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Influence of real gas effect on turbine

performance under high pressure with simulation
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Abstract ; The performance of the main turbine gas of the high thrust afterburning liquid rocket en-
gine deviates from the ideal gas due to the influence of the real gas effect at high pressure, and the tur-
bine performance obtained by the conventional analysis method is somewhat different from the actual situ-
ation. In this paper, the three-dimensional flow simulation method and SST turbulence model were used to
simulate the turbine performance with the ideal gas of constant properties, ARK gas state equation and
NIST refprop real gas properties database, respectively. The turbine performances of methane and oxygen-
enriched gas were analyzed and compared with the results of the performance modified by one-dimensional
compression factor. The research shows that the simulated turbine performance based on the real gas prop-
erty data has obvious deviation from that with the ideal gas. The ARK gas state equation can effectively re-
duce the deviation of the simulated performance, while the correction with the appropriate compression
factor has enough accuracy and can be used for engineering.
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oxygen with pressure at 500 K
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Tab.1 Comparison of the parameters at the stator

exit in case 1 of methane turbine

— %ﬁ/ 3 %rﬂﬁ%‘t/ /;’rtﬁ/l
(kg-m™) (m-s7) (kg+s™)
AR 62.25 140.73 13. 06
ARK 67. 88 137.10 13. 88
NIST 68. 06 137.24 13.94
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Fig. 3 The contour of the temperature in the blade mid-span
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Fig. 4 The contour of the mach number in the blade mid-span
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Fig. 5 Comparison of the pressure distribution on the blade for case 1
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Fig. 6 Comparison of the pressure distribution on the

blade for case 10
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axis of the turbine for case 1
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axis of the turbine for case 10
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Tab.2 The work condition and correction factors of methane turbine
THIFS YNEPsY 7N A1 71/ MPa AHNZHZ, oz Z, HHASHEY Z,,
1 400 18 0.975 8 0.931 6 0.947 3
2 400 28 1.018 5 0.918 1 0.961 5
3 400 36 1.073 4 0.919 8 0.998 2
4 400 48 1.174 8 0.940 7 1.059 3
5 400 54 1.226 3 0.956 8 1.104 1
6 600 18 1.049 4 1.015 2 1.030 2
7 600 28 1.089 2 1.028 1 1.057 6
8 600 36 1.126 7 1.040 2 1.086 9
9 600 48 1.189 2 1.061 8 1.1253
10 600 54 1.220 2 1.073 3 1. 1515
®3 ARIRBRARHEDEILL
Tab.3 Comparison of the simulated power of methane turbine with the different work condition B kW
TS AR ARK 75 Z, EIE Z,. BIE Z,, B BAA M
1 1 459.94 1.427.46 1442.15 1.409.13 1420.91 1429.23
2 2 267.54 2 268.00 2 288.42 2172.72 2223.40 2 270. 49
3 2 940. 29 3 030. 00 3 046.29 2 819. 86 2 937.58 3 034.57
4 3931. 14 4295.71 4 260. 89 3 812.76 4 046. 02 4 318.29
5 4 386. 86 4929. 14 4 857.94 4291.13 4 609. 54 4 964. 29
6 1 613. 66 1 649.91 1 653.04 1 625. 88 1 637.85 1 660. 26
7 2 518. 86 2 622.57 2 628. 80 2 554.00 2 590. 39 2 649. 31
8 3267.43 3 462.00 3 468. 25 3332.46 3 406. 44 3 504. 86
9 4 390. 00 4789.71 4 787.31 4 523.62 4 656.92 4 862. 57
10 4 912.57 5438.29 5 426. 56 5 089.43 5271.58 5525.43
x4 FRIRBRARHEREX L
Tab. 4 Comparison of the simulated mass flow rate of methane turbine with the different work condition
B kg/s
THFS WA ARK 75 Z, BIE Z,, BIE Z,, [BIE B
1 13.06 13.88 13.22 13.53 13.42 13.94
2 19.99 21.45 19. 80 20. 86 20. 38 21.60
3 25.56 27.43 24. 67 26. 65 25.59 27. 68
4 33.88 35.89 31.26 34.93 32.92 36.28
5 37.72 39.69 34.06 38.56 35.90 40. 05
6 10. 55 10. 61 10. 30 10. 47 10. 39 10. 59
7 16. 14 16. 21 15. 46 15.92 15. 69 16. 16
8 20. 64 20. 68 19. 44 20. 24 19. 80 20. 61
9 27.36 27.21 25.09 26.55 25.79 27. 11
10 30. 45 30.17 27.57 29.39 28. 38 30. 05
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the real gas property of the methane turbine
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Tab.5 Comparison of the specific power of methane turbine B .kW/kg
THFS  BEASLA ARK 75 Z, BIiE Z. BIE ZBIE /7.7, BIE HSR
1 111.78 102. 82 109. 07 104. 13 105. 88 106. 57 102. 56
2 113.45 105.73 115.55 104. 16 109. 08 109. 71 105.1
3 115.02 110. 48 123. 46 105.79 114. 81 114.29 109. 63
4 116.03 119.71 136. 31 109. 15 122.91 121. 98 119.03
5 116.3 124. 19 142. 62 111.28 128. 40 125. 98 123. 94
6 152. 95 155. 46 160. 51 155.28 157.57 157. 87 156.73
7 156. 06 161.78 169. 98 160. 45 165. 05 165. 15 163.91
8 158. 31 167. 42 178. 36 164. 67 172.06 171.38 170. 06
9 160. 45 176. 03 190. 81 170. 37 180. 56 180.3 179. 38
10 161.33 180. 26 196. 86 173. 16 185.77 184. 63 183. 87
2.2 BEEMEHEIL W HL 18 MPa 28 MPa 36 MPa 48 MPa 54 MPa, {744

