PRACTICAL CLASS 3.1
Theme: Engine systems
3.1.1. CFM56-3 Engines (Boeing-737-300/-400/-500)
The 737 airplanes are powered by two wing-mounted, CFM56-3 high-bypass-ratio turbofan engines at several thrust ratings. The engine is an axial-fiow turbofan with two spools and variable stator vanes. The CFM56-3 is a derivative of the somewhat larger CFM56-2, utilizing the same core and low-pressure turbine, and a modified fan.

The single-stage fan and three-stage low-pressure compressor are driven, via the low-speed (N1) shaft, by a four-stage low pressure turbine. The nine-stage high-pressure compressor is driven, via the high-speed (N2) shaft, by a single-stage high-pressure turbine.

The fan and core airflows have separate exhaust nozzles and the fan exhaust system includes a cascade-type thrust reverser.
Power for aircraft and engine accessories is provided by the main gearbox side-mounted on the fan case. The gearbox is driven by the high-speed (N2) engine shaft.
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Fig: CFM56-3 Engine Characteristics Summary
During engine buildup, the following components are installed on the basic engine: starter, variable speed constant frequency (VSCF) generator, hydraulic pump, cowling, thrust reverser, thrust reverser extension ring, fire/overheat detectors, engine instrumentation, pneumatic ducting, potable water pressurization tubing, and electrical harness. Except for the vortex control device on the fan cowl and the thrust reverser, engine buildup is identical for left or right engines.
The engine nacelle is composed of the nose cowl and fixed and hinged cowl panels to:

 1. Provide smooth airflow over the engines and

2. Protect exterior engine components from damage.

Cowl panels, hinged at the top, may be opened or completely removed to provide ground level access to the engine without usir ground stands. Three cone bolts secure the engine to the wing. Two front cone bolts take thrust, vertical, and side loads. The one rear cone bolt takes vertical and side loads.
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Fig: CFM56-3 Engine
[image: image3.png]



Fig: Engine Cowlings
3.1.2. Fuel System
Fuel is delivered to the engines at pressures and flow rates required to obtain the desired engine thrust. Fuel leaves the fuel tank and enters through the main fuel shutoff valve.

The main fuel shutoff valve is controlled by the engine start lever and the engine fire-warning switch. When the main fuel shutoff valve is closed, the FUEL VALVE CLOSED light located on the forward overhead panel illuminates dimly.

Fuel passes from the first stage of the engine-driven fuel pump through a fuel oil-heat exchanger to a filter. Provisions are made to bypass the heat exchanger or the filter in the event of failure or blockage. A FILTER BYPASS light on the overhead panel illuminates if there is impending filter bypass.
The second stage of the fuel pump provides high-pressure fuel to the main engine control (MEC). As the fuel leaves the second stage fuel pump, it passes through another filter where a portion of the fuel is diverted to a servo-fuel heater before entering the MEC. The servo-fuel heater uses engine oil to heat the servo-system fuel of the MEC for anti-icing purposes.

The MEC in conjunction with the power management control (PMC) uses power lever angle, fan inlet pressure and temperature, N1 rpm and N2 rpm to meter the correct amount of fuel to the combustor. The fuel flow is also controlled by the engine idle control system and maintains a higher idle speed under certain conditions. Fuel flows from the MEC through the MEC fuel shutoff valve. The MEC fuel shutoff valve is controlled by the engine start lever and is mechanically closed by moving the engine start lever to the CUTOFF position. A fuel-flow transmitter measures the rate of fuel flow from the MEC and provides an indication on the fuel flow display located on the center instrument panel.
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Fig: Engine Fuel and Oil System Schematic
3.1.3. Oil System
The oil is returned to the oil tank by means of engine-driven scavenge pumps. From the scavenge pumps the oil passes through a scavenge filter. Should the filter become saturated with contaminants, oil automatically bypasses the filter. Prior to the oil bypassing the filter, the OIL FILTER BYPASS light, located on the center instrument panel, illuminates.

