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“art 1 

Consisting of live tests in the "Otto" gas engine 

for the purpose of determining the increase or decrease 

of efficiency of the engine occasioned by additienal 

compression. 
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A.Pairbank's scale reading to ounces was used to meag- 
ure the load at the end of the brake-arm,; the dead load 
being adjusted so as to be an even number of pounds; five 
pounds in number. : 

The City pressure was measured by means of a monometer 
which was connected directly to the gas supply pipe by 
means of a rubber hose. The reading gauge was graduated 
to read in inches of water and in ounces direeot. : 

The amount of gas used by the engine for a run was 
registered by a forty-light gas meter furnished by the 
City Gas Coe. 

The disks used in the test are shown in drawings 1, 2, 
Sy 4, and five. They were made of cast iron cast in the 
University of Minnesota foundry. The machine work was 
also done in the University shops. The only real diffi- 
culty encountered being to drill the holes for the 5/8% 
bolta so that ékey all of the disks might be inter-change- 
able and used as a unit. 

The cooling water was kept, as the tables show, at as 
high a temperature as possible so that the efficiency 
might alse be high. The temperatures of the discharged 
gooling water at times reached as high a point as 205 degr 
Pahrenheit. 

As the thermo-dynamic efficiency is increased with an 
increase of temperature it is advisable to maintain the 
temperature as high as possible, on the other hand if the 
increase of temperature be too great the internal friction 
of the engine becomes excessive: it is necessary therefore 
to obtain the happy medium in order to derive the best 
results, 



Gag Bangine in General. 

The "0tto" gas engine on which the tests were made 
is one used at University of Minnesota in the mechanical 
laboratory for ex erimental purposes. The cylinder 
dimensions are yA x 12-5/8, The engine is governed to 
run at 180 revolutiens per minute on maximum load and at 
other loads the variation was found to be not more than 
ten per gent which is very good considering the date the 
engine was constructed. 

The "0tto® Company claim that their product would 
develope four actual horse power, bu t practical tests 
show that teir claim was much over-entimated, or else 
the quality of gas furnished is not as good as that which 
on which they based their estimate. 

The governor is of novel construction and has long 
since become obsolete, but it works very well, It is op- 
erated on the pendulum plan. When the engine runs too 
slow the weight at the bottom of the cendulum has a tendem 
ey to retard the motion of the pendulum and therefore the 
arm at right angles to the pendulum is lowered and fails 
tp open the gas supply valve: on the other hand if the en- 
glne is running under spped the pendulum has a tendsney 
to hang in a vertical position at all times and when iA 
this position the arm at right angles to the pendulum 
which is of the same casting is in the same plane as the 
valve operating the admission of gas and therefore gas 
is supplied more frequently until the speed again becomes 
normal. 

Heat in a Cubic Pt. of Gas. 
The number of British thermal units in one cubic foot 

of coal gas as furnished the mechanical laboratory by 
the City Gas Co, was calculated from an analysis made by 
Prof. George BJ Frankforter professor of Chemistry in the 
University of Minnesota. as follows: 

co, = 5.6 

CH, = 6 % 
Heavy Carbon = 9 
co = 20.4 £ 
E = 29.2 9 

oF 

¥ = LNG 



low considering the heavy carbon to be ( 1/3 C,H.) and 
( 2/3) of it to be { C,H,) we find that the heat given off 
be burning one cubie foot of gas to be 503,6 Pritish 
Thermal Units, as comruted from a table of Heat of Cone 
bustion for the different gases found in Robinson's book 
on Gas and Petroleum Bngines, page 355, 

C.H,= 67 of 868,02 = 52,08 
Call.= 3% of 932.05 = 27.96 
C0 = 20.4 # of 190,02 = 38,76 
H = 29,3% of 191.13 = 55.80 
CH,= 18% of 584,38 = 105,18 

To n centigrade’ units = +78 

" ap, T. Us. = 279.78 x 945 = 505,6 B. T. U. in one 
cuble foot of gas. 

Result of Test. 

In order to make the tables more clear it might be 
well to explain how some of the results were obtained. 

