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Dispersion of the impact points of the unguided rockets is a consequence of disturbances, such as thrust misalignments, rocket
asymmety, manufactoring inacuracy, etc. Infuence of some disturbances are most significant in the initial phase of flight when
the rocket leaves the launcher due to the small velocity. This influence is minimized by rotation of the rockets in the launcher
tube which in practice is realized by the guide pin connected to the rocket and groove in the launcher tube or by canted
nozzles. Also the rotation of the rocket in the launching tube and in flight can be realized by canted fins foled in the nozzle
when the rocket is in the launcher tube. These fins are deployed when the rocket leaves the tube and creates rocket rotation in
free flight. The rolling moments of the rocket in the launcher tube and during free flight are calculated by CFD simulation.
The CFD simulation is also used for calculation of the fin hinge moment generated by exaust gases from rocket motor which is
required for deployement of the fins when the rocket leaves the launcher tube. The roll rate required for minimization of the
rocket dispersions and roll rate in the launcher tube for various cant angle of the fins are calculated by 6DOF numerical
simulation. The results of simulation are used to select the best value of the fins cant angle
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Nomenclature

—Axial force coefficient

—Normal force coefficient derivative due
to angle of attack

—Pitching moment coefficient derivative
due to angle of attack

—Rolling moment coefficient derivative
due to roll rate

—Rolling moment coefficient derivative
due to fin deflection angle

—Rocket diameter

—Distance between the launcher and the
plane normal to the line of sight

—Rolling, pitching and yawing moment

—Forces components acting on a hinge
axis
’ —Moment components acting on a hinge
axis
—Mach number
—Roll rate
—Initial roll rate

—CEP in the plane normal to the line of
sight

—Initial velocity

—Aeroballistic coordinate axis system

—Fin coordinate axis system

—Static margin

o —Deflection angle of the stabilizing fins
Ecep —Angular value of CEP
Introduction

ISPERSION of the impact points of the unguided rockets

is a consequence of disturbances, such as manufacturing
inaccuracies, thrust misalignments, rocket asymmetry,
atmospheric condition, firing platform motion and aiming
errors. Influence of some disturbances, such as thrust
misalignments and asymmetric aerodynamic can be minimized
by spinning of the rocket. Spinning of the rocket during the
flight is realized by cant angle of the stabilizing fins. Still,
influence of these disturbances is most dominant in the initial
phase of flight when the rocket leaves the launcher. Influence of
the disturbances in this phase of flight can be minimized by
rotation of the rocket in the launcher tube [1, 2, 3].

Rotation of the rocket in the launcher tube can be achieved
by the groove in the inner side of the launcher tube which
forces the rotation of the rocket. The level of the rocket
rotation is dictated by cant angle of the groove. The general
problem of this solution is the weight of the launcher related
to the thickness of the launcher tube and the difficulty related
to the manufacturing.

Morse analyzed the effects of wake unsteady flow and
velocity gradients of the rotor wake free stream boundary on
rocket trajectory [4]. The force and moments, both steady and
unsteady, were destabilizing while the rocket is in the rotor
wake. By reducing static directional stability, the flight should
be more repeatable and experience much less perturbation.
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Most attention was recently paid to computational fluid
dynamics (CFD) methods to simulate the missile launch
procedure and missile exhaust plume [5].

Lee presented CFD models to simulate the missile launch
from a canister in general or from a helicopter with the focus
on the missile movement [6].

The purpose of the paper is to analyze the possibility to use
the stabilizing fins for both the rotation of the rocket in free
flight and rotation in the launcher tube by folding them in the
divergent part of the nozzle and launcher tube. The rotation of
the rocket in the launcher tube is generated by the fins
exposed to the exhaust gas of the burning propellant in the
divergent part of the nozzle and launcher tube. These fins are
deployed immediately after the rockets leaves the launcher
tube by the moment over hinge axis of the fins generated by
the exhaust gas of the burning propellant.

