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It 18 recognized. tbt motor oil) in addition to 1ubricatin, 
functions also as a coolant. The proportion of the tota]. origine cool- 
lug carried by the oil varies frc or 3% in srriaJ_1 automotive engines 
to nearly 2O in some large, stationary engines. 

The purpose of this work is to determine the effect of opera- 
ting variables on the emount of beat rejected to the lubricating oil, 
The variables studied. were oil tnperature, speed, spark advance, air- 
fuel ratio, couipressiori ratio, and inifold pressure. The scheme de- 
veloped for making the tests was to circulate oil through the crankcase 
of an engine, ueasuring its rate of flow and the temperature of the oil 
both as it entered and as it left the crankcase. Froni these nieasurenients 
it was possible to calculate the amount of heat absorb6d by the oil. 
The operating variables Lientioned above were closely controlled during 
the rutie. 

The engine used. was a small, one cylinder t)elco, of the type 
used in farm lighting installatious It was fitted with controls and 
instruments for maintaining and measuring the variables under inves- 
tigation. 

'fha results of the tests can be suied up as follows: 
The heat transfer to the lubricating oil decreases rapidly 

with increasing oil temperature in a straight line relationship, in- 
creases with speed in a straight line relationship, and. decreases as 
spark is advanced, rapidly at first but leveling off with greatly ad- 
venced. spark. The heat transfer rises to a maxiniuni value as air-fuel 
ratio is increased to 12.6, falling off rapidly beyond that point. 
lEt decreases gradually with increasing compression ratio, and shows no 
variation with manifold pressure within the limits of sensitivity cf 
the apparatus used. in. tbis investigation. 
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:1. 

HEAT TRANSFER TO LUBRICATThG OIL 
OF AN INT1RNÀL COMBUSTION ENGINE 
WITH VARYIFiG OPERATiNG COiDITIONS 

I. INTRODUCTION 

It is the tendency of most people to regard 

motor oil only as a lubricant. V1hile lubrication is un- 

questionably the primary function of an oil, its secondary 

and very important use as a coolant must not be overlooked. 

In any internal combustion engine, the energy 

inherent in the fuel 

manifested as useful 

The heat results par 

partly from the work 

balance, as measured 

input in the fuel as 

appears in two forms; part of it is 

work, and the remainder as heat. 

t;lí from trie burning of the fuel and 

lost In friction. A tipical heat 

in the laborator, and b&sed on heat 

100% (1), ina be tabulated as follows: 

To work 
To exhaust 
To cooling 

To oil 
To water, radiation 
and unaccounted for 

Total to cooling 

Total 

24.0% 
27.5% 

3.5/o 

48.5, 
48.5 

100.0% 

It is with the 3.5 absorbed by the oil that this paper 

is concerned. 

That oil has an appreciable effect as a coolant 

is agreed by many authorities (2,3,7,9,10). In a bearing 
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lubricated b a thick film of oil, the work of shearing 

the oil and rubbing the various layers upon one another is 

transformed into heat. Obviously this heat must be dis- 

sipated in some manner or the bering will become in- 

finiLel hot (4). If the bearing is open to the air, 

circulating air currents ma be sufficient to carry away 

the heat. Howevor, enclosed bearings, such as those in 

an automobile engine, must rely on the circulating oil to 

keep the temperature at a safe level. In practice, the 

oil circulates through the bearing, rises in temperature, 

and runs down into the crankcase, through the bottom and 

sides of wbich the heat is dissipated (7). The tempera- 

ture of the oil varies considerabl, with the operating 

conditions. 

In some of trie larger engines, for instance, 

diesel engines with pistons 12 inches and ìnore in diameter, 

it is necessar to apply some sort of cooling to the 

pistons as well as to the c'linder walls. It is possible 

to circulate water through the pistons, but tnis neces- 

sitates objectionable packing glands to prevent contami- 

nation of the oil with water. Therefore it is the usual 

practice to cool the pistons by means of oil circulated 

t.ìrough them (2). 

The amount of heat rejected to the oil varies 

widel> with the speed and design of te engine (io). A 
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good. average value would be about 2 Btu per minute per 

horsepower. For the average automobile engine it would be 

about 1.5 Btu per minute per horsepower, w hile for the 

higher horsepower diesel engines the rate at which heat 

is absorbed by the oil runs about 2.5 Btu per minute per 

horsepower. On the larger engines sucì as described in 

the preceding paragraph, where the piston is oil cooled, 

the figure may be as high as 6 Btu per minute per horse- 

power. The following table showing the variation of heat 

to oil with increasing speed (9) was probabi taken from 

work done on that type of engine. 

Speed, RF1 Heat to oil Total heat to oil and 
Btu/rnin/bhp water, Btu/min/hhp 

800 2.9 42.5 
1000 4.07 40.0 
1200 5.22 36.0 
1400 5.17 34.5 
1600 4.92 34.0 
1800 6.03 35.0 
2000 6.18 36.5 

This shows that at 2000 rpm the heat rejected to the oil 

equals 17 of that rejectod to the oil and water together, 

quite an appreciable item. 

As engine sizes become 1:rger, the tendenc,' for 

the oil to handle a larger share of the cooling becomes 

pronounced. In some large air cooled engines, the lubri- 

cating oil handles as much as 19 of the total engine 

cooling (10), while i some automotive engines the figure 
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is as lovi as The amount of heat absorbed by the oil 

in the ordinary automotive engine is not so great that it 

cannot be satisfactori1 dissipated through the walls of 

tile crankcase, except under extraordinary conditions. The 

temperature of the oil should not be allowed to exceed 

200 degrees F. for an length of time. Vihile temperatures 

of 250-00 degrees have been recorded under ver' difficult 

driving conditions, they are the exception rather than the 

rule. Oil coolers have, therefore, not been deemed neces- 

sary in the automotive field (1,10), but for the larger 

installations where the oil carries a considerable part 

of the cooling load some forn of external cooler for the 

oil must be provided. 

