributionsto these coefficients are
not included. Dataare presented for spherically blunted tangent ogive and cone forebodies of finenessratio
2.0, followed by a cylindrical afterbody, over the freestream Mach number range 0.70 to 1.40. The
importance and applications of such data are discussed in the Introduction to T.D. Memo. 79004 (Ref. 1).
The blunted tangent ogive and the blunted cone are the two limiting cases of the family of spherically
blunted secant ogive forebodies defined in T.D. Memo. 83017 (Ref. 2). An important distinction between
the blunted tangent ogive and the blunted cone is the existence in the latter of a discontinuity in slope at
the forebody/afterbody junction (shoulder). Charts of forebody volume coefficient for the blunted tangent
ogive and cone forebodies are presented in T.D. Memos 79004 and 83017.

The wave drag charts of T.D. Memos 79004 and 83017, restricted to zero incidence, were derived using a
potential flow method (Ref. 3) whereas the charts presented here have been obtained using a method (Ref.
4) that solves the Euler equations. While potential flow solutions have proved extremely useful for
predicting transonic flows with shock waves of moderate strength, the approximation of ignoring entropy
changes and vorticity production cannot be expected to give acceptable accuracy when flight speed is
increased into the upper transonic range. Solutions of Euler equations do not ignore these phenomena and,
therefore, can be used to improve upon the previous charts as well as extending them to low supersonic
speeds and incidence.

The solutions have been derived using computer codes (Ref. 5) developed by British Aerospace (Filton)
for inviscid flows around axisymmetric bodies and based on the Jameson method (Ref. 4). The solutions
yield surface pressures which are then integrated in the normal and axial directions to obtain the required
forces. Examples are provided which compare forebody pressure distributions and pressure force
coefficients with wind-tunnel data, whilst other evaluations which compare calculated results with
experimental data are referenced.

In the calculations each forebody was followed by along cylindrical afterbody (see Section 6). Note that,
for real configurations such as missiles or aircraft fuselages, which are of finite length and usually closein
a boat-tail, the change in entropy that occurs due to a shock may have an effect on the flow condition
downstream of the shock resulting in changesin axial and normal force coefficients for the boat-tail.

ESDU Copyright material. For current status contact ESDU.

The datain the charts may be used to calculate the forebody contribution to the pressure forces on bodies
with the given forebody shape followed by a cylindrical midbody where the midbody is sufficiently long
for thefull effectiveness of theforebody to be achieved and for theinterference effects between theforebody
and theafterbody to be negligible. Wherethereare significant interference effectstheforces on the complete
body must be eval uated asan entity and amethod such asthat describedin Ref. 5 can beused for thispurpose.
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2. NOTATION

In using this Item a consistent unit of linear dimension must be used.
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nose blunting ratio (= d/D)

optimum nose blunting ratio (see Section 4.5)

axial pressure force coefficient (based on TR?)
pressure drag coefficient (based on tR?)

wave drag coefficient (based on TR?)

lift coefficient as defined by Equation (4.6) (based on tR?)
normal force coefficient (based on TR?)

normal pressure force coefficient (based on tR?2)
pressure coefficient

pressure coefficient for local Mach number of unity
local axial force coefficient as defined by Equation (4.2)
local normal force coefficient as defined by Equation (4.4)
diameter of cylindrical afterbody (= 2R)

diameter of spherical nose blunting (= 2r)

forebody finenessratio (= L/D) (see Sketch 3.1)
forebody length

cylindrical afterbody length

freestream Mach number

radius of cylindrical afterbody

radius of blunted tangent ogive (see Sketch 3.1)

radius of spherical nose blunting (see Sketch 3.1)

axial distance (see Sketch 3.1)

radial distance (see Sketch 3.1)
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o angle of incidence (see Sketch 4.1)

[0} roll angle (see Sketch 4.1)

Subscripts

c denotes match point between spherical blunting and conical part of cone forebody (see
Sketch 3.1)

t denotes match point between spherical blunting and ogive part of tangent ogive
forebody (see Sketch 3.1)

