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Super鄄High Initial Velocity Mechanism of Bullet Propulsion
with Adaptive Pressure鄄Maintaining Chamber
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Abstract: To deal with the problem that the initial velocity of the bullet is difficult to increase, the
research on the super鄄high initial velocity propulsion in the barrel weapon with an adaptive pressure鄄
maintaining chamber are conducted. Considering the law of gun鄄powder burning and the flow char鄄
acteristics of gun鄄powder gas in multi鄄chamber, the scheme of super鄄high initial velocity propulsion
with an adaptive pressure鄄maintaining chamber is designed, the ballistic model of the barrel weapon
with super鄄high velocity bullet propulsion is established. The research results show that the technical
scheme can greatly increase the initial velocity of the bullet with the peak pressure keeping nearly the
same as the tradition barrel weapon. The research results can provide a theoretical foundation to sig鄄
nificantly increase the initial velocity in barrel weapons using solid propellants, and have an impor鄄
tant reference value to comprehensively increase the power of the barrel weapons.
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摇 摇 Increasing the initial velocity of a bullet is an
effective way to improve its penetration ability
and range. The traditional way to increase the ini鄄
tial velocity is to increase the charge. But increas鄄
ing the charge can result in excessive pressure
which can cause the pre鄄mature explosion, fuse
failure or the muzzle explosion. In order to assure
the integrity of weapon barrel under high pres鄄
sure, the size and quantity can be increased but
this is not very good for the flexibility of the
weapon. Furthermore, because of the high pres鄄
sure, the recoil force will be increased and it will
be more difficult for the weapon to be mounted
on a plane, tank or naval ship. The resistance of
the shell of the bullet will also be increased under
high pressure which deteriorates the safety of the

weapon when it is shooting. So, how to increase
the initial velocity without increasing the pressure
is a very important problem for the further devel鄄
opment of traditional weapons.

There are a lot of studies on this problem at
home and abroad. Although big breakthroughs
have been made in electro鄄thermal chemical emis鄄
sion[1], system integration, electromagnetic com鄄
patibility, weaponry structure and continuous am鄄
munition technology, these are not ready for use.
Though light gas guns[2] can give the bullet an ini鄄
tial velocity of over 4 000 m / s through expansion
of low molecule at high temperatures[3], it is still
in an experimental phase. Even though in electro鄄
magnetic rail guns, the initial velocity can be in鄄
creased significantly, there are a lot of problems,
for example, the rail is too long, superconducting
magnet needs low temperature and the barrel of
the gun will get very hot because of the heavy
current. Therefore this kind of technique cannot
be applied on the traditional weapons (especially

—32—



Journal of Beijing Institute of Technology, 2020, Vol. 29, No. 1

on small and medium caliber automatic cannons
which require high flexibility ) . Also, changing
the mode of powder ignition[4] or the method of
burning the powder[5 -6] cannot increase the initial
velocity significantly.

So, a new way should be developed when the
initial velocity is increased but the pressure is not
increased while the strength of barrel flexibility
can be assured. The shape of the traditional inter鄄
nal trajectory pressure curve is: the pressure in
the barrel of the weapon increases very rapidly
with time, but after the pressure peaks, it decrea鄄
ses very rapidly. This kind of pressure curve
shape means the integration area of the curve is
small, so the pressure cannot create huge mo鄄
mentum for the bullets and the initial velocity is
not very high. So the ideal curve is: the pressure
increases significantly with time and when it rea鄄
ches a peak, the pressure is kept stable basically
through some way. Then the integration area can
be increased and the initial velocity can be in鄄
creased. In order to realize this goal, the struc鄄
ture of the barrel of the weapon should be
changed and the new structure should be more
complex, able to keep the pressure stable when
the pressure reaches peak. This paper provides a
way to increase the initial velocity significantly
without increasing the pressure or changing the
shooting method.

1摇 Physical Model
The principle of super鄄high initial velocity

propulsion with an adaptive pressure鄄maintaining
chamber is listed as follows. As shown in Fig. 1,
a new pressure maintaining chamber is designed
with a preset pressure, which can be get by blank
ammunition or by other ways. There is an expand鄄
ed chamber on the right side of the piston which
will be affected by the pressure gas created by the
gunpowder. Once the bullet is shot and passed
the gas port, the high pressure gas transfers into
the expanded chamber. When the pressure is
higher than the preset pressure, the piston will be

pushed to the left and the volume of expanded
chamber will increase, so part of the high pres鄄
sure gas energy will be stored in the expanded
chamber. As the bullet moves, the pressure in
the barrel decreases. Once the pressure in the
barrel is lower than the pressure in the expanded
chamber, the high pressure gas stored in the ex鄄
panded chamber will move into the barrel to be鄄
come the momentum of the bullet.

