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OPTIMUiv POWER AND ECONOMY FITEL-AIR 
MIXTURES FOR HYDROCARBON FUELS 
IN INTERNAL COMBUSTION ENGINES 

I. INTRODUCTION 

During the past few years the use of liquefied petro- 

leum fuels in internal combustion has progressed rapidly. 

It was found that these gaseous fuels, for which there was 

little use in comparison with gasoline, were superior as far 

as combustion efficiency and octane nuniber were concerned. 

Although such fuels contained fewer heat units per gallon, 

performance and economy could be aunented by increasing 

the compression ratio of the engine. Since the cost of 

gasoline per gallon is considerably higher than that of 

the liquefied petroleum fuels, dollar economy is assured 

under almost any conditions. Too, unless quite expensive 

or at least heavily leaded gasoline is used, the octane 

number will not approach that of the lighter fuels; and 

therefore compression ratios used with gasoline will be 

limited in comparison. 

Propane and butane are the principal liquefied 

petroleum aases commercially available. They are obtained 

from two main sources; from natural gas, ïn the production 

of gasoline, and from refinery gases formed in the refin- 

ing of petroleum. Possible compression ratios of propane 

and butane have been reported as 13:1 and 7:1, rspectively. 

These fuels are completely gaseous when introduced to the 

intake manifold; thus thorough mixing and better 
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distribution are assured. 

Iso-pentane, although it boils a few degrees above 

ordinary teniperatures, is usually shipped in pressure 

vessels much the saìue as butane and propane. However, 

it is not individually used as a fuel for internal corn- 

bustion engines. It is usually used as a blending agent 

in aviation fuels. Its knock resistance, though not as 

high as butane or propane, is superior to high-grade 

gaso1ne. In addition, it has a high lead susceptibility, 

and its use in leaded aviation fuels is of considerable 

importance. 

In this report the fuels discussed are those in 

the paraffinic hydrocarbon classification, having the 

type formula CH242. This is known as the "saturated" 

series, and is the predominant hydrocarbon group in 

gasoline. Iethane, the first in the series, consists of 

one atom of carbon and four of hydrogen, and therefore 

has the formula CH4. Following methane in order in the 

series are: ethane, C2H5; propane, C3H; butane, C4H10; 

pentane, C5H12; hexane, C6H14; heptane, C7H16; octane, 

C8H18; and so on up. Starting with butane, 'the larger 

molecules nay have different atomic arrangements, yield- 

ing compounds of the same formula, but, with slightly 

different properties. There are two butanes and three 

pentanes, and as the number of carbon atoms increases, 
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the number of combinations increases rapidly. These 

"isomers" do not vary a great deal in the boiling point, 

vapor pressure, and other general physical properties, 

but the variation in octane number is quite E:reat. For 

instance, in the extreme case of octane, nornal-octane 

has an octane number of -17, but 2-2-4 trianethyl pentane, 

an isouer, has an octane number of 100. The Journal of 

the Institute of Petroleum, June, 1940, shows octane 

ratings (CFR-ASTI) for a number of hydrocarbons and their 

isomers. Refer to table on page 4. 

Those hydrocarbons in the saturated or pax'affinic 

series become more dense as the number of carbon atoms 

increases. ethane, CH4, is a gas and at ordinary 

temperatures cannot be liquefied even by extreme pres- 

sures. Ethane, C2H6, can be liquefied at ordinary 

temperatures, but such high pressures must be used that 

the container would have to be too heavy tO be practi- 

cable. Propane, C3H3, is a gas at atmospheric pressure, 

but it can be liquefied at ordinary temperatures by a 

pressure of about 125 pounds per square inch and is safe 

in a container of reasonable strength. Normal butane 

boils at about 33 F, and it must be kept under pressure 

in order to keep it in the liquid form. Pentane, C5H12, 

boils at about 97 F and is a very volatile liquid at 

ordinary room temperature. For that reason it is kept 



PHYSICAL CONSTANTS OF THE HYDROCARBONS USED FOR OCTANE RATING. 

Properties of purest ' Properties of sample, used for octane 
sample. rating. 

HnRoCBBoN. B.p. 
' B.p. 

Octane 
, (760 n d2° (760 

2o D d20. number RE- 
mm.), D 4 mm.), 4 

A S T M MARKS. 00. oc. . . . 

Paraffins. 
Methane . . . -16158 - - - - - 110 (1), (2) Ethane . . . . . - .5 104 (1), (2) Propane . . . . - 422 - - - - - 100 (1) n-Butane . : . . - 05 - - . 92 (1) 2-Methylpropane . . . - 122 - - - - - 99 (1) 
n-Pentane . . . . 35.95 F35764 O62624 360 l3580 O6263 61 2-Methylbutane . . . 278O l35391 O61972 21S l3552 O6198 89 Dimethylpropane . . . 945 - - 96 - - 83 (1) 
,.-Hexane . . . . 6875 137494 OE65943 688 F3751 06589 25 2-Methylpentane . . . 6030 137151 065316 603 13714 06525 73 3-Methvlpentane . . . .3O 137657 O66435 632 13766 06638 75 2 : 2.Dimethylbutane . . 4970 l-36882 O-64919 497 1-3691 0-6489 96 2 : 3-Dimethylbutane . . 58O5 137504 O-66166 5S-1 l3752 O-6617 95 

n-Heptane . . . . 9840 138770 068378 984 l3878 06835 O 2-Methylhexane . . . 90-lO l-38493 O67869 90l 13852 O6782 45 2 : 2-Dimethylpentane . . 7930 138221 O67388 793 13822 O-6734 93 2 : 3-Dimethylpentane . . 89-80 139205 O-09514 89-8 l3921 O6914 89 2 : 4-Dimethylpentane . . 80-60 1-38148 0-67275 806 13820 O6723 82 
s : 3-Dimethylpentane . . 861O 1-39092 O69330 861 1-3911 0-6926 84 2 : 2 : 3-Trimethylbutane . 81-00 1-38949 O69007 810 13899 O-6898 lOi (2) 
n-Octane . . . 12575 139765 O-70280 l258 l-3979 07025 -17 (2) 3-Methylheptane . . . 119-05 139851 O70584 119-1 13988 07053 35 2 : 3-Dimethylhexane . . 11580 l-40131 O-71234 1158 l4015 O71l8 76 2 : 5-Dimethylhexane . 109-25 1-39281 0-69426 lO93 1-3930 0-6943 52 3 : 4.Dimethylhexane . . 117-85 1-40431 0-71951 117-9 1-4044 07193 85 2 : 2 : 3-Trimethylpentane . 110-05 1-40297 071613 1101 14032 O-7162 102 (2) 2 : 2 : 4-Trimethylpentane . 991O 139146 O-6919G 99-1 1-3917 O692O lOO 2 : 3 : 4-Trimethylpentane . 113-4 l-4046 O-7195 1128 14045 0-7197 97 (1) 3-Methyl-3-ethylpentane . . 118-35 1-40785 0-72742 118-4 1-4081 07270 91 2 : 2 : 3 : 3-Tetramethylbutane . 1065 - - 106-5 - - 103 (1), (3) 
n-Nonane . . . . 150-70 140556 07l808 l507 1.4060 0-7165 -45 (2) 

Olefins. 

