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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

Engraving
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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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Hot guns
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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

DISTRIBUTION STATEMENT A: Approved for public release. NSWCDD-PN-22-0177.  Distribution unlimited. 



21

References

1. Jon Yagla, PhD; David Griffiths; David Hubble, PhD; Washburn, PhD; David Griffiths; and Kevin Ford. Experimental Development of Propane
Burners for Fast Cook Off Testing; 2013 Insensitive Munitions and Energetic Materials Symposium; San Diego, California,
5–8 October 2013. DTIC AD 1154108

2. Dr. Sheldon Tieszen, PhD; Manager, Fire and Aerosol Sciences. Heat Flux Measurement in Fires; STANAG 4240 Fuel Fire Experts Meeting;
Meppen, Germany, 2–4 February 2010

3. Boa. Thermodynamic Potentials in Ballistics, China Ordnance Society. Beijing, PRC

4. Compressible Fluid Flow, Prentice–Hall, Englewood Cliffs, NJ, 1993, pp. 103–106.

5. Jon J. Freesmeier and P. Barry Butler.  Analysis of a Hybrid Dual-Combustion-Chamber, Solid–Propellant Gas Generator; Journal of 
Propulsionand Power, Vol. 15, No. 4, July–August 2019

6. 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

7. N. Jones, H. P. Hitchcock, and D. R. Villegas. Interior Ballistics of Guns, AD462060, February 1965

8. Frederick Robins, Course in Interior Ballistics, as modified by Jon Yagla to include computation of kinematic and dynamic viscosities, Reynolds
number, Nusselt number, and Prandtl number, as functions of in–bore projectile locations, and energy loss coefficient for high velocity guns, 2020

DISTRIBUTION STATEMENT A: Approved for public release. NSWCDD-PN-22-0177.  Distribution unlimited. 



22

References, continued

9. U.S. Army AMCP_706-150

10. NATO STANDARD AEP–4367, Thermodynamic Interior Ballistic Model With Global Parameters, Edition A Version 1, May 2015

11. Tuomainen, A. The Thermodynamic Model of Interior Ballistics, Academic Dissertation, Applied Physics Series No. 205 Acta Polytechnica
Scandinavica, University of Helsinki, Department of Physics, 1996

12. K. V. Meredith and M. W. Beckstead, Fast–Cookoff Modeling of HMX, University of Utah, Provo

13 .Frank Kreith, Principles of Heat Transfer, Second Edition, International Textbook Company, Scranton,PA

14.  Yagla, J.J., PhD and Joseph Plaia, PhD, Radiant Chamber for Fast Cook–Off Testing and Simulation, 2018 Insensitive Munitions and 
Energetic Materials Technology Symposium, Portland, Oregon USA, April 2018.  DTIC AD 1154105

15.  Carlucci, D.E., R. Decker, J. Vega, and D. Ray, Measurement of In-Bore Side Loads and Comparison to First Maximum Yaw, 29th 
International Symposium on Ballistics (ISB), Edinburgh, Scotland, 9–13 May 2016

16. Ove S. Dullum, Haakon Fykse and John F. Moxnes, Engraving, Friction And Wear In Small Caliber Guns, 28th International Symposium 
on Ballistics, Atlanta, Georgia, September 22–26, 2014

17. Fikus, Bartosz, Z. Surma, Leciejewski, and R. Trebinski, “Influence of Relations Defining Propellant Gases- Barrel Heat Transfer on 
Critical Burst Length of 35mm Anti-Aircraft Cannon” Military University of Ploand, Warsaw, Poland 2022

DISTRIBUTION STATEMENT A: Approved for public release. NSWCDD-PN-22-0177.  Distribution unlimited. 



23

Acknowledgements

International Fuel Fire Experts Team, especially

Ken Tomaselo
Tom Sweirk

Thomas Eich
Fabien Chassagne
Sheldon Tiesen
Jon Toreheim
Alice Atwood
Brian Fuchs
Josephene Colvino
Stephen Struck
Kevin Ford
Albert Bauma
Gert Scholtes
David Hubble
Ephraim Washburn

DISTRIBUTION STATEMENT A: Approved for public release. NSWCDD-PN-22-0177.  Distribution unlimited. 



24

Thank You
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