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COMPARATIVE STUDY OF METHANOL, ETHANOL,
ISOPROPANOL, AND BUTANOL AS MOTOR FUELS,
EITHER PURE OR BLENDED WITH GASOLINE

Abstract
Ajit Kelkar

A primary area of recent experimental research efforts in the
use of fuel alcohol is to investigate the performance of spark-ignition
engines, originally designed for gasoline, when burning alcohol/gasoline
blends or pure alcohol. In the work reported here, a number of per-
formance tests using gasoline, alcohol/gasoline mixtures, and alcohol
alone were conducted on a spark-ignition engine. Methanol, ethanol,
isopropanol, and butanol, either pure or blended with gasoline, were
used.

An International Harvester, Silver Diamond, six-cylinder engine
with a compression ratio of 6.77 was used for the experiment. It was
equipped with an adjustable load needle, rather than fixed jets, and a
distributor having centrifugal spark advance only. The engine was
mounted on a test stand and attached to an electrical generator which
dissipated its output in resistor banks.

Fuels chosen were gasoline only, alcohol/gasoline mixtures with
volumetric ratios of 10-90, 50-50, and alcohol only. These three
alternate fuel combinations were chosen for comparative purposes and
easy interpretation. The tests were run with a wide-open throttle, and
the load was varied so the engine speed ranged from 1000 to 3000 rpm.
The speed of the engine was measured by using a stroboscope, and exhaust

gas analysis was carried out using an Orsat apparatus. The test series



was repeated with an increased compression ratio of 7.76 to study the
effect of a change in compression ratio on the performance of the
engine.

The principle results show:

*For the compression ratios studied, and optimum engine ad-
justments, the thermal efficiencies of gasoline, alcohol, and'alcohol/
gasoline blends are substantially similar.

*The power output of all such fuels is essentially proportional
to the energy content of the fuel conveyed to the cylinder.

*The energy content of alcohol and alcohol/gasoline fuels is
lower than that of gasoline; therefore, the specific fuel consumption
was nearly always greater for alcohol and alcohol/gasoline blends than
for pure gasoline.

*It was observed that engine performance was better for the
higher compression ratio of 7.76 than for 6.77. Increase in power
output, lower fuel consumption, and higher thermal efficiency were

observed with the higher compression ratio.



Symbols and Abbreviations

B butanol

bhp brake horse power

bsfc brake specific fuel consumption
Cv combustion-chamber volume

C2 combustion-chamber volume (cylinder head)
Cl combustion-chamber volume (cylinder block)
co carbon monoxide

CO2 carbon dioxide

CR compression ratio

d diameter

DV displacement volume

E ethanol

£ coupling force

G gasoline

h stroke

I isopropanol

IH International Harvester Corp.

J joule

k cp/ C,

1b pound mass

m mass

M methanol

N revolutions per unit of time

O2 oxygen

P load in 1lbs.



heat of combustion
radius

dynamometer constant
spark ignition

time

torque

thermal efficiency

compression ratio
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CHAPTER I
INTRODUCTION

At the beginning of this century, gasoline was nothing more
than a by-product of the production of kerosene for lamps. The kero-
sene market was destroyed by Edison's invention of the electric light
bulb. The o0il industry, seeking new markets, began refining vast °
quantities of petroleum into gasoline for use in internal-combustion
vehicles. This gasoline was so plentiful and cheap that it became the
standard motor fuel.

From that time, internal-combustion engines were optimized for
petroleum-based liquid fuels, and the early primitive forms of gasoline
have been considerably improved through refined formulation. Due to
the abundance of fossil resources little or no consideration was given
to liquid and gaseous fuels derived from biomass until the late 1960s.

During the past decade, man has become increasingly aware of
the limitations of energy supplies. With the 1970s came a drastic
change in the world petroleum market. First came the 1973 embargo with
its dramatic rise in the price of o0il imposed by the Organization of
Petroleum Exporting Countries (OPEC). Then came further price in-
creases and, in 1979 and 1980, the specters of revolution and war in
the oil-rich Middle East.

With the expected future rates of energy consumption, we are
faced with the question of how long there will be sufficient reservoirs
of conventional fuels for our industrialized societies. The increasing
scarcity of fossil fuels, and the attendant increase in the cost of

petroleum products, make it imperative to find alternate energy sources



in the next decade, especially those derived from renewable resources.

Recently, considerable attention has been given to alcohol fuel
production from biomass. Today's petroleum shortages have created re-
newed interest in alcohol fuels. This has stimulated new research in
applications and bio-conversion techniques, as well as reassessments of
the environmental advantages and disadvantages of using alcohol fuels.

The United States uses more petroleum than any other nation on
Earth. In 1980, America consumed an average of 16.5 million barrels
of petroleum per day. Gasoline and diesel fuel for engines of auto-
mobiles, trucks, buses, and trains accounted for 53 percent of all
petroleum products supplied in 1980, 80 percent of which was consumed
by passenger cars.

Gasoline consumption showed a decline of six percent in 1980
as compared to 1979. Even with slightly reduced consumption, the
internal combustion engines will undoubtedly remain the largest users
of petroleum products in the 1980s. ' Thus, the development of alcohol
as a motor fuel that helps to offset the use of petroleum in transpor-
tation, and other sectors, is critically important.

Alcohol fuels are liquids and can be readily used, without
further refining, in internal-combustion engines. Further, the tech-
nology to produce alcohol fuels is well known. Therefore, alcohol
production can begin on a large scale more quickly than can production
of other synthetic fuels. Also, the resources for producing alcohol
fuels are renmewable, including sugar crops, -livestock feed grains and
cellulose materials,

Alcohol fuels will become precursors of several energy-



oriented economic, political, and sociological changes in the world.
Gasohol, alcohol, and biomass fuels are the ABCs of an energy system
of major proportions that is about to dawn. It will contribute sig-
nificantly to lifting the yoke of dependence on foreign oil and the
reduction of the rate of consumption of the world and national oil
reserves.

Current favorite alcohols are ethyl alcohol and methyl alcohol.
The technology to produce both of them from bio-mass is already well
developed. There are good chances that in the near future other alcohols
like isopropanol and butanol may be produced from bio-mass, so

isopropanol and butanol are also being studied as alternate fuels.



CHAPTER II
HISTORY OF ALCOHOL FUELS

The use of alcohol-based fuels is not a new concept. In fact,
alcohols have been utilized extensively throughout the world as petro-
leum substitutes during periods of shortage.

Alcohol fuels have been used often in both wartime and peace-
time. Henry Ford designed the Model T so that it could run on alcohol,
gasoline, or any mixture in between. Alexander Graham Bell in 1922
called alcohol a beautifully clean and efficient fuel which can be
produced from vegetable matter...waste products of our farms and even
the garbage of our cities. [2]

The first modern internal-combustion engine, the Otto Cycle
(1876) ran on alcohol as well as gasoline. During WW II, the U.S.
operated an ethanol plant in Omaha to produce motor fuel for the army,
and gas stations in Kansas, Nebraska, and Illinois sold an alcohol/
gasoline blend, "agrol". 1In 1934, Hiram Walker marketed an alcohol/
gasoline mixture called "alcoline'.

Nevertheless, until recently the relatively inexpensive price
of gasoline has made alcohol fuel uneconomical to - produce on a large
scale. Now, however, with increased crude oil and gasoline prices,
substantial public and private activity has centered on alcohol fuels,
particularly ''gasohol". '"Gasohol" is fast becoming a generic term for
alcohol/gasoline blends (usually 90% regular unleaded gasoline and
10% ethanol, anhydrous).

Recently, considerable attention is being given to gasohol and

pure alcohol fuels. California began a 1l0-year Experimental Methanol



Fuel program in January 1980. In 1979 the Bank of America, with
headquarters in San Francisco, began to convert its 1800-vehicle fleet
to methanol use.

The California State Energy Commission is planning a three-year,
$2-million, fleet-vehicle program to test both ethanol and methanol fuels
in approximately 60 vehicles. Under this program, a company called
Alcohol Energy Systems is providing eight modified Ford Pintos for
testing both ethanol and methanol. Volkswagen of American will provide
a production-line fleet of 25 alcohol VW Rabbits for similar tests. [1]

Elsewhere, the North Carolina Department of Transportation,
under a grant from the North Carolina Energy Institute, will convert
15 state vehicles to methanol operation. The New York City Police De-
partment is also testing a converted pure-methanol vehicle. In mid-
1981, the U. S. Postal Service will start a modified fleet of 42 Pintos
on delivery routes, half using pure ethanol and the other half pure
methanol. [1]

Foreign Experience with Alcohol Fuels

Although many nations are interested in alcohol fuels, Brazil
has the most practical experience with pure—alcohol fuels and vehicles.
Brazil

An aggressive program to introduce pure-—alcohol vehicles into
market, PROALCOOL, sets both alcohol fuel and vehicle rate targets for
1985: 2.8 billion gallons of ethanol and 350,000 alcohol vehicles to
be produced annually. Anather 470,000 older vehicles will be converted
annually to operate on pure ethanol.

The major companies that will help Brazil to meet its targets



are Brazilian subsidiaries of Volkswagen, Ford, General Motors, and
Fiat. Their government has instituted @ number of incentives to promote
the program. PROALCOOL was initiated in 1975 in response to the massive
oil price increases that began in 1973. Currently there are about 1500
ethanol pumps, and the number is rapidly growing.

Because some 5.3 billion gallons of diesel fuel are cousumed
annually in Brazil, compared with about 3.9 billion gallons of gasoline,
considerable research is also underway to reduce diesel fuel consumption

through the development of methods to use alcohol in diesel engines.



CHAPTER III
FUEL ALCOHOL RESEARCH AT
SOUTH DAKOTA STATE UNIVERSITY

The Agricultural Engineering, Mechanical Engineering, Dairy
Science, Economics, and Microbiology departments at South Dakota State
University are conducting extensive research on alcohol fuels. The
research is sponsored by the U. S. Department of Agriculture. The
overall objective is to make a multidisciplinary study of the operational
farm-scale fuel-alcohol plant at South Dakota State University to de-
termine the energy balance, the cost of producing one gallon of alcohol
fuel, and to evaluate the performance of spark ignition engines using
various gasoline/alcohol mixtures. This evaluation was for the utili-
zation of these mixtures with minimal modifications of the engine.
Other objectives were to determine phase separation of alcohol-non-
leaded-gasoline fuel mixtures and relate the results to engine ef-
ficency, to prepare an economic analysis, to evaluate the animal feed
characteristics of the stillage feed products, to prepare engineering

estimates of cost of construction, etc.

As there are more than 100 million engines in the United
States designed to use gasoline, this study was made to find out if
those engines may be inexpensively modified to use alcohol/gasoline

blends or pure alcohol.



CHAPTER IV
ROLE OF MECHANICAL ENGINEERING DEPARTMENT
IN THE FUEL-ALCOHOL RESEARCH PROGRAM

OBJECTIVES:

In view of the overall SDSU program, the specific objectives
of the experiment reported here were:

] . To study the feasibility of methanol, ethanol, isopropanol,
and butanol, either pure or blended with gasoline, as alternative fuels.

2. To compare the performance of the engine with methanol,
ethanol, isopropanol, and butanol, either pure or blended, with
gasoline. Simple engine modifications, such as timing changes,
carburetor modifications, etc. were made to optimize performance with
each fuel tested. Modifications were limited to those which could be
easily made, and reversed, on passenger cars.

. 48 To study the effect of an increase in compression ratio
on the performance of the engine using each of the fuels above.

4, To compare the performance of the engine using pure
methanol and methanol/gasoline blends by performing two different
tests, vis:

a. Using an existing gasoline engine suitably modified
(engine timing and carburetor adjustment) to optimize the performance,
for each of the fuels, either pure methanol or methanol/gasoline blends.
b. Using an existing gasoline engine with the same setting

as in the case of gasoline, and without any modifications, for each of

the fuels, either pure methanol or methanol/gasoline blends.




EQUIPMENT
1w Engine: See-Figure 1 for a photograph of the engine.

Make: International Harvester

Model: Silver Diamond

Type: Reciprocating, spark-ignition engine.

Number of Cylinders: Six

Cylinder arrangement: In-line, vertical

Bore x stroke: 3 9/16" X 4"

Displacement: 240.00 cubic inches

Compression ratio: 1. Original head: 6.77:1
2. Modified head: 7.76:1

Type of cooling: Water cooled

The cooling arrangement of the engine was modified by removing
the radiator and water pump; cooling water was supplied from city water
modulated through a temperature sensor.

The carburetor on this engine was fitted with a load needle
rather than a fixed jet. To ensure enough supply of alcohol to the
engine, the orifice for the load screw was rebored and the main jet
tube was redrilled to give a 357 increase in area. Also, to avoid
vapor-lock problems arising from radiation of the exhaust manifold, the
fuel line was changed to a neoprene hose of a larger diameter and a
radiation shield was improvised to stop undesired fuel boiling since
the boiling point of alcohol is lower than that of gasoline.

2 Dynamometer:

Determining engine torque requires the measurement of a force

acting through a distance. Any apparatus that permits such a measurement
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Figure 1: The Engine
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is called a dynamometer.

Principle of the dynamometer: See Figure 2.

The rotor a, driven by the engine to be tested, is coupled
to the stator b. In one revolution of the shaft, the periphery of
the rotor of radius r moves through a distance 2nr against the coupling
force f. Thus the work per revolution is

Work = 2wrf

The external moment, with the product of the reading P of the scale
and the arm of length R,balance the turning moment. Hence for N
revolutions, Work = 2mPRN. Since horsepower is a power unit defined

as 33,000 ft-1b per minute, the horsepower of the dynamometer becomes

2mPRN
33,000

hp =
An electric generator was used for loading the engine. The
generator output was dissipated in resistor banks. The electric
generator (dynamometer) having a dynamometer constant (R) of 1.33 and
provision for measuring the direct load (P) in lbs was used.
3. An Orsat apparatus; See Figure 3 of the photograph of
the Orsat apparatus.
The Orsat apparatus measures concentrations of carbon dioxide,
carbon monoxide, and oxygen in exhaust gas. The Orsat consists of a
measuring burette and three absorption pipettes. The pipettes are
provided with solutions of potassium hydroxide, pyrogallic acid, and
cuprous chloride. Potassium hydroxide absorbs carbon dioxide, pyrogallic

acid absorbs oxygen, and cuprous chloride absorbs carbon monoxide from

an exhaust-gas sample.
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Figure 2: The dynamometer principle
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In the Orsat apparatus, the analysis of the exhaust gases is
determined volumetrically.

