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THE SENSITIVITY and

REPEATABILITY of

NANOPARTICLE
MEASUREMENTS at HIGH
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TEST FORMAT

* PERKINS STRATEGY:

— FIX THE FOLLOWING :

e HUMIDITY (via dilution air---approx. 15%).

* DILUTION SYSTEM (Based on Minnesota’s development).

* ENGINE--T4.40 PHASER (a consistent “slave”).

* SAMPLE POINT--ALLOWS FOR AFTERTREATMENT.

* SAMPLE LINE TEMP.--300 deg C. (Average Exh. Gas
temp.)

* DILUTION RATIO---1000:1 (Based on Minnesota Work to
represent atmospheric dilution from a tailpipe) .

* THE COMBINATION OF FIXED SAMPLE LINE TEMP.
AND FIXED DILUTION EFFECTIVELY FIXES
RESIDENCE TIMES.

© Product Engineering 1999 @ P@Eﬁkﬁ@@
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ENGINE TEST BED VARIABLES

* ENGINE:
— SPEED, LOAD, FUEL (SULPHUR), LUBE OIL, GAS TEMP.

» SAMPLE:

— SAMPLE POINT (JUST AFTER T/C THROUGH TO AFTER
AFTERTREATMENT).

— LENGTH OF SAMPLE LINE (RESIDENCE TIME).
— SAMPLE CONTROL TEMP.

— DILUTION RATIO (Primary and Secondary).

— RESIDENCE TIME DURING DILUTION.

— HUMIDITY OF DILUTION AIR.

© Product Engineering 1999 @ P@[‘fkﬁm@
Proprietary Information-Perkins Engines Co Ltd-h/cbarn/ppt/zurich1 .ppt




PRESENTATION of RESULTS
* PERKINS SAMPLING SYSTEM.

e MINNESOTA SAMPLING SYSTEM.

e |[LLUSTRATION of Perkins v. Minnesota
Agreement.

* SPREAD of RESULTS @ 1600 rpm/10% load and
2600 rpm/100% load.

* ILLUSTRATION of LOAD DISCRIMINATION @

SHIAo

1600 rpm.
Srzgzg?::yﬁ?l?;?;ztiiggn-giiins Engines Co Ltd-h/charn/ppt/zurich1.ppt @ P@Fkﬁmg
PERKINS TEST PROCEDURE

e START of EACH DAY:

— RUN 1600 rpm/10% LOAD and 2600 rpm/100% LOAD and
COMPARE AGAINST “STANDARD CURVES”.

— THIS BUILDS UP A BANK OF CONSISTENCY RESULTS
AND CONFIRMS OVERALL SYSTEM FUNCTION .

 BENEFITS:
— ALLOWS FUEL EFFECTS TO BE OBSERVED.
— ALLOWS AFTERTREATMENT TO BE EVALUATED.

— ALLOWS ENGINE CHANGES TO BE EVALUATED. (and
engine types , once the standard curves have been
generated). :

25 Perkins
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T4.40 AEU644208Y-On Highway 4 Cyl-81 kW @ 2600 rpm Perkins Product Engineering.- JOB P3811 Source-RPT16a.xis

REPEATABILITY EXERCISE-- 1600 RPM. 1000:1 DILUTION RATIO.
18 data sets over 2 months- 10% LOAD, 300 degC Sample line
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i C.Barnes 2 Aug 99 Bed 65 -SMPS Results-REPEATABILITY
- T4.40 AEUB44208Y-4 Cyl. on Highway-81 kW @ 2600 rpm PERKINS PRODUCT ENGINEERING JOB P3811 Source map09.xls

Comparison between Perkins Two Stage Dilution at-1 600rpm, 50% Load at 1000:1 Dil.,
300 degC sample temp. , and a recent result from Minnesota on the same engine type
» and with their sampling and two stage dilution system (Dilution ratio unknown).

