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1. Object and scope of investigation.

In the petrol engine a certain percentage of heat of combustion in
the cylinder flows through the piston body into the water jacket or the
cooling fins and there may exist very often a considerable gradient of
temperature in the piston head and barrel resulting in various unfavorable
effects such as excessive internal stresses due to unequal expansion of the
material; it is of the utmost importance from the designer’s point of view
to know the actual distribution of temperature in these parts of an engine.
As to ordinary automobile engines much interesting and valuable
information on this subject has been published from time to time, but
the results are of less importance in relation to recent aircraft engines.

The present investigation was carried out with the object of obtain-
ing reasonably conclusive data which might be utilized in the practice
of aircraft engine design.

The distribution of temperature in the cylinder and piston may

vary, of course, according to the type and construction of the engine,
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138 T. Suhara and N. Sato. On the Distribution and

to the mode of operation, etc. But, at present, our investigations are
limited to the case of aluminium piston and steel cylinder of a water
cooled engine running under perfect conditions. The results obtained,
however, detail some of the important characteristics of heat flow in the
cylinder and piston. The paper deals only with the experimental results
and does not push far into questions of theory of heat which, at present,
are deferred until more deta are available.

The interesting experiment on aluminium pistons made by F. Jardine
and F. Jehle* seems to be the only recent research published on this
subject. They measured the temperature of the piston of a single
cylinder Liberty engine at four different portions and showed how
variation in the piston design affects its working temperature, Their
experiments were confined chiefly to the case of steady state of tem-
perature and did not cover that of varying conditions which might

deserve more attention.

2. Engine employed in the experiments.

In our experiment a Hall-Scott L-6 Engine of Liberty type was

utilized. The general characteristics of the engine are as follows :

No. of cylinders..6 in line, Rated HP....z2c0,

Bore............5 in, Carburetors ... Miller,
Stroke.......... 7 in, Ignition...... Delco,
Normal R.P.M... 1650-1700, Cooling .. .. .. Water.

The cylinder is of stecl about 3 mm. in thickness with steel jacket
welded on. The piston is of aluminium alloy with three cast iron rings
at the head and with seven oil grooves turned round the barrel, as
shown in Fig. 1. The sectional views of the cylinder and piston are
shown in Fig. 5.

In order to absorb the engine power a fan-brake dynamometer of

* Journal of the Society of Automotive Engineers, 8, No. 5, (1921)
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Variation of Temperatuve in the Cylinder and Piston. 139

known coefficient was directly coupled and the brake horse power of
the engine was calculated from the speed of the fan shaft together with
atmospheric pressure and temperature. _

The cooling water was kept in two tanks, each of one ton capacity,
and was circulated by means of a centrifugal pump attached to the
engine ; no radiator was employed in the cooling system.

The petrol used in this experiment was N.SK.’s Koémori whose
specific gravity was 0.69, and the lubricating oil was Gargoyl Mobiloil
A. Throughout the experiments, the oil supply was regulated at the
relief valve to a pressure from 2.5 to 2.8 kg. per sq.cm.

The ignition was timed at either 13.7° or 30° before top dead
center according to the speed of engine. This has been entered in
attached Tables for each experiment.

The starting of engine was effected by means of an electric motor
and the time of operation was measured always from the instant at

which continuous explosions occurred in the cylinders.

3. Apparatus employed in the temperature measurement.

In order to measure the cylinder and piston temperature copper
and constantan couples in conjunction with sensitive galvanometers of
short period were used ; the diameter of copper wire was 0.30 mm.
and that of constantan wire 0.28 mm. For measurement of gas tem-
perature within the cylinder platinum and platinum-rhodium couples of
0.13 mm. in diameter were employed. All these thermocouples were
attached to the sixth cylinder and piston, that is, those at the propeller
end of the engine. Among them 6 couples were inserted in the cylinder
wall, 9 in the piston body and 2 in piston rings; their locations are
shown in Fig. 5, where each couple is numbered by I1, Iz, I3, 11, I1I,
etc. In Tables and Diagrams attached to the end of this paper the
positions of couples are all specified by these numbers. Couple Ir is
located at the piston head 5 mm. deep from its top surface; couples 12

and I3 are nearly at the center of piston head about 1.5 and 9.0 mm. deep
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from the top surface, respectively ; couples II and IIT in the piston head,
each 5 mm. deep from the surface and 25 and 49 mm. from the center
of piston head, respectively ; couples VI and VI in the top and second
rings, each at its center of cross-section; couples V and VII in the
piston collars between the rings at 3 mm. from the outer surface ; and
couples IX and XI in the piston barrel, also 3 mm. from the outer
surface, and 80 and 41.5 mm. from the bottom of skirt, respectively. All
these piston thermocouples are on the intake side and in one plane at
right angles to the plane of the gudgeon pin. The holes for the
thermocouples, about 0.6 mm. in diameter, are drilled in the piston body
at the gudgeon pin side. The junctions, properly insulated, are inserted
in these holes and are calked firmly in position.

Through the water jacket, couples XII, XIII, XIV, XV, and XVI
are inserted in the cylinder wall and XVII in the lower part of
cylinder, each being at a depth of 1.5 mm. from the inner surface
of the cylinder, as shown in Fig. 5.

A couple, denoted by CC, was located on the gudgeon pin boss
and made to respond to the air temperature inside the crank case.
Through the water jacket and cylinder head a platinum and platinum-
rhodium couple g was projected into the combustion chamber at the side
of the exhaust valve. Thus the number of the couples was 19 in total.

The temperature of circulating water was measured by means of 2
sensitive mercury thermometers, one set across the water inlet WI to
the cylinder and the other at its exit WO as shown in Fig. 1.
These mercury thermometers were previously checked and were found
sufficiently sensitive to take up the variation of water temperature even
in case of its quickest change in these experiments.

10 thermocouples out of 19, at the same time, were connected.to
the 10 galvanometers, which were all that were available in the present
experiment, and simultaneous observations of temperature were made
every 20 or 15 seconds on these 10 galvanometers and 2 direct reading

mercury thermometers.
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It was not easy work to provide means for conducting the leads
of the piston thermocouples out of the engine when running at high
speed, to the galvanometers, without subjecting them to unduc stress
caused by vibration. After some trials quite satisfactory results were
obtained by a method devised by the authors, the general layout of
which is shown in Ifigs. 2, 3 and 4.

Fig. 2 shows the piston p taken out of the cylinder with connect-
ing rod and the links, and Fig. 3 is the same mechanism seen from a
different side. One arm % of a U-shaped piece wu/, which is of special
steel, is rigidly fixed to the inside of the piston barrel, and the other
W, carrying a link at its end, is led to move along a vertical guide.
Tts bigger arm u is of I-section and the smaller % of square with
grooves at the sides for leading the thermocouple wires ¢, the weight of
the piece including the aluminium cross-head being about 500 grammes.

Fortunately there is, in the crank chamber, a space left between
the connecting rod, crank arm and main bearing, just sufficient to
permit this U-piece moving up and down with the piston body. The
curved part of the U-piece passes round the skirt end of the cylinder
and the arm u projects out through an opening cut in the upper crank
case. A cross-head % at the end of %' slides along a cross-head guide
g, Fig. 4. A long link I and short one m, both of duralumin, connect
the cross-head 7 with the fixed hinge o. Thus along the U-piece and
two links { and m the lcads of piston thermocouples ¢ are conducted safely

to the galvanometers.

4. Gas temperature within the cylinder.

It was desirable to observe the temperature existing within the
cylinder, but in case of the high speed engine the exact measurement
of this temperature is not an easy process on account of the exceedingly
wide and rapid variation in temperature of the charge.

In order to measure the mean temperature of gas it was necessary

to prepare a couple with sufficiently thick wire, so that it should be
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more or less insensitive to rapid fluctuation of temperature. But an
unavoidable objection to thick wire couples is that the charge is very
liable to make surface combustion on the highly heated wire projected
into the cylinder during a part of the suction and compression strokes,
and consequently that the mean temperature indicated by the galvano-
meter would be much higher than the actual mean temperature of gas
within the cylinder.

