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INTRODUCTION

The purpose of this investigation was to deter-
mine and analyze the nature of the heat rejection to the
engine 0il under various operating conditions, This in-
cluded s verification of previous workl" and -a separation
of the components of total heat rejected. By analyzing
the contributing effects of each component the general
nature of the total heat rejectlion was determined to be a
function of only two variables, the friction and the in-

dicated horsepower.

# References are to bibliography, page 29.



PREVIOUS INVESTIGATIONS

An investigatlon of the literature avallable
ghowed there has been llttle work done on the problem of
heat rejection to the engine o0ll and the closely related
question of engine friction. Kaneb and Hoey1 found
that the total heat relectlon to the oll showed an in-
crease which was linear wlith speed at constant IMEP. In-
creasling load at a constant speed showed a sllght increase
in heat transfer at low loads whlle at higher loads the
transfer was much greater. Over the operating range
the heat transfer increased sllightly less than fifty per
cent as the load was quadrupled. As these tests were
run at only two speeds, 1800 and 2000 RPM, definite con-
cluslons could not be drawn although trends were estab-
lished.

The obJect of an investigation 5y McLeod? was
to determine the degree of error in the motoring test
and to establish a correlation between it and the true
engilne friction. Thils aspect will be discussed later
in conjJunction with the motoring tests made in this inveg-

tigation (see page 20 ).
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SUMMARY OF RESULTS

It was found that the heat rejected to the
engine oll was some functlon of the indlczted and the
friction horgepower. Emplrical equations were developed
for the heat rejected due to friction and heat rejected
from the cylinder gases. These separaste relationships
were comblned to obtain an empirical relationship for
the total heat rejected to the engine oil. All are given
below: first in general form, then with the constants
evaluated for the particulsar engine tested. All rele-
tionships fof heat transfer are in Btu/minute.

Genergl:

nl .
Qp = Kg(FHP) (friction heat rejected to oil)

2
Q = K5(IHP)n (heat rejected to o1l from
cylinder gases)
- nl n? '
Qy = Kg(FEP)™ + K (IEHP)

(total heat rejected to oil)

Plymouth Engine Tested:
1.4(Fmp)L-2

'
o
]

= 0.82(1Hp) > L

O
b |
|

Q, = 1.4(Fmp) > ° + 0.82(1mp) L L

The observed data showed that the englne speed

exerts much influence on the heat rejected to the oil.
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The heat rejected to the oil increased threefold over ﬁhe
range of speed tested (1200 to 2400 RPM). It would,
therefore, be necessary to use large oll coolers with
large high—speed engines.

The change in heat rejected over the range of
output tested (3 to 46 BHP) at constant speed was small
compared to the varlation found for the speed range, and
1t remained approximately the same at all speeds. At
high engine speeds, load or output had comparatively
1ittle effect on the heat relected to the oil. At low
speeds, load became more 1lnfluentlal because of the small
heat transfer involved.

| It was also made cleer that the oll 1s an im-
portant factor in absorbing the heat rejected from the en-
gine. The oll gystem absorbed nearly a quarter the total
heat rejected from the engine -- the remainder wes ab-

sorbed by the cooling water system or coollng alr surfaces.



APPARATUS

The tests represented were performed on a sgix-

cylinder 1936 Plymouth engine having the following specil-

fications:
BOre = = = = = = = = = - -1/8 inches
Stroke - = = = - - - - - 4-3/8 inches
Plston Displacement -~ - 201.3 cublc inches
Compression Ratio - - - 6.70
Rated Output - - - - - - 82 brake horsepower

' at 3600 RPM
Load for firing and power for motoring was sup-

plied by a dynamometer having the following specifica-

tions:
- Qurrent - - - = = - - = 147 amperes
Voltage - - - = = - - = 250 volts
Output = = = = = = - - - 100 horsepower

The englne was of standard manufacture, but
necegsary alteratlons were made to facllitate testing.
A description of the engline set-up previously used for

similar tests on this engine is glven below.l

014 Set-up

The crankcase pan was lagged with asbegtos to
prevent appreclable. heat transfer from the oll to the at-
mosphere.

