


THE UTILIZATION OF WASTE HEAT IN INTERNAL CQUMBUSTION ENGINES 

Within the last few years the internal combustion engine has become 

quite prominent both in the engineering and manufacturing fields. The main 

advantages of the internal combustion engine over the steam engine are: its 

light weight, simplicity, guick starting, small bulk of fuel used, and fuel 

economy. © It can be used where it would be impossible to use a steam engine or 

turbine. 

In the internal combustion engine of today a great deal of heat is lost; 

part of this heat goes off in the exhaust, the remainder is carried away by the 

cooling water from the water jacket. 

The idea carried out in my work was to use this "waste heat" to generate 

steam and to use this steam in the combustion cylinder alternately with the gas, 

in an endeavor to improve the thermal efficiency of the engine. 

Tnis idea was first conceived by Dean C, BE. Ferris, who did some work in 

experimenting on the idea. In 1915 Mr. Roethe Weigel did some experimental 

work upon the same idea, using the same apparatus that was used in making the 

tests recorded in this work. 

For the average internal combustion engine we may assume an efficiency of 

21.3%. This leaves 78.7% of the heat that is lost in the exhaust, and by 

radiation through the cylinder walls. From various experiments we find that 

about 25.7% is carried off by the cooling water and 53% escapes in the exhaust 

gases. This represents a tremendous waste of energy, and if part of this 

energy could be utilized in some manner, it would add materially to the thermal 

efficiency of the engine. 

In experimenting work upon this idea, the water jacket of the engine was 

used as a boiler (see Fig. I), the steam heing collected in a steam dome 
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especially provided for this purpose. 

to dry the steam as it leaves the steam dome, 

working cylinder. 

* arrangement was used by lir. Weigel in what he 

good idea of this arrangement may 

thesis, where he gives two pictures, one showing the side 

front view of the engine. 

As the average steam engine has a thermal 
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of about 8% and the 

waste heat of the gas engine is about "8.7%, the percent in efficiency that 

"the intend combustion engine may be improved is «787 X J70 X 08 = 

assuming the efficiency of the boiler to be 70%. 

Since the efficiency of the engine was assumed to be 21.3%, the percent 

that the efficiency of the engine will be increased (by us ing steam) is 4.4 

divided by 21.3 or 20.6 percent. 

At the time I began work on the engine 

Figure 1. The cam was arranged as shown in *igure 2. This cam actuates the 

steam valve, exhaust valve, and circuit closer. The valve rate as follows: 

at the beginning of the stroke all valves are closed with the piston in it 

lowest position; as the piston moves upward it creates a vaccuum which actuates 

the suction valve (Leading to the ce commercial gas and 

air in the correct proportions into the cylinder on the return stroke, the 

mixture of air and gas is compressed and just before the piston reaches lower 

Figure 2, and the mixture.is then exp ded by means of a spark plug, on the 

return stroke the gas is exhausted, just before the piston reaches lower 

center for the third time, the and the steam valve is 

opened, and steam is admitted on the return stroke, the steam is exhausted and 
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the engine is ready for the next cycle. By this arrangement we change the 

to a siz cycle engine, using one working stroke of :
e
 

engine from a four cycle 

gas and one of steam for each cycle. 

r hours were spent in overhauling the engine. All ®alves 

had to be ground. The steam valve was very badly pitted, much trouble was 

experienced in grinding this valve as the whole head of the engine had to be 

removed. Because of the peculiar set-up of the engine this was a very difficult 

of brass, while the valve was made of cast iron; task. The valve 

when grinding the valve, the brass seat, which was not pitted would cut faster 

than the valve which was much harder and very badly pitted. The packing around 

this valve gave a great deal of trouble and had to be renewed several times. 

The spring upon this valve was found to be too weak, and as a stronger 

spring was not obtainable, a weight was added to the valve to keep it closed. 

It is the opinion of the writer that this valve is too small as wire drawing 

was experienced in this test and in the two tests perfor med by Mr. Weigel in 

1915. 

A drain was instdlled to drain the combustion chamber should water or oil 

collect there. This drain was found to be very useful, especially when starts 

ing the engin we for the first test, since both oil and water were found to leak 

into the combustion chamber, since the exhaust pipe was connected toc a common 

exhaust pipe for several gas and gasoline engines, it is probable that oil has 

not been run for several >
 

eollected in this exhaust line and as this engine ha 

years, this oil gave a great deal of trouble, by leaking through the exhaust 

valve into the combustion chamber. 

Mis drain was also found to be useful when first admit 

there was always some water present, due to condensation. This last condition 

was bettered in the last experiment by placing a drai
n in the steam line 
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just before it reaches the valve. 

Considerable difficulty was experienced with the push rod and cam for 

this exhaust valve. This push rod was slightly too long, which caused the cam 

to bend it so badly during the first tryout that it would stick, holding the 

valve open. A new rod was made, but it was found to be short. It would not 

open the valve as wide as the old one did but, since the valve was extra large, 

it is doubtful if the operation of the engine was effected by the change. 