The glearance of the gas engine was determined by the 
water method, that is by pouring water into the clearance 

space and noting the number of pounds of water which it 
holds the result of this method being verified by moving 
the piston forward after the clearance space is filled, un 
£11 the same number of pounds have again been poured inte 
the cylinder and clearance space combined, and then the 
plunger travels is noteds The volume of the clearance 
space and per cent may be calculated from these results, 

The initial compression was measured directly from 
the Indicator cards. 

The number of cubic feet of gas per indicated horse 
power per hour was derived by dividing the total gas con- 
sumption for two hours by two and then dividing the re- 
sult by the number of indicated horse power developed 
during that hour. 

The same may apply to the number of cubic eet of gas 
per brake horse power per hour except as that the guot- 
ient is divided by the actual horse power developed in- 
stead of the indicated horse power, 

The heat su plied to the gas engine per hour is found 
by multillying the number of cubic feet of gas used per 
hour by the number of B., T. U. in one cubic foot of the 
E£a8e 

40, 



The heat su plied to the jacket water was found by 
subtracting the temperature of the cooling water injeeted 
from the temperature of the gooling water discharged and 
multiplying the result by the number of pounds of cooling 
water used in that hour. 

The thermal efficiency is found by dividing the amount 
of indicated heat given out in actual work, by the total 
amount of heat which has been sunplied to Ine engine, Both 
expressed in B. Ts Us 

Results. 

The results of this experiment indicate that the 
efficiency has been increased by decreasing the clearance 
volume and hence increasing the initial compression. By © 
obgerving the Table 1 it may be seen that in the first run 
where the initial comuression was only 18«3/4 lbs. the 
thermal efficiency was relatively low being 12 per cent. 

The second run was made with an initial compression 
of 37 lbs, and the thermal efficiency was found to be 
fifty per cent greater than the pregeding one. The third 
run used &n initial of 37-1/2 1b-. and the thermal offie 
¢iency is still on the increase, being 18-1/2 per cent, 

The fourth run was made with an initial compression of 
38 lbs. giving a thermal efficicncy of 18.8 per cent. 
While the last run used an initial compression of 38-1/2 
ibs. amd the thermal efficiency took a drop to 18,1 per 
cent probably because of the insufficient air surply pre 
ceding the exnlosion. 

71. 
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Part 2. 

Including a Description and test 

of 

Diesel's Rational Heat Motor. 





As many tests have been made by other experimentors 
along the line of determining the increase of efficiency 
by increased compression. The writer takes the liberty 
$0 uge the data derived by one of the most prominent exe 
perimentors as well as to desoribe somewhat in defall the 
engine used by him. ; 

Figure 1 represents the theroretigal card assumed to 
have been taken from the Diesel motor. In reference $0 it 
pure air ies compressed in the eylinder according to the 

eurve 1 to 2, so that by it alone(before combustion and 
independent of it)a combustion temperature is affected 
whereupon the fuel, according to the curves 2 to 3; is so 
gradually introduced that the combustion is going on iso- 
thermally, on account of the motion of the piston, and the 
expansion of the air is thereby affected without materialg 
ly effeeting the pressure. After the supply of fuel has 

been shut off the gas in the ¢ylinder will further expand 
from 3 to 4 as is shown by the curve. i 

In practice the narrow part (2) of the diagram will 
. not gome out so pointed as obtained on the ideal card, 
but will assume a more rounded formi neither will the 

different curves run exactly according to the theory and 
the curve of combustion may more or less deviate from the 
isothermal curve without materially changing the nature 
of the process. 

There is a decided advanbage in omitting long stretch- 
ed extremities at (2) and (4), since by doing away with 
them we sueceed in obtaining at (2) far less and conse=- 
quently more practical heights of compression and at (4) 
smaller ovlinder dimensions. 

Therefore it is advisable to cut off these attenuated 
dimensions, as is shown by the dotted lines and thus ob- 
tain the real diagram indicated by the lighter hatched 
portion, such gs will be. actuallly obtained from the eXx- 
perimental engine. 