3. GEOMETRIC CHARACTERISTICS OF THE FOREBODIES

Theforebody geometry notationisgivenin Sketch 3.1. The generating equationsfor the spherically blunted
tangent ogive and cone forebodies areincluded in the equationsfor the secant ogivedetailed in T.D. Memo.
83017; the tangent ogive and the cone are the bodies at the limits of the range of the complete family of
secant ogive forebodies. Appendix A of that Item presents the listing of a computer program written in
FORTRAN which generates the surface coordinates of the forebodies and the values of the parameters Ry,
X and y, or x, and y.. Vaues of the coordinates and the parameters from the program are output
non-dimensionalised by R.

7 Forebody Cylindrical afterbody
VO

I | Blunted tangent ogive
| of finenessratio L/D

| .

| and radius R,

Y ! X X Y Match poi nt for
tangent ogive

N IO

Yt
Ye

[

————— Blunted cone
of finenessratio L/D

N 7_ o A Match point
- _ for cone

Shoul def a4,
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Sketch 3.1 Forebody geometry notation for spherically blunted tangent ogives and cones

Each blunted forebody is constructed from two generators comprising the spherical nose blunting portion
and the ogival or conical portion. The spherical nose blunting istangential to the ogival or conical parts of
the blunted tangent ogive or cone forebodies at the match point (x,,Yy;) or (X.,Y.), respectively;
consequently the forebody surface slope is continuous at this point. The limiting values of nose blunting
ratio are zero (corresponding to a pointed forebody — not included in the data of the present Item) and unity
(corresponding to a hemispherical-headed forebody). For the blunted tangent ogive and hemispherical
forebodies, the surface slope at the junction between forebody and afterbody is continuous whereas for the
blunted cone the surface slope at the shoulder is discontinuous.

Figure 1 illustrates the effect on geometry of varying blunting ratio for (a) tangent ogive and (b) conical
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forebodies, each with finenessratio f = 2.0. It isthese forebodies that are considered in this Memorandum.

4, DEFINITIONS

Sketch 4.1 shows the notation used to define the force coefficients which are obtained from integration of
the calculated surface pressure coefficients. Since the computed flow isinviscid, viscous contributions to
the force coefficients are not included.

Cross-section A A”

Sketch 4.1 Forebody notation used to define for ce coefficients

4.1 Axial Pressure Force Coefficient
The axial pressure force coefficient is calculated as

1

Cy, = Iocad(é) (4.)

ESDU Copyright material. For current status contact ESDU.

1
_ y )
[ = PA I
where a fo 2Cp( R)d( 27:) . (4.2)
4.2 Normal Pressure Force Coefficient

The normal pressure force coefficient is given by
°° X
Cy, = Io Cnd(i) (43)
where c, = fl 2C (X)(E) cosod ﬂ) (4.4)
A o PIRAR (211: ' '

In thisMemorandum it has been found that all but anegligible amount of the contribution to CNp has been
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generated by X/L = 4, i.e. |, = 3L, so for practical reasons the upper limit of integration (=) has been
replaced by 4 (see Section 6).

4.3 Pressure Drag and Lift Coefficients

Theinviscid flow contribution to pressure drag coefficient is given by

CDp = CApcosoc + CNpsinoc (4.5)

and the corresponding lift coefficient by

Cl_p = CNpcosoc - CApsinoc. (4.6)

4.4 Wave Drag Coefficient
Ininviscid flow, for abody at zero incidence, the wave drag coefficient can be equated to the pressure drag
coefficient, However, for abody at incidence, there will be a contribution to the pressure drag even in the
absence of shock waves.

4.5 Optimum Blunting Ratio
For either type of forebody (i.e. blunted tangent ogive or blunted cone), the optimum blunting ratio, b,
isdefined asthe blunting ratio at which CD isaminimum for given finenessratio, M__ and o . Smce( or
either type of forebody) for given fineness’ratio, M_ and o, the variation of Cn with blunting ratio is
insignificant near the optimum blunting (see Section 5), bopt is also the blunting fatio at which CA isa
minimum for given finenessratio, M__ and o..

