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THE USE OF ALCOHOL AND GASOLINE IN FARM 
ENGINES. 

SOTJECES OF POWER. 

Tliere are two great sources of power and an infinitely varied 
series of mechanical devices Imd machines for the generation of 
power. Wat^u- power always has been ii.sed and probably always 
will be u.sed so long as the rain falls, but it is insufficient for our 
present needs or geographically imavailable. The greatest source of 
poAver is fuel. Fuels may be divided into two series—those that now 
exist in the form of natural deposits and those which are being pro­
duced continuously. All of the coals, hard and soft, with the lignites 
and peats, the crude oils and natural gas, exist in the form of 
deposits; and, while it is true that the decay of vegetable matter may 
be to-day forming more deposits of the same nature, it is equally true 
tha t we are using the present supply faster than the rate of produc­
tion. The newest fuel for power purposes is alcohol. This is made 
from the yearly crops of plants. There is in existence no natural 
deposit of alcohol, but in a sense it may be said to be possible to pro­
duce inexhaustible supplies. 

I t is only within recent time that engineers hav6 known how to 
build engines that Avould produce power from alcohol; and still 
more recent is the further discovery by engineers that this power 
can be produced at a cost which may f)ermit its general introduction. 

By far the largest part of the power now being used comes from 
steam produced by the use of coal. This is chiefly, due to the fact 
that as a rule Avhenever it can be used it is cheaper than possible 
substitutes, although it is part ly due to the fact that steam power is 
better adapted to some cla.sses of work and is older and better known 
than power generated by the gas engine in its varied forms. In 
point of present use, water power stands next to steam in importance. 
This is largely due to the fact that water power is among the earliest 
in point of development, but more largely to the fact that it has 
become possible to transform wtitor power into electrical power, 
which can be transmitted long distances, and so overcome geograph­
ical isolation of the sources. 
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X c \ t ill ( | nau ( i t \ jtiHxliuH'd s t a n d s JXJWIT <j>viu'f:ite(l by the g a s 
ciioit ie. T h i s clas^ oi' ^•l\giJU'~^ iiu h ides a l l nu ic lunos in w h i c h tlie fuel 
i u i \ e d wid i a i r is bunu>d or exi)l()(letl w i t h i n t h e w o r k i n g c h a m b e r s , 
wiicthci- tlie I'liel be g a s p r o d u c e d f r o m coal , n a t u r a l gtis. v a p o r s of 
a n y of the iniiuM-al oi ls , vogettiblc o r a n i m a l oils, o r a lcohol . T h e 
subo i i l i i i a t e j .os i t ion occiipiod by t h i s .source of [)()wer is d u e j ) a r t lv to 
the fact tliai eii«i;iiu'er-- h:\\v on ly r ecen t ly d i scovered , a n d a r e t o - d a y 
d i s c o v e r i n g , how he-t to bu i ld these m a c h i n e s and a d a p t t h e m to t he 
w o r k t h e y sire to do. W i n d and wave p o w e r s t and at t he foot of t he 
l is t a n d a l w a y s wi l l , >o far a-̂  ( |uai i t i ly <>!' powci- (lc\t 'h)pe(l is con­
ce rned . T h i s is becati.se of t h e i r r e g u l a r i t y of t h e sources of s u p p l y 
a n d t h e i r c o m p a r a t i v e l y feeble n a t u r e . 

COMPARATIVE COST OF POWER PROM DIFFERENT SOURCES. 

T h e CO t of p ro i l i i c ing |)ow('r f rom a n y of t h e above sources is m a d e 
u p of a n u m b e r of i t ems , i nc l iu l ing interes t o!i t h e first cost of t h e 
i n s t a l l a t i o n , dei»recialio!i of the a p p a r a t u s , its i n su rance , etc. , u s u a l l y 
ca l led the ""lixcd e h a r g e s . ' ' T o these -should he a thh 'd the costs of 
fuel , of l abor for att<Midanre, a n d of r e p a i r s , a s the ] ) r i ac ipa l i tems, 
a n d the cost of l u b r i c a n t s , nui ter in l for c leani i tg , an<l a g r e a t m a n y 
o t h e r smal l mi-^cellaneou-^ i tems , all g o i n g to form what art> eonmionly 
ca l led " ' o p e r a t i n g charge ' s . " In all cases where fuel is used its cost 
in, if not the mo t i m p o r t a n t , e(>rtainly a \ t ' ry i m p o r t a n t i tem. In 
t he casj* of w a t e r power , whe re the fuel element i- zero, the a<l\ 'antage 
is oil'set l»\ an int<Te^t i h a r g e on the cost of in s l a l l a t ion for d a m s , 
p ipes , t i i nnc ' S i f t s , etc. .Vssuming tliat p o w e r fi'om all of these dif­
ferent '-oiM jiially well a d a p t e d to the p a r t i c u l a r work to he done 
and eijually a v a i l a b l e . ( Inn that \ - l e u i will be .selected for a n y p a r ­
t i c u l a r ea^e for which lln' co- t̂ of powej- is lea-^l. L(>aving out of 
cousi t lera t ion watei* powci ' , it is found th.at the hiboi- c(jsts do not 
(lill'er n e a r l y >«> wide ly for the d iHeren t sy - t ems , nor a r e they .so l a r g e , 
as the fuel cost . ' J l i e re fo re , tlu* g r e a t (jucstion to -day ii» powei- p ro ­
d u c t i o n as r e g a r d s i m m e d i a t e cost of p o w e r a n d m a i n t e n a n c e is th i s 
lovv«'ring of the fuel cost. 

T h e co-t <d" fuel per unit of p o w e r deve loped d e p e n d s , first, on t h e 
uiark«'t pr ice (d' tha t fuel at the po in t w h e r e it is to be used, a n d nex t , 
but by no m e a n - lea- t . on the ab i l i t y of the m a c h i n e i y to t r a n s f o r m the 
fuel e n e r g y in to usid'ul w o i k . If all t he di l ferent k i n d s of m a c h i n e r y 
ii-ed for p o w e r genei-ation could t u r n in to useful woi'k t h e s a m e 
p r o p o r t i o n of I he energy in the fuel, coal would be a lmo-t un ive r sa l l y 
II , ,1 l.ccau (• of llie |)re-ent low cost (d' ene rgy in th i s form. 
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COMPARATIVE COST OF ENERGY IN DIFFERENT FUELS. 

The difierent kinds of fuel contain different amounts of energy per 
pound—that is to say, they have different heating jxjwers. Heat 
energy is measured in terms of a technical unit called by English-
speaking people the " B r i t i s h thermal u n i t " (B. T. U. ) . This unit 
is the amount of heat that will raise the temperature of 1 pound of 
water 1 degree on the Fahreidieit thermometer. In comparing, there­
fore, the value of fuels for power purpo.ses there mu.st be taken into 
consideration two facts—the market price of the fuel and the amount 
of heat which w ill be liberated when it is burned. Anthracite coal in 
the neighborhood of New York can be bought in snudl sizes in large 
quantities for power purposes at about $2..50 per ton. This coal will 
contain about 12,500 B. T. U. per poiuid. This is equivalent to about 
10,000,000 heat imits per dollar. Large sizes, such as egg coal, con­
taining about 14,000 B. T. U. per pound, can be bought in large quan­
tities for about $0.2.") per ton, which is equivalent to 4,.'')00,000 B. T. U. 
per dollar. Other grades of anthracite coal and the various grades 
and qualities of bituminotis coal will lie between these two limits of 
cost. I l luminat ing gas in New York costs $1 per 1,000 cubic feet, which 
is equivalent to about .")00,000 heat imits per dollar. Natural gas in 
the Middle States is sold foi- 10 cents per 1,000 cubic feet and upward. 
This fuel at the minimum price will furnish about 10,000,000 heat 
units for a dollar, (^rude oil sells in the Ea.st at a minimum price of 
4 cents per gallon, which is equivalent to about 4,000,000 heat units 
per dollar. Ga.soline .sells at a minimum price of 10 cents per gallon, 
which is equivalent to about 1,200,000 heat tmits per dollar. Kero­
sene sells from 10 to "iO cents per gallon, which is equivalent to 
1,200,000 and 400,000 heat units po.v dollar, respectively. Grain 
alcohol, such as will be freed from tax under the recent legislation, 
will sell for an unknown price; but for the purpose of comparison, 
assuming 30 cents \)or gallon as a minimum, it will give 270,000 heat 
units per dollar, (iasoline, kerosene, crude oils, and, in fact, all of 
the distillates have about the same amount of heat i)er pound; there­
fore, at the same price per gallon, ignoring the slight difference in 
density, they would deliver to the consmner about the same amount of 
heat per dollar, whereas the other liquid ftiel, alcohol, if sold at an 
equal price, woidd giv(» the consumer only about three-fifths the 
amount of heat for the same money. From the figures above given 
it appears that the cost of heat energy' contained in the above fuels, at 
the fair market prices given, varies widely, lying between 200,000 
heat units per dollar and 10,000,000 heat units per dollar. It is pos­
sible to buy eight times as much energy for a given amotmt of numey in 
the form of cheap coal as in the form of low-pricecl ga.soline, or twenty-

277 
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five times as much a> in the form of high-priced gasoline or kerosene. 
This being true, it might seem to a casual observer as rather sti-ange 
that gasoline .should be used at all, and the fact that it is used in 
competition with fuel of one-eighth to one twenty-fifth its cost shows 
clearly that either the gasoline engine has some characteristics not 
po.s.se.s,sed by an engine or plant using coal, which nuikes it able to do 
things the otliei- can not do, or that more of the heat it contains can 
be transformed into energy for usefid work. Both of these things 
are true. 

THERMAL EFFICIENCY. 

As wa^ pointed out before, the different kinds of machinery used 
to generate power render more or less of the fuel energy into tiseftd 
work; all systems do not give eqmil retiu'us for equal amounts of 
heat supplied. If all the heat energy in fuel were transformed into 
work w ith no losses whatever in the mechanism, the nuichinery would 
be said to ha \e a thermal efficiency of 100 \>ei cent, and it woidd 
recpiire 2,r)ir) heat units per hour to maintain an output of I horse-
powei-. If half of the energy in the fuel wi-re lost in the nuichinery, its 
lliermal efficiency would be said to be M) per cent, and there would 
be reipiired 5,000 heat iniits per hour. If only 1 per cent of the heat 
tmergy in the fuel were transformed into useful work, the efficiency 
pf the inachinery or power plant would be said to be 1 per cent, and 
tlu're would be recpiired 254,500 heat units per hour to maintain 1 
horsepower. 

Steam plants in use represent a gi'cat \ariety of -lyles or types, 
but in general it may be said that the more complicated and i-efined 
(he |)lant and the larger its size the more efficient it is, because the 
complication exists only as evidence of an attempt to minimize the 
losses (d' heat in the machinery. Sinularly the more steadily the 
plant works at the output for which it was designed the higher the 
efficiency of the plant, and conversely, the smaller the plant, the 
simpler the appara tus , or the more intennit tently it works, the lower 
its elliciency. Steam-power plants are built to-day to do every eim-
<'eivable Mtrt <d' work, and range in size from I horsepower to 
100,000 horsepower. For purpos<vs of eomi^arison neither the largest 
nor the smallest should be used, nor the best perfornuiuce nor the worst 
perf(.iinanee of these plants, but a figure representing a fair average 
for the condition^ named should be taken. Large steam plants in 
their daily work seldom use less than 2 pounds of })oor coal per hour 
for each useful horse|)ower (known as a bi-ake horsepower), which 
is e(|ui\alent to about 25,000 B. T. U. per hour, and which corre-
sj)onds to about 10 per cent thermal efficiency. Small steam plants 
working intermitt tently, such as hoisting engines, may use as high as 
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7 pounds of coal per brake horsepower, which is equivalent to about 
100,000 heat units per brake horsepower hour, or 2.5 per cent thermal 
efficiency. Some plants will do better than the above with proper 
conditions, and some may do worse, but in general it may be said 
that the performances of steam plants lie between the limits of 2.5 
and 10 per cent thermal efficiency. 

