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Fig. 1 Schematic diagram of a digital control version for a three-shaft gas turbine
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Fig.2 Chart showing the structure of a steady-state process cascade control system



0280

2016

13
4 °
5
3
W, = [fl (n§’2) (n],l s=n, s npz) (1
P =
f‘Z(ngZd()l) (np = npl np2 = np)
IR AR
A e il A
M

TS

Fig. 3 Chart showing the structure of an abrupt-changed load cascade control system

RS [(E-EE
S T
N
i
&)
Rp\l = ﬁ ¥
R AR E o =
il A 28 o
4

Fig. 4 Chart showing the structure of an abrupt-changed load forward feed + cascade control system
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Fig. 8 Influence of the low pressure exhaust gas on

the performance under the condition of load rejection

fﬂET‘wi’oC %ﬁ@"r'min"

~J
=2
O

s g
| ;

40 50

H‘Tlﬁlfs

Fig. 7 Comparison of the results in various

control regularities

0 10 20 30 40 50
(Al /s

GasTurb (a) HO30% Rt B, T2 T

130

8
=

o
w
w
o
P
wn
nnn, T W%
=
/L\m;=
) =
B =

0 25%

0.1« g 8(a) 8 0 10 20Wm:0 40 50
(b) 259% . (b) 309 I AT e, AR IR e
n 11% 9
23 s
25% 3% Fig. 9 Effects of the amount of exhaust gas and fuel
10 s oil decreasing speed rate on the performance

o of the gas turbine



031-

9(a) 30%
T, 20 C
25%
. 9(b)
30%
sng~n, T
M
4%
3 S °
)
25%
3% 10 so

3)

DAVID P SIMON N. The development & application of the rolls —
royce MT30 marine gas turbine//ASME. Proceedings of ASME
Turbo Expo 2011 C . Vancouver: American Society of Mechanical
Engineers 2011:1 -7.

2014 34(34): 49 -52.
LI XuHia LIU Yun-sheng. A survey in the development of warship—
purposed gas turbine generator units J . Marine Electrical and E-

lectronic Technology 2014 34(34) : 49 -52.

] 2002 22(1):1646 —1649.
XU Jin ZHANG Shiei SHI Wen-ong. Study of the applications

10

11

of gas turbines in self-supply power plants
ing 2002 22(1) :1646 - 1649.

( ) . .
M . . 2002.

J . Power Engineer—

Shenyang Liming Aeroengine(Group) Co. Ltd. Principles structure and

applications of gas turbines M . Beijing: Science Press 2002.

D . : 2013.

ZHANG Lei. Study of the semi-physical simulation of the power
generation module of an intercooling cycle gas turbine during an
abrupt change of load D . Harbin: Harbin Marine Boiler and
Turbine Research Institute 2013.

XIE Zhiwu YU Jun LIU Jinyang. Applying UML to gas turbine en—
gines simulation//IEEE. Proceedings of the IEEE International
Conference Technology of Object Oriented Languages and Systems
1999 C Florence: Institute of Electrical and Electronics?

1999:200 —-205.

I 2012 53 (4):184 -191.
WEI Chen-yu ZANG Shu-sheng. Study of the dynamic simulation
of and control strategies for three—shaft gas turbines in marine elec—
tric power propulsion J . China Shipbuilding 2012 53 (4) :184
- 191.

2011.
LIANG Ning-ning. Modeling of a Turbo-shaft Aeroengine and study
of the Control Strategies D . Nanjing: Nanjing University of Aero—

nautics and Astronautics 2011.

I 1997 37(S1):15-17.
LIU Shang-ming KOU Ke=in NI Wei-dou. Applications of a single
stage control system in the control systems of gas turbine-based power
plants J . Journal of Tsinghua University 1997 37(S1):15 -17.
M .
1992.

ZHU Xing-ian WANG Xue-yu. Working principles and perform—

ance of gas turbines M . Beijing: Science Press 1992.

BRIAN P LOUIS D JEAN F L. Ehancements to the load accept—

ance and rejection capability of a high pressure aeroderivative en—

gine// ASME Power for Turbo Expo — Land Sea & Air 2007. Pro—

ceedings of ASME Turbo Expo 2007. C . Montreal: American

Society of Mech — anical Engineers 2007:1 - 10.

] 2006 21(02) :432 -436.
HUANG Kai-ming YIN Ze-yong HUANG Jin—quan. Influence of
the limitation in parameters on the transient state control of a tur—
bo-shaft engine J . Journal of Aerospace Power 2006 21(2):
432 -436.

2011.
DING Lin. Study of the digital control and simulation technology
for turbo-shaft engines D . Nanjing: Nanjing University of Aero—

nautics and Astronautics 2011.



- 118 2016

A straight impeller equipped with the NACA65-810 airfoil and impellers installed with blades forward and back-—
wards bent respectively along the circumferential direction were designed by using a three-dimensional aerodynamic
design method and a CFD (computational fluid dynamics) software was adopted to simulate their aerodynamic per—
formance and analyze the spacial development of their leakage flows and vortexes in the three blade tip clearances
beyond the impeller as well as the distribution of the static pressure losses and entropy in the blade tip clearances.

It has been found that after the straight impeller had been forward bent along the circumferential direction the en—
trainment ability of the leakage flow in the blade tip clearance will become weak and the initial location of the leak—
age vortexes will shift to a location away from the leading edge of the blades with the height of the center of the leak—
age vortex along the radial direction being kept unchanged thus weakening the interference of the blade tip leakage
vortex to the main stream. After the straight impeller had been backwards bent along the circumferential direction

the entrainment ability of the leakage flow in the blade tip clearance will become strong and the initial location of
the leakage vortexes will shift to a location close to the leading edge of the blades with the height of the center of the
leakage vortex along the radial direction away from the leading edge of the blade being notably lowered thus expan—
ding the dispersion range of the vortex core at the downstream strengthening the interference of the blade tip leak—
age vortex with the main stream and unfavorable to lowering the blade tip leakage losses. Key words:NACA65 air—

foil bending along the circumferential direction blade tip clearance leakage flow numerical analysis

= Study of the Strategies for Controlling the Abruptly
Changed Load of a Three-shaft Gas Turbine Power Generator Unit /ZHANG Ya-dong JIANG Li-
yun SONG Shao-hua OU Yong-gang (Shenyang Engine Design Research Institute China Aviation Industry Group
Corporation Shenyang China Post Code: 110015)//Journal of Engineering for Thermal Energy & Power.
-2016 31(11). =26 ~31

On the basis of the experiment and simulation of an integral machine studied were the strategies for controlling the
abruptly changed load of a three shaft gas turbine power generator unit. The test results show that the improved
power forward feed + gas turbine rotating speed cascade PID closed cycle control version features a quick response

strong anti-interference ability and good self adaptability thus capable of meeting the needs for transient power gen—
eration. In the case of an abrupt increase of a 40% load the drop in the rotating speed of the power turbine will
not be higher than 4% and the recovery time duration will not exceed 2 s. The simulation results show that in the
case of load rejection to open in advance the bleeding valve at the outlet of the low pressure air compressor to bleed
air not only can improve the work allowance but also can contain the growth of the rotating speed of the power tur—
bine. When the air quantity bled arrives at 25% of the rated air flow rate the overshoot of the rotating speed of the
power turbine will decline by 3% and the recovery time duration will shorten by 10 s compared with those when no

air is bled. Key words:abruptly changed load control strategy cascade forward feed experiment and simulation