Aerodynamic characteristics of the rocket

Basic dimensions of the air to ground rocket analyzed in
the paper are given in Fig.1. The rolling moment of the rocket
is obtained by cant angle of the fins &, .
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Figure 1. Basic dimensions of the model

Based on the basic dimensions of the rocket given in Fig.1,
3D model of the rocket is built (Fig.2).
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Figure 2. 3D model of the rocket

The aerodynamic characteristics of the rocket are
determined by the semiempirical software DMAC [7] and by
CFD calculation with FLUENT software [8]. Diagrams of the
axial force coefficients are given in Fig.3. There are
satisfactory agreement in the supersonic, while the difference
in the subsonic region of Mach numbers is 20%.
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Figure 3. Axial force coefficients

Comparisons of the derivatives of the normal force
obtained by semiepirical and CFD calculations are shown in
Fig.4, while the comparisons of derivatives of pitching
moment coefficients are given in Fig.5.
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Figure 4. Derivative of normal force coefficients
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Figure 5. Derivative of pitching moment coefficients

Positive sign of the aerodynamic coefficients, forces and
moments are illustrated in Fig.6.
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Figure 6. Aerodynamic forces and moments in aeroballistic axis system

Dispersion of the air to ground rockets
Since the trajectories of the air to ground rockets are almost
straight line the sketch of the impact points on the plane
normal to the line of sight are illustrated in Fig.7.
The circular probable errors (CEP) are not convinient for
analysis of the dispersion of the air to ground rockets because
CEP depends on distance between the launcher and the plane

normal to the line of sight (Dy ). The angular value of CEP

(&cgp) 1s more convinient for analysis because this angular
value of CEP is invariant to distance D; .

Regpn
EcEP zgiETP (1)
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where Rczp, is CEP in the plane normal to the line of sight.

Figure 7. Sketch of the rocket impact points

Impact point dispersions of the air to ground rockets due to
rocket parameters are analyzed by numerical simulation
rockets trajectories in free flight by six degree of freedom
(6DOF) simulation [9].

Influence of the cant angle of the stabilizing fins 6, and
static margin Ax,, /D to the angular dispersion &cgp is

given in Fig.8. There is a decrease of the angular dispersion
with an increase of the cant angle of the stabilizing fins &,
and increase of the static margin Ax,, /D.
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Figure 8. Dispersion due to cant angle of the fins

Influence of the initial velocity to the decrease of
dispersion of the air to ground rockets is given in Fig.9.
Increasing the initial velocity from V,=0m/s to

Vo =200m/s, dispersions of the air to ground rockets

decrease from &czp =29.5mils to &cgp = 6.1mils .
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Figure 9. Dispersion of the air to ground rockets

Dispersion of the unguided rockets can be decreased also
by rotation of the rockets in the launcher tube. Increasing the

initial rotation of the rockets from p,=0rad/s to

po =60rad/s for zero initial velocity and cant angle of the

fins o, =2.0°, dispersions of the air to ground rockets
decrease from &czp =22.3mils to gcpp = 6.5mils (Fig.10).
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Figure 10. Dispersion of the air to ground rockets

Dispersion of the impact points of the air to ground rockets
can be minimized by increase the roll rate of the rockets
during the free flight in the atmosphere, the initial velocity
and the initial roll rate of the rockets at the moment when the
rocket leaves the launcher.

Rocket rotation in the launcher tube

The picture of the rear part of rocket 3D model with folded
fins inside the divergent part of the rocket motor nozzle is
presented in Fig.11.

Figure 11. Rear part of the rocket 3D model

Computational domain is defined by inner surface of the
nozzle, inner surface of the launcher tube from the nozzle to
the end of the tube and surfaces of the folded fins inside the
nozzle and launcher tube. An unstructured mesh composed of
10.409 millions of tetrahedral elements was generated in the
computational domain with GAMBIT software package.

Cut dispay of the mesh of the nozzle, launcher tube and six

fins inside divergent part of the nozzle and launcher tube is
given in Fig.12.

Figure 12. Cut display of the nozzle and launcher tube

Surface mesh of the two opposite fins exposed to the
propellant combustion products flow in the divergent part of
the nozzle and launcher tube is given in Fig.13.
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Figure 13. Surface mesh of the two opposite fins

Simulation of the exhaust gas flow of the burning
propellant in the nozzle and launcher tube with folded fins
was done by FLUENT software package [8]. The 3D density
based second order explicit solver with k-¢ realizable viscous
model was used for numerical calculation of the flow in
computational domain.