Plants consisting of gas producers for transforming coal into gas 
for use in gas engines have in general a much higher thermal effi­
ciency than steam plants doing the same work. They are, how­
ever, not built quite so small as steam plants, the smallest being 
about 25 horsepower, and in general they have not been built so 
large, the largest being only a few thousand horsepower. Their 
efficiency, however, does not vary so much as is the case with steam 
plants. I t may be fair to say that under the same conditions as 
aljove outlined these plants will use I j to 2 poilnds of coal of fair 
or poor quality per brake horsepower hour, which gives a thermal 
efficiency ranging from 18 to 10 per cent. These plants can be made 
to do much better than this, and perhaps may do worse, although the 
variation is not nearly so great as for steam plants. 

Gas engines operating on natural gas or on illuminating gas from 
city mains will, on fluctuation of load with the regidar work, aver­
age al)out 12,000 heat units per brake horsepower hour, or 20 per 
cent thermal efficiency. Exploding engines operating on crude oil 
will average about 25,000 heat units per brake horsepower hour, 
which is equivalent to about 10 per cent thermal efficiency. Explod­
ing engines using gasoline should ojoerate at a thermal efficiency of 
about 19 per cent under similar operating conditions. 

The efficiency of an alcohol engine may be assumed at this time to 
be unknown, but as alcohol can be burned in engines designed for 
gasoline, it may be assumed that such an engine will have with alco­
hol fuel the same thermal efficiency as with gasoline, to wit, 19 per 
cent for fair working conditions. 

From the above brief discussion of the efficiency of different meth­
ods of power generation from different fuels it appears that quite 
a range is ])ossible, though not so great a range as exists in the case of 
cost of fuel energy. Efficiency is seen to lie somewhere between 2 | 
and 20 per cent for all the fuels under working conditions. I t is 
known that actual thermal efficiency under bad conditions may be 
less than 1 j x r cent and under the best conditions as high as 40 per 
cent, but these are rare and unusual cases. The range given is suf­
ficient to indicate that a highly efficient method may make the fuel 
cost ])er unit of power less with quite expensive fuel than it would 
be with cheai)er fuel used in a less effi<Ment machine. I t is also per­
fectly clear that without proper information on the efficiency of the 
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machine or the efli(i<-n(;y of the plant it is impossible to tell what the 
co.st of fuel i)er hor.sepower hour will be, even though the price of 
thi^ ftud per ton or i)er gallon be known. From the figures given ou 
the cost (d" fuel and a fair average for plant elliciency the cost of fuel 
per horsepower hour is com[)uted as given in the following tables: 

Cost of energy in fuels. 

Kind (if fm-l. 

flniftll a n t h n u l t c 
Lttr^e anthraci tv . 
I l lumina t ing ga>s. 
Natural tfas 
Crudo oil 
Kerunene , 

Do 
Oaooline 

Do 
Qrain alcohol — 

Do 

Cost (.1 fuel . 

$2.50 per ton 
6.2ft per ton 
1.00 per 1,000 cubic fee t . 
. 10 per 1,000 cubic fee t . 
.04 per gallon 
. 10 per gallon 
.W per gallon 
. 10 per gallon 
.30 per gallon 
;;(! (nT gallon 

. 10 \>rr gallon 

Briti.'^h thermal units 
(B. T. U.l. 

12,.T00 per pound 
14,000 per pound 

.•iSO per (;ul)io foot . . 
1,000 per cubic foot. . 

•20,000 per pound 
20,000 per pound 
20,000 |)er pound 
20,000 per pound 
20,000 per pound 
V2,000 per pound 
12,000 jier pound 

K umber o{ 
B. T. U. 
bought 
forll. 

10,000,000 
4, ftOO,000 

.V)0, (KX) 
10,000,000 

3, tVA), 000 
1,200,000 

400, IKX) 
1,200,000 

400,000 
270,000 
200,000 

Fuel cost of power. 

I''U('I l l U d (V j i f o l ( i l i l U C 

Anthraci te coal; 
Largo Hteam plant . 

Do 
.SiiUlll nlcaii i p l a n t . 

I). 

H n i i - . h 
thcrnui l 
units re-

p e r h o u r . i,qi»ir«tU>«r 
* horsepower 

i hour. 

l̂ 'iU'l required , 
per horsepower 

2 poun<l« 
2 i>(>und.s 
7 i)()Uiid.s 
7 i>oiiiid.s 

rr(Mhu!er ga.^ plant H pounds . . . 
Do. 
Do. 
Uo 

I l luni inat lug ga.s. 
Crude oil 
OaHollne 

Do 
Alcohol 

Do 

l i pounds 
2 pounds 
2 pound.s 
24 cubic feet. 
1.4 i>iulH 
1.1 pintJ^ 
1.1 pints 

26, 
2.*', 

100, 
100, 
14, 
14, 
25, 
25, 
12, 
25, 
13, 
13, 

000 
000 
000 
IXX) 
ooo 
000 
000 
000 
000 
000 
400 
400 

Thernial 
eftlcleu-

cy. 

Per cent. 
10 
10 
2i 
2i 

18 
18 
10 
10 
20 
10 
19 
19 

< i l d 
<»19 

C<>^t 111 f u e l . 

Cofrt of 
fuel per 
hor«<J-

I power 
per lidur. 

S2.50 per ton 
6. 2.5 per ton 
2.50 per ton 
6.25 per ttm 
2.50 per ton 
6.25 per ton 
2.50 jicr ton 
0.25 per Ion 

l.OOperl.OOOcubicfeet 
.04 per gallon 
. 15 per gallon 
.30 per gallon 
.30 iter gallon 
.40 per gallon 

Cents. 
0.-26 

.57 
1.00 
2. 20 

.14 

.31 

.25 

.57 
2.20 

.f)8 
1.70 
:i. 40 
5. 00 
(i. 70 

" I'ltllciency of alcohol Is asisimied d 
l ions of u.Me. 

the Maine as t h a t of gasoline for Identical coudi-

ADAPTABILITY OF VARIOUS TYPES OF ENGINES. 

The foregoing table shows \e iy clearly that the cost for fuel to 
maintain a brak<' horse])ower I'oi' one houi- varies widely, and at the 
jtriees given the dearest eo-t^ nearly IS times as much as the cheap­
est. The fact that not evtMvbody uses the fuel giving the cheaix'st 
power in point of fuel cost, but that even the nio.st expensive finds 
n ready market, makes it clear that there must be good rea.sons. These 
reasons may l)e round in local variations in price of fuel, in dif-
feienees in adaptabili ty of the engines to the work required, and 
in the fact that the above figures show fuel cost only, whereas there 
are great differences in th<> cost of attendance. \\\ elaborate steam 
plHid, to IM' even fairly eflicient, must be eonlimHMisly operated at 
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fairly heavy load; intermittent working or working at a decreased 
output makes them wasteful of fuel. Moreover, the apparatus is .so 
complicated, slow to start up, and dangerous to life and property in 
careless or inexperienced hands that persons must become skilled by 
years of study and practice before they may be allowed the handling. 

The gas engine with its producer can handle to-day the same kind 
of coal that is used in steam plants, and yet the weight of this appa­
ratus and its lack of flexibility, compared with steam engines, make 
it unavailable for steamships and locomotives; so it is clear again 
that adaptabili ty to service is even more important than the co.st of 
fuel. Similarly, gas-producer plants have not yet been successful 
for sizes smaller than 25 horsepower, and especially unsuccessful 
have they been so far for intermittent work. For the small sizes the 
steam plant is also very wasteful of fuel, requires a skilled operator, 
and is slow in s tar t ing; so it is clear why engines burning crude oil, 
gasoline, kerosene, and other liquid fuels explosively should be used 
for light work in isolated situations where the work is intermittent 
and wdiere quick start ing and small care in attendance are essential. 
In this connection it must not be forgotten that a kerosene, gasoline, 
or crude-oil engine can be started in a few minutes and can even be 
left running for practically a whole day with only an occasional ex­
amination to sec that the oil cups are flowing properly and the bear­
ings are not getting hot through being dirty. Steam engines with 
their boilers, on the contrary, can not be started inside of one or two 
hours, and all the fuel necessary to rai.se steam is wasted so far as tha 
work to be done is concerned. Moreover, a steam engine requires 
continuous feeding of coal and close attention, so that a man must 
be always near it, having no other duties but its care. 

In the natural-gas regions a large number of gas engines are work­
ing and in the oil regions a similar number of oil engines and gaso­
line engines, because the nearness to the supply makes the fuel 
cheaper than transported fuel, and the exploding engine is more effi­
cient than the steam engine. 

I t thus appears that in spite of the fact that the fuel element in 
the cost of power is high for engines burning crude oil, kerosene, and 
gasoline in comparison with those using coal, at the same time they 
possess advantages that do not exist in steam plants and gas-pro­
ducer plants, which give them a very distinct field, as indicated by 
the following uses to which these engines are being put to-day: 
Driving boats, automobiles, and railroad motor cars; pumping water 
for private houses, for farms, for irrigation, and in some ca.ses for 
municipal service in small towns; compressing air for drilling, hoi.st-
ing, riveting, etc.; operating small carpenter shops, machine shops, 
forge shops, and, in fact, any kind of small shop; operating venti­
lating fans in buildings and in mines; running small factories, such 
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as creameries and butter factories; operat ing feed-cutting and grind­
ing machinery, corn shredders, and thrashing machines; operating 
other spt^cial machines, such as ice-cream freezers, pr in t ing presses, 
mostly small in size, and making electric l ight in isolated localities. 
Not only is this field a real one, but it is a large one, as is shown by 
the number of these small engines being sold to-day. The exact 
figures on the sales are not available and it is impossible to secure 
them iK'cause of the unwillingness of manufacturers to tell their 
business; but when a single manufacturer (as is the case) is selling 
4ii.'» j)er day, and there are in the United States alone some 300 man-
ufiietiirers of importance, there can be no doubt as to the popularity 
of t heve, machines. 

. \hohol at a price unknown now becomes available for use in en­
gines, whose peculiarities are not fully known and whose ability to 
transform heat into work is correspondingly in question. I f the 
alcohol engine can be shown to have an efficiency as high or higher 
than other liquid-fuel engines and be similar in type and character­
istics, it can do all that they can do, and its field will be the same 
as their field in spite of fuel costs; but by field is meant the nature 
of the work ra ther than the geographical location. I t is likely that 
the alcohol engine will find as favorable a geographical location as 
the natural-gas engine and the oil engine have near the source of 
supply and far from the source of competing supply. But should 
it nj)j)ear that the alcohol engine can do more or better work than its 
oil or ga.'^oline competitors, its field will be wider. In any case the 
position which the alcohol engine may take to-day is no criterion as 
to its future, because it will operate on a source of energy or fuel 
supply which, as pointed out, is inexhau.stible, whereas the supply 
of both crude oil and its distillates may ultimately become exhausted. 

The determination, then, of the position of the alcohol engine 
to-day involves a forecast of the future, and should it be shown to be 
able to compete now it must inevitably reach a stronger and more 
important industrial position as time goes on. This is the fact that 
has led governments to take up the question, and among them the 
United States is the latest. 

FIRST USE OF ALCOHOL ENGINES. 

Al)out ' the year 187C there was placed on the American market 
the first successful internal-combustifxi engine using petroleum dis­
tillate. This engine was invented by (ieorge Brayton. Following 
the attempt of I*>iayton to u^e petroleum distillate came a series of 
inventions improving this class of engine, lasting for about twenty 
yeais , when the modern forms of kerosene, ga.soline, and crude-oil 
engines may be said to ha \e been developed. During this time the 
subject of alcohol as fuel in engines seems to have been either not 
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thought of at all or not given any attention. The first serious at­
tempt to examine into the possibility of alcohol as a fuel in competi­
tion with petroleum and its distillates seems to have been made in the 
year 1894 in T^dpzig, Germany, by Professor Har tman for the 
Deutschen Landwirtschafts-Gesellschaft. The engine used was built 
by Grobb, of I^ ipzig , to operate on kerosene, and used 425 grams of 
kerosene per hour per brake horsepower, which is equivalent to 
0.935 pound, or 1.1 pints, approximately. This indicates for the 
kerosene a thermal efficiency of 13.6 per cent. When operating on 
alcohol the engine used about twice as much, or 839 grams, which with 
this kind of alcohol was equivalent to a thermal efficiency of 12.2 
per cent, or a little less than with kerosene. This experiment would 
seem to indicate that , compared with kerosene, alcohol, as a fuel, 
offered very little chance for successful competition. In spite of 
this, however, very vigorous efforts were made to develop an alcohol 
engine tha t would be better than this one, and thus was inaugurated 
a remarkable series of experiments, congresses, and exhibitions with 
the one end in view—of stimulating the production of the best possi­
ble alcohol motor. 

