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r=1-

4+ Model 1: BfiNETFTIL

k11 Pco,

k21 Pa,0

ky = n
P 1+ k1o Poo, + k13 Poo

4+ Model 2: FERBEEEETIL

k =

k11 Pco,

1+ k22 Pu,0 + k23 P,

Pi

k21PHQO

1+ ki2Pco, + ki3Pco + k2o Pa,o0 + kos P,

_|_
1+ ki12Pco, + k13Pco + k22 Pra,0 + kos P,

Char gasification rate dx/dt|x=0.5 [s]

Umemoto et al., Fuel, 103(2013)

CO2 concentration [vol%]

Model 1

Exp.

Model 3

Model 2

LG, Coal D

Protal 0.1

MPa

H20O concentration [vol%)]

F ¥ —RIETIVFHEEL REREE DB

p
4+ Model 3: EERZPHEEETIL

k11 Pco,

k21PH20

k, =
P 1+ k12 Poo, + k13Pco + a/ckaaPa,o + a/ckas Pr,

_|_
1+ bcki2Pco, + bekisPco + koo Pa,o + ko3 Pa, )
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MR, HAIXRILF—225E 94(2015)
Casel Case2 Case3 Case4d Caseb Caseb
B kg/m3 994 994 994 994 994 2700
Hh RS Pas 3.6 3.6 6.4 6.4 8.6 5
FKEEN mN/m 55.4 55.4 55.4 55.4 55.4 400
Vit B mL/s 0.175 0.476 0.172 0.435 0.339 0.5
< BEERIA > EEH
. Casel : S5 R Casel: AT H:
ERKE - .
HEXHE (FHEE.EERE)
s [IRZHERETIL  VOFE casel case? case3 cased case5
- VOFEISBERBA ¥ —L  HRICZES | iitE | 069 0.58 037 061 0.44
- REEAHETIL : CSFETIL R 092 101 083 L07 104
i 1.41 1.17 1.28 1.22 1.39
Oh%x 1.04 0.99 0.62 0.97 0.99
Frik 1.47 1.16 1.40 1.19 1.37
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\ar

- AR 2E2ERIETRER
- EH :2.0MPa
- ARE 100 kg/h (760kWth)

AR
K 6.9
BHED 41.2
[E]TE PR 3R 47.4
0%:) 4.5
C 66.38
H 4.86
O 16.1
N 1.03
S 0.1
BT —2
&S 0.54
02 vol% 25
CO2 vol% 25
N2 vol% 50
HEEHES
A5 9,216
R A% & 5x106s
IR RFE approx.10 s
Wall clock time 240 hrs.
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® Ramboll, ROMEO H2020 PROJECT, DIGITAL TWINS FOR STRUCTURAL PARTS IN OFFSHORE WIND TURBINES: REQUIREMENTS, CHALLENGES AND OPPORTUNITIES,
Wind Europe Offshore Conference, 2019.
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Grand challenges in the science of wind energy

Science 366, 443 (2019)
Grand challenges in the science of wind energy

(i) Improved understanding of the physics

of atmospheric flow in the critical zone of wind
power plant operation

(if) materials and system dynamics of individual
wind turbines

(iii) optimization and control of fleets of wind
plants comprising hundreds of individual
generators working synergistically within the
larger electric grid system.
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«  PCRYILN=ELIDF vy Y1 BRNKE, EB/F. BMERKE DS\ CPUMRE

«  PREFETCHW'#I<{E%

FEYRN-7"9b
[GB/F]

SRAT B %2
[#5]

53.15 1.784 (1.00)
— 0.479 (3.72)
50.87 1.440 (1.24)
— 0.373 (4.78)
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 FoAhbARREMETEAEERAL. ETIEE
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a;xi—1 +biwi + cixip1 = d;.