5. CHARTSOF AXIAL FORCE AND NORMAL FORCE COEFFICIENTS

51 Presentation of Charts

5.1.1 Blunted tangent ogive forebodies

ESDU Copyright material. For current status contact ESDU.

Figure 2 presents the wave drag coefficient, CD at zero incidence (equivalent to the axial pressure force
coefficient, Ca,, at zero incidence) asafunction of spherical nose blunting ratio, b, and freestream Mach
number, M__, for blunted tangent ogive forebodies with finenessratio, f, of 2.0 in the range of freestream
Mach number 0.7<M_<1.4.

Parts (@) of Figures5to 10 present the axial pressure force coefficient, Ca_, asafunction of spherical nose
blunting ratio and incidence, o, for freestream Mach numbers 0.9<M_ <'1.4 for tangent ogive forebodies
around the optimum blunting ratio at incidences up to 10°. Parts (b) of these figures provide the
corresponding normal pressure force coefficient, CNp , as defined in Section 4.2.

Figures 11, 12 and 13 show thevariation of the optimum blunting ratio, b, , with freestream Mach number
for the tangent ogiveforebodiesat oo = 0°, 5° and 10°, respectively. Thesefigures also show blunting ratio
limits corresponding to an increasein CA of 0.001 above the optimum (which can also be regarded as an
equal increasein CD since, for agiven |nC|dence Cn, variesinsignificantly around b, ) either side of
the value of CA (or CD ) corresponding to optimum bI unting. For o = 0° afurther I|m|t corresponding
toanincreasein C Ap of 0,005 abovethe optimum and aboundary marking approximately the end of wholly
subcritical flow over the body have been added. Figure 14 presents the effect of incidence on the optimum
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blunting ratio by showing the 0°, 5° and 10° optimum blunting curves together.

5.1.2 Blunted coneforebodies

Figure 15 presents, in a similar manner to Figure 2, the wave drag chart for spherically blunted cone
forebodies at zero incidence.

Parts (a) of Figures 15 to 24 present, in the same manner as in Figures 5 to 10, the axia pressure force
coefficient for the blunted cone forebodies but with the Mach number range 0.8<M_ <1.4. Parts (b) of
these figures provide the corresponding normal force coefficient.

Figures 25, 26 and 27 show the variation of optimum blunting ratio with freestream Mach number for the
blunted cone forebodies at o = 0°, 5° and 10°, respectively. These figures contain boundaries equivalent
tothosein Figures 11 to 13. Figure 30 shows the effect of incidence on the optimum blunting ratio for the
blunted cone forebodies.

52 Variation of Axial Pressure Force Coefficient with Freestream Mach Number

The wave drag coefficient due to a blunted tangent ogive or a blunted cone forebody at zero incidence
(equivalent to axial pressureforce coefficient at zeroincidence) associated with increasing freestream Mach
number, is shown by the carpet plotsin Figures 2 and 15,

Generaly the shapes of the curves in Figure 2 for fixed blunting ratio for the blunted tangent ogive
forebodiesfall into three categories. At values of blunting ratio less than 0.6 no wave drag is evident until
M, = 0.85 butby M_ = 0.95 C, isincreasing quiterapidly until M_, = 1.05, after which the rate of
rise beginsto decrease qU|teS|gn|f|cantIy as M__ increasestowards 1.4. At b =0.7 and 0.8, however, wave
dragisevidentat M_ = 0.8 and 0.7, respectlvely, but increases only slowly (drag creep) until M__ exceeds
0.95, when there is a rapid drag rise to M_ = 1.05. This is then followed by a more gradual rise to
M_ = 1.4. At and above b = 0.9, the wave drag coefficient increases very rapidly once M_ = 0.70 has
been exceeded. Once M_ has exceeded 1.05 the rate of increase is reduced.