The first stimulus was given by the German alcohol distillers, who 
sought to enlarge their market. They succeeded in interesting the 
German Government in the question by enlarging on the national 
significance of having available a source of fuel for power, inexhaust­
ible in quantity, to be produced within the national domain from the 
yearly crops. Under the double stimulus of government assistance 
and the desire of the distillers to increase their output, inventors and 
manufacturers were induced to spend their time and money with a 
resulting decided improvement in the motor. An engine built by 
Kor t ing Brothers, of Hanover, fitted with a vaporizer invented by 
Petreano, tested at the Polytechnic School at Charlottenburg by Pro­
fessor Slaby showed a consumption of 550 grams of 86.2 per cent 
alcohol by weight, which is equivalent to 1.21 pounds, or 1.4 pints, 
or a thermal efficiency of 17.5 per cent. This result showed an 
advance of nearly 50 per cent in thermal efficiency over the Grobb 
engine tested a year or so earlier by Professor I lar tmann. Following 
this improvement there resulted a continual development of the 
alcohol motor, interest in which was kept up by exhibitions in which 
prizes were offered and by scientific societies. The most important 
of these are given below . 

Exhiliition at Hallo-on-Saal, rjorniany, June i:'.-1H, 1001. 
Kxliibitioii (national) at Paris, France, NovfMiilicr 1(5-24, 1001. 
Exlill)ition at Herlin, Germany, Fel>ruary 8-1<}, 11)02. 
Exhll)ltion (international at Paris, France, May 24-Jnne 1. VM)2. 
IOxhil)ltion at Madrid. Spain, late In the year 1902. 
Congress at Montpellier, Oetol)er 11-21, 11K)2. 
(\)n>?ross at Paris, France, March 11-17, 1002. 
Exliihition (International) nt Vienna, Anstria, April 2-.Iune 12. 1004. 
Exhibition nt Rome, Italy, February (̂ -KJ, 1004. 
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Besides the above named, there were many others of le.sser im­
portance, all contributing to the rapid development of this cla.ss of 
machine. 

The results of this develoi)ment may be summed up by saying 
tha t the thermal efficiency of the motor was raised to something 
over 30 per cent, which is quite a remarkable showing in comparison 
with the original figure of 12.2 per cent in 1894. I t must be clearly 
understood, however, in interpret ing the.se figures that they are the 
be.st po.ssible attainable at the time reported. They indicate, .so far 
as the fuel costs are concerned, tha t with a motor specially con­
structed for alcohol the fuel prices per gallon might be twice as 
much for alcohol as for petroleum di.stillate and still give power for 
less money, assuming tha t attendance, repairs, lubrication, etc., cost 
no more in the case of the alcohol engine. 

The Office of Exper iment Stations of this Department, in connection 
with its I r r iga t ion and Drainage Investigations, has tested a number 
of different types of gasoline engines with alcohol and obtained figures 
which show the comparative consumption of gasoline and alcohol in 
the same engine. The detailed results of these tests will be published 
in a technical bulletin, but the general results may be given here. 
The fir.st tests were made without any part icular at tempt at obtain­
ing the best adjustment of the engine for each fuel, and showed a 
consumption of alcohol two to three times as great by weight per 
horsepower hour as was necessary with gasoline or kerosene. The.se 
figures indicate the necessity or desirability of determining the proper 
conditions of adjustment, because these were found to have a serious 
infiuence on the amount of fuel consumed. With care in adjusting 
the engine so as to secure the most economical use of the alcohol, 
it was found that , under like conditions, a small engine consumed 
1.23 pounds of alcohol to 0.69 pound of ga.soline [)er brake horse­
power hour—that is to say, with the best adjustment of the engine 
for each fuel there was required 1.8 times as much alcohol by weight 
as ga.soline per brake horsepower hour. I t was also shown in mak­
ing this adjustment tha i it was possible to l)urn more than twic^e as 
much alcohol as stated, by improper adjustments, and still hav<' the 
("igine working in an apparent ly satisfactory way. The range of 
e.veess gasoline which might be burned without interfering seri­
ously with the working of the engine was not so great, being a little 
le.ss than twice as much as the minimum. These early experiments, 
therefore, confirintid the early results .secured in Germany, to wit, 
tha t an engine built for ga.soline or kero.sene will, when unchanged, 
require about twice as much alcohol by weight for the same work; 
but they also indicate something that is not pointed out by the 
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reports sent us from abroad—that is, the great importance of 
securing the best adjustment of the machine. 

To under.stand why this adjustment of the machine can have such 
a serious effect and at the same time understand why exploitation 
and study were successful abroad in raising the efficiency of the 
alcohol engine from 12.2 to over 30 per cent in five or six years 
requires a knowledge of technology. The rea.sons can only become 
clear to one understanding the mechanism of the.se engines and 
to one familiar with the chemistry of the fuels and the physical 
theories of explosive combustion. 

ELEMENTARY ENGINE MECHANISM. 

Pjvery exploding engine operating with crude oil or its distillates, 
or alcohol, mu.st have certain parts, no matter how different engines 
may vary in other details. These parts are a cylinder in which a 
sliding plug or pi.ston works back and forth, carrying a pin called the 
wrist pin, to which is fastened a connecting rod, the other end of 
which fits in another pin called a crank pin. This crank pin is at one 
end of an arm called the crank, on the other end of which is the 
shaft or crank shaft. The piston moves back and forth in the cyl­
inder, but when nearest the cylinder head there is still some space 
left between the walls, valves, and the piston head. This space is 
called the clearance, or the explosion chamber, and is the space in 
which the charge is compressed before it is exploded. In the cleiir-
ance walls or cylinder head there are two v^alves in the form of di.sks, 
which cover the openings or ports. Through one of the valves an ex­
plosive mixture, having certain characteristics to be explained later, 
is admitted from the source of fuel supply and from the air. 
Through the other valve the products of combustion after an explo­
sion are expelled. Their duty gives these valves the names of inlet 
and exhaust valves, respectively. Four strokes are usually required 
to complete the cycle of events occurring within the cylinder, and to 
engines requiring these four strokes the name four-stroke cycle or 
four cycle is given. There are certain other engines with different 
valve arrangements, which may complete a .series of operations in 
two strokes and these are called two-cycle engines. 

*- The series of operations requiring four .strokes is best illustrated 
by a set of diagrams. In figures 1 to 4 is shown a cylinder with the 
par ts connected to it. On the first .stroke or outstroke (fig. 1) the 
piston is drawn forward either by hand when start ing or by the 
action of fly wheels after the engine is put in motion. This moving 
forward of the pi.ston is accompanied by an opening of the inlet 
valve, permitt ing the explosive mixture to follow the piston and fill 
the cylinder. The clearances space, before tliis suction stroke begins, 
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is filled with burnt gases from the [)revious explosion, so that the 
amount of mixture drawn in will be equal to the volume displaced 
by the f)iston, and this fresh mixture will be mixed with some burnt 
gases. .\t the end of suction the inlet valve is closed and compres­
sion logins (fig. 2 ) , continuing through the second stroke. Dur ing 
thi-^ procc-s both valves are closed and the fresh charge, together with 
(he residue of burnt gases, is squeezed into the clearance space so 
that it will have as a result a considerable pressure, called the com­
pression pressure, preparatory to exploding. At the end of compres­
sion an (>lectii<' spark explodes the charge, causing the pressure to rise 
two to four and one-half times the compression pressure. This high 
jjressiire in the clearaiuc space will then drive the piston forw^ard. 

//TMf roAie ÔKW, 

StphsM cAam^fr 
*r eManrnce 

m 
Cyfi'fte^i 

'W^fjyjM^,^?,A^?JM,WJ>?l 

0^= 

V\s. 1 UitiKiiiui whowiUK iiitiliiiiUMh of iiiit rn.il i <inibuntiori engine—suction Btroko. 

fjip/os/¥e tjtafbre 
/nlef ¥0/tv c/ifsfd ^ 
fiphsfiff c/km^ 

"or cfeorofice ~ 

Fni. 'J.—I>iuKriiiu >li(p\viiiK riitclmni.sni of intiTUiil cuiiiljustioii euKino—Conipre,s,sioii -iidki 

This stroke, the third or outstroke ( ( ig .3) , i s accomplished by theh igh 
pressur*' of th." gase-^ filling the explosion chamlx'r and dur ing the 
progress of the pidoii the pressuic gradually falls, as expansion takes 
jilace. During this time both valves are, closed, as dur ing the com­
pression. At the end of the expansion (fig. 4) the exhaust valve 
opens and the piston returns under the influence of th(^ fly wheel, 
which has been spun around by the explosion, giving the fourth 
sti-oke or inslroke. The exhaust valve being open for this stroke, 
most (d" the burnt gases are (\\pclled. but some are retained in the 
ch'arance. After this the fifth stroke begins, which is the same os 
the lirst stroke, and subse(iiiently tlu' whole series repeats itself in-
«l(>rmitelv and automatically. 
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' While tlie above operations are usual and the above parts are like­
wise important , an engine having no more mechanism than is shown 
would not run. There will be required in addition to what is 
shown a valve gear, which is a mechanism for opening and closing 
the valves at the i)roper time. Thei'e must be also some device for 
making a mixture having the proper characteristics for explosion. 
This mixture will consist of air and the vapor of the liquid fuel, so 
that there must be supplied a carbureter, wdiich vaporizes and mixes 
at the same time, or a vaporizer which vaporizes without mixing. 
There mu.st also be a mechanism for automatically producing an 
electric spark at the proper time. This constitutes an igniting gear. 
The explosions will heat the cylinder so much that a lubricating oil 

c/osed 

Kii.. ;(.—liiiiKrHin BIIOU iuK inecliaiiiMn of iiiteniHl combustion engiv.e—expansion stroke, 

SnpMim /ff/x/urf 

c/osfd 

or c/fora/rcr 

^ wmmmmmmum 

•4. 

Fio. 4.—Diagram -bowing mechanism of iiiternul combu^:ti«ln euKino—exhaust utrokc. 

will burn and tlie piston stick; therefore some cooling device must 
be supplied, generally in the form of a jacket surrounding the whole 
cylinder and containing water. If the engine is to do stationary 
work it must operate at a constant or nearly constant speed, regard­
less of the amount of work done. This requires a governor. The 
explosions are sevy loud; therefore such engines are equipped with 
a " muffier " to lessen the noise. The rubbing parts , viz, the piston, 
the main bearings, and the crank shaft, wri.st pin, crank pin, valve 
gear, ignit ing gear, governor, etc., must all be lubricated to prevent 
overheating and undue wear, so that a lubrication sy.stem is required. 

Different makes of engines differ in the above details. All have 
some provision for performing what is pointed out as necessary, and 
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it is here tha t i n v e n t o r s a n d e n g i n e e r s exh ib i t t h e i r .skill*. A l l of 
these e n g i n e s w o r k ^is a r e su l t of the coinbu.stion of t h e exp los ive 
m i x t u r e of v a p o r a n d a i r , a n d a p r o p e r u n d e r . s t a n d i n g of h o w t h e 
v a r i o u s s ty les <d" im-chanism o r c h a n g e s in d e t a i l m a y aft'ect t h e en ­
g i n e , re(|uire> a p i< ' l imina ry k n o w l e d g e of t h e i r effect ujxm the 
exj)losi\'(» mi.vt iire. 

EXPLOSIVE MIXTURES. 

