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ABSTPACT:

Two-cycle spark ignited motorcycle engines are evaluated

for exhaust emissions from the standpoint of both concentration
(percent) and mass (gms/mile) according to current and projected
Federal Testing Procedures for light duty vehicles (under 6,000
pound GVW). Seven two-cycle and one four-cycle motorcycle

were tested for Carbon Monoxide, Carbon Dioxide, Hydrocarbons,
Nitrogen Oxide and Dioxide using MNon-Dispersive Infrared,
Non-Dispersive Ultra-violet, flame ionization and gas chro-
matographic analytical techniqﬁes. The inconsistencies in the
test method as applied to motorcycles are pointed out and

suggestions are made for further studies.

CONCLUSION:

The seven two-cycle motorcycles tested per the current Federal
test cycle for light duty vehicles under this contract

averaged 4429 ppm Hydrocarbon (lIC) as Hexane equivalent and
4.34 percent Carbon Monoxide (CD). The correéponding mass
figures calculated per those 1270 Federal procedures are 3.59
and 6.81 gms/mile respectively. Calculated per the proposed
1972 procedures (proportional bag sample) the figures are 11.8
and 26.85 grams per mile. A rationale for the discrepancies is
suggested, and it is also the author's opinion that of the two
test methods employed the precision and accuracy of the 1270
analytical procedures are considerably superior to those of the

proposed 1972 method because of long experience with the former
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and the converse with the latter.

Although one would suspect a priori that the average
Carbon number of the exhaust Hydrocarbons from twd—cycle
engines would be higher than that of four-cycle engines
because of the different types of engine lubrication the
gas chromatographic data shows a Carbon number well within
the expected range for the latter class. This limited
data would suggest only a most modest contribution to
atmospheric hydrocarbon loading as a lubricating oil con-

tribution.
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INTRODUCTION:

The purpose of this project was to gain a preiiminary estimate
of both the concentrations and mass emissions from a group

of t&o—cycle motorcycles comprising the most popular makes and
disﬁlacements. To provide a f;ame of reference a popular

four-cycle engine powered machine was also tested.

Two~cycle engines have been suspect from the standpoint of a
high emission potential because of the nature of their com-
bustion process. Appendix C describes two-cycle SI combustion

as compared to four-cycle SI engines.

The eight motorcycles tested during this project are describhed
in'Table 1. The oldest machine was a 1967 model, the next

oldest a 1968, with the balance being 19269's. No formal
inspection or tune-up procedures were employed on any of the
'cycles, although they were all road and dynamometer

evaluated for proper operation before being tested. All the
motorcycles were obtained from either rental agencies or private
owners. Within the constraints of sample size it is believed that
the 'cycles tested are representative of currently sold and owner

operated two-cycle motorcycle engines.

22805 MICHIGAN AVE., DEARBORN, MICHIGAN 48124 - PH. 313 27 48450
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All the machines with the exception of the Yamaha 250 Enduro were
tested with Indolene 30 gasoline. Inadvertently the latter
'cycle was tested for both emissions and GC analysis with tank
fuel as received. Determination of either the grade or brand

of the fuel could not be made on that cycle.

It is of interest to consider the method of lubricating the
engines tested in this program. As is generally knan the conven-
tional method of lubricating two-cycle engines is simply to add
0il to the fuel and intimately mix immediately prior to pouring
the fuel into the tank. Alternately one can place the o0il in

the tank either prior to or subsequent to tank filling with gaso-
line. The possibilities for gross error in oil to fuel ratios

as compared to recommended ratios either way this procedure is
carried out are obvious. In the engines that were tested in

this program lubrication was supplied from an oil reservoir
through a proportioning pump which introduced oil into the en-

gine.

Attached as appendix D is a section from a Yamaha Service

Manual which describes in very general terms the operation of
their "Autolube" system. Such a system generally adds one quart
of oil to every 10 gallons of fuel which reprgsents a 40:1 fuel-

oil ratio.

INSTRUMENTATION:

All the 'cycles were tested using the following instrumentation:
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1. Beckman Model 315 Low HC analyzer.

2. Beckman Model 315 High HC analyzer.

3. Beckman Model 315 CO analyzer.

4. Beckman Model 315 CO, analyzer.

5. Beckman Model 315A NO analyzer.

6. Horiba Model UVA-1 NO, analvzer.

7. MSA Flame Ionization analyzer.

8. Clayton Model CT-200 Chassis Dynamonmeter.

9. Olson Laboratories -Variable Volume Constant Mass Sampler

Analyzers numbered 1-5 are all Non-Dispersive Infrared

while number 6 1is Non—Dispefsive Ultra-violet.

TEST PROCEDURES:

All of the motorcycles were tested over the seven-mode HEYW cycle.

It was recognized that in all probability that the typical
motorcycle driving pattern bore little resemblance to the seven-mode
cycle, but lacking information on such a driving pattern, the use

of the seven-mode cycle would at least allow a comparison of the
emissions from the motorcycles to those of motor vehicles now sub-

ject to Federal Standards.

The criterion for determining the success of each run was
whether or not the acceleration modes could be completed within the

times specified by the Federal_Register; To accomplish this, the

Clayton dynamometer was altered by removing the fixed 2000 pound

inertia wheel. As indicated in Table 1, a 500 pound inertia



Project # 1-1107
January 23, 1970 -4-

wheel was used for the larger motorcycles to simulate acceleration
performance, while inherent system inertia was sufficient for the
smaller motorcycles. In all cases the power absorption unit was

not used. This practice is commonly adopted in the testing of
lightweight, foreign automobiles. Since it has bheen observed that
four-cycle engine exhaust concentration emissions vary little within
the broad constraints of horsepower and inertia settings, it is

believed that similar results apply to two-cycle vehicles.

Thé exhaust gas analysis system, as shown schematically in

Figure 2, incorporates an Olson Laboratories Variable Volume Constant
Mass Sampler. Samples for both the continuous and bag analysis were
diluted using the Constant Mass Sampler. This was done to avoid
insofar as possible any "wall" effects in the analytical train in

view of the expectea high Hydrocarbon concentrations. The calibration
curve for the Constant Mass Sampler appears in Figure 3 and the

method used for calibration of the sampler is described in Appendix

E. The desired dilution range was selected as an approximate 10:1
air/exhaust ratio. To achieve this ratio the air delivery was varied
in 40 CFM increments until the proper mix was achieved. Figure 4,

the calculation sheet for one run on the Yamaha 180, illustrates the
dilution ranges encountered. The mass samplexr heat exchanger was not
cooled,.but was actually used as a heat sink to average out the diluted
exhaust at temperatures of 46-52° C which further reduces the pos-
sibility of condensation of the high molecular weight Hydrocarbons

(from the o0il) peculiar to this study.

From the diluted exhaust samples continuous analyses were made for
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HC, CO, CO, and MO over the HEW test cycles. MO, and Flame
Ionization Hydrocarbhons were measured only on the hag samples
with the Flame Ionization instrument using a fuel of 60% N,-
40% H, with air as the oxidizer. The bag samples were also
tested for NDIR HC, CO, NO, and‘CO2 concentrations. Samples

for the gas chromatographic analysis were drawn from the bag
sample into two-liter glass flasks. These samples were packed in
dry ice and immediately transported to the subcontractor for

analysis. Before introducing the samples to the G.C. the

flasks were heated to 70% C by means of a heating mantel.