The authors made some preliminary experiments on the effect of
suface combustion with thermocouples of platinum and platinum-rhodium
wires of different sizes, and found that when the engine was running
at high speed, the wire of about 0.13 mm. in diameter gave almost
satisfactory results. 4

The figures given under the column “ the mean temperature of gas”
in the annexed Tables are the valucs obtained by inserting this thermo-
couple in the explosion chamber at the point specified before; and
these values are not considered exact, at present, but may be sufficiently
relied upon to the order of approximation. The mean temperature of

gas also varies considerably according to the position of couple attached.

5. Variation of temperature in the piston and cylinder
when the engine is starting.

Experiments were made to investigate how the piston and cylinder
were warmed up when the engine was started. Nos. 3, 4, 5, 9 and 1
are some of the various cases of these experiments.

Experiment No. 3. Previously, the main throttle of the engine
was opened a little way and the throttle lever was fixed at the position,
and the timing lever was also fixed. Then the engine was set to revolve
by means of a starting electric motor. As soon as explosions occurred
in the cylinder the engine accelerated quickly to a certain constant
speed which was predetermined by adjusting the positions of throttle
and timing levers. The speed attained was 1110 R.P.M. and the power

55.6 HP. In this experiment temperature readings were taken simul-
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taneously every 20 seconds on 3 thermocouples, that is, I3, 11, I1I, V,
VII and XI in the piston, XIV and XVI in the cylinder wall and on
2 mercury thermometers WI and WO in the circulating water inlet *
and outlet, respectively. The results of experiment are shown in Table
1 and plotted in Diagram 1. In the Diagram time is measured from
the instant at which the regular explosions were heard in the cylinders.
In this experiment the initial temperature readings of the piston and
cylinder and of the jacket water were not all coincident, owing to the
fact that the engine was run for some length of time and was still
warm at the time of new starting for the present test. When the
engine was set to start the temperatures of piston rose very quickly in
the first minute, then rather slowly in the second minute, very slowly
arriving at a steady state in the third minute. The couples XIV and
XVI indicate that the temperatures of the cylinder wall are very near
those WO and WI of the circulating water and vary closely with them.
The mean temperature of gas within the cylinder was estimated to be
620° C.

Experiment No. 4. The temperatures were measured by the same
couples and in the same way as above except that the throttle was
opened previously a little wider. The speed of the engine after starting
was 1170, the power 65.2 HP, and the mean temperature of gas
660° C. The results of the experiment are shown in Table 2 and
"plotted in Diagram 2. The shapes of the temperaturc curves are the
same as in the previous experiment except that they run, as a whole,
a little higher than those observed before.

Experiment No. 5. In this experiment temperatures of the piston
and cylinder‘were measured mostly at different positions, that is, by
couples I, II, VII and IX in the piston, IV and VI in the piston rings,
XII in the cylinder wall, CC in the crank chamber and 2 mercury
thermometers for the circulating water temperatures. As was expected,
the general feature of the temperaturc curves is just the same as that

in the cases stated above, and it may deserve some attention that the
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temperatures of the piston rings are a little lower than those of the
piston collars between rings. In this experiment the speed of engine
was goo R.P.M,, the power 28.9 HP. and the mean temperature of
gas 490° C.

Experiment No. 9 and No. 11, Temperature observations were
made with the same couples and in the some way as in Experiment
No. 5 except that the position of the throttle lever was different. In
No. 9 the speed was 1020 R.P.M, the power 42.5 HP. and the
mean temperature of gas 550° C. and in No. 11 these were 11 55 R.P.
M., 61.1 HP. and 6350° C., respectively.

Summing up the results of the above experiments we may state
that, when the engine is starting the temperature of the piston attains
to a certain steady state corresponding to its speed and power in about
3 minutes ; the temperature of the cylinder wall always changes closely

with that of circulating water.

6. Change of temperature in the piston and cylinder with
change of speed and power of the engine.

It was one of the objects of this investigation to determine the
temperature distribution in the piston and cylinder when the engine is
operating under full load. Before attaining the full power condition,
the engine was tested at different speeds, increased step dy step, and
the simultaneous observations of temperatures were made every 15
seconds throughout the time the engine was running.

Experiment No. 15. In this experiment and in what follows
hereafter the temperature and speed readings were taken simultaneously
every 15 seconds.

After starting, the engine was kept running at a speed of goo R.
P.M. for about 3 minutes, then the throttle lever was quickly advanced
permitting the engine to run at 980 R.P.M.; next, the speed was
increased to 1070 R.P.M. and then to 1160 R.P.M.; the engine being

kept running always for 3 minutes at each stage of speced. The results
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are tabulated in Table 6 and are plotted in Diagram 6. During the
experiment a constant quantity of cooling water which was kept in the
tank was made to circulate by the centrifugal pump attached to the
engine. No radiator being employed in the system, the temperature of
water rose gradually as the engine continued to operate. The rate of
rise of temperature was about 1.3° C. per minute. The temperature
curve of couple XVI, running almost straight between those of circulat-
ing water, indicates that the temperature of the lower part of the
cylinder does not much depend upon the temperature change of gas
within the cylinder. But the temperature in the cylinder head XII
and the middle part of the cylinder barrel XIV are affected more or
less by the gas temperature. The fact can be seen more distinctly in
Diagrams 7 and 8.

The temperature curves 13, 11T, V, IX and XI show that the gas
temperature has fairly strong influence upon the temperature of the
piston, the effect being most remarkable at the center of piston crown
and decreasing gradually towards its shoulder and down to the
skirt, where the effect of the circulating water becomes more
predominant.

Experiment No. 16. In this experiment the observations were made
with the same couples as before, under four different speeds of engine,
that is, 1200, 1300, 1420 and 1480 R.P.M. The results are tabulated
in Table 7 and plotted in Diagram 7. After the engine was started
the throttle was opened very gradually until the engine attained to a
predetermined speed of 1200 R.P.M.; accordingly the shapes of the
temperature curves plotted between I to 3 minutes became quite unlike
those obtained in case of starting. At the instant 63 minutes after
starting a little unexpected trouble in the ignition system stopped the
spark of the sixth cylinder for a few moments. The result was an
interesting small wave on each temperature curve between 6 and 7
minutes.

Experiment No. 17. The observations were made also at four
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different speeds, that is, 1380, 1480, 1560 and 1670 R.P.M,, the last-
mentioned figure being nearly full speed of the engine. The results of
the experiment are given in Table 8 and plotted in Diagram 8. At
the instant 15 minutes after starting, the engine was suddenly throttled
down to 1180 R.P.M,, and accordingly the piston temperature fell very
quickly in the first one minute, and rather moderately in the second
minute, and then very slowly down to a steady state in the third
minute.

From the results of experiments Nos. 15, 16 and 17 the relation
of BH.P. to the steady temperature in the various parts of the piston
was deduced ; values are shown in Table 12 and Diagram 12, in which
the piston temperatures are measured above that at the outlet of the
circulating water.

From these experiments it may be stated that when the engine
operates normally, there exists no great difference between the
temperatures of the cylinder wall and that of the circulating water ; it is
40° C. or so at the top and less than 10° C. at the lower part of the
cylinder.

The temperature of gas within the cylinder has strong effects upon
that of the piston. The effect is biggest at the center of piston crown
and there the temperature change may be something of the order of
1/6 that of the gas, and diminishes gradually towards the bottom of
piston skirt. The highest temperature of the piston crown, when the
engine is running under good condition, is 200° C, or so, measured
above the temperature of circulating water at the exit of cylinder
jacket. In ordinary cases the temperature of the circulating water at its
outlet may be below 80° C. and we can conclude that the maximum
working temperature of the aluminium piston of this engine is below
300° C. The temperature at the shoulder is about 50° C. lower than
that at the center, and that of skirt about 40°C. higher than that of
water outlet. This temperature may vary, of course, according to the

type of engine, kind of fuel, mixture strength, or other various factors,
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but within the scope of this experiment the results are considered to be

fairly conclusive.

7. Change of temperature in the piston and cylinder when

the spark is switched off for a few minutes.

