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Table 1 Dimensional inflow and wall parameters for the DNS

CaseMa., Rea. po/(kgm3) To/K I/m Tw/K Re
M1 3.0 4880.0 1.225 288.15 6.9807° 288.15 460
M2 5.0 10000.0 8.8%4102 216.65 1.0810° 867.0 319
M3 6.0 12000.0 8.894102 216.65 1.0810°3 1300.0 313
M4 7.0 14000.0 8.894102 216.65 1.0810°3 1300.0 376
M5 10.0 12000.0 8.891102 216.65 6.5&10* 1300.0 456
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Table 2 The wall heat flux predicted by the classic reference

enthalpy method
(Mw/m?)
Case Quons Qurem  |Qwons — Qurem|/Qwons
M1 4.64 2.38 48.7%
M2 1.09 0.062 43.1%
M3 2.03 0.049 97.6%
M4 2.90 0.15 94.8%
M5 10.18 0.66 93.5%
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Table 3 Mean flow parameters

Case plpe  0Usw  T/Tw Ma
M1 1.14 0.83 2.28 1.59
M2 1.12 0.82 7.50 1.45

M3 112 0.82 11.16 1.43
M4 1.14 0.82 12.82 1.56
M5 1.25 0.83 20.74 1.74
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Table 4 The wall heat flux predicted by the corrected reference

enthalpy method |

(MW-m2)
Case  Quwpns Quw.cor1 |Qw.oNs — Qu.cort]/ Quons
M1 4.64 5.67 22.2%
M2 1.09 1.15 5.5%
M3 2.03 2.02 5.0%
M4 2.90 3.25 12.1%
M5 10.18 12.54 23.2%
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Fig.1 Relationship between the wall heat flux and corrected

temperature functions
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Table 5 Curve fitting cocients

Case Cm T/Tw May

M1 1.61 2.28 2.49
M2 1.12 1.88 2.05
M3 1.00 1.86 2.01
M4 1.30 2.14 2.34
M5 1.55 3.46 3.39
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Fig.2 Curve diagram
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Table 6 Relationship between the wall heat flux by the

corrected reference enthalpy methldand weight functiorm

(MW-m2)
m Qw,corZ
M1 M2 M3 M4 M5

0 5.103 1.109 1.962 2.993 9.335
0.1 5.098 1111 1.967 2.990 9.327
0.2 5.092 1.113 1.972 2.988 9.318
0.3 5.086 1.115 1.977 2.986 9.310
0.4 5.081 1117 1.982 2.984 9.302
0.5 5.075 1.119 1.987 2.981 9.294
0.6 5.070 1.121 1.992 2.979 9.286
0.7 5.064 1.123 1.997 2.977 9.278
0.8 5.058 1.125 2.002 2.974 9.270
0.9 5.053 1.127 2.007 2.972 9.261
1.0 5.047 1.130 2.013 2.969 9.253
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Table 8 The wall heat flux by ffierent ways

(MW-cm2)
Experiments Qwexp  Qw,cor2 |Qw,Exp - Qw,c0r2|/Qw,Exp
1 104.2 118.8 13.2%
2 104.0 110.6 6.3%
3 96.6 113.1 17.0%
4 70.3 73.1 4.0%
5 70.3 70.4 0.1%
44
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Table 7 The wall heat flux predicted by the corrected reference 2 i 1 T~ ik i B AR ARG A 2, A& 1E 1 AR & 2

enthalpy methodI

(MW-m2)
Case Qwons Cm  Qucoz  |Qwons — Qucord/Qwons
M1 4.64 1.321 5.075 9.4%
M2 1.09 1.063 1.119 2.7%
M3 2.03 1.044  1.987 2.1%
M4 2.90 1.232 2.981 2.8%
M5 10.18 1.942 9.294 8.7%
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THE OPTIMIZED REFERENCE ENTHALPY METHOD USING IN HIGH-SPEED
TURBULENT CHANNEL FLOWS Y

Chen Xiaoping™ Li Xinliang*? Zhong Fengquan
*(State Key Lab. of High-temperature Gas Dynamitsstitute of Mechanics Chinese Academy of ScienceBeijing 100190 China)
*(School of Mechanical Engineering and Automaticghejiang Sci-Tech UniversityZhejiang310018 Ching)

Abstract Direct numerical simulations of high-speed turbulent channel flows have been performed. The classic reference
enthalpy method was evaluated and optimized by using the data with inflow Mach numbers of 3, 5, 6, 7, and 10. In fully
developed turbulent flow, studies have shown that the classic reference enthalpy method is not applicable in high-spee
channel flows. The wall heat flux predicted by the optimized reference enthalpy methods | and Il are much better than the
classic reference enthalpy method; moreover, the optimized reference enthalpy method Il is more suitable, whose error
are within 10% compared with DNS. At the same time, the optimized reference enthalpy method Il has been verified
based on the experiment data of thermal environment of supersonic combustor.

Key words high-speed flow, channel turbulent, direct numerical simulation, reference enthalpy method
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