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Abstract—This paper presents a novel concept of a naval decoy
launcher working on the principle of high-low pressure system
using a secondary propellant charge located in the low-pressure
chamber. A system of internal ballistic equations suitable for
computer analysis is developed to predict the considered decoy
launcher performance. The problem is solved using MATLAB
environment. The variation of gases pressure and the time
change of decoy velocity and displacement are studied. An
experimental setup has been established for the purpose of
verifying the results of solution.
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NOMENCLATURE
v Relative burnt propellant mass
Z Relative burnt thickness of grain
K,A,u Form function coefficients
@ Coefficient of fictivity
a Covolume of propellant gases
I, Total impulse of propellant gases
f Specific energy of propellant (force)
Ve Geometric characteristics of powder grain
w Propellant charge mass
W, Chamber initial volume
v Decoy velocity
l Decoy displacement
m Decoy mass
Subscripts:
1 High-pressure chamber
2 Low-pressure chamber
12 From high- to low-pressure chamber
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1. INTRODUCTION

One of engineering challenges in designing decoy launching
systems is that of increasing the range of fire while the recoil
forces are kept low.

The high-low pressure system is a common design of anti-
tank and grenade launchers, that use a smaller high-pressure
chamber in order to store the propellant. The weapons class
utilizing the high-low pressure system achieves some major
advantages as bellow [1]:

e The weapon can be designed with a reduced or
negligible recoil.

e  Much larger projectile to be launched without the
heavy equipment typically required for large caliber
weapons.

e The weight of the weapon and its ammunition can be
significantly reduced.

e  Manufacturing cost and production time are
substantially lower than for standard weapon systems
firing a projectile of the same caliber and weight.

e More efficient use of the propellant, unlike earlier
recoilless weapons, where most of the propellant is
expended to the rear of the weapon to counter the
recoil of the projectile being fired.

The only major drawback of high-low pressure systems is its
maximum range of fire. Hence, the essential idea is of using the
high-low pressure system with a secondary propellant located
in the low-pressure chamber. There is almost no available
literature on the internal ballistics of such weapon system.
There are several related publications documenting the internal
ballistics of weapon utilizing the high-low pressure system [2],

[3].

This study is a theoretical and experimental analysis of the
internal ballistics of the decoy launchers used in surface ships.
The goal of the study is to investigate the various physical
processes involved in the firing of the decoy launcher utilizing
the high-low pressure system with the secondary propellant
located in the low-pressure chamber. For the purpose of



experimental verification of the developed mathematical
internal ballistic model an experimental setup has been
established.

The concept presented in this paper is believed to be an
improvement over the design of existing decoy launchers
mounted in many surface warships, such as the Russian PK-2,
-10, and -16 decoy dispense systems.

II. PRINCIPLE OF OPERATION OF THE PRESENTED
DECOY LAUNCHER
The new concept of the decoy launcher is shown in Fig. 1.
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Figure 1. Schematic of the decoy launcher concept: 1- Primer;
2- Breechblock; 3- High-pressure chamber; 4- Basic propellant charge;
5- Nozzle; 6- Secondary propellant charge; 7- Decoy; 8- Launcher tube;
9- Low-pressure chamber; 10- Piston.

As shown in the above figure, the decoy launcher is
consisting of the high-pressure chamber 3 and the low-pressure
chamber 9. The high- and low-pressure chamber are connected
through the nozzle 5. The propellant charges 4 and 6 located in
the high- and low-pressure chamber are referred to as the basic
charge, and secondary charge, respectively.

The internal ballistic cycle starts with the ignition of basic
propellant charge 4 that burns in the constant high-pressure
chamber volume until the moment when the propellant gas
pressure achieves the value at which the propellant charge
covering and additional liner plate that seal the nozzle rupture.
When the nozzle 5 is opened, the hot generated gases discharge
from the high-pressure chamber 3 into the low-pressure
chamber 9, where they ignite the secondary propellant charge
located under the piston 10. The decoy 7 consisting of six
modules starts moving, when the shot-start gas pressure is
reached in the low-pressure chamber.

The internal ballistics duration of presented decoy launcher
can be divided into three periods:

e  The 1% period is considered from the burning of basic
propellant charge until when the shot-start pressure is
reached in the low-pressure chamber or when the
decoy starts moving in the launcher tube.

e The 2" period is from when the decoy starts moving
until the moment when the propellant burning is
completed (i.e. all-burnt point) within the launcher
tube.

e The 3" period is from the all-burnt until the decoy
has left the launcher muzzle.

