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Excess or margin to noise limit of | Excess or margin to noise limit of | Excess or margin to total noise limit
each measuring point (Take off, | each  combination of two | of three measuring points
Lateral and Approach) measuring points

Chapter 3 No more than 2 EPNdB excess is | No more than 3 EPNdB excess is | No excess is acceptable.
acceptable. acceptable.
Chapter 4 No excess is acceptable. 2 EPNdB margin or more is | 10 EPNdB margin or more is
required. required.
Chapter 14 | 1 EPNdB margin or more is | Not specified. 17 EPNdB margin or more is
(draft) required. (The left requirement needs 2 | required.
EPNdB margin or more.)

A BBPOF I EERORBEZ R LITIRT. ZOH7:

Table 1 Comparison between Chapter 3, Chapter 4 and draft of Chapter 14
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Fig.2 Building block approach.”’
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Table 1 Example of Test Matrix for Material Qualification.'®’

Number of Number of
ltem test per Batch | test per Batch Total
- Number

Room Temp. High Temp.
Fiber Volume 3 N/A 15
Matrix Volume 3 N/A 15
Density 3 N/A 15
Diffusivity 3 N/A 15
Expansion 3 N/A 15
Specific Heat 3 N/A 15
In-plane Tension 6 6 60
;;e:]r;isotnhlckness 6 6 60
Tension 6 6 60
Compression 6 6 60
In-plane Shear 6 6 60
Interlaminar Shear 6 6 60
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Table 2 Current status of standardization.

Standard 1ISO CEN JIS ASTM
Thermal expansion France EN 1159-1 C1470
Thermal diffusivity France EN 1159-2 R1667 C1470
Specific heat France EN 1159-3 R1672 C1470
Thermal conductivity EN 1159-4 C1470
Fiber volume Japan
Matrix volume Japan
Density Japan
’ Room temp. France* EN 658-1 R1656,1644 C1275
Tensile strength n
High Temp. France EN 1893 R1687 C 1359
Transthickness | Room temp. C 1468
tensile strength High Temp. Japan
Compressive Room temp. France* EN 658-2 R1673 C1358
strength High Temp. France EN 12291 | in progress
In-plane shear Room temp.| France* EN 12289 C1292
strength High Temp. Japan
Interlaminar shear | Room temp. France* EN 658-4 R1643 C1292
strength High Temp. EN 1894 C1425
Room temp France EN 658-3 R1663 C1341
Flexural strength N
High Temp EN 12789

Note
* The items with asterisk have already published as ISO standard.
* The country name in cells shows the proposal country.
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Table. 1 Comparison of aircraft propulsion concepts.
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(Turboelectric Distributed
Propulsion)
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(Boundary layer ingestion)

NASA Boeing Sugar Phase-ll | JAXA Emission-Free Aircraft | EADS-Rolls Royce E-Thrust
(FC-GT powered distributed
i i propulsion)

Airframe Blended Wing Body Tube and Wing (with BLI fan)  Blended Wing Body Tube and Wing
Propulsion Superconducting electric Turbofan propulsion +BLI Tip-drive motor fan + Fuel Superconducting electric
motor fan (electric) fan Cell hybrid generator motor fan

Features -Wing-tip mounted gas- -BLI separately located -Tip-drive motor concept -Gas-turbine generator
turbine generator - BLI electric power supplied - Fuel cell hybrid generator -Energy intermediate
-Superconducting electric from SOFC storage
motor fans -Superconducting electric
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Fig. 1 Two Pole Generator Rotor and Stator
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Table 1 Trend of electric aircraft
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Fig. 1 Appearance of the treated blades installed in the turbine
rotor before trial operation'’.
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Fig. 2 Appearance of the gas turbine rotor and the part of the

"lock wire tub" .
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Large Eddy Simulation of Film Cooling over Dimpled Cutback Surface
at Trailing Edge of Gas Turbine Airfoil
(Effects of Dimple Shape on Film Cooling Performance at Blowing Ratio of Unity)

Mmoo g ! A e

MURATA Akira ITO Kousuke IWAMOTO Kaoru

ABSTRACT

Cooling at trailing edge of gas turbine airfoil is one of the most difficult problems because of its thin shape:
high thermal load from both surfaces, hard-to-cool geometry of narrow passages, and at the same time demand for
structural strength. In this study, both heat transfer coefficient and film cooling effectiveness on pressure-side cutback
surface were numerically simulated by using Large Eddy Simulation with a dynamic Smagorinsky model. Three
different cutback geometries were examined: smooth surface and two roughened cutback surfaces with spherical
and teardrop dimples. The Reynolds number of the main flow defined by the mean velocity and two times of the
channel height was 20,000 and the blowing ratio was at 1.0. The LES results were verified by the experimental results
measured for the same geometry. Within the present experimental range, the teardrop-dimpled surface was the most
favorable cutback-surface geometry, because it gave higher film cooling effectiveness and Nusselt number than the

spherical-dimpled and smooth surfaces.