Working fluid is modeled as an ideal gas with parameters
calculated for frozen expansion of propellants combustion
products: specific heat 1770 J/(kg K), thermal conductivity
0.2 W/(mK), viscosity 7.7-10" kg/(m s) and molecular weight
23 kg/kmol.

Inlet of the nozzle was set as the mass-flow inlet boundary
of the domain with next parameters: mass flow rate 5.3 kg/s;
turbulent intensity 2 %, turbulent viscosity ratio 5, and total
temperature 2300 K. Outlet of the launching tube was set as
the pressure outlet boundary with sea-level conditions: total
temperature 300 K, pressure 101325 Pa and default turbulence
parameters. All solid surfaces were set as no-slip, adiabatic
wall boundary conditions.

Convergence of the numerical calculation of the flow was
determined by tracking the change of the residuals. The
numerical calculation of the forces and moments on the fins
exposed the flow of the burning propellant was stopped when
the forces and moments were changed less than 1% through
50 previous iterations.

Dislpay of the vertical cut of the dynamic pressure field in
the control volume and dynamic pressure on the fins in front
of the cut is given in Fig.14.
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Figure 14. Dynamic pressure distribution inside the control volume, in Pa

Dynamic pressure distribution on the inner surface of the
nozzle and the part of the fins exposed to the exhaust gas of
the burning propellant are given in Fig.15.

Figure 15. Dynamic pressure on the inner surface of the nozzle and fins, in Pa
The calculated component of the forces and moments for

the one fin in the axis system fixed to the hinge axis (Fig.16)
are given in Table 1.

Figure 16. Forces and moments on the fins

Table 1. Forces and moments on the fins

Axis Xy Vs z,
F[N] 438.0 382.0 -97.0
M [Nm] -0.27 7.0 12.9

The positive sign of the calculated rolling moment of the
rocket generated by six fins folded in the nozzle
L =21.5Nm is illustrated in Fig.6.

Numerical simulation

Aerodynamic derivatives of the rolling moment coefficient
in function of Mach number are given in Fig.17.

14 S
_[lll
12 — —

10 4
P H‘ ey

h 6 = X

[

o 0.5 1.0 L5 20 25
M

Figure 17. Aerodynamic derivatives of the rolling moment coefficients

Six degree of freedom software for trajectory calculation of
the unguided rockets is used for calculation of the roll rate of
the rocket in the launcher tube and during free flight after the
rocket leaves the launcher tube [9].
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Roll rates of the rocket in function of time of flight are
given in Fig.18 for three value of the cant angle of the fins

(5,=1°, 8, =2 and &, =3°).
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Figure 18. Roll rate of the rocket during free flight

The roll rates of the rocket in the launcher tube and vicinity
of the launcher tube are illustrated in Fig.19.
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Figure 19. Roll rate of the rocket in the launcher tube

Having in mind the decrease of the dispersion with
increase of the roll rate of the rocket at the muzzle of the
launcher tube (Fig.10) and achieved roll rate with different
cant angle (Fig.19), it can be concluded that satisfactory roll
rate of the rocket in the launcher tube can be achieved with

cant angle of the fins 6, =2°.

Conclusion

Numerical simulations by 6DOF software are used for
analysis of the rocket impact point dispersions due to rocket
rotation during free flight, initial velocity, and rocket rotation
in the launcher tube.

Since the initial velocity of the air to ground rockets
launched from hovering helicopter is zero, the impact point
dispersions can decraese by an increase of the rocket rotation
in the launcher tube.

Influence of the manufacturing inaccuracies to rocket
dispersion can be minimized by rotation of the rocket during
the free flight in the air. This rotation can be generated by the
cant angle of the fins.

The same fins folded in the divergent part of the nozzle can
be used to generate the rotation of the rocket in the launcher
tube.

CFD calculations are used to determine the forces and
moments on the fins exposed to the exhaust gas of the burning
propellant during movement of the rocket in the launcher
tube. The forces and moments acting on the each fin are given
in the axis system aligned with hinge axis of the fin. The most
dominant moment is over fin hinge axis in the direction to
open the fins.