DISCUSSION OF RESULTS:

The seven—mode.cycle "Hot Start" data appears in Table 2. The
data was calculated according to the Federal procedures for the
1968 emission standards. The cérbon dioxide (CO,) corrected
value also appears in this table. The Hydrocarbon value was added
to the total Carbon correction on all modes. The high con-
centrations of Hydrocarbons encountered significantly affected
the correction factors and would have given higher emissions if
this factor was only used on the decel modes as prescribed by
the Federal Register. In all cases the data shows the engine
operating with a rich mixture which is probably characteristic
of a two-cycle motorcycle as well as the haseline four-cycle
engine. As was mentioned earlier no attempt was made to make

adjustments on these motorcycles.

Table 3 is a summary of the diluted bag sample analysis. 1In
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comparing the corrected values for Hydrocarbon (HC) and

Carbon Monoxide (CO) in Table 3 with those from Table 2, we
find- an average difference of about 10 per cent. The average
Hydrocarbon value obtained for all 8 motorcycles by the 7-mode
ana;ysis was 4404 as compared to 3948 for the bag analysis.

The respective Carbon Monoxide values were 4.6 and 4.12.

Considering we are comparing a closed verses an open cycle this
agreement could be considered quite good. This close agree-
ment however was not shoéwn in the mass emission calculations

by the two different methods.

The oxides of nitrogen determined by bag sample analysis were
much higher than the seven-mode cycle data. The seven-mode cycle
data is the more logical and prohably the correct value. The

bag samples were probably contaminated from previous tests due to
moisture in the system and hang-up. These bags were carefully
flushed with clean air between samples but it is vaious from

the data that the interference of moisture and NO, hang-up was

probably contributing greatly to the response.

Mass emissions as determined from these two sets of data

appear in Tables 4 & 5. Thére is a noticeable difference in the
mass emissions as determined by these two methods. The oxides of
Nitrogen differences are readily explainable by the large concen-
tration differences determined by the two methods. The differences
seen between the values for Hydrocarbor and Carbon Monoxide are

less easily explained.
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The greatest influence on this calculation is the exhaust

volumne per mile as determined by the two different methods. If one
for example takes the V mix calculated in Table 5 for the Yamaha 180
and divides by the correction factor we obtain a corrected exhaust
volume per mile of 19.2 which compares to 4.3 as determined by the

Q<

empirical formulae from the Federal Register (45 CFR & 85.87).

Another difference which affected the-results was that the

flame ionization data was used to calculate Hydrocarbon emissions
in Table 5 (bag samples) and the NDIR multiplied by a factor of
1.8 was used for Table 4. This factor as can be seen hy Figure 1

was incorrect as the actual ratio came out 1.33.

" Other factors which affected the comparison were the different
methods used to determine the correction factors, and inherent
errors involved in measurement of temperatures, pressure, and

mass flow rates.

Mass emissions calculated hy the seven-mode data ‘cannot be

expected to agree with the Variabhle Volume Mass Sampler data. It

is obvious from the difference in the calculations and sampling
techniques that were used that we really are trying to compare

two different things; As to which method is correct, we believe
that both methods suffer from inadequacies as these methods

were specifically designed for a four-cycle passenger car. This
data is presented only as a comparison of emissions based on present

sampling procedures.

The large differences between the two methods of calculations
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shows a need for the development of more appropriate driving cycles
and sampling procedures. We can only conclude that the actual

emissions found by newer methods will be within the ranges reported.

Table 6 is a summary of the Gas Chromatography data and the

comnplete data by compound appears in Appendix F.

In addition to the actual concentrations of individual compounds
the reactivity of each compound has been computed using the G.M.

reactivity index!. Individual compounds were identified using

2 3

the data of McEwen® and Jackson”.

- The Hydrocarbon names have been ahbreviated on the data sheets

and the identifications are given in Appendix A. The reactivity

of the Hydrocarbons is a measure of its smog forming potential. The
higher the reactivity number the faster the Hydrocarbon will

react in the smog forming photooxidation reaction.

Appendix B 1is a typical automobile exhaust calculation of
individual Hydrocarbons and reactivity. In comparing this set

of data with that determined from the two-cycle emissions we see an
order of magnitude difference in both concentration of Hydrocarbons
and reactivity. However, the higher emissions from the two-cycle
engines should be weighted on a grams per mile basis rather than

a per cent or ppm basis as reported. The data does show that

the overall reactivity when compared on fhe basis of Hydrocarbon
concentration is nearly equivalent to a typical automobile exhaust.
The total Hydrocarbons determined by gas chromatography are very

close to the flame ionization data obtained although less in each
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case. This G.C. data is, however, representative of greater than
90% of the total Hydrocarbhons. McEwen2 reports average Carhon
numbers in the range of 3.40 to 5.95. Since the highest average
‘Carbon number reported (5.9) falls within this range and since this
.particular cycle (Suzuki 250) has oil pumped directly to the

main bearings and rod lower end rather than being pre-mixed or
injected with the fuel, the contribution of the o0il to the Hydro-
carbon measured could be considered slight for these two-cycle
engines. If the o0il were actually contributing to the overall
Hydrocarbon measurement we would expect higher average Carbon

numbers for the other two cycles.

It should be noted that the Yamaha 250 was not run on the same

fuel as the other two motorcycles.

Also, because of the small volume of the tanks and the difficulty

of completely draining the tank hefore filling with the test

fuel it would be possible for this residual fuel to affect the
overall composition. However, we feel the:data as presented 1is
valid for the purpose of obtaining typical emissions of individual
Hydrocarbons especially those formed primarily in the engine such as

acetylenes and the lower Carbon number paraffins and acetylenes.

CONTRIBUTION TO OVERALL POLLUTION

The U.S. Department of Transportation shows that in 1966 pas-
senger cars traveled a total of 744,844 million miles, motorcycles

traveled a total of 6,896 million miles. According to the latest
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information the two-cycle motorcvcles account for 39% of the

motorcycle sales.

Using the overall average mass enissions from Table 4 for two-
cycle motorcyclés and assunming that all passenger cars meet the
standards of 2.2 grams per mile bf Hydrocarbon and 23 grams per
mile of Carbon Monoxide we arrive at the following information:
l. Two--cycle motorcycles emit 0.65 of the pas-
senger car Hydrocarbon emissions and 0.1l of
the Carbon Monoxide emissions.
2. This amounts to approximately ‘11,300 tons per
year of Hydrocarbons and 2C,100 tons per vear

of Carbon MMonoxide.

Figure 5 1s a graph comparing the range of Hydrocarbohs experienced
on a single device equipped passencer car as comparecd with the
motorcycle emissions on a grams per mile basis as determined

from Table 4. The Carbon Monoxide emissions are significantly

lower than the passenger car but the Hydrocarhon rénge is

greater by approximately a factor of 3. Therefore, even though the
motorcycles at present represent a small percentage of the total
overall vehicle emissions as the cycle becomes more popular it could
be a significant contributor tc air pollution in the near

future.