Experiment No. 12. Initially the engine was kept running at a
speed of 1200 R.P.M. and at the point of 8 minutes after starting the
spark at the sixth cylinder alone was suddenly switched off, the throttle
being left untouched and the other five cylinders firing normally ; con-
sequently the speed of the engine was reduced to 1120 RP.M. At
12 minutes the spark was again switched on, and the engine regained
its initial speed. At 18 minutes the engine was switched off and the
main throttle was shut at the same time; the engine stopped in a few
seconds and was,left to cool frecly. The couples utilized in this
experiment were I1, II, VII, IX in the piston, IV, VI in the piston rings,
XII in the cylinder, CC of crank chamber and WO and WI of the
circulating water. The results are shown in Table 9 and Diagram 9.

When the spark is switched off all the temperatures in the piston
and cylinder begin to fall very quickly at first, and then gradually
flatten out towards the steady state in about 3 minutes. The temperature
at the top of cylinder falls down to that of circulating water, but
the piston temperatures, being affected by the temperature of gas within
the cylinder which is working on idle cycles without explosion, are
kept about 20° C. higher than that of the cooling water.

When the spark is switched on again all temperatures go up to
the initial state in the same way as that at the time of starting.

When the engine stops all temperatures in the piston and cylinder
fall, while the temperature of the exit water rises distinctly, showing
that the water is warmed by the residual heat of the working part of
the engine as it ceases to circulate through the jacket. In this case it
takes at least 5 minutes before the engine is cooled down to the

temperature of the circulating water.
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Experiment No. 13. This is a similar experiment to the previous
one but with couples at different position, that is I1, I3, 1II, VII and
XI in the piston, VI in the ring, and XIV and XVI in the cylinder

wall. The results are shown in Table 10 and Diagram 10.

8. Temperature change in the piston and cylinder with
that of the circulating water.

The change of temperatures in the piston and cylinder due to
sudden change of temperature of cdoling water has been investigated ;
the temperature of the circulating water at the inlet was about 60° C.
initially and about 20° C. after the change.

The speed of engine, which was 1180 R.P.M.,, was not affected
practically by this change. At an instant 22} minutes after starting
the water connection was changed again and the warmer water was
made to circulate. A few moments after this change the throttle was
opened a little wider and the engine speeded up to 1300 R.P.M.
Again at 28% minutes the connection was changed and cooler water
was supplied to the circulating system.

The results of this experiment are shown in Table 11 and Diagram
11. In this experiment the temperature of the circulating water is
varied through 40°C. and the temperature change of piston induced
thereby was from 20° to 25° C., the effect being less toward the center
of the piston head, with a time lag of about 3 minutes.

The temperature of the cylinder wall follows sensitively that
of the circulating water, as was confirmed also through previous

experiments.

9. Effect of friction on the temperatures of
the piston and cylinder.

The effect of friction between the cylinder and piston on their
temperatures may be by no means small according to the running

condition of engine. It is an important subject of general interest, but so
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far as these rescarches are concerned where the engine is perfectly
lubricated this effect is considered not to be serious. For in Diagram
9 the mean temperature of gas within the cylinder is observed to be
85°C. (Table 9) while that of the water is a little below 40°C. and
all temperatures of the cylinder and piston settle between 50° to 60° C,,

showing that there exists but little frictional effect between them.

10. Summary and conclusion.

The results of this investigation may be summarized as follows:

1. The temperatures in the piston and cylinder attain a steady
state in about 3 minutes after starting, the change being very rapid in
the first minute.

2. When the speed and power of the engine vary the temperatures
of piston and cylinder also vary with them and attain the stationary
condition in about 3 minutes.

3. The temperature of the lower part of the cylinder is only a
little higher than that of inlet water and is not materially influenced
by the temperature change of gas within the cylinder. When the
engine is running at normal speed under good conditions the difference
between the temperatures of the top of cylinder barrel and of the
cooling water outlet is less than about 50°C.

4. The change of temperature at the center of the piston crown is
of the order of 15 to 17 that of the gas and of 1/2 of the circulating
water.

5. The highest temperature of piston exists, of course, at the crown
center and is about 200°C. above the outlet temperature of circulating
water, The temperature of piston shoulder is about 130°C. and that at
the skirt about 30°C. higher than that of circulating water.

6. The temperatures of the piston rings are considerably lower
than that of the piston collar which holds the rings.

7. There exists a considerable temperature gradient near the edge

of piston head and also along the piston barrel down to the bottom of
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skirt, although not so steep as in the case of ordinary exhaust valves.

8. When the spark is switched off, the temperatures of the piston
and cylinder fall rapidly and attain a steady state in 3 minutes. In
case of full stop at least 5 minutes are required for free cooling of the
piston and cylinder down to the temperature of circulating water at
its outlet.

As stated above all these experiments were made only on the
engine running under perfect conditions, yet the results seem highly
suggestive for other particular cases arising often in practice. Further
researches on an engine running under abnormal condition such as the
case of overheating due to insufficient cooling, poor lubrication, excessive
carbon deposit on the piston head or the like, even up to the very
moment of break-down of the engine will be of very much importance.
The authors are preparing for these investigations and the results will
be published in a near issue of the Report of the Institute.

In conclusion the authors desire to express their special apprecia-
tion to Mr. K. Tomizuka, Assistant Professor of the TOkyd Imperial
University, who is now in Paris, and with whom they were in close
collaboration for years, for his valuable advice and assistance during the
carlier time of this investigation. The authors also express their
acknowledgment to Messrs Y. Gotd and A. Hasimoto, Assistant
Engineers of the Institute, for their faithful assistance throughout the

investigation.
The Aeronautical Research Institute,

Tokyd Imperial University.
May 1922.
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Table 1. Rise of temperature in the piston and cylinder

when the engine is starting.

Experiment No. 3. May 14, 1921
R, P. M. of Engine 1110 Atmos, pressure 761
B.11. P. of Engine §5.6 Room temperature 13.7° C.
Ignition 13.7°
. Mean Temperature of Piston Temp. of CrIi‘fcl:Jl&ti(l))ftr
Time 'I:err;p. Cylinder Water
Min. Sec. | O b IV VIL NI | XIV XV | e oW
o 620 60 64 59 6 57 58 | 56 56 | 45 62
20 . 66 63 62 56 57 58 56 52 49 54
40 » mx 108 93 75 75 62 | g3 48 | 47 52
1 o » 128 122 10§ 8s 82 66 54 49 47 52
20 » 135 I30 I09 9I 87 69 56 49 48 52.5
40 » 140 133 114 95 90 72 56 50 49 53
2 o » 14;2 135 1Ig 96 9I 73 56 50 49 54
20 » I42 136 1I§ 96 92 74 57 5I 50 54
40 » 141 136 115 96 92 75 | 57 5L | 50 55
3 o » 142 136 115 96 93 76 | §8 52 | 505 55
20 » 142 136 116 97 93 75 58 52 51 56

Table 2. Rise of temperature in the piston and cylinder

when the engine is starting.

