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The Gas Turbine Development in China

(hEDH A ¥ — ¥ VR FER)

CAI Ruixian™*'
(3% r=39|

F—T—K ! HFA¥—¥Y > (Gas Turbine), HE (China), E¥ (History), #F7H% (Research
and Development), # & (Education), & (Application), BAE4&%t (Manufacturer)

1. Early History and Education of Gas Turbine

Chinese people believe that their forefathers in-
vented the embryonic form gas turbine; it is a very
light lantern with a candle under a bladed rotor and
can float in the air. However, similar to some other
Chinese inventions, it was only a toy and has not yet
been developed as industrial machines.

In the forties, some Chinese professors who gradu-
ated from advanced industrial countries, began to in-
troduce the gas turbine to China and gave some lec-
tures in famous universities. Among them, Prof.
LIANG Shoupan and Prof. CHEN Xuejun (now Chinese
Senior Academicians) individually wrote two gas tur-
bine textbooks in China. It is believed that they are
the earliest gas turbine books in China.

After the birth of the People’s Republic of China, the
government centralized all aeronautical departments
in China to form two aeronautical institutes (universi-
ties) in Beijing and Nanjing. There were military jet
engine departments in these two institutes (The
author was a student in Beijing at that time).

The first important step to develop industrial gas
turbines was to establish a gas turbine speciality and a
gas turbine teaching and research group in Power En-
gineering Department of Tsinghua University in 1956 ;
each year about 30-60 bachelors of gas turbine gradu-
ated from this university since 1959. This speciality as
well as teaching and research group was proposed and
founded by Prof. C. H  Wu (WU Zhonghua) after he
came back from the United States. He was famous for
his “three-dimensional flow theory of turbomachinery ”
which was founded by him when he worked in NACA

BRSNS 20014 1 H12H
* 1 hERER TR EIIERT
G B A"
T100080 Jbxitir A 12 5
(2000 4510 A 23 H~11 A 19 B o BI#LHHC EE% BH%
BE LT

(now NASA) of the United States. The author was one
of the first assistants to help him to teach gas turbine.

At the same time, some other famous engineering
universities (for example, Jiaotong University and
Haerbin Polytechnic University) also began to give gas
turbine lectures to their students of steam turbine spe-
cialities.

Nowadays, many Chinese universities give gas tur-
bine lectures, courses and training. The most famous
universities for gas turbine are probably Tsinghua
University, Jiaotong Universities (Xi’an and Shanghai),
Harbin Polytechnic University and three chief Aero-
nautic and Astronautic Universities (located in Beijing,
Xi’an and Nanjing).

In these universities, there are many experimental
rigs, including plane and annular cascade wind tunnels,
rotating single stage and multistage turbine and com-
pressor test rigs, combustion and combustor test rigs,
blade cooling experimental equipment, gas turbine test
rigs, performance simulators and so forth. Some test
equipments are even high speed, high power rigs with
advanced surveying instruments such as three-
dimensional laser anemometers.

Many Chinese universities and famous institutes
educate master and doctor degree students related to
gas turbine. It is estimated that every year, about one
hundred undergraduate and graduate students related
to gas turbine accomplish their studies in China. How-
ever, a part of them are not engaged in the work re-
lated to Chinese gas turbine after they graduated, for
example, they go abroad to find better position.

2. Gas Turbine Research

Similarly to other countries, the research work is
done in various institutes belonging to different minis-
tries, for example, Machine Building Ministry, Aero-
nautical Engineering Ministry, Ship Building Ministry
as well as the Chinese Academy of Sciences. Now, af-
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ter the reform of the government, most research insti-
tutes become independent enterprises; only a very
few research institutes being related to basic research
maintain their original position.