According to the U.S.D.T. study there was an increase in sales
of motorcycles of 32.4 percent form 1965 - 1966. Iore up-to-date
information on 'cycle population and other two-cycle engine

machines such as boats, lawn-nowers, chain saws and slki-mobiles



Project # 1-1107
January 23, 19790 ~-11-

would most likely show an even more significant contribution

to air pollution than we can rresently estimate.

SUGGESTIONS FOR TFURTHER STUDY

Before a more accurate picture of overall two-cycle emissions

can be determinec¢ a study of actual population types and numbers
should be made of all two--cycle engine machines. Also, a study
should be made of driving or operating conditions peculiar to

the varioué types. With this type of information and equipment
designed around these operating parameters and using the most
advanced types of instrumentation available a study should be

made which would give us a more accurate index of the contribution

the two-cycle engine is making to air pollution.
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Vehicle Identification

September 24, 1969

Displacement Vehicle Model Dyno Inertia3
Manufacturer cc Weight Pounds Year Mileage Pounds

Honda 350 325 1969 New 500

Yamaha 180 300 1968 6282 Rolls only

Yamaha 100 212 1969 736 Rolls only

Yamaha 50 174 1969 1292 Rolls only

Yamaha 80 185 1967 11916 Rolls only
Yamaha 305 384 1969 1249 500
Suzuki 250 325 1969 28 500
Yamaha Endura? 250 275 1969 No 500

Odometer

l. Four-cycle engine.

2. Used premixed fuel-oil mixture of 40:1

3. Horsepower absorption unit not used.
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TABLE 2

SUMMARY OF CONTINUQUS 7-MODE CYCLE

NON~DISPERSIVE INFRARED ANALYSIS

HC/NDIR

Vehicle CO NO COo,
% Dpm %

Honda 350 4-cycle

Run #1 ’ 602 ppm 6.43 % 8.18 %
Run #2 558 ppm 6.63 % 292 popnm 8.04 %
Run #3 585 ppm 6.50 % 297 ppm 8.14 %
Average 582 ppm 6.52 g 294 ppm 8.13 g
Yamaha 180 2-cycle

Run #1 4260 ppm 2.79 % 171 ppm 9.63 %
‘Run #2 4785 ppm 1.92 & 242 ppm 10.20 %
Run #3 4632 ppm 2.84 % 297 ppm 9.39 &
Average 4560 ppm 2.52 % 237 ppm 9.74 %
Yamaha 100 2-cvcle

Run #1 3585 ppm 4.26 3 203 ppm 8.59 %
Run #2 3963 ppm 3.73 % 185 ppm 8.89 %
Run #3 3600 ppm 4.53 % 84 ppm 8.22 %
Average 3716 ppm 4.19 % 159 ppm 8.57 %
Yamaha 50 2-cycle

Run #1 3299 ppm 3.68 3 319 ppm 9.34 %
Run #2 4204 ppm 3.14 % 369 ppm 9.22 %
Rgn #3 3993 ppm 3.64 % 450 ppmn 8.98 %
Average 3832 ppm 3.49 % 37¢ ppm 9.18 %
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TABLE 2 Cont'd

SUMMARY OF CONTIMUOUS 7-MODE CYCLE

NON-DISPERSIVE

INFRARED ANALVSIS

Vehicle HC/IIDIR Co NO C02
3 npm 3

Yamaha 80 2-cycle

Run #1 2407 ppm .65 2 368 ppm 11.90 2
Run 12 2232 ppit .76 % 244 ppn 11.86 %
"Average 2345 ppn .70 % 306 ppm 11.82 ¢
Yamaha 305 2-cycle

Run {1 5840 ppm .62 & 100 ppm 4.61 %
Run {2 6166 ppm .55 % 159 ppm 5.34 %
Run #3 5996 ppm .58 % 114 ppm 4.82 %
Run {4 6447 ppm .19 2 546 ppm .7.95 %
Average 6112 ppm .73 % 230 ppm 5.68 %
Suzuki 250 2-cycle

Run #1 5155 ppnm .10 % 130 ppm 6.17 %
Run {2 4248 pon .83 % 158 ppm 6.61 2%
Run #3 4483 ppm .59 % 126 ppn 5.71 %
RPun #4 4628 ppm 46 % 434 ppn 4.76 %
Average 4629 ppnm .50 % 212 ppn 5.31 %
Yamaha 250 2-cycle

Run 3#1 5603 ppm .54 % 94 ppm "5.10 %
Run #2 5674 ppm .22 % 168 ppm 5.37 %
Run #3 6141 ppm .19 % 137 pom 5.10 %
Average 5806 ppm .31 % 133 ppm 5.19 %
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Table 3

Summary Of Corrected & Uncorrected
Bag Sample Data (NDIR, NDUV & FI)

Vehicle §& HC/NDIR HC/FID CcO NO N02 NOy, CO2
Test No. ppm Hexane ppm Hexane 3 ppm ppm ppm ppm
Honda 350 )
Run #1 455 750 2.30 3.10
Run #2 365 750 2.20 125 36 161 2.75
Run i3 375 . 750 2.05 100 14 114 2.65
Average 398 750 2.18 113 25 138 2.83
Correction
Factor: 2.73
Average
Corrected: 1,087 2,048 5.95 308 68 377 7.73
Yamaha 180
Run ¢1 490 595 .35 25 74 99 .87
Run #2 490 5485 .28 25 109 134 .85
Run #3 490 690 .26 37 138 175 .80
Average 490 627 .30 29 107 136 .84
Correction
Factor: 10
Average . .
Corrected: 4,900 6,265 3.0 290 1,070 1,360 8.40
Yamaha 100
Run #1 ) 350 525 .40 37 81 118 .62
Run #2 375 550 .41 25 92 117 .62
Run 3 390 - 550 .46 12 97 109 .62
Average 372 542 .44 25 90 © 115 .62
‘6rrection

Factor: 11.03

Average :
Corrected 4,103 5,973 4.85 276 993 1268 6.84
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Table 3 - Cont'd

Summary Of Corrected & Uncorrected

Bag Sample Data (NDIR, NDUV & FI)

1969

Vehicle & HC/NDIR HC/FID CcO NO N02 NOy CO5p
Test No. ppm Hexane ppm Hexane % ppm ppm Ppm prm
Yamaha 50
Run #1 , 220 300 .21 50 90 140 .55
Run #2 275 410 .18 75 102 177 .55
Run #3 240 390 .18 62 76 138 .55
Average 245 367 .19 62 89 152 .55
Correction
Factor: 15.31
Average
Corrected 3,751 5,611 2.91 949 1,363 2327 8.42
Yamaha 80
Run #1 150 250 .07 50 56 106 .67
Run #2 145 250 .08 75 56 131 .62
Average
Uncorrected 148 250 .08 63 56 119 .65
Correction
Factor: 16.48
Average :
Corrected: 2,439 4,120 .32 1038 923 1961 10.71
Yamaha 305
‘Run {1 630 920 .48 25 169 194 .60
Run #2 630 900 .49 37 187 224 .46
Run #3 640 900 .52 50 187 237 .67
Run #4 685 920 L4412 156 168 .62
Average 646 910 .48 31 175 206 .59
~orrection
Factor: 9.32
Average ‘
Corrected: 6,021 8,481 4.47 289 1631 1920 5.50
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Table 3 - Cont'd

