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Tab. 1 Characteristics of the lamination material in mechanics

E_/GPa E, /GPa G, 1GPa v,
3.44 3.44 1.38 0.3
31 7.38 3.52 0.28
10.3 10.3 8.0 0.3
2.07 2.07 0.14 0.22

4 .

JE B /m I

jan— [ |

0.004155 0.03269 0.061224 0.089758 0.11829
0.018423  0.046967 0.075491 0.10403 0.13256

4

Fig.4 Schematic diagram of the lamination

layer on the blade
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Tab. 2 Blade deformation and maximum stress
/(°) /m /MPa /MPa
0 3.26 138 122
15 3.50 134 119
30 3.53 96 85
45 3.50 91 82
60 3.74 102 90
75 3.91 114 104
90 3.75 120 106
3 4

18
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3 (N +m?)
Tab. 3 Flapwise stiffness of the blade( N * m?)
0° 15° 30° 45° 60° 75° 90°
1 1.17x10" 1,07 x10"  8.27 x10° .36 x10° 5.66 x 10° 5.43 x10° 5.36 x10° 6.27 x 10°
2 2.77 x10° 2.50 x10° 1.86 x10° .36 x10° 1.17 x10° 1.16 x10° 1.17 x10° 8.71 x10®
3 1.24 x10° 1.10 x 10° 7.74 x 108 .16 x10® 4.22 x 108 4.26 x 10® 4.26 x 108 4.73 x 108
4 7.95 x 108 7.06 x 10 4.85x 108 .12 x10® 2.49 x 108 2.65 x10® 2.66 x 10® 1.49 x 108
5 1.79 x 108 1.58 x 10® 1.09 x 108 .01 x107 5.59 x 107 5.90 x 107 5.91 x 107 5.36 x 107
6 9.63 x 107 8.55 x 107 5.88 x 107 .78 x 107 3.02 x 107 3.17 x 107 3.18 x 107 2.16 x 107
7 4.72 x107 4.19 x 10’ 2.88 x 107 .86 x 107 1.48 x 107 1.55 x 10’ 1.55 x10° 7.40 x 10°
8 2.06 x 107 1.83 x 107 1.27 x 107 .23 x107 6.62 x 10° 7.06 x 10° 7.06 x 10° 2.68 x 10°
9 1.30 x 107 1.15 x 10’ 7.98 x 10° .20 x 10° 4.19 x 108 4.48 x 10° 4.45 x 10° 4.73 x10°
4 (N+m)
Tab. 4 Edgewise stiffness of the blade( N ¢ m?)
0° 15° 30° 45° 60° 75° 90°
1 7.06 x 10° 6.85 x 10° 6.31 x10° .83 x10° 5.64 x10° 5.59 x 10° 5.55 x10° 6.27 x 10°
2 2.77 x10° 2.61 x10° 2.20 x10° .84 x10° 1.69 x10° 1.86 x 10° 2.27 x10° 1.73 x10°
3 2.20 x10° 2.07 x10° 1.75 x10° .46 x10® 1.34 x108 1.48 x 108 1.81 x10° 1.51 x108
4 1.72 x10° 1.62 x10° 1.36 x10° .14 x10° 1.05 x 10° 1.15 x10° 1.41 x10° 6.45 x 108
5 1.31 x10° 1.23 x10° 1.04 x10° .67 x10® 7.98 x 108 8.79 x 10® 1.07 x10° 2.70 x 108
6 9.70 x 108 9.14 x 108 7.69 x 108 .43 x 108 5.91 x10® 6.51 x10® 7.96 x 108 1.30 x 10®
7 5.08 x 108 4.78 x 108 4.02 x108 .36 x10® 3.09 x 108 3.41 x10® 4.17 x 108 6.19 x 10’
8 3.48 x 108 3.28 x10® 2.76 x 108 .30 x10® 2.12x108 2.33x10® 2.85x108 2.75 x 107
9 2.34 x108 2.20x10%  1.855x10* .55 x 108 1.42 x 10 1.56 x 10 1.91 x 108 6.56 x 10°
0°
6 N
0° 4
5 oo 3 15°

Tab.5 Natural frequency of blade with 0° ply angle

0°

0.84 1.25

2.46 4.58 5.67

30°

450




56 2016

o]l 23
<4 =56

[ J5 S A % AR B /%

Y
X"'\Z
(a) 80

4 . .
v 7 Fig. 6 Comparison of natural frequency between

blades with different ply angles and 0° ply angle

(b #EdR—PBr
5
-
S XAz
1.5 MW
(c) #ERE I
(1)
e Y
XA z
() HEHE=Br '

0° .
¥ (3) 45°
X "’\ VA
(e) 5500 iy
1 . M .
v : 2013.
X’L 7 LI Chun YE Zhou GAO Wei et al. Modern large-scale wind tur—
() ¥4 — i SIS bine designprinciples M . Shanghai: Shanghai Science and Tech—

nology Press 2013.

