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1. INTRODUCTION

Stability derivative plays an important role and gignificance in the performance of Rockets
Missiles at high Mach numbers. At high Mach numtibesnose of the aerospace vehicles either be leodes or
blunt as aerodynamic heating is of major concehe &valuation of stability derivatives in pitch fksithe point
of importance and its study for axis-symmetric egiat hypersonic flow is presented here. The ptesark is for
attaching shock case for an ogive having sharp,naféch can be used in future to more useful sha
incorporating the factor due to blunt.
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The present scenario of study of hypersonic floelpdin attaining a position of non-slender bodgpss and at

high angle of incidence which would form the badishe remarkable development of efficient hypeiseehicles.

The theory of similitude for hypersonic flow whichvalid for the windward side of an aerofoil witigh angle
of incidence was developed by Ghosh [1] preconakétib with Mach number after the shock the M > 2.8 with an
attached bow shock. The extension of Ghosh’s warkitching non-planar wedges was developed by Erast Khan to

evaluate the aerodynamic stability derivativesitolpfor both Supersonic [2] and Hypersonic flod8]to [12].

Ghosh K. [2] has extended his theory of large dtifb@ similitude [1] to attached shock axisymmetoiodies
realising the equivalence of motion in a pistonhwaixial symmetry. The wedge revolving around thheash wise axis
results in a cone while the same realisation offtn field which is independent of 1-D fluid slaffvhich resultsin
similar conico-annular area. Ghosh, K., [2] proveat the flow field past the fully unsteady coneeguivalent to a
piston-motion in the conico-annular area, whictkki®wn asl-D similitudinal slab. Ghosh, K., [2] géva similitudinal
flow basedsolution for a cone, which forms the Bolufor shock layer of fixed density. The pressonethe surface of the
cone in terms of the inertia level at the pistorfeste is gauged by the constant density form ofcimapressible flow.
Results are found for hypersonic flow for a thefdgnglerfect gas over pitching ogives for variousriizelevel and flow

deflection angles.

2. ANALYSIS

SIMILITUDINAL SLAB

M.

Figure 1: Cone and Ogive Geometry

From the geometry we have

tan :Xta—ngc-tan :M
N CErS R R

Whereg is the angle subtended by AQitwith x-axis, and for various position of &,varies fromr to ¢,
0. is the flow deflection angle of the ogive and dherd length is c.
The Stiffness derivative presented by, Gs
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WhereS,= base area of the ogive'ﬁ(c tanec)z,
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¢ = Length of the chord for ogive.
After simplification we get the following,

The equation for the ratio of pressure for a steamhe at zero angle of attack (Ghosh, K., 1984)yiged the

shock is attached at the nose of the cone, is

R 2 1
b =1+ of1+=¢ 1
P w p( 1 j (1)

[

Where the density ratio is

_2+(y-1)mz,
g_
2+(y+1)Mm2,,

@
andM, is the local Mach number of the piston, which @pes in a conico-annular ardy, is the surface body
pressure of the ogive at zero angle of incidences.
M po = M., SING,

Whered, is the semi angle of ogive

Now

dR, _ 2PM 1+1 £+1M po.—dg ®3)
dM 4 2 dM
Where

_8M . 2 _

de _=8My, f{SK(S(w?K 2)} @
dM N N
g N =2+ (M2 ]
On solving (3) we get

dR, , 2a,Ahtang
—bo =2)p M +a,) - 5
dM , e p{(ai %) tanqa—tanej ©
Where h Iﬁ,

C
A':L _1+£_K2 a_1+£_K2(N+8)
tan@cai_ 4 NZ,and2 4 N3

Thus utilizing the above derived definition the atjon for Stiffness derivative is derived as
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C.. =[C lume + =222 [W*f1-2n2 ~h@-3n%)}+ @- h){H @+ h + h?) + 3n%h%}]
a ’ 3@1+n°)
Where,
[Cy, Leone = D|N*@=20%) = @=h){H 2+ ) + n*h(@+ 2n)]
D:Lz 1+3 g+ Ik-92 (6)
se+n?)| 4" 2 dm,,
H={1-h+n?
ang N = tang,

The above derived expression for stability deriatias been used to obtain the results for vageosetrical as

well as the inertia parameters and the same haere filetted and discussed in the section to follow.
3. RESULTS AND DISCUSSIONS

