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Abstract: This study is dedicated to numerically investigate the dynamic behavior of a missile released from a
helicopter under the influence of downwash from the rotating rotors using AGM-114 Hellfire and UH-60 as the
testcase. Simulations are conducted using unsteady Reynolds-averaged Navier-Stokes (URANS) with shear stress
transport (SST) 4w turbulence model, incorporating six-degree-of-freedom (6-DOF) motion and overset grid. Two
releasing scenarios, viz., hover and forward flight, are analyzed under varying missile launch thrust and helicopter
forward flight speed. Results reveal that the rotor downwash significantly affects the stability of the missile,
particularly during hovering case, where low thrust prolongs wake interaction. In forward flight, the increased
airspeed can in principle reduce wake influence but introduces asymmetrical aerodynamic effects on the trajectory of
the missile. The findings offer guidance for missile release and launch planning in rotorcraft operations.
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0 Introduction

The contemporary development of rotary-wing
aircraft has significantly broadened the scope of their
operational applications. Among others, defense us-
age includes missile carrying and release''’. Safe and
accurate release of air-launched munitions from a he-
licopter remains a significant challenge due to the
complex aerodynamic environment generated by the
main rotor. Indeed, the airflow generated by the he-
licopter’ s rotor is among the most complex flow™
and alters the airflow approaching the blades by
causing sporadic fluctuations in lift and increase

4 which contributes to the rotor efficiency and

drag
stability. The highly turbulent airflow is mainly gen-
erated due to the blade-vortex interaction (BVI)
which is the result of the interaction between the ro-
tor blades and the tip vortices (TVs)"”® created by

the precedent blade, as illustrated in Fig.1'".
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Viscous vortex core

Vortex filament in the far wake

Fig.1 Sketch of the rotor wake generation

Weapon release accuracy also asks to under-
stand the release process and the interactions with
the rotor wake in the near-launch period. Within this
context, the investigation of external projectiles as-
sociated with fixed-wing aircraft has received limit-
ed attention in the existing literature. Shanks et al.'”

made use of a three-dimensional dynamic structured

*Corresponding author, E-mail address: shuanghoudeng@nuaa.edu.cn.
How to cite this article: COSTERG Fabien, DENG Shuanghou, QIAO Hongyu. Dynamic behavior of missiles released
from a helicopter with downwash effect[ J]. Transactions of Nanjing University of Aeronautics and Astronautics, 2026,43(1):

27-39.
http: //dx.doi.org/10.16356/j.1005-1120.2026.01.003



28 Transactions of Nanjing University of Aeronautics and Astronautics

Vol. 43

overset mesh to simulate aerodynamics and missile
dynamics of a finless missile separating from a wing
in a transonic flow. This study used a powered mis-
sile to showcase the effect of a missile and its plume
on the wing. Cavallo et al.'"® in their case simulated
the rocket stage separation and missile launched
from a fighter jet wing. In their research, they used
a three-dimensional unstructured mesh Navier-
Stockes flow solver and coupled with a parallel mov-
ing mesh technique. In addition, the use of an adap-
tive mesh refinement highly helped to improve the
accuracy of the results obtained. For the rotor-wing
platforms, a study of the effect of the main rotor on
an air-launched rocket was experimentally conduct-
ed in Ref.[9]. In their experiment, an AH-1G heli-
copter model operated in low-speed forward flight
scenario. Thus, they measured the rotor wake in-
duced in the launched rockets trajectory. The trajec-
tory of a penguin missile released from an SH-2G
helicopter was conducted in Ref.[10]. They used a
vortex wake model to calculate the rotor wake’ s
generated interference velocity and a panel tech-
nique for the fuselage airflow interference. Subse-
quently, the measured flowfield data were convert-
ed to the interference coefficient and incorporated in-
to a six-degree-of-freedom (6-DOF) trajectory sim-
ulation system. In this study, the simulations have
been completed for different weather and operating

1.1 conducted a

conditions. More recently, Lee et a
study in which a three-dimensional unstructured
overset mesh approach was used to simulate air-
launched rockets in a free flight from a full helicop-
ter configuration. To characterize the trajectory of
the air-launched rocket, a 6-DOF dynamic equation
solver was also used. The simulation showed the
temperature gradient along the helicopter fuselage,
the path of the rocket and the perturbation caused by
the rotor wake. Additionally, Zhou et al."® used the
same technique to simulate the effects of the rotor
wake on a free-falling rocket and its impact on its ac-
curacy and release safety. It showed that the rotor’s
downwash flow induced perturbation in the trajecto-

ry and could be effective as soon as the release oc-

curs. In the UH-60 Black Hawk case, Gong et al."
examined the downwash induced by the rotor using
the actuator disk model and compared the effect on a
released Sierra bullet and a Hydra70 rocket. The tra-
jectory and range of both were displayed and it was
acknowledged that the downwash effect was higher
on the Hydra rocket than for the bullet. However, it
did not consider effects that external winds and air
perturbation could have on the rotor wake and the
trajectory and range of the rocket.

