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HISTORY OF USING COAL FOR FUEL FOR THE GAS TURBINE

BY

R, TOM SAWYER

INTRODUCTION

First I will give a brief
history of the open cycle gas turbine using
coal for fuel, Then the main part of this
paper will give the history of the very
efficient closed cycle gas turbine using
coal,

OPEN CYCLE GAS TURBINE

The first device which would
be recognized as a gas turbine was built in
Egypt by Hero of Alexandria in 130 B.C. If
coal had been available to him, he could
certainly have used it to heat the air
which drove his turbine wheel, The first
record of the award of a patent on a gas
turbine was made to John Barber in England
in 1791. A few years later, 1808, another
gas turbine patent was awarded in England
tn John Dumbell, who proposed to burn coal
on a horizontal grate and to send the
combustion products upward through a large
cylinder, to cause the slow revolution of a
large air turbine,

In 1945, the Locomotive
Development Committee was formed as a part
of Bituminous Coal Research, Inc, Its
objective was to produce a coal-burning
locomotive which could compete with the
Diesel, which was then beginning to emerge
as king of the rails, John I. Yellott, then
Director of the Institute of Gas Technology
in Chicago, became the Director of Research
of LDC, and he proposed the use of the open
cycle gas turbine, with direct combustion
of pulverized coal, as the means of accom=-
plishing the objective of the Committee.

The first small-scale tests
were conducted in September,1945, at the
John Hopkins University in Baltimore, and
these resulted in the operation of a war
surplus turbosupercharger with pulverized
coal as its fuel, The program then progres-
sed through atmospheric pressure,full-scale
tests of combustion, coal delivery and fly=-
ash removal systems at the Northrop Aircraft
facility, then located at theKaiser Steel
Works in Fontana, Calif. Full-scale opera-
tion began at the Dunkirk Works of the
American Locomotive Co., where a Houdry
process gas turbine, built by Allis Chal-
mers, was installed, with one of its two
combustors burning oil and the other burning

coal, It proved to be possible to run the
unit on coal alone, and so the Committee
authorized the purchase of a 4500 H.P. gas
turbine, built to locomotive dimensions,
from Allis Chalmers,

This unit was installed at
Dunkirk in 1950, and testing proceeded for
approximately six years. It was found that
most of the problems involved in the direct
combustion of pulverized coal at pressures
of 5 to 6 atmospheres could be solved, but
the most critical problem of all was the
removal of the flyash from the combustion
products to an extent sufficient to guaran-
tee the long life of the turbine blades,
This was not accomplished, and in 1957 the
project was discontinued, and the remaining
equipment was moved to the Bureau of Mines
Laboratory at Morgantown, West Virginia,

I was with the American Loco-
motive Co. until 1956 and fully agreed with
John Yellott. It is of interest to know the
only organization that greatly improved the
burning of powdered coal in an open cycle
gas turbine at that time was the Australian
Dept. of Supplys Aeronautical Research Lab.
in Melbourne Australia, The capacity of their
turbine was about 600 H.P., and a large
cyclone separator was used to remove the
products of combustion from the hot air
stream,

They rebuilt the turbine
adding one more row of blades to slow up
the coal particals so they would not badly
erode the blades, and yet obtained the same
rating of 600 H.P. It was successful when
burning brown cocal which Australia has a
has a lot of. I saw this testing and re-
designed in 19€9 and it was completed about
1970, and was handled by Tom Keeble, Supt.
of the Mechanical Engineering Div, When
other types of coal were used the results
were not quite as successful but not bad
like the project at Dunkirk, N. Y.

Turbine AGT-5 Fueled by Powdered Coal
By A. H. BELL

General Motors has demonstr=-
ated an AGT-5 experimental gas turbine
fueled by powdered coal. Installed in a
production vehicle, the G.M. Engineering
Staff has shown for the first time that
powdered coal can power a passenger car,
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The combustion of powdered
coal offers the maximum utilization of the
energy in coal, Both very mechanically
cleaned and solvent-refined powdered coal
retain more than 80% of the energy initially
present in the mined coal. This compares
with about 55% for liquid fuels derived
from coal, This, and the abundance of coal
in the U.S.A., led G.M. engineers to inves-
tigate the possibility of a powdered coal
turbine as an alternate internal combustion
engine of the future.

G.M.'s latest experimental
gas turbine is comparable in output to a
small V-8, yet weighs considerably less.
The AGT-5 is equipped with an on-board com-
puter to control combustion, and its fuel
economy is nearly equal to a small gasoline
V-8. G.M. research and development of the
gas turbine began more than 30 years ago.
The combustion system of the AGT-5 consists
of a turbine burner, a fuel injection
nozzle and ignition system, A liquid fuel
pilot, ignited by an electrical spark,
ignites the powder as it enters the burner,

The finely-powdered coal is
stored in a fuel tank in the engine compart
ment above the right frount wheel, A meter-
ing fuel pump, aided by an engine-driven
air compressor, transports the powder in a
steady stream from the tank to the gas
turbine. Mechanical vibrators in the fuel
tank assure the smooth controlled flow of
powdered coal to the gas turbine, In con=-

W - R

clusion it is nice to report that the driver
and passengers experience no noticeable
difference in the AGT-5 fueled by powdered
coal versus liquid fuel.

CLOSED CYCLE GAS TURBINE

To make the gas turbine compl-
etely more successful and efficient burning
any type of coal we should use the closed
cycle gas turbine because it is basically a
combined cycle type of turbine, The hot gas
coming out of the turbine produces steam
and hot water as this hot gas must be cool-
ed down to go back into the compressor.

In Europe the closed cycle gas
turbine is often refered to as the " AK
SYSTEM ", A refers to Prof. Ackeret and K
refers to Dr., Keller, the 2 inventors of
the closed cycle gas turbine and both are
in Zurich, Switzerland and now retired, The
first unit was built by Escher Wyss in 1939
and operated at their factory driving a
2000 KW generator., Dr. Keller was with
Escher Wyss Engineering Works in Zurich as
Director of Research & Development which
included the closed cycle AK gas turbine,

Much of this early information
has been obtained from that I started in
1960, Gas Turbine International magazine,
In the July=-Aug.1960 issue it gives a list
of the companies building gas turbines and
this includes the AXK units in Table 1, all
licensed by Escher Wyss.

TABLE 1
Manufac turer Total
Built Horsepower
EW Escher Wyss, Zurich 2 35,?00
FD  PFuji Denki, Tokyo, Japan 2 20,490
GHH Gutenhoffnungsh Hutte, Sterkrade, Germany 4 41,890
JB  John Brown, Clydebank, Scotland 2 5,630
MS Mitsui Shipbuilding Co., Japan 1 10,000
Total —+ 113,710
Table 2 Main Data on Industrial Solid-Fuel-Fired Closed-Cycle Gas-Turbine Plants
Ravensburg, Coburg, Oberhausen, Moscow,  Altnabreac, Rothes,
W. Germany W. Germany W. Germany Russia Scotland Scotland
Built by ... EW/GHH GHH GHH/EW EW JB JB
Purpose E+H E+H E+H E+H E E
Output, kw 2300 6600 13,750 10,000 2000 2000
Fuel, coal Bitum. Bitum, Bitum. Brown Peat Slurry
Lower heating value, Btu per [b 13,500 12,400 13,100 4500 5200 5900
Turbine-inlet temperature, deg F ... 1220 1255 1290 1255 1220 1220
Turbine-inlet pressure, psig .......... "370 355 435 400 405 405
Heat production, normal, Btu per hr 7 x 10¢ 26 x 10* 65 x 10¢ ven
Heat production, maximum, Btu per hr .. 12 x 10 55 x 10* 85 x 10° 32 x 10¢ ves
Air heater tube dimensions, in. ........... 1.3 x 4 1.3 x.13 1.3 x .11 1.6 x .16 s x 0.1 1Ws x 0.1
Number of combustion chamber tubes i36 320 2 x 240 320 160 160
Combustion-chamber diameter, §t ................ .7 15.2 2 x 14.1 17.7 9.9 9.9

E=Electricity, H—=Heat, EW=Escher Wyss, JB=John Brown, GHH=Gutehoffnungshutte.

Gas Turbine, July-August, 1961 28§

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

Table 2 was published a year
later., It is of interest to see what heat
is produced, The 2 turbines in Scotland do
not show any heat, yet when they cooled the
exhaust of the turbine they may not have
used that heat which could drive a steam
turbine at least a third of the size of the
gas turbine, The other 4 plants have a very
good efficiency, the Oberhausen is the best.
Years ago I inspected the Oberhausen plant,
It was built by a steel plant across the
street from a large row of employees apart-
ment buildings and they were heated and
airconditioned by this plant the full year,
I asked the man at the switch board what
the efficiency was., He read several meters,
then used his sliderule and then said "80%!
This means the electric power % was normal,
the large excess over this was due to the
advantage of a large nomber of heat exchan-
gers which did just what the steel co.
wanted.

FIGURE 1

A wheelbarrow is located
under #1 to take the ashes every 12 hours,
#2 is where the powdered coal is blown in,
#3 is shaped like a boiler with tubes full
of air all around the inside,This is where
the coal burns and with air in the tubes
there is nothing to chill the flame so all
the coal burns up and the ashes is just
that which will not burn. Then the hot air
from##3 moves into #4 which is the section
loaded full with heatexchangers, #5 is the
outlet of the hot air going to the turbine,
The hot air from #4 goes up the stack and
I watched the top of the smoke stack for at
least 20 minutes and did not see any smoke
or any particles of ash come out the top of
the smoke stack, It is important that those
with me agreed as to what I did not see out
of the smoke stack, Dr, Curt Keller was ther
as he took me to Oberhausen, Mr. Deuster was
head of the power stations at Oberhausen and
also there was Mr Holzapfel of GHH who is
active in this field,

ﬂ

Wt e m

The Nov,-Dec, 1960 issue of
Gas Turbine International has an interesting
article on a small 400 KW nuclear gas cooled
reactor package with a closed cycle gas
turbine for the U.S, Army. Even though this
closed cycle small plant was built to
operate a portable reactor it could just as
well be a portable power unit burning coal.
This unit was tested in 1961 & 1962 at the
National Testing Station in Idaho and the
test proved very satisfactory.

In 1963 I inspected the first
and only closed cycle gas turbine (CCGT)
in the U,S.A. that was not a real small one
but rated 1500 H. P. and used helium as the
working gas. This was a cryogenic refrigera-
tion plant designed and built by James K.
La Fleur, then President of The La Fleur
Cryogenics Corp. at that time located at
Gardena, California. This plant did not
burn coal but was the only CCGT industrial
plant in the U,S.A.

It takes atleast 50 years to
get a new project in the U.S.A. to really
move fast, For example in 1955 I saw an
experimental nuclear fusion energy plant
and it is now predicted to be in commercial
service after the year 2000, The building
of nuclear atomic fishion plants are now
moving well in various countries but not in
the U.S.A. Any way let the U.S.A, take its
time to do a better job as several other
countries are now experimenting with a
better job, one is using a helium cooled
reactor with the CCGT which is more effici-
ent and more simplified than steam power,

Mr., Carey Kinney of the Dept.
of Energy had a little pamphlet published
that told about the CCGT. One table shows
it has 10 advantages, including burning coal
while the open cycle gas turbine and the
steam turbine and the diesel each have only
4 advantages listed. This includes the
following advantages of the CCGT in Co-
Generation: High Part-Load Efficiency.

Efficient Fuel Utilization.

Reduced Environmental Impact.

Modular, small-scale Design.

High Efficiency over a Wide Range of

Power-to-Heat Ratio,

Turbine & Compressor Isolated from Combus-
tion Products & Environmental
Contamination.

Theseabove advantages are fine yet the
experience in the U.S.A. has been limited to
small-scale experimental units,

The Railway Age, July 13, 1981
stated "The first engine to be used with
the coal-fired combustor will probably be a
steam engine, then at some later date, a
closed-cycle gas turbine", It also showed
a table of 14 Engines by Life-=Cycle Costs
and the closed cycle gas turbine burning
coal was the cheapest,

It is wonderful to have the
RAILWAY AGE make such a true statement,
and I have been taking it for over 50 years,
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2 Flow Path Diagram Showing Salient Parameters for Nuclear CCGT Plant
(HTGR-GT)
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BLAST GAS PRODUCED
KINDS OF FUEL METHANE FURNACE BY OIL
GAS GASIFICATION
CALORIFIC VALUE K]J/kg 50000 3,278 4,198
(Kcal /kg) (11960) (783)] (1002)
GAS CONSTANT J/kg°K 5182 2937 338.7
GAS TEMPERATURE AHEAD OF
COMBUSTION CHAMBER TC 250 250 250
AIR TEMPERATURE AHEAD OF
COMBUSTION CHAMBER C 325 325 325
EXHAUST—-GAS TEMP BEHIND
COMBUSTION CHAMBER TC 1,000 1,000 1,000
STOICHIOMETRIC AIR WEIGHT/
GAS (2=1)kg /kg 1734 082 1.09
PER 100kg /sec EXHAUST GAS:
QUANTITY OF FUEL GAS Kkg/sec 160 2446 19.04
QUANTITY OF AIR at 2=1, kg/sec 2776 2019 20.79
TOTAL QUANTITY IN COMBUSTION
SPACE at 2=1 kg /sec 2936 4465 39.83
ADIABATIC COMBUSTION TEMPERA- | about about about
TURE at 2=1 C 2,160 1,670 1,830
GAS VOLUME IN COMBUSTION
SPACE % 100 98 114
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%11 Corrosion of three materials A, B, and C in
4 steelworks with different amounts of dust
Blast —furnace gas .
A B C
Steelworks Test temp. Dust content, L b rosion | /
deg C mgr /N oss by cor n in mm/yr
I 750 (1380 deg F) . .- 0.31 0.4 6
m 750(1380degF) ¢ 5o ve 0.066 0.08 3
v 750 (1380 deg F) . 0.046
I 750 (1380 deg F) 3 0.0 3 0.055 0.146
1) 750 (1380 deg F ) 10 — 15 0.088 0.138 0.308
#z12 BEEUCAZEDORH
. s - fill 5£ AI RE AL 12 iR 18 | SR .
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%14 Land fill gas coprosive

elements

( Puente Hills —1981 )
Methylene chloride 102 ppm
Dichloro ethane 27
Dichloro ethylene 32
Dichloro methane 80
Trichloro ethylene 35
Tetrachloro ethylene 23
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#15 OPERATION TIME, DOWN TIMES AND OVERHAULS
HOUR OF |HOUR OF DOWN TIME AVAILABILITY
SERVICE OPERA TURBINE| RELATED

YEAR

PER YEAR TION| FORCED| OVER OTHER HRS p
ToTAL | TOTAL |OYEACE|HAULS | b e asons

1959 5872 3356 46 1272 698 4554 77.6
1960 8784 8098 195" 120 371 8469 | 96.4
1961 8760 6134 792 764 1070 7204 82.2
1962 8760 7499 23 746 492 7991 91.2
1963 8760 6782 281 — 1697 8479 96.8
1964 8784 7815 3 679 287 8102 92.2
1965 8760 7689 24 694 353 8042 91.8
1966 8760 7415 4 826 515 7930 90.5
1967 8760 6196 21 977 1566 7762 88.6
1968 8784 7604 110 610 460 8064 91.8
1969 8760 7489 4 936 331 7820 89.3
1970 8760 7563 12 728 457 8020 91.6
1971 8760 7717 4 734 305 8022 91.6
1972 8784 78717 6 700 201 8078 92.0
1973 8760 8223 2 385 150 8373 95.6
1974 8760 7488 10 952 310 7798 89.0
1975 8760 6510 25 893 1332 7842 89.5
1976 8784 6270 6312 699 1164 7434 84.6
1977 8760 50609 307% 755 2629 7698 | 87.9
TOTAL | 163,672 133,294 2500 13,470 14,388 | 147,682 | 90.2

1) RE-BLADING OF THE BLAST COMPRESSOR.
2) REPAIR OF GEAR ON
3) REPAIR ON GENERATOR.

#* 16

ATR COMPRESSOR.

RELATIONSHIP BETWEEN REBLADING OF THE FIRST

ROW OF A GAS—TURBINE BURNING BLAST-FURNACE
GAS, AND CORROSION RATE

1. LOSS BY CORROSION IN mm/ year
(IN REFERENCE TO ONE SIDE OF THE AREA)
2. LOSS BY CORROSION REFERRED TO BOTH SIDES OF
THE TRAILING EDGE mm/year
3. LIFE OF THE FIRST ROW OF BLADING WHEN TRAILING
EDGE HAS AN INITIAL THICKNESS OF 0.3 mm
4, LIFE OF THE FIRST ROW OF BLADING WHEN TRAILING
EDGE HAS AN INITIAL THICKNESS OF 1.2 mm

0.3
0.6

Vayr

0.2

0.4

Yoyr

~1Vayr ~2%yr

0.1

0.2

lyr

~5Yeyr
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0 500 1,000 1,500 2,000 (Hrs)

1~2 Blast furnace gas, 3mgr/Nn’ dust contact

3~4 Blast furnace gas, 9mgr./Nn’ dust contact
720C gas temperature

Power loss due to deposits

30

in gas turbine units

Profile a = new, trailing edge 0.3mn thick

Profile b = corroded, trailing edge razor—sharp

Profile ¢ = part of trailing edge ragged, cracks
and breakage due to thermal shock

B 31 Sketch showing blade
profile when new and

when corroded
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(0 Tohnson. R. H. GER—2486E Emission
Performance of Industrial Gas Tur-
bine P. 10 1978

19 Farrell R.A. GER—3092
Alternate Gaseous Fuels P, 6 1987

19 Lerchegger. V Experience with Gas
turbines Fired with Blast—furnace
Gas of Low Calorific Value at the
Steel works Plant CIMAC 1979
GTS5 P. b

@ Konig F. K. Operational Experience
With a 15 MW Gas Turbine Generator
in an Iron and Steel Works KSME
60—GTP—16 P. 7

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



NG

1. XANE
EXERARS -3, AREEGE LD,
BT S, Jit, BICE 3 LEMHOBREHC
BLS5R%E, BRO—D2ELTVEY, EHo
MABEEEREERIICABLTA 5L, K1
OMEFER LT, EHIMREHER OHIEHEN

NS OEDRSG} B,

EHEMBAE (7.9%)

7R IRE
(188%)

2R RU
BATHRE
(488%)

EEHRET XY —-E >

HYB/EFrHY TS 28 B B IE

DM E L TR, EEMEHORESEE L
TERERETH D, RIPEGER (X~ XQ0E
BR)ICKD ZORVBRETEX DL, HEk
DHREY = EmD, NEED DOHEIHITED
BRI HIC, FELTe—7ARAEL T
Hxh, FRELT, REBOLZOH R RUEAT
THREIDSER SN TR LD EZEZL SN 5,

Bk, EEMREICHESHSy —ErBOFE
BAEXE, BEKAZhD 0 UAE, LRI
BRI NS REHBLIRE, BRI XS BIIRE
b L2HD, TNOBHRY —E VY ~OEEG MR
BORAABOE TREFDERE 673 -TW 5
THA Do