4. Fuel weighing scales:

To measure the amount of fuel fed to the engine, the fuel
weighing scales are used as shown in Figure 4. The balance is ad-
justed until the fuel container is slightly heavier than the' talancing
weights. As the fuel is consumed by the engine, the scale will grad-
ually approach the balance point. At the instant of perfect balance,
the stopwatch is started. The beam weights are then recorded. The
balance is readjusted by removing known weights and when perfect-
balance is again reached after the consumption of more fuel, the
watch is stopped. The difference between the two weights at balance
is the amount of fuel consumed in the time indicated by the stopwatch.
This procedure gives the average fuel consumption during the time of
the test.

The fuel-weighing-scale method was chosen over other methods
such as volumetric-determination of fuel consumption. or flowmeters
because a variety of fuels having different specific gravities were
to be used.

3 Stroboscope:

A stroboscope is a measuring device for determining the speed
of rotation or frequency of vibration in machine parts. The strobo-
scope consists of a timed, flashing light which gives an periodic view

of a moving object.

The flywheel of the engine is marked with a piece of éhalk.
When the flywheel is rotating at a certain speed, the stroboscope is

used directly as an instantaneous speed indicator by adjusting the




Figure 4: Fuel weighing

scales
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flash frequency until a rotating part appears to stand still.

Other equipment such as thermometers, timing light, pressure
gauges etc. were used to record the other engine parameters.

Performance Factors:

a. Power: The power obtained from the engine is most
frequently called brake horsepower (bhp) and sometimes shaft horsepower.
Power is defined as the time rate of doing work, and horsepower is a
power unit defined as 33,000 ft-1b per min, or 550 ft-1b per sec.

The kilowatt is a power unit that is equal to 550 + 0.746 or 738 ft-1b

per sec. The engine brake horsepower is given by the equation

2T'N‘T

bhe = 337500

4.1

where N is speed of the engine in RPM and T is engine torque in ft-1b.

b. Torque: Torque is the twisting or turning moment,
visualized as the work per unit of rotation (radians). Refer tq the
dynamometer mechanism illustrated in Figure 2. The external moment,
which is the product of the reading P of the scale and the arm R is
called torque

T = PR 4.2

Torque is a measure of the ability of an engine to do work, or torque
determines whether an engine can drive a vehicle through sand or other
obstacles.

Ci Brake Specific Fuel Consumption:

If an engine consumes m mass of fuel in t sec, then

Fuel flow per hr = 3620m 4.3
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3600m
bhp(t)

Fuel flow per bhp-hr = (bsfc) = 4.4

and bsfc has units of either pound, gram, or kilogram (mass) per
bhp-hr. The brake specific fuel consumption is a comparative para-
meter that shows how efficiently an engine is converting fuel into
work.
d. Thermal Efficiency:
i) The thermal efficiency is defined for a cycle to

show the efficiency of conversion of heat into work:

work ]

B ™ thermal efficiency = [heat S iiad

If this equation is applied to the engine process, it is necessary to
determine the heat of combustion of the fuel. The value of the heat
of combustion (Q) depends upon the fuel used. The calculation of Q
values for different alcohols and alcohol/gasoline blends is shown in
the Appendix A, and the Q values are tabulated in Appendix A under
Table A-2. Since there are by definition

1 hp~-hr = 1,980,000 ft-1bf

1 ft-1bf = 1,355,818J

1 hp-hr = 2,684,519J and

1 Btu = 1055.056J.
Thus 1 hp-hr = 2544.433 Btu

= 2545 Btu

and the energy conversion becomes

1b Btu Btu
bsfe Ghpnr’ ¢ Gy 7 = (bsfe) Qo

Then the equation for thermal efficiency may be written as
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_ 2545
e T bsfc x Q =]
and the percentage thermal efficiency = e A x 100 4.6
bsfec x Q '

ii. Theoretical Thermal Efficiency: Theoretically, the
thermal efficiency for the Otto engine, operating in an air-standard
Otto cycle, is given by

1
n =l_—
t k-1
(£,

4.7

in which k is the ratio of the specific heats of an ideal gas. Here EV
is the expansion ratio of the cycle. But this is also the compression
ratio since the piston will retrace its steps in completing the cycle.
[In a true thermodynamic cycle, the terms expansion ratio and com-
pression ratio are synonymous. However, in the real engine, these

two ratios need not be equal because of the valve timing.]

e. Compression ratio of the engine: If the displacement (DV)
is the volume swept by the piston in one stroke, The clearance volume
(Cv) is the volume of the compressed gases; which is also volume of the
combustion chamber; the compression or expansion ratio (CR and EV)
equals

Cv ¥ Dv
£ W et R 4.8

v C
v

See Appendix A for the calculations of the compression ratios.

Using the above equations and the test data, the performance
factors were calculated as shown in Appendix A. The results are
tabulated in Appendix B.

Also the computer programs given in Appendix C were used to
compare the results graphically. These graphical comparisons of

various engine parameters using different alchols and alcohol/gasoline



19

blends are shown in Appendix D.
PROCEDURE

The engine was mounted on the test stand and was attached to an
electric generator. The engine was run with the throttle partly opened,
and the engine was loaded until the lowest desired speed was attaiged.
The engine was run for a period of time until the water and lubricating
0il reached definite operating temperatures.

When the engine was operating in approximate temperature
equilibrium, the test was started. The throttle was fully opened, and
the engine was loaded until the engine speed of 2700 rpm was reached.
At this time, the carburetor was adjusted by turning out the load
needle. See Figure 5 for a photograph of the load needle. The load
needle was adjusted in such a manner that the fuel supplied to the
engine was optimum. This was done by first supplying a rich mixture
to the engine and then further reducing the fuel supply to the engine
until the maximum speed of the engine was achieved. This was checked
by a stroboscope. The engine was further loaded to compensate for this
gain in rpm, and it was set back to 2700 rpm.

Once the engine carburetor was adjusted, the adjustment of the
engine timing was done by rotating the distributor manually (see Figure
6 for a photograph of the distributor) with the aid of a stroboscope.
The distributor position was fixed when the engine reached maximum rpm.
Once again the engine was loaded to compensate for the further gain in
rpm above 2700 rpm. At this time, with the help of a timing light, the

engine timing angle was recorded.

The engine speed of 2700 rpm was chosen mainly because it was



Figure 5: Carburetor lo

ad needle adjustment
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Figure 6: Distributor adjustment

21



22

observed that the horsepower developed by the engine is maximum at
this speed, and the main objective was to achieve maximum horsepower
at lowest possible fuel consumption.

The load on the engine was then reduced to obtain a speed of
3000 rpm. With the engine operating at a speed of 3000 rpm, corre-

sponding readings such as fuel consumption in lbs, time in seconds

required to consume the specific amount of fuel, engine speed in rpm,
load in ft-1bs on the engine, air flow in inches of water, etc. were
recorded. After that, ihe engine load was varied in such a manner that
engine speed was decreased from 3000 rpm to 1000 rpm in intervals of
200 rpm. Corresponding readings similar to those at 3000 rpm were
recorded.

By using the Orsat apparatus, an exhaust gas analysis was
carried out with a sample of the exhaust gas taken at 2700 rpm.

Similar tests were carvied out using gasoline, and methanol,
ethanol, isopropanol, and butanol, either pure or blended with gaso-

line. The test data are shown in Appendix B. (Table 1 to Table 14).
Also, three tests using blends of methanol and gasoline with
volumetric proportions of 10:90, 20:80 and 50:50 respectively were

carried out without any adjustment of carburetor or engine timing in

the existing gasoline engine, having a compression ratio of 6.77.

Test data are shown in Appendix B (Table No. 28 to Table No. 30).

Modification of the engine was made by increasing the com-

pression ratio of the engine to 7.76. (See Appendix A). Tests identical

to those discussed above were carried out using methanol, ethanol, iso-

propanol, and butanol, either pure oOrT blended with gasoline, and gaso-




line alone.

Test data

Table No. 27).

23

are shown in the Appendix B (Table No. 15 to
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CHAPTER V
DISCUSSION AND RESULTS

In the beginning of i(he experiment, the engine was run with

10-90 and 50-50 mixtures of =lcohol and gasoline. No problems were
encountered with 10~60 wixtvr-. Smooth operation was experienced, and
satisfactory results were uhrained. However the 50-50 mixture caused
a problem. No apprecisble ioading could be applied without stalling
the engine. This preblem wis investigated, and it was observed that
due to lower energy conient in the alcohol as compared to gasoline, the
air/fuel ratio required for zlcohol was different from that for gasoline.
Also, the alcohol contains nsvgen while gasoline does not, and thus the
alcohol requires less air to ignite. To solve this problem, it was
decided to adjust the carburetor on the engine.

The carburetor on this engine is fitted with a load needle. The
load needle is a tapered shaft inserted into the main jet by means of
a screw thread adjustment. The screw rhread arrangement allows the
tapered shaft to be moved in and out of the hole in the jet. When the

shaft is inserted into the hole, the fuel supply to the engine is

reduced, and when shaft is unscrewed or withdrawn the hole opening

becomes larger and more fuel is supplied to the engine.
Using the load needle, an attempt was made to supply more 50-50

fuel mixture to the engine, to ensure satisfactory operation. However,

turning out the load needle did not seem to alleviate the problem.

Even three full turns were insufficient. The orifice for the load

screw was therefore rebored, and the main jet tube redrilled for a

35% increase in area. After this modification, satisfactory operation
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was experienced, for both the 50-50 mixture of the alcohol and gasoline,

and the pure alcohol.

It is very important to select the proper drill for boring the
jets. If jets are drilled toeo large or tvo small, a number of unde-
sirable comsequences occur. 1f the drill is too large, the resulting
hole causes enormous fuel - sumption. Alcohol will keep burning in an
engine long after the same tume of gasoline would have simply flooded
and stalled the engine. 1! 7@ jet size is too small, the valves might
burn. An engine designed i pasoline will sputter and misfire if the
jets are too small when it ‘e iunning on alcohol.

A second important ctor is ignition timing. Alcohol is a
cooler and slower burning ' ! than gasoline. The slower burning
requires an advance in igni: on timing. That is, the spark plug must
fire at a point, or time, sv: that required for gasoline. During
the experiment, it was obocvued that timing adjustments do help to
give better fuel economy &nd power. [uring each test on the engine

with various alcohols and alcohol/gascline mixtures, the engine timing

was advanced as described earlier to ensure the optimum engine per-

formance with the individual fuel being tested.
A third important factor is compression. How much the piston

compresses the fuel air mixture in the combustion chamber determines, to

a large extent how much energy is extracted. To extract maximum power

and economy from alcohol, the compression ratio was raised to 7.76 from

6.77. It was not possible to raise the compression ratio above 776

As high-compression-ratio pistons for the particular engine model were

not available, and due to the expensive, complicated, and time-
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consuming process of deckimg tho block, the only way to increase the
compression ratio was millir, ihe cylinder head. However after
100/1000 of an inch was rvewoved, 't was observed that it was not
practical to remove more maio el hecause it would have resulted in
weak cylinder-head scciicons %, the maximum compression ratio of 7.76
was used for comparative puosToses, although a higher compression ratio
than 7.76 would have piven Lariar results.

The experimenisi s.c:ics indicate that the power output of
alcohol and alcohol/s = 'in~ bicuds is essentially proportional to the
energy content of the (o1 « uveved to the cylinder. Referring to
the Figure D-1, butanui |« i:ncd maximun horsepower among the alcohols
whereas methanol producad! winen horsepower at most engine rpm
values. Note that th ey content of butanol is highest of the

alcohols tested and tho crote s content methanol is lowest (Table

A-1). The same resul! “or the higher compression

ratio of 7.76, see Figuut

Also it is aobserved the-i speciflc fuel consumption is

1 aleohenl /e ine r -
always greater for alcohol and alcohol,/pasoline blends than for gaso

line, and it depends upon the energy content of the mixture. Figure

D-3 indicates that the engine burning methinol consumes maximum fuel,

] These consumption rates

followed by ethanol, isopropanol, and butanol.

vary inversely with the heating values of the alcohols. Also it is

observed that for any particular alcohol, the 10-90 mixture produces

maximum horsepower and minimum brake specific fuel consumption as

compared to 50-50 mixture, and pure alcohol. (See Figures D-5 to D-8).

; . . ade
For the given compression ratios and optimum engine
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justments, the thermal eff . ‘.o ies of gasoline, alcohol, and alcohol/
gasoline blends are found (. [« substantially similar. See Tables
1-14 for the compressicn vario of 6,77, and Table 15-27 for the com-

-

pression ratio of 7.
The increase in ;o wiput, better fuel consumption, and

higher thermal efficicucy «v obaerved for both alcohol and alcohol/

gasoline blends for it} couniecgion ratio of 7.76 compared to that of

6.77 (See Figures D-

Referring to ine léhle We. 1 at 1600 rpm brake horsepower
developed by the engii: wic 47 @7 and brake specific fuel consumption
was found as 0.4906 107 0 0 That wmeans in one hour the engine
would have consumed 7 !.7, 1Lz i saseline. In the similar manner
referring to Table No. / .1 cogine wonld have consumed 24.54 1bs of
10:90 mixture of methyl 1 nul end gasoline and 24.50 1bs. of 10:90

mixture of ethyl alocho! yanol e 1600 rpm, (Table No. 3). Also

in the cases of 50:50 miyiuves the fucl consumption figures at 1600 rpm

7 and 8).

were 28.42 1bs and 29.99 1.s respectively (sce Table No.

