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CONVERTING YOUR CAR TO RUN ON ALCOHOL FUELS

INTRODUCTION

Alcohol fuels have been used for internal combustion engine

fuels for many, many years. Racing engines especially can appre-

ciate the high octane number and low volatility of methyl alcohol

and some foreign countries have found it to their advantage to

use alcohols in stock engines. The general public in the USA has

recently become interested in alcohols as additives to, or com-

plete replacement for, gasoline in their personal motor vehicles.

The lines at service stations and the publicized decline in crude

petroleum reproduction has prompted this interest.

There are two alcohols that may be used for internal combus-

tion engine fuel. The first of the whole family of alcohols is

methyl alcohol, also called methanol, and has the lowest molecu-

lar weight and lowest boiling point. The second is ethyl alco-

hol, also called ethanol, the next lowest molecular weight and

boiling point. Methyl alcohol was formerly destructively dis-

tilled from wood and, therefore, called "wood alcohol." However,

methanol is now made by reforming natural gas, but it is techni-

cally possible to synthesize it from any cellulosic material or

coal. Ethyl alcohol is made by fermentation of sugars derived

from fruit, grain, or any starch material. Industrial ethanol

is synthesized from ethylene but it can be made by converting

any cellulosic material to sugar and then fermenting the sugar

in the usual manner.



Adding alcohol to gasoline in quantities up to 10% anhy-

drous ethyl alcohol and 90% unleaded gasoline is now routine

and sold comxnericially under the name "Gasohol". No engine

modification or new distribution system equipment is needed.

One precaution, that of keeping water out of the storage and

distribution system, will be discussed later.

This publication has been prepared by popular request by

those "do-it-yourselfers" who wish to convert their own vehicles

to run on pure alcohol. However, the reader should be aware of

several facts before undertaking such a project.

1. A special license is required for persons using fuel

other than gasoline to propel any motor vehicle on

the Oregon highways. Records must be kept to show

miles driven, gallons of fuel used, and source of

fuel. Reports must be filed and the seven cents per

gallon road tax paid. Requests for forms and infor-

mation should be directed to Motor Vehicles Division,

Fuels Tax Branch, 5821 NE Glisan, Portland, OR 97213,

phone (503) 238-8236. Other states have similar laws.

2. Oregon Revised Statute 483.825 states in part as fol-

lows: "It shall be unlawful for any person to discon-

nect or permit to be disconnected a factory installed

motor vehicle air pollution control device or a fac-

tory installed system as defined in ORS 468.360, nor

shall any person knowingly and willingly permit such

a device or factory installed system to become or
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remain inoperative." Therefore, leave catalytic

converters, air pumps, exhaust gas recirculation

systems, etc., in place and operative. Other

states have similar laws.

3. If your vehicle is new and still under the manu-

facturers warranty, you should consult the dealer

as to whether the warranty would be void if you

converted your car to run on pure alcohol.

4. It should be remembered that your vehicle's engine

has been designed, developed and tuned for proper

operation on gasoline. If you change to some other

fuel it is reasonable to expect some differences in

the engine's performance and ease of operation.

5. Oregon State University assumes no responsibility

for the safety of the persons undertaking their own

engine modification and assumes no responsibility

for the life and performance of the vehicle conver-

ted. You, in effect, are an experimenter.

In order to prepare the reader for the "why" of things that

are done to the engine, a short review of fuel properties is in

order.

FUEL PROPERTIES

BOILING CHARACTERISTICS

Table 1 shows some of the fuel properties of gasoline,
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anhydrous methyl alcohol and anhydrous ethyl alcohol. Anhydrous

means completely free of water. It is most important to note

that gasoline is a mixture of many hydrocarbons from n-butane

(C4H10) to dodecane (C12H26) . Many calculations require that a

property of gasoline be expressed as a single number. In these

cases, an average value is estimated such as molecular formula

and weight. Also, there is no single boiling point that charac-

terizes gasoline, since it is a mixture of different hydrocarbons

each having its own boiling point. Therefore, a distillation

curve, shown in Figure 1, represents the quantity of gasoline

that will evaporate as the temperature is increased. In con-

trast, methyl and ethyl alcohol are both pure hydrocarbons and

have single values for boiling points and other properties.

