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Development of ultra micro cascade wind tunnel and its application to aerodynamic
performance design for components of MEMS turbomachinery
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MEMS turbine cascade was designed and fabricated, in order to establish
the cascade aerothermodynamics design method for MEMS turbomachinery, and clarify the mechanical
behavior of compressible cascade blade-to-blade flow field in low Reynolds number regime. Stagnation
pressure loss coefficient, blade Mach number, and the Zweifel parameter for the MEMS turbine
cascade were determined. It is concluded that the stagnation pressure loss coefficient of the MEMS
turbine cascade is several order larger than that of large counterpart. Therefore, significant penalty must
be paid for the aerothermodynamic design of the MEMS turbomachinery.

2007 4,700,000 1,410,000 6,110,000
2008 2,100,000 630,000 2,730,000
2009 1,500,000 450,000 1,950,000
8,300,000 2,490,000 10,790,000

MEMS




MEMS

~1 10* cm
MEMS
1/100 cm
mm
100pm
1/20 2mm
1/20

Pileh

Stagger angle

Inat flow angle
MEMS Traling edge radius
.

T, Leading edge radius

Cutlat flow angle rd N,
; "
o
i #
[5] [5] 1/20
Leading edge radius [mm] 1.83] 0.0915
Trailing edge radius [mm] 0.5055 0.0253
Pitch [mm] 35.15 1.7575
Chord [mm] 41.7 2.085
Throat [mm] 13.4273 0.6714
Inlet flow angle [deg] 56 56
Outlet flow angle [deg] 64.65 64.65
Stagger angle [deg] 28.5 28.5]
Pitch/Chord 0.843] 0.843
1940 Solidity 1.186 1.186
NACA(NASA ) Opening/Pitch 0.382) 0.382
1 1/20
MEMS
2mm MEMS
MEMS
M=1

MEMS




2 MEMS
CFD
5000
MEMS
CFD
CFD MEMS
Zweifel 3

N ——
I

3
10 119 15 18
20 215 23
1.5 Zweifel
0.35 MEMS
4 MEMS
MEMS

B

__tman

PR L
M F T}

e VLo TIP3

— FEER




weosp, Y cosp, )
26 )cosp,

o1lT /

50 ,BL 0 0014 7
(2=70,6Q,40—

B, B

— oo T

-0.8 -0.6 -0.4 0.0 0.4 0.8
=1 (VIVpH(v-vp2oVy|

5
35 ) 25
3 | [e 2EREmRN =
3 UG PATT IR 2 =
= 25 B
B 152
#H . H
E{ ]5 I Y 1 I‘.;
lq_‘;: 1 . . ;P‘
S . 05
05 :
0 - 0
05 1 15 2 25
) FaTF40
6 MEMS
2

A.Sando, N.Takano, M. Asai, T.Toriyama,
S.Kido, J.G. Korvink, Reduction of Finite
Element Mesh and Model Order for Fast
Dynamic Analysis of Global/Local Problem,
Journal of Solid Mechanics and Materials
Engineering, 3,2009, 572-583

Y.Suzuki, Y.Okada, J.Ogawa, S.Sugiyama,
T.Toriyama, Experimental study on mechanical
power generation from MEMS internal
combustion engine, Sensors and Actuators A,
141,2008, 654-661

3
J.Miwa and T.Toriyama, Aerodynamic consi
deration on impeller, diffuser and volute for
MEMS centrifugal compressor, PowerMEMS2
009, 2009 12 1 , Washington DC, USA
Y.Tsuzuki and T.Toriyama, Internal flow
visualization of micro supersonic nozzle by using

micro Schlieren apparatus, 26
, 2009
10 15
T.Fujii,S.Furuya,H.Tsukahara,H.Kawabata,N.
Takano, T.Toriyama, Design and experimental
consideration for gasdynamics of MEMS base
d micro supersonic nozzle, Power MEMS200

7, 2007 11 28 , Freibrug, Germany
0

o 0

o 0

@

TORIYAMA TOSHIYUKI

30227681