This section discusses the results in respectferieds derivative for the ogive nose shape. Tdeaehthe ogive
shape we have taken the basic shape of the con¢éhandan arc has been superimposed to achieveetieed Ogival
shape. Initially the semi vertex angh 6f the cone is selected and then an arc has ©gmrimposed for different values
of A which is positive as well as negative to get conae well as the concave shape. For a given vdltled, the semi-
vertex angle ) has been varied from 5 degrees to 25 degreepirkpthe shape of the ogive circular arc the sarhe.
main objective here is to study the effect of tteiations of the semi-vertex angle which basicalf§l result in a
continuous increase in the plan form area of theeraf the cone. Once the shape of the nose withahie shape is done,
then an arc fok = + 5 is super imposed on the nose of the cone.shape of the nose of the cone will vary depending
upon thék, when thé\ is positive the shape will be convex and whenitigenegative the nose shape will become concave.
Results forA = 5 are shown in Figures. 2 to 6. Results for Madmnd) = 5 are shown in Figure 2, for the semi vertex
angles) in the range from 5 to 25 degrees, it is seem do@ to the enhancement in anf@lethe stiffness derivative
increases linearly due the progressive increasieeiplan form area of the nose shape. From thédtsesfithe figure 2 it is
found that there is a 38 percent increase in tififness derivative when angkewas increased from five degrees to ten
degrees. When the andlas further increased from ten degrees up to fiftdegrees, does not yield substantial increase in
the stability derivative in pitch. The physics bahithis behaviour may be that when the arigleas increased from five
degrees to ten degrees, and then later when thdarirarc was superimposed that leads to the mawigin in the plan
form area. Later with further increase in the arégleill not result in appreciable incremental in thlan form area which
was achieved when the an@levas increased from 5 to 10 degrees. Further,siéé that the due to the area distribution,
with continuous increase in the magnitude of thmiseertex angle the surface pressure will vary amaly this surface
pressure distribution may align most of its surfaoea towards the trailing edge, thereby shifthmg lbcation of centre of
pressure. Due to this change in the surface preshsiribution on the ogive which will lead in tkhift of the centre of
pressure, and this movement of the centre of presswarying from the pivot position h = 0.5 t@0ln view of this shift

in the location of the centre of pressure will diély result to enhancement in the magnitude efdtiffness derivative,
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thereby; increasing the static margin of the systdmare they employed. While deciding on the aigéd we need t
take care of the range of the static margin, ire ¢athe static margin is very high would lead éstrictedmanoeuvrability
of the system, it may not be desirable in some ifiperases like for instance fighter aircraft. Rine fighter aircraf
normally, the static margin is either zero or nagato enhance its capability during the war tirghf when enteing into
the enemy air space. Here the variation in the seméx angle will have the major role to playtlas arc radius has be

kept constant for various Mach numbers ani flow deflection anglé.

Results for Mach number of 7 are shown in theure 3. Due to the increment in the Mach number and
increased values of the inertia there will be agimal chang in the surface pressure over the nose, and alsosuhface
pressure value will get modifiedin view of these two factors the magnitude of stfs derivative is getting reduc
continuously all along the pivot positions. The isimtrends of continuous decrease in the stiffrdesdvative are seenr
Mach 9, 10 and 15 are also seen inuFéy 4 to 6, with the exception that the magnitude@drement is less as compa
to the previous case. Here, once again the tredeé@kase in the stiffness derivative continuealaiig the nose lengof

the ogive, andeversal in the trends is not seen in any of titases

Results for semiertex angles in the range fraw= 5 to 25 degrees, afd= - 5 for Mach numbers in the ran
from M = 5 to 15 are shown in the Figu 7 to 11. For this case thebeing negativémplies that the shape of the arc
just opposite of the previous case whenithveas 5 with a positive sig This will lead to a reduction in the plan form a
of the nose portion. Obviously this will result andecrease of the stiffness derivativeh the increase in the angbe
Figure7 presents the variation in stiffness derivativa dignction of hinged position h for various flowftbction angle$®

in the same range as discussed above and aldixefdvalue of Mach number 5 afd= -5.