It is ea^y to n n d e i s l a n d how an e n g i n e m a y o p e r a t e w i t h o u t un ­
d e r s t a n d i n g the well k n o w n fjuts c (mce rn ing exp los ive m i x t u r e s ; 
b u t it is impos-.ible to comi i rehe iu l w h y e n g i n e s shou ld differ in fuel 
{•(»n u m p l i(»n or luu-.-.e power , good r e g u l a t i o n , or a n y o t h e r c h a r a c t e r ­
is t ic wi thou t (ir t s t u d y i n g in de t a i l the influence of t he m e c h a n i s m 
on t h e conn)os i t ion of t he exp los ive m i x t u r e . 

A n y fuel wi l l b u r n when the re is o x y g e n p r e sen t in p r o p e r ( i i iant i ty 
a n d w h e n the fuel h a s i ) reviously been hea t ed sufficiently. T h i s is 
t r u e for a n y k ind of c o m b u s t i o n , such as the b u r n i n g of wood, coal , 
oil in a l a m p or cook s tove, oi* g a s i s su ing from an i l l u m i n a t i n g je t , as 
well as mivt i i r t ' s in e x p l o d i n g eng ines . \ \ ' h cn a fuel is mixed wi th 
a i r c o n t a i n i n g the r i gh t a m o u n t of o x y g e n , or mixed wi th a n y solid 
or licpiid c o n t a i n i n g oxygen in the r igh t a i noun t , then ex[)losive com­
bus t ion is possible . 1 f such a m i x t u r e be ign i t ed a t one po in t by hea t ­
i n g it by a l lame, a hot p l a t e , or an eh>ctric s j iark , the combus t i on 
wil l t r ave l t h r o u g h the entir<' ma-;s of its own accord . O t h e r w i s e 
.-laled, Ihr combi is l ion will l>.' sel f - j ) ro | )agat ing, ^^'hen a m i x t u r e has 
thi> p r o p e r t y of s e l f - p r o p a g a t i o n of combus t ion it may be said t(» 
be ex[)losi\<', w h e t h e r the |)i"opagat ion be fa^l or slow oi' w h e t h e r the 
exp los ion be accompan ie t l by noise or not . (iunp(»W(ler c<iii^i-.ts of 
fiK'l in the form of ca rbon or cha rcoa l , t o g e t h e r wi th a l i t t le s u l p h u r 
a n d a sa l t , such as a n i t r a t e , c o n t a i n i n g oxygen . .V long t r a in of 
j iowder will comple t e ly inlhime itself if l i gh ted a t one po in t . I f the 
p o w d e r be of good (pial i ty and p u r e , the llaiiu' will j )r()pagale very 
r a p i i l h ' . If, h o w e v e r , the p o w d e r b a s e some sand or tlirt mixed w ith 
it, tin* llanie may >till p r o p a g a t e , but iiKtre s lowly, and finally, if 
t h e r e is too m u c h ilirt or inac t ive m a t e r i a l p resen t , it will IH> im-
pos-^ible to ign i te the whole nuiss by s« ' l f -p ropaga t ion . Kng ine mix-
h i r e do not consist of solid fuel like g u n p o w d e r with oxygen in tin* 
nit i-ate form, but on the c o n t r a r y consist a l w a y s of gaseous fuel oi-
rK|uid fuel v a p o r mixed with a i r . T h e combus t ion of gaseous mix-
(iii'e^ i> \ e r \ much the --aine in n a t u r e as the combus t ion of g u n -
|)ow'dei-, which is not t h o u g h t of as a m i x t u r e but which rea l ly is. 
If a m a - s of ex | ) lo s i \ e m i x t u r e be c<»n(aiiiiM| in n vessel or in a gla.ss 
hdte and be igni ted at one end of the lube , the c \ e can d i s t i nc t l y 
follow a t lame tr.-iveling t h r o u g h the lube. T h e ei i l i re lube does not 
show a flami' al any one t ime , but ins tead it will be found tha t the 
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flame is in the form of a disc or cap and that this flame cap travels 
through the tube, the flame cap being blue in color, wdth slight varia­
tions. When it has traveled pa.st a certain point all the mixture be­
tween that point and the place where the combustion .started is burnt, 
and all the mixture beyond the flame cap is still unburned, 

LIMITS OF PBOPORTION. 

When the air and vapor are mixed in just the proportion known to 
be chemically correct the mixture is explosive. If it contains a 
small excess of fuel—that is to .say, a little more fuel than the air 
present will burn—it may .still l)e explosive, but much excess of fuel 
will cau.se it to cease being explosive. There is thus a high limit 
to the explosive proportions. Similarly, if there is present a little 
more air than is neces.sary to burn the vapor, the mixture will be 
explosive, but much excess of air will make it nonexplosive; and 
therefore there is a low limit to me proportions for explosive com­
bustion. Mixtures of all i)roportions between the high and low limits 
will burn explosively. If to any explosive mixture there is added 
some inactive gas, .such as nitrogen, carbonic-acid gas, steam, or the 
products of combustion of a j)revious explosion, the mixture will 
not burn so well as without this neutral addition. If there is much 
neutral added, it will be found that the mixture is no longer explosive, 
although the proportions of air to vapor are quite right chemically. 
Thus there is a third limit by neutral dilution. Therefore, for a 
mixture to be explosive it must contain air and vapor, though not too 
much air, ga.s, or neutral. A mixture which by reason of its pro­
portions is beyond the range of explosive combustion may be ren­
dered explosive by comj)re.ssing it without in any way changing the 
proportions of air to gas or the amount of neutral present, and tlu^ 
more it is compres.sed the more rapid will this .self-propagated com-
bu.stion be. Temperature has a similar (dlVct on the limiting pi-o-
portions. 

TEMPERATURE OF IGNITION. 

By careful ex[)ei-imenting in scientific laboratories it has been 
found that explosive mixtures of difTereiit fuels do not all ignite 
at the same temperature; that .some, for iiistan(!e, must be heated 
to a higher temperature than others to start coinbu.stion. I t has been 
found also tha t the temperature of ignition is lower for any given 
fuel when there is just a little excess of fuel in the mixture. If the 
mixture contain much excess of fuel, it must be heated to a higher 
temperature before ignition can be started. The temperature of 
ignition for any mixture will not be raised by adding inactive gas 
or by changing properties, but it may take a longer time to ignite 
when weak. 
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I t has l>een found that raising the pressure or raising the tem­
perature of the ma.ss Ix^fore a t tempt ing to ignite it will cau.se it to 
apparent ly ignite more easily. The time necessary to s tar t ignition 
is lessened if the mixture be confined so tha t it can not circulate. I t 
appears that a mass of mixture being heated at one point in an 
at tempt to ignite it acts very much like the air in a room when the . 
roimi contains a radiator for heating. The mixture near the radiator 
rises l)efore becoming very hot, and it takes some time before any 
part of the nnxture can be raised to the temperature sufficient to ignite 
it unless the circulation be suppressed. While no exact figures are 
available for the temperature of ignition for the mixtures used in 
the.se exploding liquid fuel engines, they can he placed in the follow­
ing order : 

Kerosene mixtures have the lowent ten»iH'rature of ignition. 
<iaHolin(> conu's next but is quite close to lieroRene. 
-Mcohol mixtures linve the liighe*|t temperature of itrnltion and are <|uite 

far remove*! from Vterosene and ganoline. 

RATE OF PROPAGATION. 

The velocity with which the flame caj) travels throiigh the mass of 
mixture is termed the ' ' r a t e of propagation," and this is sometimes 
very high and sometimes very low. Mixtures containing a certain 
small exces- of fuel over what seems to Ix" chemically correct burn 
faster than any other mixtures of tha t fuel. Wi th much excess of 
fuel, much excess of air, or much neutral gas, the rate of propagation ' 
becomes lower, so that mixtures buin slower the further they depart 
from iho j)roper chemical proportions (with the exception noted) or 
thi' more inactive or neutral gas they contain. The nature of the 
fuel has an influence on the rate of propagation and for our purpose 
it is only necessary to cite kero.sene, gasoline, and alcohol mixtures. 
Kerosene mixtures burn fastest, and so have the higher rate of propa-
gation. Next come gasoline mixtures and lastly alcohol, with the 
low e l rale of propagation, assuming, of course, always the correct 
mixtures in each case. The higher the pressure of the mixture before 
ignition the faster it will burn, so that the rate of propagation de­
pends ujion the pressure. Similarly, the hotter the mixture wdien 
ignited the faster it will burn, so that increase of temperature makes 
it burn faster or raises the rate of propagation. The shape of the 
chambir containing the mixture has a very decided effect on the rate 
of |)roi>agation. I t was found by observing mixtures burning in 
glass tiilM's that , when very small tubes were used, the rate of propa­
gation became perceptibly retarded, and when extremely small tubes 
were used the rate of propagation was zero; that is to say, the tube 
can be made so small tliat the flame will not i)ro|)agate itself through 
the tube at all. This is because with \e iy small tubes the heat can be 
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conducted away from the flame faster than the flame liberates it, with 
the effect that combustion ceases simply by cooling, just as water 
quenches a fire. If, in a tube so small as to prevent propagation, 
the mixture be compressed, it will liberate heat faster by reason of its 
greater density, and self-propagation will then be pos.sible. I t ap­
pears, then, that affecting this rate of propagation there is a whole 
series of influences, some tending to make it less, others more, with 
the consequent result of making it difficult to predict w^hat will 
happen in a new case. A knowledge, however, of these causes of . 
increase and decrease is essential in the interpretation of engine 
results, because the rate at which pressure ri.ses in the cylinder after 
explosion depends upon the relation between the rate of propagation 
in the mixture and the piston speed of the engine. The motion of the 
piston outward tends to lower the pressure, while combustion by self-
propagation tends to raise it. If the piston speed be small in pro­
portion to the rate of propagation the pressure will rise in the 
cylinder j-apidly. If, however, the piston speed be great and the 
rate of propagation small, the pressure may not rise at all in the 
cylinder or it may even fall dur ing the explosion. 

Aside from the mere question of average velocity of propagation, 
there is another question of great importance, and that is tlie mode of 
propagation. I t has been shown by the work of the French scientists 
that there are three modes of propagation, or that the wave cap 
travels through the mass in three ways, each producing different 
effects and all of them influencing the performance of an engine. If 
the ma.ss be free to expand while burning, the flame will communicate ' 
its heat to the next layer of mixtures and so ignite it. Thus by sue- ' 
eessive heatings of layers the flame would propagate " uniformly.'" 
The expansion of the burnt gas, however, if explosion takes place in 
a chamber confining the mixture, under the influence of the heat 
generated by the combustion, seems to start a pressure wave through 
the mass similar to a sound wave, and the flame cap can be seen to 
oscillate in its advance. This is said to be an " undulatory " move­
ment, which is the second mode of propagation. If by any series of 
circumstances a number of waves of this kind should be set up in the 
mixture so that the crests of one wave matched the hollows of another, 
the waves would be eliminated. If, on the contrary, the crests of the 
fir.st be superimpo.sed on the crests of the second, third, etc., the waves 
would be .synchronized and produce momentary high pressure, local­
ized at the point representing the wave crest, thus giving ri.se to the 
third mode of propagation, the explosive Avave. In any case a 
wave in the ma.ss that may synchronize with w^aves of combustion 
will exaggerate the possibility of producing the explosive wave. 
Agitation of the mass, such as is produced by a jet impinging into 

277 

http://ri.se


22 

the main mass, will do this, and so will a wave of piston compression. 
This is a matter of very considerable importance in engines, for, if 
the ivxhaust chaml)er l)e not of the r ight form, there may be pockets 
or isolated ma.sse.s of mixture so placed tha t ignition s tar t ing in one 
will raise the pressure in that , cau.sing a flow of ga.scs toward the 
other with a corresponding agitation and synchronizing of weaves, 
result ing in the explosive wave. An explosive wave gives rise to 
pressures in this way very much in excess of the pressure due merely 
to the heat liberated, reaching GOO pounds per square inch in the en­
gine cylinder. If the ignition be ear ly; that is to say, if ignition be 
started while the piston is .still compressing gas, there will invariably 
rasult similar explosive wavers, s training the engine without any 

u.soful effect. 
PRESSURE DUE TO EXPLOSION. 