Scavenge oil temperature is sensed as the oil returns to the oil tank, and is shown on the oil temperature displays located on the center instrument panel. The oil then passes through the fuel/oil heat exchanger where it is cooled by engine fuel to maintain proper oil temperature prior to returning to the oil tank.

Oil from the individual engine tank is circulated under pressure, through the engine to lubricate the engine bearings and accessory gearbox. Oil quantity is shown on the oil quantity display located on the center instrument panel.

The oil system is pressurized by the engine-driven oil pump. The oil leaves the oil pump, where sensors for the oil pressure display and the LOW OIL PRESSURE light are located, passes through an oil filter, and continues to the engine bearings and gearbox.
3.1.4. Engine Instrument System (EIS)
The engine and hydraulic parameters formerly presented on 21 individual electromechanical instruments are now displayed on two EIS panels using light-emitting diodes (LEDs).
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Fig: Engine Instrument System (EIS)
Associated engine lubrication system displays and caution lights located on the center instrument panel, include the following:

ENGINE LOW OIL PRESSURE LIGHTS

Illuminated amber indicates engine oil pressure of engine no. 1 or 2 below 12 psi.

ENGINE OIL FILTER BYPASS LIGHTS

Illuminated amber indicates impending bypass of engine no. 1 or 2 main oil filter.

ENGINE OIL PRESSURE DISPLAYS (EIS)

Indicates oil pressure of engine no. 1 and 2 in psi.
ENGINE OIL TEMPERATURE DISPLAYS (EIS)

Indicates oil temperature of engine no. 1 and 2 in °C.

ENGINE OIL QUANTITY DISPLAYS (EIS)

Digitally displays oil quantity of engine no. 1 and 2 in percent of full.

ENGINE DISPLAYS (EIS)

Engine displays and controls on the center panel consist of the following:

N1 DISPLAYS

Indicates fan speed in percent rpm for engine no. 1 and 2.

N2 DISPLAYS

Indicates high-pressure compressor speed in percent rpm for engine no. 1 and 2.

EXHAUST GAS TEMPERATURE (EGT) DISPLAYS

Indicates temperature of exhaust gases for engine no. 1 and 2 in °C.

An imminent "hot start" causes the digital display to flash twice per second.

A red light above each     N2, and EGT display illuminates if the redline is exceeded.

FUEL FLOW DISPLAYS

Indicates fuel flow in weight of fuel per hour and also total fuel consumed per engine for engine no. 1 and 2.

The PPH/PUSH LB switch is used to change display from FUEL FLOW to FUEL USED; after 10 seconds the FUEL USED display reverts to FUEL FLOW.
THE FUEL USED RESET displays a sequence: fuel used since last reset or power-up, then 000, and, finally, fuel flow.

ENGINE VIBRATION DISPLAYS (EIS)

Indicate engine no. 1 and 2 maximum vibration in scalar units.
3.1.5. Air Bleed System
Bleed air is extracted from the high pressure compressor for the following systems: air-conditioning, cabin pressurization, wing and engine cowl anti-icing, and hydraulic tank and potable water tank pressurization. Air is normally extracted from the fifth stage of the compressor, with the ninth stage being used at low-power settings.

Fan air is used as cooling air for the precooler to limit the temperature of the bleed air in the pneumatic manifold. Fan air is also used for cooling the generator.
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Fig: Air Bleed System
3.1.6. Engine Start System
Pressurized air, a pneumatic starter, and electrical power are required for starter operation. The engines may be started with air from the APU, from a ground source, or by using engine crossbleed.
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Fig: Pneumatic Starting System
3.1.7. Engine Controls
The start lever for each engine, and forward and reverse thrust levers, are located on the control stand. The start lever energizes the ignition system and initiates fuel flow when it is advanced.
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Fig: Control Stand

