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INTRODUCTION 

LP Gas, an abbreviated term for liquefied petroleum gas, is 

coming into expanded use in internal combustion engines. In the 

past this fuel has been wasted by venting it into the atmosphere 

as a vapor and burning it during the process of producing natural 

gas and refining crude oil. This process was practiced because 

there was no demand for these particular fractions of the natural 

gas or crude oil which justified the expense and the effort neces- 

sary to save the vapors. In order to conserve our natural re- 

sources, laws, which prohibit this wasteful practice of flaring, 

have been passed in recent years by congress. 

These vapors are now saved by forcing them into containers 

or bottles which keep them in the liquid state under moderate 

pressures. The containers are distributed to consumers beyond 

the natural gas mains where the fuel is used for the heating of 

the home, the heatin7 of water, and for cooking just as natural 

gas 13 used. In addition to these uses, LP Gas has been accepted 

as a motor fuel which has been found to be of superior quality to 

the best gasoline. 

At our present rate of petroleum consumption our petroleum 

supply could be depleted very seriously in the event of a major 

war, Our agricultural machines and vital transportation vehicles 

must continue in operation regardless of the state of national 

affairs. The large-scale utilization of LP Gas as a motor fuel 

could lessen the demand for gasoline and other petroleum fuels 

by an amount sufficient to allow a 7,.reater maximum use of our 
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petroleum in either war or peace. 

Ever since the first engine was built, the automotive engine 

manufacturer and designer has been plagued by a demand from the 

public for an engine that could utilize many different fuels. 

The designer has been called upon to build external combustion 

engines which could use coal, wood, and other solid fuels; and 

internal combustion engines for such fuels as gasoline, kerosene, 

distillate, and Diesel fuel. And now a new fuel has been added 

to this list. Within the past five years a demand has been made 

for emrines which will utilize the LP Gases, and this demand Is 

steadily. growing. 

Alden and Selim (1) have reported sales of 25,300 conversion 

units during 1949. These figures do not include all units sold, 

but only those reported to Alden and Selim in their survey. Alden 

and Selim also predicted that the sale of conversion units during 

1950 would exceed 100,000 and would exceed 170,000 by the end of 

1951. 

A careful survey made by the Butane-Propane News (6) shows 

that there are now 87,320 converted tractors in the United States. 

The two states with the largest number are Texas and Kansas with 

16,190 and 14,390, respectively. The other states range from 

100 to 5,000 converted tractors each. 

The demand for engines which will use many different fuels 

comes to the designer and manufacturer because the operator, 

whoever he may be, wants to use the cheapest fuel available. 

The designer is then faced with additional complex problems when 
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the operator wants to use one fuel until it becomes too high in 

price or too hard to obtain. He than wants to be able to switch 

to another kind of fuel without stopping except to refill the fuel 

tank or to make a simple adjustment of the fuel-feeding mechanism. 

The principal reason that the present demand is being, made for 

LP Gas as a motor fuel is that it is a cheaper fuel than gasoline, 

which is the most common tractor, truck, and automobile fuel used 

today. The price of LP Gas is directly dependent upon the dis- 

tance necessary to transport the fuel, therefore the price will 

vary a great deal in different sections of the United States. 

In those sections where the price is too high there is very little 

demand for the fuel. In sections where the price is sufficiently 

lower than gasoline the demand is creeter. Table 1 shows how the 

demand is distributed over the United States (1). 

Table 1. Sales distribution of LP Gas conversion units 
over the United States. 

Territory : 1948 . 
. 1949 : % Territory sales 

East coast 1,000 2,300 6.2 

East central 1,200 1,700 4.5 

West central 4.600 10,000 26.9 

South west 10,000 14,100 37.9 

South east 900 4,400 11.8 

Mountain 3,100 . 3,900 10.5 

West coast 4.500 800 2.2 

Total 25,300 37,200 100.0 



The LP Gases are a very important element in our national 

motor fuel problem. Less complex regulation equipment with 

greater efficiency will undoubtedly appear in the near future. 

All information of a technical nature will be of value to the 

desicner of this equipment. A broad knowledge of the charac- 

teristics of the LP Gases should be obtained by any person who 

handles or uses the fuel. This would be a ,:ood safety promoter 

and would increase the effectiveness with which the fuel could 

be used. 

OBJECTIVES OF THE INVESTIGATION 

The objectives of the investigation were: 

1. To compare the performance of the pressure injection 

carburetor with the conventional carburetors as to: 

a. Maximum power developed 

b. Fuel consumption 

c. Ease of starting 

d. Ease of adjustment 

e. Ease of adapting to engine 

2. To determine the effect of the fuel vapor temperature on: 

a. Fuel consumption 

b. Air-fuel ratio 

REVIEW OF THE LITERATURE 

Fuel Injection 

There has been a considerable amount of research work done 



on the injection of gasoline and other liquid fuels in spark-ige 

nited engines. The fuel is injected by a nozzle which mechanically 

vaporizes the fuel and mixes it with air. There are two typos of 

fuel injection engines, the "port or manifold" type, and the 

"direct or cylinder" type 

Brook and Nicolls (5) have given the following definition 

for e fuel injection engine: 

The term fuel injection engine is used to describe 
the method of supplying fuel to an internal eombustion 
engine whereby air only is drawn in through the intake 
manifold during the suction stroke and u metered amount 
of fuel, is sprayed (in atomized form) into the cylinder 
and this mixture subsequently is compressed and ignited 
by a spark. 

The fuel injection engine, therefore, differs from 
the carbureted engine only in the way in which the fuel 
is added to and mixed with the intake air. The fuel 
injection engine should not be confused with the corn-' 

preesion ignition engine in which the fuel is injected 
very near the end of the compression stroke end is 
ignited by the heat of the highly-compressed air. 

The early (1938) experiments of Brook and Nicolls were run 

on a single cylinder taken from a nine cylinder aircraft engine. 

It was n two stroke cycle engine because the aircraft designers 

wanted to obtain the maximum power output per unit of weight. 

Then used Diesel injection equipment with aaoline as-the fuel. 

The viscosity of gasoline is less than Diesel fuel. There . 

fore, considerable trouble WS3 encountered by seizure of the 

plunger by the barrel walls. Lubrication was added to the fuel, 

but was not favorably effective in remedying the trouble. They 

cut grooves in the side of the plunger which did not ald in 

completely lubricating the surface, but it proved to be more 

effective than when only a lubricant was added to the fuel. 
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Trouble was also experienced with leakage past the plunger, and 

in delivering the correct amount of fuel. The manufacturing 

and development of injectors have advanced by a large degree 

since these tests were made; however, Brook and Nicolls spent 

much of their time and finances in the development of injection 

nozzles and pumps, and their tolerances were as accurate as 

any manufactured today. 

Brook and N.Thollst results showed that with the injection 

of liquid gasoline in a fine spray at the intake valve port, 

the performance of the single cylinder engine was at its best. 

Lance and Vary Ovcrbeke (10) ran tests on a four cylinder 

Minneapolis-Moline tractor engine with distillate as fuel. They 

reported that with the carburetor in operation, knocking became 

apparent at a compression ratio of 4.3:1. After convertin, the 

tractor to a fuel injection engine, using the port injection 

nozzle, the compression ratio was increased to 4.3:1 before the 

same degree of knocking became apparent. 

Lan :e and Van Overbelce also ran a Hercules er inc with the 

carburetor in place, with the fuel being fed by port injector 

nozzles. They reported a slight increase in power output and a 

slirht reduction in specific fuel consumption. They then removed 

the intake system and installed individual intake pipes. With 

the same injection nozzles placed at the intake ports they reported 

a creet increase in power output with a slightly ercater reduction 

in specific fuel consumption. 
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Taylor, Taylor, and Williams (19) ran similar tests with fuel 

injection engines. A Diesel-type injection pump was used, The 

Diesel nozzle was used for injection Into the manifold and a 

specially-designed nozzle was used for injection directly into 

the cylinder. A series of tests were run to compare the 

performance of an engine having (a) injection into the inlet pipe 

and (b) injection into the cylinder. These tests were compared 

with the performance obtained with the conventional carburetor. 

Fuel injection into the inlet pipe or cylinder was found to be 

superior in performance to the usual type of carburetor. The 

available power was increased by over ten percent with injection 

into the cylinder, and seven percent with injection into the 

intake pipe. The direct and manifold injection gave substantially 

lower fuel consumption. 

The mechanical problems of injection were found to be simpler 

than for compression ignition operation, E. S. Taylor reported 

that the influence of fuel injection on the compression ratio 

which could be used was not very significant, but that the com- 

pression ratio could be raised slightly. C. P. Taylor made the 

statement that no trouble should be experienced with injection 

equipment for spark-ignited engines because injection timing is 

less exacting than the Diesel. He also says: 

However, with gasoline injection it is important 
that lubrication be provided for the pump plunger and 
that close fits be avoided at sliding surfaces in in- 
jection valves. Otherwise, binding and wear will re- 
sult in the ultimate failure of the parts. 

Wiegand and Meador (22) have done a considerable amount of 

research on fuel injection in aircraft engines. The fuel 
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injection engine has more advantages in aircraft than in auto- 

mobile engines as will be pointed out. 

