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JT8D- Turbofan Lubrication System

Jhe JT8D is a dry sump hot tank lubricating system. Oil tank capacity is 6.3 gallons of
usable oil and a 27% expansion space. This system contains one gear type pressure
pump, one dual gear scavenge pump, and three single gear scavenge pumps. The JT8D
lubrication system does not utilize a thermostatic bypass valve in fuel-oil cooler, but
there is a pressure bypass valve which allows oil to bypass the cooler in the event of
high oil viscosity during cold weather starting or in the event of core clogging.

The engine does not need a thermostatic bypass to provide for increased oil flow to
the bearings during starting as some engines do. Oil pressure is regulated to 40 to 55
pound per square inch gage (psig) at the fuel-oil cooler outlet by a special pressure
regulating relief valve design, and this assures sufficient lubrication during start and
warm-up. The regulating valve mechanism is shown in figure at ‘B', and the sensing oil
line can be seen running from the cooler outlet back to the regulating valve. System
pressure is maintained at the cooler outlet regardless of whether the main oil filter or
oil cooler are bypassing or whether they are flowing normally. This occurs because
this regulating type valve senses pressure downsteam of the oil cooler. If, for instance,
oil pressure drops at this point due to high oil viscosity or blockage of some type, the
sense line signals the regulating valve to bypass less oil back to the supply side of the
oil pump and thus deliver more oil to the system. The oil pressure in the system is
much higher at times in the upstream side of the oil cooler than it is at the
downstream side. If the inlet pressure of the main filter is 70 pounds per square inch
gage higher than the outlet pressure, a bypass condition will exist. Similarly if the fuel
oil cooler inlet pressure is 75 pound per square inch gage more than the cooler outlet
pressure, a bypass condition will exist.

|-Pressure subsystem flow path

a) oil tank- pressurized to 5 (psig) ;

b)main oil pump- a gear type, capacity 35 gallons per min at take-off ;

c)main oil filter- bypass setting, 70 pounds per square inch differential, oil filter
check, 150 hours maximum ; | 5

d)regulating relief valve- sets oil pressure 40 to 55 pounds per square inch gage
downstream of cooler ;

e)fuel cooled oil cooler- bypass setting , 75 pounds per square inch differential ;
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f) oil pressure connection to transmitter, 40 to 55 pounds per square inch gage
regulated oil pressure ;

g)oil temperature connection to transmitter, 130 °C maximum ;

h)low oil pressure light- during engine start, goes out at 35 psi differential,
approximately 28% N, speed ;

1) No.I last chance filter, oil jet, and bearing ;

1) No.2 and No.3 last chance filter, oil jets, and bearings, and bearing of tower shaft ;

k)No.4 and No.5 last chance filters, oil jets and bearings ;

1) No.6 last chance filter, oil jet, and bearing ;

m)No.4-1/2 oil jet and bearing .

2- Scavenge subsystem flow path

a)No.| bearing sump-scavenged by a gear pump located in the No.| bearing sump,
out through and external line, directly into the main accessory gearbox sump ;

b)No.2 and No.3 bearing sump- drains down through the gearbox driver shaft
housing in to the accessory gearbox sump ;

c) No.4-1/2 bearing sump- scavenged by one element of a dual gear pump, located
within the sump, and out thought and external line which interconnects the
accessory gearbox scavenge pump return line to the oil tank ;

d)No.5 bearing sump- scavenged by the second element of the dual gear pump
within the sump and out through an external line, which also serves to carry
No.4 and No.4-1/2 bearing oil to the accessory gearbox ;

e)No.6 bearing sump- scavenged by a gear pump located within the sump and out
through combination vent and scavenge tube located within the low pressure
turbine shaft. No.6 scavenge oil then mixes with No.5 scavenge oil and returns
to the accessory gearbox I:)y an external line ;

f) Accessory gearbox sump- scavenge by a pump located within the sump. Oil is
returned to the oil tank de-aerator via an internal passageway ;

3-vent subsystem sequence of flow

a) No.| bearing sump- vents through an external line into the accessory gearbox ;

b)No.2 and No.3 bearing sumps- vents down through the gearbox ;

c)No's 4,4-1/2 , and 5 bearing sumps- vent through an external line into the
accessory gearbox ;

d)No.6 bearing sump- vents through a mixed vent / scavenge tube provided within

the low pressure turbine shaft, to the vent for bearings 3,4 and 5 ;
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" Example of Commercial Engine Fuel System (Pratt & Whitney JT8D)

The following is a complete fuel system schematic
showing the relationship of all the components, one to the
other, on a typical commercial sized engine. This config-
uration is typical of a Boeing 727 aircraft

Fuel Flow Sequence:
a. Aircraft fuel tank and boost pump;

b. Engine Centrifugal Boost Pump— Bypass set 0.5 to
1.0 pounds per square inch — differential;

¢. Air-Fuel Heater— Bypass set to.20 = 3 pounds per
square inch — differential; '

d. Low Pressure Fuel Filter— (40 micron disposable)

bypass set to 8-12 pounds per square inch — differential;

¢. Main Gear-Type Fuel Pump —Operating range 150
1o 900 pounds per square inch — gauge;

f. Fuel Control —Fuel flows via high pressure filter (20
micron cleanable) bypass set to 27-30 pounds per square,
inch— differential; :

g- Fucl Flowmeter Transmitter;

h. Fuel-Oil Cooler;

i. Pressurizing and Dump Valve;

j. Primary Fuel Manifold and Primary Fuel Nozzles;

k. Secondary Fuel Manifold and Secondary Fuel
Nozzles. '

PRIMARY FUEL
MANIFOLD

THROTTLE - Py
I;hz
FUEL SHUTOFF LEVER 2 s B whheny L || =28 ot
i Nt PRESSURIZING COMBUSTOR
e AND DUMP VALVE DRAIN
‘L INLET FILTER - A | ,
FUEL COHTHOL AND CHECK DU"P_LWE
s FUEL- |——OILIN ~ ___RETURN TO
5 by 1] = ' oL | . FUEL FUEL SUPPLY
HIGH — COOLER[——OIL OUT DRAIN MANUAL
| PRESSURE = CAN ' DRAIN
: FUEL ;
i FILTER DRIVE degrin L 108 ..a:.egz AIR
BYPASS R EEL FLOWY - AIR/FUEL
in Y INDICATOR 3 HEAT
' EXCHANGER
RELIEF VALVE -
900-950 PSIG 4.4-5.84P FILTER PRE
51aP IMPENDING BYPASS
BYPASS - : :
FROM —= lp1210 TEMP. INDICATOR 17-234P_
AIRPLANE . (IN FUEL TANK)
FUEL SUPPLY ] .LOW PRESSURE : Egg::gr
SYSTEM : Fll 1 GR BYPALSS
(22 PSIG) E— ——
INLET FUEL '
=5 1 —5*-—- = | i_ PRESS. LOW ]l‘SET 5 PSIG)
60 P3IG )
:‘,?ét BOOST FUELHEATON |l
PUMP SECTION
Fuel system schematic, Pratt & Whitney JT8D Turbofan.
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Turbine Engine Fuel System

The fuel system is one of the more complex aspects of the gas turbine engine. The variety
of methods used to meet turbine engine fuel requiréments makes reciprocating engine
carburetion seem a simple study by comparison.