From figure (1) the effigiency of the engine may be re 
gulated. The shape of the combustion curve is changed 35% 
to 3% 38 agg shown by dotted lines, by changing the dure 
ation of the fuel supply; thereby alse changing the 
total height of the diagram therefore, also its area hy 
introducing the fuel at various points on the compress- 

ion ling 55 designated by dotted lines. 
Figure (2) 



Figure 2, shows a motor design for the purpose of 
realizing in practice that which is set forth by theory. 
The values therin are but crudely indicated and foundation, 
connecting rod, fly wheel and etc, are omitted. 
There are also two combustion evlinders (C) with plunger 
(P) details of which are adapted to stand high pressure, 
especially in regard to piston packing. By means of 
geared valves small (b) both these cylinders (¢) are cone 
nected to the two sides of this larger intermediate eylin- 
der (B); the combustion ey linders, communicate by means 
of the geared valve (a) with the air vessel (I), The 
cranks of both e¢ylinders have the same position and are 
diametrically opposite to the intermediate ¢ylinder crank. 

When piston (Q) moves up it draws air through the 
valve (d) which is compressed during the downward motion 
to several atmospheres, whereupon it is forced through the 
valve (e) into the air vessel (I). The lower part of the 
intermediate eylinder only, serves as an air pump and 
brings about the complete compression.of the combustion 
air. This precompression however is to be effected only 
go far that the heating of the air thereby caused is kept 
withing a moderate limit. 

During the downward stroke the piston performs the 
second period of compression to the required height. 
The extreme lower and upper positions of the pisten are 
indicated by dotted lines. 

Hereupon the piston moves downward to the position (3) 
during whieh period fuel is gradually being introduced and 
consumed as was previously explained, 

In this case the fuel is used in the form of coal 
dust which is admitted to the eylinder during the pre= 
soribed admission period by slowly turning a rotating 
cock provided with a small lateral groove, 

At (3) the fuel su ply is shut off and the expanding 
ef the air ie continued, The piston having reached the 
lower position(1), valve (b) is opened; at this moment 
piston (Q) is in its upper position; by continuing the 
action tP} and (Q) down, the ga ses of combustion expands 
ing further to the volume of the cylinder (3B), Hereunon 
valve (b) is closed and (f) opens; the combustion gases 
are then expellsd into the open air at the next upward 
stroke of the piston (Q). 

As the eylinders (C) have only one combustion period 
every other revolution, as by the arrangement of the two 
¢ylinders , a combustion for each revolution is effected, 
that is; one working period is taking place alternating at 
right and left. 
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By comparing this motor with the steanm engine it will be seen at a glance that the motor must he far superior. First of all, owing to the intermediate combustion of the fuel in the oylinder, no steam boiler is necessary (n), becoming equal to 1. Furthermore, the $k greatest 
theroretical efficiency (n); is for the new motor as has been proved equal to from 50 to 70 per cent, that is; an average of more than twice as much as that of the best and 
largest steam engines. 

The indicated efficiency (n)ylikewise will become Cow siderably greater as we have not to deal with condensable gases and many other sources of loss has been abolished, 
it was to be anticipated however that the mechanical efficiency would result in a low figure, on account of the high pressure that is involved in negative work. Henceforth this was the point that had to stand the ener getically attacks of eriticism, which endeavored to demon- strate by caleulation that this mechanisal efficiency would be found such a low one that the fully recognized theroretical advantages might not be realized, and the motor was ex ected to give lower practical results than any other motor previously designed. 
After much theroretical research and practical trial it was decided to build an engine which would represent 

a commercial value for small and medium sizes, The COm= pound motor which was the inventor's first idea was Prée= 
ceded by a single cylinder engine, It was furthermore dee 
termined that the experiments were to be condugted first with liquid, then with gases and afterwards with pulvers ized fuel. It may be mentioned here that the idea pre= 
valled at the beginning that the generation of gas from coal would be simpler and cheaper than its crushing and 
sifting, and that the applieation of coal dust, although it seemed to be very tempting from the first, would offer disadvantages rather than advantages as compared with the use of gas, : ati Based on this theory the engine which is represented by figures (3)=(4)=(5)-(6)=(7) was built, They show motor with a single acting eylinder (C) and plunger (P), whose details are constructed to stand vig pressure, Piston(P) is connected to the fly-wheel axis d) by means of c¢rosse guide (a) conneeting rod (b) and crank in the usual manney By means of bevel gears the fly-wheel shaft turns the ine clined shaft (g) which in turn revolves the gear shaft(w). 
On thls shaft two cams are fastened, opening respectively the air valve (V) and the petroleum valve {D) at a 