Taking into consideration the sp scific gravities of different

alcohols as per Table A-1l, the amount of gasoline consumed in 10:90

mixture of methyl alcohol and gasoline was 21.78 1bs and in the 10:90

mixture of ethyl alcohol and gasoline was 21.76 1bs. Also in the

cases of 50:50 mixtures the same figures were 14.03 1lbs and 13.22 1bs

of gasoline for methyl and ethyl alcohol respectively. This clearly

shows that when alcohol gasoline blends are used there is SUbStanFlal

3 : + r—
saving in the gasoline consumptilon and this saving is more when pe

soli i re.
centage of alcohol in the alcohol gasoline blend is mo



Lastly, it is obse

gasoline are used in the

gasoline, the power outi i

compared to the power

with the engine settii:

particular methanol/ga: )

power output for 10-40
power output differen
Figure D-20). Also i
100% alcohol without

timing which were se:

28

when various blends of methanol/

‘ng optimal setting for 100 percent

is found to be reduced as

;ame methanol/gasoline blend

wiimal performance for that

Alrhough the difference in the

much (see Figure D—18), the

v) mireure, is significant (see

the engine failed to run on

in the carburetor and engine

sith 100-percent gasoline.
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CHAPTER VI
CONCLUSIONS

The spark ignition gasoline fuszled, internal combustion engine

dominates the motor vehicie wirket, and js anticipated to do so through
the remainder of this century Tt is used in almost every type of

vehicle frommotorcycles and cutomobiles to light- and medium-duty

trucks and buses, as well o5 uon-highway applications including chain
saws, garden equipment, {ori-lifi trucks, and stationary power gener-
ators.

Today with the yv. o i.s scarcity of petroleum and the search for
an independent energy Lo {0 transportation, alcohols are being pro-
posed as fuels to supp!cme; Jomestic oil and natural gas supplies.

’W‘The experimentsl renulis show that 10% alcohol/90% gasoline may
be used in engines decigi i for gaocoiine without modifications, and this
pertains to methanol, ctiiaroi, 15050 wpanc!, and butanol.

Gasoline blends up to 50/30 with any of these alcohols may be

used if easy modifications like casburet.r adjustment and ignition timing

are made to the IC engines designed for pire gasoline; however, a spark-

ignition engine designed to use gasoline must be modified to use pure

alcohol. Changes required for methanol, ethanol, isopropanol, and

; ¢ s1ar but tl d inter-
butanol use are technically similar, but the fuels cannot be use

changeably without carburetor adjustment. The basic engine changes

include increasing the compression ratio, enlarging the carburetor jets,

and adjusting the ignition timing.

Since the experiment was performed on a statiopary engine and

s 4 d-
under laboratory conditions, further research in the area of col



weather starting and operation
stationary engine, an cutomolii.
Different operating condit

various throttle positicn:
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Lastly, the du
alcohol was only for

tests to predict the |

stand the corrosive char
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recomnended. Also, instead of a

ebould be used for the experiment.

~h as testing an automobile with

compression ratios etc. should be

he engine test with each type of

3 2 £ &
ana it 1s

not possible from these

tlity of the engine materials to with-

£ alcohols for longer periods.

iga area &

vey ) e
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Calculations for determining heating values of gasoline and alcohol/
gasoline blends:
a) Gasoline - 88 octanc

A reference scale o measure SI knock has been established by
arbitrarily selecting rwo primary reference fuels. Isooctane has been

assigned an "octane ratirg'' of 100 while heptane, has been assigned an

"octane rating" of 0. The "vctane rating'" of any fuel is found by
comparing its knock iutencity with various mixtures of heptane and
isooctane. For example. »u octane rvating of 88 assigned to gasoline
means that the knock fuicnsity iu a standard engine and at standard

conditions 1is equivalent to that of a mixture of 88 parts isooctane and
12 parts of heptane by voluwme. By using Table A-1 we can write for the

heating value of 88 cci.ne gacoliine:

(0.88 x sp. gr. oi isocctane s higher heating value of
isooctane, Btu/lb)

+ (0.12 % sp. gr. of heptane x higher heating value of
heptane Btu/1b)

= 70.88 % sp. gr. of isoucrane) + (0.12 x sp. gr. of heptane)

(&}

(0.88 x 0.692 x 20556 + (0.12 x 0.684 x 20668)

(0.88 x 0.692) + (0.12 x 0.684)

118623.28
5.767

= 20569.3 Bru/lb

This higher heating value of 88 octane gasoline is used to calculate

other heating values of the different gasoline/alcohol blends.

b) Sample calculations for determining higher heating value of

methanol and 88 octane gasoline blend.

Referring to Table A-1 we have a higher heating value of

methanol as 9770 Btu/lb and specific gravity of 0.792. Therefore we



Table A-1

FOKMULA NAME MOLE SPECIFIC FREEZING BOTLING VAPOR CONSTANT PRLESSURE
WEIGHT CRAVITY TENPERATURE , TEHP ERATURE PRESSURE HIGHER HEATING
M °F AT 1 ATM °F AT 1 ATM PSIA VALUE AT 77°F
AT 100°F BIU/LB
CI “lb Heprane 100.20 0.684 ~-131 208 1.62 20,6068
Cy Mg Isuuctune 114,22 64 } 23 7z 20,556
- = i T it e i i S - SRR BT SETESE o o S e —— e e
o, 6 | Hethenol 12.06 | o 5,770
C2 “b (3] Ethanel L6 .06 . 2 12,780
c,H, 0 Lsopropanol 6008 g 28 0.83 i 14,500
e p— e S s aeeen E o ; —
(.’4 H10 ¢ Butanol 74.10 i 2464 i G.32 r 15,500
i - B2 A e e e A G s < —— : ! e ——————————— —— o+t e
Properties of the paraffin and afcohol lamilz sy &
Source: Internal Cowmbusclon Engines by E. F Ve d 268}
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can write higher heating value of 10:90 methanol-gasoline blend

(volume basis)

(0.1 x sp. gr. methanol x higher heating value of) +
methanol in Btu/ 1b

+(0.9 x sp. gr. of %5 octane gasoline x higher heating value
o of gasoline Btu/lby

§ (0.1 x sp. gr.‘ﬁf"hwrﬂ}ﬁol + 0.9 x sp. gr. of gasoline)

(0.1 x 0. 792 x 9,770 + (0.9 x 0.691 x 20569)

(0.1 x0.792) + (0.9 = 6.691)

a 13365.64 _ 10449 1oy
0.7011

In the similar manin

Ligher heating values of other alcohol/

gasoline blends were deteyumin: ! ihese values are tabulated in

Table A-2.
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Higher heating values for gasoline, pure alcohol and alcohol/gasoline

blends.

Name of the fuel Percentage
Alcohio]

Gasoline

Methanol 100
Methanol 50
Methanol 20
Methanol 10
Ethanol 100
Ethanol

Ethanol 10
Isopropanol 100
Isopropanol
Isopropanol 1C

Butanol 100

N
()

Butanol

Butanol

Percentage
Gasoline

Higher heating
value Btu/1b

100

20,569

9,770
14,801
18,163
19,349
12,780
16,426
19,696
14,500
17,314
19,878
15,500
17,841

19,988
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Calculations for determining the comprescion ratio of the engine

a) Compression ratio of the engine with an original head.
Compression ratio as per equation 4.2 is equal to

Cv + DV

C
v

where Dv = the volume swept by the piston in one stroke and

CR =

CV = the clearance volume and is the volume of the

combustion c¢hamber.

.9
Since diameter (d) of the piston is jv?g inches and stroke (h)
is 4 inches the volume swept by the piston in one stroke will be
D_ = md%h/4
v
9 52 o 2
I LA
4
= 39.87 cubic inches
i) The clearance volume is coumpiisad of two volumes, i) volume
(Cl) in the cylinder block (volume between the surface of the piston
when piston is in top dead center position and the top surface of the
cylinder block).
ii) Volume (CZ) in the cylinder head where exhaust and intake

valves are located.

Due to the unsymmetric design of the cylinder head and cylinder

block combustion chambers, it was not possible to determine the total

combustion chamber volume by measuring physical dimensions of the

chamber. The chamber volume was therefore measured by filling with

water through a flat glass plate. (See Figure 7 of the photograph of

the plate, used to measure the volume of the combustion chamber).



Figure

n chamber
head.
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By using the plate as mentioned above, the surface between plate

and cylinder head wag seslcd bv means of grease. Then liquid was

slowly poured in the . houber through the hole in the plate, until the
combustion chamber [ (b c¢linder head was completely filled. The
total volume of the v veguived to £ill the combustion chamber is
equal to the voluwme {0 combustion chamber C2, in the cylinder head.
The same procedure wo .t il to determine the combustion chamber
volume Cl’ in the oy = Biek
The actual 1!y shawed that
C \\
]
{
¢
Thus the total comin w chawbher volume
cC = (. 0k 62 ml o= 113 ml
v i
Further by oo ime 113wl o cubic inches we get
c = §
v
Thus the compression & F i 2iuyr with the original head equals:
C 4+ D o
v ¢ 1 '\'N-l J 7
=", T e

CR = 6.77

i+h the modified head:

o
=
a9
o
o
&

b) Compression rati

Since the objective of the experiment was to increase the

; oine ; - to study the performance of
compression ratio of the engine and then tc s y P

i icohel and alc 1/zasoline blends, it was
the engine using pure alcoheol and alcohol/gas

—sression ratio of the engine by modifying

decided to increase the compl

the existing cylinder head. Although there are number of ways by which
the simplest and

Ao i sed
the compression ratio of the engine can be 1lncrea 5




40

most economical wav i:s t0 Jify the cylinder head or in other words to
reduce the volume of the ¢ whustion chamber in the cylinder head. This
modification was achi: -0 v removing 100/1000 of an inch of material
by surface milling o' +. +, ‘nder head. (See Figure 8 of the photograph
of the cylinder hesd . - oo liing operation). The 100/1000 of a inch
was the maximum poss ! sosunt which could be taken off from the
cylinder head witho ~¢oiop the cylinder head. (Although more
material removal wiw v worovited in higher compression ratio, at
the same time it wo ! & ioacited in very weak cylinder head sections).

After the ¢y i fv ol wus wmodifed the volume of the combustion
chamber in the cylini ¢ wod wes weasured and was found 46.5 ml. Thus
there was a reduci. i % ow! volume in the combustion chamber of
the cylinder head . o aew total combustion chamber volume of the
engine with the wod o g Ltuder b was equal to

Cv (new)

Converting 96.5 ml to bic inches
C (new) 19 cubid L
v
The compressj-“ 10 of he 1 with the modified head

equals to:

g Q9 + 30.87 . .
2 :;iﬂéiﬂ cubic inches
DO

CR (new) = 7.76

: i roximate
Thus the compression ratio of the engine was increased by an app
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value of unity by modifying the existing cylinder head.

Sample calculations for determining the performance factors of
the engine:

For the sample calculations, data obtained using 10:90 mixture
of methanol/gasoline and the compression ratio of 6.77 was used. Refer-
ing to Table No. 16 from Appendix B, a test shows that when engine
speed (N) was 1793 rpm, the dynamometer recorded a load (P) of 109.1
lbs. and 0.5 lbs of fuel was consumed in 66 seconds. By using the
equation 4.2 as discussed in Chapter IV we can write

1) Torque = P x R

where P dynamometer or scale reading lbs.

R = dynamometer constant = 1.33

Substituting values of P and R we get

Torque = T = PR
= 109.1 x 1.33
= 145.10 ft-1lbs.
2) Brake Horse Power: (bhp)

By using equation 4.1 we can write

2m x 1793 x 145.10 _

3) Brake specific fuel consumption (bsfc) by using equation 4.4

we can write

3600 x m

bsfc = ¢ x bhy

where m = mass of fuel in lbs consumed in t seconds.

Substituting the values of m, t and bhp we get,

3600 x 0.5
bsfc = = 0.5506 1lbs/bhp-hr
66 x 49.53 /
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4) Thermal efficiency:

Using equaticvn 4.6 we can write

Therm effjicie Icy = bafc o Q x 100
where Q = #ishker heating value of the fuel in Btu/1b
bsf« tiinte specific fuel consumption in 1lbs/bhp-hr.
Substituting the v:iue of befc and the Q value of the 10:90 mixture
of methanol/gasclin:. v ouw Tahle A-2 we get
Q=—‘ .:’_'q A B
o 2545 d =
EDeTRAL 5% s 8.5506 = 19,349 = 100 = 23.88%
b) Theoretical @i “ficiency:
Using equatiom . ~on wyite theoretical thermal efficiency
= ]
e .
where £ is the exp- o . which is also the compression ratio (CR)
v
and k is the ratio of - ific neats of the ideal gas. In this ex-
periment since the id: ¢, value of k becomes 1.4. Sub-
stituting the values cf I oo o1 we pel theoretical thermal efficiency
-1 -—i
::V
= 1 - e -
6.77
1
= 1- 7w

=1 - 0.4653 = 0.5346 or

53.467%

al thermal efficiency of the engine with

In a similar manner, thecretical

ompression ratio of 7.76 would be 55.937%.

the modified cylinder head and ¢



44

By using the equations as discussed in Chapter IV and the sample
calculations as discussed above, the test data for various pure alcohols
and alcohol/gasoline blends were analyzed and results are tabulated

in the Appendix B.



m
o
m
2




TABLE No. 1
TEST DATA

DATE: Feb. 21, 198) ORSAT ANALYSLS AT 2700 RPM
TYPE OF ALCOHOL: None o, % 13.4
COMPRESSLION RATLO: 6.77 co 7 0.4
GASOLINE PERCENTAGE : 100 02 A 0
ALCOHOL PERCENTAGE : 0 ENGINE TIMING: 42°
SPEED LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICLENCY METER
LBS. PERCENT | INCHES OF
WATER
3000 74.5 0.5 52 99.08 | 56.59 0.6116 | 20.23 2.50
2798 | 82.0 0.5 54 109.06. | 58.10 0.5737 21.56 2.50
2598 92.6 0.3 | 32 123.15 | 60.92 0.5540 2233 2.45
2400 | 99.6 0.3 33 132.46 | 60.53 0.5406 22.88 2.30
2200 107.2 0.3 | 35 142.57 | 59.72 0.5166 23.95 2.20
2001 112.0 0.3 .38 148.96 | 56.75 0.5008 24.70 2.10
1800 116.1 0.3 41 154.41 | 52.92 0.4977 24,85 2.00
1600 | 118.1 0.3 46 157.07 | 47.85 | _ 0.4906 25.21 1.80
1401 121.2 0.3 50 | 161.19 | 42.99 0.5024 24.62 1.60
1192 ) 120.8 0.3 56 | 160.66 | 36.46 | 0.5289 23.39 1.40
1002 119.6 0.3 65 159.06 | 30.34 0.5476 22.59 1.20

9%



TABLE NO. 2
TEST DATA
DATE : March 13, 1981 ORSAT ANALYSIS AT 2700 RPM
TYPE OF ALCOHOL :Mecchy €O, % 12.4
COMPRESSION RATIO : 6,77 co % 2
GASOLINE PERCENTAGE : 90 02 y 4 .8
ALCONOL. PERCENTAGE : 10 ENGINE TIMING: 44°
SPEED LOAD FUEL TIME TORQUE B.UL.P. BSFC THERMAL | AIR FLOW
RPM LBS. CONSUMED SECS. FT-1BS. LBS/BUP-HR EFFICIENCY| METER
LBS. PERCENT | INCHES OF
WATER
o | 0.3 29 95.76 | 54.89 0.6784 19.38 2.5
2803 84 0.3 28 111.72 | 59.62 0.6469 20.33 2.5
2598 | 90,20 0.3 29 119.96 | 59.34 0.6275 20.96 2.45
2400 ]95.40 0.3 32 126.88 | 57.97 0.5997 21.93 2.40
2200 | 99.70 0.3 33 132.60 | 55.56 0.5889 22.33 2.30
2000 1103.80 0.3 36 138.05 | 52.57 0.5706 23.05 2.10
1800 |108.20 0.3 39 143.90 | 49.31 0.5615 23.42 1.92
1607__ 108,60 0.3 44 144.43 | 44.19 0.5554 23.68 1.80
1401 f111.20 0.3 48 147.89 | 39.45 0.5703 23.06 1.6
1205 113,40 0.2 35 | 150,82 34,60 0.5945 22.12 1.4
1009 |114.70 0.2 39 152.55 29.30 0.6298 20. 88 1.2




DATE @

March 14,

TYPE OF ALCOHOL :

COMPRESSION RATIO *

1981
Ethyl

6.77

GASOLINE PERCENTAGE : 90

TABLE NO. 3
TEST DATA

ORSAT ANALYSIS AT 2700 RPM

C()2 A

co %

027.