It must be possible to increase or decrease the power at will to obtain the thrust required
for any operating condition. In turbine-powered aircraft this control is provided by varying
the flow of fuel to the combustion chamber. However, turboprop aircraft also use variable-
pitch propellers; thus, the selection of thrust is shared by two controllable variables, fuel flow
and propeller blade angle. The quantity of fuel supplied must be adjusted automatically to
correct for changes in ambient temperature or pressure. If the quantity of fuel becomes
excessive in relation to mass airflow through the engine, the limiting temperature of the
turbine blades can be exceeded, or it will produce compressor stall and a condition referred
to as "rich blowout". Rich blowout occurs when the amount of oxygen in the air supply is
insufficient to support combustion and when the mixture is cooled below the combustion
temperature by excess fuel. The other extreme, "lean die-out", occurs if the fuel quantity is
reduced proportionally below the air quantity. The fuel system must deliver fuel to the
combustion chambers not only in the right quantity, but also in the right condition for
satisfactory combustion. The fuel nozzles form part of the fuel system and atomize or
vaporize the fuel so that it will ignite and burn efficiently. The fuel system must also supply
fuel so that the engine can be easily started on the ground and in the air. This means that the
fuel must be injected into the combustion chamber in a combustible condition when the
engine is being turned over slowly by the starting system, and that combustion must be
sustained while the engine is accelerating to its normal running speed. Another critical
condition to which the fuel syste.m must respond occurs during slam acceleration. When the
engine is accelerated, energy must be furnished to the turbine in excess of that necessary to
fnaintain a constant rpm. However, if the fuel flow increases too rapidly, an over-rich mixture
can be produced, with the possibility of a rich blow-out. Turbojet, turbofan, and turboprop
engines are equipped with a fuel control unit which automatically satisfies the requirements

of the engines. Although the basic requirements apply generally to all gas turbine engines, the
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conveniently generalized. Each fuel control manufacturer has his own peculiar way of

meeting the engine demands.

Jet Fuel Controls

Fuel controls can be divided into two basic groups; (1) Hydromechanically and (2) Electronic.
The electronic fuel control is combination of the two basic groups most fuel controls in use
today are completely hydromechanical type.

Regardless of the type, all fuel controls accomplish essentially the same functions, but some
sense more engine variables than others. The fuel control senses power lever position,
engine rpm, either compressor inlet pressure or temperature, and burner pressure or
compressor discharge pressure. These variables affect the amount of thrust that an engine

will produce for a given fuel flow.

Hydromechanical
Jet fuel controls are extremely complicated devices. These hydromechanical types are
composed of speed governors, servo systems, sleeve and pilot valves, feedback or follow-up
devices, and metering systems. In addition, electronic fuel controls incorporate amplifiers,
thermocouples, relays, electrical servo systems, switches, and solenoids. Each fuel control

must be studied if it is to be understood.

Jet Fuel Control Maintenance
The repair of the jet fuel control is very limited. The only repairs permitted in the field are
the replacement of the control and adjustments afterwards. These adjustments are limited to
the idle rpm and the max. speed adjustment, commonly called trimming the engine. Both
adjustments are made in the normal range of operation. During engine trimming the fuel
control is checked for idle rpm, maximum rpm, acceleration, and deceleration. The
procedures used to check the fuel control vary depending on the aircraft and engine
installation. The ehgine is trimmed in accordance with the procedures in the maintenance or
overhaul manual for a particular engine. In general, the procedures consist of obtaining the
ambient air t_emp.erature and the field barometric pressure (not sea level) immediately
preceding the trimming of the engine. Care must be taken to obtain a true temperature

reading comparable to that of the air which will enter the engine. Using these readings, the
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desired turbine discharge pressure or EPR (engine pressure ratio) reading is computed fr0‘r1~|
charts published in the maintenance manual. The engine is operated at full throttle (or at the
fuel control trim stop) for a sufficient of time to ensure that it has completely stabilized. Five
minutes is the usual recommended stabilization period. A check should be made to ensure
that the compressor air-bleed valves have fully closed and that all accessory drive air bleed
for which the trim curve has not been corrected (such as a cabin air conditioning unit) has
been turned off. When the engine has stabilized, a comparison is made of the observed and
the computed turbine discharge pressure (or EPR) to determine the approximate amount of
trimming required. If a trim is necessary, the engine fuel control is then adjusted to obtain the
target turbine discharge pressure or EPR on the gage. Immediately following the fuel control
adjustment, the tachometer reading is observed and recorded. Fuel flow and exhaust gas
temperature (EGT) readings should also be taken. The engine trimming should always be
carried out under precisely controlled conditions with the aircraft headed into the wind.
Precise control is necessary to ensure maintenance of a minimum thrust level upon which the
aircraft performance is based. In addition, precise control of engine trimming contributes to
better engine life in terms of both maximum time between overhaul and minimum out-of-
commission time due to engine maintenance requirements. Engine should never be trimmed
if icing conditions exist.
Adjusting the Fuel Control

The fuel control unit of the typical turbojet engine is a hydromechanical device which
schedules the quantity of the fuel flowing to the engine so that the desired amount of thrust
can be obtained. The amount of thrust is dictated by the position 6f the power lever in the
cockpit and particular operation of the engine. Thus, the thrust of the engine and the
consequent rpm of its turbine are scheduled by fuel flow. The fuel control unit of the engine
is adjusted to trim the engine in order that the maximum thrust output of the engine can be
obtained when desired. The engine. must be re-trimmed when a fuel control unit is replaced
or when the engine does not develop maximum thrust. After trimming the engine, the idle
rpm can be adjusted. The idle rpm can be adjusted by turning the INC idle screw an eighth of
a turn at a time allowing sufficient time for the rpm to stabilize between adjustments. Retard
the power lever to idle and re-check the idle rpm. If wind velocity is a factor, the aircraft
should be headed into the wind while trimming an engine. Since trimming accuracy will

decrease as wind speed and moisture content increase, the most accurate trimming is
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obtained under conditions of no wind and clear moisture free air. No trimming should be
done when there is tailwind because of the possibility of the hot exhaust gases being re-
ingested . As a practical matter, the engine should never be trimmed when icing conditions
exist because of the adverse effects on trimming accuracy. To obtain the most accurate
results, the aircraft should always be headed into the wind while the engine is being trimmed.
With the aircraft headed into the wind, verify that the exhaust area is clear. Install an engine
trim gage to the T-fitting in the turbine discharge pressure line. Start the engine and allow it
to stabilize for 3 minutes before attempting to adjust the fuel control. Refer to the applicable
manufacturer's instructions for correct trim values. If the trim is not within limits, turn INC.
MAX screw about one-eighth turn in the appropriate direction. Repeat if necessary until the
desired value is attained. If the aircraft is equipped with a pressure ratio gage (EPR), set it to
the correct value.
Rigging Power Controls

Modern turbojet aircraft use various power lever control systems. One of the common
types is the cable and rod system. This system uses bellcranks, push pull rods, drums, fair
leads, flexible cables, and pulleys. All of these components make up the control system and
must be adjusted or rigged from time to time. On single-engine aircraft the rigging of the
power lever controls is not very difficult. The basic requirement is to have the desired travel
on the power lever and correct travel at the fuel control. But on multi-engine turbojet
aircraft, the power levers must be rigged so that they are éligne’d at all power setting. The
power lever control cables and push-pull rods in the airframe system to the pylon and nacelle
are not usually disturbed at engine change time and usually no rigging is required, except
when some component has been changed. The control system from the pylon to the engine
must be rigged after each engine' change and fuel control change. Before adjusting the power
controls at the engine, be sure that the power lever is free from binding and the controls

have full-throw on the console. If they do not have

o
full-throw or are binding, the airframe system

should be checked and the discrepancies repaired.
After all adjustments have been made, move the
power levers through their complete range,
carefully inspecting for adequate clearance between
the various push-pull rods and tubes. Secure all

lock-nuts, cotter pins, and lock wires, as required.  “~.Z”Z- A il e |
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Fiat Rating

Today, most gas turbine engines are characterized as
flat-rated. This refers to the flat shape of the full power
curve and the point on the ambient temperature scale at

which the power starts to drop below 100 percerit. Figure

7-22 shows this concept on a fan speed-rated engine.