Key words : Film Cooling, Large Eddy Simulation, Heat Transfer Enhancement, Dimple, Finite Volume

Method

1. &8
HAY—ErOEEMNEN T — ¥ v ADF ARE
DEILDSHEATEY), MROSREEEZEZ 5L 5 —
Y VEOGHPM oM ERVETH %o BEFHTIIIE
SV NS HISHEETH 2 Bz, WD S EHRIC &
LBMAND Y, MEREZROLED HLHEGHIC
BUTHRIBMLVWGEHOHMTH L, £ T, HEIBA
Ty RS H Y Ny ZHEIZT 4V AHHIEERERE T
LBk Z ¢ 5 RIS, Ay FoNy 7 BER RSB
FEICL o THIT 2 2 & THED S OBGEA L LHET 2
HRD, MEHBLOEEHTA Y -V TIL RS
NoD2H b, 74 NVAEES v by 7 T O EAR
T, BLIIRAE - 2 RFENRREAG RN % B L C
LEI)ET7ANLGEHMEZREIMTSELDT, &
T 4V A HIREMERE &0 D Tk L I3 R % B HIF ST
TOHREBMEREE LTEL 20 ENH L, B
BRI T AN AEHIZOVWTIEINETITEES v b
Ny ZTHTOT 0 — R OB & 7 ARG ER

JERSSZA 20134 5 H22H
BBISET 20134104 18H
* 1 BRUR T RZRFBE TAARRE Y 2 7 2 T H I
T184-8588 /IN&IHHiFHHT 2 -24-16

0.2 Large Eddy Simulation (LES)®®D A H 5,
EZEHESIEH Y My ZEHICMABIRTH L7414 ~ T
FHRTHIETTIANLEHNNEE2H T VIET IS
BURERA2METEALI L ERLAEVT, 2RICAT ¥
MREBIZBWTERRE - T4 7 Fuy 754 Y 7 vz
By Ny Z IR TIT b B IE IS EEC X B IEE
EEITIE, 74 v FVEIE TR TT 4V A%
HhsR %2 MR - 72 F F BYRER D20 ~ 30%I L
Lo E5XHEBDIIICS Y FEDODH B 3 RITLAT
MREEICBWTY 7RERT 1 Y TNE A Y FNy T
R 72 B ORBERINCBWTD, T4 Y 7IVED
SEEHICHERTEWEETH o 7o T2, F—BEIR
WX % 2 o0 2 0439, 3 TR BB ENC &
BELFET D 1T - 720

— R e F v A VINERR CoRLIEEAR E LTo T 1
VTNV ORBERENIZ A LI L {fThhv Tl Y, Bk
T4 TWIZOWTHEERE S - TP EELYRRES -
BEEALYOEE LR EPTARLN TS, T, BE
HOERPRVEHREIN TS DIEChyub"D T 1
T ROy T4 T NT, FigEEHT X ) i o)
P & N2 O TEHLRER DT AP & 5002,
AMETIETA VTNV EA Yy PNy JHOT 4V

Download service for the GTSJ member of ID , via 160.16.140.208, 2025/05/31.



56 HRE—EBEBRBT T EHY NNy TETAIVLESEDLESEN BAHX42—E LR

LG HWERBIZ BT 5 5 4~ T VIR D58 % LESIHHTIC
IoTiliT 52 L2 HMET D, F ¥ AVHERICH
F 574 Y TVORFESREBRE L, BEECT, VT
WEBEL, BfEERE S L LTI EZAT
tb IR TV BV fE 2 R T ECHIEIR & LT
WHIR O E S - &L EZLZ05, B - BOPEZE
#2027 Cc—EE L, HEH Y My ZWITIZ S v b
Ny 7HEIC2EEOT4 v 7V ERK, 747 Fay
7)) w7 Y5 OLESIENT % 17 - 720 BUEIRAT )
W MROMERE, 3 RICHMRE 2 Z 8 L 7@ Is %
Bx 7o Bk B R AR BVFEBARE YB X O 2 3K0C 2 BLA7
BB EET ORI ROE W TiTo 720 £ L
T7u—l1To 3 RITLIEETHE - IRERITHRD? S
F A Y TIVIIRDE D v Xy ZTH T 4V LG EIED
HEBLERANG 2 DWBEEZW LI L7,

