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Abstract

This paper presents the investigation of aerodynamic performance of inboard Store-X and Store-Y configurations on the X-plane aircraft
model through computational fluid dynamics (CFD) analysis. The X-plane and Store-Y represent the default store and pylon integration
while Store-X provides a possibility for other types of store to be integrated. These stores are loosely based upon the two most commonly
used by the western and eastern blocks. The resultant lift, drag and moment forces are of interest in order to observe their impact with
respect to the two different stores configurations. The finding shows that the aerodynamic impact with respect to Store-X installation on
the inboard pylon station is insignificant when compared to default system, hence offers the safety of delivering the Store-X from the X-

plane aircraft.
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1. Introduction

Any modification involving changes of the aircraft shape requires
re-evaluation in every aspect of the regulation before the air-
worthiness status can be issued. This includes installation of addi-
tional external role equipment such as camera pod, sensors, tank
and radar system. The impact is not limited to the weight and bal-
ance, and structural integrity, but also in terms of aerodynamic
characteristics and performances. Nowadays, computational fluid
dynamics (CFD) analysis has been greatly applied for analyzing
the flow characteristics and aerodynamic performances of an air-
craft. It has becoming one of the most practical tools, especially
during design stage before the development of physical model can
be idealized.

Since the computer technologies have been enhanced over the past
decade, CFD analysis is able to be employed at much bigger solu-
tion domain as well as for solving the governing equations of fluid
flow over complex model configuration. CFD is widely accepted
as one of the important methods for research and development in
the aerodynamic design of an aircraft. For example, CFD simula-
tion of CREATE-AV/Kestrel Solver has been employed for both
F-16 and F-22 jet fighters, and the simulation results are well cor-
related with data from original equipment manufacturer (OEM) in
terms of aerodynamic performance characteristics [1]. Moreover,
3D wing of NACA 2412 has been simulated using a well-known
CFD software, ANSYS FLUENT and the results have been found
to be comparable with the theory of lift generation [2].

There are many other studies that have been performed to verify
the CFD simulation results with the experimental data. These in-
clude, among others, the use of 3D RANS CFD software to simu-

late the canard for SAAB passenger aircraft [3] and blended wing
body (BWB) model [4], ANSYS CFX CFD software for different
wing designs of a remote control aircraft [5], CATIA and ANSYS
FLUENT for Scottish Aviation Bulldog light aircraft [6], general
Zonal Euler Solver (ZEUS) to simulate the supersonic missile of
SM-2 Block IVA [7] and the use of CFD++ software to study the
drag force on a different geometry of nacelle [8]. All these results
have been verified with the wind tunnel testing and they are found
to be in good agreement. Therefore, the CFD tool has been proven
as reliable in computing the aerodynamic performance of the con-
sidered model.

In a previous study, the CFD simulation have been investigated on
the X-plane model with various size-scale configurations of in-
board Store-Y [9]. Simplified CFD scheme through Boolean oper-
ation with turbulence model of k-¢ has been employed throughout
the analyses. The findings have been rather encouraging, with the
drawn conclusion of a possibility for another type of stores to be
installed at this particular station without affecting the overall
aerodynamic performance of the aircraft. This current presented
research work is a continuity of that work in [9] with a much bet-
ter CFD scheme of blockage modelling method and the turbulence
model of k- has been employed. The k-o model is selected as it
can provide good performance for the computation of the bounda-
ry layers in external aerodynamics as well as because it considers
subtler interactions between turbulent stress and mean flow when
compared with the Reynolds stress model [10].

2. Methodology

In this work, a 1:48 scaled down model of the X-plane aircraft is
considered along with the inboard stores of Store-X and Store-Y.

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/3.0/
http://www.sciencepubco.com/index.php/IJET

International Journal of Engineering & Technology

203

The CAD model of STP format is developed through scanning the
physical scaled-down model of the X-plane using the 3D scanner.
This enables the model to be imported to a proprietary CAD soft-
ware and allowing any required repair with respect to gaps, edges
and surfaces to be performed. Following this, the assembly proce-
dure has been carried out for integrating the store to inboard pylon
of the X-plane model. Finally, they are then defined as single solid
body through the merging operation. Figure 1 illustrates the CAD
model, showing the isometric view and the location of the inboard
pylon and stores. It should be noted that, in this work, only stores
that are located at the inboard pylon of the wing are considered for
the CFD simulation. In addition, note that the X-plane and Store-
Y represent the default store and pylon integration whereas Store-
X provides a possibility for other types of store to be integrated.
Inboard Pylon | Inboard Stores

(a) Isometric view (b) Clean X-plane

Fig. 1: X-plane CAD model

(c) X-plane with Store

Following successful modelling of the X-plane and stores models,
the corresponding CAD model is then imported to the CFD envi-
ronment of ANSYS FLUENT. During this transition, there is pos-
sibility for the geometry model to lose some of its features due to
compatibility issue between these two software. Usually the CAD
system fails to meet the criteria with regards to required smooth-
ness and continuity for CFD simulation. As consequences, a repair
procedure need to be performed. The repair capability is available
within the current CFD environment in order to correct any faulty
occurrence in terms of edges, faces and gap. After there is no more
faulty remains in the model, the meshing and boundary conditions
can then be safely defined.