Analysis of the curve will reveal that a fan speed of 96 °

percent revolutions per minute corresponds to 100 percent
thrust on this engine and that this value can be obtained at
any ambient temperature up 10 90°F. That is, by moving
the power lever more and more forward, the pilot can
obtain rated thrust at any temperature up to 90°F. After
90°F, more forward movement of the power lever is not
permitted because it most likely will result in an engine
over temperature.

‘When ambient temperature exceeds the flat rating of the
engine, 100 percent thrust can no longer be obtained. This
being the case, the aircraft’s gross weight might need to be
adjusted, or, at the very least, ranway takeoff roll will
increase and the flight crew will need to account for this
in their take-off procedures.

Some engines are flat rated to only 59'F -others over

100°F. This consideration depends largely on the needs of
the aircraft manufacturer. Generally, flat rating is believed

to enable the engine to produce a constant rated thrust over .

a wide range of ambient temperatures without working the

engine harder than necessary, in the interest of prolonging

engine service life.
For example, an engine rated at 3,500 pounds thrust at
59°F might be re-rated to 3,350 pounds thrust at 90°F. The

aircraft user perhaps does not need to utilize 3,500 pounds
thrust nor the maximum gross weight of the aircraft, and

. he would like to benefit from increased engine service life

and lower fuel consumption by operating at 3,350 pounds
thrust maximum. Flat rating is then an engine
manufacturer’s way of re-rating an engine to a lower rated
thrust than it would bave at Standard Day temperature. The
engine will then be able to use that lower rated thrust over
a wider ambient temperature range. Flat-rating is equally
applicable to all types of gas turbine engines, both thrust
producing engines and torque producing engines. The
aircraft manufacturer will probably use the following
process, or one very similar, when selecting the flat-rating
that best suits his needs. '

* 1) The user decides the take-off power needed for his
aircraft configuration, route requirements, runway
lengths, nmnway altitudes, etc.

2) The user calculates the highest ambient temperature
at which required takeoff power can be obtained.

3) The engine and aircraft manufacturer print all of the
flight manuals, operational instructions, etc., to reflect the
selected takeoff power as the maximum usable for normal

- operation.

From this example, it can be seen that 1f an engine is

re-rated to a lower power level than it is capable of produc- -
ing, the engine still retains its full capability of power as a
reserve for emergencies. It can also be seen that no
mechanical changes are needed to the engine or fuel
scheduling system, merely changes in the printed opera-
tional data.

Ear Protection From Noise

A large turbojet or turbofan engine operating at full
power settings can generate sound levels up to 160 deci-
bels at the aircraft. Smaller engines of all types-can gener-
ate sound levels up to approximately 130 decibels. This
noise intensity is sufficient to cause either temporary or
permanent hearing loss if adequate ear protection is not
used by ground personnel.

The most effective ear protection device is the muff
type, which fits over the entire ear and defends against
noise to the ear opening and also to the bone structure
behind the ear. Ear plugs provide minimal hearing loss

protection and are generally only recommended foruse in

lower noise areas or for low time exposure to Inghcr noise -
areas (Figure 7-21).

The Federal Standard for noise protection is outlined in

the Occupational Safety and Health Administration Stand-
ard, 36th Federal Register, 105, Section 19-10.95.

ALLDWABL.E NOISE EXPOSURE

SOUND LEVEL INdB
TYPE EAR EXPOSURE TIME, HOURS" -
PROTECTIVE :
DEVICES (14|12 |3 |2 | 4| 6|8}
NO
PHOTEC“ON 115110 | 105 {100 | 95 | 92 | 90
EAR PLUGS
WITH -
AVERAGE |127 | 122 | 117 | 112|107 | 104 | 102
SEAL 4
EAR PLUGS
AND 1351130 {125 {120 | 115 112 | 110
*DURATION OF EXPOSURE PER DAY
- EAR PROTECTIVE DEVICES
EAR PLUG
UNIVERSALFIT | v.51.R TYPE TYPICAL
EARPLUG OR EARMUFF
SIMILAR

Fig. j3-1 — Ear protection guidelines.
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STATIC CONDITIONS: NO BLEED, NO POWER EXTRACTED
ENGINE RUN WITH HOT JET NOZZLE CLASS AS PER DATA PLATE
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GAS TURBINE ENGINE STARTERS

Gas turbine engines are started by rotating the
compressor. On dual-axialcompressor engines, tne
high-pressure compressor is the only one rotated by
the starter. To start a gas turbine engine it is neces-
sary to accelerate the compressor to provide suffi-
cient air to support combusticn in the burners.
Once fuel has been introduced and the engine has
fired. the starter must continue to assist the engine
to reach a speed above the self-accelerating speed
of the engine. The torque supplied by the starter
must be in excess of the torque required to overcome
compressor inertia and the friction loads of the
engine.

The basic types of starters which have been devel-
oped for gas turbine engines are d.c. electric motor,
air turbine, and combustion. An impingement
starting system is sometimes used on small engines.
An impingement starter consists of jets of com-
pressed air piped to the inside of the compressor
or turbine case so that the jet air-blast is directed
onto the compressor or turbine rotor blades, caus.
ing them to rotate.

The graph in opposite-fig,illustrates a typical
starting sequence for a gas turbine engine, regard-
less of the type of starter employed.

As soon as the starter has accelerated the com-
pressor sufficiently to establish airflow through the
engine, the ignition is turned on, and then the fuel.
The exact sequence of the starting procedure is
important since there must be sufficient airflow
through the engine to support combustion before
the fuel/air mixture is ignited. At low engine
cranking speeds, the fuel flow rate is not sufficient

AIR TURBINE STARTERS

The air turbine starters are designed to provide
high starting torque from a small, lightweight
source. The typical air turbine starter weighs from
one-fourth to one-half as much as an electric starter
capable of starting the same engine. It is capable
of developing twice as much torque as the electric
starter. .

The typical air turbine starter consists of an axial
flow turbine which turns a drive coupling through

a reduction gear train and a starter clutch mecha-

nism.
The air to operate an air turbine starter is sup-

plied from either a ground-operated compressor or

the bleed air from another engine. Auxiliary com-

pressed-air bottles are available on some aircraft

for operating the air turbine starter.

Figure belowis a cutaway view of an air turbine
starter. The starter is operated by introducing air
of sufficient volume and pressure into the starter

inlet. The air passes into the starter turbine hous-
ing, where it is directed against the rotor blades by

‘the nozzle vanes, causing the turbine rotor to turn.

As the rotor turns, it drives the reduction gear train

and clutch arrangement, which includes the rotor
pinion. planet gears and carrier, sprag clutch assem-

biv. output shaft assembly. and drive coupling.

to enable the engine to accelerate, and for this reason
the starter continues to crank the engine until after
seif-accelerating speed has been attained. If assist-
ance from the starter were cut off below the self-
accelerating speed, the engine would either fail to
accelerate to idle speed, or might even decelerate
because it could not produce sufficient energy to
sustain rotation or to accelerate during the initial
phase of the starting cycle. The starter must con-
tinue to assist the engine considerably above the
self-accelerating speed to avoid a delay in the start-
ing cvcle, which would result in a hot or hung
(false) start, or a combination of both. At the
proper points in the sequence, the starter and usu-
ally the ignition will be automatically cut off.

Exhaust gas Peak starting ECT
temperature -~

. 1 h
.p-m. versus

/ time

o

/ : " ]

Starter cuts out Engine attains  __

€ idle rp.m. E
& Ignition off =
§ , Engine attains E
L self-accelerating speed :
S| Ignition . =
on Engine lights up Ec

E

-

[ 2

EGT rise indicates light-
i —.1 rise In {1 g I.Ip

Starter on Time — seconds ———p

'y

E

Typical gas turbine engine starting sequence.