The englne oll pump was disconnected and re-
placed by an external electric motor-driven gear pump.

The o0ll was pumped from an external reservoilr to the en-



gine through the port which origlnally contailned the pres-
sure rellef valve in the lubricating system of the engine.
The 01l circulated through the engine and returned to the
external reservolr by gravity. A long pipe was hinged

to a gtand beneath the englne, This pipe could be swung
go that 1t bypassed the gravity oll flow from the engine
and emptied it 1nto a welghing pan placed on aAplatform
balance. By means of this welghing system, the rate of
oll flow could be determined.

Several heat exchangers using steam ag the heat-
ing element were ingtalled 1n the external oll feed line.
Cooling water was also piped to these heat exchangers in
order to effect a more sensitive regulation of the oil in-
let temperature. Thermometers were placed at the inlet
and the outlet oll ports. These thermometers were located
as near the ports asg possible 1ln order to obtaln accurate
readings of the 1nlet'and outlet temperatures.

An oll pressure gage connected to the inlet oill
port was used for the purpose of determlning the relative.
rate of oil flow through the englne. To keep the flow
nearly constant, a gate valve was instzlled 1in the extern-
al oil line before the engine inlet port. |

The engine exhaust line was attached to the lab-
oratory trench pump system, and the alr intake system was

left unchanged from the original engilne.



Cooling water was.pumped to the engine Jacket
and to a cooler surrounding the exhsust pipe. A thermo-
couple was lnserted in the Jjacket cooling system, and a
gate valve was used to regulate coollng water flow and the
regsultant Jacket temperature. A surge tank was added to
© this coollng system to maintain a falrly constant rate of
flow and at the same time»to keep the coéling water tem-

perature more stable.

New Set-up

To carry out the test routine declded upon, it
was found necessary to mske several changes and addltions
to the original arrangement as described above. The new
set-up used is shown diagrammatieally in Fig. 4, page 80 ,
and in Figs. 5 and 6, pages 31 and 32 , respectively.

Firgt, the original asbestos layer was removed
from the crankcase and replaced by a fresh and slightly
thicker application of asbestés. Chicken wire, served to
bind the asbestos coating to the pan. These precautions
were taken td prevent damage to the insulation from exces- .
sive vibration.

Next, the oll-welghing system was found to be
ungatisfactory. The bypass pipe to the weighing pan was
a source of some error in determining rate of oll flow.
This rate of flow was measured from the end of the bypass
giving not the true rate of flow through the englne, but
the rate of flow through the englne as modified by éhe



time lag produced by the friction in the long pipe. More-
over, the process of emptying the contents of the weighing
pan into the reservoir after each run was an unnecessary
difficulty.

Thege dlsadvantages 1ln measuring the rate of oll
flow were eliminated by rearranging the welghing gystem so
that oil from the englne outlet port flowed by gravity
directly into a five-gallon tank. From this intermediate
tank the oill flowed by gravity through a short pipe to
another‘five—gallon tank placed on a platform balance.

A two-way valve was attached to the end of this short plpe
go that flow to the welighing tank could be stopped quickly.
The suction slde of the external oll pump and its bypass
line also were led from this weighing tank.

Now, the oll flow to the engine could be meas-
ured accurately by determining the time necessary for a
given welght of oil to be pumped out of the welghing tank
and into the engilne. Once equilibrium had been estab-
llshed, the rate of flow measured represented the rate of
flow of oll to the engine itself. The o0l1l flowed contin-
uously; no time had to be taken to remove the contents of
one tank and replace the contents of the other.

During the trial runs, it was found that the oil
pressure in the engine became very low at high engine
speeds. To compensate for this drop in pressure (which

also meant a corresponding drop in the rate of oil flow),



a gate valve was 1nserted in the pump bypass. Shutting
this valve ralsed the flow and pressure from the dlschsrge
end of the pump.

To mainﬁain approxiﬁately constant back pressure,
the exhaust was dlsconnected from the laboratory line.
This prevented a change in exhaust condltlons in case the
laboratory line was belng evacuated.

