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INTTRNAL COMBUSTION ENGINES
Principles of Operation

Article I

Svery one is either directly or indirectly
concerned with two types of power plants. “he steam
power vlants of Kansss City furnish us witi dight, powér,
and trasportation. In this day these are indisvpensable.
The gas, or internal combustion engine power plant fur-
nishes transportation, mainly and some power. Each of
our big buses has an internal combustion engine power
plant under the hood.

) It will be our aim he_e to sh-w how the interna
combustion engines operates and discuss some of the types
in use in automobiles and stationary vower vplants. Wwhen
one contemnlaes the immense amount of power developed by
the internal combustion engine in this c ountry and how im-
vportant vower is in our daily liXe, the subject becomes
extremely interesting.

The internal commbstion engine is ased today
in automobiles, tractors, airplanes, boats, and many kinds
of industrial vplants. Some of these plants include ice
factories, numping station,s fapur mills, powecr stations
and so on. Generally sveaking all of these engines oper-
ate in the same way. Liquid or gaseous fuel of some kind
is made bo burn in the combustion space of the engine cy-
linder, Hence the name internal combustion as opposed to
steam engine where the burning of the fuel ks external to

the engine itself. There are a number of fuels used com-

mercially in the internal combustion engine today, such as

1

the



natural and artificial gas, gasoline, kerosene, wood alc6-
hol, fuel o0il, crude oil and tar. Before any of these fuels
burn efficiently they must be in a comnletely gasified con-
dition in the combustion space of the engine cylinder and
thoroughly mixed with air or oxygen. Burning is then brought
about in one of several ways as we shall later see. In as
much as all fuels are gas just before burning, the internal
combustion engine is often called a "gas" engine. We shall
follow this custom here.

When a series of events takes vlace in the same
sequence again and again we sveak of the occurence as a
cycle. Now, some gas engines comnlete cycle in two strokes
of-the piston ard some in four. ZEngines operating on this
vprinciple are known as four stroke cycle engines, and two
stroke cycle engines. The detail workings of these two ty-
vpes of engines shall be explained later in another article.

There is still another classification of gas
engines as pertains to cycle of operation. In the case of
most internal combustion engines, such as the natural gas
gaéoline, kerosene, and similar engines, the burning or ig-
nition, or exrlostion of the fuel, is effected by an elec-
tric snark nroduced by sogpe kxind of ignition annaratus as
a magneto or swmark coil. In each of these engines, the
burning occurs very near the end of the comvression stroke.
The vpressuare in the cylinder rises very ravidly and busning
is comvleted in a short snace of time. <“he time is short,
in fact, that the piston remains nr-ctically stationary
during burning and the ce¢ylin er volume does not change mat-
erially. This occurrence has led engineers to designate

the engine as a constant volume engine. One of the first



to develop this engine commercially was the German engineer
Otto. Hence the cycle is xnown as the Otto eycle. It
should be remembered that an Otto cyecle gas engine can op-
erate on the two stroke or four stroke cycle orinciple.
At present the commercial automobile engine is an Otto

cycle engine.



INTERNAL COMBUSTION ENGINES

Article I¥-0il Engines--History--Types.

AYROYD ENGINE.

The origin of the internal combustion engine
dates back to 1886, when develonment work was undertaken
independently by Herbert akroyd Stewart in "ngland, and
Rudolf Diesel in Germany.

The first Akroyd engine worked on the four
stroke cycle orinciple; the fuel was sprayed into the
cylinder or combustion chamBer during the suction stroke
and ignition was attained by the heat of compression
in addition to heat absorbed ¥yom a hot cap or tube.

As compared with these of today, this was, of course, a
very crude engine, but nevertheless, it was the first
commercially successful oil engine.

About 1890, the Bletchley Iron Works, Blet-
chley Bucks, England, introduced 2,4, and 6 HP engines
under the Akroyd vatent No. 7146. These engines differ-
ed from the original Akxroyd, in that the fuel instead
of being injected on the suction stpoke, was timed to
enter the cylinder near the end of the compression stroke,
so that prewmignition, which had been a serious fault of
the earlier engine, could not occur. It is interesting
that in principle, this engine differed very little from
the so0lid injection engines of today. It is strange that
although t2e vrinciple was clearly outlined in 1890, it



took nearly thirty years tc develop the modern solid
injeetion engine.

In October 1890, Herbert Akroyd secured Brit-
ish patents covering the combination of a combustion cham-
ber connected to the cylinder through a neck. The inlet
valve was located in the cylinder side of the neck and the
fuel was injected into the combustion chamber during the
suction stroke, as in the original engine in 1886.

In June 1891, lessrs kichard Hornsby & Co ac-
quired the sole right to manufacture this Akroyd engine
under license, while the other Alroyd engine, employing
thé injection on compression stroke was not developed.

In 1898 The De lLa Vergne Machine Company in
New York, vurchased the Akroyd American patents and be-
gan menufacture of the engine. This was the first oil
ehgine in the United States. Many hundreds installations
of this tyne are to be found throughout the country, and
a great percentage of the engines which were built during
the first years are still in daily overation; some instal-
lations having a record of over twenty years service.

Thus the decision of Akxroyd and the Hornsty
Brothers back in 1891, to develop and market the engine
using the suction stroke injection ovrinciple, no doubt
retarded the development of the solid injection engine.

The old HA type engine mentioned above used
about 1 1b of flaed o0il per Brake Horse Power. It became
apvarent that the fuel economy of this type engine had to
be increased. It soon became clear to designers that to

improve the efficiency of the Akroyd engine, the com-



pression must be increased, and to do this, it was
necessary to adopt the engine which used the method
of injection on the comvression stroke.

Between the years of 1906 and 1916, this type
engine was developed and economies of 0.5 1b ner BHP
per hour was attained. This devarture was so radical from
the 0ld engine that they were not built under Akroyd pa-
tents.

Based on ecomony these engines were still in-
ferior to the Diesel. Another drawback was the use of

blow torches to hest the hot bulb before starting.