The sprag clutch assembly engages automatically
as soon as the rotor starts to turn, but disengages
as soon as the drive coupling turns more rapidly than
the rotor side. When the starter reaches this over-
run speed. the action of the sprag clutch allows the
gear train to coast to a halt. The output shaft
assembly and drive coupling continue to turn as
long as the engine is running. :

A rotor switch actuator, mounted in the turbine
rotor hub, is set to open the turbine switch when
the starter reaches cutout speed. Opening the tur-
bine switch interrupts an electrical signal to the
pressure-regulating valve. This closes the valve and
shuts off the air supply to the starter.

The air turbine starter shown in figurebelow is
used to start large gas turbine engines. The starter
is mounted on an engine pad, and its drive chaft is
splined by mechanical linkage to the engine com-
pressor. Air from any suitable source, such as s
ground-operated or airborne compressor unit. is
used to operate the starter. The air is directed
through a combination pressure-regulating and
shutoff valve in the starter inlet ducting. This valve
regulates the pressure of the starter operating air
and shuts off the air supply when the maximum
allowable siarter speed has beea reached.
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Starting o turbofan engine with @
pneumatic starter

_ To provide a good understanding of the start-
ing procedures emplosved with a turbofan engine
on a modern airliner. we shall descnbe here the
recommended staring operations for the Pratt
& Whitney JT8D engine ‘installed in the Boeing
727 airliner.

The JT8D engine :s a twin-spool turbofan
engine, similar in many respects to the JT3D
described in a previous chapter. The princpal
difference between the engines is the annular air
passage, which carries the forward fan discharge
air from the fan to the rear end of the engine
where it mixes with the hot primary gases in the
exhaust duct. The engine delivers 14,000 Ib of
thrust at takeoff power.

The starting air duct system for the three en-
gines of the Boaing 727 airliner is shown sche-
matically in the diagram of Fig. 1§~1. This
system supplies low-pressure air to any cngmc
for starting. -

The three control switches for the starters are
located on the pilot’s overhecad panel and are
marked ENGINE START. The switches have three
positions: OFF. FLIGHT. and GROUND. This means
that they mayv be used for starting either in
flight or on the ground. Electric power for con-
tmllmg the starters is received from the 28-volt

d- battery bus in the main load control panel.
Other controls used in conjunction with the
cranking-system controls are the air-condition-
ing control switches, located on the flight

engineer’s upper pancl, and the start levers on

the pilot’s pedestal.

A common method for starting the engine is
to utilize an external air source which is’supplied
by a ground service unit connected to the ground
air-supply fitting of the airplane. An electrically
operated control valve permits air to flow to the
pneumatic starter when the valve is actuated to
the OPEN position by means of the starter switch.

When the left and right air-conditioning-pack
shutoff valves are closed and the enginc bleed
air shutoff valves arc open, low-pressure air is
available at the starter valve. To start the engine,
the start switch is held in the GROUND START
position, thus supplying 28-volt d-c power
through the normally closed starter cutout switch
(in the starter) to open the starter pressure
regulating and shutoff valve.

Because the engine start switch is of the
momentary-contact type, care must be taken to
hold the switch in the GROUND START position
until the starter has reached cutout speed. This

is 30 to 35 per cent on the N; (high-pressure
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compressor rotor speed) tachometer. If the
starter switch i1s not held closed, a hot start may
result.

With the engine start switch in the GROUND
START position, the engine should accelerate;
and when the ¥; tachometer indicates 12 to
14 per cent rpm, fuel and ignition are supplied by
advancing the start lever to the START detent
The starter will continue to assist the engire
rotation after light-up until the starter cutout
switch opens upon attaining the proper speed.
Al cutout speed, electric power to the pressure
regulating and shutoff valve will be interrupted
by the centrifugally opened starter cutout switch,
and the valve will close, thus ending the starter
operation.

Engine light-up should occur within 20 sec
after advancing the start lever to the start detent.
After light-up the start lever is advanced to the
IDLE posiuon, the engine start switch is placed
in the FLIGHT position to maintain ignition, and
the engine bleed air shutoff valves are closed.

Considerable care must be exercised in the
operation of the pneumatic starter. Because the
starter is not designed for continuous operation,
its duty cycle must not be exceeded. The normal
duty cycle is 30 sec on and 1 min off. If the
engine fails to start and accelerate normally, the
operation should be stopped and no further
attempt made to start until 15 sec after the A,

tachometer indicates that the engine has stopped
rotating.

Summary of operating procedures

The first requirement for jet-engine operation
is that the operator be familiar with the engine
and its operating instructions. A careful adher-
ence to the instructions will result in long and
satisfactory service from the engine.

Overheating of the turbine or other parts of an
engine, cither during starting or operation, will
usually require that the engine be completely
overhauled. Therefore, it is of the utmost impor-
tance that hot starts be avoided. Modern fuel-
control units are designed to prevent hot starts:
however, the operator may cause overheating
damage by improper use of the equipment.

Engine ducts should be carefully inspected for
foreign objects or material before starting the en- -
gine. Also, the airplane must be located so that
1t will not pick up dirt, rags. rocks. or other mate-
nial. The area to the rear of the airplane must
also be clear of anything which might be
damaged by the hot exhaust gases.
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PROPELLING NOIZLE

A basic exhaust system.

255

e Ysige



Cal pas i a2 g Sgubia 59351 Caonnd 315 ymyei 51 12006t/s b TS0ft/s Joles 2o b s slojl5 oL >
;8 ol oo (divergence) 151y 5,k 5l cqz ool 5l cisdos 60505 1088 g Skl cle 4y Llo

s 43 Vgl a5 428 F |5 exhaust cone .58 2,5 5l s oS C30 Sl a5 G5k o 0edie cols lals
o Sl oz Lad aie (6T pla st Sems oy 59381 SlaglE iFn) 58 51 LU esls STy JSS
0,190 8315 0ged puiiune jolitie 4 Sgius (55,1 1088 Cxge 55 opl a5 85l (WhiKl) 25 > Sl )98
|, 1, % (gl oee S K25 a5 propelling nozzle 3, )b j 55551 slojl5 .cosl oads ans 55551 Connnd 10 oo
£33 Sz (slo)gige pais Md a5 jplailan aloe (2ali Bl Wl e a3 9 00 Janadl 3l o0
395 o, Y JLtd g e 51 L3 45 S L slgm Gl (S Sl 53551 Sglize oL 2 50 (51l bypass
0 b ol 50 ol j9551 Cuand 40 a5 59351 £ lajls (5,500 5 aiSie b I g (oiile JUB g 005 T |,
il glassly 4 Sl ol DYPAsS Cuje 4 pileme Glis b5 (g j0lols plsie 4 igtiee bylie caslin 3250
sobite 4 0ud 8 328 505 0B o5 jplailan il (oo AR 5 ygine Shho Lied wades alS | sfe 5 211,
coyaten sle 4V L1, 59581 Caand (gt g jise £ sl Ceand Lotlyn o5l 4y &)l > JUEH ) (Tl
L5 ol 43Y 90 5557 Canand 1930 i )lo jouw o &5 22 (sloysian 10 Conl Sen 2 g a.-.:l_:;m...-iusulator

551 Jos & Canilae ciny ay ab; ol JGEH Gl g 4228 olyy ST slon by e

PROPELLING NOZILE

3 PLUG OUT

AREA INCREASED
LOW GAS VELOTITY

.  AREA REDUCED
HIGH GAS VELOCITY

A cone-type variable-area propelling nozzle.

propulsive efficiency '

2-94




i

Gas Turbine Engine Emissions

The Gas Turbine Engine has a highly efficient combus-
tion cycle and produces very little atmospheric pollution
in comparison to many industrial fuel-burning processes.

Combustor efficiency is over 99 percent when the en-
gine is operating at a high power setting, dropping to
approximately 95 percent at idle. Most of the emissions
from the hot exhaust are non-pollutants consisting of the
following approximate vptues: Oxygen, 15%; inert gas and
water vapor, 82%; and, carbon dioxide, 4%. Actual pollut-
ants by weight are only about 0.04% at full power and
0.13% at idle power.

