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Abstract: The nitrogen-rich air distribution method was studied by using statistical theory, the
Entropy-weight improvement technique for order preference by similarity to an ideal solution (TOPSIS)
method was applied to establish a comprehensive evaluation method of oxygen concentration decrease rate
and uniformity. On this basis, five typical inerting schemes were designed for the wing multi-compartment
fuel tank of a transport aircraft. Through numerical simulation method, the above schemes were modeled

and calculated, the characteristic indexes of multi-compartment fuel tank were obtained, and the
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established comprehensive evaluation method was used to evaluate each scheme. The results showed that:

(1) the entropy-weight improvement TOPSIS method can effectively evaluate the fuel tank inerting

performance and realize the determination of the optimal nitrogen-rich air distribution mode; (2) the semi-

uniform inlet distribution mode of nitrogen-rich air was the best when considering the characteristics of

oxygen concentration decrease rate and uniformity; (3) when the oxygen concentration decrease rate was

taken as the only evaluation index, the non-uniform inlet distribution mode of nitrogen-rich air was the

best; when the oxygen concentration uniformity was the only evaluation index, the semi-uniform inlet

distribution mode of nitrogen-rich air intake was the best.

Keywords: fuel tank inerting; nitrogen-enrich air; multi-index comprehensive evaluation theory;

TOPSIS; multi-compartment
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Fig. 2 Fuel tank structure and meshing (unit: m)
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Table 1 Inlet flow rate of each schemes
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Table 2 Decrease rate index of five schemes

UES SARA DN E BN AT (kg/s) VES Faft /s BEAR 2 FRAG3/s BRAR 4/
1 FRaft 1 0.75 1 23.25 76.47 98.24 124.97
2 Faft1.2.3.4 0.1875 2 96.99 114.06 117.32 114.14
3 fEfe 1.2 0.375 3 48.63 59.00 96.34 124.39
4 st 1.3 0.375 4 4587 149.03 74.60 113.26
5 st 1. 4 0.375 5 47.46 154.91 204.96 105.64

A EU% 3 SWARNBEMEER

;? ) Table 3 Uniformity index of five schemes
TN HE WE 1107 FE 21107 Wk 3/10° g 4/10°
6.6 | 1 2.10 0.66 0.56 2.19
6.5 <KUY
63 N4 2 0.77 1.55 1.75 1.60
6.2
6.0 \ 3 1.59 1.36 0.36 2.17
5.8 4 1.65 3.45 0.08 1.52
5.7

5 1.60 3.84 6.15 1.36
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Fig. 3 Diagram of oxygen volume fraction distribution of

fuel tank
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Table 4 Entropy value and entropy weight of

comprehensive evaluation

LD NA1E E; TR W,
Fie 1 0.938 0.087
Ffe 2 0.961 0.054
T ;
P 3 0.959 0.058
Fafe 4 0.999 0.002
Ffie 1 0.973 0.038
Fefe 2 0.895 0.148
it 3 0.575 0.597
Pt 4 0.988 0.017

x5 REEMER

Table S Comprehensive evaluation results

UES D/’ D G HE#
1 0.529 0.047 0.081 2
2 0.414 0.164 0.284 4
3 0.543 0.037 0.064 1
4 0.565 0.078 0.122 3
5 0.034 0.570 0.944 5
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Table 6 Entropy weight of decrease rate index

‘ﬁ 3
2 _ R fi# _
PEAR 1 Frfa 2 Prfe 3 FER 4
LT 0.938 0.961 0.959 0.999
TR W, 0.433 0.270 0.288 0.009
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Table 7 Evaluation results of decrease rate index
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Table 8 Entropy weight of uniformity index

PEAR 1 Frfa 2 Prfe 3 FEfe 4
W{E E; 0.973 0.895 0.575 0.988
THEL W, 0.433 0.270 0.288 0.009
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Table 9 Evaluation results of uniformity index

ES D/ D; G HE#
1 0.658 0.058 0.081 2
2 0.517 0.195 0.274 4
3 0.677 0.041 0.057 1
4 0.704 0.093 0.117 3
5 0.008 0.712 0.989 5

ES D' D C He
1 0.282 0.030 0.096 1
2 0.099 0.258 0.723 5
3 0.220 0.088 0.286 2
4 0.217 0.120 0.356 3
5 0.166 0.184 0.526 4
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