Wieeand and Meador ran tests on to nine cylinder aircraft 

engine connected to a dynamometer. They reported that with the 

port fuel injection system the thermal efficiency of the engine 

wee increased by two percent throughout its useful load ran) 

over the efficiency when the carburetor was used. The average 

cylinder head temperature was twenty degrees Fahrenheit less 

with the injection system than it was with the carburetor. 

They took individual exhaust samples from each cylinder and found 

the airefuel ratio to be much more uniform than with the 

carburetor. The engine ran with loss vibration in the lower 

range of its power. 

Wiegand and Meador also operated a nine cylinder engine 

mounted in an aircraft, equipped with an injection system, on 

kerosene, In order to start the engine, gasoline had to be 

utilized. However, just as soon as each cylinder had fired 

once the kerosene could be turned on. The airplane was never 

tested in flight, but seemed to develop ample power for take-off 

before detonation was too severe. 

They summarized their results thus: 

1. Injection into the cylinder is preferable to manifold 

injection because fuels of lower volatility can be used. 

2. The position of the nozzle when using the direct type 

was very critical because the lower volatile fuels would condense 

on the cylinder walls and pass into the crankcase. 



The duration of injection time was not critical. 

4, in a highly supercharged engine the fuel should be 

vaporized ahead of the compressor because the resulting lowering 

of the air temperature increases the density of the air and 

improves the compreaeor performancee The vaporization of the 

fuel cools the air about forty degrees FrerthoIt. 

5. Serious backfires in the intake system during cranking 

were eliminated. 

6. Icing of the carburetor was eliminetede 

7. When the engine once started, it kept running. 

The Ex-Cell-0 Corporation (7) states that the fuel injection 

system on aircraft engines eliminates the dancer of caruretor 

iciev entirely. They also report that the maximum cylinder 

head temperature can be substantially reduced, und that improve- 

ment in power and acceleration peeTormance was noted by the 

pilots. A reduction In the fuel consumption was evident as was 

the Improved performance of the plane in maneuvers. Positive 

control of the air-fuel retie is possible according to the 

altitude. 

Voltz, Smith, and Balls (21) state that the delicacy and 

complexity of the fuel injection engine will necessitate e hiohor 

first cost. The repair and maintenance will require a person 

skilled and experienced in this particular field. Therefore, 

the fuel :Injection engine, oven though it presents the superior 

performance will be suited only for the luxur,j class. 
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Jamison end Strathor (9) have mndo the following etatement 

concerning the prospects of pressure injection, br LP Gas: 

Because propane and butane= vaporize so readily, 
their use would make fuel nozzle design far less 
critical. Nozzles would be much less inclined to 
eleg because thee fuels deposit surprisingly little 
carbon. The.tm views ore mere hypotheses since the 
have not been put to test, but they arc served ep 
as food for thought. 

The Beres and Reinecke Corporntion (2) has developed u 

system for multi-fuel injection which is described by the 

follow-ng paragraph: 

The injection systen of the Barnes and Roinocke 
engine is capable of successfully injecting a range 
of fuels from ordinary Diesel fuel to high octane 
aviation gasoline and propane without inducing 
knockinocombustion. Change over from one fuel to 
another is accomplished by a single control on 
the engine adjusting the ttmine of the injection 
pump to the octane number of the fuel injected. 
This control works entirely through the injection 
pump. Development of the multiefuel feature Was 
concentrated in the injection pump only and can 
therefore be used on any existing Diesel'engine by 
simply exchanEing the injection pumps. It was 
found that succeSsful injection becomes pro- 
;3ressively difficult as the octane number of the 
fuel increases with a consequent decrease in 
cetene number. Considerable development was 
correspondingly necessary to achieve smooth 
engine operetion with fuel of 100 octane enC 
higher. Development oentered.on cam shape, 
fuel supply system, end suction and discharge 
valves of the injection pump. 

Before this investigation was begun, an effort was made to 

investigate the possibility of metering the LP Gases directly 

into the cylinder as is being done with gasoline. 

However, it was.felt that all of the problems mentioned 

by Brook end Nicolls and C. F. Taylor would be encountered 

and that an investigation of that type would be beyond the 

scope of this study. 
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It is true that the Barnes and Reinecke Corporation has 

been able to use propane in Dioael equipment ea was just mentioned. 

However, no result:, have been published rogardine the durability 

of nozzles and pumps or how lubrication for the parts was provided. 

To the author's Icnowledge the Garrotson pressure injection 

syste4 is the only unit that is in public use today which forces 

th- LP as fuel into the intake air. Therefore, en investi.,Lation 

of the characteristics of this system es compared to the 

conventional carburetor was thought to be an asset to the 

industry. 

Fuel Temperature 

To the knowle 3o of the writer no work hxs bean published 

on what effect changes in fuel vapor tetveraturo of LP Gas has 

on carburetion characteristics.. This is ml ileportant aspect 

in LP lea carburetion because heat is edded to the fuel in 

order to vaporize it. The amount of heat added may vary on 

different engines operating under vur conditions. 

Browne (4) has shown the effects of temperature on liquid 

casoline and makes the following statement: 

The property of viscosity is not ordinarily 
essociated with liquids as liGht as gasoline. 
It is a fact, however, that the flow of Gasoline 
throuh the nozzle of a carburetor is directly 
affected by chances of temperature. 

Browne shows by an illustrated chart the flow of liquid gaao 

lino at tenperatures between fifty degrees Fahrenheit and one 

hundred degrees Fahrenheit. At one hundred derrens Fahrenheit 

the flow discherge by the nozzle was thirty-six percent Greater 



than the flow at fifty decrees. 

Browne =kelp the followinc comment on the results uhown 

in the chart: 

It is thus seen that a carburetor nozzle adjusted 
. 

to give a proper mixture at a working temperature of 
one hundrec derees Fahrenheit will discharge, but 
a little over seventy-one percent of requisite fuel 
when tho temperature falls to fifty degrees Fahrenheit, 
which as has been shown, is the very time when an excess 
of fuel is needed. 

aeSCRIPTION OF TilE LP GAZLZ 

LP Gases, consisting largely of propane and butane, are 

hydrocarbons with the chemical formulas C338 and C4.710, respectively. 

The principal source of the LP Gases are the byproducts from 

natural gas wells and from refineries processing the crude oil. 

The natural as coming from the wells is under a very high 

pressure ranging from five hundred to one thousand pounds per 

square inch or higher. All but the most volatile components of 

the gas will be condensed end will be in a "wet" state at this 

pressure. The heavier components, propane, butane, and heavier 

hydrocarbons of this very volatile natural gas are absorbed 

from the natural gas near the well site because they are in the 

"wet" state. The natural gas is then piped to towns and cities 

for consumption, and the propane and butane are forced into 

pressure vessels under sufficient pressure to keep them in the 

liquid state. 

At the refineries where the crude oil is processed, the 

lighter components of the crude oil, arc the butane and propane. 
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The remainder of the crude oil is made up of gasoline of 4itterent 

grvdes, kerosene, Diesel fuel, and lubricants* As the crude oil 

is 71er,tod at the outset of the refining process, th,., first vapors 

to come off are the more volatile butane and propane components* 

These vapors are then cooled and forced into pressurs velsoels 

just an they are at the natural as wolle 

When the propane or butane fuels are in their gaseous state, 

their characteristics are vex.; similar to natural gas. When they 

are in the liquid state, they aro very similar to gasoline except 

tht,t they must be contained in closed vessel capable of witl 

standing the high vapor pressure. 

Table 2 gives tic physical properties of pure butane and 

propane (6), It is interesting to note the difference in vapor 

pressure of these two fuels at one hundred d.grcos Fahrenheit 

nnd the difference in temperature at which the:r would tend to 

stay in the li id state at atmospheric pressure. 

Table 2. thy operties f two Lk (aaea. 

4: Os 

Formula 

Vapor pressure at 100° P. 
Lbs. per sq, in gauge 
Lbs, per sq, in absolute 

Vormal state at atmospheric 
pressure and 600 F. 

Boiling point of liquid at 
atwesphcic ,pressure 
OF 
cc. 

.8 
l59. 

Gas 

10 

37.3 
52,0 

Gas 

3141 
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Table 2. (cont.) 

Prop rt e 

Weight of liquid 60° F. 
Pounds per gallon 
Specific gravity 
API gravity 

Cubic feet of vapor at 
atmospheric pressure and 
600 F. formed from 
1 gallon of liquid E 60° P. 
1 pound of liquid 

t Propane 

4.23 
503 

147.0 

Weight of vapor at atmospheric 
pressure and 600 F. 
Pounds per 100 Cu. ft. 
Specific gravity (Air * 1) 

Gross heat of combustion 

36.45 
0 62 

no 

4.86 
.584 

110.0 

31.79 
6.54 

11.62 15.31 
1.522 2.006 

Btu per pound 21,690 21,340 
Btu per cu. ft. 2 60° P. 2,521 3,267 
Btu per gallon 600 F. 91,300 103,000 

Cubic foot of air to burn 
1 Cu. ft. of gas at atmospheric 
pressure and 60° F. 23.37 
pounds of air to burn 
1 pound of gas. 15.71 

Explosive limits 
Lower percent of air 
Upper percent of air 

2.0 - 2 
7.0 - 9.5 

Heat required to vaporize 
liquid at the boiling 
point and atmospheric 
pressure 
Btu per pound 
Btu per gallon 

Ratio of liquid volume 60° F. 
to gas volume atmospheric 
pressure and 60° F. 