The chief research institute mainly related to funda-
mental study of gas turbine is the Institute of Engi-
neering Thermophysics, Chinese Academy of Sciences.
She was founded by Prof. C. H. Wu in 1956 also. At
that time, her name was Power Lab of the Academy.
In 1960, she merged into the Institute of Mechanics
and re-established in 1980 with the current name. She
has maintained her main working direction onto gas
turbine basic research since her establishment al-
though her name was changed twice. Her research
topics include engineering thermodynamics and power
systems, internal flow aerodynamics (mainly turbom-
achinery aerodynamics), heat and mass transfer, and
combustion. There have been 8 academicians working
in this institute; this is an evidence of her achieve-
ment in science and technology. Her recent chief
achievement is establishing a turbine design system
software to improve its performance. Since China has
not designed new gas turbine for twenty years, this
software was applied to improve the steam turbines
designed by China twenty years ago and excellent re-
sult was obtained : the efficiency was raised up about
5% on the average of more than thirty units! Some
other recent achievements include consideration of un-
steady and counter-rotating effects on the turbom-
achinery performance, comprehensive analyses of vari-
ous energy systems based on gas turbine such as dif-
ferent types of combined cycles as well as their off-
design performances, invention of some new power cy-
cles such as hydrogen-oxygen combined cycle and
chemical looping fuel-cell combined cycles, and deriva-
tion of some algebraically explicit analytical solutions
for unsteady compressible flow, heat and mass transfer
as well as part-load performances of power systems.

China has several advanced jet engine research labs,
for example, located in Shenyang, Jiangyo, Zhuzhou
and Guizhou. They have many powerful advanced test
rigs including a high altitude test rig and many tran-
sonic rotating test rigs. They have designed and tested
some prototype jet engines. However, all these jet en-
gines have not yet been put in practical application
and their performances are poorer than the jet en-

gines of advanced industrial countries of the same time.

The Shenyang Lab is the oldest one, originally she
mainly researched jet engines for the fighters. On the
other side, Zhuzhou Lab mainly researched smaller gas

turbines for the turbo-propeller or turbo-shaft engines.
Both these two labs have been reforming some jet en-
gines to aeroderivetive gas turbines for industry. Ji-
angyou Lab which is located in Sichuan Province and
is the largest one, has a high altitude test rig.

China had some research labs for the land-base gas
turbines, they belonged to the Ministry of Machine
Building. For example, there were institutes of tur-
bines and boilers located in Shanghai, Harbin and Si-
chuan many years ago where they studied gas turbine
also. However, through a lot of changes and reforms,
their names have been changed, they become inde-
pendent enterprises and focus their chief effort on the
coalfired steam power plants and on other more easily
profitable projects while the gas turbine research has
been only their secondary affair. The only exception is
the Nanjing Gas Turbine Lab. She maintains the gas
turbine work and the connection with the Nanjing
Turbogenerator Factory which is now the only one
factory selected by the Ministry of Machine Building
as the gas turbine maker. Her main activity is to serve
the practical demand, differently from the Institute of
Engineering Thermophysics.

There is another Boiler and Turbine Institute which
originally belonged to the Ministry of Ship Building. Of
course, she chiefly served the marine power. However,
recently she has many successful achievements in land
-base gas turbines, especially to promote the practical
application of gas turbine.

Now, almost all Chinese leaders and employees
working in power industry agree that to develop gas
turbine is an urgently important task for China. Of
course, the research work has to be done in advance.

3. Gas Turbine Manufacture

China began gas turbine manufacture in early six-
ties. Three factories took part in the gas turbine manu-
facture in that time: Shanghai and Harbin Steam Tur-
bine Works and Nanjing Turbogenerator Factory.
They accomplished their gas turbines about the same
time. Nanjing Factory successfully manufactured a
1500 kW gas turbine on the basis of design drawing
given by the Soviet Union. However, it is a too old de-
sign and did not continue to manufacture again. Then,
Nanjing Factory designed and manufactured a 1000
kW gas turbine by themselves (cooperating with some
Chinese institutes and universities) ; about ten units of
this type gas turbine have been manufactured. Shang-
hai Steam Turbine Works manufactured 6000 kW class
gas turbine as the prime mover of a mobile electrical
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power station train; about 10 units have been manu-
factured also and accomplished many important duties.
Harbin Steam Turbine Works designed and manufac-
tured 3000 hp locomotive gas turbine and the locomo-
tive had worked well until late seventies. The same
gas turbine design was applied to a standby unit for
electrical net also. However, the design level of these
gas turbines was not advanced and the turbine inlet
temperature did not exceed 700C. By the way, some
smail gas turbines were designed and buiit in the six-
ties also.

