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Nozzle side loads during startup are driven by shock foot asymmetries

1. FSS->RSS transition
2. EER (end effects regime)

• Foster and Cowles (1949) Experimental study of gas-flow separation 
in overexpanded exhaust nozzles for rocket motors. NASA PR-N3-103

• Stark, Genin (2011,2016) side load reduction device
• Hadjadj Perrot, Verma (2015) film cooling
• Ivanov, Kryukov (2019) wall vents
• Legros et al (2022)  dual-bell nozzles

• No new launch debris
• Currently avoiding significant changes to nozzle contour or other 

mission critical hardware
• Nozzle must pass certification process.
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Gas Dynamics Laboratory

• 850 m3 acoustically treated enclosure
• 6.2 m3 gas storage at 143 atm
• Primary and tuning valves (PID)
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Nozzle Side Load Sensing System

• Flow through type strain tube method

• Two orthogonal strain gauge pairs

• Temperature compensated

• Pressure compensated to within ~%5
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Thrust Optimized Parabolic (TOP) contour

• Ruf et al. (2009) AIAA Paper 2009-4859
• A/A* = 30.29
• rc = r*
• αc = 40 deg (throat)
• αe = 7 deg (exit)

Instruments:

• Nozzle sideloads (2kHz sample rate)

• P-static, 32 channels (500 Hz)

• P-dynamic, kulite (20 kHz)

Donald et al. (2014), AIAA Journal. Vol. 52, No. 7
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Testing practices

• 10 tests: Tare

• 25 tests/nozzle: Smooth, Rough-, Ported-wall
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P-static
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P-dynamic

• Peak pressures during EER:
• Smooth wall: 183.6 dB
• Rough wall: 173.5 dB (-10dB)
• Ported wall: 168.6 dB (-15dB)

• Peak to Valley Pressure range during EER
• Smooth wall: 1.30 atm
• Rough wall: 0.50 atm
• Ported wall: 0.32 atm
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P-dynamic

• Peak pressures during EER:
• Smooth wall: 156.8 dB at 370 Hz at NPR 37.6
• Rough wall: 146.6 dB at 425 Hz at NPR 37.4
• Ported wall: no EER tone
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• Nozzle Side Loads
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Burdairon, Blanchard, Tinney, Daviller, (2025) Large Eddy Simulation of a 
Rocket Nozzle Undergoing End Effects.
Room H, Prophy 20: Tuesday, July 1, 9:00am (paper 28)
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