III. MATHEMATICAL MODEL

A. Asumptions

The internal ballistic mathematical model is developed on
the basis of the following major assumptions:

e The propellant charge burns in accordance with
geometrical law of powder propellant burning. The
burning rate is a function of the gas pressure.

e The influences of physical phenomena taking place
inside the low-pressure chamber on the combustion
of the basic propellant charge within the high-
pressure chamber and the gas discharge throw the
nozzle are negligible.

e Heat loss to the chambers surface can be accounted
for adequately by applying an adjustment factor
reducing the available energy released by the burning
propellant.

e The propellant charge is immediately ignited and
then burns simultaneously. The propellant ignition is
assumed isochoric. There is no unburnt basic
propellant discharged into the low-pressure chamber.

e The decoy consisting of six modules is considered as
a single rigid body. The propellant burning and decoy
motion is caused by the average gas pressure within
each chambers.

e The flow in the high-pressure chamber is quasi-
steady. There are no pressure waves or gradients
introduced into the system.

e One-dimensional flow of heterogeneous gas mixture
through the nozzle.

e The gas pressure reached at the all-burnt point inside
the high-pressure chamber is the maximum pressure.

e The gas flow through the nozzle is isentropic. The
gas temperature in the high-pressure chamber is
smaller than the propellant combustion temperature.

B. Equations of Mathematical Model
1) High-pressure chamber
a) Propellant burning

The equations describing propellant burning taking place
in the high-pressure chamber can be set based on the usual
internal ballistic assumptions [4]:
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dy dz
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b) Gas flow rate though the nozzle

The time change in quantity of the discharge gas through
the nozzle is given by [5]
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Where: 7,1s the quantity of the outflow gas, S, accounts
for the nozzle critical area, g, denotes the discharge
coefficient, @, is the mass of basic propellant charge, and 7, is
the relative temperature defined as the ratio of the high-
pressure chamber temperature 7, to the basic propellant

combustion temperature 7, , thus
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The coefficient K,appearing in Eq. (3) is given by

K+1
2 2k
K =| — A EK 5
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Where « is the specific heat ratio.

¢) Equation of state
The equation of state within the high-pressure chamber can
be written in the form as [6]:

P = flrlwl (l/jl _771) (6)
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d) Equation of energy
Then, the equation of energy can be written in the form as
bellow [5]
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2) Low-pressure chamber

a) Propellant burning

The equations describing propellant burning in the low-
pressure chamber is given by [4]:
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b) Gas flow rate

In this investigation, the gas flow through the gap between
the decoy outer diameter and the launcher tube inner diameter
is taken into consideration. The time change in quantity of the
outflow gas through this gap is given by [5]
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Where: 7,1is the quantity of the outflow gas, §,, denotes
the cross-sectional gap area, p,, denotes the discharge

coefficient, @ is the summation of the basic and secondary
mass.

The relative temperature 7, is defined as the ratio of the

low-pressure chamber temperature 7, to the secondary

propellant combustion temperature 7, , thus

r, =2 (11)

c) Equation of state

If we take the gas flow through the gap between the decoy
outer diameter and the launcher tube inner diameter into
consideration, then the equation of state for the low-pressure
chamber can be given in form:

P, = J o, (on +aoy, _62)772) (12)
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Where w7, represents for the amount of gas discharged
from the high-low pressure chamber, @,y, accounts for the

amount of burnt gas of the secondary propellant charge, and
wn, is the amount of gas escaping through the gap mentioned

above.

The equivalent specific energy of the propellant is defined
as

f i M (13)
o, +0.5w,
Where f, and f, represent for the specific energy of the basic

and secondary propellant charge, respectively.

d) Equation of energy
Next, we derive the equation of energy for the low-
pressure chamber. Applying the law of conservation of energy
for the low-pressure chamber we obtain
dQ =dU + dW (14)

The left side of Eq. (14) represents the quantity of energy
added to the low-pressure chamber that is summation of the
energy dQ, and dQ,.

Where:

e The energy dQ, caused by the inlet gas flow from
the high-pressure chamber is given as

kR
dQl = T1w1d771 (15)
k-1

e The change in energy dQ,.due to the combustion of
the secondary propellant charge can be calculated as

do, = w,C, Tidy, (16)

The right side of Eq. (14) expresses the change in the

internal energy of the system dU and the total quantity of
energy losses dW due to work done.



