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Abstract: To investigate the influence of the initial droplet diameter on the flow field of gas-liquid two-phase rotating
detonation engine, an Eulerian-Lagrangian model of unsteady two-phase detonation is established based on the assumption of
an initially uniform droplet diameter and considering atomization and evaporation processes. Non-premixed two-dimensional
numerical simulations of detonation for liquid kerosene and high temperature air mixture are conducted. The results show that
a single stable rotating detonation wave is formed in the initial droplet diameter range of 1-70 um. For the global equivalent
ratio of 1, the air area before the detonation wave front is larger than the vapor area of kerosene droplets, resulting in
inhomogeneous mixing before the wave front. Both oil-rich and oil-poor areas form before the wave front. Due to the speed
difference between two phases of the gas and droplets, the air is separated to form a low-temperature strip. When the initial
diameter of kerosene droplets is small, the mixing process of reactants is mainly affected by evaporation and the detonation

wave propagates stably. When the initial droplet diameter is reduced to 1 pm, evaporation occurs at the entrance, and the
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rotating detonation flow field shows the characteristics of gas phase propagation, and the structure of the detonation wave is
smooth. When the initial diameter of kerosene droplets is relatively large, the mixing process of reactants before the wave front
is mainly affected by droplet break-up. For the same fuel mass flow rate with different initial droplet diameters, the maximum
residence time of kerosene droplets accounts for more than 80% of the detonation wave propagation time and the detonation
velocity increases with the increased ratio of gaseous part of the fuel. The velocity of the detonation wave increases first and
then decreases with the increased initial droplet diameter in the range of 10—70 um.

Keywords: rotating detonation engine; gas-liquid two-phase flow; combustion; droplet diameters
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Table 2 Injection parameters of kerosene droplets

T8 AR R (kgs)  VIIRRR AR um BRI EAGEEE/(msT) TRIHIRBE/K

1 1 2.0562 1 50 300
2 1 2.0562 10 50 300
3 1 2.056 2 20 50 300
4 1 2.0562 30 50 300
5 1 2.056 2 40 50 300
6 1 2.0562 50 50 300
7 1 2.056 2 70 50 300
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Fig.3 Contours of temperature for different cell sizes
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Table 3 Average velocity, temperature and reaction zone of detonation waves calculated for different cell sizes

R BTN mm BT SR (s ™) R EE/K 71X 5 BE fmm
0.20 1170 2509 0.70
0.25 1160 2500 0.75
0.40 1200 2543 0.85
0.50 1240 2482 1.00
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Fig. 8 Contours of mass fractions of O,, N, and CO, at an initial droplet diameter of 50 pm
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Fig. 10  Schematic diagram of droplets distribution

T 535 T AL 406 1 B B el R v, VRIS Ph R S D I N, R 2 U0 T R B A T P AT 48 7 ) 2%
KW, B 12 S T IR O BLAR S0 wm T30 T 937 Hh 3 V0 174 452 B st [ S (EL4R  A , e TR
15 R BT ] R 86.9 pso

022101-9



43 % B W, A B RGRE EAR X TR R B R S A S 52 4]

0.04 ™ Droplet diameter/uum 0.04 - Droplet residence time/pus

CEE T | .
5 20 35 5 65 80

g g
= 0.02 = 0.02

s,

0 0.02 0.04 0.06 0.08 0.10

0
X/m
BT FIGATER AR 50 wm W0 E AR L i 12 FIURWTH BAZ 50 pm Y TRGR15 B I 6] SRk 23 A
Fig. 11 Contours of the droplet diameter Fig. 12 Contours of the droplet residence time
at an initial droplet diameter of 50 pm at an initial droplet diameter of 50 pm
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Fig. 13 Contours of temperature and pressure at an initial droplet diameter of 1 um
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