For the blunted cone forebodies (Figure 15), the wave drag coefficient at zero incidence for low values of
blunting ratio, b< 0.4, increasesrapidly once M__ exceeds 0.80 reaching amaximum at about M__ = 1.05
and decreasing slowly thereafter. At b = 0.4 and b = 0.5, the shape of the curve is similar until about
M, = 1.1, just after which alocal minimum isformed (‘drag bucket’), followed by C, resumingitsrise
W|th increasing Mach number but relatively slowly. For b = 0.6 the ‘drag bucket’ is much less evident. At
b=0.7 and 0.8 wave drag is evident at M_ = 0.75 and 0.7, respectively, but increases moderately until
about M_ = 0.97, after which therelsarapldlncreaseln CD until M_, = 1.05. Thereafter C, increases
less rapldly At, and above, b = 0.9 the wave drag coefficiefit increases very rapidly once M "= 0.7 has
been exceeded but, again, the rate of increaseisless rapid once M_ = 1.05 has been exceeded. There are
dightinflexionsinthecurvesfor b>0.7 between M_ = 0.95 and 1.0. These‘drag buckets' and inflexions
aretheresult of the shock wave, developed on the nose of the forebody, moving rearwards and decreasing
in strength as M__ increases. The increase in drag coefficient is then resumed because the contribution to
drag from the bow shock (ahead of the body) becomes dominant.

ESDU Copyright material. For current status contact ESDU.

53 Variation of Axial Pressure Force Coefficient with Nose Blunting Ratio

The variation of the wave drag coefficient at zero incidence with nose blunting ratio for fixed freestream
Mach number is shown in the charts of Figures 2 and 15 and in more detail, for part of the range of blunting
ratios considered, in parts (a) of Figures 5 to 10 for the tangent ogive and Figures 15 to 24 for the blunted
cone. These latter sets of figures also provide, around the optimum blunting ratio, the variation of axial
force coefficient with blunting ratio at oo = 5° and 10°.
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As noted in T.D. Memo. 83017 (Ref. 2), the significant feature of the charts is that some degree of nose
blunting can delay the rapid drag rise to a higher Mach number and reduce forebody pressure drag
coefficient. For a given freestream Mach number and incidence it is possible to determine a nose blunting
ratio that is optimum with respect to pressure drag. The reason for the drag reduction that is evident over
alimited range of blunting ratio isdiscussed in T.D. Memo. 80008 (Ref. 6). For the tangent ogive forebody
(Figure2) at M_, = 0.90 and 0.95, the inflexions between b = 0.7 and 0.8 in the CD versus b curves are
likely to be the f| rst signs of this drag reduction occurring.

Generally, the variation of axial force coefficient with blunting ratio at incidences up to 10°, around the
optimum blunting ratio, is similar to that at zero incidence.

54 Variation of Axial and Normal Pressure Force Coefficients with Incidence around the Optimum
Blunting Ratio

The variation of the axial pressure force coefficient with incidence, around the optimum blunting ratio, is
shown in parts (a) of Figures5to 10 and Figures 15 to 24. All the figures show a progressively more rapid
reduction in CA as incidence increases. This reduction in CA is greatest at or below sonic freestream
Mach number and at most, for a 10° increase in incidence from zero near the optimum blunting ratio, is
0.031 for the tangent ogive forebodies and 0.033 for the blunted cone forebodies.

For both types of forebodies, the pressure drag coefficient at M_ = 0.6 (i.e. no shock wave present) was
found to be 0.0075 for oo = 5° and 0.0295 for o = 10°, irrespective of the blunting ratio. Thisisin
accordance with dlender body theory (Ref. 7) which states that the effect on drag of incidence is
approximately 0.2 where o isin radians (i.e. o2 = 0.0076 for oo = 5° and o2 = 0.0305 for oo = 10°).
Thisrelationshipisapproximately truefor M__ < 1.0 intheresults presented in thisMemorandum. However,
for M_>1.0 thereisatrend away from slender body theory as the flow becomes complex and stronger
shock waves are present, suggesting that the body can no longer be considered slender”.

