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Application of Nonlinear Numerical Optimization to Design of Turbomachinery
Part 1 : Multi-Stage Axial-Flow Compressor Through-Flow Design

VAR, ST R £ S = Y

KOBAYASHI Tadashi NIIZEKI Yoshiki

WE W, RN

OKUNO Kenichi SASAKI Takashi

F—T7—F: v —REMK, Bolft, BIUREMER, @RETEET, TUEREERE

Turbomachinery, Optimization, Axial-flow Compressor, Through-flow Design,

Streamline Curvature Method

Abstract

A new design technique for the multi-stage axial-flow compressor is presented, in which a non-linear
numerical optimization algorithm is combined with a pitch-line or a quasi-three dimensional stream-

line curvature through-flow program. The new design system can obtain the axial-flow compressor

configuration which maximizes its efficiency with the given inlet mass flow and the pressure ratio
under the constraints such as a stall parameter. The simultaneous optimization for all the stages is
possible in the pitch-line based program. This result is followed by the optimization of the design
-parameter radial distribution in each stage by the quasi-three dimensional program.
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Effect of Temperature, Gas Velocity and Oxygen Concentration
on Evaporation of Iridium

Abstract

A e, B s

KUROSAWA Youji TAMARU Takashi

Currently, materials which can be used for engine components and test instruments in high tempera-
ture conditions are highly wanted since R & D works of high speed flight vehicles and high efficiency
engines with high cycle temperature are in progress. Iridium is one of the promising materials with
melting temperature over 2400°C. However, the evaporation rate of the material in oxidizing gases

was hardly known quantitatively, especially in combustion gases. Evaporation rate of Iridium metal

has been measured here in combustion gas stream varying its temperature, stream velocity and
oxygen concentration. Each Iridium ring test piece with about one mm thick in diameter was exposed
in a modulated combustion gas with varied oxygen concentration and temperature. The evaporation

rate, or mass evaporated per unit surface area, is determined by weighing the test piece before and
after the exposure. The dependency on the effective parameters is summarized into an equation,

which can be used for estimation of the Iridium evaporation in practical use.

1, AN &

AV YT A-uP A (Ir-Rh) BER T 2000°CHT V5
BETHA2ZEDOTEZAE N EL TSR TWREY,
U LTESR, ERANZBRER ORI ) o7 LiE %
LT3 EBHETHL L, 124 Y AI13E1L
BEHS TR, BFAEBBE2Z 806N TVRE D,
THE ORBERRPEE A AREFH N IITHE Wb T &
7o B, 4V Y7 AEBOMIEMHES, REESH
7z ETOH AFHHEIC B W CEE R KR % BT
ELEMAMLRICEELERL EELTRENLTY
Z)(Z)o

AV YT LDORAICHT B InE TOHELEL T,
Wimber & 3R+ O BRAWGHFEHT ORIz DWW T,
FELEE 1948~2533 K, F£/7 134 Pa~134 kPa O&#® $ X
00.01 Pa~134 kPa®  TORERZ1T - Tz, 5 132K
ORI FRSGMET TH, EJJ 470 Pa~85 kPa, JER
30~160 m/s TEE R LTV 39, #5DEBRTIIE X
14 mm, B 0.5~0.6 mm ORE % AKSERTHEREL,
WEMEAL T3, Z0OFE, Ir oBb/K4bic X % B8
BFDOERET IO, (2) BLUIr0, (g) MEHEIH, %
noDBimd 1400 K HETh 2 oKll, HET 32
EBNERTH S Z LS PIZLT,

CITREAEEINT WA EROREEHEH A R D

EREA 199712811 H
* 1 MIEFEHEMPIERT
T 182-0012 FAARTHEEAFHET 7-44-1

BEHFIHLTA Y Y 2E8BHEDREDRL, BiE
2ET D, FRCEHE, BEB L UBRBELRGCTL
TEDL S ZIKEN L2 b O 2EERICHS T LT,
IZWZDRRE2HET %,

2. & #®

FENZ B W 72NN T _E O E & WiE 3T AT,
FleldN\AEELHESRTH 2, FHEEL.052~
1.147mm O 21 AOFFK (55, 10 KIIEGHEM) 2 E
£ 35 mm D& L TR L 72,

AV LOYMHERFETICRT, 1) Vv LIFHIERE
T Os (Osmium) X DOWTEWEETH S, Auni-3KE
OMEIIR 2 1R T, R 3, 49 OHEBEERY, W
(Tungsten) BHRHETEX2EE (ppm O4—F—) ¥
BEENTVLRY,

3. HBREE & HERH

BEGABREE EBERHEEN1WWRT, ¥ —REME
L OEE L EREBRIMABRTHEBET 5, Z0HIC
BTN —F —EETAT VR RBEI R E 2 L&D
BREEPETEES, fHAESHREAERZRLT v
ATEFZ, B OWTIEEREF T 2 AWM 2 12
EEFELOMHE 2R T, /N—F—IZX 2 OLEIRT &
IR FEICEAA RN 24 ADEE 6 mm/4 mm
DB, AF VR EBH A2 0.7 mm O/ R KiE L
TEBIPFEIC 66 HEBHT2b D TH B JRBEN AFF
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B e e e L Y v — 7 (DI, Bic”
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AW 2, T B - 1 BRIENME X 20mm TH b, T D
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N iR [ppm]
(5444 :MAR6/95 JAN4/95)

Rh 168 32
Si 105 4
Ru 38 5
Al 23 16
Os 20 ND**
B 20 7
Pt 14 137
Fe 5 23

ZDfth <5 <5

* Western Platinum Refinary Ltd.
Mo DEH

** Not detectable
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Development of the Turbine Rotor and Nozzle
for the 100kW Automotive Ceramic Gas Turbine

Abstract

R HIlEE*, FRHD BEE]

NAKAZAWA Norio OGITA Hiroshi
25 y— s 3
e BT, & Hig*!

TAKAHASHI Masayuki MORI Shinji

The ceramic radial turbine rotor and nozzle, which operate at the inlet gas temperature up to 1350°C,
have been developed and achieved the required aerodynamic performance and durability in order to
attain the goals of the 100kW automotive ceramic gas turbine engine. As for the rotor blade vibration,
which occurred because of the resonances with the nozzle wakes, the design in which 2nd and 3rd

order mode resonance points are removed from the operating range is implemented.
The transient thermal stress analysis of the turbine rotor at the start and at the fuel cut has been

performed and the prospect for reliability can be obtained.
They are also evaluated in the engine test at the turbine inlet gas temperature of 1350°C successfully

and the performance goals of the ceramic gas turbine are almost attained.
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Unsteady Aerodynamic Analyses of Oscillating Transonic Cascades

Abstract

SR HE, H BERRER

SHIBATA Takanori KAJI Shojiro

A linearized Euler analysis for two-dimensional unsteady flows through a harmonically oscillating
cascade is presented. The linearized Euler equations are solved using a pseudo-time marching
procedure with shock capturing method. A nonlinear Euler analysis, which is based on the implicit
time marching procedure, is also developed and used to validate the shock capturing capabilities of
the linearized Euler analysis. Extensive studies on the flutter problem of transonic fans indicate that
chordwise motion of the blade is very important to predict the correct flutter boundary when strong
shocks exist in the blade passage. The effect of bending oscillation amplitude is also investigated
using the nonlinear Euler analysis. It is found that the nonlinear effect of oscillation amplitude is only
significant for a limited range of the interblade phase angle and the angle of oscillation in unstarted

flows.
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