18 
77 

272.7 

31.03 

15.L.9 

1.5 - 1.9 
5.7 - 3.5 

166 
797 

237.8 



Table 2. (00n01*) 

Freezing point of liquid at 
atmospheric pressure 
or. -305.9 ..216. 
oci 

-187.7 

Molecular weight 144.094 58.12 

Gallons per lb. nol at 600 F. 10.41 114094 

Specific heat at atmospheric 
preasurtl 600 F. 
C liquid . Btu per lb. per °F. 3241/P 

0.3( C vapor - Btu or lb. per 017. 0.391 
Cv vapor . Btu per lb. per 0F. 0.3 0.3b3 
C v vapor . Btu per lb. per °F. 1.128 1,090 

Critical conditions 
Temperature °F. 206.2 305.6 
Temperature °Cs 1. 152.0 
Pressure . atmospheres 2. 37.5 
Densit7 - lbs. per zallon 1.888 1.091 
Volume cu. feet per lb. ma 3q90 44'130 
Pressure - las. per sq, ing abs. Q. .551 

In Table 3 the properties of LP Gas aro compared with other 

common motor fuels (23). It is interesting to note the comparative 

octane rating and Btu per pound and per gallon of the various fuels. 

Table 3. Oonp risen of properties of motor fuels., 

el : 4 al. li 

Propane 44,25 21,680 

Butane 440 21,300 

Premium 
gasoline 6.06 20,320 

92,300 

102,500 

123,200 

Octane 
nuiber 

120 

100 

80 



Table 3. (anne10 

Vu 
; Octane 

num,ber 

Regular gaaollna 6,13 20,230 124,300 72 

Xerosene 6.76 19,030 
. 134400 10 

Power fuel 6.50 20,020 130,000 

Distillate 6.33 19,750 135,300 30 

Diesel fuel 7.00 19.590 138,800 55 Cetane 

The fuel used in the tests of this investigation was 

commercial propane. The specifications of this fuel according 

to the ViN.,rren Petroleum Company (13) are as follows: 

Composition of product 
Percent ethane 
Percent propane 
Percent isobutane 

Specific gravity of liquid (600/600 P.) 

Weight per oal, of liquid at 600 F,, lbs. 

3pecifi neat of gas, Btu/lb./°F. 
at F. (Or) 

Total beating value (after vi,ipo ization) 
Btu per cu. ft. 21O 
Btu per lb. 21,796 
Btu per gal. 9l,73! 

The safety with which the LP G4308 can be bandied as some 

paved to other fuels in a question which comes from many people 

who are introduced to LP Gas for the first time. 

4.50 
9600 
1.5o 

o.,5o7 

4 '3 

0.391 
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The XteneePropane nandbook (8) rives the followinc list 

of charecterlstics that should be understood, for the purpose of 

safoty* by 0 person handling the fuel: 

1. The gen or vapor is heavier than air. 

2. The vapor or as will diffuse into the etmomphore 

vere slowly unless the wind velocity is high. 

3. Open flames will ignite aireeas mixtures which 

are within the lower end upper flammable limits. 

4. Gaseair mixtures may be brought below the flammable 

limit by mixing with large volunea of inert Lases such as nitrogen* 
carbon dioxide, or steam. 

5. Pine water sprays reduce the eossibilities of 

igniting casecir mixturee. 

6. The vapor pressure of this fuel is greLtcr than that 
of gasoline. It is safely stored only in closed pressure vessels 
built accordin6 to reeeAletions and equipped with safety devices 

ad required. 

7. Liquids in open vessels will evaporate to form Isom.. 

bustible mixtures with air even if the etmospheric temperature is 

many decrees below the boiling, point. 

8. The rapid removal of vapor from the tank will 
lower the liquid temperature ana reduce the tank pressure. 
The rapid removal of lieuid will not reduce the tank pressure 

9. The liquids will expand in the storage tank when 
atmospheric temperature rises. Stereee tanks must never be 
filled completely with liquid. 

10. Liquid obtained from the storege tank will freeze 
the hands on contect* evsn if gloves arc worn. This is due to 

the rapid absorption of heat by the liquid on vaporization in 
the open. 

11. Condensation will occur in 'Lets distribution lines 
when surrounding, temperatures are below the boiling, point of the 
liquid, 

12. The liquefied petroleum gases ere excellent solvents 
of petroleum produets and rubber products. special pipe Joint 
compound end rubber substitutes are aveileLle for use In distri- 
bution systems. 
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The Butano-Pre .e Handbook also states: 

LP Gas is not poisonous. The breathing of small 
ee;Iceat;2,itieus shoi.6 pe,.,iode will produce no 
noticeable effect on the human bein. lxposure to 
higher concentrations for short periods, while undo.. 
sirable, is not dangerous to lifo. 

The recorde show that Li Gas is litmdled eafely year 
in and year out when its properties are understood and 
proper precautions are observed in its handling and in 
the design, construction, and installation of the various 
appliancea and equipment neceesary to its use. 

In ehecking its comparative rating as u fire hazard, 
it is interesting to note that electricity, because of 
defective wiring, leads the list as the chief cause of 
fires. Oil comes next, the fires being caused by failure 
of regultting equipmnt, by leaks in the lines, by 
spillage, and by explosions. Wood is third, and 
coal is fourth. Lust on the list is gas, considered 
by many fire preventive organiz tions au the safest 
fuel, 

When the LP Gass wore first used as enL;ino fuels, no great 

effort was made to utilize them to their hiOleat efficiency. 

Butane was preferred to propane because of its lower vapor 

pressure which made regulation and carburation equipment less 

critical and because butanco which contains more heat units per 

gallon than propane made it a, little cheaper. Butane has proved 

to be a valuable raw material in the manufacture of synthetic 
rubber, and a considerable quantity is mixed with prealium Easo- 

line. Those uses make the availability of butane at a low price 

uncertain. 

However, there has been no good use developed for propane 

except as a fuel for heating or internal combustion enginea. The 

trend today is for the use of straisht eommercial propane in 

internal combustion engines. The potential availability of 

propane is apparently far in excess of any foreseeable demand. 

Because of the laws preventing flaring, the oil and gas producers 
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rust now find 1.zt. for the Li Gas or put it back in tht rouud. 

Some proRrese }lee been made toward the possibility of storing 

the comerelal propene in man-made reservoir underLyound (14). 

k. T. avewne (;) ehowe the total ealea of LP Gaaes to be a 

little in exceuu of throe billion gallons in 1943* About ono 

half of this amount, or 1,500,000,000 6al1ona, was propane and 

about one-tenth of too propene, or 150,000,000 L:allons, was used 

as a motor fuel. He dhows the potential production of LP Gas to 

lee in excess of 16,000,000,000 gallons of which propane makes 

10,500,000,000 cAllona. Those figureu indite we are using only 

1.44. percent of the available propane as a motor fuel. 

It is seen by this that the use of propane us a motor fuel 

can be 6reatly expanded. The fuel has to be produced if other 

petroleum products are, ca it is a by.product of them, and it is 

d forbidden praatice to waste the fuel. Therefore, it cen 

reasonably be expeeted that the use of propane as a motor fuel 

will increase because the producer on one aide is endeavoring 

to develop 4 market whereas the tractor, truck, and bua operators 

on the other side are seeking the most economical means of operation. 

Propane has proved itself to be an excellent internal 

combustion engine fuel. It has some disadvantages when compared 

to gesoline or Diesel fuel in that it has loss heat units per 

Fallon. However, this disadvanta6e is true only because the 

fuels are sold by the canon, and one gets less Btuls per unit 

of money. The heat content of a fuel in Muss per ;gallon is 

no indication of the power produoinc ability of that fuel. The 
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haat content, in Btu's per cubic foot, of an air-fuel mixture 

is the direct measurement of power producing ability. Lichty (12) 

gives the Btu content of a chemically correct gasoline-air mixture 

to be 100 Btu per cubic foot, and the Btu content of a chemically 

correct propane-air mixture to be 98 Btu 1,er cubic foot. Therefore, 

the power producing ability of gasoline and propane are virtually 

the same. The propane has one great advantage over other motor 

fuels because of its hi01 anti-knock characteristics. The octane 

rating is given in Table 3 as 120. With this high octane rating 

the compression ratio of an engine can be increased to the maximum 

allowable mechanical structure of the engine. The engine will 

then be much more efficient and will deliver more power. It has 

been found, however, that when engines are converted to utilize 

LP Gas that the power output is least generally in the range of 

ten percent. This may seem to be a contradiction to what has 

been stated. However, there are at least two reasons for this 

loss. First, the engine is converted, but no change is made 

in the oompression ratio to utilize the fuel to the maximum 

efficiency. Second, the intake manifold being used for gasoline, 

or a lower volatile fuel, will not let as much propaneeair mixture 

pass through it as it will a gasoline-air mixture and usually 

the venturi area is reduced by inserting the LP Gas fuel nozzle, 

When a higher compression ratio is used and a cold manifold is 

employed on a converted engine, the power output can be increased 

to equal or surpass gasoline performance. 



