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CF34-8C FAN BLADE (J13) MODAL ANALYSIS (RIG)
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Feasibility Study of Ultra-micro Radial Inflow Turbine
Part 1: Reynolds number and Heat transfer

ERTUTL A T kE fR*
WATANABE Naoki TERAMOTO Susumu NAGASHIMA Toshio

Abstract

Feasibility of “finger-top” ultra-micro radial inflow turbine is studied numerically. The blades of such small
turbine have constant cross—section from hub to tip and do not have twist, therefore three-dimensional opti-
mize is not allowed. The Reynolds number will be one or two order of magnitude lower, the heat transfer will
be predominant, and the relative tip clearance height becomes larger than conventional turbines. These
flowfield
two-dimensional turbine. The results showed that the two-dimesional blade shape does not deteriorate the

aerodynamic concerns are discussed based on the numerical simulation of the inside
flowfield within blade passage, but severe separation is observed at the exducer where the flow turns from
radial direction to axial direction. The decrease in the Reynolds number does not have catastrophic effect ex-
cept increase in the boundary layer thickness. The primary effect of the heat transfer is the deviation of rotor
relative inlet flow angle, but the numerical results also indicated that the boundary layer over the isothermal
wall separates easier than that over the adiabatic wall.
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#F1 RGHER (940E790)

rotational speed 240,000 rpm
pressure ratio 2.5
mass-flow rate 30 g/sec
speed ratio U/Cy~0.63
inlet total temperature 1223K
specific heat ratio 1.35
gas constant 287.4 J/kg/K
Nozzle
outer diameter 52 mm
inner diameter 42 mm

number of blades 17

blade height 4.8 mm

Reynolds number 3.21 x 10*
Rotor

outer diameter 40 mm

inner diameter 26 mm

number of blades 15
blade height
Reynolds number

4.8 mm
2.42 x 10*
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Feasibility Study of Ultra-micro Radial Inflow Turbine
Part 2: Tip Clearance
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W R

WATANABE Naoki

Abstract :

Feasibility of “finger—top” ultra-micro radial inflow turbine is studied numerically. The blades of such small
turbine have constant cross—section from hub to tip and do not have twist, therefore three-dimensional opti-
mize is not allowed. The Reynolds number will be one or two order of magnitude lower, the heat transfer will
be predominant, and the relative tip clearance height becomes larger than conventional turbines. These
flowfield
two-dimensional turbine. The results showed that decrease in the length-scale enlarge the relative clearance

aerodynamic concerns are discussed based on the numerical simulation of the inside
height and it significantly deteriorate the performance. Meanwhile, it strengthen the scraping flow which sup-
press the clearance flow.Therefore, it may be possible to operate the ultra-micro turbine with manageable

performance if the clearance height is maintained smaller than the height of the scraping flow.
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VEEBR TH Y, scraping ratio 23/ X 70 5838 Tl
scraping flow 23 XEEM TH 5 & #Em L T b,
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Suppression of Combustion Noise and Combustion Oscillation
by Thermo-acoustic Active Control Using Secondary Flame

e
IKAME Masaru
SR s

HIRAOKA Katsuhide

BOORFY R

KISHI Takeyuki HARUMI Kazuyoshi

W F

OKA Hideyuki

F —"J— K : Combustion Control, Combustion Oscillation, Combustion Noise, Secondary Flame,

Heat Release Oscillation, Piezo-valve

Abstract

In order to suppress combustion noise in an experimental lean premixed dump combustor, a feed -back

combustion control system was constructed based on the active noise control (ANC) principle. Secondary

diffusion flames were used as a secondary sound source. The controller consists of a time—delay circuit, an

amplifier and a band-pass filter, so that the control parameters are delay time, a gain and cut-off frequencies.

The fuel flow rate for the secondary flames was modulated by the piezo-valves.

