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Fig.2.1.1 Schematic of test section



2.2 FHEIAE
2.2.1 BMRZFFEFBAE
BUREREHATIIR 221 IRT LD, EFNVEOLHZEE 15um OHERO=
JOLbE—Y TBVWEREREZR T I EICXOMEL, EFIIVEDOIMEE G K
FBEELT, BEHORBMER HIILITORX 22.1) ITLDRDE.

Test blade

Thermo couple

Film heater

Film heater

Electrode

DC power supply

Fig.2.2.1 Test blades for heat transfer experiment
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Fig.2.2.2 Blade shapes and measurement points of tempareture and static pressure
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Table 2.2.1 Experimental conditions

Inlet Mach Re Number Inlet Turbulent
Number Intensity
0.21 3.63 X105 0.9%
0.26 4.50X 105 1%
0.31 5.36 X105 1%
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Fig.2.3.1 Analysis model



Fig.2.3.2 Analysis mesh

Table 2.3.1 Analysis mesh information

Casel Case2 Case3
1st layer height 2.5pm 2.51m 2.0pm
Mesh growth rate NO.2~10 NO.2~26 NO.2~28
layer:1.05 layer:1.05 layer:1.05
NO.11~30 NO.27~46 NO.29~49
layer:1.2 layer:1.1 layer:1.1
Total mesh size 13.1M nodes 14.3M nodes 14.6M nodes
700 —

Ieat transfer cocflicient(W/(m?K))

-1 -0.5

0

Pressure surfacel Suction su_l_:face
- Ll

0.5

Nondimensional surface distance

Fig.2.3.3 Effect of mesh resolution on Heat transfer coefficient distribution with LES
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2.3.2 LESH#RiRAE

fEHTIXANSYS FLUENT14.007 %/ L, MH751E& U CIILESHT OSGSET L
O—FTH Y, SmagorinskyTT ) & FERICREPNCELTMEZEH T 508, BEmEAT
MTOEFRMEOHELZ L OBERSKRE IS0t ranTs0, Bk
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(Dh=86.6mm) % & Z7-. FLUENT® NETI37& Dadr 5K(2.3.1), (2.3.2) ,
(2.3.3),2.3. DKV ENTNEIEB T 0V Fk, BLIROES AT —)1e, ELIREE)
IXRNFOHEER L ELROBMAr—) c ZE51ET 5.

k:%@mnz (2.3.1)

¢=0.07D, (2.3.2)

s=c i (2.3.3)

=k (2.3.4)
€

fRITICBIT 2 A0 OEBEERS DFHRICIE, CORROEI AT —ILe &FHE
2= e RWTHERY MVEE T — U TR OHN S &R LA OOES)
BWERDEZFRETEIART "IV YA P —FEWEER L.
ZDHETIEIEIHEERY SMIVE v, (70)13RQ.3.5)~Q23 DL DEEEINS.

v,(%,1)= \/%,,ZIZ; [p,.” cos(Ej"ij +a)"t~)+ q; sin(l;j")?j +a)"7)] (2.3.5)
- X, = {  ~ c

= =— =— =kt —— 2.3.
x; e t — c . k' =k; c(j) (2.3.6)
N R ST (2.3.7)

&N E o, e N(0.1), k" e N(0.1/2)

I ZTCey WENT MVEHET THERSNSERT >V )V, MM, o T FHEHRM,
BB cDERRHTHV 0,, kIIRQITEASNZEFIMLENEHRT
FINVFARYT MVEEDREREBEETH 5.

2 172 )
E(k)= 16(—) k* exp(-2k*) (2.3.8)
T

7z, B TIRESFRERBRIOI N FHFBRROEMNIITPOLES, FEET
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fENT I Typel & Type2 DR E T )L & 5 HIC A D Mach#(0.21 D 54 Tt & £
U, BRKEEILESHENT EFRICA DR TEESICELNE, HONTHE, En
CIIRBAEBEZ 5 Z, ENLAOEREICH U TIIEN TN EAYERGEE2 52 7.

