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A fundamental study on the preliminary design of a radial outflow turbine
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Abstract: In recent years, eco-friendly power generation cycles have been attracting attention in response to enhanced emissions
regulations. The turbine is a significant component in the efficiency of the power generation cycle. Currently, studies on the ra-
dial outflow turbine in power generation cycles have been carried out. This is because the radial outflow turbine has both the
advantages of an axial flow turbine and a radial inflow turbine. It is necessary to clarify the target efficiency in the prelimi-
nary design of turbines. However, existing studies have unclear target efficiency in the preliminary design of turbines. In this
paper, a fundamental study is conducted on the preliminary design of a radial outflow turbine that uses target efficiency as an
input variable. Design models suitable for preliminary design of turbines were considered, and an original algorithm was pre-
sented to satisfy the target performance of the radial outflow turbine. Computational fluid dynamics analysis was performed for
verification of preliminary design programs. The results showed that the deviation angle is an important variable in the design
of the radial outflow turbine. The optimization of the nozzle and rotor blades was performed by considering the deviation
angle. The design objectives were achieved in the final geometry of the turbine.
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Nomenclature
A: area [m’]

C: absolute velocity [m/s]

H: height [mm]
h: enthalpy [J/kg]
1 : rothalpy [J/kg]

Cj: spouting velocity [m/s] A loss coefficient

k: specific heat ratio
M: Mach number

C;: lift coefficient

c: true chord length [mm]

. . m: mass flow rate [kg/s
f: correction coefficient [ke/s]
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P: pressure [MPa]

PR: pressure ratio

R: gas constant [kJ/kmol-K]
Re: Reynolds number

r: radius [mm]

s: pitch [mm]

T temperature [K]

TR: temperature ratio

U: peripheral velocity [mv/s]
V: specific volume [m’/kg]

W: relative velocity [m/s]

W power [MW]

Greeks
: absolute flow angle [°]
: relative flow angle [°]

. efficiency [%)]

X3S @ 2

: velocity ratio
. density [kg/m’]

: loading coefficient

g €

: angular velocity [rad/s], acentric factor

Subscripts

0: total state

00: total state at station 0

1: parameter at the nozzle inlet
2: parameter at the nozzle exit and rotor inlet
3: parameter at the rotor exit
AS" aspect ratio

accel: accelerating

b: blade

c: critical point parameter
m: meridional component

N: nozzle

P profile

R: rotor

Re: Reynolds number

r: relative

ref: reference value

Sec: secondary

s: isentropic

sh: shock

ts: total to static

tt: total to total

f: tangential component
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Figure 1: Conventional structure of a radial outflow turbine
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Figure 3: h-s diagram of the working fluid in a radial out-

flow turbine
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Figure 4: Flow chart of preliminary design for a radial out-
flow turbine
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Table 1: Input parameters of preliminary design for a radial
outflow turbine

Parameters Units Values
w MW 10.0
m kg/s 182.46
By MPa 13.0
Ty K 773.0
Mt % 85.0
Tts % 80.0
RPM rev/min 6,000

Table 19| AAZNE EUIZ o u|dAZ2 130] AA|
T EjHle] F2 AdE Table 29+ Pt} 1
3l AAw FaATet 22 o] A 7
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Table 2: Results of preliminary design for the radial outflow
turbine

Parameters Units Values
LA mm 345.393
Tan mm 408.392
TR mm 412.392
Ty mm 504.560
H mm 10.843
Qyy, ° 0
Qg ° 66.87
Bay ° -27.78
Bay ° -74.10
3.2 CFD oli&
Table 2] W] 7] 2 7} 2 58] ANSYS-BladeGen V13.0&
oj-g-sto] 9% RHF EHNle] =23 2H | g FE ¢

Fe 77 sl t(Figure 5). e FAE EdlE,
ANSYS-TurboGrid V13.0& ©]43le] 7z} =23 ZE ol A
4 A 2H(hex. mesh)E A4 33 TH18).
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Figure 5: One-passage geometry of the radial outflow turbine
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Table 3: Comparison between results of preliminary design
and CFD

Parameters Preliminary design CFD
B, [MPa] 13.00 11.08
W [MW] 10.00 6.50
i [70] 80.00 77.50
a, [°] 66.87 60.89
By [°] -74.10 -72.11
C, [m/s] 230.01 205.35
Cyy [m/s] 211.53 177.52
Cyy [m/s] 0 32.86
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Figure 7: CFD results according to the nozzle exit blade an-

gle(avy,) of the radial outflow turbine
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Table 4: Comparison between design requirements and CFD
results at [, =—77°

Parameters Preliminary design CFD

Py [MPa] 13.00 12.92

W [MW] 10.00 10.41

N5 [%] 80.00 85.27
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Table 5: Comparison between results of preliminary design
and optimization

Parameters Preliminary design |[Optimization results|
ry [mm] 345393 345.393
Tyy [mm] 408.392 408.392
Typ [mm] 412.392 412.392
73 [mm] 504.560 504.560
H [mm] 10.843 10.843
oy, [°] 0 0
ay, [°] 66.87 74.0
By, [°] -27.78 -21.05
By [°] -74.10 -77.0
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Table 7: Performance of the radial outflow turbine

Figure 11: Convergence test results of the final radial out- Parameters design value CFD
flow turbine (W & M) PRy, [] 1.63 1.62
TR, [-] 1.08 1.07
Table 6: Information of final grid W [MW] 10.00 10.46
Domain No. element max. y+ M [%] 80.00 85.30
Nozzle 4,093,581 22.84
Rotor 4,082,892 25.67 . é =
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