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EMPATHIZE

Why Efficiency Matters: The 

Stakes in Aerospace Propulsion

Economic Impact

Fuel accounts for 30-40% of 

airline operating costs—

efficiency directly impacts 

profitability

Environmental 

Responsibility

Aviation contributes 2-3% of 

global CO₂—every efficiency gain 

reduces carbon footprint

Performance Advantages

Enables longer range, higher payload capacity, and reduced noise pollution
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DEFINE

Defining Efficiency in Aircraft Propulsion

Thermal Efficiency

Converts fuel chemical energy into 

mechanical/thermal power

Limited by Brayton cycle 

thermodynamics

Propulsive Efficiency

Ratio of useful thrust power to total 

airflow power

Depends on velocity matching

Overall Efficiency

Product of thermal × propulsive 

efficiencies

Ultimate performance measure
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Propulsive Efficiency Explained

1

The Formula

ηp = (Thrust × Flight Speed) / (Thrust 

× Jet Velocity)

2

Optimal Matching

Highest efficiency when exhaust 

velocity closely matches aircraft 

speed—minimizes wasted kinetic 

energy

3

Real-World Performance

Turbojets: 30-40% efficiency (high 

exhaust velocity)

Turbofans & Propellers: 70-85% 

efficiency (matched velocities)
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IDEATE

Identifying Losses in Propulsion 

Systems

Thermal Losses

Turbine material temperature limits, incomplete combustion

Mechanical Losses

Friction in bearings, gearboxes, shaft components

Aerodynamic Losses

Flow separation, shock waves, turbulence in compressors and turbines

Excess Kinetic Energy

High exhaust velocity wastes energy—not converted to useful thrust
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Visualizing Losses: Jet Velocity vs Flight Speed

Propulsive efficiency peaks when jet velocity approaches flight speed

Key insight: High bypass turbofans achieve superior efficiency at subsonic speeds by reducing exhaust velocity

85%

High Bypass

Modern turbofans

35%

Turbojet

Legacy engines
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PROTOTYPE

Case Study: Fuel Economy Improvements in Modern Turbofans

1The Engine

GE9X powers Boeing 777X with 10% better fuel efficiency than 

previous generation

2 Key Innovations

• Composite fan blades—lighter, stronger

• Higher bypass ratio (~10:1)—more thrust efficiency

• Advanced materials enable higher turbine temperatures
3Real-World Impact

Reduces fuel burn by 200 million gallons/year per 777X fleet 

compared to older engines
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Emerging Technologies to Boost Efficiency

Hybrid-Electric Propulsion

NASA studies show partial turboelectric 

systems reduce fuel burn by 5-10%

Boundary Layer Ingestion

Integrates propulsion with airframe to 

recover slower boundary air—improves 

propulsive efficiency

Advanced Materials

Ceramic matrix composites and cooling 

techniques push turbine temperatures 

higher—boosting thermal efficiency
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Summary: Balancing Efficiency Factors for Optimal Propulsion

Thermal Limits

Material constraints

Propulsive Matching

Velocity optimization

Mechanical Design

Minimize friction losses

Operational Conditions

Flight envelope tuning

Propulsive efficiency gains often come from increasing bypass ratio and reducing jet velocity—continuous innovation in 

materials, aerodynamics, and hybridization drives future performance
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The Future of Aircraft 

Propulsion Efficiency

2050 Net-Zero Goal

Requires doubling propulsion efficiency within three decades

Technology Integration

Electric propulsion, sustainable aviation fuels, advanced 

aerodynamics transform aircraft design

Beyond Numbers

Efficiency is the pathway to sustainable, affordable, high-

performance flight
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