DIESEL ENGINE

Almost parallel with the development of the
Axroyd engine and the American solid injection engine,
runs the invention of the Diesel engine, in Germany.
Dr. Fudolf Diesel established the first patent in 1892
on an internal combustion engine, which was to use pow-
deéed coal as fuel. This first engine was a fialure,
and it was not until oil was used as a fuel that some
degree of success vas attained. The Diesel engine was
more efficient than the Akroyd engine, but there were so
many difficulties that years vassed before the Diesel
was improved to such an extent that it could be used

for commercial uses. In the United “tates, the Diesle

——

rights wereagquired by the American Diesel ingine Com-
pany, but when the patents ran out, several engine pan-
ufacturers began the manufacture of Diesel engines;

refinements and improvements followed that had previous-



ly been retarded.

Compression pressure in a Diesel is from
450 to 500 1bs. To inject fuel, and to assist in ef-
fecting perfect atomization, air at atout 1000 pounds
is used.

The air compressor, necessary for air injec-
tion requires 8% to 13% of main engine power out-put and
this vpercentage represents the greater mechanical ef-
ficiency of the Price Engine.

The air injection system vrovides more air
for combustion of fuel, by the amount or volume of the
Jet; and inereases the rated indicated IMEP, which is
a claimed advantage in the Diesel ingine. %The advan-
tage disappears when the increased 1P is shown to rep-
resent the power required to drive the compressor that

furnishes the air.

PRICE TNGINE

A notable achievement was accomnlished by the
late Engineer and inventor V. T. Price, when inl916 he
designed and built the Price opposed spray engine, to
operate with a comvression pressure of 240 pounds per
square inch. VWhen starting from cold, it was necessary
to pass a current through a resistance coil in the com-
busthon chamber to get suffieient heat to fire the mix-
ture, but after the engine had run a few minutes, the
heat of comnression was suffieient for ignition without
the use of the fuse wire. The Price engine was the first

low comnression engine with all surfaces surrounding the



combustion ckamber copipletely water cooled; it was also
the first low comvression solid injection engine thit
operated with a fuel consumtion as low as the Diesel
*ngine.

In the svring of 1919 Ingersoll Rand Comvany
took an ovtion on the Price patents, ard the first In-
gersoll Rand "Price" 0il Engine was put in operation
for a series of tests during the soviring and summer of
1920. rurther research work done by this company, led
the adoption of 350 1lbs comvnression instead of 240 1lbs
as used in the Original Price engine. This change elim-
inated the only two objectionable features of the emngine,
namely: the necessity of using electric current to gen-
eréte heat to start and the very annoying fuel knock or
detonation which is common to all low vressure engines,
due to the sudden great pressure increase while the pis-
ton is in inner dead center vposition.

The Price engine, therefore, starts frog cold

as readily as a 500 1b compression, air injection engine,

MISCELLANEOUS TYPES
01l engines made in the United “tates are of
various types, such as
Diesel (high compression) with or without air injection;
Medium Compression, with mechanical or solid injection;
Low Comvression, Hot buld, Hot Plate, Hot Spot, etec
with mechanical injection.

Engines of very small horse power and of



greatest horse power are generally two stroke cycle.

In the two stroke cycle design, the aim is
to get more horse power ver cylinder at lesser unit
cost, or mare power out of the same weight or material
This can be accomplished only by restricting the time
of scavenging to about 40 degrees on both sides of outer
dead center, and making every out stroke, a firing or
power stroke.

Maximum efficiency exacts compvlete combustion
and scavenging and complete scavenging means fuur stroke
cycle and a heavy engine. Although very encouraging re-
sults have been attained with large two cycle engines,
they have never attained the efficiemcy possible in four
cycle engines.

Engines of the hot surface type are manufac-
tured pricnipally in sizes twenty five horse power and
under. In engines of the Diesel and medium compression
vprinciple, eylinder comnression is from 350 to 500 vounds,
and combustion is effected by the heat of compression.
In engines of the hot surface principle, cylinder comw
pression is from one hundred fifty to two hundred and fifty
nounds, and combustion is effected by impinging fuel
against hot surfaces, and fuel not heavier than thirty

degrees Beaume is usually necessary.

COMBUSTION

In the Diesel engine, the use of injection
air is not primarilly used for atomization of the oil.
Finer atomization may be attained without the use of

compressed air. The real function of air injection is



to produce turbulence, and as good or better results may
be obtained by introducing the comnressed air and the oil
into the cylinder through sevarate nozzles. When this sys-
tem is used, the initial commression pressure must be some-
what higher than when solid bnjection is used, due to the
fact that the injection air reduces the temnerature of the
comvréssed air.

In the Price engine, com.ustion takes place in
a gPherical chamber. Air inueétion is not used. The fuel
is pump injected through two oprosed nozzles. Turbulence
is obtained by means of a contraction or nedk through which
the comoressed air from the cylinder must pass in entering
the combustion chamber proper. This arrangement produces
sufficient turbulence to giveithe desired results, also the
air is moving in such a direction as to help maintain the
0il vapor in the center of the cobustion chamber; i.e. the
aim is to keep the burning oil away from any of the matall¥o
surfaces and this is accomplished. It is evident that with
this type of engine the surface of the bomhustion chamber
and cylinder is much larger than with the air injection en-
8ine. Therotically the air injection engine is supposed
to comoress to about 500 pounds per square inch, and then
inject 0il at a rate th t+ will maintain the temmnerature of
compression during only a portion of the working stroke.
This is found to be very difficult to obtain, and the usual
vractice is to inject the 6il in such a way as to obtain

combustion at constant pressure.



In the Price engine, comnression is carried
to apvroximately 350 pounds ver square inech; obtaining
combustion at constant volume with &n increase in pressure
to 500 vounds per square inch andi then combustion at con-
stant pressure for a short portion of the stroke.

The advantages of this system are vrincipally
two: The high vpressure air comnressor, which has been the
cause of considerable difficulty with the air injection en-
gine, is eliminated, and the walls of combustion chamber
and the head of the piston are not subjected to maximum

temperature of combustion.

