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Abstract

The study of entry and reentry dynamics for space vehicles is
very important, particularly for manned vehicles and vehicles which
is carry important devices and which can be used again. There are
three types for entry dynamic, ballistics entry, glide entry and skip
entry. The skip entry is used in this work for describing entry
dynamics and determining trajectory. The inertia coordinate system
is used to derive equations of motion and determines initial
condition for skip entry. The velocity and drag force for entry
vehicle, where generate it during entry into earth’s atmosphere are
calculated in this work. Also the deceleration during descending and
determining entry angles, velocities ratio and altitude ratio have
been studied. The circular velocity and super circular velocity are
used in this work as initial values. From results we noted the skip
entry type has longer flight time compared with other types, and the
velocity vehicle is lower at high layer for earth atmosphere, where
the density of air is very low. Therefore the skip entry is suitable for
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Introduction

The atmospheric entry or reentry are
important problem, and arises for any
vehicle which approaches a planetary
atmosphere and for which physical
recovery or survival is desired at the
planetary surface, and it is very important
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and dangers for manned vehicles. This
includes a series of possibilities ranging
from simple sounding rockets to manned
vehicles returning from interplanetary trips
[1].

The heating and deceleration
accompanying atmospheric entry bring
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about severe design problems; the
presence of a planetary atmosphere is
advantageous in that it acts as force
breaking to reduce a space vehicle’s
velocity to safe landing speed. [1]. There
are three types of reentry trajectories,(a)
ballistic entry, (b)glide entry and (c) skip
entry shown in Fig.(1). The skip entry type
is investigated in this work. The skip
trajectory is creating up of ballistic phases
connected by skipping phases. The
principle is that the vehicle develops lift
with minimum drag during the skip entry.
The flight path resembles a stone piece
skipping over a water pond. During the
skipping phase large aerodynamic forces
are experienced. They tend to be so large
when the reentry angle is steep that for
most practical purposes it is permissible to
neglect the gravity force and to treat such a
skipping phase as an impact. The skip
vehicle with a lift-to-drag ratio between 1
and 4 appears to be more efficient than
both the ballistic and glide types in
converting high velocity into long range
[2].

The aerodynamics force are acted on the
vehicle during entry into the atmosphere
by skip trajectory .This force are made
between a vehicle and the air. Caused by
their relative motion, such as the wind
blowing across the surface of the earth.
Typical aerodynamic forces are those
acting on a vehicle in subsonic flight.
These particular forces are: firstly, the lift
force perpendicular to the flight path and
concerned with the sustentation of a
vehicle. Secondly, the drag force or
resistance acting to the rear along the flight
path and thirdly the thrust from the power
plant necessary to propel or sustain a
vehicle, these forces are illustrated in Fig.

(2) [3].
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Retro-rocket

Fig. (1): Types of re-entry

Entry Dynamics Equations

The equations of motion of a vehicle
entering a planet’s atmosphere have been
derived by a nonrotating two dimensional
inertial coordinate system, and are
employed with its origin at the center of
the earth or planet. The gravitational field
during the atmospheric entry portion is
variation with altitude [4].
The simplified geometry of a skip entry is
illustrated in Fig. (2). Here the vehicle
encounters the outer atmosphere with a
velocity Vo, and exits at a flight path
angle, 0, with a lower velocity (due to
atmospheric drag), V.

Outer reach

~ ofamoghere
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G

Fig. (2): simplified geometry of a skip entry [4]

From Fig. (2) we get:

Outer limits of

trajectories,
including (a) ballistic, (b) glide, and (c) skip [2]

(Earth's Surface
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Where, (m) mass of vehicle, (0) angle of
entry, (t) flight time, (s) range and Ro V, C,A (9 9)
radius of planet. oRo mg )
The drag force and lift force are assumed V2 = 1/ LYCA 1 7 R
to have the following standard form [4]: A (j[ D j—[ ]COS [g 20 —1)
1 , gRo | 2\DA mp prROJ p \V
L==C,pV°A
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1
D= ECDPV ‘A (3) Atmospheric Model
Where (D) is drag force (L) lift force In this model we have used the balance
(CL) lift coefficient, (Cp) drag coefficient, ;orceslthtleotry tLor a v_e;t_lcal cc]zlumn Ofta"
(p) density of atmosphere, (A) cross C])cl’ C? cu af? ne Vi”?r:ons Othpargme_irs
sectional frontal area [5]. of atmospheric of the earth (density,
From Newton’s inverse-square law of pressure, temperature and molecular
?ravityf we have the acceleration due to \évcfcl)grl](tr)nWlltﬂealgéﬂgiet;rz?uzﬁir:e\g zl;iFr) t|cs)
orce of gravit : :
g y (@) important parameter in skip entry
g= go( 0 j 4) dynamics and we get it from equation:
Ro+y p=p.eh
Where go is the acceleration due to force ° T
of gravity at sea level and (y) is the ('D‘_’)IS density alra_1t sea level [7].
altitude of the vehicle [6]. Skip entry dynamics
By using the kinematics relation we get: The aerodynamic lift is obviously the
dy _ predominant force for skipping phase.
P —sin@ (5)Where the difference between
. ravitational force and centrifugal force
Substituting for Eq. (5) from Eq. (1) qnd gompared with the Ilift forceg (L) is
Eq. (2) and rearranging terms, one obtains negligible. From Eq. (2) we get [4]:
[;1]. 6 (1 \eoso(gR 1LY C,A mgcos@—mvz(cosehmvz(cosaj[gRo— j<<L (W
(1) oS
do \MRo) p \V 2\DA'mp Since mV? is large quantity, (gRo/V2 —1)
, , must be small or zero. With this
d(Vj (Vj simplification and (p, /p) as a negligible
gRoJ [CoA|lGRO) [ 2 11 sQuantity, Eq. (8) and Eq. (9) are
dp mg ) siné PRo ) p espectively simplified to [4]:
0 0. _ 1(C.A
Where B is constant planetary. Eq. (6) and COSU —COS Uy "2\ mp P
Eq. (7) are the exact equations of motions
of entry into planetary atmosphere. :l C.A e (12)
From these two equations the second order 2\l mp J°°