1 - Barrel; 2 - Pressure maintaining chamber; 3 - Piston;
4 -Expanded chamber; 5 -Gas port; 6 -Bullet

Fig. 1摇 Structural diagram

2摇 Mathematical Model
In this paper, some assumptions have been

made: the powder burns instantly and the surface
of the powder burns simultaneously; the process
of bullet gradually squeezing into the rifling is dis鄄
regarded;the powder burning obeys the geometric
burning rule, the pressure and the powder left o鄄
ver after shooting obey the Lagrange hypothesis
that the gas mixture is even; frictional resistance
when the gas moves along the wall of the barrel
after shooting is not considered; the pressure and
gas velocity are uniform throughout the barrel.

According to the assumption of the powder
burning geometric rule, the shape equation for the
powder before and after explosion is
鬃 =字Z(1 +姿Z +滋Z2), Before the gunpowder split
滓 =(1 +2姿Z +3滋Z2), Before the gunpowder split
鬃 =字sZ(1 +姿sZ), After the gunpowder split
滓 =(1 +2姿sZ),

ì

î

í

ï
ïï

ï
ïï After the gunpowder split

(1)
The equation for the speed of powder burning

is
dZ
dt =

滋1Pn

e1
=Pn

Ik
(2)
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Consider the loss of the powder energy when
the bullet moves, the equation for the internal
trajectory is

SP( l鬃 + l) = f棕鬃 - 兹
2 渍mv2

l鬃 = l (0 1 - 驻
籽 (1 -鬃) - )琢驻鬃 (3)

dl
dt = v (4)

In Eqs. (1) - (4), the relevant parameters
are shown in Ref. [7] .

Because the bullet moves so fast, the air is
condensed and a shock wave is produced. Actual鄄
ly, the shock wave becomes resistance for the
bullet and cannot be neglected. Assume that the
velocity of the bullet is v, the velocity of shock
wave is D, the state of the gas is 籽1, p1, u1 = 0
before shock wave, the state of the gas is 籽2, p2,
u2 = v after shock wave, as shown in Fig. 2.

Fig. 2摇 Shock wave before the bullet

Based on the conservation of mass, momen鄄
tum and energy, the ratio of pressure after and
before the shock wave is

p2

p1
=1 + k(k +1) (4

v
c )
1

2

+

(k v
c )
1

(1 + (k +1) )4 (
2 v

c )
1

2

(5)

where c1 is the speed of sound before a shock
wave, k is the Adiabatic coefficient of the gas.
Consider the resistance for the fast鄄moving bullet,
the moving equation for bullet is

渍m dv
dt =S(P -P2) (6)

When bullet moves and past the gas port in
the barrel, the high pressure gas moves into the
expanded chamber. When the pressure in the ex鄄
panded chamber is higher than the preset pressure
in the barrel, the piston will be pushed moving
and the space of the expanded chamber will be in鄄
creased. When the pressure in the barrel is lower

than the pressure in the expanded chamber, the
high pressure gas will move into the barrel from
the expanded chamber. Based on the theory of
gas dynamics, when the ratio between the pres鄄
sure in the barrel and the pressure in expanded
chamber is bigger than the critical pressure ratio,
the gas moves at sonic speed, otherwise it moves
at a subsonic speed. The mass flow rate equation
for the gas flow between the barrel and the ex鄄
panded chamber is

qmb =

滋bSbK0 p籽, Pq <孜P

滋bSb
2酌
酌 -1p [ (籽

pq )p

2
酌

(-
pq )p

酌 +1

]
酌

, 孜P臆Pq臆P

-滋bSb
2酌
酌 -1pq籽 [ (q

p
p )
q

2
酌

(- p
p )
q

酌 +1

]
酌

, P <Pq臆
P
孜

滋bSbK0 pq籽q,
1
孜 P <P

ì

î

í

ï
ï
ï
ï
ï

ï
ï
ï
ï
ï q

(7)
d籽q

dt =
qmb - 籽qShvh

Vq0 +Shxh
(8)