Summary Of Corrected & Uncorrected
Bag Sample Data (NDIR, NDUV & FI)

Vehicle & HC/NDIR HC/FID Cco NO NO, NOy COy
Test No. ppm Hexane ppm Hexane % ppm ppm ppm ppm

Suzuki 250

Run #1 1000 1355 .83 37 200 237 .70
Run #2 815 1210 .76 37 66 103 .71
Run #3 860 1210 .80 37 80 117 .65
Run #4 1325 2030 .93 175 95 270 .55
Average 1000 1452 .83 72 110 182 .65
Correction
Factor: 6.38
Average
Corrected: 6380 9261 5.30 459 702 1161l 4.15
Yamaha 250
Run #1 790 950 .63 50 102 152 .60
Run #2 845 970 .66 12 124 136 .67
Run #3 780 1020 .59 37 86 123 .60
Average 805 980 .63 33 104 137 .62
Correction
Factor: 8.15
Average

Corrected: 6561 7987 5.13 269 848 1117 5.05
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TABLE 4
MASS EMISSIONS AS DETERMINED FROM 7-MODE CYCLE. DATA 1
Inertia 2 Exhaust _HC co NO,,
"~ Volunme g/mi g/mi g/ml
Cu.Ft.Per Mile3
Honda 3590 500 6.0 0.62 12.95 0.096
Yamaha 180 450 4.8 3.86 4.0 0.062
Yamaha 100 350 2.5 1.64 3.47 N.022
Yamaha 50 325 1.9 1.28 2.2 0.03°
Yamaha 80 335 2.14 .88 1.20 0.036
Yamaha 305 500 6.0 6.48 11.38 .075
Suzuki 250 500 6.0 4.9 12.91 .069
Yamaha 2590 500 6.0 6.14 12.53 0.043
"Average 2-cycle only 3.59 6.81 0.049
1. Average values from Table 2 used for calculations.
2. Determined either by dynamometer loading or by the vehicle
weight plus 150 pounds.
3. Calculated per 45 CFR 8§ 85.87
Mass Emission Equations:
HC Mass = ppm Hexane Exhaust Volume .
106 X 1.8 X6X Mile X Density HC
CO Mass = % CO Exhaust Volume .
3 (6{0)
100 Mile X Density

NO Mass = ppm NO Exhaust Volume . NO

3 Mile X Density 2
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Table 5
Mass Imission As Determined
From Variablc Dilution Bag Sampler Data !
V.

Cu.?%{(/«\lile3 HC g/m? CO g/m NO, g/m
Honda 350 91.8 6.75 - 66.0 0.69
Yamaha 180 192.0 11.8 19.1 1.42
Yamaha 100 91.0 4.83 13.3 0.57
Yamaha 50 91.5 3.28 5.76 0.76
Yamaha 80 92.3 2.26 '2.45 0.60
Yamaha 305 185.0 16.5 29.4 1.76
Yamaha 250 186.0 26.5 51.2 1.84
Yamaha 250 185.0 17.8 38.6 1.39
Average For
2-cycle engines 11.8 26.85 1.19

1 Average valucs from Table 3 were used for these calculations.

2 As determined by Flame Ionization.

3 Vpix =

Diluted exhaust volume in cubic feet per mile, corrected to standard
conditions.

Mass Fmission Equations:

HC Mass

CO Mass

NO Mass

ppm ProEane

10
5 _CO

100

ppm NO

106

X 3 X Vmix X Density HC

X Vmix X Density CO

X Vmix X Density NO,.



Final Report
Project # 1-1017

September 24, 1969

Table ¢
Summary Of Gas Chromatography Data 1
Test #1 Test # Test #3

Yamaha 250 Yamaha 305 Suzuki 250
Total Paraffins PPM Carbon 25239.91 21414.2 25698.69
Average Carbon Number .5.01 5.41 5.69
Total Paraffins PPM 5038.97 3958.61 4514.7
Percent Paraffins 56.79 45.83 57.02
Reactivity (G.M.) 6044.73 5053.94 5880.47
Total Olefins PPM Carbon 8397.21 8990.99 4270.41
Average Carbon Number 4.08 4.48 4.74
Tctal Olefins PPM 2059.82 2007.28 900.23
Percent Olefins 23.21 23.24 11.37
Reactivity (G.M.) 16785.9 18998.6 9247.14
Total Aromatic PPM Carbon 9575.73 18777.27 15922.49
Average Carbon Number 7.77 8.13 7.59
Total Aromatics PPM 1232.29 2309.94 2098.32
Percent Aromatics 13.89 26.74 26.50
Reactivity (G.M.) 3883.32 7540.09 5834.11



Final Repor£ September 24, 1969
Project # 1-1017
Table 6 Continued
Summary Of Gas Chromatographyv Data 1

Yéggﬁg g%o Ya£§§§ %gs Sugﬁig ggo
Total Acetylenes PPM Caxrbon 1090.34 728.57 811.57
Average Carbon Number 2.01 2.02 2.01
Total Acetylenes PPM 542.18 361.19 404.41
Percent Acetylenes 6.11 4.18 5.11
Reactivity (G.M.) 23.28 24.18 10.72
Grand Totals:
PPM Carbon 44307.07 49911.03 46702.89
PPM Hexane 7384.523 8318.5 7783.844
PPM Compound 8873.133 8636.875 7917.52
ReactiQity (G.M.) 26737.24 31616.88 20972.5
Maga Index 0.625 0.723 0.674
G.M. Index 3.013 3.661 2.649
Average Carbon Number 4.993 5.779 5.899

