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HEAT TRANSFER IN AERO ENGINE
GAS TURBINE-PART 1

CHIEF OF TURBINE TECHNOLOGY ROLLS-ROYCE PLC C T J SCRIVENER

1. Introduction

Turbine blades in modern aero engine are
required to operate satisfactorily for long
periods at high temperatures. The turbine is
an important component because of its influ-
ence on both engine performance and dur-
abillity. Furthermore, the trend in operating
gas temperatures is upward, because of the
benefits in performance, weight, and cost
that may be derived. Consequently, progres-
sive improvements in heat transfer Technol-
ogy, are required in order to ensure that
engine performance and life do meet cus-
tomer requirements.

Part 1 of this paper describes some typi-
cal HP turbine blade designs, and covers
some important aspects of aerofoil internal
heat transfer. This will be followed in part
2 of the paper by a description of some
important aspects of aerofoil external heat
transfer. It is followed by a summary of
those areas where future heat transfer
research is required, in order to understand
the basic process involved. This will in turn
permit them to be modelled theoretically
thus producing improved predictive design
tools for use in future design.

2. Turbine Blade Designs
2.1 Typical Turbine Cooling Designs

The broad trend of turbine entry tempera-

ture with time shown in Fig 1, has been ris-

ing for four decades. The average rate of

increase, including research and demonstra-
tor projects is around 20°C per year. Of course

(FER 2 &£ 4 A21 5 ERERM)
© Rolls-Royce Plc 1990

there has been a progressive improvement
in materials over this time, and that has
been equivalent to about 10°C per year on
average. The remainder has been achieved
through progressive improvements in blade
cooling technology. Very early gas turbines
had some rudimentary cooling, but the first
cooled turbine blade entered airline service
in1960 in the Rolls-Royce Conway engine.

The progressive evolution of the cast
cooled HP turbine blade designs for the
RB211 engine are shown in Fig 2. The ear-
lier extruded blade was superseded in 1977
with a cast blade employing radial cooling
passages of oval cross section to optimise
the relationship between surface area and
passage flow area. In 1980 a blade with
mu_ltipasS cooling system manufactured in
directionally solidified material was
introduced in RB211-533C and-22B engines.
The combination of multipass cooling and
the improved DS material has provided a
major improvement in HP turbine blade
life. ‘

20001 Demonstrators
1800

1600 -

'—- Cooled turbines in service

T v T v v -
1940 1950 1960 1970 1880 1990 2000
Year

Fig.1 The rise of turbine entry tempera-
ture
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Fig. 2 RB211-HP turbine rotor blades

Thermal barrier
coating on platforms

Aerofoils with
curved stacking

Trailing /
edge ejection

Fig. 3 HP nozzle guide vane

This has been a contributory factor in
achieving high engine reliability. The inter-
nal passages are selectively ribbed to pro-
vide satisfactory internal heat transfer. The

multipass configuration provides the scope

for internal passages of high length to diam-
eter ratio without the necessity for very
small radial holes. The multipass blade Con-
cept has been further evolved in designs for
~ the RB211—535E4 and for cater-524 engine
variants. The first of these employed two
triple pass arrangements, and the second
adopted a quintuple pass geometry in order
to achieve the highest possible cooling effi-
ciency. In the civil engine context, the

minimisation of cooling airflow is an impor-
tant aspect of the design because of its
influence on engine fuel consumption.

A typical modern cooled HP Nozzle Guide
Vane is illustrated in Fig 3. The following
aspects are worth noting. Firstly the curved
3-D aerodynamic design of the aerofoii has
placed some restrictions on the cooling
design. The conventional arrangement with
two impingement tubes has been adapted in
both front and rear compartments. The
front tube is curved and tapered to fit the
aerofoil geometry. The rear tube has been
replaced by a curved impingement plate, fed
by a triple pass passage, which is more
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suited to the curved aerofoil. Thermal bar-
rier coatings have been employed on the
platforms to avoid the aerodynamic pen-
alties from film cooling. These coatings,
combined with impingement cooling provide
The
ceramic coatings have shown excellent dura-

satisfactory metal temperatures.

bility in airline service.
2.2 Design Considerations

It can be seen from the above two typical
design examples that the primary methods
of modifying the aerofoil hot gas side exter-
nal heat flux, are by film cooling with dis-
crete rows of holes, and external ceramic
coatings which provides a thermal barrier to
the heat flux through the aerofoil wall. For
the passage flow within the aerofoil then
ribs, pedestals, impingement and other tur-
bulators can all be used to enhance the
internal heat transfer.

In cooled HP turbine there is a heat flow
from the hot combustion gases, through the
turbine blade (or vane) material into the
cooling air. There are three modes of heat
transfer involved in this process.The first is
convection from the hot gas to the blade
outer surface, and from the blade inner sur-
face to the cooling air. In general the
requirement is to minimise the external con-
vection in order to reduce the total heat
load to the blade and to economise on coo-
ling flow consumption. The second mode is
conduction through the structure of the aer-
ofoil in both chordwise and radial planes. In
a good blade design internal, and external

convection and conduction are matched in
~order to minimise temperature differences in

the blade, and thus to achieve satisfactory
The third mode of heat

transfer is radiation. However only the noz-

mechanical loads.

zle guide vane leading edge, and pressure
surface are exposed to radiant heat transfer
from the combustion chamber. This is part-

%

ly offset by radiation from the hot vane sur-
face, and so the total radiant heat flux is a
small proportion of the convective heat
flow. Thus the effect is generally negli-

gible.
The major problem arising from conduc-

tion is that thermal conductivity of modern
turbine alloys are relatively low compared
to pure metals. Consequently the high heat
fluxes, in high temperature turbines, can
easily generate large temperature differences
in the blade metal structures. Obviously

these need to be minimised in any good

‘blade design.

Blade metal temperatures are convention-
ally expressed in a non-dimensional ratio
termed cooling effectiveness. This is defined
as follows:

_ Tgas-Tmetal
~ Tgas-Tcoolant

and represents non-dimensionally the degree
If the
metal can be cooled at one location to the

of cooling achieved at any point.

coolant air temperature has risen to equal
the gas temperature, then the effectiveness
there would be 1.0. At a position where the
metal temperature has risen to equal the
gas temperature then the effectiveness there
would be zero. A broad indication of the
progress that has been achieved in recent

Cooling effectiveness Cooling

104 efficiency
09 39
; 1980’s o
081 3
, “ iy 06
074 1970 |‘\ " ” ’,,lll l’ gf
vo{ 19605 S 4"/ i 03

05+

2T

LSS
,:3}?‘\\\_‘ 02
0-44

0-34

0-24

01

) 10 20 30
Cooling flow

Fig. 4 Turbine cooling progress
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Fig. 5 Effect of change in HTC on blade
temperatues

years is shown in Fig 4, in order to permit
the progression in turbine entry tempera-
tures shown in Fig 1.