OIL ENGINE POWER RATING

Conservatively designed four stroke cycle solid
in“ection 0il engines are mgually rated at about 70 1bs
Rrake MEP this being the average pressure exerted dur to
allowable maximum temnerature of combustion.
Brake MEP Formula

33000 1305 2

x B X
A xS x NxC
x

For 4 stroke cydle engines BMEP

33000 BHP

For 2 stroke cycle engines BMEP
A X Sx Nx C

B --Brake Horse Power ner cylinder
--Area of pniston in square inches
-=-Strokxe in feet

-=-RPM

--Number of c¥linders

ozubﬁ

ENGINE EFFICI®ENCY

The Internal Combustion Engine converts heat into



work at the highest efficiency of any prime mover.

Thermal Efficiency Brake

Overall Plant.......18p (20000 HP and above)
Diesel 0il Engine...35% Mechanical efficiency 75%

Price 0il Engine....35% Mechanical efficiency 85%



INTERNAL COMBUSTION EI'GINZES
Types and Construction

Article III.

In the ftrst article we classified internal
combustion engines according to the cycles of operation.
We learned that all gas engines are either two or four
stroke cycle and operate as either Otto cycle or Diesel
cycle engines., It will now be profitable to study the
construction of thé various types under each head, as
well as the characteristics desired of a particular type.

The most common tyne is the automabile engine,
hhich,ds we have said, is mwmamdlly a four-stroke Otto cy-
cle engine. In this tyve are found the L-head, T-head,
and valve in head construction. The L-head engine has
both inlet and exhaust va’ves on one side of the combus-
tion chamber of piston; the T-head engine has one valve
on each side of the viston, and the valve in head (also
termed overhead of I¥head enginge) has the valves in the
head above the vniston. Some engines have one and some two
cam shafts, and the cam shaft may be driven by either a
chabn or gear. Some engines are water cooled and others
air cooled. Then there is the sleeve valve engine. These
different construction features are found in all automo-
bile engines, which include automobile, tractor, air plane,
and motor cycle. Startionary and marine engines also have
these different features.

The characteristics required of e:ch of these
engines are different, at leest in degree. Some of the



characteristics deranded are reliability, quick starting,
and acceleration, smooth and quiet overation and fuel
economy. Reliability apnears to be the prerequisite of
all types, bu* more especially in the case of the air-dplane
engines. Speed, quick starting snd "getaway" mean more to
the American public than economical gasoline consumption.
These qralities are, however, not important in tractors

and trucks, while fuel economy is. With these engines we
find rugged construction wery desirable and the engines

are heavy. This apnlies to-*those engines designed es-
pecially for tractors and trucks. <“he air plané engine
must be stopong enough to be thoroly reliable, but i$ must
also be as light as possible. Some airvlane engines weigh
only about two pounds vper horsepower, while other automo-
bile engines exceed this amount several times. It is strange
that water cooled airnlane engines are now made lighter
then ones cooled by air.

Another factor effecting engine performance and
economy is the ratio of gasoline to air, or mixture enter
ing the cylinder. There is a definite amount of air requi-
red Tor each pound of gasoline. Some of the gasoline will
remain unburned. Lubricating oil and dirt are the other
sources of carbon in the combustion champer..

The large gas engines found in steel mills, and
the centers where artificisl or natural gas is avilable,
are usually horizontal. They have one, two, or four cy-
linders. In the latter case there are two sets of cylin-

ders in tandem; that is, one cylinder ahead of the other.

These engines develon as much as 5,000 horse power and

drive generators whose current is used for power and light.



are vertical; some inject the fuel with air pressure,
others with a pumvo, an so on.

At present the Yiesel is msed for heavy duty
service, such as driving pumns, ice machines, and other

machinery.

The Diesel engine will be discussed more fully

in the next article.



INTERNAL COMBUSTIOINl "NGINES
The Diesel Ingine
Article IV,

There are three methods for the injection
of fuel into the combustion chamber of a Diesel engine.
The mébhods may bYe enumerated as follows: air Injection,
pugp injection and gas injection. Until recent years the
air injection engine has been the most prevalent, but now
the pump injection engine has been becoming more vpopular,
esvecially in medium and small sizes. The gas injection
engine has also come into preminence. On the firt tyre
of engine an air commressor stores air in a bottle, or
drum, at a pressure of 1000 nounds ver square inch. This
air is pived to the fuel valve on the engine. A pump is
attached to the engine sends o0il to the fuel valve. At
the proper time in the cycle ( Jjust at the end of the com-
pression stroke) the fuel vlave is opened by a cam and rock-
er arm. The high voressure air then forces the oil from the
fuel valve to the combustion chamber. <+he fuel enters in
a cloud or vapor, and immediately starts to gasify and burn.
1t must be kept in mind that air alone is comvressed in a
Diesel engine cytilmder, as was mentioned before. The com=-
pression of this air to 450-500 pounds per square inch cre-
ates enough heat to burn the fuel when it enters the com-
bustion space. The high pressure air from the air compressor
serves ohly in inject the fuel into the combustion space.

The pump injection engines disvenses with the



air compressor, and the fuel pump alone forces the oil
through the fuel valve into the combustion chamber. The
elimination of the air comnressor has an advantage. It is
claimed that the comvressor requires form 15 to 20 percent
of the gross engine power. Also a somewhat lower com-
pression pressure can be used with the pump injection engine
for the same fuel. Although some large engines have been
built using the method of pump injection of the fuel, most
of the nresent day large engines, of 1,000 horse power and
up, inj)éct the fuel with air.

- The gas injection engines are at vnr¢sent made
in small units, as low as 5 horse power ver cylinder. Sev-
eraly schemes are used to obtain gas injection of the fuel,
but they all ovnerate in the same gener~l way. A small aux-
iliary uncooled combustion chamber is attached to the main
combustion chamber and a small o—~ening connects them. Dur-
ing the suction stroke of the engine, the correct amount
of 0il, metered by the governor, is pumvned into the aux-
iliary chamber. During comvression this chamber becoges
hot enough to gasify the lighter products of the oig.
Thees products explode and the sudden high pressure injects
the remainder of the fuel into the main chamber, where it
burns in the usual manner. It is revorted these engines
are qui*e successful.