14.4
0.2
0.2

ALCOHOL. PERCENTAGE : 10 ENGINE TIMING: 42°
SPEED LOAD FUEL TIME TORQUE B.H.P, BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HIR EFFICIENCY| METER
LBS. PERCENT | INCIHES OF
WATER
2996 74.3 0.5 51 98.81 | 56.37 0.6260 20.64 2.50
2803 84.3 0.5 50 112.11 | 59.83 0.6016 21.47 2.50
2602 91.6 0.3 30 121.82 | 60.35 0.5964 21.66 2.45
2402 96.3 0.3 32 128.07 | 58.57 0.5761 22.43 2.40
2176 100, 2 0.3 35 133.26 | 55.20 0.5589 23.11 2,130
2002 104. 6 0.3 37 139.11 | 53.02 0.5504 23.47 2.20
1800 109.3 0.3 4 145,36 | 49,81 0,5287 24.43 2,00
1602 111.6 0.3 44 148,42 | _45.26 0.5423 23.82 1.80
1403 113.6 0.3 47 151,08 | 40,35 0,5694 22,69 1.60
1200 | 114.8 0.3 54 152.68 | 34.88 0,5733 22.53 1.40
1007 115.6 | 0.3 63 __ 153,74 _ | 29,42 0,5816 22,21 1.20




TABLE NO. 4

TEST DATA

DATE: March 14, 1981 ORSAT ANALYSIS AT 2700 RPM

TYPE OF ALCOHOL : Isopropyl 002 % 13.5

COMPRESSION RATIO ; 6.77 co % 0.3

GASOLINE PERCENTAGE ; 90 02 4 0.0

ALCOLOL PERCENTAGE ; 10 ENGINE TIMING: 46°

SPEED LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY METER

LBS. PERCENT INCHES OF
WATER

3006 74.8 0.5 53 99.48 56.93 0.5965 21.46 2.6
2825 84.3 0,5 52 112.11 60.30 0.5739 22.30 2.5
2606 92.1 Q.3 32 122.49 60.77 0.5553 23.05 2.5

2406 96,2 0.3 35 127.94 58.61 0.5414 23.64 2.4
2192 103.0 0.3 35 136.99 57.17 0.5391 23.72 2.4
2005 106.3 0.3 38 141.37 53.97 0.5265 24.31 2.2
1800 112.8 0.3 41 150.02 51.41 0.5123 24.99 2.0
1617 113.8 0.3 46 151.34 46.59 0.5039 25.40 1.8

1392 115.0 0.3 52 152.95 40.53 0.5123 24.99 1.6
1181 117.2 «3 57 155.87 35.10 0.5397 23.72 1.4
1000 - 119.2 3 65 158.53 L 30.18 0.5505 23.25 1.2

6%



TABLE NO. 5

TEST DATA
DATE: March 18, 1981 ORSAT ANALYSIS AT 2700 RPM
TYPE OF ALCOHOL: Butyl Co, % 14.2
COMPRESSION RATIO: 6.77 o % 0.4
GASOLINE PERCENTAGE 90 0, * 0
ALCONOL PERCENTACE 10 ENGINE TIMING: 45°
SPEED LOAD FUEL TIME TORQUE B.H.P, BSFC THERMAL AIR FLOW
REM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR | EFFICIENCY| METER
LBS. PERCENT | INCHES OF
WATER
2988 17.2 0.5 51 102.67 | 58.41 0. 6042 21.07 2.40
2814 85.4 0.5 52 113.58 | 60.85 0.5688 22.38 2.40
2599 94.10 0.5 53 125.15 | 61.93 0.5483 23,22 2.35
2366 97.3 0.5 58 129.40 | 58.29 0.5324 23.91 2.30
2193 104.0 0.5 60 138.32 | 57.75 0.5194 24.51 2.20
1972 107.90] 0.5 62 143.50_| 53.88 0.5388 23.63 2.00
1800 | 113.10] 0.5 68 150.42 | 51.55 0.5134 24,80 1.80
1575 114.8 0.3 45 152.68 | 45.78 0.5242 24,28 1.70
1403 115.6 0.3 49 153.74 | 41.07 0.5366 23.72 1.50
1194 117.6 0.3 56 156.40 | 135.55 10,5424 23.47 1.30
984 118.7 0.3 66 157.87 | 29.57 0.5533 23.01 1.20

0¢S



TABLE NO. 6

TEST DATA

DATE: March 10, 1981 ORSAT ANALYSIS AT 2700 RPM
TYPE OF ALCOHOL: Methyl 002 %z 12.00
COMPRESSION RATIO: 6.77 co %z 0.10
GASOLINE PERCENTAGE : 80 O2 £ 0.60
ALCOHOL PERCENTAGE : 20 ENGINE TIMING: 44°
SPEED LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL AIR FLOW

RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY| METER

LBS. PERCENT INCHES OF
WATER

3021 73.3 0.5 45 97.48 56.07 0.7133 19.64 2.50
2802 83.7 0.5 46 111.32 59.38 0.6589 21.26 2.50
2589 89.9 0.3 28 119.56 58.93 0.6545 21.40 2.45
2400 94.6 0.3 30 125.81 57.49 0.6261 22,37 2.40
2204 98.2 0.3 31 130.60 54.80 0.6357 22.04 2.30
2000 101.6 0,3 34 135,12 51.45 0.6173 22.69 2.20
1806 106.7 0.3 37 141.91 48.79 0.5982 23.42 2.05
1670 108.8 0.3 40 144.70 46.01 0.5868 23.87 1.90
1406 113.3 0.2 30 150.68 40.33 0.5950 23.54 1.65
1199 112.6 0.2 33 149.75 34.18 0.6383 21.95 1.40
1007 111.3 0.2 38 148.02 28.38 0.6676 20.98 1.20

I¢



DATL :

COMPRESSION RATIO ;

Feb. 12, 1981

TYPE OF ALCOHOL: Methyl

6.77

CASOLINE PERCENTAGE ; 50

ALCONOL PERCENTAGE :

50

TABLE NO. 7

TEST DATA

ORSAT ANALYSIS AT 2700 RPM

L02 A
co 7

02 4

11.8
0.1
0.3

ENGINE TIMING: 46°

SPEED LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY METER
LBS. PERCENT INCHES OF
WATER
2995 74.4 0.5 18 98.95 | 56.42 0.8395 20.48 2.40
2801 83.0 0.5 39 110.39 | 58.72 0.7859 21.87 2.40
2599 89.4 0.4 3’ 118,90 | 58,83 0.7649 22.47 2.35
2402 93.8 0.3 26 124.75 | 57.04 0.7282 23.61 2.30
2204 96.7 0.3 28 128.61 | 53.96 0.7148 24.05 2.20
2001 | 100.6 0.3 30 133.79 | 50.96 0. 7064 24, 34 2.05
1800 | 105.6 0.3 13 140.44 | 48.12 0.6801 25.28 1.90
1607 | 109.3 0.3 36 145.36 | 44.47 0.6746 25.48 1.65
1402 115.3 0.3 19 153.34 | 40.92 0.6767 25,40 1.50
1202 114.8 0.2 29 152,68 | 34.93 0,7107 24,19 1.30
1003 110.0 0.2 35 146.30 | 27.93 0.7365 23.34 1.10

49



TABLE NO. 8

TEST DATA
DATE : Feb. 10, 1981
TYPE OF ALCOIOL: Ethyl

ORSAT ANALYSLS AT 2700 RPM

co, ¥ 13.1
COMPRESSION RATIO: 6.77 E I 4 0
GASOLINE PERCENTAGE : 50
ALCOHOL PERCENTAGE :
“ SPEED i LOAD ‘, R : ;J FLOW
RPM |  LBS. . C 1 §F LB S/ BRP - TER
L LR : IﬂCHES OF
» | | | | WATER
3004 | 4.4 E ;é;iq—‘_- {40 | 98.95 | 56.58 0.7953 19.48 2.45
2799 | 83.3 I 0.5 41 110.78 59.03 0.7437 20.83 2.40
2602 90.1 0.5 42 119.83 59.36 0.7219 21.46 2.40
2401 94.8 0.3 27 126.08 57.63 0.6940 22.32 .38
2204 98.5 0.3 29 131.00 54.96 0.6776 22.86 2.30
2002 102.5 0.3 31 136.32 51.95 0.6706 23.10 2.10
1801 106.1 0.3 34 141.11 48.38 0.6565 23.59 2.00
1602 109.2 0.3 38 145.23 44.29 0.6417 24.14 1.80
1399 111.6 0.3 41 148.42 39.53 0.6663 23.25 1.60
1201 110.2 0.2 31 146.56 33.51 0.6931 22.35 1.40
1006 108.3 0.2 37 144.03 27.58 0.7055 21.96 1.20

£s



TABLE NO. 9
TEST DATA

DATE : Feb. 14, 1981 ORSAT ANALYSIS AT 2700 RPM

TYPE OF ALCOHOL : Isopropyl 002 ¢ 13.6

COMPRESSION RATIC : 6.77 co z 0.3

GCASOLINE PERCENTAGE: 50 0, % 0.0

ALCOHOL PERCENTAGE: 50 ENGINE TIMING: 44°

SPEED LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY| METER

LBS. PERCENT INCHES OF
WATER

3002 71.2 0.5 44 94.69 54.12 0.7558 19.44 2.45
2801 81.6 0.5 44 108.52 57.87 0.7069 20.79 2.40
2599 91.1 0.5 45 121,16 59.94 0.6673 22,02 2.40

2406 95.3 0.5 47 126.74 58.05 0.6597 22.28 2.30
2197 102.1 0.5 49 135,79 56.79 0.6468 22,732 2.25
2000 104.8 0.5 52 139,38 53,07 0,6522 22.53 2,10

1803 111.3 0.5 56 148,02 50,81 0,6326 23,23 1.90
1600 112.6 0.5 64 149,75 45,61 0,6166 23,83 1.70
1406 116.1 0,5 69 154,617 41,40 0.6301 23.32 1.50
1200 118.1 0.5 15 157.017 35,88 0,6688 21.97 1.30
998 112.1 0.5 88 1595.74 29.59 0.6912 21.26 1.15

k29



TABLE NO. 10
TEST DATA
DATE: Feb. 14, 1981 ORSAT ANALYSIS AT 2700 RPM
TYPE OF ALCOHOL: Butyl co2 ¥ 13.8
COMPRESSION RATIO: 6.77 Co
GCASOLINE PERCENTAGE : 50
ALCOHOL PERCENTAGE : 50
SPEED LOAD ’ 3 B, & T AIR FLOW
RPM LBS. i S/BHP-HR | EFFICIE METER
: : PERCENT INCHES OF
K WATER
s e WA —— i R R
3003 76.4 0.5 43 ] 101.61 58.09 0.7206 19.79 2.40
2796 83.8 0.5 44 111.45 59.32 0.6896 20.68 2.40
2598 92.3 0.3 27 122.75 60.71 0.6588 21.65 2.35
2391 98.1 0.3 30 130.47 59.38 0.6062 23.53 2.35
2201 104.3 0.3 30 138.71 58.12 0.6194 23.02 2.20
2004 111.6 0.3 34 _148.42 53.00 0.5993 23.80 2.10
1803 114.6 0.3 35 152.41 52.31 0.5898 24.18 1.90
1581 117.3 0.3 38 156.00 46.95 0.6053 23.56 1.70
1413 118.1 0.3 42 157.07 42.25 0.6086 23.43 1.50
1203 122.2 0.3 46 162.39 37.22 0.6307 22.61 1.30
985 117.3 0.3 56 156.00 29.25 0.6593 21.63 1.10




TABLE NO. 11
TEST DATA

DATE ; Feb. 3, 1981 ORSAT ANALYSIS AT 2700 RPM

TYPE OF ALCOHOL : Methyl CO2 2 9.8

COMPRESSION RATIO: 6.77 €0 % 0.1

GASOLINE PERCENTAGE; 0 O2 Z 1.3

ALCOHOL PERCENTAGE 100 ENGINE TIMING:

SPEED LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY| METER

LBS. PERCENT INCHES OF
WATER

3001 75,3 0.5 26 100,149 57,22 1,209 21.546 2.20
2801 82.1 0.5 27 109,193 | 58.23 1.144 22,770 2.45
2599 88.0 0.5 28 117.04 57,91 1.110 23.467 2.40
2410 92.3 0.5 30 122,75 56,32 1.065 24,459 2.32
2198 95,7 0.5 33 127,28 53,26 1,024 25,438 rbd
2000 99.3 - 36 132.06 50,29 0,994 26,206 2.10
1800 101.9 .3 24 139,83 46 .44 0.9689 26,885 1.95

1601 106.7 0.3 26 141.91 43,25 0.9604 27.123 1.60

1400 103.7 3 28 137.92 36,176 1.049 24 . 832 1.50.
1203 101.2 0.2 22 134.50 30.82 1.061 24.551 1.15
1008 100.4 0.2 24 133.53 25.62 117 22,2642 1.00



TABLE NO. 12

TEST DATA

DATE: Feb. 3, 1981 ORSAT ANALYSIS AT 2700 RPM

TYPE OF ALCOHOL: Ethyl CO2 %

COMPRESSION RATIO: 6.77 co % NIL

GASOLINE PERCENTAGE : 0 02 2 1.9

ALCOIIOL PERCENTAGE ;: 100 ENGINE TIMING: 46°

SPEED LOAD FUEL TIME TORQUE B.IL.P. BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY METER

LBS. PERCENT INCHES OF
WATER

3002 75.6 0.5 27 100.54 | 57.46 1.160 17.167 2.60
2806 83.1 0.5 29 110.52 59.04 1.05 18.965 2.50
2594 88.7 0.5 31 117.97 58.25 0.9968 19.97 2.49
2410 94,2 0.5 32 125.28 | 57.48 0.9786 20.24 2.40
2207 97.3 0.5 35 129.40 | 54.37 0.9458 21.05 2.30
2000 101.0 0.3 24 134.33 51,14 0.8799 22.63 2.20

1802 103.6 0.3 26 137.78 | 47.26 0.8789 22.65 2.00
1600 107.9 0.3 29 143,50 | 43.71 0.8520 23.37 1.80
1400 104.4 0.3 33 138.85 37.00 0.8845 22.51 1.70
1203 103.2 o 25 137.25 31.43 0.9163 21.73 1.40
1002 102.6 0.2 30 136,45 26.03 0,9219 21.60_ 1.20



DATE :

Feb. 5, 1981
TYPE OF ALCOHOL :
COMPRESSION RATIO :

Isopropyl

6.77

GASOLINE PERCENTAGE : 0

TABLE NO.

