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Abstract: Specific heat ratios play an essential role in the design of an ogive of an aircraft, which in turn makes it a priority
point in estimating the stiffness derivative, keeping in mind the stability of an airplane. One such attempt is made here where
the study of stiffness derivative is done for specific heat ratio =1.666 for other than the air. In some cases, higher values of
specific heat ratios become a priority to stimulate the flow. For & angles from 50 to 300, results have been obtained. For pivot
locations near the nose, the pitching moment assumes higher values as compared to the pivot position near the shoulder of the
ogive. The stability derivatives attain negative values for h = 0.6, and its importance is maximum at h = 1.

Keywords:

1. Introduction

The stability derivative assumes a significant part and its criticalness in the exhibition of aerospace vehicles at
high Mach numbers. At significantly large inertia level, the nose of aviation vehicles either be with low L/D ratio
or obtuse as the aerodynamic heating of the streamlined bodies is of significant concern. The assessment of
performance in the pitch mode of the for the missiles, the stiffness derivatives is of significance, and inspection
for symmetric pivot ogives at a large stream is introduced here. The current study is for the case, while the shock
wave is close for an ogive with a strident nose that can be utilized in the forthcoming to progressively helpful
models joining the factor because of gruffness. This study further gains importance due to the change of the
working medium. Usually, researchers consider air as the working medium and obtain the results for stability
derivatives. However, there are cases when the working medium need not be air but some other medium like
helium, argon, and Co2, etc. This paper focuses attention on estimating the stability derivatives for a medium
other than the air. The specific heat ratio for air is y = 1.4 is valid for a perfect gas. It is observed in the literature
that the gas can be either thermally ideal or calorically ideal gas. For a calorically ideal gas, the y of the gas at
constant pressure and volume is not a function of temperature. However, for a thermally ideal gas, even though
the specific heat ratio is a function of temperature but still when we estimate the specific heat ratio when pressure
and volume are constant, its value stay on 1.4. While inspecting the literature, it found that up to a temperature of
800 K, the air can be assumed to be a perfect gas. But in view of the growth in the inertia, the temperature will
further increase. As per the kinetic theory of gases, when due to the increase in Mach values, the temperature is
further increased to 2000 K, the oxygen which is non-reacting flow will be ionized, and with a further rise in the
Mach values, the temperature will rise. At a temperature of 4000 K, the nitrogen will also become ionized. Hence,
at a temperature around 4000 K, the air is fully ionized and becomes a reacting flow. This study was undertaken to
look for some other alternative gas as the medium for the stream to account for this issue of aerodynamic heating
at high Mach numbers. The literature review suggests that we can simulate the high-speed flow by assuming a
specific heat ratio as two, whereas for air, it is 1.4. Conducting experiments in a water tunnel are cost-effective
and yet gives good results. Hence, the present suggested by the present theory gives reasonably good results with
computational ease.

The hypothesis of likeness for the hypersonic stream, which is substantial on the compression side of the
airfoil with an extreme pitch rate, was created by Ghosh [1]. However, he stated that Mach just behind the
shockwave is more significant and more than 2.5 with an appended curved shock. The expansion of Ghosh's
research for wedges without planar shape due to the rate of change in pitch motion was extended by Crasta and
Khan to assess the streamlined permanence results in a pitch for together at M < 5 [2] and M > 5 streams [10] to
[12].

Ghosh K. [2] broadened his hypothesis of a high angle of attack [1] for bodies of revolution, understanding the
proportionality of movement in a cylinder with pivotal evenness, that is free of 1-D fluid flow [1], which brings
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about a comparable conical-annular region. Ghosh, K., [2] demonstrates that a cylinder movement in the conical-
annular territory. Ghosh, K., [2] gives a hypersonic semblance based answer in case of a cone, that shapes the key
for a viscous boundary layer of secure thickness. Outcomes are created for the high Mach and for a thermally ideal

gas for ogives in pitch for different inactivity levels and stream diversion points.

2.Analysis
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Figure 1. Geometry of the cone

Figure 1 shows the geometry used for this study.
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Solving and simplifying we arrive at,
The relations for P2/P; is the pressure ratio for a cone when the angle of attack is zero under the steady
condition (Ghosh, K., 1984), given that shock, is affixed at the tip of the front point of the body is
P 2 1
Here ¢ is the mass per unit volume (i.e., density ratio)
e= 2+(7/_1)M2p0
24(r +1)M2 0

Where M po is the temporal inertia level at the piston, that runs in a conical-annular, B, is compression side

O]

pressure on the surface of the aerodynamic body when the incidence angle is zero

M po=M_ sin 6,
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The resulting analytical equations are used to estimate the results in a pitch for the stability of a pitching cone
at numerous angles of attack and Mach numbers.

