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BI1TE S—EVBEBICIIBERELER

7.1 KEQOHK
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M CREET 5, el EEO Ty PHE —E Tl Inconel718 B LU 64 F & 08
MERRIE & 725, £ 2 C, RFETIRINS 2 OB EIEE L TE OREFF % 3£
BT D,
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7.2 BERgI—EY

AE T, METHRE LI DDT ATF¥—EO2LBHA Y —E (DDT_FullAd)
LEATRASZ —E Y (DDT ParAd) OYIEBIREZWNZ L T5H, o, FF4—E (IR E
FA4AZHR—EELELTHEIND “Blisk” ThHa,

7. 3 BMETILEFTAST

AETH, ¥ — L VBEROBREFRET TV EF— LT L AT ET VORI 1T,
BREATET VORTIZKEICT T, BEFEET VAR 1 EEDT T v M7 4 — 08
EETMMELTWD, —H, T4 A7 ETNEIETOPESREY 3 KeeTrvbLi-2
BETFNTHDH, REEETT/ATIE, 8O EENR AR BT 2R &
BEEHART. BREISERIT 2175, #—EUF A A2 EFA TR, BLOAHEICLD
WIGEARAT. BAEAHTICINZ, DDT ParAd TIEREGEMITbLERT S, —7F,
DDT_FullAd TREEEHORAEEE 7 — 0 F 1 A7 {BERERE— FOBEF IR
PRESENTWA I EDRTFHRENDS D, AEBSERITIIERB L2, £, 5%
Tid Inconel718 BLTN 64 F 4 2 DDOMEEREL TN OO 2 ERT 5, BH#E
WrE7T L O TNE % Table 7.1 IR T,

Table 7.1 FEM simulation contents

S ey Linear Static Modal Frequency Response
Blad del DDT FullAd O @) FZ
acemotel I DDT Parad O O O
. DDT FullAd _ A (@) - =
Disk model DDT ParAd o o o)
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7. 4 STEEF
7. 4.1 BFEEHERAE
7.4.1. (1) BEEKETI

DDT_FullAd DEBEBEMAEE T LDV TR FRFEFRER T ERIIOVWTELE D
%, Table 72 IXEBEAKEET VOB FREEFEE CHA LLERZRLRET VOERK L /
— FETHY, Fig7 1 HEFNOERSEETFTLVOETFTH S, Wh b, FEAORIC

J— R&feo 4 EEER (CTETRA4) &FRH — FEFLH 10 /) — bR 4
EEER (CTETRAI0) #HWTWA, IROOERHEIETIL. /— FEBFERE
THo THHERED bR — PIcEZR 52 T5, 72720, MeshID DERREDE
FORPRLHEFED Lix, TR/ — REFONE I DORRELRY | 2OERKL
REFETNORFIZA L TH D,

FETFRENIE IR, OEF CFD i L 2t h 4 ELE L T 28N, OEF
ERBEHTIC L 0 3EhE U7, Fig7.2 B L0 Fig7.3 (OO RIZB W CREATRERE O LML
ERBBATIIBIT S VonMises 5157y bLIELDOTH D, BEHBDEMNERD
&, BERH A7 L LT CTETRA4 Z V2 b O T, o110 Eh T2 & @/ N
LTW5, —F, ZOMOEF TITREREMICETRNL TV, BERICBITS
Von Mises J&5/1 ClE, BT L» THRICENRNLTVWS2Y, Blade D TI0 ExENT
FHEDEFHEIEAN 0 Blade G TI10 THERIEN TWRWI L3205,

T &S SIDFERD G, Blade_D_T10 Z 5B DOEHT TR SR FOEME L. 20K
T & AR FEOEEDZ Y Blade B TI0 OE-FICBWCEHEMITEZ EM L T2
DOFERE LB LUT2, Fig7.4 IZ Model ~ModeS =BT AEEREEKE 72y FLELD
Thd, ZO/ENPDL, 2 2O FTIRERRBESSWVRITOTPICEREN D LD
D, = FEOEBIZEASTEORBIINIESVEEZILND,

LA EA 5, DDT FullAd T4 HOMEHTIZ Blade D TI0 OTFEIRET D, 2B,
DDT ParAd O#-Fi%, Blade D T10 @ h R V—%8EL L, BERHEHOTIZE
A NERR L OERRSE~OFELHEE LI A TER L,
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DDT _FullAd turbine blade model