Ethene . . . . . -l024 - - - - - 81 (1) Propene . . . . - 47-7 - - - - - 85 (1) n-Pentane (-2) . . . 36 1-380 0-649 364 13802 06498 80 (1) n-Hexlne (-2) . . 68 1397 0685 676 1395O 06800 78 (1) 2-Methylpentene (-2) . . 66 1-3984 O693 674 1-3997 06870 78 (1) 3-Methylpentene (-2) . . 68 l-400 O-695 695 l-4032 O-6956 79 (1) 2 : 2-Dimethylbutene (-3) . 41-2 l-3766 0-6519 41-5 1-3769 0-6530 94 (1) 2 : 2 : 3-Trimethylbutene . 78 1-402 . O-7029 77-8 - - 89 (1) n-Octlne (-2) . . . 125 1412 O720 124-6 1-4142 0-7204 55 (1) 3-Meth»eptene (- 2) . . 122 1-418 O730 122-O - - 74 (1) 2 : 4 : 4-methylpentene (-1 
and -2) . . - - 103 1-412 0-719 100 1-4108 0-719 86 (1) 

Di-Olefins. 
Hexadiene (-2 : 4) . about 80 about about 1-4479 0-7182 77 (1) 

l-447 O-717 SO 

Naphthenes. 
Ethylcyclobutane . . 70-70 1-40209 072787 70-7 1-4023 07276 68 (4) Cyctopentane . . . . 49-20 140644 O-74542 492 14065 O-7459 83 MethylcycLopentane. . . 7185 1-40978 O74869 72-O 14102 (i7484 82 (Jyclohexane . . . . 80-80 l42625 0-77867 80-8 1-4262 O-7783 77 3lethylcydohexane . . 100-80 1-42305 0-76944 110-3 l4230 O7689 71 

Aromatics 
Benzene . . . . 80-10 150123 087896 80-1 15011 08786 108 (1) Toluene . . - . 110-68 1-49685 0-86697 110-8 11962 0-8666 104 (1) 

Çl) Physical properties of purest sample taken from literature. 
( 2) Octane number determined by extrapolation according to the method described in Sect. 3. (:;) Octane number of the pure compound which is a solid substance, calculated froni the octane IlilTither of a blend of 35 per cent. by weight of the compound and 65 pe cent. by weight of 2 : 2 : 4-tritiietiivipentane (octane number of the blend 101). 
( I) Octane number of the pure compound, which was not available in sufficient quantity, calculated from the octane nuwber of a blend of SO per cent. by vol. of the compound and 50 per cent. by vol. of cyao- hexane (octane number of the blend 72-5). 
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in pressure vessels. Hexane, C6H14, is a liquid that 

boils at 156 F and may be kept in ordinary tanks. It is 

a major constituent of gasoline. Gasoline contains 

higher members of the methane series, but the average 

molecule has 8 carbon atoms. The lightest hydrocarbon 

that gasoline contains in any appreciable quantity is 

pentane. 

The fuels that were used in this work were connuer- 

cially pure propane, normal-butane, iso-pentane, iso- 

octane (mostly 2-2-4 trimethyl pentane), and butane- 

propane mixtures. The octane numbers obtained from the 

table on page 4 are as follows: 

propane 100 

n-butane 92 

isa-pentane 89 

iso-octane 100 

The gasoline used had an octane rating of 74 (CFR-ASTM). 

G. L. Holzapfel, in Automotive Industries, June 27, 1936, 

gives these values: 

propane 125 

n-butane 90 

iso-butane 115 

There seems to be a definite relationship between octane 

number and molecular shape. It was stated previously 

that a given compound may have a very low octane number 

in the normal form and. yet a very hip;h octane number as 



an isomer. It seems to follow that with a higher allow- 

able compression ratio the combustion efficiency of the 

isomers would be higher than for the normal compound and 

more nearly approach theoretical air fuel ratios. The 

smaller molecules should undoubtedly approach theore- 

tical air-fuel ratios. 

Little has been written regarding the air-fuel 

ratios for maximum power for any fuels other than gaso- 

lïne. For gasoline, writers report from 12.5 to 13.5, 

probably being somewhat dependent upon the octane number. 

However, for other fuels only theoretical values are 

cited. The theoretical air-fuel ratio for gasoline, the 

formula being taken as C3H17, is 15.05, which is far from 

the actual for maximum power. There has been some 

controversy in comparing values of butane and propane 

with those of gasoline. Also in order to obtain more 

complete data for general correlation regarding the 

manner in which the paraffinic hydrocarbon fuels follow 

theoretical calculations, iso-pentane, iso-octane, and 

gasoline were included along with butane and propane in 

the test runs. Commercial mixtures of 60-40 butane- 

propane and 70-30 butane-propane were also run. 

With increased use of light hydrocarbon fuels there 

has been a demand for air-fuel ratio instruments cali- 

brated for these fuels. If optimum conditions are 
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determined by test and the air-fuel ratio meters are 

calibrated for these fuels, then the fuels can be 

utilized with reater efficiency. 



II. EQ.UIPMENT 

The principal equipment used in this investigation 

consisted of a Delco light plant engine with integral 

direct current generator, an Algas carburetor (universal 

unit), a drum with rubber heads to dampen intake pulsa- 

tions, a fuel weighing system, and a switchboard equipped 

with resistors for loading the engine and for plugging in 

the voltmeter and ammeter for measuring power output. 

Other equipment used was an air-fuel ratio meter, and an 

accurate tachometer. 

ENGINE 

The engine used is a one-cylinder Delco having a 

bore of 2 inches, a stroke of 5 inches, and a compres- 

sion ratio of 6.5. The engine Is directly connected to a 

32-volt, self-excited, direct current generator. The 

cooling system is the evaporative, water jacket type, 

using a condenser to precipitate the steam formed. The 

ignition system is the battery-distributor type. A neon 

spark ring shows the position at which the ignition occurs 

with reference to top dead center of the piston. 

AIR MEASURING SYSTEM 

A large American Meter Company wet test meter (fig- 

ure 3), for which one revolution was equal to one cubic 

foot of air, was calibrated while operating under vacuum 
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Figure 2. Delco Engine, Showing Air Intake. 

Figure 3. Meter for Measuring 
Air In. 

i 
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Figure 4. Weighing System, Fuel Meter, and 
Carburetor for Liquefied Petroleum Fuels. 

Figure 5. Air-Fuel 
Ratio Meter. 
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as it would be in the test runs. Instead of running with 

positive pressure on the intake side, the meter was 

rotated by the vacuum on the outlet side. The calibration 

was carried out by means of a 5 cubic foot gasometer at a 

gas rate near that at which the meter would operate during 

the tests. Between the meter and the engine was placed a 

20-gallon drum with the heads removed and replaced by 

rubber sheeting to dampen pulsations of the engine air 

intake (figure 4). 

