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SUMMARY

It was the purpose of the investigation to study and compare,
under similar conditions, the standard carburetor and a continuous flow
type fuel injection system equipped with the vortex throttle valve as
perfected by Professor Robert L. Allen. This was done using a stationary
mounted apparatus and also with a standard 1956 stock automobile under
road conditions,

The continuous flow type injection system used was a system
equipped with a vortex throttle valve which gave the entering mixture
of fuel and air a swirling motion adding the turbulent characteristic
to the entering mixture. This type valve was an integral part of the
system and was a factor which contributed to the better overall operation
when compared with the carburetor,

It was seen that with the throttle valve in the closed or idling
position the injection system was superior in every respect. As the
speed of the engine increased and more air was inducted into the engine
the carburetor operation improved comparatively from its former position.
It was concluded that as the velocity of the entering air increased, in-
creasing the mass flow rate, where the increase was enough to produce a
sufficient pressure head, the atomization of the fuel was better. There-
fore, less fall out of the heavier liquid particles of fuel existed and
the carburetor operation zpproached the injection system operation that
was under better fuel control and positive pressure atomization at all

times,



At the condition where the maximum power was desired the injection
system produczd consistently a B8-12 per cent higher brake horsepower out-
put. This was attributed to the fact that with better atomization of the
entering fuel the fuel possessed characteristics similar to a vapor which
in turn caused the fuel to displace less air on the intake stroke and in-
creased the volumetric efficiency increasing the power output. More
power was also attributed to the better combustion characteristics of
the properly atomized fuel.

It is my opinion that the injection system could completely re-
place the carburetor on the automobile type Otto Cycle engine if the
initial cost of the apparatus could be maintained relatively close to
the carburetor. There are all indications that the continuous flow type
system of injection, along with its better performance over the carburetor,

could be produced with very little difference in cost.



CHAPTER I
INTRODUCTION

Purpose «—The injection system of metering fuel, however not new to the
compression cycle engine, is relatively new for large scale use with the
Otto Cycle engine, When considering its use with the autcmobile engine
the percentage of injection systems to carburetors i1s extremely low.

The standard carburetor is well entrenched in the American auto-
motive industry as a means of metering fuel intake to the engine, How
well is yet to be determined as already one American make of 1957 auto-
mobile is offering fuel injection as standard equipment and another is
offering it as optional equipment at extra cost.

It is the purpose of this investigation to study and compare,
under similar conditions, the standard carburetor and a continuous flow
type fuel injection system perfected by Professor Robert L. Allen,
Professor of Mechanical Engineering, Georgia Institute of Technology,
equipped with the vortex throttle valve, also perfected at Georgia
Tech., This is done using a stationary mounted apparatus and also with

a standard 1956 stock automobile under road conditions,

Objective .~<The cbject of this investigation is to analyze data taken
from stationary and moving apparatuses and to show the effect and re-
sults of the tests of each when operating with a standard carburetor

and with the continuous flow type fuel injection system at various

loads and speeds. An analysis of the results will be made and curves will

be drawn in order to show the extent and the trend of the results.,



CHAPTER IT
APPARATUS
Moving Apparatus

Engine .~~The engine used was a stock 1956, valve in head, six cylin-
der Chevrolet engine in a standard 1956 Chevrolet 210 series auto-
mobile., The engine specifications are as follows:
Bralke HorSepower's s « 5 a » & & 6 58 % @ ¢ & s & & v o » $LY0
Displacement, cubic inchess o o o s o o o & o s a » » 82355
Bore, inches. o o o o« o o ¢ o = s o o s ¢ o a o o ¢ o o 3456
StovRke, 166he8e « o ¢ o % e 6 8 @ mow e o % e e FeI

Compression ratio + s« & o 4 o 6 s 4 s o« o o & 6 4 o 6 & O

Fuel Systemo.~-The automobile was equipped with a downdraft carburetor,
alternated with the fuel injection system, an automatic choke, air

cleaner, and thermostatic fuel mixture heat control.

Cooling System.--The cooling system consisted of a ribbed cellular

radiator with a 17 quart capacity, thermostat and by-pass temperature

control,

Tgnition System.-<The ignition system consisted of a 12 volt system with

25-ampere generator, current and voltage regulators, solenoid actuated

positive shift starter, automatic centrifugal and vacuum spark advance.



