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ASSESSMICNI' 0 1 7  IN-USE IC~lISSIONS 
FROM A GASOLINE I'OWERED LAWN MOWER ENGINE m L E D  

WITH GASOLINE AND GASOLINE TRJMTED WI'I'II TI-IJ3 FITCIS FUEL 
CATALYST - SUh4MARY REPORT 

Advanced Power Sys(enu It~tertrat~otluI, IIIC. lias corirracred the Center 
for Ihissions Researclt & Anulysis (the Center) lo iridependetuly 
evaluate  he effecf of f h p  Filch Fi~el Catalysr on in-use eniissions and 
f i e f  consumption of lawn mower engitles. The study is beirlg petformed 
by the Ce~~rer  on a representafi~~e cross sectio~t of gasoline powered 
lawn mowers in use by /Ire public, 7% s~~nitnar)~ repor1 presents the 
reslrlts from otie suc11 engi~le. The program will .~rudy atid report on 
lawn nfower engine pop~(/utiot~ etirissiot~s, eniis.riot1 ,facrors, and 
porential eri~issior~ credits. 

A complere resr per SAE and CARB protocol were pelformed or1 rhe 
lawn mower engitle. E tn i s s io~~~  and jtel consl~tnprion dara were 
recorded and srored for C O I ~ / J ~ / U ~ ~ O I I  and analysis. 

Results sliow a sig~il$can( decreo.~e of ,fitel coris~tn~ption ur~d e~iiissions 
of carbon l~~ortoxide, liydrocarbon.r, urtd nirrogetz oxides as a result of 
@el trearrnenf with 111e Fitcli Fuel Caralyst. 
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1.0 TEST EOUIPMENT Ampl'ROCEDURES 

The test facility and equipment used for the project include a sn~all engine dynan~ometer test 
system and a raw gas emissions measuren1ent system. Included with these systems is all 
instmnientation, control and data acquisitio~~ equipment necessary to conlrol and record the test 
parameters and conditions. 

1.1 Sniall E~ lz i~ i e  Dy~ia~iionieter Test Svste111 

The small engine dy~~anlonieter test systeni is the co~nbination of equip~~ient necessary to 
interface, measure, and control s1nal1 engine conditions. The system is composed of 
dynamometer loading and control components, ~i~echanical ~nou~~t ing  and interfaces, fuel 
supply and flow measuring equipmenl, and tlie data acquisition and co~itrol system. 

The small engine testing dynamometer syste~n and associated equip~neiit is contained in and 
adjacent to a dynamometer test chamber. Tlie test chamber materials and method of 
construction are designed to provide reasonable S O U I I ~  insulatio~~ and da~iipe~~ing, and to 
provide the necessary ventilation and utilities lo support the small engine test equipn~ent 
requirements. The test chanlber is 16' x 16' wit11 a standard l~eight ceiling. The room has 
twin access doors at one end for equipment and personnel access with a double pane window 
on an adjacent side. The test chamber has sufficient exhaust and niake-up air capacity to 
handle removal of engine exhaust air flows and to provide general test chaniber room 
ventilation. The air exhaust system is of industrial type low heat applia~ice exhaust duct and 
roof fan with a minin~um 2500 scfm capacity. The exhaust duct inlet at the test chamber 
provides branch access coilnections for two 5 inch diameter flexible ducts to exhaust direct 
sources such as engine exhaust (up to 60 S C ~ I I I  engine exhaust @ 1000 Deg F with up to ten to 
one dilution air, 660 scfm @ 150 Deg F ~nixture). Makeup air is provided from ventsjducting 
to the surrounding facility, 