TES'T DATA

13

ORSAT ANALYSIS AT 2700 RPM

co, % 11.
ce z
0, %

4

0.

0.

ALCOUOL PERCENTAGE 100 ENGINE TIMING: 43°
SPEED LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY| METER
LBS. PERCENT INCHES OF
WATER
3055 67.6 0.5 34 89.90 52.29 1.01 17.377 2.60
2798 79.9 0.5 33 106.26 56.61 0.9264 18.946 2.60
2600 90.4 0.5 33 120.23 59.52 0.9159 19.163 2.50
2400 95.0 0.5 35 126.35 57.73 0.8900 19.721 2.48
2198 99.9 0.5 38 132.86 55.60 0.8516 20.610 2.40
2000 104.4 0.3 24 138.85 52.87 0.8169 21.485 2.20
1800 108.2 0.3 28 143.90 49.31 0.7818 22.450 2.00
1600 109.3 0.3 33 145.36 44.28 0.7390 23.750 1.80
1401 107.8 0.2 26 143.37 38.24 0.7837 22.395 1.60
1200 111.9 0.2 26 148.82 34.00 0.814 21.562 1.40
1000 116.6 0.2 29 155.07 29.52 0.8410 20.870- 1.25

8¢



TABLE NO. 14
TEST DATA
DATE; Feb. 7, 1981 ORSAT ANALYSLS AT 2700 RPM
TYPE OF ALCOHOL: Butyl €O, % 14.2
COMPRESSION RATIC; 6,77 o % 0.2
GASOLINE PERCENTAGE : 0 0, % 0.0
ALCONOL PERCENTAGE ; 100 ENGINE TIMING: 42°
SPEED | LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL | AIR FLOW
RPM LBS. CONSUMED | SECS. FT-LBS. LBS/BUP-HR | EFFICIENCY| METER
LBS. PERCENT | INCHES OF
WATER
2998 73.6 0.5 35 97.88 | 55.87 0.9205 17.837 2.50
2807 83.5 0.5 35 111.05 | 59.35 0.866 18.959 2.40
2602 91.7 0.5 35 121.96 | 60.42 0.8511 19.291 2.40
2402 99.7 0.5 36 132.60 | 60.64 0.824 19.926 2.32
2203 106.9 0.5 38 142.17 | 59.63 0.7938 20.684 2.22
1999 110.9 0.3 24 147.49 | 56.13 0.802 20.473 2.05
1796 115.8 0.3 27 154.01 | 52.66 0.7588 21.638 1.90
1605 118.7 0.3 30 157.87 | 48.24 0.699 23.489 1.70
1400 119.4 0.2 23 158.80 | 42.33 0.7393 22.209 1.50
1197 121, 2 0.2 26 161.55 | 36.73 0.7532 21.799 1.30
997 | 122.1 0.2 30 162.39 | 30.82 0.7784 21.093 1.20




TABLE NO. 15
TEST DATA

DATE: Occt. 15, 1980 ORSAT ANALYS1S AT 2700 RPM
TYPE OF ALCOHOL : co, x 13.2

COMPRESSION RATIO: 7.76 co % 0.3

GASOLINE PERCENTAGE : 100 02 % 0.1

ALCOHOL PERCENTAGE : 0 ENGINE TIMING: 35°

SPEED LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL | AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY METER

LBS. PERCENT INCHES OF
WATER

3000 78.2 0.5 50 104.00 59.40 0.6060 20.41 2.50
2801 87 0.5 52 115.71 61.70 0.5610 22.05 2.50
2592 94.5 0.5 53 125.68 62.02 0.5476 22.59 2.45
2401 100.2 0.5 55 133.26 60.92 0.5372 23.03 2.40
2206 108.5 0.5 57 144.30 60.60 0.5211 23.74 2.30
1990 114.8 0.5 60 152.68 57.85 0.5185 23.86 2.15
1800 120.0 0.5 66 159.60 54.69 0.4986 24.81 1.95
1578 122.6 0.5 76 163.05 48.99 0.4834 25.59 1.90
1402 125.10 0.5 82 166.38 44.41 0.4942 25.03 1.60
1200 123.00 0.3 56 163.59 37.37 0.5160 23.97 1.40
1000 '122.20 0.2 44 162.52 30.94 0.5288 23.39 1.20

09



DATE: Oct.

COMPRESSION RATIO *

17, 1980
TYPE OF ALCOHOL: Methyl

7.76

GASOLINE PERCENTAGE : 90
ALCOHOL PERCENTAGE : 10

TABLE NO. 16

TEST DATA

ORSAT ANALYSIS AT 2700 RPM

p4
)4

14.75
0.3

SPEED LOAD FUET | oo DRQUE - { AIR FLOW
RPM LBS. CONSUMED |  SH T-LES BS/BHE~ METER
LBS. { INCHES OF
g WATER
R RS R
3035 72.6 0.3 29 95.83 55.79 0.6675 19.70 2.60
2793 85.5 0.5 43 113.71 60.47 0.6201 21.21 2:55
2554 92.5 0.5 49 123.02 59.82 0.6140 21.42 2.40
2360 96.1 0.5 53 127.81 57.43 0.5913 22.24 2.30
2202 101.2 0.5 56 134.59 56.43 0.5696 23.09 2.20
2010 104.2 0.5 60 138.58 53.03 0.5657 23.25 2.00
1793 109.1 0.5 66 145.10 49.53 0.5506 23.88 1.80
1559 111.6 0.5 12 148.42 44.05 0.5675 23.17 1.60
1453 111.8 0.5 18 148.69 41.13 0.5610 23.44 1.50
1161 114.0 0.5 92 151.62 33.51 0.5838 22.53 1.30
1008 112.60 0.5 102 149.75 28.74 0.6140 21.42 1.10

19



TABLE NO. 17
TEST DATA

DATE; Oct. 10, 1980 ORSAT ANALYSIS AT 2700 RPM
TYPE OF ALCOHOL: Ethyl co, 2 12.35

COMPRESSION RATIO: 7.76 o0
GASOLINE PERCENTAGE: 90

s

ALCOHOL PERCENTAGE 30
| SPEED | LOAD 31 R | ATR FLOW
RPN LBS. |} p | SECS. FT-LES. LBS/BHE-HR | EF ¥: METER
i i ! PERCENT INCHES OF
| 3 ] , ; i WATER
2986 | 74.9 0.3 B “-_% 99.61 56.63 0.6151 21.00 2.73
2781 86.1 0.3 30 114.51 60.63 0.5937 21.76 2.70
2627 91.9 0.3 29 122.22 61.13 0.5711 22.62 2.60
2439 96.5 0.2 21 128.34 59.60 0.5752 22.46 2.45
2221 100.1 0.3 35 133.13 | 56.29 0.5481 23:57 2,35
1955 106.1 0.3 39 141.11 52.53 0.5271 24.51 2.10
1790 110.6 0.3 42 147.09 50.13 0.5129 25,19 1.90
1554 114.2 0.2 30 151.88 | 44.94 0.5340 24,19 1.70
1406 115,3 0.2 31 153.33 | 41.05 0.5657 22.84 1.60
1219 114.9 0.2 36 152.81 35.46 0.5640 22.91 1.40
1031 113.6 0.2 42 151.08 | 29.65 0.5781 22.35 1.20

29



DATE :

GASOLINE PERCENTAGE :
ALCOHOL PERCENTAGE ;

Oct. 20, 1980
TYPE OF ALCOHOL : Isopropyl
COMPRESSION RATIO :

LOAD

TABLE NO. 18
TEST DATA

ORSAT ANALYSTS
13.60

D
Co 9

e

8]

N A
£, 48

AT 2700 RPM

| SPEED 5 P RO i
RPM LBS. ~LR3 B8/ BHF- METEF
INCHES OF

WATER

3065 14,5 49,08 t 57,82 0,5986 21.38 2.65
2825 84.5 112.38 60.44 0.5970 21.44 2.60
2615 93.0 123.69 61.58 0.5515 23,21 2.55
2429 96.5 128.34 59,35 0.5352 23.92 2.45
2147 103.9 138.18 56.48 0.5168 24.77 2.25
2014 107, 2 142.57 54.67 0.5065 2527 2.10
1855 113.1 150.42 53.12 0.4958 25.82 2.00
1663 114.2 151.88 48.09 0.5104 25.08 1.85
1380 115.6 153.74 40,39 0.5045 25.37 1.50
1217 114.8 152.68 35.317 0.5264 24.32 1.40
985 113.8 151.35 28.38 0.5679 22.54 1.15

€9



TABLE NO. 19

TEST DATA

DATE: Oct. 22, 1980 ORSAT ANALYS1S AT 2700 RPM

'YPE OF ALCOHOL : Butyl co, % 13.4

COMPRESSION RATIO : 7.76 co % b

GASOLINE PERCENTAGE : 90 2,

ALCOHOL PERCENTAGE : 10 ENCING TIMING

SPEED LOAD FUEL | TIME | TORQUE | B.H.P {  THERMAL { AIR FLOW
RPM LBS. CONSUMED SECS. | FT-1BS. | LBS/BHP-HR | EFFICIENCY{ METER

LBS. : | PERCENT INCHES OF
: WATER

2974 78.7 ‘._wlﬁg_—w—hL“»m}l'm“'; 04,67 | 59.50 | ¢ sa17 21.88 2.50
2809 85.4 0.3 32 f _____ 113.58 60.63 0.5565 22.87 2.50

2581 94.8 0.3 32 126.08 62.56 0.5394 23.60 2.49

2401 102.8 0.3 34 136.72 62.60 0.5073 25.09 2.40

2198 106.6 0.3 35 141.77 59.49 0.5185 24.55 2.30
2002 109.9 0.3 38 146.16 55.46 0.5123 24.85 2.10

1800 114.0 0.3 42 151.62 51.99 0.5065 25.13 1.90
1603 116.2 0,2 33 154.54 47.16 0.4914 25.91 1.80

1406 118.4 0.2 34 157.41 42,27 0.5008 25.42 1.60
1208 121.6 0.2 37 161.72 37.13 0.5233 24.33 1.40
1000 .123.4 0.2 42 164.12 31.24 0.5486 23.20 1.20

%9



DATE: Nov. 3, 1980

TYPE OF ALCOHOL : Methyl
COMPRESSION RATIO - 7.76
GASOLINE PERCENTAGE : 50

TABLE NO. 20
TEST DATA

ORSAT ANALYSIS AT 2700 RPM

C()z 4

o0
LS

ALCOHOI, PERCENTAGE ; 50 e
SPEED LOAD SRGUE ERMAL. ¢ AIR FLOW
. RPM | LBS. T-LE3 HiP-ER  §  EFFICIENCY METER
, PERCENT INCHES OF
WATER
| 2955 76.2 101. 34 | 57.01 0.7893 21.78 2.68
2711 84.0 111.72 | 58.93 0.7449 23.08 2.60
2600 91.5 121.69 60.23 0.7114 24.16 2.60 g
2349 96.3 128.07 57:27 0.6984 24.61 2.45
2229 100.7 133.93 56.83 0.6739 25.51 2.35
20/6 102.2 135.92 53.72 0.6838 25.14 2.25
1807 106.6 141.77 48.717 0.6710 25.62 2.00
1698 107.2 0.3 36 142.57 46.06 0.6513 26.39 1.90
1469 113.6 0.3 39 151.08 42.25 0.6554 20,23 1.65
1194 111.8 0.3 48 148.69 33.79 0.6658 25.82 1.40
978 110.6 0.3 58 147.10 27.38 0.6800 25.28 1.15