Stationary Apparatus

Engine.--The engine used was a stock 1956 16 overhead valve Ford engine.
Specifications of the engine are as follows:
Bore ’ inches L] L] L] . o o Ll L] o o o L] L] o o o L o Ll Ll L] o a e 3 062

strol{es ir}.CheSQ L @ o ° e o ° o ° o L] o o L a o L] o L o L o 3.60

Displacement, cubic incheSe o & ¢« o ¢« o o o o o a ¢ o o o o 222
HorSepowels o & o » o o 9 % 0 & o » o o & # w4 8 5 o8 0 . 133
Compression ratio o « « =« o « o » 5 5 ¢ 5 o s 6 & 5 s ¢ = @ 7.8
Number of cylinders « « o« s % s & » o & % & s & & & & o s 6

Firj_rlg ordern ° ° o L o a o o (] [ ] L] L] - a ] o @ . o o L] L (] 15862}4

Fuel System.--The fuel system of the engine consisted of a two gallon can
resting on a pair of Toledo scales, style number 6L1AP, five pound maximum.,
(See Figure 1). This was either used in conjunction with a standard fuel
pump for the carburetor or an injection pump for the injection system,

(See Figure 2). The carburetor used was the standard downdraft Halley
carburetor, model 6R-1185. The injection system used was a patented
continuous flow type fuel injection system designed and perfected by
Professor Robert L., Allen, Professor Mechanical Engineering, Georgia
Institute of Technology. Also used as an integral part of the system

was the Vortex Throttle valve perfected at Georgia Tech. No air cleaner

was used in either case.

Cooling System.=--The water coolant to the engine was supplied by a large

reservoir tank., The tank was equipped with a flcat valve at the top

connected to the city water supply so as to maintain a constant level



in the reservoir. Water to the engine was supplied from the bottom of
the tank and hot water from the engine was piped to the top of the tank
through a thermostat that caused the exit engine water to by-pass the
tank when the temperature of the water was above 185 degrees. The

size of the reservoir enabled the system to be supplied with 2 relatively

constant water temperature under all conditions. (See Figure 2).

Ignition,=~=The ignition system of the engine was of the standard coil
and point arrangement consisting of a 12-volt system with the current.
furnished by a battery. The system had a centrifugal type spark advance,
standard on the engine, which was used when using the carburetor but

the spark advance was controlled by hand when using the injection sys-

tem. The sclenoid actuated starter was used in both cases.

Dynamometer.--The power output of the engine was absorbed by a Taylor
hydrauliic dynamometer in connection with a pair of Fairbanks scales,

(See Figure 3).

Airflow Meter.--The intake air was metered by requiring the air to pass

through an airflow metering device, which was connected to the top of the
carburetor, or injector, normally where the air cleaner would be, by means
of a flexible hose. The metering device contained three different orifices.
(See Figure l;). The orifice holes were equipped with rubber plugs so as

to close off any one or two at a time depending upon the conditions. The
use of several combinations would normally improve the accuracy of the
calceulated flow. The presswre drop in inches of water was read by a
micro-manometer and from the airflow graphs, (see Figures 5, 6, 7), the

rate of air flowing by weight was determined.



Thermocouples ,--Thermocouples were placed in each intake port and in each

exhaust port. These thermocouples were made of iron and constantine wires
twisted together and welded. All of these thermocouples connected to a

selector switch to a potentiometer. (See Figure 1).

Pressure Readings.--Connections were made at each intake port and at each

exhaust port to enable complete pressure readings to be taken for both
manifolds., The number cne intake port was connected directly to a

vacuum gage on the instrument panel. The other port connections were

made to manometers located on the instrument panel with the other end

of each manometer connected to the common junction of all connections
enabling a reading of difference of pressure from the one port connected
directly to the vacuum gage. It was found that the difference in pressure
was small enough where the vacuum gage reading was sufficient alone,

This was also true for the exhaust pressure readings.

Exhaust System,-~The exhaust was carried by pipe to the exterior of the

building where it was mufflered,

Engine Instruments.--Instruments were mounted on 2 control panel to

register manifold pressure, amperes, cylinder temperatures and to en=
able an ignition key switch to be used along with the starter button.
The room wet and dry bulb temperatures were registered by standard
mercury filled bulb thermometers. (See Figure 1). A tachometer was

installed at the end of the engine shaft for RPM readings. (See Figure

3)e
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CHAPTER III

TEST PROCEDURE

Moving Apparatus.-~The only tests that were made on the moving apparatus

were tests to determine a comparison of gasoline mileage efficiency.
There were several different tests made by means of a trip between
Atlanta and Panama City, Florida, Atlanta and Cincinnati, Ohio and town
driving conditions as specified within the city of Atlanta, Georgia,

Where the tests were performed within the city the car was driven
to the same filling station and parked in the same spot and the tank
filled to capacity. The mileage was recorded and the test run begun.
Upon subsequent refueling the speedometer reading was recorded between
each refueling and also the total mileage kept with certain comments
recorded as to special remarks. Knowing the trip miles and gallons of
gasoline consumed, the miles traveled per gallon of gasoline were cal-
culated for each system,

Road condition driving was recorded on two trips. In each case
the same grade and type of gasoline was used consistent within the trip
and the same procedure as before was used in filling the tank making
sure this time that since the refueling was done at different gasoline
stations that the car was refueled on a level spot to eliminate as far

as possible any error that might occur when refueling.

Stationary Apparatus.--The operating procedure for gathering data necessary

for comparing the carburetor with the continuous flow injection system, as

described, was as follows.



