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Analysis on shockwave and energy loss in transonic

centrifugal impeller with splitter blades
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Abstract: Based on typical transonic centrifugal impeller with splitter blades, the nu-
merical simulation results were analyzed and judged by the basic formula of shockwave. The
existence of shockwaves in the flow passage of impeller was proved theoretically. Result
shows that, the high-speed air flow easily formed shockwaves at the leading edges of the
splitter blade and the main blade, and also at the flow channel between the suction surface of
main blades and the pressure surface of splitter blades separately. The distribution character-
istics of shockwave lines affected by the tip clearance and the working condition were com-
pared, furthermore the energy loss of shockwave was analyzed. Result shows that, the posi-
tion of shockwave lines move upstream with the decreasing flow rate at a constant tip clear-
ance, the tip clearance makes the shockwave lines move to the downstream flow passage,
and the strongest shockwave is generated at the leading edge of the splitter blades, leading to

obvious energy loss.
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Fig. 2 Mesh distribution of flow passage and clearance
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Fig. 6 Schematic of shockwave thickness
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Table 1 Flow parameters before and after shockwave

with clearance of 0 mm

w7 Ma  pkpa K

(kg/m*) (m/s)

H, 0.930 1.260 75.999 283.71 424.82

H, 1.007 1.145 87.359 300.91 397.10

H, 0.930 1.098 83.034 309.49 385.94

g Hio 0.691 1463 40.507 248.83  462.00
Bl H 0,706 1.470  51.672 25411  469.26
Hy 0.991 1.184 80.170 281.69 398.35

H, 1.043 1.156 86.251 287.84 393.14

Hy 1.111 1.106 93.916 293.84 379.73
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H, 1.181 0.987 106451 313.59 350.20

H, 1.150 0.987 105142 317.87 351.56
Hs; 1.027 0.976 95725 323.50 350.76
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&

Hs 1.110 0.952 97778 306.29 333.70

Hs 1.182 0.982 102644 302.25 341.94
H; 1.216 0.979 106946 306.02 343.06

Hs 1.230 0.982 108347 306.64 344.64
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Table 2 Percentage value of relative error with

clearance of 0 mm

WA Ron/% Ryw/% Rea/ % R/ % Roe/ % R/ %

H, 0.16 0.10 0.25 0.39 0.09 0. 28
H, 0.39 0.67 0.03 0.68 0.09 0.17
H; 0.19 0.41 0.24 1.10 0.10 0.12
H, 0.31 0.8 0.58 0.57 0.27 0.32
H; 0. 26 1.02 0.62 0.92 0.43 0.18
Hs 0.13 0.26 0.02 0.30 0.05 0. 06
H; 0.02 0.06 0.03 0.14 0.02 0. 05

Hs 0.43 0. 56 0.01 0. 34 0.03 0.17
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Table 3 Total pressure recovery coefficients

5 W

P i H. D. h; d:
1 0.9961 0.9997 0.99890 0.9994
2 0.9993 0.9998 0.99868 0.9979
3 0.9998 0.9998 0.976 44 0.9982
4 0.9751 0.9986 0.99860 0.9997
5 0.9729 0.9962 0.996 37 0.9997
6 0.9985 0.99779 0.9998
7 0.999
8 0.9997
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