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Satellite Carrier Structure Analysis and Aerodynamic Properties
for Low Altitude Distribution System
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Graphical Abstract

This study investigates analysis of low altitude satellite carrier system structure and aerodynamic characteristic
properties to find the optimum parameters of low altitude delivery system. Computational Fluid Dynamics (CFD)
tools are used to solve the governing equations of the system and to illustrate the airflow around the carrier system.
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Figure. Difference for match 1 with optimum drag coefficient enhancement

Aim
Calculating the optimum parameters of low altitude delivery system
Design & Methodology

Computational Fluid Dynamics (CFD) tools are used to solve the governing equations of the system and to illustrate
the airflow around the carrier system.

Originality

Obtaining the drag force and the drag coefficient in the velocity range of 0.6 and 4

Findings

The drag coefficient of the carrier system is 0.342 at M = 0.6 and 7.65 at M = 4 as maximum and minimum value
Conclusion

Satellite carrier system actual flight trajectory is widely and qualitatively agreement with the similar experimental
and numerical studies in the literature.
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ABSTRACT

the optimum parameters of low altitude delivery system. Computational Fluid Dynamics (
governing equations of the system and to illustrate the airflow around the carrier system. Corr@ie
of the satellite carrier system is generated using Space-Claim and exported to ANSYS solver.

Fluent code is used to compute airflow velocities, pressure, the drag force and the drag coe

coefficient varies in the range of 0. 342 7.65 for dlfferent Mach numbers. AI% ae
pressure contours are investigated and reported in different conditions.

rted. In this study, the
r. The drag coefficient
lite carrier system drag
sis of the system velocity and
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Yutucu Plaka Uzerine Konik Yaylarm Yerlestirildigi
Giines Enerjili Hava Kollektoriiniin Bulanik Mantik ile
Modellenmesi

Bu ¢aligma, algak irtifa dagitim sisteminin op i
aerodinamik karakteristik Ozelliklerini
yonetim denklemlerini ¢ézmek ve
Bilgisayar Destekli Tasarim (CA

tastyici sistem siiriikle
konturlarinin aerodi

parameters
analyzed and
these engineering designs are estimated at different
carrier’s velocities in literature. The current model was
inspired by the demand to develop a carrier for the low
altitude satellite system which is about 4 meters in length
and 0.3 meters in diameter. The satellite carrier’s
maximum velocity is intended to be less than desired
value. According to literature one of optimal nose cones
for this carrier situation is parabolic one [1, 2]. As known,
fluid structure around the satellite carrier system and
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afindaki hava akisini gostermek i¢in kullanilir. Uydu tasiyici sistemin
ace-Claim kullanilarak olusturulur ve ANSYS ¢oziiciisiine aktarilir. Ticari CFD

s1 maksimum ve minimum deger olarak M = 0.6'da 0.342 ve M = 4'te 7.65'tir. Uydu
ach sayilari igin 0.342-7.65 araliginda degismektedir. Ayrica sistem hizinin ve basing
kosullarda incelenmis ve tartisilmigtir.

s1, aerodinamik, siiriilkleme kuvveti, siiriikleme katsayisi, roket-hedef.

aerodynamics design characteristics such as velocity,
airflow, pressure, lift and drag force and others have a big
impact on the exterior lunch design of the satellite carrier
system. The lift-drag force and the lift-drag coefficient
are the main important design parameters for the satellite
carrier system. Because necessary thrust properties of the
system are directly related to exterior design parameters.
CFD tools are widely preferred to investigate the
equipment structures as the conceptual and preliminary
design steps to decrease the production time and the costs
in aeronautical applications before the experimental
studies and production [3-5]. This study is related with
the aerodynamic analysis of the satellite carrier system to
be produced and the first aim is to obtain the drag and lift
forces and the drag and lift coefficients in different
velocity range of 0.6-4 Mach number.



Figure 1. Mesh display of the satelligg cafrie
[

In different studies, Reynolds stresses and the shear stress  In Figu
transport (SST) turbulence model were modelled and  the
studied around the wing of aircraft [6-9]. In this study,
different conditions for the low altitude satellite carrje®
system were simulated and structure and aerodyna
characteristics of the system were analysed.

omputaiorfal mesh structure is given around
in ANSY'S 2020 mesh module [10].
tours for different Mach numbers,
er system with nose and cones and around
ame without a nozzle cone were given in
p 27 The carrier diameter is 0.3 m. and the length of
gystem without nose is 4 m. The satellite carrier

SYystem length with the nose totally is 4.2 m and the nose
é.Y(é_II:_lél\;:ASES FOR THE SATELLITE C/GRI diameter in the medium is 0.15 m.
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Figure 2. a Velocity contours in different mach numbers
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Frontal area and drag coefficient calculations:

Frontal area (A) = 4% 0.2 % 6.8+ m *

Drag coef ficient (Cd) =

Figure 2. b Velocity contours in different mach numbers
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Table 1. Drag coefficients at different mach numbers.

coefficient versus Mach number

cording to literature drag and lift coefficients

Mach numbers

0.6 mach
0.7 mach
0.8 mach
0.9 mach
1 mach
2 mach
3 mach
4 mach

Drag glso drag and lift forces are widely agreement with
coefficients ar studies [6-7]. Also, in Figure 4 total pressure
0.342 contours were given at different mach number. Different
0.484 studies also_used the same methodology to get the
0.685 optimum design parameters [11-21].
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Figure 4. Total pressure contours at different mach number
3. CONCLEgIO Mach numbers. This design was developed for the
In this study,$CFD calculations and aerodynamic low altitude satellite carrier systems which will be

performance of the satellite carrier system with nose and
flow for the different cases were investigated and the
desired aerodynamics properties for simulations of
exterior structure were obtained.

+ As a result, satellite carrier system drag force is
significantly lower compared to the drag force of
the system in low Mach numbers. Again, the drag
coefficient of the carrier system is 0.342 at M =
0.6 and 7.65 at M = 4 as maximum and minimum
value.

» The satellite carrier system drag coefficient
varies in the range of 0.342- 7.65 for different

used in national project.

Also this system successfully was tested by
computational techniques. Accordingly, satellite carrier
system actual flight trajectory is widely and qualitatively
agreement with the similar experimental and numerical
studies in the literature.
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