L LEAS, BEDHZRY —EYHEDRA
BILRUVEEGY 1 7 VEDH N £ ST EGERD
mlicky, BEEOHELSATS, X—2HH
ERSAREE LD, FHEBREEICRET 2 ELBH
WHMES, BIRRLTOWIER»SRT, &
BihREEA 2 4 — € v OHRIZ, SHR2EICHEK
LT dDEEZ LN,

ARG TR, DUITBTmsE & ook cE

X 1. BEEZIL RS - AAAERE BREHC TS S Bl B RRE O BIR A Bi8A L,
#1. ARy -/ HBREMER &SRR
; H B ; y
H H Bfir B W E W HEWMER EORBER B KA
5.0 ~ 100 ~ [ EWmERCHESED, R
Ho B Siygep| 20 ~40 20.0 1800 | KITEB AL T In
mEpk | w8 6| 02 gs~s0|2 ~ 10| MEFERCLVERE | AHRESRS
a . ] CAhH WL,
o 5| EE $| - (K E|K& | mgeD2 A | m
a 0.1~ - _ Na, K, V £LEEALTERB | Na, K, V iR TH
W S| EE % 1o | 02~3 05~ 5 %Oﬁﬂtmé = &%w e
! g2 Ay 7, RS EBREUEHG | 74108, 27 V¥
KE D ER S| - 01~ 2|01 ~ 2| g S mRe s | RO RRDE
& |Na+K | EEppm | 0~05 | 1~ 50 | 1~200 gﬁ%"t/goﬁ
& a - = DEE &7 B, Si Fn, F—¢€
- V | Efppm | 0~01 | 01~50 | 5~ 400 | REER S /%oﬁﬁﬂ
#| Pb | HEpom | 0~05 |0~ 1|0~ 25 igiﬁ@? F-€
(Bfs84E10A24B8EREM)

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



agTsSJd 11-43 1983

BBICRIHBRBED R ¥ — & v DEEFERE E—F %
BNATEEE LI,
2. EFEHAMOMK LEMPRAS

F1@I AR —E/ABRBEOSBROORT

BEELSRMOEREH RSB L, &, JHEib
MUOBEMORKRAYEBEZRL, BICEEMER
FOBE RN HREMNFTL LI b DT H 5,
- BHEBOSEE, SERERE~NOM/EERIC OV
T3, MhOMRBERM & L NTRICK S ER I E
WS, AR —E/EHEEORMEELTE, #Ehh
hicg¥nsNa, K, V, Pb LogEiciki
£39 - YRAOEBRBENHD, TOEVHIT
KR 2 D ICEINBIRST I DREPE SN TR
EESTHERE TR,

LAFic AR 4 — €/ RIKRGBEEE X Y R 7
LICDWVWT, MR EMNRORRETAT 5,
3. HRY—E/AFEDEHHWIER

3.1 #MBEss  EEMMBECKDRAET B EIK
SHEANDOIESRGERRHRETH 5, XREL
T, BNEZFD bDOEIERET 2 HiEL, Bt
FEHOBHMRAA LSH L HkEDBH B0, B
WiZZDOHMELHRA SN T BIBENE L,

AZEOBGRIMARE LT, ROZESET SN
Bo

1) BEEBEHZESEEZEAL, HMEOBAL
%5,

2) BREBANDEIDORAREE LT, BEE
BROREMERLEESEE, (BL, BEDOZEL
OFATBREEME A BIS Y, RRRBORKELEFER
TEBRNED B, )

3 BMERELZREL, RERFAEEERKT 5,
(BLRBEMNKRTHLH, HARVICHT), B3
ROET%E2b75F, )

BEICOVTIE, BADOGLEHROKEIN
REESRDBIRINTED, K220 —Fl%RT,
RERMIT, MREESRREICHOTI DAL ER,
KD & 9 ICER S TEIRABEIED, RAZE
K[DERHEKNIC L D RBERDGE LR 5 HHETH
208, FARMC, -G RSGEH O RAKRT
)0 ABDKRIFBICEIE N HFEAEL, DR
D BN E WD RIHESH D, 2oy PRE
HMARXHBRFR S N, KBEIESITREESREICH
I onBHDORL D BMBESRNEIITHEAL, A

it « At

WEZE SR W—sx—=k=R
—_— —_—— ——
T
_J J
HHER 2oy b REHHR

K2 MEESSHLIRO%E

KHRF NI Lo WMLV BENDOHMAEZEZ S
T, BEESREASEH LD BBMBERNIICA
505, COARTRBABEIROR S RUREG
HBENDOH DS, BRICRETEX DT, ERD
W= NRLT N, BB KRR EEE ZH 200C
BEEBRTEXEEDNTL S,

3.2 4—-EVE B Na, KEOT
WA ERICEPEET 5, BRELAREICTS &
HAELT, mBETCTERROGMELEL, can
g — b YRRHICHE L CTEROBR{LELHEL,
BEEMCHEEEESE0DW S HERBER
SMEL B, Cnidd - rBROAKSLT, H
R 5 — & Y EMERDEREMED R TERIEEIMNT
R CTH %, (V, PbbRAIUL MEREDRHEE
1$5, )

SERBAMEER, K3WicRTXdic, BRENH

180
160
140 +
120 +
flOO -

s

o 80
R

1 | | 1 1 1
0.5 1.0 1.5 2.0 25 3.0

B MFORELRTRE (ppm)

54 3. %é&ﬁ%%ﬁwﬁﬁﬁﬁ%ﬁﬁi%§®
2

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

FOEELBILRBICLD K EEINE LD
IRTRENTDY, Bld 2 REHmaTLLER DS,
BRTRROER, HEETHRTHEY, 48
YRoMAaR LE2BELLRERI T4 v 7
BiioBFE GEATE Y, 1$kiE, BEHhF]0LE
ANBEE LBV RS —EyBERALEN S A§E
Hdbt+aicbsd EBbNnb,

K4ix, 2—7 1 7 BN DOHEEREDO—F %

=T 4 v IR

}
T T T
1970 1975 1980 1985 1990

£ M1 E R

K4 s—EcrBa—F4 v IEilOHE

ERLEH & HF M EDOBFRTRLILODTH S5,

BERHAIRPOBREEEDFNVT 5 XA
EHRANBITLTOARETHD, 0Tkt S

B mw

W - BB

w7 a—F4 YIBERLIN, BKRIICE,
Bzob600®7 Iy 7N D EEZ O
%o

4. EEHBHBEOATLA .

Kb5ic, B RS — v HEEHE
BBEEYRTFLO—FlRRd,

Ky 27 LD0EMUERE, #REPOE
EE&BIUUROAMEIC S 5 45, MEHH O ME,
SEEEY, KESOKRE, S, CEicks
PR DOBRMREICOVT H+EEEILD
NBHH 5,

4.1 HH@MY VY Rk, ZANY V7,
BRI RER DI D DR Y v 7 RURE Y
YO ERETIONED 51203, BFEIZBRERiL
BN DR EicEiWEER s v 7 BiC il s v
JFEFTHELAABROLNLL I > TERTH 3B,

&y vy B OV TIi}, BEEY, KESDEE
AEELTCIo—F 4 YIY 2 v s vy EREEH
TEMENHD, BEREEDOESWEBDIBEIC
d, 7T 4 -7 ERETEENLEEL
Vo

4.2 MHMNEEE - rEOSER
AEBHMZ B1200ci3, BEHhhDNa, K, V,
Pb MG AU BN HIMENETND ERBILHR
Kxtg UM ARDHKRETEDBE, K20
oKt 5,

FALEVY __.Q

HHEM

RAZY

B

N
N

M5 #HRy—ErHEHBREEXY T L

VicoWnWTid, it Th 20T, HEERER
W TH3h MgariRmd 2Ficky, §ERV
@mwmﬁﬁékﬁéﬁ,%mﬁx¢¢f@%

(RIbs ¥ 2%k, BRAENEZZELIET
SELENTE D, REDHATE, EICSIZH
meds&icky, ROBRNDFENNBHE S &

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

x2 BGEFLBERLESLK

W& D

)i Sl
HhrAtE D Mg SO 4B Mg :
RS Mg V=3 : 1 DE|E CEHM.

Vol Gt | BN | Si R uR in s L) B
ERB EEHbN T2,

BUIR, SR RET 5

Py | B (Mg ﬁt“if‘bm{’lb 3 % R
> g Hwmc L b,
GBI | BRI | g 13k 2 Bt C s
5o
Na | B PRBHIET, KA < (2A
2 ¢V D) LT, #d @ Na, K KA

B (LD, WROSHERT
55\:‘ (H;at';) 596
BRI

Eb0TEY, Mg—SiRORMAlIGEEIN T
Wb,

Pbiz2W\WTid, BENE T A, BEWISHRES
EBRHENTES T, BEhmhoEE &%
5 LMD, Mg, Si HmD, bHLEERR
THHEVIPED 5,

Na, Kig2W\WTCid, Z0H/kiE%EFH L ThRZE
T AEMNARETHD, MmkIHOFEE LT, &
DAERC RO EER A IC L ZEES

REBEMEENTV S
mE DB %, HEORETXA LD BT
LHtcbDD, £3THb,

#3 HLSEHLIXORR

& Br A I3
1. BEELERES (5~20 |1. ABHBFLHETHDOTE
oTRE) GiEEtaBENCH LT

2. #EEoSE, BENEN | ©PFH D

B/ IO TREEEN |20 ABEOAEXTLS
P THEL. B, EROHFHEBORE
3, BLOBBOEEHLT | HLE

Tl VEBLENAES (3 #oT, MRHCIEFE
4. MBS HVANBEYR | HRAS F 0 HTEALV.
Vo 4. 27, VREORDDS
5 kR OKSERDO | RERILE, (HL, &
BBt FEB T E M ESPHAAEILR S
6. MA~ORE ST Lo, THRTWB, )

B -

fEamric i, HRTRABEO NI IIEER
m$ BIC3RLODES R EE L T BRI
ZAM, KEBRRLDEESERILINTERTL
5 ERUEETRESELE, BRREEOKRNISES
Lo HRY -V EHDEHRFIT, £ DFRIC
SHE LB A HAEEET S &, fFRIBLODEES
DBEHREEDZDTRISVHLEEZON S,

4.3 MREE  REVHOEERMENUONa, K
DEEIRE LD, WEOH R4 —E 7 FRE
ELTIE, ¥EA10~20 cst UTFitig>ENE
F LW, ZOdiTid, FilTIEH50~100T,
Bl TIH 80 ~ 1 50C TR iRkl A kg 5 LB
HHy, MmEGEE L TER, BAXEEREHL
mEGEELSHO SN TS, BESMBAEE LA
W AGEICE, MASEmERE S LR URILyHs
HER LWL D BENEEABIEICRET 5 B0
WWEETH 5,

4.4 @EEY, KOS AR5 R
EHMBHEITIE, RERY 7, BESERES, HEH
HEBLEDORERBNEBINTVEY, TS
BEEhRicEE N5 EEY, KaARUS, CIED
HEXLROKEDFESITLD, BFAR, BESE
DEEEZETHAEEHEELTED, ThoFE
B A BiIcEUCEGmRcB VL TE, EEY,
IKGFDBEIIFFICEREL 12 5,

Byt L Tid, ST 40y, R ML —F,
KSGICHL TR a7 vy y—=pm—fiIcHS NS
B3, mhicEENg o v 3O HEE LT OIREE
TEAT 2L, ERficaySicksEHOED%E
HUBEER 2 E18H 5,

AR DB EERS, BEEY, KaDDBERES
b, EHICTCNTEY, THICEEBESNG 7 4
NE, a7 by HHOABEAELL BT SEN
TX3, INbBRLAEESRXDOFNRND—DTH 5B,

4.5 ), FLABE HHLHoSVWEER
MBRELDSE I, EibdicREDICHEB T 58
Kk B LA 1k K& Uke8hy 0 & K itkE) Lo fcbic,
FoE K P LR i AT 2 3 5 DB —iRI T
Hbo

ERMEOFVEmMOEGEICS, Eikdicy — &
YERICERME A ZADBRE LBREEC IERE
T 5700, [EREOXEETTIE D BHH 5,

Download service for the GTSJ Member of ID , via 216.73.216.204, 2025/67—/0&.7 -



GTSJ 11-43 1983

5. RTFRMR

HRY - /DEBRKRE, MEeds% i L
Toistas R, MRBES, & —EVEEXRE T 5
7 —E YRR, HEICEMR, BEEE ST LK
RIRICKBIESNED, 0o ROBIRE, B
ERICEERSHE Lic bDD—FlE 4 TH 5,

&4 HRY - rEREBRER ST )

RIROBER | A (B AT 1 | E H b
TRBESS FR 2.5 2 1
H—EVEIR 5 4 2
2R M|10~15| 8~I12 4 ~6
§—- Bk ARE 8~12 [0.2~1

FEMREHT 2 Dt L, RIRREIR R il
HSKESTHIC R 75 5 Fid Bk EE, fhehicth
NTHEFEPEATEEBICH DT, FHEH]
HOCNEEEEL TREFMML TEL LELDH
%

R F B D AR B 25 AR A PR 12, Rk
MRz & 0 K& E LT 545, —RRICiF 2,500 ~
5,000 FEIFEE Th b, EFEERICII K S8 E
gL, EBicid, LAY — v kAR
EIRDBENLE,

Bk, MREEHO VR E LT, MgAERN
L7354, BREsRRE cAR LicMg 2 EkTEd5
KBS, & —EvEpicftEL, §—CrDOH,
BHRLETIHEERNEE 5,

COMEE LT, ¥— € vaickXiz&SE
WX Skl d 3 HED, WbWwE s — VR
TH B, VEEDSVREEZERTHEICE
SIREITMg RIMBHSEALIKDAERE &% 1S
BDT, EARERRAEE L 13 EhERIC K E A
RizFEBEVBHLEDT, EBEEET b,

6P, FEEEER LIISe 0Kk
BERRO—Fl AR LIbDTH B0, KEBRICLD
HAEHERIRHSE L ORI SEBES 720,

Wt - R

A R R (B )

5000 10000

R

K6 - rRKEHR

6. IRIBEXIE"

MR BE IR 1 AL, BRSO A
IKEEN A5 SO0k, NOx, WV CANDXIETHA
Do

SOx KDWTE, MEHhdD S pERHEITX
DREBB—RIICRT D, WRBSHBEIGEIC
i3, RESEARETIHELE/LL0, NOJLDOD
T, TORERSBREEIRA TO RIS
BREBICIVKREEASINSGDTTFULH
HTHD, SHBOFRICFFOHILEZ WV,
NOy KRR & LTI B ~D K iz B K
BWHERCRMEBSEALEIN TV S,

RO CACDOTE, BERESICEIBREAR
BARBETIBLCEAHIN, HEFTTHDEIAHE
AR B L, AR —-—EVICHEG LK
BORKEBSEROFEENLS I,

1. EHBRBEHRY —-EDEEREEE

PlE, EEMBREN RS —E /icBd 5D
BURZSIA L TR, oo, B8RS
nFELT, B, hEsERicRE SN, &
B ARt TO B RMREE N R & — &/ REEMIC
DNT, FIMHEE & ERERO—HEBNT L H
E LT,

7.1 BiEEEE  AREHZRME, TIET
4 PRIFMAEEMEEL, EHHT4 1 MWD
N—ZABFAH R —C B S BIETICE
Bl 5Mwor— 7 BaHZRK25LD85
KEIHR S — €/ HBHRMETHD, RO KX
UL, R4 v F ¥ 7O HK BT HI5R
LHEBATOS, '

57 QR HBRHORIBEE £ R LT B,

AR OBBEE FAZHEER LT, -
2 EEHERIIBARBE L - TS0, ©— 7 8%
Bico0TR, RAREBENFERIGT 2120, &

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/%%04.



GTSJ 11-43 1983

Wt - mEat

# #
i T

Bl s v 7
B s 2

—

RPHI A S LR
RIS L BT
BRty 7 &
BRgs v 2
Fvv FE
FRthfE A v 72
SIMWH A - b
Mgz -5

AL FXYE

URREEENLRL

ISMWHRA S — v

R 7 4 2 B

ANigk7s -5
FrIvA
Rl
AL, FXFYE

Zdow

KEvo
KT
RFLAZ

Ees
O
®|® 0608|6060 6|60 ee s eeelo|z

M7 BN Ry — & /BRI

&5 JEHER & xR

Ml B A a5 -
H B | EHER
B | LY mmmnae - s am
; = 3 oy 1.7 & hn ol
f_ﬂi ERD . CTREES
Z1n 5 #|3%q [mangac-s-ne
€
7| % 9| gne -
4 , O~1 27V B HE7Z 4424
TIX % 7 68% |am )
Fj Na + K 0.5~3 [Na+K=<1ppm &7 % &
& a ppm |5 BEME DIV FHER
B| y | 7~9 [iatMgltAWiMg:
o ppm V=3 : 1 OEIG CTHRM
# B _
Po | xhy
J A v, FEEITRR RS D
o % oy
.. Pt—Cr—AlEE =2 —7 4
- v I A 1 BB B K
2E, EiIERARE B CREEIL
— BF 7 AL D BBk
& — € zgﬁfam%ﬁﬁﬁ&
FRE

BOREREAR Ny r— IR EIL 5T 5,
7.2 EaXE HHINETIETVIA
b REHROMIR & SRR AT LOIEDHE 5 TH

o

SRARIE, TDREAEDHRAEFTHS DT,

CCTRERERMOFEMTHLME 7LV F
B AN T I ED B,

FEHxNZEBBONa, K Sic20Tit, 52
Wr— 4 RHERE, B LCER, 1313 0.5~3ppm
DOEHFICEELTE D, HEM 1 ppm A TOHE
BIEDZNEMLS, WREHLPREEE A2 RE T A
vic, FilPD Na+KEEDS 1 ppm X 1254
i, BME 7V /P35 ERATEIEEL
120
M8Pic, 7L vy 2T ADHEIHEEL RS,

AlEEN/cNa + K BEICLOBBELR TV
HBRESN, COREETIKLD, BEHEED
WHARDIPH LT TV Y FH—E(3Kbb,
Na + K BE—E ) OflfinsiTbn s, Kl
27 LTI, EN—EHHE bHEBEL THEDT,
BEREDOEH L EDAELA->ThH, RHEES
M—EIFI D EVSHEEEEF LTV,

7.3 EEEEE X631, ERBBKFEHET
DEHRH—E/DEBERREE EDIEDTH
%o

E— 7 AL, MY ULE LAEHERIS
T B0, BB I N h N— 2 EEEHIE
REBIICABICHEN D, AROE—I7HELT
s KHICIE->TERTHA,

~N—R BT, BE45EE 1ATHED
EEREEIT-> T 505, BFEOFEMIT S HE
br, XFEOAFEHI3I HEER, 18FH, 18
EHRREVDOERIIIE > T 3,

DT BERFEOHRAZ, =3T3,

7.3.1 EexfEEtk

__.49.__

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

Wi« AR

e B Ez & EEE A
T RAISI i A5 5 @ @ @ 5 FMa (BEiggfe @42 3)
‘ D T O-—{plE nBEES PMc (R it (S 5)
i M CYEHIFvAL , 2 ™M | [—']
7 ; W oE s | — M §
FMc ~ FMd e
—_ ; —_ ! R RIS S S
; D N S P
IR i UV K FMd i FMd- P —Ixk -
Rl T &S FMd — FMc JEU B S 5
’ - ME R
(a} KR & PEBHE (b) R
X8 MEl7TLvr Ny X7 4
2=y MBS | EEHD 14 B2 3L FALE 54 | EiRREH(h) | EBEK
#1 15 MW of ----- Foi--F-d--J--d-- Fdf—-1-- L~ Jo- 9976 392
#2 15 MW of —f--deolfopo i p ol e 9361 137
#3° 41MW | o} o o oo 23910 152
#4 41 MW . o 22741 143
#5 41 MW o o o rl— | 20813 155
#6 41 MW . o o ~— | 21284 130
#7 41 MW o ol —lo o o— A | 18843 120
e UM, OMEES MRS 04— OV ARBE, 42 EAURIE
EERMYIE, REDEROFT e—sEESD fMEEEEEBEL
NZ T TDS, RB IS I R EE DR 3 s—-—ErgHR