The j)ressure after exploding the charge will depend upon the 
amount of heat liberated and upon the weight of gas present. The 
amount of he^t lil)erated by the explosion of the mixture of vapor 
and air will depend upon what fuel it is, whether kerosene, gasoline, 
or alcohol; the proportions of vajwr to a i r ; the amount of burnt 
gases left in the clearanw, and the extent to which the charge has 
becm heated on entering the cylinder dur ing th(^ suction stroke, and, 
finally, upon the compression pres.sure before ignition. I t is easy 
to cahtulate this temperature ri.se on assumed values for these condi­
tions, but it is just as easy to prove the.se assumptions wrong, so that 
computations of this kind are of no great value. Designers must, 
hovvorer, design an engine to re-.isl these pressures, and so must have 
ex|x»rimental values of this pressure. Thev are also valuable to ex­
perimenters in interpreting the performance of the engine by com­
paring the highest pressure ()bserve(l in some case with the normal. 
If the normally high pie.ssiire is not attained, it has been due to an 
improper j)oint of ignition, a loss in charge, or a weak mixture. The 
(fxperimenler can also distinguish between normal pr(!ssur<' due to 
tlu' heat liberated and abnormal ones (luv to explosive waves, which 
'die destructive to the i'ligiiie beai'ings and metal parts, but not tiseful 
for i)roducing work. 

LiaUID FUELS. 

Th<> rKjui«l fuels available for use in exploding engines—that is to 
suy, for vaporizing and mixing with aii- in a ])roperly constructed 
mechanism—have (piite different characteristics. With resjx'ct to 
their .source they can be divided into two clas.ses: The first, crude 
petroleum and its distillates, which have .some characteristics in com­
mon; and the .secoml, alcohol, which is (piite different from any of the 
petroleum distillates in all of \\-> characteristics. When crude oil is 
iioibnl (n refined, vapors are evolved which may be condensed. These 
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conden.sed vapors are called " distillates." In a refinery the teiii[)era-
ture of the vapor coming off' is measured an'd the distillates collected 
either between two limits of temperature or two densities, for as the 
boiling proceeds the temi)erature of the liquid jind vapor continually 
rises and the density of the distillates also continuously rises. The first 
distillates are light and the last heavy. The la.st distillates constitute 
lubricating oils; the first and intermediate di.stillates constitute gaso­
line, naphthas, kerosene, etc., a\ailable for revaporization for use in 
exploding engines. These distillates are not simple fuels, but are 
mixtures of different chemical composition, always containing carbon 
and hydrogen. They comprLse all the material that goes over in the 
boiling between two limiting densities, the mixture having a .sort of 
average density. 

There is not a good agreement between the character of the mate­
rials designated ga.soline, kero.sene, etc., and the temperature of dis­
tillation and densities employed in different places, so that such names 
seem to have more commercial significance than .scientific value. The 
following table .shows one .set of values that is probably as good as anj-̂  
densities rej)orted, they being compared with water and given in 
Baume's iiydrometer scale at 59° F . : 

lupnitiim of petroleum dintHlates. 

Name. 

Petrolonm ethur 
Gasoline 
Naphtha V, 
Naphtha B 
Naphtha A 
Kcroseno 
Lnbricating oil. 

Boiling 
point. 

°F. 
104-158 
158-176 
176-212 
212-248 
248-302 
302-.572 
.572 np 

Specific 
gravity. 

0.650-0.660 
.660- .670 
.670- .707 
.707- .722 
.722- .737 
. 7.'^3-.. 864 
.864- .960 

Density. 

°naume. 
85-80 
80-78 
78-68 
68-61 
64-60 
.56-32 
32-15 

(bisoline is far different from a simple sul)stance which would 
have a fixed boiling jmint, and therefoi'c theoretical calculations on 
the heat of combustion, air necessary, and conditions for vaporizing 
or carbureting air are of little value. On the other hand, alcohol 
is a simple substance, or. more properly, there are many alcohols each 
of which is a simple substance; but they are not so used in an 
engine. The alcohol which it is proposed to manufacture for in­
dustrial uses under the recent law is ethyl alcohol having a definite 
chemical comp(»silion ( ^ l l -OI l . This material is seldom, if ever, 
obtained pure, it l)eing generally diluted with water and containing 
other alcohols when used for engines. The alcohol present is in an 
impure condition. Thus 00 ])er cent alcohol means alcohol and water 
mixed so that there is 1)0 per cent of alcohol by volume present. The 
density of the alcohol depends upon the amount of water j)resent, 
of course, and upon the lemi)eralure as well, as it varies considerably 
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with temperature. The Smithsonian tables of the density of alcohol 
with temperature are given below in par t with a computation by 
which the percentage of alcohol by weight or volume can be deter­
mined when the density and temperature of the mixture are known: 

Smithaonlan tahle of specific gravitiem of ethyl alcohol. 

Specific 
gravity at 
60° F. com­
pared with 

water at 
60° F. 

0.834 
.833 
.832 
.8;}l 
.830 
. 829 
.828 
.827 
.826 
.825 
.824 
.823 

Percentage of alco­
hol— 

By 
weight. 

86.8 
86.2 
86.6 
87.0 
87.4 
.S7.7 
88.1 
88.5 
88.9 
89.3 
89.6 
90.0 

By vol­
ume. 

90.0 
90.3 
90.6 
90.9 
91.2 
91.5 
91.8 
92.1 
92.3 
92.6 
92.9 
93.2 

Specific 
gravity at 
60° F. com­
pared with 

water at 
60° F. 

0.822 
.821 
.820 
.819 
.818 
.817 
.816 
.815 
.814 
.813 
.812 

1 

Percentage of alco­
hol— 

By 
weight. 

90.4 
90.8 
91.1 
91.6 
91.9 
92.2 
92.6 
93.0 
93.3 
93.7 
94.0 

By vol­
ume. 

93.4 
93.7 
94.0 
94.2 
94.6 
91.8 
95.0 
95.3 
95.5 
95. S 
VH). 0 

For tlie range of percentage contained in the above table, the cor­
rection foi- temperatures diff'erent from (50° F . should \)o made as 
follows: 

If the density is measured at a temperature above 00°, 0.0005 should 
bo ad<le<l to the measured density for each degree which the tem­
perature at the time of the measurement differs from 00°. When 
the temperature at the time of measurement is below 00^', the same 
correction should be subtracted from the measured density. The 
eorrected density should then be ustnl in the table for finding the 
true pei'ci'utage (d' alcohol. 

Th(> j)ercentage of alcohol found in a sample is always likely to Ije 
greater when determined chemically than when determined by the 
hydrometer, because the presence of impurit ies in the way of solids 
dissolved in the alcohol or as any of the series of higher alcohols 
tends to mak(> the specific gravity of the sample greater, and hence 
make it indicate too low a percentage of alcohol. 

Although pure alcohol is, as was shown above, a simple chemical 
substanc(\and so permits of computations on the heat of combustion, 
tlie amount of air necessary for its proper combustion, the amount of 
beat to vai)ori/e it, the proper air temperature for carburetion, or any­
thing else that might be desired in connection with its performance in 
ill) engine, yet in actual engines this pure alcohol is never used. The 
revenue laws permit the tax-free use of only denatured alcohol, that 
is to say, a fuel <()nsisting principally of ethyl alcohol, but with 
various substances added to it to render it unfit for drinking, and 
which may have little or much effect upon its value as an engine fuel. 
Jn the Ignited States the substances to be adtled are at lea.st 10 parts 
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of methyl alcohol to 100 parts of 90 per cent ethyl alcohol by volume, 
in addition to one-half of 1 par t benzine. Even this small addition 
makes it difficult, if not impossible, to make accurate calculations con­
cerning what the mixed fuel will do in an engine. In Euroj)e, 
dur ing all these years of development, many hundreds of tests have 
been made with all sorts and conditions of fuel mixtures, some of 
them with alcohol which is free of denaturants, some with denatured 
alcohol, and some with purely experimental mixtures. Every dif­
ferent fuel element and every different fuel mixture will have charac­
teristics when used in an engine, so that in comparing these engine 
results it is clearly necessary to have some knowledge of the nature 
of the fuel mixtures used. 

HEAT OF COMBUSTION, 

One of the most important things to know concerning a fuel is the 
ainount of heat it will liberate when burned, or its heat of combustion, 
for by this the weight of fuel burned per horsepower-hour can be 
transformed to thermal efficiency. This is determined practically by 
burning the fuel in a very accurate instrument called a calorimeter, 
so arranged tha t all of the heat will warm up water so that the 
amount of heat liberated may be determint»d by the temperature rise 
of this water. The heat of combustion, thus determined for the gas­
oline which we used in our tests, was found to be 21,100 B. T. U. per 
pound of gasoline. I t is known that the heat of combustion of gaso­
line is not very different from that for the crude oil or any of the 
other distillates, and in common practice it is usual to take this value 
as 20,000 B. T. IT. per pound of oil when other more accurate infor­
mation is lacking. The alcohol which wo used in our tests, 94 per 
cent by volume, had a heat of combustion as determined by the calo­
rimeter of 11,900 B. T. U. per pound, which is just a little more than 
half that of the gasoline. The heat of combustion as determined by 
the calorimeter does not fairly represent the amount of heat set free 
in the engine cylinder, because when the fuel contains any hydro­
gen—and all of these fuels do—that hydrogen will form steam on 
combustion, which will condense to water and add its latent heat of 
conden.sation to the true heat of combustion. The heat of combus­
tion obtained when the products are condensed, as in the calorimeter, 
is termed the high value; that obtained by subtracting from this 
high value the latent heat of condensation of such Avater as is formed 
is termed the low value. In reporting a calorific power for any of 
the oils or alcohol it must be clearly known whether the value is high 
or low, as they are appreciably diff'erent. Es})ecially important is 
this when it is known that only the low value is set free in exploding 

277 



2G 

engii\cs, bocause the exhaust gases are always hot enough to prevent 
condensation of steam. These fuels contain carbon and hydrogen in 
vniious proportions and the alcohol contains, in addition, some oxy­
gen. Knowing the heat of combustion and the elements, it would 
seem possible to calcuUUe the lieat of combustion of compounds of 
these elements, and variour^ I'oiiiudas have been proposed for this 
purpose which are used in some cases by European experimenters in 
repor t ing their results. I t is interesting to note in this connection 
that the heat of combustion determined by such a formula from its 
ul t imate analysis seldom gives values tha t agree with the calorimeter. 
This is because of certain assumptions made on the molecular con­
stitution of the elements shown to bo present. Thus, when hydrogen 
and oxygen are present in water proportions it is assumed that the 
group can not give any further heat of combustion, and further, 
tha t there is no heat absorbed to separate the group from the other 
molecules as heat of dissociation. This assumption vitiates the re­
sults, but for any given fuels a constant can be determined in the 
nature of a correction to the calculation to make the results agree 
with the calorimeter, which it is possible to apply with fair accurjicy 
to -iiiiilar fuels. 

AIR NECESSARY FOR COMBUSTION. 

When :i t'm>l liâ ^ a dciinile chemical comj)ositioii, the air necessary 
for (•()nil)usti()n can In* exactly determineil; otherwise it must be an 
assuuiption. This caleulatioi\ cai\ bo made, thoroforo, for ethyl alco­
hol or for methyl alcohol, but it is dillicult, if not impossible, for a 
denatured alcohol or foi- g a o l i n e or jcerosene. 

In an actual engine the amount of air is proportioned to the amount 
of vapor, not by any exact nioasuroment of either, but by exjK'ri-
mental trial, tt» secure either the he-t results in maximuni power or 
minimum fuel consuiii[)tion, but in this case the exponmonter has no 
knowledge of the fuel sup[)Iio(l hut unburnod. As a cluHtk upon this 
adjustment, it has been the practice in the Kui'opean tests, especially 
those of Sorel, to aiialy/.e the e.xliau^l gases with a \'iow to determin­
ing the amount oC air supplied by the chemical composition of the 
exhaust. An (>nginoer operating the engine, however, has no moans 
for determining i-esult-^ such as this, and, in fact, cares very little 
just what (|uantity of air is being supjMicd so long as it is clear that 
no fuel is passing away unburnod or so long as the engine is doing 
the proper amount of work with the minimum of fuel. 
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VAPORIZATION OF FUEL. 