214,
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And n=tanéo,

Based on the over-analysis, the results were obtained for a broad stretch of Mach values and incidence angles.

3.Results and Discussion:

This analysis was performed to calculate the rigidity offshoots in pitch for cones and ogives for numerous
angles of prevalence and the Mach values. In the present study, the working medium considered is other than air.
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1.4

my,

Fig. 2 Cne Vs. 8, and h=0

This segment deliberates the outcomes of rigidity derived from ogive. To accomplish ogive, we considered the
original state of the cone, and afterward, a circular section has been overlaid to achieve the ideal Ogival shape. For
a presented estimation of A, the angle (0) of the cone ranging from 5° to 30°, and the Mach Number varied from 5
to 15, keeping other variables the same. Figs. 2 to 7 represent the outcomes in the case of A = 5. Fig. 2 shows the
results for h =0 and A = 5, for (0) in the range from 5° to 30° and Mach Number 5 to 15. From the results of figure
2, itis found there is a consistent increment in the rigidity derivatives.

The physical science at the back of this trend in the Stiffness derivatives is because of the change in the wetted
area of the ogive. Aimed at a static angle of 5°, the stiffness derivative increases by 1.65 %, 2.88 %,1 .56%, and 6
% for Mach Number varying from 5 to7, 7 to 9, 9 to 10 and 10 to 15 respectively. For constant value of Mach 5,
the stiffness derivative increases by 25 % , 6%, 3.4 % , 2.36 % and 1.72% for angle & varying since 5 to 10, 10 to
15, 15 to 20, 20 to 25 and 25 to 30 respectively. The variation in the stiffness derivatives is non-linear. The shape
of the ogive and the pressure distribution at various flow deflection angle and Mach number may be possible
reasons for this behavior.

Fig. 3 Coe Vs. 0, and h=10.2

The outcome for h = 0.2 is produced in Fig. 3, retaining the remainder of the factors the same. However, the
pivot position is changed and shifted in the direction of the shoulder of the ogive. Here we consider the stiffness
offshoots for h = 0.2. From figure 3, they show a similar pattern when we compare the results with Fig. 2, except
the magnitude is decreased due to the shift in the axis point. This trend will continue as we are moving towards
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the trailing edge. For a static amount of angle & of 5%, the stiffness derivative increases by 1.24 %, 3 %,1 .75%,
and 7% for Mach Number varying from 5 to7, 7 to 9, 9 to 10, and 10 to 15 respectively. For a constant value of
Mach M = 5, the stiffness derivative increases by 32 %, 8.98%, 6.15 %, 5.2 % and 4.74% for angle & varying from
5010 10°, 10° to 15°, 15° to 20°, 20° to 25° and 25° to 30° respectively.

Fig. 4 Cma Vs. 0, and h=0.4

The outcome for the hinge stance h = 0.4 is shown in Fig. 4 retaining every previous parameter equivalent. The
results for h = 0.4 show similar trends with the exemption that the magnitude has decreased significantly owing to
the reduction at the moment are as the pivot has additionally transferred in the direction of the straggling edge. For
a constant estimation of angle of 5°, the rigidity derivative increases by 0.45 %, 3.65%, 2.54%, and 11.48% for
Mach Number shifting from 5 to7, 7 to 9, 9 to 10 and 10 to 15 individually. For a fixed estimation of Mach
number 5, the stiffness derivative increments by 51 %, 16.33%, 12.27 %, 11 % and 10.38 % for semi vertex edge
shifting from 5 to 10, 10 to 15, 15 to 20, 20 to 25 and 25 to 30 separately.