€9



DATE: Occt. 3, 1980

TABLE NO. 21
TEST DATA

ORSAT ANALYSIS AT 2700 RPM

TYPE OF ALCOHOL ; Ethyl co, % 13.6
COMPRESSION RATIO : 7.76
GASOLINE PERCENTACE : 50
ALCOMOL PERCENTAGE . 50 i
SPEED | 1LoAD | ‘ SRE ¢ ., FHEPMAL | AIR FLOW
L ReM | eBS. | cob T-LBS s /B! EFFICIENCY| METER
: l PERCENT | INCHES OF
[ WATER
3045 4.1 0.5 41 98.55 | 57.13 0.7684 20.16 2.60
2814 85.8 0.5 41 114.11 | 61.21 0.7172 21.60 2.58
2640 91.2 0.3 26 121.29 | 60.96 0.6814 22.73 2.55
2400 96.2 0.3 28 127.94 | 58.45 0.6599 23.47 2.45
2220 99.1 0.3 30 131.80 | 55.70 0.6463 23.97 2.30
2009 103,2 0.3 33 137.25 52.49 0.6234 24.85 2.15
1810 106.8 0.3 36 142.04 | 48.94 0.6129 25,27 2.00
1564 111.2 0.3 39 147.89 44.03 0,6289 24,63 1.70
| 1413 114.8 3 41 152.68 41.07 00,6413 24,15 1.59
1199 112.9 3 46 150.15 | 34.27 0.6850 22.61 1.35
1000 110.6 3 56 147.09 | 28.00 0.6887 22.49 1.10

99



TABLE NO, 22

TEST DATA

DATE: Oct. 31, 1980 ORSAT ANALYSIS AT 2700 RPM
TYPE OF ALCOHOL: Isopropyl €o, X 13.4

COMPRESSTON RATIG: /.76 co % 0

GASOLINE PERCENTAGE : 50 0, % 0.7

ALCOIOL PERCENTAGE : 50 ENGINE TIMING: 39°

SPEED LOAD FUEL TIME TORQUE B.U.P. BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY| METER

LBS. PERCENT INCHES OF
WATER

2945 76.3 0.5 b4 101.47 56.90 0.7189 20. 44 2.60
2793 82.3 0.5 45 109.45 58.20 0.6872 21.38 2.55
2604 91.8 0.3 27 122.09 60.52 0.6609 22.24 2.50
2333 98.1 0.3 29 130.47 57.94 0.6427 22.87 2.40
2189 102.9 0.3 31 136.85 57.03 0.6108 24.06 2.25
1999 107.0 0.3 33 142.31 54.15 0.6043 24.32 2.15
1791 112.8 0.3 36 150.02 51:15 0.5865 25.06 2.00
1545 1340 0.3 41 151.75 44,63 0.5902 24.90 1.85
1400 118.0 0.2 28 156.94 41.82 0.6148 23.90 1.60
1230 118.3 0.2 31 157.34 36.84 0.6304 23.31 1.35

1027 116.9 0.2 36 155.47 30.39 0.6581 22.33 1.20

L9



TABLE NO. 23

TEST DATA

DATE; Nov. 11, 1980 ORSAT ANALYSIS AT 2700 RPM

TYPE OF ALCOHOL: Butyl CO2 £ 13.8

COMPRESSION RATIO 7.76 co 7 0.2

JASOLINE PERCENTAGE : 50 02 % 0

ALCOHOL PERCENTAGE 50 ENGINE TIMING: 38°

SPEED LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY| METER

LBS. PERCENT INCHES OF
WATER

2989 76.5 0.3 26 101.74 57.85 0.7180 19.86 2.65
2747 87.5 0.3 26 116.37 60.81 0.6830 20.88 2.61
2589 92.7 0.3 2d 123.29 60.72 0.6352 22.45 2.55
2383 99.2 0.3 29 131.93 59.80 0.6227 22.90 2.45

2208 104.6 0.3 31 139.11 58.47 0.5958 23.94 2.35

1974 112.2 0.3 33 149.22 56.07 0.5836 24.44 2.15
1809 115.1 0.3 36 153.08 52,02 0.5690 25.06 2.00
1638 118.0 0.3 40 156.94 48.93 0.5518 25.85 1.85
1385 119.2 0.2 30 158.53 41.80 0.5741 24.84 1.55
1211 ;17.8 0.2 33 156.67 36.12 0.6040 23.61 1.40
1003 116.8 0.2 38 155.34 29.66 0.6388 2233 1.15

89



TABLE NO.

TEST DATA

DATE: Nov. 12, 1980 ORSAT ANALYSIS AT 2700 RPM
TYPE OF ALCOHOL : Methyl C-’Ez p 4 13.8

COMPRESSION RATIO : 7.76 0 %

GASOLINE PERCENTACE : 0 ,

ALCOHOI. PERCENTAGE : 100 NG INE E e v

- R —

SPEED LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LRBS. LBS/BLiP-HR EFFICIENCY METER

LBS. PERCENT INCHES OF
WATER

3047 73.80 0.5 27 98.15 | 56.94 1.1708 22.26 2.55
2808 83.40 0.5 28 110.92 | 59.30 1.084 24.03 2.50
2627 88.10 0.5 29 117.17 | 58.60 1.059 24.59 2.45
2395 94.80 0.5 31 126.08 | 57.49 1.00 26.04 2.30
2209 98.5 0.5 33 131.00 | 55.04 0.9910 26.28 2.20
2001 101.5 0.5 36 134.99 | 51.43 0.9721 26.79 2.00
1829 103.5 0.4 32 137.65 | 47.89 0.9396 27.72 1.90
1605 109.1 0.4 36 145.10 | 44.34 0.9021 28.87 1.75
1403 105.0 0.3 33 139.65 | 37.27 0.9347 27.86 1.50
1208 102.5 3 35 136.32 | 31.35 0.9842 26.46 1.30
1020 101.2 .3 40 134.59 | 26.13 1.033 25.21 1.10
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TABLE NO. 25

TEST DATA
DATE ; Oct. 6, 1980 ORSAT ANALYSIS AT 2700 RPM
TYPE OF ALCOHOL : Ethyl co, % 12.1
COMPRESSION RATIO : 7.76 co % 0
CASOLINE PERCENTAGE ; 0 0, % 2.2
ALCONOL PERCENTAGE : 100 ENGINE TIMING: 42°
SPEED LOAD FUEL TIME TORQUE B.IL.P. BSFC THERMAL | AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY| METER
LBS. PERCENT | INCHES OF
WATER
3034 76.5 0.5 28 101.74 | 58.72 1.094 18.20 2.65
2818 85.5 0.5 30 113.71 | 60.95 0.9844 20.22 2.60
2590 91.3 0.5 32 121.42 | 59.82 0.9403 21.37 2.45
2385 95.8 0.5 34 127.41 | 57.85 0.9151 21.76 2.35
2222 97.9 0.5 36 130,20 55.07 0,9079 21.93 2,20
| 2061 99.3 0.5 40 132.06 | 51.81 0.8685 22.92 2.10
| 1807 105.1 0.5 45 139.78 | 48.08 0.8319 23.93 1.90
1603 109.1 0.5 48 145.10 | 44.28 0.8468 23,51 1.65
1412 106.6 0.3 32 141.77 | 38.10 0.8858 22.48 .55
1199 103.2 0.3 38 137.25 | 31.33 0.9071 21.95 1.40
1012 102.9 0.3 44 136.85 | 26.36 0.9311 21.38 1.30

0L



TABLE NO. 26
TEST DATA
DATE: Nov. 14, 1980 ORSAT ANALYSIS AT 2700 RPM
TYPE OF ALCOHOL: Isopropyl C02 ¥ 13.6
COMPRESSTON RATIO: 1.76 co ¢ 0.2
GASOLINE PERCENTAGE : 0 0, % 0.4
ALCOHOL PERCENTAGE : 100 ENGINE TIMING: 39.5°
SPEED LOAD FUEL TIME TORQUE B.H.P, BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY| METER
LBS. PERCENT INCHES OF
WATER
3042 71.1 .5 33 94.56 54.717 0.9959 17.62 2.60
2813 80.0 .5 34 106. 40 59.93 0.8833 19.87 2.55
2608 92.5 0.5 33 123.02 61.03 0.8937 19.63 2.50
2414 97.6 0.5 35 129.80 59.65 0.8621 20.35 2.40
2189 104.2 0.5 38 138.58 57.76 0.8200 21.40 2.25
2034 107.1 0.5 42 142.44 55.15 0.7771 22.58 2.10
1785 ki 2 0.5 50 149.22 50.67 0.7400 23.71 1.90
1579 112.7 0.5 56 149.89 45.02 0.7139 24,58 1.75
1410 113.6 0.3 36 151.08 40.52 0.7403 23.70 1.55
1210 115.2 0.3 39 153.21 35.29 0.7847 22.36 1.35
1016 117.0 0.3 44 155.61 30.09 0.8157 21.53 1.15

1L



TABLE NO. 27

TEST DATA

DATE:  Nov. 19, 1980 ORSAT ANALYSIS AT 2700 RPM

TYPE OF ALCOHOL ; Butyl co, % 13.8

COMPRESSION RATIO; 7.76 o % 0.2

CASOLINE PERCENTAGE ; 0, * 0

ALCOIIOL PERCENTAGE 100 ENGINE TIMING: 39°

SPEED | LOAD FUEL TIME TORQUE B.U.P. BSFC THERMAL | AIR FLOW
RPM LBS. | consumED | SEcs. | ¥Fr-LBS. LBS/BHP-HR | EFFICIENCY| METER

LBS. PERCENT | INCHES OF
WATER

3031 73.5 0.5 36 97.75 | 56.36 0.8871 18.50 2.60
2807 87.5 0.5 37 116.37 | 62.13 0.8271 19.85 2.60
2590 96.0 0.5 16 127.68 | 62.90 0.794 20.67 2.50
2416 99.3 0.5 38 132.06 | 60.69 0.780 21.05 2.40
2215__| 103.8 0.5 41 138,05 | 58.16 0.754 21.77 2.30
2020 | 1111 0.5 44 147.76__| 56.82 0.7198 22.81 2.10
1811 | 115.9 0.5 48 154.14 | 53.14 0.7056 23.27 1.90
1589 | 116.3 0.3 14 154.67 | 46.79 0.6788 24.18 1.70
1407 | 114.0 0.3 36 151.62 | 40.61 0.7116 23.07 1.55
1174 | 118.2 0.3 40 157.20 | 35.13 0.7685 21.36 1.30
997 | 119.3 0.3 44 158.66 | 30.11 0.8151 20.14 1.15

[44



DATE :

March 12, 1981

TABLE NO. 28
TEST DATA #*

ORSAT ANALYSIS AT 2700 RPM

TYPE OF ALCOHOL: Methyl co, X 12.8
COMPRESSION RATIO: 6.77 co % 0
GASOLINE PERCENTAGE: 90 0, % 0.6
ALCOHOL PERCENTAGE: 10 ENGINE TIMING: 42°
SPEED LOAD FUEL TIME TORQUE B.I.P. BSFC THERMAL AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY| METER
LBS. PERCENT INCHES OF
WATER
3010 70.9 0.3 29 94.29 54.04 0.6891 19.08 2.60
2851 79.2 0.3 29 105.33 57.11 0.6514 20.19 2,60
2583 86.9 0.3 30 115.57 56.84 0.6333 20,76 2.55
2403 91.1 0.3 32 121,16 55.43 0.6088 21.60 50
2225 94.3 0.3 34 125.41 53.13 0.5978 22.00 2.30
2003 100.0 0.3 36 133.00 50.72 0.5914 22.23 2,20
1807 103.1 0.3 40 137.12 47.17 0.5723 22,97 2.00
1626 104.9 0.3 45 139,51 43.19 0.5556 23.67 1.90
1405 106.2 0.3 48 141.24 37.78 0.5955 22,08 1.65
1214 106.0 .3 53 140.98 32.58 0.6254 21.02 1.45
1007 105.4 0.3 60 140.18 26.87 0.6698 19.63 1.25

® Results with carburetion and timing unchanged from test using 100 percent gasoline.

€L



TABLE NO. 29

TEST DATA *

DATE: March 12, 1981 ORSAT ANALYSIS AT 2700 RPM

TYPE OF ALCOHOL: Methyl co, % 12.6

COMPRESSION RATIO: 6.77 co ¢ 01

GASOLINE PERCENTAGE : 80 0, X 0.8

ALCOIIOL, PERCENTACE : 20 ENGINE TIMING: 42°

SPEED LOAD FUEL TIME TORQUE B.H.P, BSFC THERMAL | AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY| METER

LBS. PERCENT INCHES OF
WATER

2987 68.8 0.5 46 91.50 52.04 0.7519 18.63 2.50
2806 77.5 0.5 46 103.07 55.06 0.7106 19.71 2.45
2593 83.6 0.3 29 111.18 54 .89 0.6784 20.65 2.45
2402 87.3 0.3 31 116.10 53.10 0.6560 31355 2.40
2200 91.0 0.3 33 121.03 50.69 0.6456 21.70 2.30
2002 94.1 0.3 36 125.15 47.70 0.6289 22,27 2.10
1807 99.3 0.3 39 132.06 45.43 0.6095 22.98 1.90
1593 104.4 0.3 43 138.85 42.11 0.5964 23.49 1.75
1398 106.1 0.3 46 141.11 37.56 0.6250 22.41 ):55
1205 104.3 0.2 35 138.71 31.82 0.6464 21.67 1.30
997 103.0 0.2 42 136.99 26.00 0.6593 21.25 1.15

® Results with carburetion and timing unchanged from test using 100 percent gasoline,

YL



TABLE NO. 30
TEST DATA *

DATE; March 12, 1981 ORSAT ANALYSIS AT 2700 RPM
TYPE OF ALCOHOL : Methyl co . 7 12.6
COMPRESSION RATIO : 6.77 co % 0

GASOLINE PERCENTAGE : 50 0, % 1.1

2
ALCOHOL PERCENTAGE : 50 ENGINE TIMING: 42°

SPEED LOAD FUEL TIME TORQUE B.H.P. BSFC THERMAL | AIR FLOW
RPM LBS. CONSUMED SECS. FT-LBS. LBS/BHP-HR EFFICIENCY| METER

LBS. PERCENT INCHES OF
WATER
2964 58.8 0.5 45 78.20 44.13 0.9064 18.96 2.50
2805 65.8 0.3 27 87.51 46.73 0.8559 20.08 2.50
2601 712.20 0.3 27 96.02 47.55 0.8412 20.43 2.50
2385 74.00 0.3 29 98.42 44.69 0.8333 20.63 2.45
2204 74.50 0.3 32 99.08 41.58 0.8116 21.18 2.40
2004 76.20 0.3 35 101.34 38.66 0.7981 21.54 225
1801 76.50 0.3 40 101.74 34.88 0.7740 22.21 1.95
1605 76.80 0.3 45 102.14 31.21 0.7689 22.36 1.85
1403 78.20 0.3 52 104.00 27.78 0.7476 22.99 1.70
1204 80.30 0.3 58 106.79 24.48 0.7606 22.60 1.50
1004 86.80 0.3 61 115.44 22.06 0.8025 21.42 1.20

® Results with carburetion and timing unchanged from test using 100 percent gasoline.