A steam line was connected to the water Jacket
coollng system go that Jjacket temperatures simllar to
those during firing could be malntalned for the motoring
runs.

An exhaust gas analyzer was used to determine
the fuel-alr ratio supplled to the engine. A strobotac
was used to check the accuracy of the cablé-driven tacho-
meter. Both of these lnstruments were soon absndoned in
view of the slight effect produced by a change in fuel-alr
ratio and the difficultles encountered from use of the
strobotac as compared to the accuracy possible with the
other measurements in the tests.

The rest of the original set-up was left intact.
It was considered adequate for the accuracy desired and

proved to be so in the ensulng tests.
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METHOD OF TESTING

Prelimlnary Tests

In thig research there was a considerzble num-
ber of varlables to deal wilth. The dependent variable
in all tests was some portion of the heat rejected %o
the oll, il.e., totel heat rejected, friction heat, or that
portion relected from the hot engine parts. The independ-
ent‘variables were oll pressure, water Jacket temperature,
0ll inlet and outlet temperatures, spark advance, fuel-
alr retio, speed, and load. All other factors were con-
sidered to be constant. For best results only one inde-
pendent veriable should be varled, with all others remaln-
ing constant; but, to accomplish the purpose of this in-
véstigation in the limited time available, it was decided
to determine the relative importance of each variable on
the heat rejection to the oil. Rung were taken to find
the allowable operating range for each varlable without
impalring the accuracy of the heat transfer measurements.
Greater accuracy than that of the tempefature readings
was unwarranted. In each of the following tests, all
other variables were held rigidly constant.

Over the total pressure range, 40 to &0 psig.,
1t was found that the greatest change in heat rejected
amounted to about ten per cent from the mean value, 65 psig.

which had been selected for use 1n the testing. It was
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therefore declded that a variation between 60 and 70 psig.
would be permissable as thls allows a percentage error of
not more than five per cent. (See Fig. 7)

Water jacket temperature changes have some ef-
fect on heat rejection. Fig. & shows the maximum change
over the range tested to be 14%. With reference to this
curve, 1t was consldered adequate to operate within a tem
perature range of 155 degrees to 170 degrees, Fghrenhelt.
The maximum possible variation 1n total heat relected over
this range then becomes about three per cent.

The oll 1lnlet and outlet temperature have a
marked effect on the total heat transgfer. Fig. 9b indi-
cates that as much as 74% change in heat rejected occurs
for the small outlet temperature range of 185 to 195 de-
grees Fahrenhelt. Heat rejected is almost as sensitive
to inlet temperature changes. Flg. 9a shows the quan-
titative changes in heat rejection with respect to tem-
perature while Flg. 9b glves the percentage varlation.
From thls preliminary test, it was declded to keep the
mean temperature of the oll at a relatlively constant value.
These readlngs of temperature introduced the controlling
error of all the results. With the range selected the
maximum error introducedhwas under flfteen per cent.

The change in the heat rejection with change in
spark advance was never more than three per cent over a

wide range. (8ee data sheet Number 1, test Number 5.)



For the first tests, a check on the fuel-air
ratio indicated no appreclable change during operation.
The fuel-alr ratlo wasg then agsumed to be constant at
0.0785.

A strobotac was used durlng the first few tests

but it was found tnat for the accuracy desired, speed
could be malntalned within the llmiting range by merely
using the RPM dlal indicator.

'Main Tesgts

With limitations necessary for sufflclent ac-
curacy in view, the actual testing was begun. A series
of constant speed tests was performed with the brake
horsepower varylng. Allowing twenty to thirty mlnutes
for the establishment of equilibrium for each run, meas-
urements of brake load, Jacket temperature, oll pressure,
oll inlet and outlet temperature, speed, and rate of oll
flow were then taken. To reduce the number of tests,
constant brzke horsepower settings were taken during the
speed runs by calculating the correct brake load in ad~
vance. The speed range was 1200 to 2400 RPM with incre-
- ments of 200 RPM. The brake horsepower range was from
3.2 to 46.