It is not the purpose of tnis research, however, 

to determine the merits of oil coolers, but rather to 

investigate the effects of operating conditions upon the 

rate at wich heat is given up to the lubricating oil. 

Perhaps the information will not be particularly useful 

in regard to the automotive engine, where tne amount of 

heat to the oil is not a very large percentage of the 

total heat loss, but as applied to larger engines it may 

be of some value. The author believes that ver little 

work has been previously done on this particular subject. 

Some work has been done on the effect of operating vari- 

ables on heat transfer to the cooling water Lì liquid 



cooled engines (8), and sev'ral curves are to be found in 

rIla1or and Taylor, "The Internal-Combustion Engine", 

presenting that data. It was, in fact, a desire to deter- 

mine whether or not the lubricating oil wou3d exhibit 

similar behavior that proapted the present investigation. 

The method devised for making the tests was to 

circulate the oil through the crankcase of an engine and 

measure the temperature of the oil as it entered and again 

as it left the crankcase. It wus tIleri possible to calcu- 

late the amount of heat given up to the oil as the product 

of weight of oil flowing, temperature rise, and specific 

heat. The variables studied were air-fuel ratio, spark 

advance, speed, oil temperature, manifold pressure and 

compression ratio. These variables lent themselves quite 

readily to control with the equipment available. The 

apparatus used and. the proceedure. followed in carr'irg 

out this scheme will be det v,'ith in the following sec- 

tions. 



II. API-ARATUS 

The engine used for tuis investigation was a 

small, one-cylinder Delco, originally intended for use as 

a farm lihting installation. It was originally air 

cooled, the cylinder being provided with fins to facilitate 

radiation. This system, however, would not have provided a 

sufficiently stable operating te:Lperature for this investi- 

gation, so the fins were turned off the cylinder, and a 

water jacket fitted into place. h reflux condenser was 

then installed to maintain a constant jacket teiperature 

of 212 degrees F. 

The unit includes a D.C. generator, the armature 

of which is mounted on the extended crankshaft of the 

engine. The generator was designed to deliver 32 volts at 

normal operating speeds, but in the present series of runs, 

at some of the higher speeds, its output was as high as 50 

volts. The amperage varied from 10 to 20, and the power 

output ranged from 150 to 500 watts. The power was ab- 

sorbed in a water resistor containinL, a solution of sai 

soda. One side of the generator circuit connected with 

the steel container of the solution, the other side with a 

moveable electrode that could be raised or lowered to any 

desired depth in the solution. This sinple unit provided 
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a flexible means of adjusting the load on the engine. 

The instrument used to measure the poer output 

of the enerator was an "croset" manufactured b the 

lectro Products Corp. The 'Acroset' is an instrument of 

very wide application, but was used here only for its very 

convenient voltmeter and airinìeter arrangement. The volt- 

meter has a range from O to 50 volts while the ammeter 

covers a sc&le from O to 1200 amperes. Only the sensi- 

tive O to 30 ampere scale wLs employed, however. 

Transformation and measurement of the energy of 

the enine being thus t»ken cere of, the next tep was to 

circulation of the oil through the crank- 

case and the measurement of its flow and temperature. The 

oil was circulated by means of a very small gear pump, 

driven through a V-belt from a 1/5 horsepower electric 

motor. The pump was provided with a by-pass for close 

control of its d1schrge pressure. To measure the inlet 

and outlet temperatures of the oil, two mercury-in-glass 

thermometers, range O to 220 degrees F, were installed in 

the oil line as close as possible to trie crankcase. The 

hot oil from the crankcase then passed tLrough a small 

heut exchanger, the oil flowing through a coil of copper 

tubing, encased in a section of two-inch pipe through 

wich cold water circulated. A small gasoline meter, of 

the tpe used for meterin gasoline directly into the 
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carburetor of an automobile in road tests, was used to 

determine the ìantit' of oil flowing. This device con- 

sists essentiall of a small horizontal c'linder surmoun- 

ted by a pair of solenoids with a valve mechanism between 

them, and the necessar electrical contacts for connection 

with a 6-volt storage battery. In operation, oil is fed 

into one end of the cjlinder, forcing a piston toward the 

other end where it closes an electrical contact. The re- 

suiting current energizes one of the solenoids, w.rìich 

actuates the valve mecnanism and diverts the oil flow to 

the other end of the cylinder, thus forcing the piston 

back in the opposite direction. The piston travel is 

reversed in this mainer at each end of tne stroke, result- 

Ing in a smooth, continuous operation of the meter. A 

contact is provided at one end of the stroke to actuate 

an electromagnetic counter. The voluie swept b one 

stroke forth and back of the piston is 1/100 gallon. The 

sensitivity of the electrical contacts was such that the 

meter liìd to be operated between pressure limits of 3 and 

8 pounds per square inch. The optimum pressure was found 

to be about 5 pounds per square inch. 

T:e lubricating oil used was Lacuillan Rinj-free 

motor oil, S.A.E. 30. The specific ravity of this oil, 

as measured with the Westphal balance, was 0.9275 at 78.5 

degrees F. From tables in the Tagliabue iiianuel (il) 



specific gravities at other temper.tures were found and 

plotted against temperature (see pae 62). In order to 

calculate tne heat absorbed b the oil from the rate of 

flow and t:ie temperature rise, it was necessar' to know 

tne specific heat of the oil as well as its specific 

gravity. The specific heat can be calci4ated from the 

U.O.P. characterization factor, teperature, and specific 

gravity according to an equation (6) that provides a 

straight line relationship betweei specific heat and 

temperature. The U.O.±. characterization factor is 

calculated fro:ri the following equation: 

x where 

K U.0.P. characterization factor 
Tb average boiling point, degrees hankine 
s specific gravity at 60 degrees F. 

