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Table 2 R&D Schedule of XF7-10 & XP-1
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2) PFRTE:R

SERISEE N 51, XFT-1aX—ZAICER% 341
TR AGEREL WA ESEEON L2 K-S 7
AT RE R >V v & LT, XF7T-10DOWF LR 512 %
F L, PHISERE £ TIZPMRAT € 3E (PFRT :
Preliminary Flight Rating Test) H & = » ¥ Y XF7-
10 (PFRT) % 5 BifEL7ze Z0%, FKIVEEF T
PFRT O £ BRI H % Fhti L, XF7-10 (PFRT) 29925
FAMCZERR D RATRERI M LS5 2 & 2R L 72,

Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.

3) QTR UCAMTEL RS
SEREL6AE I XF7-103XP- 1 H = v ¥ v & LTE
ENO%ZF T, FRIGEE T CIcRERB (QT:
Qualification Test) DT ¥ Y Y XF7-10 (QT) #5 &
RIEL 720 O, FH2EEICNTTQTICBIT 5%
AR H 2L, XF7-10 (QT) 2SmEL Y v e L
TOMAYE, ZEWETET S L el L,
SERCLOAE BE A & P E21AF BEIZ 201 T, ARAT kB
WKLoy v add—N—F—VTH5ZLR{HEHTES
ZeODBHEMEMREORBEE LTm#EI v ¥ a villR
(AMT : Accelerated Mission Test) #XF7-10 (PFRT)
xWBL2H0L Y YXF7-10 (AMT) CTHEitiL 72,

4) RATAER (FT) Bl

ERCISAEFE A S BfE X N7 XP-10BFETid, RATR
B AR S LT 2 e MEL Az, STz v
Y UE, FHISERE T CICHEE R MM 1 A 7 A iR
(PT : Propulsion Test) a4 (% 1k o B 3K 5R)
& LTXF710 (PT) % 2 & (BI#REIE T #, FTL
%), FRE204E B F CLORATRBRA & L CXF7-10 (FT)
0GEZ2MEL, F2B0L Y V¥ CRITHRERZ L
720

EI94E BE I I XP-IE FIRAT IS L, P B 204E
25, b E R A 22 3 1 B Vv TXP-1O AT
A& (FT : Flight Test) %ML 720 FHL244F 121
HEAE R O RN b & D 72 ToOEBRIAE % 9406 L XP-1
DRFIET L7z BIBH TR, k- =09 v e
SR EEWT AXAH S, XP-125P-1, XF7-102»
5F7-10& 72 5 726

3.2 XF7-10OHERFHMIER

XF7-100 # 3R BRIE H 12, MILOBJEBER (PFRT,
QT) &JSSGOFIEM i (AMT) 12D & GERETAM
HHAZEDZ. ITNoORBIEICH 2> TS, #&ite
[l B ICMIL % # 3t & L 72 £ T, JSSG, FAR, ICAO®
BRI 2 BE L USRI E L VE L, FHlix)
LIS X > T v D ViR, SanaBR, ik eER M
AL LTl EiBR % 920t L 720 XF7-100 M L ilERIE H

Table 3 Ground engine test items of the XF7-10

HERE S HEREE PFRT| QT | AMT

EMRE, ALy bT AR =230 HBMER. KR °
AR, BRE. R, BRAREE

TIODY | M. BRAS, KEAH. EEHA ®
B | mmm@A. R77RAT v I, UA—RAEA. RERE.

(QIER) |ERBRBRUME, Bk, RAME, BEAH. KBHZ. )
BEHE. BB LY RBEN. BE. B BHET
B )

ERHER | BEERE. T RN, WE. BEE. EYHES ®

(BIBE) | %38 ER&HCF, #&LCF), A>T AL b o 0
Wik, £ BHTH, WEES L OHE, MRV IHE | o
. FADEC#EE. S al—3 3y, ECUEAIREE, ECURE

EkstE | RS GEE. HEMEE, KD, %) e o

(291 E) | BEHMED BRI, ECU. BRRM, RARM) . MHAY
TxrvET—2 a3y, BE, GAROFER, AB/PTO. HE °
Ay, REH, BME. WS, WA EEET 2R
#5 (ECU, T45B/84 O 4 —% ., R H)




140 REETEEEAAE (XP-1) HI I DREICDOWT

HA#HR2-—EFR0

&K 3IIRT

ABRETAMIZ 3\ T, PFRTIEHBRRATHT £ TITHERR S
LR THY, Thzie Lz ETHURITZE2% 2
ENTE Do QTIAREMAMZIEET 5720 DR TH

D, QTR THRICEEL YV Y OREIEET 5. 72,

AMTRBHO T > ¥ ¥ & RFHICHE > THliEL, ©
Yy OEENEHRT 2WRTH 2,

QT, AMTOH b3t & 347 L CHEMiL 72, XP-10
FTIZB VTS, K4 ORI L L T OB 2 5
i L7z FTIZB1T 2 HEMERMO R B91L, kL D
BefE, thie, EETEICH T 2 ZRFHZFMT L 2 &
Thb7zw, FFlikEL LCid, HEEREICHET 5 %5
fE - ERERMERR T 5 2L L LTRE LT

Table 4 Propulsion system test items of the XP-1

HERER HERMEE
45U (L)
IVOUIEE I UmREGhE)
IOV BIRE (22)
AILAR—b - E—FHEEERERR
LoD ﬁﬁ;ﬁx%ﬁ&ﬁﬁ%
HEH) LS REREER
BEBEHE NI RERERD

IUOUEE R (L)
IUUUEE - MR ()
AEEEE (L)

RS A1 78— A
RGARR—H B

T - iR

FTRILRAEESE

RFRRYIN—H{EE)

TAAN—Lav it

4. XF7-100i#h Li8& (PFRT, QT, AMT)

2 ZTIEXF7-100 1 Rk 9 &, PFRT, QTERE
DLy Y VKBTI LT AT 2 BRoME %
TS 5. ZOMOH FRERIZ DWW TIZSE SCHkE)~11)
]I R A

Vv b U IUOMAEDNFEZOWTIE, MILIZ
BT, BREEZFHIRE 2 PSRBT 3 ITRY
6 MDY A 7 ViElr %, PFRTEFICBWTION A 7
Vo (60FE) K ONRA60H D45 8), QTE(RIZB W TIX
2HDOL Y Y TR & 254 4 7 v (1501RR)
KO w200 D48 2 2 [R5 2 EAEEREINT

aemnn | |[|{|[/|/] I ||||H (| .,”T[!—n-, A4l
— :' (T I 1H|l it ‘“'JJ‘T-L‘ -
i
|

i |
[ Rl a—

‘ 1l ‘

loldstgsls 11 11l

B
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Fig. 4 Accelerated Mission Test case (Sample)
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Fig. 5 Endurance test case of the XF7-10 (QT)
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Fig. 7 Reverse endurance test (Outdoor test stand)
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Fig. 6 Endurance test (Ground test cell)
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Fig. 8 Reverse endurance test (Max reverse)
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Figl0 XF7-10 engine cold starting test
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Fig. 9 XP-1 test aircrafts (5501: Upper, 5502: Lower)
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Fig.ll XP-1 full thrust reverse (Inside engine)
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Table 5 XF7-10 test run time
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Gas Turbine, Turboshaft Engine, Helicopter, Mixed-flow Compressor, XTS2, TSI, OH-1, FADEC

1. [FUBHIC
FRoPitE~) a Sy Ty Y v U TR R RN
B ERER N Y — Ry vy 7 by YV VT AR
MoWzEE Hi L LT, B HEMf7e458 TlEX TS2-
10 (1, PAFXTS2) O#MER ORER % 1T > 720 Pk
I8AEFE D & K 254E BE LS 20U Cakal, Btk iilre, kg
MR ERm S (K 2)Y, ZFETIEEGMFS

ELTCGMEL Y Y v ORGE BUEFE1T 5720 ARITIE,

XTS2Z v IV Vv OEFNKIIOWT, HAY—Y R
NJATSIYHIy D e LTORMAERNT 5,

Fig. 1 XTS2 turboshaft engine
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Fig. 2 XTS2 program schedule
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Fig. 3 OH-1 observation helicopter®