0.4 +
A 0.3 +
—a— M=5
0.2 - —e— M=7
—a— M=9
—w— M=10
0.1 —e— M=15
h=0.6 , A=5
— C T T T T T
10 15 20 25 30

Fig. 5 Fig. 2 Cie Vs. 0, and h=10.6

For the fulcrum stance of h = 0.6, the outcome of rigidity derivatives is exhibited in Fig. 5. It is seen that the
results show a different trend. This may be due to the selection of the pivot position, which happens to be in the
neighborhood of where the normal force is situated at axis of evenness of the cone. Initially, up to angles & of ten
degrees, the sign of the stability derivative is negative. For a higher flow deflection angle, it assumes normal
values as expected. For a fixed estimation of Mach number 5, the stiffness derivative increments by 75.8 %,
63.8%, 38.24 %, 29.5 % and 24.49 % for semi vertex angle varying from 5 to 10, 10 to 15, 15 to 20, 20 to 25 and
25 to 30 separately.
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h=0.8,A=5

Fig.6 Cma Vs. 0,and h=0.8

The toughness derivatives outcomes are exhibited in Fig. 6 for hinge point h = 0.8. Since the choice of the
pivot position is following the location of the normal force, it scores in negative values of the static margin.
However, we see the increment in the rigidity derivative in conjunction with the rise in the angle 5. But the
influence of the Mach M is negligible. For a static quantity of angle & of five degrees, the stiffness derivative
increases by 3.55 %, 2.17 %,0.67%, and 1.22% for Mach Number varying from 5 to7, 7t0 9, 9 to 10 and 10 to 15
respectively. For a fixed estimation of Mach number 5, the stiffness derivative increases by 29.4 %, 27.81%,
41.43 %, 81.6 % and 124.84% for angle 6 varying from 5 to 10, 10 to 15, 15 to 20, 20 to 25 and 25 to 30
respectively.

my,

Fig.7 Fig. 2Cinq Vs. 6, and h =1

Findings for the swivel point of h = 1 are presented in Fig. 7, preserving every other constraint the similar.
Since this location is at the shoulder of the ogive, this location of the pivot position will affect in a considerable
moment arm, and the position of the lift force is ahead of the pivot position. Results indicate that the magnitude
remained negative, resulting in a negative static margin.

Intended constant magnitude of angle & of 59, the stiffness derivative increments by 3 %, 2.37 %,0.92% and
2.57 % for Mach Number changing from 5 to7, 7 to 9, 9 to 10 and 10 to 15 respectively. For a constant value of
Mach M = 5, the stiffness derivative increases by 11.96 %, 13.49%, 18.26 %, 26.77 % and 42.26% for angle &
varying from 5 to 10, 10 to 15, 15 to 20, 20 to 25 and 25 to 30 respectively.
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Fig. 8 Cie Vs. 6, and h=0

Findings for A = 10 are introduced in Figs. 8 to 13. Findings for h = 0 and A = 10 is demonstrated in Fig. 8, for
the angle (0) in the stretch from 5 to 30 degrees and Mach Number 5 to 15.

It is found that there is a ceaseless increment in the rigidity derivative along with the rise in angle & for the
whole range of Mach numbers. The physical explanation behind the addition in the Stiffness derivative is because
of the increased surface area of the ogive. For a static estimation of angle  of five degrees, the stiffness derivative
increases by 12.74 %, 8.05 %,8.46%, and 46.6 % for Mach Number fluctuating from 5 to7, 7 to 9, 9 to 10 and 10
to 15 respectively. For a permanent value of Mach M =5, the stiffness derivative increases by 83.63 % , 18.55%,
9.14 % , 5.71 % and 3.93% for angle & shifting since 5 to 10, 10 to 15, 15 to 20, 20 to 25 and 25 to 30
respectively. Here is a significant growth in the rigidity derivatives, and after a certain value of the angle 3, the
growth in the stability derivative is not seen as it has achieved the optimum values. Also, as the Mach number
increases after a certain Mach number, the increase is minimal. This trend may be attributed due to the change in
the intensity of the shock wave at various Mach numbers and the pressure on the nose portion of the cone. Hence,
it can be attributed due to the combined defect of the inertia level, flow deflection angle, and the cone/ogive
surface pressure

Fig. 9 Cno Vs. 6, and h=10.2

Stiffness derivative plot for pivot h = 0.2 is shown in Fig. 9, for diverse Mach M and flow angles. The figure
indicates that these results are different from those of when A = 5. Due to enhanced values of the A has modified
the surface pressure on the nose ogive. It shows a reversal in the trends. From the stability aspect, it is a very
significant change in the stability derivative. As a designer, one needs to keep this aspect of the ogival shape in
mind as this will lead to instability in the aerospace vehicles.