The average boiling point for a narrow cut such as that 

represented b a given weight lubricating oil is represen- 

ted closely bj the 50ko point of the &ìgler distillation. 

The distillation data for the oil used is as follows: 

> Distilled Teniperature, degrees F. 
10 693 
20 708 
30 717 
40 725 
50 734 
60 742 
70 750 
80 756 
90 758 
95 760 

760 
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Substituting the 50ò point, 1194 degrees hankine, in the 

above equation gives a U.O..P. factor of 11.3. The 

specific heat vs. temperature curve for an oil of that 

characterization factor, as shown in liougen and Watson 

(6), is reproduced on page 32. 

The investigation of each of the variables 

studied -- air-fuel ratio, spark advance, speed, oil 

te..perature, manifold pressue, and compression ratio -- 

involved the use of additional pieces of apparatus. For 

measuring tbe air-fuel ratio the Elliott "carbumeter' 

was employed. This instrument is sensitive to changes 

in the thermal conductivit of the exhaust gases. These 

variations are brought about main1 by tne ciiane in the 

hydrogen content of the gases, which in turn is caused b 

variations of the air-fuel ratio. The conductivity of 

the gases is translated directly into air-fuel ratio on 

the dial of the instrument, the scale covering tne range 

from 10 to 16. The needle valve in the carburetor was 

found to have too blunt a point to give an accurate and 

stable adjustment of air-fuel ratio. It was necessary to 

remove the needle and i:h it to a long, sharp point to 

provide the needed control. 

No special equipment was necessary in the in- 

vestigation of spark advance and speed. rovision was 

made on the engine for varying the spark by means of set 



11 

screvis on the breaker point añeríb1y, and speed was con- 

trolled b means of the load. 

To supply heat to the oil in the iníestiation 

of the effect of temperature, a small electric hot plate 

of the tpe used for laboratory distillations was placed 

under the heat exchanger in the oil line. This equipment 

was found to suppl quite sufficient heat for the purpose. 

ianifold pressure control was obtained b instal- 

ling a valve in the air intake. i section of heav rubber 

hose of 1* Inch inside diameter was clamped over the air 

intake of the carburetor and a 3/4 inch globe valve fitted 

into the free end of tue hose. B throttling down the 

valve it was possible to obtain and steadil maintain any 

desired manifold vacurn. The intake manifold was tapped 

for an 1/8 inch pipe nipple, vzich was connected by means 

of rubber tubing to an open end, mercury manometer. 

No provision was made in the desin of the 

engine for chanin compression ratio, so a method had to 

be improvised for making this change. The spark plug 

originally used with the engine was a 12 mm. one, but at 

some time in the past a hole had been drilled and tapped 

in the head for a 7/8 inch plug. This hole was utilized 

for changing the compression ratio. steel plug was cut 

and threaded so that it could be screwed into the hole to 

a depth of l- inches, as daep as it could be placed 
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witnout contacting the piston at top center. The bore and 

stroke of the enirie was 2.5 x .O Inches, a displacement 

of 14.7 cubic inches. The space above the piston at top 

center (including the volume of the 7.8 incn hole), 

measured b pouring in alconol, was 2.75 cubic inches. 

From these measurements it can be calculated that by 

screwing the plug in to different depths, the compression 

ratio can be varied over a range of about 6.3 to 8.3. 

Photographs of the equipment used are shown on 

page 15. Figure 1 pre.ents a quartering view of the 

engine and shows quite clear1 the reflux condenser and 

its connection to the jacket. Jt at the right 
of the flwhee1 ma be seen the inlet thermometer In the 

oil line. The inlet oil line is the flexible, black 

tubing leading from the thermometer coupling over to the 

oil meter, which is just out of the range of the picture 

to the right. The outlet oil line emerges from the crank- 

case at tne back of the engine ar is seen as the upper 

of the two small althninuin-painted pipes emerging from 

behind the machine. The lower of these two pipes carries 

cooling water to the heat excrianger, the small, aluminum- 

painted, horizontal cylinder in the extreme lower riht of 

Figixre 1. Figure 2 shows the heat exchanger to better 

advantage. The small object just above and behind the 

exchanger is the gear pump, backed by an aluminum driving 



13 

pulley larger tran the pump it3elf. Two small valves are 

seen just above and to the left of the pump. The upper 

valve is in the by-pass line, while the lower controls the 

line leading to the heat exchanger. 

Figure 2 also shows the control board witI all 

its instruments in place. The black-faced dial at the 

top Is the tachometer, graduated in increuents of 20 rpm. 

The rectangular, black instrument with the two dials is 

the ttAcIosetH, the dials being the voltmeter and ammeter 

with which the power output of the generator was measured. 

Just to its right is seen the dial of the pyrometer that 

indicated tIte exhaust temperature. Below this instrument 

is the handwheel that controls the water resistor, the 

movable electrode of which dangles below the viheel on a 

white cord. The upright cylinder on the floor beneath 

it is the other part of the resistor, the container for 

the solution. On the floor, beside the resistor, sits 

the electric hot plate used for heating the oil in the 

oil teitperature investigation. The rectangular, black 

instrument in túe extreme lower left of the picture is 

the air-fuel ratio meter. (This meter is also seen in the 

lower right ol' Figure 1). The long column extending up 

the right hand side of the control panel is trie manometer 

used for measuring the manifold pressure. The two heavy 

black cables hanging in a loop across the lower part of 
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the picture are the conductors cirrying the current from 

the generator to the control board. 

