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Engine Exhaust System Design Considerations for Rotorcraft

1. SCOPE:

Turbine engines installed in rotorcraft have an exhaust system that is
designed and produced by the aircraft manufacturer. The primary function of
the exhaust system is to direct hot exhaust gases away from the airframe.

The exhaust system may consist of a tailpipe, which is attached to the
engine, and an exhaust fairing, which is part of the rotorcraft. The engine
manufacturer specifies a baseline "referee" tailpipe design, and guaranteed
engine performance is based upon the use of the referee tailpipe and tailpipe
exit diameter. The configuration used on the rotocraft may differ from the
referee tailpipe, but it is intended to minimize additional losses attributed
to the installation.

This Aerospace Recommended Practice (ARP) describes the physical, functional,
and performance interfaces to be considered in the design of the aircraft
exhaust system. '

2. REFERENCES:

AIR1191 Performance of Low Pressure Ratio Ejectors for Engine Nacelle
Cooling _ ,
FAR PART 27 Airworthiness Standards: Normal Category Rotorcraft,
: Paragraph 27.1121
FAR PART 29 Airworthiness Standards: Normal Category Rotorcraft,
Paragraph 29.1121

AS1507 Helicopter Engine/Airframe Interface Document and Checklist

ARP1168 SAE Aerospace Applied Thermodynamics Manual, 3.3.3, Diffusers
(Subsonic) ,

AS681D Gas Turbine Engine Steady State Performance Presentation for

Digital Computer Programs
3. FUNCTIONAL INTERFACES:

The function of the exhaust system is to direct hot exhaust gases away from
the airframe. The exhaust system includes the tailpipe, together with
necessary flanges, supports and attachments, and possibly an exhaust fairing.
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3.1 Exhaust gases should be directed to the atmosphere clear of the cockpit and
cabin, fuel tanks, fuel and oil drains, secondary air intakes, any flammable
parts of the aircraft, and any rotor induced airstream that subsequently
enters the air intakes.

3.2 No adverse temperature or exhaust impingement conditions should exist on the
aircraft, on the ground, or on personnel in proximity to the rotorcraft.

3.3 Turboshaft engines installed in rotorcraft are designed to have low exhaust
velocity and propulsive thrust. The discharge should be into a low static
pressure region considering different aircraft flight modes.

3.4 The exhaust system should be designed to minimize reingestion of exhaust
gases into the engine inlets. In addition to the exhaust system design, the
spatial relationship of the exhaust to the inlet and to the rotor should be
considered.

3.5 "Wheel wells and fuselage structure should be sealed to prevent the entrance
of exhaust gases,

3.6 The exhaust tailpipe should provide for the drainage of fuel, oil, or
rainwater in-the tailpipe. These fluids should be conducted outside the
aircraft structure to prevent reentry into the aircraft, and to prevent
impingement on any part of the aircraft or on an external load.

3.7 The exhaust tailpipe should be capable of withstanding nonsymmetrical air
loads characteristic of the system.

3.8 The exhaust system should be heat and corrosion resistant. It should be
fabricated of materials that are capable of withstanding an operating
temperature 50°C above the maximum temperature of the hottest portion of the
engine exhaust gas at the entrance of the tailpipe (including
circumferential deviation from the average) when the engine is operated at
the ambient temperature Timit and the maximum (1imit) gas temperature.

3.9 Thermal fatigue should be considered in the exhaust system design,
particularly in the design of those-members of the exhaust system that
experience the full impact of the starting and transient temperatures that
exceed the design operating temperature of 3.8.

3.10 It may be desired to use an exhaust ejector to induce secondary airflow, to
provide nacelle ventilation, component cooling, or inlet particle
separation (reference AIR1191). Use of the engine exhaust as a motive
source must be carefully integrated into the ejector, with special
attention given to operation in adverse wind conditions (i.e.,
rear-quartering winds and tailwinds). A further consideration is
off-design ejector performance which should not permit engine exhaust
backflow into areas that require cooling/ventilation airflow.
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3.11 Exhaust system outlets should be provided with plugs and/or covers for
protection when the aifcraft is not being used.

Civil certification regulations (FAR PART 27 and FAR PART 29) require
additional fire protection/safety features which may not be required in a
military aircraft. They require that hot surfaces be located or shielded
to prevent impingement of leaking flammable fluids or vapors that might
cause a fire. Also, the exhaust system must be separated from the
rotorcraft outside the engine compartment by a firewall. FAR 27.1121 and
29.1121 must be considered in the desigh of exhaust systems for civil
aircraft.

The use of common exhaust systems in multiengine rotorcraft would require
special consideration of engine failure modes and potential exhaust
backflow problems.

Some military mission requirements necessitate protection from heat-sensing
missiles. The required exhaust system may be an infrared signature
suppression device, which minimizes the infrared signature of hot metal
parts and the engine exhaust plume.

4. PHYSICAL INTERFACES:

The mounting type, location, dimensions, and limit loads of the exhaust
tailpipe connection, and of the exhaust center body connection if required,
should be identified in the engine specification or the installation manual
(reference 3.2.15 of AS1507).

4.1 The induced loads and moments on the engine, including vibratory loads
(see 4.2), should not exceed the specification/installation manual limits.

4,2 Connectors and necessary supports should allow thermal expansion up to the
maximum engine operating temperature and should allow tailpipe deflection
due to aircraft operation within the flight envelope. The connectors and
supports should not transfer vibratory loads or restrict thermal expansion
which might cause damage or failure to the engine, airframe, or exhaust
system. In the event of a tailpipe being rigidly attached to the engine,
the design must avoid damaging resonances that induce vibratory loads in
excess of engine limits.

4.3 Exhaust system parts should be interchangeable with respect to installation
and performance.

4.4 Fasteners for attaching the tailpipe to the engine and for alt clamps,
brackets, flanges, and other attachment fittings necessary for proper
installation, should have positive locking features.

4.5 Failure of the tailpipe reténtion means should not result in a hazard to the
engine or to the aircraft.

Documents

Full document details: SAE ARP4056


http://www.avadocuments.com/doc/sae-arp4056
http://www.avadocuments.com/doc/sae-arp4056