Motoring runs were obtalned separately from the
correéponding firing runs. Methods of maintalning similar

operating characteristlics wlll be explained below. For
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the motoring runs, measurement of speed, friction (brake)

load, Jacket tempersture, oil pressure, oll inlet and out-

let temperature, and rate of oll flow were taken as before.
The speed and load ranges were limited by the

characteristics of the cradle dynamometer.

Measurements

Engine speed was read on a tachometer. Brake
and frictlon loads were read from the balance of the dyn-
amometer. Jacket temperatures were obtalned from a dial
gage connected to a thermocouple in the coollng system.
011 pressure readings were taken from a dlal gage connec-
ted to the inlet side of the oll system at the engine in-
let port. The oll inlet température was measured by a
mercury thermometer placed in a well at the englne inlet
port and the oll outlet temperature was measured by a
mercury thermometer at the exlt passage from the englne.
A running bslance was taken for the rate of oil flow.
First, the welghing tank was allowed to f£ill up. Then
the two-way valve 1n the line leadlng from the intermed-
late tank was closed. The usual welight of oll used dur-
ing the running balance was ten pounds.

All measurements were an average of at least
three runs after equillbrium ﬁad been established. Par-
ticular attention was paid to the reading of the oll fem-

peratures as they were the major source of error.
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DIRECT HEAT LOSSES

General Theory

Heat transfer within the internsal.combustion
engline may be divided into two processes. One 1s the
heat glven off to the englne parts by the working fluid,
and the other is the heat produced by friction of the
moving parts.

It has been found by dimensional analysisu of
the varisbles involved that the heat transfer from the
working fluld may be representéd by

Q, = ATAC (@ 8)™ (G (1)

where AT = mean temperature difference between
the gas and the cylinder walls
A = exposed area

C, = mean speciflc heat of the gas

mean gas density
mean plston gpeed

= mean gas viscoslity

H % Wy I
i

"

exponent defermined by experiment

Hence, for a given ehgine operating with approx-
imately the same outside cylinder temperature (AT 1s con-
stant), the heat transfer from the working fluld 1s seen
to be some function of plston speed (or RPM) and gas

denslty.



Qo e8)® or Qe x RPM)® (2)
Now, the indlcated mean effectlve pressure of an

engline may be represented by

- 1
IMEP = J@ (F X E X W4) X 77 (3)
where J = mechanlcal equlvalent of heat

(a constant)

e density of gases 1n cylinder

F

fuel-air ratio

E = heatling value of fuel

%

The heating value of the fuel, fuel-alr ratio,

indicated thermal efficlency

and the indicated thermal efficlency were essentlally
constant for the tests performed. Therefore IMEP depends
only on the éylinder density of t@e working fluld.

IMEPa @

From which equation (2)-becomes A

Q. = K; (IMEP x RPM)"2 (&)

Since'anicated horgepower ls dlrectly propof—
tional to IMEP atig;gziant_speed, equation (U4) may be
written

Q. = Kp(IHP)™2 o (5)

Either equation (%) or (5) is sultable for de-
termining the heat rejection from the working fluld.

Equation (1) was developed by first obtalnlng
an expression for the heat transferred from an air-cooled
cylinder to the alr and then by making sultable assump-

tionsu) 4 relationshlp was obtalned for the flow of
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heat from the hot gases to the cyllnder walls. As the
flow of the gases in the cyllinder 1g turbulent,5 the ex~
ponent n, should be about 0.8.

Discussion of Resgults:

Part of the heat dlsslpatéd in an internal com-
bustion engine goes to the cooling water, whlle the rest
of 1t is removed by the oll and crankcase. Judge3 showed
that of the total heat dissipated by an engine, approxi-
mately fifty-five per cent was given up to the cdoling
waster and aporoximately forty-five per cent to the engine
0il and crankcase. The results obtained in this investi-
gation were much lower. Lubricating oll vaporizing from
the underside of the plston and the cylinder walls counted
for some of this transfer. Direct conduction to the
crankcase from which the heat is transferred to both
the oll inside and the air outside., accounted for the
remainder. Since the crankcase was lagged with insula-
tion, all the heat transferred from 1t was assumed to go
to the lubricating oll, none to the atmosphere.

