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ÁBackground

ÁProject Objectives

ÁTechnical Approach

ÁProject Structure and Management

ÁProject Schedule
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Pressure Gain Combustion

Thermodynamic Cycle
Detonation

Á Exploitspressureriseto augmenthighflow momentum

Á Fundamentalmechanismis turbulentflameacceleration

Á High flow turbulenceintensitiesandlengthscales

Á Seriouschallengefor reliable,repeatableandefficient

Schwer, et al., AIAA/ASME/SAE/ASEE Joint

PropulsionConference& Exhibit. 2010

Nordeenet al., 49th AIAA Aerospace Sciences Meeting, 2011
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Origin of  Detonation:

Coal Mine Detonation Explosion

Á Detonationfirst discoveredduring disastrousexplosionsin coal mines,

19th century.

Á Puzzlingat first,howtheslowsubsoniccombustioncouldproducestrong

mechanicaleffects. MichaelFaradayòChemicalHistoryof aCandleó1848

Á Firstdetonationvelocitymeasurement,SirFredericAbel1869

Á Coalparticlesandcoalgasinteraction,Pellet,Champion,Bloxam1872

Á Berthelothypothesizedshockwavereaction,detonation,1870

Coal Mine Fast-Flame Deflagration Explosion

Museumof Industry,DrummondMine

Explosion,1873
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Universal Mechanisms Controlling Terrestrial and Astrophysical Explosions

Poludnenko, A., Chambers, J. G, Ahmed, K, Gamezo, V., " A unified mechanism for unconfined deflagration-to-detonation transition in terrestrial chemical systems and type Ia

supernovae,ò Science, Vol. 366, Issue 6465, 2019.

RelatetoTypeIa Supernovae(SNIa)ðThermonuclearFlames

Small Star

Turbulent 
Thermonuclear 

Combustion

Carbon-O2

Material 
Ingestion

Supernova Explosion

Type Ia Supernova
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Explore Advanced Cost-Effective Coal-Fired Rotating Detonation Combustor:
The proposed project aims to characterize the operability dynamics and performance of  an advanced cost-effective coal-
fired rotating detonation combustor for high efficiency power generation

Á Developmentof anoperabilitymapfor coal-firedRDCconfiguration

Á Experimentalinvestigationandcharacterizationof coal-firedcombustordetonationwavedynamics

Á Computationalinvestigationandcharacterizationof coal-firedcombustordetonationwavedynamics

Á Measurementanddemonstrationof pressuregainthroughoutthecoal-firedRDCoperationalenvelope

Á Measurementanddemonstrationof low emissionsthroughoutthecoal-firedRDCoperationalenvelope

Coal Powder

Seeder

Coal-Fired Rotating 

Detonation Combustor

Particles

Russia: Bykovskiiet al. 2013
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1. OperabilityDynamicsfor DetonationWave:

a. CoalInjection

b. Initiation.

c. Directionality

d. Bifurcation

2. Performance:

a. PressureGain

b. Emissions

DOE ACS Management

University of Central Florida
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Georgia Institute of Technology
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Aerojet Rocketdyne
(Industry Partner)

Dr. Scott Claflin

Innovative Scientific Solutions,

AFRL
(Industry Partner)

Dr. John Hoke

Dr. Fred Schauer
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Vision

The goal is to measurestagnationpressurefor fundamentalunderstandingof

pressuregain within a rotating detonationengine. This will allow for proper

understandingof flow fieldeffects.
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Computed pressure gain through engine

Aerojet Rocketdyne RDE cutout

1- Combustion Chamber

2 - Injector/Isolator 3 - Diffuser

Back-Pressure 

Nozzle

PIV on exit plane of nozzle of the 

Aerojet RDE

Entire CAD of Aerojet RDE cutout sitting on 

static test fire stand

TDLAS Fiberport
for pitching 

TDLAS Sapphire 
Windows

PCB high freqpressure

PIV Camera 
Window

PIV Laser 
Window

Ion Probes

TDLAS Fiber port for catching

CTAP Static 
Pressure

Pressure
CTAP Static 

CJ Speed: 1919 m/s

Mie Scattering Particles
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Improved Performance and Reduced Cost and Weight (a) (b) 5 Wave Propagation

Detonation Velocity: 2,314 m/s

Case E: 5 Wave
2.8% CH4

U ~ 2,326 m/s
UCJ = 2,884 m/s
U/UCJ ~ 76.1%
CTAP: 153 psia

3.9% CH4

U ~ 2,314 m/s
UCJ = 3,055 m/s
U/UCJ ~ 75.8%
CTAP: 128 psia

Case A: 5 Wave

(A)