Fig. 4 TS1-M-10A turboshaft engine
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FHPHOWKZEEELDD, N=ALv Y220 Tk
M, ¥R3AF—VT v TEeThEFE L, (1)

Table 1 Design commonality between XTS2 and TS1

New design

Compressor, Combustor, Fuel injector, GT, PT
Scaled up
HMU, IPS, IRS, Oil cooler

Common or almost the same

Engine system, Sensors, Gearbox, Igniter, Exciter, FADEC
GT: Gas generator Turbine, PT: Power Turbine, HMU: Hydro

Mechanical Unit, IPS: Inlet Particle Separator, IRS: Infra-Red
Suppressor, FADEC: Full Authority Digital Electronic Control

IV ORI H o TR, i~ a sy Iy
Dy ELTERT A2 MERE MR WE &
iy, "tk WERBEEE AT S L 91, MIL-E8593A%
RJSSG-2007AYE B EIZ LT, ko~ Y 275 DEH
e U Cakat ke & i L7z,
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Fig. 5 XTS2 engine system
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Table 2 Engine technical data

Engine XTS2-10 TS1-M-10A
IRP (SLS) 940k W 744kW
SFC@IRP 0.30kg/kW/hr 0.30kg/kW/hr
Length 1500mm 1300mm
Width 700mm 600mm
Height 700mm 600mm
Dry weight 190kg 155kg
Output shaft speed 6000min ! 6000min™!

Performance numbers are approximate.
SLS: Sea Level Static, IRP: Intermediate Rating Power
SFEC: Specific Fuel Consumption
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TOFNY ¥ 7, W - 2RATERD bR, =¥
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(a)lst stage: Mixed-flow (b)2nd stage: Centrifugal

Fig. 6 Compressor rotors
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(a) CFD (b) Compressor rig test

Fig.7 Compressor development
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Fig. 8 Combustor components

F72, TSIDT A Ay FROJPA% FEE L TH
FENLZ LI LT, RN AT OB S

R 22885 L  — IS b LT 2 TR DJetA-1
BHWD Z L #XTS2OHRFHIBWTHEE Lz, 2D,
PREL ) ANZDOWTIE, =R A Z IR 55—
BEREZ TS1 & 0 5L L 72 AR IR off & L7z,

3.4 BEZ#—-E>

XTS213 R D72 DTS2 5 TITZ BN & € T
WLOT, ZRISHIST 572012, BEF—EVIZB»
TIEHE, B3 & b IR 2 W L T AR -
B EELIC, BEMEICOWTIZTSITHW 22—
M PEBEFE R 2 & HASSMICEE LT 2 ) — 7B & L
S, TUYERBICEET L GHIZERRE O % K
ANBRICHPH] L 725385 LTwb, (K9)

ke l _.J

(a) Nozzle b)Blade

-

Fig. 9 Gas generator turbine nozzle and blade
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Fig.10 Power turbine rotor
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(a)lst stage (b)2nd stage

Fig.1ll Light weight power turbine blades
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Accessory
drive

(b)Gear layout

(a)Gearbox assembly

Fig.12 Gearbox

3.7 IV RAF LA

HIHE Tld, XTS2OH X% —E v & LToORM%E R
NC&o =, NJary Iy Y e LTXTS2%
LG, VYV R S5 72D OBREMILR
B LR 52 A A vy Y, RIRIRBEE A RAT T BB A~
Ly MNEBOBIK, T vERL—XITHEKD LT,
Il F TREICHMT 2 EORKFRYE, ThbbY T Y
AT ANRL YT v OERNEZE 510487 TEELR DO
Lo WIEOEY, XTSI X 7 KD 72012
TSIOFFER M CTHE. LEROBH W 72 AT A%k
HL, "= FY7 27k 7 bz 73 REARNIZIZIEE
LLTC, MOMREOHMHICIVAERT v 7RIUTA ~
5 —7 2= AEENLELE 72 HEMIZOWTIE, AT —
VT TEOBRNERTHIE Sz YT, ¥ 7V X7
LDV T O Z R 2,

3.7.1  HIERG
XTS2TWE, "fuy boTy—r7u—F, T4bb,
T U EE BROAEEZRIET 572012, mE» S
il ToETOERKEZFADEC (X13) 12X ) H#pfl
WTIToTWwb,

Fig13 FADEC
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Table 3 FADEC function
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management | * Power turbine rotor speed feed back
Stability + Accel / decel scheduling
management | *+ VIGV geometry control

- Stall recovery
Safety + Limit protection
(rotor speed, temperature, torque)
- Relight / restart
- Fault detection, accommodation &

Diagnostics &

maintenance annunciation
- Engine data / event log
- LCF counter
Helicopter - Torque balance
interface | - Torsional instability mitigation

+ Corrective pitch feed forward
- Airframe / engine communication &
display
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Fig.15 Anti-ice valve
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Fig.16 Adapters for defense use
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Gas Turbine, Turboshaft Engine, Helicopter, Preliminary Flight Rating Test(PFRT), Engine Test
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Table 1 PFRT evaluation items for XTS2

Performance Sea Level Performances

Characteristics Altitude Performances
and Functions

Monitor display Monitor window

Control Functions

Attitude

Inlet Distortion

Rotor Dynamics Characteristics

Safety Over-speed

Over Temperature e Engine console

Oil Flow Interruption

Explosion

Failure

Ingestion Capability Fig. 2 Measurement room

Containment

Environmental Electromagnetic Interference (EMI)
Proof Altitude

Vibration

Humidity

Lightning

Structural health Static Load

Fatigue Life

Vibration Characteristics

Durability Durability

(b) Schematic view of a turbo-shaft engine testing

Fig. 1 Engine test site at the Air Systems Research Center, Fig. 3 Engine test setup
TRDI, MOD

—17 —
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3. XTS2 x> B
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DIEFIMEB L, XTS275 RuT 2 KWL A A1 % 3 5
Z L RRERR L 7o

Fig. 4 XTS2 under the atmospheric water ingestion test with
the water volume of 3.5% of the total airflow mass

3.2 MAHRKR
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I Y QNGRSO RFOBIN,S D EHE
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IR SN, LEZ Y o TXTS2APFRT O #EAiff
ARG T HIHANEE RO & 2R L 72,

| 6 hours [

v 1000 P ] U]

Rating

o [ Ly |

] ScrmirJI 60min I[\dﬁmii

60min | 96min | A8min

Lapse time

IRP: Intermediate Rated Power
MCP: Maximum Continuous Power
F/I: Flight Idle

G/I: Ground Idle

Fig. 5 Engine operation cycle for the endurance test

Fig. 6 Fluorescent penetration inspection of the No.2 power

turbine stator'®
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&b o TXTS2AY B 20 @i E i 4 %2 43 5 2 & & hf
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Dynamometsr FlIQXIbIQ Shaft

Engine

- ———————
O e—

Inlet Duct for Over Temperature Test

Fig. 7 Top view of the schematic setup for the over
temperature test

1 I
| Gas generator speed i

1 L
//;_ | Maximum allowable speed |

i Gas generator turbine outlet temperature

s

| Maximum allowable steady temperature + 45°C |

]

| 1
i |_Maximum allowable speed 1|
b [
: Qutput shaft speed
SR

Over temperature operation time:
312 sec > 300 sec(Required)

Fig. 8 Time variation of the engine temperature and speed

during the over temperature test

Fig. 9 Fluorescent penetration inspection of the gas generator
turbine disk
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Fig. 2 Honda Aviation Gas Turbine Engines in early stage
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Fig. 4 Boeing 727 Flying Test Bed
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Fig. 6 HF118 Turbofan Engine
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Fig. 8 Cessna Citation Jet Flying Test Bed
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Fig. 11 Trend of thrust-weight ratio
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Table 1 HF120 engine specifications =
(@)
Model HF120 P
9.32 kN <
Takeoff thrust (2095 Ibf) -2 F
Length 1511 mm 3
Width 655 mm .
Height 775 mm -4 ] i
Weight 211 kg -5 0 5 10 15 20
Low-pressure rotor speed 19055 rpm A Thrust-weight ratio (%)
High-pressure rotor speed 49200 rpm
Interstage turbine temperature 860C Fig. 12 Advantage of SFC and thrust-weight ratio
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Fig. 14 HF120 engine features
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Fig. 16 Compressor components
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Fig. 17 Combustor components
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Fig. 3 The Development History of GTF Engines?
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Table 1 Specification of PW1200G?