Parts (b) of the above figures show the corresponding variation of the normal pressure force coefficient
with incidence. At zero incidence and for subsonic freestream Mach numbers, the slope of the normal
pressure force coefficient versus incidence plot is close to the value 2.0 per radian given by slender-body
theory but increases above this value as both M__ and o increase. It isimportant to remember that in the
results given here the contribution to normal force due to viscous effects is not included. There is
no significant effect on Cy  of varying blunting ratio around bopt . From Equation (4.5), this suggests that

the behaviour of C,  will follow cl osely the behaviour of C, in the region of optimum blunting.
p P
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55 i; Variation of Optimum Blunting Ratio with Freestream Mach Number and I ncidence

Figure 11 shows that for the blunted tangent ogive at oo = 0° and M_, = 0.9 the optimum blunting ratio
is about 0.31, and thereafter it increases rapidly to a value of 0.72 at about M_ = 0.97. The optimum
blunting ratio then decreases almost linearly to a value of about 0.35 at M_ = 1.4. Similar trends are
observed at oo = 5° and 10°, but with lower values of maximum optimum blunting ratios, 0.7 and 0.65,
respectively (Figures 12 and 13).

The effect of incidence on optimum blunting ratio for the blunted tangent ogive forebody (summarised in
Figure 14) isto reduce bopt as o isincreased for agiven M_ . At low Mach number, M_ <0.93, thereis
little effect of incidence but it becomes of increasing significance as M_, exceeds 0.95. The maximum
effect occurs at about M_, = 0.97 where there is a difference between the values of bOpt at 0° and 10° of
about 0.07. This difference decreases gradually to about 0.01at M_ = 1.3.

For the blunted cone forebody at oo = 0° (see Figure 25), the optimum blunting ratio is constant at 0.52

" For supersonic speeds, abody is slender when it lies well within the Mach cone from the vertex (see Ref. 8).
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until M_, = 0.95, after which b, rapidly increases to about 0.7 at M_, = 0.99. The optimum blunting
ratio then decreases quiterapidly to0.53at M__ = 1.1 Thereafter, b, . decreasesat aslower rateto avalue
of 0.3aaM_ =14.

opt

In Figures 26 and 27, between M_ = 0.8 and 0.95, the optimum blunting ratio for the cone forebody
increases from 0.5 to 0.54 for o = 5° and from about 0.46 to 0.52 for o = 10°. As at zero incidence
(Figure 25) b, ot increases rapidly between M_, = 0.95 and 1.0. For M_ > 1.0 the trend in b, opt with
increasing M__ at o = 5° and 10° issimilar to thatat o = 0° but with reduced values of b . The most
noticeable dlfferences between optimum blunting ratios at oo = 0° and 10° occur at M_, = 8 and 0.99
and are about 0.06 and 0.04, respectively (Figure 30).

Although the precise value of b, canvary significantly with M_, and o, the changesin C,  around the
optimum can be relatively smaII as indicated by the curves for CA (min) +0.001 in Figures 11 to 13 and
Figures 25 to 27.

6. DERIVATION OF CHARTS

The charts were derived using two computer codes (Ref. 5) developed by British Aerospace (Filton) for
inviscid flows around axisymmetric bodies and based on the Jameson method (Ref. 4) of solving the Euler
eguations. One of the codes was used for cal culations on axisymmetric bodies at incidence, the other code
was devel oped as asub-program of theincidence code and used for cal cul ations on bodies at zero incidence.
The programs are described in more detail in Refs 5 and 9.