It was shown earlier that the total heat re-
Jection is an exponentlal function of IHP and speed (equa-~
tion 5) and that in all probabllity the vaiue of the ex-
ponent should be less than'unity. By reference to the
data obtalned during this investigatlon, the general veri-

fication of the theory developed above was found.
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By taking the test data for all runs made and plot-
ting the heat rejected from the hot engine parts Qp -- deter-
mined by subtracting the motorling heat rejlection Qf from the
" total rejection Qp =-- as a function of indicated horsepower
for the range of sgpeed used on log-log graph paper, Fig. 10 was
obtained. Except for deviatlons at low loads all the curves had
" approxlmately the same slope. By replotting the same points
for Flg. 11 and welghlng the scatter of the data, the general
slope, np, was obtalned. K5 was then determined (see Appendix).
n, had a value of approximately one. With the development of
Eq.(5) 1f was stated that the usual value of n,would be around
0.8. The reason for the higher value that was found 1in this
investigation may be due to the change in the direction or pro-
portion of heat transfer ln cyllinders as conditlons change.

The o1l splashed onto the cyllnder walls and the change in pls-
ton ring actlion may be the chief influence. The plston may
transfer less heat through the rings and more to the oll at
higher speeds. As the speed lncreases, there 1s probably a
change 1n the type of lubricatlon with a corresponding change

in resistance to heat transfer in the cylinders. As a result

of this the piston may ride up on the oill film and a larger per-
centage of heat wlll be rejected to the oll.

The resulting empirical formula developed for the
heat rejected to thé 0ll due to cylinder gases became for thig
partlicular englne

Q

r i
Sample calculations 1n the Appendix show that this

= 0.82(18P)* ! | Btu/minute (5a)

equation 1s within the accuracy of the observed data.
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FRICTION HEAT

Genergzl Theory

So far, only a portlon of the heat rejected
to the oll has been dlscussed, The remaining portion
due to friction also can be explained in e manner sim-
ilar to that of rejection from the hot gases. Firgt, it
is necessary to separate the friction lnto two types --
coulomb and viscous friction.

Coulomb friction 1s independent of the rela-
tive velocity of the sliding surfaces, but viscous fric-
tion will increase as some function of the gspeed. The
coefficlent of viscous friction is a function of RPM.

£ = ¢ ()

where @ = some function
'L
N
P

viscoslty of 1ubric§nt

RPM

unit bearing pressure

Professors E. 8. Taylor and C. F. Taylor6 assume that

the coefficient of friction 1s nearly proportiocnal toﬁ%g_ .
Friction = fPau N
and Qp = KB(Friction x N)

KnﬁfLN x N)

For a given lubricating oil at a given condi-

or Qf

tion fL is a constant, and

Qe = K5N2 (For viscous friction) (6)
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Adding the effect of constaﬁt coulomb friction

to that of the varylng viscous friction should give the
heat rejected to the oll due to friction. However, no
method of tesgsting has yet been dgvised tb gseparate coulomb
and viscous friction. In addition there exist regions of
partial lubrication which do not obey elther of the above
laws. Consequently the results of thls research contain
only heat logses due to total friction. Unfortunately,
the theoretical formulase developed for determining the
coulomb and vigcoug friction separately cannot be used,
but they do givé an ingight into the nature of the result-
}1ng combined friction. There should be some intermed-
1afe formulation for total friction heat rejected to the
0il lying between those for coulomb and viscous friction,
but closer to viscous which is the determining factor
since 1t incresses with the squere of the speed.

This relationship for frlctlon heat rejected

should depend on speed (as 1s obvious from equation (6)
for viscous friction). The exponent which the speed is
to should be less than 2, the value for vliscous friction

alone.

Discussion of Results

The frictlon heat rejected to the oil and to
the cooling water should be the friction horsepower of
the englne. It 1s lmposslible to separate the amount of

friction heat loss to the oll from that to the water

e
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jackets. The proportlon to each varies under different
conditions. Slnce coulomb friction (mostly pilston fric-
tlon) varies linearly with speed, and viscous friction
(bearings) varies with the square of the speed, it fol-
lows that a greater proportion of the heat will be re-
jected to the oll at higher speeds. The part of the
friction heat rejected to the oll may be expressed by

Qp = X(FEP)™2

where X 1s some function of gpeed and design.