5 2 Sieros G Chaviaropoulos P Sgrensen J D et al. Upscaling wind

. ) . ) ) turbines: theoretical and practical aspects and their impact on the
Fig. 5 First six order modals and vibration
cost of energy J . Wind Energy 2012 15(1): 3 -17.

patterns of the blade 3 Skrzypinski W Gaunaa M. Wind turbine blade vibration at stand—

still conditions-the effect of imposing lag on the aerodynamic re—



057-

10

11

sponse of an elastically mounted airfoil J . Wind Energy 2015
18(3) : 515 -527.
LIAO Cai-cai ZHAO Xiaodu WANG Jiani et al. Optimization

design of the frequency based on wind turbine blade layers J .

Journal of Engineering Thermophysics 2011 32 ( 8): 1311
—-1314.

I 2011 29(3):391
-395.

LIU Wei YIN Jia-cong CHEN Pu et al. Dynamic characteristics
and aeroelastic stability analysis of the composite material-made
blades of a wind turbine J . Acta Aerodynamica Sinica 2011 29
(3): 391 -395.

Overgaard L C T Lund E Thomsen O T. Structural collapse of a
wind turbine blade. Part A: Static test and equivalent single lay—
ered models J . Composites Part A: Applied Science and Manu-

facturing 2010 41(2) : 257 -270.

J. 2012 30(2) :406 —412.
ZHANG Xu XING Jing—zhong. Simulation analysis of the effect of a
local damage to a blade on the static and dynamic characteristics of
a large-sized horizontal shaft wind turbine J . Engineering Me-
chanics 2012 30(2) : 406 -412.
Gangele A Ahmed S. Modal analysis of S809 wind turbine blade
considering different geometrical and material parameters J . Jour—
nal of The Institution of Engineers 2013 94(3) : 225 -228.
Griffith D T Carne T G. Experimental modal analysis of 9-meter
blades M . New York:

research-sized wind  turbine

Springer 2011.

J . 2014 35(6) : 023 -029.
ZHANG Lan-ting DENG Haidong GAO Jia-ia et al. Analysis of
the influence of the lamination layer parameters on the static
structural performance of the blades of a wind turbine J . Acta

Energiae Solaris Sinica 2014 35(6) : 023 -029.

J . 2014 35(5) :017 —023.
LIANG Li-hua XIE Shao§un PANBai-song. Analysis of the in—

12

14

18

fluence of the fabric direction in the lamination layer on the
strength of blades in a wind turbine J . Acta Energiae Solaris
Sinica 2014 35(5): 017 -023.
Zienkiewicz O C Taylor R L Zienkiewicz O C et al. The finite
element method M . London: McGraw-hill 1977.
Gibson R F. Principles of composite material mechanics M . Bo—
ca Raton: CRC press 2011.
/ J.

2007 20(4) :371 -374.
CHEN Yu-yue ZHAN Jin-nan. Developmentof fiber reinforced
plastics/composite material-made blades in wind turbines J .
Shanghai Electric Power 2007 20(4) : 371 -374.

.5 MW
I 2013 33( 11) :890 —894.

AN Liqgiang ZHOU Xing-yin ZHAO He=iang et al. Analysis of
the modal characteristics of the baldes in a 5 MW wind turbine

J . Journal of Power Engineering 2013 33( 11) : 890 - 894.

J. 2011 32(7):1014 - 1019.

LIU Wang-yu GONG Jiaxing LIU XiHeng et al. Bowed-twisted—
coupling-based self-adaptive design of blades in wind turbines
J . Acta Energiae Solaris Sinica 2011 32(7) : 1014 -1019.

ANSYS

I 2010 32(2):46
-51.
ZHOU Peng-zhan XIAO Jia-yu ZENG Jing—<cheng et al. Analysis
of the structure of the composite material-made blades in a large—
sized wind turbine based on the software ANSYS J . Journal of
National University of Defense Technology 2010 32(2): 46
-51.

. 2013 34(2) :196 -201.
JINJiao-tong PAN Lidjian PENG Chao—yi et al. Method for finite
element analyzing the bending stiffness of the balde in a section in
a wind turbine J . Acta Energiae Solaris Sinica 2013 34(2):
196 -201.



9 - 133 -

Aerodynamic Performance of a Dual-section Type Airfoil /QI Liangkui LIU Jian-hua ZHANG Liang
LIAO Yu-kai ( College of Energy Source and Power Engineering Shanghai University of Science and Technology
Shanghai China Post Code: 200093) LIU Jian-hua ( Shanghai City Key Laboratory on Multi-phase Flow and Heat
Transfer in Power Engineering Shanghai China Post Code: 200093) //Journal of Engineering for Thermal Energy
& Power. —2016 31(9). -45 ~51