The influence of the control parameters on suppression of combustion noise was investigated. Through

clear periodicity of suppression effect on delay time, experimental results confirm that the suppression is due

to the acoustic interaction between the main flame and the secondary flames.
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Improvément of a Dry Low NOx Gas Turbine Combustor
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Abstract

This paper describes the combustion performance of a dry low-NOx gas turbine combustor designed with

an innovative fuel supply concept using gaseous fuel. This concept uses spontaneous fuel distribution

achieved by an interaction between the gaseous fuel jet and the airflow. Previously, we proved that fuel dis-

tribution based on the innovative fuel supply concept actually occurred according to the load by means of

pressurized combustion tests using a prototype combustor. However, combustion efficiency was not high at

medium and low loads. Further, the pressure loss of the combustor was high. Therefore, the prototype com-

bustor was improved from the viewpoint of combustion efficiency and combustor pressure loss. This paper

describes the detailed structure of the improved combustors and the results of the pressurized combustion

experiments.
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Fig.1 Diagram of the innovative fuel supply concept
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Fig.4 Diagram of the first modification (division of the main region and change of fuel distribution)
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Evaluation of Heat Transfer in Flat-Flame Ultra-Micro Combustor
for Ultra Micro Gas Turbine
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OSHIMI Kana YUASA Saburo

*—7J— K : UMGT (Ultra Micro Gas Turbine), Flat-Flame BUB/NRIBREERS, Zhifiag, 2482, BEEEH

Abstract

This paper has investigated heat transfer phenomena in Flat-Flame ultra-micro combustor for Ultra Micro

Gas Turbine (UMGT) experimentally by temperature measurements and evaluated its characteristics. Heat

transfer at the combustor exit slit was the most dominant, which caused not only heat losses to the outside of

the combustor but also recircultation of the exhausted gas enthalpy by exchanging heat with unburned pre-

mixture upstream of the injector. Recircultation of the exhausted gas enthalpy and radiation from the nozzle

prompted faster reaction within the combustion chamber by preheating the unburned premixture, which was

essential to obtain complete combustion and extremely high space heating rates with Flat-Flame ultra-micro

combustors. In order to increase insulation performance of ultra-micro combustors, heat transfer at the com-

bustor exit slit must be minimized, or it may be utilized as heat source of fuel reforming such as methanol

and dimethyl ether (DME).

1. EUBHIC

WA, FEAFEMOLHTH S MEMS (Micro-
Electromechanical System) iz 8i5ks 55, #/Nh
B H 2 % —¥ ¥ UMGT (Ultra Micro Gas Turbine) 7%
KREMIT @7 V— 71k D RFES MY, BRI ZE
BOWEERE LT, EHARNIRBERE LTOIGH
LHFETE 5,

HAZ—E 2/ MULTBZ 212Xy, BEHAHLRMH
BEEOMHMNIE MR Lo EBBIT O b, L LE
BETHB UL, HEO/NNUYLIZBBROHKIZERL,
ERE L TOMPETIZOLN S, FEH LI, UMGT
ERMBBESTA Y - U HRICRIZTEEY A Y
JVETECERE L, BREEZS D & OEHHIERIZFE T, H
MIzaryTLod ey —Y UICBEIL-BE TR
BHEEICEKT 52 L 2RLAY,

EHICEHHIZ, UMGT OBREERICER L, BREEs
PN T A2 EIZ X o THEL S, THERBEO MM KE
- BIBR O BIEM - IEFAEERR O EME - Who
Bt E0EMES EE L2 LT, Flat-Flame %5

Bf%At 20044E12H15H

BHESET 20054 4 A21H

* 1 FOEREVRSEHMI A KER
T191-0065 HEHFHHFHMEAL6 — 6

* 2 BRERA BRI ALE

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.

FREWVEL 2. T OBRBERA LR L 7cB/NIBREES:
REMEL, FOBRBERMEL EBRIIIRD, AREBREES A
BRI RICE L TV B EORRZERLYE, Ly
L7edss, B/NURBERIIEMN 2 BHERIE, FHME
BRIZEVBRBEHBDILI L EHE SN, AREERZE
BRI UMGT ISR LV AT 2 2B 551213, 4
WAOBBER VAR TORBENET L3RI EEL
BELLoTWD, LIALENS, T0X) /R
Bedr OBFRL - WA EICM T 5 EBRICED {HE,
EELOHARY ZE3NTWRV, B3R5k - NEHBE)
WO T - DITIFBERIICIE, BERARE eI
FTHUTLVDED, BEOHEMTIIIEFEICHE L. H5
BEOROFEH - BiXIIFFAE L ETo, BRENLEZ
eSS EE 2 B,

ZZTRBLTIE, KRPBREICHEIN TV E5E
@ Flat-Flame RIE/NRIBRBE RS N O IR BE 5547 & BRI
I2ko, Bofinz AR L, FMT 5. Thic
HEOX, RRBESFE UMGT ICEBT AT L2 HEL T,
UMGT FEMMBESICE B L BGRetast 2 KT 5,

