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1 BRIV
Table 1.  Al/O, gas-phase mechanism.

G FEIC RN A/(cm?mol s 1) n E/(cal-mol ™)
1 Al + Oy, =AlIO + O 9.72 x 1013 0 159.95
2 Al+O0O+M=AI0O+M 3.0 x 107 -1.0 0
3 AlO + 02 = OAIO + O 4.62 x 101 0 19885.9
4 Al,05 = AIOAIO + O 3.0 x 101 0 97649.99
5 ALO; = OAIO + AIO 3.0 x 109 0 126999.89
6 AIOAIO = AlO + AIO 1.0 x 101 0 117900
7 AIOAIO = Al + OAIO 1.0 x 10% 0 148900
8 AIOAIO = AIOAL + O 1.0 x 10 0 104249.94
9 OAIO = AlIO + O 1.0 x 10% 0 88549.86
10 AlIOAI = AIO + Al 1.0 x 10 0 133199.94
11 Al,O3 = Al,O4(1) 1.0 x 101 0 0
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Fig. 1. Computational domain and boundary conditions for

the counterflow flame with aluminum particles.
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Table 2.  Case setups for mesh resolution and time step

sensitivity investigations.

No. MRS AR /um BRI s SIRRGESL
Case 1 125 1x10°6 3
Case 2 125 1x10°6 2
Case 3 167 1x 106 2
Case 4 100 1x10°6 2
Case b 125 1.2 x 10 2
Case 6 125 5x 107 2
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S |
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S i i 2 5000 A
Fig. 2. Average axial profiles across the aluminum counter-

flow flame under different mesh resolutions and time steps.
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Fig. 3. Comparison of the velocity profiles of both particles
and gas phase of the target aluminum opposed jet flame

calculated in the present study and experimental data.
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Fig. 6. Time-averaged gas temperature (left) and AlO mass
fraction fields (right) and instantaneous particle clouds.

Dust concentration: 500 g/m?, particle diameter: 5.6 pm.
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Fig. 9. Time-averaged gas temperature (left) and AlO mass
fraction fields (right) and instantaneous particle clouds.
Dust concentration: 500 g/m?, particle diameter: 15 pm.
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Fig. 11. Time-averaged gas temperature and AlO mass fraction fields and instantaneous particle clouds of the counterflow flame un-

der different average strain rates (SR). Dust concentration: 500 g/m?, particle diameter: 15 pm.
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Fig. 12. Average axial profiles across the aluminum counter-
flow flame with a dust concentration of 500 g/m® under dif-
ferent strain rates (SR). SR; and SRy stand for the strain
rates of 60 and 500 s, respectively.
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Fig. 13. Variation of flame speed of aluminum suspensions
with strain rates. Dust concentration: 500 g/m?, particle

diameter: 15 pm.
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Numerical simulation of aluminum dust counterflow flames
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Abstract

Aluminum is widely used as an additive in solid rocket propellants and pyrotechnics due to its outstanding
characteristics such as high energy density and combustion temperature, environmentally benign products, and
good stability. Recently, aluminum powders are found to present great potential serving as alternative fuel in a
low-carbon economy. In this paper, a detailed model including the effects of interphase heat transfer, phase
change, heterogeneous surface reactions, homogeneous combustion and radiation is employed to investigate
aluminum dust counterflow flames.

The numerical model is first validated by simulating the aluminum dust counterflow flames of McGill
University. The results indicate that the particle velocity profile is in very good agreement with the
experimental measurements. A detailed analysis of estimating the gas phase velocity based on the particle
velocity is performed by using Stoke time 7. The results show that a correct value of 7, is the key to this
method, and using a single value of 7, can bring a notable bias to the results, which may also affect the
evaluation of flame speed from the counterflow flame. It is suggested that model validation should be carried
out by directly comparing the particle velocity profiles from the simulations with those from the experiments.
The flame structure of the aluminum dust counterflow flame is discussed, and the interphase heat transfer
model is found to have a great influence on the flame for particle sizes smaller than 10 um. Therefore, when
simulating the aluminum dust flames with small particle sizes, the interphase heat transfer model should be
selected carefully so that it can cover the transition heat transfer regime. The effect of particle diameter is
examined. With the increase of the particle size, the flame speed continues to decrease, and most particles with
a diameter of 15 pm cannot be fully burnt in the present configuration. The strain rate is found to be an
important factor affecting the dust flame. As the strain rate increases, the residence time of the particles in the
flame zone decreases, which ultimately leads the particles to be combusted incompletely. Moreover, the reaction
zone of the counterflow flame, marked as AlO, is observed to be shrunk from a large double-peak structure into
a small single-peak one along the burner centerline when strain increases. The reference flame speed increases
with strain rate, and an unstretched reference flame speed of roughly 29 cm/s can be obtained by linear
extrapolation of the predicted results. The effect of radiation is investigated by comparing two cases with and
without radiative heat transfer. The results show that the heat loss caused by radiation can lead the
temperature to decrease greatly in the gas phase, but the heating effect on the particles by radiation is
relativelysmall.
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