Unit Type
Model Name - PWI1215G PWI1217G
Fan Diameter mm 1,422 1,422
Stages - 1-G-2-8-2-3 1-G-2-8-2-3
Take off Rating kN 66.6 75.6
Bypass Ratio - 9:01 9:01
Flat Rated Temp. T ISA+15 ISA+15
Aircraft Installation - MR]J70 MRJ90
Emission (CAEP/6) -50% -50%
Noise (ICAO Stage 4) -50% -50%
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Fig. 7 Noise Foot Print of MR]J"
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Reproduced with permission - all rights reserved

Fig. 8 PW1200G at Ground Test”

(¢)2015 United Technologies Corporation - Pratt & Whitney
Reproduced with permission - all rights reserved

Fig. 9 Flying Test Bed”
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Reproduced with permission - all rights reserved

Fig.10 Cutaway of PW1217G*
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Fig.12 Noise Performance vs Engine Performance®
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Fig.13 Thermal and Propulsive Efficiency®
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Fig.15 Front View of Fan”

(c)2015 United Technologies Corporation - Pratt & Whitney
Reproduced with permission - all rights reserved

Fig.16 LPC Test Rig®
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Fig.17 The Development History of Fan Drive System'®

(c)2015 United Technologies Corporation - Pratt & Whitney
Reproduced with permission - all rights reserved

Fig.18 Gear System®
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Fig.22 Combustor Module

(c)2015 United Technologies Corporation - Pratt & Whitney
Reproduced with permission - all rights reserved

Fig.23 High Speed Laser Drilling for Combustor Panel
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Fig24 HPT Disk
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Fig.25 Schematic of Module and Engine Assembly

(¢)2015 United Technologies Corporation - Pratt & Whitney
Reproduced with permission - all rights reserved

Fig.26 Engine Assembly and Test Facility
(Photo is PW4000)
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Fig27 The First Installation” and Engine Run® of PW1217G
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Fig. 3 Prototype of a hollow CFRP blade model and its
CAD model.
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Fig. 4 High-efficiency design and preliminary
simulation for fan rotor blades.

Fig. 5 Fan rig for aerodynamic performance test.

2.3.3 X ZIT 1 RUEELEM

BN RNARABICH S TRIET 277 v T L= %
BFFT A HET 4 A7 12DV T HHEEAIKE L 4 BN
WZHB720, EEMEZIZ 2HM OB - BHHES
NTWb, WFOT 4 AZHEITIE, £LLTXYUH
DI A4 7 VEFHFHIIESWTH A Vv 7EnTn
570, BT u A BWTIHAER LD L T
58y M=y FEONMIEETHRRIZOVTIL,
AR AICIIE R E N TV R W OHPBIRTH
b0 COMPERFEBETHERSAMDL LI LN TE
WE, EEtEmmERRED L —FF 7L LT, Bz
X714 A7 ORI EoREILE I 2 & DT
E2oNb, JAXATRINLY I 2b—v a3 VIZXBE
TRt 5 DT RN ORI 2 4TH & & BT, Nz
JEBRIE B X BT 4 A 7 OFERERZ AT ) G T
Hob (6)o

2.3.4 WET A FBRELHEH

WS A ik, 7757 PNEICERIN-£4L%E
& DN h 22 By FHTHY, 77 vEER
EBEOTHBICIoTELD =24 X (77 VB
) ORI EE R #H AR L TWD, BN, 2SR
LI > TlRE T4 F D REMbE S BRI L 25720,
WROTNVIGERTAF (KTE) L )ERLTREZR

Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.



176 JAXAICH TR EBRET L S R OFERR

Eli‘#JZ';‘l t/—?/r\wf

Fig. 6 High speed spin test of a metal disk model for fan rotor.
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Fig. 7 Acoustic liner; left is a conventional model
installed on FJR engine, right is a test model
with a resin honeycomb structure.
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TR ERINASEAEM L LT, CMC (€5 327 ARHESE
M) %5 —EYRENETT 5720 ORI T ATE
THOWMYMEIN TS, JAXATIEMZZ Y Y HE
L TR &N L@ nlgxph a2 T4 L L b
BEY—Y VEDOT Iy 75852 F0 LB <l
5 72D OFENHAM O IER T & DTV 5,

i ZeVE A FAH CUE, R 2 &S5 E L T H M
MifEd 22 &Ry — VY ryohlilEd Rl fEkse2

Z & GHREERIERRED AR BN TWwWD, JAXATIE,

Mlz§ 2 B3 & FHE 2 T3 S & TCMCH R 2 il S &,
22)) bV 7 2S5 & Callnls bl kB & R B
AP OB EZ HIFL Twb, BEAZCMC7 L —F

EEEE— 2 Y MEFICX D FRIENER LR %5
W H s L EZbN5H, CMCT7 L — FOBEHSL
ERGERBICL DILRL, B I a2l —Tavitdo
TTPHTREL A2 L2 HIBL T 5, BIEIZN 8 1R
T X9 BREEITIAA TR EZ T > TB Y, By
CMC¥% — ¥ ¥ 7L — FOMFBEAIERERIC X ) EiET %
FHTH B,

t=0.08 ms

Fig. 8 High speed impact tests to study failure damage
modes of a ductile material (in upper pictures) and a
brittle material (in lower pictures) hit by a steel ball.

2.5 AF7I T UETOMRESE

BNANRA Ty Yy CREARE R ATV
FEHIN LS, B om ) REREASRD S
AN H 5o DI DIEBN MO EIEIEALIC & 55
bR B L, BRI ERENOx: ik
LRGSR ENUEE b, JAXATIE, HROH
INANRSZAM T Y 2T RO RS & 7§
L5ATLY IV VAT LD RRAL L LD, AT
LT Y EFZOVERIN LEM O ZED T L, /I
IV THHRREIT Y Vv e kR LNV 0BG
BUCLE L BAMIEMERCW N & — ¥ v F 0 REFEBAN B
gL L b, NOxHEH %2 CAEP/63EHE 12K L75%K I,
DRBESE, B 1dBIRR A NI 1 BT CHIAT S
BEE IR TN ADOERHED S LoD, BRI L ¥ A
7T AR E R BET R PHMEA 2 ED TV ETH
o MOIZaT7 I I Y AT ADTVREBITH D,
JAXATIZKIEZME NOx & EJHT L, FRA 2B
PpEdE (10) OWFERFE LT TWwb, FElY v F
J— R (RQL) BREEZRICIENR, FHMEAT— T v 7B
Wi 2BBECHIMT 22 212X D, NOxIEHETED S
NTW5 4 20EE&M (LTOV A 7 V) OWwWFnT
LI NOx#FEBfEE LX) &35 THb, ML
A HRBE i Ko RBEd 2 EAML L7z Y 2 LG,
KEGEAMDOGEnxT > ¥ ¥ 5% %75, JAXAJ RidHifh
W BE (TRL) 23F 2KV EEBF 12 H 5 D oD, NOxHE
WL ANVIEGEnxZ FHloTWwWaZ Edbas (H11).
B, BESMHFICBVTHR LX)V OENOxHETE % %
BT, WRBREFRBEE DO TV D,
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Ultra-high
temp. HPT

Ultra-high temp.
low NOx combustor

High loading
compressor

Fig. 9 JAXA'’s proposed highly efficient core engine.

K&t ITHIEE OFFAMERREE ). BIEE NS
NRAW 6 ULED A r— Ny Y v oER ) 2 VB
WT N A MRS U Cl R L )1 o2 bz 5H
TRL, BNRBSEIRBO M2 D TWE LA
THsH (H13)o

ECF: Emission Control Fuel nozzle
LSF: Lean Staged Fuel nozzle

A
. ﬂk:@r
¥ %

Fig.10 Schematic of ultra-high temperature low
NOx emission combustor model.

