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Abstract: lonization seed refers to a compound
composed of alkali metal elements with low ionization
potential. Because of its lower ionization potential, it is
easier to decompose and ionize in the propellant gas to
generate plasma with conductive characteristics. Its gas is
easier to form a sheath under the action of a magnetic
field, which inhibits the forced heat transfer of high-
temperature gas, but the addition of ionized seeds will
change the original properties of the propellant. Therefore,
this paper mainly uses a combination of theoretical
research, simulation analysis and experimental
verification to study the impact of ionized seeds on the
internal ballistic performance of the propellant. The
results showed that the same content of different types of
ionized seeds, the difference in pressure test data is small.
When 6% cesium nitrate ionized seeds were added to the
propellant, the chamber pressure and initial velocity were
reduced by 1.87% and 0.94%, respectively. The addition
of ionized seeds had a certain impact on the internal
ballistic performance.
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1. Introduction

In the process of internal ballistics, the propellant
containing ionized seeds burns to generate a plasma with
conductive properties [1-2]. The gas is easier to form a
sheath under the action of a magnetic field, which can
inhibit the forced heat transfer of high-temperature gas,
but the addition of ionized seeds will change the original
propellant [3]. It is of nature and may affect the ballistic
performance of the barrel. To study the impact of ionized
seeds on the internal ballistic performance of the
propellant. Through theoretical calculation of the
important internal ballistic parameters of different types
and different contents of ionized seed propellant, the
initial parameters of the internal ballistic model are
determined, and the internal ballistic model is constructed
to simulate the influence of changes in internal ballistic
performance such as chamber pressure in the combustion
process.

2. Modeling

2.1. Calculation of Key Parameters of Interior Ballistics

2.1.1. Gunpowder power calculation

Gunpowder power is one of the important parameters
in the calculation of weapon internal ballistics, which
represents the work done by the combustion of 1000g
propellant under constant volume conditions. When the
propellant is burned in a closed explosive, the gas will
increase its density under the action of pressure. The van
der Waals equation can be used to express the real gas
state and combined with the Nobel-Abel equation, the
gunpowder force can be simplified as:

f =nRT )

2.1.2. Covolume calculation

The density of the high-pressure gas generated at the
moment the propellant burns is very high. The volume
occupied by the gas molecules themselves cannot be
ignored.

=0.001v, 2

The covolume represents the volume occupied by the
combustion product of 1kg propellant gas under standard
conditions. The gas combustion product can be obtained
according to the solution, and the covolume can be
obtained.

2.1.3. Burning rate coefficient calculation

In order to study the effect of burning speed on interior
ballistic performance, it is first necessary to determine the
burning speed equation and establish a propellant
combustion model. The burning rate equation constructed
with the burning rate coefficient, burning rate index,
pressure and other parameters of the propellant combined
with the shape equation, internal ballistic equation and
other internal ballistic equations, so that it is easier to
reflect the impact of internal ballistic performance.
Therefore, the burning rate can be expressed by the
following formula (3):

u(p)=u,p @)
In the formula, u(p) is the burning rate, and u, is the
burning rate coefficient.
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It is more convenient to use theory to calculate the
burning rate coefficient of different types and contents of
ionized seed propellant. To calculate the burning rate
coefficient, the burning rate equation must be constructed
first. Analysis from the perspective of chemical changes
in the combustion of propellant components. When the
propellant burns, the main components in the condensed
phase reaction zone are first decomposed into some NO;
gas. Studying the mechanism and reaction speed of NO;
reduction reaction is a necessary condition for
establishing the propellant combustion formula [4].

In the initial stage of combustion, the propellant are all
chemical groups, so the chemical formula of each
component of the propellant can be represented by the
corresponding group. If the propellant component is
represented by C. :

(CO), (CH,)g, (CHO), (CH,0)g, (NO,),, @)

In the formula, B; is expressed as the amount of the
substance of the corresponding group j contained in 1kg
of the propellant componentC, , expressed by the vector
B, as:

Bi = (BilBizBi3BiABi5) (5)

Taking function 5(p) as the equation expressing the

degree of cracking of [ CHO],the amount of gas produced
by the decomposition of 1kg of propellant component C,

during the combustion process is:
5
Nij(p) zzBij +717(p)Bi, (6)
j=1

J#3

n(p) is expressed as a function related to pressure,

which can be expressed as:
17(p) =2-exp(0.6931(1— p/ p*)) 7

p is the total pressure of the gas phase, and p=* is the
specific pressure.