For the carburetor tests the engine was started, after a thorough
visual examination of the equipment, and first allowed to idle at 500
revolutions per minute until the temperatures had steadied to their
operating values, When the engine was operating in approximate tempera-
ture equilibrium the test was started by the watch governing the fuel
consumption, The test was ended at the time the fuel consumption test
was complete. During this interval of time the items as listed on the
data sheets were recorded., After the completion of this run the load
was adjusted until the speed was changed to the next desired amount.

The spark was automatically advanced by the centrifugal spark advance.
The object of this series of runs was to tabulate the results of the
engine operating at various speeds with the throttle in the closed
position or idling position. For each subsequent run of this particular
test the engine was allowed to come to approximate temperature equili-
brium before the data were taken for the various speeds.

For the next test series of runs the engine was brought to 500
revolutions per minute and 15 inches of mercury vacuum intake manifold
pressure by adjusting the load and changing the throttle valve position,
Again the necessary data wers recorded after temperature equilibrium had
been obtained. The speed was increased a certain amount for each sub=
sequent run while holding the intake manifold pressure constant by means
of adjusting the load and throttle valve settings,

The third, fourth and fifth series of runs were performed in the
same mamer and holding the intake manifold pressure constant at teng

five and two inches of mercury vacuum, respectively.,



The last series of runs was performed at wide open throttle and
various speeds were obtained as before.,

This gave a fairly good representative group of data for the
engine operating with the carburetor. Rather than having the informa-
tion based upon per cent effectiwve throttle opening it was based on
the parameter of intake manifold pressure.

For the first series of injection system tests the same procedure
was followed as far as various speeds and a closed throttle position.

The spark was adjusted manually and was governed by the previous values
that were obtained by the automatic centrifugal advance for the carburetor
operated runs,

For the series of tests corresponding to fifteen, ten and five
inches of mercury vacuum at the various speeds, more runs were made per
test than in the case of the carburetor runs., For each particular speed
at a constant intake manifold vacuum several runs, as many as seven in
one instance at a constant speed, were tabulated where the air-fuel ratio
was changed by the adjustment on the injection pump. This was done so
as to determine the air-fuel ratio that gave the best efficiency for the
particular speed and intake manifold vacuum, In most cases the number
of selections for the air-fuel ratio, when graphed as the abcissa against
the specific fuel consumption as the ordinate, produced a definite mini-
mum value for the specific fuel consumption and therefore produced the
best air-fuel ratio for best efficienciss. For the selections that did
not actually produce a minimum specific fuel consumption it was obvious

that it would have if the number of selections would have been great



enough and the trend of the curve shawed that by taking the minimum value
as tabulated in the observed data that the value used would give a good
approximation,

For the full throttle series of tests the throttle was opened and
the load was adjusted for the desired speeds, At full throttle the runs
did not exceed 3500 revolutions per minute due to the skepticism of the

operator on the ability of the dynamometer to endure the test,
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CHAPTER IV
DISCUSSION

Tt should first be clarified that the injection system used in the
comparison tests was a continuous flow type system where the fuel was
injected into the air stream by use of a spray nozzle located directly
before the throttle valve. The throttle valve was not of the standard
type but a vortex throttle valve giving rotational motion to the mixture
of fuel and air as it entered the intake manifold, The system as referred
to in the tests includes the method of injection and the throttle valve
as integral parts.

The continuous flow system of injection is but one of several
systems that have been perfected for use with the automobile type Otto
Cycle engine., The others are classified as multiple cylinder injection
systems where the fuel is either injected at the intake wvalve in the
individual intake manifold ports or injected directiy into the cyliinders
as is done in the Diesel Cycle or compression ignition cycle engines,

The standard carburetor used on American automobiles today has
had very few major renovaticns in the past 30 years, TIts inherent
difficulties stem from the one big integral part which it depends upon
for its existence; the venturi, which incorporates the method of sensing
fuel for delivery into the air stream. For a relatively constant speed-
constant load operation this method of metering fuel would be by far

the simplest, and very possibly as economical as would be desired. With
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this not being the case it is necessary that the carburetor be anything
but simple for satisfactory operation.

Figure 8 shows the air-fuel and fuel-air ratios required by a
typical engine at various throttle positions superimposed upon the
characteristics of a simple carburetor. A simple carburetor alone
would not accomplish the job.

When the throttle valve is in the closed or nearly closed posi-
tion with no external load on the engine, the quantity of air passing
through the venturi in the carburetor is wvery small, producing a condi-
tion where the pressure differential between the carburetor gas reser-
voir and the venturi throat is very small, This difference in pressure
is not great enough to allow the normally higher pressure at the carbu-
retor gas reservoir to force fuel to flow up and into the air stream.
(The fuel has to flow up due to the fact that the level of the main jet
metering fuel into the air stream is higher than the level of the gas
in the carburetor reservoir so as to prevent seepage). With a condition
such as this at idling, another means of getting fuel to the air stream
is needed., This is performed by the s¢ called idling jet that is located
below the throttle valwve, (in a downdraft carburetor), so as to utilize
the vacuum pressure existing in the intake manifold at idling to give
the required difference in pressure needed to push the fuel into the
air stream.