A CFD scheme of blockage modelling method has been employed
instead of Boolean modelling. The Boolean operation subtracts the
solid body from the enclosure, hence removing certain degrees of
complexity and leaving only the respective fluid domain. This can
reduce the accuracy of the CFD simulation. On the other hand, the
blockage modelling allows the complexity of aerodynamic shape
to be accounted as solid model and therefore it is always remained
in the fluid domain. Although the reliability and accuracy of the
solution are improved by using blockage modelling, a significant
increase in computational time for the convergence of the solution
cannot be avoided.

Figure 2 illustrates the computational domain, consisting the fluid
surrounding and solid model, and showing its corresponding inlet,
outlet and wall as well. It should be noted that the size of the com-
putational domain (or known as an enclosure) is equivalent to the
size of the test section 1m x 1m x 2m in width, height and length,
respectively. The boundary conditions have been set based on the
wind tunnel operational envelope and conditions. Table 1 provides
the meshing properties and boundary conditions of the CFD envi-
ronment. Meanwhile, Figure 3(a) and Figure 3(b) show the exam-
ple of CFD meshing representation of surrounding wall and sur-
rounding model, respectively.

A mesh convergence analysis has been performed to ensure good
approximation of the CFD simulation. This is done by increasing
the mesh size of the elements until no more significant improve-
ment in the solutions is found. Figure 4 shows an example of con-
vergence analysis at angle of attack of 15° for the three considered
configurations. The solutions have been normalized by the number
of elements of 1.0x10°. It can be seen that the solutions begin to
reach its convergence at 1.6x10° elements and beyond this point,
the subsequent solutions differ by no more than 0.01%. Once all
CFD environment parameters have been satisfactorily defined, the
CFD simulation is carried out for a range of velocities and angles
of attacks, o.

Table 1: Meshing properties and boundary conditions

Element type Tetrahedron
No. of element ~ 1.6x10°
Size of element ~0.002 m?

Turbulence model k-m
Fluid properties Air, Sea level
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Fig. 2: X-plane model inside the computational domain
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Fig. 4: Convergence analysis of aerodynamic coefficients at o = 15°

3. Results and discussion

Figure 5 and Figure 6 present the plot trends of lift, drag and mo-
ment forces and coefficients, respectively, against a range of angle
of attacks (AoA) for three configurations of clean X-plane and X-
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plane with Store-X and Store-Y. Three subsonic velocities of V1,
V2 and V3 are considered with the condition such that V3 > V2 >
V1. It should be noted that, due to confidentiality reasons, only the
plot trends will be discussed in this section.
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Fig. 5: Lift, drag and moment forces

Flg 6: CL, CD and CM

The lift trends show an increment in magnitude as a increases. It is
observed that, at higher a, the lift curve slope of JL/da starts to
reduce. This indicates that the lift performance of the aircraft has
been slightly decreased but nevertheless, no stalling condition has
been reached within a range of interest of a. A similar trend can be
seen in pitching moment that is the product of lift magnitude and
moment arm about the centre of gravity. Meanwhile, the increase
in drag magnitude is proportional with the increment in the frontal
area and boundary layer thickness as a increases. From the figures,
it can be seen that the aerodynamic forces and coefficients are not
significantly affected by the installation of Store-X and Store-Y to
the inboard pylon location.

Table 2 presents statistical investigation in terms of standard devi-
ation of the aerodynamic coefficients among the clean X-plane
and X-plane with Store-X and Store-Y over a range of velocity.
This provides the level of dispersion of the corresponding parame-
ter for the range of considered angle of attacks. Even though the
standard deviations show an increment as the velocity increases,
they are still at a much lower magnitude with the standard devia-
tion of no more than 8% from its mean value. Hence this is again
showing that the aerodynamic performance due to the Store-X and
Store-Y installation to the inboard pylon station is not significant
when compared to the clean X-plane configuration.

4. Conclusion

Two types of store, namely Store-X and Store-Y, are considered at
the inboard pylon station with a range of angle of attacks and ve-
locity are taken into account for the CFD simulation. The finding
is encouraging, showing that the aerodynamic impact related to lift,
drag and moment parameters is insignificant. The standard devia-
tion of aerodynamic coefficients between the three configurations
(clean X-plane, X-plane with Store-X and X-plane with Store-Y)
is very low. This offers an indication of safe delivery of the Store-
X from the X-plane aircraft.

Table 2: Standard deviation for lift, drag and moment

o-5 0.008 1.48 0.003 2.55 0.007 1.89
-6 0.008 1.02 0.003 1.24 0.009 1.78
o-7 0.011 1.13 0.002 0.47 0.012 1.98
-8 0.013 1.15 0.003 0.62 0.013 2.01
-9 0.007 0.54 0.004 0.51 0.006 0.91
0-10 | 0.012 0.91 0.005 0.56 0.012 1.80

Standard Deviation
a Lift Drag Moment
Coefficient Coefficient Coefficient
CL % Cob % Cwm %
a-1 0.005 1.53 0.004 3.95 0.006 2.32
o-2 0.003 2.33 0.004 6.87 0.002 2.36
a-3 0.004 3.60 0.004 7.74 0.004 6.56
o-4 0.006 1.77 0.004 5.38 0.006 2.62
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