FUEL WEIGHING SYSTEM 

The weighing system (figure 4) consisted of a 

balance. The fuel, in the.case of the more volatile 

hydrocarbons, was held in a metal cylinder adapted from an 

oil filter. The fuel container was sealed at all joints 

and thoroughly checked for leaks. Care was taken during 

the tests that the fuel line from the container to the 

carburetor was not in any way disturbed because the weigh- 

ing accuracy would, have been upset. In operating with 

butane and propane, the fuel was run through the small 

wet test meter (figure 4) as well as weighed, and good 

check results were obtained. The meter was a small 

Sargent wet test meter made by the Sargent Steam Meter 

Company. One revolution of the indicating pointer was 

equivalent to 0.1 cubic foot of gas. The meter was a 

valuable aid in the case of propane, since, due to vapor 
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forming tendencies of the fuel, actual weighing was 

difficult. 

CARBURETOR 

An Algas carburetor, universal unit, made by the 

American Liquid Gas Corporation of Los Angeles, was used 

for the vaporization of the propane, butane, propane- 

butane mixtures, and pentane. The carburetor is merely a 

heat exchanger with two pressure diaphrans to reduce the 

pressure to atmospheric. The carburetor, shown in figure 

4, contains a valve at the fuel outlet for controlling the 

amount of fuel. The fuel entered at the engine through a 

hole in the venturi of the standard gasoline carburetor. 

SVTTCHBOARD 

The switchboard, shown in figure 1, contained 

resistances for loading the engine, switches for starting, 

and a field rheostat for varying current into the gene- 

rator field. The switchboard also contained plug-ins for 

the voltmeter and anmieter used to measure the power output. 

AIR-FUEL RATIO METER 

The air-fuel ratio meter (figure 5) used to check 

indicated air-fuel ratios was a Mixture Master made by 

the Electro Products Company. The fundamental principle 

of operation is the difference in thermal conductivity of 

the exhaust gas from that of air. The fact that hydrogen 
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has approximately seven times and carbon dioxide 40 per 

cent of the conductivity of carbon monoxide, oxygen, and 

nitrogen, makes definite characteristic changes in thermal 

conductivity of different exhaust gas samples. The 

exhaust gas enters a cell through which a coil of resis- 

tance wire runs. Another cell containing air, with a 

coil of resistance wire through it also, makes up a 

separate arm of the wheatstone bridge circuit. The cool- 

ing of the resistance wire in the test cell, compared to 

cooling of the resistance wire in the standard, changes 

the amount of current flowing through the test cell wire 

and deflects the galvanometer needle over a scale calibrat- 

ed in air-fuel ratio. 

TACHOMETER 

A Lyons chronometric hand tachometer made by the 

Boulin Instrument Company, New York, was used to check 

the speed of the engine during the tests. The accuracy 

of this tachometer is reported by the manufacturer to be 

99.85 per cent for s)eeds in excess of 500 revolutions 

per minute. Calibration tests at Oregon State College 

substantiated the manufacturer's claims fr the accuracy. 



III. TEST PROCEDURE 15 

. For each test the engine was operated for a period 

of near1y two hours in order to reach constant conditions 

before taking any readings. During the first hour of the 

warm-up, the engine was run fairly fast to heat the 

lubricating oil in the crankcase to the desired tempera- 

ture. The engine was then loaded as lt would be for the 

test runs, and the generator and resistance coils were 

allowed to come to equilibrium. A constant speed was 

chosen so that with oil temperatures at equilibrium the 

friction would remain constant. A speed of 675 revolu- 

tions per minute was selected, since with a heavy load 

and throttle over half open, fairly good regulation 

could be maintained. Too, the slow speed minimized the 

possibility of fuel stratification. 

Flow of water was properly regulated through the 

carburetor heat exchanger at a rate to insure complete 

evaporation of the fuel. With insufficient heat, fuel 

would accumulate in the heat exchanger, resulting in 

irregular fuel weight quantities. 

The fuel container was filled completely before 

each test, since it held only enough for about 6 or 7 

runs. Refueling was usually necessary in order to complete 

a test on a single fuel. At the beginning of a dayts 

operation, the container was filled and tested for leaks 

since, on the weight basis, even a small leak would 
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induce error into the results. 

A run was started, after equilibrium conditions 

were reached, as the beam oi the scale dropped past its 

midpoint of swing. The stopwatch was started, and the 

initial reading on the air intake meter was observed. In 

case the small wet test meter was used with a gaseous 

fuel, it was also read simultaneously. Readings of power 

output, air temperature, oil temperature, and speed were 

made twice during the run. One reading of indicated air- 

fael ratio was taken sometime during the run after the 

instrument needle had settled to a fairly constant posi- 

tion. After a one-tenth pound weight had been added to 

the scale weight pan and the beam had again dropped to 

the midpoint position, a final reading was nade on the 

stopwatch, air intake meter, and fuel meter (if used). 

The power output, measured air-fuel ratio, and 

the specific fuel values were calculated and roughly 

plotted as the test proceded. 

Greatest difficulties encountered were in the 

weighing system and in power output. When operating on 

propane, it showed vaporizing tendencies in the supply 

line, even at high pressures. Because of this, fuel 

measured by weight often disagreed with the volumetric 

meter, and in such case the meter results were accepted 

as correct. In the case of butane, the boiling in the 
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heat exchanger created pressure surges that carried 

liquid fuel over into the fuel container and caused scale 

fluctuations. Pentáne offered difficulties only when the 

water led to heat the heat exchanger was not warni enough. 

Gasoline and iso-octane were run as liquid from an open 

container on the scales, the fuel being led directly into 

the engine carburetor in a normal manner. 

In measuring power output, sudden wide fluctua- 

tions occurred occasionally and rendered useless the data 

for a particular day. The engine crankshaft deflected 

considerably on each power stroke and caused the comm.u- 

tator to operate eccentrically. This probably changed 

the seating of the brushes enough to result in small 

power differences. Separate excitation from a more 

consistent power source might have provided an improvement 

over the existing self-excitation system. 

In the carburetion of propane best results were 

obtained by the use of cold. water (about 55 F) in the 

carburetor heat exchanger. Since propane vaporizes 

readily at below freezing temperatures, cold water must be 

used to supply the necessary heat to keep the carburetor 

from frosting too heavily. Another reason for using 

cold water was that the carburetor and pressure dia- 

phragrns were designed for operation with butane and 

butane-propane mixtures high in butane, and warm water 



18 

would create excessive pressures with propane and cause 

improper functioning of the diaphragms. 
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V. RESULTS 

The values found for maximum power and for maximum 

economy are tabulated below for the various fuels inves- 

tigated: 

Theoretical 
Fuel Air-Fuel Ratio Air-Fuel Ratio Air-Fiel Ratio 

Maximum Power Maximum Economy Perfect Comb. 