With the Spalart-Allmaras( S-A) turbulent flow model serving as the calculation model a numerical simulation of the
fluid flow conditions of the NACAQO18 airfoil was performed under the condition of the swaying angle of the flap be—
ing 0 degree 5 degrees 10 degrees and 15 degrees respectively. In this connection the lifting drag performance
curves of the airfoil provided with a flap contours of the distribution of the pressure on the surface of the airfoil and
the flow field streamline chart at various attack angles were also analyzed and the influence of the swaying angle on
the aerodynamic performance of the airfoil provided with a flap was studied. It has been found that at a same attack
angle the lifting force coefficient of the airfoil will decrease with an increase of the swaying angle of the flap. To in—
crease the swaying angle of the flap can increase the attack angle of the airfoil when it goes into a stall improve the
flow conditions of the fluid around the airfoil enhance the flow stability of the fluid around the airfoil especially a—
round the flap and contain the formation of the flow-separation-caused vortexes. Key words: flap swaying angle

stall vortex

= Analysis of the Modal of a Blade in a Wind Turbine Based on
the Aeroelastic Tailoring /CHEN Wen—-pu LI Chun YE Zhou MIAO Wei-pao ( College of Energy Source
and Power Engineering Shanghai University of Science and Technology Shanghai China Post Code: 200093) LI
Chun YE Zhou ( Shanghai City Key Laboratory on Multiphase Flow and Heat Transfer in Power Engineering
Shanghai China Post Code: 200093) //Journal of Engineering for Thermal Energy & Power. —2016 31(9) . —-52
~57

To study the influence of the lamination parameters of a blade on its dynamic characteristics prevent the blade from
any resonance and improve the characteristics of the blade in mechanics established was a finite element model for
blades in a 1.5 MW wind turbine. Through changing the angle and the fiber proportion of the lamination layer the
authors implemented a variety of the lamination layers of the blade in various ply plate structure and conducted an
analysis of the modal of various lamination structures of the blade above mentioned obtained the first six order in—
trinsic frequencies and vibration patterns of various models and analyzed the cuases of the lamination parameters in—
fluencing the dynamic characteristics of the blade. It has been found that the composite materials have their signifi—
cant anisotropy and to change the angle of the lamination layer can influence the magnitude of the intrinsic frequen—
cy. The flapwise and edgewise vibration will dominate the low order vibration patterns of the blade and to increase
the proportion of the lamination layers at an angle of O degree can enhance the low order intrinsic frequency and the
torsional vibration will occur in the high order modal. The lamination layer at an angle of 45 degrees can enhance

the torsion-resistant capacity of the blade and contribute to enhancing the high order intrinsic frequency. Key
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words: wind turbine blade aeroelastic tailoring modal

700 C = Analysis of the Cost-effectiveness of the 700 °C Subcriti-—
cal Reheat-ess Power Generation Unit Technology /QU Ke-nan YAN Weiping MENG Yan ( College

of Energy Source Power and Mechanical Engineering North China University of Electric Power Baoding China
Post Code: 071003) //Journal of Engineering for Thermal Energy & Power. —2016 31(9) . —58 ~62

When the steam temperature can not further increase to increase the main steam pressure and adopt a reheat cycle
can enhance the thermal efficiency of the thermal cycle of a unit. However with an increase of the pressure the en—
ergy consumption rate of the feedwater pumps wall thickness of the pressure components and the investment in the
metal materials will all increase by a great margin. A reheat system will not only make the initial investment increase
substantially but also force the pressure loss of the system and the heat dissipation loss in the pipelines to increase
and heighten the operation difficulty. When the main steam temperature attains a level of 700 °C under the precon—
dition of the basic parameters being identical the cost-effectivenesses of a 18 MPa/720 °C 1 000 MW subcritical re—
heat-ess natural cycle unit and a 35 MPa/700 °C /720 °C 1 000 MW ultra-supercritical primary reheat unit were
analyzed and contrasted and the feasibility of designing a 700 “C subcritical reheat-less unit was also exploratorily
investigated. The calculation results based on the Carnot cycle in the thermodynamics show that the heat rate of the
steam turbine of a unit without any reheat will increase by 465.73 kJ/( kW ¢ h) and the power supply coal con—
sumption rate will increase by 13. 15 g/( kW * h) when compared with those of a primary reheat unit. Such eco—
nomic factors as the prices of Ni-base high temperature steel materials for use at or above 700 °C the unit price of
standard coal loan interest rate and annual operation hours of the units etc. were taken into account in a comprehen—
sive way and the balances of annual investment costs in both units converted in various numbers of years in opera—
tion were also compared. The comprehensive cost-effective analytic results show that the cost-effectiveness of the
subcritical reheatdess unit in the number of years of the whole service life will be obviously superior to that of an ul-

tra-supercritical primary reheat unit. Key words: 700 °C reheat-Hree thermal efficiency cost-effectiveness

= Numerical Simulation and Study of the In-furnace Com-
pound Combustion Characteristics of a Chain Grate Boiler /SAI Qingyi YAN Hao-wen ZHANG
Zhong—=iao ( Shanghai University of Science and Technology Shanghai China Post Code: 200090) CHEN Bao-
ming ( Huazhibang Science and Technology Stock-holding Co. Ltd. Shanghai China Post Code: 200090) //Journal
of Engineering for Thermal Energy & Power. —2016 31(9) . —63 ~68

With a 35 t/h chain grate boiler in a chemical plant serving as the physical model the CFD software Fluent was a—
dopted to perform a numerical simulation and calculation of the characteristics of the speed field and temperature
field in the furnace of a chain grate boiler before and after the reconstruction by using the compound combustion

technology. The calculation results show that after the reconstruction by using the compound combustion technology



