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Abstract: The emphasis of this paper is to examine the variation of damping derivative with incidence angle
and Mach number with varying pivot position. The damping derivative decreases with Mach number and
increases with the incidence angle. It is also seen that for a given Mach number the damping derivatives are
decreasing and reaches a minimum value and then again increases and attains the same value which was at h
=0, for pivot position h =0toh = 1.0 and at h = 0.5 it attains a minima and increases forh = 0.6 toh = 1.

The Damping derivative decreases with Mach number for the varying pivot position.
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. Introduction
Ghosh and Mistry [1] have given a hypersonic flow theory for the oscillating 2-D wedge for quasi
steady flow which has been further extended by Ghosh [2] to solve the axi-symmetric flow problem. Crasta and
khan [4 to 28] have taken Ghosh’s [3] large deflection similitude into consideration to develop an unsteady
piston theory for the prediction of stability derivatives of oscillating planar and non-planar wedges in supersonic
and hypersonic flow. Here an attempt is made to analyze the variation of damping derivative with Mach number
and incidence angle for various pivot position fromh=0to 1.

1. Analysis
The expression for pressure ratio given by

pﬂ = 1+ AM?*sin’a + AMmsinaJ B+ M_%sin2a
A piston theory which has been used in above equation has been extended to supersonic flow by dividing with

cos @ term. The expression is given below:
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The nose down moment is given by
-m = fOL(x —x)pdx 2)

The damping derivative is given by,

c = 1 om
M _1—(_%>

? Poo UOOL3
The damping derivatives are evaluated at & = ¢, and g =0, and the Piston Mach number is given by
1 .
M, = ;[UooSlnza—i_ x-xp)al 3)
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By combining Eq. (2 and 3)differentiation within the integral sign and integration are performed. Defining

M, sin o
h= ﬁ’ X,=hLcos’e,, §3 = —=>——< y 2 Multiplying by 2 for effects of two sides and replacing L by C
c cos
in non-dimensionalizing, the derivatives of a plane wedge are
_(y+1){ F(S1) }{1_ 2 2 4 }
Cm‘l = M, lcospcos3a-) 3 hcos“a- + h“cos*a-y ... 4
Where,
B + 25,*
F(S)) = 25) + ————
B+ S;*

Results of damping derivatives for various Mach numbers in the range M = 2 to 4 and angle of incidences from
5 to 25 degrees have been studied.

I11. Results And Discussions
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Fig.1: Variance of Damping derivative with incidence angle for pivot position h =0

Fig.1 demonstrates the changes in Damping derivative with incidence angle for pivot position at h = 0,
i.e. at the nose of the wedge. Damping derivative has a linear increment up to 15 degrees with respect to
incidence angle then non-linearity creeps in. The magnitude of the damping derivatives is varying from 0.105 to
0.01 for the inertia level of M = 2 to 4. Here the damping derivatives are evaluated with the pitch rate coupled
with the angle of attack. The non-linear behavior may be due to the combined effect of rate of pitch, angle of
attack, strength of the shock wave and the pressure distribution.
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Fig. 2: Variance of Damping derivative with incidence angle for pivot position h = 0.1

International Conference on Recent Innovations in Civil & Mechanical Engineering 30 | Page
[i- CAM2K16] DOI: 10.9790/1684-16053032936



Supersonic Flow Analysis and Evaluation of Damping derivative

Fig. 2 gives the damping derivative with incidence angle where in position of pivot is shifted 10%
away from the nose of the wedge towards the trailing edge. There is a reduction in the value of damping
derivative with incidence angle when pivot shifts from 0 to 0.1 and the values are in the range from 0.08 to
0.005, however, the trend is the same as that of for h = 0. This reduction in the magnitude could be attributed to
the shift in the pivot position, shift in the plan form area, when combined with the rate of pitch and angle of
attack.
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Fig. 3: Variance of Damping derivative with incidence angle for pivot position h = 0.2

Fig. 3 gives the variation in the damping derivative with incidence angle where in pivot position is at
20% from the nose. There is a further reduction in the value of Damping derivative with incidence angle when
pivot shifts from 0 to 0.2 when these values are compared with those for h = 1. These values are ranging from
0.055 to 0.005, it is seen that the values at angle of attack 5 degrees and Mach number M = 4 are unchanged
however, the values for Mach number M = 2 for the angle of attack of degrees has further decreased. Once again
it reiterates that due to the further shift in the pivot position and hence the plan form area has caused reduction in
the values.

