22 5

2007 9 JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER

Vol. 22, No.5
Sep. » 2007

T P FUE A0S 58/ 4 s A A T R R

: 1001— 2060 (2007)05— 0484— 06

AAL R R ETR
(L BATYAS S0 FRRER KT B % 710073 2 BEXAAFLESG 1A TEF K KT B % 710049)

AR O et e A KT, KA AR RW 6 7 kot
#u Fet/ vt e HR S 3 A AR ZF AT AT T &A
et gt b R AR AL A, STRT #0 FerHaRA K et
B RA R F PR A AR 8 Bk, B RT3 A
Z A FARTNEL LREY, HHFLERARBLERDE
fRAF, ERFRET, &0 Frhey RiRfk RTm A a9 aF 2
FAFR LA Aot R3S LAY IE 2 H MU, R IRE AR
BRKE) V4 L. B0 FetR Mgk, & dto 3ot RR
Frife R4 A 2 F Remrk o Fot EMARA BT 8 5, 20t
BRIR B R B R T BOZ AT 51 ALY dE R F RO AP BLE
MarA BT A Pk,

: TK474. 8 : A
s/
2
b
/
[1-4
9
[5~9
b
[7~8§
b
b
b
: 2006— 11— 105 :2007— 01— 29
(50576073);

(1918 A»

1.1
Numeca

Navier-Stokes ;

Kutta

(9]

1.2

. 3 000 r/min,
2.75 kg/s.
, 15

(20070411139)

Baldwin-Lo-
Runge-
+ +
1
14,



’ / © 485 °
20 21, 13 . t=1~45;
140 ’ t:1 "300
3 2
41X 33X 81,
81 , 33 , 41
&
, &
90 )
30
P4 1. a; . 1 1 2 1 1 1
P15 30 45 @ 75 N
iR ¢
(a) BEOFHBREMHE
25 ’ 95960
1 95950
1 . 95940%
-9
= gsoa0l
/mm 222 222 90
95920
/mm — 103.91 3.8
/mm 422 7% 1250 95910 1'5 3‘0 4'5 610 715 &
/mm — 43.8 3.8 BRI ¢
(b) MERTEHHE
15 20 13
£
-
Bl ¢
(c) HRRREMHE
Bl HHERA&R
£
[-™
3
2 03600353 45 & 5 D
’ Nﬁ]ﬁt
(d) ¥ EERSRULZ L
3 ’ M2 A LER
3




° 486 -

2007

3.2

ViU,
CO0OO—OOLOO—OO0OO-

a’:;iq'aa«oe oh o\

VI,
COOOOr 0000000000

NPRARO

PRI EEAL (Y AR )

)

I ESEG AR )

o

20 40 60 80 100
S/%
(@) P EBE O E

e AL S )

R EEAR PR 1)

20 40 60 80 100
S/ %
(b) ¥ EAR PRI FE

B3 SRS Rk R it

PIP,,

PIP,

115
114
1L13f
112K
11
1.10f

T

28

:

L L L L

25 50 75 100
S/%

(a) T EBOE R B EA T

-
—
oy
: )

—

(=

—
I‘Ff‘lllllllllll

25 50 75 100
S/%

(b) B 0 D EE 053 76

B4 4 EREAertdoAn Tt A ey #HE S A

1/4



5 ’ ° 487 -
115 , ,
i : 380 Pa
113F
L2k

, Mo 3.3

& 110F

~ imf o
1081 30 ,
107k 3.2 ke/s ,
1.06}- 6
1055 - NS R 10

5/% 115
(8) T EROERBEESH 114}
108 113k
107+ L12+
1.06F ﬁ uf
~ bl - e
105- A & Wor T

Al 104 yZ 2 s

= 10t ya 108
102} y 1071

-
101F 7 106
o M 25 %0 7510
099 T S/%
098 1 i L 1 (a) T~ EE28 O T O FE 20+ A6
0 25 50 75 100
S/% 110
(b) M-3R F W TH W EE B9 2 A 108}
L(no 106 r ) :/{)f
L0151 104+ =
1.010 5 102k 4;//,';
= fuk
— N 7
5 (1995T ——— s o
&~ 0985t 0941
0980} 092
e 0905 25 ) 7S 100
gﬁ - S1%
i ¢ , , . (b) MR H R R EE B A
0 25 50 75 100 10
5/% 1015
(c) #F O T M MK R ES 1010f
1005
L0005
A5 #o et EMaz 30T 3344 gg TTI T TI7y
ATt R LAy #F R A oF 0985
X 09801
0975
50 : asmr
i’ 0965
’ 0960, 25 0 7s 100
, 5/%
(c) 3O SM V1T R #R R 276
B6 MEREHNI.2ke/s Wit FobiE sk