As has been said before, the bulk of Diesel en-
8ines are mméd for heavy duty service, such as in power
station, ice vlants, mills, and so on. This situation has
brevailed since the Diesel was first bought out. Consequent-
there has been littel demand for an engine of other than

rugged characteristics. The engincs have operated at low



speeds, have oocupied considezable space per horse power
have weighed around 400 vpounds per horse power, and were
rather costly ver unit of vower. It.would appear, after
close study, that these qualities are not necessarily
fixed, and that Riesel engines of entirely different
characteristics can be made. <+he fact is thet engines
are now made in both Europe and America with such 4if-
ferend properties as to make one think they are not true
Diesels. The spe&d has been increased to as high as
1400 RPM. This has brought the weight and space re-
quired per “orse power down to th-t of the present day
autombbile truck engine. The compression pressure also
has bemen materially lowered. The cost can be made favor-
able with that of the present automobile engine.

The Diesel engine is then anplicable for use
in the automotive field as well as for industrial work and
ship pronulsion. If the Diesel engine can be fully per-
fected #fr use in sutomobile work, several advantages
would be realized. The carburetor and ignition avpnparatus
as we now know them would be eliminated.

About ten percent of the energy in the fuel goes
to driving the truck or automobile of the vresenst day.
The Diesle engine has a *hermal efficiency of arcund 35%,
and so, instead of tBn percent of the fuel being available
for driving vurvoses, we could expect to utilize frog 15
to 25% of the fuel's energy. 1he fuel used would cost about
one thir of tone half what gasoline now costs. It can be

Seen that the fuel cost for autohodbile transportation would
be about one fourth of what it now is. If worth while

thought and resources are given over to thematter of per-



fecting a Diesel engine for use in automotive work, there
is no reason why it should not be a success.

Turning our attention to the vower and indus-
tial fi@ld let us see what the situation is. Yor this
purpose any engine must give reliability and low cost of
operation. Here and there in the industrial world are
found examnl s of very good and very peor reliability and
operation cost of Diesel engines. However, average re-
sults must be looked to for reliable information. One en-
gine manufavturer states that over 96% of their engine
horse power sold within the last eighteen years is still
in éuccessful operation. Many engines have been operated
for months without a shut down. A company in the middle
west has some 60,000 horse power uof Diesel engines in op-
eration. The following statement comes from this company:
"With proper attention and intelligent operation, it (the
Diesel engine) has been found to be as dependable as the
steam engine".

Some of the factors which determine the operating
cost of a Diesel engine plant are: kind and amount of fuel
0ily design of th engine add prlant; character of labar em-
ployed; quality of lubricating oil; capital costs.

It is often said that the Piesel engine plant
entails too great an investment and this outweights any
savings., Facts do no bear out this contention. Very often
operating costs such aw labor, fuel, unkeep and ludbrication
exceed capital charges. One comvany operating both steam
and Diesel engine vlants s ates that the cost of a s*eam
plant and Diesel plant are the same. Plant design and en-

€ine design influenee very grertly fuel costs, lubrication



costs, and upkeep costs. It would be better to spend more
for the plant and make a greater saving in operating costs.
The kind of labor employed also determines, to a large de-
gree, the upkeep cost of a ptant. 7For this reason, it is
better to emply competent overators and engineers, as a
greater saving than the additional salaries would be made.
Actual operating costs of many vplants are available and
thes= are invariably lower than costs of steam plants of
equal size and condition. Central power stations of say
15,000 kxilowatts cppacity and up are usually steam equip-
ped. Obviously there is some size station above which it
would pay to install steam machinery. This is because very
large size steam units are available. At present the
largest size Diesel is about 15,000 horse power. As was
intimated voreviously this size may be increased materially
in the future.

The nultimate goal in internal conbustion engine
engineering is the gas turbine. There are gas turbines in
operation now, although they have not been perfected. If
the high thermal efficiency of the gas engine can be com-
bined with the mechanical advantages of the siteam turbine,
a real step forward in power nlant engineering will have
been made., The boiler room, as we now know it, would be
eliminated, and the present condensing equipment woul be
unnecessary.

The question of fuel oil supply is often bought
uo. Various aut'.orities have stated the situration rela-

tive to the world's petrolem suvply. Looking at the matter
as a whole, it would avnear that there is no danger in pe-

trolem for years to come. There are other sources of £uel
sSupply for internal combustion engines ih alcohol and coal



tar. Coal tar has been used in Diesel engines in Europe

for several years.



INTERANL COMUSTION ENGINES.
Comparison of Yypes.

Akrtdcle VI.

It is my intention in this article to explain
in detail the workings of a two and four stroke cytle en-
gine, and give advanta-es of each. I shall also go into
the commercial builders of engines today. In this article

we shall deal with the oil engine only.

Exhaust Valve Closed Exhaust Valve Closed Exhaust Valve Closed Exhaust Valve Closed Exhaust \':(lve‘()pen
Intake Valve Open Intake Valve Closed Intake Valve Closed Intake Valve Closed Intake Valve Closed

il

CQETETINTRRARAN AN DA TER AN

(,
\‘\_/’ \_‘j:ua

A—Suction Stroke B—Compression Stroke C—Injection D—Combustion and I —Exhaust Stroke
Expansion Stroke

Referring to the above cut in figure 3,
Suction stroke A.

The piston has Jjust completed an exhaust
Stroke; it has passed the head end dead center and is
moving away. The exhaust vAlve is closed and the in-
take valve is open to atmosvhere. As the piston moves

out, it draws air into the cylinder.
COMPRFTSSION STROKE "BY

When the viston has reached the erank end

dead center, it starts to mové forward. A few degrees



past crank end dead center the intake valve is closed, and
during the remainder of this stroke the piston compresses
the air into the combustion chamber.

