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In last years happens that some type of aircrafts are no more in use
from different reasons, but the stocks of ammunition for them are
enormous. In some cases the question of possibilities of launching
aircraft rockets from ground arises. Commonly, for ground launching
of aircraft rockets the need appears for increase of initial launching
velocity in order to provide required rocket range and precision. In
this paper different interior ballistic possibilities are studied as
candidates for appropriate launching. Interior ballistic concepts of
open-aft launcher, close-aft launcher, close-aft launcher with
additional charge, open-aft launcher with additional charge and
countermass and launcher with nozzle and additional propellant
charge are analyzed. Appropriate mathematical models and computer
codes are developed. Results for 57mm aircraft rocket show
possibilities of different interior ballistic concepts to fulfill specified
requirements.

INTRODUCTION

Today some types of aircrafts are no more in use from different reasons, but the
stocks of ammunition for them are enormous. Then the question of possibilities of
aircraft rockets launching from ground (for example, for light multi tube rocket
launcher) arises. Commonly for ground launching of aircraft rockets the need appears
for increase of initial launching velocity in order to provide required rocket range and
precision.

In this paper different ballistic possibilities are studied as candidates for launching
of 57mm aircraft rocket BR-20/57 (rocket initial mass - 3.380 kg, mass of double base
propellant - 1,12kg) with increased initial velocity. Following interior ballistic concepts
are analyzed:

m open-aft launcher,

m close-aft launcher,
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m close-aft launcher with additional propellant charge,

m  open-aft launcher with additional propellant charge and countermass, and
m launcher with nozzle and additional propellant charge.

For all these interior ballistic concepts influence of launcher length is studied.

MATHEMATICAL MODEL

The mathematical model for open-aft launcher with additional propellant charge
and countermass is given in this paper. All other models for different interior ballistic
concepts can be treated as special cases of this model.

The schematic representation of open-aft launcher with additional propellant
charge and countermass is given in figure 1.

Rocket motor

dditional propellant \rocket BR-20/57
charge

countermass

Figure 1. Schematic representation of open-aft launcher with additional propellant charge and
countermass

The mathematical model [1] is composed from following equations:

m equation for formation of propellant gases due to combustion of additional
propellant charge

dm

dtaC = PacSacUiac Pl (1)
where are: m,. - mass of additional propellant charge, t - time, pac - density of
additional propellant charge, S, - instanteneous burning surface of additional
propellant charge, ui, - coefficient in burning law of additional propellant charge,
pi - pressure in launcher, n,c- exponent in burning law of additional propellant
charge,

m flow through the rocket nozzle
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where are: pmm - pressure in rocket motor, k - specific heat ratio of products of
rocket propellant,
1. Determination of location of normal shock wave in nozzle using assumption
PiI=p2 (p2- pressure behind the wave)
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where is: M; - Mach number in front of the shock wave in the rocket nozzle.
Based on known py/p:m, M1 is determined by iterative procedure.

2. In the case of shock wave location outside the nozzle, we assume that it is in the
nozzle exit section. The maximum value of M determines by iterative procedure
from the expression:

k+1

S, 1] 2 (1+l«—1M2) 2(k-1) .
S, M, |k+1 2 "

whereare: Sq, - area of shock wave, S; - nozzle throat area, M, - maximum Mach
number,

3. Determination: M’ = min(My, My, ).

4. The cross-section area in the nozzle on the place of appearing shock wave
k+1

S, =S, 2(1 k_le)Z(H) 4
e T k1T 2 “)
5. Determination of pey:
k
pﬂ:(1+EMv2jk-l (5)
pex 2

where pey IS pressure in the nozzle exit area,
6. Determination of Vey:

1-k
2k pm)'<
V“_Jk—l fl—(mX ©6)

where are: Ve - gas velocity in the nozzle exit area, f - rocket propellant force,

7. Determination of mass flow rate through the nozzle m
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m equation for formation of propellant gases due to combustion of rocket charge

dmrm nrm
dt = prermulrmprm (11)

where are: prm - density of rocket propellant, Sy - instanteneous burning surface
of rocket propellant, uim - coefficient in burning law of rocket propellant, nyy,-
exponent in burning law of rocket propellant,

m equation of conservation of mass in the launcher

dt - WI ® dt out m pm dt
where are: pn, - density of gas mixture in launcher, W,- launcher volume between
rocket and countermass, z- relative burnt web of additional propellant charge,

m  mass of additional propellant charge and igniter

(12)

O=0, +0, (13)
where are: w, - mass of additional propellant charge, w; - mass of igniter of

additional propellant charge,
m equation of change of free volume in the launcher