From a comparison with the heat rejected due
to cylinder gases, the following equation for heat re-
Jected due to friction will be assumed.

Qe = KS(FHP)n' (for combined friction) (&)

For the purpose of finding the constants in
this relatlonship, the results of the motoring test were
‘used. The plot of FHP vs. RPM (Flg. 12) indicates a
linear proportionality between the two variables. This
corroborates the analogy between equations for heat re-
Jected due to friction and that due to the cylinder gases.
Thig also Justifles the assumptlion that total friction
heat rejected 1s some function of FHP.

The plot of the friction heat rejected as a
functlion of frictlon horsepower (Fig. 13) shows that the
function 1s an exponential. This may be explained by
the fact that at higher FHP's there 1s a greater per ceﬁt
of the heat rejected to the oll than to the cooling water.
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Heat rejected to the oll comes mostly from the bearings,
and bearing frictlon power loss increases with the square
of the englne speed. Heat rejected té the cooling water
comes mosgtly from the cylinders where friction power loss
increases linearly with the speed (because of partial lub-
rication of the cylinder walls). It follows that the
curve rises slowly at low friction horsepower and more
rapldly at higher values of FHP. Thus, the exponentlal
shape of the curve ls justified.

From the logarithmlc plot of friction hest re-
Jected vs. FHP (Fig. 14), the exponential, ng , 1s found
to be 1.5. By dividing values for Qs by corresponding
values for FPHP raliged to the exponent, 1.5, an average
value for Kg Was determined. (See Appendix, page 34 ).
Thus the empiricel formula developed for the heat rejected
to’the 0ll due to frictlion becomes for’this particular
engine ‘

Qp = 1.4(FER)1 "7 ' ()

Semple calculatlions in the Appendix ghow that
this equation 1s wilthin reassonable accuracy when compared
with the observed-data.

Thée errors resulting from the usual method of
measuring friction are explained in a paper by McLeod?.
From his experiments 1t was found that there are many
errors«ténding to make the frictlion measured by the motor-
ing method deviate from the true flring friction. McLeod

further stated that these errors were not all in the same




directlon, but tended to compensate each other making the

final deviatlion small as 1s shown below.2

. 40 -
o
o
g 30
A
@ 20
a .
) _ Firing
5 10 - - — — Motoring
g
B0 ‘
900 1200 1600
RPM

Performing the motoring tests all together
under controlled conditions similar té those present dur-
ing the firing tests obviated the fime effect on the
friction measurements, Thls time effect arises from
the change in condltions which takes place during the
delay when & motoring test 1s taken following each fir-
ing test without‘the operating conditlions being controlled.
It is presented by IﬁcLeod2 and reproduced below.

The close correlatibn between the observed data
and the calculations obtalned by use of the formula de-
rived indicstes that the frictlion meagurements were satis-

factory for the accuracy desired and that the relationship
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between heat rejected to the oil and friction horsepower

is valid,



TOTAL HEAT REJECTION

In the preceding gections empiricel relatlon-
ships have béen developed separately for the two compon-
ents of the heat relected to the engine oil. - By a com-
bination of the two results the total heat rejectlion may
be found for any speed and load as long as the water
Jacket and oll temperatures are within the prescribed

limits, which cover the normal operating range.

Qg = Q¢ * Qo | Btu/minute (9)

Qy = Kg(FEP)™ + Kg(IHP)P2 0 (20)
Q = L.MFmR)L-5 + ocge(rmp)tt v (11)

Equation (11) checks the experimental data ob-
tained during the tegts within the limitations of the
accuracy of about ten per cent.