(B)

(C)

(E)

Case B: 5 Wave
3.8% CH4

U ~ 2,272 m/s
UCJ = 2,801 m/s
U/UCJ ~ 74.4%
CTAP: 103 psia

Case C: 5 Wave

4.1% CH4

U ~ 2,302 m/s
UCJ = 3,271 m/s
U/UCJ ~ 75.35%
CTAP: 125 psia

5.4% CH4

U ~ 2,278 m/s
UCJ = 3,081 m/s
U/UCJ ~ 71.3%
CTAP: 87 psia

Case D: 5 Wave

Case *: 3.9% CH4

CTAP: 173 psia
(*)

(D)

Sosa,Burke,Ahmed,Micka, Bennewitz, Danczyk, Paulson,HargusJr., ñExperimentalEvidenceof H2/O2 PropellantsPoweredRotatingDetonationRocketEngine,òCombustionandFlame,2020.

Pre-Detonator

Heat Flux Sensors

PressureTaps

Oxygen Inlets

Hydrogen Inlets
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Advanced Optical Diagnostics

Á High -speed PIV system (100kHz ð1 MHz) 

Á High speed cameras 21,000-2,100,000 frames per second 

Á High -speed chemiluminescence CH*, OH* (100kHz ð1 MHz)

Á Light -field focusing system for flow measurements and visualization

Á LabVIEW control hardware and software

Á Dynamic pressure transducers (PCB)

Á Codes: DMD, POD, PIV, Physics-Based Models (Matlab/Fortran)
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Rotating Detonation Engine: Modeled After the AFRL RDE and the NETL (Don Ferguson)

J. Sosa et al, AIAA Aerospace Sciences Meeting, 2018.

1 Wave Detonation 2 Wave Detonation

PIV and TDLAS

AFT Imaging
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Suresh Menon (LESLIE)
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Mie Scatter PIV Velocity Magnitude
~1600 m/s

~900 m/s

OH*

Brent A. Rankin et al., 

CNF, 2017

H 2O

Brent A. Rankin et al., 

PROCI, 2019 Kevin Cho et al., AIAA SciTech, 2019

Dunn, I.B., Thurmond, K., Ahmed, K.A. and Vasu, S., 2019. Experimentation of Measuring Pressure

Gain Combustion within a Rotating Detonation Engine. In AIAA Scitech 2019 Forum (p. 1010).
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Dynamic Control of  Detonation Waves through Partial Premixing
2 Wave Detonation
(Non-premixed)

3 Wave Detonation
(5% of  fuel premixed)

Detonation Frequency: 3537
Detonation Velocity: 1623 m/s

Detonation Frequency: 3298
Detonation Velocity: 1514 m/s

2 Wave Detonation

(Non-premixed) 3 Wave Detonation

(5% of  fuel premixed)

Detonation Frequency: 3298
Detonation Velocity: 1,514 m/s

Detonation Frequency: 3537
Detonation Velocity: 1,623 m/s

2 Wave Detonation

(Non-premixed) 3 Wave Detonation

(5% of  fuel premixed)

Detonation Frequency: 3298
Detonation Velocity: 1,514 m/s

Detonation Frequency: 3537
Detonation Velocity: 1,623 m/s

Dunn, I.B., Thurmond, K., Ahmed, K. and Vasu, S., 2019. Wave Dynamics

of a Partially Premixed Rotating Detonation Engine. In AIAA Propulsion and

Energy 2019 Forum (p. 4128).
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1. Carbon Black (C)
Á Size: 29 nm
Á Volatility: 1.18%

2. Bituminous Coal (C137H97O9NS)
Á Size: 5 ˃m
Á Volatility: 34 to 44%
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Detonation
click to play

Deflagration
click to play

Non-Reacting
click to play

Plasma

Ὗ ρφςωάȾί
Ὗ ςπχφȢράȾί
Ὗ

Ὗ
χψȢτϷ

Dunn,I. , Menon,S., AHMED, K.A. ,òMultiphaseRotatingDetonationEngine,óGT2020-15017, Proceedingsof ASMETurboExpo2020.
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Average Concentration 67% CoalAverage Concentration 38% Coal

Ὗ ρυσψάȾί
Ὗ ςπχφȢράȾί
Ὗ

Ὗ
χτȢρϷ

Ὗ ρφςωάȾί
Ὗ ςπχφȢράȾί
Ὗ

Ὗ
χψȢτϷ

J. Bennewitz, B. Bigler, S. Schumaker, W. HargusJr, Automated image processing method to quantify rotating detonation wave behavior, Review of Scientific Instruments 90 (2019)