As shown for a typical engine in Figure 9, the engine requires at
idling a very rich mixture compared to the rest of the normal operating
conditicns. This i3 due to the fact that the amount of burned exhaust

gases trapped in the combustion chamber clearance at the end of the
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exhaust stroke expand; as the intake valve opens, into the fresh charge
in the intake manifold. This causes a dilution of the fresh charge re-
quiring more fuel to overcome the deficit. The amount of burned exhaust
gases trapped is independent of the lcad and as more mixture is inducted,
by opening the throttle wvalve, the effect of this dilution i1s decreased
allowing a less rich mixture than before. Also contributing to this is
the fact that the intake valve and exhaust valve actually overlap in
their operation. As the piston is moving up on the exhaust stroke with
the exhaust valve open there is a point before it reaches the top of its
travel where the intake valve opens., As the piston is descending on its
intake stroke the exhaust valve remains open for a short period of the
piston's travel downward. With this occurring there is a period of time
when the exhaust valve and the intake valve are both open. (This over-
lap will vary with different engines), These dilutions require that the
entering mixture be rich enough to overcome the dilution so as to have a
combustible mixture for the cycle.

With increased throttle opening the vacuum pressure in the intake
manifold is reduced and more fresh mixture is being inducted thus de-
creasing the per cent of exhaust gas dilution in the total mixture.
Hencz, it is evident that the carburetor must furnish a rich, (excess
fuel)s mixture for such conditions of closed or almost closed throttle
position,

It is also shown by Figure 9 that a decreased air-fuel ratio, or
richer mixture, is needed to produce the required power output which is
demanded at the near full or full throttle position. Assuming that max-

imum power is required at full throttle., it is necessary to enrich the
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mixture to ensure the complete burning of the amount of air entering the
cylinder on the intake strcke., For the liberation of maximum chemical
energy, all the oxygen in the cylinder has to be effectively utilized
for combustion, wntil the optimum release of chemical energy is ob-
tained from the reaction of the fuel and the air,

The enriched mixture is obtained by allowing more fuel to flow
to the main jet by having a so called economizer needle that is of
variable cross-section, resting in the main fuel passage to the main
jet. As the throttle is opened past a certain position this needle
will move upward where its cross-section is smaller in the passage
than before., This restricts the fuel passage less and allows more
fuel to flow to the main jet. For rapid throttle openings an accelerator
pump is also used to inject fuel directly into the air stream for in-
stantaneous response far power,

It is interesting to note at this peoint that for an engine operat-
ing at a constant speed and full throttle there is a definite air-fuel
ratio required for maximum power and also a definite but different air-
fuel ratio required for maximum economy. Since at full throttle economy
is of little concern and power is the most important thing, the chemical-
1y correct mixture to obtain maximum power is desired. This mixture
will be richer than the actual stoichiometric mixture for complete
combustion due to the fact that the fuel and air are imperfectly mixed,
the fuel is not completely vaporized and the clearance space in the
cylinder is filled with exhaust products which dilute the fresh mixture

of fuel and air as was discussed previously.
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For the period involving the greater part of the range of driving
encountered by most automobile type Otto Cycle engines with medium loads,
economy is the most importent thing. It is evident then that the carbure-
tor is designed for the so called economy range with special devices for
insuring richer mixtures at idling and full throttle positions,

The carburetor, relying upon the venturi for its sensing action,
is working at a strict disadvantage over the greater part of the normal
operating range of the average automobile because as the air flow through
the venturi is decreased the pressure at the throat of the venturi is
increased. The variation of the pressure head which is the difference
between the stagnation pressure and the pressure at the throat is
directly proportional to the square of the velocity reducing the effective-
ness of the carburetor venturi to produce a good atomization as the air
flow reduces,

The venturi is further restricted in its ability to produce any
desired presswre wanted at the throat. This comes about as the result
of the maximum flow rate per unit area occurring at the critical pressure
ratio, (P/PO), which has a value of approximately one=half for all real
gases and vapors, For subsonic flow this ratio will be greater than the
eritical pressure ratio. Since the stagnation pressure is atmospheric
pressure and the pressure in the carburetor gas reservoir is approxi-
mately atmospreric, the pressure ratio between the reserveoir and the
venturi throat is limited to the critical pressure ratio where the
pressure denoted by P is at the throat of the venturi. If the venturi

is highly restricted in size, a larger pressure drop can be obtained
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delivering a nicely atomized spray of fuel to the entering air. From
Figure 10 it can be seen that a larger pressure drop at the throat is
accompanied by & larger pressure loss and large pressure losses are
desirable for good atomization but undesirable for high volumetric
efficiencies. Hence, if economy is the objective this would be more
desirable but it would be less desirable for accomplishing greater
power, On the other hand a large throat would produce smaller pressure
differences with poorer atomization characteristics and less turbulence
at the throat accompanied by less pressure loss to give more power but
less economy.

