Development of a Rotating Turbine Test Rig
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ABSTRACT

To investigate turbine flow fields under realistic conditions, a rotating turbine test facility has
been developed at the Inha University Propulsion Laboratory. The experimental facility consists of
an air inlet, settling chamber, single turbine stage test section, and diffuser. This turbine has a
design flow coefficient of 055 and work coefficient of 1.88. The turbine test rig has four
features. First, a large scale test section improves space resolution. Second, low speed rpm
enhances safety and reduces required power. Third, DC motor/generator is able to regenerate
blower power. Fourth, various types of experiment can be carried out.

.M E 2 Q& Ay A2AC=E FE O8I o2
R o= Ax TE2HE 2AE d& T U

7t2ERle A7 diFE olg Bdlol= Wl o aEy ol ZEA 244 &dE vehd
Ao F5& 87 A% 7184 olBAMFE £ gloy 339 L uAY FHE BAFX

b

B &4 X3t o9 ZaE T R2EYN A gy Agoly BE #4Y AzAelze @4
Aol FeeE A8 BE 2RI ol FAA ge dew 2a? A, il BHo=EFY
ek YREwe FIY APe AAFT] Bl ol

olgd APl AHEHe FTode A A¥ o Ao AA Hule EAS Uit
M&A | =(linear cascade), FE FHF AEA  gaxe 4 9o A, £2RE AW 329
°|E(partial annular cascade) 1E|1 &AW Y  ganes Ax PRz gdgE FAAA
& A2A o] =(full annular cascade) o] At 2520 AR W] o3t olate] 529

S Aul T Soldn 4d BT A pargye waNZ F Yo AA, NPRE
zAol =g FEe oAHE, MEE T oy zwoz wEY: 3E2L $EaE UF
x dsysE FBe=Ty fatg Ao AdAS Aol golstA] Rt FE &
v QS FESFER 49 AzAclzel eje) o TFAS A

58 SHOIAME M1H, M=, PP.58-63, 1998



SRS M
sl NPS & A &40 PaPE & F 9l
o metd By Agd Bl Beelze) A¥
ABE A58 A A Haggs A
o #AMEE Felel @A B3 AxA = A
s e A

19959, S s H2E B A7 ¢
A BAE AxA=E ol&ate BY Aol &
2o B d(splitter vancs)S £33 o|HEE
24 B APATs APIAGY 2y
ol A <(stator) ¥ 2**"8}01 AR 9

HozA o Al A Q) 7“/\71] S h=k=4

A A E%“ 1¢ A s SRS A

= =

P D - Ao rlr
_?L
m
T,

AzAol= F
A 4 #(centrifugal
o guHel Ao
inlet guide vanes)°ll ]3]
|4%S 2KkWolx
440 Voltse| o},

AR A Q.

THHZ WEH

F‘%}MJ— 071%
st ot ¢l(adjustable
iéih:‘r Aol A
3 9L 349 AC

SHIHME WA, H1E, 1998

8l Alg &) T
HA @t olu Fr|EEC] AARE FYEHe
BAN A FEuEy oFe Ao dojuhA] &
T 85 7Zhee A fFArE AAEo] 9t
Soln QA A UFEAY A2 A48
A RAE e Qe WEo] Algyd vXA] o
£% P2E AEHT Yk
= e
2 o}
T =
S g
=
[} | |
0
Bl i
{ / 1 1 , -
— ‘
u ==}
o}
i

o0& >

=z 3|

EZ

@ O
£

=
- :
£ T [ &
= AN =
t 3 >
< <
Fig. 1 Annular cascade wind tunnel.
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Fig. 2 Spanwise axial velocity profile(2)
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Table 1 Annular cascade wind tunnel specification.

* Reynolds Number

Parameter specification
Type Open Loop
Test Section $860% 660790 [mm)
Contraction Ratio 70:1
Working Fluid Air -
Volume Flowrate 470 m3/ min
Reynolds Number” 2.15x10°
Axial Speed 30 m/s
Blower Motor RPM 1780 rpm
Output Power 22 kW
Power Type AC 440 volts
WC,

Re=

14
W=5A&T4U&E, Cx=54% 4320l

v=834A+

CONVERSON SECTON | TESTSECTION

EXHAUST DIFFUSER

@ Contraction cone
© Stator

® DC Motor
® Cooling Motor

" Fig. 3 Schematic of the rotating part
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Fig. 4 Schematic of the turbine test section
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Table 2 Parameters for the stator blade

Parameter Value

Blade Chord(mm) 100
Axial Blade Chord(mm) 78
Blade Span(mm) 100
Aspect ratio 1.0
Hub-to-Tip ratio 0.76
Inlet Blade Angle(deg) 0
Outlet Blade Angle(deg) 66
Stagger Angle(deg) 387
Number of Blades 32

Table 3 Parameters for the rotor blade

Parameter Value
Flow Coefficient 0.55
Work Coefficient 1.88
Reaction 02
Blade Chord(mm) 82.0
Blade Span(mm) 98.0
Aspect Ratio 1.22
Tip Clearance (mm) 2.0
Inlet Blade Angle(deg) 26.1
Qutlet Blade Angle(deg) 50.6
Stagger Angle(deg) 184
Number of Blades A
Design Rotation Speed (rpm) 914
AgRe 43t 59 s)se] wiE o A
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Fig. 5 Stator blades viewed from downstream

Fig. 6 Theturbine rotor blade disk assembly
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Fig. 7 Upstream and downstream axial locations for
aerodynamic instruments
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2.3. DC Motor/Generator & Control Panel
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E.Krieger Publishing Company, 1973.
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