Much difficulty was experienced in keeping this rod from turning side ways 

.and striking the cam gear wheel. Once just as I had raised enough steam 

pressure for a test, after running the engine for about three hours, the 

packing nut around the exhaust valve stem became loose and worked up vertically 

high enough to strike the push rod, causing it to turn and strike the cam gear 

and stick in such a position that it tore about a sixteenth of an inch off of 

each lobe of cam. 

The entire engine had to be taken down to get to this cam. To take the 

engine down and repair and replace the cam took about twenty-four hours. It 

then took about six or eight hours to adjust the rod to prevent the recurrence 

of this accident. It is evidently in very good shape now, as it has never 

given any more trouble. 

Considerable trouble was experienced with the governor, which is of the 

hit and miss type. It would hold the speed down too low for the design of the 

engine. This governor would allow the engine to fire two or three strokes and 

then it would hold the exhaust valve open, keeping the intake valve from 

operating, for two and sometimes three and four strokes before it would allow 

the exhaust valve to close, thereby allowing the engine to fire after the next 

intake stroke. 

The governor was made up of two flyballs that actuated a lever arm. When 
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approximately the speed prior to the opening of the exhaust valve. 

On page 9 will be found typical cards as taken in this test. Figure 

number 1 shows a card taken during a gas explosion, with a 60# 
spring in the 

indicator. ‘it thei time the card was taken it was carrying a load that held 

the speed so low that the governor did not interfere with 
the operation. 

Figure 2 shows a card that was taken immediately after the steam 
was admitted 

to the cylinder. It shows the effect of the steam on the explosion. Con- 

siderable less ares is found in card number 2 than in figure 
1. Figure 3 

shows & card taken with an indicator using a 16 pound spring, 
and a collar to 

keep the pemeil from going off of the card. This collar consisted of a number 

of brass washers placed upon the piston rod, inside of the spring of the 

jndicator in such a manner as to shorten the stroke of the piston. 

Figure No. 3 shows a card, taken before steam was admitted to the cylinder. 

Figure Wo. 4 shows the first card that was taken after the steam was 

turned One 

From the appearances of these cards and the performence of 
the engine it 

was concluded thet the superheating arrangement did very little 
toward drying 

the steam, the temperature of the gases entering the superheater was found to 

be only 312 degrees Fahr., and: the temperature of the gases leaving the super- 

heater was found to be 244 degrees Fahr., which gives an average of 256 

degrees. 4ccording to Goodenough's steam tables, steam at 15 pounds pressure 

has a temperature of 213 degrees. This leaves a heat transfer of only 

(256 — 213) 65 degrees, which is very small. In fact, I pelieve that more 

heat was lost in this arrangement than there would have been if the steam had 

been piped directly from the steam dome, because the superheating arrangement 

necessitated considerable external piping arrangement. Although all of the 

steam pipes were well covered with asbestos packing, 
there was much loss due 
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to radiation from these pipes. 

The superheater was entirely too large for its Purposes It would have 

worked much better had it been one-half the size, but this fact was not 

recognized in time to change it. 

The steam did not bother the spark plug, as I secured just as good a 

spark after turning on the steam as I did before it was turned on. The 

trouble seemed to be due to the fact that the steam diluted the gas mixture, 

or else cooled the cylinder wall until the strength of the explosion was im- 

paired, or else interfered with it in some othernmammer. It is possible that 

the pressure on the steam valve caused it to open slightly on the suction 

stroke, allowing some steam to enter and dilute the gas charge. If this is 

the condition, it could be overcome by putting a stronger spring upon this 

valve. 

The author thinks that the increase of speed, while the engine was 

recovering after the admission of steam, as described above, is due to the 

fact that the pressure at the steam valve falls off much more rapidly than 

the pressure at the steam dome, due to wire drawing, radiation, and leakage. 

In test number 2 the apparatus was arranged as in flgure number 4, i= 

using the superheater as af eedwater heater, and the exhaust pipe leading 

to thefeedwater heater as a superheater. This gives a superheater that 

is rather small, but it has the advantage of much higher temperature than 

the previous arrangement. 4 temperature of 313 degrees was obtained at 

the exit of this heater, giving a heat transfer of about 100 degrees. 

This arrangement has the advantage of preheating the water before it enters 

the boiler or water jacket. It is also better because it cuts down the 

length of steam pipe, thus cutting down radiation loss and leakage. 

Figure number 1 was taken under some load, as in the first experiment 
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and at the same speed it shows the gas explosion, with a 60-pound spring 

as before. Figure No. 2 shows card taken immediately after the steam was 

turned on. It shows practically the same conditions as found in the previous 

test. This card was found to be very near the same 

of the previous experiment. Fig shows a card .t was taken with 

a 1l6-pound spring just before the steam was admitted. Figure No. 4 shows a 

card that was taken just after the steam was admitted. It shows little or no 

steam. 