Just above the water resistor is s. horizontal 

board, carring at its left end the oil meter, and at its 
right the electromagnetic counter connected to the meter. 

lt is possible, on the two photographs, to trace trie path 

of the oil. The oil leaves the pump (Figure 2), passes 

through the control valve to the heat exchanger, and 

thence upward through the aluminum-painted pipe to the 

meter. It emerges from the meter and travels through 

the flexible black tubing to the engine (Figure 1), pas- 

sing through the thermometer coupling as it enters the 

crankcase. At the rear of the engine, the oil passes 

through another theinometer fitting and through the 

aliminuin-painted pipe back to the pump. 
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Figure 1 Figure 2 

The Test ngine The Control l'anel 
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III. PHOCEDU7dJ 

The preliminary to the taking of any data in any 

of the runs was a warming up period of the engine. During 

this period all the variables were brought under control 

and stabilized at a value more or loss arbitrarily deter- 

mined beforehand. This phase of the operation usually 

occupied £roji one to two hours, depending on the length 

of time required for the temperatures of the inlet and 

outlet oil to corne to equilibrium. The stability of the 

temperature of the room was a major factor in te length 

of this warming-up period. It was early discovered that 

the vork could not be carried on while other activity was 

going on in the laboratory. The engine was located rather 

near the furnace that supplies heat and steai:i for the 

building, and it was futile to try to establish equili- 

brium conditions while tne boilers were in operation. 

Also, the activity of studeit laboratory sections in run- 

ning trie various steam and gas installations, opening 

and closing windows, and so forth, precluded any accurate 

temperature measurements. It was therefore found neces- 

sary to make the runs at night or over week-ends when the 

operator found fewer or no disturbing elements in the 

laboratory, 

At ten-minute intervals readings were taken of 
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counter number (the counter connected to the oil meter), 

volLs, amperes, exhaust tenperature, and ani of the other 

variables pertinent to the run in question. An examina- 

tion of' any of the data shects in a later section of this 

paper will illustrate the manner in which the data were 

recorded. The warming-up period was considered to be at 

an end when the temperature difference between inlet and 

outlet showed no variation (an allowance of 0.5 decree 

was made) for three consecutive readins. The average 

conditions obtainiri for these three readins then 

established the first point on the curve, and the particu- 

lar variable under consideration was then changed to a 

new value. Again the engine was allowed to run until the 

teiperature difference was constant for three consecutive 

readin(.s, thus establishing a second point on the curve. 

By way of further explaînin the material set 

forth in tne preceediri paragraph, let us take, for 

example, the data recorded on page 43. This page sets 

forth the results of the air-fuel ratio investigation. 

At the end of 70 minutes equilibriuu conditions were 

verified, the temperature difference for the readings at 

50, 60, and 70 minutes var'ing by not more than 0.5 degree. 

The average air-fuel ratio for the three readins was 14.3. 

The rate of flow of the oil was detruined b' noting the 

increase in the counter reading over the 60 minutes 
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preceeding the establishment of euiibriurn, in this case 

66 - 10 = 56. Since the counter registers hundredths of 

a gallon, this means t :at oil was flowing at the rate of 

0.56 ai1ons per hour. Lookin up the specific gravitj 

of the oil at the inlet temperature (see page 32), whIch is 

very nearli the teniperature at the meter, lt is seen that 

0.56 gallons per hour is equivalent to 4.33 pounds per 

hour. krom the specific heat curve (see page 32), the 

specific heat of the oil is found to be 0.435 at the 

average crankcase temperature. Taking the product of 

pounds per hour (4.33), temperature rise (32.2), and 

specific heL.t (0.435), the heat absorbed b tne oil is 

calculated as 60.7 tu per hour (see calculated data, 

page 46). Thi.s value plotted aglnst the value of 14.3 

for the air-fuel ratio gives the fifth point on the upper 

curve of page 36. The lower curve on that page expresses 

the sali.e valuo as a percentage of the power output of the 

engine. Tne average reading of the wattmeter, ìiultiplied 

b 3.4 to change it to Btu, was used as the divisor in 

calculating this percentage. 

One point having thus been established, the 

air-fuel ratio was changed to another value, 12.0, all 

other variables being held constant. Conditions were 

maintained in this state until equilibrium was once more 

attained, estabisnng another point. The points on the 
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curve were not determined in order as may be seen by an 

inspection of the data sheet, but rather were deternilned 

in a random fashion. This was done to convince the writer 

that the changes in the readings were actually due to 

changes in the air-fuel ratio und not to Ucreepti. In runs 

where this procedure was not followed, the initial point 

was checked at the end of the run to determine whether the 

equilibrium point would return to its first value. 

It was trouht best to determine each curve in 

a single run, since, if the engine were once shut down 

and allowed to cool off, it was feared that it iht riot 

be possible to again establish conditions so that the 

remaining data would fall on the original curve. This was, 

in fact, found to be the case in one preliminary run, the 

data of which is not presented since it failed to follow 

any kind of curve. Tne presence of only a few points on 

each of tne curves is explained bj the very nature of the 

tests. An examination of the data sheets will show that 

each point determired represents from 30 to 90 minutes 

of runnin of the engine. It was impossible to space the 

points as closelj as mi,ht be desired to establish a 

definite curve, because it would have consumed a prohibi- 

tive a;ount of time. The run made in the determination 

of the air-fuel relationship, for example, required nearly 

twelve hours of steady runnin. starting that run early 



in the day was the reason for its taking so lonb to com- 

plete; with the temperature in the laborator fluctuating, 

equilibrium was dilficult to establish and maintain. In 

the later tests, the work was done after tie laboratory 

temperature had stabilized, but, even so, considerable 

time was consumed in establishing each point on the curve. 

