
Propellant combustion, etc













Burn rate behavior.

Adiabatic flame temperature is an equilibrium 
property

Burn behavior is  a rate process





Material Burn rate law, rdot, mm/s E/R in surface pyrolysis law, K

NG 33 (p/70) 0.77

AP 8 (p/70)0.75 5314

RDX 15(p/70)0.82

AN 6840

HMX 5923

DB 5314



From Chen and Strand, An improved model for the combustion of AP
Composite propellants, AIAA J, p 1739, Dec 1982



1.00

10.00

10.0 100.0

B
u

rn
 r

at
e

, m
m

/s

Pressure, atm

Burn rate  (mm/s) vs. pressure, atm

Pure AP

1/7microns

9/90 microns

9/90 microns, 2

9/200

9/200, 2

50/200



From Ishihara, Brewster, Sheridan and Krier, The influence of radiative heat 
feedback on burning rate in aluminized propellants, Combustion and Flame, v. 84, 
pp 141 – 153, 1991

rdot  = 8.0 (p/70)0.476 (0%Al), 
= 8.7 (p/70)0.476 (10%Al), 
= 10 (p/70)0.476, (20 % Al)



The radiation data can be simply correlated by 

q’’ (kW/m2) = 450 – 492 exp (-3.2 p/70)    for Al = 0%,

q’’ (kW/m2) = 1400 – 1500 exp (-2.25 p/70)         = 10%,

q’’ (kW/m2) = 4000 – 4385 exp (-3.04 p/70)         =  20%,  p = atm



From Beckstead – Recent Progress in modeling 
solid propellant combustion

Material Burn rate law, rdot, mm/s E/R in surface pyrolysis law, K

NG 33 (p/70) 0.75

AP 8 (p/70)0.75 5314

RDX 15(p/70)0.82

AN 6840

HMX 5923

DB 5314



Effect of particle size distribution



Gross and Beckstead, JPP,  Jan 2009

Miller, R. R., “Effects of Particle Size on 
Reduced Smoke Propellant Ballistic 
Propulsion Conference
AIAA Paper 82-1096, AIAA/SAE/ASME 
18th Joint Propulsion conference, 
June 21-23, 1982. 



PCL - AP APEP

The data reveal that due to more spherical nature of  particles of PCL AP, EOM viscosity of propellant slurry

was less compared to APEP AP. However, propellant compositions having PCL AP gave less burn rate compared

to propellant compositions containing APEP AP. This is due to the fact that burn rate is affected by surface area

of AP particles. As the shape factor of particles increases, the particles become more spherical. Thus, surface area

of particles decreases. The decrease in surface area is responsible for decrease in burn rate of propellant which

is shown by PCL AP as it has less surface area.

Let us analyze the statement….



We must compare the surface area for the same total solid loading. Let us see how it does that.

+30 = 500 μm, + 44 =  354 μm, + 52 = 297 μm, + 60 = 251 μm,  + 72  = ? +85 = 178 μm, + 100 = 152 μm



Same solid loading implies

n1 π ds
3/6 = n2 π dc

2 L/4, 

n1 = No. spherical particles, n2 = No. cylindrical particles, 
ds = dia of spherical particle,    dc and L = dia and length of cylindrical particle.

Therefore,  n1/n2 = (3/2) (L/ds) (dc/ds)
2

The surface area ratio between spherical and cylindrical particles is

SARsc = n1 π ds
2/ n2 (2 π dc

2/4 + π dc L) = (3/2) (dc/ds)/(1 + dc/2L)
= 1.0 (for dc/ds = 1 and dc/L = 1)
= 1.2 (for dc/ds = 1 and dc/L = 0.5)

Will this make a substantial difference?  … Remember the particle size effect 
actually observed?  It is indeed significant. Hence to truly extract the shape 
effect, we must separate the size effect, Is it not? 
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Plots on a single axis will reveal  features that you cannot otherwise see



Firing no Charge no Mass tb Dt C* Pc avg 

16403 2541 1.869 3.49 13.44 1567.69 53.72 

16404 2541 1.87  12.2 1478 65.2 

16405 2541 1.877  11.52 1433 72.52 

 

Notice the significant variation in c* in
Seemingly same class of BEM studies
Does this bother you?
Should it bother you?