The forces generated on the fins by the exhaust gas of the
burning propellant create the rolling moment and rotation of
the rocket in the launcher tube.

Six degree of freedom software for trajectory calculation of
the unguided rockets is used for calculation of the roll rate of
the rocket in the launcher tube and during free flight after the
rocket leaves the launcher tube.

The roll rate required for minimization of the rocket
dispersions and calculated roll rate for various cant angles of
the fins are used to select the best value of the fins cant angle.
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Smanjenje rasturanja pogodaka raketa vazduh zemlja

Rasturanje padnih tataka nevodene rakete je posledica poremecaja kao $to su ekscentricitet sile potiska, asimetrija rakete,
nesavrsenost izrade, itd. Uticaj pojedinih poremecaja je najznacajnije u pocetnoj fazi leta kada raketa napusta lanser sa
relativno malom brzinom. Ovaj uticaj umanjuje se rotacijom rakete u lansirnoj cevi, koja se u praksi ostvaruje kontaktom
pina rakete i Zleba u cevi ili pomo¢u zakoS$enih mlaznica. Takode rotacija rakete u cevi i u letu moZe se ostvariti zakoSenim
stabilizatorima koji su sklopljeni u mlazniku kada je raketa u lansirnoj cevi. Stabilizatori se otvaraju kada raketa napusti
lansirnu cev i stvaraju rotaciju rakete u letu. Moment valjanja rakete u lansirnoj cevi i tokom slobodnog leta izracunat je
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pomoc¢u CFD simulacije. Takode, CFD simulacija kori$¢ena je za proracun Sarnirnog momenta stabilizatora koji su formirali
izlazni gasovi raketnog motora, i koji je potreban za otvaranje stabilizatora nakon izlaska iz lansirne cevi. Pomo¢u 6DOF
numericke simulacije izracunata je potrebna ugaona brzina za minimizaciju rasturanja rakete i potrebna ugaona brzina u
lansirnoj cevi za razliite vrednosti uglova nagiba stabilizatora u odnosu na uzduzu osu. Rezultati simulacije iskori$¢eni su za
odabir najpovoljnije vrednosti ugla nagiba sa aspekta minimalnog rasturanja.

Kljucne reci: raketa vazduh-zemlja, nevodena raketa, putanja rakete, rasturanje pogodaka, ugaona brzina, numericka
simulacija, numericka dinamika fluida.

Minimisation de la dispersion chez les fusées air sol

La dispersion des points de I'impact de la fusée non guidée est la conséquence des perturbations telles que I'excentricité de la
force de poussée, I'assymétrie de fusée, I'imperfection de fabrication etc.L'influence de certaines perturbations est la plus
signifiante dans la phase initiale du vol lorsque la fusée quitte le lanceur a la vitesse relativement petite. Cette influence se
minimise avec la rotation de la fusée dans le tube de lancement qui est réalisée en pratique par le contact de la goupille de
guidage de fusée et la rainure dans le tube ou au moyen des gicleurs inclinés. La rotation de fusée dans le tube se réalise aussi
dans le vol par les stabilisateurs inclinés qui sont fermés dans le gisleur lorsque la fusée est dans le tube de lancement. Les
stabilisateurs s'ouvrent quand la fusée quitte le tube de lancement et produisent la rotation de fusée en vol. Le mouvement du
roulement de fusée dans le tube de lancement et pendant le vol libre a été calculé par la simulation CFD. Cette simulation a été
utilisée aussi pour le calcul du moment des gonds de stabilisateur formé par les gaz d'échappement du moteur de fusée et qui
est nécessaire pour I'ouverture des stabilisateurs aprés la sortie du tube de lancement. Par la simulation numérique 6DOF on
a calculé la vitesse d'angle nécessaire pour la minimisation de la dispersion de fusée et la vitesse d'angle indispensable dans le
tube de lancement pour les différentes valeurs des angles d'inclinaison des stabilisateurs par rapport a I'axe longitudinal. Les
résultats de la simulation ont été employés pour choisir les meilleures valeurs de I'angle d'inclinaison sous I'aspect de la
dispersion minimale.

