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ABSTRACT

ETHYL ALCOIICL AS FUEL FOR
INTERWAL COMBUSTION ENGINES

A RICGUE L. KILAYKO

Submitted to the Department ol Mechanical
Engineering on August.22, 1960 in partial fulfill-
ment of the requirements tor the degree of Master
of Science.

Per.ormance o: a high com ression four cylinder
autonotive engine using Ethyl Alcohol as fuel with
different amounts of prehertinc of the inlet mixture
is evoluated. Some discussion of the results ond re-
commendations Jor further research are incluced.

THESIS SULZRVISOR: AUGUSTUS R. RCGOWSKI
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NOMENCLATURE

BHP - Brake Horsepower

IHP - Indicated Horsepower

FHP - Friction Horsepower

BMEP - Brake Mean Effective Pressure

IMEP - Indicated Mean Effective Pressure

FMEP - Friction Mean Effective Pressure

BSBEC - Brake Specific Fuel Consumption

ISPC - Indicated Specific Fuel Consumption

Nm ~ Mechanical Eificiency

Ni - Indicated Thermal Efficiency

Nf/a = Fuel-Air Cycle Efficiency

Nv =~ Volumetric Efficiency

B/Bc - Ratio of Actual
metric Fuel-Air

Ruel-Air Ratio to the Stoiche-
Ratio

BE/A - Puel-Air ratio

Wa' = Actual mass {low of air, 1bs./hr

Wa - Computed mass flow of air, 1lbs./hr

Nf ~ Puel flow, lbs./hr

p Pressure difference across,orifice for air flow
measurement

Pressure at inlet manifold, psia

T« - Temperature at inlet manifold, °R

- Temperature at entrance of heat esntrol valve, OF

- Temperature at exit of heat control valve, OF

T™ Temperature difference between the entrance and the
exit oi the heat control valve, OF



Man. Vac. = Manifold vacuum

S--+ Piston Speed, ft/min.

RPM = Revolution Per Minute

Ec -Heat Value of Fuel

S. A. - Spark Advance, degrees before top dead center

- Compression Rationy

No Ratio of actual indicated thermal eirficiency to
the theoretical fuel-air cycle efficiency

o Ratio of residual gas content to total cylinder vol.

Eo - Exhaust pressure, psia.



INTRODUCTION

The use of ethyl alcohol as a substitute fuel for

gasoline in high compression automotive engines has never

been fully studied from the point of view of self-suffi-

ciency except in some special racing engines. Consider-

able work has been done on gasoline-alcohol blends and on

alcohol injection but not on 95% pure ethyl alcohol alone.

It is the purpese of this thesis to give an account

of the performance of a typical four-cylinder automotive

engine using ethyl alcohol as fuel and operating at a

compression ratio which is best suited for the said fuel

and to use it in an attempt togain more knowledge in the

topic of performance and fuel economy.

Ethyl alcohol because of its high latent heat of va-

porization would naturally require more preheating than

gasoline, for optimum performance and economy. This amount

of preheating for optimum performance and economy is

determined and the results compared with those using gaso-

line in the same engine but of a lower compression ratio.

This particular consideration is important since preheat-

ing the inlet mixture tends to reduce air capnacity and thus

engine power, while poor distribution results in poor fuel

economy and at the same time reduce engine power. The

effect of the amount of preheating on BMEP, IMEP, BSEC,

ISFC, and volumetric efficiency are plotted for both the

alcohol and 7asoline rune.



Only steady-state running is considered but several

speed load combinations are used. The variables which

affect the performance in a given engine running in a

steady state are:

Speed

Load

Fuel-air ratio

Inlet temperature

Compression ratio.

Since it is not practical to cover all possible com-

binations, a limited number of these combination are se-

lected for test purposes.

The following are the diiferent speed-load combina-

tions.

Series MAM

rom = 1800

S = 945 ft/min.

Part Throttle: 8.35 psia manifold pressure.

