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Fig. 3 Performance curves of the impeller
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Fig. 6 Atlas showing the distribution of the total pressure loss coefficient in the flow passage of the impeller

(SW) 5

- GR  RC
GR RC
RC
GR o
RC
GR GR RC
4 GR.RC

SW 7



* 653
GR. Y
GR
RC RC
— L il g
GR Sy
7. 7.
5 —+)
@/ 2. V”j 2.5 [
2. ] b,
n; ' | - 5 -
sz —{ | 17. sumern —) |-
B7 RBA@-FgmERALE L IEHHM A & AR m ik E 5 A (m/s)

Fig.7 Circumferentially averaged radial and axial velocity distribution inside the circulating

casing treatment structure( m/s)

3.3.2 (/0Q,=0.59 Bt

0/0, =0.59
(GR) .
8 98% S,
GR
, RC
RC
GR

A 8

25 98% vt B A4z e B4 A = B (m/s)
Fig. 8 Atlas showing the distribution of the radial
velocity at 98% blade height

B9 #50.57 sdhe iR EoA = E(m/s)
Fig.9 Atlas showing the distribution of the axial
velocity at the location where the distance away

from the blade tip is about 0. 57



* 654 2012
o GR ;
10 RC GR o
98% (3)
o RC GR (2)
RC
R 1 Jansen W Carter A F Swarden M C. Improvement in surge margin
for centrifugal compressor C //Centrifugal Compressor Flow Phe—
114 nomena and Performance. AGARD Conference Proceedings No. CP
112 -282 1980:296 -301.
1o 2 Peng G Wuli C Yanhui W et al. Numerical analysis of the un—
108 I- steady flow and casing treatment in a low speed centrifugal com—
g 132 pressor €/ /Proceedings of the Sino-Russian Conference on Aero
ﬁ o space Technology 2006: 563 —570.
! 3
100 '
98 E . 2009 29(5) :50 - 53.
96 : ZHAO Lu-ning SUN Ying SHI Xiao-dong et al. Numerical study of
94 Y 1 I 1 the casing treatment by using axial slots to increase the stall margin of
0 0.2 fﬁS; ‘_J"‘tl:?ﬁlﬁ 0.8 1.0 a centrifugal compressor J . Aircraft Design 2009 29(5) :50 -53.
4 Fisher F B. Application of map width enhancement devices to tur—
B10 “tTTiAd@mSES>HAEBE bocharger compressor stages R . SAE Paper No. 8809794 1989.
Fig. 10 Chart showing the distribution of the static 5 Hunziker R Dickmann H P Emmrich R. Numerical and experi-
pressure on the surface of the blade tip mental investigation of a centrifugal compressor with an inducer
casing bleed system C //Proceedings of Institution of Mechanical
Engineers 2001 215:783 -791.
6 Yin J Li P Pees S. Optimization of turbocharger ported shroud
4 compressor stages R . ASME GT2009 —59248 2009.
7 Tamaki H Unno M Kawakubo T et al. Aerodynamic design to in—
( 1) crease pressure ratio of centrifugal compressors for turbochargers
R . ASME GT2009 -59160 2009.
7.73% 8  Hathaway M D Chriss R M Strazisar A J. Laser anemometer meas—
12.57% . urements of the three-dimensional rotor flow field in the NASA low-
speed centrifugal compressor R . NASA TP3257 1995.
9  Niazi S Stein A Sankar L N. Development and application of a
CFD solver to the simulation of centrifugal compressors R . AIAA
paper 98 —0934 1998.
° 10 Stein A Niazi S Sankar L. N. Computational analysis of stall and

separation control in centrifugal compressors R . AIAA paper 98
-3296 1998.