An important additional consideration in

turbine blade design, is to achieve a match

of internal and external heat transfer distri-
butions in order to provide a satisfactory
distribution of metal temperature in the aer-
ofoil. Fig 5 illustrates the sensitivity of
local metal temperature to 'a variation in
heat transfer coefficient at that position. It
can be seen that a 20% uncertainty in the
heat transfer coefficients at locations C and
F will produce approximately 20°C variation
in local metal temperature. A similar varia-
tion at all the positions shown will produce
a variation of at least 10°C in local blade
metal temperature. These variations can
have a very significant influence on predict-
ed blade life. Consequently it is very impor-
tant to be able to calculate aerofoil surface
heat transfer coefficients, in the real operat-
ing environment, with very good accuracy.
3. Aerofoil Internal Heat Transfer

The simple smooth pipe or passage pro-
vides maximum cooling at any given pres-
sure loss. However, a cooling configuration
designed to only this consideration would
contain a very large number of exceedingly
small holes, in order to pass an economical
blade cooling flow at practical coolant feed

pressure ratio . This feed pressure ratio

Smooth pipe
Rib Height
Passage
diameter

Passage Reynolds number

Fig. 6 Heat transfer from roughened sur-
faces

must in practice be high enough to permit
film cooling, and to avoid injection of hot
gas at all conditions. Convective cooling is
often boosted by the introduction of artifi-
cial roughening of the blade internal pas-
sages by means of ribs, pedestals, or
impingement (internal air jets). These fea-
tures also increase internal friction losses
and thus decrease blade coolant flow for a
given supply pressure'. Cdnsequently this
reduces the thermal capacity of the cooling
air so that the local internal air temperature
rises. A good design requires a careful bal-
ance between internal heat transfer and fric-
tion losses. Thus the fundamental parameter
which governs the amount of convection
cooling that can be achieved with a fixed
supply pressure is St/f, where St is the
internal Stanton number, f is the passage
friction factor.

Typical values for a number of enhance-
ment devices are plotted in Fig 6 as a func-
tion of blade passage Reynolds numbers.
Transverse ribs, pedestal arrays and inter-
nal impingement are all used with character-
istics close to those shown here. Further
optimisation of these arrangements are now
employed. For example, angled ribs are
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now used in design to provide a further en-
hancement of this parameter (St/f). Gener-
ally they do not achieve a higher internal
heat transfer at any particular Reynolds
number, but give a lower internal friction
or loss, at that condition. Thus the coolant
supply pressure may be reduced correspond-
ingly.
3.1 Impingement Cooling

Rows of impingement jets, from an
impingement plate or tube are a frequently
employed technique for enhancement of the
aerofoil internal heat transfer, as can be
seen in Fig 3. In large impingement arrays,
with downstream film cooling exhaust high
velocity transverse cross flow will occur.
This occupies the region between the
impingement plate and the internal wall of
the aerofoil. The effect of the cross flow is
to deflect the impingement jets and reduce
their effectiveness. Fig 7 shows the effect
of this deflection on the heat transfer under-
neath the jet. At the top of the figure, is
shown, the distribution of Surface heat
transfer underneath the jet as an isometric
plot. Moving from left to right shows the
effect of progressively increasing cross flow.
At a cross flow value of 0.4 (cross flow
velocity/jet velocity) the enhancement in

Plain
Average HTC = 0-105 = 0-095
Jetflow ‘ ;
! Zero 0-2
0-4 : Crossflow i Crossflow
02} ;’;;’
ol
Pedestal
Average pedestal HTC = 0-120
Jetflow l
i ga
» Crossfio
Heat 0-4 ! /w’
transfer 4.,
coeffs 3
kW/m*K o

heat transfer has been halved. Further
increase for greater cross flow is only
caused by the heat transfer increase from
cross flow itself, and not from any impinge-
ment effect.

The lower part of the figure illustrates
the benefit that can be obtained by placing
a pedestal in front of the impingement jet‘
at a distance of 2 pedestal diameters. With
that arrangement the impingement jet is in
the shadow of the pedestal and thus shielded
from the cross flow. The zero cross flow
pattern obviously is not changed. However,
it can be seen from Fig 7, that the impinge-
ment peak underneath the jet is preserved,
even with high cross flow. Moreover, at
high cross flow conditions the additive effect
of impingement and pedestal cross flow can
be achieved.

There will of course be additive loss from
the pedestals in the cross flow region.

3.2 Film Cooling Exhaust

Detailed measurements of aerofoil internal
heat transfer have shown a further mecha-
nism of enhancement due to the exhaust of
film cooling air through holes. Two effects
are involved. The first is the entrainment of
the internal duct boundary layer into the
film cooling hole causing a new or much

= 0-055 =0-072
{04 ;0-6 '
i Crossfiow : Crossflow

= 0-136 =0-161
1 0-4 l 0-6

:' Crossflow ; Crossflow

Fig. 7 Jet impingement
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thinner boundary layer downstream of the

hole. The second is the secondary flow per-

turbation around the stream of flow that is

diverted from the duct into the hole. Typi-

cal patterns for a single hole are shown in
Fig 8 for low and high values of exhaust
through the hole. The suction ratio is the
ratio of the velocity within the hole to that
within the blade passage. At low suction
there is a straightforward pattern dominated
by the renewal of the passage wall bound-
ary layer. At high suction,shown in the
lower figure, then the pattern resembles

more the flow around an obstruction, re-

flecting the perturbation from the structure
in the flow, caused by the exhausting
streamtube. Local enhancements of the
order 4 or 5 can be achieved, with row
area averaged values typically around 1.5.
3.3 The Effects of Rotation

The internal cooling flow in all rotor
blades is subject to the influence of buoy-
ancy and Corriolis forces originating from
the high speed rotation of the blades.
Research is continuing to understand these
phenomena in detail. It is clear from
research completed to date that significant
effect can occur. Corriolis forces cause
transverse flows in internal blade passages
with radial inward or outward velocities.
Flow moves towards the trailing face in an
outward flowing passage causing heat trans-

Suction ratio = 1:20

S e——

Suction ratio = 7-48

Fig. 8 Film offtake enhancement

AR

fer enhancement there, with a correrponding
reduction on the leading face. These effects
are reversed in a passage with inward radia]
flow. These effects of rotation are char-
acterised by the Rosby number.

Buoyancy effects originate in the bound-
ary layer on the internal passage walls
because of the temperature gradients. These
in turn are a function of the gas to wall
temperature ratio and are characterised by
the Rayleigh number. The ratio of buoyancy
to inertia forces can be represented by the
ratio

Rayleigh number
(Reynolds number)?

Typical values of this parameter are

shown on Fig 9, together with the operating

regime for the rig used for that research.
These effects are stronger in multipass
blades because the larger intern‘al passages
provide a reduction in internal velocities,
compared with typical radial hole cooling
configurations.

