DIXIE SERVICES INCORPORATED

POST OFRCE 80X 451 GALENA PARK, TEXAS 77547

71367218619 FACSIMRE: 713 672 1634

CERTIFICATE OF ANALYSIS

Number: 93770 Final

Client: The Adept Group. Inc.

1575 Westwood Boulebard, Suite 200
Los Angeles, California 90024

Date: May 29, 1998

Attention: Alex Spatary

Sample: Liquified petroleum gas, submitted 4/15/98
Origin: Aeriform
Marks: Listed below

The complete analyses of the LPG Mixtures are tabulated on the following page.

Dixie Services Incogporated,

John C. Powers
JCPiebw
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Figur 1a: Measure CO Emission For Test 0520-1 (Cold Cycle)
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!z Figure 1b: Actual Speed for Test 0520-1 (Cold Cylce) |
L E e | A o | | | |
s — A . | ! A J o~ :
e AT AR N A W A |
R A — /AL WA [ A VI— ‘
B R 1 i = =
e e m— il
i@ 0 200 400 600 800 1000 1200 ‘
i Cycle Time (second) ‘
| |
o
\. Figure 1c: Actual Torque for Test 0520-1 (Cold Cylce) \
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Figure 1d: Actual Lambda for Test 0520-1 (Cold Cylce)
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Figure 3a: Measured CO Emission for Test 0522-1 (Cold Cycle)
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ORTECH

Cummins B5.9 LPG Engine Fuel Study (11516) 1of2
For: ADEPT Group Inc.

Test Protocol
1. General

e Speed, torque, and gaseous analyzers will be calibrated following Code of Federal
Regulations, Title 40, Part 86, Subpart N

e All other sensors will be calibrated following ORTECH Standard Operation Procedures (ISO
9002).
e The transient test procedures will be EPA certification procedures for Heavy-Duty Engines
documented in Code of Federal Regulations (Title 40, Part 86, Subpart N).
o THC speciation and Carbonyls related test procedures will follow the appropriate methods in
the California Non-Methane Organic Gas Test Procedures (Published by California
" Environmental Protection Agency, Air Resources Board).

2. Test Order, LPG Fuel Blends and Analyses

Test order Fuel Propane ~ Propylene N-butane
1 Cert. fuel 94.42% 3.68% 1.90%
2 Test fuel #1 85.28% 9.86% 4.86%
3 Test fuel #2 81.15% 14.15% 4.70%
4 Cert. fuel 94.42% 3.68% 1.90%
5 Test fuel #3 80.07% 9.97% 9.96%
6 Test fuel #4 76.34% 3.78% 19.88%
7 Cert. fuel _ 94.42% 3.68% 1.90%

3. Engine Parameter Setup

Run engine at rated condition (2600 rpm, WOT), stabilize oil and coolant temperatures, and set
the following parameters:

e Intake restriction: 4.4 kPa (17.5 “H,0)

e Exhaust back pressure:  13.5 kPa (4 “Hg)

e Charge air temperature in intake manifold: 52°C (125 °F)

e Air pressure drop from compressor outlet to mixer inlet: 13.5 kPa (4 “Hg)
e ECU supply voltage: 13.3 volt

4. Transient Emissions Tests on Five LPG Fuel Blends

4.1 Prior to official emission tests, complete following items:
e Tune the dynamometer and the throttle to pass transient cycle validation criteria using
certification fuel. The settings will be used in all subsequent tests.
e Condition the emission tunnel for PM and THC
e Identify analyzer ranges for gaseous emissions
e Quality control setup and preliminary sample range setup on GC speciation analyzer.

Y. Tao 5/5/98
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Cummins B5.9 LPG Engine Fuel Stuéy (11516) 2o0f2
Fer:

4.3

4.4

4.6

4.7

4.8

ADEPT Group Inc.

Commence Official Emission Tests
Run engine on the certification fuel, and confirm the engine parameter setup at rated
condition (refer to Item 3).

Conduct an auto torque map 0 gencrate a baseline transient test cycle to be used for all
subsequent tests.

e Mapping speed: 800 e ~ 2870 rpm @8 rpnv/sec. increment
¢ Curb idle transmission terque: 10 ft-1b @ 800 rpm

Emission Tests on Certification Fuel (i.e. Baseline)

Day 1: Run I cold start transient cycle and 2 hot start transient cycles, measure and
calculate the following emissions:

* Total Hydrocarbon (THC)

* Methane (CH,)

® Non-Methane Hydrocarbons (NMHQC)

e Carbon Monoxide (CO)

* Oxides of Nitrogen (NOx)

* Carbon Dioxide (CO,)

* Particulate Matter (PM), post analyzed

* THC speciation and Carbonyls, 1 cold and 1 hot samples, post analyzed for

Day 2: Repeat preceding tests without THC speciation and Carbonyls measurement.
Perform a manual torque map after the emission tests.

Emission Tests on LPG Fuel Blends

Change fuels as described in Item 5 below.
Repeat ltem 4.2, 4.4 and 4.5 using the test fuels in the order listed in Item 2.

Note: After testing fuel #2, change to certification fuel (Item ), ard run 3 hot start
transient cycles with only gaseous and PM measurements.

5. LPG Fuel Switching

1

wn

w
tw

n
W

Close the valve on the fuel cylinder. and run engine to deplete all fuel in the fuel line.

Change the fuel cylincer, and replace the liquid / vapour fuel filters. Run engine on the
new test fuel for 15 min. to flush the fueling system.

Perform a manual torque map and listen for engine knock. Stop test if knocking is observed!
Run twe transient cyeles o idextify analyzer ranges for gaseous emissions, to condition
the emission tunnel, and to check cycle validation (i.e. regression) criteria. Continue Item
4.7
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