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Comparative analysis on methods for contact testing total
enthalpy of high temperature and high speed flow

LLONG Yongsheng', ZHU Xinxin', YUAN Jie', SHI Youan®,
ZHAO Shunhong', YANG Bin'

(1. Hypervelocity Aerodynamic Institute,
China Aerodynamics Research and Development Center, Mianyang Sichuan 621000, China;
2. Computational Aerodynamics Institute,

China AerodynamicsResearch and Development Center, Mianyang Sichuan 621000, China)

Abstract: There exist large errors in measurement of the total enthalpy of high tempera-
ture and high speed flow, such as engine tail flame, combustion heating and arc heater. The
total enthalpy of high-temperature and high-speed flow was measured by using the enthalpy
probeand the heat flux-pressure probe, respectively. The enthalpy probe was the mass suc-
tion water-cooled probe with optimized structure, and the heat flux-pressure probe was based
on the Fay-Riddell formula. Results indicated that when the enthalpy ranged from 2. 5M]J/kg
to 5M]J/kg. the enthalpy érror tested by the enthalpy probe was about 3. 38% and the error
tested by the heat flux-pressure probe was about 3%. The average enthalpy deviation tested
by the enthalpy probe and the heat flux-pressure probe was about 4. 65%. These two meth-
ods of testing enthalpy can be used to ensure the accuracy in the ground simulation test, which

can reduce the error of the tested enthalpy and improve the simulation accuracy.

Key words: high temperature and high speed flow; total enthalpy; probe; arc heater;

aerodynamic heating
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Table 1 Data tested by the enthalpy probe
Mg/ M./ ho/ SR/ ,
K& FE ATL/K  ATW/K  To/K ‘ Lo Rk
(g/s) (g/s) (MJ/kg)  (MJ/kg)
1 285.7 289. 8 312.0 0.0387 5.042 2.583 0.51 0. 25
1 2 285. 8 289.9 312.0 0.0383 5. 042 2.542 2.57 —1.1 0. 24
3 285. 6 289. 8 312.0 0.0387 5.042 2. 583 0.49 0. 25
4 284.9 289.4 310.0 0.0384 5 2.775 1.3 0.28
2 5 284.9 289.4 310.-0 0..0383 5 2,761 2.74 0.8 0. 27
6 284.8 289.2 310.0 0.0383 5 2.698 —1.5 0. 27
7 286.2 295 318.0 0.0382 4,75 3. 104 —0.2 0.29
3 8 286.1 291.3 318.0 0.038 4.75 3.076 3.11 —1 0.28
9 286..1 291.5 318.0 0..0387 4.75 3. 141 1 0.29
10 286.5 293.°0 338..0 0. 0387 5.042 3.913 1.6 0. 33
4 11 286. 8 293.1 338.0 0.0384 5. 042 3. 842 3.85 —0.2 0.31
12 287.0 293.3 338.0 0.0387 5.042 3.792 —1.5 0.31
13 286. 3 295.1 346.0 0.0389 4. 625 4.762 2.2 0. 40
5 14 287.0 295.7 346.0 0.0389 4. 625 4.678 4.66 0.4 0. 38
15 287.6 296.0 346.0 0. 0390 4.625 4.539 —2.6 0.37
% 2 Fay-Riddell 2% 5B/ RME B/ E
Table 2 Enthalpy measured by the heat Fay-Riddell formula and the enthalpy probe
Hj(/j‘li (1/(MW/m2) P</MP3 H()/<MJ/kg) h()/(MJ/kg) W‘]?ﬁg/%
1 7.19 0.92 2.589 2.57 0.73
2 5.98 0.712 2.502 2.74 9.5
3 7.11 0.713 3. 285 3.11 5.3
4 7.79 0. 696 3. 604 3.85 6.8
5 9.18 0. 54 4.7 4. 66 0.9
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Table 3 Heat loss of the enthalpy probe from the test pipe
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Fig.5 Simulation of heat loss at No. 10 test
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