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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Presentation Outline:

Efficiency Improvements

• Goodyear 30% Scale Model Wind Tunnel Test Results

Maintenance and Operational Issues

• Thermal Considerations (Engine Cooling, Tire Temperatures, TRUs)

• Access Issues (Equipment, Trailer Doors)

• Winter Driving (Snow/Ice Accumulation, Tire Access)

Safety Issues

• Wind-Induced Tip-Over

• Diesel Exhaust Dispersion (Tractor Engine, TRU)

• Driver Issues (Visibility, Maneuverability)
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Efficiency Improvements

Tractor-Trailer Wind Tunnel Test 

Conducted by:

Airflow Sciences Corporation 

for 

Goodyear Tire and Rubber Company

Lockheed Martin Low 
Speed Wind Tunnel

• 63 Vehicle Configurations Tested

• 30% Model Scale, Wind Tunnel Speed = 200 MPH

• Reynolds number equivalent to 60 MPH full scale

• WT Boundary Layer less than 3.7% of model height

• Yaw angles tested to ±12 degrees

• Test Section Blockage:  2.4% at Zero Yaw
6.1% at 12º YawWind Tunnel Test Section 

Width: 23 ft          Height: 16 ft.
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Efficiency Improvements

Wind Tunnel Model Configuration Options

• Trailer Forebody

• Tractor Forebody

• Air Dam

• Tractor Roof Deflector

• Trailer Side Skirts

• Tractor Side Skirts

• Gap Sealer

• Wheel Pods

• Trailer Length

• Trailer Boat-tail 

• Instrumented Tires

• Yaw ±12º

• Dual & Super Single Tires

• COE & Conventional Tractors

• Wheel Covers and Skirts

• Splash/Spray Devices
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Efficiency Improvements

Conventional Tractor
    Drag Coefficient Change from Baseline

Configuration 0º Yaw 12º Yaw 0º Yaw 12º Yaw
Baseline (Square Forward Corners) 0.79 1.22 - -
Rounded Tractor Forward Corners 0.71 1.13 10.1% 7.4%
Extend Trailer Length by 8 Feet 0.72 1.14 8.9% 6.6%
Rounded Trailer Corners 0.65 1.05 17.7% 13.9%
Tractor Air Dam 0.65 1.08 17.7% 11.5%
Super Single Tires 0.65 1.05 17.7% 13.9%
Trailer Boat-tail 0.64 0.93 19.0% 23.8%
Tractor-Mounted Air Deflector 0.58 0.97 26.6% 20.5%
Gap Seal 0.56 0.88 29.1% 27.9%
Trailer Top Horizontal Corner Device 0.55 0.88 30.4% 27.9%
Wheel Covers 0.55 0.87 30.4% 28.7%
Tire Pods/Splash Guards 0.55 0.87 30.4% 28.7%
Modified Conventional Tires 0.54 0.84 31.6% 31.1%
Mated Gap Seal and Air Deflector 0.50 0.81 36.7% 33.6%
Boat-Tail + Partial Side Skirts 0.45 0.40 43.0% 67.2%
Full Side Skirts 0.44 0.39 44.3% 68.0%

Cab-Over-Engine Tractor
    Drag Coefficient Change from Baseline

Configuration 0º Yaw 12º Yaw 0º Yaw 12º Yaw
Baseline (Square Forward Corners) 0.80 1.29 - -
Rounded Tractor Forward Corners 0.76 1.09 5.0% 15.5%
Rounded Trailer Corners 0.72 1.00 10.0% 22.5%
Modified Conventional Tires 0.72 1.00 10.0% 22.5%
Floor Seal in Gap Area 0.67 0.95 16.3% 26.4%

Summary of 30% Scale Wind Tunnel Tests
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Efficiency Improvements

Ref.: Hucho, W-H., Editor, Aerodynamics of Road Vehicles, Fourth Edition, SAE, 1998.

Fuel Savings Due to Aerodynamic 
Improvements are a Function of Drive Cycle

Ref.: McCallen, et. al., Lawrence Livermore National Laboratory (U.S. DOE, 2006)

Aerodynamic Drag Represents 65% of 
Vehicle Power at 65 Miles/Hour
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Efficiency Improvements

R

Forebody Drag is Minimized When Flow is Attached (Independent of Corner Geometry)
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Efficiency Improvements

Courtesy: Kenworth
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Efficiency Improvements

Fruehauf FEV2000 Designed by Airflow Sciences Corporation.

Tested Using SAE Type II Fuel Economy Test Procedures During 1981. 

Baseline Vehicle: 4.3 Miles/Gallon                         FEV2000: 7.4 Miles/Gallon
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Maintenance and Operational Issues

Thermal Considerations

Engine Compartment Cooling

Courtesy of 
EXA Corp.

Maintaining Acceptable Tire 
Temperatures (50% reduction in 
heat transfer rate behind skirts)

Adequate Air Flow to TRU
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Maintenance and Operational Issues

Winter Driving

Access Issues

Access to Gap Region 
(Air Lines, etc.)

Rear Door Access

Ref. Georgia Tech

Snow and Ice Accumulation

Access to Tires for Chain Installation
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Safety Issues

Wind Induced Tip-Over Diesel Exhaust Dispersion 
(Tractor Engine, TRU)

Ref. SAE Paper 
2003-01-3377

Driver Issues:

• Visibility, Including Splash/Spray

• Maneuverability 
Gap Seal, Side Skirts, etc.

Maintenance and Operational Issues

Ref.: Mercedes Safety Truck

Recirculating Flow 
in GapGap Seals, Side 

Skirts Increase 
Tipping Moment
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Conclusions:

1. Drag reductions of 50% are possible relative to traditional tractor-trailer designs with 
no aerodynamic modifications.

2. At highway speeds, a 10% reduction in aerodynamic drag will improve fuel economy 
between 1.5% and 5%.

3. Trailers can be modified for minimum forebody drag independent of tractor geometry.

4. Aerodynamic modifications must take cost, safety, durability and maintenance issues 
into account.

5. Additional information regarding commercially-available aerodynamic retrofit devices 
can be found at the U.S. EPA SmartWay Transport Partnership web site, Lawrence 
Livermore National Laboratory Heavy Vehicle Aerodynamics web site, and Cascade 
Sierra Solutions web site and I-5 Corridor Information Centers.
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Tractor-Trailer Aerodynamics: Efficiency, Maintenan ce, Safety

Contact Information:

James C. Paul, P.E.

Senior Engineer

Airflow Sciences Corporation

Western Region Office

P.O. Box 22637

Carmel, CA  93922-0637

Tel.: 831-624-8700

E-Mail: jpaul@airflowsciences.com