The dynamometer comptients consist of the eddy current dyna~~iometer loading device, speed 
and torque instrunie~~latio~~, cable set and control systeni. The dynainometer used for this 
project is a Vibrometer WB 115- V twenty horsepower (15 Kilowatt) l~orizontal-vertical 
dynamometer with a Dynaco~iip DCP 301 co~~trol un i t  and associated cabli~ig. The 
dynamometer is capable of handling speeds up to 18,000 rpm i n  the horizontal position (6,000 
rpm in the vertical positio~~) and torque up to 50 Newto~i-meters up to 2865 rpm. Speed is 
measured by a FTlO7lMl differential ferrostat transducer se~~sing a toothed wheel and the 
torque is measured with a load cell. The system has a co~nbined accuracy of +I- 1 % for 
power determination. Since tlie speed pickup senses pulse frequency i t  is a principle method 
for speed determination and d m  no1 require calibratio~i. The torque load cell is calibrated 
with Class F calibratio~~ weights. Calibratioi~ was perfornied per t l~e ~na~~ufacturer 
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specifications. The speed and torque readings were recorded by i~iterfacing the respective 
co~itrol unit outputs to the personal co~iiputer-based data acquisition system. The dynamometer 
loading device is integrated into a test stand to provide a means for 11iec11anicaI interface to the 
engines, 

Tlie dyna~iiometer test stand is a be1ic11 structure that supports the dy~ianio~neter loading device 
and provides a means for interfacing i t  to tlie sliaft of the small engi~ie. Tlie test stand was 
fabricated by Application E~igineeri~ig with the capability 10 easily change between horizontal 
and vertical positions. Tliis is necessary to acconimodate engi~ies tliat operate in these 
different orientations. Included with the test stand are the engine mounting interface plates, 
drive shaft couplers and drive shaft guard to properly interface the engines to the 
dynamometer. The test stand includes a liydraulic actuator for changing between the 
horizontal and vertical orientations. 

The dynamo~neter requires ni ini~i iuni  cooling water flow of approximately two gallons per 
minute. The cooling water must have very low concentratio~is of dissolved solids, organics 
and metals. A closed loop coolitig water system is used to meet the cooling requirements. 
The water within the closed syste~n is co~~ditio~ied to meel the water q~~ality requirements. An 
air to water heat exchanger is used ill  the closed loop system to remove the heat  from the 
cooling system. 

The engine test protocol requires measure~iie~it of the engine fuel flow rate. Tliis was achieved 
via a Max Machinery Model 213 positive displace~nent flow meter compatible with 
hydrocarbon fuels. The nieter has a flow range of 1 to 1800 cc11ni11 with a maxir~ium error of 
+I- 0.75 %. The nieter is factory calibrated by the ~nanufact~~rer. Tlie flow meter was read 
using a Model 276 analog transmitter interfaced to the data acquisition system. The fuel was 
supplied by gravity feed from an external fuel la~ik. Tlie fuel was EPA specification 
reformulated fuel "A" (RFA), Tlie RFA fuel specification is show11 in  Table I .  A certificate 
of analysis was provided by the fuel vendor. Fuel pressure to the engine was adjusted by 
setting the height of the external fuel tank relative to tlie engine carburetor to sitiiulate in use 
fuel supply conditio~~s. 
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Table 1. Refnri~iulated FII~I "A" Specific a t '  I<IIBS 

(Also referred to as EPA Su~nmertitne Baseline Gasoline) 

API Gravity 
Sulfur. pp111 
Benzene, % 
RVP, psi 
Octane, R + MI2 
IBP, deg F 
I0 %, deg F 
50 %, deg F 
90 %, deg F 
End Point, deg F 
Aromatics, % 
Olefins, % 
Saturates. % 

The engine test protocol requires an exliaust  nixing cha~iiber of not less Illan 10 times the 
maximum engine displacenient be used for proper exliaust mixing and exliaust sample 
acquisition. Protocol requires that the clia~nber be i~isulated and co~ltain instruments for wall 
temperature measurement and have a means of heating i t  to I75 to 400 C .  An exhaust mixing 
chamber volu~ne of two liters was used for this project. The exhaust ~iiixing clia~nber wall 
temperature was monitored with Type K tl~er~nocouples. Wall temperature was maintained 
using external thermal insulation. 