1 

re a few engines in use today that have been desi. e4 

especially for propane fuel. Those engines ar developing a 

higher specific output (horsepower per cubic inch displacement) 

than could aver be achieved with gasoline, 

DESCRIPTION OP CARBUR1,ZION UI1 

of the e 

liquid withdra 

considered first. 

withdrawal method. 

The fuel tank 

do 

to the carburetor 

method and the 

or withdrawal method will be 

guro 1 is a schematic diagram of the vePor 

d with s method is usua 

a typo. When mounted on tractors, i.t has the general shape 

shown here, The fuel tank can be mounted in the front or to the 

aide of the tractor with the original fuel tank and carburetor 

remaining in place* An engine equipped with this setup can 

operate on either gasoline or propane fuel simply by closing one 

valve and opening another. 

The volume in the tank above they liquid is filled with the 

fuel vapor The fuel vapor will produce a pressure of 30 200 

pounds per square inch depending upon the fuel and the surrounding 

atmospheric temperature. The high pressure regulator provides 

a constant vapor pressure for the fuel eontroller. The pressure 

provided can be set for any amount between 5 and 20 pounds per 

square inch, depending upon the &tie of the engine, 

The liquid withdrawal method is very similar to the vapor 

method. Figure 2 is a schematic diagram of the liquid withdrawal 
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method. 

In. this mot!eod a tube is extended to very near the bottom of 

the tank. The vapor prossure above the liquid will foree the 

liquid up the tube and through the high preeaure reeulator. The - 

presoure reduction or throttling process allow expansion and 

vaeorization of the liquid. Under these conditions meld refriger- 

ation will take place caesing serious frostin to occur at the 

point of throttlinee Therefore, the vaporizer unit is Included 

in the liquid withdrawal setup. The vaporizer unit is made up 

of tubes condueting hot water from the engiee over which the 

fuel passes. Some of the heat in the hot water will 2ass into 

the fuel furnishing the heat required for vaeorizatioe of the 

fuel. A typical vaporizer unit is shown by the schematic diagram 

in Figure 3. After the fuel has passed through the vaporizer the 

liquid system is exactly like the vapor system. 

It is important to note that each of the two systems is 

designed to feed the propane fuel to the carburetor in the same 

condition. 

The vepor system is the cheeper of the two systems because 

no vaporizer is employed. It is being used on many treetors, 

but Is limited to small power output. The heat from the atmosphere 

furnishes the heat required for the vaporization of the fuel. 

Therefore, the rate with which the vapor can be removed is limited 

to the amount of heat that can be transfered from the atmosphere 

into the liquid within the bottle, By referring to statement 

No. 8 on pee 17 it can be seen that with a high power output 
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and coneequently hligh fuel consumption rate, the pressure and 

temperature within the tank will be rapidly lowered. If this is 

continued the pressure will drop too low to operate the engine. 

There elan be no defialbe hereepower limit stated for the vapor 

system because of the variable atmospheric tomporature. The 

higher the temperature the higher the power output can be, and 

vice versa. 

It should also be noted hero that the type of fuel used 

has a direct bearing upon the.type of system to be used. Butane 

cannot be used in the vapor system because of its very low vapor 

pressure (Table 2, page 15). propane can be used effectively 

in the vapor system because of its high vapor preseure if the 

atmospheric) temperature is high onough and If the vapor withdrawal 

rate is not too great. 

Figure 4 is a sehemetic diagram of a high pressure regulator. 

The fuel, under Kish pressure, enters the inlet eide of the 

regulator tind expands past the pressure throttline velave and fills 

the space below the diaphragm. If no fuel, is removed from the 

outlet side, the pressure will build up under the diaphragm 

causing it to move upward against the spring pressure. The linkage 

mechanism controlled by the diaphragm will close the throttling 

valve until the fuel is released through the outlet. On the other 

hand, if the fuel is rapidly removed through the outlet, the 

pressure will not build up. Therefore, the diaphraem holds the 

throttle valve in such a position that a relatively constant 

pressure is provided through the fuel outlet. 
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The .ezuletor will control liquid fuel as well GS vaeor. 

Therefore, the sour reeuletor may be used on either method of 

euel withdrawal. However, then the peculator is used to control 

liquid flow, the relator must receive heat at the throttling 

valve in order to prevent serious frosting' at this point. 

For this reason the regulator must be located near the hot 

eater vaporizer. The fuel passes through the vaeorizer unit 

where it is completely vrteorized and the temperature of the fuel 

vapor is raised by the hot water. The temperature of the fuel 

vapor is dependent upon the water temperature, water flow rate 

and fuel flow rate. However, the pressure of the fuel supplied 

to the fuel controller is constant. 

Figure 5 is a schematic diaeram of e fuel controller (23). 

The curves below the diagram of the fuel controller show how the 

air pressure varies au it passes through the intakes system. 

EQPI MLNT AND ThST ULTHOW 

The first tests were run in the agricultural engineering 

laboratory on the Hercules engine. Plate I illustrates the 

engine as it was equipped. This is a elodel 00C, four cylinder. 

4" x 4in engine operating on the four stroke cycle. The rated 

1The refrigerating effect of the fuel as it expands and thus 
vaporizes as it passes the throttle valve causes temperatures 
of 320 P. and lower to be reached within the fuel. This effect 
causes the outside surf of the regulator to be very cold. 
The air touching this cold surface contains moisture whidh on 
being cooled will condones and freeze forming frost on the ()old 
eurfeeo. 



FUEL INLET FUEL CONTROLLER 

BALANCE 
LINE 

AIR-FUEL MIXTURE 
FUEL TO ENGINE 
LINE 

/AIR CLEANER CHOKE VENTURI 

ATMOSPHERIC PRESSURE LINE 

THROTTLE 

LAIR CLEANER 
FRICTION DROP 

CHOKE CLOSED 

I --THROTTLE CLOSED 

Fig. 5. Fuel controller and intake air depression curves. 



WC' TIO1 p 

View of Hercules engine wi h cquip rent used in the tests. 



PLATE I 



32 

rpm of the engine is 1200, and the compression ratio used was 

3.73:1. The engine was connected direct17 to a Detroit hydraulic) 

dynamometer. The load on the engine was controlled by adjusting 

the control on the dynamometer. 

The table on which the scales and fuel tank are located was 

constructed so that the Grretson Uni-temp vaporizer and fuel 

controller could be mounted on the side and the whole unit moved 

about at will. A rack with handles was constructed for the fuel 

tank so that it could be carried. about for refilling. The table 

was placed at the right hand aide of the engine and close enough 

to make the necessar: connections. 

All of the instruments necessary for the tests were placed 

on the table in convenient locations for reading. 

Plate II shows the instruments that were used on the 

Hercules engine. 

Shown at the far.right is the Electro products exhaust 

analyzer which was used to indicate the air-fuel ratios. Next 

to the analyzer, the water manometer and stopcock valve can be 

seen. These were used to determine and control the pressure of 

the exhaust gases at the inlet of the analyzer. 

The potentiometer and junction box are shown in the center. 

The three thermocouples which were used to indicate the air, 

the fuel vapor, and the mixture temperature were connected 

to the junction box and the temperatures were indicated by the 

potentiometer directly in degrees Fahrenheit. 

The instrument on the far right in Plate II is a millivolt- 

meter, which was connected to a small generator on the engine, 

and used to indicate fluctuation in rpm, 



EXPLANATION OF PLAT II 

View of table with instruments used in tests on the 

Hercules engine. The Oarretson pressure injection con- 

troller with Uni-temp vaporizer are shown mounted on the 

table. 
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Other teats were run in the mechanical engineering laboratory 

on the Minneapolis-Moline engine. Plate III illustrates the 

engine as it was equipped. The engine is a four cylinder, 

4 vai x 6", stationary type, operating on the four stroke .cycle. 

The rated rpm of the engine is 1100 and the compression ratio 

used was 5.75:1. The engine was connected directly to the electric 

dynamometer. 

The cooling system of the engine was made of a 6" pipe 

containing coils over which the engine cooling water was passed. 

Hydrant water was passed through the coils. A valve and flowrator 

were connected to the inlet so that the engine could be maintained 

at a constant coolant temperature. 

The air box shown at the far right in Plate III was used to 

measure the air flow into the carburetor of the engine. The 

2i" square-edged orifice was calibrated in the mechanical 

engineering laboratory by a nozzle and Pitot tube. By obtaining 

the pressure differential across the orifice, the air temperature, 

the barometric pressure, and the wet bulb temperature, the air 

consumption in pounds per minute could be obtained by the 

following formula: 

Air flow in # /minute a C x 0.0341 x 1096.2 "h/d x d 

Where: 

C a A constant obtained by calibration of the orifice 

0,0341 s Orifice area in square feet 

h a Pressure differential across orifice in inches 
water, draft gauge 

d a Density of air in #/cubic toot 



EXPLANATION OF PLATE III 

View of the Minneapolis-Moline engine with the 

instruments and equipment used in the tests. 
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In calibrating the orifice, the air box was connected to a 

8" diameter tube leading to a large suction fan. The tube 

contained the Pitot tube and nozzle. A throttle on the fan 

was used to vary the rate of air flowing. 

