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EFFECT OF ASPECT RATIO WITH ANGLE OF ATTACK OF AN OSCILLATING
HYPERSONIC DELTA WING WITH STRAIGHT LEADING EDGES
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Abstract: The present study focuses attention on effect of the Aspect ratio of the wing on roll damping
moment derivatives at various angles of attack and Mach number has been studied. It is found that the rolling
moment derivative increases with aspect ratio as well as with the angle of attack as the roll damping derivative
is linear function of aspect ratio as well as the angle of attack. It is also seen that with the increase in the aspect
ratio, roll damping derivative decreases with the increase in the Mach number initially and then attains steady
state and confirms the Mach number independence principle for higher values of the Mach numbers in the
hypersonic flow regime. The Present theory is valid only when the shock wave attached with the wing leading
edge, for detached shock case this theory is no more valid and also the flow will be subsonic locally leading to
flow separation and finally tremendous deceleration in the flow. Also, the effects of wave reflections and
viscosity have not been considered in the present study. Results have been obtained for hypersonic flow of
perfect gases over a wide range of angle of attack, the Mach number, and the aspect ratio.
Keywords: Angle of attack, Aspect Ratio, Mach number, hypersonic, roll damping derivative
Introduction: With the advent of space shuttle the thrust and importance of research has been shifted to the
field of hypersonic flows. The analysis of hypersonic flow past a delta wing at large angle of incidence as well as
high aspect ratio has attained importance with the evolution of space crafts and high performance military
aircrafts. The knowledge of aerodynamic load and stability derivatives facilitating the design process of a delta
wings and the high performance military aircrafts has become important at the preliminary design stage. This
will facilitate the designer to have fair idea about the design parameters and the performance of the wing plan
form for high performance military aircraft and the launch vehicles. With this aim the present study has been
taken up. Ghosh [4] has developed a large incidence 2-D hypersonic similitude and piston theory; it includes
Light hill’s [1] and Miles [3] piston theories. This theory has been applied for oscillating plane ogives. Ghosh [5]
has extended the large deflection similitude to non-slender cones, quasi cones and also for shock attached
delta wings. Crasta & Khan have extended this similitude to oscillating delta wings with straight leading edges
past a Hypersonic [15] and supersonic flow [16] and in this paper the effect of Aspect ratio with rolling moment
derivative at high angle of incidence and Mach number have been studied. The pressure on the lee surface is
assumed to be zero as it is well known that at hypersonic speed the pressure on the Lee surface will be
negligible and can be neglected.
Analysis:
ROLLING MOMENT DERIVATIVE DUE TO RATE OF ROLL:
Let the roll be p and rolling moment be L, defined according to the right hand system of reference
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The local piston Mach number normal to the wing surface is given by
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The roll-damping derivative is non-dimensionalised by dividing with the product of dynamic pressure, wing
area, and span and characteristic time factor
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Rolling moment due to rate of roll of roll calculations has been carried out
.
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Rolling moment derivative can be expressed in terms of aspect ratio as follows.
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Where AR = 4 cot e
Results and discussions:

Fig1: Variation rolling moment derivative with wing aspect ratio for Mach number = 5
Fig. 1 presents the results of the roll damping derivative as a function of aspect ratio for a fixed Mach number of
5 various angle of incidence in the range from 5 degrees to 25 degrees. From the figure it is seen that the rolling
moment derivative increases as Aspect ratio increases for a Mach number 5. The range of rolling moment
derivative is (0 - 0.50) for Aspect ratio range (0 – 11). It is also seen that when angle of attack increases rolling
moment derivative increases. It is also seen that as aspect ratio increases the wing span area will increase as the
aspect ratio is directly proportional to rolling moment derivative and hence the corresponding lift generated by
the wing which in turn increases the lift of the wing/aerofoil.

Fig. 2: Variation of Aspect Ratio with rolling moment derivative for Mach number = 7
Figure 2 shows the variation of rolling moment derivative with Aspect ratio for Mach number 7. This figure
shows similar results with the same trends as discussed above, here the only difference is that the level of
inertia has increased as compared to the previous case. It is seen that the magnitude of rolling moment
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derivative is less when compared to that in Figure 1. This is because the rolling moment derivative decreases
with increase in the Mach number.

Fig. 3: Variation of Aspect Ratio with rolling moment derivative for Mach number = 8
Figure 3 shows the variation of rolling moment derivative with Aspect ratio for Mach number 8. The same
trend is seen as in case of above figures 1 and 2 but the magnitude of rolling moment derivative has reduced
considerable due to increase in the Mach number and hence the inertia values of the flow and its value is
0.46629 for angle of attack 25 degrees, Aspect ratio 11, and Mach number = 8.

Fig. 4: Variation of Aspect Ratio with rolling moment derivative for Mach number = 10
Figure 4 shows the variation of rolling moment derivative with Aspect ratio for Mach number 10. The trend is
same as discussed above but the magnitude of rolling derivative has reduced considerably with Aspect ratio
with the progressive increase in the Mach number.
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Fig. 5: Variation of Aspect Ratio with rolling moment derivative for Mach number = 15
Figure 5 shows the variation of rolling moment derivative with Aspect ratio for Mach number fifteen. The
same trend is seen as above but with very low values and the reasons are same as discussed earlier.

Fig. 6: Variation of Aspect Ratio with rolling moment derivative for Mach number = 20
Figure 6 shows the variation of rolling moment derivative with Aspect ratio for Mach number twenty. The
trend is on the similar lines as discussed earlier. Further, the magnitude is has drastically reduced to less than
50% when compared to Mach number 15.
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Fig. 7: Variation of Aspect Ratio with rolling moment derivative for Mach number = 25
Figure 7 shows the variation of rolling moment derivative with Aspect ratio for Mach number twenty five. The
trend is same as we have seen in the previous cases. The Magnitude is almost the same as that of for Mach
number 20 thus exhibiting Mach number independence principle.
Conclusion: It is seen that rolling moment derivative increases with aspect ratio for various angle of attack
and Mach number. With the increase in the Mach number resulting in higher values of inertia leads to linear
decrease in the roll damping derivative then with further increase in the Mach number the steady state is
achieved which confirms the Mach number independence principle. It is also observed that as Aspect ratio
increases the wing span area increases, so when the angle of attack increases this will result in higher values of
lift. Because of high sweep, the critical local Mach number on the wing surface can be delayed and hence the
flow separation and boundary layer separation can be delayed which will ultimately will delay the stalling of
the wing.
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