While previous studies have offered useful ob-
servations regarding the effect of rotor downwash
on rocket trajectories, a more detailed numerical in-
vestigation is still required, as the rotor-generated
flow field is highly complex and strongly dependent
on the test configuration. In the present study, the
dynamic behavior of the AGM-114 Hellfire missile
released from the UH-60 Black Hawk helicopter is
investigated using high-fidelity computational fluid
dynamics (CFD). A particular focus is placed on
quantifying the influence of rotor-induced downwash
on missile behavior. The simulation framework re-
lies on the unsteady Reynolds-averaged Navier-
Stokes (URANS) equations coupled with a 6-DOF
solver. The shear stress transport (SST) 4w turbu-
lence model is employed to capture both the bound-
ary layer characteristics and the detached flow struc-
tures, providing a balance between computational

cost and accuracy.
1 Methodology

1.1 Model description

The computational model used in this study
comprises a simplified representation of the UH-60
Black Hawk helicopter and an AGM-114 Hellfire
missile. The model got simplified by removing the

1 used a model without tail

tail rotor. Crozon et al.’
rotor to simulate helicopter behavior in a ship air
wake. Also, Wadcock et al.'"” simulated the air
wake of a helicopter and modelled the tail rotor as a
simple uniform pressure disk which reduces its preci-
sion and indicates a lower interest or application

with the main rotor downwash. At the same time,
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the missile has been only present on one side of the
helicopter. Okamoto et al."""’ and Ryu et al.'""" only
considered the release of missile on one side of the
helicopter. In the simulation configuration, the Hell-
fire missile is only present on the left-hand side of
the helicopter and is mounted beneath the helicopter
fuselage in a typical launch position (Fig.2). These
modifications and simplification are justified since
the study primarily focuses on the interaction be-
tween the main rotor downwash and the missile tra-

jectory during the early release phase.

Fig.2 Simplified UH-60 Black Hawk helicopter model

1.1.1 Main rotor specifications of UH-60

The main rotor system of the helicopter is mod-
eled with a 4-bladed rotor, consistent with the actu-
al UH-60 platform. During the simulation, the rotor
operates in hover or high-speed forward flight, gen-
erating the downwash environment that interacts
with the missile. The key rotor parameters are sum-
marized in Table 1'"®). The blades are treated as rig-

id bodies with a constant collective and cyclic pitch.

Table 1 UH-60 main rotor parameters

Parameter Value
Number of blades 4
Rotor diameter/m 16.36
Blade root chord/m 0.53
Blade tip chord/m 0.26
Equivalent blade twist/(°) —18 (linear)
Rotation rate 2/(r-min ") 258
Airfoil profile SC1095/SC1094 R8

1.1.2 AGM-114 Hellfire missile specifications
The AGM-114 Hellfire missile is modeled as a
rigid body with its aerodynamic control surface in a
fixed position (non-actuated). The specifications of
the missile are listed in Table 2" and the model

can be seen in Fig.3, respectively. During the simu-

lation, the missile is initially mounted in a fixed po-
sition and released to allow it to respond freely to
aerodynamic and gravitational forces through the

use of a coupled 6-DOF solver.

Table 2 AGM-114 Hellfire key parameters'’

Parameter Value
Length/m 1.63
Diameter/m 0.18

Launch mass/kg approximately 45
. . approximately 0.7
Center of gravity position/m

(from nose)

Fin disposition Crucifix shape

Fins ———

Fig.3 AGM-114 Hellfire model used in the simulation

1.1.3 Mesh configuration

Numerical simulation utilized an unstructured
overset mesh grid™' approach to accommodate the
complex interactions among the rotating blades, he-
licopter fuselage, and moving missile, allowing
each major component to be meshed independently

and overlapped within the computational do-

main'*"*’. All component meshes are generated us-
ing polyhedral cells, which is chosen for their ability
to conform to complex geometries, resolve flow gra-
dients efficiently and offer improved convergence be-
havior and reduced cell count for a given level of ac-
curacy compared to tetrahedral grids.