In the seventies, although there was so-called “Cul-
tural Revolution” in China and it disturbed the regular
order, the Chinese gas turbine land-base industry still
developed. Besides the three main gas turbine manu-
facturers mentioned above, the fourth-Dongfang Steam
Turbine Works located in Sichuan Province took part
in the manufacture of gas turbine. She designed and
produced a 6 MW class gas turbine with 800C turbine
inlet temperature. Other manufacturers also designed
and built new type gas turbines: Nanjing produced
several 20 MW class gas turbines; Shanghai devel-
oped a new type 6 MW gas turbine and a 20 MW class
double shaft gas turbine; Changchun Locomotive
Works cooperated with Harbin Steam Turbine Works
to develop the Chinese second generation locomotive
gas turbine with 4500 hp.

Except the double shaft unit, basically all new units
ran successfully, in developing these gas turbines, Chi-
nese scientists and engineers accumulated practical ex-
periences and formed several integrated gas turbine
teams and found some new understandings. For exam-
ple, they found the inner shroud of axial compressors
may have serious influence on the aerodynamic per-
formances, especially the surge performance. It is the
first discovery of this phenomenon in a practical unit.
At that time, the level of Chinese gas turbine laid be-
hind the average world level about 10-15 years.

In the early eighties, due to a decision made by the
Premier at that time: “replacing all oil burnt in power
station by coal”, gas turbine industry faced a crisis of
no fuel, engineers in many well integrated gas turbine
teams of works moved to a more profitable market-
IPP steam turbine and were gradually out of practice
of gas turbine. However, there were still some gas tur-
bine production, especially some aeroderived units.

The Nanjing Turbogenerator Factory has main-
tained her gas turbine manufacture business. She ap-
plied the GE licenses to produce 6000 series gas tur-
bines. Recently, her business is not too bad, and even

has export trade.

4. Gas Turbine Application

China mainland began to utilize land-base gas tur-
bines in early sixties. The first gas turbine for electric-
ity generation was a BBC 6200 kW mobile unit. Then,
many domestic units were manufactured and operated
in sixties and seventies. They were mainly used for
small peak and standby electrical power stations, mo-
bile power stations and locomotives. Commonly they
burnt diesel or heavy oil since there were very few
natural gas supply at that time. Because of frequent
lack of electricity, these units ran often and some of
them had been very important equipment in some
places.

In the seventies, two projects were planned which
would promote a great development of gas turbine.
The first one is to construct a long distance (more than
2000 kilometers) pipe line from Sichuan Province to
Shanghai to transport natural gas, the second one is to
build a railway from Qinghai Province to Tibet. Of
course, the prime mover of the natural gas pipe line
must be gas turbine; the prime mover of the Qinghai-
Tibet railway locomotives would be gas turbine also
since the railway elevation is very high (about 5000 m)
and there was no any electricity. The Nanjing Turbo-
generator Factory and Nanjing Gas Turbine Lab were
selected to be the gas turbine center at that time.
However, these two projects were postponed later,
then the gas turbine development idea was temporar-
ily cancelled also.

As mentioned in the previous paragraph, it was de-
cided in early eighties that the oil was not allowed to
use for the power plant, then the application of gas
turbine was depressed at that time. However, since
the electricity was seriously lacking and the southern
coast regions became richer due to the reform, their
people urgently needed more electricity to improve
their productive activities and daily life, then, they im-
ported oil and gas turbines to solve this problem. Espe-
cially in the Delta of Pearl River, many gas turbines
and combined cycle power stations have been con-
structed and operated since late eighties.

However, most units were imported from different
gas turbine makers. In other words, almost all impor-
tant gas turbine manufacturers in the world have in-
stalled their own gas turbines in China mainland, the
highest capacity of a single gas turbine unit (excluding
steam turbine capacity in a combined cycle) is about
100 MW class.

—_ 0 [—
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Recently, there are two new points that will pro-
mote the gas turbine development in China. The first
one is the consideration of environment since the coal
fired equipments introduce serious pollution. The sec-
ond one is that Chinese Government decides to de-
velop the western region of China and to construct a
more than 4000 km length pipe line for transporting
natural gas produced in the western region or im-
ported from north-western neighbors to the eastern re-
gion. It seems that there will be a lot of gas turbine
business in China. Recently, the installed capacity of
Chinese land-base gas turbines is about several GW,
about only 1-2% of the total electrical power plant ca-
pacity. There is a great possibility to develop gas tur-
bines and combined cycles.

