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Figure 1 (Color online) Schematic diagram of thermal protection-thermoelectric energy conversion system.
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Figure 2 (Color online) Specific heat variation of supercritical CO,
near the critical point.
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Figure 3 (Color online) Density variations of supercritical CO, near
the critical point.
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Figure 4 (Color online) Structure of the recompression Brayton cycle thermal protection-thermoelectric conversion system.
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Figure 7 (Color online) Simulink model of sCO, Brayton cycle system.

1711



RO D AT A BN AR 1 sCO, FE IR A6 A B LA A B A R VR 7T

F1 ARGRSNHRERSLRMEN

Tablel Comparison of steady-state simulation results with experimental values

o BE (K) & 77 (MPa)
e SandiaSzBe E=™ i E BE (%) Sandiasz %™ Bt B (%)
1 361.62 360.82 0.22 9.19 9.15 -0.43
2 361.62 360.82 0.22 9.19 9.15 —0.18
3 361.62 360.82 0.22 9.19 9.15 —-2.63
4 315.15 322.96 —2.48 9.09 8.94 —-1.65
5 356.73 348.52 2.30 20 19.67 —-1.65
6 435.82 427.23 1.97 19.98 19.58 -2.0
7 435.05 427.83 1.66 19.98 19.58 -2.0
8 435.15 428.75 1.47 19.98 19.58 -2.0
9 778.55 765.94 1.62 19.95 19.47 -24
10 923.15 896.29 291 19.45 18.94 -2.6
11 824.15 804.70 2.36 9.28 9.20 -0.87
12 449.04 44221 1.52 9.19 9.11 -0.82
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Table 2 Simulation results of system steady-state operation

B i B 18

KFIEAE (m) 0.002 A (m?) 0.041

s i (kg) 319.8

MHE (kW) 150 P BRI (kg/m) 7800

O (K) 457.18 R IR [ 2%

H R (K) 557.72 P R (K) 9.19
HEOE7) (MPa) 9.70 P R (K) 9.09
HIOES (MPa) 9.67 A O (MPa) 20

R (m?) 0.014 I OJE ST (MPa) 19.98
i (kg) 110.0 A ERE (K) 19.98
W IR B R E (K) 19.98

HEFRE (K) 330.24 A (MPa) 19.95

HEHRE (K) 308.5 A E ) (MPa) 19.45
#H KT (MPa) 7.75 R (kW) 9.28
HIT A (MPa) 772 L (m?) 0.017

A HKEE R (K) 288.15 i (kg) 132.6
AHKRERE (kg/s) 0.10 %
HedhE (kW) 21.19 HOEE (K) 557.72
PR (m) 0.010 HORE (K) 537.21
ik (kg) 78.0 BEO KT (MPa) 9.67
FIELENL H IO J) (MPa) 7.92

O (K) 308.22 R E (kg/s) 1.256

H R (K) 321.20 ERRBE (%) 0.96
HAE S (MPa) 7.83 D& (kW) 23.65
H O 77 (MPa) 9.75 K b 1.25
JFREE (kg/s) 0.377 i (kg) 50

ERRE (%) 0.90 THEAEL
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Dynamic characteristics of the sCO, recompression Brayton cycle for
aerodynamic heat recovery of long-duration
high-speed aircraft

LAI WenHao', GAO Feng2 & ZHANG ChengBin1

" School of Energy and Environment, Southeast University, Nanjing 210096, China
? Science and Technology on Space Physics Laboratory, China Academy of Launch Vehicle Technology, Beijing 100076, China

Aerodynamic heat protection and the efficient recovery and utilization of thermal energy represent significant challenges for long-
duration, high-speed flight vehicles. This study introduces a novel approach utilizing a supercritical carbon dioxide (sCO,) Brayton
cycle to recover and harness aerodynamic heat, thereby achieving dual objectives of thermal protection and power generation. A
dynamic thermal-to-work conversion model of the sCO, Brayton cycle for acrodynamic heat recovery has been developed. The
system’s dynamic operational characteristics and the interactions among key components are evaluated using metrics such as
temperature, pressure, thermal efficiency, and net power output. Research findings indicate that the sCO, Brayton cycle system holds
considerable promise for engineering applications in high-speed aircraft aerodynamic heat recovery. Under varying aerodynamic heat
flux conditions, the cycle exhibits nonlinear dynamic behavior and overshoot phenomena. Increasing the temperature difference in the
regenerator’s heat exchange process can effectively mitigate the system’s thermal inertia.

thermal protection, closed Brayton cycle, supercritical carbon dioxide, dynamic characteristics, thermal recovery
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