Propane 15.5 17.9 15.7 

60-40 Butane- 15.3 18.3 15.6 
Propane 

70-30 Butane- 15.2 17.7 15.6 
Propane 

n-Butane 14.8 17.4 15.5 

Iso-pentane 14.6 17.1 15.3 

Iso-octane 13.7 16.6 15.2 

Gasoline 13.0 16.0 15.1 

The curve sheet corre1atin air-fuel ratio with 

carbon content in the fuel (curve VIII) shows that the 

experimental values for butane are low. According to 

curve VIII the maximum power for butane should have 

occurred at an air-fuel ratloof about 15.0 instead of 

14.8 obtained in the investigation. From curve VIII maxi- 

mum economy should have occurred at an air-fuel ratio of 

about 17.5 instead of the 17.4 obtained. Other results 

are fairly well in line except in the case of the maximum 

economy point for the 60-40 butane-propane mixture. The 

air-fuel ratio experimentally determined was 18.3, but the 
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economy curve shows that the value should have been about 

17.8. 

Although points were somewhat scattered, curves of 

indicated air-fuel ratio plotted against measured air- 

fuel ratio (curve IX) for the fuels investigated show a 

definite trend in relation to percentage carbon and 

hydrogen in the fuel. The more hydrogen-rich fuels 

yielded lower air-fuel ratio meter readings than the 

measured values. It was definitely noted that for ex- 

trenaely lean mixtures the air-fuel ratio meter had a 

tendency to swing back toward the 15 to 1 mark, or to 

indicate a richer mixture. A cause for this will he 

explained later. 

In order to produce more accurate calibration 

curves for the air-fuel ratio meter (curve IX), addi- 

tional data has been obtained from previous runs made at 

Oregon State College on multi-cylinder engines. Actually 

the curves are a result of ccmposite runs on both single 

and multi-cylinder engines. 
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From the curve sheet showing air-fuel ratio plot- 

ted against per cent carbon in. the fuel it appears that 

as the fuel molecule becomes smaller, and the percent 

carbon decreases, the air-fuel ratio for maximum power 

approaches the theoretical ratio for perfect combustion. 

The economy curve follows the same general shape as the 

power curve. However, the curves diverge for larger 

molecules. Since paraffinic hydrocarbons show a general 

trend toward higher combustion efficièncy as the niole- 

cule becomes smaller, it becomes fairly evident that the 

actual and theoretical values would practically coincide 

for ethane and methane, two lighter hydrocarbon fuels not 

included in this investigation. 

It would be expected that the olefines and other 

series would not fall on these curves but would fall on 

curves having the same general trend. Percent carbon is 

not the controlling factor but rather a function of the 

molecular size for a given hydrocarbon series. Molecular 

size is truly the controlling factor. It would be quite 

interesting to have results for the olefines and 

aromatica for comparing with those obtained. 

Molecular shape as well as molecular size would 

undoubtedly have some effect on air-fuel ratio in a 

given engine. As mentioned before, the octane number of 

a fuel is dependent upon molecular shape and sïze. The 
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more compact the molecule is, the higher the knock 

resistance becomes. A given compound in a form that had 

little knock resistance would yield maximum power at a 

richer mixture than would its anti-knock isomer in the 

same engine with the compression ratio correspondingly 

increased. This would be due to the fact that better 

combustion efficiency is obtained at higher compression 

ratios due to turbulence and the aid of the higher pres- 

sure. In this work the formula for gasoline was assumed 

as C8H7, whereas it is often assumed as C8H18. If it 

were actually C8H18, which it might as well be, the above 

statements would be well supported (see curve VIII). The 

compression ratio was not changed, but the spark was 

retarded for the gasoline, which effectively lowered 

compression ratio. 

From curve VIII it is evident also that as the 

molecules become smaller, the percent excess air over the 

theoretical in obtaining maximum economy becomes greater. 

This is to be expected, since the power values for fuels 

with larger molecules were so far below the theoretical. 

The increase of air from maximum power to maximum 

economy is greater for the fuels with larger molecules. 

This increase is probably due to greater turbulence and 

better atomization of fuel. 

Carburetion problems naturally vary with the 
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fuel, but bearing in mind the physical properties of the 

fuel, these difficulties are rather easily overcome. It 

was found that since the equipment was primarily designed 

for butane, little trouble was encountered while butane 

was used. However, since the vapor pressure of iso- 

pentane was much lower, it was necessary to introduce 

warmer water in greater abundance to the heat exchanger. 

on the other hand, the vapor pressure of the propane was 

much higher, and in order to prevent building up excessive 

pressures in the carburetion equipment, cold water was 

run through the heat exchanger. Resulting pressures were 

then much nearer those for which the equipment was 

designed. For these fuels, especially propane, good 

practice must be followed in guarding against vapor- 

locking, even at the high pressures. Supply lines must 

be free from sharp, vertical bends, made as short as 

possible, and must not be subjected to high temperatures 

such as would be encountered in passing quite close to an 

exhaust manifold. 

Considerable inquiry has been made regarding com- 

parative power output of these fuels. Comparisons caxinot 

be based on the curves presented in this report. 

Conditions were such that power output for the fuels 

varied from day to day according to engine throttle 

setting and surrounding temperatures. Performance tests 
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on butane-propane mixtures by commercial vehicles usually 

have shown better results than for gasoline. These per- 

formarice tests have shown little improvement in mileage, 

if any, until recently when better carburetion and air- 

fuel ratio control helped put butane in front. 

A report on butane utilization in Automotive 

Industries, June 4, 1936, states that although the mile- 

age obtained with butane has not always been as good as 

for gasoline, ironing out carburetion difficulties and 

obtaining better air-fuel ratios is increasing mileage 

considerably. It was found that lubricating oil economy 

was increased, due to elimination of dilution and slowing 

up of oil acidification. This decreased oil consumption 

and allowed a longer period between oil changes. Better 

performance than for gasoline has been obtained, especi- 

ally under heavy loads and long hard runs. It must be 

understood that conversion to these lighter fuels has 

been coniplished by increase in compression ratio where 

good results have been obtained. 

W. Z. Friend and E. Q. Beckwith presented perform- 

ance results in the S. A. E. Transactions, January, 1935. 

That data is tabulated on the following page. 

These results show that at the saine compression 

ratio there was not much difference in maximum power 

output, specific fuel consumption, or Btu per bhp-hr. 



Comparative Test Results at Full Throttle 
with Butane, Propane, and Gasoline on a 
4 x 5 in. Six Cylinder Bus-Type Engine 

Fuel Compression Max. Fuel Btu per Vol. Cons. Octane 
Ratio lip lb/bhp-hr blip-hr gal/bhp-hr No. 

Propane 9.95 99.0 0.458 9920 0.108 125 

Butane 6.75 86.8 0.512 11000 0.107 93 

Butane 4.38 66.0 0.630 13545 0.131 93 

Gasoline 4.38 63.4 0.663 13517 0.108 61 

Friend, W. Z. and Beckwith, E. . Propane and Butane as Motor 

Fuels. S. A. E. Transactions. 30:36-40, 1935. 
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Due to fewer heat units per gallon the volumetric con- 

suniption of Ítel was larger. Then compression ratios were 

raised to the full advantage, maximum power output 

increased, specific fuel and Btu per bhp-hr decreased. 