The change in the internal energy dU of the low-pressure
chamber is given by the change in mass of gas dQ,and the

change in system temperature dQ,.Then dU can be expressed

as
dU =dQ, +dQ, (17)
U =|:CVTz(a)1d771 +o,dy, _C‘)dﬂz):| (18)
+Cy (o, + oy, —wn,)dT,
The quantity of energy loses dW is given by
dW =dQ; +dgQ; (19)

Where:

e the energy loss dQ, due to the gas escape through the

gap between the decoy and barrel bore is calculated
by the formula

KR
dQ, =——T wdn, (20)
Kk—1

e the energy loss dQ, to accelerate the decoy and for
other works done in the system can be expressed as

dQ, = pmvdv 21

By introducing Egs. (20) and (21) into Eq. (19), then

introducing Egs. (15), (16), (18) and (19) into Eq. (14) and by
rearranging we obtain
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3) Equations of the decoy motion
Finally, to close the system of equations, the equation of
motion of the decoy are setup as bellow

di

—= 23
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IV. MODEL VALIDATION AND VARIFICATION

The developed internal ballistic model of the presented
decoy launcher consists of the following equations describing:

e The propellant burning in chamber: Equations (1), (2),
(8) and (9).

e The gas flows: Equations (3) and (10).

e The change in chambers temperature: Equations (7)
and (22).

e The decoy motion: Equations (23) and (24).

e Change in chambers pressure: Equations (6) and (12).
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Figure 2. Time curves of pressure in high-pressure (red) and
low-pressure (blue) chamber.
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Figure 3. Time curve of pressure in the low-pressure chamber.
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Figure 4. The decoy velocity vs. time.



TABLE I DESIGN PARAMETERS OF THE PRESENTED DECOY LAUNCHER SYSTEM

Parameters Signification Value Parameters Signification Value
Caliber (m) D 0.11 Chamber propellant charge mass 1 0.00392
Length of decoy launcher (m) L 11096 | ko) @ 0.0049
Cross-sectional area of launcher 5
tube bore (m’) S 0.0095 Specific energy of propellant Ul 0.85x10
;ere(;si;rslg:)ctlonal critical nozzle S 3 14x10° (J/kg) 2 1.02x10°
Nozzle titl angle (rad) 0, 03 (CH(;V /Sgl;me of powder gas a =ay 0.84x10°
w 1.539x10°5 Total pressure impulse of 4l 0472x10°
Chamber initial volume (m) " propellant gases (Pa.s) Iio 4738x10°
Wo, 29.148x10° | Loading density (kg/m?) A=Ay 1.6x10°
Decoy mass (kg) m 38 Geometric characteristics of X 12
Y g ’ powder grain 7 072
Specific heat ratio K 1.2 Surrounding pressure (Pa) F, 10°

The above system of internal ballistic equations is applied
for the decoy launcher system, whose design parameters are
shown in Tab. 1.

The results of solution are clearly shown in Fig. 2, Fig. 3
and Fig. 4.

V. EXPERIEMTAL VERIFICATION

For the purpose of verifying the mathematical model
measurements on the prototype of the decoy launcher system
based on the concept shown in Fig. 1 are performed.

In the first phase of experimental part based on the
available devices for experimental implementation, we choose
the indirect method in order to satisfy the goal of verifying the
developed mathematical model. The chosen indirect method is
based on comparison of the calculated muzzle decoy velocity
to the value approximated from measured data.

In order to measure the pellet velocity, we use the high-
speed camera FASTCAM SAl.l1 model 675K - Cl1, that is
located 30 m to the launcher system to record the movement of
the decoy, the chosen record rate was 1000 frames per second.
Then, the decoy velocity is computed using video analysis that
is based on the decoy movement in a set time period. The video
analysis was performed automatically using a computer
software from the camera provider. The video imagery of a
firing test on the prototype can be seen in Fig. 5.

The calculated and measured decoy muzzle velocity values
are compared in Tab. 2., from that we can conclude quite good
agreement between the results of the mathematical model and
experimentally obtained values.

TABLE II DECOY VELOCITY COMPARISON

Model
47.84

Difference

5.6 %

Parameters Experiment

45.16

Decoy velocity (m/s)

Figure 5. Video imagery of firing test on the prototype of the decoy

VL

launcher.

CONCLUSION

In this paper, the internal ballistic mathematical model of
the naval decoy launcher working on the principle of high-low
pressure system using a secondary propellant charge located in
the low-pressure chamber is formulated. The problem is
solved in MATLAB environment.

The model was partially verified by comparing the muzzle
decoy velocity with measured data. The model fits the data
quite well.

In the second phase of experimental verification the time
courses of pressures within the decoy launcher chambers will
be measured in order to comprehensively verify the accuracy
of the developed mathematical model. Then, sensitivity
analysis of the presented model could be also taken into
consideration.
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