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Supersonic External Flow Deflection for a Traditional Inlet
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Supersonic External Flow Deflection for a Traditional Nozzle
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Compression Features Created by a Traditional Nacelle
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Reducing Cowling Angle with Relaxed Isentropic Compression

See AIAA-2006-0030
Patents: US 8,286,434; 8,327,645; 8,333,076; additional pending
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Relaxed Isentropic Compression Inlet Test Model at 1x1 SWT

Mach 1.97 design speed

See AIAA-2007-5066
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The Benefits of Relaxed Compression by Itself Can be Limited
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Nacelle Bypass Concept Extends Value of Relaxed Compression

See AIAA-2011-3797
Patents: US 8,393,158 and 8,739,514; additional pending
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Unblocked Area for High-Flow Bypass Can be Surprisingly Large
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Tay-Based Example of High-Blow Bypass Channel Routing

See AIAA-2010-0480
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Large-Scale Inlet/Bypass Test Model in NASA 8x6 SWT

Featuring both relaxed isentropic compression and high-flow nacelle bypass

Mach 1.7 design speed

See AIAA-2011-3796
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Full-Scale High-Flow Bypass Nacelle on G450 for Ground Test

Flow path designed for Mach 1.7

See AIAA-2011-3797
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Low-Boom Objective: Diffuse the Nacelle-Generated Impulses
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Necessary Mechanisms for Eliminating Nacelle’s Shock Features
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Inverse Design Using Streamtube Target: Compression Surface

Patent pending; see application US 2013/0042922
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Inverse Design Using Streamtube Target: Expansion Surface

Patent pending; see application US 2013/0112776
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Streamtube Shaping Can Produce Long Extensions
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Relaxed Compression Matches Flow Angle at Cowl Lip
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Interspaced Expansion Zone Enables True Nacelle Stove-Piping
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Transforming Forward Nacelle Shock Using Streamtube Shaping
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Transforming Aft Nacelle Shock with High-Flow Nacelle Bypass
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Eliminating the Aft Nacelle Shock Using Streamtube Shaping
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High-Flow Nacelle Bypass is Useful for Off-Design Matching
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Conclusion

• Relaxed isentropic compression and high-flow nacelle bypass are effective, 
but not necessarily sufficient, for ultra-low boom design

• The streamtube shaping concept was developed to eliminate all remaining 
strong discrete impulses in the local pressure field

• Integrated low-boom design is simplified and pressure drag is reduced

• Several challenges are introduced but are manageable:
– Boundary layer growth and distortion
– Recovery loss
– Nozzle flow dynamics

• Combined with relaxed isentropic compression and high-flow bypass, the 
method expands the design space and provides off-design robustness

• Streamtube shaping is potent, predictable, and adaptable



24



25

tim.conners@gulfstream.com

Backup Slides
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Disturbance and Drag Reduction Using Streamtube Shaping

Nacelle pressure drag 
is reduced by as 

much as 70 percent
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Viscous Mechanisms in Exhaust Can be Put to Use Effectively


