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Theoretical Study for Heat Transfer of Ramjet Fuel Tank
HAN Jiang-feng', ZHENG Ri-heng'?, LI Li-han'?, ZHANG Xiao-ge'

(1. The 31st Research Institute of CASIC, Beijing 100074, China;

2. Science and Technology on Scramjet Laboratory, Beijing Power Machinery Institute, Beijing 100074, China)

Abstract . In order to study the fuel temperature after the long time flight of the ramjet so as to check
whether the fuel temperature is over the limit, the model of the heat transfer between the external flow of the
shell and the fuel tank is constructed based on the test data. Under the different work conditions, the heat
transfer coefficient of the fuel tank wall is obtained. The functional relation of the heat transfer coefficient
with the flight Mach number and altitude is built up. The fuel temperature and the fuel consumption rate are
investigated under the extreme temperature environment and the typical flight trajectory. The computed re-
sults show that the heat transfer coefficient increases as the altitude decreases and Mach number increases.
The remaining fuel quantity has great impact on the final fuel temperature. The maximal fuel temperature is
not over the required limit which is 180°C.
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Fig.1 Heat transfer model of the fuel tank
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Table 1 A and c,
T/°C 20 100 200 300 400 500 600 700 800 900
A (W/(m - K)) 6.0 6.7 7.7 8.6 9.7 10.9 12.1 13.4 15.1 17.1
e,/ (J/ (kg - K)) 527 542 565 583 607 627 646 672 716 763
Table 2 Fuel properties!™"
T/ p/ v/ c,/ T/ p/ v/ ¢,/
C (g/cm’) (mm?/s) (kJ/ (kg - K)) C (g/cm’) (mm?*/s) (kJ/ (kg - K))
-50 0.988 - 1.214 60 0.905 1.694 1.601
-40 0.981 17.993 1.249 70 0.897 1.482 1.637
-30 0.973 12.308 1.285 80 0.889 1.307 1.672
-20 0.965 8.830 1.320 90 0.882 1.173 1.707
-10 0.958 6.619 1.355 100 0.874 1.048 1.742
0 0.950 5.055 1.390 120 0.859 - 1.813
10 0.943 4.019 1.425 150 0.836 - 1.918
20 0.935 3.268 1.461 160 0.828 - 1.953
30 0.927 2.711 1.496 170 0.821 - 1.989
40 0.920 2.286 1.531 180 0.813 - 2.024
50 0.912 1.956 1.566 - - - -




FH34E OFI12

i I S Sh AL AS 1% S RIS BT 5T 1667

Table 3 Air temperature'"”

]

H/km 0 1 2 3 5 6 7 8 9
T/K 323.33 312.25 305.65 302.82 295.65 283.41 272.85 268.37 267.55 265.31
H/km 10 11 12 13 15 16 17 18 -
T/K 259.85 250.62 241.05 234.96 232.75 233.6 235.55 236.58 236. 65 -
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Table 4 Selected heat transfer coefficient

Number of times 01 02 03 05 06 07 08 09
hy/[W/(m* - K)] 170 200 300 320 200 350 200 320
H/km 0.889 0.889 0.556 0.361 0.556 0.889 0.556 0.889 0.556
Ma 0.876 0.887 0.771 0.684 0.752 0.916 0.784 0.921 0.784
T/C -12.46 -16.78 -12.46 14.88 14.88 16.32 30.71 26.39
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Fig.2 Measurement temperature and theory temperature
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Fig.3 Theory temperature of the fuel oil
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