Experiment No. 4 May 14, 1921
R.P.M. of Engine 1170 : Atmos. pressure 761
B.H.P. of Engine 65.2 Room temperature 18.6° C.
Ignition 13.7°
Temp. of Temp. of
. Mean Temperature of Piston C l'p;i Circulating
Time Temp. yhnder Water
of
Min. Sec. \ . - . Inlet Qutlet
Gas L 5 m v VIl XI | XIV XVI| 1 wo
o 669 67 66 66 63 65 62 | 64 58 | s 68
20 » 78 78 74 66 67 62 62 57 64
40 ”» 123 121 Io5 86 83 65 61 56 55 59
1 o » 142 138 116 96 93 72 62 57 | 55 59
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Table 2, (Continued)
Time fxﬁ; Temperature of Piston ’(Igjrll?x?&e(:'f C'{%K/;;llzaétf;xfg
Min. See. | O, L, L m v vl XI | Xiv xvr [Inet Qoflet
20 660 153 149 124 Io3 98 76 64 58 57 613
40 » 158 153 126 106 IoI 79 63 59 57.5 62
2 o » 159 Is4 128  Ioy I03 8o 63 59 58 63
20 » 160 156 I30 109 ‘ 103 81 63 62 58.5 63
40 » 162 157 131 109 104 83 66 60 59 635
3 o » 162 159 131 110 10§ 84 66 60 59 64
20 » 162 159 131 1Yo Iog 84 67 6o 59.5 64.5
40 2 163 160 132 III  IO§ 85 63 61 60 65
4 o » 163 161 133 IIl 106 86 63 61 60.5 65
Table 3. Rise of temperature in the piston and cylinder
when the engine is starting.
Experiment No. g May 20, 1921
R.P.M. of Engine goo Atmos. pressure 755.5
B.H P. of Engine 28.9 Room temperature 23.8° C,
Ignition 13.7°
Time %i:; Temperature of Piston P’il;?g;xp.}{?rf g %?T;E&:f:?g{i]g C’Ii‘{%;j:a;tli-cr’lfg
Min. Sec. Gozfg L I Vo X | IV VI | X;m | cc | et Qutet
o 490 20 20 20 19 20 21
15 » 38 44 30 27 27 26 25 19 24.5
30 » 56 59 38 33 | 36 36 30 28 19.5 25
45 » 72 73 45 39 | 41 42 32 32 20 26
I o » 8 8o 50 43 4 45 33 35 20 26
15 » 8 8 54 47 | 48 48 33 38 205 265
30 » 8 8 55 49 | 49 50 33 41 21 27
45 » 8 8 57 50 | 52 5I 33 43 215 27
2 o ” 9 90 58 I | 52 52 33 45 2z 28
15 » 90 92 59 52 | 52 53 33 46 22 28
30 » 90 91 59 53 | 53 54 33 22 285
45 » 9 92 63 54 | 53 54 34 47 23 275
3 ° » 90 oI 63 54 | 53 54 34 23 27
15 » 90 9r 60 54 | 53 55 33 49 23 27
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Table 4. Rise of temperature in the piston and cylinder
when the engine is starting.

Experiment No. ¢ May 21, 1921
R.P.M. of Engine 1020 Atmos. pressure 759.3
B.H.P. of Engine 42.5 Room temperature 23° C.
Ignition 13.7°
[ X Mean | Temperature of Piston ’.I‘emp.)gf Ten_lp. of Tgx;;g].]:n C'Ii‘:é?g;.tionfg
Time Temp. Piston Ring |Cylinder Chamber Water
f
Min. Sec. | Gas L I VI OIX | v v | xm | cc | InetQudtet
o 550 42 41 38 40 | 39 38 44 43 34.5 49.5
15 ”» 65 66 49 46 | 44 45 47 43 37 41
30 ” & 8 58 53 | 52 55 50 47 38 42
45 ” 96 95 64 58 | 60 62 51 51 33 43
I o » 102 101 63 62 65 62 50 54 33.5 43.5
15 2 1c6 1c6 72 63 68 65 51 56 39 44
30 ” 108 108 74 68 68 63 5 58 39 445
45 ”» 110 110 75 68 71 69 51 60 39 45
2 o » 112 111 76 70 75 69 51 61 39.5 4S5
15 » 112 111 77 70 75 70 50 62 40 45.5
30 » 113 111 78 7o 77 71 51 63 40 46
45 » 113 11z 78 71 8o 71 5I 63 40 46
3 o »» 113 113 79 72 8o 71 5I 64 40.5 46
135 114 113 79 72 | 77 71 51 64 31 465
30 » 114 113 79 73 8 72 5L 65 4t 47
45 » 114 113 79 73 8o 72 52 65 41.5 47
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Table 5. Rise of temperature in the piston and cylinder

when the engine is starting.

Experiment No. 11 May 21, 1921
R.P.M. of Engine 1155 Atmos. pressure 75g.3
B.H.P. of Engine 61.1 Room temperature 23.5° C,

Ignition 13.7°

. Temp, 1 emp. of
Time ’11‘\;[;3:; Temperature of Piston Pgié?lph?xig g;ﬁg)d e(;f C(}i;fgi g{\%;:liz;tr?;g
Min. Sec. | & L I VIOIX | IV VI | X;mo | cc o |Tnlet Outlet
© | 650 | 56 65 57 359 | 55 55 59 58 515 65.5
I5 » 70 70 60 6o 57 57 60 60 57 57,5
30 ”» 94 93 7I 65 63 66 63 61 58 61.5
45 » 115 114 81 72 78 76 71 65 58 63
I o » 124 125 88 78 | 8 82 72 63 59  63.5
15 » | 132 133 o3 8 | 8 8 72 71 59 64
30 » | 138 137 95 B85 | 92 & 73 73 59 645
45 141 140 98 87 | 95 o1 73 75 59.5 65
2 o » 144 142 99 89 | 96 92 74 76 6o 63
Ig » | 145 143 100 9o | 98 o3 74 77 6o 655
30 » 146 144 100 9I | 100 93 74 73 60 66
45 » 146 145 10I 91 | 100 94 74 8o 60.5 66
3 o » 146 146 102 92 | 100 95 74 81 61 66.5
15 » 147 147 103 93 | IoI 96 74 82 61 67
30 o 148 147 103 93 | 101 96 74 83 61.5 67
45 » | 1485 148 103 94 |10 96 74 83 62 675
4 o 5 150 148 104 95 | 10I 96 74 83 62 67
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Table 6. Change of temperature in the piston and cylinder

with the change of engine speed and power.

Experiment No. 15

Atmos, pressure 762.5

Ignition 13.7°

July 22, 1921
Room temperature 26.8° C,

Mean | Temperature of Pi Temperature of [ °00: O | o\

. perature of Piston Cylinder irculating|R.P.M./B.I.P.
Time | Temp. ¥y Water of of
. of InletOutlet/p . .

Min. Sec.| Gas L I0 V IX XI |XIIXIV XVI T wo Engine Engine
1 o | 490 | 67 55 52 45 36 | 38 40 32 |27 335 9oo| 288

135 » 78 62 60 47 40 403 405 32 |28 34.51 »
30 » 8% 63 65 351 41 43 415 32.5| 28 35 ” ’
45 » 92 72 69 55 46 | 43 415 33 |28 35 ) »
2 o » 94 74 72 56 49 | 435 415 335/ 285 355 »
15 » | o5 75 74 58 so | 435 42 335|290 36 | . |
30 » 97 76 74 38 50 44.5 42 34 |29 3651 »
45 » 97 77 75 60 51 44.5 42.5 34 | 295 36.5| »
3 o ” 97 78 77 635 52 45 425 34.5| 30 37 » »
15 530 98 77 77 69 45 43 345(30 37 | 980 . 37.3
30 » 102 79 ;79 61 46.5 43 34.5| 305 37.5 » »
45 » 82 81 61 47.5 45 36 |31 38 ” »
4 o » | 106 8 82 64 4% 45 36 |31 38 ” "
15 » 108 84 82 64 61 48 44 36 |35 385] »
30 » |108 8 83 64 65 485 45 36 |32 39 » »
45 » 108 84 84 65 63 49 455 365132 39 » »
5 o » | 108 8 8 63 65 49 45 365032 395 »
15 » 108 8; 8; 65 63 49 455 37 |33 395! »
30 » 108 8 83 67 63 48.5 46 37 133 40 ) »
45 » 107 8 85 67 65 | 48.5 46 37533 40 ” »
6 o » 106 8; 84 67 63 48.5 46  37.5| 33.5 40 ’ »
IS5 580 1t 8 8g 67 65 50.5 47 37.5| 34 4I 1070 | 48.5
30 . 115 8 87 67 65 51 47 38 [ 34 41 » »
45 » 18 92 9o 69 65 52 475 38.5(34 4135| , »
7 o » | 120 93 9r 70 65 52.5 48 38.5] 34.5 42 ” »
I5 » |122 97 92 73 66 | 53 48 39 |35 42 » »
30 » | 122 97 9z 73 67 53 485 39 |35 425] »
45 » |122 96 93 75 67 | 535 455 39.5| 355 43 » »

~
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Table 6. (Continued)
Mean Temperature of Pist Temgerature of (;11::1 Il)a',tiof

Time | Temp, P oeen Cylinder Water = RPALBILP.

