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Wood Stoves
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* Are common in First and Third world countries
* They produce harmful emissions like Soot and
Carbon monoxide
* They have poor thermal and combustor
efficiencies
* After treatment systems are being devolved to
solve the emission i1ssues

https://cdn-
fsly.yottaa.net/522783d2ea2e0c1df40000bd/129¢51a032f6013c45ac0ead9echf798.yottaa.net/v
~4b.c12/cdn.lehmans.com/images/uploads/100029307_GreenMountain80_600.jpg?yocs=1C_
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Wood Stove Standard Operation
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* Wood 1s loaded 1n through a door
* Natural draft drives the combustion air
* Heat must be 1n the chimney and causes poor
thermal efﬁciency s ok engneringroolscomidoctiocn I o
. . STOVE VENTING
* Limited control of heat output

https://contentgrid.homedepot-static.com/hdus/en US/DTCCOMNEW/Articles/best-wood-stoves-for-your-home-section



Emission Comparison

All Wood Stoves Pollute

Even a perfectly-run, certified wood stove emits far more harmful
fine particulates per hour than many diesel vehicles
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Objective

* Develop wood combustion methodology to
reduce emissions

* Incorporate forced draft system to have control of
gasification air

* Provide a clean combustion wood combustor for
more efficient heat transfer system




Rich Quench Lean (RQL) CR RS
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* RQL 1s commonly used 1n the aviation gas turbine
industry to reduce emissions for liquid fuels
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Combustor and Full system Diagram _
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Lean Combustion

Mixture of products and quench air

Preheated Quench Air
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Presenter Notes
Presentation Notes
Air flow
RQL
Future to extract heat 
Defined zones


Experimental Setup

Flame Stabilizer

Gasification Chamber

Quench Air Intake

Gasification Air Intake
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Aluminum Stand




Forced Draft Measurement
LABDRATORIES

THE UNIVERSITY OF ALABAMA

LOW EMISSIONS » HIGH EFFICIENCY » FUEL FLEXIBILITY

* Compressed building air l Camat 1 o
* Laminar Flow Element (LFE) for each Nt |
chamber ‘

setting flow rate

o Instrumentation On each LFE LFE for primary air / LFE for secondary air
* Flexible hoses for scale measurement

Differential and absolute

pressure transducers < pressure transducers

Differential and absolute

Flexible supply line to Flexible supply line to
intake 1 intake 2




Measurement Capabilities

* LFEs for volumetric flow rate (SLPM)

* Scale for burn rate (g/min)

* Thermocouples for product gas and quench air
temperatures (°C)

* Visual imaging for flame characteristics

* Species concentration for product gas coming
soon...

10




Baseline Gasification Chamber Testing im0
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e Test was to determine the atfects of natural draft
on the gasification chamber
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Gasification Chamber Testing with =
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e Test was to determine the affects of forced draft
on the gasification chamber
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Secondary Combustion
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* Large jet flame produced

* Pre-mix combustion

* (Can control how much quench and product
gases are provided

* Mostly blue flame

* Stable at these flow rates
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Conclusions

* Forced draft allows control of burn rate

* Gasification air flow rate 1s important for quality
of product gas

* Mixing quench air and product gases 1s an
important parameter for achieving secondary
combustion

* Stabilizer plate configuration 1s important for
flame size, number of flames produced, and
stabilization
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Going Forward

* Have the ability to determine species and
concertation of gasified wood

* Multiple iterations of flame stabilizer plate

* Determine turn down ratio

* Integrate clean combustion wood combustor 1nto
a high efficiency heat transfer system

15




References

LABORATORIES
THE UNIVERSITY OF ALABAMA

LOW EMISSIONS » HIGH EFFICIENCY » FUEL FLEXIBILITY

[1] Kaupp, A., Goss, J.R. (1984). History of Small Gas Producer Engine Systems. In: Small Scale Gas Producer-Engine
Systems. Vieweg+Teubner Verlag, Wiesbaden. https://doi.org/10.1007/978-3-663-06868-6 2

[2] Air Quality Expert Group. (2017). The Potential Air Quality Impacts from Biomass Combustion.

[3] Turns, Stephen R. An Introduction to Combustion: Concepts and Applications. Thirded. of Mcgraw-Hill Series in
Mechanical Engineering. New York: McGraw-Hill, 2012.

[4] Ingenito, A., Agresta, A., Andriani, R., & Gamma, F. (2014, November). RQL combustion as an effective strategy to
NOX reduction in gas turbine engines. In ASME International Mechanical Engineering Congress and Exposition (Vol.
46421, p. VOO1ITO1A061). American Society of Mechanical Engineers.

[5] Birzer, C., Medwell, P., Wilkey, J., West, T., Higgins, M., MacFarlane, G., & Read, M. (2013). An analysis of
combustion from a top-lit up-draft (TLUD) cookstove.

[6] Anderson, P. S., & Schoner, J. S. (2016). Origins, history, and future of TLUD micro-gasification and cookstove
advancement. TLUD Technology.



https://doi.org/10.1007/978-3-663-06868-6_2

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16