Table 7.2 Number of elements and nodes used in the FEM grid dependence check of the

Mesh ID Element type Number of elements ‘ Number of nodes
Blade A T4 CTETRA4 29.346 6,618
Blade B T4 CTETRA4 39,731 9,053
Blade C T10 | CTETRAID 12,237 20,035
Blade D T10 | CTETRALOQ 14,163 23.278
Blade E T10 | CTETRAIO 18,265 28,901
Blade F T10 | CTETRAIO 24,923 39,172
Blade A T10 | CTETRAI0 29,346 45,878
Blade B T10 | CTETRAILO 39,731 62,420
Blade G TI10 | CTETRAI0 84,961 131,618
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Blade_A T4, Blade_A TI0 : Blade_B T4, Blade B _TI10

Blade_C TI0 Blade D T10

Blade_E_T10 Blade_F T10

Blade_G_TI0

Fig.7.1 Computational meshes used in the FEM grid dependency check of the DDT_FullAd

turbine blade model
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Fig.7.2 Mesh dependency check in terms of the displacement at the tip of the leading edge

Von Mises stress at TE hub [MPa]

20.0

15.0

10.0

el
o

o
o

Blade D T10
f‘\g// N
g Y
\//, Blade G

i i kl 3.

0

[ T10

25,000 50,000 75,000 100,000 125,000 150,000

Number of nodes

Fig.7.3 Mesh dependency check in terms of the Von Mises stress at the hub of the trailing edge
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— Blade D TI10 Blade B T10
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Fig.7.4 Mesh dependency check in terms of the eigenfrequency
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7.4.1. (2) B—EVFARIEFIL

DDT FullAd D&% —E 2 F 4 A7 FF AL OW T FEERRE LT > 2RI >0
TELYD, Table 1.3 (X7 4 A7 ETF VO FEFEERE CER L LERLFET VO
BEERHE ) —RETHY. Figl S BTN LERSEETNVOEHETFTH D, Wt B
BRE TV & [A# 4 EIFES CTETRA4 B LN CTETRAL0 TIERK L7z, $£7-, BHO
TRSEREERRBEEETVORGFEREOERLVBE L EZENEET VEFH
BEL L,

I CORFERE L, B EESREOEF RO AW EIIR S BT & B BT
WL ViTo72, Fig7.6 BE O Fig77 3BT B 2R REM ERRISHEFRL TN
Do ZDOFERD D Disk_A_T4 THIEMRIG A ZIB/ANFHL THWD Z Edvbnd, —H.
Disk A T10 & Disk B_T10 TIET K& BTN Z EREIRCTE 5, S LI, BEHEEMRYT
DFER % Fig 7.8 IR, ZORENS L Disk A T4 (3o 2 OB FIZHE~TEAR
BES—F LRV, FBY 2 DBV TTIXEAREICERRNL TR,

PLE2E, DDT FullAd D& — Y25 4 27 E T NI OWTHL Disk A Ti0 O+ %
BET D, 723, DDT ParAd O3, Disk A TI0 DR+ ZE L L, EBEEET—

R OEE R~ OB EL R L 5 2 CIER LT,
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Table 7.3 Number of elements and nodes used in the FEM grid dependence check of the

DDT FullAd turbine disk model

Mesh ID Element type | Number of ¢lements | Number of nodes
Disk A T4 | CTETRA4 586,368 130,652
Disk A T10 | CTETRA10 586,368 913,011
Disk B T10 | CTETRA10 750,564 1,144,383

Disk_A T4, Disk_A_T10 Disk_B_TI0

Fig.7.5 Computational meshes used in the FEM grid dependency check of the DDT_FullAd

turbine blade model
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Fig.7.6 Mesh dependency check in terms of the displacement at the tip of the leading edge
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Fig.7.7 Mesh dependency check in terms of the Von Mises stress at the hub of the trailing edge

- 187 -



Disk_A_T4
10.000
9,000 -
8.000 F
7.000 F
6.000
5000 F
4,000
3.000 p
2,000
1.000
o , , . , , .