Volumetric consumption decreased to a point where values 

for butane, propane, and gasoline were practically 

identical. 

Friend and Beckwith conclude that the best results 

with liquefied petroleum fuels in mobile equipment are 

obtained in trucks and buses, tractors, and heavier 

equipment operated a great deal on full throttle. Light 

trucks show about the same mileage with butane as with 

gasoline, and passenger cars generally show slightly 

lower mileage when butane is used. 

The calibration curve for the air-fuel ratio meter 

showed a definite trend toward richer readings for the 

liquefied petroleum fuels, i.e., the meter read lower 

for a corresponding measured air-fuel ratio. Since these 

hydrocarbons contain a lower per cent of carbon, the 

carbon dioxide content of the gas would be lower. On 

the other hand the hydrogen content would be higher due 

to the higher percentage of hydrogen in the fuel, thus 

increasing the thermal conductivity of the exhaust gas 

for any particular air-fuel ratio as. compared with 
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gasoline. The smaller the fuel molecule the richer the 

reading would be for the given air-fuel ratio, since the 

smaller molecules have more hydrogen. 

The indication, that there is more hydrogen and 

less carbon dioxide in the exhaust gas as the fuel 

molecule contains a lower percentage of carbon, supports 

the findings of Gleeson and Paul, National Petroleum 

News, 1936, which show that the water-gas reaction con- 

trols the engine exhaust gas composition. The water-gas 

reaction is 

CO + 1120 CO2 + 112......... (I). 

The equilibrium constant for the reaction is 

(CO) X (1120) ....... (II), 
Kw.g.iu 

(CO2) x (112) 

where (CO), (1120), (CO2), and (112) are concentrations 

of the exhaust gas constituents. This equilibrium con- 

stant changes only with temperature, and since the 

"freezing" temperature of this reaction has been fairly 

well established as 1500 C, theoretically, the value of 

Kvbr.g. should not change with change in fuel or air-Tuel 

ratio. Experimentally, it has been shown that Kw.g 

remains quite constant over a complete range of con- 

ditions. A change in concentration of constituent in 

equation II must be compensated by a change in concen- 

tration of another constituent if Kwg remains 
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constant. By examination of equation II, it can be seen 

that the exhaust gas concentrations of 002 and 2 are 

compensating and are therefore controlled by the con- 

stant Kw.g. 

It was noticed that in the very lean ranges the 

air-fuel ratio instrument had a tendency to return to 

readings of lower air-fuel ratio. An examination of 

thermal conductivities of the exhaust gas constituents 

and typical exhaust'gas analyses explains why this 

phenomena occurs. The following are thermal conductiv- 

ities of the exhaust gases as obtained from ttCombustion,tt 

American Gas Association, 1939: 

Gas 

Hydrogen 

Oxygen 

Nitro gen 

Carbon Dioxide 

Carbon Monoxide 

Thermal Conductivity 

0.000305 Btu per sq-ft per F 
per in. per sec 

O 0000447 

O .0000438 

O .000O23 

O 0000412 

Note that the thermal conductivity of oxygen, 

nitrogen, and carbon iiionoxide are about the same, that 

the thermal conductivity of hydrogen is about seven 

times that of oxygen, nitrogen, or carbon monoxide, and 

that the conductivity of carbon dioxide is about 40 per 

cent less than that of oxygen, nitrogen, and carbon 
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monoxide. 

The following are typical exhaust gas analyses at 

different air-fuel ratios for gasoline: 

A/F H2 N2 CO2 CO 

13 1.6 0.9 81.4 10.7 4.6 

14 0.8 0.7 83.3 12.4 2.3 

15 0.2 1.0 84.4 13.1 1.1 

16 - 1.9 84.5 12.8 0.6 

17 - 3.0 84.2 12.1 0.6 

18 - 3.9 84.1 11.5 0.4 

19 - 4.8 83.0 10.8 0.4 

(Any residual percentage is inethe) 

It is evident that for rich mixtures the hydrogen 

content increases and the carbon dioxide decreases, thus 

increasing therxîal conductivity considerably. For lean 

mixtures the hydrogen content approaches zero while the 

carbon dioxide is high. Therefore the thernal condurtiv- 

ity is lowest at air-fuel ratios of 15-16. For very 

lean mixtures excess air is introduced, and the carbon 

dioxide content decreases. Oxygen, nitrogen, and a 

little carbon monoxide are all that remain. Since the 

conductivity of these remaining gases is the same, the 

total conductivity will tend to become greater again. 

This of course causes the meter to swing back toward 
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tile lower air-fuel ratio values. 



VII. CONCLUSIONS 

1. Optimum air-fuel ratios for the hydrocarbon 

fuels with which this investigation is concerned are: 

Air-Fuel Ratio Air-Fuel Ratio 
Fuel Maximum Power Maximum conomy 

Propane 15.5 17.9 

n-Butane 15.0 17.5 

Iso-pentane 14.6 17.2 

Iso-octane 13.7 16.6 

Gasoline 13.0 16.0 

2. As the number of carbon atoms in the paraffin 

hydrocarbon fuels becomes smaller, the air-fuel ratio 

for maximum power approaches the theoretical air-fuel 

ratio for perfect combustion. In the case of propane, 

which contains only three carbon atoms, maximum power 

occurred at an air-fuel ratio of 15.3 whereas the 

theoretical air-fuel ratio for perfect combustion is 

15.7. 

3. Air-fuel ratio for maximum economy in fuels 

having larger molecules is not much in excess of the 

theoretLcal air-fuel ratio for perfect combustion. The 

maximum economy air-fuel ratio for gasoline was found 

to be 16.0. The theoretical air-fuel ratio for perfect 

combustion is 15.1. 

4. A survey of the literature shows that no 

advantage is maintained by the liquefied petroleum fuels 
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over gasoline unless the compression ratio of the engine 

is raised considerably. 

5. The literature also yielded definite evidence 

that in using liquefied petroleum fuels best results are 

obtained with heavy equipment such as trucks and buses, 

although some authorities claim comparable results with 

passenger cars. 

6. The most logical applications of liquefied 

petroleum uel re th of service requiring in- 

creased horsepower and where fuel can be econox-iically 

handled. 

7. Then the theriinal conductivity type air-fuel 

ratio meter is used for determining air-fuel ratio for 

the lichter fuels, indicated air-fuel ratios are lower 

than the true air-fuel ratios. The difference between 

the indicated and actual air-fuel ratio becomes greater 

as the molecule becomes smaller due to the fact that the 

smaller molecules in a given hydrocarbon series contain 

a lower percentage ofrbon and a higher percentage of 

hydrogen. 

8. The indicator of the thermal conductivity 

type air-fuel ratio meter has a tendency to swing back 

toward lower air-fuel ratio readings when air-fuel ratios 

are very high. 

9. The water-gas reaction apparently controls 
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the exhaust gas composition for liquefied petroleum fuels 

as well as for gasoline. 