12 =¥ . T Fig.l2 Noise reduction devices; left claw mixer and right
g N 3 s notched nozzle* used in small engine test.
- » 2 : - .
'-E' 1.0 ooy {AEP‘% NOxVipiy *developed jointly by JAXA and IHI.
= . » b ..
z 0.9 ‘: - : o
S 08 E :Q? ‘ =
_‘ * . d & =
2 07 \ .o ':‘ ﬁ g
E 0.6 | e o e e g
Ses|ow e |
- GEny - =
S 04 41
- 03 % GreenE target
P
C 02 : :
z m Lean Axially Stgaed Combustor

0.1 Ningle sector combustor test

0.0

0.0 0.5 1.0

CO / (CAEP regulatory limit)

Fig.1l Emission data measured using a low
NOx emission combustor model.

2.6 BEEEBZTOWMEHRE

ERERIRIC OV TIE, FATES E OISR S Ll 2
FEL, FRERERIC X o THEESRESF 2 7 ¥— IV § X<,
BRI 73 A AFAMFEREZ O TV 5, KI213JAXA
THFZERIZEICH) A TE 72T NA A TH D (—f,

Fig.13 Demo engine tests to measure data of acoustic and

thrust performances (upper : whole view of the field

test, lower : demonstration engine at JAXA's test cell).
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2.7 BERESEIIICOVT

FHENZ V25000 FEBRIL RIS DOk, B4 R R >
VUBRBICSE L TELEREA L, RESXEOHTEH
HEICOWTHEHNZ VY VEEOHBIZOWTHSHMN
FTITM/HINDLEZATHL, LELEAS, Pk
BT Y Y 2OV THCK 3HEOZE HIRBIZSH LR b
oL Pasn, EBEFBARICE W TERSE O O
Ex BT, HMEs Rkl BN
TEY—NVFTLUERHL, TD1DODORL Ve LT,
JAXATIREAE, ENTLIZ VYV Y AT ALV TH
WFEAEZITH) 2L Z2WHEE L, AR OHM BT % R
FHTE TR, LEREMFPRELEICERLTWS &
CAHTHAbo ERFHAA DT L 78RS G YA 22 b
Wems ey a vy cd, vy ICET B
A4 287 DB OBRFIHE T, Bif A 25P-10 mopk
IR L-EEL Y Y YFIOEIEH 2% L7zt
FFEFEOLEED DN TE Y, JAXAL LTI G
2B P FERET v D v lln AR i O Y s R % B
H{bLTwaEzAhrTHs (X4, 15),

Figl4 JAXA's sea level engine test facility (image).

[t
4
i
2
2

Fig.l5 ESPR turbofan engine to demonstrate control
technology installed in the sea level engine test facility.

3. F&Y

JAXADS G OARIR T = > ¥ > B DWF7E B g DBk
FUTOWTHRIT L7z Fh™ oo B i) R A AUAR 22 BT 72
FIEE Y 3 > OFEBUMIT T, AFFERIE X 5 BCRE
& RERICINT 725 7% 2 JR B % BLREHED B TAFCTH 5o

4. HEE

AEFZERZE 2 D B2 H 72 ) THITTEV T 5 2L
WFzeded THIRE, WKW, SPRFW, SRT3E
KER, ok 2Ll ) E#HoErRLET. 72,
JAXAMLZ2H AN ERFI DaFJR 70 ¥V = 7 b F — 4, HEe
Hise= v b, Hizk - HAMBEMEL= v &, 2
NEMTEL= v b OEHY DT 4 O TRIJIZIEH 72
LEd.

5. ZEXW

(1) SCEREEEA, WRMEH R I 2RI e 2 a v, F
% 264E 8 H

(2) VHEMOEE, JbfRIERL, JAXAWKC BT AT v Y vigE b
W DOWFE, EESLEIMRATHE S >R U 2 G8E%E (2013)

(3) VHEEHE, AHESR, HIOZFZ, BBz E L
BIFE7 0 7T A(3), H52MMITHE Y VR D A E
(2014)
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Civil Aircraft Engines, Environmental Load Reduction, Noise Reduction, NOx Reduction,

COz Reduction

1. [FUBHIC

BUE, M2 i) BB EAS A O R IZ&Ek
#13%TdH DD, MZZEETHDOILKL H:‘/‘ i % &1
20504F1C1E 3 f5IC e B EIfF S T B Y, FZ2iE DB
B 2% T OWBE SN LWELTD, Fa—1
T EIRLZ2C & B BEH T A 1220204 F CL220054F & Mg
LC70%% < b e INTBY, EBRREHZEHERY
(International Civil Aviation Organization, ICAO) &
20504 F TI2300% ~ 700% I EIZHEML 9 5 & FHl L
TWw %LZ)

COLI)BIKRRDD c‘:f)ﬁiﬁﬁﬁﬁiﬁﬂlﬁfﬁkb, PR
L% FHRICID 57018, FEB X OSEAFEITRM
BHT Y /@ﬁiﬂ’ﬂ?ﬁn’i’ &)“CV‘Z,; A TIEZEOB
OV T Z AT 5o

. ERICEIT-BE
#.ﬁm&“?ﬂa% (National Aeronautics and Space
Administration, NASA ) 258175 HEEZFK 112, MK
ML 22 7 1 BF 98 % 3% & B & (Advisory Council for
Aeronautics Research in Europe, ACARE) ® Hi%% 3
21T L7z

Table 1 NASA Subsonic Transport System Level Metrics ©

420131

TECHNOLOGY GENERATIONS
(Technology Readiness Level = 4-6)

N+1(2015) N+2(2020%) N+3(2025)

Noise

(cum margin rel. to Stage 4) -32dB

-42dB -52dB

LTONOx Emissions

(rel. to CAEP 6) 5

Cruise NOx Emissions

(rel. to 2005 best in class) -10%

Aircraft Fuel[Energy Consumption?
(rel. to 2005 best in class)

-33% -50%

* Projected byindustry. Benefits vary by vehicke size and mission. N+1 and N+3 values
are roferencedto a737- s00wm CFN5e-7B engn e, N 2 a\uesa re referenced to a777-200 with GE90 engines
ad toTRLE by 2015
+ CO2emission beneﬂsdepende nton I\(e-cyc\eCOZeperMJio rfuel and/or energy source used

JEfgszft 2015453 H 4 H
BHIHT Mzesdig el KT > > 33t Bafril
T196-8686 M ki SNT3975-18

* 1

Table 2 ACARE Objectives and Goals “-*

Vision 2020 Flightpath 2050
Objectives* Goals *
Noise -50% -65%
NOx -80% -90%
CO2 -50% ~75%

INOLDOHBEZBEDERELIZKIR L7z O 1
O3 TH D,

< 70 1

S
%% 60 4 @‘?' p\CP‘RE
TS Ny
=S85 50

Q
2s2
=5 A 40
T .
S'% 30 A PR

T 20 - .', .

o et T
0 T T T T T T 1
1980 1990 2000 2010 2020 2030 2040 2050
Date of Engine Certification
Fig.1 Trends in Noise Reduction
Source: TCDSN Jet aeroplanes ‘¢
200 -

©
g .
SERER
o g‘ ’ ..
3 %
5% 100 {0 s ¥ CAEPIS NOx it
£¢ S
8 g s :E o.' &yl.-.!
& 50 A . :-5

ACARE

0

1970 1980 1990 2000 2010 2020 2030 2040 2050
Date of Engine Certification

Fig. 2 Trends in NOx Reduction
Source: ICAO Aircraft Engine Emissions Databank ™
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Engine Fuel Consumption

