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"Extensive research on the burning of

aluminum particles has been conducted since
the early 1960s. Aluminum powder additives
have found use in applications ranging from
enhancing the specific motor thrust for
propellants in rocket motors to the formulation
of advanced enerqetlc materials for the design

of decoy flares =
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omposition of Decoy Flare

Composition No. 4

e Magnesium 10150 wi-%
o Aluminium 9.900 wi-%
e Boron 4.125 wi-%
e Urotropine 8250 wi-%
o Ammonium perchlorate  42.075 wi-%
® Potlassium nitrate 6.600 wi-%
® PITFE 4.900 wi-%
® Viton® 14.000 wt-%

Koch, E.C., Pyrotechnic Countermeasures: |Il.
Review Advanced Aerial Infrared
Countermeasures, Propellants, Expolosives,
Pyrotechics, 31, 2006, No. 1, 3-19.
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’s Assumptions
In this study, the following assumptions has been
assumed:

1) The particle is spherical

2) The change in particle diameter is small during
combustion (due to oxide deposition)

3) Flow around the particle is laminar
4) The flame has spherical symmetry
5) The aluminum particle is coated with oxide
layer
6) The inner diameter of the particle is 10 ym and

the outer diameter of the aluminum is 20 ﬂm.
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iz Caletlation of the Partlcle Velomty
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The equation of motion of the falling

particle is:  mjg=_p,CoD? o (1)

The Drag coefficient of the particle is:
" 0.424 )2(

2/3
Cy {24(1+ Rep /6) Rep for Repglooo

———

0.2 0.25 0.3 0.35
up [m/sec]
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"he Flox qua lons and Boundary
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Conditions
The Navier Stokes equations is:
p%u+nvzu+p(u Vu+Vp=0 )3(
The continuity equation:
V-u=0 )4(
The boundary equation for these equations are:
u-n=vg, at 0Qi (et )5(
u-n=0 at 0Q4 1 and 0Q¢ 5
u =(0,0) at oQ ;
p=0 at 0Q et
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Conditions

The Oxygen diffusion equation is:

%+V-(—DVC+CU)=O )6(

The boundary conditions are:
C=Cp at 0 et )7(
(-DVc+cu)-n=0  atoQg 4 and 6Q¢
(—DgsVC)-n=0 at oy 1
(—DVc+cu)-n=cu-nat ot
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e Heat Conduction

and Boundary Conditions
The heat conduction equation is:

oT
PCp— + V(~Keoiig VT)=0 )8(
The boundary conditions is:
~N(~Kgiig VT) )9(
= heony (T = T)+ gcs(Tg‘ —T4)
Where: = S
2k
heony = — 91+ Re}2 Pri'3 /3]
I:)p,out
W

m?-K

=4597.6

8 i RSD - Rocket Systems Division NYI XN |DIN'O



9

N =
’ sagne
Qg Israel Mllltary lndustnes Ltd (IMI)

SEP

V odel’s Assumptlons

It is assumed that the following chemical reaction occurred
between the Aluminum particle and the Oxygen:

A|O+02 —)AIOZ +%02 )10(
Where the reaction rate constant is calculated from
the Arrhenius equation:

k = 4.63E +8exp(~10,008/T) |m?/mole -sec] )11(

Bucher, P., Yetter, R.A,, Dryer , F.L. Parr, T.P,,
Hanson- Parr, D.M. & Vicenzi, E.P., Flame Structure
Measurement of Single Isolated Aluminum Particles
Burning in Air, Twenty Six Symposium International
Conference, 1996.
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Expression Description

0.66 Density[kafm~™3]

2.6e-5 Dynamic viscosity [kaf{m*sec]

7.4E-9 Diffusion coefficient [m”2)s]

7.4e-9 Effective diffusion coefficinet [m2/sec]
1106.3 Rate constant [m3/{s*mol})]

0.001 Inlet velocity[m/s]

0.2 : Inlet concentration [molfm3]

Cancel
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=2 Oxygen velocity field around the
aluminum particle at t=0.05 sec

Time=0.05 Surface: Yelocity field [m/s] Max: 00777
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the aluminum particle at t=0.05 sec

Time=0.05 Surface: Concentration, ¢ [mol{m?]
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mperature |eld inside the
aluminum particle at t=0.05 sec

Time=0.05 Surface: Temperature [K] Max: 2266.144
xtos [£ [T 2|
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In this work, a two dimensions and time
dependent thermal model is developed and
assessed to describe the Iinterrelated
processes of Aluminum particle oxidation.
The thermal model consists of thermal
radiation, forced convection and thermal
conduction and oxygen diffusion and surface
reactions. It is assumed the aluminum
particle is coated with Aluminum oxide layer.
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