1.00E+08
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2 C. Barnes 03 Aug 99 Bed 65 SMPS Results-MAP P/kgall/combust/wip/P3811/minn1.xis
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T4.40 AEU644208Y-4Cyl on Highway-81 kW @ 2600 rpm

PERKINS PRODUCT ENGINEERING JOB P3811 Source map09.xls

ENGINE MAP- LOAD EFFECT @1600rpm, 100%,-10% load at 1000:1 Dil., 300 degC
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T4.40 AEUB44208Y- On Highway 4 Cyl-81kW @2600 rpm
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Particle Size nm
Bed 65 SMPS Results-MAP P/kgall/combust/wip/P3811/map09a.xis
Perkins Product Engineering-JOB P3811 Source-RPT26a.xls

REPEATABILITY EXERCISE- 2600 RPM. 1000:1 DILUTION RATIO.
18 Data sets over 2 months—-100% LOAD, 300 degC Sample line
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T4.40 AEUB44208Y-4 Cyl on Highway-81 kW @ 2600 rpm Perkins Product Engineering Job P3811

REPEATABILITY-Mean of 18/24 sets at 2600/1600 rpm, 100%/10% Load respectively:
1000:1 Dil., 300 degC

Source-rptav.xls

1.00E+09 CONCENTRATIONS
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EXHAUST
4 I [
4 & 1600 rpm ,10% load-mean of 24 sets
1.00E+08
1.00E+07 2600, 100% load-mean of 18 sets
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C.Barnes 03 Aug 99 Bed 65 SMPS Results-REPEATABILITY P/kgall/combust/wip/ P3811/RPTava.xls

PRESENTATION of RESULTS

* MEAN and Std DEV. @ 1600/10% and
2600/100% points.

* ILLUSTRATION of HEATED SAMPLE LINE
TEMP. EFFECTS @ 1600 rpm/10% load--
Maximum Suppression of losses due to
Warming Effect on sample from 94 deg C
to 119 deg C. with line at 300 deg. C ?

© Product Engineering 1999
Proprietary Information-Perkins Engines Co Ltd-h/cbarn/ppt/zurich1.ppt
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T4.40 AEU644208Y-On Highway 4 Cyl.-81 kW @ 2600 rpm Perkins Product Engineering Job P3811 Source-RPT26a.xls

REPEATABILITY-Mean of 18 sets at 2600 rpm, 100% Load, 1000:1 Dil.,300 degC
over 3 months-Std 450 ppm sulphur fuel
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G
T4.40 AEU644208Y -On Highway 4 cyl.--81 kW @ 2600 rpm Perkins Product Engineering Job P3811 Source RPT16a.xls
REPEATABILITY EXERCISE--Mean of 24 data sets at 1600 rpm,10% load,1000:1 Dil.,300 degC
over 3 Months-Std 450 ppm Sulphur Fuel
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PRESENTATION of RESULTS

» HEATED LINE EFFECTS @ 2600 rpm/100%
Load--Slightly increased losses with
Reducing Temp. from a sample at 390
deg. C?

* ILLUSTRATION of Heated line EXTENSION
effects-nano-particle growth suppression
at 1600/10%, and possible growth @
2600/100% ?

. . g i
© Product Engineering 1999 @ P@[F kﬂ@@
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T4.40 AEU644208Y-4 Cyl on Highway-81 kW @ 2600 rpm PERKINS Product Engineering JOBP3811 Source 17057/Ht1610a.xis

Effect of SAMPLE LINE TEMP. 1600 RPM. 500:1 DILUTION RATIO.
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T4.40 AEU644208Y-4 Cyl. on Highway -81 kW @ 2600 rpm

Perkins Product Engineering Job P3811

REPEATABILITY-Mean of 18/24 sets at 2600/1600 rpm, 100%/10% Load respectively:

1000:1 Dil., 300 deqC PLUS results WITH and WITHOUT NEW HEATED BOX EXTENSION (25/05/99

Source heatext1.xis
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T4.40 AEUG44208Y-4 Cyl on Highway-81 kW @ 2600 rpm

CONCENTRATION Number/cm3. dN/dlog(Dp)

PERKINS Product Engineering JOB P3811
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P/kgall/combust/wip/ P3811/heatex1a.xls

Source 17057/ht26100a.xls

Effect of SAMPLE LINE TEMP. 2600 RPM. 500:1 DILUTION RATIO.
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