2. RREBELXBRTE
2.1 EREE

Fig. WIAEER T M\ 7288/ NURBE R OBEIE X % 7R3,
AR@WIL T, B E LTRERZ Az, ARRBES ORKET



222 Ultra Micro Gas Turbine A Flat-Flame E#8/\B P45 25 0D $5 5% ST

ARG RA L2 —E ¥R

BEI M, RARESMSET TERIKEE m,=0.037g/s,
BRI G=0.4 OKFE/BR) THY, KREBRTIIRINK
BiEHomkr#od LI, m, 0.006g/s H 5
0.086g/s, ¢ %0.35% 50 450%PATEZ, EH - R
EiZENEFAKRRL - BIRO T TEREIT- 72

BRBESF O E 2 ~FE, MIT 0@ UMGT 2&#I12L
72V BBERIIAEE BREER 1=2.5W/ (m-K) (at
600K)) & A7 L ABALEY ¥ (1=9.8W/(m-K)
(at 600K)), (—ERDEERTIE, TV I FHEHERT S8
(1=0.33W/ (m-K) (at 600K)) H.L#hY > 27 Hw T
wWz) ICEE R, KE6mm, F#F10.5mm, &
Imm OB EOEMTH S, ZDLEDRFEEERKIZ
58mm*TdH ), MIT O @ UMGT BB s o B
66mm* & ) b/ E WY, SEE 5 mm O LT E &R
(1=146W/ (m-K) (at 300K)) TH 5,

BRBERE LI THIRA ShokFE L BRI, £ILERA
YVxrZE@EBL, O LEEXHIC Flat-Flame % K
T 5o ZILERA ¥V 27 ¥ OMERKHEZIZOVTI
B3 %, MBEREROMME L, Flat-Flame #BEH X
DE—BEHEE LT, HERAXIE ) XV ERESOB OB
KAY v b (HE0.3mm) %@EEL, PEHEIIC
B S 5, EEO UMGT TRREER Y X 3 HEH
ENHTEIThD, S ANERDE IO LTIZ, Boron
Nitride (BN) # (1=25.1W/(m*K) (at 600K)) % L <
¥ MICROSIL (MS) Wf 2 #f 8  (Zircar #t ) (4
=0.03W (/m-K) (at 600K)) % H 72, Fig.212KHT
THEEL TS, KRS ERO UMGT 2RI 2
BE0, HFERLOBNBMERRERT, ZOME
B4%ix MIT #13 UMGT #&5H2 821 L TwaY,

2.2 EBRFE

Fig. 31 #RBE S PR 75 A ) WO L 72 A K 247
o (E#ER0.05mm) DOFBERRERT . BAENHERE
BULTOBBRIZLLZBEZROTD, {0 P22 %
FREIH LKFICHEAL, Yv 2 va VPBREED
HFMZS B XA LT COROERELEL COBYEE
B OEENC & 2 iREREFI0~20KEEL#ESN L
B, WIEIXT> Tk, BIEEE S HMORES 4R
ETIE, BEN T OREITHICHEIT 2 2 o0HtE (IB1
mm, FEE0.7mm) 2 SBRBEERNICKTFICIHEA Lz, P
FEFMOME r #4.056mm 12— E ko 72 F TEHE %
AV % ERE (hy=0mm) »5 /7 ANV TRE
(h+=1.0mm) FCLTFIRBEHL THEEIT- 7. PR
HroOWETIX,  ANVEREEOHOPR AT » +h
LEEMNEHAL, BIHROMELS P27y L&
A 5 h4=0.85mm I —F IR o 72 F F BEN & RIEE
PO RE (r=3.0mm) fFE»SHKRAY Yy MO
(r=6.45mm) F CAKFEIBBL TUELITo72. 2O
A, AREICHHERRT TR, f ¥ Y27 FIZA
HEAMOFRARBEIE T, AEFICHIT MK

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.

10.5 ‘
50 W‘
Center ring —, : /\ﬁ Nozzle

\ _— /

\ ~—— Combustion
chamber

Exit slit

Y o
A —

0.3

o Injector
" Quartz tube

H,/Air premixture

Unit: mm

Fig.1 JRBEa-ERuE

Combustion

/_ Turbine /. chamber

\_ | e 1nj ector

Compressor

—> Flow path

Fig.2 UMGT #%s2: & B EFE L O E EROBIER

Vertical direction

405 / Radius direction
L

|
i
i
i
i $ 0.85
| A,
E L Quartz
i / ube
: Injector 0.0
i
34
4.2
Unit: mm
5.0 R

Fig.3 B2l 5E 7 i BERE X

(¢1.0mm) 2BK ¥—AEEN HHF£0.25mm) * iF
AL7e Fig 3lm$ X H1s, ZoBae, BBEHIE X
HHOMEEZ A V7 % FTHREH»S h_=0.8mm, ¥
ZHmr #3.4mm, 4.2mm, 5.0mm ® 3 > FFICEEL
THEEATo 720 BEXFAHOAITHEL A~ M T
Y=L, FRAESNRNL VLT L