Figure 10 illustrates the internal Nusselt
number in a radial circular duct rotating
about an axis orthogonal to its own with
radial outward flow. The values measured
by Morris on the leading face of the duct
are shown, from an experiment using metal
tube for the duct with reasonably high con-

R, . : Ry/ Rcz
1 01 01 -001 -0001
1017

10°4

Multipass’

\ Buoyancy/inertia

adial hole ! !
increasin
10°+ 9
10°
10* f T T )
10? 104 10° 10° 107
Re

Fig. 9 Buoyancy effects in turbine blades
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Fig.10 Rotating orthogonal circular duct heat transfer coefficients

ductivity. In order to assist in the interpre-
tation of the experiment, equivalent CFD
calculations were carried out modelling also
the tube wall. Both high conductivity and
low conductivity walls were considered in
the calculation. The relatively large varia-
tion in Nusselt number, with an insulating
wall is consistent with the internal variation
in duct heat transfer. When conducting
walls were simulated, then the conduction
in the pipe was responsible for equalisation
of the temperarture distribution and a sup-
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pression of the apparent variation. This
example shows some of the fundamental
influence of rotation, and the encouraging
agreement with CFD calculations that can
be achieved. In the future we need a better
understanding of the effects of rotation, and
improved theoretical modelling in the calcu-
lations.

Note This paper will be continued in Part
2, with a discussion of aerofoil exter-
nal heat transfer, and future research
requirements.
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Abstract

The unsteady flow performance of a small
radial inward turbine for exhaust turbochar-
ger was measured under full admission con-
ditions by using a rotary type pulse genera-
tor rig over a pulse frequency range from
‘10 to 70 Hz sinusoidal velocity variation.
The digital torque detéctor with a torsion
bar was used in order to measure the tur-
bine shaft power output, and satisfactory
results of time-mean and instantaneous tor-
que measurement were obtained. By measur-
ing the fluctuating velocity at the turbine
scrool inlet with a hot wire anemometer the
ratio of velocity amplitude was used to
describe the turbine perfomance, and it
becomes clearly that the characteristics of
mass flow rate depends on the ratio of
velocity amplitude to averaged velocity.

The analysis of time-mean method was
applied to predict the time-averaged turbine
mass flow rate and power characteristics
respectively. The test results show that the
predicted mass flow rate becomes progres-
sively larger than the experimental value as
the velocity amplitude increases. But the
power output prediction was not dependent
on both the pulse frequency and the ratio of
velocity amplitude. '
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Abstract

Experiment were performed in this study,
using the several kind of carbon fiber felt
based on coal and petroleum pitch as the
new adsorption material for NOx concentra-
tion reduction, in place of platinum catal-
izer in current use.

The findings show that utilization of the
~ new adsorption material for combustion gas
“in use of town gas, results in the significant
reduction of NOx concentration on an envi-
ronmental engineering.

These kinds of adsorption material are
featured in that it is stable against high
temperature combustion gas stream, highly
acid resistant and light.

The test results show that NOx concentra-
tion is reduced by approximately 40% in use
of only 12g cabon felt inside NOx reduction
equipment installed in combustion gas piping
system. Therefore, these are expected to have
economic effects because of any decrease of
cqmbustion efficiency and low weight.
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Abstract

Four catalytic reactors were tested by
using natural gas in a high-pressure combus-
tion test rig to obtain reaction data at high
pressures. These reactors were comprised of
three noble-metal catalyst elements of 80
mm in diameter and 25 mm in length.
Tests were carried out at pressures from
0.98 to 2.9 MPa, inlet temperatures from
500 to 700°C, reference velocities of 12 and
20 m/s, and element temperatures up to
1250 °C. Combustion efficiencies gfeater
than 99.6% were attained when the exit gas
temperature was higher than 1000 °C. It was
found that, for gas temperatures higher
than 750°C, reaction continued even in the
downstream of the catalyst bed. An
increase of pressure promoted combustion at
the maximum inlet temperature of 700°C,
but generally deteriorated at lower inlet
temperatures. Extremely low NOx emissions
(0.2~0.3gNO 2/kg Fuel) were noted. The
temperature of the catalyst elements was
always higher than the gas temperature: the
maximum value of the temperature differ-

ence was as large as 400 degress. The
effect of high-temperature, long-term aging

on the reactivity was investigated by using
a reactor composed of catalysts aged for
1000 hr at 1000 °C. With the aged catalysts
combustion efficiency decreased more signifi-
cantly at lower inlet temperatures. At the
maximum inlet air temperature of 700°C,

(FRGTHI2A 4 HIERSZAT)

RESEERATRT %
TR — i

partial oxidation of the fuel occurred in the
mixture preparation passage upstream of the
catalyst bed.

1, FAHNE

EREICBVTH T AVF—a X MIEO -0,
HRAI—=EY, To4—ENZUYY, HERH
ALYV EVEET S LHERR, ZhoDhE
Bh 7 ARJPBEDORE, K5, BBER
PHBET 22—V AV —vavRErEAT
BEEDMHRIMI TS, ZOIILFE—FIA
HRICENIERBOLE KX, HERERLO—HL
ENTVBKEY ADPHEMEH b FEETELE
ZoNb, —hH, RIREDEE»HIE, Thsd
DOFfED & DERMED > b BRBREYOHEHE
BEECHFINRER S TWBRA TR ELSD
FrHEr AL Z L, AEECHEEL TREX
N3 ZEBSBIHEMBENE VL Y OMES
DI TWi, %2 TRRERBIEERTS
DO—EHRIE (FBM62E10H308) <X b, MBERE
F15350 /h(BEW#E) LEOEBREOF XY —E
VERUBTF 4 =¥ NIy Y R AR BN
ah, SEHEERED oY, ¥ 72, HEE, M
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EIV/NBDOHF ALY YV EED, LDBLWIEH
HEENRED SN TS,

HAZ—EZDNTIE, YHORFEIERRE
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Download service for the GTSJ member of ID , via 160.16.212.192, 2025/06/02.



GTSJ 18—69 1990
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NTw3, PHERMEEEOHHA LRI TV S
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TREEZEMHBKREL B2 EORELOMEY
EETEZ,

HAZ—EOEBRIECIHET 2 NOx £ E
DEIMPRHFROBEFE2E 2 2 &, NOx DERH
L DD WBRBERTIC D W TS R D B LE S
Hb, TDLDLRFEEMLE LT, TEESHER
BEL L b CEE STV S OO MIERETDH 5,

FHARBE T3, AE RIS EERES T 5178
BRIGE, TORBIZL> TRENLAL 2K
PTOHERIE & D3ET T 2900 i RBE
MR LERFCHOREAT2E2 0D IIWER
ICOFABARRR EEZ 53, WERICHEE
WK 3BED, THWESKHEE 2EE LRK, ®RE
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HEEQADL T B 4 Z Al 4T R D03 |3 Bl B
WERETRIEEEET 20N, REEOEE
HAE—EDEBERBETHERKRY AL, B
ENEL, T2RBETEI3ESR[BEBERCTHEDE
%iﬁﬁébn”’o

