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Numerical simulation and analysis of nitrogen-enriched air flow

in multi-bay fuel tank
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Abstract: According to the characteristic of multi-bay fuel tank, a numerical simulation

method for nitrogen-enriched air (NEA) flow in multi-bay fuel tank was developed. Firstly,

the correctness of this method was verified by comparing the inerting results from numerical

simulation with the results of the engineering model and the test data from foreign litera-

tures. Secondly, after analyzing the oxygen volume fraction in individual bay of the inerting

process, it was found that the oxygen volume fraction distribution in individual bay tended

to be even and the outflow oxygen volume fraction of one bay was approximately equal to the

average oxygen volume fraction of that bay. Lastly, the simulated flow rates were compared

with the cross-section flow areas between different bays. It is found that if the vents are
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placed symmetrically to the inlet of NEA, the flow rates can be weighted based on the cross-

section flow areas; while if the vents are placed asymmetrically to the inlet of NEA, the
flow pattern would be relatively complex.

Key words: multi-bay fuel tank; inerting; nitrogen-enriched air (NEA);
numerical simulation; oxygen volume fraction; volume flow rate
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Fig.3 Air flow pattern of Boeing 747
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with engineering model result and test data
b
5 CFD s
b
’ ’
b
Oxygen volume fraction Oxygen volume fraction

e NS |
005 010 0l6 021 -

{ 2 S, f o

- (h) 100 s
(a) 20 s

Oxygen volume fraction Oxygen volume fraction

0.05 0.10 0.16 021

(d) 900 =

Fig. 5 Contours of oxygen volume fraction at different times



842

28
A o 25 AD- 1A
© 54 SHE-4 54
= 53, (1 -2
:?:S -,F_fg_ﬁ Egﬁ NEA 6 , 1 3
B -6 i
£ O o7
b ¢ "?s fikadn \
8t/ K g il .
o Bagy S by, 0 g 14
o $85920580000000000000555888888:
0 5 10 15 20 25 30 25
o[l /mi Fiays
[} 6] /min A 3 + 4240
6 |
59HE T 65
Fig. 6 Relation between oxygen volume fraction and NEA3E |:|T
time of individual bay and out flow 7 9
2 3 Fig. 7 Air flow pattern of the second mode
) 1 3 4 s
2 6 4 s
. CFD 1 z
1 , 1 ., 3
1 1
CFD : 15. 23% ; 2,
) 6 4
. 21.32%,
181. 34 %.
) 747
1 NEA
1 1 3 4
Table 1 Volume flow rate analysis of out flow from bay 3 and bay 4 of the first mode
/ /
. , , /%
107 m* 107 m* /% /(dm®/s) /%
2 16. 568 28.27 21.142 32.03 13. 30
3 58.601 4 28.710 48.99 27.57 41.77 —14.74
5 13. 323 22.73 17.29 26. 20 15.23
2 15.935 48. 5: 11.552 42. —13. 44
A 32,838 5. 935 8.53 55 00 3
6 16.903 51.47 15.95 58. 00 12.67
2 2 6 4
Table 2 Volume flow rate analysis of out flow from bay 6 and bay 4 of the second mode
/ /
. ., , /%
107° m? 107° m? /% /(dm®/s) /%
6 86. 656 4 16. 904 19.53 36. 257 54.94 181. 34
5 69. 658 80. 47 29.735 45. 06 —44.01
2 16. 052 . 17.924 49. 54 .14
A 14, 762 6.05 35. 86 9.5 38
3 28.71 64. 14 18. 26 50. 46 —21.32
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