The gas explosion was affected as before, but to a less degree. This 

was probably due to the fact that less steam pressure wa tained. This also 

may explain why the arrangement used in this test did not show better results 

than the one used in test Noe l. 

The writer believes that the superheater was too small to do any good, 

the steam through it was about ten inches long, and only 

a quarter of an inch in diameter. 

Reference may be made to the extract taken from Journal of the 

9 Royal Society of Arts of June 6, which was published he July (191¢€ 

number of the Mechanical Ing 7] : 1 The article reads as follows: 

"The possiblity of combining ir > engin 1e superior thermal cycle AD 

at the higher temperatures and pressures of the combustion engine with the 

low thermal cycle of steam to deal with its rejected heat, and in the same 

engine to add the superior working advantages of the steam engine, is the 

basis of work carried out by Mr. We. J. Still." 

The Still engine is an engine capable of 

cylinder any form of liquid or gaseous fuel hitherto employed. It ma 

of the recoverable heat which passes through the surfaces of the combustion 
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chamber, as well as into the exhaust gases, for the evaporation of siesn, 

which steam is expanded in the combustion cylinder itself on one side of the 

main piston, the combustion stroke acting on the other side. It increases 

the power of the engine and reduces the consumption of the fuel per horse- 

power developed. 

The primary object is not to use the waste heat for raising steam, but 

first to use it in improving the thermal conditions of the working cylinder, 

and so insure the maximum efficiency from the fuel burnt within it, 

diminishing as a consequence the heat lost m that operation. Since the 

maximum efficiency is obtained by combustion of the fuel in the cylinder, 

and the minimum by evaporation of the water in the steam generator, it is 

evident that the larger the quantity of steam which can be generated per 

horsepower developed by the combustion cycle, the lower must be the heat 

efficiency of the whole machine. 

In the Still engine (see diagram) the jacket and cooling water form 

part of the circulating system of a steam generator, which may be an integral 

part of the engine or external to it. The cooling water therefore enters 

and leaves the jacket at a constant temperature, regulated by the pressure 

of the steam, the cooling being affected by converting the veter into steam 

without raising its temperature. Excluding the radiation losses, which are 

kept low by lagging, all the heat which passes through the walls is thus 

usefully recovered in the water as steam. The temperature of the g¢ylinder 

wall is uniform over the whole of its exterior surface, and the heat lost 

to the cooling water at each stage of the cycle--compression, combustion, and 

extension is diminished. 

The exhaust gases after raising their quantum of steam are employed in 

preheating all the water required for the steam generated in the water jacket, 
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and the generator. Trials at full efficiency over long periods and steady 

loads show terminal tack temperatures as low as 150 degrees Fahr. 

The quantity of steam capable of being generated from "waste heat" 

‘depends on the efficiency of the combustion cycle and the load. Some years 

of experimental work prove that the weight of steam recovered may attain a 

maximum of about 7 pounds.per brake horsepower per hour developed by the 

combustion cycle of a four-stroke constant volume engine at full load. 

The first experimental engine constructed was a two-stroke engine 

capable of developing 590 boiler brake horsepower from three cylinders at 

400 revolutions perminute and a bore of 8 inches. It was a high speed 

engine, designed with special regard to obtaining data bout the recovery of 

steam from waste heat (jacket and exhaust). It was first operated on town 

gas--540 B. T. U. per cubic foot, and subsequently converted for oil fuel. 

Its efficiency was not high, owing to its being a two-stroke engine with a 

short stroke, but its consumption per brake horsepower was 15 cubic feet 

per hour (31.3 peréent efficiency) a very promising result. 

The outbreak of the war prevented much progress being made in the 

design and construction of gas engines; but the results achieved give great 

promise of future development, for with a combustion indicated efficiency 

oo 
of thirty-six percent, radiation four percent, boiler loss ten percent, 

there remains fifty percent for recovery. Allowing ten percent efficie 

for the steam cycle a gain o ive 1 is assured, and the total 

cated efficiency of the engine will not be less than 41 percent. If 

percent efficiency is obtained from the steam cycle, as 

the total indicated efficiency will be about 46 percent. 

A gas engine which can give a brake thermal efficiency 30 percant better 

than its predecessors, and which, by governor control alone, can meet any br : ° LY < kJ e 
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demand up to and over 100 percent overload, ile maintaini good 

efficiency at that increased output, cannot be neglected. 

Four-stroke engines for coal oil and similar fuels have been built and 

A special 133 

pump not included) over a test of 

the two-stroke 

pw ers of 10( 

nsume approx 

proven in this work that stes 

enerated by the proper use of the heat that is lost in the present-day 

internal combustion 

Mr. Still has proven that this steam can be generated in sufficient 

Ais 
Although his method of 

using the steam was different, to.the method employed here, he has proven what 
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