BROKBRDOE  FAKRE, $2VREKED
—EEHDOTTITbhTWwT, EHOEZEIZDOW
TERDOH 2HmE Vv, THWERILEWER

FeAfiram

BOHFL, BERZAECKEFELTVLILEE
25k, BEOREEZRU LICEINT & o TREERD
R BT T 50T RwrEFEENS, T
BERIGEIERIGCXNT 2ENORESEL

THBIELELONDMLSTHD, Osgerby 502

HMERBEL X (4.5-6.75M]/m*) ORIEHIZD

WTOEEBROET, RELLBE*—TEWXL TR

BRI BN EMEDORE ER/ANTz, T

DEEBITKE VD, ZDOEEROEIER0.1-0.4
MPa) Ti, EHOEE R, FRIIRLTEDS
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H AR 5 D « (BRBAL X OMBER 2 EER L,
0.5- IMPa TORBEREDEIIEL A LR X
HELTWE, LeL, o DR IR
MG AR, —BALRE0-T0% b F N2
FHIDWTORRTHY, REFAKEHTIZES
EEEZIZL v,
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IOERTIRIBEOBBEREAR L, Th
S DD L EBRFHFER 1R T, 22T,
SKY-A X35 v 7 & R, SKY-B & SKY
-B3i3/87 Y v s/ HERME, SKY-C & SKY
-DiEAERMIETH D, MEFEHNT 5720
2, FREBRT AR 2EBRLEIROMEDRLS
2ERT, FIZIESKYA-ADZT LRI LIS
+ 3, Rk D £V EEIZ15.5cm ™2 (100 & V)
r3lem™ (2002 /V) D2ETH 5, SKYA-A

SIE 3R 1000, #DOfIXE 2 B55200
), 3BEENI00NVTH D, BAEKELD D
E£EHIL, 1002 L DBE13.3cm™, 200k )L D3
£18.5cm™ ' TCH B,

wLE DA S DL, SKYA-A 2K X, A2
B35 Y A OERAE, REIIAERAE
THb, AT VOBLETHLTRNNTI VLD
DAL LY LEENE L, BVRED S AERIT

£1 AEISORBE & REBREH

P Tin (°C)
8- 2Bk | %18
(MPa) | 500 600| 700
0.98 o
(1) SKY A-A |SKY-A | SKY-A 2.0 00 |00
(100) (100) 2.9 ,
098 |O |00
(20 SKY B-C |SKY-B | SKY-C 2.0 o |O |00
(200) (100) 2.9 o |0
: . . . .| 0 1O |O
(3) SKY B-C'|SKY-B' | SKY-C 2.0 o |0©
(200) (100) 2.9 o |0
098 |O |[0©| ©
(4} SKY B3-D|SKY-B3|SKY-D 2.0 O |0 |0©
(200) (100) 2.9 O O

(=)
* 1000°C, 1000hr Aged
O : Ur=12m/s, © : Ur=20m/s

FUEL THERMOCQUPLE

REIAT 2 2 L3, MEREOBLSOBRN SR
SEIS N T WM, LI 28, KRETIT-> kK
EHSHAEROBER, EBRETIE/ ST V7 A
2k DB TRETH - 7283, REK[THD
BVEEITIE, EEEEHTS0-800°CE B X TRE
WRBER RS T E LI LBAREBEINY, £2
T, 285 V7 ASHEDI-40%DEEEMA T8
Sy A/ SR r EREBICERA L 7
D VEEDHASHLE EL T, HIROX
WVEBE ORI Y, BERICEVHEEZHV S
“GRADED CELL” 0# % H"9%3H 5, Z DEER
ik, H, FRCEVEEOR VLY, BE
CIEOEEEER Lz, JhiE, KA ARG
LIZ WOT, o EHRETOTRERIG%:
TEBFITHED, FORBCL-TTELETL
HER D & SHREOEE 5 & 512 L7IE D »3R%E
MEEED LI LB TEDLLEDEZIIL> T 5,
2.2 RREBRUAE

M2 3EERCHEEABREEOMELZRL TV
2, ZOEEITRRES, REESE, BAS,
B TR INTW S, JOEE2UWEFRD
EEREEREEOMRE Yy — ¥ v 7ARKEARA
TEER LTz, BEHIRVF 1) —/ AVERDOE
S8 kb FRESHEFICME SN, R UDTIR
EROBESBRTESXN, W—REARLEZ-ST
MR AT o T OB EMIEHEEE G
TELBEOREIREHOCCTEHRENATL
T, FRFARRIGE ¥ ICRETE2, 207
b, FEIREESR TRARY A ZRFES ¥, BEEIRIC

GAS SAMPLING PROBE

CASING

V/////////// 2|4

THERMOCQUPLE

PREBURNER MIXER
j Tl \ __
3 xR/
P ﬂ\

FUEL INJECTOR

S0~ S3: Sampling position

K2 EERCFERBREERORME
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ALBEZDEERZED I, &8, IDOFHMEE
FRIEEEBESKOHFRMIIALENITZH DT,
ZTERIE DR ERERETHREBEEL, KBRS

R TAR v GRIRBER0.1%KME) . E#ETH
D7z HFREGFOMBBEIRTHE D bEV,
BREER, FREKBESN-7000CIIIEL T
16.4-18.6% DEEH TEIL L 1o AEABE I 517 5
IOBMEEEOETILOBEEIZ DWW TIIKRERT,
3R BRE L B 50, BEREO
RETHEDT, BEOREBICHARSL L/NEWVE
Ex %, EBES120.98, 2.0, 2.9MPa, E&X
B 13500, 600, 700°C, EAKIEIX12, 20m/s
TH5,

SR T DRBEEI A L 2 DT CORIGOHET
PR D, flE B (GLE S0) &, AHEEHT
D 570mm, 105mm K& Uf171mm TR D S1,
S2, S3DAIE (HM2) TKAH AN u—7 %
AWTHEEY X 2L 72,

FNFROMEREAEDRE R, THRERD SV
RIEBAZH, KXY MTEREENT: 2EKD
28BN (K1) THIELR, £72, £ o
ERIZEICHERMUBIERD DFBAERICL DAY
ABREZHEL Iz,

BENZ ZEEORARY A 2HERA L, T DR
DERSFIZ AT > (98.5~98.9Vol%) T, Z DAt
D5 130.5~0.8Vol% DELK L RV A TH %,
s I A T 2 BA S ORHE B I3 ARF R
EHB1250°CE Rz 2 WERICHEL 72,

3. EBER ’
3.1 NOx OHEH

S T99.6% LA L DRBERIELE S 123
ED0BREKR &ML, #DNOx O HH 5K EI
(NOx), 3EBEEEICED 27 2 KDEEN
DIETREE Tesy RUSHIBETON ARE Toou®
F2WRT, 2D EI(NOx i3), flfEspizitiiL
TREBIC T 2 NOx DEREOHTH 2, &
RE MmO ALDE HOTO NOx BEDED S
HE LT, B TERSINT: NOx 1335
BURBERI O FEURBERIC L 24K E D b 1T E
INEWTdIZ, FTECIDRIEREVEREINS
DT, tE Iz El (NOx) DEOTFED & XK
SR REH LBEOHERE2 1%L LT
- ROTAHED & OEE EL (NOx) DEOK & &

BitiTam
%2 BORBEHELBLNIEESEHEL
NOx DOHEH
P Tin | F/A | EI {NOx} Reactor Tg, 83 Teld

]
gNOx /kg Fuel X T T
SKY B-C 80.7 | 1016 | 1102, 1123

P2 | T x10*?