The reliance on only three points to establish 

the curve for Btu vs. temperature (see page 33) is ex- 

plained on a different bsis. lt was found to be im- 

practicable to operate the engine at other than these 

three temperatures. The hihest temperature was attained 

by placin, tbe electric hot plate under tue heat exchanger 

in tne oil line and allowin tne engine to run until 

equilibrium was reached. For the medium temperature, 

the hot plate was reroved and no water was circulated 

through the he t exchanger. The low point was established 

bj circulating water rapidly throuah the shell of the 

heat exchanger. Theoretically, it should have been 

possible to maintain any intermediate te.pertures by 

proper adjustment of water and heater, but in practice 

it did not work out. The temperatures thus attained were 

far from stable, and equilibrium conditions could not be 

established. The compression ratio curve (see page 37) was 

also based on only three points. i3ecause of the construc- 

tion of the plug and. the threaded hole, the plug could be 
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locked secure11' on on1r three positions. 

j_n tne investigation of manifold pressure, the 

first thoukit was to supercnare the engine bj means of 

compressed air. This was attei:pted, but it was found that 

the engine was not designed for it. Gasoline dripped in 

a stream from the carburetor, and operating conditions 

were absolute1r uncontrollable. The air hose from the 

compressor was disconnected from the air intake, the air 

suppl throttled down, and the engine run on the vacuum 

side rather than under increased pressure. Tuis arrange- 

ment was much more satisfactory, conditions being easily 

stabilized. 

In this work it was decided to try to make an 

absolute separation of the variables and study them one 

at a time. This proved to be ratner difficult, since 

some of the variables are so closelj associated that it 

was neur1 impossible to separate them. It was possible 

to keep tuo six variables studied under control, but ad- 

justments of otner parts of the ssten had to be made. 

For example, as the spark setting was changed it was found 

necessary to change the load to keep the speed at a cor- 

stant value. In changing the speed, the operator had to 

adjust tne needle valve on the carburetor to keep the air- 

fuel ratio constant, an adjustment that was also necessary 

as trie manifold pressure was changed. Compression ratio 



22 

and spark setting are two iters that are very closely 

related. In this investigation the compression ratio was 

varied without changing the sprk in order to find the 

effect of compression ratio alone. Perhaps a more logical 

proceedure would have been to set the spark to maximum 

power at each compression ratio, but that would have left 

some doubt as to which variable was contributing most to 

tne heat transfer. 
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IV. RESULTS AND CONCLUSIONS 

The results of the tests have been tabulated on 

pages 39 to 47, and presented in graphical form on pages 

to 38. The results are expressed as Btu per hour ab- 

sorbed b the lubricating oil, and also as percent of 

brake horsepower. 

There are triree factors that can affect the 

amount of heat going into the oil in an engine of this 

tipe. They are mean temperature differencc between 

combustion chamber and crankcase, coefficient of heat 

trinsfer of the piston and cylinder walls, and the rate 

at which tne oil is sheared. The first of these is 

practically proportional to ci1inder temperature, since 

the temperature of the oil in the crankcase varies very 

little throughout the run (except, of course, for that 

run wherein the oil teperature was tiae variable under 

investigation) . The coefficient of heat transfer is de- 

pendent primarily on the film of gases adherin to the 

inner walls of the clinder. The rate of shear of the 

oil is affected only by the speed of tne engine. 

From the form and slope of the curve relating 

heat transfer to oil temperature (see page 33), it is 

ratrier obvious that the temperature differnce betveen 
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combustion chamber and crankcase is the governing factor. 
As the temperature of the oil is increased, thus decreas- 

ing the temperature differential, the aì1ount of heat ab- 

sorbed by the oil shows a sharp decline. straight line 
relationship is to be expected since temperature dif- 
ference is trie onl factor affecting heat transfer that 
is involved. it will oc noted that at about 115 degrees 

the heat transfer is zero. This means that at that 
temperature the oil is losing heat through the walls of 

tue crankcase as rapidly as it is receiving heat from the 

cylinder; therefore the oil is eierging from the crank- 

case at no higher temperature than that t wuich it 
entered. At temperatures above 115 degrees the flow of 

heat appears to be in the opjosite direction, the oil 
giving up heat more rapidly than it receives it. This 

does not mean, however, that the oil is actuall re- 
turning heat to the cr1inder -- the cilinder temperature, 

as rouh1y indicated by the exhaust temperature (450 

degrees), disputes that supposition. If the crankcase 

were insulated so that no heat could be lost to the 

atmosphere, the curve lnibht be expected to approach zero 

as a limit as the oil temperature approached that of the 

cylinder. Since there wìs nothing in the change of oil 
temperature that could vary the power output, power was 

constant for the run, so the curve for percent of brake 
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horsepower exhibits the sanie £or as the Btu curve. 

Increasin speed has an effect on ali three heat 

transfer factors. First, increased speed increases the 

cj1inder temperature as indicated b the exhaust tempera- 

ture (see pase 40). Increased speed also increases the 

velocity of the cases over the c1inder wils, reducing 

the film thickness and thus increasing the heat transfer 

coefficient. Finally, the increase In speed increases 

the rate of shear of the oil in the bearings and the 

churning effect of the splash lubricating sstem. All 

three effects are additive, resulting in a sharp increase 

in the amount of heat to the oil as the speed rises (see 

page 34). The points establis o. straiht line relation- 

ship over the rane of speeds investiated. The power 

output increases as the speed builds up, rather rapidly 

at first and then at a slower rate. This causes the per- 

cent curve to bend upward sharply in the lower range, and 

to approach a straight lino in the upper range. 