(o)
MinSe| Gas | v oIx NI | NI XIV XVI et Oy |Engine Engine
8 o s80 | 122 97 93 75 70 53.5 49 39.5| 35.5 43 | 1070 | 485
13 » |122 93 93 75 70 | 53.5 495 42 |36 4351 » |

30 » | 122 98 93 75 70 | 535 49.5 405|306 435| = »

45 » (122 93 93 75 70 | 535 49.5 4I | 365 44 » »

9 o " 122 98 93 75 71 54 50.5 41 | 37 44 » »
13 6so | 127 99 95 75 7I | 55 SI 41 |37 44.5| I160 | 619

30 ’ 132 103 98 76 71 56.5 52.5 4I.5! 37.5 45 » »

43 » | 134 105 99 76 72 | 57 53 415|388 455 » »

0 o » | 135 To7 100 76 72 | 575 53.5 42 |38 46 ” »
15 » | 136 107 100 76 73 | 575 53.5 42.5| 38.5 46 » »

30 » |136 108 1.1 78 73 | 575 535 43 |39 465| » »

43 » 136 108 101 80 74 | 575 54 44 | 395 47 » »

1 o » | 136 109 101 80 74 | 575 S4.5 44 | 395 47 »
I »” 135 I1cg 101 80 74 56  55.5 44.5| 40 47.5| » »

30 » 136 110 101 80 74 | 57 555 44.5| 49 48 » »

Table 7. Change of temperature in the piston and cylinder

with change of engine speed and power.

Experiment No. 16 July 22, 1921
Atmos, pressure 762.5 Room temperature 26.8° C.
Ignition 30°
Mean Temperature of Piston Temperature of Cxlrecr&l:ttl?]f
Time | Temp. 1 Cylinder Water SJR.P.M.B.ILP,
. of of of
Min. Sec. | @Gas I, T V VII IX XI | XII XIV XVI Ir\x):;:lt ()\%tgt Engine Engine
I 30 111 94 87 8o 76 6j 64 59 50.5|46 52
45 118 100 91 83 76 65 65 59.5 51 |[46.5 525
2 o 127 106 96 86 78 66 66.5 60.5 51.5| 47 53.5
15 134 111 100 89 79 69 | 67 O6L5 52 |47 54
30 67c | 142 117 105 92 84 73 69 61.5 52.5| 48 54.5| 1200 | 68.5
45 » 148 121 108 94 87 74 71 61.5 525/ 48 5% » »
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Table 7. (Continued)
Mean Temperature of Piston Temperature of C,lnfér\:%)atl()rfg

Time Temp, P Cylinder \Water R,I;,fM, B,onép,
Min. Sec | s L MV VIDIX NI | XTI NIV Nvp [T OQaetEngine Engine
3 o 670 | 152 124 1150 96 f9 75 72 62 353 | 485 s55.5( 1200 | 68.5

15 w | 133125 111 97 9o 75 | 72 625 535|49 56 » »

30 » | 153126 113 93 g0 76 | 72 63 54 |49 65| »

45 154 126 113 93 91 77 | 72 635 545|495 56.5| » »

4 o . I35 126 113 93 91 78 72 63.5 54.5| 49.5 57 ” »

53 155 127 114 93 91 8o 72.5 63.5 55 | 50 57 » »

30 I55 127 114 99 9I 8o 72.5 64 55 | 50.5 57.5 » »

45 - 156 127 115 100 91 81 72.5 64 55 |50 58 » »

s o . 156 128 115 100 91 SI 72.5 64.5 56 | 51 S8 » »

Ig 156 128 115 100 91 81 73 615 56 | 515 53.5| »

30 - 156 123 115 I0I 91 82 73 65 5b5| 52 59 » ”

45 i I56 128 115 101 93 82 74 65 57 |52 59 » »

6 o - 158 129 115 101 Q3 83 73 65.3 57 | 52 5§9.5| » »
15 80> | 166 ¥33 117 103 93 83 73 66.5 575|553 60 | 1300} 87.0

30 ” 163 135 121 103 93 84 | 745 64 575|535 605 » »

45 s 167 134 119 104 9% 34 77.5 67 58 1535 605 & »

7 o 179 141 123 107 96 84 | 795 67.5 59 |54 6151 » »

15 . 183 144 127 108 99 86 8 635 59.5| 54 62 » »

30 " 135 147 128 110 103 B3 79.5 69 65 |55 625 » s

45 " 139 149 I29 1i1 104 88 815 6) 60 |55 63 E »

8 o - I9I I51 I3X 113 104 &9 82 69.5 62.5| 55-5 63.5| = »”

15 . 191 I5I 132 113 106 go 83 635 61 |50 64 ”

30 193 152 132 113 106 Qo 835 70 61.5| 56.5 64 » »

45 ’ 194 153 133 114 106 9I 84 70 62 |57 645 »

9 o " 194 153 I34 114 105 GI 84 70 62 |57 6451 = »
i 950 | 198 155 134 Ilg 105 91 | 85 705 62.5| 57.5 65 | 1420 | 113.3

30 N 202 159 136 117 107 9z 8 72 62558 66 » :,

45 ” 207 162 1309 Iig 108 86.5 72.5 63 | 58 665 »

10 o - 210 163 141 1zI 08 s 88 735 63.5| 53.5 67 » »

I . 213 167 142 121 111 Q5 9> 74 61 |59 67.5| . »

30 » 2I5 167 143 122 112 Q7 92 745 64.5! 59.5 68 » »

45 | 217 163 144 123 114 97 | 91 75 65 |60 635 »

I o 217 169 134 123 13 9% ’ 92 75 63 | 60.5 69 ” »

i
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Table 7. (Continued)
Temp. of
. : Temperature of |~; .
Time 'i\‘ii:; Temperature of Piston Cylinder Clr\({]u;;x;ng R 'PEM' B.Ht:P.
. O O
of . .
. E E
Min.Sec. | Gas | T, I V VI IN NI | XIL XIV XVI [Fef Ot e ene
15 950 | 217 170 145 125 116 98 92 75 63 |61 695 1420 | 113.3
30 5 219 170 145 126 116 ¢y 93.5 75.5 65.5| 61.5 70 » »
45 » 219 171 147 126 116 gg 94 76.5 65.51 62 7o ” »
iz o » 219 171 147 126 118 100 94.5 76.5 66 |62 o5 ’ »
13 1020 | 220 171 148 128 118 100 | 95 77 66.5] 625 71 | 1480 | 128.6
30 » | 221 171 148 128 119 100 | 975 775 67 |63 7rS| ”
45 » 223 172 I49 119 IOI 97.5 78 67.5| 63.5 72 » »
13 o » 225 174 150 119 102 | 97.5 785 67.5| 64 725! ”
15 » 226 174 I5I 119 104 97 79 68 | 645 73 » »
30 » 226 175 151 119 102 c6 79.5 68.5|65 735 »
45 226 175 151 119 102 | 97 795 69 |65 74 » »
14 o ” 226 175 151 119 103 96.5 80 69.5] 65 74.5| ”
Table 8. Change of temperature in the piston and cylinder
with change of engine speed and power.
Experiment No, 17 July 28, 1921
Atmos. pressure 759.7 Room temperature 27.5°C.
Ignition 30°
Mean Te rature of Pist Temperature of Clrezlll;tlolf
Time | Tomp. mperatere ot Histon Cylinder Water EIR.P.M./B.H.P.
of of of
Min. Sec. . co - - Inlet Outlet|{Engine Engine
Gas I; NI V VIIIX XI XL XIV  \y1 wo
3 o 9oo | 163 127 108 92 81 73 61 3 30.5 39 | 1380 | 103.5
15 » 163 130 110 94 84 74 62. 54.5 31 39 ” »
30 » 172 133 112 96 357 74 63.5 54.5 31.5 40 » »
45 » | 176 136 114 97 89 75 645 54.5 32 405) ,,
4 o 2 173 138 115 98 9o 75 65 55 32.5 415 ’ »
15 » 179 139 116 99 91 73 65.5 56 33 42 » ”»
30 2 130 140 117 100 91 8o €6.5 56.5 33.5 42 . ’
45 _., 181 140 118 100 9r 81 67 57 4 43 » ”
5 o » 181 140 113 100 91 82 67 57.5 34 “3.5 ”» »
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Mean Temperature of Piston Temperature of C’il;'ectw?lpzx‘tiorfg