DETERMiNATION OF AIR-FUEL RATIOS FOR MAXIMUM POVER A1D ECONOMY 

Fuel -- Propane Throttle Opening -- 30 degrees Speed, rpm -- 675 

Spark Advance - - for maximum power Jacket Temperature - - 212 F 

rime Air-Fuel Oil Tenp Observed Generator Output Air-Fuel Lb fie1 sec for rat±o terrp air in volume ratio per 
1//io 1h (indicated) F F air Volts Amps Watts (measured) kw-jar f'uel cu-ft 

385 14.3 122 70.8 21.50 17.38 33.1 575 16.06 1.626 

420 14.7 122 70.4 23.75 17.05 32.5 554 17.77 1.549 

367 13.4 122 70.0 20.60 17.4 33.25 578 15.43 1.697 

l.2 122 69.8 21.15 17.4 33.25 578 15.85 1.612 

401 14.4 122 69.5 22.45 17.25 32.95 568 1t.83 1.581 

14.2 122 69.4 24.60 16.35 31.5 515 12.46 1.591 

418 13.9 122 69.3 23.65 16.9 32.1 543 17.75 1.585 



DrTrr:,IINATïo1 OF AIF?-F'UTL IA11O MAxI:itL 2oi'r ¡.r 

Fu'l -- Fropne Tbrcttic Optn1rï --- öO cegrees Spö, rpm 675 

Spark ArJvmnco -- fcr maxlrau.m powcr Jact Terperature -- 2l F 

Cil Tenip Obs'rvd uicrtor ut'-ut Î1r - '1 Lb fuel 
sec for ratio t(p air in v'1uie r 
1/lo lb ndicctrd) F F air Vc' ta A:ps atta ( , -. 

furl 

38 L'i riio 21.òO l'7.45 3.4 563 16.14 1.592 

3'78 121 71.0 21.00 l'.45 3.35 582 13.7O 1.635 

384 i;:.c 121 70.9 21.5 r'.43 3.35 581+ l.93 l.C12 

362 l..9 121 73.9 2C'.20 l'.4 3.3 579 l.lJ 1.717 

32 l.4 122 70.9 1.5b l7.55 33.25 677 lCl 1.77 

37 L.4 122 70.e 20.80 11.4 .45 562 1.659 

37 122 72.6 20.ou l7.i5 582- 1;.42 
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DETERMINATION OF AIR-FUEL RATIOS FOR MAXIMUM PO1ER AND ECONOMY 

Fuel -- Propane Throttle Opening -- 25 degrees Speed, rpm -- 675 

Spark Advance - - for maximum power Jacket Temperature - - 212 F 

Time Air-ie 011 Temp Observed Generator Output Air-Fuel Lb fuel 
sec for ratio temp air in volume ratio per 
i/io lb (indicated) F F air Volts Amps Watt3 (measured) kw-hr 
luci cu-ft 

402 14.5 122 71.0 22.10 17.10 32.9 559 16.51 1.602 

393 14.1 122 '71.0 21.40 17.15 32.8 565 15.99 1.617 

386 13.6 122 71.0 20.95 17.15 32.8 563 15.67 1.657 

384 12.8 122 70.8 20.85 17.12 32.8 562 15.57 1.667 

369 12.4 122 70.2 20.25 17.10 32.8 561 15.00 1.740 

372 12.4 122 70.1 20.25 17.10 32.75 560 15.00 1.728 

377 13.4 122 6. .7 20.55 17.10 32.8 561 15.40 1.702 

420 15.5 122 69.2 23.00 16.8 32.25 542 17.25 1.582 

(71 



DTFRMINATION OF AIR-FUEL RATIOS FOR MAXIMUM POVER AND ECONOtY 

Fuel -- 60-40 Butane-Propane Throttle Opening -- 25 degrees Speed, rpm -- 675 

Spark Advance -- for maximum power Jacket Temperature -- 212 F 

Time Air-Fuel Oil Temp Observed Generator Output Air-Fuel Lb fuel 
sec for ratio temp air In volume ____________________ ratio per 
i/io lb (indicated) F F air Volts Amps Watts (measured) kw-hr 
fuel cu-ft 

472 1.5 119 64.2 25.57 16.25 31.1 506- 19.41 1.511 

414 15.7 119 64.2 23.13 16.90 2.2 544 17.56 1.598 

416 15.9 119 64.2 23.15 17.25 32.9 568- 17.57 1.526 

402 15.8 119 64.0 22.25 17.50 33.3 582 16.85 l.5Z59 

77 14.4 119 64.0 20.75 17.50 3.45 585 15.75 1.633 

354 13.6 119 64.0 19.44 17.50 33.48 586- 14.75 1.737 

350 12.8 119 63.9 19.27 17.50 33.48 586- 14.53 1.757 

367 14.2 119 63.7 20.28 17.50 33.5 586 15.42 1.673 

66 14.2 119 63.6 20.23 17.iO 33.5 586 15.39 1.680 



DETERMINATION OF AIR-FUEL RATIOS FOR MAXIMUM POWER AND ECONOMY 

Fuel -- 60-40 Butane-Propane Throttle Opening -- 25 degrees Speed, rpm -- 675 

Spark Advance - - for maximum power Jacket Temperature - - 212 F 

Time Air-F'ue] 011 Temp Observed Generator Output A1rFUe1 Lb fuel 
sec for ratio temp air in vo'ume ratio per 
1/lo ib (indicated) F F air Volts .rnps Watts (measured) kw-hr 
fuel cu-ft 

334 11.2 121 70.0 18.60 17.13 33.30 570 13.95 1.690 

340 12.0 121 70,0 18.65 17.15 3.38 57- 14.17 1.849 

361 14.0 122 70.0 20.00 17.23 35.45 576 14.97 1.7l 

75 14.5 122 69.8 20.68 17.25 33.50 578 15.52 1.660 

68 14.3 122 69,2 20.45 17.28 33.53 579 15.38 1.686 

375 15.0 122 69.0 20.90 17.28 33.50 579- 15,71 1.658 

408 15.9 122 68.9 22.80 17.10 33.25 568 17.13 1.553 

429 15.8 122 68.7 24.15 16.70 32.5 544- 18.16 1.544 

445 15.6 122 68.6 25.35 16.20 1.50 510 19.10 1.587 

380 15.5 122 68.5 21.40 17.25 33.50 578 16.08 1.637 



DETERMINATION OF MR-FUEL RATIOS FOR MAXIMUM POWER AND ECONOMY 

Fuel -- 70-30 Butane-Propane Throttle Opening -- 25 degrees Speed, rpm -- 675 

Spark Advance -- for maximum power Jacket Temperature -- 212 F 

Time Air-Pue? Oil Temp Obsrved Generator 0utut Air-Fuel Lb fuel 
sec for rto trnp air in volume - ratio per 
1/10 lb (indicatd) F F aIr Volts Aiips watts (measured) kw-hi' 
fuel cu-ft 