From equations (6) and (7), the amount of NO;
produced during the combustion process of the propellant
can be expressed, which is represented by g(p):

6(p) =B,/ N(p) (8)
5
N(p)=sz +n(p)B, (9)
=1
123
a=B//B;;f=B,/B;;q=B,/B;;r=B,/B;
6 (p) =1/ (a+ p+n(p)g+r+1) (10)
Suppose the propellant formula is:
C= (0102 "'Ci) (11)
;Ci =1 (12)
The density of the propellant is:
Pp = (Z(Ci Ip)™ (13)
i=1

p, Is the density of propellant component C,

It can be determined that the burning rate of the
propellant (initial temperature 20<C) is:

u(p) =16.76x(p/ p’)x6*(p)/ p, (14)
The available burning rate coefficient is:

© ACADEMIC PUBLISHING HOUSE

JOURNAL OF SIMULATION, VOL. 10, NO. 1, Feb. 2022

u, =16.76x6,*(p)/ p p, (15)

After theoretical calculation, the parameters such as

gunpowder power, covolume and burning rate coefficient

of ionized seed propellant with different contents of

cesium nitrate, potassium nitrate and sodium nitrate are
obtained, as shown in the Figure 1-3.
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Figure 1. The relationship between gunpowder power and
ionized seed content
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Figure 2. The relationship between covolume and ionized seed
content
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Figure 3. The burning rate index changes with the content of
ionized seeds

2.2. Build an Interior Ballistic Model

The interior ballistic equations composed of shape
equation, burning rate equation, motion equation, etc. are
analyzed through key internal ballistic parameters such as
gunpowder power, covolume and burning rate coefficient

[5].
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w=xZ(+AZ+uZ%

4z _up
dt ¢
dv
Sp=pm—
p=pm-—_ (16)

Sp(l+1,) = foy —g(pmv2

_dl
ot

The equations are iteratively calculated to simulate the
changes in the pressure of the tube wall and the initial
velocity of the projectile to analyze the impact on the
internal ballistic performance.
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3. Numerical Simulation

3.1. The Influence of Different Types of lonized Seeds on
Chamber Pressure and Initial Velocity

Take 2%, 6% and 10% cesium nitrate, potassium
nitrate and sodium nitrate ionized seed propellant
respectively, and carry out numerical simulation
according to the internal ballistic parameters of a certain
type of artillery. The calculation results are shown in
Figure 4 to Figure 6.
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Figure 4. The influence of different types of ionized seed
propellant on chamber pressure.
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Figure 5. The effect of 6% ionized seed propellant on the
muzzle velocity of the projectile.
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Figure 6. The effect of 10% ionized seed propellant on the
muzzle velocity of the projectile

From Figure 4 to Figure 6, it can be seen that adding
different types of ionized seeds has a certain impact on
the gun chamber pressure. When keeping the total mass
of the propellant and the content of ionized seeds
unchanged, it is compared with ionized seeds of sodium
nitrate and potassium nitrate. Cesium nitrate ionized
seeds have the greatest impact on the chamber pressure of
the artillery, and the chamber pressure data changes more.
Sodium nitrate ionized seeds have the least impact on the
chamber pressure of the artillery. At the maximum
chamber pressure, the chamber pressure when the 10%
sodium nitrate ionized seed propellant burns s
approximately 245 MPa, which is about 21 MPa and 30
m/s higher than the chamber pressure and the initial
velocity of the projectile when the 10% cesium nitrate
ionized seed propellant burns. The chamber pressure and
muzzle velocity of the% sodium nitrate ionized seed
propellant during combustion are about 6 MPa and 7 m/s
higher than that of the 6% cesium nitrate ionized seed
propellant. The ionized seed content is 6%, which
basically does not affect the internal ballistic performance.
When the ionized seed content reaches 2%, the
simulation results show that there is little change in the
initial velocity of the projectile. When the ionized seed
content reaches 10%, the impact of the propellant on the
chamber pressure and projectile velocity is obvious.