(A & %mE)



6 © 733+

sity of the interference between the stator blade wake and rotating blades by the consequent intensity of the stator
blade wake and change of the flow conditions in the passages of the rotor. In the meantime the unsteady characteris—
tics of the elementary stage performance are influenced by the intensity of the stator blade wake interference. Key
words: axial flow turbine rotating blade solidity interference between the rotor and stator of a turbine potential in—

terference unsteady flow

MW / = Analysis of the Flow Inside the Variable
Geometrical Power Turbine Stator/rotor Cascade and Exhaust Gas Duct of a MW Class Gas Turbine

/HOU JianHei GU Chun-wei LIU Hong ( Department of Thermal Energy Engineering Tsinghua University Bei—
jing China Post Code: 100084) // Journal of Engineering for Thermal Energy & Power. — 2012 27(6) . —643 ~

648

The flow field of the variable geometrical power turbine stator/rotor cascade at the end of a MW class gas turbine
may interact with that of the unsymmetrical exhaust gas duct. By using the commercial CFD software CFX the au-
thors have studied the coupled flow field between them at various installation angles of the stator blades. An analysis
of the flow field at the installation angle of the stator blades under the design operating condition shows that the cir-
cumferential asymmetry of the exhaust gas duct will mainly affect the flow field of the rotating blades of the power
turbine leading to a difference of the load between any two rotating blades in the circumferential direction. In the
meantime the distribution of the gas flow angle at the outlet of the rotating blades may also assume an intense non—
uniformity along the circumferential direction. After the stator blades have been rotated by 7 degrees an increase of
the positive attack angle at the inlet of the stator blades may result in a separation in a large area of the suction sur—
face of the stator blades. Therefore the rotating blades have a negative attack angle at the inlet increasing the sepa—
ration area of the pressure surface. At the same time the vorticity of the vortices in the exhaust gas duct will be in—
tensified leading to a marked drop of the efficiency and power output of the power turbine after the installation angle
of the stator blades has been changed. Key words: variable geometrical turbine unsymmetrical exhaust gas duct

numerical simulation

= Study of the Mechanism Governing the Stability Expan—
sion of the Self-circulating Casing Treatment of a Centrifugal Impeller at a Low Rotating Speed /
CHU Wudi BU Yuan-yuan ZHANG Hao-guang( College of Power and Energy Source Northwest China Polytechni-

cal University Xi’an China Post Code: 710072) //Journal of Engineering for Thermal Energy & Power. —2012 27
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To explore the mechanism governing the stability enhancement of the self circulation casing treatment the authors
have conducted a detailed study of a low speed centrifugal compressor ( LSCC) in which a casing treatment was ap—
plied by using a full4hree-dimensional numerical simulation. It has been found that the self circulation casing treat—
ment can effectively delay the occurrence of a stall and slightly enhance the efficiency of the compressor and total
pressure ratio in zones nearing the stall region. The casing treatment can efficiently lower the blade tip loads thus
decreasing the relative speed of the leakage flow prohibiting the development of the leakage flow vortices in the
clearances of the blade tip passages reducing the jam of the low speed flow in the passages enhancing the flow ca—
pacity of the passages of the rotor and achieving the aim to enlarge the stable operation range. The comprehensive
stability margin can increase by 12. 57% . Key words: centrifugal impeller stall margin self circulation casing

treatment stability margin

- = IInfluence of the Relative Positions of Holes and Ribs on the Heat
Exchange Through Various Wall Surfaces in the Passages /LI Guang — chao WU Chaodin ZHANG
Wei WANG Cheng—un( Liaoning Provincial Key Laboratory on Advanced Testing Technologies for Aerocraft Propul-
sion Systems Shenyang University of Aeronautics and Astronautics Shenyang China Post Code: 110136) // Jour—

nal of Engineering for Thermal Energy & Power. —2012 27(6) . —655 ~659

Numerically simulated was the influence of the relative positions of holes and ribs on the heat exchange characteris—
tics of the four wall surfaces of a rectangular passage. As an emphasis analyzed were the difference of the heat ex—
change coefficients of the four wall surfaces and influence of the positions of the three types of air film holes on the
heat exchange. The calculation results are in relatively good agreement with the test ones. It has been found that the
positions of the air film holes have a biggest influence on the lower wall surface concurrently provided with ribs and
air film holes. The holes are located at the upstream between ribs will result in the best heat exchange they are loca—
ted in the middle of the ribs comes next and they are placed at the downstream between ribs will lead to the worst
heat exchange. The positions of the air film holes have a relatively small influence on the heat exchange through the
smooth wall surfaces on both left and right and have almost no influence on the upper wall surface provided with on—
ly ribs. The turbulent flow around ribs and the suction from the air film holes make the heat exchange coefficient of
the lower wall surface have a biggest increase followed by that of the wall surfaces on both left and right and the up-

per wall surface. Along the flow direction the joint action of the turbulent flow around the ribs and flow outgoing



