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Barrel Heating in Hot Guns

 Hot guns can be very dangerous.
 If a cartridge is allowed to remain in a hot gun, it may explode.

I will discuss:
 Barrel heating during action time
 Barrel heating during blowdown

 Concurrent barrel cooling

 Heat transfer to a cartridge loaded into a hot gun
 Time until cook off
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Important Lessons Learned IM Test Development

“Multi-species” includes solid phase carbon particles  (JJY)

Liquid Fuel Fire Computer Simulation
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We Found that 90% of the Heating is Radiation from Carbon 
Particles

Radiation heat flux is 90%

Convection heat flux is 10%
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We Learned that the Fraction of Carbon Particles is Very Small 
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Fast Cook Off Lesson 
on Radiation

Two Burners Worked – Radiation from carbon particles met 
the requirement.  Stoichiometric fires w/o Carbon did not. 
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In the NATO “Science of Cook Off Workshop”

This paper showed there was free 
carbon in low concentrations in 
propellant combustion.

Carbon: 0.05, 5%, or 50,000 ppm

stable

stable
Complicated above 530K
Complicated above 1250K
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Conclusions for Gun Barrel Heating

 There are ample carbon particles entrained at Tgas for gas radiation emissivity = 1.0.

 The powder flame temperature, Tflame, will add additional radiation at the flame 
temperature.

 The flame temperature, Tflame, may heat the carbon particles and add additional 
radiation at the flame temperature.                      

Action time         Temperature will be flame radiation plus gas 
radiation

Blowdown  Gas radiation plus convection
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Propellant Heating from a Single Shot in a 30mm Machine Gun

Total Heating = Action time (while projectile is in the gun) + Blowdown time
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Mechanical Heating
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Blowdown

1. Yagla, Jon J. Pressure Vessel Discharge Non-dimensional Equations,
Paper No. 190335551; 28th International Symposium on Ballistics;
Atlanta, Georgia, 22–26 September 2014. DTIC AD 1154106

Polytropic flow equations to get ρ, T, speed of sound
Compressible flow equations for convection and radiation

Blowdown in Various Stages pf  / pi =    [1+ t / τ ]2 γ/(1- γ) 

Barrel and gas characteristic time τ=
2(V/ACi){[(2/(γ +1)(γ+1)/(γ -1) ] ½}/(γ -1)
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Barrel Temperatures after Many Rounds Fired

ΔT (F)

Axial location (mm)
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Let’s Do the Math: Conventional Gun (Action Time)

Tbulk = 2835 K

Tbulk = 2835 K

TFlame= 3800 K

of theAbout 30% of the 
radiation heating

About 70% of the 
radiation heating
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Action Time and Blowdown Gas Dynamic Heating

Q” = hconv (Tgas – Twall)
Q” = σ (T4

gas – T4
wall) Q” = σ (T4

flame – T4
wall)

Q” = hblow (Tgas – Twall)Q” = σ (T4
gas – T4

wall)
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Radiation and Convection Cooling
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Barrel Heating a Projectile – See the Poster for Details

ΔT = 182e-0.0095t
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Barrel, Projectile, and Temperature Difference 
After Cease Fire

Barrel Projectile delta T Expon. (delta T)

Experimental data shows the difference between the 
barrel and projectile in gun firing and cooling follows a 
curve similar to Newton’s Law, an exponential function

Laboratory apparatus to measure the heat transfer function of 
the barrel-to-projectile system with a segment of a barrel and 
instrumented cartridge.  The difference between barrel 
temperature and the projectile temperature allows direct 
calculation of the heat transfer coefficient as shown on the left.  

(150 C ) 
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Calculation of Projectile Temperature and Experimental Data

It took about 5 minutes to open the breech, 
insert the projectile and begin recording data

Projectile

Barrel

Theory

Experimental Data, Barrel Above, Cartridge Below

The starting temperatures are staggered because the gun 
was cooling from previous firings

Experiment
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Estimating the Time to Cook Off

The heat flux can be calculated from the derivative 
(dT/dt) of the projectile temperature curve  Cook-Off 
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Summary

 Knowledge from IM test development led to understanding of gun and projectile 
heating

 Barrel heating is caused by friction, convection, and radiation

 Convection is initially small and increases from 0 to its maximum value at the muzzle

 Radiation is from incandescent flames and entrained carbon

 Radiation can be the dominant heating mechanism in hypervelocity guns

 Barrel heating can be calculated

 Projectile heating and cook off can be predicted
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Thank You
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