Vol.33 No.3 2005.5

Ultra Micro Gas Turbine FA Flat-Flame EF8/|\EU IR J5:235 (D 24812 ST

223

3. ERBRLEE

3.1 ERARORK

Fig.4/2 m,=0.037g/s, ¢=0.4—EDT T, BEEN
(ABUBESLSEKRS Y22 % (BEE 3mm), BN /
) KRR ENKE/ZROREE, BETARY
ARA=TA VTV I 74T 2B L THRELIEEERR
T, BHTABRY Tk, KRIIFFICEETREZNE
B2 EDELIIERINTWSE, ST TORRKE
BEORHLY, ZOFEGTREEREIER STV
BT ENbhoTEBY, BERAME SHR 1347100MW/
(m**MPa) T, FEICHBEMLBRERICRoTW
29, REBTHWIOWThO ) XV -4 Ty
o ulEhy S O&NTH, Fig 4k F—BIRRO KK
DI #HER L TWh,

3.2 4>V BDRE
—RRREBRR EEHIBR—

INFEFTOERTE, MLOLRTENS, LILEN
4T ZIIZEHBBERPAT VLV ABOBEESBR
EHLTE . INOHMESBITH- T, KREE
BRRIEIL L, BEBED TS THo7o LIL, 4~
V7 FIKREDPSOBYRE L S\ L 0 2k D &R
BENE, SNOLERHEDOD D, WHEEIMKL, B
BAEAMLWYD, Erf I r ¥ 238 md 508N
Hole SHITEKHEOBRE BN CIIERHOE YR
HTOMBEROHE, 4>V ¥HNETELEDERL
KA - TW A RIE S h, REFHOFERIC

(2)

Stable flat-flame formed in combustion chamber

Fig.4 BREESWICHER ENZKEND LI T (m,=0.037g/s
$=0.4) QEZER (FXREI180) b)f 2—T 4
VFEVYTrATECCD A AT (BHHEL/308)

BARMETHDZ ENbhol A7V LART
&, EHEEI8% (EE 3mm OFE) L KEL,

HAY—CVBRBERDA P22 ¥ E LTHEHANETH
b, T THAESRHNZ, WIRICH B RS
BWEEZOLNLTIVIFREELT I v 7HICEZ,
RZERFBRE D S F OMIE% 314l L 7. Table LIZAE
BrCHW, HE-BI0OBRLR56 54 TOT7NVI -8
SBT3 v 7E AT VL ABBEESCBROWTEE
FLOTRT, FigblicFhFhof I %H
WROEERROLE % RT, WE O IIHHEMOART
HHD, O=1.0FETHHEKIBEIN o7, TR
TOA Y27 5T, BEZKKER m,;=0.037g/s &
LIV m, P T@=0.389THRELKEIPTBEI N

m, 50.02g/s LT CREERFIZHICH S HICEE
T5E)BEMERLE. TOE M, TOREBROE
1bid, BIRLOMMAEZ IR LDITRIZEEZD
N2% K ma%BEW8E T, REOKE WV FAG
HPHBHEWNEERRZRL, TXTOL V275 T

1 7 . ;
& FA60t1 © FA60t2

© 08 rq A FA100t1 A FA100t2 - |
o A X FA320t1 @ SUSt3
' 06 [V T
8 AA Stable flame region
5 04 oy e
kS S TR ugregs § 635 S48
g. 02 |+ [ B b
w No flame region

o | | |

0 002 004 006 008 0.1

[g/s]

Air mass flow rate, m,

Fig.5 KRZERA

Table 1. ZILERA ¥V =7 ¥ PHfE
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SUSt3 SUS316L 3 No data 40 9.83 18
FA60t1 Alumina 1 260 29 345 0.11
FA60t2 Alumina 2 260 29 345 0.22
FA100tl | Alumina 1 130 30 3.38 1.1
FA100t2 | Alumina 2 130 30 3.38 2.2
FA320t1 Alumina 1 53 35 3.07 9.9
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