0 1 2 3 4 5 6 7

Mode

Disk A T10 —— Disk B TI10

Eigenfrequency [Hz]

Fig.7.8 Mesh dependency check in terms of the eigenfrequency
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7.4. 2 BEETILOHEEF

RITEO RS FRFEAEOR BB E L 72 DDT_FullAd Dt ERFB L UZ0RRLY L &

IZ{ERE L 7= DDT ParAd OHEH 7% Fig79 ICE LD TnT, £7-. B FD ./ — Fi

fon

& BRI A Table 7.4 (12777,

DDT_FullAd disk model DDT_ParAd disk model

DDT_FullAd blade model DDT_ParAd blade modcl

Fig.7.9 Computational meshes used in the FEM analysis

Table 7.4 Number of elements and nodes used in the FEM analysis

R T Element type Number of elements Number of nodes
Disk model _DDT FullAd |  CTETRAIO 586,368 | 913,011 |
DDT ParAd CTETRA10 879,228 1,400.316
Blade model | DDT FullAd CTETRALD 14,163 | 23278
DDT ParAd CTETRAILD 13,592 22,513
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7.5 #HEEELHEREHR
7. 5. 1 #EEHE

WEOrry NHEZ—E Tk, £OMEE LT Inconel718 B LU 64 F 5 HNIBFE
End, £ T, FFETIZENENOMETHT 1TV A ¥ — U B O HE 25
45, Table 7.5 (24 Z — & ARt EHEtE 240708

Table 7.5 Material properties

————__| Young's Modulus [GPa] Poisson's Ratio Density [t/mm’]
| Inconel718 | 193 0.28 8.19E-09
Ti-6Al-4V 117 I 0.31 4.43E-09

7.5. 2 AIRFEHHIUESE

ST ET LORBTEMIITFROL I IT L,

[ERERET V]
75w 7 A —LOERB LU y FHREORIE EOKF AL EEME,

[#—ErF 4 R7EFIN)
¥ — b EEE OB T AOBHBEED H B, TR L7 a0t hm 8 B ELL
I E PR,

o RE=E 2, BHFEHNBF—E I Blisk & LTREENRSAZLZHELTE

h, F—EZERTLOEEFIZIED TMEW, £FZ T, AR TIHERERZ 5 XTI/
LTWd, Ziik, HEEEZ L VLSMTIHEL TWEZ LITHEYT 5,
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7. 6 BB EN

AT, F—EBROBIHETEZERT 5, I T, B 6 ETH LR
RIS E W ER M & T 2 BREEE T A ORNT & RFEER CORLAIHTS
F—VE T4 ATZETLOBFTEZT, ZTALOWMEISHT DRI EEMEF—E U F
R B OB A b BT 5,

7.6.1 FEEH

REORERN % Table 7.6 {27~ T, BE(EET A TIIRETEM LI-IHESF CFD 7
ERELV BLREFEREANORMELT— 22BN TWS, ¥/-, T4 RAZETNV
BT ABEBLOR, F-EVEBRICEBT2EEHREZE 2 TW5, Figl.10 i
DDT_FullAd 3 X UF DDT_ParAd (235115 A0 2FE CER L U 7B SR EE S 5
i =T,

Table 7.6 Load conditions for the linear static analysis

Blade model | Time averaged pressure
Disk model Centrifugal force (60,600 [rpm])
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Pyo/Poiy

Suction side Pressure side
DDT FullAd

Suction side Pressure side

DDT _ParAd

Fig.7.10 Nondimensionalized time averaged pressure distributions on a 1 rotor blade
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7.6. 2 REHERTOBRLER

7.6.2. (1) BEEETIL

Fig. 7.1 1 (ZREARE T /L OB TS5 2 Von Mises Fis F15570 271§, 2233,
FOEARIL 1000 A7 — )V LTRRL TS, 612, 8] - FHEHIBIT AEK
IS TKRENLD 7T 7 % FigTI2 1RT, WTRORRIZBWNT S, |RIRA %S
BINT 7 4 Ly RERIZHEA L7-, DDT FullAd & DDT ParAd TlE. WTFNOMEITH
BRIESE DDT_FullAd DR KEV, Zhid, BIETHIE~/2 L 912 DDT _ParAd @
FRTIERBNE | B ORER /N E BRI ENTVWSHZ &, DDT ParAd Tix/ X
NEAESICL D EAWRESRAEHOBBEEHELZETIEHLLITL - T,
DDT_FullAd IZ{ERT 2B OFRRELS RDL T ENERERTH S, 7=, BRE
MLITBEBGOBRLB TR, TOKEEL DDT FullAd D F B KEWERE -7, L
DL BMEEIFEINES L, Fum A—F—TH 5, ki, MEHZ X B8 L E/RD

