Investigating the trade-off between
particulate emissions and thermal
engine efficiency of a diesel engine

P EEE Gy e

Elina Koivisto, UCL

27/06/2014 1



Table of Contents

Motivation and Objective
Experimental setup
Fuel molecules tested

Results

a & W D E

Conclusions



Motivation and Objective

Motivation
« The development of biofuels compatible with diesel engines

» Need for better understanding of the effect of molecular structure
of various fuels to combustion development, exhaust emissions
and thermal engine efficiency of a diesel engine.

Objective

« To investigate whether there is a trade-off between particulate
matter emissions and engine thermal efficiency




Experimental Setup
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Experimental Setup

« Efficiency measurement m(fuel)
Nr = We
F=
@HV Fuel Flow B
Fuel Injection
Measurement
Minjected = Mto injector — Mspill from injector m(to injector)

Injector

m(injected)

Mass balance

« Engine test conditions

« 1200rpm engine speed

* 4 bar IMEP

* 600 bar injection pressure

* Injection timing of 7.5 CAD BTDC



Fuel molecules tested

« 46 fuel molecules from 7 functional groups were tested (from C8 to C17)
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Combustion development
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Thermal Engine Efficiency
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* No correlations, and hence no trade-off was observed

» The effect of molecular structure of fuel was investigated in more detail




Structure of Fuel Molecule
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+ A shift from heavy agglomeration particles to lighter nucleation particles was observed
with increasing thermal engine efficiency




Alkanes
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» Trade-off between the amount of light nucleus particles (Dp <50 nm) and thermal
engine efficiency



Primary alcohols
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» Trade-off between the amount of light nucleus particles (Dp <50 nm) and thermal
engine efficiency



Methyl esters
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» Trade-off between the amount of light nucleus particles (Dp <50 nm) and thermal
engine efficiency



Methyl ketones
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» Trade-off between the amount of light nucleus particles (Dp <50 nm) and thermal
engine efficiency
* Lowest amount of particulates compared to other oxygenated fuel molecules



Ethers
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» Trade-off between the amount of light nucleus particles (Dp <50 nm) and thermal
engine efficiency
+ Excluding Ethyl diglyme




Ethers
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« The increase in the number of particulates for Ethyl diglyme was suggested to be
because more fuel was burned in the diffusion controlled phase producing more
particulates, as well as leading to lower efficiency



Carboxylic acids
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* No correlation between the amount of particulates and thermal engine efficiency



Carboxylic acids

200 : : :
— Qctanoic acid
—~ 1. —— Nonanoic acid
o _D . .d
3150+ ecanoic <_310| |
S, 5. — Dodecanoic acid
% — Hexadecanoic acid
X100
(¢b)
wn
S
[¢D)
Ko)
@ 50
©
()]
I —
0 o

350 355 360 365 370 375 380
Crank Angle (deg)

« Large premixed fraction close to TDC resulted in high thermal engine efficiency

* More of the fuel molecules 3. and 4. burned close to TDC compared to fuel molecule 5.
making the thermal engine efficiency higher




Regression analysis

« Multivariable regression analysis was done to evaluate the importance of
physical fuel properties on the formation of PM emissions

log(PM number or mass) =
logC + a * log(ConstantPropertyl) + b * log(property2) + c = log(property3)
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Conclusions

A shift from agglomeration particulates to nucleation particulates occurred
with increasing engine efficiency due to more complete combustion

A trade-off between the amount of particulates (mainly Dp < 50 nm)and
engine efficiency was observed within molecular groups

Oxygen in fuel structure decreases the mass of agglomeration particulates
significantly compared to alkanes

Both chemical and physical properites of the fuel molecule were shown to
affect the formation of PM emissions.
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