In this way the quantity of air flowing through the orifice 

was measured at several points on the draft gauge of the air box. 

The constant 0 was calculated for each point on the draft 

gauge at which a test was run. Three test runs were made, each 

covering the range of the air box draft gauge. The average 

value of C obtained from these runs is shown in Figure 6 at any 

given draft gauge reading. 

The first series of teats were run on the Hercules engine 

connected to the hydraulic dynamometer in the agricultural 

engineering laboratory. The engine.was thoroughly warmed up 

before the test data was taken. This usually required thirty 

minutes. The carburetor was adjusted so that the maximum power 

was being developed with open throttle. Tests were run at 

maximum, 80 percent, 60 percent, 40 percent, and minimum loads, 

with the carburetor adjustment remaining the same throughout the 

load range. The ignition timing was adjusted for maximum power 

at open throttle, and remained the same throughout the tests. 

The brake load was measured by the scales at the side of the 

dynamometer. The rpm of the engine was determined by a revolution 

counter geared to the driveshaft of the dynamometer. The 

counter was allowed to run during the total test time. Thus, 

the total revolutions divided by the time gave the average rpm 

of the engine during the teat. The horsepower of the engine was 
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was determined from the hydraulic dynamometer by the following 

formulas 

Brake Hp 0 rpm x brake load x 0.0004 

Where: 

rpm s speed of engine in revolutions per minute 

00004 * brake constant 

Brake loads net weight in pounds 

The fuel consumption was measured by placing a fuel container 

on the Howe scales which was graduated to 1/100 of a pound. 

The beam was balanced with a slight up weight while the engine 

was running under test conditions* As the fuel was removed, the 

beam moved slowly toward the center balance mark. As the beam 

passed the center mark, the stop watch was started. Usually the 

tests were run for ten minutes. As the time approached the ten 

minute mark, the scale was balanced with a alight. up weight, and 

the small sliding weight on the weigh beam was adjusted so that 

the beam was at the center balance just as the time passed the 

ten minute mark* 

This procedure of weighing the fuel resulted in more accuracy 

than was obtained during the first few trials when two fuel tanks 

were used. Each of the two fuel tanks had been connected indi- 

vidually to the engine with the fuel .being drawn from either tank 

by a two -way valve. One tank was placed on the Howe scales and the 

other was used as an auxiliary for warmup and adjusting periods. 

The scale was balanced while the engine was operating on the 

auxiliary tank. At the desired time for the test to start the 

two-way valve was turned, and the stop watch started simultaneously 
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At the end of the ten-minute test, the two-way valve was turned 

to the auxiliary tank again and the amount of fuel consumed was 

determined. However, several inconsistent and unreasonable 

readings were obtained and the method previously described was 

tried and found to be very satisfactory. 

The temperature of the fuel vapor, the entering air, and the 

air-fuel mixture were taken wIth thermocouples as described on 

page 53. These readings were taken at least three times during 

the ten-minute test and the average recorded. However, it was 

found that the temperature remained constant through each test. 

The air-fuel ratio was obtained during each test by the 

Electra products exhaust gas analyzer. The exhaust manifold was 

tapped with a i-inch pipe to which the analyzer wile connected by 

a rubber tube. After several runs it was found that the air-fuel 

ratios were not consistent throughout the lead range. This was 

attributed to the change in pressure of the exhaust gases to the 

analyzer as the throttle opening was changed. A small water 

manometer wee connected to the rubber tube with a glass tee and 

a small glass stopcock valve connected to the end of the tube. 

The exhaust gases were throttled by the valve at maximum load so 

that the pressure as indicated by the manometer was the same as 

it was at minimum load. In this way the exhaust gases were 

provided at constant pressure to the analyzer. A back pressure 

of one inch water column was used for all tests. The indicated 

air-fuel ratios were much more consistent after this arrangement 

was used. 
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At least three readinge of the exhaust analyzer were taken 

during each ten.iminute test. The rubber tube was disconnected 

from the analyzer after ouch reading, and the exhaust gaa removed 

from the analyzer chanbor by the aspirator. According to the 

instruction book for the analyzer thia was not necessary as the 

analyzer is not affected by moisture in the exhaust gas, but this 

was done to see that thu instrument was still in baleace. 

The manifold pressure was obtained by tapping the intake 

manifold with a --inch pipe, and by attaching the rubber hose of 

the manifold pressure gauge. 

The purpose of the first series of tests was to compare the 

fuel consumption of the Garretson pressure injection system 

with the conventional fuel controller referred to as the Perma- 

Balance fuel controller. 

The engine was first equipped with the Garretson pressure 

injection carburetor. A rubber hose six inches long was clamped 

onto the intake air horn of the carburetor. The fuel line hose 

was inserted into the side of this hose. Thus, the point of 

injection of the vapor was just in front of the choke plate which 

is the most common point of connection. 

After a series of tests had teen run on the pressure injection 

carburetor, this regulator was removed and the Perma.Balanee fuel 

controller was mounted in its place. The change from one regulator 

to the other was very easy because the mounting braAcet and fuel 

line connections are the s me. The only change in connection is 
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the point at which the fuel enters the air stream* The same fuel 

line hose was used, but was connected to the venturi fuel, nozzle, 

suitable fittings gem required here, but since the carburetor 

had already been adapted to LP Oaa, no special type of fittings 

were required, The change required only twenty minutes. A series 

of touts were run which were identicel with those using the 

pressure injection carburetor, 

Another series of tusts was ran on the Yinneapolia.Moline 

engine connected to an electric dynamometer in the mechanical 

engineering laboratory. The engine was thoroughly warmed up 

before any test data were taken, this usually required from thirty 

to forty minutea. The brake load was measured by scales attached 

to the dynamometer* The loud on the engine was controlled from 

a control panel across the room. 

The carburetor was adjusted for maximum power with the throttle 

open. Tests were run at ten percent ranges of the maximum horse- 

power with the carburetor Ajustment remaining the-same as for 

maximum power* The spark was adjusted for maximum power at open 

throttle and this setting was used throughout the teats. The 

test time was ten. minutes* 

A stroboscope, facing a disk attached to the crankshaft and 

painted alternately in quadrants of black and white, was used to 

indicate fluctuations in rpm* The rpm of the engine was determined 

by a revolution counter. Three to five readings were taken during 

each ten minute test and the average rpm was used as the actual 

rpm. The horsepower of the engine was determined from the electric 



dynamometer by the to11owin formu 

Brake b Prake load z rm. 045 

Where: 

Brake load m net wolent in pound* 

rpm m speed of engiae la revolutions per minute 

0.45 frietion and winda4e hp less of dynamometer 
at 1100 rpm 

The fuel consumption was measured by the same method employ 4 

with tests on the Hercules eivine as described on paz;e1 O. 

The temperature of thu fuel vapor, the en c-inz air, and 

tm mixture W43 taken by the same method PS described on page .53 

The temperatare of the exhaust gases was measured with thermos. 

couples at two places. One thermocouple was inserted into the 

exhaust manifold -t the front cylinder port. The other therm-. 

couple was inserted into the exhaust pipe at the point where the 

exhaust Eases from the four cylinders were joined to ether* 

All of the temperatures were read at leant three times during 

each ten...minute test. It was found that all the temperatures 

remained constant throuh each test, and no averace was needed* 

The indicated air-fuel rvtio VM3 obtained du rinc each test 

by the Ueetre products enalyzer using the same method that was 

used on the Hercules engine as described on page 41* 

The air-fuel ratio Was also measured by the air box tted 

with the two and one.half inch diameter square-wedged orifice. 

At greater than ei,7,hty percent of the power output of the 

enFine the draft zsui-Ec fluct=ted U3 much as .06 inches from a 

low reading to a high reading* The fluctuation was worse at 
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maximum power, and became progressively weaker in the lower range 

of power. It was very steady at thirty percent of maximum power. 

Like the other readings, the draft gauge was read three times 

during each ten-minute test. The rpm was read at the same time 

the draft gauge was read so that the correlation of air flow 

and rpm would be more consistent. 

The manifold pressure was obtained by tapping the intake 

manifold with a t-inch pipe and attaching the rubber hose of the 

manifold pressure gauge. 

The purpose of this series of tests was to compare the fuel 

consumption of the Garretson pressure injection system with the 

conventional carburetor with which the engine was equipped, 

and also to compare the performance of the Garretson pressure 

injection system and the Perma-Balance fuel controller when 

used on a larger engine with the results obtained on the Hercules 

engine. 

The engine was first equipped with the Ensign LP Gas carbu- 

ration equipment. After the fuel consumption tests were completed, 

the Ensign equipment was removed and the Garretson Perma-Balance 

fuel controller and Uhi-temp vaporizer were attached to the engine. 