1 All data corrected by the factor

15

CO + CO, + 6 HC
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Figure 4

EXHAUST _ONCENTRATION DATA
Run No. 319
Date 7-25-69Project No., _1-1107 Vehicle Yamaha 180 Odometer
Device
: L= 25 || oL
o | MODE HC Co Oy 20-CO, CORRECTED 20| ] \MCJL“'
Sl : , ) lacLor He__col 28l He co !l s
o IMetex ppmiMeter! % _ 'Meteri % | oo ! o 1 1 oemit %] '
Idle | 198 | | .08 | .17 .40.67aps3  3.25 . 0421 3381 14
_0-25 | 565 | | .58 | |1.1271 7.364156 14-271, 24411014 104
_30 | . 375 |_.25 | 1.35.1 8.22i3082 ‘2 ,05!,118] 364 | 241 ppm uG
1 |-30=15 |_286 211 ] .501!19.195488 {5 11i,062¢ 3401 .13! 4315
15 ' 405 .08 i .74114.11%714 12.131,0501 286 | .06
15-30 | 450 .29 | 1.25] 8.2913729 12.40i.455]1697 11,09 % CO__
e 90-20 | 450 | | .15 | | .29121.1319508 !13.17:{.0291 276! .09’ 2.79
] Idle i 187 i .07 | 17 142.59,7964 1 2.98].0421 334 .12
| 0-25 | 385 | .26 | 1.07 ! 9.61lla699 12,50i.2441 902! .61
30 | 495 P .45 | 1.37 1 7.231307213.25!,118] 362 .38 pom HC
2 [30-15 | 315 | .15 | .50 117.8815632 12 ¢g1.0621 349 ] -17: 4204
|15 | 385 i .05 | .72.114.9815767 | .75!, 050! 2881 .04
15-30 475 .38 1.251 7.81i{3709 12.97],455!168811.35: 9 co__
50-20 475 21 | .24120.4119695 14-29: 0291 281 ,12! 2.79
Idle | ! | | | | L0421
| 0-25 l l | i 2 2L |
30 l ! ! l !,._l_lSI ! | ppx =C
3 |30=15 | |HC = | 4260 PPN ! L0062 | i
15 l lco = | 2,794 l .050! ' |
15-30 l | ' 455 | _CO__
50-20_1 Bag_ Sample v | ! | |..029 3
Idle ! i l L] | 042 |
0-25 |_490 | 35 | | .87! 9.91!4855{3.47, 2¢4¢4] i
30 | R ‘ | l i | 118 _ppm__HC
4 130-15__ | uc =1lags5 bpm N .062
15 | co =13.473! .050 i i
15-30 ! I | ! | 455, l . %_CO__
50-20 FID |1190 propane ' | | | 029 !
“Tdle 1 30.12" Hg; ff%"“ﬁﬁﬁﬁs 40°C | | i 0wz | -
0-25 | ! | i ! ! L2044 ’
30 | | i | .1181 i_ppr_HC
6 30-15 | | I 062 ‘ ]
15 | i i | : .0501__ f
15-30 % ‘: | | |.£55] ! __%.CO
50-20 ! | : ! : l.029! ! !
Idle | | | ! ! |..042 | :
0=25 ! | | | | W24k i
30 | | sl U ppa
7 130-15 l ! ‘ ! . 062 |
_15 | ' | o |_1.050 3
1230 ] il l.essl ol %.co_
20-20 | | | | 029 ]
| i A | | L i
NO ppm 4260 HC ppm 2.79 co




WDITARDQADD 2J0ATNOD JIHAARD [A39A] HIARD B

A 2Unibeinnd oY wel olsttuB

HIW1 AR 3HT OT OF X Of Inup2

V0-£r80-2A

T » L1 nim NN b A T 117 T T
1 Iu%. SR Suun g O SeEe ENEREpENES & suin
| Saaabanss yasn : T H H B8 1 baman
t
ORISR ITRE E . e
t iR st h b R SRaa
ESSEREENENN SESRARE S SRS S S o e < T s ann ]
J i} prangs FEN Muh - el piknag e wnd nadnk huui
A 2 SuEeRREERY NR0 0N B # 1 i3 i
1 bt r bt
| et i s
-1 7 1 iy Engus b
L3 s ! + pegatib
. i JNERE g s ey 1t ' > Ao
= RS R h‘rTTw(,?.. 1Tl Y RN 1 T1IT53
3 A H il I AT O R D 1 [uinias B
HEWK ERNEG DL 69 B I 0 ; 8 S
T ! ERNEH BEU BN SRR R I : T T ——
i N e IMEEBRENATE S ERERY AELSE NN I 1
EEmRA S e L nim it b e s et i s _ T ] S
—edd g ¢ N | ju i HER ] I
- e e - — - -
i ey ¥ I : e ] 1
e T 1 T I i nding T
i1 5 HH ; 1 +H T ;
= T IS + IuE T ;
T 1 T SHY W I t t t !
o) ¥ . 3 8 RORS 5 4 ]
A HHTHTE 1 1 1 LELIEL 4 LT
- 44 ferte 4 } - 1 .
: B i r 1 T I 9 f inuas ! HH
LR ' ] , ! - I
Bf Eascasaanes : Baasaem:f ! aas Evan pneadfensal
i ' - : T ! I ;
B 7 W T x t 3 T : 0
2 T 111 1T ! T i 68 ; t
s } Hrit t m S :
; w T T Hoeih 1 :
T = TIIEREE e ! T R .
L4 : Eas i i 5 s
! T g Bl 1 ; T 1 ; a8 o I
1 3Ty 14T T i ! S 3 i I T !
: Ll s i k1 ! ! H
i I
i H Cone dEdna N ! ; e 7
x i | 6 i1 M
e R b i HoTH
: T P -
- T L - T L - - T
: R, ! 1 1 : §50est fasasss
At ' ; T : o .
i i1 1 ERNEI 1T g : 1 .._4| ! TS 1t
T i E T EEa 17 GO & 1 11 i i ;
! H- A =it HHL L :
+ . Y . + + L —+ 1
: : T ERERES : T +
! T EES 1 ] “ .
AP 3t Rl sauwy T T : 16 4 j
L) i e ¢4 o T
: } & | e
F o N S B el -
- . : B - ; — bt
T T ; B BERE R BEES BESEE B :
; i Raynataun aasaE T sy :
u_e 4 . 3 1 I i :
= 1 1 BENEY R rand B T
> &Y NEmES ! et 4 Vi j
P G e T i +
.f_\ : : t 1 s J T AT i
“\M 1 e I T T 1  § w 1 WA", T
DA W N LE " n pwns ; . ;: :
e W WERS T i AR T :
ol o, it BEBE) : : T T 1 R RS R B
7 s : t - S NS : — U
T R 40 : o = ug 5 :
s B e ! - :
! . : i : ot T+ :
i - - ; — :
- T e - ~
L % HE B ”, :JT v
15008 BRI S PESE BEn Tt Y (04
B = T e . T
{ i 2y FREE BE!
" _H 1 m T ramiog ¥
T T £ R
Y : L 1 10l H H L
+ + i G 'R SR RN
i > R 1) T
.3 G55 el g
e + = T :
f2 o .
et (V=¥ B o
B 1w -
[25 D 1+
8 ——
e i £ ;
3 kit N
-0 —]
1 T ¥ A S 41
S 07 .
; - = Hr
1 H b i
. + i ok
.. 8 -1
3 =h
] _ a5
t + G
- N
i £ S i
gd 4
& i~ 1
e & i T
e t O HH
G I By ol
3 IS HHL EENEE §Iw
~ -3 +
H 4 —~ N7
T %, B
1 i i bbbl
- L : i
T4t s i T
 Edmmt bpa s rf
i T t nmas hmdnm u:
+ FE ! BRI haEaN @
N HIFH
T
seam
+ ' - akds
n 2 Ramad iat HhH
e T ) W Ky o e
CauipaE I8 it 2
E AN RETRE KaEs f : 4
*y-N- y - - b4o$-p-
equippgdiipag i
Smi . 0u haam e 49
R S :
r i
wedyguugd
B QEREA 5]
4 1
L