Time | Temp. P Cylinder Water - [RPM. BILP.
Min. Sec. | cos B IV VIO IX XTI | X;m Xty ['BletOutletEngine Engine
I3 goo | 181 140 118 100 9I 82 67 57.5 35 44 | 1380 | 103. 5

30 » 181 141 119 Tol oI 82 638 58 35  44.5 » »

45 » 131 141 119 I0I 93 82 63 58.5 36 45 » »

6 o » 181 141 119 102 93 82 69 58.5 36 45 " »
Ig 1020 | 183 142 120 102 93 82 69.5 59.5 37 45.5| 1480 | 1278

30 ’ 188 147 122 103 93 82 715 535 37 46 » »

45 » 198 153 126 1c6 94 82 74 59 38 465 ”

7 o » 205 158 129 1c9 96 82 75 50.5 33 47 » »

Ig » 208 160 132 110 99 86 75.5 60.5 39 43 ”» ”

30 . 211 161 133 III 100 87 76 60.5 39 435 » 2

45 » 212 163 134 113 77 615 40  49.5 ”» »

8 o » 212 163 135 113 103 &9 77.5 6LS§ 40.5 50 » »

15 » 213 164 136 113 104 89 77.5 62 41 51 » »

30 » 214 165 137 114 104 QO 78 63 41  5L.§ » 2

45 » | 214 163 137 115 To5 9o 78.5 63 4z 5L5| » »

9 o » 215 165 137 115 105 OI 79 63.5 42.5 §2 » »
15 1060 | 217 166 138 115 Iog oI 8o 64 43 52.5] 1560 | I149.5

30 . 223 170 140 118 107 92 81 64 43 53 » »

45 » 226 I72 141 119 1oy 92 82.5 635 44 54 ”» »

10 O s 229 174 144 120 108 94 83 65 44.5 54.5 » s

15 » 230 176 144 121 108 o4 84.5 66 45 55 » »

30 s 232 177 145 121 108 0 84.5 66.5 45.5 555 » »

45 s 232 177 146 122 110 ¢b 85.5 67 46 56 » »

II O . 233 177 146 122 111 g6 86 67 465 565 » »

I5 » 233 178 146 I22 111 97 8 673 47 57 » »

30 » 233 178 146 123 111 93 87.5 67.5 47.5 58 » »

45 » 233 178 147 123 112 98 88 685 48 58 » »

12 o » | 234 178 147 124 112 98 $8.5 69 485 5851 »
15 1080 | 236 179 148 125 114 98 89 69.5 49.5 59 | 1670 | 183.3

30 » 243 184 152 125 118 93 9I 70.5 50 595 & ”»

45 » 245 137 153 I27 118 98 93 7L 51 60 ’ ”

13 o » 246 138 I54 128 1Ig 99 94 71.5 51.5 6I » »

15 » 246 188 155 123 119 99 94 72 52 62 ” ”
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Table 8. (Continued)

T . Temperature of Temp. of
Time Mean emperature of Piston Cylinder Cl{f]glttt;ng R.P.M.|BH.P.
Temp, of of
Min, Sec (JO:S I, I V VII IX XI XII  XIV Ir\x’l‘/?ItOleljt(l)etEngmeEngme
30 1080 | 246 138 155 129 IIg I0O 95  72.5 53  62.5| 1670 | 183.3
.45 ' 246 138 Ig5 129 119 I0O 94.5 73 53 63 " »
14 o ’ 246 138 155 130 1Ig IOl 96 735 54 635 ” »
Ig . 244 187 155 I30 119 Io2 96 74 54.5 64.5 ” »
30 v 244 137 I55 130 119 Io2 96 73 55 64.5 » »
45 ) 244 137 155 130 I20 IO2 95.5 73.5 55.5 63 ’ »
I © " 243 137 155 I3I 120 103 93.5 73-5 56 66 i '
Ig 630 | 205 169 146 I22 102 86.5 715 57 63.5| 1180 | 64.8
30 " 137 155 136 116 Iol 84 7045 57 63 ’ ”
45 ’ 178 149 130 112 100 84 705 57 04.5 ’ »
16 o ’ 172 143 127 110 99 83.5 70 57  64.5 " »
Ig ' 170 141 125 108 98 83.5 705 57 63 » »
30 ’ 16% 140 123 107 93 83.5 703 53 63 ” »
45 » 163 139 123 107 98 8 o043 58 05 ’ s
17 o . 168 139 122 IO7 97 84 703 58 63 » »
Ig ’ 166 139 122 107 97 715 53.5 66 » »
30 » 166 139 122 107 97 83.5 7L 59 66 » »
45 " 166 139 122 107 97 83.5 7rLg 59 66.5 . »
13 o a 166 139 122 107 97 83.5 72 59.5 66.5 » »

Table 9. Change of temperature in the piston and cylinder
when the spark is switched off for a few minutes,

and after the engine is stopped.

Experiment No. 12 May 28, 1921
Atmos, pressure 756.2 Room temperature 20.5° C.
Ignition 13.7°
Temperature of | Temp. of |Temp. of| Lemp. of) lemp. of
. Mean IP " " p. ¢ emp. Crank [Circulating, RPM
Time Temp. iston Piston Ring|Cylinder Chamber|  Water o -B.Hf.P.
S o (s}
of .
Min, Sec, - . - Inlet Outlet|EngineEngine
Gas | 1, II VII IX | 1V VI XII CC Wi Wo
6 o | 690 | 143 138 89 76 8 79 50 63 30 36.5| 1200 | 69.4
i5 » | 143139 89 76 | 80 79 59 66 | 30 37
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Table g. (Continued)
. Temp, of] Temp. of

Time %‘fﬁ; e e of P'ils‘::xpﬁ?rfg E;rﬂrll)d:rf Cfiﬁﬁr Cirenlating  P.M|B.H.P]
Min. Sec. Go:fs I . I cc In\l\?}({;}t(l)et Enogfine Enogfinc
30 | 630 | 144 139 90 77 8z 8o 50 66 | 305 37.5| 1200 | 69.4
45 » 144 140 9O 77 82 8o 50 67 31 38 " n

7 © » 144 14> 9o 78 82 8o 50 67 31 33 ' .
15 » 144 149 91 73 84 81 52 63 38.5 » .
30 s 144 142 9I 79 84 81 53 69 32 39 ™ "
45 » | 144 140 o1 79 | 84 82 53 69 | 32.5 39 » o

8 o » | 144 140 92 79 84 82 53 69 | 33 395 »
15 | 8% | 120 115 84 76 | 34 77 44 69 | 33 38 |1120]| 564
30 » | 100 91 72 70 | 79 63 33 67 | 335 365 ”
45 » 36 81 67 65 70 6> 38 66 34 36 " -