The overset approach ensures accurate interpo-
lation between overlapping grids and allows smooth
motion of rotating and translating bodies, which is
essential to model blade motion as well as the 6-
DOF motion of the missile in the early separation

%20 Thus here, each rotor blade as well as

stage[
the missile is given a dedicated mesh domain that ro-
tates about the rotor axis using a body-fitted overset
grid. The helicopter fuselage, as considered fixed in
the domain is discretized with its own static grid.

To ensure smoother and more accurate treat-
ment of the different flow physics, different refine-

ment zones have been used (Fig.4):
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Rotor disk refinement zone

Fuselage refinement zone

Fuselage and free stream overset bounda

Fig.4 Mesh system of the computational model

(1) Along the rotor disk, a local mesh refine-
ment is applied to accurately capture the tip vortices
and downwash effects.

(2) The region beneath the helicopter, where
the missile is released, is finely refined to resolve
the rapid changes in pressure and velocity fields dur-
ing separation.

(3) A refinement zone is included near the fu-
selage surface to capture boundary layer effects and

wake formation.
1.2 Numerical methodology and setup

This section describes the numerical frame-
work used to simulate the dynamic release of a mis-
sile from a helicopter in the presence of rotor down-
wash. The simulations were carried out using the
CFD software Star CCM+ , which provides inte-
grated support for unsteady flow solvers, overset
mesh handling, turbulence modeling, and 6-DOF
rigid body motion.

1.2.1 Governing equation

Star CCM+ solves the compressible URANS
equations in a finite volume framework. These equa-
tions govern the conservation of mass, momentum,
and energy in the flow-field and are expressed as fol-
lows.

Continuity equation is shown as

%-‘—V'(pu)zo (1)
Momentum equation is shown as
%+V-(pu®u)=—Vp+V-r+pg (2)
Energy equation is shown as
agierV-[(pEer)u]:V'(r-quq) (3)

where o is the density, u the freestream velocity
vector, p the static pressure, z the viscous stress
tensor, ¢ the heat flux, and E the total energy per
unit of mass.

Turbulence effects are modeled using the SST

2281 which offers

k~w model introduced by Menter'
robust performance for complex flows involving sep-
aration, vortex shedding, and adverse pressure gra-
dients, They are condition characteristics of rotor-
craft downwash and missile release.
1.2.2 Trajectory prediction by CFD-6-DOF

The interaction between the aerodynamic envi-
ronment and the missile’s motion is captured
through the CFD-6-DOF rigid body coupling mod-
ule in Star CCM+ . This feature enables dynamic
simulation of the missile’s free-flight behavior fol-
lowing release, accounting for both translational and
rotational motions in real time. Thus, it solves the
following equations.

Translational dynamics is shown as

dv
m iz wro T MY (4)

Rotational dynamics is shown as
d
10w ()= M., (5)

where m is the missile mass, V the missile velocity
vector, and w the angular velocity vector; F,., and
M., are respectively the aerodynamic force and mo-
ment vector computed at each physical time step;
and I is the missile’s inertia tensor.

The missile is treated as an active rigid body
with a constant unidirectional acceleration posi-
tioned in its nozzle and running along its local X-ax-
is. The updated position and orientation of the mis-
sile are communicated to the CFD solver using over-
set mesh interpolation, enabling seamless tracking
of the missile’ s movement through the rotor wake
field.

1.3 Validation

To ensure the reliability of the present method
for predicting the dynamic behavior of a store cou-
pled with a 6-DOF equation of motion and the in-
duced downwash generated by the helicopter main
rotor, two different validation calculations were car-

ried out. To validate the rotor downwash predic-
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tion, the flow around a rotor-fuselage configuration
was calculated. Then, for the trajectory simulation,
an external store released from a fixed wing was
simulated.
1.3.1 Flow downwash prediction validation

The first validation case is targeting to validate
the flow downwash prediction capability using the
rotor body interaction (ROBIN) model “*'. For
that, an unsteady flow calculation around model
was made. The experimental work that will serve as
a comparison was performed in the Langley Subson-
ic Tunnel with the model rotor rotated at 2 000 r/
min and has an advance ratio g = 0.15. The model
is composed of a background domain, a fuselage
and blades, as seen in Fig.5. The background is
composed of 16 million hexahedral cells, and the fu-
selage and each blade have 2 million and 0.7 million

cells, respectively.

