29 6 Vol.29 No.6
2014 11 JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER Nov. 2014

.’(,.+..+..+..+..+‘.+..XX

+ 1 - 1001 =2060( 2014) 06 —0603 —07
| P T S

(1. 010051
2. 014030)

SCR

- TK221 CA
DOI:10.16146/j.cnki.rndlgc.2014.06.001

1927 !
o Fig. 1 Formation process of a Dean vortex
Thomson 2
3-4
. D, = Re x (a/R)*’ (1)
© Re— a— R—
12014 - 06 -23,; 12014 -07 - 08

(1978 -)



c 604 » 2014
1.2
(
) .
( ) .
2 o Akiyama 1.2.1
> Cheng
9-13 .
(1)
1 o
Re=4.8 x10° 90°
14
Re/r=1.74
900 15
Sudo Re/r =4
i 90° .
16
(2)
2 o
Fig.2 Chart showing the streamlines of secondary )
Masliyah
flow-caused four vortices in a bent tube .
! o D, =121 mm
Tab. 1 Conditions for secondary flow-caused 0.8
four vortices to take place mm o Kyoji
180°
5 78 8 .
6 98
7 95 LDV( )
8 97 . 1982 Taylor LDV
202 ~520( 520 90°
? ) 19
10 143
11 956
12 93 - Hille LDV
13 936 Re/r=12.9 180°

7

o

150 -300



6 . 605 -
o N Re/r=3.38 N 90°
Re/r =3. 38 S
20 -21 R 0 — 450
0 >45° o
o RNG k - ¢
Re/r=4.6 90° H
1.2.2 o RNG k - ¢ Re
(1) 90°
25
s Realizable k£ — ¢
3-4 D 2 36 900 o
! 2
o D, =36
Poiseuille
( ) o ° .
(2) . e
Ritz-Galerkin . A 920
Galerkin °
Fourier LES( ) 2520 20
**, Shinichiro Fourier-Chebyshev
D, 90 — 10000 ’
13
’ 3
(3) ( k-eg “RNG &k - ¢ - Realizable k - ¢
) ) 900
30
RNG &k - ¢
Cheng+ Ghia. Winters PIV( ) 3 6
9-10 12 o
o en ( k-g \RNG k - ¢ Realiza—
nis» Nandakumar blek-&  k-o  SSTk-o LES
123
o ) 900
1.2.3 o LES
CFD( .
) o
2
2.1
o 2.1.1



* 606 *

2014

2.1.2

2.2

3.

1

37

70°

0°, 90°

39

»
33-36
3
3 Fig. 3 Model for structure of bent tubes
3.2 SCR
. SCR( )
. 4 SCR
N 4 O.O.
SNONG)
N Al 5
AT
BB AL 2
X 4 SCR
Fig.4 Chart showing the model for
90°

27°  90°
28

38

structure of SCR systems

600 MW SCR
w 3.@ ®
1 o
0 @



* 607 °

o 300

. 600 MW
SCR ( 4 ) @.3®
M ONG)

