O
rir
Ao

An Experimental Study on Flow in the Nozzle of a Radial Turbine

Jeong-Seek Kang™, Byeung-Jun Lim’, lee-Ki Ahn'
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ABSTRACT

Experimental study on the flow field inside the nozzle for radial turbine was performed. At design point, the pressure is high
and the Mach number is low at the pressure side of the nozzle inlet semi-vaneless space as the flow turns through the nozzle vanes.
As the flow accelerates through the nozzle passage to the throat the pressure level at the pressure and suction sides becomes similar.
The flow continued accelerating from the throat to the inlet of turbine wheel and the pressure field became uniform in the
circumferential direction in the vaneless space. In high expansion ratio condition, strong favorable pressure gradient band region
occurred just after the throat in the semi-vaneless space in the circumferential direction and the pressure became uniform in the
circumferential direction after this band. In low expansion ratio condition, core flow acceleration is dominant after the throat and
this non-uniform pressure field reached to the inlet of turbine wheel.
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Fig. 1 Schematic drawing of high temperature turbine test Facility (HTTTF)

Fig. 2 Drawing of radial turbine test rig
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Table 1 Specification of HTTTF

R @9 A
A &= rpm 30,000
AW B4 Nm 8%
Ao 59 kW 1,865
Ho 7 RF kg/s 7
Hog 4+ ¢ kPa 550
A gyl Q7 2 2.1kg/s | T 700
ek % 2.1kg/s o4 T 400

B 4ok ne7kae] $2E Y =32 o] FA] &
o] g5 WFOE S5l 05 FPHY, B
AR o] B A4 WA B4 FUsHA BASH]
SJsto] Fig. 29t 2ol P1Z AZBHAL,

HUleae 10709 H9le 7HAE glom, of wWle] 23l
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B4 w23} 64l 8] Y4 Table 20 LreRRRLe R 3314)
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Table 2 Test turbine and nozzle

Number of Blade - 12

Number of Nozzle Vane - 19
Diameter of Turbine Wheel (D2) mm 175.74
Diameter of Nozzle Vane Exit mm 185.24
Diameter of Nozzle Vane Inlet mm 22846
Diameter of Inlet Duct Hub (D3) mm 240.2
Nozzle Height mm 173
Diameter of Wheel Exit Tip mm 123.2
Diameter of Wheel Exit Hub mm 400

Fig. 3 3D modeling of radial turbine and nozzle

Table 3 Selected analysis points

Test point Condition ER Speed(%)
DpP Design point 294 100
A High speed & high ER 3.38 110
B Low speed & high ER 324 80
C Low speed & low ER 2.15 %
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Fig. 4 Nozzle vane and location static pressure taps (a)
40 pressure taps at shroud (b} 36 pressure taps at hub
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Fig. 5 Non-dimensionalized turbine map
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Fig. 6 Pressure distribution inside the nozzle wall at DP
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Fig. 7 Mach number distribution inside the nozzle wall at DP
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Fig. 8 Pressure distribution inside the nozzle wall at “A”
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Fig. 9 Mach number distribution inside the nozzle wall at “A”
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(b) Hub
Fig. 10 Pressure distribution inside the nozzle wall at “B”
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Fig. 11 Mach number distribution inside the nozzle wall at “B”

(a) Shroud
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Fig. 12 Pressure distribution inside the nozzle wall at “C”
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Fig. 13 Mach number distribution inside the nozze wall at “C”
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