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Parametric Studies on the Sensitivity of Single
Isolated Aluminum Particle Combustion Modeling

Sanghyup Lee* - Taeho Ko* - Heesung Yang* - Woongsup Yoon***

ABSTRACT

A simplified analytical modeling for micro-sized single metal particle combustion in air was
conducted in the present study. The metal particle combustion consists of two distinct reaction
regimes, ignition and quasi-steady burning, and the thermo-fluidic phenomena in each stage are
formulated by virtue of the conservation and transport equations. Reliability of the model is
shown by rigorous validation of the method with emphasis laid on the characterizing the
commanding parameters. Effects of Initial particle size, initial oxide film thickness, convection,

ambient pressure and temperature are examined and addressed with validation.
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Table 1 Various parameters and their default values

Parameters Default values
Initial particle size (um) 165
Ignition temperature (K) 2200
Initial oxide film
thickness (nm) 3
No forced
Convection convection & free
falling particle
Ambient pressure (atm) 1
Ambient temperature (K) 3000
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Table 2 Effects of initial oxide fim thickness

6 tig tasc langn Ts re/10
(nm) (sec) (sec) rate* (K

3 0.04992 | 0.07537 | -3.50 | 4270.16 | 5.49

30 | 0.04993 | 0.07542 | -3.50 | 4222.02 | 5.48

300 | 0.05007 | 0.07432 | -3.60 | 4278.39 | 5.49

3000 | 0.05144 | 0.06589 | -3.70 | 4234.75 | 5.48

*(x 107 m®/sec )
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Fig. 1 Particle burning time according to the initial
particle size
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Fig. 2 Ignition delay time according to the initial
particle size
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Table 3 Effects of initial particle size on the buming

characteristics
burn
Do Tp,0sc . Dres Tt
(um) © -ing -idue © i/ 10
um
rate* | /Do

30 | 227482 | -344 | 0.75 | 4368.76 | 5.41

50 | 2276.28 | -3.47 | 0.76 | 4409.24 | 5.41

100 | 2272.79 | -348 | 0.75 | 4312.72 | 541
165 | 227125 | -354 | 0.75 | 4270.16 | 5.48
200 | 2269.64 | -3.59 | 0.75 | 422432 | 5.56
300 | 2268.34 | -3.81 | 0.75 | 4188.55 | 5.88
500 | 2267.86 | -4.64 | 0.75 | 417534 | 7.16

*(x 107 m*/sec )
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Table 4 Effects of convective environment

Conv.

(m/s)

tig

(sec)

tQsc

(sec)

IMmox,QSC
(kg)

£/ 10

1
5
10

0.04853
0.04235
0.03798

0.07632
0.07421
0.07096

3.490E-09
3.446E-09
3.404E-09

542
5.58
5.84
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Table 5 Effects of ambient temperature
Tamb tig Mmox,HSR tosc burning Mmox,QSC I Dresidue/ Tt y
- If/ 10
(K) (sec) (kg) (sec) rate® (kg) m,, Do (K)
1000 | 0.92568 | 8.640E-10 | 0.08102 -3.20 4.337E-09 4.362 0.83 3217.70 | 4.59
1500 | 0.19241 | 5.313E-10 | 0.08125 -3.25 4.132E-09 3.786 0.80 342723 | 4.81
2000 | 0.10530 | 4.485E-10 | 0.07947 -3.34 3.874E-09 3.428 0.78 3667.06 | 5.03
2500 | 0.06935 | 3.965E-10 | 0.07747 -3.44 3.651E-09 3.194 0.76 3939.27 | 5.25
3000 | 0.04991 | 3.576E-10 | 0.07537 -3.54 3.504E-09 3.062 0.75 4270.16 | 5.49
3500 | 0.03800 | 3.287E-10 | 0.07343 -3.64 3.303E-09 2.912 0.73 455542 | 5.71
4000 | 0.03018 | 3.025E-10 | 0.07184 -3.73 3.015E-09 2.734 0.71 4766.27 | 5.92

*(x 107 m’/sec )
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