An inspection of Flgs. 15 to 20 shows the gen-
eral nature of the totél heat rejectlon over varylng
ranges of speed and load. The following comments on
these curves are offered in explanation:

Increased IMEP, Flg. 15, at constant speeds a
slight increase in total heat rejection to the oll. Ex-

- cept for the run at 1200 RPM all the curves have approx-
imately the same glope. The run at 1200 RPM wlll not

be discussed as 1t obviously contalns errors. Previously
1t was stated thaf at congtant speed, the mechanical fric-

tion would be congtant but this may not be the case and
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‘

in all probablility the 1ncfease in heat rejection wsas due
to the lncreased piston fricfion. Under normal operating.
- N¢pnd1tions, the friction of the Journal bearings is inde-
pendent of the bearing pressure and therefore does not
vary with varyling cylinder pressures. A very large part
of the mechanicel losses of an engine arise from friction
of‘the plstons and rings. This is due to the poor lubri-
cation conditions combined with high relative velocities
and large surfaces in contact. From research done by
M.P.Taylors, the effect of cylinder pressure on mechanical
friction was determined. The nature of the relationship

1g shown in Fig. 3 below.

28
8
o =24 1850 RPM
/2] .
& g 1500
n: 1200
m

6
8 !
=
i 12
2 1
g
P 8

20 40 60 80 100 120 140
Gas Pressure on Pistons in Lbs. Per Sge. In.

Fig. 3



One of the chief causes for the shape of the above curve
ig that the cyllinder pressure 1s communlcated to the
spaces behlind the plston rings, thereby increasing the
pressure of the rings agalnst the cylinder walls. This
relatlionship 1s in all probability the main cause of the
increase 1n total heat rejectlon with lncreasing load.

The effect of lncreasing engine speed at con-
gstant IMEP's on total heat rejlection, Fig. 19, 1is practi-
cally linear. Thlis checks the result obtailned by
Kaneb and Hoey:L and has been discussed previously.

Fig. 20 1s of more practical value in determin-
ing the size of the oill cooling system needed. The rela-
tionghip between heat rejection and eﬁgine speed at con-
stant BHP is in the form of aﬁ exponential which follows
from the reasoning on pages 14 and 15.

When runaing at low loads at speeds above 1600
RPM, the total heaf trangfer to the oll began to decrease
to a minlmum and then lncreased as more load was applled.
The explanation for this has not been ascertalned.

.~ From comparison of the plotted results i% 1s
obvibus fhat speed exerts a major influence on heat re-
Jected to fhe engine oil. Load 1s relatively unimport-

ant,



FUTURE INVESTIGATIONS

If further investlgation 1s to be done along
thisg line, more accurate temperature control is an abso-
lute necessity. As was shown earlier, the most sérious
error in all runs was 1ln the temperature reading of the
oil. A one-degree error 1ln readlng amounted to approx-
imgtely a ten~-per cent error in the heat rejection cal-
culations. Also, time should be allowed for stable oper-
ation.

The limltetlons of load and speed were set by
the cradle dynamometer, so 1f higher speeds are to be in-
vestlgated this will necessitateyglchange in the set-up.

For further confirmation of the nature of the
heat relection, 1t would be necessary to operate the en;
gine under dlfferent water Jacket and oll temperatures.

A more complete investigation of heat rejected
at low loads should be made to determine the reason for
the minimum in the power curves at constant speeds.

Untll more research 1s done upon piston and
ring friétion, it will be 1lmpossible to determine more
exact relationships.

The empirical formulae for determining the heat
transfer to the oll should be checked on other engines
before being accepted. Also, these formulae should be

modlfied so that some relationship for geometrlcally sim-



ilar engines may be obtalined. It would then be possible
« _

to predict the heat rejected to the oll for various sizes

of similarly designed engines. This would be advantageous

in design work.



APPENDIX



- 29 =

BIBLIOGRAPHY

A Study of the Heat Transfer to the Engine 0il, J.F.
Hoey Jr. and W. Kaneb, i.I.T. Theslis for 8.B., Course
II, 1943 |

The Measurement of Engine Friction, M.K.McLeod, paper
glven before S.A.E. Annual lleetlng, January, 1937

Alrcraft Englnes, A. W. Judge, D. van Nostrand Co.,
Inc., 1940 | .

