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Why Detonation for Coal ACS?

Origin of Detonation:

A Detonationfirst discovereduring disastrouexplosiondn coal mines

19" century
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Combustion Physics in Science!

Universal Mechanisms(Controlling (Terrestrial. and\Astrophysical Explosions
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Project Objectives

Explore Advanced(CostEffective CoalFired Rotating Detonation Combustor:
The proposed project aims to-characterize the operability dynamics.and perfoeffacteatc
fired rotating.detonation .combustor for high efficiency power generation

A

A
A
A
A

Developmenof anoperabilitynapfor coalfired RDC configuration
Experimentainvestigatiomndcharacterizatioof coaHired combustodetonatiorwavedynamics
Computationahvestigatiomndcharacterizatioof coatfired combustodetonatiorwavedynamics
Measuremergnddemonstrationf pressurgainthroughouthe coalfired RDC operationaénvelope

Measuremergnddemonstrationf low emissionshroughouthe coalired RDC operationa¢énvelope
CoalFired Rotating
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Project Objectives

1. OperabilityDynamicdor DetonationWave

a. Coalnjection
b. Initiation

c. Directionality
d. Bifurcation

2. Performance
a. Pressu@ain
b. Emissions

DOE ACS Management
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A DOE — NETL: Aerojet Rocketdyne and University of Central

Florida
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(b) 5 WavePropagation
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Instrumentation

Advanced @ptical Diagnostics

High -speed PIV system (100kH® 1 MHz)

>

High speed cameras 21,009,100,000 frames per second

A High -speed chemiluminescence CH*; OH* (LOOkHz 1 MHz) -
A Light-field focusing system for flow measurements and visualization

A LabVIEW control hardware and software

A Dynamic pressure transducers (PCB)
A

Codes: DMD, POD, PIV, PhysicsBased Models Matlab/Fortrani i r— i~

Uniyarsity of Central Florida
‘ #91364014
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Rotating Detonation Engine

Rotating Detonation Engine: Modeled After the’!AFERL RDE and the NETL (Don Ferguson)

Exhaust Exhaust

PIV and TDLAS -

Multipiexed Light to Engine

Center Body +—— Outer Body UCF Diagnostic 1 Measurement Location |
: K (Attenuation Path)

11 Capillary Tube
Afttenuated Pressure
(CTAP)
Low Frequency
ressure Transducers
(LFPT)

44— Detonation Channel

TP HFPT

DFB Laser Diodes D
Air Injection Slot
Fuel Injection Holes D
Photovoltaic ‘1

F-j———— Fuel Plenum

Infrared Detectors
A AirPlenum )

Hy-Fueled RDE Optical Spool
| (Permits Optical Access to Engine)

*- LFPT *-A LFPT
Fiber Opic Routing of Attenuated Light to Detectars
Fuel Alr Fuel {Passes Upstream Through RDE Centerbody)
Infinite Tube Pressure (ITP)
High Frequency Pressure Transducer (HFPT)
TPHFPT
J. Sosat gl AIAA Aerospace Sciences Meeting, 2018.

Mixed
Seeder Outlet Outlet

Sonic Orifices

Flow

Emlriclo’r“'

7.62 cm Inner

Bypass
. Y
Diameter

39.62 cm
Inner Length

Recirculation
Zone

1 Wave Detonation| 2 Wave Detonation

[

(=)
o

o
~

Avg Pixel Intensity/Max Pixel
o o
N Y

=}

- RDE Annulus Exhaust

—_—

%ﬁ.gm RDE Optical Spool

(Permits Optical Access to Engine)
(Pre-Diffuser Axial Location)

sCMOS

UCF Diagnostic 2 Measurement Location
(lllumination Plane)

AFT Imaging

e

Optimized SeediDensity

0.04 0.14 0.24 034 044 054 064 0.74 084 094 104 114

Times (s)

&S UCF



RDE Detonation Velocity Measurements
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Detonation Wave Dynamical Control

Dynamic Control of Detonation Wavesithrough’Partial Rremixing

2 Wavel Detonation
(Non-premixed)

Detonation Frequency: 3537
Detonation Velocity: 1623 m/s
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(5% of fuelpremixed)
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Tested Coal Particles

1. Carbon Black (C)
A Size: 29 nm
A Volatility: 1.18%

2. Bituminous Coal ({zcHy-OgNS)
A Size: 5>m
A Volatility: 34 to 44%
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Coal RDE Test Fires (carbon)

Non-Reacting Deflagration Detonation
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Dunn,l., MenonS, AHMED, K.A.,0 Mu | t RqiatingPetenatiorE n g i GT@02@15017 Proceedingsf ASME TurboExpo2020
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Detonation Wave Dynamics

Average Concentration 38% Coal Average Concentration 67% Coal
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J.Bennewitz B. Bigler, S.SchumakerW. HargusJr, Automated image processing method to quantify rotating detonation wave behavior, Review of Scientific Instrumer@} 90 (201
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