This change involved considerable time and effort. A gasoline 

carburetor had to be equipped for LP Gas by inserting a fuel 

nozzle through the bottom of the carburetor up to the smallest 

diameter of the venturi. The fuel controller and vaporizer were 

mounted on a stand beside the engine so that the hot water connection 

could be made as short as possible. The fuel line from the 
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controller was then attached to the bottom of the carburetor. 

It was evident very soon after starting the engine for the 

warm-up period that the vaporizer unit was inadequate to furnish 

enough heat for the rate of fuel vaporisation required by this 

engine. The only thing that could be done at this time was to 

use an old Ensign vaporizer unit which furnished an ample amount 

of heat. After the test runs on the Perma.Balanee fuel controller 

were completed, the fuel controller was removed and the pressure 

injection controller mounted in its place. 

The Garretson pressure injection system mounted very 

easily in place of the Gerretson PermaBalance fuel controller. 

The same carburetor was used with the pressure injection carburetor 

as was used with the Perna-Balance fuel controller. The fuel 

inlet connection was made in the rubber tube just ahead of the 

choke plate. This connection was the same as was used on the 

Her,ules engine, 

Table 4 and Fig. 7 show in detail the results obtained on 

the Hercules engine. The engine developed about the same maximum 

brake horsepower with the two unite. Thu fuel consumption was 

practically the same at maxima power. From maximum power to about 

70 percent of maximum power the pressure injection system provided 

a smaller specific fuel consumption than the PermeBalance. 

However, this trend was reversed below 70 percent power. The 

air-fuel ratio provided by the Perm-Balance controller was more 

nearly constant throughout the load range than that provided 

by the pressure injection system. 



Table 1. Fuel consumption of Hercules engine. 

: 
. 

. : . 

. 

Per : . : Air : vap. :Mixt.:Air- Man* 
cent : : Brake : Fuel consumption : temp. : temp.:temp.: 
load*: r.p.m. : la.p. : t.hr.:#1)a.h.p. hr. : °F. : °F. :0F. : 

Test No. 1. Garretson pressure injection carburetor liquid 
Uni-temp vaporizer 

00 

1(0) 

40 
Min. 

1194 24.25 16.1 0.665 
1203 20 13.9 0.6 o 
1201 114945 12.6 0.67 
1200 16.60 10.8 0.654 
1194 14.20 10.1 0.710 
1208 9.80 8.7 0.888 
1195 5.74 7.28 1.270 

92 73 91 

94 Ti 95 
95 83 
95 81 

o 9 
93 

3g 88 9g 
96 88 95 

fuel inches 
0J 1-.4 

withdrawal, 

34.2 
15.2 

5 
.8 

14.85 
14.75 
14.70 

2.0 
k.0 
5.2 
7.0 

1310.0 .0 

15.6 

Test No. 2. Garretson Ferns -Balance fuel controller liquid withdrawal, 
Uni-temp vaporizer 

100 1194 24.00 15.90 0.660 81 72 81 14.3 4.0 
80 1202 19.45 13.06 0.671 8 75 82 4.8 5.1 
6o 1193 4.55 9.50 0.652 80 76 80 14.9 10=5 
4.0 1185 9.60 7.80 0.813 80 77 80 15.0 14.0 

Min. 1192 5.50 b.60 1.200 80 80 80 15.2 15.4- 

* Average of all runs with this eq 

** Minimum brake load obtainable. 

pment at this load. 

Indicated air-fuel ratio by exhaust analyzer. 
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Table 5 and Pic, 8 show the results obtained from tests 

on the rinnerpolis.-Rolinc encine. The maximum power developed 

by the enzinc was createst when the Ensi7:n carburetion system 

was u ed. By referrinc to Table 5 the corrected mnximum power 

for each of the systems is as follows: 

1112, of carburetion system Corrected nez. h 

Ensign carburetor 62,75 

Perna-Balance fuel controller 
with adapted carburetor 594 

Pressure injection carburetor 57,0 

The corrected maxThnim horsepower was determined by follow 

formula: 

Correct maximum hp b 

Where: 

bhp * Brake horsepower. 

Ps * Standard barometric pressure 29,92 inches of 
mercury. 

Po * Observed barometric pressure. 

Ts Stcndaru absolute temperature (460 14 60) 0F, 

To .1 Observed absolute temperature. 

The difference in maximum power between the 1:nsiEn system 

and the Parma-Balance system wu attributed to the difference 

in the cross sectional urea of the carburetor venturi throat. 

The area of the Mnsign carburetor venturi was 0,9925 square 

inches. The area taken up by the fuel nozzle was 00.5 square 

inches, le:Ning 0.8425 square inches through which the jr could 

flow, 



Fuel consumption of Einneapolia-Moline orwine, 

:Drakes 
Pcf-: 
cent: 
lo d: 

Fuel I 41 

0 1 JUSSEEMF 

Air eonsuraption 
t Temp.: Draft gauge : 

017. : inoa water: 

;71easured : Indice 
eir.'fuel eiro.fuel 

1 r tio 

: scat) : iixt. 
temp. : temp. 

. OF 
; °F 

o 
inches 
r 

Teat No, 3 Ensign 

100 1115 59.25 314..5 00> 86 
99 1098 51.25 34.2 0.666 86 
oo 1098 454165 33.0 0.721 86 

Zg1103 40.05 28.5 0.11 87 
1100 34.35 21.0 0.612 87 

40 1100 23.05 15.6 0.676 87 
10 1100 6.1 9.3 1.520 C 

Correoted maximum h.p. for Test No. 3 * 62.75 

Test No. 4. 

no 1100 56.05 33.0 0.588 
0 1093 52.45 33.0 0.6143 

O 1099 45055 30.8 0.675 
0 1102 40.05 28.8 0.719 
O 1105 34.45 26.1 0.757 

140 1103 23.15 20.0 0.865 
10 1100 6.1 11.0 1.80 
Correctod maximum h.p. for Test No. 4 5 

Test No. 5, 

100 1102 53,75 33.14. 0.621 
1099 51.45 32,1 0,6 30 
1099 45.75 30 o ' 7 

0 109w. 39.95 27.9 04,70 
a0 1102 34*55 25.5 0.740 
4u 1097 23.10 21.0 0.970 
10 1130 u.25 11.55 1.850 

Corrected 4AXIMUM hop. for Tact No. 5 

91.5 
91,5 
91.5 
91.5 
91.5 
91.5 
91.5 
57,0 

vaporizer and oarburetarwith economiser oper 

1 
1 
1.16 
0.95 
0.72 
0.1414 
0.1- 

13,8 1130 
114.7 12.7 1100 
13.8 . 1060 
13.8 . 1070 
1. 4 ]4 .2$. 1130 
1E0 co 1110 

.25 970 
13aroneter (obs.) * 28.82" 1j4 wet 

Garretson Forma...Balance fuel controller 

1 
1.3 
1,12 
0,93 
0.77 
0.147 
0,18 

Gurretson p 

1.51 
1.38 
1.16 
004. 
0.77 

o 
0420 

8.* 
7.9 
7.12 
6.50 

. 4 

injuc 

8.3 
8,0 

6.60 
.96 

4.71 
3 04 

lr 60 13.90 1120 
12.75 1100 
- 1070, 
- 1070 

0 . 1050 
20 - 1030 

950 
fltr-omete (obs,) 28.95" H8; 

ion carburetor 

.5. 05 
1 .80 
14440 
14.15 

11:40 
Barometer (obs.) 

13.9 
13.7 
12.7 

12.25 

138 86 
132 86 
130 87 

87 

0 
bulb - 76° 1.; 

139 
135 
130 

t bulb o 73 

1110 
1100 
1090 
1080 
1070 
1050 
930 

28.82" 14- wet 

b 

2.0 
2.8 
590 
7.0 
9,0 
24 
7.6 
b * 85° F. 

2.0 

5.5 
7.0 
9,0 
13.0 

7 17.0 
y bulb 82° F. 

95 
9 
9 
97 
9 

0 
79° F.; dry bulbs 89° F. 

2.0 
3.0 
5.0 
7.0 

13.0 
17.0 

* ,ature or port 



51 

10 20 30 
B.h.p. 

Fig. 8. Specific fuel consumption and measured air-fuel ratio 
of various carburetion systems - Minneapolis Moline 
engine. 
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The area of the venturi of the converted gasoline carburetor 

was 0.885 square inches. The area taken up by the LP Gas fuel 

nozzle and the gasoline nozzle was o0.686 square inches leaving 

0.6164 square inches through which the air could enter. 

The difference between the two net areas is 15 percent 

resulting in the loss of power. 

The loss of maximum power between the Perma-Balance system 

and the pressure injection system was believed to be due to the 

relative positions where the fuel vapor entered the air. The 

fuel was injected ahead of the choke plate end et least six 

inches ahead of the venturi. Apparently, the longer residual 

time of the fuel vapor in the intake system allows the mixture 

temperature to increase as noted from the data in Table 5. A 

hi,her mixture temperature indicates a less dense intake charge 

which results in less power output. 

By referring to the fuel consumption curves of Fig. 8 the 

characteristics of the fuel controllers may be seen. The 11;nsign 

carburetor with economizer begins to lean out at about 72 percent 

load and has a lower specific fuel consumption than the others 

.t loads less than 70 percent power. 