Based on the conservation of energy, the
quantity and energy of the pressure gas which
flows into the expanded chamber equals the quan鄄
tity and energy of gas increase in the expanded
chamber[8], that is

dmq

dt =
d籽qvq

dt =
d(籽q(Vq0 +Shxh))

dt =

(Vq0 +Shxh)
d籽q

dt + 籽qShvh (9)

- 啄Q
dt + eiqmb = dU

dt + 啄A
dt (10)

啄A
dt =

PqdVq

dt =Pq
d(Vq0 +Shxh)

dt =PqShvh (11)

dU
dt = d

dt(籽qVqCVTq) = d
d (t 籽qVq

R
酌 -1

Pq

籽q
)R =

1
酌 (-1 Vq

dPq

dt +Pq
dVq

d )t =

1
酌 (-1 Vq

dPq

dt +PqShv )h (12)

dQ
dt =琢 (Tq -T) c(Fq0 +pdhxh) (13)

The piston leakage is not considered and the
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equation of the change of the pressure in the ex鄄
panded chamber is shown as

dpq

dt = 酌 -1
Vq0 +Shx

(
h

- dQ
dt + eiqmb -

酌pqvqSh

酌 )-1
(14)

The equations for the gas parameters in the
expanded chamber and the movement of the pis鄄
ton are

pq = 籽qRTq

ei =
CpTp, p逸pq

CpTq, pq逸{ p

dxh

dt = vh

dvh

dt = 1
mh

[(pq -pa)Sh -Ff]

K0 (= 2
酌 )+1

酌 +1
2(酌 -1)

酌

Ff =PfS

ì

î

í

ï
ï
ï
ï
ï
ï
ï

ï
ï
ï
ï
ï
ï
ï

h

(15)

where 滋b is the gas flow coefficient in the expand鄄
ed chamber; Sb is the area of the gas port; Pq, 籽q

are the pressure and density in the expanded
chamber; P,籽 are the pressure and density in the
barrel; 酌 is the adiabatic coefficient of powder
gas; 孜 is the critical pressure ratio; Vq, Vq0, Fq,
Fq0 are the current volume, initial volume, dissi鄄
pation area, initial dissipation area, respectively;
Sh,xh,vh, mh, dh are the piston area, distance,
velocity, quantity, and diameter, respectively. Pf

is the preset pressure.
Eq. (3) is derivative to time t, and then sub鄄

stituted into Eq. (6), solving with Eq. (2), con鄄
sidering the change of gas energy flow between
the pressure鄄maintaining chamber and the ex鄄
panded chamber, the gas pressure in the expand鄄
ed chamber changes over time as follows

dP
dt = 1

(l鬃 + l [ ()
f棕
S (+ 琢 - 1 )籽

P棕 )S 字滓 dZ
dt -

eiqmb -Pv(1 +兹) +p2 ]v (16)

3摇 Model Design and Analysis
According to Eq. (16), when the expanded

chamber is added, the speed of powder burning

and the speed of the bullet and gas flow from the
gas port are the main factors for the change of
pressure in the barrel. So, the powder of burning
in the internal trajectory is divided into several
different stages.

The first stage is the early stage. The powder
is burning at a constant rate and the bullet is not
moving. The gas port is not open and the pres鄄
sure in the barrel is only related to the speed of
burning powder. The pressure is increasing be鄄
cause of the burning powder.

The second stage is from the moving of bullet
to the end of the powder burning. During the
stage, the gas port is just open and the speed of
the bullet is not very fast. With the burning of the
powder, the pressure in barrel is increasing.
When the gas pressure in the barrel is higher than
the gas pressure in the expanded chamber, the
high pressure gas in the barrel moves into the ex鄄
panded chamber to decrease the pressure in the
barrel. Once the gas pressure in the barrel is low鄄
er than the gas pressure in the expanded cham鄄
ber, the high pressure gas in the expanded cham鄄
ber will move into the barrel to increase the pres鄄
sure in the barrel. Then the speed of the bullet
and the volume behind the bullet increases, the
increase of the created pressure from the burning
powder is slower than the decrease of the pres鄄
sure from the expansion of space behind the bul鄄
let, then the pressure in barrel decreases.