A ‘C' typegrid was used for the blunted bodiesto define the flow field and the body surfacein the xy-plane.
This grid was constructed of contour lines spreading successively further out into the flow field and,
generaly, following the forebody shape. These intersect with lines emanating from the body surface and
perpendicular to the contour lines to form the computational mesh. The computational mesh in the
cross-sectional plane was defined by circles concentric with the body and radial lines (‘O’ type grid), the
areabetween adjacent radial lines constituting aradial sector. Thegridinthexy-plane consisted of 100 x 30
points. For the cases considered in this Memorandum, this provided sufficient points for the streamwise
pressure distributions to be satisfactorily predicted. At zero incidence the flow in the cross-sectional plane
isindependent of ¢ anditisnecessary to computetheflow only inasingleradial sector with the knowledge
that all other sectors are identical; the smaller the included angle of the sector the more accurate should be
the computation. Here the included angle was taken as 2°. For non-zero incidence the flow in the
cross-sectional planeissymmetrical about theaxisAA' (Sketch 4.1) and it is necessary to compute the flow
only in the half-plane (0° < ¢ < 180°) . The permissible included angle of the radial sector isrestricted by
considerations of computer (CRAY -1S) memory and CPU time. Here aradial sector of 15° included angle
was used which was determined to be sufficient to define the cross-flow adequately (see Ref. 10). The
difficult cases, those around sonic freestream Mach number, required 1800 time steps to obtain satisfactory
convergence. In the calculations the forebodies were followed by a cylindrical afterbody of 4 forebody
lengths.

ESDU Copyright material. For current status contact ESDU.

Calculations were performed at freestream Mach numbers, M_ = 0.6, 0.7, 0.8, 0.85, 0.95, 0.97, 1.0, 1.02,
1.05, 1.1, 1.2, 1.3 and 1.4. The nose blunting ratio was varied between 0.1 and 1.0 in steps of 0.1 with
sufficient suitable intermediate values to determine the optimum blunting ratio within 0.01 of b.
Furthermore, in the case of the blunted tangent ogive at o = 0°, the points of inflexion between b = 0.7
and 0.8 inthevariationof C, withbat M_ = 0.9 and 0.95 were determined by successive calculations
incrementing b by 0.01. Add|t| onal calculationsto determine by opt werealso carriedoutat M_, = 0.96 for
the tangent ogiveand at M_ = 0.99 for the blunted cone.

In the charts, the computed pressure drag coefficient at zero incidence has been adjusted such that CD at :
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o = 0° iszero at low subsonic Mach number, typically M_, = 0.6, so asto eliminate any small residual
error that occursin the numerical integration of the cal culated pressure coefficients. Thisresidual error was
within £0.0050 for blunted tangent ogive forebodies and within £0.0100 for blunted cone forebodies.

An adjustment is also made to the axial pressure force coefficient at incidences other than 0°. Since abetter
definition of the cross-sectional flow field isused in the o = 0° case than for o> 0°, a small adjustment
equal to the difference between the value of CD at oo = 0° with the better cross-sectional definition and
that value with the poorer cross-sectional definition is made to CA for o> 0° to merge the two sets of
results together. This further adjustment was |less than +0.005 for both types of forebodies.

It was found that a small residua value of local normal force coefficient, c,,, persisted over the rear part
of the afterbody, even in wholly subcritical flow, rather than ¢, tending to zero as would be expected for
inviscid flow. Thereforein calculating CN C,, has been adj usted by removing aresidual amount equal to
thevalue of ¢, occurring at X/L = 4.0 for M = 0.6. Typically, the residual amount was 0.003 for o = 5°

and 0.009 for o = 10°. The assumption that C,, tendsto zero far downstream is not strictly justified for a
body at incidence in inviscid supercritical flow if ashock waveis present.

At lower freestream Mach numbers (M_ < 0.95), where wave drag is small, the contribution from surface
pressure coefficientsto the normal pressure force coefficient isnegligiblefor x/L > 2.0, i.e. with afterbody
length | ;> 1.0L . At higher Mach numbers, where shock waves producing significant wave drag exist and
significant entropy changes occur, the contribution to CNp can persist beyond x/L = 2.0.

