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Abstract

The gun barrel is subjected to high dynamic loads along with very high temperature inputs for a very short period of
time in the range of 30-40 milliseconds. Hence the time required for the heat dissipation is very small, which leads to
the heat accumulation mostly at 2mm below the surface of the gun barrel. This creates high temperature gradients
inside the gun barrel. The greater the rate of firing, the greater would be the heat accumulation on the surface. This
rate of heat accumulation determines the various factors affecting the performance of the gun barrel like calculation
of the cook-off temperature of the gun barrel, amount of wear, rate of deformation, fatigue life of the barrel etc. The
paper uses thermochemical approach to calculate the heat transfer coefficient variation in the gun barrel. This data
is then used for the calculation of the heat transfer rate in the barrel in further finite element simulations of the gun
barrel. Using the pressure and velocity variations across the barrel axis along with the density variations and
assuming variable burning rate of the propellant values of the Reynolds number is calculated. Then using the mean
value of the Prandtl number of the products and Reynolds number,Nusselt number is calculated, from which heat

transfer coefficient is obtained..
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1. Introduction

The source of high temperature and dynamic loads in
the gun barrel is due to the thermochemical burning of
the solid propellant. The burning of the solid
propellant takes place in three stages; the burning of
the propellant under constant volume till the projectile
starts moving in the barrel is the first phase, the
movement of the projectile from the start till the end of
the barrel is the second phase and the final phase is
burning at atmospheric conditions just on the onset of
leaving the barrel. Due to all these three phases the
pressure varies inside the gun barrel which in turn
affects the temperature and other thermal properties
of the gases inside the gun barrel which needs to be
known before the analysis. The project deals with
thermal analysis of 120mm tank gun barrel.

2. Literature Survey

A lot of research has been done to study the process of
heat transfer in a gun barrel and the various
phenomena occurring when in operation.

Ercanet al (2012), formulated a thermochemical
approach in order to obtain the heat transfer
coefficient. The author has used variable burning
speed, fluctuating pressure along with wave speed and
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density of the combustion gases to calculate the
Reynolds and Prandtl numbers along the barrel axis.
Using these dimensionless numbers further Nusselt
number is calculated and finally the varying heat
transfer coefficient along the length of the barrel is
found out.

Mehmet et al(2014), studied the unsteady heat
transfer problem taking place in the gun barrel. The
transient heat transfer coefficient obtained from the
interior ballistic theory was used as inputs to calculate
the temperature distribution of the machine gun
barrel. Later on Finite Difference method was used to
find the numerical solution of the governing
differential equation of heat transfer.

Yujia Sunet al(2015), investigated the time varying
heat transfer nature of a circular pipe subjected to an
internally expanding cyclic heat source. The motion of
the heat source from inside to outside takes place in a
matter of few milli seconds, during which forced
heating due to convection takes place. After exiting the
pipe natural convective cooling takes place. Using
Finite volume approach the varying heat transfer to the
pipe is studied during this cyclic thermal loading
conditions. The output of the investigation are the
temperature response and distributions along with
heat flux response have been found out.

Hawet al(2009), considered the interlayer thermal
contact resistance between the steel barrel and the
chrome coating layer and used the conjugate gradient
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method based on an inverse algorithm for calculating
the heat flux at the inner surface.

Wu Yong-hai(2009) , using a material model related
to temperature, they calculated the transient
temperature field of the gun tube subjected to the
action of frequent periodic thermal and pressure pulse.

The influence of both these pulses on the
temperature distribution in he gun barrel has been
found out.

Mishra et al(2010), presented the numerical
approach too calculated the rate of heat transfer and
calculated the transient temperature profile using this
approach. He then validated using experimental
approach using vented vessel experimental setup.

Longmiaoet al(2008), showed how to numerically
simulate the transient thermal response of a composite
material gun barrel.

Haw-Long et al(2009), simulated the multilayer gun
barrel and estimated the heat flux and thermal stresses
along with thermal contact resistance.

S. Prochazkaet al(2012), analytical and finite

element calculations were done to calculate elastic
bore displacement, elastic tangential surface strain and
powder gas pressure. The propellant gases and
thermal load were considered together. The analysis
was done in software ANSYS Workbench. The
calculations were carried out for 30mm ballistic barrel.
Kolkertet al(1986), presented a two dimensional, quasi
two- phase flow (turbulent viscous and compressible)
model to find the spatial and temperature distribution
at the inner envelope of and through the barrel and in
the gas dynamic flow accompanying the interior
ballistic cycle.
Ahmed et al (2004), presented the interior ballistics
simulations in 9 mm small chamber conducted by
implementing the process into the mixture multiphase
model.

