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ABSTRACT

The turbine efficiency is an important factor in power plant, and accurate evaluation of steam turbine
performance is the key issue in turbo machinery industry. The difficulty of evaluating the steam turbine
performance due to its high steam temperature and pressure environment makes the most steam turbine
tests to be replaced by air similarity test. This paper presents how to decide the similarity conditions of
the steam turbine test and describes its limitations and assumptions. The test facility was developed and
arranged to conduct an air similarity turbine performance test with various inlet pressure, temperature and
mass flow rate. The eddy—current type dynamometer measures the turbine—generated shaft power and
controls the rotating speed. Pressure ratio of turbine can be controled by back pressure control valve. To
verify its test results, uncertainty analysis was performed and relative uncertainty of turbine efficiency
was obtained.
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Table 1 Design points of similarity test
Parameters Air similarity 1 Air similarity 2
Scale factor 1/3 1/3

RPM 6350 6131
Inlet
temperature (K) 312 312

Inlet pressure ,

(kPa) 172 172

Pressure ratio .,

(total-static) 131 129

Velocity ratio 0.52 0.52

mass flow rate
(kg/sec) i3 0
Power(kW) 146 131
inlet vaive
Aif sSuUpply
Mass = 12 kg
P = 2aim

Cooling system

‘1

Power absorption
systern

Lubrication system f—a—bliT est section

Exit valve Control valve

Fig. 1 Schematic of turbine test facility

RHIAKME M7, M55, 2004

3.1 EjEl 4SAIE 44|

>
%
i
=
oft
2

)
=3

fu B
4 ™
o
o
T,

gt
ol
zl
o3

"
T, oox
= ol
>
oo
T
ol rr
B
4r
o
T
2 Jo
[3)
ik
1 Jo
(T

(Fig. 1).
AAE 2t $E71E Al e
2 717} 15.8 kg/sec?} 18 kg/seco|™ F
227.5kPaolt}. Al@7lel FaHe
242 35CE A3t 35C o) &
b AR E ol8ste] 2EE 24
VAFNE EED Tl st
o“?j% A3 ! 01%0}04

o) Azde
T 298 4 9o &
[e]

N
okl
f

1o 4 ol
ol
. rfo m of
bzl I:ElU
JE o
o o;a
rﬁ"l e OH

ol
£
L 4o
&
ol

ol

e 3
3

B o §LN N B
w
al

o o H
1o >
=
1o
koo rr

o
il
ot

o
rz
>

59 As T -‘?’]i 2
(stilling chamber) 3} A ¥} A) g R4 dAYst =
Zol Qi wWigoT HAEHA YTF & upe
(bellmouth) 8} Hg A *é (inflatable

sea) 2 A4 ]

WO = wAYA ¥l

29l 2ol 59 g

& a7 slelel M Gellows) & AA3Hg00]
W el ke £ 282 9% B4 AEE
WHg 4R Fig. 2).

ol o= 3719 AAHZ AAHE w2 (nose
cone) & AXEte] A9 (stator) 22 #4Y
LY 2 Far e /\*‘Ol‘)r vor
& AAEYt. AYo] AREHE RR7A
AstE FEEe Fo E]/\ﬂa

Pneumatic
control valve

Stilling chamber ~ Bell mouth
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Honeycomb Ass’y

Fig. 2 Schematic of test section
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X=0
Downstream

Stage #2
X/¢=3.06

Upstream

Stage #

Stator Rotor

Fig. 5 Axial instrumentation position
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Table 2 Systematic uncertainties and UPCs for measured vari-
ables in turbine efficiency determination

Measured variables B UPG; (%)
Torque 1 Nm 39.2
Rotational speed 1 RPM 0.1

Mass flow rate 0.02 kg/sec 14.2

Turbine inlet total temperature 1K 22.0
Turbine inlet total pressure 0.1 kPa 90
Turbine exit total pressure 0.1 kPa 155
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Table 3 Random uncertainties and UPCs for measured vari-
ables in turbine efficiency determination

Measured variables 5 UPCG; (%)
Torque 0.05 Nm 225
Rotational speed 0.24 RPM 09
Méss flow rate 0.0027 kg/sec 63.3
Turbine inlet total temperature 002K 17
Turbine inlet total pressure 0.004 kPa 40
Turbine exit total pressure 0.1 kPa 27

Table 4 Result of uncertainty analysis for turbine efficiency
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+0.042%
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Fig. 9 Work coefficient vs. flow coefficient (pressure ratioc 1.29 &
1.31)
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