7. EXPERIMENTAL VERIFICATION OF THE METHOD

Calculated pressure distributions, wave drag coefficients, axial pressure force coefficients and normal
pressure force coefficientsfor typical tangent ogive and cone forebodies have been compared in Refs 9 and
10with experimental data. It hasbeenfound that, in general, the Euler code results comparevery favourably
with experimental results. Furthermore, the Euler code predicts the experimental pressure distribution and
wave drag coefficient at zero incidence better than Baker’s solution of the Full Potential equation (used in
Refs 1 and 2). Example comparisons are provided in Figures 31 to 38.

Figure 31 compares the pressure distributions on a blunted tangent ogive (f = 2.0, b=0.6) at o« = 0° and
M_ = 1.05 (theupper limit of M_, in Refs 1 and 2). The present method (Euler code) shows asignificant
improvement over Baker’s method in predicting the experimental pressure distribution obtained by Ward
(Ref. 11). However, there is an unexpected divergence of the experimental pressures over the rear part of
the cylindrical afterbody. Ward (Ref. 12) has suggested this may be due to some drifting of the tunnel speed
while pressure measurements were being obtained. Figure 32 provides a comparison of the pressure
distributions over the blunted cone (f=2.0andb=0.6) at M_, = 1.20. The Euler code predictsthe pressure
distributions generally very well, with some local differences in the pressure rise behind the blunted nose
and in the region of the shoulder where arapid expansion of the flow occurs.

ESDU Copyright material. For current status contact ESDU.

Computed wave drag coefficients at zero incidence are directly compared with those derived from
experiment* (Refs 12 and 13) in Figures 31 and 32 for the blunted tangent ogives (b = 0.3, 0.6, 0.7, 0.8)
and blunted cones (b = 0.3 and 0.6), respectively. In both figures the Euler code is generally observed to
predict the experimental results significantly better than Baker’s method. Except at low values of wave
drag coefficients (Cp,,<0.1), al but one of the Euler code results lie within £5% of the experimentally
determined values of CDW.

For the bodies at incidence, comparison of the pressure distributions at ¢ = 15° and ¢ = 165° on the

" Toderivewave drag at zero incidence or axial pressure force at incidence from the measured force, the subtraction of avalue for the skin
friction contribution was required. The value chosen was, in all cases, that determined for zero incidence.
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blunted tangent ogive (f = 2.0, b = 0.6) and blunted cone (f =2.0,b=0.3) at M_ = 0.97 and o = 10° are
provided in Figures 33 and 34, respectively. The pressure distributions from the Euler code compare well
with those from experiment over the forebody but there are some noticeabl e differences over the rear part
on the cylindrical afterbody, especialy at ¢ = 15°. These differences may be due to viscous effects
becoming important at thisincidencewherethe differencesarelikely to be more pronounced on theleeward
generator than the windward generator since the boundary layer of the former will be thicker.

The variations with incidence of the calculated axial pressure force coefficients are compared with those
from experiment’ (Ref. 13) for the blunted tangent ogive (f=2.0,b=0.6) at M_, = 0.97 and for the blunted
cone (f=2.0,b=0.6) a M_ = 1.10 in Figures 35 and 36, respectively. These provide comparisons for
incidences up to oo = 20°. The values of CAp and the trend of CAp with incidence are predicted well by
the Euler code. Furthermore, because the viscous contributionto theaxial forceat zeroincidenceisremoved
from the measured force to obtain CAp, Ehe comparisons suggest that there is no significant change in
viscous effects from that at zero incidence .

The corresponding normal force coefficients are compared in Figures 37 and 30, respectively. The Euler
method predicts the C, versus o curve well at low incidence. The comparisons suggest that the viscous
flow contributions to Cy, for a<10° are less than 15% of the total. As incidence increases beyond
o = 10°, the viscous flow contributionsto C; become increasingly significant.
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FIGURE 2 WAVE DRAG COEFFICIENT FOR BLUNTED TANGENT OGIVE FOREBODY-(f =2.0) AT

0.6
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