FUEL IYJECTION "C"

Eefore the head end dead center is reached, the
fuel pumn ia actualted by its cam, and two spra;ys of fuel
0il are injected into the compbustion chamber. <These sprays
meet in the center of the combustion space and thoroughly
mix with the air. Ignition takes place automatically as
the fuel is injected. This is due to the heat generated
in comvressing the charge of air.

COMRUSTION OR TXPANSION STROKE "D"

The fuel injection is so timed that combus
tion sterts before the niston is on head end dead center
and ¢ontinues during the remainder of the injection per-
iod (about 10-15° after dead center.) RExnansion begins
10-15° after head end dead center, driving the vpiston
out. “he exhaust valve onens shortly before ecrank end
&e=~d center is reached. This is the working stroke, or
the one from &hich the engine develops it spower.

TXHAUST SETROKE "E"

- passes
The pistog/brank end dead center, and dneing

the following forward stroke forces the burned gases out
through the exhaust port. This valve remains open until
after the niston has s ightly passed the head end dead
center.
The engine is now ready for anothier cycle.
The above crycle is tynical of Price engine

of the four-stroke cycle design.



Tvents in a complete cycle of a two stroke

cycle engine would be as follows:

Sorking & Exhaust Stroke

- nJec‘hcn Volve

=2 s o
E‘haogf Parts

uk—qq%fggzzééa.gyoovt

r——-n\

Admission & Comvoression stroke

(ﬂr_—%{@_ﬂdm 1ssron

Seaven .nﬁ
Velves

Qo
E EQ@_C.Qmpﬂe ssron

WCRKING AND EXRAUST STROKE

After the fuel has been charged into the com-
bustbon chamber, combustion takes vplace and the piston
is forced inward by the ecxpanding gases. Toward the end
of the in ard tr~vel of the niston, the exhaust vorts are
uncovered, releasing the nrressure in the cylinder. Imm-
ediately after ards the <cavenging worts are uncovered

admitting fresh air under low precsure and scavenging the

cylirder of burned gases. (Some engines have cam opersted
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Indicator cards from a four and two cycle oil engine.

The following is a general classification
of the more imnortant domestic builders supnlying ver-
tical oil engines for stationary power plant service
which are competiive with the Price Engine, or Diesel
Engine.

FOUR CYCLE

l.Ingersoll Rand

2.Atlas Imperial (Engine Co-Oakland Cal.)
3.Bessemer (Gas Engine Co-Grove City, Penna.)
4.Chicago Pneumatic "Benz"

5.De La Vergne Machine Co

6.Falkx (Gear Covpr)

So0lid Injection 7. Foos (Gas Engine Co)

8. New London

9. Superior "Deutz" (Gas ‘ngine Co)
10. Union (Gas Engine Go)

11. Wstern (Machinery Co)

1. Busch Sulzer
2. Fulton Iron Yorks
3. Lombard
Air Ingection 4. licIntosh & Sermour
5. New Londeon
6. Pacific Diesel =Zngine Co
7. Wworthington Pump & Machine “orks
8. Winton Tngine Co

TWO CYCLE

1. Anderson Engine Co

2. Bethelehem

3. Fairbanks orse Co
Solid Inject. 4. lianus Diesel Engine Co

5. Munci .

6. Tips Engine vorks

7. Venn-Severn

8. Worthin, ton Blake

l. Eethlehem
2. fusch Sulzer
3. Hadfield
Air Injection 4. Nordbverg
5. Worthington Double acting.



INGERNAL COMBUSTION TNGINES

Cost and Cost Comparisons

Article VII.

In dealing with cost comparison, the writer
will deal only with oil engines, and that engine of the
Price principle, with solide injection, and working on
the four stroke cycle.

I have inecluded some cnves showing cost overztion
of 0oil engine driven air comnressors. Also a curve showing
time it will take an o0il engine comnressor to pay out over
a motor driven unit under certesin conditions.

In this article we shall take three practical
examples that have actually been analyzed very carefully
from an overating standpoint. Ve shall take three examnles;
one comparing generated current with an oil engine to that
of bought current; another an ice machine driven by an oil
engine comnared to a steam machine; another comparing bought
current to motor drive an air comvressor with several 4dif-
ferenct combinations of oil engines.

fin 0il engine is fundamentally the most econom-
ical machine known, for producing power. This is becuase
its thermal efficiency is from 30 to 35 vercent; in other
words, about one third of the heat units contained in the
fuel is develoned into actual nower at the shaft. When
one considers that the largest steam turbine vlant in the
country ean obtain but 2095 thermal efficiency, it is

easy to see that the o0il engine has a great economic ad-
vantage.



EFFICIENT USE OF FUEL

One horsevower is equivalent to 2545 B.T.U's.
Therefore, if there are 18,500 B.T.U's in a pound of o#l,
a theoritically perfect ocil engine would consume only
2545 divided by 18,500 or .14 pounds of oil per B.H.P.
There are, however, the following losses:

l. Heat carried away by water jacketing. This loss is
approximately 30%.

2. Heat in exhaust gases. As it is not practical to ex-
pand fuel oil gases down to atmosphere, the exhaust is
at high pressure with a temperature of aprroximately
600 degrees F. This represents a loss of 30%.

3. The mechanical loss in the engine. The engine has a
mechanical efficiency of avproimately 85%.

Revising withe the total loss, the oil engine
actually consumes .43 pounds of oil per B.H.P. or 7955
B.T.U.'s (.43 x 18500).

Taking into considemation the fuel and lubri-
cation 0il required to run a 55- h.p. engine, it costs
only 82.00 for an 8 hour day--25 cents an hour.

+he first curve shows a cost comparison between
operation between oil, electric and steam power. In plot-
ting this curve, I have assumed a year to be 300 working
days of 8 hours each, or a £0t31 of 2400 working hours.
Current at 2% cents per Kw hour, coal at $5.00 per ton, and
fuel oil at 7 cents per gallon are obtainable in many
parts of the country, so the curve has been laid out with
these figures falling on the same voint of the horizontal

line or abscisssa.