Gas Turbine emissions classed as pollutants by the
Environmental Protection Agency (EPA) are as follows:

a. Smoke (carbon particles);

b. Unburned hydrocarbons in fuel (HC);
¢. Carbon Monoxide (CO);

d. Oxides of MNitrogen (NOx}.

Pollutants are formed in two ways: By inefficiency in
the combustion process, and by high flame temperature
reaction to burning of hydrocarbon fuel in air. HC and CO
result mainly from combustor inefficiencies and NOx
results from high flame temperatures.

HC and CO are formed primarily at low power settings
near the walls of the combustor liner where cooling air
inhibits complete combustion at a Gme when atomization
of fuel by the fuel nozzls is poor and combustor tempera-
tures are low. MOx is the narral by-product of hydrocar-
bon fuel burned at the very high temperature necessary for
zood power production and fuel economy.

The “reduced smoke” combustor liner mentioned in the
early part of the combustor section was designed to reduce
HC, CO, and smoke, but it increased slightly the NOx
emission by producing a shorer, hotter flame pattern.
From these two examples, one can see some of the trade-
oifs between forms of pollution and economy of operation.

All gas marbine engines are tested by the EPA to ensure that
federal standards are being met. Engine manufacturers con-
sistently strive to improve their products by increasing engine
performance and reducing fuel consumption and, at the sarme

time, meet current EPA standards (Figure 46 ).

{A)

LES.

1.5

U.S. EPA PARAMETERS
LE/CYCLEN,000 LBS, OF THRUST [
10 b
HOx
L
05t 7 :
/ i
(8} COMPOSITION OF EXHAUST
(PERCENT BY WEIGHT)
Idla Tava oy Juie
Power Power Alr
SXYGZHE(02) 18.54%  15.06%  20.55%
CARBON DIOXIDE (CO2)  1.60%  3.56%  0.03%
INERT GASES & WATER  79.73% B1.24%  79.02%
(M2, Ar and HzQO)

POLLUTANTS 013% _ 0.04% -
TOTALS 100% 100% 100%

Fig.46 =A — Engine emissions limits for turbofan
engines: Pound of pollutants, per take-off and
landing cycle, per pound of rated thrust.

Fig.§6=8 — Typical composition of aircraft gas
turbine engine emissions.

Pollution of the atmosphere has become an important
issue all over the world. In any combustion process,
smoke indicates incomplete burning. Unburned carbon
particles that are visible as smoke imply an incomplete
combustion and indicate the presence of additional
greenhouse gases. So-called “smokeless burners™ have
been developed by aero engine manufacturers.
However, their improvement in performance efficiency
is actually minimal, although they do contribute to
reductions in aesthetic complaints from communities
living around airports.

In the 1970s, it was possible to fly over France and
Germany isto Scandinavia with clear blue skies, while
high above was an increasing criss-cross of contrails
from exercizing NATO aircraft. Remming by the same
route a few hours later, the contrails could be seen to
have merged into a continuous sheet of cirrus cloud,
which thickened during the day.

245

Smoking factory chimneys and all forms of combus-
tion create greenhouse gases. One apparent result of all
these gasses is the hole in the ozone layer, larger than
Europe, which exists in the Southern Hemisphere. The
atmosphere’s ability to screen the sun's ultraviolet
(UV) radiation is reduced in Australia due to this hole.
Cancer causing melanomas are becoming much more
common.

During the summer, daily levels of UV are broadcast
on television. This is just a foretaste of what will hap-
pen to the whole planet unless the production of green-
house gases is reduced.

Conventional GTEs produce CO, CO,, nitrous oxide
(N,0), and traces of other noxious gases in their com-
bustion chambers. The European Commission (EC),
United States, and Japan have set commendable targets
for reducing these gases. Target figures providing up 1o
80% reduction have been set for engines of the future.
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Jet engines are the main source of noise which is hazardous to aircraft structure and health. It
is the turbulence caused by the mixing of the gases of exhaust with the atmosphere that
makes the noise and the higher the jet velocity; the greater the noise level. A reduction in
noise occurs if the mixing rate is increased or the jet velocity is reduced (by pass type and
turbofan engines). The speed-up of the mixing of the exhaust with the atmosphere is
achieved by increasing the contact area of atmosphere with hot gas stream by using a
"corrugated” or "lobe" type exhaust nozzle. The noise suppressor forms the propelling nozzle

of the exhaust system and may be separate assembly bolted to the jet pipe.
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Corrugated exhaust nozzle
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e STIFFENERS

Lobe type exhaust nozzle.

Pl ol solaznul 5 0 40 ga 3l 598 SIS p egdle sl triple spool «5 RB-211 550 0

Elimination of fan midspan shroud i

Reducing fan speed i
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Reverse Thrust
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EIECTOR EXTEMDED AMD BUCKET DOORS IM FORWARD EJECTOR AND BUCKET DOORS IN REVERSE THRUST POSITION
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COLD STREAM REVERSER AMD HOT STREAM SPOILER IM COLD STREAM REVERSER AND HOT STREAM SPOILER 1IN
FORWARD THRUST POSITION REVERSE THRUST POSITION
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Clamshell- type deflector doors .i

Retractable ejector with bucket-type deflector doors .ii

a5 T47(IT9-D) 3 CF6 b)) o solizul 5 90 gll ,la5 b 98 5 S (gl jgige j0 a5 sl S35 4y oY
o by 0l 3 el 5 053 5l s el Gob (501 5505) azs high by-pass ratio g4 5 Pl
Esd ol o oils woalys g by U Sy Cnl o diee adal 8 Jagl Sl 5 a1 anSs sSas |

gt gl SPOIler Ly 55351 2,5 slajl Sl b ysse
Safety feature for both systems includes a device whereby selection can only be made at
idling rpm and unless the doors close properly; engine power can not be increased.
Mechanical lock will hold the doors in the last selected position in case of pressure loss in

pneumatic operating system.

Engine mounting

The engine is mounted in the a/c in a manner which allows the thrust forces developed to be
transmitted to the main afc structure; in addition to supporting the engine weight and
carrying any flight load. Due to the wide variations in the temperature of the engine casings;
the engine is mounted so that the casings can expand freely in both a longitudinal and a radial

direction.

Engine Cowling
Access to an engine is by hinged doors if it is mounted in wing or fuselage. For a pod
mounted engine; the main cowlings are hinged. In all cases quick release fasteners are fitted.
A pod mounted engine is usually far more accessible than a buried type of an engine.
The exterior of the engine and engine cowling (nacelle) are cooled by atmospheric air being
passed around the engine and then vented overboard. This cooling air also purges any
inflammable vapors from the engine compartment.

A fire proof bulkhead separates the "cool" area (zone 1) of the engine from the "hot" area

(zone 2).
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The fire warning system must be so designed that false warning will not occur. The discharge
must be sufficient to give a predetermined concentration of extinguishing for a period that

may vary between 0.5 and 2 seconds.
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Closure of fuel shut-off valve. .i

Closure of hydraulic fluid shut-off valve. .ii

Closure of bleed air valve. .iii

Closure of engine ﬁud surface thermal anti-icing . .iv

Tripping of the generator relay for affected engine. v

2-101

e ige



¢0T-¢

The Boeing 727 aircraft utilizes two fire bottles and three selector valves to provide fire suppression to all three
engines. With this arrangement, the cockpit crew can discharge both bottles to a single engine,



JET ENGINE INSTRUMENTS

Although engine installations may differ, depend-
ing upon the type of both the aircraft and the
engine, gas turbine engine operation is wsually con-
trolled by observing the instruments discussed in
the following paragraphs.