/ 5 
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specified moment. The gearing is fully shown in figure ( 
(3); that for the valve (V) performs its work in a simi- 
lar manner, Both valves being foreed on their seats by 
means of springs as soon as th: cam is released. 

The process in the cylinder (¢) is earried on in 
accordance with the four-gyele period, as follows: 

First: Downward motion of the piston (P) caused by 
the visviva of the fly wheel which was received from the 
preceding work-stroke, Atmospheric air is drawn through 
the open valve (B) into the cylinder (C); the lowest 
position of the piston being designated by (8). 

Becond: Upward motion of the piston (P) still caused 
by the vis viva of the flyewhcel, valve(V) being closed, 
The air drawn into the eylinder is compressed to such a 
high pressure that the temperature at which the combustion 
following the same is going on is generated by this come 
pression alone, This compression pressure can enly be 
cauged by the piston (P), after having, in its end posite 
ion compressed the air drawn in it, to the required temper 
ature, ; 

Tuird: The second downward motion of the piston (P), 
or proper working stroke, follows, The introduction of 
the fuel takes place during the motion from position {2} 
to (3) of the position, by the little pump (A) operated 
by several projecting cams (N § H) regulating the refir- 
ed periods of fuel supply, 

In position (3) the admission of the fuel is shut off 
and the air expands until the piston reaches the lower. . 
dead genter, wn 

Fourth: The second upward motion of the Piston (P) 
due to the vis viva of the fly-wheel; the gases are exe 

pelled through the valve (V) to the outer atmosphere, 
After this second upward motion the eyele is again reneat- 
ed 

The motion is started by admitting air through a proper 
valve from the storage tank, the latter being constantly 
filled with compressed air while the engine is working. 
It may be noted here that the engine was run without a 
cooling jacket, thereby proving the possibility of work 

ing without cooling water, as was theroretically antici= 
pateds In later constructions the cooling jacket for 
practical reasons was added which permits of greater 
effects to be obtained from the seme cylinder dimensions, 



From the numerous results obtained based on experiments 
it may be said that a water jacket is the only obstacle 
in the way of realizing a greater efficiency for the 
Diesel motor, 

With all ealorie motors, the carrying away of the 
certain amount of heat is necessary from a theroretical 
standpoint. In the steam engine a special apparatus, 
the condensor is devised for this purpose. Incombustion 
motors the condenser is represented on the one hand, by 
the cooling jacket, and on the other by the atmosphere, 
which receives the heat of the exp elled gases, Both 
quantities of heat carried off provide certain losses, gea 
erally lower than suggested, are not taken into consider- 
ation but represent those quantities of heat to be taken 
away in order to perform process in the right way. Therer 
fore, the water jacket is no irredesmable fault, but a 
theroretiecal necessity as is the condensor to the steam 
engine. 

The numerous efforts to save as far as possible the 
heat that is carried away are incomprehensible, and their 
failure to do so is evident. This effort resembles the 
tendency to save heat in steam engines by introducing as 
little cooling water into the condensor as possible. If 
one is desirous of saving the heat carried away, there is 
but one way and that is, to choose such a process of come 
bustion at the start that from a merely theroretical 
standpoint a smaller loss of heat is necessary. It 
would take too long to prove this opinion, but it is based 
upon ageumulated experimental facts. 