FLECTRIC !"OTOR
Current at 2% cents per kw-hour.

Assume motor efficiency 85% ( includes wiring losses)

1000 watts is 1 KW. 1 horsepower is 746 watts. Vith

motor e“ficiency at 85%, it is necessary to draw 746 divi-
ded by .85 or 877.7 watts, from the power line. The

to+al cur—-ent, required to run a 100 hp motor a year,

of 2400 hours will be 100 x 2 x 877.7 divided by 1000

or 210,648 xw hours. At 2% cts jer kw-hour, the cost

of running a 100 hp electric motor for one year will be .025
x 210,648 or 85,266.20. This is equivalent to $17.55

per day, or $2.20 per hour.

STEAM ENGINE.
Coal at $5.00 per ton.

Assume steam consugiption of 30 1lbs. per h.p. per hour.
1 1b. of coal evaporates 5% lbs. of water. The quanti-
ty of coel required to run a 100 -i.h.p. steam engine
one year will be 100 x 2400 x 30 dAkvided by 5%, or
1,309,000 1lbs. of coal. %5ihis reduces to 654.5 tons

per year at a total cost of 5§ x 654.5 or 33,272.50.

The b.h.p. of an engine is approximately 90% of the
i.h.p. by card. Therefore, the cost of running a
steam engine of 100 b.h.p. is $8,272.50 divided (.90)
or 83,652.00. This is equivalent to $12.50 per day or $1.562
per hour.

OIL ENGINE.
Fuel o0il at 7 cents ver g-llon.

Using a fuel consumption of .43 1lbs per b.h.p. per hour
a 100 b.h.n. engine will consume 100 x 2400 x .43, or
103,200 1bs. per year. This means 13,445 gals. per
year ( 1 gallon) weighings 7-3/4 1lbs. The fuel cost

per year will be 13,445 x .07 or %941.15

Lubricating o0il at 60 cents vper gallon.

1 gallon is used for eve:y 1300 b.h.p. hours on all
this type o:1l epgines, or gallon per 2000 b.h.p on
horizontal engines. The total cost of lubricating
0il per year will be 100 x 2400 x .60 divided by 1300
or $#110.00 per year. The total cost of both fuel and
lubricating oil will be $10%1.15. This is equivalent
to $3.50 ver day or 44 cents per hour.

Note that the omst of lubricating oil at 60¢

per gallén is above the average.



DISCUSSION OF CURVE.

COST RATIO.

Current.eccccececoccceed

SteaMeccccccoceccossed

Oi1lecececcscoccccccosl

The curve plotted from explanation given in
preceeding sheets shows it costs more than 5 times as much
to run a 100 hp electric motor than it does to run an oil
engine of the same size. It also shows that it costs more
than 3% times as much to run a steam engine. The latter
figure is very conservative, as the many variables in steam

operation would probably raise it to four times.
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The next curve deals with a comparison between
producing comrressed with a motor deiven air compressor or
an oitd engine dAriven air compressor. These figures only
deal with operation costs only. On the blue print we have
Ziven the approximate cost of oil engine comnressors and
also the price of motor driven compressér.

From the curve you can read off direct the cost
per hour of operationof oil engine comvressors and motor
driven comvressors and the time in hours it will take to
pay off the difference.

For example take the 500 cubic foot size oil
engine comvressor unit.The cost of this eil engine unit
is aprroximately {$$9690.00 while the cost of a motor driven
unit of the seme size is 35370.00. There is a first cost
difference in favor of the motor driven unit of $4320.00

However due to the low operation cost of the
0il engine this difference will soon be wiped out in sav-
ings in oneretiop cost.

If we s*art at 2% cents ver kxw and go acorss the
curve to the line of the 500 foot unit, then read up, we will
see the cost of operation is about $2.00 per hour. Starting
with the line of 6 cent fuel oil, we will see the o0il engine
costs about 88040 cents per hour. Now starting at 2% cents
per kw if we go across to the curve line of the 500 foot unit,
we will see that it will taY¥e ohly 2750 hours of operation
to pay tack the first difference in cost. After that there

will be a savings of $1660 per hour.



PRACTICAL PRORLEMS.

This problem is one which has been worked out
for a large industrial nlant in hansas City. Their prob-
lem wes whether to buy electric current from the power
company or to buy oil engines and generate their own cur-
rent. In all these comparisons we have taken interest,
ann investment, and other fixed charges.

The engine offered in this commwakrison is the
vértical three cylinder engine as shwon in the cuts in
back of these comparisons. It is shown in figure 1, and

is known as the Type PR Vertical 0Oil Engine.

PROJECTQ..................I

Bought current from the power company.

PROJVCT........’C.........II

Using fuel 0il--0il engine with rated brake
horse power of 176 giving a demend of 100 KW's.

PROJECT....'........‘...‘III

Using fuel 0il--0il engine with a rated brake
horse power of 235 giving a demand of 158 KW's,

INSTALLATION COST.

Projectl

No cost as current is boughte.



PROUECT s eeeeseII

1-170 HP. Tyvne PR Ingersoll Rand solid injection
0il engine and regular equipment.c..cccecceeses.513,032.00

Extra for clasSs A SPareSceccccccocccccccccccssse 252.00

“xtra for outboard bearing for direct con-
nected exciter.‘..00...0.0..0....00...0.... 99000
Extra for strrting uhitececccccsssesocoscocsnee 342.00
Extra for foundation boltSeececcccsccscccccccces 45,00
Engine total $ 13,770.00

l1-General Electric or Westinghouse, AC
Generator, 240 volt<, & phase, 60 cycles,
110 K‘v-"’-13205 KVQO.....Q.o.ocooooooooooooooooo 1.800000

Extra for direct connected exciter.ecccecccececece 585.00
Extra for found=tion bolISSeccccceccccoccsccccscse 15.30
TOTAL PROJECT II $16,170.30