VA
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CCMPUTIER PRCGRAM NCal

PLOTS PCwER CLTIPLT OQF METHRANCL, ETFANCL, ISGPRCPANCL, ANC 2LTANUL VS
ENGINE SPEEJ. CCMPRESSIUN RATIC UF The EnGINE IS 6477« SEE FIGURE C—1L.

// cXEC FCRIGULG.CLT=C
Z/FCRT.SYSIA OL =
OLMCNSICN CATAXL(LL),CATAYL(1L),2ATAX2('L),0ATAY2(1L),1(1428),

LIOATAXI(LL) yUATAYICLL) yCAVAXA(LLY yLATAY (L1
REAC(IS 4 ) (TATALL(S 1,084 YLUJd)ed=Lyll),
L(DATAX2(J) jCATAY2(J)pJd=lwll ) (CATAXI(J),0ATAY3(J)pJ=Lyll),

LIDATAZ4(J) yCATAYA(ddpd=L,yll)
4 FCRMAT(Flo«l,FlEa.d)
CALL PLCTA(I490Ce93LlCOevlarTlayrlil)

CALL PLUTI(LATAXL,,LATAYL, "M ,11)
CALL PLCTBICATAXZ,yLATAYZ2y'E%,11)
CALL FLCTB(CATAX3,(ATar3,"[*,1L)

CALL FLCTRBICAT X4, LATAYG, G ¢dL]
CALL PLCTCU'ENGING SPEEC VS ERAKEKCRSEFCAER",32,
LYBHP®,3,"R7NM4, 3)

STCF
ENC
//GUFTCEFCCL CC SYSCLTI=(E,,NLIN)

/7/GUSYSIN LD *
/*

CGMPUTER PRCGRAM ANC.2

PLOTS PCWER CUTPUT CF ¥ETHFANCL, ETFAONCL, ISCPRUPANGCL, ANLC 2LTANCL VS
ENGINE SPEEJ. CCHPRESSICN RATIC UF TrE ENGINE IS 7.76e SEE FISURE 0-2.

/7 EXEC FCRTGCLG,CLT=C
J/FORT.SYSIN CD o

UDINENSION CATAAKLULL) 2CATAYL(II) yuATAXZ(LL) JOATAY2U L 0 ,0( L2230,
LCATAX3{(11) CATAYZ(1L1),CATAX4 ({11}, ,CATAYS(1L)
REACIS 9+ (CATAXL(J) CATA YIL1J),d=1sLl),

LTUATARSUd ) s Lma BY I 0T 9 3= L, Il (CATAAITI T CATAY 3 (JTsa=12111,
LIBATAX4(J) sCATAYS(J) gd=1lyll) ¢
4 FCRMAT(Fléal,llE.2)

CALL PLETAL] o iNCein 3l 20anCes i Casl)
CALL PLCTQ(CATAleCA|AYL.IMD"L)
CALL FLCTBU(LATAXZ ,LATAYZ,'C*,11)

CALL PLL B (CAVAXS , LATAY T, 'V, I
CALL PLCTR(LATAXG LATAY4,%0% 1)
CALL PLCTC('ENGINE SPEEC VS ERAKE FCRSEPLAER',32+78BF1*,3,'RPN",2)

SILF
ENC
7/G0«FT06F301 C3 SYSCUT=(E, ,ALiN)

77G0SYSIN vl 3
/%
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CCMPLTER PRCCRAM NC.3

PLOTS BSFC F METHANCL, ETHANCL, ISCPRCPANCL, ANC BUTANCOL VS ENGINE
SPEEve CCMPRESSICN RATIC UF TRE ENGINE IS 6.77. SEE FIGURE C-3.

|

/7 EXEC FCRTGCLG,LLT=]
//FOQRT.SYSIAN CO 3

DIMENSIUN CATARL(LL),CATAYL(LL) y0ATAR2(LL),,uaTAYZ(L1),I(14c3),
IDATAX3(L1) sCATAYI(LL)LATAXKALLL) ,CATAYG(L1)
REAC(S %) (CATAXLUL) ,DATA Y1{J)sd=Lsll)e

LIDATAX2UJ) yLATAY2(J) 9J=LalL) o (WATAXZ(J)yCATAY3I(J)sd=isll),
LIDATAX4(J) 4CATAYS(J)yu=1l,yll)
4 FCRNMAT(FlEelyFléas)

CALL PLCTA(],490U0es31l004yCearl. )
CALL PLCTBU(CATAXL CATAYLy'¥%,14)
CALL PLCI3({CATAX2,CATAYZ,'E', 110

CALL PLCISICAIRAXRS JCATAY 17,11
CALL PLUTR(CATAX4 ,CATAYG,'8%,11)
CALL PLUTCU*ENGINE SPEEC vS 2KAKE SPFECIFIC FUEL CCNSULMPTIUN®,4R,

T B3FC LB./73HP=HRY, 16, *HFMT,3)
STCP
END

J7CUrT06FCUL Ll SYOLLT=LEseNLIN)
//7G3.SYSIN OC ¥
Yz

CUMPUTER PRLCRAM AL .4

PLOTS 3SFC CF METHANCL, ETHANCL, [SCPRCPANCL, ANC BJTANCL VS ENGINE

SPEED. CCWPRESSIGN RATIC GF TFC EAGINEG [5> [el€e 3EE FIGURE C=w.

// EXEC FCRTIGCLG,CLT=0

77FGRT.SYSIN G *
DIMENSLCN CATAXL(LL)CATAYL(11),CATAX2(10),0ATAY2(11),1i1423),
LCATAX3 (LL) (CATAY2(LL1],CATAX4(11),CATAY4(LL)

REZFU(S s+ lCATAZL( ST cAaTa YIUST 421,110,
L(DATAX2( ) oCATAY2(J) oJd=lall)s(CATAX2(U),CATAY2(J)9d=L,11),
1(CATAX4(J) (0ATAYGL ) gu=Llyll)

4 FCRMAT{Flh.l,rlées)
CALL PLCTA(I993CCes3iClarCarzZoolld
CALL PLCTEB(CATAX!,LATAYL,"'M',11)

CALL FLLCICILATAXZ jLATAT2,%E 0 1L)
CALL PLCTB(CATAX: +CATAY3,*[*,14)
CALL PLCTB(CATAX4 ,cAT r4,'3%,11)

CETT FLTTCTT=NSINE SPEEC U5 ERARE SPECIFIC FUEL CCNSCAPTICN',%3,
L*B3FC LOS/cHP=RR*, 169" RFF*,3)
SICP

3
//GO.FTCCFCQOL LC SYSCLT=(EssALIN)

//G0.SYSIN CC #

/*
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COMPUTER PRCGRAM NC.S

PLOTS B3FC UF «00 PERCENT METRANCLs ANu FETRANCL GASSLINE BLENOJS CF
10—-90 ANC 5C=5C, VS ENGINE SPEEU. CLMPRESSICHN RATIO GF THeE ENGINE IS
6eTl, SEr FIGURE D=5,

/7 EXFC FCRTCLG,CUT=C
J/ECRT.SYo I[N OL =

DIFENSICN CATAXL(L1)2CATAYL(11),CATAX2(1L)CATAY2(L1),1(1422),
1CATAXS(11) ,CATAYI(1L)

READ(S5,4)(CATAXL(J),CATA YLI(Jhyu=Ll,11), ’
LIDATAX2(U) yCATAYZ(JD9d=Lsll), (CATAXI(J),0ATAYI(J),d=1s11)
4 FLRPMAT (FléeryFi€ed)

CALL PLCTA(1+9CQey310CesCeslerl)

CALL PLCTRI(CATAxL,LATAYL A, i1y
CALL PLCTI3(CATAX2,L8Tar2,78%',41)
CaLl PLCTZ2(LAT X 34LnaTAaY2,°C?,11)

CALL PLCTCUL*ENGINE 3PEEC VS ERAKE SPECIFIC FUEL CONSUMPYTION'y43,
1'8SFC LBS/BRP=4HRY,1l6,'RENM®,3)

STCP

eNe
//GO.FTQEFCOL CC SYSGLT=U(E,sALIN)
//GC.SYSIN CC *

/%

CCMPUTER PRCGRAM NLe8

PLOTS BSEC CF 100 PERCENT VETFANCL, ANC SSTRANGL GASCLINE BLENDS CF
10-90 ANL 5C-5Cs v3 ENGINE SPEECe CCMPRGSSICA RATIU OF TRE ENGINE (S
7.76. SEE FIGURE u=6.

/7 EXEC FCRTGCLG,CUT=C
J/FCRTSYSIN CC #

DTMENSIUN LATAALLLL) suArAlLlial) CATAXZULL),uATAYZ(LT), ITTSC3T,

10ATAX3(LL1),CATAYI(LL)
REACIS %) (CATAYL(J) OaTA YLI(J)sd=iell)l,

TCOATAXC(J) +CATAT21 J) +0=Lell) 4 (LATAXI(J) ,LATAY3({J)ed=L,L1)

4 FCRMATIFLELyFLlGevi
CALL PLCTA{I492Cas31lC0er0er20sl)

CALL PLLIB(LATAXL,LAaTAY LA, 11)
CALL PLCTB(CATAXY yuaTaY¥dy'U,il)
CALL PLCTB(CATRA3 ,LaTaY3,'C?,1L)

TALL PLCTICU7enGINE SPELD Vo ERAKc SPECIFIC rJEl CUNSUNPTIONT, 93,
L"BSFC LBS/2mP=HR* ,L164*PPNT,2)
STCP

ENC
//GOFTQEFGGL OC SYSCUT=(E,.0LINI
//6GC.SYSIN OC=

/*
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CCMPUTER FRCGRAM NC.7

PLOTS uSFC CF LGQ PEICLNT ETHANGL, AND ETHFANCL GASCLIME BLENOS GF
1G—90 ANC 5C-5C, v3 tANGiNE SPtiue CCPPRESSICN RATIU JF The LNGINE IS
677, SEE FIGURE C=7.,

1/ EXEC FCRTGCLG.CLT=U
_//FORT.SYSIN CC #

DIMENSIUN CATAXL(LL) CATAYL(LL1)},CATAXZ(11),0ATAYcl1ll)yatlace),
LICATAX3(11)CATAY3(1L)
REAC(S5,6) (OATANILJ) U TA YI{J) J=1,01),

L(DATAX2(J) oUATAY2IJ) 9d=lotl ) s (LATAXZ(U) ,0ATAY3(J)yJ=1,1L1)
4 FCRMAT(FléelyFléon)
CALL PLCTA([{,9CCey31l00e90e92oyl)

CALL PLCT3(LATAXL,CATAYLs"A%,11)
CALL PLCTEB(CATAAZ JLATAY2,%'C,11])
CALL PLCTO(CATAX3JLATAY3,9C',11)

CALL PLCTC('ENGCINE SPEEC vS EPRAKE SPECIFIC FUEL COMSUMPTICN',43,
L*BSFC LBS/EBHP=HP® ,134°RFN*,12)
STCP

ENC
7/G0FTQ6FCOL CO SYSCLT=(EsahLIN)
J/GCSYSIN CC_*

/%

CCMPUTER PRCCRAM ANC.8

PLOTS CSFC CF 1CU PERUENT ETFANGL, AND ETFANCL GASGLING BLENCS GF
1C=90 ANC 5C=5C, VS ENGING SFEED. CCMPRESSICN RATIO Gr TRE ENGINE IS
1.16é. SEE FIGURE C-8.

/7 EXEC FCRTGCLG,CLT=C
//FCRT.SYSIN CC 3

JTFENSTON SATZRITIL T CATAYIITIT;CAT IR IIT UATAY I II T, ITI%<eT,
IDATAX3(LL1),CATAY3 (L)
REAC(S ,4) (CATAXL{J),CATA YLl(J),d=Lall),

TICATAX2(J)sCATAY2(J)9d=19lLJ,{CATAKI(I),0ATAY3(J)yd=1,11)
4 FORMAT(FlG6 <l sFlbed)
CALL PLCTA([49CJer3l0UesCercesl)

TALL PLLCTRICATEALCATAYL, %A%, 11)
Cabl PLCTC(CATAX2,CATAY2,'8',11)
CALL PLCTB(CATLAs,LaTAY2,'C*yll)

CALL PLLTGITeNGINE SPECC VS ENAKE SAeCIFIL FUEC CUASGIPTILANT, 25,
L*3SFC LBS/8RP=RRY9LO,'RFM"513)
STCP

cNL
//GOLFTC6FQCL CC SYSCLUT=(EsoALIN)
//GC.SYSIN UC *

7%
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COMPUTER PRCCRAM AC.S

A

PLOTS POacR CUTPLT OF 13=-90 EfMmaNCL Aisd ofSCLINE BlENe FUR THE
COMPRESSILN ®ATICS CF Gel7 ANC 2276, VS CNGINE SPEES. SEE FIGURE 0-S.

1/ EXEC FCRIGLLG,CLT=C
//FCRT.SYSIN 00 +#
OIMENSION CATAXL(LL),CATAYL(11),0ATAX2(LL) ,03ATAY2(11a,i(1%24d)
REAJ(S,s+) LCATAXLIS)»CATA YL(J),d=l,L13,
LIDATAX2(J) ,CATAYZ(J),yd=1lsll)
4 FCORMATIFloal,FlEad)
CALL PLCTA(I43CCes3LlC0ari5ey/Ceyl)
CALL PLCTB{CATAXL ,CATAYL,'A*,11)
CALL PLCTB(CATAXZ2,LATAYZ2,'8%,11)

CALL PLLTCOYENGINE >PEEL VS ERAKE hURSEPUAEKRT; 32,
1*9HPt ,3,"RFM*,3)
SIC?

ENC
//GOFTO&FCQL CC SYSCLT=(E,sMLIN)
//GCSYSIN LC =

—

CCMPUTER PRCGRAM NC.1C

“PLUTS FPUntP CGIPCT GOF SU=ST ETRSATD ANU GASULINE SCENU FUK TFRE
COMPRESSIC.. FATICS CF 6.T7 ANC 7.76€3 v5 ENGINE SPEED. SEE FIGJRE C-10.