As the new process necessitates high compression 
pressures with simultaneous high temperatures, so many 
new and high claims were attributed to it thal only re- 
mained of former experiences to depend upon, nearly every 
single detail had to be adapted to its special purpose by 
tedious study and eontinuos building and re-building, 

Great difficulties were to be overcome in constructing 
the numerous valve, piston and gearing apparatus as well 
a8 to determine the fuel supply necessary: because the 
fuel was introduced in small quantities; in an exactly 
regulated manner, by strong and durable avparatus. Two 
years were occupied in investigating and testing the 

Diesel motor before it was possible to undertake to ro- 
building of a new motor which was to include all former 
experience and which would really be fit for practical 
use. 
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TA corelieal Diagram, 

me 
COMPARATIVE DIAGRAMS OF A STEAM ENGINE, PETROLEUM MOTOR AND THE RATIONAL HEAT MOTOR FOR EQUAL CYLINDER 

YOLUMES AND DRAWN TQ THE SAME SCALE. 
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rom figures (3) to (7) inclusive may be seen that 
the Deisel motor for reasons previously explained is © 

provided with a water Jacket. The small air pump (Q) 

driven hy connecting rod (Z) and lever (X), keeps the 

vessel (T) filled with compressed alr under a higher 

pressure than the highest compression attained in the 

eylinder, Ry means of the pipe connection {S) the same 

. excess of pressure is commected with the interior of the 

injector valve (D). In it the petroleum is collected 

during the intervals in the four-cyele period betwen the 

combustion periods. This petroleum is introduced by a 

1ittle pump which is not shown in the figure, By open- 

ing the valve (n) the fuel is by its high pres-cure cau ged 

to flow through the nozzle opening large (D) to the com= 

bustion chamber of the engine, thus creating the combuste 

ion period in ageordance with Diagram (1) 

Figure (B)shows in detail the entire gearing and es- 

pecially the Blo eins anparatus of a motor by the compres: 

Ef 2d air vessel (I). } represents the gear shaft having 

a number of cams {I to V). Cams (I) operate the valve 

(Vv), 3-%0-3 (III) the fuel valve in the nozzle (nD) and (V) 

the exhaust valve (V) of the engine, The whole of the 

gearing serves to start the engl ne by passing compressed 

air from (I) through the valve (Y) (figure 4) to the 

eylinder, pushing the pigton ahead and escaping through 

the main valve (V). During this very short starting per- 

iod the lever (iH) (figure 7) is in the position (i), so 

that the valve (¥) is geared by cam (II), valve (V} by 

cam (IV) instead of (V) while fuel plate (III) and cam 

(I) of the admission valve are disconnected, After a few 

revolutions the engine attains its normal speed. At this 

moment the pin {(d) (figure 7) which has kept the lever (Im) 

in position is removed and the latter is automatically 

by means of the sy ring (7) snapped into its normal poSit- 

jon (E) and with it the five cams, and thus the normal 

running is effected without interrupting the working of 

the engine. The engaging of the cams at the right moment 

can only take plase if a notch, especially provided for 

that purpose in the cam system pasges before the lever (p) 
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Practical Test. 

After having described the Diesel motor in detail it 
is now Fitting to extend the discussion by giving the 
result of a practical test made on the motor by Prof. 
Denton. / 

Tests were made with ordinary domestic kerosene and 
with various grades of petroleum which are used as fuel 
under stationary boilers, the operation of the engine cove 
ered some two hundred and fifty hours: in observing the 
behavicr of the 0il and the gondition of the interior of 

the engine after uging each different oil during all this 
time efficiency tests were made of from one to ten hours 
duration each as is ghown in the Table. 

The principal commercial results taken from this 
Table are as follows: Pirst: With ordinary colorless 
domestic kerosene of 120° Fahrenheit flash, 150° Pahr, 
fire test and of.784 sp. gravity, running at 187 R.P. Me 
and giving an average B. Hs P. of 20-8/10 with an oil 
consumption of .534 lbs, or .82 U. &. Gls, per hour per 
Be Hs Pe 3 13.00 B. He Pu with an oil consumntion of iki 6 
ibs, or ,0896 U, 8, Cals. per hour per B., H, Ps } and 
8.78 B.H. P. with an oil consumption of .72 lbs. or 31 
Ue 8. gals. per hour per Be. H, P. These results show an 

efficiency on B. H. P. of 256.8 per cent, 25.0 per cent add 
19 per cent respectively, The corresponding indicated 
horse power efficiencies were 37.7 ~ 41.,8- 41.2 respective 
ly. These results practically confirm the tests made on | 

an engine at a 19 brake horse powsr at Augsburg, Germany 
by Prof. Schroeder and other experimentors, which for a 
17.33 English horse power showed an efficiency in oil 
consumption of .H54 lbs, or ,0189 U, 8, gals of American 
kerosene per hai per B. Hs. P; and for a 9,315 B. H. P. 
an oil consumption of .03 lbs. or0956 U. S. gals. per 
hour per brake horse power, efficiencies being as followst 