The pressure injection system and the Porma-Balance fuel 

controller have the same Feneral shape. The similarity of these 

two curves with those of Fig. 7 should be noted. The Perms- 

Balance again provides the smaller specific fuel consumption at 

loads less than 70 percent. The fuel consumption of these two 

controllers at maximum power is about equal and both provide 
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practically the same corrected maximum power. 

The air-fuel ratios shown in Fig. 8 were meaaured with 

the air box and orifice. When the fuel adjustment was controlled 

to give maximum power on the Minneapolis-Molins engine the 

analyzer would read about 130. At part.loads the analyzer 

would Co off the scale, 

In the second series of tests the effect of the fuel vapor 

temperature upon the air-fuel ratio and fuel consumption was deter- 

mined,: The Hercules engine was equipped with the Garretson pressure 

injection system and Uni-temp vaporizer. The fuel was injected 

at a point just in front of the choke plate. A thermocouple 

was inserted into the fuel line hose at a point just before the 

fuel entered the air stream. A thermocouple was inserted into 

the air stream at a point just before the fuel was adalltted to 

the air, and a thermocouple was inserted into the air-fuel mixture 

t a point just after the fuel was injected into the air. 

With the thermocouples located in these positions it was 

possible to determine the temperature of the fuel vapor, the 

entering air, and the air-fuel mixture. A shield of aluminum 

was placed between the exhaust manifold and the thermocouples to 

prevent the radiant heat of the exhaust from affecting these 

indicated temperatures. 

For consideration of the effect of the fuel vapor temperature 

upon fuel consumption the fuel vapor temperature had to be con.. 

trolled. To accomplish this, a valve and thermometer were placed 
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in the hot water line going to the fuel vaporizer. The valve 

allowed the water flow to be controlled so that the refrigerating 

effect of the fuel would attain a certain temperature of the fuel 

as it left the fuel vaporizer. The Minneapolisettolina engine was 

equipped with thermocouples in the same manner. However, the 

ensign osrburetion equipment was used on the IlinneapeliseMoline 

engine. The temperature of the fuel vapor at the point it 

entered the air was the only thing under consideration so 

whatever happened in the vaporizer was not important. It was 

merely a way of controlling the fuel vapor temperature. The 

thermometer was placed in a well in the hot water line so that 

it could be determined when a constant water temperature was 

attained, However, the thermometer was relatively ineffective 

when the temperature of the water was near the freezing point. 

The thermometer was not sensitive enough at this temperature and 

it was as easy to control the water flow by the thermocouple 

temperature as by the thermometer. 

It was found that at least thirty minutes was required to 

establish n constant fuel vapor temperature in the low ranges. 

A ver7 slight movement of the valve would greatly affect the 

fuel vapor temperature; i.e., from 10° P. above to 10° PO below 

the desired temperature. NO antiefreeze was added to the water 

in the Heroules engine, therefore, caution was exercised in 

not lotting the water temperature o below the freezing point. 
An antifreeze solution was added to the cooling system of the 

Minneapolis4loline engine; therefore the fuel vre;or temperature 

could go below freezing. 



In the higher ranges of the fuel vapor temperature, an 

curate control of the vapor temperature was more easily obtained. 

The thermometer in the water line was very effective here in 

obtaining a constant fuel vapor temperature. 

Figure 9 shows the effect of the load on the fuel vapor 

temperature of the Garretson Uni-temp vaporizer and the Ensign 

vaporizer. These temperatures were taken as the load was varied 

during the fuel consumption tests. 

Table 7 and Fig. 10 show the effect of the fuel vapor 

temperature on the fuel consumption and the air-fuel ratio as run 

on the Teroules engine at 100 percent load. The range in fuel 

vapor temperature could be extended to a much lower range than 

could be obtained at either 75 percent or 50 percent load, This 

is because the fuel-flow rate is reduced and therefore the 

refrigerating effect is lessened. 

It should be noted in the curves of Figs, 10 that the specific 

fuel consumption at 75 percent load is slightly less than the 

specific fuel consumption at 100 percent and that the specific 

fuel consumption at 50 percent is quite large compared to the 

specific fuel consumption at 100 percent. This is in agreement 

with the specific fuel consumption curves of Fig. 7, page 48. 

Table 8 and Fig. 11 show the effect of the fuel vapor 

temperature on the fuel consumption and the air-fuel ratio as 

run on the Minneapolis-Moline engine. The fuel consumption shows 

the same trend as is shown in Fig. 10. 

The air-fuel ratios shown in Fig. 11 are of interest. The 

air -fuel ratio was taken with the Electra products exhaust 
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Table 7. Effect of fuel vapor temperature on specific fuel consumption and air- 

fuel ratio. 

h.p 

: Fuel : Entering 
: vapor : air : Mixture 
: tamp. : kemp. : temp. 
: or. : # FUe 

: Air-fuel 
p. hr. : ratio 

Garretson pressure injection carburetor G 100 load 

23.7 
23.9 

i.2 
.2 

24=4 

17.6 
17.6 
17.6 
17.6 

12. 
12.1 

0 

12.1 

124 
02 1 

30 

108 
82 

108 
86 
77 

98 

?g 
91 

100 
98 
99 
100 

li 

97 

101 

g 
63 

8o 

104 

5 

102 
97 
95 

5 
1 .1 
1 .3 
17.3 
17.5 1.0 

75% load 

10.8 
114 
118 
12.0 

Q 50% load 

10.2 
10.8 
LI. 

on Hercules engine 

-5 
145 
14 

h424 
.18 13,2.8 0 
.7736 12.8 

.61 

.631 
2 

.673 

.715 

.850 

.8 5 
, 3 

1 2 
25 

14.1 
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Table 

: vapor : air 
euxp, temp, 

vapor tomperat ape c fuel consumption and air. 

: Air-fuel : Air-fuel 
r : ratio : ratio 

box 

43.55 
.35 
30 
30 
5 

.35 

29.20 14,5 
29.1a 130 
29.05 103 

3 29.10 
10 75 

29 83 
29.10 t. 80 

8o 
81 

24.0 
8o 
80 
79 
7.bp 

70 

a 5 

18.75 
55 

83 25 
82 so 
77 20.60 
72 20.80 
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analyzer and also by the air box with square edge orifice. 

One might be led to believe that either the readings of the 

exhaust analyzer or the air box are inaccurate. However, the 

work of Paul and Popovich (16) shows that these readings are 

in relatively close agreement with their results. Figure 12 

is a curve showing the correlation found by Paul and Popovich 

between the air-fuel ratio indicated by the Electro products 

exhaust analyzer and measured air flow. 

By reading a point of indicated air-fuel ratio from Fig. 

and directly above it read the measured air-fuel ratio. This 

measured air-fuel ratio can then be read on Fig. 12 and the 

indicated ratio from Fla,. 12 is in close agreement with those 

indicated by the exhaust analyzer used in these testa. 

The air-fuel ratio for maximum power is given by Paul and 

Popovich as 15,1 :1. This is measured air-fuel ratio and the 

indicated ratio would be close to 13,5 reading from Fig, 12, 

This is close to the ratio indicated for the maximum power of 

these tests (Table 5). 

SUMMARY AND 0 ONS 

In summarizing the results of this be well 

to review the objectives of the investigatirn. 

The objectives as set forth were: 

1. To compare the performance of the pressure injection 

carburetor with the conventional carburetors as to: 

a. Maximum power developed 

b. Fuel consumption 

c Ease of starting 
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Ease of adjustment 

e. Ease of adapting to engine 

2. To determine the effect of the fuel vapor temperature 

on: 

a. Fuel consumption 

b. Air-fuel ratio 

The first objective, "maximum power developed," was studied 

by the tests which were run in determining the fuel consumption. 

Each of the carburetors was adjusted to give maximum power during 

each of these tests; therefore a comparison can be drawn, In 

tests on the Minneapolis4(oline engine the Perms- Balance fuel 

controller allowed the engine to develop slightly more power than 

the pressure injection system. However, the Ensign system 

provided the greatest power output of those tested. The corrected 

Mil= power developed with each setup as listed on page 49 are: 

Z of carburetion system 

Ensign carburetor 

Perma.Balance fuel controller 
with adapted carburetor 

Pressure injection carburetor 

Corrected me 
62.75 

59.1 

57.0 

As the second objective was ''fuel consumption" the results 

are shown in Figs. 7 and 8. The characteristics of the pressure 

injection and Perms- Balance controller are similar. These two, 

however, differ from the Ensign system. The characteristics of ' 

each of the systems tested were to be a little too rich at 

part-loads when they were adjusted to give maximum power. 
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"Ease of starting," the third objective, is usually a 

question asked about carburation equipment, especially the LP Gas 

systems. In that the Hercules engine had to be han4cranked 

and the Minneapolis-Moline engine was equipped with a starter 

a good comparison could be obtained. 

The pressure injection system was a little harder to 

start on the Hercules engine at first, but soon a method was 

worked out and it started very easily. No trouble was experienced 

with starting on the Minneapolis-Moline engine. However, the 

two engines were inside in a warm room, whereas cold weather 

could affect the ignition and cause hard starting. 