Sy




APPENDIX



Final Report

Project # 1017

2201P
240MP
22373
330MP
CHX
230MmP
2MHX
IMHX

UNK 3
3P
224THP
NHP

MCHX
2201
223TiP
2508
24DMAX
320MHX
234THP
233TiP
230MHX
SMER
225TMRX
T12DMCHX
NOC
C12DMCHX
NN

ND

MA

B2
TOL
€8Z
PX
MX
ox
1PREZ
NPRBZ
1MZEBZ
1MIEBZ
13537432
1M2287
188z
12478327
198z
sBBZ
1M31°R32
123732
IMGIPRSZ
1M21PR3Z

APPENDIX A
HYDROCARBON CODE IDENTIFICATION

PARAFF INS

FETHANE
ETHANE

ROPANE

1-BUTANE
N-BUTANE

I =PENTANE
N-PEINTANE
202-DIMETHYLBUTANE
CYCLOPENTANE
203-DiMITHYLBUTANE
2-MITHYLPENTANE
3-METHYLPINTANE
N-HIXANE
METHYLCYCLOPENTANE
242-DIMETHYLPINTANE
204~DIMETHYLPENTANE
20243-TRIMETHYLBUTANE
34¢3~-DIMETHYLPENTANE
CYCLOHEXANE
243-DIMITHYLPENTANE
2-METHYLHEXANE
3~MIZITHYLMHIXANE
UNKNOWN 3
3-ETHYLPENTANE
24¢20¢0-TRINSTHYLPENTANE
N-HZPTANE
LETHYLCYCLORIXNANE
2¢2=-DINITHYLREKANE
242+ 3-TRINITHYLPENTANE
2¢5-DIMIETRYLHEXANE
24 4=-DIMETHYLHE XANE
303=DIMITHYLHIXANE
20344=TRINMZTHYLPINTANE
2¢3+3-TRINMITHYLPENTANE
20 3=DIMETHYLHIXANE
3=(ZTHYLHEPTANE
24245=-TRIMZITHYLHEXANE
TRANS~14¢2=DIMETHYLCYCLOHEXANE
N-OCTANE
C1S~14¢2-DIMETHYLCYCLOHEXANE
N=NONANZ

N=-DECANE

ACETYLENES

ACETYLERTZ
METHYLACETYLENE

AROMATICS

BENZENEZ

TOLUENE

ETHYLBENZENE

PARA=XYLENE

META-XYLENE

ORTHO~XYLENE
1-FROPYLBINZENE
N-PRCPYLEENZENE

1 =METHYL-3-ZTHYLBENZENE
1-METHYL-3~ETHYLBENZENE
143¢5-TRIMI THYLBENZENE

1 =METHYL—-2-ETHYLBENZENE
TERT=SUTYLBENZENS
1e204=TRIMZETHYLBENZENE
1-BUTYLBENZENE
SEC-SUTYLBENZENE
1-EZTHYL=-3~1-PROPYLBENZENE
142¢3=-TRIMITHYLBENZENE
1-METHYL=4- 1 ~PRCPYLEENZENE

L 1=METHYL=-2~1~PROPYLBENZENE

130E82
1M3NPRBZ
1MONPRBZ
NBBZ
120&8B2

1 30M5€8Z
14DEBZ

18

1BE

138

T28

ces

UNK 1
ami1B

1P

2m18
2mM138
T2P

ca2P
2M23
T13P
330M18
ci15P
CPE
4M1P
230M18
amc2pP
amT2P
2M1P
1HX
2E18
C3HX
T3HX
T2HX
C2HX
a2m2pP
avT2P
amc2R
230mM28
233TM1B
340M1P
S5M1HX
CHXE
SMT2HX
3aDMC2P
SMC2HX
34DMT2P
1HP
T3HP
C3HP
244TMIP
3E2P
T2HP
c2HP
244TM2P
A4MCHXE
3MCHXE
IMCHXE
10C

2E 1HX
230M2HX
T20C
26DM3KHP
cz20C

AROMATICS CONTINUED

1+3~01ETHYLBENZENE

1 =METHYL-2-N-PROPYLBENZENE
1=METHYL-A4~N-=PROPYLBENZENE
N-BUTYLBEMNZENE
1:2-DIETHYLBENZENE
143-OIMETHYL-5-ETHYLBENZENE
144~DIETHYLBENZENE

OLEFINS

ETHYLENE

PROPYLLENE

PROPADIENE

1-BUTENE

1-BUTENE

143~-BUTADIENE
TRANS~2-8BUTENE
C1S=2~BUTENE

UNKNOWN 1
3=-METHYL~-1-BUTENE
1=-PENTENE
2-METHYL~1~BUTENE
2-METHYL=143=3UTADIENE
TRANS=2~PENTENE
C1S5-2-PENTENE
2-METHYL-2-BUTENE
TRANS=-14¢3-PENTADIENE
343-DIMETHYL~1-BUTENE
C1S~243-PENTADIENE
CYCLOPENTENE
4=METHYL~1-PENTENE
2¢3-DIMETHYL=~1-BUTENE
4=METHYL~C15-2=PENTENE
4~METHYL~TRANS=2=-PENTENE
2~-METHYL-1-PENTENE

1 =HEXENE
2=ETHYL~1~BUTENE
C15=3-HEXENE
TRANS=3=-HEXENE
TRANS=2=-HEXENE
C1§~2-HEXENE
2-METHYL-2-PENTENE
3=METHYL~TRANS=2~PENTENE
3=-METHYL=CIS=2=-PENTENE
243-DIMETHYL=-2-BUTENE
2¢3¢3=-TRIMETHYL=1~BUTENE
344-DIMETHYL~1=PENTENE
S=MZTHYL=1-HEXENE
CYCLOMEXENE
S=METHYL~TRANS=2~HEXENE
344-DIMETHYL-CIS~2-PENTENE
S-METHYL~C1S5=2-HEXENE
344-DIMETHYL=TRANS=2=PENTENE
1 =HEPTENE
TRANS=3-HEPTENE
CIS~3-HEPTENE
24448=-TRIMETHYL~1=PINTENE
3-ETHYL-2-PENTENE
TRANS=-2-HEPTENE
C1S=2~HEPTENE

2444 0~TRIMETHYL=2~PENTENE
4=METHYLCYCL ONEXENE
3-METHYLCYCLOHEXENE
1=METHYLCYCLOREXENE
1-0CTENE
2-ETHYL~1-HEXENE
2¢3~0IMETHYL-2-HEXENE
TRANS=2~0CTENE
246~DIMETHYL=3~HEPTENE
Cl15-2~0CTENE
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Table 1 - Typical Exhaust Hydrocarbon Analysis by Gas Chromatography and Calculation of Total Hydrocarbon
Reactivity Index 1

PEAK

Reprinted from M.W. Jackson,

Hydrocarbons",
# 660404.

A 3] C
CONCENTRATION

COMPGORIENT POMC PPRM

PARAFFINS
METHANE 130403 130.03
E THANE 34,31 17416
PRIOPANE 0.00 0.00
I8 3.91 099
N3 41e28 10+ 31
1P 91.20 18024
NP 37413 7483
220mM5 6e62 1+10
cP 3.01 0460
230M8 27439 4.57
2mP 2799 Ge6G7
3mp 17446 2491
NHX 2378 3.96
MCP 220MP 12.048 .- 1s85
24DM02 2237TMD 2227 3.410
33ZMP CHX Se72 0.0
230mP 2mHX 27697 6400
3MHX UNK 3 Q.32 133
3EP 224TMP 16856 2107
NHP 1324 1.89
MCHX 220MHX 6402 080
UNK 9 0402 0. 00
223TMP 25DMHX 24DMHX 47,86 S.98
330MHX 234TMP 233THMP 23DMHX 133.64 16.71
UNK 6 2167 De71
UNK 7 9¢93 1e2a
MR 6402 0«75
229 TMHX T 2DMCHX 16625 1651
NCC 6e62 0.83
UNK 1] 0es20 0403
UNK 12 2471 0e30
C120MCHX 0.00 0«00
UNK 13 090 Oe10
uNK 15 0.50 _0el10
UNK 17 150 Oel7
UNK 19 [e XY ol 0.00
UNK 20 0.00 0.00
UNK 21 1450 0e17
un 23 18! 020
UNK 24 2e71 0420
NN 1e81 0«20
uNK 26 0430 0e03
UNK 208. 0,00 0+00
URNX 30 0.00 C.00
UNX 31 Oe«CO 0+Q0
UNK 232 0400 0e.00
UNX 33 1220 0012
ND 000 C.00
OTHER PARAFF INS 0.00 0.00
SUB=TOTAL 968492 269022

ACETYLENES
ACETYLENE 15772 70.86
MA wilTH PROPADIENE 0.00 Ge00
SuUB-TOTAL 157672 78486

SAE transactions Vol. 75

(1967) .

o]

RELATIVE

REACT .