456 1T.4 120 73.5 25.75 16.10 30.65 494 10.17 1.600 

15.3 120 72.2 25,60 16.20 30.90 500 19.09 1.602 

410 15.7 120 71.5 23.25 16.90 32.15 544- 17.40 1.316 

397 15.8 120 71.5 22.20 17.20 32.80 564 16.58 1.610 

368 15.2 120 71.8 20.60 17.30 33.08 573- 15.40 1.708 

359 14.2 120 72.0 19.98 17.30 33.10 573 14.93 1.750 

352 13.5 120 7l.8 19.63 17.28 33.08 572 14.66 1.788 

337 11.8 120 72.0 12.70 17.23 32.90 567 13.97 1.887 



DTTFRMINATION OF AIR-FtJL RATIOS FOR MAXIMUM POW1R AND ECONOMY 

?uel -- 70-30 Butane-Propane Throttle Opening -- 25 degrees Speed, rpm -- 675 

Spark Advance -- for maximum power Jacket Temperature -- 212 F 

Time Air-Fuel Oil Temp Observed Generator Output Air-Fuel Lb fuel sec for ratio temp air in volume ratio per i/lo lb (indicated) F F air Volts Arips Tqtts (measured) kw-tir fuel cu-ft 

415 15.7 122 7?.5 2.25 16.95 32.45 550 17.52 1.578 

393 15.6 122 72.5 21.90 17.50 3.O0 577 16.35 1.588 

385 15.4 122 72.5 21.30 17.50 3.2O 5b1 15.90 1.610 

379 14.6 122 72.2 20.90 17.50 33.30 583 15.60 1.630 

369 14.2 122 71.5 20.33 17.50 33.35 584 15.21 1.672 

363 1.3 122 70.7 20.06 17.50 33.40 585 15.01 1.695 

341 12.8 122 70.1 18.77 17.50 33.30 583 13.80 1.811 

338 i:.i 122 69.8 18.65 17.50 33.28 583- 13.71 1.825 

$47 13.3 122 68.7 19.23 17.50 33.35 584 14.44 1.772 

366 13.4 122 68.6 20.31 17.50 33.38 585- 15.27 1.681 

349 1j.1 122 68.7 19.27 17.50 33.38 585- 14.50 1.765 

430 l.5 122 68.5 24.20 16.60 3.85 529 18.23 1.582 



DETERMINATION OF AIR-FUEL RATIOS FR AXItUM POWER AND ECONOMY 

Fuel -- n-Butane Throttle Opening -- 25 degrees Spced, rpm -- 675 

Spark Advance - - for maxinTum power Jacket Temperature -- 212 F 

Time Air-Fuel 011 Temp Observed Generator Output Air-Fuel Lb fuel 
sec for ratio temp air in volume ratio per 
1/10 lb (indicated) F F air Volts Amps Watts (measured) kw-hr 
fuel cu-ft 

361 1L.8 120 7O.3 19.65 17.50 3.4O 584 14.72 1.707 

351 12.7 120 70.3 19.00 17.45 582 14.23 1.760. 

324 11.1 120 70.3 17.55 17.38 33.20 577 13.16 1.923 

355 13.0 120 70.3 19.30 17.45 33.40 583 14.47 1.739 

384 14.6 120 70.0 20.85 17.43 33.35 581- 15.63 1.612 

426 14.9 120 69.7 24.20 16.05 31.05 499- 18.18 1.697 

400 15.8 120 69.1 22.45 17.25 3.20 573 16.87 1.571 

400 15.9 120 69.0 22.60 16.95 32.55 553- 17.00 1.626 

382 15.8 120 68.9 21.40 17.25 33.20 573 16.07 1.646 

376 15.5 120 68.8 21.05 17.40 33.35 560+ 15.81 1.650 

o, o 



DETERMINATION OF AIR-FUEL RATIOS FOR MAXIMtTh POWER AND ECONOMY 

Fuel -- n-Butane Throttle Opening -- 25 degrees Speed, rpm -- 675 

Spark Advance -- for maximum power Jacket Temperature -- 212 F 

Time Mr-Fuel Oil Temp Observed Generator Output Air-Fuel Lb fu1 sec fer ratio temp air in volume rt o per 
1,'lO lb (indicated) F F air Volts Amps Watts (measured) kw-hr 
fuel cu-ft 

427 15.5 120 71.3 24.15 11.60 526 Th.O7 1.615 

395 15.2 160 71.1 2.O5 17.20 32.7 562 16.50 1.621 

566 14.8 120 70.4 20.40 17.40 3.2 578- 15.28 1.702 

5l 14.0 120 69.9 10.45 17.45 3.25 580 14.56 1.768 

355 13.4 120 69.8 1L.75 17.43 3.23 579 14.07 1.750 

323 12.3 120 69.6 17.90 17.40 33.2 578- 13.45 1.929 

412 15.5 120 69.0 2.lO 16.80 33.2 541 17.36 1.613 

Cn 
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DETERMINATION OF AIR-FUEL RATIOS FOR MAXIMUM POWER AND ECONOMY 

Fuel -- Iso-Pentane Throttle Opening -- 25 degrees Speed, rpm -- 675 

SparkAdv&nce -- for maximum power Jacket Temperature -- 212 F 

Time Air-Fuel Oil Temp Observed Generator Output AirFuel Lb fuel 
sec for ratio temp air in volume ratio per 
1/10 1h (indicated) F F air Volts Amps Watts (measured) kw-br 
fuel cu-ft 

370 14.0 123 7.8 20.60 17.08 32.7 558+ 15.34 1.741 

3'40 12,3 123 74.1 18.95 17.08 32.7 558+ 14.11 1.896 

48 13,3 124 74.3 19.55 17.1 32.7 559 14.54 1.851 

307 10.6 124 745 17.20 16.9 32.45 549 12.78 2.15 

330 11.5 124 74.3 18.35 17.0 52.6 554 13.66 1.968 

359 L.2 124 73.6 19.95 17.08 32.7 558 14.86 1.793 

370 14.7 124 73.5 20.65 17.03 32.65 556 15.38 1.751 

387 15.3 124 73.2 21.50 16.98 32.55 553- 16.06 1.684 

400 15.7 124 73.0 22.60 16.35 31.35 513- 16.86 1.756 

413 15.4 124 72.8 23.45 15.8 30.55 483 17.50 1.803 

(y' 



DETERMINATION OF AIR-FUEL RATIOS FOR MAXIMUM POWER AND ECONOMY 

ue1 -- iso-Pentane Throttle Opening -- 30 degrees Speed, rpm -- 675 

Spark Advance -- for maximum power Jacket Temperature -- 212 F 

Time Air-Fuel Oil Temp Observed Generator Output Air-Fuel Lb fuel 
sec for ratio temp air in volume ratio per 
i/io lb (indiceted) F F air Volts Amps V.'atts (measured) kw-hi' 
fuel cu-ft 