9 o » | 77 73 63 62 | 63 53 37 63 | 34 36 . "
I35 » 73 67 60 6> | 65 55 37 62 | 345365 »
30 » 69 63 58 59 | 63 54 37 63 | 35 365
45 » 66 61 57 58 63 54 33 60 | 35 37 " .
fIo o} » | 63 69 g6 57 . 63 53 38 59 | 35 37 " »
15 » 64 59 55 57 | 60 53 38 57 | 35537 » »
30} » | 64 58 55 56 | 58 52 38 57 | 36 3750 ”
45 » | 61 58 55 56 | 56 G52 38 57 | 36 38 s ”
II o} » | 64 57 55 55 | 56 52 38 56 | 365 33 » -
15 » | 64 57 54 55 | 56 52 38 55 | 37 385] » "
30 63 57 54 55 | 56 52 38 55 | 37 3350 »
45 » | 63 57 54 55 | 56 50 39 55 |37 39 » ”
Iz ol » 63 57 54 55 | 56 52 39 55 | 37.5 39 " ”»
15 | 690t | 8 33 63 58 | 63 58 51 57 | 38 425 1200 | 694
30 » 1c6 103 72 64 63 66 56 6> 33.5 44 " ”
45 » iz2 118 381 70 73 73 56 62 39  44.5 . '
13 » | 130 128 85 74 | 77 78 57 65 | 39 45 » »
I5 » | 136 133 89 77 84 3o 58 67 | 39.5 46 » »
30 s 140 137 9I 79 84 82 59 69 49 46 ' "
45 » | 144 140 93 3I 34 84 59 72 | 40 4651 ”
14 o 146 142 95 82 85 85 59 72 42.5 47 " ’
I » | 147 144 96 83 | 87 86 63 73 | 4r 47 ” »
30 » 5147 144 97 34 87 88 59 74 : 41 43 ”» ”
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Table 9. (Continued)
Mean Tempe.rature or Temp. (_)f Ten}p. otJ TET;;; f C'il;iillliti?lfg
Time Ten;p. Piston Piston Ring| Cylinder Chamber| Water R.EéM. B.I;.P.
Min. Sec. Goas L I VI IX IV VI XII cC Ig{::lt O%%:t Engine/Engine]
45 | 630 ] 147 145 98 84 88 88 6o 74 | 415 48 | 1200 | 69.4
15 O » | 148 145 98 8s 90 89 60 75 |42 485 v 3
Ig » | 150 145 98 8s 90 89 61 76 142 49 » »
30 » | ISI 146 98 86 90 go 61 77 | 42.5 49 s ”
45 » | IsL 144 99 86 | 90 9o 62 77 |43 495| » »
16 o , |I5t 99 87 | 90 90 62 77 |43 50 » »
15 » | IST 99 87 | 92 90 62 77 |43 50 » ”
30 s | IgI 100 88 92 ¢9I 62 77 | 44 505 » »
45 s | 153 100 88 92 oI 63 78 | 44 5T ’ »
I7 o| » |7Ts3 145 100 88 | 95 9z 63 78 | 44.5 I ” »
15 | — § 131 118 6> 78 44 54 o o
30 1:8 99 93 89 56 78 |44 57 » »
45 98 o1 87 86 55 79 |44 59 » ”
18 o go 83 81 82 55 79 |44 60 » »
15 86 78 77 79 56 79 |44 62 » ”»
30 81 75 75 76 56 78 | 43.5 63 » »
45 79 73 72 74 57 77 | 435 64 » »
9 o 75 70 70 72 57 77 | 435 65 ”
15 73 67 70 70 57 75 | 435 055| ”
30 72 66 66 69 57 74 | 435 66 » »
45 70 635 65 63 57 72 | 43.5 66 " ’s
20 O 69 63 63 67 57 71 | 43 66 ’ »
Is 66 62 63 63 57 70 |43 66 » »
30 65 6I 62 65 57 6 |43 66 . »
45 64 60 62 64 57 68 | 43 66 » 2
21 © 64 6> 60 62 57 67 |43 66 » »
I5 63 59 59 62 57 66 |43 655! »
30 63 58 59 61 57 66 |43 635 " »

*  Sparks switched off,
t Sparks switched on again,
§ Engine stopped.
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Table 10. Change of temperature in the piston and cylinder
when the spark is switched off for a few minutes,

and after the engine is stopped.

Experiment No. 13 May 30, 1921
Atmos. presscre 762.6 Room temperature 22.2° C.
Ignition 13.7°

Mean Temperature of Piston oét.ft’ai[:t%n 'I_’en_xp. oi C:r(z:lsllz)xtl(;:g
Time Temp. Ring Cylinder | “\yater R-E-fM- B-lng-
Min. Sec. C(%):fxs . I, 10 VI XI VI XIV XVI ]r\\{yelt O\%'t(l’;zt Engine Engine
7 o 690 | 153 147 IIo 88 63 79 44 30 |28 35 |12:07 635
15 » I54 146 IIo 83 63 8o 45 3T |29 355 » .
30 » 154 I47 Irz 88 68 8> 43 31 | 29.5 36 i .
45 » | 154 143 112 89 69 | &> 45 31 | 295 355 » ,,
8 o » | Tss 143 11z 89 69| B0 45 32 |30 37 ” o
15 84* | 122 120 104 80 63 38 31 |30 35 | 1120} 566
30 » 96 93 37 63 66 63 36 33 |30 325 . »
45 » 81 8 76 62 63 59 36 31 |31 325 v »
9 o » 73 77 70 58 62| 55 36 31 |31 325 »
15 » 67 72 65 55 63| 52 36 3.5 3250 » »
30 ”» 63 63 63 53 59} 50 36 32 33 "
45 » 6r 65 63 52 57| 49 36 32 34 » »
o o » 6> 64 58 s 57| 48 36 325 34 » »
15 » 50 64 56 st 57| 48 35 325 345 = »
30 » 57 63+ 55 so 56| 48 36 33 35 » »
45 » 57 63 55 50 551 48 37 33 35 » »
Im o » 57 62 56 5o 55 48 37 33.5 35 » "
15 ”» 57 62 56 so ss| 48 37 34 355 = »
30 = 57 62 56 50 55| 48 38 34 36 » »
45 » 57 62 56 50 54| 43 38 34.5 36 ” »
12 o » 57 6> 56 50 54| 43 38 35 365 - »
Ig 6)f | €6 83 66 59 56| 55 47 35 4> | 1200 | 69.5
32 . 112 108 70 7> 58 63 48 136 35.5 4IL5 ' '
45 » 127 122 G6 77 62 72 49 37 136 42 » »
I3 o . 139 132 1ol 82 65 76 50 38 36.5 42.5 ’ ’
15 » | T44 138 1cq 86 68| 79 so 38 |37 43 » ”»
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Table 10. (Continued)