.98 | 500 | 1.66

600 | 1.53 <01
1.73 <0.2

700 | 1.35 <0.2

0.21+0.1

SKY B-C 88.7 1181 1187, 1162
SKY B3-D 98.6 1223 1221, 1214

SKY B-C Aged*| 980.8 1181 1170, 1178

2.0 | 600 | 1.62 0.6+0.3
1.72 <0.2

SKY B-C 89.9 1 1150, 1164
SKY B3-D 89.7 1230 1127, 1128

700 | 1.41 <0.2
132 <0.2
1.24 0.2£0.1

SKY B3-D 88.8 1205 1186, 1180
SKY A-A 99.9 1176 1180, 1185
SKY B-C** 98.1 1182 1084, 1103

2.9 | 700} 1.33 0.3£0.2
1.32 <0.2

SKY B3-D 89. 8 1208 1204, 1202
SKY A-A 100 1086 1086, 1081

s Aged for 1000hr at 1000 T
*s  Ur=20n/s

W o Tx0.1~%0.3gNO,/kg Fuel D & FH T
2L T,

FHOBBETH TN TRKEL S DL, NOx
BEMMESOHOTRREVAIR, AT/
BVHIRE->TRBREZEEZ N, ZOHEDFR
Bra®ERT DI L, MBS XEE12000T O EI

(NOx) Df#1%0.2~0.3 gNO,/kg Fuel £ T&
HEXIND,

BEITWR, R2OFHETOTFERARERD
NOx g 2R T &, ®R/AMEIX P =0.98MPa,
Tin=500°CDEED5.9 gNO,/kg Fuel, &ZXMEIZ
P=2.9MPa, Tin=700°CT ®9.3 gNO,/kg
Fuel T®» 3%,

3.2 PRIERNE

BMEERhE I T 2 BEREE, WHE, HREHRE,
EHOEERUTIIRT ., RENBE X, BREE
BARERZZ DT, HROYBHICR L THRZ
HTERLE, BIEROLZWERD, RESIFRIX
SIIBETHEWML I ADSHIC L Z2ETHD, B
ERTHEIXI2m/s TH D,

(1) SKY A-A

K 3 13 SKY A-A DBREIRDTF—F % &
D12 DTH 2, Tin=700°CT DIREEXNE I,
Ur=12m/s TRBRTLL L L bIZ EHL, F/A=
1.15X 1072 CIZi12100% 1z % % %8, Ur=20m/s T
1220% 12 bEL 2\, AR 8T S3DEE %D
TR LT — 4 13 SIRIE TORIA A DT
WX ABERIRERL T B, MEHROREIC
FIZZE LV, ER TR OK100mm ORI R8
OHL2BRIELT:ZEZRLTWS, ZDI L
1, e U CRHEEE L EREORBEERNES
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P T in(C)
(#P2) [ 500 [ 600 | 700
2.9 A
2.0 A PoA
0.98 poo
100 / A Ur=12m/s
80_
~
NS
X
401
) Ur=20m/s
|
00.5 1i0 L5 2.0

F/A X 10*
3 SKY A-A ORICEHE

NTW3ZETHY, BHE TIIAERTROY
BRIGRFIBT 3 Z L OFHMEEZRBL T b,
Tin=600"COBEEIIE, ZOEBROREHEHET
1, BREERHRII R DKV, ‘
EHOEE Iz >wTiE, Tin=7000CTIZESH
BV ERRESIRIZE VS, Tin=600C XD
tEFED A S5, TinS600°CTIT-> - AKREEER
B R—RBERTETCOERZRLEOKER
E0IL, ) FELEE (MELL.IMT) T,
AKRETREBORESNER G SN0 L?D,
BETIEOZVEVI ETH3, BERTOMRE
SFIZESCEEIL THEMT 543, MERETO
MR 3BT D B 128, H—RKISHEE %
WIREREF T, BRENRIIENVEVIZEET
TE0rEZIONS,

(2) SKY B-C

4 12 SKY B-C DRREESIERD 7T —5 2 % &
DB DTH3, Ur=12m/s TiZ Tin=500°CIZ
BWTH F/A=1.7X10*TIZIRRESNRET L,

Download service for.the GTSJ member of ID , via 160.16.212.192, 2025/06/02.

Ffram X
P T in(°C)
(KPa) [ 500 { 600 700
2.9 P 0 i e
2.0 L A A
0.98| 1O d
100
80_
60._
N
=
40..
20f
) Ur=12m/s
00.5 1.0 1.5 2.0

F/A X 10%
M4 SKY B-C ORISEMY
Tin=700°C Tk Ur=20m/s DHBETH, L D#&
#Wn F/A=1.25X102CREMEEICE S, Tin=
700°C, Ur=20m/s TD SIBETCDF — 7 HR T
32, TORETIIMER TR S1-S3EicB
5 SMEERISC & o THL/20E0SREEL 72
ZLZib, %8B, P=2.9MPa, Tin=700"C,
Ur=12m/s CiZ, MEHA O TORETIREIZT
BRI OLD H100CEL LR T 3580
Dol MIEHAL (SOMIE) TOH AT ORE
£, CO, BEIXIZIZFET, COBESIE BT
ppm) LTW3 Z s, ZHREAKEREN
TORBOESBLIc L2 BELERLEZ NS,
FEHOFEZODWTAS E, Tin=500"CizB\»
TiZ,0.98MPa TOBREERIERIZ2.0MPa TOZh
L0 bR DEN, 72, Tin=600CTDF—%
bESIRESRICH LEDOHEFICE->TWSZ
YERLTWS, &2 23, Tin=700C, P=2.9
MPa i2 1 T, S _E L TORAL/NS WIFE
DORBEDNZ132.0MPa TOMEICHEANEL { &V,

59 —
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p T in(C)
(KPa) [ 500 | 600 i 700
2.9 o0l e
2.0 AN A
0.98] IO a -
e ‘1,’ Ur =12m/s
) _
/ A3 ’lll
i
|
/
i : i
, /] [
/I
vt 4
| 7/ !
/7
14
//
//
60f / s3
4 S3
|9
al Lo
/ i
H [’
[s
Ur=20m/s \ /
20-(
S §
-0 - —0— .
-00.5 1.0 1.5 2.0

F/A X 10
K5 SKY B-C (1000°C-1000hr Aged) DRI

i

100

FifframX
P T in(C)
(MPa) | 500 600 | 700
29| i o0 i e
2.0 N A A
0.98| 1O o | =
ym)
g T
{
{
]
!
]
]
i [
80 "
'¢’
]

7 %

60

40

20

Ur=12m/s / i
0.5 1.0 1.5
F/A X 10?