Figure 2 shows the effect upon the distillation curve of add-

ing 10% and 20% of ethyl alcohol to gasoline. Note that it raises

the curve before the 4% to 6% distilled and lowers the curve there-

after. It is generally understood that the portion of the curve

from the 0% to the 10% distilled will affect the engine starting

ability and the 10% to the 50% distilled will affect the warm-up

and acceleration ability.

ENERGY VALUES

The energy values per unit of weight are most important. The

engine requires a certain amount of energy to develop the power

needed to propel the vehicle and the engine really does not know

from whence the energy came. Therefore, if methyl alcohol has
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8664 BTU's per pound compared to 19000' BTU's per pound for gaso-

line, the engine will require (]) = 2.2 pounds of methanol

compared to 1.0 pound of gasoline to develop the same power.

This means that the carburetor metering jets must be enlarged to

deliver the greater amount of the lower specific energy fuel.

OCTANE NUMBER

There are several tests that are used to determine octane

number. The numbers shown in Table 1 as "Research" Octane NuIn-

bers are determined on a single cylinder engine, operated in the

laboratory, and are the highest numerical values of all the dif-

ferent tests. Note that there is some disagreement among inves-

tigators as to the actual value for methanol (1). The road

Blending Octane Value, shown in Table 1, is used to show how a

vehicle engine actually responds to the alcohol compared to the

single cylinder laboratory engine. For example, consider a 10%

methanol/90% gasoline blend; the 10% gasoline that is replaced

had a value of 9.3 octane numbers but the 10% methanol added had

a value of 13.5 octane numbers, therefore the blend gains 4.2

octane numbers.

MIXTURE RATIO

The air-to-fuel ratio is the most critical item to regulate

with regard to exhaust emissions and fuel economy. The chetni-

cally correct air-fuel ratio may be calculated by knowing the

molecular formula and weight of the fuel and writing an equation

which presumes that all the carbon is oxidized to carbon dioxide
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(CO2) and all the hydrogen to water (H20). Referring to Table

2, it may be seen that the chemically correct air-fuel ratio is

14.96 for gasoline, 6.47 for methanol and 9.01 for ethanol. If

the engine will aspirate a fixed amount of air at any particu-

lar throttle opening, then the carburetor must meter a specific

amount of fuel to provide the correct air-fuel ratio. Thus,

14.96
compared with gasoline, the carburetor must deliver 6.47

2.31 times more methanol. This ratio is slightly greater than

the ratio (2.2) based on energy values.

VAPORIZATION REQUIREMENTS

Table 1 shows values for the latent heat of vaporization.

These values represent the amount of heat energy that must be

supplied to evaporate one pound of fuel. Note that methanol

requires 3.36 times the amount of energy required for gas-

oline. As shown previously 2.3 pounds of methanol are required

compared to 1.0 pounds of gasoline for a chemically correct mix-

ture, therefore the total additional energy to evaporate metha-

nol in the intake manifold is (2.3 x 3.36) 7.73 times the

amount to evaporate the chemically correct mixture of gasoline.

This additional energy must be supplied by heating the intake

manifold with exhaust gas or radiator water (2)

SOLVENT EFFECTS

All hydrocarbons are solvents to some degree. Therefore,

it is not suprising to find that methanol is a good solvent for

some plastics and elastomers as well as being corrosive to some
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metals such as aluminum, lead, magnesium and tin (1). Be

the composition of plastics and elastomers is so diverse,

not within the scope of this writing to do other than advise

the reader and potential user of methanol to be alert for these

solvent and corrosive effects. One approach is to disassemble

the carburetor and fuel pump, immerse all the parts in methanol

for some extended period, say 3 or 4 days, then check for any

change in dimension, texture, or color. Ethanol appears to have

negligible solvent or corrosive effects on fuel system materials

except when water is present.