HRBEIC & b o EREFEELE L TE
D, REOEREKRGEHE IS 9% 2ULE,
AR, BLTHEHCE SREEERL TV 3,

7.3.2 B ONa + Kk & 7V v RS
JRitth D Na + Ko O E@EE 1L, @ 0.5~2
ppm, % 10 ppm &JAEICZE/L L TV 3 53,
BIRD 7V 7 FHEIE Y R T 401, 20505 M
IKECBRLTEY, RFEERERZEZERL T
5o

7.3.3 ELAR

ERIIH 4,000 FrfETRBESS SR, 98,000 B
BTy — & AR, 16,000 B TEL®RE
KoTH0, HET TOEARBRIL, FHEIEK
BIiFTdH %,

1) #RHueds
ROEEBGHNREICY 59 7 DFEEL, <
oy FRISHARDOBHMEA T L, v — il
IC—8B, BEFEDHD, BTy — VB AEER L 12,

2) - UEHH

2~10mm DEIDFNEYH IO L T I3,
IKBERIT T, BIBERICHRETE L, $ 2,0008;
M OEER R, —EHORIRICT 7 v 7 DEHRD D,

#7 20,000 B fEl0 E8:C i, SRBADKBEIZE
"ontfi))’) 770

7.3.4 & —ErIKGkE
REHAERREE (9 4,000 Bef54E ) ICERBL 2.
IKEERRIT L 2 HAMIEDEISIE 9 0 LI LicE
LTBOIEEIRBIFCTH S,

8. HEMNE
EEMBREIA R 5 — E i3, LIS EEHRE
Z, @mOIRICTHEHE = A VF—ICEBLI S
kD b 2 [FENETH 5,
HEHRBEIC S S BT FERE & AR BR
ICDOWTHEEZTH L1205, KEBHOIT KD E
b, FEOBEMBREN R Y — EVADRBEED
LZFEHMOEBNETENTD B,

&% 3k

(1) 7R, PETROTECH, Vol. 2412 (85 4~
12), 1097

(2) Nishijima .

GT 7- 16
Faifs, HIZZ¥#, Vol. 6 348 (BB56—-8),49

~54

(3)

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.

T, GIMAC, GT 7(198 1),



iy

HRY —E R EGR RIS (CBB I AR

B (2 — R B TR ESERSDEE)

1. #

R =5 EFOHANR Y — & v ELEGR MRS I
BT, & EREIC—RIRBEGREL & RN B ]
BWAES. CORBTIIRITEICBVWTRAT—F
MHOD—REREBHFLDOBECK->T, &
ITHRTERILER AL DICERESNS, BEEX
7 -5 hoD—RESIL, BEDK, BEL, X
7 — Ik > TESNATERIRERT, £ DK%
DEEICHRFESN D o MBESUGIE, TOFIKRTIE
SEfEE T, BMREREEBEICR T ONIERIILELOEA
INBTELT, TLBBEEd. MIESOFE R
i3, TO—RREEAIEIC R 1T B BEDIRRBICK =
REAINEDT, TOMKICEET AHRITERE
Thbo

— IR BRI RHI D R BEIR RBIC R B A R T T /¥ T A
— 7 BRI ES Db, EXILLDBEAINSZE
b, TD—D2Th b, FiCc EmMIcERT bl
BRALE D DERIT IR OB EEICE BT
BDHTIEL, —IRBRBEGID IRBEIREEIC b E
2RIFT,

PEk, SARMRIREROESKEE ST ICEE L TE,
—IR - IR - ZIREQ[E RIS, R
H A DREECHK, BEENRIZ E~DER %R
ticig oY, GRS OB & R A
DOHEEF~TRD V1 lns 2, bl
T oDEIE, BRESOAERMREERIT L
DTHY, —RIBFBAIBRANDEL L 5 DZELRD
HROBICER LTV BDI TRV, $1, —
IRRBEFRIR D A ICFEE LT, & CICEGHICHRA

(BEF0575-11 H 25 BIRASEAT)

BRXEL b & &
B K B E B F 2
B K B B R B &
EAE L I 0O &
BOAE L (£ B =

T B EGROESIC L B BRBEE~DEEIC DN T
DR, VELBRESN TR,

EH O, 9CIC, EBKE - X - —kE
BHDRE 2 DREICBNT, BEALDEAIN
SRR, —IRBRIERIR O SBICE £ B
ICoW TS LY, AT, xU—5 hb0%
&L HDELRDOMB—EDRYET, €D
HERALAL S T —IRIRBEAIE O RBEIREA A ~,
EREORSFICONVWTZE DR AR UEE %
WET 5o

2. EREZEBRIUEREH
ekt LE-T, M1IRT LS
IChBEBRER A OERER TH 5,

secondary 100
air
i
axiat
air—> . o)1)
tuel o - ﬁ— 3 8
|. ]
tangential e —
air philbiotad z
366

X 1. F2ERECE T2

—RE[EEGA L DS (FEMIC k2
Q[UERESS) F, Muricfts s, AE, AESIN
%, —IRTERICIE, FROEBHRFEEREE CEE
OREA 5.2, BIROX 0 BEFRR~HAIE 72,

BRBERICER T O e B AL, —RBRERRIE A~
D _REL[DOHRDOAICEFEB T 572, &K EFRMA
D—HDHTHO, BHEHFF TR 2/D=0.8ICMfE%
8ENLTIEDOHELDZELA($13) & L. TD
LSO, K&, ALEIBAL T, —RBREE

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

Beaam3C

F1. EHENIA—F EFOMASDE
@7 i | BRI L ommy | el | kel | ERARDS | U R gy | el
Y RFTHE [Py Mo ke ) DOEHHEE | ERERS M
o ke | Uy m/s | Ma/My a1 ke/s | Ma2ks/s | yom/s | Myo/My | Mat/My S
64x107° 0 0 0 23.6
49 # 15x10°° 14 0.3 18.1
64x107° 4.7 236
43 7 21~ 23 0.5 15.7
38 2 32 0.7 13.9 Lo
43x10° 0 0 15.7 ’
_ 33~ 9.8%107° 9.2 0.3 12.1
43x107° 3.2 15.7
29 14 15 0.5 10.5
24 19 ~» 25 0.8 8.73

SRISIC 3 1 B RIEIC ZIRBESKUDBIENTIRATE 5
e L, B 2sZic LTRE Lo

kHC:, TERM 7 oY (97% CsHg) 5H
Wi, BB (FLE24, FLE 1, HEHA
90°) L OMEH L 72,

EENT A —5 EZDHMASDEEERLITRT,
BESEMke/s, M M./ My 2FEEL, 21
FNORMET—RELGICK T B “IREKBROEE
(DI, KR TR T DT EAESRERSY EFS)
Myo/ My %2 ATERR T DEZ T, EBEIT-1. &
B, BREFAREREE R, AOXBTOZESR
BABREEMERECBRLUIETH %,

3. EBRAEEKIVT—F DR

3.1 EBRAZE  BEEERcB O ABERIANAND
TIRZELOHANKILE B 5 I T B o i Y
EERRITAr bL—H ARV, ZIRZERDIC
BARTROD 3% D Ar (BN ArBE o) ZiBAL
A E, ArERMLEWESE LD, Zhdhd
BADBRBEEANOBE S 2 %, K& To—7 (A
Zlm) ZAOTHERL, AR7a=h77i1CXD
S L1z TOHZXMEDF—4 L0, AriRinic
X o THEBIcEIN L Ar B (SN ArigEg

C)EEIM L7, ZREKDEHRAPELFELX
HICHRBERIAICIEET % & LT, BfrD IRZESR
DO EAEC; /Co@® TRLI,

PRBEH 213, NE1mD X7 VRABIKEG 7T a —
FIEDERL, #2725 78L0{L%F
FAANOx AHrEt THIr L 7o

I 2 RE L, SEER 8T 720ty )
HE L - FfE0.3mD R BEN (Pt—Pt13%Rh)
IKEDRIEL A8, S HRHIEFRIT-oTOEN,

BREBEA R EE IR, KSE L —BilckdeE, &

EAHOREHRLDER L,
3.2 F—YDUNIE B4 gt e id, RErD
MR E, BrOBREN XML DEHESN
LZERBRILEDHTH S, 38, FTEEICONT
@, B EsmEs iz,

—IRIREEGRIR TR 2/D=2.0 1T BIRBENZF 7,
i3, B U7-RIERIC K Dk -FEWmEick it 5
HE, BEBLOHAMEKOEES DD HORER
Mmoo, COWMmA®ERT ABMEFZADT VI LE
MEAEH L, BAFRY 0 ORI AR S
OHELTRD 0o TDEZHT N AERDIIBS
HIEWHE & O FRANCE W T, BRERANFICS
Btk B Eh 3 BEICHOOTIR, BHTS
z &Lt B,

Wil 2/ D=2.0 @84 5 NOxD'E&EHK &I, Ai
R UTRIEREIC X O RO I EIRrEIC R 1 25E,
BEBLIUONOBESHDOERLIOBEH L. &
B, Kitc80Tid, #HERIRETRLT, X
TERRALTWVD,

I oDFEMIcd AEHMEE, FELUTHE
[, BEBIUOH RIS HORIEDKEZEICTKD
wRED, ZOBEEISBLUNERDLNS, LrL
WS, BNFTA-FILLBZTNETNDOEDEAL
DOEMAZ BT 5 Ed, +5ICaJiETHD, £
DEFEEGEVERDLN S,

4, EERER

4.1 ZREFDHRAKSR ZERRELST Ma2/
My %35 2 =5 & U Ic D ZIRE[ DR AR E
X 2 ITRd, (a)b)id, T NTNREKBM,=64X
10k /s, MBZRM,/ My =23.6 & M,=43x10°

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

Mq=64X10"3kgls Mg/Ms=23.6 S=1.0
n=8 AJA=05  Zh/D=0.8
040 800 40 80Q 40 80  C[/Cq %

: MaMa=03
¢ Ma1/M#=18.1

o LLLE r

40 800 40 800 40 80 C1/CO/

N .. Ma2Mai=05
Ma M=15.7

O 40 800 40 800 40 80  Ci/Co

—-0 — e o f— e —— e —
%0-2 .: .
0.4} ) o. + o
o d S * M1 /Ms=13.9
0.4 0.8 12 zD
Secondary Air
(@) M, =64X10°ke s, M,/ M, =236

Mq=43x109Ka/s Mo/M; =157 S=1.0
n=8 A /AF05  ZhD=0.8
40 800 40 800 O 8 CiCh %

-
-

[ 2 Ma2M=03
MaiMs=121

() 4 8 C/Co °h

3 & Ma2Mq =05
Mq1Mf=10~5
800 40 8 Ci/Co%

s . Ma2Ma1=0-8
e b+t Ma/Me=873
12 z/D

Secondary Air J

(b) M,=43x103%*ky s, M,/ M;{=157

X2 Arbhl—HIc X DRIEL K IRES
AR

kg/s M,/Ms=15TDHETH 5o HIER, —>
LALD 218 D BRIEE AR A SO (o

Eﬂ ) DI E EFRAI TSR ER DO 12X YT
»52/D=04, ZIRZEZFLNMEICE LW 2/D=08,
TRZESFH LD FHRAIO 2/D=1.21c BV TiT-7
—RZEGICHTT B _IRZBLGDRAEEH/PNE D
(My2/M1=0.3) &, RBRZESE (FBZERIL ) ORI

BeAfTam 3L

5(a),b)EbMAT S ZIRZESD BEETZAD T %
BEALBEBET —REBEAR T HRAHEN, T
FICBOTREES 2 IcHi# L, LD 2/D=04
FHEND ZIREZDDFTHEAE, BEAERLNIL D,
g&ﬁﬁﬁéﬁﬁwmﬂm@mmmon:&ﬁﬁ'
DSBREE N Z DFNAEBE T ZEEVHBETOT,

TIRELR DI IEERGT (<’ O AT A LR
~, o F R O I BREE RO AT A — IR RIS
FHRANRNTHL T EBbh b,

X 2(a) Dh DX (My2/Ma1 =0.5)D 2/D=0.4

Tid, D& D ZIRZESKFLOT RO S %8 D REE
mmﬁ%aﬂﬁﬁmgﬁé REK[HEARILE O
Hlick - TRd o COMBETIE, ZLRAZEDH
miCBT AHEMB(eH) EZIEE L Ci/Cofl &75
VD, TEBRFE AR T M E A —RE i ke
SBEAELTWAZ EBbh b,

DM A2 —TFIC L THRZESE M ke/sOBEE
L& BB EITIE, My D BT — R RAHESRIER
B AR AS O AWML RN 5 ERicxd 35

TRESOE@EE L, BREERAND K
ZELDMAR D, My DIENICHE-TIZITERHIC
#amnd % ©

DA —EiIc L TRZEMR M, / My DAHAEZ
fbEB1FEICS, ZIREKD —RRBERIEAD
BARRIIZED B, X 3 i3, BEG SR (2/
D=04, r/R=0)ITHBT B _IRZEZITHEIM LIz Ar
I & AHEHH 7S ArBEINE Ci/ Colc k- T, TEBRR

SHIHANND ZIRZELDRARZRT o
50
B J 1]
J40 sho
= n=8
() A2/A1=0.5
Zh/D=0.8
30 o f
\ z/D=0-4
20 3 r/R=0 ||
10 \ P
N
0 \ l I
0 10 20 30 40
) ) . Mai/M¢
0 10 20 30 40 50 60
Ma/M¢
X 3. fERERAE PRI TORE R M,/ My

ZIRZEZTRADHEE C/ Co EDBAFR

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/333



GTSJ 11-43 1983

i

C DRI DM 1T X B TEBRFRAAR AN O o
REGDOMARDE(E, —KELDHDED— e o83 |52
PRI SEIBIC 45 1) B BRI D1 TE & BER L T o pummng
WBEER DN —IMERRIRIC B B3I gs‘ éf
ISHSTEFICHT DN, SR 0 ERS &1 5 —K MR/ i
TR DRAE T, —RIBEFRIRICE U 2 IEBRR s Pl
SRR A R i, B R MR OO RARE 1 KR DSE <, s | ]
REH K DTAT 5 IREKDUIEN 20D Hilh LR
FEAVNE {150, BTSRRI D IR ZE G D 5| 4 "
ARBDIE 155 EfbN B BT, B sy o
SRicB 1 HIRED, —REMLOBERMEEL W foos 5
BCEICKVIETS 5L, —RIMEESICED 3 < =LA
EROMBEN 2 RESE D, BLALDFA Fame
5 T IREG DM 2 ~OEBEAK X 1D, iR N
ERRHHA D “REROTARIES 135 & Soeg
b, ¥ %ﬁ% "

PLED XS ie, BEIL D BEERNNTAS S = CQ#XQWO
~IRELD RIS~ D R AR, BES PRy ||
BOZL (RZEHRIE—T ) KX DED LD, B2 E seoeal [ po K0
BMHDOEIC LD KRESED B, £ TTRHEIDPS sgﬂﬁﬁgkﬁ g
3, REBRILDORIES 2 ZFICO0VT, FricHEH - Tpiﬁﬁ 1"

LT, ZLEESDEEARITT 5o 01557 0z 06 08/R1
4.2 LESEBRSOBRESENOEE

421 EOEME (M. My =23.6) DBHE K4, o/D=0.4IC 513 5 RS X CREMTH
FEBR IR O 122 rh REWT I F B /D= g?gﬁﬁ®§§§g§?mwmwxé%
0.41C 4513 B TS5 K R AR 13 7R DAD ¥ % S
KN4, BGRES Maz/Ma 5757 4 — 5 &
LT 41T7R T o Maz/ Mar B3HEINE SO0, #0KL e NI
B3 CaHs, [RISEARIARSY CHy KT8 Oy BT H3Y S L
Fo k7o, TIRELEZALIS (Maz/Mar=0)%  [Rameos  [eb o R
ICHART, ZIRESEBATSE, COBES X g Lq-
CBEEEL 1350 y /'“@Lﬁ
O & 5 15— U RASR O B BB D 78 S R 87 .T}K
STk BEALEN S hCE BobIclE, BT e ///7 \
R G L DIREDHISER BLENSD B0 K Ry A
§icis, LIROMEN AMUROREREDFH L1 o/ e Fppmiieeg |
D=041cBF3RIMRIL S DNHERT : \—
“RZEGAEBA LG (Mar/Ma1=0) 1T -o=5z] |
B IEERARIRA O BT 4 B RAIICE <, ¥ .
1R 4 Thh B X 5 I DL N TRERE, 0 02 04 06 08,9
BT A —FICL T A, “RESED
EVBER, BhoRIORT LS, —RERIL  ®s5 o/D=04ick0 2 BAY RS DT

Ma/Myi3MEL 755, COBE, RICTIRZESGDEA LYY Moo/ Ma T & 5508 (RS WIHE)

Download service for the GTSJ member of ID , via 216.73.216.204, 2@/%01_



GTSJ 11-43 1983

DS S, ERBHEEAIC BT 2FEAT Mg
SLIBWEERD, BEENAE LBELEES
IRREBICS 50T, BBESUSEIHR SN 5. PIAE
X 551D Myo/ My =0.5, My /My=15.7(X50D 0O
EICiEB LI EE, MyAZ A TMy=43%x10 kg
/s, Myo=0, Mo/ My=15.TD5: (Mg &My % O
FIEEEMFEE LREIEZA LB OSEME, X5
OB L3588, FREMSEBICHITYELIS
AL, EBREHEEAICEO TR, BEERISICS
BRBHERVPABRLTVWBELEERT D7D,
BREESO I ER L, "RBELEFTA(XRLT
W), L LEBRICE, mifficd~Nick i
Myo/MahKE 185 &, BREHEBAND 2K
EIOMARIEET DT, o/D=041cBT 3Rk
MR, BRELBEORENEN S Nz 0Th

133 (O, TORZEZEAII L BFOMH
BTk D, —IREFBRBEGHIIC I 1 B BERUN L,

MEIDOEH TR TIREES N D,

L LEEASS, BREMRZEMREEDS SO (Ma/My =236 )

B, TIRBSABALBROEH(Me/Ma=0) D
B, o> Myo/My O HiC T, 18 51 U A3
ADFITSEESERLLIGELS, BE LS,

T D& HICEKEERST Mo2/ M SIS 5 &,
TEBRAEAD —IRES[OMBEMETL, T
ZDIEK T RICAD S 120 DBERDOHHEL ZIRER
ICE > THRENETODT, BELBROIREEE 12 5,
ZD1HIT, KAIWCRT DI 2/D=0.41TBWNT
13, BRI COBEEE IR L, BREEA R WA
RBREDERITIES,

RIT, —IRBRBESHIR Rk 2/ D=2.0ick1) 5 Ll
DM & EIZMHTD CO, CO BEBLIVEED 53
%% 6 1cRd e r/R=0~0.7 D&M TIF, —K
BRI B TIRELRDRBEE (Maz/My) 5344
Ficoh, CO, COBE, R, 23RO
MAEZRLTWDo 188, M/ Ma=0.5, 0.7 DM
TiE, KRLTOWIEWDS, 2/D=2.0ITHBOTHIL
D DRRRALIKFER 7S HBRE S LTz

Lo HiT, —IRBRBEIE FRICBOT S, &
SURBLST Ma2/ Moy 388N 510 T, BTG I
BFd 5. COMHELT, FBLIcMue/ M1 O
paIc & B IS BER SR IC B 1 B IRBER G DB T
&, Myo/ My O¥EINICE DESHL SRAL IR
ZDEF TR S IREKEMSETC EITX

5
%ll
o

Ma =64x103kgi|[n= 8 x10°
A2/A)=0.5 1.5
Zh/D=0.8

S=1.0
Mq/Ms =23.6

101 N

°lo

[
T

o

osf | !