PROJECTeeees..III

1-125 HP Type PR solid injection engine
and regular equipment.cceccccscsccscscsosccceesePBl?,887.00
Extra for class A SPareSciecscccccsccccccsccccsce 25° .00
Ext=a for outboard bearing for direct
connected exCitericcceccececcccccrccocsccss 121.50

E]Ctra for starting Imit... ® © 00600000000 000000000 542000
E:xtra fOI‘ fO\mthiOIl bolts......o..v.o.ooo...o 58.50
Engine total. $18,661.5

1-General Flectric or Vestinghouse AC Gen-
erator, 240 volts, 3 ohase, 60 cycles
158 KW---1975KV8 © 0000000000000 000 000000000 2340 Oo
mtra for Dc Exciter.....0..0.0.....‘.........O. 891 Oo
Extra for doundetion boltS8cecccccsscccsocscsccces 18.90

Total cost Project III..$21,911.40

TOTAL INSTALLATION COST

IT IxX

Engine and Generator 16,170.30 21,911.40
Freight to Kansas City 450.00 663.00
1-10,000 gallon tank (fuel 04il) 500,00 500.00
Pivings and fittings 200,00 200.00
Switchboard, wireing, day tank 1,000.00 1,000.00
Foundation costs 100.00 100.00
Riggsing 315.00 510.00
$18,735.00 $24,884.40

Bound figures $19,000.00 $25 000.000



OPERATION COSTS

Operatin cost is based under the worst operating condi-
tion for the o0il engine. This figure is based on the en-
gine operating all time from 7:300 to 5:30 (10 hours)
for 26 days in month. This gives a total of 3,120 hours
operated per year. Taking your total KWH from the power
bill for year 1926 whihh was 289,180 and divide by total
hours 3120 gives an average KW demand of 92.68 or 140 HP.
This will give an average load of 82% on smaller engine
and 60% on larger engine.

I II I1I
Power cost as taken
from yearly power bill $6,288.55

Fuel o0il ocost
140x.44x3120x,06 1682.42
) Py

Lubricating oil
140x3120x.60 66.00
000

Fuel o0il cost
140 x .45x3120x,06 1617.50
~7.5

Lubricating oil
140 x 3120x.60 66.00
— 4000

$6,248.50 33,874.42 $4,349.50

Saving on total operating

or
Percent saving on total investment 14% %%
SUMMARY

In this comparisom all factors, have been taken into tonsid-
eration and the oil engine has been given the worst side.

If a total of 110 XKW would b large enough demand, this com-
pany could use the smaller engine and it would show a saving
of 14% on the investment. If the large unit has to be used,
it will show a saving of 7%% on the investment. However the
Tigure would be better than this as the engine would run at

above 60% load factdr a good deal of the time. Another fac-
tor to consider and which cannot be expressed in dollars and



cents is that they will have a large reserve in KW capac-
ity to take care of guture exvansion. I have considered
using a 158 KW unit and are figuring in this estimate to
consume 92.68 KW which would give them a reserve for fu-
ture use or present use of 65 more KW8s. Should they in-
crease the load up to the full canacity of 168 KW the cost of
current would increase while the total operating cost of

the dtl engine vlant would inerease very little as the
majority of the total operating cost is fixed charges which
would remain the same whether operating at full load or vnar-
tial load. The only increase in cost would be for fuel oil
and lubricating o0il which would be negligitle. As you would
increase your load, in comnarison with electric cost, the
vercent saving would run up very ranidly and at full load
would amount to aporoximately 18% on investment.



Practical Prollem.

The units as considered in the following

problem are illustrated at end of article.

The Ammonia machine knows as the XPVA is
shown &n figure 4. The POC-1lA is shown in figure 3.



COST CAMPARISON AMMONIA COMPRESSOR STEAM DRIVEN VERSUS OIL
ENGINE DRIVEN COITPRESSOR.

STEAM DRIVEN---NINETY TCNS CAPACITY
REFREIGERATION.

PyDEeeecesocacses.  XPV-A steam, Driven, duplex con-
struction, comoound air, compound steam, with piston
steam valve, and dautomatic cut off oil governor which
antomatically changes the noint of cut off for any
change in the load.

Specifications.
ize air cylinders 12 & 8% x 14"
I.H.PQ.‘.O......I.Q.Q 150
Holghtecssssssssunase 28,7708
Length............. 12' 6"
width..........o.... 7' 8"
Stemm Oonsumption per IoHcP..ooo 023.3 --duplex.. 0027.5
Cubic feet in foundation ......535

STEAM DRIVEN--Fifty five tons.

Ty Pp€eceoccosccoeees LPV-A steam driven, duplex construction
compound air, compound steam, with Meyexr steam valve gear.

Specifications.
Size air cylinders.......9% & 6-3/4 x 12"
Im’...0.‘.‘..0.0........79.5
weight..‘.......00000000015’075
Length....“..'.......0.0lol 11"
width‘............'0..0.. 6' 0"
Steam consumption per IHP.eeeoo..23.9 compound
Steam consumption duvnlex steam...38.5
Cubic feet in foundf‘tionoo.oooooozﬁo

OIL ENGINE DRIVEN---Sixty Nine Tons.

Type....-...............................oo........POC-u
Specifications
Engine sizeSe.ccceccccccocceccel®E x 19"
C mpresSsor SiZeSe.ceeccececeeeedId X 19"
‘Neight........................37’450#
Length......'...............0.21' 2%"
Fuel oil pounds of oil pe: ton refrigeration.....l4l13¥
HOrse powWereccceccccccccccceesesl0d



OIL ®NGINE DRIVEN--Ninety Nine Toms.