SR U R AMIRAE R 5 SRR A i B T ik

HTB T ~15, BR T B TEN T IR 6, £ 7 ~

FIvEREDTEL. T A L 644 K, AT RT3 3R 9 Sl 1 R SR iR e 0 ELPEREXT 1L

%6

EEMSARRIAREERTF

Tab. 6 The work condition and correction factors of oxygen-enriched gas turbine

THFS A HEIR/K A JEF1/MPa UNEE = HHO2% 7, A SEOPY Z,,,
11 644 18 1.050 3 1.0229 1.035 4
12 644 28 1.0820 1.036 3 1.059 2
13 644 36 1.109 8 1.047 4 1.082 1
14 644 48 1.154 4 1.065 3 1.110 3
15 644 54 1.176 0 1.074 2 1.128 9
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Tab.7 Comparison of the simulated power of oxygen-enriched gasturbine with the different work condition
BT kW
THFE A K ARK Z, BIE Z,. BIE 7, BIE ISR /N
11 1 283. 06 1.309.57 1314.93 1297.67 1 305.57 1322.57
12 1972.74 2 028. 46 2 052.03 2 008.23 2 030.29 2 063.43
13 2 520.00 2 613.00 2 654.75 2 579.03 2 621.41 2 681. 14
14 3 352.29 3 540.29 3 601. 80 3 460. 01 3532.33 3 634.29
15 3 732.86 3981.71 4 048.05 3 868. 87 3 966. 15 4 088. 57
*8 ARIREEMRSARFEREIL
Tab.8 Comparison of the simulated mass flow rate of oxygen-enriched gasturbine with the different work condition
B{I.kg/s
THFS FRARA AR ARK Jf2 Z, BIE Z,, B Z,, BIE PR
11 15.00 15. 081 14. 64 14. 83 14.74 15.01
12 22.92 23.082 22.03 22.51 22.27 22. 88
13 29.29 29. 205 27.80 28. 62 28. 16 29.17
14 39.13 38.480 36.42 37.91 37. 14 38.40
15 43.57 42.720 40. 18 42.04 41.01 42.61
x99 ARIRESEMRRLLLINEIILE
Tab.9 Comparison of the specific power of oxygen-enriched gasturbine with the different work condition
BT . kW/kg
THFS BUIFCERTEN ARK 7572 Z, BIE Z,, 1BIF z,, BT 77 BT Sk
11 85.54 86. 84 89. 84 87.50 88. 57 88. 66 88. 11
12 86. 07 87. 88 93.13 89.20 91.17 91. 14 90. 18
13 86. 04 89. 47 95.48 90. 11 93.10 92.76 91.91
14 85. 67 92.00 98.90 91.26 95.12 95.00 94. 64
15 85. 68 93.20 100. 75 92.03 96.72 96.29 95.95
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