The engine start switch GRD position uses dc power from the battery bus to open the start valve and allow pressure from the pneumatic manifold to rotate the starter. When the start valve is open, the amber START VALVE OPEN light, located on the center instrument panel, illuminates. Should the engine start switch fail to open the start valve, a manual control handle on the engine may be used to open the valve. The starter is a turbine-type air motor that rotates the N2 compressor through the accessory drive-gear system. When the engine has accelerated to 20% N2 rpm, and with the engine start lever advanced to the IDLE position, the MEC supplies fuel to the combustor and the fuel ignites, resulting in an engine start. At cutout speed (46% N2 rpm), power is interrupted to the start switch holding solenoid, allowing the engine start switch to return to the OFF position and the starter valve to close.

Start valve closure is indicated by a rapid rise in duct pressure. The START VALVE OPEN light monitors air pressure downstream of the start valve. The light extinguishes shortly after closure of the starter valve.
3.1.8. Ignition System
Two high energy ac systems are provided for each engine. The ignition select switch selects either the LEFT, RIGHT or BOTH igniters for both engines. 
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Each igniter (L or R) may be independently selected and alternate use is recommender1 The FLT position of the engine start switch overrides the L or R igniter and uses BOTH.

With the engine start switch in the GRD position, the start valve opens and the selected igniter(s) are energized when the engine start lever is placed to IDLE. The CONT position is used for takeoff and landing, in turbulence, or in icing conditions. This affords extra protection, through the selected igniter(s), against flameout in the event that birds or ice are ingested, or inlet airflow is suddenly disturbed for any reason during the more critical stages of flight.
3.1.9. Thrust Reversers
The 737 is equipped with electrically controlled, hydraulically powered, fan-only thrust reversers. The thrust reversers are interchangeable between the two engines except for the cascades and the strikers which deflect the Krueger flaps when the fan cowl translates aft.

Reverser actuation is controlled by a control valve module, located on the forward bulkhead of each air-conditioning bay. This module contains two control valves (isolation and direction) and a manually operated (pinnable) maintenance shut-off valve. The control valves are operated by solenoids which are actuated by the thrust lever switches.
The thrust reverser hydraulic system is only pressurized when thrust reverser actuation is required, or when required to resist motion from the stow-commanded position.
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Fig: Thrust Reverser Operation
2.1.3. Self assessment questions

1. When gases pass through a convergent duct their:

a) Velocity and temperature increase and their pressure decreases.

b) Their velocity increases and their temperature and pressure decrease.

c) Their velocity decreases and their temperature and pressure increase.

d) They expand adiabatically.

2. Select the correct order of best propulsive efficiency, from low to high airspeed

a) High by-pass ratio turbo jet, Low by-pass ratio turbo jet, Pure turbo jet, Turbo-prop.

b) Low by-pass ratio turbo jet, Pure turbo jet, Turbo-prop, High by-pass ratio turbo jet.

c) Pure turbo jet, Turbo-prop, High by-pass ratio turbo jet, Low by-pass ratio turbo jet.

d) Turbo-prop, High by-pass ratio turbo jet, Low by-pass ratio turbo jet, Pure turbo jet.

3. The highest pressure in a gas turbine engine occurs:

a) Between the compressor and the combustion chamber.

b) In the combustion chamber.

c) In the jet pipe.

4. In a turbo-fan engine, the fan speed is controlled by:

a) A reduction gear.

b) A waste gate.

c) The turbine.

d) Varying the pitch.

5. In a high ratio by-pass engine:

a) All of the air goes through both the low and high pressure compressors.

b) Not all the air goes through the high pressure compressor.

c) Not all the air goes through the low pressure compressor.

d) All the air goes through the high pressure compressor.

6. Modular construction:

a) Is only used on turbo-prop engines.

b) Cannot be used on high ratio engines.

c) Has a weight saving function.

d) Enables malfunctioning sections of the engine to be changed without changing the whole engine.