CO mole fraction

0.1

181 [[z/D=2.0

02 04 06 08 1
riR

CO2 mole fraction °f
o
.
5

o_.

Y
IHe oo
L
o
)

2/D=20lcB1FBCO, CO BB JVRE
@%ﬁQW%EEE%MaZ/MaI i ct 5%3 s
(#BZIR L DSBS )

X1 6.

2 T IRIC BT B S imREE A 2 DB EIRh R O34 &

P, FRFERELTELZ OGNS,

F72, BEMGERK T S E, Moo/ Ma O BN
IZREW, K STESHD O ERFR—RDOBHNE
ZH0, HICHBATEE FA4A2RLTO S,
4.2.2 HERZEBRILOHE /D=041BUS
IR 3 & OREHIEH X OFRDEER S [ 53H%,
PRBE S Mo/ My %37 A =4 & LT T ITR
To r/R=0~04DHFAITE VT, M2/ Mu=0.8
DEHTI, Ma2/Ma=0 DEEMHITHANT,CORE
NEL, BiREN D, T, My2/Mu=05,08D
ZHT, BRBHEBRAND ZREIDRARD
2L A ICErH 5T, OBEIIEVWEERL
T3,

X 8icid, bl BREEA AR DOFER L O E Y
L7z, 2/D=041CB)2FT4EH ¢ DR H %R
T MEERMABAD BT YEELE, BEFMRILD

HRZEMRILTH 505, BRILICHXTREVEE
AL, BEEROFE T r/R=06~07ICE—7
ARD, PTRBMEVSHERT .

TIRBZENEOEE, —IRERNMa/ My i3
BWVMETH DT, RICZRESDEADLT N
X, TOMEERTORTYELIGKELIEED, Moz

/Mas K& B E, BRIRBAND ZIRZES

DORABRMEINT 5 (K20b)DT, TOER, H

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/0?5



GTSJ 11-43 1983 FiTaR =

Tl | L | HIE TR~ RIS O B O R Y
gsf g 27 (K5 ) &, RFETORZEMH SRR
§ OEADT NS LA HET 5, BRRES
ST | Moo/ Mot @ 2/D =041k 3RS RS~ D
N g B, KX CRUD. “RESROMMNT,
L AT 5 BB ZREGABA LTSI TR &
= TV shes |15 HASEE B TAE I LT 505, BERKA
R FDEAHRE DD ST, LT TIRELS
gol TR MR REASERI S N B o
T : C RO % —EIC L TRE LD &4 %
e | | Lt & 0, “RELKOERKERA~DH
;[ oo "Ra | ABOZAL(HMS) K0 EA DL, RABRSIE
§ro— _h8 UTH-Th, REREGH (Mu/Mr=236) Itk
gﬁiﬁgmw WT, —REMHAME S 13 B IR, ZRZEED
. BRSO A RDE L MY 5 T &8
o, ] FRL T3 EBbNb,
T$%§%j@-‘§ AU, RO RID B O HEICHE T
| Beaty 0 BEGRLELT->TWE, LL, ZRESKO—
gﬁg%%;n AR S~ BLTEE OO/ &S W RZERR LS 5
A58 HCRBRESENE CRESNTED, ZKER

0O 02 04 06 08 10
R

D— RPN DO EHEZRE (T E5HMTH
M 7. 2/D=04KBIZEEL LXOCRENLH R %o WIT ZIRZEGD—IRIMESRIBR AN D BB D K
DB DN D ZEGRE S Ma2/ Mu T £ % EVREREMEOEH TIBELREIDIE R

B (72 IR DSR2 R LD IS ) EENTED, ZREGD—RIRERRIR A~ D E
FENS T BHATES. Thwi, BESR
Sl iy N T B—EELT, BEMEORTZMEZLELT
S i e L b, b ERIERAE S b0 EBbh B,
e CD &SI, BEMRLHEREMREDORMOS
g ey BICR, o/D=0AICEI AHLIILET, 25 &
ga // k__ ALY Moo/ Ma DHEIITHE - T, ZIRZEZDFAIC
g 1/ | % £ - CEBBRESENS NG, CORTRESR
I/ /A Moo/ Ma DI RE > BFROHME, &R T
5, & B DSREDTIE LT B 1o DIRG9
s TN TN W IEBRIRRAIC 313 B IIERIG
‘ ZLDRESHHDOT, COHRELTRTITR
2/D=04 TLHiC, CO BERIHMML, XVERENL S,
%G 07 04 06 08,7 IRICHZER D EERZE MR LI & 0> 2/ D =20IC

F%CO, CO REBIVRED I ZK] 9 I1T/RT,
K8 2/D=04icH33FRYSELIDHOER  —REKICHT 5 _REXOFEESG (Ma2/Ma)

BESY Mo/ Myl & 55058 w34 L, CORBEDRD, CO BEDIEIM DR

(FZZ MR SRR DG E ) L, BELFEAR—FRICEEREE S, L

L, X5ICMa2/MaZ¥E8L , My2/Mu=08L95&,

BB E T 55, WCLERfHE T COBRE, RERETNL, £/

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

°f

1t 100t [Mq =43x103kg/s

$=1.0

Mq M;=15.7

2:5 05
1A1=0-

z%/[I)Lo.a ’ C/OZ

0F——E=2=9=0=g= {0

o o—"

<)

CO mole fraction

o
Za

!
Fagie |

%15 z/D=2.0
a7

0 02 04 06 08 1
r/R

CO, mole fll'action %l
o

[eobvo

0-3
0.5
| 0:8 |
1

9. 2/D=201tBFACO, COEER LUVR
fg-a)%?ﬁ‘@%)édﬁﬁa%MaZ /Ma,l 0CJ: 5%2

B (RERNOERERILDISE)

KRiZ LTOiods, RERRILKFERS D BE LS
®ind %,

D EHIT, BEREDPHRERLDEHDE
Blicld, ZIEBEAMe/ MaD¥EME L bIT, |
WD X DT, BREEFERMNICI T 5 RBERUEH &
DIRESNBDT, — USRS T it 2/ D=2.0iC
B ACOBERML, L0EELEKSE, Li
LEhs, ZEEBESPIEFICRE VELEDES
i, ZGHEDRAT S RELDH BT, &
BRRAHOBENICE ST, TRANRNLLIKE S
W(X2(Mb)e ZDI, TR TCEIMMBREEN X Z2F
L, BRERIGEHAEST 20T, TRICBWVLTK
BRIR ALK TR OBELHEM L, CO LR
AT
4.3 —BRBEEETRICE T SWEBEHIE, NO«

DEREBNDEE

B itk 5T, BERM,/ My DE
Wi & - T, ZBREBCS Maz/ Ma D —IRIREE GRIK
DRBEIREENTG.Z B BIIRE RIS, D%
BAYMWT B0, /D=2 0IcBi} 5 HEEZHE
RO, TDFTEHERER2ITRT,

BZERREDSE WD (M, /Mp=23.6) 58, “IRZER
A LIS OB ( M2/ Mu=0) SBEBENENEL,
—RZELGD—MAE IRZELRE L T—RBRBERIEA
BALTH, BEDRIEGIILST 0,

FfTEm 3L

%2 KBRS My2/ My 1T & BEREENRY, D24
M, kas/s 64x1073 43x1073
M,/ My 23.6 15.7
Mg2/My | 0 (0.310.5(0.7) 0(0.3(0.5(0.8
7y % 9995 (97 |92 76|84 {88 |86
S=1, n=8, Az/A1:O‘5, Z},,/DZO.S, Z/DZZ.O

BZe R L DSER SR ZE AL (M, /My = 15.T)DIFE,
—IREGDO—EAE _IREL[ELTEAT S E, #
BEshRIL, FLLEE S, LrL, €0 KRER
OMARICS, RBEPDHD, My2/Mu>05&L
T, BEHREIEL K SKE L,

F foiEo BRI, MEHRE T E K0 KIS
5L ESBROEAMKETEDL(M2/Ma=0.7) &,
KBRBIARZELEBD, RBTFT ORI A1

B10icid, 2/D=2.0iC B35 NOx BESH %,
ERBAECDY Mo/ M/ XF A =5 ELTRT . #8872
PRI, B[ EBDRN Ha),bic B0V T, Mo/My s

= I
Ma =64x10 kg5 JazMar MaiMy
w236 |3 o0 | 235
= 0- 1 =43x10°3
e [E |Er
Az/A;=0. . : =15:
ZhiD=0.8 MalMy =157
l ANy
1008 —-. 100HZh/D=08
SOTQZAES 50("'9 5—\-§i°<D:q:.:&
© o—o:\;ﬁre\w: o] g_ [ /lo/&%:g\a-
€ NG\ a O \
a o .
a \o\ o,
10 ’ 10 z/D=20
> >
Mat/Mt|
9 5 % 5 o&glMﬂ 10‘15‘7"
al 0.3 ] 121
z/D=2.0 ol 0.5 105
e ‘oAa [ 87
0 02 04 06 08 1 o 02 04 06 08 1
riR rR
(a) M, =64x10"%kg/ s (b) M, =43%x10"ke/ s

M, /M; =236 M,/ M; =157
K10. 2/D=2.0i1C 313 % NO<EE S H DK &R
Sy Mao/MuplC & 55228

INE OV EXONHIFEIE @MILE, BEDGHL S
EORHEET B, Maz2/Ma OEANTHEONOK
BN, (a),b) ERFERETTR—RRIE L 135,
LDLSIEEEE, WITNOBALBRESIHRD
Mao /My T4 20 ERI CTH B

B11icid, 2/D=2.0iTB1F % BEAL R0k}
HEMODONODERBOEHEREZ, REXE,

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

)
K} Ma=43x103kg/s
2 Ma/Mf=15.7

(@]

<

b |[Ma=64x103kgls e
& [ Ma/M;=23-6 |/ ]
- )

o9 o

z % °

@

—_

i

S=1.0

n=8
=05
z/D=2.0 %I/A[]no.s
. i
0 02 04 06 08
Maz/Mat

Xi11, RZEMREM, /M2 E U025 R
%MaZ/Mal &%*’l‘@ﬁﬁ%% @@NOX %&
Dz 5

BZERILD RIS ZH AL T/RT o

BB DSE WVIEA T, BEREES Mo/ My
ZEASHETENOERRBIZEAEZDL LKL, —
B, REBUDERZERILDGEICE, TIRES
DWMAIC KD, Biffi TRz & DI — IR BRI G
BT BBEPUSEES D, BENERT S
HIT, TRITBIANOxEIZ “IRZELKDIRARD 1
meE & bicEmd 5,

5. ¥ W
OHERRBESE A H W T, —RIRESEIRIC BT B
ZERBRY OB LIt ERPIR AT - 20
PRBERINAN D ZIRZESGTE ADIR IR & IE 477 % DAl
Ak, BEEAMESETRINL, FATRICET
LMBENEABIET A Lk, ELBESD
—IRBBENONBAA ST L, T HRAES
7o

1. BZEBRLEDSEERZE MR D 1.5 5O HDIRE
i, “IRESABEA L OEMICE T 3168k
HEAD B R BRIV ETH D, <
DEMNTHRTRBER I TRETH 5. —IRZEK
D—iRAE_IRZESICBEhZ 5 E, —IRERILD
BT ik D ERREBAO RS RILIEE L
mu, BELRBISIKEELL S, TIRES DN
& D IEBHRERAAND “RESRIIE T, —K
ZELQDRPIT K BBEFBARRDICTHD ST DHRA
BTERITV, £/, AR, €03 F FlR~HN

Beaftam 3

5 _IRZEZICKBIBENR B RE Ve T D1,
—RIRBESRIRIC B 1 2 BRBEh I, “IRZEKDE
AICEDIET L, ZIRZESKUT K 2 RGO (2
FHRIE A S NIE W0,

2. RZEMIEAHBRZERLOZMHDFEICE, =
RZELABEA LISOEMIC B T 2 IERR AR D
BRI, ERLICHENTIEEICSWETDH
D, BERTEHLEH, BEPAEL TV SIRET
Hbo TDEHT, —IREZKD—E% ZIRZERIC
BEDLZT, BBESRNNEALES, —RES
DRADITED, FHRFBABRAND —RZ2ELKOHEEE
HIRD T 505, TORDERL EIRESHD S
AT % ZIRZEJDIEERR AN~ DGR,
ZOMRRELT, SETRDLIVBESALAELT
WARBENRIC, L 2 DEEREMBT B &I
B0, BEBERIEDIREZNRITKE L,

3. ISR IC B 1 BRI, HRAL D
AT B IRZESE, IR S S B0,
KRDEEZHOTICERRBEANNHASES
CENEETH B, —IREKICHT S _IREXD
mEfHEhSnE, BIALDRAT S ZIRZE
SKDPREA ZANDEHBED/NS , ZIRZESUE
BRRFASANRA LS00, —IRIRBEFRIR I 35
5 ZIREIRADFIRIZ/NES Vo —IRZESK T
T 5 RESDRBIANESHRETEL L, KEOD
LZEESEDbN, TR FRicsT 5
HHHR OGEZ O, —IRKIRBESRISICE I %2 Ik
ZEURADRBERUSR I R IT/N S 0o

Z DI HIT, ZE[EBMITITBE R ELIC LT
EEND 5 EEBDON DS M7 HSTRERZE B
DEHBDOFEITIE, KEROREWR FRickT 5
PRBENRIL ED L EZ T, BLRBERDY M2/ My =
0.5 DEFICEBEE & 75 5,

B, PFFRATHICHIZDEHE W0
1M DN B —BRE, FahEEICH L,
DE DRSO EAELE T,

EEH

(1) 44, %, 33—256(AH42—12), 1993, 2% :35
—275(AH44—17), 1531, 3 #l : 37— 295(HH 46-3),
566.

(2 4k - 130 3%, FI20EREEY VB DY AFIRIE
(A 49), 139.

(3) Kawaguchi, O., Sato, G. T., et al., 14th Inter-

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983 Fefian=c

national Congress on Combustion Engines, {(6) Nakamura, S., Kawaguchi, O. and Sato, G. T,
GTb5—1, 1981. 1983 Tokyo International Gas Turbine Con-
@) ookt - Gk - IO -k, O&RG T. ZEERMNH . gress, 30, 1983, 228.

X, GTSJ 10 ~ 37, 1982, 89.
6) it - IO - ATk, iR, 49— 439 BHR (I8%058—
3), 705.

R e g e e e e e L e e e . S L L L N e T

£ M o €
ARt 5 -8R

HAA RS — & E2afgifitiift v 9 - KHEREIOTOLERNCIE, BAATR Y — v /s
THRITU R, BHEHAXE #HEHKXEHON, TitOLHU8b08H0 £ +TOTHEHFAHTEY,
1) ASME—GT Paper : 1959 ~1964, 1966 ~1973, 1976
(BL, EECL->TERELTWE2HT6H5 )
2) Gas Turbine International : 1960 ~ 1976
3) Turbo Machinery International : 1977 ~ ( 1980/7 ~1981/4 /%)
4) PEOEPATHWBHbBIM KYPHAJI & 1980 ~
5) & — KMk : 1979/1 ~
6) MiZERh ¢ 1979/1 ~
7) Gas Turbine World Hand Book : 1976 ~
8) Gas Turbine World Performance Specs @ 1980 ~
9) #EREHR mMZTHzxsy - &ERE D 1936 ~ 1970 (25 Vol. 4, No 15, 1976/12 €D
WEBHENINTNS)
10) Sawyer’s Gas Turbine Catalog : 1963 ~1976
1) KFEORE, MEROMEFE
12) M FHEMFERNENE =2 — X 1983 ~ ( NASA, ASME - GT, AIAA, SAE
AT CER Y = b )
13) &AHs o

155, REMFHEOENTTRICELT LI B OONTIVE LD, BRERNDSELT,
FRICOT T, ZOFMELERCHELTFSOETLIBEAOBL LT £,

1) MIRFBLULHOBEHETH R Y — & v icBH#Eb 5 &D,

2) REDPERPATRRLAARY — & /BREO XA

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983 Fefian=c

national Congress on Combustion Engines, {(6) Nakamura, S., Kawaguchi, O. and Sato, G. T,
GTb5—1, 1981. 1983 Tokyo International Gas Turbine Con-
@) ookt - Gk - IO -k, O&RG T. ZEERMNH . gress, 30, 1983, 228.

X, GTSJ 10 ~ 37, 1982, 89.
6) it - IO - ATk, iR, 49— 439 BHR (I8%058—
3), 705.