. 300 MW SCR @
7T 2.0-@
: 600 MW
SCR AIG D
44

N

(a) AR IR (b) LT Wi

Sl

(c) HIRF WA (d) BEIRERHR

5

Fig.5 Schematic diagram of the structure

of a guide plate

W

12

2006.
ZHAN Han-hui CHENG Hao LIU Jian-wen et al. Principles of
secondary flows M . Changsha: South China University
Press 2006.
Thomson. On the origin of windings of rivers in alluvial plains with
remarks on the flow of water round bends in pipes J . Proc. R.
Soc. Lond. 1876 A25 5 -8.
Dean W. R. Note on the motion of fluid in a curved pipe ] . Phil.
Msg. 1927 4 208 -223.
Dean W. R. The stream-ine motion of fluid in a curved pipe J .
Phil. Msg. 1928 5 673 -695.
Akiyama M. Kikuchi K. Suzuki M. etc. Numerical analysis and
flow visualization on the hydrodynamic entrance region of laminar
flow in curved square channels J . Trans. JSME 1981 47 1960
— 1970 ( in Japanese) .
Sugiyama S. Hayashi T. Yamazaki K. Flow characteristics in the
curved rectangular channel ( visualization of secondary flow) J .
Bull. JSME 1983 26 964-969.
Hille P. Vehrenkamp R. The development and structure of prima—
ry and secondary flow in a curved square duct J . J. Fluid Mech.
1985 151:219 -241.
Bara B. Nandakumar K. Masliyah J. H. An experimental and nu—
merical study of the Dean problem: flow development toward two—
dimensional multiple solutions J . J. Fluid Mech. 1992 244
339-376.
Cheng K. G. Ran—chau Lin Jenn-wuu Ou. Fully developed lami-
nar flow in curved rectangular channels J . Journal of Fluids Engi—
neering 1976 3 40 -48.
Chia K. N. Sokhey J. S. Laminar incompressible viscous flow in
curved ducts of regular cross-sections J . Journal of Fluids Engi—
neering 1977 11 640 —648.
Dennis S. C. R. Michael NG. Dual solutions for steady laminar
flow through a curved tube J . Mech. appl. Math. 1982 3(4):
305 -324.
Winters K. H. A bifurcation study of laminar flow in a curved tube

of rectangular cross-section J . J. Fluid Mech. 1987 180 343



* 608 -

2014

13

17

19

20

21

22

23

24

25

-369.

Shinichiro Y. Nozomi G. and Kyoji Y. Dual solutions of the flow
through a curved tube J . Fluid Dynamics Research 1989 5
191 -201.

1994 15(9) : 1095 - 1099.
XU Cheng GUO Rong-wei. Experimental investigation of a flow
field separated inside a three-dimensional bent tube J . Acta
Aeronautica Et Astronautica Sinica 1994 15(9) : 1095 —1099.
.90°
I 1994 3(9) :263 -266.
SHANG Hong WANG Shang-in XI Guang et al. Experimental
study of a 3-D turbulent flow field in a 90° round section bent
tube J . Journal of Aerospace Power 1994 3(9) :263 —266.
Sudo K. Sumida M. Hibara H. Experimental investigation on
turbulent flow in a circular-sectioned 90-degree bend J . Experi—
ments in Fluids 1998 (25) :42 -49.
Masliyah J. H. On laminar flow in curved semicircular ducts J .
J. Fluid Mech. 1980 3(99) :469 —479.
Kyoji Y. Xiaoyun Wu Kazuo N. etc. Visualization of Taylor —
Dean flow in a curved duct of square cross-section J . Fluid Dy-
namics Research 2006 38:1 - 18.
Taylor A. M. K. P.  Whitelaw J. H. Yianneskis M. Curved ducts
with strong secondary motion: velocity measurements of develo—
ping laminar and turbulent flow J . Journal of Fluids Engineer—
ing 1982 104:350 -359.
.90° I
1990 11( 1) :37 -40.
MA CaiHen SHI Feng XU Zhong. Experimental study of a turbu—
lent flow inside a 90° curved duct J . Journal of Engineering

Thermophysics 1990 11( 1) :37 -40.

J. 1990 8(4) : 423 —429.
SHI Feng XU Zhong MA Caifen. Numerical calculation and
measurement of a turbulent flow inside a curved duct with a large
curvature J . Acta Aerodynamica Sinica 1990 8 ( 4): 423
—-429.
I 2000 6
(18) :30 —33.
HE Song-nian. Spectral method and its applications J . Journal
of Civil Aviation College of China 2000 6( 18) :30 -33.
Nandakumar K. Masliyah J. H. Bifurcation in steady laminar flow
through curved tubes J J. Fluid Mech. 1982 119 475 -490.
.90°
J . 2004 3(21):314 -321 329.
DING Jue WENG Peifen. Numerical study of theoretical models
for and flow characteristics of a flow inside a 90°bent tube J .
Journal of Computational Mechanics 2004 3 (21): 314 -
321 329.
90°
. 2010 6(32) : 525

26

27

28

29

30

31

32

33

34

35

-529.
SUN Ye-zhi HU Shou-gen ZHAO Jun et al. Numerical study of
the flow characteristics inside a 90° bent pipe under different
Reynolds numbers J . J. Shanghai University of Science and
Technology 2010 6(32) ;525 —529.