As the mixture of fuel and air delivered by the carburetor enters
the manifold, the fuel is present in gaseous form and particles of 1liq-
uid suspended in the stream of air, the per cent varying according to
the extent of atomization. The optimum or ideal condition would be a
perfect homogeneous mixture of finely atomized fuel and air, which is
actually unobtainable., This mixture would exhibit all the desirable
characteris tics of a true vaporized mixture.

Since the carburetor is relatively ineffective for a large operat-
ing range at atomizing the fuel, large drops of liquid fuel are present
in the mixture. As these liquid drops proceed to the individual cylinders
their inertia tends to resist the turning encountered in the manifold
and they fall out of the moving mixtwre and continue as a liguid film
on the manifold walls.

Highly volatile fuels would help this condition but they are ex-
pensive to produce, With the fuels that are available for use with

automobile engines within the range of reasonable economics, heat is
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used to obtain as close to a homogeneous mixture as possible, It is shown
in Figure 11 that it has been proved by experiment that heating the mixture
rather than just heating the air has a better effect on the extent of
vaporizing the fuel in the mixture. This is accomplished by supplying a
heated flat plate at the point where the mixture makes its first separa-
tion to the individual cylinders. (The heat for the plate is usually
supplied by the hot exhaust gases passing through the exhaust manifold

and impinging on the reverse side of the plate). The intake mixture's
impinging on this flat plate tends to help vaporize the fuel thus helping
a condition that exists from improper atomization,

As the heavier liquid particles of fuel fall out of the mixture
and resist turning they pass to the cylinder that affords them the least
resistance, (Figure 12). This gives a condition where the distribution
of fuel to each cylinder is different and of course the original mixing
of fuel and air would have %o take into account this condition to supply
the leanest cylinder with the minimum requirements for proper combustion.
This in turn enrichs some cylinders beyond the necessary ratio of air
and fuel that is demanded of them.

It can be seen from Figure 12 that there is a definite air-fuel
ratio needed to produce maximum power and a different but definite air=-
fuel ratio needed for maximum economy. Figure 13 shows the distribution
to the individual cylinders under the carburetor operation. Poor atomiza-
tion characteristics create a condition where distribution to the cylinders
hinders any effort to accomplish meximum power or maximum economy. One

cylinder could be developing maximum power while the other cylinders were
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not and the same condition could exist for maximum economy. Whereas
better atomization of the entering fuel decreases the distribution
problem and the condition would be approached where all cylinders would
be developing maximum power or maximum economy at the same time, This
would be a very desirable condition.

The problem of distribution could be eliminated if the mixture
were not introduced until both the air and fuel entered the cylinder
itself eliminating any possibility of liquid fuel fall out in the
manifold, With this problem eliminated up come more problems which
are not inherent in the carburetor. With this type of injection the
period of injection has to be precisely timed varying with the speed
of the engine as well as its loadings. A system of this type is con-
siderably more expensive to build than a carburetor, which is evidenced
by the introduction of multiple injection on a standard 1957 automobile
at a price to the consumer equal to that of an automatic transmission
which is at extra cost. Aside from the precision timing which yields
a more expensive apparatus; the problems of inertia arise in the pump-
ing of the fuel to the individual cylinder injectors. This system
claims better fuel economy and more power, The economy is fairly
evident from the discussion and it seems reasonable to believe that
more power could be obtained since the mixture would obtain characteris-
tics closer to a truly vaporized mixture and air would not be displaced
on the intake stroke by wvaporized fuel, producing a higher volumetric
efficiency.

Now the question arises, how about a system of metering fuel free

from the restrictions of the venturiy, minimizing the problem of distribution
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and a cost relatively comparable to the carburetor with the capacity of
increased power and better fuel economy?

The continuous flow type fuel injection system as described previ-
ously, consists of the injector nozzle-throttle valve housing and an in-
jection pump. (Figure 2)., The injection pump obtains its power directly
from the crankshaft of the engine by use of a pulley and belt pumping
fuel to the injector nozzle located directly before the vortex throttle
valve, The injection pump is connected by tubing to the intake manifold
to allow use of the intake manifold wvacuum for control of the amount of
fuel pumped.

This system is under consideration for patent and the complete de=-
tails of the system will not be discussed here. However, the important
thing is obvious. The system is relatively simple in nature, the pump
being the most complex part. The system does not entail any precise
timing of periods of injection to the cylinders as the multiple cylinder
injection system does. The key to the time element of injection is all
built within the pump itself and, as mentioned before, the pump is
powered by a pulley and belt directly as a function of engine speed.