3.2. The Influence of Different Content of lonized Seeds
on Chamber Pressure and Initial Velocity

The addition of cesium nitrate ionized seed propellant
has a significant effect on chamber pressure. Therefore,
the internal ballistic characteristic parameters of the
different content of cesium nitrate propellant obtained by
theoretical calculation are substituted into the model for
simulation calculation, and the influence of the change of
ionized seed content on the internal ballistic performance
is numerically simulated. The calculation results are
shown in Figure 7 to Figure 8.
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Figure 7. The effect of 6% cesium nitrate ionized seeds on
chamber pressure
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Figure 8. The effect of 6% cesium nitrate ionized seeds on
initial velocity

The increase in ionized seed content will reduce the
chamber pressure and initial velocity in the barrel.
Among them, the highest chamber pressure and the initial
velocity of the projectile when burning with 6% cesium
nitrate ionized seed propellant are reduced by about
7MPa and 9m/s compared with the ionized seed without
adding cesium nitrate, the chamber pressure is reduced by
3.37%, and the initial velocity is reduced by 1.41%.
Without changing the total mass of the propellant, the
addition of ionized seeds will reduce the quality of the
original components of the propellant. The heat released
during combustion in the chamber and the work done to
the outside will also decrease as the ionized seeds
increase, thereby reducing the chamber pressure. And
muzzle velocity. It can be seen that, compared with the
propellant without ionized seeds, the highest chamber
pressure is reduced by 3.37%, and the initial velocity of
the projectile is reduced by 1.41%, which has little effect
on the internal ballistic performance.

4. Test Verification

4.1. Experimental Composition

In order to simulate the real scene of propellant
burning in the pipe wall, the gas pressure and temperature
are as close as possible to the real chamber pressure and
explosive temperature of the propellant. The propellant
gas generating device adopts a closed reactor and uses an
ignition powder package for ignition. The pressure test
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system is mainly composed of a pressure sensor and a
pressure data acquisition system installed at the top of the
closed reactor. As shown in Figure 9

Figure 9. Closed reactor

4.2. Experimental Result

In the experimental verification of this article, a total
of 10 sets of experiments were carried out, and the
pressure time data of the propellant gas under different
types, different contents of ionized seeds and different
filling densities were obtained by collecting the pressure
data collected in the pressure test system. Three groups of
ionized seeds with the same content and different types
were carried out, and 14.5g of cesium nitrate, potassium
nitrate and sodium nitrate propellants each with a mass
fraction of ionized seeds of 5% were prepared. A total of
three groups of cesium nitrate-containing propellants
were carried out, and 14.5g of 2%, 6%, and 10% cesium
nitrate propellants were produced respectively. Three sets
of ionized seed propellants of the same content, type, and
different filling density were carried out. Three sets of
ionized seed propellants with a mass fraction of 6%
cesium nitrate were prepared, and 14.5g were tested and
verified in airtight explosives with different combustion
chambers.

Through the closed explosive test, the relationship
between pressure and time data is obtained. The pressure
and time data obtained with 2% ionized seeds and no
ionized seeds are basically consistent, as shown in Figure
10.
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Figure 10. The effect of ionized seeds on pressure

It can be seen from Figure 10 that the pressure test data
of the same content of different types of ionized seeds are
not much different, and it can be seen that the type of
ionized seeds does not affect the internal ballistic
performance. When the ionized seed content is 6%, the
pressure test data is closer to the data obtained without
adding ionized seeds, which will have a certain impact on
the internal ballistic performance.
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5. Conclusion

With the increase of the ionized seed content, when the
ionized seed content exceeds 10%, the ionized seed will
have a greater impact on the combustion performance and
internal ballistic performance of the propellant. When 6%
cesium nitrate ionized seeds were added to the propellant,
the chamber pressure and initial velocity were reduced by
1.87% and 0.94%, respectively. The addition of ionized
seeds has a certain impact on the internal ballistic
performance.
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