In varing the spark advance, two opposing ten- 

dencies are brought into play with regard to the average 

c3linder temperature. A greatly advanced spirk allows 

more time for the cylinder walls to be exposed to the 

burned gases, w-ich tends to increase the average tepera- 

turc. On the other hand, a later sparh produces a moi e 

intense flame arid higher exhaust temperature (see page 41) 



which also has the effect o1 raisTh tbe cj1inder tempera- 

ture. In the work done on heat transfer to cooling water 

the curves for wìjch appear in Taj1or & Tar1or (8) , the 

first tenderc see:;s to be te governing one, the beat 

transfer rising grdua11 as the spark is advanced. In 

the present investigation, the seci;nd tendencj seeriis to 

govern. Tie late spark resulted in tne hihest heat trans- 
fer to the oil, with the curve falling off quite sharply 

as the spirk was advanced. Jith the more advanced spark 

settings, however, the first tendenc takes effect with 

tne result that txie curve beins to level off, (see 

page 35). The power output falls off greatly with spark 

advance; hence, the percent curve rises verj sharply so 

that at 50 degrees advance the oil is absorbing over 12% 

of the brake horsepower. 

As air-fuel ratio is increased the amount of 

heat absorbed by the oil rises gradually to a maximum 

value and then falls off rather rapidl for the higher 

air-fuel ratios. here again there are two opposing ten- 

dencies at work. As the fuel is increased, reducing the 

air-fuel ratio, more of the uncoìhbined oxygen is used, 

thus liberating more heat. At the same time, tile tenden- 

cy to burn to CO instead of CO2 increases, a reaction that 

liberates less heat per atom of carbon. These two tenden- 

cies balance out in the neihborhood of 8 excess fuel (8), 
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which :1s an air-fuel ratio of about 13.9. n air-fuel 

ratio of 15 represents the theoretical mixture. The curve 

for heat to oil vs. air-fuel ratio peaks at a ratio of 

about 12.6, a value which represents about l97 excess 

fuel. The peak might have been expected, from the fore- 

going discussion, to fall at a slihtly hi'her ratio, but 

differences in perforniance characteristics between dif- 

ferent engines could easily effect that much variation. 

It is interesting to note that the peak of the curve falls 

very near to the air-fuel ratio for maximum power, gener- 

ally found to be about 13. The power output varied very 

little over the range of the experiment, so the percent 

curve shows the same form as the Btu curve (see page 36). 

Increasing the compression ratio decreases the 

amount of heat absorbed b1 tne oil as shovn on page 37. 

There are two effects of increased compression that tend 

to lower the average cylinder temperature - the higher 

pressure shortens the period of combustion and the de- 

creased clearance volume lessens the quantity of residual 

gases (5). The increased density of the charge tends 

to increase the combustion temperature, but the two pre- 

viously mentioned, opposite tendencies apparently out- 

weigh the density factor. Thermal efficiency increases 

quite markedly with compression ratio; hence, with iiore 

heat going to work, less heat is lost to the oil and the 
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coo1in water. The power output increased s11htly with 

compression ratio, so the percent curve drops more rapidly 

than does the Btu curve. Had the spark advance been 

varied to take full advantage of the increased compression 

ratio, this effect would have been more marked. 

The effect of manifold pressure was so slight 

that the equipment used in this investigation was Irisen- 

sitive to it. The curve for heat to oil vs. manifold 

pressuxe will be seen to plot a horizontìl straight line 

(see page $8). From the behavior of the exhaust tempera- 

turc, however, It would appear that there is some slight 

effect. s manifold pressure is increased, the exhaust 

temperature goes up, indicating that if an variation of 

heat flovi exists, it probabl increases with manifold 

pressure. Power output rises sharply with increased 

pressure, so the percent curve shows a definite decline. 

The average rate at wiiich heat was rejected to the 

lubricating oil tnroughout the investigation was about 

65 Btu per hour. The power output averaged about 475 

watts. This results in an averabe heat transfer of about 

1.7 Btu/mm/hp, which compares quite well with values 

determined by other investigators (see page 3). 

In conclusion, the resalts of the investigation 

can be suwied up as follows: 
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1. Heat transfer to the lubricating oil de- 

creases rapidly with increasing oil teiperature in a 

straight line relationsrLip. 

2. heat transfer to lubricatin oil increases 

with increasing speed in a straight line relationship. 

3. Heat transfer to lubricating oil decreases 

as spark is advanced, rapidly at first but leveling off 

with greatly advanced spark settings. 

4. Heat transfer to lubricsting oil rises to 

a maximum value as air-fuel ratio is increased to 12.6, 

falling off rapidlj beyond that point. 

5. Heat transfer to lubricating oil decreases 

graduall with increasing compression ratio. 

6. Heat transfer to lubricating oil shows no 

variation with manifold pressure within the limits of 

sensitivity of the apparatus used in tis investigation. 
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V. SUGGESTÏONS FOR FUTURE VIORK 

As tie reader xna have gathered from the pro- 

ceding sections, the engine used in this investigation 

was far froi being a precise laboratory instrument. It 
was rather old, and had been in disrepair for some time 

before being used in trie pre.ent research. J-t is quite 

possible that welding tne water jacket in place distorted 

the c,linder to soie extent. At any rate, the enine 

was not as tight as might have been desired. Also, it 
was too small for this sort of ork, the heat quantities 

involved being so small that any errors or discrepancies 

were greatly magnified. hecalling what was stated in the 

first section, as tne size of the engine is increased, a 

greater proportion of the cooling is handled by the lubri- 

eating oil. The point being made is that this invetia- 
tion should have been carried out on a larger entine, 

probably at least a four cvlinder, automotive model. 