In addition to the nieasurements indicated above, various temperature and pressure readings of 
the dynamometer test system were ~neasured. These readings include temperatures of ambient 
air, exhaust gas fuel, and dynamometer cooling water. Pressures that were measured include 
exhaust gas and ambient barometric pressure. Pressures were measured with Magnehelic 
2020C and 2010C differential pressure gauges with accuracy of +I- 0.1 in. water column. 
Differential pressure gages are calibrated se~iiiannually. Te~nperatures are measured with Type 
K thermocouples with an accuracy of +I- 2 deg F .  Standard thermocouple calibration curves 
are used. Atmospheric pressure is measured with an Airguide compe~isated aneroid barometer, 
capable of measuring atmospheric pressure to within 0. I in .  Hg. The aneroid barometer is 
calibrated semiannually. Engine inlet air relative hu~nidity is recorded using a Dickson TH8- 
7F ambient monitor with an accuracy of +I- I % for relative humidity atid +I- 1 deg F for 
temperature. Se~nian~iual single poi~it calibratio~i is perfor~ned 011 temperature and relative 
humidity. 
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The data acquisition and control system is a personal computer based system using Strawberry 
Tree ACPC-12-16 and ACAO-12-4 data acquisition and control cards to for digital and analog 
input and output. The data acquisition and control is implemented with the cards using 
Workbench data acquisition and control software. The system has the ability to handle sixteen 
analog inputs, four analog outputs and twenty four digital inputs or outputs. This system was 
used to record the test parameters and provide the dynamometer set point control. 

1.1.1 Small Eneine Dynamometer System Eaiiivitient List 

Dynamometer . Vibrometer WB115-V Dynamonieter - 15 KW capacity with horizontal and 
vertical orientation capability . FT107fM1 Speed Pickup . DCP 301 Control Unit . Calibration weights, Class F NIST traceable, 10 Kg total with 500 g 
incremental capability 

Test Stand . Applications Engineering horizontal/vertical test stand . Hydraulic orientation change system . Electric start system 

Dynamometer Cooling Water System 
5 gpin capacity . Closed system utilizing deionized watei . Airfwater heat exchanger 

Fuel Supply & Measurement System . Max Machinery Model 213 positive displacement fuel flow meter . Max Machinery Model 276 analog transmitter . Max Machinery Model 381-102 filter, 10 micron 
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Temperature, Pressure, and Relative Humidity . Type K thermocouples . Magnehelic 2020C and 2010C differential pressure gauges . Airguide compensated aneroid barometer . Dickson TH8-7F ambient monitor 

Data Acquisition System . PC based computer acquisition and control . Strawberry Tree ACPC-12-16 data 110 card . Strawberry Tree ACAO-12-4 analog output card with T31 interface panel . Workbench data acquisition and control software 

1.2 Raw Gas Emissions Measurement Svsteni 

Emissions measurement was performed using tlie Center's continuous eniissions measurement 
system. This system is a raw gas continuous emissions measurement system that employs 
state-of-the-art analyzers for CO2, CO, HC, 02 ,  and NOx with associated sample conditioning 
and management equipment. A schematic of the sampling system is shown in Figure 1. The 
exhaust gas samples were taken from the exit of the exhaust mixing chamber with an 
integrated sample probe. A separate heated sample line was used for the hydrocarbon (HC) 
analyzer. The HC analyzer contains an internal sample pump to draw the sample flow. The 
sample for analysis of the other species was transported through a heated sample line to a 
Universal Analyzers Model PSC-1060 gas sample conditioning system. The conditioning 
system removed the moisture from the sample to a 35 deg F dew point. The sample was 
transported to the analyzer instrument rack where it passed through a Permapure PD-625-12PS 
membrane as a backup moisture removal and protection system. 