R e g e e e e e L e e e . S L L L N e T

£ M o €
ARt 5 -8R

HAA RS — & E2afgifitiift v 9 - KHEREIOTOLERNCIE, BAATR Y — v /s
THRITU R, BHEHAXE #HEHKXEHON, TitOLHU8b08H0 £ +TOTHEHFAHTEY,
1) ASME—GT Paper : 1959 ~1964, 1966 ~1973, 1976
(BL, EECL->TERELTWE2HT6H5 )
2) Gas Turbine International : 1960 ~ 1976
3) Turbo Machinery International : 1977 ~ ( 1980/7 ~1981/4 /%)
4) PEOEPATHWBHbBIM KYPHAJI & 1980 ~
5) & — KMk : 1979/1 ~
6) MiZERh ¢ 1979/1 ~
7) Gas Turbine World Hand Book : 1976 ~
8) Gas Turbine World Performance Specs @ 1980 ~
9) #EREHR mMZTHzxsy - &ERE D 1936 ~ 1970 (25 Vol. 4, No 15, 1976/12 €D
WEBHENINTNS)
10) Sawyer’s Gas Turbine Catalog : 1963 ~1976
1) KFEORE, MEROMEFE
12) M FHEMFERNENE =2 — X 1983 ~ ( NASA, ASME - GT, AIAA, SAE
AT CER Y = b )
13) &AHs o

155, REMFHEOENTTRICELT LI B OONTIVE LD, BRERNDSELT,
FRICOT T, ZOFMELERCHELTFSOETLIBEAOBL LT £,

1) MIRFBLULHOBEHETH R Y — & v icBH#Eb 5 &D,

2) REDPERPATRRLAARY — & /BREO XA

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



o
B

1. EAHE

MEREEEERT (LLF, EEEaEE & FESS )
EF R A (3 U & § BRI 05
N, TOMMBEL SFEND R & EEDRIEICH
WHNTWS, AEEE 2RI 5881 %
DOFERBNIST I 2R A «, Lk O ETI
FTOESL, fli¥d, AERD, Re¥, Mach ¥
RUSGHENZEIC L > TEASNEIZD, H5
DUHEIEL TELR TN S0,

FHEZORFWMEIRIE yaw angle it LT, #
M, B, BERVCHEOREMEE-TED,
BHE B EICHA s a0, i
FREITH T SR FOLBIIMERL S Z D THb,
BL, BERKIIDRIRDZEALICIISNETH 5
bODad | OFEESFY O, gy e
S FEARAEST 5 ETDRMEHEETDORK
DEETHY, CNIIEFERADLETHEELSZ 5
AEREE®=0°E954L30°<1@I=45°) D
HEHA dCp/d @D TR E WD, FiFiiE
RFDBS,E EbhdhHvEEiohbd, C
NS I BEROMABRTIE, EEERTFO
@ % DSk, HESWIIHEERmENS/RICEZ
HEEAFLMTII LTV SA, HEDHERMER
WEBIS DA TSy — R ICDOWTIELWEES
KD BIKIL, BEZOLVIREEERQIEE S
EDHERZRA LTV,

ARG FHNDIREDLF D, SHEFICKIET
HELBANICHANSE L EITL>T, THhHDR
FEIC g A EERISRREE BB 3 7o) icft» e
bDThb. LrL, EBT -9 D ZEdTI®
ThHBE, COEAZDEEEZTNETNID ANT
BHOMIERITOC LRBE TRV EBb

( FEF0584E 7 A 26 HIRASS2AT )

AEREARETOHECHTERNOREL
FTEORERUVMIEREDHE

ZHBRRETFHR K & FHKA
” _'___Efﬁ' %
” m B B X

S>T&EDT, INnze—SUCHRT 5FEENA
WAEZTWEH L, AFERIAENETHDMIC
MIEDIE-> & D LHBEDH B LiICKfTE, C
DEFEERMEICHAWET A, HIEDRVERE
BELENTE. HL, AMETIHMABELKEX
DHEDNILETOES I 345 KT, FoKmicxt
TAEF A a =0°DEBAICOVTDIHE DT - T
W3,

2. 828 5

Co: M, (P—Ps)/+ov?

Crr : THA, (Pr—Ps)/K

D : AEFEARE

d @ £

K : SEFEHO S E {((5)X }

Lx ELD R o — v

I AL OENILE TORS

P : AEXREES

Py, P, Pc : AEEERMm EDO3IEICEBIET(X2)
Prp:HEHE, (AFLED180MEDES)

Ps: —RBEHBHITE
Pr: —REAIE

R,:VD/v

Vo R

(o V22 ELVD F Fh A [0 DR ZEBhK 43 0 1

VISP AR
Yy : SRR
Ys | B AR B

Yso: 0=0°IC B % B R

Yr: 8RR

Yv: BIE R

a . QFEOHRNITHd S EFA

® : AFELRm EHE

@: d=0icFEL/-MERmLAE
6 : Yaw angle (K2)

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

@: 3EHNALOHIC ¢ HE (K2)
On: %AW IENADHICIE T AE
v BT
3. EBREBERUVAE

EERITIIHEA20, $5300, £ X 400mm OEFHEW
O 7 7 ) VBRI R % b il K R %
Rl 7o RS HO BEI MR & 0922m/s £ T
MBS ICEALIH B ENTE B, T, AR
HOINDOBS (3072 VIid P REH10~20 m/
sDETH0.55~025%FEETH 5o

pitot tube AW

——400 —}20

___fi
—_— 4——-»4%47E

I

/ probe tested

—{|00%

side view

B 1 HEES S

gt R m RS IR 1 icRT Lo, EHAIER
WKH IR s ic 28 L, s i EEssic B0 T
TRENTWS, EHLD SRR E TIRD DR
RKOEDTS5DHYD, MFEDLEHSKTIRDITDH S
7-HDB/ERHIET SNB LB S CURRLEZR).
B EEFT DT EATE ELTd/D=0.1, @p=
40° 44423, 4, 6,10, 15, 205 U30m @ 7 FEFH E L
tzo ZFOMUTEERUREILE IR I 5Tk
HRAFNBZHNT, AE30mDHFEIC 8 EDR
REHLAZG DL, FiREAEDS L, D=
10KRU20mic DWW CE CHWD I HIZ3 LD S 5
QENAEABELEBELCERE T —Xbdb
5 (& 1,01). X2 it mmpEETD 1 5 &%
lic~tgEg i ERd, £72, AFDOEIKREBOE

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.

2. Bt R E ) ELEE T
(3FL, D=10mDH)

1. fEEUR R EUEET O ~F T
I I i}
D d d D d d D D d d D
(mm)| (mm) (mm) (mm)| (mm)
3 0.3 0.1 0.3 ]0.010
4 0.4 0.1 0.4 |0.013
6 0. 6 0.1 0.6 | 0. 020
10 1. 0 0.1 0.3 [0.030¢( 30 1.0 1 0. 033
0. 6 | 0. 060 1. 5 | 0. 050
15 1.5 0. 1 2. 0 | 0. 066
20 2.0 0.1 0.3 |0 015 3.0]0.100
0.6 {0. 030 5.0 | 0. 167
30 3.0 0.1

i EBMIIC Lt Y, BICTHERTER T
+aomic Lk, EHAEZRDTTH 5,
KRt g AR EEE oL BT EA E L, —
BER D310, 15, KT 20m/s D 3 TIT»
Foo R, i3 1.9x10°~3.7x 10 0 @ETHY, Thid
B4 DR mEER A @ ER T 25AE A N—F
%, REAFEHKROEC N —EILLBENTEE~/
A =% (FE01mH0) ZHWTHRIE LT,
4., ERERRUEZR

4.1 REBRETOHE - FEFICIL0ER
o 0E#RY Y FRic BERE O R AR D

Lo TERDOT,
Hioe$ Yy=(Ps—Pc)/K (1)
RS Yr=(Pr—P4)/K (2)
EHELREL n=%ﬂ&—&)+u@4wyﬁm
B IE 55K n=%pVWK (4)
L, K=L{(Ba=P)+(P-P)}  (5)
%7, 1+Yr=Ys+Yy (6)

EWVWHBERENH ZDT, LAYy icBd LTIREHTS
NV Eicd s,



GTSJ 11-43 1983

d/D=0.1ICBMEL T EEHOBEA IC OV T,
AREHENT A =5 E L T—HRRDEEV %10, 15
BU20m/s E &L &S 128D 6 et d B EREE
X 3 (a)~(c)it kT o CDRERDS Y,y & Yrid —15%
0 <15°D&EIPHICH 12013 T 1 ADHHFRICDD, Kt -
TS EARICEBIR EE AL TELZ LV, —T,

l T 1 A
I V=10 0] D
Y, o 3o |5
¢ x 4|y 20
o 6|0 30
Yr L 10 /
i

Ys

7
!
N
e
i

:
t

-2 -1

-20 -15 -0 -5 o] 5 10 154020

3(a) Yy, Yr, Ys~06( d/D=O.1,®h:40? V=10)

» t [ 1 B
V=15 D D
v, o 3(015
4 x 4y 20
Yr 318 ©
|
I H v
ﬁ}\g\{ / Ai
Yr
0 R P ,
o .
Kﬂ s

e )

) : -

-20 -15 -0 -5 O 5 10 159020

K3(b) Yy, Yr, Ye~0(d/D=0.1, ®, =405 V=15)

YslooW Tl @k ic L B8 I3/ & 0ws, D&t
I Ys 3D DR %R L, ZFOEUIRMRTEIE,

n

V=20

\C

[OENdlw]

© X0

Yr

s

|
@gfmﬂ;ﬁ%

2 ™

50 -5 <10 -5 0 5 10 15,

3(c) Yy, Y7, Yo~0(d/D=0.1, @, =40 V=20)

4.2 BEBBELAVIH  BHEEREIC
FHEEMNH A EME - D LAcDT, ZHiCD
Tilskd 5 &icd b, K4iCYs & RDOBEFR%E
DAax5 2 =2t LT (D FE)e 2T

[— db-=oi

D
----- corrected to D=0 [o 2
T x
S e e S VY o @
s VIV + b 10
- o i g
Yy 2
e 8%
0" AT
0 Re=-

4. BEFRHODE, T X BHE (@,=40%)

Ysold 6 =0°IcBJ 5YsDET, FHEEFEER (X3
(a)~(c) } D& MEHMEBR & LT Yl 0lTd LT, 3
—ETHBEITLD, Yoo &b TRESH . C
DFERDPS Yo D E LTHIESB R IT FoTIIE
B HNILNT EDDB. ~
4.3 MAEXREBEHSH AIEICBWVWTCR, =
1.9 x10°~3.7 x10"* DEIPA T Yso 13 R D H IR
H#9, DIEEICE - TELT S EHBHLHICE
5126 Y13 & D 4RI R LA IC @D R
W Stz 3 EAFLIC K B F1E RV T ~(5)
AHLEHINBZDT, YsDDIT X BEEIT 4R
MAEEIENSEOREICERL TWEETHS,
1ZFE— DR, (R.=1.84x10"~1.96 x10") ic510 %

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

Dic &k % MR 9M% K5 (EHR) ITRT .

1.0
D Rep

o 15 1.84x104
vy 20 1.96x10%
C 030 1.87x10%
P
— db=0l
77777 corrected to ¢/D=0

X
Ao
B
TR O O O e o e OO
RN taeadanaun s R S
w“’n‘
-1.0 0 0 g B
(o) 60 120 ' 180
6.0

B 5. AEARIC XS KRERE 53 MOEAL

BWHEICERHA ST 5 EAFLERAE @3 30 ~
45°DIEETHD, ORI (@®=30~45%) TDIT
LB CrDENAEDON, T/ D5 TREIN
CEELTHERICHICE L WEELD S,
COMEAEZ TV ITHD, d & DDEER
IR L TELSEDSH D d/D DBRISBEGEEIT
bIELOAER EOESRDOLNDE L DT LT
BRI OATFEELICED D ENTEIED,
BEME LT O RIE E I RIX T HEIT D0
"CCiﬁE?EZ( @E%M),G),W%(Q)ﬁiaﬁ ) ’ E&Cﬁj@%}éﬂm’
Wy k2, ARIZERICT/NS VBEICTELWIES
DEFLNBETHBHH, CHIIEBERARETH S
DTEBIRILBINLNEL ENSTETREEN

CTW5be T T Thom ek ARIE AR,

b&v ‘ ’
j?/g\ } 0/2

® : peripheral angle
). d
o 0-%(§)
d,D : hole dia. and outer dia.
of the cylinder

K 6. ATk 2 EDER{ Thom™ )

COFHHERK 6 R LD IcBEERADAEAE
@ ITHBADRTENIL, d/412FBIHICE -1
ERBEODFEEELZZNETHEELT, KD

HWEXEGA TS,
o=a- Lo ™

d OFERREES I AMICKIE T HEEZR NS
Hic, D=30DMFIC 8 D E /e TiT
S tcAER AR TR L, (MR THE LCERE
FRILICRG o (bIC & B & @ =60°fHE TAAE

{0) uncorrected
{b} corrected to ¢D=0

o 60° 200 @@ 180°

X 7. EAfLTHICs 2R EE 159 OFEIE
d=5(d/D=0.167) DEBEEICFHENTREINT
WiEWEBLNLEH Y b H B, Midsrs 0 EY)
CHIESNicEATE D,

4.4 BE/RELEHE BITHIC BV TR~ 7z
KO ICHBERALE TS ERDAICLIDEEST S
TEMTETARDICL ZHENL D, $12, &
FIZ 20 THEDDEENH B, T THICHFEND
REEE EERELE 19 & ORDRREHRHXTH
B LT B,

EKEDWE S HAESEND/NSVRNITE D
N7cB, R,=3.5X10° (58 TH G Coby 2k d
3C LR ELHMBNTVS, Roshko 2idHD R,
T3t 8% CpDEALDS, B FRE Crr D RATH T 5%
(L LB BARM D 5 e L T 50 97505,
R,=1.0x10°f3f & 0 4.0~5.0 10”2 1T Cp
FH 1305 0.3REICE T, $/Cpridf—1.1 0
5—02fEIcE TE/L TS, I SI3EERMRA
BMicBI 258 THD, KfEICB) SR EDE
WSH - T, BHICHIRSI AL ENTEIRND,
Cp& Cpp D R ITK§ AZEALDFAMIM: A S D3
%o — 7, B, AB%WIER=79%10"~5.4x

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

1041 BT O RS S 2E 0 1< R UE S EREL

DEELLT, ANDOEIRERy — iRk
FNCEZ T, MHEOBRE, MAORUEAMBOE
FERARTHE {(K8@,b)), (EhomEid

10 Rg T ' T T g
@V Lx Re 3
Col| @ o 0093 152mm 262x10% 4
o 0062 142  262x10%

&
0 g ]

a
o

o
o

a 00 0 ¢
) ° ° o

CARRREERR Y

| 1
90° 180°

f

-20 L .
270 ® deg.360

10 :
dmm
% 3 33579 3"'83 W =0093
0 190 L6OxI
Cel 2 v 318 284xi0? LxI52mm q
% * 383 340xi0% &
ol 508 474x10%
o a £
v 8
D e x XX Xy &
o [ ] .
Yp 4 v % Y L) € o
A* )
37; 9 o a g (4
-10 a
L I
0 90 180" 270" @) geg, 360

X8 HELREENSHICRIETEHADMRS,
HOD 27—V BIET, Ansl®)

(2Z)2/VeHobsh, £HEADR -
i3 v, OHCHHBIBIKD &R 5 0 HEVERREE Ly
TH5 Jo KB8@TENDBIBKEZWVEYED
ERLTWE, Z L CHERTA®SICbEND®H S
IR DPBR B,
AFFRICBOTRENDOEEDOFMAER NS
&ibfhmwﬁ,*%ﬁ@ﬂﬁ%aﬁéﬁéé
ARASHOENDHS (9,2)2/V130.0055-0.0025
@@Tﬁofhé@? X 9 icfE A4 DAED TJE
AL (BLhDmsE2EL) SE/IIBEDOFEN
ﬁﬁ%?% TR o CLTHRLNBZEEDE(LI
ﬁﬂ@ﬁé,D,&ﬁm&Cionéméfﬁ
505, GLADHEEI AR E VIR ENL, FEAVNE
B)BENPERLTOE WS ERIZR SN S D

5
3
o

180°

X9 —RREEEIC X A AREREE ST
(d/D=0.1)
DD, EOFEBICL DD AR - DXBNTET &
IREETH 5,

ZTITLLTI}, ERNTHETEEV I
T, MERZELITEOH L THIET %0384
fELTIRETROE VLMD S, ROLSHH
HTHEDZZ LT LT,

R Yso BEHOEERT4A DT LHEE
WOHEEHER (K 4, 5) P THOLNLT, Th
SEEHLE TS I-dIcAERTE ST,
(B)5, Yso) EHE & DBIEHAR W TA S, Rk
WTRERINIC L D EEICEAERLE(E LT
WAAH, MERTHHSDECH G L g
HO, TILDENIDEHINS Yo &5 & DR
C—EDBIMBARMELET 5 bD EFHEN 3,

4.5 BEZROVEMIE d/D, D, FiRE. N0
RUOZDMOFERTE*—ELTEDT, Thbd
KL BHBLBEATENRFHETH B, 2T
4. 3DHHETd=0DGEICHHIELI#, Yso, Cer
DRERETNTHA S, COBE, WERKELT
AfLDORFIBO°DEDEN BT, READ &
ICEEFEAEHET A (Yaw angle & -7 &

XICIIEEE PR 3BT ENH B P, EA I
F—&ERKETTENTE B0
CPR: (PR —Ps)/K (8)

Yso & Cpr DBARA @158 T X — 4 & LTHI0IC

— 64—

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

Fde ¢ ORICIZFEA DERDIZHIC Thom™,

D

3 30

4 ©

6 o Thom'”

O O Fage et. o/
5 o Arieef. i
O Adachi et. al®)

Oe=<o X0

-06 20 <§%
05

1.0 1.5

-Cepr

5410, 4 ISHHEOH R E BT ERROREMR

Fage - Falkner ™, BT - A6%% RozsE - i
e & B KRB & O CE L 7ok
REERICRLTH S (T TIFIHLIT— 213,

FEREBEORFEE LY ORNICKITTHEAER L
TJREEWr i ICd 4 2 M RImmE O HA0.1 L
TThHBEEBADLDEEE). K10ICH W\ T@,=30°
DB EFERDESD2ENL VDT DY — R %k
A BE, MIZIZIE 1 ROEMBICDBEEEZ BT
EMTE B0 HE > CHEREREMDEEHT Yo &,

Cor DEEA VA EICE-T, R IEUKIHREL
NI EDEELE FLICHD RO o HEEZE kD B T
EWTE 5, 1B, BEREETD3FLET] Ps, Pr
RO P EEFE Pr 20T NI Yo B SN, Ps
FBX&LOkFE S, HL, TTTI3HDESICD
W3 Thom i€ X 5H T d/DEEMNYNDIGE ITH]
FELEERRA VS (BB, FLOMEZFIET 52 &
K18 %o 120 Bl EEFHCOWT—FEMIEL T8
FiIEEW0) o ERH EXSHOVLNS 35°< | @ 1=50°
DOHFHATIIROERKZH NS EBTE S,

(B0 DEFIZOXPSFHBELIMEE R T

Yso=a+053A/—(Cpr+0.15) (9)

AL, a=0.14/1460— @4—55.T7F —3.7

T ICHBOTO, FEWES N m B HC L - T
REZAFETHY, #EFH e A BELEETER OME
T& % (@13 Thomic & 2 HETHIE L -4 %
WB)e HE-T Yo ldFE AT ICHBW T Crr
OO E L TROINET LTSS, B D

BiaR

S5 8 L HIT Cpp 12 TN 53R BN X Pk
BUODT, BREDICK > TRDOIEFNIFE S
Vo COHETHET S EKIODITSDEH 5T
~NT, 35°=|®@; | =50° DRI TR | AP/ 5V
< 0.05F2E 1785 ( dPsid PsDBFE) o KHC TR
Nl XS BHEIEATORRVE FITL, BAlcLk-
T | AP/ % VZID#IZ026 IS5 L b
D, FBIEICL > TEREIRDO—ILIRBEEEZS
N5,

5. ¥& @

R, =1.9x10°~3.7 x10* o &i [ < 840 2 9 1< 40
PUCEE L 72 7 D 3 FLA AR A EE A o
FrtE ARk, oIS R Ot XERD 7
— 7 HBEFIC LU THRNDIRE & ~THDRE AT
ZTNICH T BREHFE2E L TIROERZIE T,
(1) X<HOSNTHEEY, HAFEATBELS R
) JEE 5T DS MILREL Y RO IR R Yo (13, 3ETS)
FLOFEICIST A @pd5—RICH O SN 540648 T
S, R, (D, V), Lz EDEEIIFEA 15K,
0 DILVHIPAT1 RO TRETE S EAEH
i A O
(2) BRHERE Yso XD KR UERELNIL EIT LD »
1D EALT BHS, Ysok Crr EOMHAEAFRIGEHL
T35°< | @ =50°D HHATHBRNE2HEE, h
Ik »T, Bifli7s, MIEZITHORGE O D—
DBEFETRDBLENTE B,

B O

AR ZEITICRA I OB AE CHRW 0B
RYEHEFERICBESCHEZET %0 £/, £
BICOOWTIIFEAEKRAESFE(BHHEHSHE), [
FIEOLEFE TV TREEERF/NEBIBE:
BEOW1%EE . HICRIEHPL LT 5,

i

&3

(1) Otsuka, S. & Hiki, T.: The character of three-
hole cylindrical probe at inclined position,
Rep. Transportation Tech. Res. Inst., No 28

. (1958-3), 1.