The test engine should be in a room of its OVifl 

where the temperature ma be closely controlled, making 

it possible to operate at any time that is convenient 

rather than having to wait until after class hours (see 

page 16). This would make possible loner runs are. the 

determining of a greater number of points on each curve. 
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If a larger exiine were uced, however, this factor of 

room temperature mlgnt not be so important. 

Purther work on this subject might well include 

combinations of the variables studied here. For instance, 

as compression rati is changed, the spark niiht be varied 

to give maximum power t each ratio. Spark should logical- 

1 be chaned with air-fuel ratio and speed to get the 

best out of an engine. The different varib1es are so 

closely interwoven that varying them independentl,, as was 

done in this research, often leads to veri inefficient 

operation of the engine. 
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VII. TABULAThD DATA 

Oi3k(Vi.D £)ITA 

1-iíT TO OIL vs. OIL TEi1PJRATURE 

-- 1000 

Spark Advance -- 25 dec,. Air-fuel Ratio -- 12.5 - 13.2 

TILE COIThThIR OIL TEMP. F. VOLTS AiPS iATTS EXHAUST 
nun. in out TkiP. 

50 75 110.0 112.0 26.7 17.2 459 455 

90 134 118.0 114.5 27.1 17.2 466 455 

100 150 119.0 115.0 25.8 17.6 454 455 

110 165 1L3.5 115.0 25.4 17.8 452 455 

140 201 85.5 112.5 26.0 17.6 458 500 

150 211 85.5 113.0 26.0 17.6 458 450 

160 22 85.5 113.0 26.0 17.7 4b0 450 

200 280 72.0 111.0 26.2 18.1 474 455 

210 291 72Q0 112.0 25.3 15.2 460 455 

220 302 72.0 11.0 25.3 18.2 460 450 



OBiVÌ.D ThtTA 

JÎAT TO OIL V3 

$park Advance -- 25 dee. Air-ruel Hatio -- - 13.3 

TI.d COUNThR OIL Tii.F. VOLTS AM'S ATÏS XÌiAU3T RPL 
tr.i. in out 

140 124 79.0 114.0 3.8 14.8 501 480 1140 

2.80 160 7o.5 116.5 34.6 14.2 492 473 1150 

190 169 78.5 llo.5 34.5 14.2 490 473 1150 

200 179 73.5 11t.0 333 14.7 490 470 1160 

240 216 79.0 119.0 4u.7 12.0 489 433 1290 

250 225 79.0 120.0 43.0 11.2 482 483 1310 

260 234 79.0 119.5 41.8 11.5 482 490 1300 

280 253 79.0 123.5 46.8 10.5 49 2 500 1420 

290 262 79.0 123.5 4Ei.0 10.2 490 500 1450 

300 272 79.0 123.5 47.4 10.6 502 500 1450 

320 290 79.0 11.0 26.2 16.4 430 428 1000 

33Q 298 79.0 112.0 27.2 15.7 427 428 1020 

340 307 79.0 112.0 27.1 15.8 428 428 1010 



4]. 

.Iu Uii. vs tVAIC 

hir-fuel Ratio -- 14.4 - 1ó. -- 1OUO 

T1iE 
iain 

COULiU OIL 
ill 

k. 

out 
VOLTS TT iX1iiWT 

'':LP. 

Spark advance -- 50 dee. 

30 4 0.0 105.5 28.0 5. 14? 400 

70 79 80.5 105.o 29.0 5.0 145 405 

80 9]. 80.5 105.5 28.7 4.6 12 40 

90 10 80.5 105.5 30.0 4.6 138 410 

spark advance -- 40 dea. 

120 138 80.0 106.0 29.0 9.0 261 410 

130 149 80.0 106.0 ¿8.5 8.7 248 411 

140 160 30.0 106.0 29.0 8.7 252 415 

$prk advance -- 30 dee,. 

1-0 206 8u.0 107.5 28.4 13.5 384 430 

190 217 80.0 107.5 ¿8.0 1.5 378 430 

200 28 80.0 107.b ¿7.5 14.0 386 432 

par1 advance -- 20 des. 

220 51 8'.0 109.0 27.9 16.4 457 455. 

260 295 80.0 111.0 25.0 1.2 456 460 

270 306 80.0 111.0 26.9 17.7 476 460 

280 317 bO.0 111.0 27.0 17.7 478 460 

Continued, next pae. 
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Continued from previous pase. 

TÏ COthTR OIL T? F. VOLTS A1J3 'Ï .XkiU3T 
min. in out LP. 

Spark advance -- 10 dec. 

310 349 80.0 113.5 25.8 19.6 507 480 

20 360 80.0 1L.5 26.0 19.4 504 480 

630 371 80.0 113 .0 24.8 20.1 493 480 

Spark a dvance -- 48 dee. 