107 Pa.

30°F 3 #R4HARFaf et A a9 HES



© 488 -

2007

475 Pa.

30°
3.2 ke/s

30°

30°
171 Pa.

2.75 kg/ s

75%

30

67 Pa,

491 Pa,

30

352 Pa, 13

1.15
114f

112
5 L1
’ 1.10
1.09
1.081-
107
1.061-
1.05

T

PIP,

1 e !

25 50 75 100
S1%
(a) T EROENBESH

1.10,

PIP,

25 50 75 100
5/%
(b) PHEEM KR ST E R I 5 AR

’_
. 1000H ™~
30 mm% h
r_

TN

Il i I

25 50 75 100
SI%
(OF:: 32k vl f:o) - i i

B7 REREAH 3.2 kg/s Fto Fot i #iar
30°F 3 AR T a et B Le RS

(D

2



5 sz / ° 489 -

[3] URBASSIK R M, WOLFF J M, POLANKA M D. Unsteady aerodynam-
ics and interactions between a high-pressure turbine vane and rotor J] .
Joumal of Turbomachinery, 2006, 128(1): 35—42.
174 ° [4 KULISA P. DANO C. Numerical sinulation of unsteady blade rov in-
(3) ’ teractions induced by passing wakeq J| . European Journal of Mechan-
’ ics B/ Fluids, 2006, 25(3): 379— 392.
[§ ZHOU LI XI GUANG, GAO LIMIN. Numerical study on the unsteady
5 interaction flow in a centrifugal compressor stagd J] . Chinese Joumal of
4 Me dhanical Engineering, 2004 17(4). 09— 613
’ ’ [6 ZHU BAOSHAN, KAMEMOTO KYOJL Numerical smulation of urr
steady interaction of centrifugal impeller with its diffuser using La-
) grangian discrete vortex method[ J| . A cta Mechanica Sinica, 2005, 21
R (. 40— 46
[7]  WHITFIEID A, ABDULLAH A H. Performance of a centiifugal com-
pressor with high inlet prewhirl J] . Journal of Turbomadinery, 1998,
120(2); 487—493
[ 8§ RODGERS C. Centrifugal canpressor inkt guide vanes for increased
surge margin[ B . ASME Papex 90— GT— 158, 1990
[9] SHU C W, OSHER S. Efficient implementation of essentially non-oscil-

[1] TREBINJAC I, CHARBONNIER D, LEBOEUF F. Unsteady rotorstator
interaction in high-speed compressor and tutbine stages|[ J] . Joumal of
Themal Science, 2005, 14(4). 289—297.

[2]  PAYNE C, STEPHEN J, AINSWORTH R W. Unsteady loss in a high-
pressure turbine stage: interaction effecty| J| . Joumal of Heat and Fluid
Flow, 2005 26(5): 95— 708

latory shock-capturing schemeq| J| . Joumal of Computational Physics,
1989, 83(1):32— 87.

(¥t 15)

H

3G as Turbine World»2006 4 4 & F#t 4738, Siemens 23] iE 21X 3 —5 4789 S0Hz &2 T A AR AE

#, ;ft'i 5K AAFp09 H H K 4aF].
) B3R 7 R GBAT, B RARAAE A B SGTS—8000H MRS 46 HLbd 572 stk 20 A 340 MW, #3k F£H

39% RA IR QI RCI)EEH 444 t, B KT A% 13.2m, & 5m A2 5% 5.2 m.

IX 1% 48 A8 R BoY B i A E 4% 530 MW, #ak £4:14 60 %.

