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Tab. 1 Parameters of the joint surfaces of the wheel disk
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Tab. 2 Usage conditions of the units of the finite element model

1 Solid185
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Fig. 6 Improvedcontact finite element model of
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Fig. 7 Campbell diagram of the tie=rod rotor




* 496 2014
7 - 3 323.99 o
r/min 2 7 999.30 r/min 3
15 412. 60 r/min. 1% 3
;3 1.66%
I
2009 28(05) : 165 - 168.
3 3 WANG Aidun LUO Zhou. Study of the torsional vibration of the

3

Tab. 3 Critical speed calculation results

1 3323.99 3344.31 0.061%
2 7999. 30 8039. 61 0.496%
(RPM) 3 15412.60 15672.34 1.66%
3
1% o 3
1.66% -

tie-rod rotor J . Journal of Vibration and Shock 2009 28( 05) :
165 - 168.

2009 28(4):117 —120.
ZHANG Sheng-cong WANG Aidun. Study of the vibration charac—
teristics of a disk type tie-rod rotor J . Journal of Vibration and

Shock 2009 28(04) : 117 - 120.

] 2009 24(3) :305 -308.
GAO Rui YUAN Qi GAO Jin. A study of a finite element model
for a gas turbine tie—rod rotor and its critical speed calculation J .
Journal of Engineering for Thermal Energy & Power 2009 24( 3) :
305 -308.

I 2012 31(7):4 -8.
LI Huiguang LIU Heng YU Lie. Study of the kinetic characteris—
tics of the tiewrod rotor of a gas turbine with the contact stiffness
being considered J . Journal of Engineering for Thermal Energy &

Power 2012 31(7) :4 -38.

I 2013 49
(1):102 -107.
YANG Hong-ping FU Wei-ping WANG Wen et al. Model for
calculating the normal contact stiffness of the joint surfaces based
on the fractal geometry and contact mechanics theory J . Journal

of Mechanical Engineering 2013 49( 1) : 102 - 107.

1996 16 (4) :275 -384.
HE Lin  ZHU Jun. Proposal and development of the fractal model
for contact with rough surfaces J . Tribology 1996 4( 16) : 275
-384.
JACKSON R L GREEN 1. A statistical model of elastoplastic as—
perity contact between J . Journal of Tribology International

Transactions 2006 (39) :906 —914.

J. 2007 43(3):95 - 101.



. 497

ZHAO Yong-wu LU Yan-ming JIANG Jian—hong. New mechanic
model for elasticplastic contact with rough surfaces J . Journal of
Mechanical Engineering 2007 43(3) :95 -101.

9 ALMQVIST A SAHLIN F LARSSON R et al. On the dry elastic— 12
plastic contact of nominally flat surfaces J . ASME Journal of Tri-
bology 2007 40( 10) : 574 —579.

10 SHI X ANDREAS A. Investigation of contact stiffness and contact 13

damping for magnetic storage head-disk interfaces J . ASME

FANG Bing. Theoretical modeling and experimental study of pre—
cision digitally-controlled machine tools and their typical joint
surfaces D . Jilin university 2012.

M GonzalezValadez A Baltazar R S Dwyer-Joyce. Study of inter—
facial stiffness ratio of a rough surface in contact using a spring
model J . Wear 2010 (268) :373 -379.

JIANG S'Y ZHENG Y J ZHU H. A contact stiffness model of

machined plane joint based on fractal theory J . Journal of Tri—

Journal of Tribology 2008 (130): 110 -119. bology 2010 ( 132) :1 -7.
n (B # B
D . : 2012.
£ B
B N &
B e

OP16

# (Diesel & Gas Turbine Worldwide»2013 4 10 A #)3R:d , 7 = OPRA Turbines 28] 3 & T JE A AL Fe iR

A3 A FRA LM OP16 —3A F= OP16 —3B( DLE) 4274 X Mk S 46 HL K W, AL

OP16 —3A BALE I1SO A K A G FTH 2B A 1910 kW, 3£ & % 13 432 kJ/kWh, # 2 % 26.9% ,

JEY6.7,7% % 8.7 kg/s, itk 26 000 r/min, #H AR E 556 C, E2 4 %4 1800 kg, K x 5L x &4 2.44

mx1.22 mx1.52 mo,

F XAk HE34 OP16 —3B &5 Lk A 435 OP16 -34 48 -

2 MW 28 OP16 ¥R A3 AL A A 4o T 45 5.
(1) EMFrfE iz,

(2) ABAKHEA Fo RA i 4F R

(3) HIABAKRZHRAE;

(4) HABES;

(5) . wtRA T,

OP16 ¥R A4 AL 09 5 A AR,

(1) b AAF AL f2 Tk 3 Fo i i 5 W 77 o, <7 A A KOE A 9 kA

(2) AR A& R ah 7,
(3) TmA: B~ 27, AET5

(4) RIRBEI: IRAE, B TIRIR G T, RIRH A, 23 & 9 P o



* 592 - 2014

Words: tierod rotor axial pretightening force bending rigidity finite element analysis