WATER TOLERANCE

Both methyl and ethyl alcohol are miscible in water in all

percentages. Gasoline and both alcohols are miscible in all

percentages as long as there is no water present. The presence

of only 0.1 to 0.2% water will cause either methyl or ethyl alco-

hol mixed with gasoline to separate (4) (1). Therefore if either

methyl or ethyl alcohol is to be mixed with gasoline, it.must be

anhydrous and all tanks into which it is to be mixed or stored

must also be. free of water. -The caps on tanks, barrels and cans

should be kept closed as well as tank vents being equipped with

dryers to prevent the alcohol from absorbing moisture from the

air.

Alcohols may be purchased in several different grades depend-

ing on the purity and water content. Purity is the least impor-

tant because the impurities are most likely to be combustible
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hydrocarbons. Water and ethyl alcohol may be separated by dis-

tillation except for the last 5% water which is in the form of

an azeotrope with the ethyl alcohol and must be separated by

another process. 200 proof ethanol is the anhydrous grade mean-

ing completely free of water. 190 proof is 95% alcohol and 5%

water in the form of an azeotrope. Proofs below 190 have excess

water in addition to the azeotrope. If the alcohol is to be

used as the whole fuel, some water can be tolerated before the

carburetor metering is too lean.

TOXICITY

All alcohols are toxic if taken internally. However, METH-

ANOL IS ESPECIALLY TOXIC AND UNDER NO CIRCUMSTANCES SHOULD IT

BE TAKEN INTERNALLY--BLINDNESS AND DEATH MAY RESULT. Ethanol

is the potable alcohol when included in beverages but is dena-

tured for industrial use with highly toxic fluids such as meth-

anol, gasoline, methyl isobutyl ketone, pyronate, or acetaldol

(6). Therefore DO NOT DRINK INDUSTRIAL ETHANOL. The effects

of pure alcohols on human tissue are burning, dehydrating and

degreasing. It is not advised to use alcohols as solvents for

cleanings hands, etc.

ENGINE MODIFICATIONS

VOLATILITY

This term denotes the evaporation characteristics and are

important for starting the engine, acceleration, warm up and

crankcase dilution, as well as carburetor icing and vapor lock.



Starting a cold engine requires operating the choke on the car-

buretor, the purpose of which is to supply, for a few seconds,

about ten times the normal amount of fuel. If ten percent of

the liquid fuel will evaporate in the intake manifold, then a

combustible mixture of fuel and air will reach the cylinders.

Gasoline contains about 6 to 10% n-butane which has a boiling

point of 31°F and will evaporate readily in the intake manifold

thereby providing the necessary combustible mixture. Pure alco-

hols boil at elevated temperatures and evaporation at low tem-

peratures is very slow. Therefore heat energy is needed to

cause the evaporation to occur quickly and the most appropriate

place to supply the heat is at the floor of the intake manifold

immediately under the carburetor. It has been shown by tests

conducted at OSU that a small electric water heater installed in

the engine cooling water circuit will supply the necessary ener-

gy, especially if the engine design incorporates a water heated

intake manifold. The small heaters are sold commercially and

are popular for use in subzero climates to start engines even

when using gasoline. OSti tests showed that after 20 minutes

heating, the engine would start on methanol when the outside

air temperature was 20°F. It should be pointed out that no

starting aid is required if the air temperature is above about

450F (3)

Due to the variety of engine designs it is beyond the scope

of this writing to give exact installation instructions. How-

ever, the electric heater should be installed so that its hot

water inlet is directed as close to the intake manifold as possible.



Innovation may be required on some engine designs. The

popular literature has reported that an extra windshield cleaner

water system, converted to store and squirt gasoline, with the

nozzle installed in the intake manifold just below the carbure-

tor will provide an alternate-fuel cold starting system. Also,

anyone familiar with starting diesel engines in cold weather

may possibly adapt his own ideas to start the engine on alcohol.

As described earlier, additional energy must also be sup-

plied to the intake manifold to vaporize the alcohol, even with

a fully warmed up engine, during periods of prolonged accelera-

tion or hill climbing when the maximum amount of fuel is being

metered by the carburetor. Tests at OSU have shown that winding

¼ inch diameter copper tubing around the intake manifold runners

(individual legs or pipes to each cylinder) and circulating hot

radiator water through the tubing will furnish the evaporation

energy. The hot water is easily obtained from the vehicle's

heater hoses but care must be taken to assure continued flow

even when the vehicle heater is shut off. The copper tubing

should be wound as tight as possible to give good metal to metal

contact for heat transfer and the coils should be touching each

other. The best installation of copper tubing would be the one

that leaves very little exposed surface of the manifold runner.