WEETDE, EHLDF—CUBERTY 64 F4 2 ToOTDIIS TR 2R
THYTOETPED, —F, BREMIT 64 FELOFNRREL, ¥bHbhnZ—E Y
SHET 64 F 4 L DIEALIT Inconel718 TORKEM LV bBLF 8% KEL Ro72d
DD, ZOHEFMEITEL pm A —F —TH Y DTN TH 5,



Von Mises Stress [MPa]
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Lo Lo

Inconel718 Ti-6Al-4V

DDT FullAd

o de

Inconel718 Ti-6Al-4V

DDT ParAd

Fig.7.11 Von Mises stress distributions of the 1* rotor blade model due to the time averaged

aerodynamic load
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Fig.7.12 Maximum Von Mises stress and maximum displacement of the 1" rotor blade model

due to the time averaged aerodynamic load
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7.6.2. (2) 3—EVTARIETIL
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T, EHMEIOEE % Inconel718 DEEE TEHMIL L1= 27 T 7% Fig7.15 1R T, LA
L BIGHITHEHE I 523, Fig7.15 bbb L 51 64 FX U OBEIX
Inconel718 DBV LERHTHD, LEMoT, IOLIBREBEDEIZL>T 64 F5
BT D& KIS Inconel 718X L TBIF R LIZEEBEZLND,

IOEIC BOTNCE > THERTORKGEDBENATHT 0 Ly FEUIREL, £
DISTHEZ S — B BOKEV DDT ParAd DR KRE <, Inconel718 DFEAF OEIL
MRIGHEBATLED, Ll SEEEDNIN 64 F4 - DBE. BRIEHERK
PRISTIRIARB T 2 2 ERFEETH D Z Lo o7z, —F, DDT_FullAd DE KIS
TNEELLOMBITH - THRIRIENIRBTH D Z MR ENT, ZDLI I, #—
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Von Mises Stress [MPa]
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Fig.7.13 Von Mises stress distributions of the 1™ rotor disk model due to the centrifugal force
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Fig.7.14 Maximum Von Mises stress and maximum displacement of the 1" rotor disk model due

to the centrifugal force
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Fig.7.15 Normalized density of the Inconel718 and Ti-6A1-4V
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7.7.2 BEEEETOBRLEE
7.7.2. (1) BE&EETIL
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Fig.7.16 Modal shapes of the DDT_FullAd blade model
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Fig.7.17 Campbell diagrams of the DDT_FullAd blade model
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Fig.7.18 Modal shapes of the DDT ParAd blade model
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Fig.7.19 Campbell diagrams of the DDT_ParAd blade model

- 206 -

90,000



7.7.2. (2) B—EVF14RIETIL
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Fig.7.20 Modal shapes of the DDT_FullAd disk model
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Fig.7.21 Campbell diagrams of the DDT_FullAd disk model
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Fig.7.22 Modal shapes of the DDT_ParAd disk model
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7. 8 BEBICEREN

AFTH, 7 PIBESORBEINERT e £ 5. £, EEF CFD T X
WIRT-IEEREN S % FFT UET 5 2 & TRIKEEBICOBET 5, SBEL-WERS
Do L, BIEOIHEEFETES FFT LEFER TRERIREL R U7 BRSSPI O
Foy rVVIREIC RV TRREN AL CEA R L — BT D EEE S EREL, T O
BRE A TS CTRREICEMF 2T LD RICEDHWEIZL > TR L
HGEOROINELRD, ISERHOIGINIT DB O SRE 27T 5,

7.8. 1 FEEHE

AETIL, Table 7.7 (R T WEABRERSICOWTEOREEREZ B EED T LICL
0. EDOREL Y —ErO&E— FPEIRT 5 ATt & R OIS N 2 5@ T 5, 25,
P B IR R R AR ) & REHEREE T OB O N2 52TV D,

DDT_FullAd # AT 7 /LTl S6EO AT xt T 2B 4 T 5, T OIS IE, &
A E 10%EREH AR IC B W TZE ORBFE N RKEE T — FOBERRS KL A —4
— &%, —J5, 28B0 (/ AV 1 ¥k BPF) R4 ETENEE L L CHERKRKES THD
M EREFAMIE CORBEIIEFREE LY b+ EN D &0 b BIEEUSERETILE
WE L7200,