0.14
- M= o
—eo—-M=25 4
0.12 o A M= /
1 v-M=35 e
0.10 —eo—-M=4 7
A J h=0.3 e
| o008 i
.7/4
=
—C  0.06 = "
m, ] - L
0.04 4 — o
4 o
0024 T S, ¢
RS S vy e
p=————— ———— — — &
0.00 F—— . Y Y .
5 10 15 20 25
o, —

Fig. 4: Variance of Damping derivative with incidence angle for pivot position h = 0.3

Fig. 4 shows the change in damping derivative with incidence angle, where in the position of pivot is
shifted 30 % away from the nose. There is further reduction in the value of damping derivative with incidence
angle when pivot shifts from 0.2 to 0.3, and the values have come down in the range from 0.04 to 0.005,
otherwise the trend remains the same as discussed earlier.
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Fig. 5: Variance of Damping derivative with incidence angle for pivot position h = 0.4

Fig. 5 gives the change in damping derivative with incidence angle for pivot at h = 0.4. There is a
further reduction in the value of damping derivative with incidence angle when pivot shifts from 0 to 0.4 and
their values are in the range from 0.03 to 0.002, otherwise the same trend is seen as discussed earlier.
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Fig. 6: Variance of Damping derivative with incidence angle for pivot position h = 0.5

Fig. 6 gives the results for change in the damping derivative with incidence angle where in pivot
position is h = 0.5. There is a further reduction in the value of Damping derivative with incidence angle when
pivot position has been shifted to h = 0.5 and it is clearly visible it is actually attaining a minima at h = 0.5. The
attainment of minima is due to the pivot position being much closed to the center of pressure.
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Fig.7: Variance of Damping derivative with incidence angle for pivot position h = 0.6

Fig.7 presents the damping derivative with incidence angle where in position of pivot is shifted 60%
away from the nose of the wedge. Here it is seen that after attaining a minima again there will be increase in the
value of damping derivative and they are in the range from 0.028 to 0.002, also it is seen that at Mach number M
= 4 it remained steady for the last three pivot positions namely h = 0.4 to 0.6, this may due to the distribution of
the plan form area, location of pivot position and the pressure distribution.
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Fig. 8: Variance of Damping derivative with incidence angle for pivot position h = 0.7

Fig. 8 gives the change in damping derivative with incidence angle for pivot position h = 0.7 from the
nose of the wedge. There is a increase in the value of Damping derivative with incidence angle when pivot shifts
from 0.6 to 0.7, and values are in the range from 0.038 to 0.004 it seen that there is progressive increase in the
stability derivative in pitch for all the Mach numbers as compared to the previous value and trend remains the
same.
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Fig. 9: Variance of Damping derivative with incidence angle for pivot position h = 0.8

Fig. 9 gives the distribution of the damping derivative in pitch with incidence angle where in position
of pivot is 80% away from the nose of the wedge. There is further increase in the value of the damping
derivative with incidence angle when pivot shifts from 0.7 to 0.8 and this value lies between 0.054 to 0.004,
there is over all enhancement the stability derivative else trend remains the same.
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Fig. 10: Variance of Damping derivative with incidence angle for pivot position h = 0.9

Fig. 10 gives the variation of damping derivative with incidence angle where in position of pivot is at
10% from the trailing edge of the wedge. There is further increase in the value of damping derivative with
incidence angle when pivot shifts from 0.8 to 0.9 and these are in the range from 0.075 to 0.006 showing similar
trend as discussed earlier.
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Fig.11: Variance of Damping derivative with incidence angle for pivot positionh =1

Fig.11 gives the variation in the stability derivative in pitch with incidence angle where in position of

pivot is h = 1, which is the trailing edge of the wedge, it is interesting to note that the magnitude of the damping
derivative at h = 0 and h = 1.0 are identical and they lie in the range from 0.105 to 0.008. There trend with the
increase in the angle of incidence remains the same.

1VV. Conclusion

Based on the above discussion the following conclusion can be drawn:

[1].

The Damping derivative decreases with Mach number and increases with the incidence angle.

It is also seen that for a given Mach number the damping derivatives are decreasing and reaches a minimum
value and then again increases and attains the same value which was at h = 0, for Mach number M = 2,
however, the magnitude of damping derivative remains smaller as compared to the value at h = 0 for Mach
number due to the different pressure distribution, rate of pitch, shift in the center of pressure.

It is also seen that for pivot position h =0 to h = 1.0 and at h = 0.5 it attains a minima and then again it
increases forh=0.6toh=1.

The damping derivative decreases with Mach number for the varying pivot position, whereas, it continue to
increase with the angle of attack.

The results are valid as long as the shock waves are attached, and we are considering the weak solution
when the oblique shock wave is formed at the nose of the wedge.
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