Typeooooooooooooooooo-oooPOC"lA
Specifications
Engine sizeSceccccccscss2l X 247
CompresSsor SiZ€Seeec....ll: x 24"
Weighteeeeececocascoeesedd,950#
Fuel oil per ton of refrigeration......l4.9#

FIRST COST

ZPVA--12 & 8% x 12--Ninety tonS.ececececcscccccceccsces.s7,964.00
XPVA-=9% & 6-3/4 x 12--Fifty five tonSee.ceccceccccoccess$5,104.00
POC-1A-=17 x 19 & 9% x19--Sixty nine tonsS..ccceececee.$9,473.00
POC-1A--21 x 24 & 11} x 24--Ninety nine tonsee......$14, 175.00

TOTAL INSTALLATION COST

STEAM OIL

90 99 55 69

Tons Tons Tons Tons
Unit cost 87964.00 14175.00 5104.00 9473.00
Freight 237.00 600.00 150,00 375.00
Fuel oil tank 200,00
Piping and fittings 100,00 200,00 75.00 100,00
Found- tion costs 300.00 555.00 206.00 3@6.00
Rigging 100.00 100,00 100.00 100.00

$ 8,701.00 815,830.00 $5,639.00 $10,593.00
FUEL COST

Ninety (90) tons --%team driven
23.3 x 130 = 3,029#x3.0004 = 31.21 per hour
24x $1.21 = 329.078
’ost per ton refrigeration..........$0.32

Ninety nine (99) --0il Engine Driven
99 x 14.4 = 197 gallons per 24 hours
O
$0.06 x 197 = ®11.82 ner day fuel oil

142 x 24 x .60 $1.02 per day lubricating oil

)

“®12.84 total cost per day.

Cost per ton refrigerctioN.ccccecescc...$0.13



Fifty Five Tons (55)----Steam driven
25.9 x 79.5 = 2059#

2059 x .0004 = $.8236
24 x .8236 = $19.77 per day

Cost per ton refrigerationeccccceece..80.36

Sixty Nine (69) ----0il Engine Driven
69 x 14.3 - 132 gallson per 24 hours
7.5
.06 x 132 = $7.92 fuel o0il cost ver day
103 x 24 x .60 = © .74 lubricating oil cost per day
2000

58.66 total cost per day
Cost per ton refrigeration.........$30.12

TOTAL OPERATION COST LASED ON 60 LOAD FACTOR

90 99 55 69
Tons Tons Tons Tons
Fuel (60% load factor) 6367.00 2811.00 4329.00 1896.00
Interest &én investment 6% 522.00 949100 338.00 636.00
l:aintenanne 2% 174.00 316.00 113.00 211.00
dnsurance and Taxes 2% 174.00 316.00 113.00 211.00
Devreciation (15 yrs) 580.00 1055.00 376.00 706.00
&
$7817.00 $5447.0085269.00 3660.00
$53.00

Cost per ton per year 889.00 $55.00 £96.00

SUMMARY

All comparisons based on tre 103 HP 69 ton oil engine commwressor.

Difference in first total 90 Tons Steam 55 Tons Steam

installation cost favoring

staam units . $1,892.00 *4,954.00

Savings effected ver ton

by oil engine installation $89.00 $96.00

53.00 53.00

Savin s per ton 36.00 8$43.00

Based on 69 ton unit we will have

the following saving each year $2484.00 $2967.00

The above savings are in additon to the 6% already allowed on the

investment.



Practical vprodblem

The problem as given on the attached blue
rrint gives very thoroughly the ccmparison between op-
ération cost on motor driven air comvressors and oil
engine air comnressors.

The problem here 1% to ascertain whether it
would be more economical to buy current a2nd install a
direct connected synchronous motor driven air comnressor
together with a motor generator set for supnlying DC cur-
rent to other motors in plant. The air compressor in-
stalled would be similar to one shown in figure 5.

We have figured three combinations of oil
enignes. In combination "A" we would consider using
two units tyve POC-2 as shown in figure 2, and another
Type PO engine to drive a generator only as sheomn in
figure 7. In ccmbimation "B" we would consider using
two POC-2 engines as shown in figure 2 to drive the air-
compressors and consider a vertical oil engine as shown
in figure 1 to drive the generator.

In combination "C" we have gigured using a
vertical engine as shown in figure 1 to deive the gen-
erator and also a similar to belt dmive an air compressor
as shown in figure 6.

In this comparison we did nét know what the
load factor was nor the vnrice of current. ¥ have there-
fore figured the cost at different load facotrs 40,50 and
60% with current at variable rates from 1-1/48ents to 2%

cents.



SUNMMARY

By referrirng to this sheet we have noted
the total operation cost per year of the various vom-
binations. We have also brought the cost down to
the cost per 1000 cubic feet actuall delivered which
in reality is the basis for comparison.

We have also brougt the cost per KWH down
to cents per KW to include energy and fixed, operation
and other charges.

i It develops that in this vparticular case,
the load factor was 60% and the cost of current was

2cents per KW, Looking at the nrint we will note the

total cost of current at this rate is #8183.00 per year.

This includes operation on both air comnressor and motor
generator set. The total cost of the oil engine comvressor
as shown in combination "A" ( which is the best combination,
and the one we would try to setkl) is 86658.00. This shows

a savings of $2525.00 per year in addition to the 6% interest
on the investment. This is a total of 14.5% on the invest-
ment.

Looking at the cost vper 1000 cu ft we note on the
compressor unit only on the oil engine that the cost is ©(.0515.
On the motor driven units i$ is $0.076. Going on down the
line we will note that to equial air per 1000 cu £t at $0.0515,
we would have to buy current at less than 1-1/4 cents per Kw,

On our calculations the cost at 1-1/4 is $0.0564 so it would
have to be a figure below this.



Figure 1

Tyne PR Engines.

Two 1000 BHP and two 500 HP Fngines directed to Gener-
ators in a large industrial plant.




Figure 2
Tyve POC-2 0il Engine Comnressor.



Figure 3
Type POC-1A 0il Engine direct Connected to Ammonia Comvoressor.



Figure 4

Type XPV-A Steam Driven Ammonia Comvressor--Compound Steam
and Compound Air with Automatic Cut Off Governor.



Direct Connected Synchronous lotor Driven Air Connressor.



Tvype XCB-2 Air
Control.

INGERSOLL: RARD CO.
NEW YORK
IMPERIAL TYFE 10.

Figure 6

Comvressor with Automatic Five Step Clearance



Figure 7

Type PO Horizontal Oil Engine.
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