DDT_ParAd B EKEF /L CiE, 36EO. 39EO (/ A/V 1K BPF), 42E0 i izxt4 %
IEEETE T D, b DREESIE. /A BPF RO TH Y, REHEERE
+ 10%EEFAP & £ D < 123V T Model ~Mode2 D EHEREIH & —F T 5,

DDT ParAd 7« A7 E7 /LT, 3E0 (FAZEHFBBERE) o6 2I0E &7 @5
o ZOREBEERSIIRRKOEBTTERS Th 5,



Table 7.7 Unsteady acrodynamic load frequency components for the frequency response

analysis of the rotor blade model

e Unsteady load frequency component | Frequency range [Hz]
DDT_FullAd Blade model S6EO (Nozzle 2" BPF) | 40,000~80,000
DDT ParAd Blade model 36E0, 39EQ(Nozzle BPF), 42E0 30,000~60,000
DDT ParAd Disk model 3EO (Nozzle closed seclor passing frequency) | 42,000~115.000
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7. 8. 2 RAEBICERBTOERESEER

7.8.2. (1) DDTFullAd EBEETIL
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¥ THE Inconel 718 1 R CESEIBOFHIIE 785, LL, Fig726 1277 Lo
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Fig.7.24 Load distributions of the 56EO frequency component of the unsteady aerodynamic
load on the DDT FullAd blade
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Fig.7.25 Frequency responses of the DDT_FullAd blade to the S6EQ frequency component of

the unsteady aerodynamic load. Material : Inconel718



10% of the design speed

100,000 = i 100.0
Modes H '
90,000 | ! : 1 900
80000 F \roiea | i 1 80.0 -
N i ' I : ] M
E, 70,000 Mode3 E i SHE T0.0 E
> 60000 | ' / 60.0 2
5 Modc2 i : £
g 50000 £ i 500 B
o 4 1 v
% s0000 | M ! b lseo {400 2
o ; H E
20 30,000 bl {300 =
[£3] i == : 2
20,000 ; : 4 200
10,000 5 E 1 100
0 : : : : JJ e o 0.0
0 10,000 20000 30,000 40000 50000 60,000 70000  §0.000
Rotation frequency [rpm]
Leading edge fillet
100 of the design speed
>
100,000 . . 100.0
5 ] :
90000 F e : ' 4 90.0
80.000 F poded E ‘; 1 0.0
== 2 7 ‘T
N 5 ] - 1 &
=000 | ey : | S6EQ 00 S
] d -
> 60,000 : Lo 1900 g
L8] 1 i
5 Mode2 ‘;/’/ i i
L 50,000 ; 500 7
o i
Mode| :
% s0000 | Moo : b bero ] 400 %
7] : | =
0 30,000 P L {300 T
o ] i S
20,000 : ' 1 200
10,000 | i i 1 100
0 : . : . (N il 0.0
0 10,000 20000 30000 40,000 50000 60,000 70,000 80,000

Rotation frequency [rpm]
Trailing edge fillet

Fig.7.26 Frequency responses of the DDT_FullAd blade to the S6EO frequency component of

the unsteady aerodynamic load. Material : Ti-6Al-4V

-218 -



Von Mises stress [MPa]

B o =
0.0 100.0 200.0

Fig.7.27 Von Mises stress distributions of the time the model of the DDT_FullAd blade is
excited by the 56EO frequency component of the unsteady aerodynamic load.

Material : Inconel718

-219 -



@ LE fillet A TE fillet

1200

1000

800

600
107 Cycle life

400

Alternating stress [MPa]

200

0 200 400 600 800 1000 1200 1400
Steady stress [MPa]

Inconel718

1200

1000

800

fo)
(=]
=

400

Alternating stress [MPa]