Engine thrust is indicated by either a turbine
pressure indicator or an engine pressure ratio indi-
cator, depending upon the installation. Both types
of pressure instruments are discussed here because
either indicator may be used. Of the two, the tur-
bine discharge pressure indicator is usually mare
accurate, primarily because of ita simplicity of con-
struction. It may be installed on the aireralt per-
manently or, in some instances temporarily, such as
during an cnéine trim. An engine pressure ratio
indicator, on the other hand, is less complex to use
because it compensates automatically for the effects
of airspeed and altitude factors by considering
compressor inlet pressure.

Turbine Discharge Pressure Indicator

This instrument not only indicates the total engine
internal pressure imrrediately aft of the last turbine
stage, but also indicates the pressure available to
generate thrust, when used with compressor inlet
pressure.

Turbine discharge pressure

Engine Pressure Ratio Indicater

EPR (engine pressure ratio) is an indication of
the thrust being developed by the engine. It is
instrumented by total pressure pickups in the engine

inlet and in the turbine exhaust. The reading is

displayed in the cockpit by the EPR gage. which
is used in making engine power settings.

30

, 34
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2103 —

Tachometer

Gas turbine engine speed is measured by the
compressor r.p.m., which will alse be the turbine
r.p.m.  Tachometers (figure below) are usually
calibrated in percent r.p.m. so that various types of
engines can be operated on the same basis of com-
parison. As previously noted, compressor r.p.m. on
centrifugal-compressor turbojet engines is a direct
indication of the engine thrust being produced.
For axial-compressor engines, the principal purpose
of the tachometer is lo monitor r.p.m. during an
engine start and to indicate an overspeed condition,
if one occurs.

Engine Oil Pressure Indicator

To guard against engine failure resulting from
inadequate lubrication and cooling of the various
engine parts, the oil supply to critical arcas must be
monitored. The oil pressure indicator ususlly
shows the engine-oil-pump discharge pressure.

Engine Oil Temperature Indicator

The ability of the engine oil to lubricate and cool
depends on the temperature of the oil, as well as the
amount of oil supplied to the critical areas. An
cil-inlet temperature indicator frequently is provided
to skow the temperature of the oil as it enters the
oil pressure pump, Oil-inlet temperature is also an

indication of proper operation of the engine oil
cooler.
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Exhaust Gos Temperature Indicater

EGT (exhaust gas temperature), TIT (turbine
inlet temperature), tailpipe temperature, and tur-
bine discharge temperature are onc and the same.
Temperature is an engine operating limit and is
used to monitor the mechanical integrity of the
turbines, as well as to check engine operating
conditions.  Actually, the turbine inlet temper-
ature is the important consideration, since it is
the most critical of all the engine variables. How-
ever, it is impractical to measure turbine inlet tem-
perature in most engines, especially large models.
Consequently, temperature thermocouples are in-
serted al the turbine discharge, where the tempera-
ture provides a relative indication of that at the
inlet. Although the temperature at this point is
much lower than at the inlet, it provides surveillance
over the engine’s internal operating conditions.
Several thermocouples are usually used, which are
spaced at intervals around the perimeter of the
enpine exhaust duct near the turbine exit. The EGT
indicator (figure below) in the cockpit shows the
average lemperature measured by the individual
thermocouples.

EXT Gas
TEMP

,“}J||l"-l'“

VIBRATION

A turbo-jet engine has an extremely low vibra-
tion level, and a change of vibration due to an impend-
ing or partial failure may pass without being noticed.
Many engines are therefore fitted with vibration indi-
cators that continually monitor the vibration level of
the engine. The indicator is usually a milliar:meter
that receives signals through an amptifier fro-a engine
mounted transmitters Shows the vibration level, often
given in mils (thousandths) of inches at four locations,
two on the LP system at the fan and turbine and two on
the HP system at the N2 compressor and turbine. Four

Yibration transemitier and indicator

mils is the approximate allowable maximum vibration at
any location.

Fuel-Flow Indicator

Fuel-flow instruments indicate the fuel flow in
ths./hr. from the engine fuel control. Fuel flow is
of interest in maonitoring fuel consumplion and
cheeking engine performance.

|1,
0

!

D2

Torquemeter (Turboprop Engines}

Because only a small part of the propulsive force
is derived from the jet thrust, neither turbine dis-
charge pressure nor engine pres-ure ratio is used
as an indicator of the power produced by a turbo-
prop engine. Turboprops are usually fitted with 2
torquemeter. The torquemeter |fizure belown)
can be operated by a torquemeter ring gear in the
engine nose section similar to that provided on larze
reciprocaling engines or by pickups on 2 torque
sheft. The torque being developed by the engine
is proportional to the horsepower, and is used to
indicate shaft horsepower.
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Trouble Shooting
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TURBOJET ENGINE OPERATION

The engine operating procedures presented here
apply generally to all'turbojet engines. The proce-
dures, pressures, lemperatures, and r.p.m.s which
follow are intended primarily to serve as a guide.
It should be understood that they do not have gen-
eral application. The manufacturer’s operating
instructions should be consulted before attempting
to start and operate a turbojet engine.

In contrast te the many controls for a reciprocat-
ing engine, a turbojet engine has only one power
control lever. Adjusting the power lever or throttle
sets up a thrust condition for which the fuel con-
trol meters fuel to the engine. Engines equipped
with thrust reversers go into reverse thrust at throt-
tle positions below “idle,” A separate fuel shutoff
lever is usually provided on engines equipped with
thrust reversers.

Prior to start, particular attention should be paid
to the engine air inlet, the visual condition and free
movement of the compressor and turbine assembly,
and the parking ramp area fore and aft of the air-
craft. The engine is started by using an external
power source or a self-contained, combustion-starter
unit.- Starter types and the engine starting cycle
have been discussed previously. On multi-engine
aircraft, one engine usually is started by a ground
cart that supplies the air pressure for a pneumatic
starter on the engine. Air bled from the first en-
gine started then is used as a source of power for
starting the other engines. :

During the start, it is necessary to monitor the
tachometer, the oil pressure, and the exhaust gas
temperature. The normal starting sequence is:
(1) Rotate the compressor with the starter, (2) turn
the ignition on, and (3) open the engine fuel valve,
either by moving the throttle to “idle” or by moving
a fuel shutoff lever or turning a switch. Adherence
to the procedure prescribed for a particular engine
is mecessary as a safety measure and to avoid a
“hot™ or “hung” start. ;

A successful start will be noted first by a rise in

exhaust gas temperature. If the engine does not
“light up™ within a prescribed period of time, or if
the exhaust-gas-starting-temperature limit is ex-
ceeded. the starting procedure should be aborted.
Hot starts are not common, but when they o
occur, they can usually be stopped in time to avoid
excessive temperature by observing the exhaust gas
temperature constantly during the sart.  When
necessary, the engine is cleared of trapped fuel or
gases by continuing to rotale the compressor with
the starter, but with the ignition and fuel turned off,

ENGINE FIRE ON GROUND

If an engine fire occurs or if the five warning
light is illuminated during the starting cycle, move
the fuel shutoff lever to the “ofi” position, Continus
cranking or “motoring” the engine until the fire has
been expelled from the engine. 1f the fre persista,
CO. can be discharged into the inlet duct while it
is being cranked. " Do nat discharge CO. direetly

into the engine exhaust because it may damage the
engine, If the fire cannot be extinguished, secure
all switches and leave the aircraft.

I the fire is on the ground under the engine over-
board drain. discharge the CO. on the ground
rather than on the engine. This also is true if the
fire is at the tailpipe and the fuel is dripping to the
ground and burning.

Engine Checks

Checking turbojet and turbofan engines for -
proper operation consists primarily of simply read.
ing the engine instruments and then comparing the
obeerved values with those known to he correct for
any given engine operating condition.