Series "Bn

rpm = 2000

S = 1050 ft/min.

Part Throttle: 8.35 psia manifold pressure.

Series "Cn

rom = 2400

S = 1260 ft/min.

Part Throttle: 8.35 psia manifold pressure.



Series "YD"

rpm = 2000

S = 1050 ft/min.

Full Throttle: Atmospheric inlet pressure

(at carburetor intake)

Series ME"

rpm = 2400

Ss = 1260 ft/min.

Full Throttle: Atmospheric inlet pressure

(at carburetor intake)

Series MF"

rpm = 2800

S = 1470 ft/min.

Full Throttle: Atmospheric inlet pressure

(at carburetor intake)

Series M"A-1m

rpm = 1800

3 = 945 ft/min.

Part Throttle: 8.35 psia manifold pressure.

Series "'E-1mn

rpm = 2400

S = 1260 ft/min.

Full Throttle: Atmospheric inlet pressure

(at carburetor intake)



For Series "A" to "PF" runs inclusive, compression

ratio is at 12:1 and the fuel used is 95% pure Ethyl

Alcohol.

For Series '"A-1'" and "E-1' runs, the compression

ratio is at 7.25:1 and the fuel used is 92 octane

casoline,



DESCRIPTION OF APPARATUS

ENGINE:

Make &amp; Model Nenault, Type R1090

No. of Cyl.

Type “*roke cycle, OHV in-line

32 @ 4200 RPM (manufacturer's
rating)

O==mm~=7,25:1

Max. BHP

Compression rax

Bore-

Stroke -

Piston Disblacement----845 cc or 51.8 cu.

-

11.

INLET SYSTEM:

The air suprlied passes through a sharp edged .725

in orifice, (installed with flange taps according to

A.S.M.E, specifications), a surge tank, and intake pipe

connected to the carburetor air horn by a rubber hose.

Temperature of the inlet mixture is varied by the manually

controlled heat riser system. (Rig. 0).

FUEL AND FUEL SYSTEM:

When the compression ratio is at 7.25:1, 92 octane

gasoline is used. Por high compression ratio's (12:1)

100 octane gasoline is used for starting and warm-up.

95% pure Ethyl Alcohol is used-for steady state running.

Gasoline is supplied by the laboratory main fuel pump

and is passed through a 3 - way valve before entering

the carburetor of the engine. The 3-wav valve facilita



tes switching over from

while the engine is running.

Fuel flow is regulated by means cf a needle installed

at the seat of the main jet. Alcohol is supplied by

an overhead supply tank.

COOLING SYSTEM:

The engine is cooled by circulating water around

the water jackets by the engine water pump. The tempe-

rature is m~°rtained constant by means of a heat exchanger

using steam or water.

LUBRICATION SYSTEM:

Lubrication is provided by means of a ferce-feed

wet sump system and the oil temperature is controlled

by circulating the oil through a heat exchanger. ‘An

electrically driven oil pump is added for circulating the

bil through the heat exchanger.

IGNITION SYSTEM:

The ignition is the regular Renault system using an

ignition coil, distributor and battery. Spark advance

is varied manually.

EXHAUST SYSTEM:

The engine incorporates a two -part exhaust manifold

and a heat riser system of conventional design. Thermocouples



are installed at the entrance and exit of the heat control

valve to measure exhaust temperature at these points.

MEASURING INSTRUMENTS:

An electric cradle-dynamometer is coupled to the out-

put shaft of the engine to measure torque. Engine RPM is

measured by a mechanical tachometer connected to the dy-

namometer, and is further checked by a strobe lamp.

Air flow is measured by a differential manometer with

standard sharp edge .725 in. diameter orifice. Fig. 44 is

a caliberation of this set-up.

Fuel flow is measured by a conventional rotometer.

The same rotometer is used with both alcohol and gasoline

but using different floats. Pigs. 45 &amp; 46 shows the ca-

liberation of this set-up.