200

U i i i i i
0 200 400 600 800 1000 1200 1400

Steady stress [MPa]
Ti-6Al-4V

Fig.7.28 Modified Goodman diagrams (107 cycles) and the response of the time the model is

excited by the S6EO frequency component of the unsteady aerodynamic load
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Fig.7.29 Load distributions of the 36EO frequency component of the unsteady aerodynamic
load on the DDT_ParAd blade
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Fig.7.30 Load distributions of the 39EO frequency component of the unsteady aerodynamic
load on the DDT_ParAd blade
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Fig.7.31 Load distributions of the 42EO frequency component of the unsteady aerodynamic
load on the DDT ParAd blade
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Fig.7.32 Frequency responses of the DDT ParAd blade to the 36EO frequency component of

the unsteady aerodynamic load. Material : Inconel718

-225 -



10% of the design speed

< —
100.000 : i 50.0
M : H
90,000 i ; ! 45.0
Maded : ;
80,000 ; g 00
:E - ; =
L, 70000 | 5 5 350 2
> : :
S 000 | Mode : : 4300 2
= : : T6EO &
8- 50,000 F Mode? ! ' 4 250 A
' : : 9
E 0000 } : / 1200 S
5 (.
&l Muodel . i
D 30000 L : : {150 5
. =
200000 ! ! 1 100
10000 :. ; 150
0 : : : : w £ ooldedtg 1o . gy
0 10,000 20000 30,000 40000 50000 60,000 70,000 80,000 90,000 100,000
Rotation frequency [rpm]
Leading edge fillet
10%2 of the design speed
100.000 < z 50.0
Moxles ' '
90,000 : T 7 45.0
Moded : '

#0000 F : : 1408 =
W . ; fai
L, 70000 : : 1350 =
é‘ 60,000 | Mode3 : _ A 300 B
o : : 6EO £
3 50000 F Mode2 : : 1 250 :
o 1 . U
*g 40,000 | ; / { 200 §
& 30000 | : : {150 g

! : -

20000 ' ' 1 100

10,000 } ! : _l 4 50

0 ] ‘ . . it L, . ol 00

0 1D000 20000 30000 40000 50,000 60000 70000 80,000 90000 100,000
Rotation frequency [rpm)]

Trailing edge fillet

Fig.7.33 Frequency responses of the DDT_ParAd blade to the 36EO frequency component of

the unsteady aerodynamic load. Material : Ti-6Al-4V
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Fig.7.34 Frequency responses of the DDT ParAd blade to the 39EO frequency component of

the unsteady aerodynamic load. Material : Inconel718
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Fig.7.35 Frequency responses of the DDT ParAd blade to the 39EO frequency component of

the unsteady aerodynamic load. Material : Ti-6Al-4V
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Fig.7.36 Frequency responses of the DDT_ParAd blade to the 42EO frequency component of

the unsteady aerodynamic load. Material : Inconel718
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Fig.7.37 Frequency responses of the DDT ParAd blade to the 42EO frequency component of

the unsteady acrodynamic load. Material : Ti-6A1-4V
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Fig.7.41 Load distributions of the 3EO frequency component of the unsteady aerodynamic of
the DDT ParAd
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Fig.7.42 Frequency responses of the DDT ParAd disk to the 3EO frequency component of the

unsteady aerodynamic load. Material : Inconel718
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Fig.7.43 Frequency responses of the DDT_ParAd disk to the 3EO frequency component of the

unsteady aerodynamic load. Material : Ti-6Al-4V
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2. EREtASH

A CEREBRTL2EAFASY — L LHSEASY —E 2RI 572010, TEREFSHS

L2 TENRTFNDEF —¥Y  ZFRE].

(1) : LE-11 FTP ¥ —tv (2RHEA) OoRE{LEBas<~—R L L, /37 A—
FOEEMELAICL YA DD, (Table 1)

(2): (1) IZH LT, BEHEI—EREHRLTEROI— I HAERB LS
ICEBEA Y — iR,

(3): (1) IEHLT, Z—EUBE2EELTERDI—E AN ERD L HERE
* [ERE b AERREAD, Ry T ME~ORBL S/ L TEEHITZEE L,

Table 1 Design specifications of the DDT trial turbine (full admission) and LE-11 FTP turbine

DDT traial webine | LE-11 FTP wrbine
leking gas | - ] 1. R [ Hs
Rotational speed | [RPM] 60.600 60.611.1
Mass flow rate {k_[_L's] 142 1419
Inlet total pressure | [MPa] | 735 | 7549
Inlet total temperature | K| | 500 | 50008
Outlet static pressure [MPa] | 1.71 1 L7
Outicttempernure | [K] | =~ 44 | = 40352
Turbine output power kW) 2050 2030
Turbine efficiency - 0.567 | 0.567
Tusbine digmeter | fom] | w0 [ nme
Velocily rano - 0155 0,155
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Fig.1 Flow chart of the DDT trial turbine design
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Table 2 Design parameters used in the full admission turbine design