The third stage is from the time when the
powder is finished burning to the time when the
bullet exits the muzzle. The expanded chamber
cannot release too much the high pressure gas for
the barrel, so the pressure in the barrel continues
to decrease and the bullet gets its initial velocity
at the muzzle.

According to the analysis, in order to get the
super鄄high initial velocity, a reasonable structure
should be designed based on the second stage.
The design of the gas port and piston as well as
chambers are very important. The suitable posi鄄
tion and the size of the gas port and the piston
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can assure the high pressure gas in the barrel
moves into the expanded chamber in time.

Based on Eq. (6), the speed of the bullet is
related with its cross鄄sectional area, the mass of
the bullet, the quantity of powder and the integra鄄
tion area of the pressure. Therefore, it is relative鄄
ly easier to get the high initial velocity for the light
bullets. This paper is based on a 45 mm caliber
weapon with an initial velocity of 2 000 m / s and a
peak pressure of 400 MPa.

The values of the relevant interior ballistic
parameters are shown in Tab. 1.

Tab. 1摇 Table of interior ballistic parameters

Parameter Numerical value Parameter Numerical value

Md / kg 0郾 32 滋 8郾 5 伊10 -7

Lg / m 4 滋b 0郾 6

d / mm 45 V0 0郾 000 03

棕 / kg 0郾 65 Lk / m 0郾 02

V / m3 0郾 000 7 Sh / m2 0郾 002

2c / mm 0郾 4 Mh / kg 0郾 8

2b / mm 4 Kh / (N·mm -1) 500

2e / mm 0郾 7 Lh / m 0郾 04

P0 / MPa 30 Sb 0郾 000 63

摇 摇 According to the calculation data above and
solving the equations of interior ballistic equations
numerically, the variation curve of parameters
can be obtained during the interior ballistic peri鄄
od, such as the gas pressure P in the barrel, the
gas pressure in the expanded chamber Pq, the
speed of the bullet v, the movement of the piston
Lh and so on.

Based on the results of the calculations,
when the pressure in the expanded chamber rea鄄
ches the preset pressure, the piston moves at
0郾 6 ms and maintain the peak pressure, which is
reached at the time of 1郾 37 ms (Fig. 3) . When
the piston moves in reverse, at the time of
1郾 55 ms, the pressure in the expanded chamber
reaches the second peak. When the bullet is mov鄄
ing in the barrel and the piston is moving in re鄄
verse, the pressure in the expanded chamber is
always higher than the pressure in the barrel

which can slow down the rate of speed of pres鄄
sure decrease in the barrel and increase the inte鄄
gration area of the curve. Then the initial velocity
can be increased, as shown in Fig. 4.

Fig. 3摇 Curves of P - t and Pq - t

Fig. 4摇 Curve of V - t

Fig. 5摇 Curve of Lh - t

When the piston moves back to the original
position, it will pull back again because of its in鄄
ertia. Then the gas in the barrel will move into
the expanded chamber. So the time for the piston
moving back to the position should be close to the
time when the bullet leaves the muzzle (Fig. 5) .
Fig. 6 shows the pressure curve without the pres鄄
sure鄄maintaining chamber and expanded cham鄄
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ber, the peak pressure reaches 556 MPa, which
may endanger the weapon, because the weapons
may not be able to withstand such a high gas
pressure of gunpowder. But if the pressure鄄main鄄
taining chamber and expanded chamber is adopt鄄
ed, the peak pressure is only 395 MPa and the ini鄄
tial velocity is 2 019 m / s.

Fig. 6摇 P - t curve of ordinary inner trajectory

4摇 Conclusions
The analysis results show that, by adopting

the structure of the pressure remaining chamber
and expanded chamber, a super鄄high initial veloc鄄
ity of the bullet above 2 000 m / s can be realized
under the premise that the gas pressure in barrel
is no more than 400 MPa. The new technical
scheme can greatly increase the initial velocity of
the bullet. In addition, the maximum peak pres鄄
sure is much lower than that of conventional gun
barrel weapons.

Therefore, it is a new theoretical feasible
way of bullet propulsion with super鄄high initial ve鄄
locity. And it can provide a theoretical foundation
for the solid propellant barrel weapon to greatly
摇 摇

increase the initial velocity of bullet.
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