MIXTURE RATIO

Differences in the chemically correct air to fuel ratio

between gasoline and the alcohols, shown in Table 2 and dis-
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cussed earlier, require that the metering jets in the carbure-

tor be enlarged. Table 3 shows the method used for calculating

the ratio by which the gasoline jet diameter must be multiplied

to obtain the proper alcohol jet diameter. For methanol the

ratio is 1.50 and for ethanol the ratio is 1.27.

Carburetor jets are marked by numerals representing the dia-

meter of the orifice. For example, in engines manufactured to

English units, a number of 47 would really mean 0.047 inch in

diameter. In metric units, a number 120 would really mean 1.20

millimeter in diameter. For example, to find the new jet dia-

meter for methanol use, multiply the above numerals found on

the gasoline jet by 1.50 which gives 0.071 inch in English units

and 1.80 in metric units. Figure 3 shows the correlation of the

English and metric units with the steel wire gage drill sizes in-

dicated on the correlation line. The nearest drill size to the

new diameter is a No. 50. It is recommended that a small high

speed precision drill stand be used with a v-notch drill press

vice holding the jet. Great care must be taken to insure proper

alignment of the new drill and the axis of the old hole.

The designs of the many makes of carburetors are so varied

that it is beyond the scope of this writing to give more speci-

fic details. However, most carburetors have one or more idle

jets, one or more primary jets and one or more secondary jets.

A shop or overhaul manual for your vehicle should be consulted

to ascertain that all the jets are accounted for and enlarged by

the same ratio. Do not alter the air-bleed jets and do maintain

11
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the recommended liquid level in the float bowl. The variable

idle mixture needle need not be altered but it may need adjust-

ment after the engine has been started.

SPARK ADVANCE AND COMPRESSION RATIO

Pure alcohols have very high octane numbers as shown in

Table 1 and discussed earlier. This higher octane number (than

gasoline) may be utilized by advancing the basic ignition timing

and by increasing the compression ratio. R. J. Nichols (5) has

described tests made on an engine operating on pure methanol mod-

ified with special pistons and camshaft where the compression

ratio was raised to 13.9:1. Tests at OSU have shown that when

operating on pure methanol with the standard 8.0:1 compression

ratio changing the basic ignition timing from 6° BTC to 15° BTC

increased the part throttle fuel economy about 10% and increased

the full throttle power at high engine rpm about 15%. This helps

reduce the miles per gallon penalty associated with pure alcohol

combustion.

There is a limit to the amount of ignition advance an engine

will tolerate even if no combustion "knocking" is heard, and this

limit may be found by experiment. Begin with a modest advance of

say
40

and, using a stop watch, time a full throttle acceleration

in high gear from 30 to 55 mph. Advance the timing by 40
and

time the acceleration from 30 to 55 mph again. Repeat the proce-

dure until the minimum time for the acceleration interval is ob-

tamed. The ignition timing for the minimum acceleration time

is the optimum timing.
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SUMMARY

For conversion to operation on methyl alcohol:

1. Determine that none of the plastic and elastomer

parts in the fuel system will dissolve in methanol.

2. Enlarge all carburetor metering jets by the ratio of

1.5 times the jet diameter for gasoline use.

3. Provide heat energy to the intake manifold for start-

ing and full throttle acceleration.

4. Drain the fuel system of all gasoline and make sure

system is clean and dry.

5. Refill with methanol, start engine and adjust idle

mixture and idle speed when engine is warm.

For conversion to operate on ethyl alcohol:

1. Enlarge the carburetor metering jets by the ratio

of 1.27 times the jet diameter for gasoline use.

2. Provide heat energy to the intake manifold for

starting and full throttle acceleration.

3. Drain fuel system of all gasoline and make certain

system is clean and dry.