z
T~dr X

Fig.5 ROBIN case geometry

Fig.6(a) shows the comparison of time-aver-
aged pressure coefficient C, along the center line of
the fuselage for the experimental case and the pres-
ent validation case with the URANS solver.
Fig.6(b) shows the comparison of C, distribution
along the longitudinal center line of the fuselage for
an azimuthal position of the rotor of y = 0°. The da-
ta present close results between the two different
tests and enlighten the capacity of reproducing condi-
tions near real behavior. This helps to validate the
utilization of the URANS solver of Star CCM+ to
follow the study of this article.

1.3.2 Releasing trajectory validation

To validate the missile release process and the
6-DOF solver capability, the present method was
applied to the EGLIN test model which is com-
posed of a 45° delta fixed wing mounted of a pylon

and releasing a store by the use of ejector. The
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(a) Time-averaged distribution along the fuselage center line
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(b) Instantaneous distribution along fuselage center line
for an azimuthal angle y=0"

Fig.6 ROBIN pressure coefficient distribution comparison

with experimental results

benchmark wind tunnel test for this case conducted
at the Arnold Engineering Development Center re-
fers to the work in Refs.[30-31]. Table 3 indicates
the key parameters of the EGLIN model' '

Table 3 EGLIN model test parameters'””’

Parameter Value

Mass/kg 906.87

Store length/mm 3017.5
Store diameter/mm 500

1 417 (from nose)
Crucifix shape
Forward ejector position/mm 1 237.5 (from nose)
Forward ejector force/kN 10.7
Afterward ejector position/mm 1 746.5 (from nose)
Afterward ejector force/kN 42.7
Ejector length/mm 100

Center of gravity position/mm

Fin disposition

The mesh topology on the geometry can be
seen in Fig.7. The model is composed of two over-
set mesh subdomains with the main domain that in-
cludes the entire flow-field as well as the wing and

the pylon and the second domain that is attached to
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the store itself. The main domain is composed of
1490 793 tetrahedral cells and the second domain is
composed of 122 599 tetrahedral cells. The simula-
tion was conducted in conformity to the itial test
conditions of Heim at a super-sonic speed of Mach

1.2 and for a simulation time of 1 s.

Fig.7 Mesh distribution for the releasing trajectory valida-

tion

Fig.8 shows the path of the store for each 0.1 s
after the moment it got released from the pylon.
Fig.9 compares the position and velocity of the cen-

ter of gravity (CG) of the store with experimental

data””
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Fig.8 Separation of store at each 0.1 s filled with pressure

coefficient contour

CG position / m

0.2 0.4 0.6 0.8 1.0
Time /s
(a) CG position over time

—
=]

CG velocity / (m * s™)

0.2 0.4 0.6 0.8 1.0

(b) CG velocity over time
Fig.9 Comparison of the dynamic behavior for a dropped
store between 6-DOF-CFD solver and experimental

data™

The graphics show that the CFD-simulated da-
ta are consistent well with the experimental ones.
This implies good maneuverability and good fidelity
of the 6-DOF solver solicitated in Star CCM+-.

1.4 Verification

To assess the numerical accuracy and stability
of the simulations, a systematic convergence study
was performed through progressive grid refinement
and reduction of the temporal step size. In a numeri-
cally consistent discretization of the governing equa-
tions for laminar flow, the computed solution is ex-
pected to asymptotically approach a grid-indepen-
dent value as both spatial and temporal resolutions
are increased. Consequently, a grid-convergence as-
sessment was conducted for the Black Hawk heli-
copter in hovering flight by varying the cell density
across the individual sub-meshes and by adjusting
the time-step size employed between successive
computational iterations. In this study, three cases
have been considered and the time averaged lift L is

acquired. The results are represented in Table 4.

Table 4 Time averaged lift L for different mesh resolu-

tion
Mesh resolution L/N
12 million cells 46 136
9 million cells 47 056
6 million cells 47 152

Taking these findings into account, a computa-
tional grid consisting of 9 million cells was selected
for further simulations. This resolution demonstrat-

ed satisfactory performance, achieving an accept-
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able trade-off between computational demand and
numerical accuracy, with an estimated deviation of
around 2% compared to the most refined mesh. Fur-
thermore, additional simulations were performed
with varying time-step sizes, and the corresponding

results are reported in Table 5.