.90° ( )

J. 2010 4(41) 11 -5.

ZHAN Han-hui ZHU Hui CHEN Jin-duan et al. Numerical sim-
ulation of a secondary flow ( Dean Vortices) in a 90°bent tube

J . Boiler Technology 2010 4(41) :1 -5.

J. 2000 4(32):381 —387.
LIANG De-wang WANG Guo-qing LU Bing. Numerical simula—
tion of a flow inside a bent tube with a low velocity and a high
turbulence degree J . Journal of Nanjing University of Aeronau—

tics & Astronautics 2000 4(32) : 381 —-387.

J. 2002 5(17) :510 —513.
FAN Hong-ming LI Xian-ing HE Zhong~yi et al. Numerical
simulation of a secondary flow inside a bent tube with a square—
shaped cross—section J . Journal of Engineering for Thermal En—
ergy & power 2002 5(17) :510 -513.
]
(A ) 2001 16( 1) :78 — 83.

FAN Hong-ming HE Zhongwyi WANG Xiao-hua. Large eddy
simulation of a flow inside a bent tube section J . Hydrodynamics
Research and Development ( Edition A) 2001 16( 1) :78
- 83.

] 2003 20( 5) :386 —390.
DING Jue WENG Pei-fen. Comparison of a 3-dimensional separa—
tion flow inside a right-angled bent tube numerically simulated by
using three turbulent models J . Computational Physics 2003 20
(15) :386 —390.
90°
I ( )
2012 12(40) : 18 —22.
DONG Liang LIU Houdin DAI Cui DU Hui. Applications of va—
rious turbulent models in numerical simulation of a 90° bend J .
J. Central China Univ. of Sci. & Tech. ( Natural Science Edi—
tion) 2012 12(40) : 18 —22.
Fleming M. M. Long A. M. Increasing boiler efficiency through
balancing secondary air flow to burners J . Proceedings of the A-
merican Power Conference 1996(2) : 1496 - 1500.
Kliafas Y. Houl M. LDV measurement of a turbulent air-solid
two-phase flow in a 90 degree bend J . Experiment in Fluids
1987 5(2) :73 - 85.
Huber N. Sommerfeld M. Characterization of the cross—sectional
particle concentration distribution in pneumatic conveying systems
J . Powder Technology 1994 79(3) : 191 -210.

Yang W. Kuan B. Experimental investigation of dilute turbulent



* 609 -

particulate flow inside a curved 90°bend J . Chemical Engineer—

ing Science 1994 61( 11) :3593 —-3601.

SHEN Dan ZHONG Zhao-ping GUO Xiaoding. Numerical simu—

lation of the flow field inside a SCR flue gas denitrification reactor

36 YANG William TU Jiyuan .90° formed by using various guide plates in a 600 MW power plant
J. J . Electric Power Environmental protection 2007 23( 1) :42 -
2010 2(25) :559 —565. 45.
ZHANG Hong-un ZHAO Zhoudin YANG William et al. Exper— 41 . SCR J.
imental investigation of changes in a gas-solid two-phase turbulent 2008 10(37) :49 —54.
flow in a 90°bend J . Hydrodynamics Research and Develop- XU Yan LI Wen-yan. Structural design of guide plates in a SCR
ment 2010 2(25) :559 - 565. denitrification reactor J . Thermal Power Generation 2008 10
37 SCR (37) :49 -54.
I ( ) 2011 6 4
(45):1124 —1129. J. 2009 10(32):1187
MAO Jian-hong SONG Hao WU Wei-hong et al. Design and op— -1192.
timization of guide plates in a SCR system of a utility boiler J . ZHOU Zhi-ming FAN Wei-guo DONG Li-chun. Numerical simu—
Journal of Zhejiang University ( Engineering Science Edition) lation of the design of guide plates in the flue gas ducts of a selec—
2011 6(45):1124 -1129. tive catalytic reduction denitrification system J . Journal of
38 . 90° Chongging University 2009 10( 32) : 1187 - 1192.
J. 2009 4(17) :566 —572. 43
XIE Zhen-hua ZHOU Yan-rong. Optimization research of guide J. 2010 3(30) :224 —229.
plates additionally installed in a 90° bent tube with a square CHEN Lian4ang ZHOU ShenHie WANG Wei. Simulation and
cross-section J . Journal of Applied Base amd Enginering Sci- optimization of a flow field inside a SCR flue gas denitrification
ence 2009 4( 17) :566 —572. reactor J . Journal of Power Engineering 2010 3 ( 30): 224
39 -229.
] ( ) 2011 3(33):139 44
- 143. I 2011 8(45) :1453 —1457.
JIA Xing-hao PENG Xiang-he LONG Xue-song. Numerical simu— MAO Jian-hong JIANG Xin-wei ZHONG Yi et al. Effect of the
lation and optimization of a flow field inside an elbow improved by flow guide plates in an inclined flue gas duct with a variable
using guide plates J . Journal of Southwest University ( Natural cross-section on the flow field at the inlet J . Journal of Zhejiang
Science Edition) 2011 3(33) :139 —143. University 2011 8(45) : 1453 - 1457.
40 . 600MW SCR ( )
I 2007 23
(1):42 -45.
fﬁ%%%%%%%%%%%%hi