Idle Checks

After the engine has started, idle r.p.m. has been
attained, and the instrument readings have stabi.
lized, the engine should be checked for satisfactory
operation at idling speed. The oil pressure indi-
cator, the tachometer, and the exhaust gas tempera-
ture readings should be compared with the allowable
ranges. Fuel flow is not considered a completely
reliable indication of engine condition at idling
r.p.m. because of the inaccuracies frequently en-
countered in fuel Aowmeters and indicators in the
low range on the meters,

Checking Takeoff Thrust

Takeoff thrust is checked by adjusting the throt-
tle to obtain a single, predicted reading on the
engine pressure ratio indicator in the aircrait. The
value for engine pressure ratio which represents
takeoff thrust for the prevailing ambient atmospheric
conditions is calculated from a takeoff thrust setting
curve similar to that shown in figure 10-70.

This curve has been computed for static condi-
tions. Therefore, for all precise thrust checking,
the aircraft should be stationary, and stable engine
operation should he established. If it is needed for
calculating thrust during an engine trim check,
turhine discharge pressure (P is alse shown on
these curves. Appropriate manuals should be con-
sulted for the charts for a specific make and model
engine,

The engine pressure ratio computed from the
thrust setting curve represents either wet or dry
takeofl thrust. The aircralt thrattle is advanced to
obtain this predicted reading on the engine pressure
ratio indicator in the aircraft. If an engine develnps
the predicted thrust and if all the other engine
instruments are reading within their proper ranges.
engine operation is considered satislactory,

Armbiant Conditians

The sensitivity of gas turbine engines to com-
pressor-iniet air tempersture and pressure necessi.
taizs that considarable care be taken Lo oblain correct
values for the prevailing ambient air conditions
when computing lakeofl thrust. Some things tn
remember are:
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Ficure 10-70. Typical takeoff thrust setting curve for static conditions.

{1) The engine senses the air temperature
and pressure at the compres=or inlet. This
will be the actual air temperature just aliove
the runway surface. When the aircraft is
stationary, the pressure at the compressor
inlet will be the static field or true baro-
metric pressure and not the harometric pres-
sure corrected to zea level that is normally
reported by airport control towers as the
altimeter setting.

(2) Some airports provide the runway tempera-
ture, which should be used when available.
The aircralt free air temperature indicator
may or may not suffice for obtaining the
temperature to be used, depending upon the
manner in which the free air temperature is
instrumented. If the thermometer bulb or
thermeocouple is exposed to the rays of the
sun, the instrument reading will obviously
not be accurate. When the control tower
temperature must be used, a correction factor
should be applied. For an accurate thrusi
computation, such as when trimming an
engine, it is best to measure the actual tem.
perature at the compressor inlet just before
the engine is started, by means of a hand-
held thermometer of known accuracy. When
it is realized that & 5° C. (9°F.) variation
on compressor-inlet temperature will resull
in approximately 2 in. Hg variation in tur-
bine discharge pressure, or 0.06 variation in
engzine pressure ratio indication, the impor-
tance of using the correct temperature for
the thrust computation can be readilv appre-
ciated.

(3) Ii oaly the altimeter setting or the baro-
metric pressure corrected Lo sea level s

available when using the thrust setting curves
to calculate turbine discharge pressure, this
pressure must be re-corrected to field eleva-
tion. A method of obtaining the true pres-
sure is to set the aircraft altimeter to zero
altitude and read the field barometric pres-
sure directly in'the altimeter setting window
on the face of the instrument. This method
will work at all but the higher field elevations
because of the limit of the altimeter setting
scale.

Relative humidity, which affects reciprocat.
ing engine power appreciably, has a negli-
gible effect on turbojet engine thrust, fuel
flow, and r.p.m. Thereflore, relative humid-
ity is not usually considered when computing
thrust for takeoff or determining fuel flow
and r.p.m. for routine operation.

(4)

ENGINE SHUTDOWN

On turbine engines, that do not have a thrust
reverser, retarding the aircraft throttle or power
lever to “off” cuts the fuel supply to the engine and
shuts down the engine. Oh engines equipped with
thrust reversers, this is accomplished by means of
a separate fuel shutoff lever. An engine normally
will be sufficiently cool to shut down immediately.
However, as a rule of thumb, when an engine has
been operated above approximately 85% r.p.m. for
periods exceeding 1 min. during the last 5 min. prior
to shutdown, it is recommended the engine be oper-
ated below B35 r.p.m. (preferably at idle) for a
peried of 3 min. to prevent possible seizure of the
rotars. ‘This applies, in particular, to prolonged
operation at high r.pon. on the ground, such as
during engine lrimming.

The turbine case and the turbine wheels operatz
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at approximately the same temperature when the
encine is running. However, the turbine wheels are
relatively massive, compared with the case, and are
not cooled so readilv. The turbine case is exposed
to cooling air from both inside and outside the
engine. Consequently, the case and the wheels lose
their residual heat at different rates after the engine
has been shut down, The case, cgaling faster, tends
to shrink upon the wheels, which are still rotating.
Under extreme conditions, the turbine blades may
squeal or seize; thus a cooling period is required if
the engine has been operating at prolonged high
speed. Should the turbine wheels seize, no harm
will normally resull, provided no attempt is made
to turn the engine over until it has cooled sufficiently
to free 'the wheels. In spite of this, every effort
should be made to aveid seizure.

The aircralt fuel boost pump must be turned off
after, not before, the throttle or the fuel shutoff lever
is placed in the off position, to ensure that fuel
remains in the lines and that the engine-driven fuel
pumps do not lose their prime. Under such con-
ditions, the aircraft fuel boost pump usually is
unable to re-prime the engine-driven fuel pump
without air being bled from the fuel control.

Generslly, an engine should not be shut down by
the fuel shutoff lever until after the aireraft throttle
has been retarded to “idle.” Because the fuel shut-
off valve is located on the fuel contrel discharge, a
shutdown from high thrust settings will result in
high fuel pressures within the contrel that can harm
the fuel system parts.

COMMERCIAL RATINGS

An understanding of gas turbine engine ratings
is necessary to use intelligently the engine operating
curves contained in the aireraft and engine mainte.
nance manuals. The ratings for commercial engines
are defined by the SAE (Society of Autometive
Engineers).

Takeoff (wet). This is the maximum allowable
thrust for takeoff., The rating is obtained by actu-
ating the water-injection system and setting the
computed *wet” thrust with the throttle, in terms
of a predetermined turbine discharge pressure or
engine pressure ratio for the prevailing ambient
conditions. The rating is restricted to takeoff, is
time-limited, and will have an altitude limitation.
Engines without water injection do not have this
rating.

Takeoff (dry). This is the maximum allowahble
thrust without the use of water injection. The rat.
ing is obtained by adjusting the throttle to the
takeoff (dry) thrust for the existing ambient condi-
tions, in terms of a predetermined turbine discharge

When an accurate reading of the oil level in the
oil tank is needed following an engine shutdown,
the engine should be operated at approximately 75%
r.p.m. for not less than 15 nor more than 30 sec.
immediately before shutdown to properly scavenge
oil from inside the engine.

TURBOFROP OPERATION

Turboprop engine operation is quite similar to
that of a turbojet engine, except for the added fea-
ture of a propeller. The starting procedure and the
various operational features are very much alike.
The turboprop chiefly requires attention to engine
operating limits, the threttle or power lever setting,
and the torquemcter pressure gage. Although
tarquemeters indicate only the power being supplied
to the propeller and not the equivalent shaft horse.
power, torquemeter pressure is spproximately pro-
portional to the total power output and, thus, is
used as a measure of engine performance. The
torquemeter pressure gage reading during the take-
off engine check is an important value. It is usually
necessary to compute the takeoff power in the same
manner as is done for a turbojet engine. This com-
putation is to determine the maximum allowable
exhaust gas temperature and the torquemeler pres.
sure that a normally functioning engine should pro-
duce for the outside {ambient) air temperature and
barometric pressure prevailing at the time.

pressure or engine pressure ratio. The rating is

lime-limited and is to be used for takeof only.
Maximum continucus. This rating is the

maximum thrust which may be used continuously

. and is intended only for emergency use st the dis.

cretion of the pilot. The rating is -obtained by
adjusting the throttle to a predetermined turbine
discharge pressure or engine pressure ratio.