Table 5 Time averaged Lift L for different time step

Time interval per cycle/s L/N
0.000 5 46 348
0.001 46 587
0.01 47 219

Taking these results into account, a temporal
resolution of 0.001 s per cycle was selected as an op-
timal compromise between accuracy and computa-
tional cost, yielding an error of approximately 0.5%
when compared to finer time steps. The results pre-
sented in the table exhibit marginal discrepancies
across different temporal and spatial resolutions, in-
dicating that the solution is largely insensitive to dis-
cretization refinement. This consistency confirms
that the numerical model has attained both spatial
and temporal convergence, with residuals and flow
parameters stabilizing after approximately three

complete rotor revolutions.

2 Results and Discussion

Once the verification is completed and acknow!~
edged, the simulation of the dynamic response of
the rocket during release phase has been simulated.
The overset mesh flow solver showcased before as
well as the 6-DOF equations of motion have been
used for simulation under different flight conditions.
The model presented previously is composed of
seven subdomains, viz., the fuselage, four rotor
blades, the far field and the missile. The fuselage
block is composed of 2 900 764 polyhedral cells,
the far field which is treated as the background mesh
is composed of 671 396 polyhedral cells, and each
blades block is composed of multiple cells varying
from 1 160 356 to 1 155 057 polyhedral cells.
Finally, the missile block is composed of 438 023
polyhedral cells. In total, the whole domain is there-

fore composed of 9 078 503 polyhedral cells and

28 879 975 vertices.

Initially, the simulation is run for three rotor ro-
tations in order for the unsteady flow-field to con-
verge and stabilize. Therefore, the missile is re-
leased directly applying a 6-DOF motion, the simu-
lation was continued for three rotor revolutions and
the data are extracted to be analyzed. The simula-
tion is run on a workstation equipped with an Intel
Xeon 40-core processor and 116 GB of RAM. One
rotor revolution takes approximately 12 h to com-
plete in this configuration.

Simulation and results are studied for two dif-
ferent flight regimes: Hovering flight, representing
a stationary release and forward flight, with air
speeds of 100 km/h and 200 km/h, respectively.

2.1 Hovering flight: Effect of missile launching
thrust

Data for missile launching thrust is hard to find
freely in achieved documents, thus the thrust cho-
sen for the purpose of this study using the open da-
ta"'"". Three thrust values were tested: 5 180, 7 180
and 13 600 N, respectively. For every case, the mis-
sile was released from its initial location beneath the
rotor with its thrust applied from its nozzle staying
consistently along its longitudinal axis.

In Fig.10, different positions of the missile’ s
CG are displayed. The rocket is assumed to be fired
at a rotor blade azimuthal angle of 0°. The results
show that the trajectory is nominal on the longitudi-
nal axis of the missile with different speeds with the
missile leaving the rotor disk area (approximately
9 m) at 0.25, 0.4 and 0.45 s in a croissant order of
thrust respectively. For the horizontal position over
time, almost no change appears while in the rotor
disk area but increase once exiting the rotor disk ar-
ea. The vertical position over time shows a normal
descent of the missile along the whole simulation.
The 13 600 N thrust missile sees its descent trajec-
tory stabilized after passing 30 m ahead of the heli-
copter rotor disk area.

For the rotation, all cases show a change in
motion from a pitch down to a pitch up of the mis-
sile once passed the close proximity of the helicopter

fuselage and before exiting the rotor disk area.
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Fig.10 Missile’s CG positions over time during release in hovering flight

These changes can be explained by the intervention
of the fins attached to the missile that could interact
with the unsteady air surrounding the rockets when
released.

Fig.11 shows the air vorticity for different
planes in the domain near the helicopter and can
help to better link the results seen in Fig.10. First,
it is possible to see the contained vorticity of the air
in the rotor trail in Fig.11(a). The figure shows
high vorticity in the close proximity of the end of the

0 10 20 30 40 50 60 70 80 90 100110120130140
Vorticity magnitude / s

(a) Rotor plane hover

trailing edge which is the results of TV created by
the blade. As the flow leaves the blade the vorticity
decreases showing a high diffusion of the TV in sur-
rounding flow. Thus, in Fig.11(b), the same phe-
nomenal is displayed but in the missile’ s normal
plane. It is possible to see some regions of high vor-
ticity near the edge of the fuselage in this planes,
like the wing support of the missile launcher as well
as the stabilizer on the right of the tail. At the same

time, a circle of turbulent flow can be seen with a

] | [
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Vorticity magnitude / s

(b) Store plane hover

Fig.11 Vorticity magnitude in hovering flight on different planes
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size comparable to the rotor disk and result of the
downwash flow of the rotor. This turbulent flow
will be crossed by the store and impact its trajectory

as seen above.