In addition, since coal will still be the main energy
source in China, Chinese Government decides to de-
velop coal fired combined cycles also. It has been de-
termined to build an IGCC power plant in Yantai in
Shandong Province to burn high sulphur coal, the ca-

pacity class is several 100 MW. A PFBC power plant is
planned also, the capacity is about 100 MW, perhaps it
will be located in the north-eastern region. Of course,
nowadays the main parts of IGCC or PFBC, especially
the gas turbine, can only be imported from advanced
industrial countries. However, China plans to take part
in the development of coal fired combined cycles step
by step. '

5. Prospect

The gas turbine development of China is along a
rugged and tortuous path. However, the prospect is
bright. For a developing country as China, she has to
learn from and cooperate with other countries, espe-
cially in the globalized new millennium. However,
China is a large country, she can not totally depend on
other countries. For developing gas turbine in China, it
needs the effort of Chinese managers, scientists and
engineers as well as the help and cooperation of other
countries.
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High Temperature Steam Oxidation Behaviors of
Ni-base Single Crystal Alloy CMSX-4 for Gas Turbine Rotor Blades
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Abstract

As one of the elemental tests for the development of 1700C class hydrogen fueled combustion turbine
system under the World Energy Network (WE-NET) program, high temperature oxidation behaviors
of single crystal (SC) alloy CMSX-4 and thermal barrier coating (TBC) were conducted at the
temperature of 600°-1000C in the air and steam environments. Comparable weight gains due to the
oxidation in the air and steam were observed at 1000C, but below this temperature maximum weight
gain was observed at 800C in the steam whereas that in the air continuously decreased as the test
temperature decreased. The scale model SC rotor blade with TBC which was tested in the hydrogen-
oxygen combustion wind tunnel with practical steam condition of 1700C (max.) and 2.44 MPa for 186
min were destructively evaluated, the result of which showed no symptom of steam oxidation due to

increase of metal temperature over the designed one.
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¥—"77—FK ! EBARA/ELLIOTT VYA 7 u# A% —¥ », TAYY—X, TA60, TA8), TA 200,

I—VxAhb—a v, JREIR

EBARA/ELLIOTT Micro Gas Turbine, TA Series, Co-generation, Heat Recovery
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WAME DT BB - TR EZ ED TV S, Bl
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LTwa, #f e LTIk, 5D 4~8 A% HMIZ TA
60, TA80 DM Mark0) DFFEEFEL TV
%o Mark 0 IZAEAHEREL, BMEICE= Y Kt

Download service for the GTSJ member of ID , via 3.135.183.171, 202210 A



102 EBARA/ELLIOTT ¥ 7O HXA&—ETAY)—X AXAZX2—ELZEHE

LT D TH D, Mk - BiEL S HICHES TR HHH, FEBIROMN LD EERECTH 2, 2—H 0

W eeER Markl) &, 71—V FREBE%E A MHE LT, MABBREROI—Y 2 2V AT AR
HOKGEE T3 T o729 A TRETHFETH 5o M, & UMEAEARIRES ) 55 2 ATV T = — X1 2 T L s,
TA 200 122WTid, 2002 FEDFF % HEEICBIR % #1T Mfe L CHRERFEOM LICHIT T, L TW L FT#E
WTHhs, 4 270FA5 -V UAELLERT L0 THb

&, MRS X CHEBIRAIZED A » 7 SBEHEREET

Download service for the GTSJ member of ID, via 3.135.183.171, 2024/072&8 —



103 BEAHZZ—E¥4E Vol. 29 No. 2 2001.3 @@@@

GP 1000-COPRA 2—Y =32 V—Ya vy VAT A

582 S S

HATTORI Gakumei

F—J—=F 1MW 7 5 RE&ENERMI-V AL —Ya v
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GP 1000 & kb L 72 GP 1000-COPRA O£k % &

1R T .

Download service for the GTSJ Mmember of ID , via 3.135.183.171, 202#70#98—



104 GP1000-COPRA O—Y L —Y 3> Y RF7 4

#F1 HARY—VY OB

HAY—E GP1000 GP1000—-COP
RA
EL VIR T S L 2 B w2 B
y—Er it 4 B il 4 B¢
PRBES HmThig, FRE BERILELTIRE
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LCEAERDE, ZORSLBREHBNICH R ¥ —
Y EAT 2 EEE4T 9

ZOELIEABH R Y — Y v LHEBRIER A 5 2 /4
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TR CERR L 7278, THIIHEMN EFAITETFRE

sS4y 20014F 1 A 12 0
ZHETEH BRI
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