Forward Reduction
a; = —a,L,lkl,b; =b; — ci—1k1 — az+lk2

¢ = —cis1ko,di = di — di—1k1 — dip1k2

Step 4: Backward Substitution
Solve the rest 2 unknowns

Step 5: Backward Substitution
Solve the rest 4 unknowns

a; ci

R

bt bia Figure 1. Communication pattern for CR in the 8-unknown case,
s showing the dataflow between each equation, labeled el to e8.
Backward Substitution Letters e’ and e” stand for updated equation.

_di —ajmio1 — i
-y
Zhan, Y., SIGPLAN, 45(5), 2010.
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CREHIEHER (TTUIET 34 A— Y (GaussiH % (ICxT§ % Gauss-JordaniEZ DA A—)
EEEREMTIN. AT-INEATHIFIE>READUELY — AZ-07FA(F

E;i;%‘;h"i;?(ﬁét\ REETOBNLHEIDT. REREDO—BEFAICHENZLEYD. RERED2x201751(3
E# R ER

void CZ::pcr(const int nx, const int pn,
REAL_TYPE* d, REAL_TYPE* a, L
REAL_TYPE* c, REAL_TYPE* d1,
REAL_TYPE* al, REAL_TYPE* c1, double& flop)

{ 2 skip
const int ss = @x1 << (pn-1); ——
L3
int s=0;
for (int p=1; p<=pn; p++) 4 skip
( L4 —_—
s = ox1 << (p-1); // s=2*{p-1}
pcr_kernel(nx, s, d, a, c, d1, al, c1, flop); 8 skip
REAL_TYPE* tmp;
tmp = a; a = al; al = tmp;
tmp = ¢; ¢ =cl; cl = tmp; -
tmp = d; d = d1; d1 = tmp; B ERCHFIMIBATAE, 1/S27ILTUZL
3} B O1ERREENTIEL, RREFEXOHNEFEL. An
} EICh3

B LAUHEGEAERITOEADBEBNME < [CIBX 3

PCROMEFIER B2 FRICLEHD

— HEfIERRDIRT FICLDFEIE T 24|

— 4 x4DEXERE = EBE=EMN={KB/FIt
— AEVT7DEADRIBH/NSKED

original : 2x2
cramel : 4x4
lapack : library call

auk uryigi

_THREADS
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IEA. Wind energy technology roadmap, 2013 edition.
URL.: http://www.iea.org/publications/freepublications/ publication/Wind_2013 Roadmap.pdf.
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Gelcoat 030 030 0.30 1235.0

—i
——

E-LT- 4180 1400 1400 2.63 2.63 2.84 028 037 009 1920.0

5500 =

SNL 2770 1365 1365 7.20 7.20 7.20 039 039 019 1850.0 e

Triax

Saertex 1360 1330 1330 1180 1180  11.80 049 049 048 1780.0 B
—r—

Foam 026 026 026  0.02 0.02 0.02 030 030 030 200.0 -
—

uD 11450 839 839 599 5.99 6.47 027 036 002 12200

carbon

[3] Chen, X., Zhao, W., Zhao, X. L., & Xu, J. Z. (2014). Failure test and finite element simulation of
a large wind turbine composite blade under static loading. Energies, 7(4), 2274-2297.
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(a) 1.0 m span (b) 7.1 m span

(c) 30.0 m span (d) 60.0 m span
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CCT KN ARFRIETR) IR M EBEIR VIR, 4 - E—FRIMLyIC
X9 5 EDEFIE

m ES G
v Y JL/\—:ADVENTURECluster

v RIEOBHEFMKR. 5BOEREAEMBOT IL—T
v D2ab—aViEREIEMERBIE RIFIS—E

1 0.87 0.80 8.0% 1st flapwise bending
2 1.06 0.98 7.8% 1st edgewise bending
3 2.68 2.28 14.8% 2nd flapwise bending
4 3.91 3.43 12.2% 2nd edgewise bending
5 5.57 5.13 7.9% 3rd flapwise bending
6 6.45 7.39 14.6%  1sttorsion