MW odz [0, B ”
dt  p, dt “'[dt dt

where are: S; - cross-section area of launcher, x - rocket path in launcher, X -
countermass path in launcher,
m equation of energy conservation in the launcher
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where are: T, - temperature of gas mixture in launcher, ¢, - specific heat under
constant volume for gas mixture in launcher, cp, - specific heat under constant
pressure for products of burning of additional propellant charge, c,m - specific
heat under constant pressure for gas mixture in launcher, V - rocket velocity, V¢m
- velocity of countermass,
m combined force of additional charge and its igniter
., o,.f +of

f, = 11 a;)* (16)
where are: f, - force for propellant of additional charge, f; - force for igniter of
additional propellant charge,
m  mass flow rate through the aft-end of launcher when the countermass leaves

the launcher

Km+1

=
m ut :(Pp|S| km km +1 Rng| (17)

where are: ¢ - nozzle coefficient, ky, - ratio of specific heats for gas mixture in
launcher,
m change of burnt web

dz {f +2f, +3f (EJ }M (18)

dt dt

where are: f;, f,,f; - coefficient of geometry shape of propellant of additional

charge, e - burnt web of propellant of additional charge, e - initial web of

propellant of additional charge,

m equations for mixture of gases in the launcher
dc,, de, de,, de,

= = c..—C 19
dt dt V* dt vrm dt Vi vrm) ( )
where is gm - mass share of rocket propellant gas in gas mixture in launcher,
0z
€= (20)

®'z+m,,
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— L (21)
bm = 0 zem
Com = €.Cp. +€1Co (22)
Cvm = S*CV* + grmcvrm (23)
*{m dz zZm }
Q) _—
dC m dt out
vm_ _ —=(cy. —Cym) (24)
dt ((o*z + mrm)
R =&.Ry +€,Rym (25)
m equation of state for mixture of gases in launcher
pl = mengI (26)
m equations of rocket and countermass motion
dv  F+p,S,
— = 27
dt m(t) (27)
where is m(t) - instanteneous rocket mass,
WVou RS, 8)
dt m,
where is m¢y - mass of countermass,
La (29)
dt
Ko, _ (30)
dt — Yem
m equation for rocket thrust force
1+cosP |
F:nef 2 mrmVex +S|pl _Se(pl _pex) (31)

where are: ner - coefficient of loss of total pressure in rocket motore, § - angle of
divergent part of nozzle.

Based on these equations the computer program ROMOCM is created. For
solution of system of ordinary differential equations of developed system the fourth-
order Runge-Kutta method is used.

COMPUTATIONAL RESULTS

During evaluation of possibilities of different interior ballistic concepts for aircraft
rocket 57 mm BR-20/57 the following limitations are introduced:
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®  maximum pressure in launcher must not exceed the value of 120 bar; on that
way we provide the conditions for regular work of rocket motor for all interior ballistic
concepts,

m launcher length was limited on 3.2 m; this length was consequence of demands
for placing rocket and elements of different concepts and acheivement of required initial
rocket velocity, fom one side, and system mass, from other side,

m for additional charge can be used only already developed domestic types of
propellants.

Typical results for the interior ballistic concept of open-aft launcher with
additional propellant charge and countermass are given in figures 2 and 3. These results
are obtained for countermass mass of 3 kg and additional charge compose of 30 g of
tubular, nitrocellulose propellant.
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Figure 2. Change of pressures in launcher and rocket motor for open-aft launcher with additional
propellant charge and countermass

V(mis)
a8

Figure 3. Change of rocket velocity and acceleration for open-aft launcher with
additional propellant charge and countermass



432 INTERIOR BALLISTICS

Similar curves are obtained with ather interior ballistic concepts. Some of
computatitional results are comfirmed by experimental data.The highest initial rocket
velocity is obtained with the concept of close-aft launcher with additional propellant
charge (170 m/s). In the case of recoiless concepts the highest initial velocity is
acheived with the concept of launcher with nozzle and additinal propellant charge (165
m/s).

CONCLUSIONS

Based on previous considerations we can make following conclusions:

1. In last years happens that some type of aircrafts are no more in use from
different reasons, but the stocks of ammunition for the them are enormous.

2. Commonly for ground launching of aircraft rockets the need appears for
inccrease of initial launching velocity in order to provide required rocket range and
precision.

3. Following interior ballistic concepts are analysed:
open-aft launcher,
close-aft launcher,
close-aft launcher with additional propellant charge,
open-aft launcher with additional propellant charge and countermass, and

m launcher with nozzle and additinal propellant charge.

4. The mathematical model for open-aft launcher with additional propellant
charge and countermass is given in this paper. All other models for different interior
ballistic concepts can be treated as special cases of this model.

5. The highest initial velocity for aircraft rocket 57 mm BR-20/57 is obtained with
the concept of close-aft launcher with additional propellant charge (170 m/s). In the case
of recoiless concepts the highest initial velocity is acheived with the concept of launcher
with nozzle and additinal propellant charge (165 m/s).
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