Mots clés: fusée air sol, fusée non guidée, trajectoire de fusée, dispersion , vitesse d'angle, simulation numérique, dynamique
mécanique des fluides.

Coxpaienue paccesiHis yI1apoB pakKeT BO3TyX-3eMJIs

Paccesinne Touek najeHust HEYNPAaBJIsIeMOii paKeThI SIBJIsIeTCS CJIeICTBHEM TAKHX HAPYILEHHUIi, KaK IKCIHEHTPHCHTET TSATH,
ACHMMeTPHs PaKeThl, HeCOBEPIIEHCTBO H3rOTOBICHHS 1 T. . Biinsinue onpenes1éHHBIX HapyIIeHnii HanGoJ1ee CyIeCTBEHHO
B Ha4aJIbHOH (a3e 10J1€Ta, KOI/1a paKkeTa NOKHAAET ITyCKOBYIO YCTAHOBKY € OTHOCHTEILHO HU3KOH CKOPOCTBIO. ITOT 3 eKT
YMeHbIIAaeTcs 32 CYET BpaLleHusl PaKeThl B MyCKOBOIi TPy0e, 4TO peajn3yeTcsl HA MPAKTHKe MYyTEM KOHTAKTA OyJIaBKH
paKeThl H KAHABKH B TPy0e HJIM ¢ IOMOIIBIO 1eJieBbIX conesl. Kpome Toro, Bpaienue pakeTsl B Tpy0e H B 110J1éTe MOKeT
ObITH JOCTHTHYTO C NMOMOINBI0 HAKJIOHHBIX CTA0HJIN3ATOPOB, KOTOPBIE CBSI3aHBI B COILIE, KOIZIa PAKeTa HAXOAHUTCH B
MycKoBoii Tpy6e. CTaOHIN3aTOPBI 0TKPLIBAIOTCS, KOIA PAKeTa IOKHIAET MyCKOBYIO TPYOY H CO31aI0T BpallleHHe PAKeThI B
noJiéte. MOMEHT KaTaHUSl paKeThl B yCKOBOIi TPy®e U BO BpeMsi CBOOOIHOTO 10JIETA paccuuTbiBajIcs ¢ nomombio CFD-
Mmonesposanusi. Kpome Toro, CFD-mMoaennpoBanue HeHosIb30BaI0Ch AJIsI pAcuéTa KpyTSIero MOMEeHTa CTaduIn3aTopa,
KOTOPbIii 00pa30BbIBAJIM Ia3bl HA BHIX0/1€ M3 PAKETHOI'0 IBUTaTeIsl, U KOTOPbI TpedyeTcsi, 4TOOBI OTKPHITH CTA0MIIN3ATOP
nocJie BbIX0/1a U3 ImyckoBoii Tpyobl. [1pn unciiennom 6DOF-moiesiupoBanuu TpedyemMast yriioBasi CKOPOCTb PACCUNTBHIBAETCS
JJ1S1 MUHUMHU3A1HHU TMCIIePCHH PaKeThl U TPedyeMoii YIJI0BOii CKOPOCTH B yCKOBOIi TPy0e 1151 pa3IHYHbIX YIVIOB HAKJIOHA
€Ta0MJIH3ATOPA OTHOCUTEJILHO PO/I0JILHOI ocH. Pe3ybTaThl MoJeTMpOBaHHsl OLLIH HCII0/IL30BAHDI ISl BbIOOpa Haubo1ee
BBITO/THOTO 3HAYEHHS YIJIA HAKJIOHA € TOYKH 3PeHHsI MHHHMAJILHOIO pPaccesiHusl.

Kniouesvie cnosa: pakera Bo3ayX-3eMJIs, HEYNPaBJisieMasi pAKeTa, TPAeKTOPHUsI MOIETa PAKeThbI, paccesiHHe YIapoB, YIJI0Bast
CKOPOCTb, YHCJICHHOE MO/IeJTHPOBAHME, YHCJIEHHAsI JHHAMUKA KHIAKOCTH.
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