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Abstract: In order to enhance the ability of kerosene’ s ignition and flame stability in ramjet combustor,
the method that hot air was imported to heat kerosene, cavity flameholder and strut injection structure were ap-
plied to ramjet combustor. Reynolds—averaged Navier—Stokes equations with species conservation equation were
solved based on the finite volume method. Numerical simulations were conducted to study the flow field in the
ramjet combustor with and without hot air imported, and the effects of the air temperature on the combustion and
engine performance were compared. It is found that the influence of fuel injection on flow field and temperature
field is smaller and the fuel distribution is more uniform when the temperature of hot air is higher. Compared with
no hot air imported, although the total pressure loss increase in some extent, the fuel—air mixing efficiency, com-
bustion efficiency and the specific impulse of the combustor are improved in a remarkable extent with hot air im-
ported; especially with hot air imported (kerosene temperature 7=500K) , mixing efficiency increased by 7.03%

and mixed completely at the location of X=480mm after the injection point, total pressure recovery coefficient re-
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duced by 5.34% , combustion efficiency and specific impulse increased by 17.51% and 20.29% respectively at

the combustor exit. Due to the hot air imported to heat kerosene, the process of atomization and vaporization of

kerosene is omitted, which enhances the mixing of fuel and air and improves the stability of combustion. There-

fore, it is good for improving the combustor performance when hot air is imported to heat kerosene in ramjet com-

bustor.

Key words: Ramjet combustor; Cavity/strut structure; Hot air; Mixing efficiency; Combustion efficiency
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Fig. 1 Schematic of ramjet combustor
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Fig. 2 Local computing grid
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Fig. 3 Comparison of numerical results in this paper and
experimental results in ref.[14]
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Table 1 Details of inlet parameters in the half combustor

Stagnation Average diameter Temperature
Air mass flow/(kg/s) Static pressure/kPa Equivalence radio
temperature/K of droplet/pm of droplet/K
2 80 600 0.5 20 300
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Fig. 4 Streamline in the cavity
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Fig. 5 Streamline on the plane of Y=45mm
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(b) Without hot air imported (T=300K)
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Fig. 6 Streamline on the plane of Y=25mm

(¢) With hot air imported (T=600K)

Fig. 7 Streamline on the plane of X=554mm along the axial
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(¢) With hot air imported (T=400K)

(d) Without hot air imported (T=300K)

Fig. 8 Contours of C.H.; mass fraction at cross sections along the axial downstream of the strut
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(d) Without hot air imported (T=300K)
Fig. 9 Temperature contours at cross sections along the
axial downstream of the injector

Fig. 10 Mixing efficiencies downstream of the injector
along the axial
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Fig. 11 Combustion efficiency downstream of the injector
along the axial

Fig. 12 Total pressure recovery coefficient downstream of
the injector along the axial
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Table 2 Combustion efficiency, total pressure recovery coefficient and specific impulse at exit of the combustor

Temperature of kerosene/K Combustion efficiency

Total pressure recovery coefficient

Specific impulse/s Equivalence ratio

300 0.7768
400 0.8825
500 0.9128
600 0.8394

0.7672 9902.64 0.5
0.7328 11735.03 0.5
0.7283 11911.85 0.5
0.7531 11639.68 0.5

Table 3 Changes of combustion efficiency, total pressure recovery coefficient and specific impulse at exit of

the combustor compared with no hot air impored

Temperature of kerosene/K Combustion efficiency

Total pressure recovery coefficient

Specific impulse/s

400 13.61% 1
500 17.51% 1
600 8.06% 1

4.69% | 18.5% 1
5.34% | 20.29% 1
1.87% | 13.78% 1
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