6 SKY B3-D oRIitHE

2.0

~ S3i3, ﬁﬂ!&ﬁ%?‘ﬁ?@ﬁ*ﬁi’]ﬁ RIS & 288820

DL b’ﬁ*}é‘éfwﬁ-*\@}j‘:ﬁ 0)%%@2@‘*%&:1}# EDLEREZRL TS,
WTH 3k, Tin=700°"CTIi,

®/Y 5,
(3) SKY B-C (1000°C-1000hr Aged)

5 131000°CiZ 3 V> T1000hr ZLALEE % L 7z
SKY-B RV SKY-C %A &b ¥ 7o R O MR
BENEE2E L Db DTH D, Tin=500C T3,
N—t v b OBMBBRIET 2ICBE L, Tin=
600°COEE T iE, F/AS1.5X10 2D T i3
BRI %BETH 555, &5 ITREHIK S
BB LERET 2, Tin=7000CTDREEZNE
X, Ur=12m/s Ti%, ML L D XRBUC LR
L, HBEULETRELCBRENTOOH S D,
Ur=20m/s TRZD & 5 ZMRELICBLTHH
0% DEEE %, OIS TORRRR, B
ERFEDEEDKENI LN, TAHYE
RIGHE & 2 BEFENELESNEVE, BET

TOMBEREIFEE B HFDOT—5 SRV

ENIORETD

P =2.9MPa TOMREERIFIZ, & Df&mEﬁf
ELDBEL B,

(4) SKY B3-D
6 ix SKY B3-D OBEERE DT -5 2% &

DIy DTH 5B, Tin=500°Ciz B} 5 REERHEK
i3, F/AS1.7X1072TI3E R 20% 258 €225,
Tin=600°CT i, F/AS1.7X10722 BV TEIR
100% IS %, 2 512 Tin=700"CTiZ, & VFH
REERTHRETREET 5,
TEDEE W D\WTIE, Tin=600C, P=0.98
MPa TO7 —% 2HET % &, MERE TORIG

DXECHI LR (RBEE ORZBHARE /NS
WEEIR) T, Ur=20m/s TORRBERNZEIZ12m/s

TOEDOB L FE5», FRIVPPEVEET

H3,
E:j]@?';%k’)b:fi’;&%)}: Tin=700°Cic B>
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T3, MO OHE LRk, ENOSWIEE
RIGHETLTWBDNRIE> & 95, Tin=
600°C T, SELMREE & 2 BREHIC I K EREID
Vs, MERERICOXEHNREREDOT -5 %
T 3 &, BRESNRIEIBBOABEVL LW
S{EAMBA SN D, ‘

(5) AHUEIR D RICHFIE D LLE

7(a), (b)ix, #hZh Tin=600"C, 700°C
TO 4 BEOREIRIC X 2R 2 &L Tw
2, BLEESEVDIXSKY B-CThH3, +45
AHELEGETR, SHEARGIERTE2DOTHER
DENBRENROEL LTHRAS, BB 22T
72 SKY B-C (1000°C-1000hr Aged) DREERNHE
L OE D 5, 1000°C-1000hr DEMLEIZ & > T
EHRL 2 Tic k> o e EEEN S, SKY B-C
(1000°C-1000hr Aged) @ BREEXHFE 1, Tin=
600°CTIRABMIC ER T 5 2 & idRdoizds,
700°CTRABICERL, +aEWERCR >,
DIRE T OMRBERN R I BLTE %3213 70 V> Al ER H3
Tin=600"C TR L I lE_» 2 D E W, L
BoT, TZHICOPEEIREBE DO LA IZ
1000°C-1000hr DEALEIC X BIEHEDET 2D

100 Ol
P =2.0MPa
Tin=600°C
Ur=12m/s
80 L.
60
N
IS
4o
20F
%5 10 15 2.0

F/A X 10*
(a) Tin=600"C

Hefiam X

EbRBTRD BB LWV T LItk B, Tin=500°C
713 SKY B-C (1000°C-1000hr Aged) 2iE & A
FRIGLZWZ Ed s, BAEIC X 2EHEOFHE
FES[EENMEVIZ ECRESROET L LTHE
ZrENLZEVWR LD, TOBRBIRLIEEDE
Wit, MERE CORE LS TORICOFSE
EDEVICE > THEAZXN B,

ZOEBRTIE, WThoMERy, ERETIR
H5H, 12000CIEVEBE MBS N, BRTIE
LIS FBHENDT, MEARFEBIECZ 5K
1000°CTORUE L H b A S BERETHSEE S
rEzZONDH, ERERICXSE, —F1200°C
M % Thi#E X iz SKY B-C (1000°C-1000hr
Aged) £ D bEMERNRD Hn, Lizd->T, Z
DHERTOFEEDET I, MOMEROBSY,
BB S NS0 DT, 1000°C, 1000hr
DBEMEIC X BET LD ZNAEVETFERENS D,
ERAR FHEIC IS, AERE ST OE EEE
BBLETH S,

SKYA-A 12100 VD35 ¥ 7 A FR bl 3 B
THRENhTBY, AEEEORER MO
HED H20%/NE s, Tin=600"CTIFERRTLL

100¢ ;_1
80-
60+
Q\Q
=~
4o} Ur=20m/s
20r P =2.0MPa
Tin=700°C
Ur =12m/s
0!