~dd EXEC FCORTGLLGLLT=U
//FORTL.SYSIN CC =
DIMENSICN CATAXL(LL), CATAYL(11),3 T2AXx2(11),2ATAYZ2(1ll),I(14283)

REAGID ¢4 ) (CATAXL(JT yLATA Y1(JTsu=1lyll]d,
LIDATAX21u) 2sCATAY2(J)pd=1yll)
4 FORMAT{Flé.Ll,FlE.2)

CALL PLCT A ([ 3700 15luUerioer i Carl)
CALL PLUTB(LATEXL,CATAYLs"A%,11)
CALL PLCTB(CATAx2,LAaTAYZ,'8B',11)

CALL PLCICT{TENGINE SPEEu VS EmARE nLAScFUnERY, 22,
L*BHP* 43,'RPNM',2)
STCP

Eivu
7/GQ.FTUEFCQOL CC SYSCULTI=(E,,MLIN)
//G8.SYSIN CC *

7%
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CCHPUTER PRCCPAM ANCLLL
PLOTS #Ouwid Loove i GF 100 PERCENT ETRNCL ANO O PERCENT CASOLINE, FUR THE
COMPRESSLON +af it uy el ANG Telb&yg VS ENGINE SPEECe SEE ¢ICUKE C-lle.
// _EXEC FLRTGCLGCLT=0
J7EORTSYSin oo =
OEWE NS DR UaTAIOLL) yLATAYL(11) ,DATAXKZ(1L) 4CATAY2(11),0(14238)
L READG G {UAT AL IS G LATA Y1UJ),J=lgLll),
LIODAT a2z 60 (CATAY2(J)sd=1all)
4 FOR&EAT L) LefFlEed)d
..._._..C...".“':‘ _'1i...." WL L .«_‘_l__HO\).pZS..?C..U
CALL PLETgiwdl sLATAYL %A, 1L)
CALL FLUTginATAXZ 4CATAY2,4%8%,1L)
CALL #LOT s SPEEC vS BRAKE HCRSEPCAER®,32,
LYBBEP Y 53y *HERY ¢ 3)
sTCR
ENC

77GCaFIGaI G Gk 57800 T#{Zs ¢ ALIN)
//GCaSYSIN LI #
/%

CHPLTER PRCGRAM NCe12

VvCL TGESTUIRNE JLENCy FCR ihc CCHPRESSIUN RATICS

PLGTS dSFe uf 1030
ENGINE SPEEV. SEE FIGURE C-12.

OF 0el7 AND 176,

77 EXEC  FGRIGCLGsCULT=0

/J/FQRTSYIIN g0 #
QIMENSICN :AT&AL(LL).Céféilill)'OATAXZ(Ll)yDATAYZ(11!,1(1423)
Ktég)(Sv"JTQAr-'&Xlng yuATA ?'L(J)iJ‘L'LX)'
llDATAXJ(J)gEAXAVZ(J),JSL.LL)

L 4 FORAT(FlSelsFlaas)
| CALL PLGIA([,63Ce¢2100e9043+04301L)
! CALL PLCIBUCATAxL,CATAYL,* A% ,1L)

CALL PLCYB(CATAA2,uATAY2,°8"',11)
TALL PLCTCUFENGINE 3PEcs VS ErAKE SPELLFIC FUEL CCNSLGMPTICN',44d,
LYBSFC LBS/BHP=HH® 16y 'RFIT43)
STCP
ENC
//G0.FT06FCQL CC SYSCLT=(EseNLIN)
//GO.SYSIN CC *
3
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COMPUTER PFCGRAM NC.13

PLOTS BSFC CF 50-50 ETHANCL CASCLINE BLENC, FCR THE CCMPRESSION RATILS
OF 677 AND Te7&, VS ENGINE SPEEU. SEE FIGURE 0-13.

1/ EXEC FCrRTGCLG,CLT=Y
//FCRT.SYSIN 30 *
ODIMENSICN 7TATAaXL(l1),CATAYL(11),0ATAX2(LL),CATAY2(LL),[(1428)

REACUS ;4) LCATAALIS) »CATA Y1(J)yd=Llell),
LIDATAX2(J) sLATAY2(J)9d=1,1L1)
4 FGrRVAT(Flo.l  Fléa4)

CALL PLCTA(I,9004+310UGe90e435C.G,1L)
CALL PLLUTB(CATAXL,,LATAYL,*A,1Ll)
CALL PLCTR(UATAXZ2,LATAY2,%3',11)

CALL FLCTCU'ENGINE SPEEC YS 2RAKE SPECIFIC FUEL CUNSUMPTION®',4d,
L*BSFC L3S/BHP=RR ' y1l64'RFNM*,2)
STCP

END
//GOFTU6FIQL OC SYSCLI=(Es,ALIN)
//GO.SYSIN CC *#

/%

CCOMPUTER PFCGRAM MNC.l4

PLOTS 3SFC OF 1C0-0 ETRANCL CGASCLINE OLENC, FCR ThE CCMPRESSIUN RATICS
OF 677 AND 7476, VS5 ENGINE SPEEU. SEE FIGURE O—l<.

/7 EXEC FCRTGCLG,CuT=C
//FORTLSYSIN OO *

Ol #eNSION SATAXL(LL),CATAYL(11),CATAX2111),CATAY2(11),0(1423)
REAC(S ;%) (CATAXL(J),CATA YLIJ)4d=1lsil),
LIJATAX2(o) yCATAY2 ) ,d=1,s11)

4 FCRMAT(Flbel FlEa4)
CALL PLCTA([+9CCaes3LlCCarCaBrladyl)
CALL PLUTR(CATAXL,CATAY1,"A%,11)

CALL PLCT3ICATAAZ,LATAYZ,'B%,1L)
CALL FLCTC('ENGINE SPEEC VS ERAKE SPECIFIC FUEL CONSUMPTICA',4d,
1*3SFC L3S/2mP=rRt, 16, 'REM®,3)

STCP
ENC
//GOLFTQ&FCCL OO0 SYSCLT=(EssNLIN)

//GCeSYSIN CC *
/%

CCMPUTER PRCCRAM NT.1S

iSCPRCPANCL,

PLCTS PERCENTAGE TrErRMAL EFFICISENCY CF METFHAACLy CTHANCL,
[C=€¢.17. 3SEc

BUTAANCL, ANJ GASCLINE, VS ENCINE SFeEJe COMP~ESSIUN RAT

FIGURE O—15.

1/ EXEC FCRTGCLG,CLT=0
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J/FORT.SYSIN CC »
DINCNSIUN CATAXL(LL) LATAYL(11),LATAXZ(LL),0ATAY2(11),1(1428),
LOATAXS3(LL),CATaY3tLLL),CATAXG(1L),CATAY9(dLl),0ATAX5(11),0ATAYS(1])

REAU(S5,4) LLATAXL(J) yLATA Y1td)yu=lallly
LIBATAX2(JisCATAY2UJ) 9J=Lall ) (CATAXI(J ) 0ATAYI(J)ed=L,Ll1),
L(DATAX4(J) yunATAYe(J)ysJ=1yll) s (UATAXS(J)gunTAYS(Jdgd=1,il)

4 FCRNMAT (FlGel,srleel)
CALL PLETA(]+9G04¢31l0CerlC0as3C.,1)
CALL PLCTL(CATAXL,CATAYL *NM2,11)

CALL FLOTSB(CATAXZ LATAY2,'E'y 112
CALL PLCUIB(CATAX3,CATAY3,,'[',11)
CALL PLCTB(UATAX4 ,CATAY4,*'B*,41)

CALL FPLCTUlLATAXS yLATAYS,'G',11)
CALL PLCTCU(*ENGINE SPEEC VS THERMAL EFFICIENCY®,36,
12 THE-MAL EFFICIENCY PERCENT®,25,'QpM¢,13)

STuP
ENC
//GO0FTOQLFCOL CC SYSCLT=(E, NLIN)

/7/GQ.SYSIN LLC *
/%

CCMPUTE® PRCGRAM NCL.1€

PLUTS PERCENTAGE THERMAL EFFICIENCY CF 10Q PERCENT METHANCL, FCR THE
CUMPKESSICM RATILS OF Eof/7 ANU 2o7&, YS ENGINE SPEED. SEE FIGURE C-lé6e

/7 EXEC FCARTGCLG,LLT=u
//FCRTSYSIN LC =

DINENSIGN CATAXAL(LL) ycATAYL(11),CATAAKZ(LL i CATAY2(11),[(1428)
READ(5 34 ) ({CATLXL(J) 4CATRA YI(JdIad=Llsll),
LIDATAXZ( J) g ATAY2WJ) pu=1s1L1l)

4 FURMAT(FLOeLyrl8ec)
CALL FLCTA(I,5C0.+31C0<¢15«+3Ca, 1)
CALL FLCTB(CATAAL,COTAYL,?8°,1.)

CALL PLCTB(LATAXZ,CATAYZ2,'2%,11)
CALL PLCTC('ENGINE SPEEC VS TreRMAL EFFICIEMNCY®,36,
L*THERMAL EFFILIENCY PERCENT 26y "RPM*,3])

b ]
ENC
//GO.FTOSFUCL CC SYSLLT=(E,, ALIN)

//GG.SYSIN GG *
/*

CCMPUTER PRCGRAM ANC.L1

PLOTS PERCENTAGE TREw¥AL EFFICIENCY CF LCC PECRCENT ETHANCL, FOR TrE
COMPRESSICH RATILS Lk 6.77 aby leol6y VS ENCINE SPEEU. SEE FLGJURE o-17.

/7 EXEC FLURTCGCLC,LoT=u
//FCRT.SYSIN CC *
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DIMENSION CATAXL(Ll),CATAYL{11) 0ATAA21LL),0ATAY2(11),1(1424)
READ(S +4) (CATAXL(J) CATA YIlJ)sd=iatl),
L{CATAX2(J) yCATAYZ2LJ)pd=1,11)

4 FURMAT (Flo«l sFlEa2)
CALL PLCTA([9900e¢2L00e9l5493Cesl)
CALL PLCIB{(CATAXL,cATAYLs'A',11)

CALL PLCTZ(ULATAA2,LATAYLZ,,'U%,1L)
CALL PLCTC(*ENGINE SPEELC VS TreERMAL EFFICIENCY',3¢,
L*THERMAL EFFICIENCY PERCENT',264'RPNMe,3)

STCP
END
//GULFTOEFCOL OC SYSGLT=(E,,NLIN)

/4GC.SYSIN OU *
/%

CONMPUTEFR PRCGRAM NC.1lE

PLOTS FCWER CLTPLT UF 10—90 METhAMNCL GASCLINE BLENC, FCR TFE CCOMPRESSIC.
RATIC CF 677, VS ENGINE SPEEC, USING CHANGEL AND UNCHANGEC SETIING CF

The ENGINE. Sct FluURt LC-lo.

1/ EXEC __FCKRIGCLG.,CLT=C

//FORTLSYSIN LU ¢
DIMENSIUN LATAXi{LiLl),CATAYL(11),DATAX2(L1),CATAYZ(i1},1(1428)
REAU(Ss4) (CATAXYL(J)sCATA filul)sJd=l,11),

LMOATAXZLJ) gUATR12(3) =10 ily
4 FCRMATI(FlOel FlEa2)
CALL PLECTA(I472804+31002925447Cerl)

CALL PLCTC(LCATAXL JLATAYL,"A",1L)
CALL PLCTR(CATAXZ,CATAYZ2,'8%,11L)
CALL PLCTC('ENGINE SPEEL VS EFAKE HCRSEPCWER',32,

LY3HPe,3,'REMY,3)
STCP
ENC

7J7GO.FTUEFCAOL CC SYSCLI=(E,sNLIN)
//G0<SYSIN OO0 =
/%

CCMPUTER PRCCGRAM Al LS

PTOTS PORER CCTPCT TF 20=80 FETFANCL GASCLINE BLENU, FUR TRE CC¥PRESSION
RATIC GF 6.77, VS ENGINE SPEEQ, USIAG CRANGEL ANL UNCFANGECD SETTING CF
THE ENGINE. SEE FIGURE C—19. 5

/7 EXEC FLCRATGCLG.CLT=D

J/FECGRT.SYSIN S0 #

STRENS TON TATSALTILT CATAVIILILII s CATAXITIL T CATAY ST I T 1T 13237
REZS(5,4) (EATAXL(J)20ATA Y1(J)ed=lolld,
L(DATAX2(J),cATAY2(Jd),d=1,i1l)
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4 FORMATIFLOL lE2)
CALL PLCTA(] $9CCe 13100w925<37Ceayl)
CALL PLCTI(CATAXL,LATAYL,*A,11)

CALL PLCT3(CATAX2,CATAYZ2," 3,11}
CALL PLCTC('ENGINe SPEEC V> EBRAKE RCRSEPCWER®,32,
LOBHPY ,3,'KFM*,1])

STCY
ENC
//GOFTQEFCCL CC SYSCLT=(E,9NLIN)

//73oGaSYSIN JC ¥
/%

CCMPUTER PRCGRAM NC.2C

PLUTS PCWCR CUTPLT QF 50=5C METHANCL GASCLIMc dLTMUy FCR THE COMPRESSIUN
RATIC CF 6477y VS ENGINE SPEET, USING CHANGEL AN UNCHANGELC SETTING CF

THE ENGINc. SEE FIGURE C-2C.

// EXEC FCRTGCLG,GLT=D

J/FCKRTSYSIN Co #
OLMENSIUN CATAXL(L1L) CATAYL(11),0ATAX2(1L),0ATAY2(L1),0(1423)
READ(S,41 (LATAXL{ ) AT YL(Jhsd=1pil),

LIDATAX2(J4) yUATAY2(Jd ) sd=1sdl)
- FORMAT(FlGelsFle.2)
CALL PLCTA(IL pocue :31\]3- 120 97\:- vl’

CALL PLCTO(LATAXLLATAYL A ,11)
CALL PLCT3{ZATAX2 ,CATAY2,%8%,11)
CALL PLUTCI*ENGINE SPEEL VS £Rake nCRScPCuER',32,

L'BHP® ,3°rFid®,3)
STCP
END

77G0 .+ TQ6FC0L UC SYSCLT-=(E,sNLIN)
//GCeSYSIN OU *
/%
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