solution of entry dynamics may be writing

[4]:
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Eqg. (12) and Eq. (13) are the first order
solutions for skipping entry.
The maximum deceleration due to the
action of aerodynamic force is determined
primarily by the velocity and angle of
entry into the atmosphere, and its
essentially independent of vehicle size,
weight, and shape, although the altitude at
which maximum deceleration occurs is
not.
Equation of deceleration is[4]:

dec = ——
dt

14)
Results and discussion

Eq. (3, 4) and Eqg. (12-14) and may be
are solved by using C++ language and use
Rang Kuta method. Chart (1) is illustrated
the programming for these equations.
Initial conditions for skip entry illustrated
in Table (1). These initial conditions are
include, velocity V, altitude y in start
entry, cross section area for vehicle entry
A, entry angle 6, mass of vehicle m, drag
coefficient Cp, lift coefficient C., and
density of air p .

Table (1): Initial condition for skip entry.

Initial Value
parameters
Velocity V 11280.48 m/s
0 12 deg
P 1.225 kg/m®
Ro 6378 km
y 200 km
CDW 3.2
BR 900
L/D 1
g 9.8 m/s°
d 1.5m
CL 2
Co 0.5
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Start main
program
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Initial condition
y=200 km
V0=11280.48 m/
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v
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/ The results /
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Chart (1): flow chart of skip entry dynamics.

The following figures are results of skip
entry dynamics when run of the program.
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Fig. (3): Variation of altitude with velocity ratio
for various initial velocities.
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Fig. (3) is illustrated the effect of
initial velocity (circular and super circular
velocity) on the variation of velocity ratio
(velocity vehicle to circular velocity)
during penetration of the earth’s
atmosphere from space. The similar
behavior for curve velocity ratio is seen for
two cases with shifted to lower region of
velocity ratio. From this figure we noted,
the velocity decreasing occur at lower
altitude because the density of air is
increasing at this altitudes.

Also when velocity ratio is varied with
entry angle for skip entry we noted that
similar curves result, with relative
displacements for various values of initial
velocity, and velocity ratio increasing with
increase entry angle, are shown in Fig. (4).
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Fig. (4): Variation of entry angle with
velocity ratio for various initial velocities.
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Fig. (5): Variation of altitude with entry
angle for various initial velocities.

The variation of entry angle with
altitude is shown in Fig. (5). The entry
angle decrease at low altitude and it
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becomes negative when altitude equal to
zero. The various initial velocities are not
effect on the curve behavior for entry
angle.

The variation of deceleration with
altitude as given by Eq. (13) is shown in
Fig. (6) for various values of initial
velocity (circular and super circular
velocity). In each case it we noted that
similar curves result with relative
displacements for various values of initial
velocity. The deceleration is dependent on
density of air and square velocity therefore
maximum deceleration is occurring, and
because dependent it on square velocity,
therefore when initial velocity is increases,
also the maximum deceleration is increase.
Also the entry angle is effect on the
maximum deceleration, and when entry
angle becomes negative the deceleration is
began decreases to minimum value, this
result shown in Fig. (7).
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Fig. (6): Variation of altitude with
deceleration for various initial
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Fig. (7): Variation of entry angle with
deceleration for various initial
velocities.
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Fig. (8): Variation of deceleration with velocity
ratio for various initial velocities

Fig. (8) is illustrated effecting of velocity
ratio on deceleration with various initial
velocities.

Fig. (9) is illustrated the lift and drag force
during skip entry, where the lift force
larger than drag force. From this figure the
lift and drag force in start increases to
maximum value at increasing velocity
ratio after that it decreases to lower value
with velocity ratio increase.
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Fig. (9): Variation of lift and drag force
with velocity ratio.
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From this figures we noted the skip
entry kind have longer flight time
compared with other kinds, and the
velocity vehicle is lower at high layer for
earth atmosphere, where the density of air
is very low. Therefore the skip entry is
suitable for space shuttle during entry from
space.
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