Whatever type of system, injection or otherwise, that might be
used, advantages and disadvantages can be found for all,

The continuous flow injection system, where fuel is injected into
the air stream before the mixture enters the manifold, still encounters
difficulties brought about by the manifold the same as the system operat-
ing with the carburetor. However, the continuous flow system, no matter

what the throttle position er the speed of the engine might be, is using
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positive pressure to spray the fuel into the air stream. This positive
pressure gives a much better atomization characteristic to the fuel than
does the carburetor at a large percentage of the operating range. The
throttle valve in the carburetor operation does little or nothing to
aid in mixing but possibly hinders to the extent that vaporized fuel
passes on one side, where the heavier drops of fuel condense out and
dribble from the other side., This condition could be even worse if

the axis of the throttle valve were parallel to the automobile axles
rather than being parallel to the length of the engine, producing a
tendency to direct a richer mixture to the row of cylinders lying to
the front of the engine if the throttle valve were situated as in
Figure 1li.

On the other hand, the vortex throttle valve gives a good rota-
tional motion to the mixture before entering the manifold, aiding the
effect of turbulence which is a condition that is desirable toc produce
a more homogeneous mixture of the fuel and air.

With a better mixture of the air and fuel there is less fall out
due to inertia of the heavier particles of liquid fuel as the mixture
mekes its way through the manifold, (See Figure 15). With less fall
out. the trouble of distributi on of fuel to the individual cylinders is
lessened and can be made up by adjusting the air-fuel ratio at the time
of mixing, The difference of this distribution can be seen in Figure 16,
where the better results of the injection system occur mainly between

closed throttle and fifteen inches of mercury vacuum in the intake mani-

fold. Less fuel is actually being used by the injection system. Figure 17



20

shows that at speeds up to about 2500 RPM the amount of fuel consumed is
less for the injection system than for the carburetor in every case ex-
cept at wide open throttle. With the throttle in the closed position
the amoun% of fuel consumed by the injection system stays well below
that of the carburetor for all speeds indicated, showing that at small
throttle openings the carburetor fails in its attempt to produce a
desirable condition. The increase in economy of the injection system
over the carburetor is not as evident as the intake manifold wvacuum
decreases, As the throttle valve is opened, allowing a larger quantity
of air to enter the engine, the pressure at the throat of the venturi
is decreased causing an increased pressure difference between the
carburetor gas reservoir and main jet which in turn gives the fuel a
better atomization than before,

With the maxdmum amount of air flowing the pressure difference
is greatest and gives the best spray condition possible for the carbure-
tor, which seems to indicate that at lower intake manifold vacuums the
carburetor does a comparatively better job than before,

Figure 18 shows the comparison of the brake torque, brake mean
effective pressure and brake horsepower between the two at variable
speeds and wide open throttle. The BHP for the injection system is
consistently about twelve per cent higher with this being reflected
in the BT and BMEP since each are dependent upon BHP. It appears that
with a better atomized fuel resulting in a nearer homogeneous air-fuel
mixture, which in turn displaces less air on the intake stroke, that a
larger amount of air is induced and burned with the proper amount of

fuel to produce more power at the time when the maximum power is desired.
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Figures 19, 20 and ?1, when compared, show that the injection
system produces a smaller specific fuel consumption than the carburetor
for the largest engine operating range, where the difference is con-
siderable between closed throttle position and fifteen inches of
mercury vacuum, which is about 80 per cent of total normal operating
range. At full throttle the situation is reversed until around
2300 RPM where the injecticn specific fuel mnsumption crosses and
heads for a minimum value to the right at some higher RFM value.

This could well be explained by noting that the fuel consumed at wide
open throttle for a certain range of speed by the injection operated
engine is larger aznd also the BHP is larger than the values when
using the carburetor, The fuel difference stays fairly constant
where the BHP difference is spreading as the speed increases resulting
in a point where the BHP contribution exceeds the fuel consumption
contribution and the specific fuel consumption value is less for the
injection system than for the carburetor cperated system.

Tests were also run using both systems on a 1956 Chevrolet auto-
mobile to enable a fairly good comparison of each system under road
conditions., Tables 23, 2L and 25, show that the injection system con-
sistently gives a 10 to 12 per cent better miles per gallon result
than the standard carburetor. (The standard carburetor was used as
equipped from the factory. The feeling was that the manufacturer
knew the proper jets to give best results). Figure 22 shows the com-
parison when using a Gas-Per-Mile-Gauge, J-5091, under several different
conditions, There is not an instance where the curve representing the

injection system is belaw the curve for the carburetor., For the groups
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of values that make up the curves there seems to indicate the fact that
as the speed increases that the carburetor is doing a comparatively better
job which appears to be the trend in the stationary runs.