2. BEREIRFE

M 1ICERIRT 1 Y T & Ay PNy 2 OGO
HAE R FEERIE A v by 20 LT ONE
PRI E B LEZ B E LTh Yy oYy 710
Wit THNTFIMZE, H v b3y 2 IR IR & v,
MR %zl & L7z WEITE & RO Sz e
NH, 4HT3» V), WW6OHZ{BETH %, FMiEHm S
DOFBIZDOWTIL, F—JZREEE T O 2 WoeHLiR G
O SHy boxy 2 HH2HO & S B RO
HINZ L ZHERL TV 5o HHITER & L AREIZ105E
Vo PEEEHTHY, By bNy Z2HOE 371
WC13HE L7z F72, “HEM, T4 Y 7NVIHICBIT 5
WHTBA D2 SWHERE B L (w/H=0) FTOH
i FNFNI2H, 212HE Lize 54 Y 7 NVEHTOMH
HEAD2T2HE RV ol, GHIWRBICBIT L7414 T Vo
A AR % NV S OIRBAERRY L i 2 72720 TH 5,
T4 Y TNVOIIRE A %2 K 2 1R T, HIEED=2H,
ML R06DDERIRT 4 7V (M 2(a) LERIRT 1 >~
TOVHI R 184 D A CHMEAM 2 X 7274 7 F
Oy 774 7 (M2(0b) ©28E%, K2()DXH
CT-BERATHE L. T4 v I VEOY vy FIdih
Mi212D (=24H), A5V FIANZ1I5D (=23H) TH 5,

Wall 24H
..-H

Z& (_ulback surface
20 Tt

/ Lip Cutback %/
- surface ¥/

Caohn fi;:-\x —7 [y [
ecycling 4 —3 % S ]
T0R S e o — o o /

N—toy i
"

Main flow
amI oW R"‘-)’thfu__ .:;: |

13.2H 14H

6.9
DO
DOO
@@
DO
@@
DOOG

Cutback surface
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Fig. 2 Schematic of dimple geometry.
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Fig. 3 Large-scale vortices shed at lip-trailing-edge visualized
by contour of pressure fluctuation (p' =-0.028, gray) and
second invariant (Q =-1.15, white) for M=1.0 (smooth
cutback surface case) .
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Large Eddy Simulation of Blowing-Ratio Effects on Film Cooling
over Spherical-Dimpled Cutback Surface at Trailing Edge of Gas Turbine Airfoil
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ABSTRACT
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Cooling at trailing edge of gas turbine airfoil is one of the most difficult problems because of its thin shape:

high thermal load from both surfaces, hard-to-cool geometry of narrow passages, and at the same time demand for

structural strength. In this study, both heat transfer coefficient and film cooling effectiveness on pressure-side cutback

surface were numerically simulated by using Large Eddy Simulation with a dynamic Smagorinsky model. Two

different cutback geometries were examined: smooth and spherical-dimpled cutback surfaces. The Reynolds number

of the main flow defined by the mean velocity and two times of the channel height was 20,000 and the blowing ratio

was varied in the range of 0.5-1.5. The LES results were verified by the experimental results measured for the same

geometry. The increase of the blowing ratio resulted in different tendencies between film cooling effectiveness and
Nusselt number. The spherical dimple case showed 17% higher Net Heat Flux Reduction (NHFR) at most than the

smooth case. The installation of dimples on cutback surfaces enhances film cooling performance.

Key words : Film Cooling, Large Eddy Simulation, Heat Transfer Enhancement, Dimple, Finite Volume

Method
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Fig.l Computational domain of film cooling at airfoil trailing
edge (cutback surface with spherical dimples).
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(a) Spherical dimple. (b) Arrangement of dimples.

Fig. 2 Schematic of dimple geometry.
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Fig. 3 Contour of local film cooling effectiveness, 7., of

experiments® (upper half) and LES (lower half) for
spherical dimple.
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Fig. 4 Streamwise variation of laterally averaged film cooling
effectiveness, 7 .. (Lines and symbols are for LES and
experiments?, respectively.)
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Fig. 5 Contour of local Nusselt number, Nur/Nuw~ y=10 of
experiments® (upper half) and LES (lower half) for
spherical dimple.
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Fig. 6 Streamwise distribution of laterally averaged Nusselt
number, Nu./Nuwy-10 . (Lines and symbols are for LES
and experiments”, respectively. Plots from bottom to top
are for M=05, 1.0, and 1.5, respectively.)
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Fig. 7 Surface averaged film cooling effectiveness, 7., versus
blowing ratio, M. (Filled and open symbols are for LES
and experimental® results, respectively.)
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Fig. 8 Surface averaged Nusselt number ratio, Nuu/Nut e y=10,
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