Mean Temperature of Piston of’rl(;?s]tpc;n Temp. of C?;il:jl%tiﬁf
Time | poret Ring | Cylinder [ZGHALE gR_z%M. BHP.
Min. Sec| (O L L I VII XI| VI |XIVXVI "\’{V?[to“{}(’;t EngineFnging
30 695t | 149 142 1c9 39 69 3> 5T 38 |37 435 | 1200 69.5
45 » 152 I45 X2 91 75 82 51 39 |37.5 44 » ”
I4 o ?155 147 II5 93 72 33 52 39 |38 44 " »
15 oI55 143 115 93 3| 3g 53 43 138 43 ,, »
30 s LI55 148 1l o4 3| 85 53 4> | 385 43 » »
45 o 1TS6 T a1s g4 p4| 86 | 53 40 39 ags | ,
Is o » 155 148 114 94 45 &6 53 41 |39 46 »
I3 » 155 149 114 9q ;5| 86 54 40 | 39.5 46 » »
30 » 156 Is0 115 o5 6| 86 54 42 145 47 ”
45 5 IS5 143 XI5 95 6| 8y | 54 4o 42 47 . "
16 o . ‘ Iss 150 I14 og 76! 33 ;' 56 42 I 42.5 47 , -
I5 » I53 143 93 765 88 | 54 42 £4x 47.5 » ,
30 w1154 148 95 76| 87 56 43 41 48 , ”
45 EISS I50 95 77]J g3 56 43 ;’42 43 s »
17 o s 156 Ist 96 77| 88 56 43 14z 49 wo |
Ig — § 123 128 91 I i 8s 1) 43 415 oI o o
30 | 103 1I0 Tog 35 o ’ 82 | 50 44 | 4Lg 533 " "
45 L9693 96 0 s | s 45 | ang 5651 n |
8 o | 87 95 85 s 72| ST 45 4r g8 I
Ic 81 84 70 I 69 | 53 45 |41 60 I
30 75 8I 67 1 66 | 53 45 {41 615 . |
45 I 64 |63 | 56 45 141 62 » »
I9 o i 70 73 63 I 62 56 45 |41 63 ” i
Ig ' 67 72 61 : 62 56 44 |41 633 i i
30 65 70 59 I 59 56 44 41 64 ”
45 61  6) 53 f 57 56 43 |41 64 "
20 o 62 66 57 | 56 56 43 41 64 » ”
I3 6> 63 56 s 56 43 |41 64 ” .
35 6> 64 54 54 5443 |41 61 S
as . 59 61 S0 53 | 53 43 |41 64 N
2 o 57 63 53 L 52 ’ 53 42 };41 64 0o
Is .57 62 53 ©ost 153 a4z lar 633 ., |,
30 | 56 61 52 oI , 51 42 !41 635 . 0 .
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Table 10 (Continued)
Temp, Temp. of Temp, of
. Mean | Temperature of Piston |of Piston ey Circulating N
Time Temp, Ring Cylinder Water R‘E'::M' L‘-Io{f'P'
. of . :
Min, Sec.| ¢ L I, III VI XI VI NIV XVI In’lstOuytlet Engine|Engine
W1 WO
45 55 60 52 50 ST 42 | 41 63 o o
22 © 54 59 51 50 51 42 |41 63 » »
Is 54 57 50 49 50 42 | 405 63 » »
30 53 57 50 49 50 42 | 405 63 ” »
45 52 56 49 49 49 42 | 405 6250 »
23 o 52 56 49 48 49 43 | 405 625| » ”»
*  Sparks switched of.
t Sparks switched on again.
§ Engine stopped.
Table 11. Change of temperature in the piston and cylinder
with that of cooling water.
Experiment No. 172 July 28, 1921
Atmos. pressure 759.7 Room temperature 27.5° C.
Tgnition 30°
- T'emp. ot
- b - Temperature of |~. .
Time Mean Temperature of Piston Cylinder Clrf:ula.tmg R.P.M.|B.ELP.
Temp. Water of of
. of - e o
Min. Sec, Gas I, LI V VI XI XTI X1V II{l?[t ()&t(l;:t Engine|Engine
19 O 660 165 138 122 Io7 97 83.5 73 61 675 | 1180 | 64.8
Ig ’ 165 139 122 Io7 97 84 73.5 | 61 63 » »
30 ’ 165 138 122 108 97 34 73. 61 63 »s »
45 v 165 139 122 108 97 84.5 74 62 68.5 » »
20 © ’ 165 139 I22 Io7 96 77.5 64 » »
15 " 162 133 I16 98 9o 55 42 22 32 » »
35 " 156 127 11 94 88 51 39.5 | 22 3L » »
43 . Is2 I22 Ic6 9> 84 49.5 39 22 30.5 ” »”
21 o ” 147 118 103 83 32 49.5 39 22 30.5 " »
15 » 145 116 Ior 86 8I 49.5 39.5 | 22.5 30.5 » »
30 " 143 115 Too 85 80 495 395 |23 305 » »
45 » 143 115 99 85 78 49.5 4> |23 31 » »
22 © » 142 114 99 85 78 495 40 123 3L5 »
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Table 11. (Continued)
Mean Temperature of Piston Temperature of CIi;irgllJa{tigfg
Time | pols I Cylinder Water 1{.1;.fM. B.}Olf.P.
Min, Sec. ngfs L Il V VI NI XII NIV Ix{{elt O\%.tgt Engine|Engine
15 66> 141 113 98 81 78 50 40 24 3Ls| 1180 | 648
30 » 4 113 97 84 78 50 40 24 32 ”» »
45 » 141 112 97 84 78 505 40.5 24.5 32.5 " .
23 o » I41 11z g9 86 77 63.5 53.5 56 5o » »
15 - 143 118 105 8§7 78 775 68 59 62 » .
30 » I50 I24 1I0 97 S8I 82 70.5 6o 66 " v
45 8:0 134 128 114 101 82 83  7Ls 60.5 67 | 1300 | 86.5
24 © » 163 134 116 103 83 85.5 72.5 61 68 v .
15 » 176 143 123 108 84 875 73 62 685 ' .
30 ”» 183 149 127 IIr 87 875 74 6z 69.5| v
45 » 18 151 130 113 89 83.5 74.5 63 70 . .
25 © » 189 154 132 II5 9O 89 75 63 o5 ” -
15 ” I91 I55 134 116 9o 89.5 76 63.5 71 ” ”
30 191 156 134 116 92 90 76 64 7L5| ”
45 I9z 157 I35 117 94 9 77 64 72 ” »
26 o » Ig4 1583 136 117 94 9I 77 64.5 72 . '
Is » 194 158 136 118 95 90.5 77 65 725( , .
30 » 194 158 136 118 96 91 775 65 725 v .
45 » 194 139 137 118 g7 91 78 65.5 73 " »
27 o » 195 I59 137 I19 97 or.3 783 66 73 v »
Is ” 194 159 I37 119 98 915 79 66 735] L, | »
30 195 159 137 119 98 9ls 79 665 74 | »
45 » 104 Is9 138 119 98 9Ls 79 67 74 » ”
28 o v 195 160 138 119 98 92 795 67 745 s
Iy » 195 Isg I38 119 Q9 92.5 8o 67.5 75 ' »
30 s 194 160 138 120 99 92.5 8o 68 75 . ”
45 s 195 160 139 120 I0O 93 8o 68 755 »
29 o » 195 160 139 I1I9 IOO 8o 64.5 30.5 &5 ' s
15 » 192 155 132 109 93 65 48 27 38 » ”
30 » 186 149 126 105 94 61 45.4 27.5 37 » »
45 » 182 145 122 102 g2 60.5 46 28 37 " »
30 o " 179 I42 120 10l QO 6o.5 46 285 37.5 " ”
15 . I76 140 118 100 89 60.5 46.5 29  37.5 » ”
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Table 11. (Continued)
Mean Temperature of Piston Temperature of C?gglpa:ti(;fg
Time | Temp, Cylinder Water R.E%M. B.}OIf.P.
. £
Min. Sec.| 3 . . . Inlet Outlet{Engine|Engine
Gas I3 III VvV VII XI XII XIV WI WO
30 800 174 140 117 99 88 60.5 47 30 38 | 1300 | 865
45 s 174 139 117 99 88 61 47.5 30 385 - »
3t o » 174 139 117 99 88 61.5 475 31 39 » »
15 » 174 139 117 99 87 61.5 43 31 39.5 » »
30 . 174 139 117 99 87 615 48 31.5 39.5 » »
45 » 174 139 117 99 86 61.5 48 32 40 s »
32 o » 174 139 117 99 86 62 48 32 405 » »
Table 12. Relation between temperature in the piston and
the engine power. (Piston temperature is measured
above that at the exit of cooling water.)
Temperature of Piston
Experiment B. H. P. Mean
No. of Tempe‘rature
Engine of Gas I, I V VI IX XI
15 28.8 490 60 40 39 24 16
» 373 530 69 46 45 26 24
» 48.5 580 79 54 50O 31 26
» 61.9 650 89 62 354 34 26
16 63.5 670 93 69 356 42 34 23
» 87.0 800 130 88 63 49 41 26
» 113.3 950 149 100 76 56 46 29
. 128.6 1020 153 102 78 45 29
17 103.5 9oo 137 96 75 55 48 37
” 127.8 1020 162 113 84 62 52 37
» 149.5 1060 175 120 88 64 54 39
» 183.3 1080 186 127 92 66 56 38
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Fig. 1. Piston and Cylinder
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Fig. 3.

Fig. 4.
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Fig. 5
Secticnal vicws of piston and cylinder.
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. Diagram 1. Rise of temperature in . Diagram 2 Rise of temperaturc in
the piston and cylinder when the piston and cylinder when
the engine is starting. the engine is starting.
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the engine is starting.
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Diagram 5. Rise of temperature in
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Diagram 6. Change of temperature in the piton and cylider wih change of engine speed and power.
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Diagtam 7. Change of teperatwre in the piston and cylinder with change of engine speed and power
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Diagram 8. Change of temperature in the piston and cylinder with change of engine speed and porer.
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Diagtani 10, Change of temperature i the piston and cylinder when the spark is switched off for a few minutes, and afer the engie is stopped.
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Diagram 11, Change cf témpetature in the piston and cylinder with that of cooling water
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Diagram 12. Relation between temperature in the piston and the
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