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ABSTRACT

The present research-has investigated the simulation of the aerodynamic heating of a missile with regard to
the placement*and.non-placement of the control block and its connection components. In this research, a
commercialized missile in four different configurations were investigated (missile without the placement of other
components, missile with the placement of a control block, missile with the placement of a control block with a
shaft attached to it and missile with.the placement of a control block with a shaft attached to it and considering
the wedge) and the results have been compared between different configurations. The results showed that the
presence of control block as an.obstacle inthe way of air flow has increased the heat flux on the missile surface
by about 27% compared to the first.phase. In the upstream of the shaft, this increase in the amount of heat flux
is 5 times compared to the case without the shaft. Also, with the simulation of the fourth phase, the effect of the
presence of the wedge in guiding the fluid flow and reducing the damaging effects of heating around the location
of the shaft was revealed. The results showed that the presence of the wedge caused the heat flux of the missile
surface to decrease by about 52% compared to the third phase» Also, the wedge has reduced the maximum heat

flux created on the shaft surface by about 74% compared.to the third phase.

KEYWORDS

Re-entry Vehicle, Numerical Simulation, Heat Flux, Control Wing Connections.

" Corresponding Author: Email: mostafamahmoodi@mut.ac.ir



1. Introduction

Today, progress in the space industry and the growing
need for defense equipment and space exploration have
led to the development of equipment in the space
industry‘such as ballistic missiles, re-entry vehicles, and
space shuttles [1]. In general, due to the high
importance of work in the field of air and space, the
high timerit takes to rebuild the object, as well as the
high cost of air and,space equipment, return capsules or
any other important practical devices are simulated and
studied,at the moment of returning to the Earth's
atmosphere. Challenges and limitations should be
revealed [2].. Among the“influencing factors of the
environment that can.have the most destructive effect
on the returning object at.thesmoment of re-entry is the
aerodynamic heating that affects the device and can
leave harmful destructive effects.on the.object and leave
the desired project unfinished [¥]. The design and
implementation of thermal insulation is“one of the
conventional methods to prevent.damage to the body of
a rocket or an object returning to the “Earth's
atmosphere, which is studied by most_of the air and
space researchers [¢]. The discussion of aerodynamic
heating is of particular importance, due to the
relationship between the generated heat and the third
power of speed; Therefore, if this produced heating is
not controlled well, it will cause financial and human
damages and also cause the destruction of the re-entry
means [°]. In the present research, the simulation /of
aerodynamic heating of a returnable projectile sample
with the placement of the control block and the
components connected to it has been investigated. The
main question answered by this research is the effect of
modeling the bulkhead shaft on the aerodynamic
heating of the body at the place where the bulkhead is
installed, as well as the effect of using a wedge in front
of the shaft to reduce heating. In various articles, the
aerodynamic heating of the body and even the bulks of
objects returning to the atmosphere have been
discussed, leading to the effect of the presence of the
shaft, which leads to the creation of local hot spots on
the body, and in a way, the problem of heating caused
by the bulk is the missing piece, in no reference article
available. It is not addressed in the present research. In
this research, he investigated four different geometries
of a commercialized rocket sample. These cases include
rocket without a block, rocket with a control block, a
missile with a control block with a shaft connected to it,
and a missile with a control block and a shaft connected
to it, considering the wedge in front of the shaft and
comparing the results between different geometries, has
taken place.

2. The geometry of the problem

The missile investigated in this study is Pershing-2,
which is made in the United States. The Pershing-2
missile is a two-stage solid fuel missile with a range of
1,770 km, which has a maximum speed of the last stage
of Mach 8[]. Figure 1 shows a picture of the missile
control beam and the shaft connected to it.
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Figure 1. Detailed details of the control wing and the shaft
connected to it in different views [V]

3. Governing equations and boundary conditions

In this research, Fluent software was used to perform
simulations. The main equations governing the fluid
flow in this software are the complete Navier-Stokes
equations, which are used in the present work along
with the kw SST turbulence model. The described
boundary conditions are shown in Figure 2.
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Figure 2. Schematic of boundary.conditions,governing the
problem

4. Results

In order to validate the present work; the experimental
data obtained from the study of Clearly et al. [V].have
been used. The research of this group is about the effect
of changes in the angle of attack and changes in‘the
radius of curvature of the cone with a sphericalsnose on
the heat flux distribution. The conical object studied by
this group has been investigated in 2 states: spherical



nose radius 28 mm (cone length 510 mm) and spherical
nose radius 9.5 mm (cone length 1270 mm), which can
be seen in Figure 3.
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Figure 3. Geometric characteristics of the studied cone [V]

Figure 4 shows the heat flux distribution diagram on the
wall along the length of the cones
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Figure 4. Comparison of the results of aerodynamic heating
created on the body of a spherical cone with a nose radius of
28 mm.