DOI:10.16146/j.cnki.rndlgc.2014.06.002

{Gas Turbine World»2013 11 -12

2014 2 1

tems Ltd( - ) o

Mitsubishi Power Systems Americas(
Hitachi Power Systems Americas(

) Mechanical Dynamics & Analysis Lta(

2013

Mitsubishi Hitachi Power Sys—

) Hitachi Power Systerms Canada(
& ) o



6 753 -

= Advances in the Study of the Flow Equalization Technology
for the Secondary Flow in Bends and Boilers in Power Plants ZHANG Wei-wei LU Fan WEI Jin-yu
( College of Energy Source and Power Engineering Inner Mongolia Polytechnic University Huhhot China Post
Code: 010051) ZHUANG Xiao-feng ( North United Electric Power Baotou No. 2 Thermal Power Plant Baotou Chi-

na Post Code: 014030) //Journal of Engineering for Thermal Energy & Power. —2014 29(6) . - 603 —609

The secondary flow in a bend has been studied in depth due to a wideranging use of the bend technology in various
engineering domains. Firstly on the basis of a large quantity of literatures both at home and abroad being summa-—
rized an overview was given of the causes for the formation of the secondary flow in a bend and the flow character—
istics and research methods ( including the test method numerical analysis method and CFD method) . Secondly the
influence of the secondary flow in a bend on the flue gas and air system of a utility boiler and its economic operation
was analyzed. Finally the flow equalization technology for bends adopted in the air supply system in a utility boiler
and in the flue gas duct of the SCR reactor was summarized and the prospects of the future studies in the high Reyn—
olds number turbulent flow equalization technology in a large-sized bend were also given. Key Words: secondary

flow bend Dean vortex flow equalization technology boiler

N = Contrast Study of the Influence of the Turbu-
lent Flow and Transition Model on the Gas-heat Coupled Calculation of an Air-cooled Turbine LI
Tao BIAN Xin HUANG Hong-yan ( College of Energy Science and Engineering Harbin Institute of Technology
Harbin China Post Code: 150001) MA Hai-hong ( CSIC No. 703 Research Institute Harbin China Post Code:

150078) //Journal of Engineering for Thermal Energy & Power. —2014 29(6) . —-610 -616

Developed was a heat conduction solution-seeking program based on the three-dimensional non-structural grid.

Through a contrast with the analytic solutions it has been verified that the weighted least square method has a higher
precision than the Green function method when seeking solutions to the gradient. The heat conduction program with
a three-order precision based on the weighted least square method was coupled with the program HIT-3D for calcu—
lating the flow field in cascades to accomplish a gas-heat coupled calculation. The 5411 test conditions for MARKII
blades were numerically simulated and with the help of the turbulent flow model available in the program HIT-3D

the influence of the transition on the heat transfer calculation was studied. It has been found that the temperature
predicted by using the BL model has a greatest difference from the test value being up to 10% at the transition
point. As the software has an ability to simulate the transition the temperature error in the transition zone calculated
by using the BL + AGS transition model SST-Gama model and q-w model is relatively small being around 5% . It

can be seen that the turbulent flow models with the transition being taken into account can better predict the temper—