3. Methodology
The methodology for this project is as follows:

1. To calculate the heat transfer coefficient from
thermochemical approach.

2. Use the analytical results to analyze the thermal
stresses using FEA solver.

3. Validation of the simulated results using numerical
approach.

3.1 Calculation of heat transfer coefficient

The pressure and velocity variations inside the gun
barrel taken as inputs for the calculation are obtained
from the internal ballistic software output. The
pressure and velocity variations is shown below in the
Fig.1 and Fig.2 below.

The propellant used in the gun barrel is a triple
based propellant consisting of Nitro-cellulose
(CeH7N3011), Nitroglycerine (C3HsN309), and Nitro-
guanidine (CH4N40;). The major byproducts of the
reaction are CO, CO2, Hz, H20, N2. The remaining by

products are neglected since their mole fraction is less
than 104
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Fig.2 Velocity inside the barrel

The temperature and volume occupied by the gaseous
byproducts of combustion wunder atmospheric
conditions are 608.535°C and 1214.5886 liters
respectively. The temperature T, of the gaseous
mixture along the barrel axis is calculated using
following relation [1]:
Ta

Tb:ﬁ (1)

Ay Y

G

Where P; defines the varying barrel pressure along the
barrel axis, P4 is the atmospheric pressure and vy is the
ratio of c, and ¢y of the combustion gases which is
taken as 1.236.

The temperature variation calculated from equation
(1) is shown in the Fig.3 below.

Barrel temperature
3000

2500
2000
=
% 1500
< 1000

500

Gas mixture temperature in

0 100 200 300 400 500 600

Barrel axis (cm)

Barrel temperature

Fig.3 Gas mixture temperature variation along barrel
axis
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Reynolds number is calculated from the below
equation where d is 120 mm.

vgdp
Hm

Re= (2)

The specific gas constant of the mixture, Rm is
determined from:

Ry

Rm= MT (3)

Where Ru is the universal gas constant (=8314 m?/s2K)
Mr is the molar mass of the mixture (=22.42).
Therefore Rm is determined as 376.8296 m2/s2K.

The varying density (p), the varying expansion rate (vg)
is calculated from the equations given below.

P .
p=—or (4)
Rme
vg = Ty P2 (5)

where ¢ and n are taken as 0.00112 and 0.933
respectively.

The value of pmis taken as the mean values of the
viscosity of the byproducts. The results of all three
factors are shown in the Fig.4, Fig.5, and Fig.6.
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Fig.4 Gas mixture density change along barrel axis
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Fig.5 Gas mixture velocity change along barrel axis
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Fig.6 Gas mixture dynamic viscosity change with
respect to temperature
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Fig.7 Mean dynamic viscosity variation with respect to
temperature

As shown above mean dynamic viscosity variation with
respect to temperature is shown in Fig.7. The results of
Re obtained from equation (2) is shown below in Fig.8.
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Fig.8. Gas mixture Reynolds number variation along
barrel axis

The Prandtl number of the mixture is taken as 0.7

The Nusselt number is calculated from the equation (6)
given below:

Nu= 0.023 Re08Pr08 (6)
With the condition that Re>>10000 and L./D = 10.

The calculated Nusselt number versus Reynolds
number is shown in Fig 9.
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Fig.9Nusselt number of the gaseous mixture inside
barrel

The convection heat transfer coefficient variation, h,
along the barrel axis is found from

b Nu k ;

=— (7)
Considering the varying thermal conductivity of the
gaseous mixture the results of the varying heat transfer
coefficient are shown in the Fig.12 below.
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Fig.10 Heat conduction coefficient of the gaseous
mixture
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Fig.11 Mean heat conduction coefficient of the gaseous
mixture
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Fig.12 Convection heat transfer coefficient of the
gaseous mixture inside barrel

3.2 Using analytical results to calculate thermal
stresses:

The above calculated heat transfer coefficient will then
be used as input to the FEA solver to calculate the
temperature profile due to transient behavior and
temperature stresses produced in the barrel.

3.3 Validation using Numerical approach

The results obtained from simulation will then be
validated using the Numerical approach wherein the
governing equation will be discretized along with the
boundary conditions and the known analytical values
will be taken as input to calculate the temperature
variation with respect to time.

Conclusions

The heat transfer coefficient has been calculated using
the thermo-chemical approach. The variation of heat
transfer coefficient along the barrel axis shows the
transient nature of the possible rate of heat transfer
thus ensuring the results to be close to the practical
approach.
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