Before any liquid fuel is available for use in an exploding engine 
it must be vaporized, and this vapor must be mixed with air in the 
proper proportions—that is, as near the chemical proportions as may 
be possible. Thus the preparation of the fuel for use in an exploding 
engine involves three steps. First , vaporization; second, mixing with 
a i r ; third, adjustment of proportions. The devices used in the 
engines to accomplish these, things show the widest variation of detail 
design. In some of these devices the fuel is boiled in a chamber 
which is then known as a \'aporizer, and the vapor is allowed to flow 
into a stream of air entering the engine, the amount of vapor being 
regulated by a valve, just as is done in a gas engine. During the 
process of vaporization the air is not in contact with the vapor as it 
forms. In the next type of vaporizer the fuel is dropped on a hot 
plate, over which the air flows on its way to the engine, and the JH'O-
portions are fixed by the rate of air flow or by the rate at which the 
fuel is supplied to the hot plate or by the temperature of the plate. 
Wlien the fuel will vaporize at a low temperature below that of at­
mospheric air, it is not necessary to have any heated plate, and the 
fuel may be dropped directly into the entering stream of air, the pro­
portions being adjusted by the opening of a small valve. Kerosene 
requires a plate or chamber (piite considerably heated to completely 
vaporize it, as the boiling point is high. Gasoline requires nothing 
of this sort, as it easily vaporizes at atmospheric temperatures. Alco­
hol lies between these two fuels in this respect. I t requires tempera­
tures higher than the usual atmospheric temperatures, but not so 
high as those necessary for kerosene. 

A device for preparing the mixtures in these engines, which per­
forms three functions—vaporizing, mixing, and proportioning—is 
called a carbureter. Carbureters are universally used for gasoline 
and similar easily vapori/od substances. Vaporizers in one form or 
another are almost universally used for kerosene, although some 
kerosene carburotei-s have boon devised differing from the gasoline 
carbureter chiefly by the addition of a heating part. Alcohol is used 
in both of these devices—that is to say, alcohol carbureters are com­
mon and so are alcohol vaporizers, but the carbureters more couunon 
than the vaporizei-s. xVn alcohol carbureter may differ not at all 
from a gasoline carbureter, but by reason of the high temperature of 
vaporization of the alcohol some method of heating either the air or 
the mixture is necessary to insure complete vaporization, and the 
more water present the higher the necessary temperature. In order 
tha t the above distinction may be clear and variations in the detail 
design for accomplishing the same i)urpose may be set forth, descrip­
tions of a few typical devices are given, 
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One common form of pure vaporizer in use in the AVest is a retort, 
of the class involving the dropping of oil on a hot plate. This is 
ehown in figures 5 and 6. The exhaust from the main engine enters 
the retort at the port (A). The hot exhaust gases heat a central 
dnnn, around which the generating wheel revolves. The generating 
wheel (C) is a hollow wheel or drum, containing channels or buckets 
on the periphery. This wheel is driven by a belt from the main en­
gine around a driving pulley (fig. 6, G), transmitting power through 
a worm and gear to the driving spindle ( I ) . The driving spindle is 
attached to the generating wheel, which revolves about one-half 
turn a minute. The heat radiating from the heated drum is inter­
cepted by the generating wheel and utilized in transforming the oil 

Kii.. T) -Scitioii of retort vtiiH^rizer. Pio. 6.—Section of retort vaporizer. 

into gas as it is fed into the channels of the generating wheel through 
the oil port (fig. 5, F ) . As the oil is fed into the channels through the 
oil port it is carried up and over the top of the wheel, giving up its 
volatile parts by reason of the heat received from the wheel. The 
nonvolatile portion of the oil, or the residuum, remains in the chan-
iK'ls until they reach the bottom, where the residuum drops into a 
r<'crvoir and is automatically drained off through the residue port 
by means of a pipe with a drop of 8 inches or more below the retort, 
having a horizontal check valve on the end. The check valve is for 
the puj-pose of keeping the residuum from being drawn into the 
•Migiiie cylinder. The exhaust gases are carried away from the retort 
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by means of a pipe screwed into the flange attached to the exhaust 
outlet (fig. C, B ) . As the gas arises from the Avheel to the gas 
chamber it circulates around a hot exhaust pipe, thus being super­
heated. I t is immediately drawn into the main engine cylinder by 
the suction of the engine, through a connection of pipe and fittings 
from the gas port (fig. 6, D ) , to the inlet to the engine cylinder, 
where it is ignited by whatever means may be used for that purpose. 
Air is also drawn by the engine suction into and through the retort 
case, entering at the air-inlet port (fig. 6, E ) . In some cases the air-
inlet pipe, connected to this port, runs about 2 feet and then turns 
down again. This is recommended to prevent gas from escaping 
through the air inlet between suctions. 

There are no devices on the American market of the kind that 
specifically boils the fuel in a separate chamber. A device of this 
kind would have certain advantages over that of the simple hot­
plate type for the following reasons: If the plate on which the oil 
is dropped gets too hot, the fuel will decompose, in addition to va­
porizing, and leave on the plate a black sooty residue. This is because 
these fuels are very sensitive to decomposing from overheating. I f 
the plates are not hot enough, the fuel will be only partly vaporized, 
and good fuel will be thro\ tn away as residue. When the heating 
is to be accomplished by the exhaust gases, not only must a lamp be 
supplied for initial heating, which takes a long time with such a mix­
ing device as this, but further, and more important, the temperature 
of the vaporizing plates is very difficult if not impossible to regulate. 
On fluctuating load, therefore, where the engine requires more or 
less vapor from time to time the hot-plate vaporizer would some­
times be decomposing fuel from excess heat, at other times only 
part ly vaporizing it, and in any case proportions of air to vapor 
will be sure to be irregular, so that in the mixture there will some­
times be an excess of vapor and sometimes an excess of air. Such 
a hot-plate vaporizer, therefore, is adapted only to those oils that 
can not be otherwise treated in carbureters. For this reason retorts 
of this kind are almost solely confined to engines Ayhich use the 
crude oils. 

There is on the American market a class of engines having a 
vaporizer which forms par t of the cylinder head and which is 
heated by the explosions taking place inside the exploding chamber. 
Otherwise stated these vaporizers are themselves exploding cham­
bers. One of these is shown in figure 7. On this figure, A is the 
vaporizer proper. Under it is seen a lamp (B) with a burner (C) , 
and, to prevent undue radiation in heating, the burner and vaporizer 
are surrounded by a casing ( D ) . This vaporizer is bolted to the 
cylinder head ( E ) and contains on its inner end a lip projecting 
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into the exploding chamber. A little pump injects a small stream 
of oil at every stroke and drops it on this l ip from the pipe ( F ) . 
Th is lip is very hot from previous explosions and from the lamp, 
which, by the way, is turned off when the engine begins work. The 
compression stroke of the piston forces the air in the cylinder over 
the lip and through the neck into the vaporizer bulb, thus mixing 
mor(^ or loss completely the vapor which formed on the lip with the 
ail" tha t is forced over the l ip into the bulb. Such hot-bulb vaporizers 
as this will work with practically all of the fuels—crude oils, gaso­
line, kerosene, and alcohol—with projxjr adjustments of the pump 
and of the temperature of the bulb. These bidbs perform another 
duty besides vap<»rizing and mixing. Their high temperature, that 

of a red heat when in operation, is 
sufficient to ignite the mixture when 
the compression is high enough, thus 
eliminating any necessity for electric 
igniters. I n engines fitted with this 
type of vaporizer no mixture enters 
tlie cylinder at a l l ; nothing but air 
passes through the inlet valve. Oil 
is pumped in, drops on the vaporizer, 
there meets the air, with which a more 
or loss complete mixture is formed, 
the i\iixture is compressed, and by the 
compression heated and ignited. This 
type of vaporizer igniter has, besides 
the above advantages, certain disad­
vantages: (1) The vapor is but im­
perfectly mixed in the a i r ; (2) the 
exceedingly high temperature in the 
vaporizer, which it is impossible to 
avoid, will more than vaporize soin(» 

of the fuel, decomposing it and depositing soot if the fuel be hydro­
carbon; and ^3) another bad feature in the use of such a vapor­
izer is to be found in the fact that some air remains between the 
piston head and the bulb, and this is inactive, no fiu^l being burnt, 
the only active par t being that which enters the bulb. Engines fitted 
with vaporizers of this kind, thorofort', can not do as much work 
for the same size cylinder as an engine in which the entire mass 
of gasos in the clearance is active explosive mixture. Furthermore, 
these engines will always use more ftud than is necessary because of 
the incomplete mixing of fuel vapor and air and the partial decompo-
•sition of some of the fuel. « 

Another vaporizer of the hot-plate sort, intondod particularly for 

Fiu. 7.-Sect ion nf hut Itulli viiporlzer. 
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alcohol, illustrated in figure 8, is known as the Brouhot, a French 
typo. Exhaust gas enters at the bottom, as shown by the arrow and 
lettering on the cut, and rises through the iron chamber, which is 
corrugated to increase the surface without making the apparatus too 
bulky. Alcohol is admitted near the bottom of these ribs or corru­
gations and flows upward on the side opposite to that heated by the 
exhaust gases. The regulating valve is attached to permit some 
exhaust gases to pass around the heating chamber and so vary its 
temperature, but the regulation of temperature must be done by hand. 
Vapor rising from the surface of the alco­
hol in the top of the chamber meets air, 
which passes first through the regulating 
valve intended for the adjustment of pro­
portions. The corrugations are such as to 
form a screw thread or a helix passage and 
the exhaust entering first at the bottom 
passois directly to the top of the chamber 
and downward in the helical groove to the 
bottom, so that the top of the helix will l)e 
the hottest part . Alcohol enters the bot­
tom of the opposite helix, flows upward 
and vaporizes somewhere in its upward 
course, discharging into the air current at 
the hot top of the helix as superheated alco­
hol vapor. This vaporizer is, therefore, of 
the boiling type, but the boiling takes placi' 
on the surface of the liquid which is at the 
pressure in the suction pipe, and the rate of 
boiling is regulated by hand by admitt ing 
more or less exhaust gases to the vaporiz­
ing helix. 

Separate vaporizers as distinguished 
from carbureters are essential for kerosene 
and common for alcohol. They have been dcvscribed at this point 
because the principles of their operation are simpler than those of (car­
bureters and they are less numerous and less representative. 

Carburetion is a process distinctly different from boiling. Air 
nuiy take up the vapor of a liquid just as it takes up the vapor of 
water, even when the temperature of the liquid or the temperature of 
the air is very considerably less than the boiling point of the liquid. 
In short, air may take up some vapor at any tomperataro whatever, 
and it is not necessary that the licpiid be brought to the boiling point. 
The amount of vapor which air can take up by simply coming in con­
tact with the liquid depends upon the vapor tension of the liquid and 
the pressure of the air. The air may be assumed to be always at 

Alcoho/ 

F i « J . H.. 