2.2 Forward flight: Effect of helicopter flight
speed

In comparison to hovering flight case, forward
flights see the helicopter deal with the incoming flow-
field generated by its relative motion with the ambi-
ent air and depending on its air speed. Simulations

were performed for a launching thrust at 7 180 N

0 5 101520 2530354045505560 657075808590
Vorticity magnitude / s

(a) Store plane and 200 km/h

] | 5]
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Vorticity magnitude / s

(c) Store plane and 100 km/h

and for two different helicopter forward flight speeds
at 100 and 200 km/h, respectively. Afterwards, the
data will be compared with the hovering case of the
same launching thrust.

Fig.12 shows the vorticity of the air in the rotor
normal plane and the missile”’ s normal plane for dif-
ferent helicopter air speed. In the figure, it is possi-
ble to see the high impact of the surrounding air-
speed in the propagation of the vorticity as well as

the impact of the rotation of the blade in the TV cre-

ation.

60 80 100 120 140 160
Vorticity magnitude / s

(b) Rotor plane and 200 km/h

20 40 60 80 100 120 140 160
Vorticity magnitude / s '

(d) Rotor plane and 100 km/h

Fig.12 Vorticity magnitude in forward flight on different planes and for different airspeeds

Indeed, for the 100 km/h case, the turbulent
air will be stronger and more present around the ad-
vancing blade than around the retracting blade. At
the same time, the vortices are flowing along the
flow direction in comparison of the hover case where
it was confined in the rotor disk area. The same phe-
nomenon can be seen for the 200 km/h case with
stronger amplitude and characteristics. This behav-
ior of the air then does not have any impact on the

nose of the helicopter as seen in Fig.12(a) and

Fig.12(c), where the air in the missile’ s normal
plane does not present high vorticity.

Fig.13 shows the different positions of the mis-
sile’s CG over time. As for the hovering flight, the
rocket is assumed to be fired in the same conditions.
The longitudinal position evolution does not show
any significant change, meaning no clear impact of
the flow field. The vertical position changes lightly
between the different speeds with the slowest drop

rate being for the 100 km/h cases. This change is



36 Transactions of Nanjing University of Aeronautics and Astronautics Vol. 43
1.0 0.5
g 0 g 05} 0.0
E S 00 —eee——— | g 05}
g -0y 5 00 o :':-:-_~“~ E -10}
'z E 05} "~ == 2
& 8 . Z -15F
=20} & -10F \ o £
g 0 E 1 (; \'\ ':—‘Q‘; _20 I
— g —1oT \, S — L
a —30 f — Hover .E ~50 | — Hover \ £ 2l
g - -~ V=100 km/h S | ---v=100kmh \ > 30T
= 40 b === V=200 km/h “25[ ——- =200 km/h 8.5}
. : : -3.0 . . . -4.0 L . !
0.2 04 0.6 0.2 04 0.6 0.2 0.4 0.6
Time /s Time /s Time /s
(a) Longitudinal position (b) Horizontal position (c) Vertical position
8 20
—— Hover —— Hover
6 ---V=100km/h 7 15F ---y=100km/h
o > S V=200 km/h
g = = 10 -
o ) o -~
= oD oD I il
g g g 3
— -] 2 e iy =Ly
By i
& £ g s
,5 L
. ) " . . . -10 ; y .
0.2 0.4 0.6 0.2 0.4 0.6 0.2 0.4 0.6
Time /s Time /s Time /s
(d) Roll angular position (e) Pitch angular position (f) Yaw angular position

