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Motivation

* Validate findings from smoke
point measurements and
high-pressure combustion
tests that ketone and
aldehyde functions are

15

effective soot suppressants Soot Yied or Heptane+ Oxygenates
in diesel combustion i
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°\E [C]oxygenate/[C]lotal = 0125
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p 0.31% Heptane, neat
B 0.27% Heptane, 0.09% Acetone
((,D) 51  0.27% Heptane, 0.07% Butanal
Hong, Davidson, and Hanson, 2008.
° ]
00 0!5 ' 1!0 ' 1!5 ' 2!0 Y
PENNSTATE FSTA NFORD Time [} TR
B MECHANICAL SR

ENGINEERING \Unternational
S\ \ [ / /

© 2007 SRI International



Experimental: Engine Conditions

* 2.5 L common rail diesel engine
run at 3600 rpm and loads of 51
and 153 ft.Ib; no EGR

 Base fuel: BP15, an ultra low
sulfur diesel

* Oxygenates: Acetone, pentanone,
butanal, DME, and DMM
Treat rate: dwt% Oxygen

» Pilot and main injection timings

locked
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Experimental: PM Measurement

* PM mass measured by collection on filters using Sierra BG-2

* Filters extracted with dichloromethane to remove soluble
organic fraction (SOF)

» Particle size distribution measured using Scanning Mobility
Particle Sizer (SMPS) with a thermodenuder (TD)
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Results: Engine Performance

» Pentanone and acetone show S ——
. —— BP15 | o
delayed premixed burn at low load Y i LY DsenBun
\“,,,_-; Butanal
g Acetone
* At high load the trend in e T )
magnitude of the premixed bum £, Kk K
was: pentanone > acetone > DMM ¢ b
> butanal = ULSD = hexane o i M B
< ‘ | ‘
0 e STpFN " Figh Temp. HR from it
J J | ‘ and LowTemp HRfromMam Inl .
-40 -20 0 20 40
Crank Angle (°)
Heat release data for oxygenated fuels in a 2.5L DDC
common rail engine at high speed and low load
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Results: PM Emissions
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ULSD Hexane DMM PentanoneButanal Acetone
Fuel
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ULSD Hexane DMM PentanoneButanal Acetone
Fuel

« Lower total PM mass and non-SOF mass  * Lower total PM mass and SOF mass with

with oxygenates at low load

oxygenates at high load

» All oxygenates similar non-sol PM mass » Non-sol PM trend: pentanone < butanal <
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Results: PM Emissions Particle Size

« Particle size distribution shifted to
fewer, smaller particles with

210° —

addition of an oxygenate under Fo | Es e
both engine conditions T e |0 pmert
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Total particle concentration at low load with
varying particle size. TD set at 40°C.
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Conclusions

» Addition of an oxygenate to diesel fuel reduced the total mass of PM
produced during engine tests at low and high loads.

* Trend of soot suppression for 5 wt% atomic oxygen in the fuel:
smoke point lamp studies: pentanone > butanal > acetone > DMM.
high load non-soluble PM data: pentanone > butanal > DMM > acetone.

* Both techniques indicated pentanone as the greatest soot suppressor
studied
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