1:0 1.5 2.0

F/A X 10?
(b) Tin=700°C

0.5

B 7 fgEER O RTE M O LEE
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BHEICBWT, TLRE»SEHFE VY, Tin=
700°CTIx SKY B3-D & h b B IRBERI R 218
>R Tw3, %7, SKY B-C (1000°C-1000hr
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5 % 7o ITBREE R E Lz
e (2) HWHRUZZ R b ORERER, ADESE
52 2 . % FE#71.013bar (760mmHg), #EI1SCE L
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. X0 (3) HiF, B RS —ErTREAENT,
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S JITCEEL 72,
200+ 200F X10 x10° ——
L (4) A—MAEFH(PS), EES(HP) L+ Ty
150F 150 el b (kW) & OMOBEITRIC & o 7
wob 100} . . 1 PS=0.7355kW
63 1 HP =0.7457kW
R =1.0139PS
ot 0 1985 1986 1987 1988 1989 (5) 1 ~ 3 ®1985~1988$0)%§+ &zo L)VC ‘i’
#, Year BFOT—F L) —HEBEINTHDOEH B,
3 I—RKRy¥ 7 b/ F—RKFuy Sz (6) HFEEHEROBT, MBAEAI L WEVHTBE
BoTwaboDbdd,
2. BEMBH RS-
£1 1989FEHARMNEESHEUES kW)
X 4 Size |/NE)  Small Unit | B0%)  Medium Unit | A% Large Unit| £ H I
| 0~999PS  |1,000~29,999PS | 30,000PS~ Total
3] = a—-F | BE| B # |BER| W 1 (BB B A (B B A
Application Code | Units | Output(kW) | Units | Output(kW) | Units | Qutput(kW) | Units | Output(kW)
N—2Au— FEER '
o v e | BL 2| 1,139 | 42| 116,795 | 21 |1,045,790| 65 |1,163,724
—Ju—FRER ' ‘
e o b Lond | PL 1 699 1| 1.471| 5| 634,720/ 7| 636,890
i AR E A EM | 224 | 91,412 | 86| 154,552 | 0 0l 310 | 245,964
nerator Driver for Emergency ‘
.4 #t B
Military Marine MM 0 0 8| 102,029 | 0 0| 8| 102,029
oo xr 2B
Miscellaneous Chemical Process PR 0 0 1 1,559 0 0 1 1,559
X B & XP | 0 o | 1| 10001/ 0 ol 1| 1,000
xXperiment
z % i MC | 2 27 | 0 ol o ol 2 427
Miscellaneous ’
Gl - &t 229 | 93.677 | 139 | 377,406 | 26 |1,680,510| 394 |2,151,593
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PL 1.8‘
PR+XP+MC 10 FPR"'XP'*'MC 0.2
BL 54.1
M4 1989FEFHZRFEHHS (%) K5 1989FAZRRENESES (%)
£2 1989FREAEESHERUEH (KW)
X 4 Size |/NBl Small Unit | 18  Medium Unit | KB Large Unit| 2 & 77
0~999PS | 1,000~29,999PS | 30,000PS~ Total
o E E a—-F | B8 & 71 |8 K 1 B B N1 (B&E|l B A
Kind of Fuel Code | Units | Qutput(kW) | Units | Output(kW) | Units | Output(kW) j Units | Output(kW)
zfﬁﬁx GNG | 1 699 | 8| 28,200 | 9 | 318,360 18| 347,348
atural Gas
s | WAERR Y A
| o Ga LNG | 0 0ol o 0l 7| s47.300] 7| 547,300
ﬁ ﬁ‘ﬁfgi GTW | 0 0o | 14| 29861 | 0 ol 14| 29,861
Gaseos | #5742
Ful | p 2 oo GoG | o o 2| 11120] 1| 26770 3| 37,89
INEE
o 11 699 | 24| 69,270 | 17 | 892,430| 42| 962,399
? i T | 52| 16,983 | 28| 69,060 | 1 | 103,000 81| 189,043
erosene
% éﬁ i K | 16| 5399 | 26| 125,954 | 8 | 685,080| 50| 816,433
ﬁi as Oil
ﬁ iﬁylfm 1 H1 | 160 | 70,597 | 60| 106,321 | 0 0| 220 | 176,918
Liquid EER
Fuel | B o BPO | 0 0l 1| 6,80/ 0 ol 1 6,800
Q‘ﬁ" 228 | 92,978 | 115 | 308,135 | 9 | 788,080| 352 |1,189,194
ub Total i
H R /IR
Gaseous and/or Liquid Fuel 0 0 0 0 0 0 0 0
E R
Solid Fuel 0 0 0 0 0 0 0 0
‘fgml &t 229 | 93,677 | 139 | 377,406 | 26 |1,680,510( 394.|2,151,593
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GNG 46

HAEME
Liquid Fuel
89.3

GOG 08

# A
Gaseous Fuel
107

BPO 03

j 8.3 >3
.Gaseous
Fuel
44.7

GOG 18

GTW 14

X6 1989FEMEIBIEHEE (%) X7 1989FMEAIEEE (%)
F3 1989FEHEFIMMAGHE R VOES (kW)
K 4> Size |/NE Small Unit | 1B Medium Unit | A& Large Unit| £ H 7
0~999PS | 1,000~29,999PS | 30,000PS~ Total
o oH % Bl w on || 8 on (e%| w0 [ax] & #
Location Units | Output(k W) | Units | Output(kW) | Units | Output(kW) | Units | Qutput(kW)
At % H 4] 1,868 | 0 0l o ol 4] 1,868
Hokkaido )
® it ) -
R 21| 7,581 | 5| 7,08 0 0| 2| 14,679
MoR 78| 33,614 | 53| 115,264 | 0 0 131 | 148,878
antoh
B 37| 12,98 | 16| 56,49 | 0 0| 53| 69,464
Chuubu ‘
wo|EE 4] 18,200 | 22| 45,251 | 1| 26,770 | 64 | 90,230
m |7 B 10) 427 | 4| 6000 | 1] 8,500 15| 93,778
Chuugoku
| m
N 9| 403 | 5| 6178 0 o 14| 10,212
Use i M 231 8,569 | 8| 15567 | 6 | 463,800 37 | 487,936
Kyuushuu ’ ’ ’ ’
o 3] 1,063 | 0 0] 1| 103,000 4| 104,063
Okinawa
FAAER 0 o | 8l10209]| o ol 8| 102,02
Marine Propulsion
ki 0 0| 8| 8s91| 0 of 8| 850
arine Auxiliaries
g‘ &t 226 | 92,183 | 120 | 362,475 | 9 | 677,070 364 |1,131,728
ub Total
ko x 0 0| 4| s.972| 2| 86100 6| 92072
North America
Sl S
South and Central America 0 0 1 1,508 0 0 1 1,508
7T 0 0| 3| 3,851 10| 725640 13 | 729,465
ﬁﬁ Asia ,
g | XA 0 0] o 0| 5| 191,700 5| 191,700
CIR L 2| 1o0:2 | 2| 362 0 of 4| 4678
urope ‘
gV pr:
I\ Ve 0 0| o ol o ol o 0
Export =<} B
Middle East 0 0 0 0 0 0 0 0
7707 1 a1 | o ol o 0| 1 441
Africa
| . 3| 1,493 | 10| 14,931 | 17 [1,003,440] 30 |1,019,864
ub Total
I &t 229 | 93.676 | 139 | 377,406 | 26 |1,680,510| 394 |2,151,502
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F4 IVIFEWEERHEAEESBKRUHS (kW)

X 4 Size |/NE  Small Unit | 0%  Medum Unit | A% Large Unit| = H 77
0~999PS | 1,000~29,999PS | 30,000PS~ Total

% B B B R a-F A% oH (BB B H |E%| H o4 |B%| H
Driven Machinery Code Units | Output(kW) | Units | Output(kW) | Units | Output(kW) | Units | Output(k W)
 =® #® G lo2271 93,250 | 130 | 273,818 | 26 |1.680,510] 383 |2,047,578
Electric Generator ’ ’ ’ ’ ’ ’
i H 2l
B e SP 0 o | 8| 102,028 0 ol 8! 102,028
ETERS, REH AC | o0 o | 1| 155 o ol 1 1,559
Air Compressor
KK 7 W 2 27 | 0 ol o ol 2 427
Water Pump