0400
Oed2
066
105
127
1466
158
1034
1:56
186
1459
164
158
190
1420
150
1650
150
1¢30
151
160
150
1450
160
1450
150
T 1e63
160
1e46
150
150
1470
1¢50
1450
1450
150
150
150
150
1.50
1ea2

1¢50

1450

150
1¢50
150
150
1e40
140

0e00
- Je90

€

REACT.
INDEX

0.00
7e21
000
1.03
13.09
30.28
12437
1048
090
8449
7e42
4477
626
352
4e.1a
132
600
2000
2739
2.86
128
000
897
26473
4+06
186
123
3.06
le2i
0405
0ea5S
0.00
0415
0415
0e25
0«00
0.00
0425
020
0edS
0.208
005
0400
0+00
0000
000
0.18

0.00 .

0¢00

19153

0400
0.00

0.00

"Effects of Some Engine Variable
- .and _Control Systems On Composition and Reactivity of Exhaust

(con’t)

SAE Publication
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Table 1 (con't)

APPENDIX B - CONTINUED

A (4]

C

CONCENTRATION

Prax COMPOMNENT PPMC
AROMATICS
39 Oz QYe33
50 TOL 613,30
63  €ar av7.%0
64 PX MX 90.20
06  0X 56429
69 1PRBZ 2671
72 NPROZ 25.89
73 IM3EDT IMGEDZ S7.79
74 13STMOZ 20447
75 IM2EDZ 28.29
77 1032 124aTM0Z 7986
T8 1982 seu Sel2
79 IMIIPRHT 123TMOZ 19426
80 ImaipPRAT 0.00
81 1M21PROT Ge02
.. 82 130EQT 1ManPRDZ 26.29
B3 IMANPRUZ NBAT 12CEDZ 13DMSEBZ 14DEBZ 19.56
84 OTHER ARCMATICS 130,63
SUB=TOTAL 1350429
OLEF INS
3 ETHYLENE 2046 .68
S  PROPYLONE 176.99
7 PROPADICNE 30.10
9 19 10E 138 1768.77
11 T28 2709
13 ceo 156865
14 UNK I 0.90
15 M8 6.02
17 1R 8443
18 2MiB 24.08
20 2M138 12400
21 TeP 16086
22 Czp Q.41
— . 23 2mM2B 38.53
24 Ti3P 0.00
25 33D0Ml1B J.01
26 C13P 0.00
27 CPE 3.01
28 amip 6.02
29 23DMiB 12.64
30 aM(2Pr amYIZP 6:62
31 Uk 2 0.00
32 2M1P 1HX 6402
33 2618 Te22
36 C3IHX TIHX T28X C21x Te22
35 2m2p 963
36 3MmT2P 3.01
37 3wmcee B8ea]
38 230M28B 233TMmiB B84¢a3
39  JAapmM (P 0.00
a1  SMIHX ae82
42 CHXE 10.23
a3 SMT2HX 3a0MC2P SMC2HX 34aDMT2P 21467
23 1 HP a5.7%
as  TIHP C3IHP 9.03
a6 264TMIP 3E2P T2HP 6.02
47 C2HP UNK 4 4421
49 244TM2P AMCHXE 3MChHXE 13.24
S I1MCHXE Q.00
52 UNX 8 Sea2
S3 UNK 9 3401
S4 10C 2EIHX UNK 10 10.23
655  230M2nx T20C Se42
57  26DM3nP 0460
58 C20¢ O+ 30
60 UNK 14 0.00
3] UNX 16 0460
62 unNx 10 1¢20
65 UNK 22 1450
67 UNX 29 G.00
70 UNK 27 0460
71 UNK 29 0.00
84 OTHER CLEFINS 000
SUB-TOTAL 973473
TOTAL 3450.67

PPN

1695
90en7
SeTia
11e29
704
0430
2.88
662
227
Jela
8436
0«51
2.02
0.00
0+.60
293
1496
11.8¢

174448

102434
5900
10,02
46,70
6477
391
23
120
1669
4.82
244}
3637
1667
Te71
0.00
0+30
0.00
0.60
1.00
2411
1e:i0
0.00
1,00
1.20
120
1461
0.50
1440
1430
0.00
0+¢69
171
3.10
6454
1¢29
0.82
060
1.81
0«00
0.68
0.38
128
0eG0
0407
D04
0e.00
0407
0e13
0417
Q.00
0.06
0«00
0+00

283.a8

806.04

o]

RELATIVE
REACT .

Ce56
2420
2.03
a9
G.a]
1658
1470
4410
8064
3460
3430
100
5480
2490
2490
4420
Je&0
5400

2.88
Se23
3¢90
6.04
18.98
12.03
4,00
9.58
3456
Se76
6427
13405
9415
32.20
6480
356
6480
38.98
3.90
3¢73
[-XY-3
4,00
3,29
390
8440
27412
20430
17.00
52490
2450
2450
5493
1100
2454
7400
940
S5+90
13.00
Q9«73
7400
7400
280
32440
6400
4.20
6400
6a00
600
6400
6«00
600
6400
6400

|3

RCACT,
INOEX

Ge27
199404
1207
554953
31.023
0ea9%
4409
26433
19:65
11432
276060
QoS
1176
0+00
175
1188
6465
59438

489415

294474
349.89%
39413
P26947R
128+54a
a7.07
050
Se51
6+00
27e74
15410
4399
1562
24812
0+0C
1679
0«00
23647
Je
7486
7430
0400
620
48470
1011
43.54
1018
23.88
68459
0+00
1672
10«11
34406
16060
9.03
Fe72
355
234489
0.+00
a4¢7a
2463
3.58
21494
Qe85
0l
0+00
020
0+80
1400
Q.00
06
0400
000

1843419

232307
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APPENDIX C

An Analysis 0Of The Two-Cycle Combustion Process

The two-stroke cycle eﬁgine was developed by Sir Dugald Clark
in 1878. As the name implies, the bésic difference between the
two and the four cycle engine is the number of piston strokes
required to complete one cycle of events. Referring to the illus-
trations (Figures 1 & 2) below, the two-cycle engine requires two
strokes of the piston and one revolution of the crankshaft to com-
plete one cycle of operation comprising intake, compression,
power and exhaust, while the four cycle reéuires four strokes and

two revolutions.

