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Experiment and simulation on aircraft thermal protection and

utilization integrated system
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Abstract: When an aircraft flies at a high Mach number for a long time, the airflow in the
boundary layer of the aircraft wall will generate aerodynamic heat because of strong friction,
which can cause the temperature near the wall to rise or even exceed the temperature resistance
limit of the material to the disadvantage of the aircraft. A lattice truss structure based on active
cooling was designed to reduce the weight of the aircraft while achieving thermal protection effec-
tively. At the same time, a semiconductor thermoelectric conversion device was added to the
structure to convert the generated aerodynamic heat into electrical energy, which could be used
to supply power for small electrical equipment of aircraft. The proposed integrated system of ther-
mal protection and utilization was studied through experiment and the results showed that the

power of thermoelectric conversion was much larger than the pump power consumption of the active
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cooling system, which can realize the self-driving of the active cooling system. Furthermore, the

thermal protection performance of the actively cooled lattice truss structure was optimized by nu-

merical simulation method, and the heat transfer effect was enhanced by adding the inner tube

protrusions and the spiral twist. The results showed that the coupling of the inner tube protrusions

and the twisted band can significantly improve the thermal protection performance of the system.

At the flow velocity of 0.1 m/s, the maximum temperature of the outer and inner panels de-

creased by 14.4% and 17.8%, respectively, when water was used as working fluid, and

15.0% and 34.5%, respectively, when kerosene was used as working fluid.

Key words: aircraft; aerodynamic heat; active cooling; thermal protection;

thermoelectric conversion
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Fig.1 Physical diagram of integrated thermal protection

and utilization system
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Fig.2 Schematic diagram of the experimental system

B3 A EB 43 2 B o Uk B R PR KOS B e (0 A
FE A T A B S A 10 AN HE T4 1A
SRR R AE % (keithley 7708 ) i 45 , 52 W 52 i) 45 4
PRI, He 1 BOH P e ) 3R L 5 VR B KA
ARG MK K ZER S R AR &
TE I K 1 R0 ¥4 B 2 21 A o 3 I K R A AD
W AE P 0K IR AE 20 CCA A, i R A T
(ADMAG , AXFO010G ) 52 3 B0 o 455 1 5 24 L
MM AR TEMBERE T WHEBRHEAS., &
fF 58 R T Tl T A9 TEHP1-12730H £ 5:
B IR 22 2 L A, ROSE 2 30 mm X 30 mm X 3.7 mm,
IR 22 % M A B 127 % Bi, Te, 44 8 9 PN &5 & B¢ ifij
B, bR R R DGR R 4% S I E A
Z T2 AR R BR ) f s R S 300 °C, K i
M4 240 °C) o 4 5ASTFRE v (0 U 25 i v HR GRS
S, T A R B R B TC G R B 2R
(DL8A90) M Hy FF % F e A1 i % ri 370, AT 5 45
B 22 A I BEL S 4t B R R IR
4t £ 3 il MCH (metal ceramics heater) Fa & i #
A (e R o R 54 330 W) I8 4% (TDGC2-
2KVA) #1 35 R AL (EVERFINE, PF9800_V200)
2H 8 o
1.3 XWAHER

SR FH W 38 Jn 48 R Sk 2 8 A T AR A 3 i 9
JE i F0 ) AR i R Y TR K Ui
4 0.05.0.1.0.3.0.5 m/s, ¥ H /KR E 2 K%
S 20 °C, 1 T4 I HOCHA ¥ F0OK G 11 IR AR T
BEAE , 76 3 1145 B A B0 rE 0 et S B il B &5
Fa A1 AR T AT I TR B AT K W o A2 44 kit L
PEBE Chn T #RE R (RE R TR 22 & B R S T R BR
il )5S FUL AR 2 D I B 7 45 A 250 ‘CLAR o 43
0K A1 T M LS TS & 120,.150,180,200,220 °C
LA fr e R B SR SC I B L I R R
Ty e, fy A5 30 36 B B ) S AR f i £k . i
ok VA ASC I S AR T 2R R0 A A A )
JEE I . ) A Ak K
1.4 LWHERSW

B3R T RS G RGEAAE R AN 0.1
m/s 0.3 m/s i, P AN AR B i R Atk O K
Bl NI AR 2 . AR I T R G4 R
GEAE NI 2 P ol 182.4 W 1 262.4 W I, N A 1fi
M A e Uk B R 1 IR B I R g AR A 2k . A
THT A 1) T 32 A8 b SR ], B o O 0 K IR
Rof ol 3 A 2, B3 a3 o v 000 T K R



558 it = 8 % W 537 &

F—e— MR RIE F—e—SMEUR T IRIE o
—n— NI/ 122 —s—NERERELE/ 122
201 e i S| & 210 F—e— 7KL g
= / g
& o % & 21 R
1&( ) {3::»( b4 O
m 180T / #) 1801 o =
' ; '] 120 1t
DLIE g /.\, 20 ?f( E /3 _/:/. 20 %(
g 150} . i 5150 . P 4 i
= | s 19E = | of e 193
;/ = ¢ =
120} S 120 z
118 118

150 200 250 300 150 200 250 300

JNFATIR /W W
(a) 701 m/s (b) i #0.3 m/s

PR3 A [ 7 3 o 445 A L 2 o o 04 2 3 1 A4 117 2

Fig.3 Variation of structure temperature with heating power at different flow velocities
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Fig.4 Variation of structure temperature with flow velocity under different heating powers
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Fig.5 Pneumatic thermo-thermoelectric conversion performance based on semiconductor thermoelectric devices
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Fig.10 Comparison of temperature of four structures with water as working fluid
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