Fig.13 Missile’s CG positions over time during release in forward flight

possibly due to the extra lift generated by the fins
when in motion with the high velocity flow field sur-
rounding it. For the horizontal position, the differ-
ent cases produce different results but lead to a left
yaw of the missile in comparison to the right yaw ob-
served before in the hovering cases. Angular posi-
tion evolution shows difference of behavior between
the cases. Indeed, every case got different results
with no predictable link within each of them. Thus,
there will be a high pitch down movement in the
hovering case before reverting to pitch up as soon as
it exits the rotor disk area. For yaw and roll, there
will be almost no changes in the 100 km/h case, re-
sulting in a lower vertical drop. The 200 km/h case

will exhibit light roll, pitch up and yaw movement,

which results in a higher dropping.
2.3 Comparison of the two configurations

In the first time, the change in acceleration of
the missile in three directions was plotted from the
case studied before, as shown in Fig.14. It is possi-
ble to observe that the missile behaves in an uncon-
trolled way with numerous and quick change in the
acceleration trend of the missile across those three
directions. Therefore, the missile seems to get to a
point of equilibrium and thus does not exhibit spo-
radic change in its movement.

In addition to these figures, and to acknowl-
edge the choice of simulating the missile on only one
side of the helicopter, the airspeed on the X direc-

tion is plotted for the three different cases.

-140 40 25
— Hover . 20 — Hover
--- V=100 km/h / o % 15| --- V=100 km/h ,
g8 g g '
hixg Z = 5
8 g g 0
fg ';TE ] - Hover S, % 10
2_160' 2 60} ~~~ V=100 km/h N 2:15
----- V=200 km/h 20
_165 1 L 1 1 1 1 - 1 1 1 _25 1 1 L
0.0 0.1 02 03 04 05 0.6 0.7 0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
Time /s Time /s Time /s
(a) X direction (b) Y direction (c) Z direction

Fig.14  Acceleration of the missile in the three dimensions for the different test cases
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Fig.15 depicts the air velocity variation along
the flow direction (X direction). In the hovering
condition, the relative velocity difference between
the two sides of the helicopter is nearly negligible,
indicating a largely symmetric airflow distribution.
Although the presence of the mounted wing induces
localized disturbances beneath both the wing and the
missile plane, its overall impact on the global flow

field remains minor. However, under forward flight

-20 -16 -12 -8 -4 0
V./(m-s")

20 -10 0

10 20 30 40 50
V./(m-s")

conditions, the velocity asymmetry becomes more
evident. For the 100 and 200 km/h cases, a relative
velocity difference of approximately 5 m/s is ob-
served, corresponding to about 18% and 9%, re-
spectively. These findings underscore the disparity
between the advancing and retreating rotor sides,
while also revealing that the wing mounted on the
left side modifies the flow distribution and perturbs

the natural development of turbulence.
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(a) V. for the hovering case

(b) V, for the forward case with
a speed of 100 km/h

(c) V. for the forward case with
a speed of 200 km/h

Fig.15 Air velocity on the X direction for the different test cases

3 Conclusions

Extensive numerical simulations of the un-
steady flowfields around a helicopter configuration
were conducted to investigate the impact of the
main rotor downwash on a missile launched from it.
To this extent, STAR CCM-+ URANS solver as
well as 6-DOF solver have been used in addition to
an unstructured overset mesh grid. The situation has
been tested out for different flight and operation con-
ditions. For the studied helicopter model, the tail ro-
tor and the detail structures of the missile pylon are
neglected due to their slight effect on the overall
flow simulation, however, this is still worthy to be
analyzed to clearly identify their effect on the release
behavior of the missile.

Simulation results showed that the effect of the
downwash generated from the main rotor is more
present in hovering flight conditions, as the flow is
directed downward and thus creates high air-vortici-
ty. For hovering flight scenario, varying launch
thrust of the missile is able to literately change its
trajectory and thus shows a direct impact of the
downwash in the missile dynamics, as the high-

thrusted missiles exhibit less modification in their

path in comparison of the low-thrusted ones. For the
forward flight case, the rotor wake flow interacts
with the surrounding flow and naturally moves back-
ward of the helicopter. In this configuration, the
missile trajectory is less impacted by the rotor
wake, but needs to face new aerodynamic parame-
ters as the lift and drag created by the body and the
fins of it.

The model and simulation in this paper present
certain limitations. The current model uses store ge-
ometry that has not been extensively tested, and
will result in nullified results and impact the simula-
tion. At the same time, the study only uses missiles
on its left side for low-computation cost. Since the
tip vortices generated by the advancing and retract-
ing tend to increase and decrease respectively as the
helicopter’s relative airspeed increases, the results
will be different for the right side. Thus, it could be
interesting to continue the simulation with missiles
positioned on both sides of the helicopter and com-

pare the end results.
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