370 413 80.0 109.0 '¿8.9 5.8 168 400 

380 42ô 7?.0 108.0 30.1 4.6 138 403 

39Q 44 108.0 30.8 5.0 154 40o 
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IIEAT TO OIL vs. AL-FUEL RATIO 

Spark Advance -- 25 deg. RFA. -- 1000 

TI,j COUrITR OIL Ti.P.ì'. VOLTS AI&S WATTh HAU3T A/F 
min. in out 

10 10 78.5 107.5 27.0 15.6 421 48 14.1 

50 45 77.5 110.0 25.7 17.7 455 478 14.2 

60 55 78.0 110.0 26.0 17.7 460 478 14.3 

70 66 78.0 110.0 25.8 18.0 464 480 14.3 

260 272 84.0 115.5 24.0 19.4 466 450 12.0 

300 310 85.0 120.0 26.3 18.8 495 455 12.0 

1O 319 84.5 119.0 25.3 19.3 488 450 12.0 

320 328 84.5 119.0 26.0 19.0 490 452 12.0 

520 519 81.5 115.5 26.2 18.4 483 448 12.0 

50 558 81.0 1L55 2b.2 1.8 493 438 10.2 

b70 o7 bl.O 113.0 2U.7 19.0 489 435 9.c 

580 577 81.0 113.0 25.5 10.1 488 9.8 

620 616 80.5 114.0 27.0 1.1 490 452 12.9 

o30 62( 80.0 115.0 2t.9 18.2 490 452 16.0 

t40 36 80.0 114.0 26.9 18.3 492 42 13.0 

670 665 80.0 113.5 25.4 18.9 481. 438 11.0 

680 b76 80.0 113.0 2s.2 19.0 481 436 11.0 

9O b85 80.0 113.0 24.9 19.0 480 436 11.0 



OB&RVED DATA 

hEAT TO OIL vs. COLPRESSIOiI RATIO 

RL -- 1000 

Spark Advance -- 25 des. Air-fuel Ratio -- 12.8 - 13.5 

TIIE COUNTJR OIL TìiP. F. VOLTS A.P3 ..ATTS EXhAUST 
min. in out TEdP. 

Compression ratio -- 6.3 

30 33 78.0 110.0 26.8 17.2 462 472 

70 77 78.0 113.0 2b.9 17.0 458 470 

80 88 78.0 113.0 25.7 17.6 454 470 

90 99 78.0 113.0 25.9 17.5 454 470 

Compression ratio -- 7.0 

120 131 7.0 113.0 25.3 17.9 454 455 

130 141 78.5 112.5 26.2 17.5 459 458 

140 151 78.5 113.0 25.5 17.7 452 455 

Compression ratio -- 8.3 

0 346 77.0 108.0 26.8 17.8 477 450 

40 386 77.0 111.0 26.0 17.7 460 450 

50 396 77.0 111.0 26.5 17.6 467 440 

60 406 77.0 111.0 26.3 17.7 467 445 



OBSRVE.D DATA 

1EAT O OiL vs. ìIFOLI) PRESSURE 

RP. -- 1000 

3park Advance -- 25 dee. Air-fuel Ratio -- 12.2 -1.1 

TflIE COU1T OIL TEIUP. F. VOLTS AM?S iATTS E)UIAU3T 
min. in out TiP. 

ianifo1d vacuum -- 0.4 in. hg 

o 229 79.0 106.0 25.9 18.$ 474 450 

40 269 79.0 110.0 25.8 18.5 478 450 

50 279 79.0 110.5 25.6 18.6 476 450 

60 288 79.0 110.5 25.4 18.7 475 450 

.anifo1d vacuum -- 2.0 in. 

80 308 7).0 111.0 26.2 16.7 438 412 

90 518 79.0 111.0 26.2 16.7 458 410 

100 328 79.0 111.0 26.2 16.6 435 410 

anifo1a vacuux -- 3,5 in. kf 

130 38 79.0 110.0 26.9 14.7 96 375 

140 368 79.0 110.0 26.7 14.9 398 375 

150 379 79.0 110.0 26.7 14.9 398 380 

Lianifold vacuum -- 5.0 in. Hg 

170 399 78.0 109.0 27.6 13.4 370 365 

180 409 78.0 109.0 27.4 13.0 356 305 

190 420 78.0 109.0 27.8 12.9 359 365 

Lanifo1d vacuum -- 0.4 in. Hg 

200 430 78.0 109.0 26.0 18.7 407 445 

210 440 78.0 109.5 25.4 18.8 478 450 

220 50 78.0 109.5 ¿5.1 19.0 477 450 
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CALCULATE]) DATA 

VARIABLE TEMP. RLE 01 FLOW HEAT TO OIL 
deg. F. lb/br Btu/br of Bhp 

Variable -- Air-fuel ratio 

9.9 32.2 4.49 63.0 3.77 

11.0 6..2 4.57 b6.l 4.03 

12.0 ù5.l 4.63 bb.2 3.96 

13.0 34.2 4.57 68.0 4.07 

14.3 32.2 4.03 60.7 o.87 

Variable -- Spark advance 

uO 25.0 5.33 58.0 12.32 

40 26GO 5.63 60.3 6.96 

30 27.5 5.25 62.8 4.81 

20 31.0 5.10 68.7 4.29 

10 33.3 5.02 72.8 4.25 

48 29.0 4.87 61.4 11.78 

Variable -- Average oil temperature 

117 - 3.7 6.86 - 11.3 - 0.73 

99 27.3 4.83 57.7 3.70 

92 39.7 5.08 87.5 5.2 
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CALCULTD DATA 

VIRIABLE TEI1iP. RISi OIL FLOÏ: HEAT TO OIL 
des. F. lb/br BtuJhr . of 31p 

Variable -- RPM 

lolo ¿3.0 4.17 59.9 4.10 

115b 37.9 4.25 70.0 4.19 

1300 40.b 4.25 74.8 4.52 

1440 44.0 4.o 83.8 4,97 

Variable -- Aanifold vccuui 

0.4 31.5 4.56 62.5 3.84 

¿.0 32.0 4.56 63.5 

3.5 31.0 4.72 63.5 4.68 

5.0 31.0 4.72 63.5 5.14 

0.4 31.4 4.72 e4.2 3.91 

Variable -- Compression ratio 

6.3 35.0 5.11 77.9 5.02 

7.0 34.1 4.89 72.2 4.65 

8.3 34.0 4.65 68.5 4.34 
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