Intended for a permanent estimation of angle 6 of five degrees, the stiffness derivative increases by 40.15 %,
17 %,18.2% and 49.7% for Mach Number fluctuating from 5 to7, 7 to 9, 9 to 10 and 10 to 15 separately. For a
fixed estimation of Mach number 5, the stiffness derivative increments by 109.9 %, 24.48%, 13 %, 9.15 % and
7.31% for angle & varying since 5 to 10, 10 to 15, 15 to 20, 20 to 25 and 25 to 30 separately
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Fig. 10 Ciq Vs. 6, and h=0.4

For pitching place, h = 0.4, the rigidity derivatives findings are demonstrated in Fig. 10. Because of the
alteration in the swing position towards the trailing edge, there is further variation in the rigidity derivatives. For a
static estimation of angle & of 5°, the stiffness derivative increments by 9 %, 0.08 %,2%, and 11.54% for Mach
Number shifting from 5 to7, 7 to 9, 9 to 10, and 10 to 15 respectively. For a constant value of Mach M =5, the
stiffness derivative increments by 189.3%, 41.14%, 22.26 %, 16.49 % and 13.76% for angle § differing from 5 to
10, 10 to 15, 15 to 20, 20 to 25 and 25 to 30 individually

,,,,,

Fig.11 Cma Vs. 0, and h=0.6

For swing place, h = 0.6. The toughness results scores are exhibited in figure 11. This position is very closed to
the location where the lift force is located and hence will lead to lower static margins. For his case, the Mach
number has no role to play. Even though the Mach M is grown from 5 to 15, it does not yield any significant
change over in the rigidity derivatives. For a static estimation of angle 6 of five degrees, the stiffness derivative
increments by 5.28%, 1.48 %,0.18% and 3.14% for Mach Number fluctuating from 5 to7, 7 to 9, 9 to 10 and 10 to
15 respectively. For a fixed estimation of Mach number 5, the stiffness derivative increments by 77.82%,
136.72%, 75 %, 42.8 % and 31% for semi vertex angle differing from 5 to 10, 10 to 15, 15 to 20, 20 to 25 and 25
to 30 individually.

Fig.12 Cne Vs. 0, and h = 0.8

The rigidity derivatives findings are depicted in Fig.12 for hinge position h = 0.8. The outcomes are
astonishing, as the estimations of stiffness derivatives are in the negative since the position of the hinge position is
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following the location of the center of pressure resulting in pitch up moment and hence a negative static Margin.
However, we see a rise in the rigidity derivative with the growth in the angle 6 for the entire range of the Mach
numbers of the current research. As discussed above, the Mach number has a marginal effect on the stability
derivatives. This may be owing to the growth in the outside zone. For a static estimation of angle § of five
degrees, the stiffness derivative increases by 3.82 %, 2 %,0.54% and 0.54% for Mach Number differing from 5
to7, 7t0 9, 9 to 10 and 10 to 15 individually. For a fixed estimation of Mach number 5, the stiffness derivative
increments by 34.4 %, 27.16%, 35.9 %, 61.9 % and 181.38% for semi vertex angle shifting from 5 to 10, 10 to 15,
15 to 20, 20 to 25 and 25 to 30 respectively.

Fig.13 Cma Vs. 0, and h=1

Findings for hinge posture of h = 1 are depicted in Fig. 13. This pivot position is at the extreme position of the
ogive and located at the end of the nose length. Mach number has no influence on the stability derivatives except
at lesser tenets of angle 5. For a static estimation of angle § of 5°, the stiffness derivative increments by 3 9%,
2.36%,0.91%, and 2.54 % for Mach Number differing from 5 to7, 7 to 9, 9 to 10, and 10 to 15 respectively. For a
fixed estimation of Mach number 5, the stiffness derivative increments by 11.29%, 12.58%, 17 %, 24.94 % and
38.8% for semi vertex angle shifts from 5 to 10, 10 to 15, 15 to 20, 20 to 25 and 25 to 30 respectively.

Conclusion

In view of the above discussion, the results may be summarized as under:

1. For lower Mach number, there is a strong dependence of the stiffness derivatives on Mach M as well as
the angles 9.

2. Atthe trailing edge or the shoulder of the ogive, the stability derivative is harmful and results in pitch up
moment, which is undesirable from the steadiness viewpoint.

3. For lower values of A, there is a strong dependence of stiffness derivative on the pivot position.

4.  For large values of A, there is a change in the behavior of the stability derivatives.

5. This may be due to the difference in the surface pressure of the ogive. And hence the location of the lift
force, that ends in a negative moment.

6.  When the location of the pitching point is shifted downstream leads to lower values of the stability
derivatives.

7. For large values of A, there is a change in the behavior of pitching moment, and it becomes autonomous
of Mach M.

The effect of the incidence angle continues to result in higher values of the pitching moment.
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