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Abstract: To analyze the effects of surface roughness of flow passage component on cryogenic
turbopump performance and explain the influence mechanism of surface roughness on rotor-stator
centripetal flow, a cryogenic turbopump made of shrouded impeller produced by additive
manufacturing is selected as the research object, and the experimental tests and numerical
calculations on the performance of cryogenic turbopump are carried out taking into consideration
the influence of thermodynamic effects and using liquid nitrogen as the pressurizing and conveying
medium. The results show that when the test working condition is in the range of 13 500 to
26 000 r/min, the values of outlet pressure and temperature rise obtained by numerical calculation
are fitted with the test data after considering the effects of the surface roughness, compared with
the numerical results obtained from smooth wall setting. As the values of the impeller and volute

surface roughness increase to 36 um, the head coefficient and efficiency decrease by 9. 1% and

e fm B3 . 2023-08-01, EHER A F¥EEQIST, B AP EGEGFEES . B . #42. EE50M., X4
WH. BRBAAPEIE B HE (51922085),
W 2% Wy RS TR] . 2023-12-08 P 2% HY BRI : https: // link. enki. net/urlid/61. 1069. T. 20231208. 1105. 002



78 W % oz M

PN

58 &

10. 6%, respectively. The axial thrust acting on the impeller decreases significantly by 25. 8%,

after increasing the values of the rotor-stator surface roughness from 0 to 20 pm. The study

provides a theoretical foundation for revealing the influence of surface roughness on cryogenic turbopump

flow characteristics and zoned controlling the surface quality of the turbopump flow passage components.
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Table 1 Main design parameters of liquid oxygen turbopump
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Fig. 1 Simulation model and monitor points of liquid oxygen

turbopump
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Fig. 2 Results of mesh independence
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Fig. 3 Mesh grids of liquid oxygen turbopump
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Fig. 4 Test rig of liquid oxygen turbopump
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Fig. 7 Distributions of temperature under different main flow surface roughness
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under different main flow surface roughness
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Fig. 10 Distributions of cavity pressure under different rotor-

stator cavity surface roughness

4 i ) PR RS B2 5 0 B

R E PRI R B
PRAF SO 46 15 W 52 19 3R TDRLRS B2 35. 3 pum,
IF A5 B Sy i ] B e 1 B 1T 5 8 A A 1T 1Y) K 1 ML B
J¥ B A, 4390 0.3.0.6.0.8. 8,17, 6.35. 3.69. 5 pm,
4.2 MFHEERIIL
BB AT 2 A [5) 2l 7 (8] BHLRES BE R 3 42 52 1Y
TRy RO R 11 B .

4.1

http: // zkxb. xjtu. edu. cn

E %558 %
1.160 66.0
+(
—v—1
1.155 \ / 65.4
1150 F % / 64.8
\, /

N b -
S |.|45-/A 64.2 <
1.140 / \ 163.6
1.135 \ 63.0
1.130 " . ' ' ' ' 62.4
0 10 20 30 40 50 60 70
kJ/um
1T 0 %0 2 A e 1 Bt 3 7 TR] It 26 T REL A 8 19 A5 Ak

Fig. 11 Divergences of turbopump performance under

different rotor-stator cavity surface roughness
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Fig. 13 Distributions of monitor temperature under different

rotor-stator cavity surface roughness
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Fig. 14 Distributions of static pressure in rotor-stator
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