Some experts seem to think that unburned fuel from trucks and
automobiles have a definite bearing on the smog problem in some of the
larger cities, which is not only objectionable but unhealthy. Upon
deacellerating the throttle valve is closed, or normally would be
closed in the idling position, not allowing much air to enter the
engine and the intake manifold presswure is high as in idling. The
existing high speed of the engine causes less dilution of the original
mixture due to valve overlap and therefore the existing rich mixture
caused by this condition is not utilized completely and the exhaust
gases contain a larger amount of unburned fuel. This is particularly
true where the overlap of the engine is large and the original condi-
tion at idling is figured to take care cof this deficit. This problem
can be and is reduced by use of a cut off valve to retard the flow of
fuel,

There has been very little investigation intoc the continuous
flow system of injection. Almost everything read about injection
systems today give fairly good information about multiple cylinder
injection but very little about continuous flow other than a comment

here or there that is evident to be a speculation.
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CHAPTER V
CONCLUSIONS

The tables and figwes contained in this report are not absolutely
conclusive. However, they do show a definite trend that the continuous
flow type system of injection will have to be reckoned with for con-
sideration to be used with the American Automobile.

Better fuel economy with the injection system is evidenced by
Fipure 19 especially at the high intake vacuum presswre, Since 15
inches of mercury to idling represents conservatively 80 per cent of
normal driving the injection system shows good preomise for economy
over and above the carburetor operation. To give a full representation
more points between idling and 15 inches of mercury should have been
used, Through better atomization of the entering fuel and the combined
effect of the Vortex Throttle valve less fall out of the heavier liquid
fuel particles existed giving better distribution to the individual
cylinders which allcowed the original entering mixtwe of fuel and air
to possess a higher air-fuel ratio than the carburetor operation. The
effect of this was realized under most of the test conditions as shown.

More horsepower with the injection system was acquired at full
throttle than with the carburetor operation. (Figure 18). This important
factor seems to be of big concern to the average automobile buyer. With
better atomization a nearer homogeneous air-fuel mixture was obtained,

which displaced less air on the intake stroke so that a larger amount of
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air was inducted and burned with the proper amount of fuel to produce
more power when needed. Since any amount of fuel, within reason, could
be used in a fresh charge the capacity of the engine to induct air is
the limiting factor as far as power is concerned.

There has been some extensive work done in perfecting and testing
multiple cylinder injection systems for Otto Cycle engines. Even though
most are still on the test blocks it has been enlightening to those
interested that the systems, as a whole, show good promise. However,
it is not so enlightening when the figures in dollars and cents are
tabulated. This seems to be one fact concerning the multiple cylinder
system that is not so desirable, There was no actual comparison with
the multiple cylinder injection but by no means can it be contested
that a continuous flow type system of injection as described in this
report will cost considerably less to manufacture.

It is true that continuously more work is being done to perfect
an injection system suitable for use with the Otto Cycle engine, The
chief conclusion is that the further the progress, the greater is the

realization of the tasks that lie ahead in perfecting such a system.
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The above curves are comparative road test results on the Georgia Tech
Injection System as compared with a standard carburetor. Run August 21, 1956.

The tests were run on a six cylinder Chevrolet, 1956 four door sedan.
Fuel used was Gulf standard grade. Metering system was Gas-Per-Mile-Gauge,
J--5091, Kent Moore Organization.

Circles and dashed lines indicate the injection system and crosses and
s0lid lines indicate the carburetor. Lines marked 1-2-3-L were run in city
traffic with the speed varying from zero to the speed indicated at the end
of the line. The cross lines indicate the number of times waiting for a
red light to change. Routes were the same for both series of tests.

1l..From Spring Street and North Avenue on Spring Street to Whitehall
Street

2..Whitehall Street and Spring Street out Stewart Avenue to University
Avenue

3esFrom the end of the South Expressway on University Avenue and
Stewart Avenue

i. West By-Pass to North Avenue

All other runs were made on the South Expressway.

Run number 1 was very heavy traffic and some stops were made other than
those at the red lights. Other runs in city were medium traffic.

Note: This was taken directly from the application for patent by Mr. Robert
L. Allen.

Figure 22. Injection City Driving Test
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Table 1

Observed Data Group A for Carburetor

Run 1 2 3 L 5 6 7
t 12 31 7!53 5-5? hohé 7525 5!92 ho?s
N 500 1000 1500 2000 2500 3000 3500
P 0.5 1.2 1.3 1.4 1.9 2.5 2.8
L 0.5 0.5 0.5 0. 1..0 1.0 s
Z 7 26 a1 3L 35 35 35
h B3 0.8 LT 2.95 L9 1.25 2.85
Orifice Used S S S S S M M
Py 18.5 20.7 20.7 21.0 el 20.5 20
E, 0.1 0.1 0.1 0.1 0.1 0.1l 0.1
Ty 16l 171 177 177 169 159 159
T 175 566 761 8ol 1043 1192 1275
T 542 542 542 52 542 542 542
P 29.07 29.07 29.07 29,07 29.07 29.07 29,07
D 222 222 222 222 222 222 222