A diagrammatic cross section of a three-port, two-stroke en-
gine 1is shown in Figure 3. "A" represents the crankcase inlet
poft, which is fully uncovered when the piston is at the outer
end of its stroke. "B" is the transfer port, which is uncovered
by the piston as it approaches the inner end of the stroke. 1In
the drawing the piston is shown in the position where it begins
to uncover the transfer port. An expansion stroke has just taken
place, and the burnt gases are shown escaping through the exhaust
port, which is partly uncovered by the piston before the latter
begins to uncover-the transfer port. During the interval be-
tween the beginning of exhaust—pbrt opening and the beginning
of transfer-port opening --- the blowdown period --- enough of

the burnt gases in the combustion chamber must escape through
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the exhaust port to cause the pressure in the combustion chamber
to drop to that in the crankcase. During the remainder of the
in-stroke and the early part of the out-stroke, while both

ports are open, the inflow of fresh charge under pressure through
the transfer port blows some of the remaining burnt gases from
the combustion chamber. This is known as the scavenging process.
Naturally, there is some mixing of combustible mixture with

burnt gases, and it is impossible.in an engine of this type to
completely scavenge the combustion chamber of burnt gases and

to prevent loss 0of fresh charge through the exhaust port before
the latter is closed. 1In order to prevent "short-circuiting" of
the flow of gases through the engine as far as possible, the pis-
ton is provided Qith a deflector D opposite the transfer port,
which is intended to deflect the incoming current of mixture
upward on the side of the cylinder at which it enters, compel-
ling it to pass down on the opposite side and sweep the burnt

gases before it.

This type of scavenging is designated "loop" in order to
distinguish it from the type of engine which does not have such

a deflector and is called "cross-scavenged".

This short "circuiting" or loss of the fresh air-fuel mix-
ture out of the the exhaust is the basic deficiency of the two-
cycle engine, and the main reason why fcr a given displacement
it does not develop twice as much power as a four-cycle engine.
The other predominate reason 1is the poor scavenging of the burnt

exhaust gases from the cylinder due to mixing with the fresh
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incoming air-fuel mixture.

In order to overcome this basic engine characteristic many
attempts havevbeen made to improve the scavenging efficiency of
two-cycle engines, and hence their specific power output. Per-
haps the best known of these is a separate pump or blower which
is found on all two-cycle diesel engines. Other approaches have
used rotary-exhaust valves, conventional automotive type poppet
valves, sleeve valves, reverse loop scavenging, opposed pistons
and U—cylinders. All these means add cost and complexity of course,
which to a greater or lesser degree detract from the main two-cycle

engine attributes of low cost and simplicity.

.If the basic scavenging process for a two-cycle engine is
examined from the standpoint of predicting exhaust emissions it
is apparent that in all probability the emissions will be high
for the same reason that the average BMEP (Brake Mean Effective
Pressure) and consequent power output is low --- poor cylinder
scavenging. In the idéal scavenging process the fresh incoming
air-fuel mixture would push the residual gases before it without
mixing or exchanging heat with them, and this process would con-
tinue until all the burned gases had been replaced with fresh mix-
ture, at which point the flow would cease. In this idealized
scavenging process not only is the cylinder filled with fresh
mixture, but also no fresh mixture escapes from the exhaust
ports. However, in actual engineé of course, the fresh mixture
actually does mix and exchange heat with the residual gases during

the scavenging process and some portion of the fresh mixture is
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lost through the exhaust ports. The amount of fresh mixture loss
to the exhaust will vary primarily with the efficiency of the
scavenging process, and hence for a given operating condition

will be a function of specific engine design.

.This loss of carburetted mixture through the exhaust port is
believed to be prima facie evidence that the exhaust emissions
in terms of concentration of hydrocarbons and partially-oxidized
hydrocarbons for a two-cycle engine is of a significantly higher

order than emissions from a four-cycle engine.
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APPENDIX D

CHAPTER I YAMAHA AUTOLUVE

A. WHAT IS YAMAHA AUTOLUBE?

Yamaha Autolube is an automatic engine lubrication system based on
a revolutionary “separate lubrication” principle, which outmodes the
conventional ?-stroke pre-mixed system.

B. FEATURES OF YAMAHA YAMAHA Autolube o Straigh§
Motor oil - gasoline
AUTOLUBE: 1)

.« 1. The oil pump is driven by the engine
through a reduction gear, and is
connected to the throttle valve of the

carburetor which is controlled by the

accelerator grip.

2. Lubricating oil is fed to the engine
after being automatically metered in
proportion to engine rpm and throttle
opening. Thus the engine provides and
regulates its own lubrication.

3. Yamaha Autolube eliminates lubri-
cation problems peculiar to 2-stroke
engines with the conventional
“pre-mix” system, and improves
many inherent advantages of
2-stroke design. (Fig. 2-1 & 2)

a. Autolube supplies only the flow
of engine lubricant the engine
needs for its specific operating

condition, allowing:

1) Savings in oil consumption.
2) Decreased carbon accumulation. 2—2
3) Decreased exhaust smoke, and

4) More effective engine

lubrication.
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Calibration of Constant Mass Sampler (CMS):

Before the system can be used to measure exhaust, the
Roots blower must be calibrated. This can be done by the

following procedure.
l. Operate system until equilibrium temperatures are reached.

2. Introduce pure propane (99.5 +) by means of a wet test
meter or other accurate flow measuring device into the

inlet of the heat exchanger.

Note: If a wet test meter is used, the propane
should be preconditioned by passing it through
a water bubbler. Also in the final calibration

a water vapor correction must be made.

3. Measure concentration of propane at inlet to large Roots
blower, using NDIR analyzer of FID that has been accurately

calibrated with propane calibration gases.

4. Repeat at different propane flow rates until several data

are obtained.

5. Plot propane flow rate as concentration. A straight line

which passes through the origin should be obtained.

6. Calculate flow rate using perfect gas laws

( PV = nRT ) and the following formula.
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Blower flow rate, CFM =

Pure Propane flow rate, (CFM X 106)

measured Propane concentration (PPM)
. 7. Example of Calculations:

a. Assume: 300 liters/hour C3Hg introduced 650 PPM

f C3H8 measured

i

Then: liters X hours X ft3
hour 60 min/hr. | 28,32 11ters/ft3 = ft3/min.
3 6 3
ft X1 X 10 = ft /min.
min. PPM

300X 1 X 1
3
60 28.32 = 0.1765 £t /min.
0.1765 X 1,000,000 = 272.0 ft/min.

650

b. Make correction for H,0 vapor present at ambient
temperature e.g., Temp = 21,8° C, Vapor H20 = 19.7

mm Hg. Barometer = 760 mm .

Then: 760 - 19.7 = 740.3 mm Hg.
740.3 X 272 f£t3/min. = 264 £t3/min. dry air.

760

c. Determine density of air at ambient temperature

and pressure.
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d. Then: Lbs/ft3 X ft3/min. = Pounds/minute of air.

e. Knowing number of pump revolutions and time

determine revolutions per minute (rev/min).

f. Then: ILbs. X min. = Lbs.

min - rev. rev.

g. Lbs X rev.

rev, 1 = Pounds, etc.
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