1970 1980 1990 2000 2010 2020 2030 2040 2050
Date of Engine Certification

Fig. 3 Trends in Engine Fuel (CO;) Reduction

3. NASADOEIH

20IME IS AR SN 72 I E ¥ 3 YOO &,

NASADHZEMNE I v ¥ 3 YEPNTERR S, KIC
IRTZDODT VT T ANET SN,
+ Advanced Air Vehicles Program
- Integrated Aviation Systems Program
- Airspace Operations and Safety Program
Advanced Air Vehicles Program (AAVP) %, #izs
R DILRAIMET S T EICL DV LEE 2 DBRBEIEL
WK O R e B X OV R 22 AR I A A T R
B reh oid, b, FZECIR T, 220k % il
PINCHET 5 & L AR T & 23 W IF RO A
iR T 5BY,
AAVPOSHUY ML B ED S &, REEHT Y
VICHET LD TOEBY) TH A,

3.1 Advanced Air Transport Technology (AATT)
AATTOEIEM HAEZ, BERED T F L F -5
ERBIEATEOREE % b 7 O REH & B 032
EPRTHY, MBLEL 7O —NVRERI AT LD
AT RASE D 2T, BREANOFELHIRT 5720
AT REHDELELTWBEY,

3.1.1  Low NOx Fuel-Flex Combustor

RBBREIC IS L 2R 4 ONOxPE It & %, H
i, BEBIUOEMNORELRDRICHZ A5,
CAEP6DOBLHIMED 2 FNZH 2 2" AR ELDIRBEID
W, WS, RE, EMICH

3.1.2 Compact High OPR Gas Generator

ERETDE0%BR AT AT 23 L—F IR R%
MNEULEEEMRRE BRT 4 A7 V- vE, BEBX
OFmNDEE 2 /MRS Z 280 EHR]T 59, Bik
TR & LTV 2ol EA»1500 °F (816T) 7 7 &
DOHAEHEMEREOEET 4+ A2 (M4 BH), Hin
S I R = VOZERTFE L TEEL Rl a 2D
w/AMEREO/NEBIC X 50 A D F/ME7e W)
U(S) ,(12)O

Single Crystal
Rim
1500F (816C)

W Powder Metallurgy
Bore
1300F (704C)

Fig. 4 Schematic of a hybrid disk section

3.1.3 Gas-Electric Propulsion Concept

R AT O5-10MWHE DN A 71) v RS 2
T AW TCEBAWRE LR Z ML T 5%, BARGAM
B LTI B8N S L ki G ) v A
T A, BEMELTHIREORWBIZEE— 5 —% Ik
WRE— 4 — (K528 % &Iy ML,

Fig. 5 High Power Density, Non-cryogenic Motor

3.1.4 Integrated BLI (boundary-layer ingesting)
System

IV BB DAL, BKETZHNS
R E DR AR T Y Y RN AS X9 12T B L 2RI
PSR D BRE 510 L B ReE S B —T, T TV
BTN ARIZ L D IRAREGDENS Z L2 b,
R A D= V=V VORKTHIRIVELEDOT, HHik
Bafe LT AN F -2 L35 &) ke =
YV VERET S (K62, EHH R RAIEIRS

Fig. 6 Integrated BLI System ©
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YV ORI, AEE T —RZBRDWAI
BRWA YLy T 7 Y OMARR R S R E®-02,

3.2 Revolutionary Vertical Lift Technology (RVLT)
RVLTOMNE, &% RIFICHIE L 24at & Betsh
KB ET 57201, FEHEFHEM2IEH L
T5ZLThHb, RIROFEE LH AT 41, A0k
% (K728, BYoORmSERLAELE, L CREROR
HER ORI RN 2 B O TR B\ TH 72 i« 42
S TREEN S B & L TWw 55,

Fig. 7 Conceptual view of LCTR2
(the NASA Large Civil Tiltrotor) ®

COTANV = —EIN) I T I —F— FTLA
%, RATHRE— FICBAT L Ch A RENET 5 L RICH
HNHFEAET BOTTTRTOFEBR IR T %0
TN VT h O BIANOBATIE W T B RS ONREH %
BOFITBT 2B T A ENTELDY, Z07:0121F
[ 53K D )i v 787 — ¥ — ¥ (Variable Speed Power
Turbine, VSPT) % 7-213ZHBEBESLEIZL HY,

3.2.1 VSPT Technology Demo
VSPTHAMIZ L O = ¥ T ¥ 28R )L R TR A
BE)$THZ L REHT S,

3.2.2 Two Speed Drive System Demo
2BRAHMEEOE NHEMA 2 %Ki THSH 2 & & HEHE
T 5,

3.2.3 Accuracy Improvements in CFD
U—%—3Y A7 LT AHEEEOTH &Mk
WCHEEMIZH) e,

4. BXMNDERE

WM Tix 2 ) — AA 4 (Clean Sky) &N 2 Hi
2SI FE RIS D HNT W B DAL 22K R fi 22
Tk OBREEVEREZ 2 L < W L3 2 720 WA % Bl
L, BTN, X BRERIERO Rttt
72632 ETHDHY,

F LR L7 HEANOIY T 72012, Bir b

BAKEDEBYVHREN, INENITV—VAHAALD
BRI R & % 5%,

NS OHEHMBRERIEIZ ) -V A h AL TIEK
D 6 D D H A T % FE (Integrated Technology
Demonstrators, ITD) (ZHlAR TN, FKITDOKE % FF
fli§ % Technology Evaluator2$ixi} 5729, (X 9%
)

- SMART Fixed Wing Aircraft

- Green Regional Aircraft

- Green Rotorcraft

- Sustainable and Green Engines

- Systems for Green Operations

+ Eco-Design

( ACARE goals | (_Tiichnology Domains

fCceaea caaaaa

|
i
?
|
£

Fig. 8 From ACARE goals to Technology Domains'®
© Copyright Clean Sky

Ted\nol Ev

Fig. 9 From Technology Domains to Integrated Technology
Demonstrators'® © Copyright Clean Sky

hBITDD 9 b, REEHT >V Y ITHET %
Sustainable and Green Engines (SAGE) ITDI%, R
MZEHSEOT T s ¥y — (V—=TaFn, W, )k
RO RS & OHZRE) o> Y Bl OIS
NEFENTWAY, SAGE ITDIZIZHit s ¥ -~
T OBEE 7IBAN EOER T L, kD 60OD
FRET 0 7T A AR % BB & OV D 5,
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- SAGEL: Open Rotor (Hiffi % TRL 4/ TRL 5123 f%)

- SAGEZ: Open Rotor

- SAGE3: Large 3-shaft Turbofan

+ SAGE4: Geared Turbofan

+ SAGEDb: Turboshaft

- SAGEG6: Lean Burn

7)) =Y AAAF20165E F TR T T 5 FELED, I
TLTCIERS )=V ANA 2H 0T > Twhb,

V=V AAA 21, 7V =V AHAIC K DR R
WCLTBY, RIWCRLAZANVT -3 & RN
FHIELTWS, HIEHREITDO A A = AL E2MEHT 5
A, IR L7z B, AU HH IR I RE 2L
(Innovative Aircraft Demonstrator Platforms, IADPs)
ERGE LGB E LC, = 35 (ECO-Design) & /hES
% (Small Air Transport) A4 %%,

Table 3 High Level Objectives for Clean Sky 2 *
© CSJU 2014

€O, and Fuel Burn -20% to -30% (2025 / 2035)

NO, -20% to -40% (2025 / 2035)
Population exposed to noise / Noise Up to -75% (2035)
footprint impact

* Baseline for these figures is best available performance in 2014 |

These figures represent the additionality of C52 versus the 2014 Horizon 2020 Start Date and allow
the full completion of the original ACARE 2020 goals [with a modest delay).