—-—0 =5
= 10
15
=20
—— =25

m ;0.5

Figure 2: Variation of Stiffness Derivative with h for M=5
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15
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5
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-1.0-

Figure 3: Variation of Stiffness Derivative with h for M=7
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Figure 5: Variation of Stiffness Derivative with h for M=1(
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Figure 6: Variation of Stiffness Derivative with h for M=1¢
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Figure 7: Variation of Stiffness Derivative with h for M=5
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Results for semirertex angles froml = 5 to 25 degrees, afd=- 5 for Mach numbers in the range fron = 5 to
15 are shown in the Figuieto 11. For this case thebeing negative implies that the shape of thesjast opposite of th
previous casavhen thel was 5 with positive sign. This will lead to redoct in the plan form area of the nose porti
Obviously, this will result in decrease of the feiifss derivative withhe increase in the angbe Figure 7 presents the
variation in stiffness erivative as a function of hinged position h fowale range of angle8 in the same range
discussed above and also, for a fixed value of Maghber 5 and = -5. The figure indicates that the magnitude of
stiffness derivative is very high as ccared to the previous case wher 5. Also, it is seen that with the increase ia
value off) there is a continuous reduction in the value efdtiffness derivative, which is in contrast witle fprevious ase
when) = 5. This reversal in the trend due to the change in shape of the nose and rédistm of the area along ti
length of the nose. The location of centre of presslso has shifted in the direction of the tngiledge and it lies ithe
range from h = 0.72 to h = 0.85. This once n shows that due to the change in the shape d@tjine these changes ¢
taking place. When the Mach number is increasatitehows almost similar results except the maide has come down
as seen in Figur8. However, there is no change in the ce of pressure due to the change in the inertid.|Smnilar
results are seen for Mach 9, 10, and 15 with a imarghange in the magnitude of the stiffness déies. It is seen th
the location of the centre of pressure does nabghalue to the crease in the Mach number which also indicate fibre
the higher Mach number the flow has achieved thadst state condition and does not vary with theaeoément in th
Mach number. Another interesting observation i$ tiaenA was positive the, witthe increase di values the incremel
in the stiffness derivative was linear and unif@lnalong, whereas in the caseldbieing negative due to the shape ch
of the nose and due to the variation in the surfaessure the trend are totally diffet, even though the trend in the st

of the centre of pressure remained in the direaticthe trailing edg:

—-—0=5
25+ —e—0-10
— & B—15
2.0 —>—0=20
—e—0=25
154 M=7A=-5

Figure 9: Variation of Stiffness Derivative with h for M = ¢
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Figure 11 Variation of Stiffness Derivative with h for M = 1t

4. CONCLUSIONS
In view of the above discussions we conclude tiievidng:

From the results, it is seen that due to the irseréa the anglé, the stiffness derivative increases linearly dwee

progressive increase in the plan form area of dseshap

From the results it is observed that there is p&8ent increase ithe stiffness derivative when the anglevas
increased from 5 to 10 degrees. With further ineeda the anglé from ten degrees and above, does not yield suiiet

increase in the stiffness derivative.

Further, it is seen that due to change in the semviertex angle and hence the area distribution, thtase
pressure will vary and this surface pressure 8istion may align most of its surface area towatds trailing edge

thereby shifting the location of the center of pres

Due to this chage in the surface pressure distribution on thev®gihich will lead in the shift of the centre

pressure, and this shift in the centre of pressuvarying from the pivot position h =0.5to 0

In view of this shift in the location of the centf pressure will definitely result to enhancementria magnituds

of the stiffness derivative, thereby; increasing shatic margin of the system where they emplo

While deciding on the angleand) we need to take care of the range of the statigin. Here the variation in

the semi vertex angle will have the major role laypas the arc radius has been kept constantaigous Mach numbei
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and the semi-vertex angle.

The magnitude of stiffness derivative is gettingluged continuously all along the pivot positionghwihe

increment in the inertia level and the semi-vedagle, with further increase in the Mach does fgltljthe same results.

For this case thk being negative implies that the shape of the &jast opposite of the previous case wheriithe
was 5 with a positive sign. This will lead to awetion in the plan form area of the nose portiohviOusly this will result

in a decrease of the stiffness derivative withitloeease in the anghe

Also, it is seen that with the increase in the gadif there is a continuous reduction in the value efdtiffness
derivative, which is in contrast with the previasse wher = 5. This reversal in the trend is due to the ¢gleaim shape
of the nose and redistribution of the area alomglémgth of the nose. The centre of pressure ascshifted towards the
trailing edge and it lies in the range from h =20t@ h = 0.85. However, there is no change in #dre of pressure due to
the change in the inertia level. Similar resulis seen for Mach 9, 10, and 15 with a marginal ceanghe magnitude of

the stiffness derivatives.

Another interesting observation is that wliewas positive the, with the increasefofalues the increment in the
stiffness derivative was linear and uniform allrpwhereas in the caselobeing negative due to the shape change of the
nose and due to the variation in the surface predbe trend are totally different, even thoughttead in the shift of the

centre of pressure remained towards the trailingeed
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