8000 H # Siemens #= Westinghouse /28] & G #l89 —FF £# B, RT L€ F 5 L stey iAok, ©
T R AR SR E AR ENR K.

FE7R 5 N, SCC5—8000H B A AR A —6 A & SURAK B IR0 WAL IAE L KR 3R H% 3] KA
R 55,

SCC5—8000H 4. —& A T #h3k foidy 20 E QA AY R 8009 3 E AR XA Ml . R E e % Mk aER
T+ Iﬂ i ey bR g shAe R i ATIEAT .

FA AR I HE za%fT -‘4’& BA R 9% 2 AR AT 2 09IR A iR Ao HE AR A AR R A
FA it A R B R AL BR T ARE AF A0 R I8 % 3,



5 ° 575 -

=A Survey of Models for the Calculation of Radiation Characteristics of High-tem-
perature Gases] , |/YIN Xuemei, LIU Linrhua (College of Eney Science and Power Engineering, Harbin Insti-
tute of Technology, Harbin, China, Post Code: 150001)// Joumal of Engineering for Thermal Energy & Power. —
2007, 22(5). —473 ~479

An accurate calculation of radiation characteristics of high-temperature gases is of major significance in such engineering
applications as combustion and infrared detection etc. The current research results of gas radiation characteristics both at
home and abroad are described. The fundamental theory and main featres of the methods for calculating the radiation
characteristics of three kinds of gases are analyzed with the emphasis on the newly developed full-spectrum k-distribution
(FSK) model. Summarized and tabulated awe the applicable wnditions, calculation accuracy and speed of various models
for the calculation of radiation characteristics. The authors have calculated the wall surface heat flux in the steam and car-
bon dioxide mixed gas layer between two parallel plates and presented a chart comparing the relative-error difference be-
tween the calculation results of various models and those of a line-hy-line calculation. The selection of proper methods for
the calculation of radiation characteristics of gases under different conditions is proposed and in the light of the shortcom-

ings of the current models, the future research trend also forecasted. Key words: gas radiation characteristics, computa-
tional model, k-distribution model

= Experimental Study of the Effect of Suction Slot Location on
Water Removal Performance of Hollow Stationary Bladesy , ]/WANG Xin-jun, LU Cheng (National Key Labo-
ratory on Multi-phase Flow in Power Engineering, Turbomachinery Research Irstitute, Xi an Jiaotong University, Xi" an,
China, Post Code: 710049), LIU Jian-cheng, ZHANG Jun-bo (Hatbin No. 703 Research Institute, Harbin, China, Post
Code: 130036)//Journal of Engineering for Themal Enery &Power. — 2007, 22(5). —480 ~483

On the slot suction test rig of a humid-air plane-cascade, an experimental study was conducted of the water removal per-
formance of the suction slots on hollow stationary blades of a stean turbine. The test conditions are given as follows: the
air humidity at the cascade inlet. 7.94%; waler doplet diameter, between 1.5 to 150 #m, airflow velocity at the cas-
cade outlet, 170m/s; width of the suction slot: 1.0 mm, angle of the suction slot 45 with the suction slots being located
at the suction and pressure side of the stationary blades respectively. The test results show that with an increase in rela-
tive location of the suction slots, the water quantity sucked through the slots will increase and under a same suction pres-
sure difference, the water quantity sucked through a unit length of a slot on the concave surface of a stationary blade is
greater than that on the convex surface. The suction slots close to the water outlet on the concave side of a stationary
blade enjoy an optimum water-removal performance. Furthermore, with an increase of the suction pressure difference, the
water quantity sucked through the slots will also increase accordingly. Key words; steam turbine blade, hollow stationary

blade, suction slot location, suction pressure difference, water quantity sucked

/ =A Study of the Effect of Inlet Guide Vane (IGV) Prewhirl Angles on
Impeller/ Diffuser Interaction[ , ]/ZHOU Li, CAI Yuan-hu (College of Power and Enewy Source, Northwestern
Polytechnical University, Xi’ an, China, Post Code: 710072), XI Guang (College of Energy Source and Power Fngi-
neering, X1 an Jiaotong University, Xi an, China, Post Code: 710049) //Joumal of Engineering for Thermal Energy &
Power. — 2007, 2(5). — 484 ~489