Engines ITD
Safran - Rolli-Royee - MTU

EZ| Airframe ITD
Dassault - EADS-CASA - Saab o

Technology Evaluator (TE)
German Asrospace Center (DLR]

Systems ITD
Thales - Liebherr

(19)

Fig. 10 The structure of the Clean Sky 2 Programme
© CSJU 2014

Ihoohc, REERHIY Y VIZEET %5Engines
ITDOMEIILLTFTDEBY TH 5,

4.1 Open Rotor Flight Test (2014%~ 20194E)"

SAGE2 DR &5 &k E, H EEBROBRIZTT N
HOASOBBITIEIR L 2 2B (RIBM) % %
L. TRL6 #%iET %, YHDSAGE2 Eifr v ¥ > %
YL, B RERCHIE Y AT AOES, Y/
oAt v 77V —va VBLBEICR S,

4.2 Ultra High Propulsive Efficiency (UHPE)
demonstrator addressing Short / Medium Range
aircraft market (20165~ 20224) "

HRENANRA T VY v ERWHREICT 5 7201008k,

BEEY 2 — VR F Bl (Bl SERE7 7 >,

FHFENVEY 2=, FTRy 7 A, WEEy FH%

B, RMHEBEN Y —E ) ZEIET H72OIHEME S 2T 4

SHET VY &EEN R L, W ERRBEFEKT 5, H

FREBHOFEREL Y Y VIR OEERE VS,

Fig. 11 Full size Counter Rotating Open Rotor demo engine
Flight Test Demonstration ¥ © CSJU 2014

4.3 Business aviation / Short range regional
Turboprop Demonstrator (2014~ 20194)®
1,800%* 52000071 7 5 A0z —KTay TE
AET Y REE, RREL, #HEEBEERT 5, NX—
ATAVTHILINVKAIMDY —KRT v 7 by
Y ARDIDEN3%, #—K7u vy 7EIFICHR (EHMHE,
WBESE, B S —E ) L7, FHF TRy 7 X,
FrEGWG B L OER 7O RT ERET %o

4.4 Advanced Geared Engine Configuration (HPC
and LPT technology demonstration) (2015 ~
2020%) "

COBEE, BEBIooy Yy v HEHROHIRD, KL
DL R DPM % TS D720, FlchFEEL Vv
AN BSL, MERBRZERT S, EELRERIL,
BEOM L, BEHB LY — VPR O, S
BB RE 7 — € ¥ B X UOHERBESEIR TS %,

4.5 Very High Bypass Ratio Large Turbofan

demonstrator (2014%F~ 2019%) "

REL YT NH# L EEBN 2 FERET 5729012, =
VT RGN REL, HERERE X ORI E
Th, FEHL I DATHAY AL —% RIRFEL Y
TrOLOEHE, EEEANE, EIITBE N A 28
Ly I Vi oRESY AT DAL Y F 7 L—Yay
(77, EMiKE TRy 22, REF—Y Y, WE
JAN), AT LY I Y ORBILES VT T L—Ya Yy
BIXUHE Y X7 2 DREILTH 5,

Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.



Vol.43 No.3 2015.5 REEAFRRICE G ARORBEAT

TUDOHEREIBEICDOWLT 183

4.6 Very High Bypass Ratio Middle of Market (8)
Turbofan technology (2014%E~ 2018%)
IV UVVATAEKRE LTEAT S FE TIOEML
FALFEADL Y T Y R EBT 572012, BAORFE & 5%
AL EMT S MFFEE EIEICIX, 7 7 ¥ OEERF O E)
&7 7 YIENHE IO ERAN, SRR v o
RNFEB LIRSS, 778 ) —F 7Ky 7 X L%
J—FXTRKYITADVAT AL VT 7 V—Yay, LV
VrEkDOA4 YT V=Y a v oR#EL, ERESE
B L OBV AT LAEMORENLETH %, (10)

4.7 The Small Aero-Engine Demonstration™
BRETRASEORWF 4 —E LTy I v kD
HHENA Ty by YV URE (YAMNY /BRI VY
V) WCEERICHUD A,

12)
5. v E
REBHT Y Y ofFRICmF 2 8micont, Bk
DFIAIOVTRN Lz FBEIL Y IV A=D1 — D5t
EEIEREDHK 5 E, MNP 4EE HOTWE2DT,
Wk OB al TR OB # 12K TE L LEEZTWD,
AEOBELIE, $_CTA v 5 —%v belsgrg
DT, BEPHHRREO - NETFENTDH b,

6. & (14)
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(

—
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Commission website,
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index_enhtm (ZH82015-2-24)

(3) Rosario, R, Koudelka, J., Wahls, R, Madavan, N., “NASA
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(5) “Protecting the environment and the energy supply’,

ACARE website, Home>SRIA>FlightPath 2050 Goals> 19
Protecting (£:82015-2-24)

(6) “TCDSN Jet aeroplanes (Issue 20 of 03/12/2014)",
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Table 1 NASA subsonic transport system level metrics .

TECHNOLOGY
TECHNOLOGY GENERATIONS
BENEFITS
N+3 (2025) N+4
Noise -71dB Better than
(cum margin rel. to Stage 4) -71dB
LTO NOx Emissions -80% Better than
(rel. to CAEP 6) -80%
Cruise NOx Emissions -80% Better than
(rel. to 2005 best in class) -80%
Cruise Fuel/Energy Consumption -60% Better than
(rel. to 2005 best in class) -60%

N+3 values are referenced to a 737-800 with CFM56-7B engines.

Table 2 Flightpath 2050 goal 7.

Flightpath 2050 target
CO2 emission per passenger kilometer -75%
(rel. to Year 2000 level)
NOx emission -90%

(rel. to Year 2000 level)

Aircraft noise level -65%
(rel. to Year 2000 level)
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Table 3 Comparison of aircraft propulsion concepts.

NASA Boeing JAXA Airbus/Rolls Royce
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(TeDP)
Airframe BWB Tube & Wing (with BLI | BWB Tube & Wing
fan)
Propulsion | *Turbo-shaftgenerator | *Turbofan propulsion | *Tip-drive motor driven | *Turbo-shaftgenerator
system i . i fan *Superconducting
electric motor to drive electric motor to drive *SOFC/GT genera tor electric motor to drive
fans BLI fans *Multi-fuel capability fans
*SOFC combined
turbofan engine
L *Superconductivity with | -BLI fan separately *Tip-drive motor *Energy intermediate
LH2 or Cryocooler located concept storage
- Wing-tip mounted -Power for BLI fan +SOFC/GT generator -Superconducting
generator supplied from SOFC electric motor driven fan
*Superconducting *CH, used as *superconducting
electric motor driven fan | superconducting medium is not suecified
medium
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Fig. 4 General view of the S-engine
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Table 1 Specifications of the S-engine Yo e IR
Length 27 m SASEE X i o
Width, Height 0.225 m
Rotation Speed 80,000 rpm o AP p—
Air Flow Rate 10 ke/s Pisctos s /
Compressor Pressure Ratio 6.0 - ol
Main Burner Temperature 1,223 K
After Burner Temperature 2,073 K -
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Fig. 5 Operating the S-engine
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Fig.13 Firing test of the S-engine in PCT]J-5"
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(18)

Fig.14 The S-engine installed in the ramjet engine test facility
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Fig.15 Increasing rotational speed of the S-engine in PCTJ-6"
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(upper figure: upstream air temperature, lower figure:
downstream air temperature)
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Dynamic Simulations of Microturbines
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AN
SEKT Keiichi

ABSTRACT

T g

TAKEDA Yoichi

A O

NAKANO Susumu

A dynamic simulator for microturbines, which is composed with a centrifugal compressor, a premixed combustion

burner, and a radial flow turbine, to calculate cycle behaviors from ignition to rated rotation and stop is developed.

This dynamic simulator is composed of a kinetic equation of rotor, calculation models of compressor, combustor,

turbine, and loss models. Calculation models for the centrifugal compressor, the premixed combustor, the radial flow

turbine, mechanical losses like windage and bearing loss, and heat losses of combustor are shown. To ensure the

simulation accuracy, experimental data taken from microturbine operations are compared with the calculation results.

The simulation results show good agreements on the experimental data. Effects of mechanical losses and heat loss of

combustor on the calculation results are discussed.

