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Abstract

When two objects are placed near each other in the supersonic flow, the shocks
emanating from each object hit the body of the other object and affect its aerodynamic
characteristics. In this research, the aerodynamic interaction between two slender
bodies in the vicinity of each other in a supersonic flow has been investigated. First, the
validation of the applied numerical method has been done based on the available
experimental results, which are mostly steady. In the following, a three-dimensional
unsteady analysis of the problem is done by moving one of the bodies, and the results
of aerodynamic interference between two objects are extracted. The obtained results
indicate that the aerodynamic interference resulting from the shock waves between two
adjacent objects causes an increase in the pressure coefficient and the lift and drag
coefficients on the body of each object at the place where the interference waves collide.
With the passage of time and the movement of one object along the other object, a
change in the position of the interference effect on the body of the opposite object is
observed. The amount of pressure increase in the position of interfering waves on the
body for the unsteady solution is 24% more than the steady state.
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1- Introduction

When two flying bodies are located in close
proximity, they can influence each other’s
aerodynamic characteristics. This phenomenon is
referred to as aerodynamic  interference.
Aerodynamic interference has more significant
effects in supersonic flows, which are accompanied

by shock and expansion waves over the bodies.

So far, few results have been published regarding
the interference effects between slender bodies at
supersonic speeds, and in the limited reported cases,
the target and missile are statically placed in a flow

field. [1] investigated this subject on a configuration
consisting of a body with an ogive nose and a body
with a spherical nose both experimentally and
numerically. This study showed that interference
loads are most sensitive to the initial location of the
main disturbance, but they are also affected by its
intensity. Furthermore, the maximum interference
loads correspond to an effective impact angle of up
to 6 degrees. [2,3] conducted experimental tests on
configurations consisting of bodies with equal
diameters and different nose shapes. In their
numerical analysis, boundary layer separation
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caused by shock waves was observed on the
receiving bodies with conical and hemispherical
noses.

In this research, since the unsteady analysis of the
near-target problem has not previously been
addressed, the phenomenon is studied through
unsteady numerical simulation, modeling the
motion of one projectile near another. The
aerodynamic interference effects on pressure
distribution around and on the surfaces of the bodies
are examined.

2- Numerical Simulation

To enable validation of the results, the geometry
used corresponds to the model by [1], as shown in
Figure 1. To analyze the unsteady aerodynamic
interference between two bodies, ANSYS Fluent
software is employed. After performing a mesh
independence study based on drag coefficient
evaluation, a mesh containing 1.9 million cells is
used (Figure 2). The overset mesh method is utilized
for the unsteady solution. Using a user-defined
function, the lower body is given a prescribed
motion. The background mesh and the mesh around
the upper body are stationary, while the geometry
and mesh surrounding the lower body are moving.
The bodies are modeled as walls, and the far-field is
defined as a pressure far-field boundary condition.
The free-stream pressure is 1atm, the angle of attack
is zero degrees, and the free-stream Mach number is
2.5.

The compressible Navier—Stokes equations are
solved with second-order accuracy to simulate the
fluid flow numerically. The SST k-o turbulence
model is used for turbulence modeling. Time
integration is performed using an implicit method.
The accuracy of the results is verified by comparing
the pressure coefficient distribution over the bodies
in the static case with the experimental results of
Chaplin et al. For the unsteady solution, after a time-
step independence study, a time step of 1x107
seconds is adopted, with 20 inner iterations per time
step and a total of 50 time steps.

3- Discussion and Results

In the unsteady numerical simulation with a free-
stream Mach number of 2.5, the lower body moves
at a linear velocity of 850 m/s relative to the upper
body (relative Mach number = 2) and passes
alongside it, leading to aerodynamic interference
between them. To illustrate the interference effects,
six specific points identified in Figure 3 are
investigated.

Figure 4 shows the time evolution of the pressure
coefficient at the six points located underneath the
upper body. At point P1, before the lower body’s
interference effects reach it, the pressure coefficient
is nearly zero, but at time 21x10° seconds, the
interference effects begin to influence it, initiating
an increase in pressure coefficient. Over time, the
pressure coefficient rises, reaching its maximum
value of 0.11 at 27x107° seconds. Thereafter, due to
the diminishing interference effects and the
formation of an oblique shock, the pressure
coefficient rapidly drops, reaching a minimum of
—0.082 at 49x107 seconds. Points P4 and P6 exhibit
a similar trend to point P1.

Points P8, P10, and P13 are located at the front
section of the upper body, where the supersonic
flow causes the formation of an oblique shock wave
downstream of these points. Initially, the pressure
coefficient increases at these locations, but then
decreases due to the pressure drop behind the
oblique shock. As the interference effects caused by
the movement of the lower body reach them, the
pressure coefficient increases again, reaching a
maximum before gradually decreasing as the
interference effects diminish.

Figure 5 illustrates the time evolution of pressure
coefficient distribution along the lower side of the
upper body. Until 2x10* seconds after the start of
the lower body’s motion, no change occurs in the
pressure coefficient. As time progresses and reaches
3x10* seconds, the interference effects of the lower
body strike the upper body, causing the pressure
coefficient at the rear end of the upper body to rise
to 0.1. At 4x10™* seconds, the interference also
affects the front half of the upper body, increasing
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the pressure coefficient to 0.18. At 5x10* seconds,
the lower body completely passes the upper one,
and the interference effects from its shock
interacting with the upper body’s own shock impact
the ogive region of the upper body, increasing the
pressure coefficient up to 0.28.

Figure 6 presents a comparison between the
unsteady and steady (static) simulations. At the
longitudinal location corresponding to 67% of the
upper body length, the pressure coefficient in the
steady analysis is 0.063, whereas in the unsteady
analysis it is 0.083, indicating a 24% difference
between the two.

4- Conclusion

The interference effects between two closely spaced
slender cylindrical bodies with ogive noses were
observed through pressure variations on the body
surfaces. Shock waves formed between the bodies
increased pressure both in the inter-body region and
on the lower surface of the upper body. Due to the
relative motion of the bodies, the interference zone
moved along their length, leading to increased
pressure coefficients within the aerodynamic
interference region. The highest pressure coefficient
in the case where both bodies pass alongside each
other occurs in the front third of the upper body.
Moreover, the pressure coefficient in the unsteady
simulation is 24% higher than that in the steady

analysis.
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Figure 1: Selected Model for Numerical Analysis (Dimensions in
mm)

Figure 2: Generated Mesh for Unsteady Three-Dimensional
Solution
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Figure 3: Specified Points Beneath the Upper Body
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Figure 4: Variation of Pressure Coefficient at Points Beneath the
Upper Body Over Time
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Figure 5: Pressure Coefficient Distribution along the Upper Body
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Figure 6: Comparison of Pressure Coefficient Values in Steady
and Unsteady Solutions
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