£K haust 
Gases 

Se<'tlon of Brouliot vapor­
izer. 
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atmospheric pressure, for the pressure in the suction pipe of ah 
engine is but little less than that of the atmosphere. The amount of 
vapor that can be taken up from the li(iuid surface can be calculated 
quite exactly if the air is left in contact with the liquid long enough 
and if the liquid is a simple substance having a definite chemical 
con) posit ion and a definite vaj)or tension. The method is exactly the 
same as that used to compute the humidity of the atmosphere. Since 
gasoline is not a simple substance, such a calculation is impossible, 
but it is known by the practical operation of engines having car­
bureters that at ordinary atmospheric temperatures the air is quite 
liot enough to vaporize enough gasoline to make a proper explosive 
mixture and is in fact capable of absorbing quite a considerable 
•'xcoss of gasoline bt^fore it becomes saturated w^ith gasoline vapor. 
'I'hei-o is, however, no difficulty whatever from the standpoint of air 
sat mat ion in giving to the air sufficient gasoline vapor to make a 
proper explosive mixture for engines if the air be left in contact with 
the gusoliuo long enough, or if, in addition, the contact bo of the 
proper soit. As gasoline consists of substances of dift'erent volatility, 
the mere contact of air with the surface of the liquid may not be 
sufficient to uniformly vaporize the mixture. The more volatile 
par t s may come oft' first and there may be a residue which it will be 
difficult to vaporize. This difficulty was met with in the earlier car­
bureters and overcome in a way that will be explained presently. 
Alcohol being a simple substance, with a definite vapor tension, it is 
possible to calculate at what temperature dry air must be to contain 
sufficient alcohol vapor. If the air have any temperature higher 
than this, it is capable of carrying more alcohol than is necessary for 
a j)ro[)er explosive mixture or capable of absorbing the amount of 
vapor noeessary in a shorter time. 

By a .'-omowhat lengthy calculation it may be shown that dry air 
at a temperature of 72° F . , when saturated with alcohol vapor, has 
just enough (»f the vapor to form the theoretically best mixture for 
perfect combustion. I f the air be moist, or the alcohol contain 
water, or the time allowed for vaporization be too brief, the tempera-
(ui-e of the air nnist \K^ higher than 72° F . to form a proper explosive 
mixture. 

As the engine does not use pure alcohol of this sort, but rather 
mixtures known under the general name of denatured alcohol, the 
«'orrosj)oiuling temperature necessary to secure this proper vaporiza­
tion will bo. ilill'erent fiom that just given, but just how different can 
not be stated. UowoMn-, it is certain that air at any temperature will 
take n\> some \apoi- of alcohol and that the higher the temperature 
of the air the (|iiieker it will take up the necessary amount for the 
best explosive mixture. In the case of incomplet(^ vaporization some 
of I ho fuel nuiy bo carried along as spray, Avhich may be vaporized in 
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the cylinder on the compression stroke or may not, but if not then it 
certainly will be after the explosion of the rest. I t would seem de­
sirable, therefore, to (pjite considerably heat the air supplied to an 
alcohol carbureter; yet indefinite heating of the air will bring about a 
bad eflect on the engine, because it will make the charge hotter at the 
end of compression, or, in other words, decrease the weight of the 
charge in the cylinder. The horsepower of the engine, other things 
being equal, will be decreased in direct proportion as the density of 
the charge is lowered by this heating, so that , on the one hand, heating 
of the air is good for complete vaporization, but bad, if carried to 
excess, in reduction of power. 

The earliest forms of carbureters operated on the principle of 
simple contact between the gasoline and air. One of the most suc-

Vxti. 9.—Section of Utiimler Kio. 10.—Section of Miiybacli carbureter, 
carbureter. 

cessful of this type is that used by Gottlieb Daimler, to whom all 
credit should be given for the developing of this type of carbureter 
and by it the high-speed licpiid-fuel engine. Daimler's surface-con­
tact carbureter is shown in figure 9. I t consists of a tank fitted with a 
central tube and float. In the bottom of the tank is the gasoline, 
on its surface the float, and in the float a hole through which the 
gasoline may rise to a certain height. Air flows down a central 
pipe and strikes the surface of the gasoline at the top of the hole 
in the float, picking up vapor, the mixture flowing directly to the 
engine. The pipe down which the air flows is kept by the float to 
a c(mstant amount of submersion, so that the air must bubble through 
the gasoline to a certain depth. The chief objections to this carbu-
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reter are found to be : (1) I t would vaporize the most volatile par t 
of the gasoline and leave the residue, which is difficult to vaporize; 
(2) the slower the flow of air through the carbureter the more vapor 
it takes up, so that at small engine loads or slow speeds the mix­
tures were likely to be too rich if the adjustments were made for high 
speeds of the engine or rapid flow, and (3) the vaporization of the 
gasoline frou^ the surface of the liquid cooled the liquid, because the 
latent heat of vai)orization was largely absorbed from the liquid 
and the \apoi i /a t ion was slower as the liquid grew colder. In gen­
eral this carbui-eter was incapable of maintaining a constant pro­
portion of gasoline \ apor to air at all rates of flow or at various tem­
peratures of either air or gasoline and incapable of vaporizing all 
of the complex gtisoline. 

The fir.st impoi tant improvement on this carbureter was made by 
Maybach, an engiiu^or in the Daimler Works. This is .shown dia-
gi-ammatically in figure 10. Maybach's carbureter was designed pri­
mari ly to make tlio a])paratus independent of air temperature within 
a eoitain limit antl independent of the rate of flow—that is to say, 
the speed and load of the engine—and likewise to prevent fractional 
distillation. The ga.solino is delivered by gravity or pressure into 
the top of the chambei- at the l ight through the opening, which is 
controlled by a noodle valvo aitaelietl to the float ( A ) . As the float* 
falls more liquid is admitted, which causes the float to rise, again de­
creasing the suppl}'. The bottom of the float chamber is connected to 
the earburotoi- |)i()per through tho pij)e ( B) . The air enters upon the 
aspirat ing stroke when the valve ( D) is opened, whereby the pressure 
in tlio mixing ehiinibei- is made l(>ss than tha t of the atmosphere, so 
that the li(|uitl fui'l ri-os through the jet orifice by excess of pressure 
in the lloat ehaniber over the suction pipe and mixes with the air in 
the mixing chamber ( C ) . I t will he ai)|)aront that no valve is neces-
sai-v except the oiu> controlled bv the lloat, and the fuel will only enter 
the mixing chamber (C) as required with the pressure variation on 
the suet ion stroke of tho n\otor. Tho theory on which this type of oar-
buretor was intended to maintain proportions was found in [)ractice 
to be not quite true, although neai-ly enough so to make it a great 
advance. It was oxp(>ctod that by reason of the partial vacuum in 
the air [)ipo surrounding the gasoline jet, due to the engine suction, 
it would lift from the jet a quanti ty of the gasoline proportional to 
the (juantity of air. In other words, assuming a vacuum in the suc­
tion l)ipe, tlio quantity of gasoline that would flow from the constant-
level chaniboi-, uutloi- tho inlhience of the \ acuum, would increase in 
the same proportions as tlie quantity of air flowing from the atmos­
phere to the same vaciiuni. It was found that as tho vacuum in­
creased, owing to the speed of the engine and tho load, more fuel 
passed over than was wanto<l. assuiuing that the earburotoi- was i)rop-
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erly set for small rates of flow. This led to the introduction of 
another valve opening to the atniospheix» Iwtween the carbm^eter 
proper and the suction valve of the engine. To facilitate adjustment 
of the vacuum another valvo is in.serted into the air pipe, entering 
the carbureter, and to facilitate initial adjustment of the mixture a 
sharp-pointed valve called a "needle va lvo" was inserted over the 
gasoline jet or nozzle. The arrangement of such a carbureter as this 
is shown in figure 11, The maintaining of a constant level just 
beneath the gasoline nozzle was found to be lathor difficult if the 
float stuck or the float valve leaked. For this reason diaphragms 
have been tried as a substitute, but their u.se is still experimental. 
The carbureter is otherwise the same essentially as described above. 

FiQ. 11.—Diagrammatic section of constant-level carbureter, with needle-valve adjustment. 

1^ Oi^r^oiv fy/wmp 

FIG. \l.—iJiagraniiiuUic section oi constant level eaibureter, with overflow (Mip, 

When the engine to bo used is not in boats or autoniol)ili>s, subject to 
shocks and oscillations, but is at i-ost, the third arrangement (fig. 12) 
can be employed to keep the fuel level constant in the nozzle and to 
prevent flooding of the carbureter. A small chamber is fed by a 
pump attached to the engine and working with it. Gasoline is sup­
plied much in excess of what the engine will bui'n. and the excess 
is allowed to I'lm back to tho tank through an o\"erllow pijx'. I'his 
overflow pipe fixes the level of tho gasoline in the sj)ray nozzle. 

This arrangement is selected as a desirable one because it is effec­
tual and because the fire imderwriters ' rules require that the gasoline 
tank be placed below the level of tho engine to minimize danger by 
fire. In some of the latest types of carbureters the valvo between tho 
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carbureter proper and the suction, which is intended to open at high 
speeds, is nuide automatic and opens by a spring. This has given rise 
to the name " automatic carbureter." In order to more intimately mix 
tho spray with the air. various devices have been introduced above 
the spray, such as cones, {)lain and corrugated, pieces of wire gauze 
j.t rest and spinning around under the influence of a fan driven by 
the ontoiing air. In technical language these devices are known as 
"• pulverizers," but ically are nothing more than means for breaking 
up tho gasoline into line dro{)s to permit of a more intimate mix-
tui-e with air. I t was supposed tha t the air would have sufficiently 
high temperature to absorb all the vapor that would be generated 
by the s[)ray which was drawn into it, but in very cold weather or 
on very moist days it was found that at times the results weic unsat­
isfactory. For this reason the air has been heated in some forms of 
carbureters by simply drawing it on its way to the carbureter through 
a chamber surrounding the exhaust pipe. WHien the gasoline car­
buretors are used for alcoiiol a higher temperature for vaporization 
and carlmretion is required. Thus heating becomes a necessity, and, 
not only is it desirable to extract hotit from the exhaust pipe by 
drawing air fi-om tht^ surrounding chamber, but in some cases the 
mixture also is pas-^ed through a heated chamber so that no particles 
of I'osidiio can reiuaiu un\ai)ori/.e(l. In some forms of French car-
buj'otois the heat of the jacket water, which if it flows not too 
fast has a high enough tem])eratiU'e, has been used for the same 
juH'pose of heating the air, the liquid, or the mixture, to insure com­
plete vaporization. But, as pointed out l)efore, the alcohol will more 
OI- loss va[)orizo at any temperature, and we have shown by our engine 
ex|)ei-inients that at ordinaiy temperatures, averaging about (50° to 
80 l'\, enough alcohol can he vaporized to give a working mixture, 
although wc also have evidence that all tho alcohol does not vaporize, 
tho remainder passing out as exhaust gases unburnod or decomposed. 
Tho variation in important and unimportant details t)f construction 
in these carbureters intondod either for kerosene, ga.solino, or alcohol 
is almost beyond belief. Practically everybody who has over had 
anything to do with those engines has designed a cai'bureter, and yet 
it can bo provotl beyond tpiestion that no carbureter on the market 
t<»-day, be it intended for any of the fuels named, is capable of carry­
ing out that for which it was designed. While some vaporizers and 
carbureters to some extent will maintain the mixture perfectly well 
foi- some i-ate td' (low or some particular temperature, no carbureter 
that has oxer come to oui' attention will nuiintain an absolutely cor­
rect mixture for high s|)eo(l and low sj)eed, cold or hot air, moist 
or i\v\ air, oi' changes in the rate of supply or engine load that must 
be met with in pi-aclical engine operation. 
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EFFECT OF INITIAL COMPRESSION. 

By rather involved mathematical calculation it may be shown that 
the theoretical efficiency of an internal-combustion engine depends 
upon the amount of comj^ression given to the combustible mixture 
dur ing the compression stroke of the piston. The greater the com­
pression the higher should be the efficiency. In i)ractice it is found 
that various causes operate to diminish the efficiency, thus tending 
to offset the benefits of high compression. Still, with good mechan­
ism it is found that an increase of compression up to a considerable 
amount improves the efficiency. . , 

With gasoline the compression can not be carried much above 80 
pounds per stpiare inch without danger of premature explosion of 
the fuel charge in the cylinder. With alcohol the compression may 
be safely increased to 200 pounds per square inch if desired if the 
engine is well cooled, and in numerous European engines 1.50 pounds 
have been regularly used. 

PRACTICAL EXPERIENCE WITH ALCOHOL ENGINES IN 
GERMANY. 