Key words : Dynamic simulation, Microturbine, Centrifugal compressor, Pre-mix combustor, Radial flow turbine

1. [FCBHIC

KIFERIIHAY — DTN g v FILE, 5EH
N OERHFEALD AT DI T & 7275, BEARERALY B R E it
(SOFC) & HAY - vy afllAfbEizng T v b
VAT AT X o THEIFECO ~70%% HIFT ¥ AT 4
DOBFEFHED HNT VDY, BRIERES AT LD
EWATL T, ZRALRFIFMHIR OB S, KEtFE
BRI IFEE L o 72 FENEET AL X — 08 A AL
ENTWD, BAETEIAVEF 12X 55881, LAk
BEELZWEW) BINRH 25—, FEEMBIHPREIC
KEASNDER, BHTHEICAEbEEERENTE L
WEWI T AT Bo MR FISICIANT 2 E RS
VAT AOREDTDIIE, FBEVEI AV —I12XS
ST OFHRALR AT LI, SHROKITBEICER
ENBHEOOEDTH A,

BRIRBEE Y AT L L TCOWFEDOEWSOFC/HN, 7
Vv R AT AL, BEEDVPRKE SEEORBVER Y X
Tl WEEEEEZECIIEOR VT A Y - Y AT
LEAEDLE VAT L2DRD, ¥ AT L0

&, HRAY - oifikiBIcRE BB ING, $77,

FAETRIANVE =L OlEEE 2 204, HATIEET
FNVF—DARPHEZITIIE, N Ty FYATFL

Bz 20144 9 H26H
KBS T 201544 7 8 H
* 1 Hb kAR
T980-8579 Al HHX 7 HHE 6 - 6 -11-720
* 2 PILKAE

DERTENEIEZ BRSNS ED H Do w0 AR HEE
BB 2R T 5720121k, N 7Yy FY AT
ADTAFIvZIIal—FORRBANRIZE D,
AFETENAT)Y VAT LDIAFI v I Y
2LV FERBTLIEERMEHNE LT, EEH1rS
WL T EFCEFMTELTAY - VHOFAF Iy
7 yIalb—%ERET 5,

VIal—FIR VAT AGMEHCHEA SN Z 2 M
ELT, BEOBBIIADLETRAALEFVEHVLDT
7 <, BEECCERR — AR SN TW 5 7 — ¥ & JCIchE
B L7ze SNODFTHEFNVDEY AT LEEICH 2 55
BRI L, Mz T, KEMGEE LT, #EY0 2%
L2~ A 70 H Ay —V rOEANEET— ¥ L O
T\, Tur s AOEMEERGET 5.

2. RS DEEA

A EARRHEA T B WIAAE [m2]

A BBERE T A FWTEAE [m?]

Ao RBELRITIEAE [m?]

Cu + FIBCBEIEARE [ -]

C, P BBEH A5 7 — ¥ v ALBEIANOR 24 z5E [W/m?]
Co @ HFHEE [m/s]

Ci BRBET A0S 5 4 F O EIEE [W/m?]
Cima - FEMEFEA OFE O K [m/s)

Crome - FEMEFEA OHEE O 0K [m/s)

C @ TA T OEHERANORTEEEE [W/m;]
Coy + JERMGHEI ITHH O R i 7 [m/s]

Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.



Vol.43 No.3 20155

YATAHRE—E > DENEREMN 203

Cs  HHZEED S — ¥ v I O FHBIEE [W/m?]
Dy 94 FHEE [m]

Fe @ JEARBE IS 24577 [N]

Fr @ % —YX YR H57) [N]

g EIMAEE [m/s?]

Gy R [kg/s]

G, WA RS ERE [kg/s]

hey © BRBERFI I HIZZ R ¥ V¥ — [J/kg]

hy BB Y 7 V¥ — [J/kg]

he @ REE L kgl B MRBEN AV ¥ V¥ — [J/kg]

hoy * BREE 1 kgl k3 2 BRBERR (L BRBET A = > & v
v¥— [J/kg]

her + BRBE 1 kgl 3 2 BRBEE L IRBET ALV F V¥ —

[J/kg]
ha HREF 1 kgl T B Y —E VAT ALY 7 L E —
[J/kg]
Bt T HREF 1L kglZR 57—V IOT ALY 7 L E —
[J/kg]

heo * A7 U= VHORKRT Y ¥ VE— [J/kg]
H, : BEOBRFE#E [J/kg]

I EME—2 VM [kem?]

kg @ BRBEE R H A OBYREHRE [W/ (mK)]
Lo © JEMEEEDSZ22 50 33 [J/kg]

M :¥—¥Yru—¥ER [kel

Py ¥ =Y Y AHE)) [Pal

P, % —Y YHIFES [Pal

oo - FEMFETS A O — & #ebeil 2% [m]

re - EMFEATIEEE [m]

Foo © JEREREHITPEE [m]

reoa— %% [m]

re 0 AT A Ml EE [m]

R, BRIBEA AN S ¥ — ¥ v ADRBET -~ O R 5 8z &
[W/m?]

Ry D BRBET A5 5 A4 FAOWEBYZE [W/m?]
Si BRBERHION S ¥ — Y v ADF TOEMR [m?]
Si 74 S [m?]

S, =Y rrEmE [m?]

¢ R [s]

Tope = BRIBEIEBRIRBES A RIE (K]

T % —Y Y AT ARE [K]

Tow = ¥ —EMOFARE [K]

Toie = T A4 FEEMHIREE [K]

uin - TEREBEA T PO E# [m/s]

wy ¢ EAEREHIE#E [m/s]

us Y=Yy ALE#E [m/s]

Vie © IEMIBE AT 225 LA R [mP/kg]

Whioss - Y ¥ —F VX7 v 74k [W]

We: IEMEREE) ) [W]

Weioss * JERGAED JAIE [W]

We: BN [W]

Wiess © ¥R [W]

Wioss - ¥ —E v —%DJidE [W]
Wiioss © AT A MXT ) ¥ 7% [W]
Wr: ¥ —¥ iy [W]

Wiess - 7 —Y O [W]

x I RROEYHE [-]

e - WRBEWHFRIRBEN A DR [ -]
ew @ 7 A TREMOEHR [ -]

¢ IBREEEAR S [ -]

Have: WIERDA [ -]

ns ¢ BRBERE [ -]

Nmax © ¥ — € VRRFADE [ -]
Nme * JERRHETEARYE [ -]

Hmeloss * IERFARTEAFACT 7 [ -]
Nmeo * JEMIFEIEARR) R [ -]

Nt © 5 —E VHARIE [ -]

Nraivo = 7 — & VAR [ -]
nero AR ba—T7xpE [ -]
KRR [ -]

Lgr © PRIEE R IRIE T A KiPEAR SR [Pas]
o TR O B EEEARE [ - ]

pe - IEHENEZESE L [kg/m?]
RS -]

o6 ATT7 7 YRLVY<VER [W/ (miKY]
t B b2 [Nm]

o imERE [-]

o A [rad/s]

3. WEHRA—-ELI AT LA

AV I 2V =S DRFIRNEAAY =V Y AT L0
WEAER 2 I 1 IR d o AFZETIIANET Ay — ¥ v R
TLARNRET B0, ®OEMEK TREWES
BTy —E >y, ROFEEBETHEINS,

air
exhaust gas

centrifugal compressor  radial flow turbine

rotor @

premixed combustor

generator

compressed air combustion gas

fuel

Fig. 1 System diagram of objective turbine

Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.