Table 2

Observed Data Group B for Carburetor

Run 1) 2 3 Ly 5 6 7
t 8l9h 8053 6069 5002 okt 3036 2.81
N 500 1000 1500 2000 2500 3000 3500
P 21.3 33.5 36.1 3942 39.l 39.0 31,2
% 0.5 1.0 1.0 1.0 99 | 1.0 Ta3
7 22 32 33 33 3L 3L 3)
h 0.6 2.95 0.95 1.90 2,95 .25 5.6
Orifice Used S S M M M M M
Py 15 15 15 15 15 15 15
Py ol | 0.1 0.3 063 0.l 0.5 0.7
Ty 172 147 13 126 11 119 123
T, 510 765 969 1169 1157 1218 1295
T 543 5L3 543 543 5L3 543 543
D 29,12 29,12 29,12 29.12 29,12 29,12 29,12
D 222 222 222 222 222 222 202




Table 3

Obgerved Data Group C for Carburetor

L6

Run =4 2 3 I 5 6
t 787 7.07 ha75 3:.57 2.76 232
N 850 1000 1500 2000 2500 3000
P 62.) 62.3 62 .3 67.9 68,5 67.h
L 1.0 1.0 1.0 1.0 1.0 1.0
Z 30 31 31 31 32 32
h 0.7 0.9 2.05 3.6 6.2 Lol
Orifice Used M M M M M L
P 10 10 10 10 10 10
r 0.1 0.l 0.7 0.8 0.9 1.25
T, 140 1)1 123 122 111 112
T 781 83l 996 1099 1197 1252
T 532 532 532 532 532 532
D 29.25 29,25 29.25 29,25 29,25 29.25
D 222 222 222 222 222 222
Table )
Observed Nata Group D for Carburetor
Run 1 2 3 ly 5 6
t 1155 3.8 2.56 1.97 1.68 1.L5
N 1080 1500 2000 2500 3000 3500
P 98,1 102.5 105.3 1072 10li3 101.8
L 1, W ¢ 1.0 1.0 1.0 1.0
Z 26 26 27 28 30 31
h 1075 303 0165 105 2005 2-8
Orifice Used M M L L L L
P; 5 5 5 5 5 5
F, 0.2 0.95 1.4 1.5 2,15 2.5
T 126 123 119 11T 131 104
Ty 925 1055 1154 126l 1323 1379
T 537 537 537 537 537 537
P 29.25 29.25 29,25 29.25 29,25 29.25
D 222 222 222 222 222 222




Table 5

Observed Nata Group E for Carburetor

L7

Run 1 2 3 ly g
; ? 3.85 3.03 2.2 1.78 1.49
N 1160 1500 2000 2500 3000
P 116.4 119.8 1284 121.0 119.1
L 1.0 1.0 1.0 1.0 1.0
2 22 2l 26 26 27
h 2.6 L3 1.2 1.95 3.3
Orifice Used M M L L L
P; 2 2 2 2 2
P 0.h Te2 1,7 2.1 2.6
TS 132 123 121 11} 198
I 1007 1118 1208 1279 1343
T 560 560 560 60 560
P 29.2 29,2 29,2 29,2 29,2
D 222 222 222 222 222

Table 6
Observed Data Group F for Carburetor

Run 1 2 3 I 5
1 3.87 3,45 2,68 2.25 Lo72
N 1100 12.50 1500 2000 2500
P 112.5 114 11, 11441 113.1
L 1.0 1,0 1.8 L0 1.6
VA 13 20 22 2l 26
h 2.9 3.55 0.8 0.9 2.15
Orifice Used M M I; T L
P, Cuh 0.5 0.5 0.8 1.3
E. 0.k 0,7 1.4 1.9 2.0
T, 139 126 e 119 105
T 1018 103 110k 1205 1285
g 543 543 543 5h3 sh3
D 29,2 29.2 29.2 29.2 29,2
D 222 222 222 222 222




Run
t
N
P
L
Z
h
Orifice Used
Pi
p;
T;
P
D
Run
t
N
P
L
Z
h
Orifice Used
fi
Ti
T
mG
D

Table 7

(bserved Data Goup A for Injection

liu3
500
1.7

0.5
0.3
19

170

Sh
29.0

222

8.73 6. 22 u.67
1000 1500 2000
2.1 2.3 2.3
0.5 0.5 0.5
26 31 K|
0.75 1.9 3.3
3 3 3
20,7 20.7 21.3
0 0 0
177 192 189
686 875 990
$hk ft]* Shh
29.0 29.0 29.0
222 222 222
Table 8

(bserved Data Goup B for |njection

7.89
610
3k.9
0,5
20
1.15
3

15

i
29007
222

3 h

8026 8, 68 8093
610 610 610
3U.7 33.1 32.0
0.5 0.5 0.5
20 20 20
1.15 1.15 1.15
3 S S

15 15 15
51i7 8J7 8J7
29,07 29.0? 29.07
222 222 222

(cont i nued)

on dw
ow o~

=2
onvzoR

181+
1112

29.0
222

9.07
610
31.3

0.5
21

1.15

15

U7
29.07
222

h8

3.15
3000
2.3
0.5

1.05
21.3

185

1170
Shh

29.0
222