Normal rated. Normal rated thrust is the maxi-
mum thrust approved for normal climb. The rating
is obtained in the same manner as maximum con-
tinuous. Maximum continuous thrust and normal
rated thrust are the same on some engines.

Maximum cruise. This ia the maximum thrust
approved for cruising. It is obtained in the same
manner as maximum continuous.

Idle. This is net an engine rating, but rather a
throttle position suitable for minimum thrust oper-
ation on the ground or in flight. It is obtained by
placing the throttle in the idle detent on the throttle
quadrant.
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Troubleshooting turbojet engines.

Indicated malfunction
Engine has low r.p.m.. ezhaust gas
temperature. and {ucl Aow when set
10 expected engine pressure ratio.

Engine has high r.p.m.. exhaust gas
temperature, and fuel Bow when set
to expected engine pressure ratio.

Engine has high exhauat gas
temperature, low r.p.m., and high
fuel fow at all engine pressure
ratio settings.

NOTE: Engines with damage in
turbine section may have
tendency to hang up during
stanling.

Engine vibrates throughout r.p.m.

range, but indicated amplitude

" reduces as r.p.m. is reduced.

Engine vibrates at high r.p.m. and
fuel low when compared to constant
engine pressure ratio.

Engine vibrates throughout r.p.m.
range, but is mare pronounced in
cruise or idle r.p.m. range.

Mo change in power setting
parameters, but oil temperature high.
Engine has higher-than-normal exhaust
gas temperature during takeoff, climb,
and cruise. B.P.M. and fuel flow
higher than normal.

Enginehas high exhaust gas
temperature at targel engine presaure
ratio for takeoff.

Engine rumbles during starting and at
low power cruise conditions.

Engine r.p.m. hangs up
during starting.

High otl temperature.

High oil consumplion.

Possible cause
Engine pressure ratio indication has
bigh reading error.

Engine pressure ratio indication has
low reading error due to:

Misaligned or cracked turbine
discharge probe.

Lesk in turbine discharge pressure
line from probe to transmitter.

Inaccurate engine pressure ratio
transmitter or indicator.

Carbon particles collected in turbine
discharge pressure line or restrictor
arifices.

Posaible turbine damage and for
loss of turbine eficiency.

If anly exhaust gas tempersture is
high, sther paramelers normal, the
problem may be thermocouple
lzads or instrument.

Turbine damage.

Damage in compreaser section.

Engine-mounted accessory such as
constant-speed drive, generator,
hydraulic pump, etc.

Engine main bearings.

Engine bleed-air valve malfunction.

Turhine discharge pressure
probe or line to transmitter leaking.

Engine out of trim.

Pressurizing and drain valve
mallunction.

Cracked air duct.
Fuel control malfunction,
Subzero ambient temperatures.

Compressar section damage.

Turbine section damage.

Scavenge pump failure.

Fuel heater malfunction.
Scavenge pump failurs,
High sump proasnre,

Cearbox scal lenkage.

Suggested action |
Check inlet pressure line fram
probe 1o transmutter for leaks.

Check engine pressure ratio transmitter
and indicator for accuracy.

Check probe condition.

Pressure-test turbine discharge
pressure line for leaks.

Check engine pressure ratio transmitter
and indicator for accuracy.

Canfirm indication of turhine

‘damage by:

Checking engine coast-down for
abnormal noise and reduced time.

Visually inspect turbine area with
strong light.

Re-calibrate exhaust gas temperature
instrumentation,

Check turbine as cutlined in
preceding item.

Check compressor section for damage.
Check each compenent in turn.

Check scavenge oil filters and
magnetic plugs.

Check operation of bleed valve.

Check condition of probe and pressure
line to transmitter.

Check engine with jetcal. Re-trim
a3 desired.

Replace pressurizing and drain valves.

Repair or replace duet,

Replace fuel control.

If hang-up is due to low ambient
temperature, engine usually can be
started by turning on fuel booster pump
or by positioning start lever to run
earlier in the starting cycle.

Check compressor for damage.
Inspect turbine for damage.

Check lubricating system and
scavenge pumps.

Feplace fuel heater.

Cheek scavenge pumps.

Cheel sumnp prezaurs 34 sutlined in
manuleciures's tmeintenange manusl
Check gorcbos seal by presaunizing
overboacd vent,
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APPLICATION

Extended range Lockheed TriSter (.524)
Proposed shernative powerplant for
Boesing TAT (-56248)

Under considerstion by other major
mirframe manufscturen

JESCRIPTION
Type of sngine g‘ turbolan
Compression rstio 1
By-pase ratio a.4:1 "uke-off
DJIMENSIONS
Leangth 118.4in. (3033 mm)
(front of lan 10 turbine
casing resr flange)
Digmrstor of
intele BE.6n. (2172 mm)
{inaica tront casing
flange)
DESIGN FEATURES
STRUCTURE
Short, axtremely rigid doubds skinned

enging Carcass providing sccuwrre location
of main besnings and minimesing engine
fMaxure.

ROTATING PARTS
LPF System

IF System
HP System

COMBUSTION SYSTEM
Fully snnulsr combustion chamber with 18
WPy bumens,

MAIN BEARINGS
Theae thrust bell bearings (including 1
itershati).
Five rolier bearings with squesze film

Searion o :

MODULAR CONSTRUCTION
Faciiiwtes speedy replacement of sections,
thiss decressing repair tum-round Tlime,

Exterral (HS) Gaarhay

SYSTEMS
FUEL CONTROL SYSTEM

Engine thrust s controlled by Comprassot

preagurs ratio, modified foo vardafions in

shtriude by compressor inket pressure. Rates

of sccel. snd decel. sre mtomatically

controlied snd overall spesd, pretsurs, and

tempartund limiters sre fiited for engine
protection.

THRUST MONITORING SYSTEM
Thrust is messured and st using IEPR

{Irtegroted Engine Pressure Ratio) ss the

control parsmater,

COMPRESSOR VARIABLES
Single row of VIGVs at eniry to IP
COMpTasaoT.

STARTER
Air operated turblne starter,

IGNITION

Two igniter plugs in Nos. 8 and 12 spray
noxzhes.

Duplex kgnition untts with both high and
low energy channels.

AIR OFF-TAKES
IP delivery for anti-icing.
HP delivery for thrust reverses operation.
IP/HP mixture for brcrafl services and
cross-leed starting.

ENGINE ANTI-ICING
Noss of intake, Py probe, engine noss
Iairing.
Fan pressurs pick-up, fusl system,

RATINGS

Tik--uﬂ thrust (SLS, flat rated 1o |5A

-524 48,000 1b
-5248  "50,0001b

Performance st 35,0001 0.85 Mn
{flat reted to 15A + 10°C)
Max. CHmb thrust

Max. Cruise thrust

Max. cruise sic

{I1SA)

11,830 1b
10.9701b

0.657 1b/he/lb
(18.8 mg/Ns)

ROLLS-ROYCE . RB21

COOLED WP &

MGV

—

o el

ekl

b

™

'.'--i.. A

L
e
UL

(]
i un
v g i
f48
!
i
%
'E:: i
|

} ¥
it E2
R

i3

[T B

-7
\g i3
{3

\{ﬁ

inaEbwaisE

T i ] SEAGT

Teo PR AT ol

S GO0 I

LT

N

Wil O Dy RO, TE0 DMersd

LRy AL PG g

LY

SMGLE- BEAGY
12 Tt auieg

FULLY AmOULL
COM SRS TR
CmablEEy

TRAVET p{imincs
LESCATED in CooL

Toui

2-112