The Internal Combustion Engine, C. F. Taylor and
E. S. Taylor, International Textbook Company, 1938

Heat Trensmission, W. H. McAdams, McGraw-H1ll, 1942
The Effect of Gas Pressure on Plston Friction,

M. g. Taylor, S.A.E. Journal, Volume 38, No. 5, May
193



- 30 =

¥YP6T AUVANVL
.—H.H.:

AHOLVHOIVI NVOIS

¥ °pbId

ouTduy

1TX® PTNTJ J938OH

BI9BUBYOXO QWO

J6730WOYOW],

0388 euanssouad 1T0

Jojouomaoyy 3T¥e %0
J930WOWI Y]

90UBIJUe TTO

J890WOmIoY] 36¥0e[

J9jemoureulq

J9 M

ueeqs

dN=I4S ISIL
J0
NVYOVIA OILVNHAHOS

~ Q2 D H WO~



- 31 =

Fig. 6.

View of Engine Showing Control Panel,
Asbeétoa Insulated Crankcase, External
0il System ( Pump, Entrance Thermo-

meter, Heaters, Pressure Valve )
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Eign 6.

View of Engine Showing Flow Measuring
System, 011 Pump Suction Line And By-

Pass, Exit Thermometer
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CALCULATIONS

Heat Transfer

~Q:WCP

= (10)(0.5)(10)

AT
=50 BTU/min.

Brske Hersepower

Bhp - Brake load x RPM
- 4000

587.5)(1806)

39.4

it

Friction Horsepower

th_Friction lead x RPM
4000

- gaé.a)(laoc)

= 1200

Indicated Horsepower

Ihp = Fhp + Bhp
. Z12 + 39.4
= 51,4

Mean Effective Pressure Constant

Hp -~ Brake load X RPM
4000

where Cp = specific heat of
oil at constant
pressure
W=rate of oll flow
in 1bs./min.
AT = 01l temperature

difference, _°F.

where Dynamometer Constant=
4000



?

Hp = MEP x Piston Displacement x RPM
. 33000 x g

MEP= 0,971 x Brake load

Piston Displacement = 201 in3

Equation (5a)
ng
Q= K5(Ihp) .
B, = 1.1 (from Fig, 11)

1.1 1.1
Q Inp (Inp) K5 Qp¥(Ihp)
21,2 20,5 27,7 0,77
25,0 23.4 32.0 0,78
34,0 30,9 44,0 0.78
40,0 5643 50,0 0.80
45.0 37.4 54,0 0,83
50.0 39,3 7.0 0,87
57.0 43.6 64.0 0,89

( Ks)‘ve — 0.82

1.1

Equation (8a)
ny
Qf::KB(th)

nl::1.5 (from Pig. 14)

1.5

Speed Qy Fhp (Fhp) K5 Qe3(Fhp)
1200 30,56 6.9 18,0 1."
1400 36,2 8.5 25.5 l.4
1600 44,0 10,2 32.5 l.4
1800 §7.5 12,0 41,6 l.4
2000 77.0 13.9 5240 1.5
2200 91,0 16.2 65.0 1.4
2400 120 18,4 78,5 1.6

(KB)avez 1.4
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‘ 1.5
Qf =1.4(Fhp)

Equation (11)

. | 1.5 1.1
Q= 1.4(Fhp) + 0.82(Ihp)

Tabulation of total heat rejection as calculated from
equation (11) and test results with percentage error.

: Formula Test
Speed Ihp Fhp Q Qg % errer
1200 23,9 6.9 52,0 51.0 $1.96
1400  34.0 8.6 7545 84.1  ~10.2
1400 21,1 8.7 59.2 5748 $2.4
1600 31,6 10,2 82,0 85,6 ~345
1800 21,5 12,0 82,1 81.5 $0.74
2000 17,1 13,9 91.5 103,5  =11,6
2000 35,3 13,9 114,3 117.0 -2.3
2200 41,6 16.2 148 150 -1,3
2400  64.3 18.4  191.4 191 $0.2

2400 43,8 18.4 163.5 170 =348
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