I B Av e i SVl

a
L

A2
I8,

W TR AR ST R ]
NI
SABARRTHERE

Figure 5. Grid on body, shaft and control wing geometry
wedge

Figure 6 shows the heat flux distribution on the rocket
wall for the first to fourth geometries. According to the
diagram in the range of wedge placement, the maximum

amount of heat flux was about 4.88E+06 W/m2, which
has experienced a double increase compared to the
geometry without wedge. Aerodynamic heating starts
upstream of the wedge and continues to increase until
maximum heating is achieved just downstream of the
reattachment point. The cause of the increase in
aerodynamic heating on the surface of the wedge can be
related to the formation of the shear layer that was
explained earlier. So that this shear layer with the
expansion of the separation shock causes drastic
changes in the properties gradient and finally leads to
aerodynamic heating and loading on the wedge.
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Figure 6. Heat flux diagram on the midline of the rocket body
for the first to fourth geometries
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Fig.6. Comparison of aerodynamic heating results generated on a spherical cone body with a nose radius
of 28 mm.
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Table 1. Grid independence of the solution for the heat transfer rate for the first geometry (simple rocket
without control wing and shaft connected to it)
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Fig.7. Boundary layer mesh created on the missile body
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Fig.9. Mach number distribution in the solution field around the rocket for the first geometry
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Fig.11. Heat flux distribution onthe rocket body of the first geometry of the study
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Fig.13. Second geometry
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Fig.17. Heat flux diagram on the centerline of the missile body for the first to third geometries
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Table 3. Heat transfer rate on the rocket body for.the first to third geometries
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Fig. 23. Heat flux diagram on the centerline of the missile body for the first to fourth geometries

'4



G2l ol e 0,8 Syo |y Siige gl 5 il aslr mh 95 Seeluognl Glle)S 1l Gl oo SIS ez sl
s3> 4S5 ek cedls basye lga bz S8 > ae 10 055 jeax 4 g ) il (o5 50 (Sealuagnl Cyte ole S
P S 4y Shgn VU b S S oy i e S (5L 5 (52 S b ooy B o el o5
ool FNOXV-PWIM? 50> 0l dwdin glp Slige 4t (59, caicd 2ol 0)lp0 (oo 10 )l Lo jlads peySle oS
Slool  siolegSue 5re Dl g jea> 4T Cd,8 doel gl co e el alils 1alS VEAI Sgus pgus dwdis 4y o oS
A2 oo S pgras |y JiS cal Glibl ends

P B ey b cdlons o)l il sloawain glp chd (fdy 5 sy gl g9, Sl oL anlis T Jgu 5o
sl 00y ONNXY -7 WIM? & 0 )lo dwsia 58 oo cpl a8 casl VAAXY Y WIM? o505 )l Lo cad gl mlaw
3 i 555 g 53, 90 Ml 5, L ey Slo 8IS 655 o 5 S35 kol e o0l el K b el
el 00ls alS LYY sgu Ul Jlade (pl g albldS guahe il

Pile 9 g Slrawdis Iy Chld (Sl 9 el T 59 (ol HLe Al F Jgur
Table 4. Comparison of heat flux onithe front and back surfaces of the shaft for the third and fourth geometries
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ABSTRACT
The present research has investigated the simulation of the aerodynamic heating of a missile with regard to

the placement and non-placement ofathe control block and its connection components. In this research, a
commercialized missile in four different configurations were investigated (missile without the placement of other
components, missile with the placement of.a control block, missile with the placement of a control block with a
shaft attached to it and missile with the placement of a control block with a shaft attached to it and considering
the wedge) and the results have been compared between different configurations. The results showed that the
presence of control block as an obstacle in the way of air flow has increased the heat flux on the missile surface
by about 27% compared to the first phase. In the upstream of the shaft, this increase in the amount of heat flux
is 5 times compared to the case without the shaft. Also, with the simulation of the fourth phase, the effect of the
presence of the wedge in guiding the fluid flow and reducing'the damaging effects of heating around the location
of the shaft was revealed. The results showed that thespresence ofsthe wedge caused the heat flux of the missile
surface to decrease by about 52% compared to the third phase. Also, the wedge has reduced the maximum heat
flux created on the shaft surface by about 74% compared to the third phase.
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