2) K%, BE, ZAhE, 1% SEEHRICEY M
FERYR ARG T DR (2D 1, @RS 0 DIBA) M
7o AEE, 19-210 (1971—7), 315.

3 B4, KE, ZHM: mEFRIcBg 5 MR E R
ST ORHE(ZD2, BEADH 5545), MZEF
HaEk, 21—-233(1973—6), 358.

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

(9)

DKROES, HEKROHHEERELES MFE
34—171,175

sl
EEer—EEE]L 2Mm), Blrast,
(H36,7), 980, 1580.

HER AERC N —EIBT5 %5, HRTH
TS, M—1(1950), 5.

AR, S REO BB RER, AT,
9 (B426), 372.

Thom, A.: An investigation of fluid flow in
two dimensions, ARC R&M, 1194(1928—11),
1.

Shaw, R. : The influence of hole dimensions
on static pressure measurements, Jour. Fluid
Mech., 7—4(1960—4), 550.

i EAAEICHV EEFLORE ITRIE 45
B4k, 39—233(I11-9), 509.

2—

(15

TiTaR2C

R B FARKSRETR ORISR, & — R, 4—4
(1976 —5), 241.
Al e —ERRIT K B ERGRAIE, PIREERE,

15 —175~177(1976), 25,61, 22.

Roshka, A.: Experiments on the flow past a
circular cylinder at very high R, Number,
Jour. Fluid Mech., 10—3(1961—5), 345.
Fage, A. & Falkner, G. C.: Further experi-
ments on the flow around a circular cylinder,

“ARC R&M, 1369(1931—-2), 1.

HBIL, AR, HAKIED 24 HEDFRIK S IIEFE
KR T FRELN DR, HHTFSIRICIEB), 46—
408(W55—8), 14217.

ek, ek BAWRDICSh RO RN,
fiZe ek, 23—256(1975—5), 45.

S EBE W

LSBOEKOCHNICLD, BERFELOES MO ITONTBDELI BILEBHL LT ET,
ST, THEMD LD IKHODEOFEFREEZ KL, FROMBUIRRIC&EZEDMOEL 0 5 & D&
HECHTBNET, CAHLE LT, FEAEBZEOERECOEBATHNICHEDTED £905,
REFUBRODGRRAZEE RSO LE LAER,
DEEA FROBYELFORLRXZIEIN E Lz, ERITIISOFEEIZCODEERSICHEEELT

WFNHALLIC2XF LTIEERED TY,

BT D &ML E

CRBEOLCERBOE D, AL F L THBLICXEEICS CHKEL LF T, Rid
S TCCRANTBRETT,

e, BEWCSOEEREZRMEL I > TR HICDEF LTI, ZHEEABROTFTIVE LI BEVEL
rFE S,

ic
] 1T ® FT(59E4AL0)

=N e =] 11/4 50,000M 10/4 60,000H
iE &8 4 3,000 M 4 4,000
FHENH 2 1,000H F 2,000H

BHFISOFEE L 0 BBRE - ERE - #4ERH

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

(9)

DKROES, HEKROHHEERELES MFE
34—171,175

sl
EEer—EEE]L 2Mm), Blrast,
(H36,7), 980, 1580.

HER AERC N —EIBT5 %5, HRTH
TS, M—1(1950), 5.

AR, S REO BB RER, AT,
9 (B426), 372.

Thom, A.: An investigation of fluid flow in
two dimensions, ARC R&M, 1194(1928—11),
1.

Shaw, R. : The influence of hole dimensions
on static pressure measurements, Jour. Fluid
Mech., 7—4(1960—4), 550.

i EAAEICHV EEFLORE ITRIE 45
B4k, 39—233(I11-9), 509.

2—

(15

TiTaR2C

R B FARKSRETR ORISR, & — R, 4—4
(1976 —5), 241.
Al e —ERRIT K B ERGRAIE, PIREERE,

15 —175~177(1976), 25,61, 22.

Roshka, A.: Experiments on the flow past a
circular cylinder at very high R, Number,
Jour. Fluid Mech., 10—3(1961—5), 345.
Fage, A. & Falkner, G. C.: Further experi-
ments on the flow around a circular cylinder,

“ARC R&M, 1369(1931—-2), 1.

HBIL, AR, HAKIED 24 HEDFRIK S IIEFE
KR T FRELN DR, HHTFSIRICIEB), 46—
408(W55—8), 14217.

ek, ek BAWRDICSh RO RN,
fiZe ek, 23—256(1975—5), 45.

S EBE W

LSBOEKOCHNICLD, BERFELOES MO ITONTBDELI BILEBHL LT ET,
ST, THEMD LD IKHODEOFEFREEZ KL, FROMBUIRRIC&EZEDMOEL 0 5 & D&
HECHTBNET, CAHLE LT, FEAEBZEOERECOEBATHNICHEDTED £905,
REFUBRODGRRAZEE RSO LE LAER,
DEEA FROBYELFORLRXZIEIN E Lz, ERITIISOFEEIZCODEERSICHEEELT

WFNHALLIC2XF LTIEERED TY,

BT D &ML E

CRBEOLCERBOE D, AL F L THBLICXEEICS CHKEL LF T, Rid
S TCCRANTBRETT,

e, BEWCSOEEREZRMEL I > TR HICDEF LTI, ZHEEABROTFTIVE LI BEVEL
rFE S,

ic
] 1T ® FT(59E4AL0)

=N e =] 11/4 50,000M 10/4 60,000H
iE &8 4 3,000 M 4 4,000
FHENH 2 1,000H F 2,000H

BHFISOFEE L 0 BBRE - ERE - #4ERH

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



#HIE
Euy

HEKFHEESNMRAROBEL L O =5 —
v 2ic B4 AR PR EE IR 20T,
HAL RS — v SHEESHE 2558 85(1975.3)
TSN TS, TZTHE, 2OBOKEE
FAEBEIICEEL, HETK > TOAELMENE
2N T B it B,

HEFE BT Y TR O R BRSNS (K BT R AR
Ry - VBEFRE, X by VEHR
AERINEER MM I N T O, MEdZE & B
EETHEREIICKED, BERHEFKELEHRE
RoNTV S, REOBREREAHPY T3 5305
KEBIROMRET, EHEYTF, SHEEBLU
REFFEAFICE > T, BEBBOMRERD L, &
B2 t~DORIEEEA2BL T, =2 VvFEDOHFELFI
Ricg534 5 HMT, ROLDBHEBTHOHNT
Wb,

(1) SCTILY—EVDIEEBHISHEDOHE

Bl S 7 4 — 2V ESBE DR A M EX B F S
MELTHOONES Y7 VEER Y —E Vi, =
vOVh LOREHESIC L DERBIE NS T A%
W, CORBBICL OB SN S 5 — & R
EERTOFEERRITE, COD, SITNV
Ry — v Vv ORERYE, rvoEdslo v
VrED= 9 F UV ITEEPLLICT BIcHIC, K
BRIV AT - T B, FERRIL 200 KWEEH TEX
Fansd sy —FEMBEOHHERATERIRE L,
A—FYUNVTEROTT v I Uy S DHER %
YaIVv—- bEARBIZERRAERESE, 0K
LSO 1iTRd 7 DT vHERY - v AERE LT
THoTW5b, FREREMTL C—RITIEEETR
NORED TiT, Frikdhip % B o o BHE T 217
S T0%: CNLDFERZE ikkatd 5 Licky, &
— FIBEHEBIDHREFIcE S L LS E LTV 3,
(2) B, BIDIEBERISHEOHE

Hilf kR s — D & 5 i B IRBY RO T

(RBFN S84 10 A 27 BIEMZA )

REKFEERINIIIE, MRS

RRERN & # B X

TURBINE_SCROLL TURBINE NOZZLE

SN FLOATING BLOWER CASING
r‘, o S
:(l}:

l |
B ) BLOWER
N, T
N L
AN
TURBINE ROTOR AR\
/ /,-—
R -

FIXED BASE

K1 FEBEH D7vriigsy —v v

ATB5E, BEO0DORNVLDIHOES Lk
BOEBHOHAEHBEZ SN B, WIADEEHDH
DRI RITTHEPRENEELONIDT,
CNICBH L TRAERD» 5B O ELITONTE
D, TNSDHFADOEE A0 BRI - T
Wb, —H, FEOEENTH L TR+SEER
TONTH 59, BRI TEEIN AR
FERT DT EERFTNICHE L 7-45KW B K TERH)
SNBHZEEN (K2 ) OREO (1 mx0.3m)
CHEAM G 7 BB E 0D ODEHIDFHicO0T,

X2 ZEEEERES TIERRF)

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

B3 £ 7l

£ H

RIPREE HSAR L B HOBH CHE R & EER O E A S i
TAED TS, B8, MNEBEHDORER,
BEICHY > TOEID & L NIRRT Lotk
BRI HE (X3, SHPHED) X
NIT->TW3B,
(3 M1 72— OBR

& — & O T ERLERE K5 &R Dk
nEy, y—cvHKsF 4+ 7 2 —FE2&RDT S
VEHE O, TODXDEEEDEE RS Z R 2N
DT 4 7 2 —HFICHAT D E, ELSOEE
K& D F 4 7 a—9EEmD 5DFHAAD I < FEHHN
Hlah, HEMILBSDHOKREIEAMET 1 72—
FEHNMAT A EDAEEEE S, LAL, ROK
X SEREERADPELET D E, T4 7 2 —
DRI IS 5 O EEREPEL, T4 72—

FOE/LBIEREDET 2B LD E%EE
BRI oM d b, ALNBRRICK D RERA
S/ RITENE, b i B O T 4 7
2 —HFIFEASE, TORKDF 4 7 2 —FAEPOD
WEPRI & FE/1EE e % EERENITK D 5 7L %
fToTw3d, (K4)Xoic, Bonf-Eg7—
5 2RI LT, A0 ADOKE CEHREMNHET «

i B )

4 ERFHEA#E T 72— 9

7 2 —HFOBRAKH AT 570 iCitR 2zt
HTW5,
4) Ry —UTHEBOBRE
COMERI RS — v EIFBEERFREIEOD,
BEZ L~ DOXIE, =2 VvFOEFIADER
MOREEIT->TWB, §bL, x4—-) VT
BEEE I AMRESEE T & B 7o DB S B LT RS 3k,
UL b NI S OB RAARFHK S C &
5, BEEBAENU TS, L L, TOBBED
BHEROVEOMLTIRIEL, BB nE
BEHF— 45 &DIv, £ T, HBIKET D15
57 51 OREHRETRIEORRE A ED TEH
D, BEKHOBRREES, BWkex b v LHEME
2P YDOER b VAEZE, SR E(KRRORE
HE DB REICE L B AL hiTL2D2H
%o 1z, TOBBOMBEDLBHIREDHM
BB I EEIREE O B OB A
BHOid B2, —20Ox b Y20, HE
NICEEREFRAESE, TOROBENRENRI K
UBENRBLER A FERCKD TS, 51T,
N5 DREEATHEANICTIRIE 3 5 - OHE LT
> TWb,

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



]
%
\

ﬁaf.§§1ELE>' 2=k o4
&

Ty /AE T Yy I AD KD IR EF
OEI1INEEY ROy aBBERTHL NI E
ST NECEEEbNS, Tnid, ilksh
TWWbE7 3y 7 20HTHERRD I &M EMFE
<, poKETOHSEALTR Y — 6
F70l0 5 6B OERKMEAT - Y VB
Fros 5 LCHARE 53y 7 REBENERI
MEBEAZLEDTVRZENEREEZL LN S,

VYRIILRBENEIRY B BVIEH
BT -y YOERICHTEET I v Y
ZANDOHEHEOE T O LRI 1 ) —TH-

1 EDS, THE(T7r4 €T3 97 ABE)

DOFEAMIC EE H 5500 AFFOSMEND -
-, EROBMEHEER 1 ITRYT, &1 DOEEHH

1 EYIBMEHK

= %4 2 mME
HA 314

(m% 255\

K 24

INEFF22

\ 2213 /
T AU A 57
i T N S 36
7 7 Y R 21
4 F Y 2 18
e = 10
AT x— TV 9
A—R+FYT 4
= O b 16

DEMERIIFHETH 2 HAEZ R EEED £
53wy ADWHE, GHOKELZWMFEIC/RLTH
6 &/D\bn Z)o

( BRFN584E11 A 4 BRREZAT)

55iyfﬁzqﬁd][

R ROD A

INDBUWERR N 1R B K

Yy RYILTDHBARIIL, %BH Proceeding
ELTHRENZ FEMNHLDT, stz zn%
BBL WX, TCTE, FEOHIRERL
VAR

VYR II LR, R2WWRTEDDFI=Hw

#£2 v ¥aBlEXE
ey va Y RigkicBE | AR
WX i ﬂtﬁaﬂ‘é
%4 ERY E X
Application | 15( 56 - -
to Engine | #¢a£7E6 )
Silicon 14( 5 58 10
Nitride | fFa#mE1 )
Carbide - 1 -
Nitrides
Carbides 9 3 6
Zirconia 6 2 4
Processing 5 5 -
etc .
N EF 50 15 20
Poster 50
it 100

vy ValEADDERY—®y Va Vil
TREND - 12,

[y I /~DIGH 1ty ¥a v/ Tid, 8FF#
HWELTHADEHRL R ¥ — /ORI E &
HIR, AMOEHBERARY -y 7075 4,
*EDDOEFEOHAEBHHEHTRY -4 DO
DehIvALLBHEBY —FKas Ny /F7y
—ENWNLT Yy Y DHRBEIUNASADET Iy
7 ZFEDBNBEH » 2o TOOIIHEHESIN
TWAENR€T I v I R ERAVILT Y VOEK
Tavzy b THb, ARG, TicEkAksn
D THO, BHFLOBMEILE L -, —K#
BT, F4—ELT /I /ADINVIAZTHRET

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

I IRABLIUBREELT I v I RA—F 4 VITD
GBI, ) avsF A4 b4 FEEDHRY—EY
T /Y /DIERBIDOBN D - tee o, BR
BBDHIEHY, T vy HEB&D O MmO
ORISR EN I, T Y HBmELTES
3w ZAMELTERENS I, MESEmTO
EfEMDRIE, BYE€7 3y 7 2 -2BEAHE,
€7 3y s ARHEOR T, FicT -y
Y UTI, B BETS ESBINNREETDH
LIg#BmENLSEBLTHRES NI, T, XK
HELUM 1Yk, B#ER€II v sz
VYOMEMSEOEE S oV s PELTEA—
H—BHHL THESN TV B30I, HEAT
BEA - —@BICHBICHERL TW5 T EHHIR
Cd - 1o |
FvYaryr+rAr34F Jey¥a v i3B8FE
1 D2EEA14EEMEEIE Y v a Y OB TR
SEBBDPZE DT, HRI—EvT I R
EICES VN TEY, »OUBELEHKTHD
CEERBMLALbDEBDNS, BGERTDI ) —
TROBMRE, By A vick EmEDOED B
VISR AR IC K BEIETS SRR ICBI G B R
Lo HFABOMK, TENVT FRY) AV
b5 4 FOERILD LS ERKCBT 2GR E
ZRIEBNBETH - o BILYIBICELEZ €T I 57
2 - &BBReICET I REFIcERIN .,
[H=NAFR-FAPFAF IBLUOT H =

ARy vayTE, YYa k-4 805

BogENTNTHVET EDDS, TOHSATOR
EpBinotz, CVD VY a v —Ng K0k

L

sfby ) a v —Ng NiICfd A&, €5 3
v 7 ZADERE, R b~NDO—DDHEKE LT
HEHX N,

[na=7 &y ¥a rid HORELIV
A=THREIIv 7 2ELTEHEABTH ST &,
Pk & BESRFBEMIE N &, BRERBMENT &5
57— 4 ¥z vy yHEEICEBHICRRA SN
TEY, COBRP DRGNS -1, Yva
=7ELT4 PEEGILL, MEDORMEROHM
BEHREOAAPERBEE - L TO YT
=T7%t 73 v RAEOREICBATAME LIS
nt,

[ Pawyry |2y ¥a /TR, HAX7I7X
vHBH0E 74 7 oic Kk BRSO S ke T
ICPEs S BREAUICBEE 9 2 8k, Sol -Gel 7o+
AL BEEDE T Iy v AREICHET ST,
&R t7 3y RAOEBESICHETIRERE
BH-1e FICYY) 3 /5 —s54 F - Ninonic 80
DOEEEE T, FREIEBUEDOAERICKL O &<
amEsEonicE LTEHIN T,

KRy -ty Va/bELDEHTNEWED
botehs, TITRIAES B,

SREBT I HET Iy 7 EHERICBET 2B~
BOEERY v EIY LA TH D1, FTIKAKS
NBRREERET H0ICE  DEBI LA TH
fzo 19864F 4 Hit German Ceramic Society
DFEM TP N4 Y D Garmish-Partenkirchen @

o ~ . o %
RMohdE2Ry yBYT L, 1988FE8A(H

2039 A ickETHMANAEI RV EVY
LWL ORELILANRELDTEAR—FLIZD,

I 7 # % 4|

Tel

G—ﬁﬁmtﬁﬁéﬂyfl—gﬁﬁ’

59#2R 168, 178 9:30~16:40

B &
35 PR KDL
HIA X 4] 5952888 (X)