204 MU OAR2—E > DEMER

HA#HR2-—EFR0

4. BHEET L
41 O—20EHHEX
y—¥ru—% &g EHeRirTtRINS,
do
I;=T (1)
KNOOW N fAHE w 28N, ABEERL, ¥—¥
V0= ZIhh b FE D ERSE ) We, PR S —
C Wy, FEEBIIWs, a—FHEW il k5T
5L, AHEED 2 FEORHELA T — & 128 AL
OMELTRRDEHIZEENS,
do’

2
WZY(WT_WC_VVZOSS_WG) <2>

4.2 FHUEBEOEEET L

421 ZRRE
JEREREICTEA T B E A E R EGATRB)TES
N5 I 2 THMA T E L5 10K 55 Cla ZE S0
TR T 5 S EE LB 2 R A V5 & 7 e
UNEIOYN S {EONCRAER 1 YN [OR N O S Ve l|
ERY) bu— TR IREL CTHIBT 5,

Aicclma

Q=—Eff (3)
4.2.2 WUOEHEHEESH

O E RGBS W, EAE AR AU B AL,
BRI EG, WM e, HVTRM)
THENL,

WC :L(]J’_x)Gal‘e (4)
n

mc

N4)C, HEMENPERIIT L TR IEHLAE, EHME
OHBALDREME E LD HTKIZ L > TREND A
S5 —~y FORTEET %,

Le :CZuuZ _C ulm (5)

Lmu

3 U A B R AR 00 38 V3 3 A B AN 380 &
FDEMPROBREE r— 2 Y BRICE > Th b8
% §ﬁ$1&T§(4)ﬂnzclo.s.sc: ¥o VCK<6)0) £ )) c:g‘éé ﬂ% o

nmc = nch (1 0 - nmc/oss) (6>

T2 /L A IS A 3R ol S E A O — M EME & L C
Aungier BT H2RFEH WL, Fhig, A(7)THF
ENLMEREeEZEEE LT 2 IORTHRTERS R
5o AFETIE, AunglerduhER iR 2 FL el &
L, Bib§2PEHRYy— Y v EFABEORRIELHEL,
e RS E TR E Lz,

AC,

p =gt (7)
.o

higher limitation|of
efficiency curve -

. — =2~ N\
s N
’
/4 )
2 05 vy
< 7/ lower limitation of
/ efficiency curve

Y

7
base effitiency curve

3 2 1 0
log,op

Fig. 2 Efficiency curves of centrifugal compressor

4.3 TFREBEZROHEETIV

FHET SR & 9 B IR A IRBER OBERSHEE 2 X 3 1R T,
AR 1 kgl2R 9 B IRBEIBRIABEA A L ¥ & V¥ — hye
JEREZER DTV F V¥ — b EIRBESR T A TN A B
ZE IR AIGo/As, BB D LV 7V E — bk B G,
VTR TR T %,

hyy :h”ji(G;; +h,+n,H, (8)

Z CHRIERIERL, BB T O R A THH T L L,
TuNRYHRAERREE LM EWROTA Y — ~
2B W TRBERIFRIISW L EOVEER L TnWDH I L E2H
LT, ZZTI3998%& i L7z,

BIRL 2 BT 5 L IREE 1 kagloxd$ 2 BRBESS Y 9%
WALV FVE— halIN9)TEKEND,

e, G
Fro, GHBERIBBESROTA T r—Y v 7 OM%E
MNBEDTITAFHROLEEZITIY, 7— v 78z
2%, TOZLZEETLHEMMHRBIIGHERT Y
FNVE— hapld 0TI NS,
e
7Ga
4,
(9 K0T HI V> 5 32 B G B zE <20 it B w13
Lefebvre"2RIE 5 22 iz ©2F ), BREEST A
5T A4 FADORRFEIZER IR T, MBEEH ZH 5 T 4
FANORTBALECIIRTEREINDL, T4 T 5H
HZEGANDOWNRBIREC L HHER LS r— v 7~
OFRBIREC D N2 & RS L CRMET %,

h

(10)

R =0.50(1+,)e, 0 (12 -T2 (1)

0.8

A
—+G,+G,

ky | A
,
€, =002—-2| =2

T (Tg/k =T ) 12
! 17gf

Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.



Vol.43 No.3 2015.5 TAUOHR2—E > DEIEREMN 205

PRIBEZ I CVRBE T A T 2 7 )V ¥ — hg, & WRJSE T

HERT VIV — ha D, WEMIREER 2 O S
BBET ALY 7V — h & KD 5o

A, - 4,
h,G, +h, y =213,

h, = 2 13)

Fuel line2

T

4

Fig. 3 Premixed combustor

4.4 ¥ERIA—-ECOHETETI
RGO 5 7 — ¥ VAN T TOBIRLZEET 5
LV —V VA 7V —3RMWTEINS,

_ (Rt + CI )Sit

it = g G (14)

s
PABESR I 5 & — B 2 AT E TORFEIRER & X
TEMRECAEA) L V02 & BRI L CRME T %,

¥ —¥ rogREfEERY) bu—TEERET S L,

y—E BT AREIZRBO L HI1CEINS,

ﬂpr

P K

T,y :Tik( mj (15
LA

ZZTRY bu—TREyprol IVEE LA & KA L
P58 U CHiE T OV F — % M4 L 72 B8 55 oo B4R e
LN TEEIND,

In|1-7

abe

Mpro = ) (16

lni ‘
B,

=¥ MO AMENPS ¥ —C YO AL Y 5 )V
E—=2kE D, #—ErhimcEsng,

W nmr ( it hor ) (17)

PRI S — € ¥ DR L A B 7 — ¥ ® % 5T
WD X HIZFEE L7z, 2 F D mARRITFEN LT
T, ZFORRIFITEEu; & BFRHEC E DILIZL 5
REMIEZIT) o

Mo = Mheax X Mraito 18)

X 4 1R T X ) ICARERR T — & S EN ISR 5
IR TARR R O LM % 5 TRER R E L7,
¥/, ETORMMEET -5 #NUT L2 H5RNN FE

T, FEMERE+5% Y FIRAIEMR E L, FEHAERNE-5%
Z TRRANERMR E L7zo M Huy/ Collk 3 2 R4k
X 5 2R TR ER IR 2 v 7z,

0.9

higher|limitation jof e
efficiepcy curve P -
\L _|-- r,_::_o
- /s (@]
0.8 o=
" - =4 -
g 4--"
N -
= ~|~ T existing data
-
0.7 —— -
lower|limitation jof efficien¢y curve
base [efficiency [curve
0.6
0 1 2 3 4 5 6

P,/P

ot

Fig. 4 Maximum efficiency curves of radial flow turbine

1 correction curve
™,
0.8

. Vad
£ /
§ 0.6 // 1Y
0.4 —
/' existing data
0.2
0
0 0.2 0.4 0.6 0.8 1 1.2
uy/C,

Fig. 5 Correction curve of radial flow turbine efficiency

45 REBERUVEHZEEROEEETTIV
O — 7 I Wistd, 9THEEN S,

W,

loss

=W,

closs

+W

tloss

+W

rloss

+ VVbloss + VVsloss (19)

ZZ T L‘r rﬁ.’ﬁEO)EL?EWc/ass it(zo DTﬁj— %o
:l:f:h(jﬁy E /0)}1?5\%10&?& 57 B v u— 7@@(4{3
eross %.) JJ:‘:(ZO) a [_J*i - L < n’l‘ﬁj— % o

C 5

VVcloxx = TMP ¢ [(}" oc rq’ ) (rosc — T )] (20)

TH=FNNT Y Y TS W AT AP RT Y ¥
T W analk 2 Z N, REICHEET

Wptoss = Mo Mgaor, @y

W

sloss

FebFrid, REHAOOESEZILICX Y 5ET LN
FHALT NTHETMEOEHEEZF A F—DA0D
HWEPZE 2k E LTEET LM 50 % FROCEHE
L7

=/12‘FC+FT‘C‘”} 22

Download service for the GTSJ member of ID , via 216.73.216.196, 2025/07/12.



206 YA 7AARE—E > DENERT

HA#HR2-—EFR0

> i generator [ & power turbine |

! o o’ 7

gas generator turbine ' B }\
IO . o
=

Fig. 6 Outside of reference microturbine for verification

centrifugal compressor
[ A
rotor
£ s
radial flow turbine "~

Fig. 7 Side view of the turbine rotor

Table 1 Characteristic values of reference microturbine for

verification
compressor turbine rotor
diameter [mm] 65 56 9.1
mass [g] 51.9 221.2 42.0
axial direction length [mm] 24.8 27.3 72.6
inertia moment x 10-%[kg * m?] 22.8 39.6 31.8

Table 2 Fuel flow rate

0~5[s] | 5~10[s] | 10~15[s] | 15~20 [s] | 20~30 [s]
65L/min | 0—45 50 55 60 65
25 L/min | 018 20 22 24 25
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Fig. 8 Comparison of calculation and measured results over
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