1¥' and 2™ rotor tip clearance

T'urbine mean diameter

Trailing edge radius of the 1* nozzle

Trailing edge radius of the 1% and 2™ rotor and 2" stator

Angle of attack of the 1% and 2" rotor (mean)

1 nozzle soliditv (mean)

Angle of attack of the 2™ stator (mean)

1* rotor solidity (mean)

Leading edge radius of the 1" rotor blade

2" stator solidity (mean)

Leading edge radius of the 2™ rotor blade

2™ rotor solidity (mean)

Axial gap

1* nozzle axial chord length

1% nozzle blade height

1" rotor axial chord length

Expansion ratio or the annular area of the 1% rotor

2™ stator axial chord length

Expansion ratio or the annular area of the 2™ stator

2* rotor axial chord length

o . - 4
Expansion ratio or the annular area of the 2™ rolor

The ratio of the maximum blade thickness and chord length

1" nozzle exit angle (mean)

1* rotor exit angle {mean)

2™ stator exit angle (mean)

2™ rotor exit angle (mean)
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Fig.2 Flow chart of the parameter design
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Fig.3 Relative Mach number contours before and after the blade profile modification of the

full admission turbine
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Table 3 Result of the full admission turbine design

Nozzle 1" Rotor | 2™ Stator | 2" Rotor

Number of turbine blades 28 36 46 70
Chord length 14.86 15.4 11.93 11.76
Mean diameter 54.85 54.85 54.85 54.85
Blade height (inlet) 7.5 9.38 10.33 11.38
Blade height (outlet) 7.5 9.38 10.33 11.38
Throat width 2 2.04 2.73 2.28
axial gap - 4.0 4.0 4.0
Blade inlet angle 90 16 18.2 43.1
Blade exit angle 15.0 18.2 26.0 35.0
Leading edge radius 20 0.2 0.5 0.5
Trailing edge thickness 0.2 0.2 0.2 02
Tip clearance - 0.3 0.3 03
Solidity 1.21 1.61 1.59 2.39
Aspect ratio 0.5 0.61 0.87 0.97
Zweifel 0.53 0.733 1.36 0.657
Inlet absolute Mach number 0.09 1.24 0.89 0.55
Inlet relative Mach number 0.09 1.02 0.89 0.36
Qutlet absolute Mach number 1.24 0.89 0.55 0.29
Qutlet relative Mach number 1.24 1.12 0.55 0.47
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Table 4 Design parameters used in the L18 orthogonal table of the partial admission turbine

design

Circumferential speed at the tip of the 2" rotor

Expansion ratio or the annular area of the 1" rotor

. ; d
Expansion ratio or the annular area of the 2" stator

1" nozzle exit angle (mean)

1 rotor exit angle (mean)

2™ stator exit angle (mean)

2™ rotor exit angle (mean)

1" nozzle partiality
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Relative Mach number after the blade profile modification

Fig.4 Relative Mach number contours after the blade profile modification of the partial

admission turbine
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Table 5 Result of the partial admission turbine design

Nozzle 1" Rotor | 2™ Stator | 2™ Rotor

Number of turbine blades 24/39 63 66 71
Chord length 13.87 11.48 13.36 12.96
Mean diameter 75.64 75.64 75.64 75.64
Blade height (inlet) 8.8 9.7 10.7 11.8
Blade height (outlet) 8.8 9.7 10.7 11.8
Throat width 1.98 1.68 2.42 2.76
axial gap - 4.0 4.0 4.0
Blade inlet angle 90 16.2 26.5 39.9
Blade exit angle 15.0 19.0 26.0 31.0
Leading edge radius 2.0 0.2 0.5 0.5
Trailing edge thickness 0.2 0.2 0.2 0.2
Tip clearance - 0.3 0.3 0.3
Solidity 1.14 1.52 1.86 1.94
Aspect ratio 0.64 0.85 0.80 091
Zweifel 0.497 0.865 0.588 091
Inlet absolute Mach number 0.09 1.08 041 0.7
Inlet relative Mach number 0.09 0.78 041 0.43
Outlet absolute Mach number 1.08 0.41 0.7 0.26
Outlet relative Mach number 1.08 0.69 0.7 0.48
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Fig.5 Von Mises stress assessment of the turbine disk of the full admission turbine
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