Al D&% LT, 7 —Fls (XREKARENRA 6 — 3 — 26
03—944—-6501 KBHOEDLET I,

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSJ 11-43 1983

I IRABLIUBREELT I v I RA—F 4 VITD
GBI, ) avsF A4 b4 FEEDHRY—EY
T /Y /DIERBIDOBN D - tee o, BR
BBDHIEHY, T vy HEB&D O MmO
ORISR EN I, T Y HBmELTES
3w ZAMELTERENS I, MESEmTO
EfEMDRIE, BYE€7 3y 7 2 -2BEAHE,
€7 3y s ARHEOR T, FicT -y
Y UTI, B BETS ESBINNREETDH
LIg#BmENLSEBLTHRES NI, T, XK
HELUM 1Yk, B#ER€II v sz
VYOMEMSEOEE S oV s PELTEA—
H—BHHL THESN TV B30I, HEAT
BEA - —@BICHBICHERL TW5 T EHHIR
Cd - 1o |
FvYaryr+rAr34F Jey¥a v i3B8FE
1 D2EEA14EEMEEIE Y v a Y OB TR
SEBBDPZE DT, HRI—EvT I R
EICES VN TEY, »OUBELEHKTHD
CEERBMLALbDEBDNS, BGERTDI ) —
TROBMRE, By A vick EmEDOED B
VISR AR IC K BEIETS SRR ICBI G B R
Lo HFABOMK, TENVT FRY) AV
b5 4 FOERILD LS ERKCBT 2GR E
ZRIEBNBETH - o BILYIBICELEZ €T I 57
2 - &BBReICET I REFIcERIN .,
[H=NAFR-FAPFAF IBLUOT H =

ARy vayTE, YYa k-4 805

BogENTNTHVET EDDS, TOHSATOR
EpBinotz, CVD VY a v —Ng K0k

L

sfby ) a v —Ng NiICfd A&, €5 3
v 7 ZADERE, R b~NDO—DDHEKE LT
HEHX N,

[na=7 &y ¥a rid HORELIV
A=THREIIv 7 2ELTEHEABTH ST &,
Pk & BESRFBEMIE N &, BRERBMENT &5
57— 4 ¥z vy yHEEICEBHICRRA SN
TEY, COBRP DRGNS -1, Yva
=7ELT4 PEEGILL, MEDORMEROHM
BEHREOAAPERBEE - L TO YT
=T7%t 73 v RAEOREICBATAME LIS
nt,

[ Pawyry |2y ¥a /TR, HAX7I7X
vHBH0E 74 7 oic Kk BRSO S ke T
ICPEs S BREAUICBEE 9 2 8k, Sol -Gel 7o+
AL BEEDE T Iy v AREICHET ST,
&R t7 3y RAOEBESICHETIRERE
BH-1e FICYY) 3 /5 —s54 F - Ninonic 80
DOEEEE T, FREIEBUEDOAERICKL O &<
amEsEonicE LTEHIN T,

KRy -ty Va/bELDEHTNEWED
botehs, TITRIAES B,

SREBT I HET Iy 7 EHERICBET 2B~
BOEERY v EIY LA TH D1, FTIKAKS
NBRREERET H0ICE  DEBI LA TH
fzo 19864F 4 Hit German Ceramic Society
DFEM TP N4 Y D Garmish-Partenkirchen @

o ~ . o %
RMohdE2Ry yBYT L, 1988FE8A(H

2039 A ickETHMANAEI RV EVY
LWL ORELILANRELDTEAR—FLIZD,

I 7 # % 4|

Tel

G—ﬁﬁmtﬁﬁéﬂyfl—gﬁﬁ’

59#2R 168, 178 9:30~16:40

B &
35 PR KDL
HIA X 4] 5952888 (X)

Al D&% LT, 7 —Fls (XREKARENRA 6 — 3 — 26
03—944—-6501 KBHOEDLET I,

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



GTSd ixzg—vvrtIF—(F120) O b4

CHRE -V OBREOBM EFHEMN” ABE T —<ICE1 2B GTSI HRE—EvviF—%
TROBOREELETOTE > TITEMT I, MUPRGBEY L0 THE CRANL-LES,

e FO wn

By @ BAFIS 9F1A18RH(K), 19B(K) 9:55~16:30 (ZfBI5 9:00)
% . BRIRRSHEHT 2R — v
(BXZAE3—5—8 Tel. 03—434-—-8211 )
E # . AERHTRE-EVES
W '’ . KDEFHREEEMGS, BBERNS, £ —FEEES, BRENHS,
AAMMY 2, BERMEFEHY S, OEMEEMHS, BARRREEELS,
HAMABEY S, BREHS
5 ®1F—DOWRE (G 1 0 AKXMTERESR)

[\]
W m

B G DRRES cere i Ezl::[:%qu mAR EB K
A. BRI OB
(1) BEYA IV NBEEEHRAZ —E Y e, & A B YERT BE i K
(2) BHENEH H AR — B ceretrtmimiiiiiiiiiniiier st e e HEEBBEG (LB E— K
() FZEFHA R R — B Y criererieriieiiiiiiiiiciiciein e AIEBRBETE® A1 Z K
B. # 1% 4y
4) BHEETHEZERNFEEHNZAE —EY i Wz FEEAISET BN %E K
(B) T UTINE — BV it ZFEETEWG BE %A K
(B) BIRREERS  cooreriiii i et J”LIEEI%% NS B K
(7)) BT Z — B 2 ettt ettt e e SHERG® FBE BER
8) Yxw b VI YDEFEIH oeereennnnnnn e MZeFEEHTZCET g EK K
6. ZIEH
(1) EEaE (BHAT)
o EIER OB EMMAIERA

- 0N NN

2HME 20000, 1RDA413000M
oFAR HARRMA - % HIL 5000 M
o B4 HARA s XA 2HM 36000, 1HDA24000H
ERDOA 5000 H(ELDHLHE)
XAEL, BHSHTH GTSI AELZHT T,
(2) BLALFE B« K4 - MASL BT L, BELSELHERES - HEEZICCTLE
BRETEBELEDTIN,
B%RE . T160 FBEXEHMBT-5—13 HEH3THE L 402
FDBEEHZE—EV%¥4L  Tel. 03—365—0095
HEREES FHRE 7179578

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



@BFEHRY -EvEL
E12EHRY-EVEHERSEREE

BrRFER AR BMN59%F2A178 (&)
R BANRY - vZe (BEFR) BARMES

°BA & A RB#M6 9F6A1A (&)
& 5 BMIRESAHE (R Z2EA)
CHMXARE (D) Fo~ldAzs-Evr (BBEEED) RUOZDOIGHICEET 2 BR KON E
HOWHILbDET, HRY —E/RKEDAHL ST - FRE vrs-—Er%
BUVART LRV Y-FHEGZELEDL T,
(2) BEDHATRERDOGD, —MURKRD b DEELCHEIRRERTSLTEHRE
B5EDICRD ¥4,
*BEEE (1) #EEWR, HEASFRS - Uy/EL2L0B3R3OFXERYELL8EL, 20700
BFELITHLIAATTE D,
1% 1BEHEFMELES,
(2) BHLABER, ASEAORMEICIH]1 2B 4R & — & v EHIHESHHE LA
A | ERERE L, TRROFEHEAFLAL, BEF RS —E /2L (F1 6 0 HEEBHE
XEHET—-5—-13 HL=ZITHFEeNM 402 ) T3 EBABRES (T 5 1EHKE
HEAXRAAR2-4-6 ZEILEBEVA)FEHLAALTEEL,
a) #E&EH b) REE (HBZOBERFEHEEICONEMFLTTFEWV ) RUH)
Bk ) FIB¥ERULE B d) #WE%L e) 100~200FFEE
DIEE
(3) #HEHLAAFLEHBERERICGEROFEEE, FEEMRUCELERLIT—
BDOLE, WINOIRBBZOZEEFZRIZMFI L H A,
4) HRy -/ EECBOMBRERD, MEHELECEBTIBE(GISHB) 2K,
WAy —ErEesiiciEgcasd,
(B) BEMFEENEHLAAIIRE, BEHARZILZEREL DOV EL, BREBBEMYL
WMXEF 213 Bulletin of the JSME ik¥fgcx$4,
BRALAAEDA BM59%F 28178 (&) #£&
HBRERX (1) FEHBLAABCIFEHEACEAFRMARKLEBXEOLET, RXF1292FD
R B4 ~— UPIE6 <= VLN E LET,
(2) MR MWMs5944A8188 (k)
(3) FEFMEI—EE O EFHRFRHILZEDHNI 05D TFETT,
(4) FEFRROFSIMERCH—FERHOE I,

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



@fé e

198 34EEEARY —EVyAFHERAETE
DS HICDTRERTLE L, M/ 31T,
BROKREBEED 4., BHLOIKEFOLESL
TS 1288, BAEHIRTCERESFTL
KEDH ETEEDHBBEAL LS5 EHHT
NITRWVWE, BBREO=Z/IABLERLIZEED
WERLEAKL 512EDLET, HFOBFEVT
X1 oAb E LT, ReBBEEEOES:
HTHEHMHY TS,

SABIRRBEFRAEDARBEL TR, &
MEDOH 4 IpbHFE LN BEREEHE0HL
OPEBELE L, HEARKSMENLE -1
Hhb, CONODIRBEECEINE > TREDFH
SERLCE > T ndENTY,

HH, BHEEOVELOEZECERD T RTEIGH
TALEEFTEXEEATLLY, BETEE -
D HEDT, SROEEBELBEOSHICEYE
TV GAEEZEZTBOET,

SASEHEHARSFESOLICE->TLEL
F Lz, 9ABOLHETE - S HEREDOHE

U N LN BN B S\ SN SN S\ SN ST SN SO\ SN NI MG N Y S\ S\ S\ M\ S\ S S\,

RE®RE B Mt 8
BEDOVEDTHLIBEMEIN R 5 — & v D
V) = ZXONER, FOBREEZELDOIKVWLD, B
BN LE T,

T, MEREL 2EHOFET LD, BDE
HHiciBn, FidoLH7ABE?HEEZLTHEOD
T4, FEOHLICIERLTEDL D ICFHES
ATEVETHPO, ALFEFIKICLTEY XY,

oI HT A CER, BREEATE BXE
ICHLEBREF TBHFE LI,

F7-, HE - EIERIIMHEEERIT A2 L0TE
FHh5, BARICAFIN =2 —XFERHOE
BAEBEOLLEBCEBEALED,

Q&Ax—F—i35 8FEIASTIKHKLICED
D, ZDHQBENHDEIERELCIE>TEBO &
T, BARE 1 ED LS EAREMN - KEIOIE %5
BT E@d oL L EBVETH, AR
g —EVicEEDH BT ETLR D, i, %
B SEEcl o3, EOLH5U T ETHEME
BHEFELLFanE, FLETRAEDPEIET S LD
B2tz LEd,

e~ s P P e e Pt P Pt P s Pt Pt Pt P P P Pt P Pt P S Pt Pt Pt Pt Pt P ot P Pt Pt Pt Pt P T T Pt Pt Pt Pl Pt Pl el Il Pl P NG NG NS T T N TN

T ¥ B £ X Y

SN DO/, AN BRI LD ER S TORAILEDOR S HSRELOFEHLEB D E L, BHiLEEIDRS
S UITNNNDED, [TLEORVPIBOAAA*VD LV LERL 3®#ET,

BRI 2EEABD LIS ERADA XY + V1 983EERI RS -~ EVRBRERE” bBERD D
BICEAEAL S L, 448 3451, BRE¥ATHLIRKEEROELL > THEREF —BL L STRL
<, EELHICHY, ERESHICENSE L -—ET LT, $RTOEBNCHEOD 7 7THEOREXHK
TSt BNETH, [EESBELRDEI LS JE0I3—2DBELA» TINEGEIANLE—D
KLTEEF 7RI TCREDL-TeDTRIEEOTL & 9D EDFEDH-T, £y v a VBAKRTII 541
%, BBRBTIHIERST760ZDEFBBMLTTI0E LI,

BWPHTRE —EVHEEE T — 25, BrRICHEBEABOIERILL D AL — FTR-THE L,
BRELEBEFOY - LRI SADINET - TTFE-4DT, BERELTRFASESHEZ ST &
FHIE L TOOTTH, WS LEHBEAENERDHAT, LA TFBETNEL,

Il LIS, I FuN—LDE, KEDF—THF—KZ—IADD F V—F—BEAKXADSHILS
PTHABAR S KELAGE > DIEH >N LOEE(?) Tl BRARK FL—F—%2IHLEOFHIL, 4T
EXAK-TEBD FTDOTCEAEABLERABRELAAT I,

58 EELHE=N A%, BEEHENKD - Th vy LD, 2 ADIRETHXRSS, 1A
18, 19Dt F—&EFHROANATESTEINTEDE Y, &I, APUABBETLOHHLTTE
HBLAALENIF DL HDERADT, RIECY 70—V ACHBHOL, BIRAEBELBZI & XD,
BRICBRALAAT I, CA)

Am,mwwwwmw¢wwmw,ww,,,wm,,¢,,,¢,,,,¢ww,_
ARSI |

s e s s o P P P Pt et s e P Pt Pt P P e P P Pt Pt P et P e s ot P Tl F Pt Pt Pt D T Ml T P N Pl TN Tt T T P Pt Tt Pl ot Pt P

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



@fé e

198 34EEEARY —EVyAFHERAETE
DS HICDTRERTLE L, M/ 31T,
BROKREBEED 4., BHLOIKEFOLESL
TS 1288, BAEHIRTCERESFTL
KEDH ETEEDHBBEAL LS5 EHHT
NITRWVWE, BBREO=Z/IABLERLIZEED
WERLEAKL 512EDLET, HFOBFEVT
X1 oAb E LT, ReBBEEEOES:
HTHEHMHY TS,

SABIRRBEFRAEDARBEL TR, &
MEDOH 4 IpbHFE LN BEREEHE0HL
OPEBELE L, HEARKSMENLE -1
Hhb, CONODIRBEECEINE > TREDFH
SERLCE > T ndENTY,

HH, BHEEOVELOEZECERD T RTEIGH
TALEEFTEXEEATLLY, BETEE -
D HEDT, SROEEBELBEOSHICEYE
TV GAEEZEZTBOET,

SASEHEHARSFESOLICE->TLEL
F Lz, 9ABOLHETE - S HEREDOHE

U N LN BN B S\ SN SN S\ SN ST SN SO\ SN NI MG N Y S\ S\ S\ M\ S\ S S\,

RE®RE B Mt 8
BEDOVEDTHLIBEMEIN R 5 — & v D
V) = ZXONER, FOBREEZELDOIKVWLD, B
BN LE T,

T, MEREL 2EHOFET LD, BDE
HHiciBn, FidoLH7ABE?HEEZLTHEOD
T4, FEOHLICIERLTEDL D ICFHES
ATEVETHPO, ALFEFIKICLTEY XY,

oI HT A CER, BREEATE BXE
ICHLEBREF TBHFE LI,

F7-, HE - EIERIIMHEEERIT A2 L0TE
FHh5, BARICAFIN =2 —XFERHOE
BAEBEOLLEBCEBEALED,

Q&Ax—F—i35 8FEIASTIKHKLICED
D, ZDHQBENHDEIERELCIE>TEBO &
T, BARE 1 ED LS EAREMN - KEIOIE %5
BT E@d oL L EBVETH, AR
g —EVicEEDH BT ETLR D, i, %
B SEEcl o3, EOLH5U T ETHEME
BHEFELLFanE, FLETRAEDPEIET S LD
B2tz LEd,

e~ s P P e e Pt P Pt P s Pt Pt Pt P P P Pt P Pt P S Pt Pt Pt Pt Pt P ot P Pt Pt Pt Pt P T T Pt Pt Pt Pl Pt Pl el Il Pl P NG NG NS T T N TN

T ¥ B £ X Y

SN DO/, AN BRI LD ER S TORAILEDOR S HSRELOFEHLEB D E L, BHiLEEIDRS
S UITNNNDED, [TLEORVPIBOAAA*VD LV LERL 3®#ET,

BRI 2EEABD LIS ERADA XY + V1 983EERI RS -~ EVRBRERE” bBERD D
BICEAEAL S L, 448 3451, BRE¥ATHLIRKEEROELL > THEREF —BL L STRL
<, EELHICHY, ERESHICENSE L -—ET LT, $RTOEBNCHEOD 7 7THEOREXHK
TSt BNETH, [EESBELRDEI LS JE0I3—2DBELA» TINEGEIANLE—D
KLTEEF 7RI TCREDL-TeDTRIEEOTL & 9D EDFEDH-T, £y v a VBAKRTII 541
%, BBRBTIHIERST760ZDEFBBMLTTI0E LI,

BWPHTRE —EVHEEE T — 25, BrRICHEBEABOIERILL D AL — FTR-THE L,
BRELEBEFOY - LRI SADINET - TTFE-4DT, BERELTRFASESHEZ ST &
FHIE L TOOTTH, WS LEHBEAENERDHAT, LA TFBETNEL,

Il LIS, I FuN—LDE, KEDF—THF—KZ—IADD F V—F—BEAKXADSHILS
PTHABAR S KELAGE > DIEH >N LOEE(?) Tl BRARK FL—F—%2IHLEOFHIL, 4T
EXAK-TEBD FTDOTCEAEABLERABRELAAT I,

58 EELHE=N A%, BEEHENKD - Th vy LD, 2 ADIRETHXRSS, 1A
18, 19Dt F—&EFHROANATESTEINTEDE Y, &I, APUABBETLOHHLTTE
HBLAALENIF DL HDERADT, RIECY 70—V ACHBHOL, BIRAEBELBZI & XD,
BRICBRALAAT I, CA)

Am,mwwwwmw¢wwmw,ww,,,wm,,¢,,,¢,,,,¢ww,_
ARSI |

s e s s o P P P Pt et s e P Pt Pt P P e P P Pt Pt P et P e s ot P Tl F Pt Pt Pt D T Ml T P N Pl TN Tt T T P Pt Tt Pl ot Pt P

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



2

R KRR & R BOBAHREIC X
SIRRD 2B ET 5, KEIRRE,
&X0HDT—<ICDOOTHEDHITH
FEKFT HHDT, HHEBICKBR
RMEB3RBroAdIEREINIERT
H5bo
2. FROANRIR, HRy—-EVicBED
b BHimae, MR, WX, EH (PR,
BknE® ), FE, BE, =X, F
BRDOAN BLUENLELET 5,

3. FRBMAICKVBIELKHTLIHE

BH 5,

4. FRAKBHEEZ 44 0FZEDObD%E
AT 5,

Py

s=*
= ks

L.

B @8 #

BREAROGG3RERTASTRES
%o

2. FEREHISIADIS O,

3. BRI ET S, oYL

52 1}
BRRFERIROBIAICEHTEH &,
1) BEHRXIEEDRET, Ry —
EVERICET A bDTHB T &,

2) #RERXBAAXCRS,
3) BRESRIIRERLSANORITIICR
BET, poXERXFHOFBES (K
FREDOBHBESEEL )L TE
REDEDIIRS,

L

AL A
F =iy

~D

N
aff

3
1.

wm & R T

5. ¥LEIFRI_LY 1 H# 1900 £TH -
T, 1ROV T, 2 FRDEDH
HEHIRY 5,
w4 ~5H, MRBLURN6~8H,
EHBLOBEI~4H BE2~3H,
=a—R 1 HPA, HRISEN 1 EUA,
¥ 18UAN
RIS A RBERICRAT S,
FAAFERSIC I RE DB EFTA S,
FRIE TR oEBREXMNT 5,
T 160 WEHHBEXARHE 7-5—13,
EITHFENL
(Tel. 03—365—0095)

B R E
BEIIRBER 6~ 9 7 HOTFRE,
4. FRBEERICOVTREBRICHSE

H5T &,

R R T

2. BEEROREEHIFENELT8H
PRETE, HL1HIZDZ10000M
OEFZAIHTLHUANDEREET S &
BTx5B,

3. BRRERIGIE1R, S28ERHITS
&,

4. BREERBIERBERRICE S T &,
ia, BRI DRA I AFERIC—FERHV
EJC AN

H & 47 R £

A0 5 8 4F

S—

1 &

7

=g ®ERT7T—-17

TEL (03

F11% FB435

W O£ T &ZF T M X
HZ2H B '

GP) BAH R Y — B VFEES
F160 HAEHEXAHME7 -5-13

B 3THeN
TEL (03)365-0095

FIRIEE B ITERRELH
HRHPHEXATB 205010

s

|

12H10H

9578

)501-5151

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07/04.



th e gas turbine division

newsletter ........ .os

. THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

Technical Program
For 1984 Gas
Turbine Conference
In Amsterdam

The technical program for the 29th ASME
International Gas Turbine Conference and
Exhibit to be held in Amsterdam, June 3-7,
1984, is deep in the planning process and it is
expected to continue our tradition of record-
breaking overseas meetings. At the time of this
writing, 17 Technical Committees of ASME
Gas Turbine Division are expected to
participate. It is anticipated the program will
consist of approximately 340 papers and seven
panels distributed over 84 or more technical
sessions.