= Experimental Study of a Retrofitted Long Blade Used in the Last
Stage of a LP Steam Turbine KANG Lei YU Jiandeng WANG Chao ( CSIC No. 703 Research Institute
Harbin China Post Code: 150078) LIANG Yao ( China Electric Power Engineering Co. Ltd. Beijing China Post

Code: 100048) //Journal of Engineering for Thermal Energy & Power. —2014 29(5) . -483 —491

In the light of such operation characteristics of marine steam turbines as off-design operating conditions and a big
wetness in several stages before the last one dynamically optimized was the long blades in the last stage of a steam
turbine and air-blowing tests were performed of the prototype and retrofitted totaling two cascades on an annular cas—
cade test rig at three mach numbers at the outlet and at five attack angles. It has been found that with an increase of
the Mach number after the cascades the location of the lowest pressure point on the suction surface of the blades
will shift rearwards the pressure dropping section in the front half section of the cascades will become longer the
pressure gradient along the pressure dropping direction increase the boundary layer become thinner and the blade
profile loss decrease. The secondary flow loss on the outside end wall of the rotating blades after the retrofitting will
markedly drop and enhance the applicability to attack angles. The positive and negative attack angles will only affect
the static pressure distribution on the suction surface or pressure surface at the leading edge of the blades. At any
Mach number any increase in the absolute attack angle will all lead to an increase of the loss in the cascades. Key

Words: off-design operating condition long blade twisted blade wind tunnel test total pressure loss coefficient

= Study of the Contact Model for Joint Surfaces of Wheel
Disks on Tierod Rotors in Gas Turbines ZHANG Qingdei CHEN Yan-fang ZHAO Bai-yu ( College of
Mechanical Engineering Shanghai University of Science and Technology Shanghai China Post Code: 200093) //

Journal of Engineering for Thermal Energy & Power. —2014 29(5) . —492 —497

To establish a more accurate finite element model for tieod rotors of gas turbines studied were the mechanic con—
tact models for joint surfaces of wheel disks of tie-rod rotors. By using a spring unit to simulate the contact on the
joint surfaces of the wheel disks the contact models were improved based on the joint surfaces and the fitting curves
showing the relationship between the normal contact rigidity on the joint surfaces and the pretightening force were
obtained. It has been found that with an increase of the load normal to the joint surfaces the contact rigidity will be—
come bigger however after the normal load exceeds a certain value if keeping on increasing the increasing tenden—

cy of the contact rigidity will become slower. According to the fitting curves the contact rigidity value corresponding
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to the pretighening force designed was obtained thus establishing a finite element model for tie—rod rotors of gas tur—
bines with the contact effect of the wheel disks being taken into account. In combination with the traditional finite el—
ement model the critical speed calculation results were compared. It has been found that the first two-erder critical
speeds of the two models are basically equivalent and both relative errors are lower than 1% . Both relative errors of
the three-order critical speeds are relatively big being 1. 66% . The improved finite element model can more truly
reflect the contact status of the wheel disks on the tie-rod rotor of a gas turbine. Key Words: contact model spring

unit tie-rod rotor joint surface rigidity critical speed

= Analysis of the Simulation of an Absorption Type Humidified
Hot Air Waste Heat Recovery System WU Yong—ping ZHENG Jiao LI Jian=in ( Energy Source and En-
vironment Engineering Research Institute Ningbo College of Science and Technology Zhejiang University Ningbo
China Post Code: 315010) CHEN Guang-ming ( Refrigeration and Cryogenics Research Institute Zhejiang Univer—
sity Hangzhou China Post Code: 310027) //Journal of Engineering for Thermal Energy & Power. —2014 29(5) .

—-498 -502

Through analyzing the typical drying thermodynamic process the authors put forward a scheme for a humidified hot
air waste heat recovery system based on the principles for dehumidification by solutions and absorption type heat
pumps. The system in question produced saturated steam at a temperature of around 120°C’ when it was jointly driv—
en by the waste heat from the exhaust gases of a typical dryer and solar energy-produced hot water partially substi—
tuting the drying heat source to realize the energy saving. Through establishing a thermodynamic model the scheme
for the system was verified with the influence of the evaporator temperature and generator temperature on various
performance indexes of the system being discussed. The calculation results show that with the lithium bromide solu—
tion being chosen as an absorbent under the condition of the evaporation temperature being 80 “C and the working
temperature of the generator being 63 °C the energy saving of the dryer at an efficiency of 33.45% can be realized
with the COP ( coefficient of performance) of the system being 0.43 among which 79% of the heat quantity serving
as the driving force comes from the humidified hot exhaust gas and the total sprinkling quantity of the absorption so—
lution is 6. 33 times of the mass of the exhaust gas. Key Words: waste heat recovery absorption type thermody—

namic model dryer

= Study of the Heat Transfer and Flow Characteristics of a Plate and
Shell Heat Exchanger LUAN Hui-bao CHEN Bin ZHENG Wei-ye ( Energy Source and Equipment Cause

Department CSIC No.711 Research Institute Shanghai China Post Code: 201108) TAO Wen-quan ( Education