Gl o &t 229 | 93,677 | 139 | 377,405 | 26 |1.680,510| 394 |2,151,592

SP 47

—AC+W 01

BI8 1989 #ERENEMA S HHE (%) 9 1989EMERBHIAIE IEIE (%)

%5 1989EHENROBIEESHEZRUES kW)

o R 4 (PS) =5 Hoh

Unit Qutput Units | Output (kW)

0~ 199 1 110

N 200~ 499 99 23,456

Smalt Unit 500~ 999 129 70,111
0~999PS

/N Bt Sub Total 229 93,677

1,000~ 5,999 124 204,879

B 6,000~13,999 5 35,598

Medium Unit 14,000~21,999 9 115,679

1,000~ 22,000~29,999 1 21,250
29,999PS

/N 3+ Sub Total 139 377,406

* 30,000~59, 999 13 447,590

Large Unit 60,000~ 13 | 1,232,920

30,000PS~ |, 2 Ssub Total 2 | 1,680,510

& 3 Total 394 | 2,151,593
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K6 1989FRERF RS- ARBEESHRFES (kW)

X 4 Size| /B SmahUnit | 58  Medium Unit | KB  Large Unit
MM Gonersuor Drive 0~999PS | 1,000~29,999PS | 30,000PS~ | tHFI Tow
H P aI—F | & Hoh (B N | ER|E N [ E&] & N
Application Code Units | Output (kW) Units | Output (kW) Units | Output (kW) Units | Qutput (kW)
| ~—Ao—FS%EE | BL 0 0| o 0| 7 | 547,300 7| 547,300
% E—so—FRER | PL 0 0 o 0| 1| 103,000 1| 103,000
BlEgmeE®sE| EM | o o ol o] o o 0 0
Pomee/Bue B S swTow| O o'l o 0| 8| 650,300 8| 650,300
~—R2o—FRER | BL 1 440 | 40 | 114,052 | 1 | 26,770| 42 | 141,262}
Sle—so—kmmm| PL | 1| 69 | 1| L4 o of 2| 21
Bl e mmmm| EM | 222 | o068 | 70| 143,924 | 0 0| 301 | 234,542
Al B | XP 0 0| 1| 1,00/ o0 0 1 1,000
pemendelirvate the St o | 224 | 91,757 | 121 | 260,447 | 1 | 26,770| 346 | 378,974
EINEE  Domestic Use Toul 224 | 91,757 | 121 | 260,447 | 9 | 677,070| 354 |1,029,274
& | ~—Ao—FREM | BL 0 0| o 0| 11 | 385,620 11 | 385,620
% E—2o— FRERA | PL 0 0] o0 0| 4| 531,720 4 | 531,720
B l#EHRRXER| EM 0 0 0 ol o 0] 0 0
or Bxpon e e, St swTow | O 0ol o 0| 15 | 917,340] 15 | 917,340
# | ~—2Ro—FREM | BL 1 699 | 2| 2.743| 2 | 86,100 5 89,542
% E—7o—FRER | PL 0 0 o 0l 0 o o0 o
Al meEER| EM | 2 794 | 7| 10,628 | 0 of 9| 11,422
e & swrom| 3| 1493 | 9| 133m | 2| 6100 14| 100,964
WA Er  For Expon Toul 3| 1,493 | 9| 13,371 | 17 |1,003,440 29 |1,018,304|
g | STAU-FREA | BL 0 0| o 0| 18 | 932,920 18 | 932,920
# | v—so—ya®Em | PL 0 0| of o 5| 634,720 5 | 634,720
& FEAEXER| EM 0 0 0 0] 0 0 0 0
RN ” tow | 0 0] o 0| 23 |1,567,640| 23 |1,567,640
~—20—FEEAH | BL 2| 1,39 | 42| 116,795 | 3 | 112,870 47 | 230,804
B|E—so—FRER | PL | 1 699 1| 1,471 0 0] 2 2,170
?: R A REE M| EM |22 01,412 | 86 | 154,552 | 0 0| 310 | 245,964
£ B B | XP 0 0 1 1,000 0 0| 1 1,000
Privace Use - 5t wal | 227 | 93,250 | 130 | 273,818 | 3 | 112,870 360 | 479,938
£ F Grana Tow 207 | 93,250 | 130 | 273,818 | 26 |1,680,510| 383 |2,047,578

Note: Code Explanation
BL: For Base Load, PL: For Peak Load, EM: For Emergency, XP: For Experiment
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3. MEBHRI—E>

7T 1BIFEIF—RYzy N I—KRT77>

\'I\l

K8 18IFES—RY ¥ 7 b/ F—RTay7 -
VY VEEEBRUATA L (kgf) LYY EELRRUES (PS)
& 27 R hEE* \ X5 ~
@Eaa{z L0g* 7 A bEE 138,780 - 0~999PS 1,000~PS H H
No. of Units Thrust (kgf) ;
*1 V25007 7 -‘/%K (90_{3) iiéi fl'v‘o Application Units Output (PS) Units Output (PS) Units Output {PS}
Excluding 90 Units of V2500 Fan EER#A 0 0 67| 296,475 | 67| 296,475
Modules ! B ) le:d Wing Aircraft * v
ma7IR | g 0 | 46| 101312 | 46| 101,312
*2 BELBEFAXT R BRI R 1
Max.imum Thrust at Sea Level Aux Drive Units 33 1,925 0 0 33 1,925
Static Condition g o lss| 105 us| 37787 |u6| 399,72

4, ke

®9 1989 FEBEEEEEH R VOB
X 43 size .
Compressor Impeller _
Class 1 0~ 100 ﬁf?fgofgggx 66
Class 2| 101~ 200 11,645 26
Class 3| 201~ 300 1,020 18
Class 4| 301~ 400 382 19
Class 5| 401~ 500 127 14
Class 6| 501~ 600 110 14
Class 7 601~ 700 158 13*
Class 8 701~ 800 0 2
Class 9 | 801~ 900 50 11
Class 10|  901~1,000 0 2
& & Toa 13,492° 185*
SRR 3
No. of Companies which supplied Data

* 4 BRRuFhbHERs-ErRTH 3,
Every model is an exhaust turbine type suppercharger.
* 5 [EFEBRHENEIO0Omm 28T E2RT,

This shows total number of supercharger over 100mm in
impeller diameter.
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—
o
T

1F

~ 11645
M -

26

1020

*3 BAELMERAHD
Normal Output at Sea Level Static Con-

dition

*6 ERMRENE

100 % BT 3 &R T
This shows total number of
superchargers over 100 om
in impeller diameter

19

158
110

0

S0

0

*6
13492
M

185

0~100 ~200 ~300~400 ~500 ~600~700 ~800~900~1000 &3t

ERMBREANRE
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