The sample enters a distribution manifold where flows are monitored and adjusted using 
rotameters with integral needle valves before separate flows are directed to each analyzer. All 
analyzers meet the respective continuous emissions measurement performance specifications of 
EPA, CARB and SCAQMD in terms of principle of operation and accuracies. Analyzer 
outputs were recorded by the computer data acquisition system. Appropriate NIST traceable 
+I- 1% calibration gases for each instrument and range were used. Instruments were 
calibrated per manufacturers instructions in accordance with the SAE J1088 protocol. 
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1.2.1 Raw Gas Emissions Measurement System F.qui~rne~!List 

Universal Analyzers Model PSC-1060 gas sample conditioner ( 35 deg F dew 
point) 
Permapure PD-625- 17.1's membrane dryer 
API Model 200 NOx Analyzer 
(Ranges: 20, 100, 500 and 2500 ppm, low ranges software selectable) 
Horiba Model CMA-33 1 A CO, C02 and 0 2  analyzer 
(CO Ranges: 200 and 1000 ppm) 
(C02 Ranges: 5 and 20 %) 
(02 Ranges: 10 and 25 %) 
Horiba Model VIA-510 NDIR CO analyzer 
(Ranges: 5000 ppin, 2 %, 10% and 20%. lower ranges software selectable) 
Eagle Monitoring Systems Model EM 7000 total hydrocarbon analyzer 
(Ranges: 100, 1,000, 10,000 and 100,000 ppm) 
Horiba Model 3410SGD-710 10 point gas divider 
Kontron Model 520 8 channel chart recorder 
Air Dimensions model 01329TC sample pump 

1.3 Test Procedures 

Testing was performed in  accordance will1 the Society of Automotive Engineers (SAE) J1088 
Test Procedure and the California Air  Resources Board (CARB) Raw Gas Measurement 
(RGM) Test Procedure. 

Three five-minute runs were performed at each of six engine operating modes using EPA spec. 
gasoline as fuel. The procedures were repeated using the same fuel catalyzed with the Filch 
Fuel Catalyst. 

For the catalyzed fuel portion of the lest, the catalyst was placed in  a container of fuel 24 
hours prior to the test. The container was mechanically agitated to simulate the vibration of a 
lawn mower fuel tank. 
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FieIlre 1 .  Raw Gas E m i s s i o n s  M ~ ~ S I I ~ P I I I C I I ~  S y s l e i i i  Schematic 
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2.0 RESULTS 

ENGINE #3 (3 year old Tecumseli, 3.5 lip) 

CATAI-YZED 
SPEC. FUEL SPEC. FUEL % DIFFERENCE 

carbon monoxide 1230 gllip-hr 680 gllip-lir -48.8% 
hydrocarbons 142 glhp-lu- 88 glhp-lir -38.0% 
nitrogen oxides 1.8 gllip-lir 1.6 gllip-lir -11.1% 
fuel consumption 1303 glhp-lir 827 glhp-lir -36.5% 





Center for Emissions Research & Analysis 
Project 93-001: Advanced Power Systems International 

Lawn Mower #3 (3.5 HP Tecumseh, Approximately 3 years old) 
Tested: July 1 and July 13, 1993 

TEST DATA SUMMARY* 
CO 

( P P ~ )  

92.423 

85.456 

NO, 
( P P ~ )  

MODE 4 (85% Rated Sored. 75% MAX load) 

88.2 

THC 
( P P ~ )  

MODE 1 (Idle, no load) 

14.352 

0: 
(%) 

2.28 

CO. 
(%I 

7.00 

FUEL 
(cclmini 

MODE 3 (85% Rated Soeed, M A X  load) 11 

36.7 16,094 

I 1,706 

4518  

4.23 

TORQUE 
(ft-lb) 

SPEED 
(rpm) 

3 1.735 4.52 

4.23 

2.08 Catalyzed 162.5 

POWER 
(power) 

9.41 

2.08 

2580 

L'n-Catalyzed 

12.616 

12.96 

37.0 

2590 

1.96 34.4 

0.47 

27.910 

8.32 

0.189 

2 1 8  tin-Catalyzed 

Catalyzed 

2198 

6.10 2105 8.64 0.47 12.20 
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