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PROPULSION SYSTEM REQUIREMENTS
Noise And Fuel Burn Reduction

* Reduced Fuel Burn
— Reduced TSFC
— Reduced Propulsion System Weight
— Reduced Propulsion System Drag

* Reduced Propulsion System Noise
— Lower Jet Velocity
— Lower Fan Tip speed
— Lower Turbine Noise

« Reduced Emissions
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ENGINE SOURCE NOISE COMPONENTS

Fan and Jet Mixing Noise Are the Dominant Engine Sources
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Jet Noise ~ Vijett

Low Noise Requires Low Jet Velocity (hence Low FPR) and Low Fan Tip Speed
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FUNDAMENTAL PROPULSION SYSTEM CHARACTERISTIC

Fuel Burn Reduction And Noise Reduction At Conflict With Each Other!
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FUNCTIONAL DESIGN CHALLENGE

Reducing Fuel Burn AND Noise
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FUNCTIONAL ELEMENTS OF AIRCRAFT ENGINE
Propulsor, Gas Generator & Power Turbine

« PROPULSOR (PR)
— Produce Thrust from Shaft Power (By Pushing on Air)
— aka Fan / Propeller / Air Screw / Prop Fan / UDF / Open Rotor

« POWER PLANT

— Produce Shaft Power from Chemical Fuel Energy

» GAS GENERATOR (GG)
o “Heat Engine” to Convert Fuel Energy into Fluid Power
o Delivers High-Pressure, High Temperature Gas (Drives PT)

» POWER TURBINE (PT)
o Convert Fluid Power to Mechanical (Shaft) Power
o Drives Propulsor
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PERFORMANCE MODEL FOR TURBOFAN ENGINE

Jnited Technologies Corporation. Z
0 restrictions on the title page




PERFORMANCE MODEL FOR TURBOFAN ENGINE
Three-Step Power Conversion Process

« Stepl : Gas Generator (GG)

— Convert Ambient Air Into High-Pressure High-Temperature Gas
— Thermal Efficiency (n, = GG Power / Fuel Heat Release)
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PERFORMANCE MODEL FOR TURBOFAN ENGINE

Three-Step Power Conversion Process
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- Shaft Power

Convert GG Power Into Shaft Power To Propulsor
Transfer Efficiency (n, = Shaft Power / GG Power )
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PERFORMANCE MODEL FOR TURBOFAN ENGINE
Three-Step Power Conversion Process

Step 3 : Propulsive Power

— Convert Shaft Power Into Propulsive Power
— Propulsive Efficiency (n, = Propulsive Power / Shaft Power)
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PERFORMANCE MODEL FOR TURBOFAN ENGINE
Three-Step Power Conversion Process
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PROPULSIVE EFFICIENCY FOR FAN BYPASS SYSTEM
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PROPULSIVE EFFICIENCY FOR FAN BYPASS SYSTEM
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PROPULSIVE EFFICIENCY FOR FAN BYPASS SYSTEM
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PROPULSIVE EFFICIENCY FOR FAN BYPASS SYSTEM
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PROPULSIVE EFFICIENCY FOR FAN BYPASS SYSTEM
- |:Nfan\/o

- SHP

fan

Fan Propulsive Efficiency
o o o

°c L 9 » 9 @

~ ol o (6] (o) (0]

0.65

am' g i mll
}:‘L./

1"‘1"')

Ideal Fan n, is Only a Function of FPR

R and Flight Speed
7,9
u'bop.h
I’ops
~
~
Loy, o
OWFPR 7? Ty ~y Internal Losses
"bofy,, ~ ACTUAL in Fan Stream
1.1 1.2 1.3 FPR 1.4 1.5 1.6 1.7

ted Technologies Corporation.

estrictions on the title page

2 Pratt & Whitney

A United Technologies Company

16



PROPULSIVE EFFICIENCY FOR FAN BYPASS SYSTEM
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GAS GENERATOR THERMAL EFFICIENCY

High n, High OPR, High T4.1 & Low-Loss Turbomachinery

Cycle Thermal Efficiency
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THE POWER TURBINE DILEMMA
Direct Drive System Limits Potential of Low FPR Low-RPM Fan Engine
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POWER TURBINE / TRANSFER EFFICIENCY
High-Speed Power Turbine Enables Installation, Low Weight & High Efficiency

SAI DDTF -

Stage Count

High-Speed LPT

I /// Nt
. - - I /% Direct-Drive
SAIGDTF | . /[ AL LPT

13 14 cpRp 15

DL
.

Source: ) Direct-Drive
Flowpath: Janes - L
FPR:  PWest.| Ah/U

1.4 EPR 1.5 16
d Technologies Corporation. 2 Pratt & Whitney

estrictions on the title page

A United Technologies Company




FUNDAMENTAL PROPULSION SYSTEM CHARACTERISTIC

Gear Driven Propulsor Enables Improved Fuel Burn AND Lower Noise
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CHALLENGES AND OPPORTUNITIES

Low Pressure Ratio Propulsors Present New Opportunities

Characterize Performance of Low Pressure Ratio Propulsors
— Efficiency, Noise, Distortion Tolerance

Installation Challenges
— Propulsion system / Aircraft Interaction

Novel Installation Concepts

Novel Aircraft Configuration
— Embedded Installation

Rig / Wind Tunnel Experiments
System Demonstrators
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