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Abstract

To ensure the reliable operation of the high-temperature gas experimental device, an active-passive
combined composite thermal protection scheme was adopted. A cooling structure was designed for
typical operating conditions, and a numerical simulation study on the coupling of flow and heat trans-
fer in the high-temperature gas flow channel under such typical conditions was conducted. The flow
field of the high-temperature gas flow channel and the temperature distribution of the active-pas-
sive combined thermal protection structure were obtained, and the cooling effects of different cool-
ants and their flow rates were analyzed. The results show that the active-passive combined compo-
site thermal protection scheme can realize the cooling of the high-temperature gas flow channel
structure under typical operating conditions. The temperature distribution indicates that the cool-
ing structure effectively dissipates heat through the composite thermal protection scheme, ensur-
ing the structural safety and reliability under high-temperature conditions; An increase in coolant
flow rate significantly reduces the wall temperature of the cooling structure, but at the same time,
it leads to an increase in system pressure drop; Under the same heat flux density, liquid methane
can achieve a lower and more uniform temperature distribution compared with water, thereby ex-
tending the service life of the cooling structure.
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Figure 1. Geometric model
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Figure 2. Mesh structure
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Figure 3. Grid-independent solution verification
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Figure 4. Schematic diagram of the three-layer slab geometric model
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Figure 5. Schematic diagram of the three-layer slab model grid
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Table 3. Three-layer plate model calculation conditions parameter table
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Figure 6. Temperature distribution along the normal direction for each working condition of the three-layer slab model
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Figure 7. Outlet cross-section solids and coolant temperature distribution
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Figure 9. Wall temperature variation along the flow path under different flow rates
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Figure 10. Variation of pressure drop and temperature rise of cooling water at different flow rates
10. FRIRE T AAKREREFBEHATL
3.3. TR EERE TN
TERUAERUR AR ARG R Z, SR s A BN B = o 205020 A . s, S H
Bt CBEKEBAIES, XA EA RGBT E A i, Wk 4 Pos. TSR RE MY, HYS
AFIARI BN A, T A E MRS B B 2050, T R IR sh 5 A% AR & e L.

Table 4. Coolant candidates and evaluation
= 4. RAFURIR S B R

EEsIPIESt] & A
L2 A FEiiE (>300°C ) AT i 51 A Him AL A 82 0 JE8 T 4
WA T TG, AR A A
L WEKIEW R R, H R (>120°C) 55 A A R kW 5 IS Tk AN 40
£ At WRIERG, AR

DOI: 10.12677/m0s.2025.1410616 191 5 1 A


https://doi.org/10.12677/mos.2025.1410616

] 11 SR R R A ) A (S FGE AV /K)ZEAN A LU (LA 4 ATA 1) PR A . B
AIUAE e £ L0 4 GRS BER AR, BRI AR, iR AEVEE7E 114.15 K~662.83 K Z [i],
BSHBEAERPOR R, RS R IR AR M BE T PR IR AL ) T OB . 5 T00 4 AL, 75T
1 (RASKAEIFR) T, FEARE TR I 5 TS F ey 5 R R BE TR %, JELE G 7F 251.32 K~800 K 2
6], M2 R A KA HCRA TS . T SN E WL BoR 1% Tl A5t B L gl A% HI
HEH TR 2 (AT _in_out)fE NTahr. BT LidFabrsh, SEA0broR, BERUE AT M2 Rt #, Al
5] N DR AT IR B (PN BT e i R PEE ) M 4B A, AR AR rT IR IE VA ZD I RE B S bR . Tl 1 50 4 ¥
HDFRE S VR ZE FOCEE AR E W 5 Fon, BRATA, A H LA SNSRI TS K, HOCHERAL
B SR IEAR, SN BT 3R S i A B r Al

W AEFABERE (TH4)

B A A RS P P

S
S
R, é%@ oS

V.
NN

Temperature K]

TN RAFARSK (THR1)
Figure 11. Comparison of temperature distributions under different coolants
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Figure 12. Wall temperature variation along the flow path under different coolants
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