324 12.2 120 70.8 19.10 18.10 34.65 607 14.27 1.830 

303 10.8 120 70.7 17.90 18.10 34.60 606 l.42 1.962 

330 12.8 120 70.5 19.53 18.15 34.70 610- 14.62 1.787 

.350 13.8 121 70.5 20.65 18.10 34.73 609- 15.43 1.689 

359 15.5 121 70.6 21.25 18.10 34.60 606 15.91 1.656 

374 15.9 121 70.7 22.15 17.80. 34.20 588 16.38 1.638 

395 15.7 121 70.7 23.50 17.20 33.10 549- 17.60 1.665 

416 15.5 121 70.6 24.60 16.70 32.15 516 1.37 1.67 

C,' 



DETRMINATION OF AIR-FUEL RATIOS PDR MAXIMUM POWER AND ECONOMY 

Fuel -- iso-Octane Throttle Opening -- 25 degrees Spee«, rpm -- 675 

Spark Advance - - for maximum power Jacket Temperature - - 212 F 

Time Air-Fuel Oil Temp Observed Generator Output Air-Fuel Lb fuel 
sec for ratio temp air in volume ratio per 
1,'lO lb (indicated) F F air Volts kips Watts (measured) kw-hi' 

fuel cu-ft 

33O - 119 70.0 18.65 17.83 34.0 606 l.97 1.800 

335 - 119 69.8 18.80 17.80 53.9 604- 14.10 1.779 

547 - 119 69.6 19.45 17.73 33.8 599 14.58 1.731 

361 - 119 69.4 20.15 17.65 33.7 595 15.09 1.676 

388 - 120 69.4 21.40 17.53 3.5 587 16.06 1.580 

397 - 120 69.8 22.30 17.25 32.9 568- 16.72 1.597 

418 - 120 '70.1 23.60 16.80 32.3 543 17.67 1.588 

390 15.4 120 70.5 21.90 17.40 33.3 580 16.38 1.591 

369 13.0 121 70.7 20.50 17.60 65 592 l5.3 1.647 

408 15.7 121 '7fl7 22.90 16.95 32.45 550 17.13 1.602 

415 15.8 121 70.6 23.45 16.70 31.95 534- 17.54 1.623 
cl 



DETERMINATION OF AIR-FUEL RATIOS FR MAXIMUM POWER AND ECONOMY 

Fuel -- Iso-Octane Throttle Opening -- 25 degrees Speed, rpm -- 675 

Spark Advance -- for maximum power Jacket Temperature -- 212 F 

Time 
sec for 
1/lo lb 
fuel 

Air-Puel 
ratio 

(Indicated) 

Oil 
temp 
F 

Temp 
air in 

F 

Observed 
volume 
air 

cu-ft 

Generator Output 

Volts Amps ?tatts 

Air-Fuel 
ratio 

(measured) 

Lb fuel 
per 
kw-br 

315 12.4 120 71.6 16.25 17.85 34.05 608 L5.63 1.880 

272 10.0 120 71.3 15.85 17.60 33.65 592 11.84 2.255 

291 11.2 121 71.0 16.90 17.73 33.95 602 12.66 2.052 

326 1.5 121 70.4 18.60 17.90 34.00 606 13.91 1.821 

36 l.O 121 70.2 19.O 17.75 33.95 603 14.48 1.776 

353 15.0 121 70.1 20.30 17.65 33.80 596 15.23 1.709 

317 12.7 121 70.0 18.25 l.83 34.05 607 13.65 1.870 

302 11.8 121 69.9 17.40 17.75 33.95 603 13.03 1.976 

378 15.9 121 69.7 21.80 17.40 33.25 579- 16.36 1.647 

411 15.5 121 69.6 23.85 16.55 31.55 523- 17.90 1.675 

C" 
01 



DETERMINATION OF AIR-FUEL RATIOS FDR MAXIMUM POWER AND ECONOMY 

Fuel -- iso-Octane Throttle Opening -- 25 degrees Speed, rpm -- 675 
Spark Advance -- for maximum po'er Jacket Temperature -- 212 F 

Tite 
sec for 
1/lo lb 
fuel 

Air-Fuel 
ratio 
indicated) 

Oil 
temp 
F 

Temp 
air in 

F 

Observed 
volume 
air 

cu-ft 

Gene:'ator 

Volts 

Output 

Amps Watts 

Air-Fuel 
ratio 

(measured) 

Lb fuel 
per 

kw-hr 

336 12.8 123 70.6 19.05 17.55 33.7 592 14.23 1.808 

33$ 12.4 123 70.5 18.85 17.6 33.72 593 14.08 1.822 

295 10.9 123 7O.5 16.85 17.55 .65 591 12.60 2.06 

2O 12.2 l2 70.3 18.15 17.6 33.75 594 l.58 1.893 

311 11.8 123 70.2 17.60 17.58 33,7 592+ 13.18 1.952 

326 12.5 124 70.1 18.45 17.6 33.75 594 13.81 1.858 

351 - 124 70.0 20.00 17.55 33.73 592+ 14.98 1.730 

330 - 124 69,8 18.65 17.58 33.78 594 13.96 1.836 

370 14.2 124 69.5 20.90 17.4 3Z.3 580 15.67 1.677 

410 15.5 124 69.3 23.40 16.8 32.0 539 17.54 1.630 

389 15.7 124 69.1 22.00 17.1 32.8 561 16.51 1.649 
01 
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DETERivIINATION OF AIR-FUEL RATIOS FOR MAXIMUM POWER AND ECONOMY 

?uel -- Gaso1in, Riobí'ield Regular Speed, rpm -- 6'75 
Throttle Opening -- 25 degrees 

Sp&rk Advqrice -- fc'r rnx1rrirn pcver Jckct Temperature -- 212 F 

Time Air-Fuel 011 Temp Observed Generator Output Air-Fuel Lb fuel 
seo for ratio temp air in volume rt10 per 

1//io lb (Indicated) F F ar Volts Arvs 'tts (rneqgured) kw-i-ix' 
fuel cu-ft 

293 1.2 124 70.7 17.10 ló.03 54.45 621 12.81 1.980 

296 12.3 14 70.7 17.25 18.O 34.50 622 12.91 1.952 

267 10.4 124 70.6 15.60 17.95 616- 11.68 2.190 

304 12.5 124 70.3 17.70 18.03 4.48 622- 16.23 1.906 

292 12.0 125 70.1 17.05 18.03 34.43 622- 12.78 1.986 

294 11.5 125 '70.0 17.10 18.05 34.45 622- 12.81 1.972 

30Ö 12.4 125 69.9 17.45 18.03 4.45 621 1.3.07 1.932 

307 12.8 125 69.8 17.80 18.02 34.45 621- 1.34 1.889 

308 13.2 125 69.7 17.85 18.02 34.45 621- 1.36 1.887 

328 14.8 125 69.5 18.05 18.02 34.50 622- 13.52 1.837 

354 15.8 125 69.4 20.58 17.70 33.75 597 1.5.41 1.704 

380 15.5 125 69.2 22.25 17.00. 33.65 555- 16.69 1.707 

361 15.8 125 69.1 21.05 17.0 33.70 596 15.76 1.673 
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