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Introduction

> Diesel Engine Attributes
= Excess Air Combustion

= Better Fuel Economy Than Gasoline Engines — 30% Fuel
Savings

» Low Hydrocarbons and CO, Emissions

» Diesel Engine Emissions

= High DPM (Diesel Particulate Matter) and NOx emissions
= Chronic Environmental and Health Concern
* Emission Standards Being Tighten Continuously

= Efficient DPM control by Diesel Particulate Filter (DPF)
» Regeneration of DPF required

» Current Study
» Regeneration of DPF using Microwave
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DPF Regeneration

Current Technologies

» Passive Regeneration with Diesel Oxidation
Catalyst (DOC)

= DOC upstream of DPF

= NO + % O, NO, (NO Oxidation)
= NO,+C > NO +CO

* NO,+C 2> % N, + CO,

» Active Regeneration (Supply Heat)
= Additional Fuel Burning
» Electrical Heating
* Plasma Heating

= Microwave Heating

= Associated with thermal shocks and hot spots
= Attributed with uneven regeneration



Objectives

» Characterization of Microwave Regeneration
= Silicon Carbide Wall-Flow DPF
= Microwave Regeneration Efficiency
= Differential Pressure Drop, CO and Temperature

» Demonstration of Waveguide Design
= Uniform Radial and Vertical Temperature Profiles
* Elimination of Thermal Shocks and Hot Spots
* Prevention of Physical Damages to the DPF
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Experimental Set-Up
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Experimental Set-Up

DPF Holder Schematic
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Experimental Set-Up
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Soot Loading
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DPF Regeneration

Single-Cycle
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DPF Regeneration

Offline Sequence

A: DP Pressure Drop/DPF Temperature vs. Time
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* Filter Loading at constant Exhaust flow rate of 5m3/hr
* Exhaust by-passed after the filter pressure drop reaches about 50 inches of water
* Air is then switched on at 10 liters/min

e Microwave is turned on for about 5 minutes



DPF Regeneration

Offline Sequence
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DPF Regeneration

Offline Sequence
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DPF Regeneration

Offline Multiple Cycle
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DPF Regeneration

Offline Multiple Cycle
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DPF Regeneration

Offline Multiple Cycle

DPF Temperature ( °C)
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Future Work
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Concluding Remarks

» Microwave Regeneration Promising
» High Regeneration Efficiency (> 90%)
= High DPM Filtration Efficiency with Regenerated DPFs (> 90%)
= No Physical Damages Observed

» Waveguide Design Essential
= Uniform Temperature Profiles
» Hotspots Elimination
= Energy Efficiency

» Key Design/Operation Considerations
= Microwave Heating to the Ignition Temperature
= Oxygen Level Essential for Efficient Regeneration
= Monitoring of Differential Pressure Drop Necessary
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