728, ETORANSETFINZMER UMEHTTIX, LESHAT &FRICA DRSS
A—% & UTENEBETESlK HEREDrE 5 X, FLUENTHE CTELFES TRV
Fk AROEI AT — L EALFEEB TR FOEEEKZ5E L /~. Transition
k'kl-oTlE, ZNLANDOAOERNT A—5 & U THEER & BIREES T RIVF
KIDBHETH D ol ZFLUENTHEH CRQ.3MT L DEHEL, kIO L 2E L THTE
Eha L7z

K
) =m (2.3.9)
¥72, Transition SSTO AOEFR/NT A —F E U THERBBEL A1/ IV X Re ot
ERIRE yIZDWTIY, ReytlIFLUENTHE CTHLNEEIOBEKE L THEZA NS
EBRACOICKOEFEL, vIR1ERELTHETZERL -

2.4 REBLULES BiriEREEER

Typel & Type2 DEET IV OREIERTTERT PPy e 771 & Mach $43 4 O #Hl#E £ % X
241~41ZR L, A Mach #2021 kD LES S R EREZ IR U R 2K 2425,
246 1R

BB, NGO T7OMEIIEANEGR LEZ2FAE LAERZIE, Ehmzasl
JolER e MBS S Uz,
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Nondimensional surface distance

Fig.2.4.5 P/Py, inlet distribution with LES(Typel)
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Fig.2.4.4 Mach number distribution(Type2)
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Fig.2.4.6 P/Py inlet distribution with LES (Type2)
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Fig.2.4.7 Mach number distribution with LES(Typel) Fig.2.4.8 Mach number distribution with LES(Type2)
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Fig.2.4.9 Acceleration parameter distribution Fig.2.4.10 Acceleration parameter distribution
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Fig.2.4.13 Heat transfer coefficient distribution(Typel)
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Fig.2.4.15 Heat transfer coefficient distribution
with LES (Typel)
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Fig.2.4.14 Heat transfer coefficient distribution(Type2)
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Fig. 2.4.17 Instantaneous velocity distribution in boundary layer on the suction surface with LES (Typel)
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Fig. 2.4.18 Instantaneous velocity distribution in boundary layer on the suction surface with with LES (Type2)
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Fig. 2.4.19 Instantaneous velocity distribution in boundary layer on the pressure surface with LES (Typel)
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Fig. 2.4.20 Instantaneous velocity distribution in boundary layer on the pressure surface with LES (Type2)
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Fig. 2.4.21 Instantaneous velocity vector distribution ~ Fig.2.4.22 Instantaneous velocity vector distribution

with LES (Typel) with LES (Type2)

18



Turbulent Kinetic Turbulent Kinetic

Energy (m?/s2) Energy (m%/s%)

l 50 I 50
40 40
30 30
20 20
10 10
0 0

Fig. 2.4.23 Turbulent Kinetic Energy distribution Fig. 2.4.24 Turbulent Kinetic Energy distribution
with LES (Typel) with LES (Type2)
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Fig. 2.4.25 Helicity iso-surface (Typel) Fig. 2.4.26 Helicity iso-surface (Type2)
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Fig. 2.4.27 Helicity iso-surface on suction surface (Typel)
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Fig. 2.4.28 Helicity iso-surface on pressure surface (Typel)
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Fig. 2.4.30 Temperature distribution of pressure surface (Typel)
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Fig. 2.4.31 Helicity iso-surface on suction surface (Typel)

25

Trailing edge

Osec

1X10-4sec

2 X 10-4sec

3 X 10-4sec

47X 10-4sec

5X10-4sec

6 X 10-4sec

7X10-4sec

8 X 10-4sec

9X 10-4sec



Leading edge

TT

AL

METT

[

Fig. 2.4.32 Helicity iso-surface on pressure surface (Typel)
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Fig. 2.4.33 Temperature distribution of suction surface (Typel)
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Fig. 2.4.34 Temperature distribution of pressure surface (Typel)
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