[3] Resor, B. R. (2013). Definition of a 5MW/61.5 m wind turbine blade reference model. Albuguerque,
New Mexico, USA, Sandia National Laboratories, SAND2013-2569 2013. 7
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Adhesive joint Cracks in gelcoat ;’%&L’L\%ELI—EE(:J:o_cﬁﬁiébf:j\l/_ls

Skin delamination
Skin-core debonding
Core failure

Leadingedge
erosion

_ URL:

:iﬁ“ngd‘;ﬂge < https://blackburnnews.com/sarnia/sarnia-
' ¢ ‘P)news/2015/08/03/storms-reportedIy-
1 ) damage-wind-turbine/#!prettyPhoto.

Leadingedge
debonding

Katnam K B, Comer A J, Roy D, et al.

kin cracks Bi ) L .

Skin crac A Composite repair in wind turbine blades:
skin-core Spardalamingtion an overview[J]. The Journal of Adhesion,
debonding N B Spar cap debonding 2015, 91(1-2): 113-139.
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FRITEH

m fEHT S
v FFBML DR AT—74: uniform flow
« —[BlEg; —
e TSR=7 (vel=11.4 m/s); i
s —HRAAM
v 4’7—}(21‘%%%#&:‘:&%"?%1’%%#&: -
o —[olEg; - "
e ADVENTURE_Solid; ADVENTURE_Fatigue; —
e CASE 1: EALL. =DA%L; E——
« CASE 22 EHDHHY (0,-938, 0); —
e CASE 3: BLDODHHY; .
CASE 4: EAHY. =D AHY
v ;Qﬂgﬁq:*ﬁ. (l}ll.ﬁsjj 7‘3~L) Figure: Schematical diagram of

e CASE5 EHDHHY;
e CASE 6: mIDIDHHY;
« CASE7: EAdHY.ZDAHY

the uniform inlet flow loading.
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(@) Traction history along x direction (Unit: Pa) (b) Traction history along y direction (Unit: Pa)

v' TSR=7, —% A A, —[EIEEL.

vV ox vy, zHBROFRKALUD

v" (200 Pa, 850 Pa), (-120 Pa, —20 Pa),
v' (800 Pa, 3000 Pa)

(c) Traction history along z direction (Unit: Pa)
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@® BEmMDBRAINDITI—)IRARILS L
transform of the fluid traction (blade tip)

(a) spectrum curve along x direction

v RIEAHDOEBER
M5 136.0 HzZLLT

(b) spectrum curve along y direction

(c) spectrum curve along z direction 14
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& FIENTDREERZ(CASE 1)

B BRZEE. BRESHMMER BEXEAMETIV. 10E
B EAGL, ZBDAGL

Figure: Dynamic response of the 5SMW blade under wind loads (TSR=7).
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® JRFEIEH % (CASE 1)

B R|ootid commsiaiyed; laminated composite elements; orthotropic material model; 1

revolution.
B Without gravity force; without centrifugal force.

dangerous region

Figure: Fatigue damage distribution of the blade working for 20 years.

dangerous region
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Fourier
transform
e (a) Z-displacement versus time curves
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RANDEENE
(b) spectrum curves 16/3%,
@ JEFIEE 7 D LLE(CASEs 1-4)
- max;'0.0155
max: 1.2e7-. max: 0.0012 EID: 74031
EID: 133666 e EID: 133{666 S
" fnax: 0.0011 ‘max: 0.0011
EID: 122820 EID: 122820
(a) without gravity force and without centrifugal fgrce (b) with gravity force
max:0.0177 max: 0.0180
— EID: 74031 Max: 0.0008 EID: 74031

max: [2.3e EID: 13?{666

EID: 133666 -~ . AT

N : ]
EID: 122820 EID: 122820

(c) with centrifugal force (d) with gravity force and with centrifugal force 55
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