An examination of the preliminary program
(to be available soon) will reveal the technical
strength of the 1984 Gas Turbine Conference.
Papers will be presented on subjects ranging
from fundamental fluid flow, through
compressors and turbines, to operations with
coal fired systems; and from small aircraft
engine technology, to gas turbine ship
propulsion. Many of the Technical Committees

have scheduled groups of two or more
sequentially related sessions for in-depth
studies of the various technical disciplines. For
example, the Combustion and Fuels Technical
Committee will feature two well-known
speakers on separate days leading to both
panel and paper sessions. The Turbomachinery
Technical Committee will have multiple
sessions on axial flow aerodynamics, radial
flow fluid dynamics, and seven consecutive
sessions on numerical and analytical solution
techniques. As in the past, many of the sessions
will be directed toward the needs of the gas
turbine user.

An experiment in the use of poster sessions,
begun last year in Phoenix, will be continued
this year. Several papers will be chosen to be
displayed in (or near) the exhibition hall, with
each author available for one-on-one discus-
sions with the audience. These papers will be
identified in the final program.

The Conference will again live up to its inter-
national name. In addition to our meeting site
in Amsterdam, the authors of the technical
papers submitted to date come from twenty
countries. Although most of the authors are
from the U.S. and U.K., a significant number
come from all over Europe, the Middle East,

PROGRESS REPORT

Canada, Japan, and the People’s Republic of
China. The Gas Turbine Division looks forward
to this meeting, and invites your active
participation in Amsterdam next June.

A.A. Mikolajczak,
Chairman, Discusses
The Coming Year

As the new Chairman
of the ASME Gas Turbine
Division, I look forward to
an exciting and rewarding
year. The Division is in
excellent shape technical-
iy ly and financially, and we
will continue to build on our past success.

The emphasis of the Division will be to
continue the international focus of the world-
wide gas turbine community through con-
ferences, exhibits, and our International Gas
Turbine Center in Atlanta.

The International Gas Turbine Conference
and Exhibit held in the spring is the major
conference of the Division. We also partici-
pate in the ASME Joint Power Generation
.. .continued on page 2

1984 ASME International Gas Turbine Conference and Exhibit

Amsterdam, June 3-7, 1984

Itis now anticipated there will be approximately 340 refereed technical papers published and available for distribution at the

Conference. That quantity will be an all-time record for ASME Gas Turbine Division.

* 150 companies and other organizations have already signed up for the Exhibit.
More exhibit space has already been reserved than ever before in the history of ASME Gas Turbine Division. In fact, the previous
record which was set in 1983 in Phoenix has already been exceeded by nearly 25%.

Keynote addresses will be presented by Peter R. Odell, Director, Center for International Energy Studies, Erasmus University,
Rotterdam, The Netherlands, and by Arie A T. van Rhijn, Deputy Director General for Industrial Affairs and International Market

of the European Commission.

The Court of Mayor and Aldermen of Amsterdam with the support of the Ministry of Economic Affairs will host a reception in

Amsterdam’s world famous Rijksmuseum.
Now is the time to begin planning to attend and participate in the 1984 ASME Gas Turbine Conference and Exhibitin Amsterdam.
Itis certainly an affordable Conference. Let us prove it. . . see the inside of this Newsletter for travel information and costs.

29th ASME Intemational Gas Turbine

Conference and Exhibit
Amsterdam, The Netherlands
June 3-7, 1984

GAS TURBINE DIVISION

The American Society of Mechanical Engineers

International Gas Turbine Center,

4250 Perimeter Park South, #108
G Atlanta, Georgia 30341 USA

Telephone: (404) 451-1905
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continued from page 1. . .

Conference held in the autumn. Every second
vear, the International Gas Turbine Conference
and Exhibit is held outside of the United States;
the 1984 Conference will be in Amsterdam. We
will continue to expand our international
activities. In October 1983, we participated in
the Tokyo International Gas Turbine Congress
and in September, 1985, we are considering
staging a conference in the People’s Republic of
China.

Gas Turbine Division’s conferences continue
to break all records in terms of attendance,
papers presented and exhibits. The Inter-
national Gas Turbine Conference and Exhibit
now attracts over 300 papers. The papers are
of high quality and all pass through a peer
review process. OQur members, however, have
indicated that they would like to see a further
improvement in the quality of these papers.
The Executive Committee has initiated addi-
tional action to achieve this long term goal.

Successful conferences provide an oppor-
tunity for the authors and participants to
exchange views and ideas. To encourage
discussion, we experimented with a poster
session during the 1983 Phoenix Conference.
A selected number of papers, presented earlier
during the regular sessions, were selected for
the poster session to give authors and
attendees an opportunity to discuss their work
in more depth. This innovation was a success.
We plan to expand the use of poster sessions
during the 1984 Gas Turbine Conference in
Amsterdam.

The International Gas Turbine Conference
and Exhibit brings together between 4,000 and
5,000 persons. It offers an excellent technical
program and equally excellent gas turbine
exhibit. The number of companies exhibiting
at the Conference continues to increase and we
now have 150 exhibitors from many parts of the
world signed up for the 1984 Amsterdam Gas
Turbine Conference and Exhibit. The excel-
lence of the exhibit reflects hard work and
dedication of the exhibitors, our International
Gas Turbine Center staff in Atlanta and many
valuable suggestions received from Gas
Turbine Division’s Exhibitors Advisory Com-
mittee. We will continue to stress “quality” for
both the technical program and the exhibit.

ASMEis asociety in transition. We are very
proud of our past and yet recognize that we
need to change in the future to enhance the
services we provide to the ever changing
engineering community. The Executive Com-
mittee of the Gas Turbine Division is committed
to support ASME management in their con-
tinuing search for excellence.

Call For Papers

1984 Joint Power Generation

Conference, Toronto, Canada
The ASME Gas Turbine Division will
participate in the 1984 JPGC, September 30 -
October 4, by offering technical sessions in the

following areas:

e The Coal Utilization Committee is
organizing a technical session on “coal-

fired gas turbines.” Additionally, a panel
session will be sponsored jointly with the
Combustion and Fuels Committee.

The Combustion and Fuels Committee is
sponsoring sessions on alternative fuels
for gas turbine combustor application,
gas turbine combustor design and field
experience, and spray atomization and
diagnostics in gas turbine combustors.
The first of these is a joint session with the
ASME Fuels Division.

Papers are invited on the use of
alternative fuels including coal-derived
fuels, process gases, and heavy oils in gas
turbines and on operating experience,
emissions control, combustor heat
transfer, aerodynamics, fuel sprays, and
diagnostics.

An ASME green sheet (M&P 1903)
with a 100 to 200 word abstract should be
submitted by January 15, 1984 to: L.
Berkley Davis, Jr., Bldg. 53-322, General
Electric Gas Turbine Division,
Schenectady, NY 12345
® The Turbomachinery Committee will
sponsor technical sessions concerned
with the aerodynamic development of
turbomachinery components.

Emphasis will be placed on the aero/
thermodynamics of turbomachinery flow
path and blade path design and
development. Papers are sought de-
scribing design concepts, procedures,
and analytical and experimental techni-
ques and their results as related to steam,
gas, and air handling power plant turbo-
machinery. Particular emphasis is
encouraged as regards low pressure
steam turbines, moisture effects, scale
model testing, and prototype evaluation.
Also sought are papers describing design
advances in stationary parts such as inlet
and exhaust configurations.

Paper offerings, green sheets (M&P

1903), and accompanying abstracts
should be directed to: W.G. Steltz, Power
Dynamics, inc., 600 Reed Road,
Broomall, PA 19008 by January 15,
1984. The review version of the manu-
script will be due March 1, 1984.
The Electric Utilities Committee of Gas
Turbine Division is interested in receiving
papers on the following subjects:
operation and maintenance, combined
cycle plans and operational experience,
coal gasification, cogeneration and fore-
cast and legislative considerations.

Please submit green sheets (M&P
1903) by January 15, 1984 to: Stewart J.
Lehman, United Technologies Research
Center, Silver Lane, East Hartford, Conn.
06108, (203) 727-7035.

Technical papers concerning the above
topics are invited, and papers involving other
aspects of gas turbine technology, such as
small gas turbines for auxiliary power or ship-
board power, are also encouraged. For further
information, please contact the persons

listed above or the program chairman: Simion
C. Kuo, CEMCOM Research Associates, Inc.,
9901K George Palmer Highway, Lanham,
Maryland 20706, (301) 731-4210.

Introducing

Walter F. O’Brien —
Incoming Member Of GTD
Executive Committee

Dr. Walter F. O’Brien,
Professor of Mechanical
Engineering at Virginia
Polytechnic Institute and
State University, Blacks-
burg, Virginia, has been
elected incoming member Foo
of ASME Gas Turbine Division’s Executive
Committee. o )

Dr. O’Brien has been with VPI&SU since
1970, where he and his students have been
involved with gas turbine related research and
education. Much of his work has been
concerned with high-response measurement
techniques for unsteady flow phenomena, with
emphasis on compressor applications. His
recentinterests include the dynamic measure-
ment of blade tip clearance and vibratory
motions, as well as the modeling of unsteady
compressor flows. During his association with
the University, he has supervised the graduate
programs of more than 40 M.S. and Ph.D.
students, many of whom are now working in the
gas turbine industry and in education. He has
published numerous papers and reports, and
teaches courses in gas turbines, turbo-
machinery, and propulsion at the under-
graduate and graduate levels.

Prior to joining VPI&SU, Dr. O’Brien was
Manager, New Products, for the Poly-Scientific
Division of Litton Industries. From 1961 to
1964, he was with Aerospace Research
Corporation in Roanoke, VA, where he
conducted propulsion-related research,
development and environmental testing
programs. He received the B.S. and Ph.D.
degrees from VPI&SU, and the M.S. degree
from Purdue University, all in mechanical
engineering. He has continued his industrial
associations through consulting work with
several companies and various government
agencies.

Dr. O’Brien has been active in ASME Gas
Turbine Division activities. He was Chairman
of the Controls Committee (1972-74), the
Education Committee (1978-80), and in 1982,
he was Program Chairman for the
International Gas Turbine Conference in
London. He has served as an instructor in the
Division’s continuing education programs, is a
member of the Information Center and Turbo-
machinery Committees, and has organized
several technical sessions at Gas Turbine
Division Conferences. In 1982, he was a
member of the ASME Symposium on Gas
Turbine Technology in the People’s Republic of
China, where he gave lectures on unsteady
measurements in compressors. He is a
member of ASME and AIAA.
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Special Courses At
von Karman Institute

The following special courses pertinent to
gas turbine technology have recently been
announced by the von Karman Institute,
Belgium:

1. Unsteady Flows in Turbomachines

(February 20-24, 1984)

“Unsteady flow due to blade-to-blade
varying flow field is essential for energy
exchange in a turbomachine. Other kinds of
unsteady flow, such as surge and rotating
stall, are undesirable and endanger the
mechanical integrity of the turbomachine.
The aim of this lecture series is to
concentrate on the fluid dynamics aspects of
the unsteady flow with particular emphasis
on the rotating stall phenomenon. Both
theoretical and experimental aspects will be
covered.

2. Secondary Flows and Endwall Boundary
Layers in Axial Turbomachines
(May 7-11, 1984)

Important research programs, both
experimental and theoretical in nature, have
been conceived in recent years to obtain an
improved understanding of the physics and
mathematical description of secondary
flows and endwall boundary layers. These
programs are of utmost interest for the
industrial designer who attempts to reduce
the impact of secondary flows on the overall
performance of turbomachines. The lecture
series aims to provide a comprehensive
review of the state-of-the-art of the subject
matter.

3. Flow in Centrifugal Compressors
(May 28-30, 1984)

The aim is to give a description of the real
flow in centrifugal compressors and diffusers
as revealed by optical measurements and
three-dimensional viscous flow calcula-
tions. This description will be completed by
a discussion of a one-dimensional design
and off-design calculation method and some
more specific problems such as instabilities
and Reynolds number effects.

For further information, write to: The
Director, von Karman Institute for Fluid
Dynamics, 72 Chaussee de Waterloo, 1640
Rhode-Saint-Genese, Belgium.

W.G. Steltz,
Program Chairman,
Reports On 1983 JPGC

Gas Turbine Division’s participation in the
1983 Joint Power Generation Conference
resulted in eight sessions: four panel and four
paper sessions. The relevance of the panel
sessions dealing with the combustion pro-
cesses and the utilization of coal in gas turbine
engines was evident by the well attended
sessions. Discussion was pertinent, and lively
interaction between the panelists and audience

was much in evidence. From the paper
sessions, which contributed sixteen technical
papers, three papers have been approved for
publication in the Transactions. Most paper
sessions were reasonably well attended and,
again, discussion between authors and
audience was appropriate and pertinent. One
chairman described his session as “modestly
attended with enthusiastic participation.”
This Conference, being smaller in scope than
the annual International Gas Turbine Con-
ference and Exhibit, generally provides a more
focused atmosphere where greater partici-
pation by interested parties is possible.

Vehicular Committee
Expands Scope

The Vehicular Committee has announced
that the Gas Turbine Division’s Executive
Committee has approved an expansion in its
mission statement to incorporate auxiliary
power units. This important segment of the gas
turbine industry has not been previously
represented by a Technical Committee. Repre-
sentatives of the APU field are encouraged to
become members of the Vehicular Committee
and to help in the selection of a new name for
the Committee. Interested persons should
contact Chairman Richard A. Johnson,
Allison Gas Turbines, GMC Plant #8-T15, P.O.
Box 894, Indianapolis, Indiana 46206, (317)
242.5349.

New Gas Turbine Book

GAS TURBINE COMBUSTION by Arthur
H. Lefebvre, Purdue University, is a self-
instructional guide and reference about gas
turbine engineering. Focus is on the funda-
mentals of gas turbine combustion, empha-
sizing design and performance.

Intended primarily as a text for advanced
undergraduate and graduate courses on
turbine technology and aircraft propulsion, the
volume is easily adaptable for specialized and
continuing education courses. The material is
presented for usage by practicing engineers in
aerodynamics, combustion, propulsion and
gas turbines. Much of the material is published
here for the first time.

Assuming only a modest prior knowledge of
physics and chemistry, the text provides all of
the information needed for the design and per-
formance analysis of gas turbine combustion.
The main performance requirements and basic
design features, types and arrangements of
combustors are discussed. The design and
performance of conical, two-dimensional and
annular diffusers, the relationship between
combustor size and pressure loss, pattern
factor and hole discharge coefficients are
covered.

GAS TURBINE COMBUSTION by Arthur
H. Lefebvre is published by Hemisphere
Publishing Corporation, 1983.

Instructors and Students — ASME Turbomachinery Institute’s 1983 Fluid Dynamics of
Turbomachinery Program sponsored by ASME Gas Turbine Division’s International Gas Turbine
Center — July 18-27, 1983, Ames lowa. Front row (Itor)- D.C. Hwang, R.A. Novak, N.L. Sanger,
H. Starken, L.H. Smith, Jr., W.F, Waterman, S. Meng, H. Kodama, and D.E. Hobbs. 2nd row
- T.H. Okiishi, M.S. Mihelc, P. Hermann, S.L. Puterbaugh, H.E. Rohlik, A.J. Wennerstrom, R.P.
Dring, and H.D. Haynes. 3rdrow - B. Cherney, J.L. Hansen, G.K. Serovy, WW. Copenhaver, B.D.
Reynolds, D.D. Dalessandro, R.J. Klapproth, C.L. Ball, and D.M. Beekman. 4th row - W.T.
Bechtel, T.E. Scott, L.O. Smith, J.A. Parsons, R.R. Jones, R.K. Scott, R.F. Bergholz, E.T. Curran,

and P. Bradbury.
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Services Available From THE INTERNATIONAL GAS TURBINE CENTER

¢ WHO’S WHO in the Committees of Gas Turbine Division is a directory of all administrative and technical committee members. It is published by the
INTERNATIONAL GAS TURBINE CENTER and contains an alphabetical listing with the committee member’s name and address. The 1983-84
edition is now available for orders without charge.

¢ The INTERNATIONAL GAS TURBINE CENTER publishes a Directory of Technical Papers from ASME Gas Turbine Division Conferences dating
back to 1957. The Directories are available without charge and individual papers may be purchased from the INTERNATIONAL GAS TURBINE
CENTER for $5.00 each prepaid.

¢ The ASME Gas Turbine Division’s annual International Gas Turbine Technology Report is published by the INTERNATIONAL GAS TURBINE CENTER.
The Report is sent to ASME Gas Turbine Division’s Technical Committee members, exhibitors and contributors to the Report. Others may request
a free copy from the INTERNATIONAL GAS TURBINE CENTER. Complimentary copies of the 1982 and 1983 editions of the Technology Report
are still available. ]

* The INTERNATIONAL GAS TURBINE CENTER’S correspondence course on Basic Gas Turbine Engine Technology is currently being developed
The course should be available to the public in 1984.

* The INTERNATIONAL GAS TURBINE CENTER sponsors the ASME Turbomachinery Institute’s Fluid Dynamics of Turbomachinery program. The
latest program was held in Ames, lowa in July, 1983 and the next course is planned for 1985.

¢ The INTERNATIONAL GAS TURBINE CENTER publishes and distributes without charge over 14,000 copies of the quarterly ASME Gas Turbine
Division Newsletter. Persons interested in receiving a complimentary subscription should contaci the INTERNATIONAL GAS TURBINE CENTER.

¢ The INTERNATIONAL GAS TURBINE CENTER is the source for information on exhibiting and participating in the International Gas Turbine
Conference and Exhibit to be held in Amsterdam, June 3-7, 1984, and in Houston, March 17-21, 1985.

The INTERNATIONAL GAS TURBINE CENTER is sponsored by the ASME Gas Turbine Division and funded primarily with income received from Division

activities such as the annual INTERNATIONAL GAS TURBINE EXHIBIT.

GAS TURBINE DIVISION
The American Society of Mechanical Engineers

International Gas Turbine Center
4250 Perimeter Park South, #108
G c Atlanta, Georgia 30341 USA
o Telephone: (404) 451-1905
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