No trouble was experienced in starting when the equipment was 

changed from one engine to another. The fuel control adjustment 

could be changed after starting to get the smoothest engine 

operation. 

Lastly, under the main objective of "to compare the perfor.. 

mance of the pressure injection carburetor with the conventional 

carburetors," the problem of "ease of adjustment and adapting 

to the engine" was studied by the changing of equipment from 

one engine to another. Even though the individual carburation 

systems were not permanently mounted on the engines, the fuel 

line and control line connection had to be made in any case. It 

was found that with the common tools to be found on any farm, the 

equipment could be changed quickly and easily except for con- 

verting the gasoline carburetor to LP Gas. 

In determining "the effect of the fuel vapor temperature" 
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on the "fuel consumption" it was found that the fuel vapor temper. 

ature affects the fuel consumption inversely as the vapor 

temperature changes. The curve for maximum power in Fig. 11 

shows that for an increase of 200 F. in fuel vapor temperature 

gives a decrease of .04 pounds per bhp hr, or about a 6 percent 

decrease. 

The air-fuel ratio is directly affected by the fuel vapor 

temperature's fluctuations. 

Although it was not an objective of the investigation, 

it was found that the fuel vapor temperdure did not greatly 

affect the mixture temperature, but does tend to directly affect 

the mixture temperature as can be seen by inspection of the 

performance data. 

It can be concluded that the pressure injection carburetor 

does not present superior performance over the conventional 

carburetion systems so far as power output or fuel consumption 

is concerned. It does, however, permit the engine to idle 

smoother. 

It can also be concluded that the fuel vapor temperature 

does change while the engine is operating and that the fuel 

vapor temperature affects the fuel consumptioni-but that the 

effect is not serious. 
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INTRODUCTION 

LP Gas, an abbreviated term for liquefied petroleum gas, 

is coming into expanded use in internal combustion engines. 

In the past this fuel has been wasted by venting it into the 

atmosphere as a vapor and burning it during the process of 

producing natural gas and refining crude oil. This process 

was practiced because there wasno demand for these particular 

fractions of the natural gas or crude oil which justified the 

expense and the effort necessary to save the vapors. In order 

to conserve our natural resources, laws, which prohibit this 

wasteful practice of flaring, have been passed in recent years 

by congress. 

These vapors are now saved by forcing them into containers 

or bottles which keep them in the liquid state under moderate 

pressures. The containers are distributed to consumers beyond 

the natural gas mains where the fuel is used for the heating 

of the home, the heating of water, and for cooking just as 

natural gas is used. In addition to these uses, LP Gas has been 

accepted as a motor fuel which has been found to be of superior 

quality to the best gasoline. 

At our present rate of petroleum consumption our petroleum 

supply could be depleted very seriously in the event of a major 

war. Our agricultural machines and vital transportation vehicles 

must continue in operation regardless of the state of national 

affairs. The large-scale utilization of LP Gas as a motor fuel 

could lessen the demand for gasoline and other petroleum fuels 
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by an amount sufficient to allow a greater use of our petroleum 

in either war or peace. 

Theme has been such an increasing demand for LP Gas that 

many manufacturing concerns saw a great possibility for profit 

in manufacturing equipment designed for the feeding of LP Gas 

in internal combustion engines. As a result there are several 

well-known companies manufacturing this equipment and many 

companies who are unfamiliar to the country as a whole. 

OBJECTIVES OF THE INVESTIGATION 

The objectives of the investigation were: 

1. To compare the performance of the pressure injection 

carburetor with the conventional carburetors as to: 

a. Maximum power developed 

b. Fuel consumption 

c. Ease of starting 

d. Ease of adjustment 

e. Ease of adapting to engine 

2. To determine the effect of the fuel vapor temperature on 

a. Fuel consumption 

b. Air-fuel ratio 

TEST EQUIPMENT 

A Hercules model 00C, four cylinder, 14. x 42" engine connected 

directly to a Detroit hydraulic dynamometer in the agricultural 

engineering laboratory was used on part of the tests. A Minne- 
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apolis-Moline 4 5/8" x 6" engine connected directl; to an electric 

dynamometer in the mechanical eneineering laboratory was used on 

other parts of the tests. 

An Electro products exhaust analyzer was used to indicate 

the air-fuel ratio on each engine. An air box with a 2" diameter 

square edge orifice was also used to measure the air flow into 

the carburetor of the Minneapolis-Moline engine. Copper constantan 

thermocouples were used to determine the entering air temperature, 

the fuel vapor temperature, and the mixture temperature. 

The Garretson pressure injection system and the Garretson 

Perma-Balance fuel controller were loaned for use in the investi- 

gation. The Minneapolis-Moline engine was equipped with the 

Ensign carburetion system. 

TEST PROCEDIRES 

Fuel consumption tests were run on each engine with each 

carburetion system at about ten percent ranges of the maximum 

power of the engine. 

For consideration of the effect of fuel vapor temperature 

on the air-fuel ratio and fuel consumption the fuel vapor temperature 

had to be controlled. This was accomplished by a valve in the 

hot water line going to the fuel vaporizer unit. By throttling 

the hot water the desired fuel vapor temperature was attained. 

SUMMARY Y OF AiLSULTS 

The first objective, "maximum power developed," was studied 
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by the tests which were run in determinin7 the fuel consumption. 

Each of the carburetors was adjusted to give maximum power during 

each of these tests; therefore a comparison can be drawn. In 

tests on the Minneanolis-Moline engine the Perma-Balance fuel 

controller allowed the engine to develop slizhtly more power 

than the pressure injection system. However, the Ensign system 

provided the greatest power output of those tested. The corrected 

maximum power developed with each setup was as follows: 

Type of carburetion system Corrected max. 

Ensign carburetor 62.75 

Perma-Balanoe fuel controller 
with spud-in carburetor 59.1 

Pressure injection carburetor 57.0 

As the second objective was "fuel consumption" the results 

are shown in Fig. 8. The short dash line represents the Ensign 

system while the lon dash line and the solid line represent 

the Perma-Balance controller system and pressure injection 

system, respectively. The characteristics of the pressure 

injection and Perma-Balance controller were similar. These 

two, however, differ from the Ensign system. The characteristics 

of each of the systems tested were too rich at part-loads when 

the were adjusted to Jive maximum power. 

"Faze of starting," the thire. objective, i - usually a 

question asked about carburetle'n equipment, especially the LP Gas 

systems. In that the Hercules engine had to be hand-cranked and 

the Minneapolis-Moline engine was equipped with a starter a good 
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comparison could be obtained. 

The pressure injection system was a little harder to 

start on the Hercules engine at first, but soon a method was 

worked out and it started very easily. No trouble was experienced 

with starting on the Minneapolis-Moline engine. However, the 

two engines were inside in a warm room, whereas cold weather 

could affect the ignition and cause hard starting. 

No trouble was experienced in starting when the equipment 

was changed from one engine to another. The fuel control 

adjustment could be changed after starting to get the smoothest 

engine operation. 

Lastly, under the main objective of "to compare the perfor- 

mance of the pressure injection carburetor with the conventional 

carburetors," the problem of "ease of adjustment and adapting 

to the engine" was studied by the changing of equipment from 

one engine to another. Even though the individual carburetion 

systems were not permanently mounted on the engines, the fuel 

line and control line connection had to be made in any case. 

It was found that with the common tools to be found on any farm, 

the equipment could be changed quickly and easily except for 

converting the gasoline carburetor to LP Gas. 

In determining "the effect of the fuel vapor temperature" 

on the "fuel consumption" it was found that the fuel vapor temper- 

ature affects the fuel consumption inversely as the vapor temper- 

ature changes. The air-fuel ratio varies directly with changes 

in the fuel vapor temperature. 
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Fig. 11 shows the effect of the fuel vapor temperature on 

the fuel consumption and air-fuel ratio. The upper curve of 

the air-fuel ratio curves is the measured air-fuel ratio by 

the air box while the lowe e. is the indicated ratio by Electro 

products analyzer. One might be led to believe that one or 

the other is in error; however the work of Paul and Popovichl 

shows that there is about two ratios difference between the 

measured and indicated ratios. That is about equal to the 

difference between the two ratio curves of Fie. 11. 

Although it was not an objective of the investigation, 

it was found that the fuel vapor temperature did not ereatly 

affect the mixture temperature, but does tend to directly 

affect the mixture temperature as can be seen by inspection of 

the performance data. 

It can be concluded that the pressure injection carburetor 

does not present superior performance over the conventional 

carburetion systems so far as power output or fuel consumption 

is concerned. It does, however, permit the engine to idle 

smoother. 

It can also be concluded that the fuel vapor temperature 

does change while the engine is operating and that the fuel 

vapor temperature affects the fuel c onsuinption, but that the 

effect is not serious. 

1Paul, W. H., and M. N. Popovich. 
Optimum power and economy air-fuel ratios for liquefied 
petroleum gases. Bulletin Series, No. 14. Engineering 
Experiment Station, Oregon State College, Corvallis, 
Oreeon. June, 1941. 
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