7. Gas turbine engine efficiency increases with:

a) An increase in volumetric efficiency.

b) An increase in ambient temperature.

c) A decrease in ambient temperature.

d) A decrease in ambient air pressure.

8. On a cold day, the idle speed of a gas turbine engine which has no fuel control unit compensation:

a) Is unaffected by temperature.

b) Will increase.

c) Will decrease.

d) Will increase by no more than 4%.

9. The By-Pass Ratio of an engine is the ratio of:

a) Primary air to tertiary air.

b) Cold stream air to that flowing through the hot core of the engine.

c) Exhaust gas pressure to air intake pressure.

d) Primary air to secondary air.

10. The Gas Turbine Engine uses the principle of:

a) Newton's Third Law of motion.

b) Creating thrust equal to the weight of the aircraft.

c) Expelling air at the same speed as that of the aircraft.

d) The fluid flywheel.

11. The addition of heat in a combustion chamber allows a:

a) Large expansion at a substantially constant pressure.

b) Large expansion at a constant volume.

c) Large expansion at a decreasing static pressure.

d) Minimum expansion at a constant volume.

12. In a divergent duct:

a) The pressure decreases and the temperature and velocity increases.

b) The pressure, velocity and temperature increases.

c) The pressure temperature increases and the velocity decreases.

d) The pressure decreases, the temperature increases and the velocity remains constant.
13.      In a twin spool engine:

a) The L.P. compressor is connected to the H.P. compressor.

b) The H.P. turbine is connected to the L.P. compressor, the L.P. turbine is connected to the H.P. compressor.

c) The L.P. turbine is connected to the L.P. compressor, the H.P. turbine is connected to the H.P. compressor.

d) The H.P. turbine is connected to the L.P. turbine, the H.P. compressor is connected to the L.P. compressor.

14. A By-Pass Ratio of 5:1 means that:

a) 5 pounds of air is by-passed for every 10 pounds entering the engine intake.

b) 5 pounds of goes through the H.P. compressor for every 10 pounds that enters the intake.

c) 10 pounds of air goes through the by-pass for every 5 pounds that enters the intake.

d) 5 pounds of air is by-passed for every 1 pound that goes through the hot core of the engine.

15. Aft of the compressor:

a) The velocity of the airflow remains the same.

b) The velocity of the airflow decreases before the combustion chamber.

c) The velocity increases before the combustion chamber.

d) The air pressure decreases before the combustion chamber.

16. The fan in a ducted fan engine, is driven by:

a) The high pressure turbine.

b) The rearmost turbine.

c) The intermediate pressure turbine.

d) All of the above.

17. In a by-pass engine, the by-pass air:

a) Increases the air mass flow and therefore increases the propulsive efficiency.

b) Cools the combustion chamber and therefore increases the thermal efficiency.

c) Reduces the air mass flow and therefore increases the propulsive efficiency.

d) Increases the air mass flow and therefore reduces the propulsive efficiency.

18. The majority of the thrust of a:

a) Turbo-fan engine comes from the turbine exhaust.

b) Turbo-prop engine comes from the turbine exhaust.

c) Turbo-shaft engine comes from the free power turbine exhaust.

d) Turbo-fan engine comes from the by-pass air.
19.
A Pure
Turbo-Jet engine gives:


a)
A small acceleration to a large mass of air.


b)
A large acceleration to a large mass of air.


c)
A small acceleration to a small mass of air.


d)
A large acceleration to a small mass of air.

20.
During
the Brayton cycle, combustion takes place:


a)
Continuously.


b)
Once every revolution.


c)
Once every other revolution.


d)
Only during the start cycle.
21. The number of revolutions of the crankshaft required to complete a full cycle in a four stroke engine is:

a) 6

b) 4

c) 2

d) 8
22. The correct working cycle of a four stroke engine is:

a) Exhaust, power, induction, compression.

b) Compression, power, exhaust, induction.

c) Induction, power, compression, exhaust.

d) Power, exhaust, compression, induction.
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