There is one rei-)ort available on the comparative value in unskilled 
hands doing connnercial, work of alcohol engines compared Avith the 
machines they have displaced, both with respect to fuel consumption 
and cost and the care and expense necessary for maintenance. Pro­
fessor Strecker, of Leipzig, sent a circular letter to 120 farmers in 
Germany who were using alcohol engines, which had displaced steam 
engines for farm purposes. There Avere 120 of these engines, of 
three different makes and ranging in size from (> to 25 horsepower. 

Those engines were working more or less throughout the year, the 
maximum number of hours being 2,500 per year, the minimum 324, 
and the average OOfi. The first question addressed to the farmers 
concerned the amount of work these engines were capable of doing 
compared with the engines they displaced at the same rated horse­
power; 4G per cent thought them equal, 47 per cent thought them 
superior, and only 4 per cent considered them inferior, but qiuilified 
this by stating that the steam engine must be fired with greater regu­
larity. The next question concerned the expense for fuel. The 
average amount of coal uwd in a .'-team engine Avas 4.28 kilograms per 
metric horsepower horn*, etiuivaloiit to 0.55 pounds per brake horse­
power hour, with an addition of 100 ])omKls per day for starting. 
The i^rice of coal averaged 20.7 marks, which is equivalent to $4.47 
per ton. The fuel used in the alcohol engine was not all the same. 
Nineteen per cent used (ieiinan denatured alcohol, 81 per cent used a 
mixture containing 20 per cent benzole, and the consumption varied 
from 1.1 liters per Gorman horsepoAver hour (2.35 pints per brake 
horsepoAver hour) maximum to 0.43 liter })er (ierman horsejjower 
hour (0.92 pint ]:)er brake horso]:)OAvor hour) mininmm, the average 
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b e i n g t).5T l i ter per ( Jermai \ hor~opowor houi* (1.22 ]>ints JMM- b r a k e 
hor.soj)owor h o u r ) . 

Donaturot ] alcohol cosi at tha i l ime in ( l o r m a n y 17 m a r k s p e r hec to­
l i t e r (15.2 cents p(>i' g a l l o n ) and benzole costs 21.5 m a r k s pei" hot^to-
l i t e r , equ iva len t to ID. 1 ceut^ i>ei' ga l lon . T h o 20 p e r ctnit benzole 
mixtu i 'o t he r e fo re costs 17.i) m a r k s per hec to l i te r (10.11 cents j)or 
g a l l o n ) . Ga-^olino was almost i n v a r i a b l y used for s t a r t i n g , a n d 85 
l i t e r s ('J2.1 g a l l o n s ) seems to be th(> a\ ;Mage a.mount necessary p e r 
yea r , co s t i ng 3<> m a r k s )>er hec to l i t e r {'.V2.\ cents per g a l l o n ) , wi th a 
to ta l cost for s t a r t i n g of about '•)() mai-ks ($7.25) pe r yotir. T h e fuel 
c o n s u m p t i o n av^eraged \.-2>> k i lome le r s of coal per h o i s e p o w c r - h o u r 
(0.11 p o u n d s ) and 0.57 l i ter (1.2 p i n t s poi- h o i s e p o w o r - h o u r ) for 
a lcohol . T h i s is r a t h e r higluM- t h a n ropoi'ttMl in the vai ' ious tes ts on 
those eng ines , hut those iigiu-e- repre-en i tlie a\-ei-a;jt' of 71 engines . 
c o n s i d e r i n g on ly those of 10 hor -epowor , a n d a s s u m i n g t h a t the l a r g e 
sizes balan<(» tho sma l l e r sizes. W i t h these figures a s team eng ine 
A\ ith an a x c i a g e of 10 horso|)owei- o p e r a t i n g 1,000 h o u r s pe r yeai- will 
cost $210 pel- yeai- foi' fuel. T h e alcohol eng ine , opei-a t ing the same 
numlxM" of honi 's at the pr ice g i \ t ' n , would cost $253 pe r your for fuel. 
T h i s m a k e , it aj)|)eai' tha t tho cost of o p e r a t i o n of the a lcohol eng ine 
is g r e a t e r t h a n the s team eng ine in sj)ito of s u p e r i o r i t y of t he alcohol 
e n g i n e ci)mj)are<l wi th s t eam. It is next p o i n t e d out t h a t t he t r a n s -
])()rlatioii of alcohol in t a n k s tind hai'i'ols is c h e a p e r t h a n tha t of coal 
( loostO, a n d the convenience in h a n d l i n g a n d the e l i m i n a t i o n of a m a n 
c o n s t a n t l y a t t e n d i n g the fire, such as Avas found neces.sary w i t h s t eam 
ongiiu 's , rea l ly g ixcs the alcohol eng ine a smal l a d v a n t a g e on oper-
atiii!.": cost. It was iilso shown t h a t the cost of l u b r i c a n t s is no g r e a t e r 
for I he alcohol eng ine t h a n foi' the s team eng ine , wh i l e tho cost of i-o-
p::ir cem- to he less. Of the 120 f a r m e r s . 0 j)ei' cent f o u n d t h e alco­
hol eng ine to cosl moi'c to nu i in t a in , 'M per cent found no diff(M"once, 
a n d 57 per cent fouiul the maintenanc* ' less for tlie alcohol engine . 
AiKither inte!-(^sting t h i n g bi-onght out hy t!ie iiujiiii-y was that the 
alcohol eng ine was capab le of o p e r a t i n g in all k i n d s of wea the r , in 
some cases u ilh tht^ t e m p e i a t u r e at 18° F . below freezing, on ly a l i t t l e 
m o r e t ime Ix' ing reipiiriMl to s tar t up . It w a s found also t h a t t h e r e 
was ah -o lu te ly no difficulty in ins t i ' uc t ing tho ord ina i 'v pofs(m in t he 
propel- m e t h o d s of h a n d l i n g aiitl o p e r a t i n g these engines . 

T h e n u m b e r of eng ines in us(> in Kuroj)e .seems to he qui te h u g e , 
a l t h o u g h tielinite infoi'imit ion on t h i s is difficult t o ob t a in at tho ])ros-
out t ime. O n e e s t ima te , on f a i r ly good a u t h o r i t y , p laces t h e figure 
be tween 5,000 ami 0.000 in G e r m a n y . T h e numhei- t h a t will j)rol)ably 
1)0 used in th i s <-(»unt ry is difficult t o t̂ sl ima te . hut tho l a rgo n u m b e r of 
bu ihh ' i ' s now engaget l in t u r n i n g out g a s aiul g.-isoHne eng ine - one 
firm a lone be ing e ( |u ipped to t u r n out 425 per d a y —seems to ind ica te 
t h a t , if the co-.t of alcohol fuel coini)ared Avith gaso l ine and coal be 
not too gi-oat a h a n d i c a p , the re is a p r o b a b i l i t y of an oxce(>(lingly 
l a rge i n d u s t r i a l doxelopmont in th i s lield, t h o u g h not i m m e d i a t e l y . 

277 



39 

Besides the cost of alcohol ])er hor.sepower-hour comi)ared with 
gasoline, there is another element that must be favorable before the 
introduction of the alcohol engine can become very wide, and that is 
the interest of the builders. From correspondence Avith the builders 
of gasoline and kerosene engines in this country, it aj^pears that 
practically all of them are indifferent to the introduction of alcohol 
machines. They are quite willing that their regular engines be sold 
for and used with alcohol, but they are not inclined to give any 
guaranties on performance. Individually they are decidely averse 
in nearly every case to undertaking the development of a special alco­
hol engine, because this means extra expense in drawings, patterns, 
gigs, tools, etc., and it is certain that they Avill do very little so long as 
the public will continue to buy gasoline and kerosene engines and not 
insist upon having a specially designed alcohol machine. 

CONCLUSIONS. 

The following conclusions regarding the use of alcohol as fuel for 
engines as compared with gasoline are based on the preliminary 
results of the Department 's experiments, upon results of the Euro­
pean experiments and investigations Avhich haA'e been presented in 
the foregoing pages, and upon the general knowletige of the authors: 

(1) Any engine on the American market to-day, operating with 
gasoline or kerosene, can operate Avith alcohol fuel Avithout any 
structural change whatever with proper manipulation. 

(2) Alcohol contains approximately O.G of the heating value of 
gasoline, by Aveight, and in the Department 's experiments a small 
engine required 1.8 times as much alcohol as gasoline per horsepower 
hour. This corresponds \^ery closely Avith the relatiA'e heating value 
of the fuels, indicating practically the same thermal efficiency Avith 
the tAvo Avhen vaporization is complete. 

(3) In some cases carbureters designed for gasoline do not vai)orize 
all the alcohol supplied, and in such cases the excess of alcohol con­
sumed is greater than indicated above. 

(4) The absolute excess of alcohol consumed over gasoline or kero­
sene Avill be reduced by such changes as Avill increase tho thermal 
efficiency of the engine. 

(5) The thermal efficiency of these engines can be improved when 
they are to be operated by alcohol, first by altering tho construction 
of the carbureter to accomplish complete vaporization, and second, 
by increasing the compression A'ory materially. 

(0) An engine designed for gasoline or kerosene can, without any 
material alterations to adapt it to alcohol, give slightly more power 
(about 10 per cent) than Avhen operated Avith gasoline or kerosene, but 
this inci'oase is at the expense of greater consumption of fuel. By 
alterations designed to adapt the engine to now fuel this excess of 
power may be increased to about 20 per cent. 

(7) Because of the increased output without corresponding int-reaso 
277 



40 

in size, alcohol engines should sell for less per horsepoAver than gaso­
line or kerosene engines of the same class. 

(H) The different designs of gasoline or kero.sene engines are not 
equally Avell adapted to the burning of alcohol, though all may burn 
it with a fair degree of success. 

(0) Storage of alcohol and its use in engines is much less danger­
ous than that of gasoline, as Avell as l^eing decidedly more pleasant. 

(10) The exhaust from an alcohol engine is less likely to be 
offensive than tho exhaust from a gasoline or kerosene engine, 
although there will he some odor, due to lubricating oil and imper­
fect combustion, if tho engine is not skillfully operated. 

(11) It ro(|uires no more skill to operate an alcohol engine than 
one intondod foi* gasoline or kerosene. 

(12) There is no loason to suppose that the cost of repaii's and 
lubrication will be any greater for an alcohol engine than for (me 
built for gasoline or kero-eiie. 

(13) There seems to he no tendency for the interior of an alcohol 
engine to beconu' sooty, as is the case Avith ga.solino and kerosene. 

(14) With [jropor manij)ulation, there seems to be no undue cor­
rosion of the interior due to the use of alcohol. 

(15) The fact that the exhaust from the alcohol engine is not as 
hot as that fi-om gasoline and kerosene engines seems to indicate that 
there will bo loss danger from fire, less offense in a room traversed 
by tho exhaust pipe, and loss j)o.ssibility of burning the lubricating 
oil. This latter point is also borne out by the fact that the exhaust 
shows loss smokiness. 

(10) In localities Avhere there is a suj)ply of choa[) raAV material 
foi- the manufacture of donatui'od alcohol, and Avhich are at the same 
time it'inote from tho source of supply of gasoline, alcohol may 
immediately comi)ete Avith gasoline as a find for engines. 

(17) If, as time goes on, kerosene and its distillates become scarcer 
and dearer by reason of exhaustion of natural doj)osits, the alcohol 
engine will become a stronger and stronger competitor, with a pos­
sibility that in time it may entirely supplant the kerosene and gaso­
line engines. 

(18)* By reason of its greater safety and its adaptabili ty to the 
work, alcohol should innnediatoly supj^lant gasoline for use in boats. 

(10) By reason of cleanliness in handling the fuel, increased 
safety in fuel stoi'age, and less ollonsivenoss in tho oxhau.st, alcohol 
engines will, in part, displace gasoline engines for automobile Avork, 
but oidv when cost of fuel for operation is a subordinate considera­
tion. In this held it is impossible to con\'eni(>ntly increase the com-
pi-ossion because of s tar t ing difficulties, so that the efficiency can not 
be improN'od as con\cniently as in other types of engines. 

(20) In most localiti<'s it is uidik-ely that alcohol poAA'or Avill bo 
cheaj)or or as clu'ap as gasoline ])owor for some time to come, 
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