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Analysis on variable nozzle turbine performance influenced by

multiple factors under pulsating flow _conditions
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Abstract: To improve the matching between the turbine and engine, computational flu-
id dynamics (CFD) methods were adopted to investigate the unsteady performance of varia-
ble nozzle turbine influenced by pulsating flow frequency, pulsating flow amplitude, nozzle
vane angle and turbine rotating speed. Results show that the turbine instantaneous mini-
mum mass flow rate under 80 Hz condition is 10. 4% higher than that under 40 Hz condition,
and the lowest efficiency increases by 4. 7%. At high pulsating frequency, the unsteady ef-
ficiency apparently lags behind velocity ratio. Under pulsating amplitude of 25 kPa condi-
tion, the swallow capacity and efficiency recover rapidly, indicating that it is possible to de-
sign turbines by steady flow hypothesis under low amplitude conditon. For nozzle angle of
32 degree, the mass flow difference between pulsating inlet flow condition and steady inlet
flow condition is 3. 3% more than that of 10 degree, and the efficiency difference is 6. 6%
more. Higher nozzle angle makes turbine flow field more pulsative and results in mass flow

rate and efficiency dropping significantly. Under turbine rotating speed of 47256 r/min con-
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dition, the mass flow rate and efficiency variation caused by pulsating inlet flow is 2. 9% and

0. 8% more compared to that of 30000r/min. The turbine flow field is more sensitive to tur-

bine inlet condition when rotating speed is high, and the mass flow rate, efficiency and at-

tacking angle deviate {rom equivalent steady values.
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Table 1 Turbine steady computational results

w/ (r/min) 6/ M./ (kg/s) T
47256 10 0.4217 0.7645
47256 20 0.5504 0.7230
47256 32 0.6013 05938
30000 20 0, 5666 0.5814
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Table 2 Turbine cycle-averaged performance with

different pulsative frequencies

f/ M./ AMY/ Ay/
Hz (kg/s) e % %

40 0.5152  0.6812  —6.4 —5.8
60 0.5157  0.6813  —6.3 —5.8
80 0.5163  0.6814  —6.2 —5.7
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Fig. 5 Turbine characteristics with different

pulsative frequencies
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Table 3 Turbine cycle-averaged performance with

different pulsative amplitudes

A/ M./

AM/ % Any/ %
kPa  (kg/s) * ! v

Jok w85 2 SR 60 Hz, Bk th iR 16 8 50 kPa B, AS [i] 5§
WA R AR R AT A AE L il ad iz R T DLk PR B

A I A RO HﬂwtlJ ARG OL R AR B 20
MR S BB SR AR P AR AT R A R

%ﬁ@ﬂéﬂzj&ﬁiﬁ%ﬁﬂﬁﬂ%%&wﬂ,mﬁw
T ik s o BN SR B AR P 7 P A TR TR
W £ RE R AR R R I 4R TT LR B S A
Jy 320w iR AR RS A N RCR I L e 2L 4
AL TR AS MR R IR Bl 2 0 A R RS K
TE R L i o A8 2% 10 20 1 (498 K 3 i 3 b

x4 AEBHERAENRRBINFEHERE
Table 4 Turbine cycle-averaged performance with

different nozzle angles
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different rotational speeds
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