Under different inlet-guide-vane (IGV) prewhirl angles and by using an ursteady appmoach, a numerical simulation was
conducted of the unsteady interactions among the following three components: IGV, impeller and diffuser, moreover, a
comparison with the test results was performed. Studied was the effect of IGV prewhirl angles on the flow and unsteadi-
ness inside the impeller and diffuser. Meanwhile, the mechanism of interactions among the above-mentioned three moving
and stationary components was also explored. The results show that the calculation results are in good agreement with the

test, ones. At a same flaw rate, -the wake flow of the IGV and the unsteady function of a large-sized vortex cluster will
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weaken the unsteadiness of the impeller and diffuser with the changing radian being only about 1/4 of the original magni-
tude. When the IGV assume a negative prewhirl angle, the unsteady influence brought about by the wake flow of the IGV
is much smaller than that when the IGV take on a positive prewhirl angle. The unsteady effect arising from the wake flow
of the impeller and potential-repercussion action of the diffuser, however; will be ssmewhat bigger than the case when the
IGV have a positive prewhirl angle. Key words: inlet guided vane, impeller, diffuser, unsteady interaction, prewhirl

angle, unsteadiness

= A Study of the Corrosion-resistant Characteristics of the Blades of a
Compressor and Their Protective Coatingsy] ., ]/ LIU Zhengfa, XU Zhe, ZHANG Chun-mei (Compressor Design
Department, Harbin No. 703 Research Institute, Harbin, China, Post Code: 150036)// Journal of Engineering for Ther-
mal Energy &Power. — 2007, 22(5). —490 ~494

By using magnetically-controlled sputter techmology, a TiN layer was sputtered onto compressor blades to serve as a pro-
tective coating of the blades. Through a combination of salt-mist tests and an electrochemical method, the corrosion-resis-
tant performance of the material of compressor blades was studied when the blades have been sputtered with a TiN layer.
With the help of aweight-loss method, calculated was the corrosion rate of the test piece after the salt-mist test. From the
curve, it can be seen that the corrosion-resistant performance of the test piece covered with a TiN layer is better than that
of the base material. Ina 3.5% (by weight) NaCl solution. an electrochemical dynamic potential scan was conducted of
the test pieces sampled at different times during the sali-mist test. Based on the data of polarization cuwes, the authors
have analyzed the causes leading to changes in crrosion potential of the test pieces undergoing different salt-mist corro-
sion durations, thus verifying the salt-mist test results. Key words: compressor blade, TiN coating, salt-mist-caused

corrosion, blade corrosion

= A Model for the Prediction of the Full-load-operation Perfor-
mance of Variable-geometry Multi- stage Axial Compressors| , |/CUI Ning, WANG Bing-shu, LI Bin, et al
(Automation Department, North China Electric Power University, Baoding, China, Post Code: 071003)// Journal of Fn-
gineering for Thermal Erergy &Power. — 2007, 22(5). —495~499

Based on the comprehensive characteristic curves of compressor stages and by using a stage-by-stage superposition
method, the authors have developed a model for the prediction of the full-load-operation peformance of a variable geome-
try multistage axial compressor incorporating ad justable stationary blades. During the calculation different stage character-
istic curves at a low wtating speed were used for each compressor stage to establish the peffomance calculation module of
each stage. On the basis of rational assumptions, derived was the influence of the change in adjustable inlet guide vane
(IGV) angles of the compressor on its performance based on the speed triangles of moving blades. The introduction of the
aerodynamic functions and specific-heat-variable calailation formulae has smplified the calculation process, enhancing
the calculation accuracy of the model. The calculation examples show that the model lends itself to practical use to a cer-
tain extent, basically reflecting the full-load-operation characteristics of the compressor and exhibiting more or less accu-
rately the effect of IGV regulation on the performance of the whole compressor. As a result, the foregoing can well provide
reliable data for the perforance calculation of compressors during the development of a dynamic simulation model for
modern large-sized gas turbines. Key words; variable geometry, axial-flow compressor, stage characteristics, model,

simulation

= Numerical Calculation of the Flow Fields in the Head
Portion of a Steam Turbine Destined for Feedwater Pumps in Power Plants and Related Structural Improvements
[ 5> 1/J1 Chunjun, ZHOU Zi-yun, (College of Erergy Source and Power, Dalian University of Technology, Dalian,
Chipa, ., Post, Code; 116023) // Journal of Engineering fox Themnal Enewy &Power. — 2007, 2(5). 7500 ~503