4. Refill with ethanol, start engine and adjust idle

mixture and idle speed when engine is warm.
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TABLE 1. FUEL PROPERTIES

Molecular Formula

Molecular Weight (pounds per mol)

Specific Weight (pounds per gallon)

Boiling Point, 0F

Lower Heating Value (BTU/pound)

Research Octane Number

Road Blending Octane Value

Latent Heat of Vaporization (BTU/pound)

Gasoline Methyl Alcohol

C8H17 CH3OH

113 32

6.2 6.6

31-421 149

19,000 8,664

93(2) 106-115

-- 135

141 474

Ethyl Alcohol

C2H5OH

46

6.5

172

11,604

107

120

361

Note:

(1) Gasoline is a heterogenous mixture of hydrocarbons from C4H10 through C12H26. The
values shown are average values used for computations.

(2) Unleaded



TABLE 2. STOICHIOMETRIC AIR-FUEL RATIO

GASOLINE

C8H17 + 12.25(02 + 3.76N2) 8CO2 + 8.5H20 + 46.06N2

A/F (12.25 x 4.76)moi air 29 ibm air/mol

mol fuel
X

113 ibm fuel/mol = 14.96

METHYL ALCOHOL

CH3OH + 1.5(02 + 3.76N2) + CO2 + 2H20 + 5.64N2

29 lb air/mol
A/F (1.5 x 4.76)mol air m

mol fuel X
32 lb fuel/mol = 6.47

m

ETHYL ALCOHOL

C2H5OH + 3(02 + 3.76N2) 2CO2 + 3H20 + 1l.28N2

29 lb air/molmol air mA/F x 4.76)
X

46 lb fuel/mol = 9.01
mol air m
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TABLE 3. CARBURETOR METERING JET ENLARGEMENT

For Pure Methyl Alcohol

Ameth Jet Area for Methanol Operation

Agaso Jet Area for Gasoline Operation

1meth
= Specific Weight of Methanol, lb/gallon

1gaso
= Specific Weight of Gasoline, lb/gallon

(A/F)th = Stoichiometric Air-Fuel Ratio, Methanol

(A/F)gaso Stoichiometric Air-Fuel Ratio, Gasoline

(A/F) x A x /y = (A/F) x A x /y
meth meth meth gaso gaso gaso

6.47 x A x /6.60 = 14.96 x A x /.20
meth gaso

14.96 /6.20Ath 6.47
x A

16.60
gaso

= 2.31 x 0.97 x Agaso

= 2.24 Agaso

Jet Diameter Meth = 1.50 Jet Diameter Gaso

* * * * *

For Pure Ethyl Alcohol

14.96 /6.20Athi 9.01
X x A

/6.54
gaso

= 1.66 x 0.974 x A = 1.617 A
gaso gaso

Jet Diameter Ethyl = 1.27 Jet Diameter Gaso
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THE Oregon State Engineering Experiment Station was established
by act of the Board of Regents of Oregon State University on

May 4, 1 927. It is the purpose of the Station to serve the state in
a manner broadly outlined by the following policy:

(1)To stimulate and elevate engineering education by develop-
ing the research spirit in faculty and students.

(2) To serve the industries, utilities, professional engineers, pub-
lic departments, and engineering teachers by making investigations
of interest to them.

(3) To publish and distribute by bulletins, circulars, and tech-
nical articles in periodicals the results of such studies, surveys, tests,
investigations, and research as will be of greatest benefit to the peo-
ple of Oregon, and particularly to the State's industries, utilities, and
professional engineers.

To make available the results of the investigations conducted by
the Station, three types of publications are issued. These are:

(2) CIRCULARS giving compilations of useful data.

(1) BULLETINS covering original investigations.

(3) REPRINTS giving more general distribution to scientific
papers or reports previously published elsewhere, as for example,
in the proceedings of professional societies.

Single copies of publications are sent free on request to resi-
dents of Oregon, to libraries, and to other experiment stations ex-
changing publications. As long as available, additional copies, or
copies to others, are sent at prices covering cost of printing. The
price of this publication is $2.00.

For copies of publications or for other information address

OREGON STATE UNIVERSITY ENGINEERING EXPERIMENT STATION,

219 Covefl Hall

CORVALLIS, OREGON 97331

This material is the result of tax-supported research and as such is
not copyrightable, It may be freely reprinted with customary crediting
of the source.
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