17.55 He P, 9,315 H, P, 

. " ®B, Ho Pa 26.81% 22,12 7 

79, 



The same increase in indicated efficiency with reduct- 
ion of load to one-half shown by the by the German test 
is found in the New York test as per line 33 in Table. Tae 
mechanical efficiency or the per cent of power utilized at 
the brake of the New York motor is not as great as that 
of the motor tested in Ger many-a result which is possi 
bly attributable to the insufficiency of the foundation of 
the Hew York motor, which by permitting excessive vibratinn 
may have caused a waste of power between the oylinder and 
the brake. The New York motor showeédgreater indicated 

- efficiency however, which is probably due partly to the 
higher maximum pressure and paetly to the slighlty ine 

- ereased temperature of the cooling water which reduced 
the jacket waste of the engine. The heat balance of the 
two cases is as follows: 2 

Heat Balance. 
Hew York Augsburg. 

Heat of combust. accounted B. H. P. 
for by ind. 21le81les 8,78wal?,35--9,518 
OWE maw * Rh ade Th OO. 

removed by jackebem : 37.4% 40.3% 48. 
remainderes 3% 21.4% 25. 2 16 
Total Heat of Combustion g Toms 

An examination of the interior of the engine during 
the use of the kerosene showed that there was no derosit 
on the surfaces, other than an infinitesimal thin film of 
lamp-black on the cylinder and piston~head, which did not 
increase with time. Second: With Pratt's fuel oil which 
is a dark siraw colored clear petroleum of 200° Fahren. 
flash, 268° fire test/ sp. gravity of .852, being con=- 
siderably used as a steam beller fuel, at practicably 
the same number of revoliitions per minute, 20.07 RB. H, P, 
were developed with an oil consumption of .613 lbs. or 
+0862 U, 8. gals. per hour per B, H. P. } and 12,56 ; 
Be He Ps with an 0il consumption pf.681 lbs. or .0858 U.o. 
gals. per hour per B. H. P. The operation of this oil 
was attended the game insignificant lamp-black product. 

With all these oils, the engine started instantly and » 
operated very steadily. The action of the valve gear was 
smooth and praectieally noiseless, The combustion oecurred 
with perfeet regularity and was accompanied with no noise 
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other than that due to the pulsation of the floor under 
the engine,’ There was also no noise from the exhaust of 
the engine audible a few feet distant from the chimney in- 
to which the exhaust pipe led. Exhaust gases with all of 
‘the oils carried no soot, a pipe of white paper being un- 
soiled by the infPeingement of the gases against its sure 
face. No deposit was found in the drum which formed a 
part of the exhaust pipe. 

The cooling water used is shown by line 356 in the Table 
to be about 60 lbs. per B. H. P. per hour with a discharge 
temperature of 127° Fahr, The engine operated safely 
however with the water leaving the jacket at 140° Fahr., 
which would reduce the water used per hour to 50 lbs, or 
about 6 gals. per hour per B. H. P. The cost of oper 
ation will then be practically confined to the cost of 
0il and as the motéw shows itself to be able to use oil 
obtainable at about 2 gents per gal,, the gost of a brake 
horse power may be about .2 of one cent per hour which 
is slightly less than the cost of the same power for the 
average triple expansion steam engine, with coal at $3,00 
per gross ton. 
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 Conelusion. 

From present Indications the probable advance in gas 
and petroleum engines will be along the lines of in- 
provement by means of increasing the temperatures and 
necessarily higher initial compression of the explosive 
mixtures, 
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