
Blue Ridge Research and Consulting
Michael James, M.S.
Alexandria Salton, M.S.
Micah Downing, Ph.D.

Work funded by the
Airport Cooperative 
Research Program (ACRP)

Commercial Space Operations 
Noise Modeling

Micah Downing, Ph.D.
Micah.Downing@BlueRidgeResearch.com

Blue Ridge Research and Consulting

Annual Meeting of the Subcommittee on Commercial Space Transportation

Transportation Research Board (TRB) 98th Annual Meeting 

Washington, D.C.

16 January 2019



Background

Acquisition of a site/vehicle license or experimental permit is a 
Federal Action subject to environmental review
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Background

➢Relevant to environmental analysis of commercial space operations

➢Efficient/accurate noise model 

➢Database of vehicle and engine/motor parameter
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RUMBLE : BRRC’s Launch Vehicle Acoustic Simulation Model

horizontal reusable launch vehicle operation
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➢ Workflow – Modified RUMBLE program workflow to be more closely linked with AEDT. Adopted 
relevant names and element order prescribed by ASIF format. 

➢ User model input – Transitioning to xml file format (open source) to benefit from hierarchical 
structure, simplicity to read/edit (plain text), and data identification capabilities.

➢ Model output – Noise Model ASCII Grid Format (NMAGF) files have been modified to ensure 
users can import and combine RUMBLE NMAGF files and AEDT metric results within the AEDT 
user interface. 

➢ Database management – Adopted database organization used by AEDT so that rocket elements 
can easily be integrated into the existing database. 

➢ User-interface – Developed a RUMBLE graphical user interface to allow users to run the tool in a 
simplified mode and view results. 
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Commercial Space Noise Modeling: RUMBLE

𝑆𝑃𝐿 = 𝐿𝑤 + 𝐴𝑓𝑓𝑒 + 𝐴𝑑𝑖𝑟 + 𝐴𝑑𝑜𝑝

Source

+ 𝐴𝑠𝑝𝑟𝑒𝑎𝑑 + 𝐴𝑎𝑡𝑚 + 𝐴𝑔𝑛𝑑

Propagation
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Doppler Effect changes 
the frequency of a wave 
for an observer moving 
relative to its source

Acoustic power is 
concentrated in specific 
directions and the sound 
pressure observed will 
depend on the angle 
from the source to the 
receiver.

Rocket exhaust and 
ambient airflow travel in 
the same direction
• Decreased relative 

velocity 
• Decreased jet mixing 

and resultant noise

Overall sound power 
based on rocket-specific 
parameters
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Accounts for the combination of a 

direct wave (source to receiver) 

and a reflected wave (source to 

ground to receiver)

➢ Includes atmospheric 

turbulence

Ground Interference

Sound attenuation as a function of 

the temperature, humidity, and 

pressure of the atmosphere.

➢ Method: ANSI S1.26-1995

➢ Sum of attenuation through 

each layer

Atmospheric Absorption

Assumes a point source that 

radiates with a spherical field.

𝑺𝑷𝑳𝒃,𝒑 = 𝑳𝒘,𝒃 −

𝟏𝟎 𝒍𝒐𝒈 𝟒𝝅𝑹𝟐 + 𝑫𝑰 𝒃, 𝜽

𝑅 : distance from source to 

receiver location

Geometric Spreading
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Current/Future Commercial Space Efforts

Commercial Space Noise Measurements Objectives

➢ Develop community noise measurement protocol 

➢ Conduct a measurement campaign

➢ Compile database of rocket propulsion noise
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Antares 230 Falcon 9 Delta IV Heavy
Credit: SpaceX Credit: NASA HQCredit: Michael Deep
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 Antares 230

 2 x RD-181 engines - LOX/Kerosene

 12 Nov 2017, 7:19 AM

 MARS Pad 0A

 CYGNUS CRS 0A-8E

 ISS Re-supply

Credit: Michael James
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OA-8 Antares Launch.mp4
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 46 microphones

 19 unique locations

 0.2 km – 19.1 km
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➢ Measured vs Modeled 

maximum unweighted Leq

• As-flown trajectory

• Atmospheric profile

➢ Note, locations are at 

different azimuthal 

angles

➢ Blue line and grey area 

represents logarithmic fit 

of measured data and its 

95% confidence intervals

➢ Good agreement 

between measured and 

modeled max 

unweighted Leq
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➢ Predicts overall maximum 

correctly but time of peak 

directivity is off

➢ Time history comparison 

shows that model does 

not accurately predict

• Initial ramp up

• Fall off
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➢ Measured vs Modeled 

maximum A-weighted Leq

• As-flown trajectory

• Atmospheric profile

➢ Note, locations are at 

different azimuthal 

angles

➢ Blue line and grey area 

represents logarithmic fit 

of measured data and its 

95% confidence intervals

➢ Model underpredicts the 

maximum A-weighted 

Leq for measurement 

locations between 2.5 

and 8 km
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➢ Appears to predict time 

of peak directivity well, 

but  the measured 

maximum A-weighted 

Leq is determined by 

brief periods of higher 

levels versus the smooth 

model levels

➢ Time history comparison 

shows that model does 

not accurately predict

• Initial ramp up
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Current/Future Commercial Space Efforts

Commercial Space Vehicle Emissions Modeling

➢ The objective of this research is to develop a method to estimate 
emissions from commercial space vehicle operations. 

➢ The method should:

 Allow users to estimate emissions for existing and emerging 
commercial space vehicles, engines, and propellants;

 Allow users to estimate emissions both below and above the mixing 
height;

 Be incorporated into RUMBLE and a simple (e.g., spreadsheet) 
emissions estimator tool to allow for easy estimations; and

 Be designed with the intent to be integrated with AEDT.
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Questions?
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Credit: Michael James