Spark advance is measured by a graduated crankshaft

pulley anc neon timing light.

Inlet manifold pressure is measured by a mercury

manometer which reads the manifold vacuum directly.

Tacket water temperature is measured bv a mercury

bulb thermometer installed at the discharge pipe at the

end of the cvlinder head.

0il temperature is measured by

thermometer.

a vapour prossure

Temperature of the exhaust gas at entrance anc exit

of the heat control valve (Pig. 0) is measured by thermo-

courles using Leeds and Northrup millivolt potentiometer

indicator.



PROCEDURE

Part I.

The engine is run first using 92 octane gasoline

as fuel at a compression ratio of 7.25:1. Fuel - air

ratio is varied from B/Fc of .9 at increments of .1 to

F/Fc of 1.3.

This is accomplished by turning the needle valve

which is installed to control the opening of the carbu-

retor main jet. Stoichemetric fuel -air ratio for gasoline

is .06775:1. At each run with a particular fuel-air ratio.

the heat control valve opening is varied from fully oven

to fully closed. The heat control valve position is changed

in steps by increments of 1/4 the maximum swing of the

valve from the fully open to the fully closed position.

At the fully open position of the heat control valve.

no exhaust gas is allowed to recirculate through the un-

derside of the portion of the intake manifold directly

under the carburetor, except for some leakage of course.

At the {ully closed position, all the exhaust gases are

channeled so that they circulate through the underside of

the portion of the intake manifold directly under the car-

buretor and serve to heat the incoming mixture of fuel and

adil.

Two speed load combinations are used namely full

throttle at 2400 rpm (1260 ft/min.) and part throttle at

1800 rpm. For the part throttle runs, the manifold



pressure is kept constant at 8.35 psia since this corres-

ponds to the condition in which a great majority of auto-

motive or farm tractor engines would operate at part load

conditions.

Before any reading is takenthe engine is fully warmed

up to operating conditions namely 180°F jacket water temp-

erature and 150°F oil temperature.

Spark advance is set for best power on all runs.

Part IX

The compression ratio is raised to 12:1 by the addi-

tion of a block of metal screwed on top of the piston.

This block of metal is so designed that the space it takes

up reduces the clearance volume to an extent that the com-

pression ratio is raised to 12:1.

To reduce warm up time the engine is started by us-

ing 100 octane gasoline and the spark retarded around

8° BTC to prevent detonation. Once the jatket water temp-

erature and oil are almost 180°F respectively, the 3-way

valve is switched to alcohol, and the spark advanced to

best power for alcohol. The water jacket and oil temp-

erature is adjusted to the exact figure of 180°F and

150° respectively.

As in the gasoline runs, five different fuel-air ratios

are used namely F/Fc =.9, F/Fc = 1.0, F/Fc = 1.1, F/Fc = 1.2,

and B/Fc = 1.3. The diameter of the main jet is increased

by the VTITE or 1.264 to approximately correspond to the

lower heating valve of ethvl alcohol.



The amount of preheating is again varied by changing

the opening of the heat control valve.

Six speed-load combinations are used namely part

throttle at 1800 rpm, part throttle at 2000 rpm, part

throttle at 2400 rpm, full throttleat2000rpm,full

throttle at 2400 rpm, and full throttle at 2800 rpm. These

speed-load combinations are chosen so as to be able to

determine the effect of piston speed in the several va-

riables.

Bor part throttle runs, the inlet manifold pressure

is kept constant at &amp;€.35 psia and for full throttle runs,

the pressure is atmospheric at the carburetor intake.

Spark advance is set for best power at each run.

Jacket water temperature and oil temperature are kept

constant again at 180°F and 150°F respectively.



Discussion of Results

Part 1

(A) The effect of inlet mixtufe preheating on Brake

and Indicated Specific Fuel Consumption-using gasoline

as fuel:

Figures 1 &amp; 2 shows the efffect of preheating the

inlet mixture on the BSFC of the engine when 92 octane

gasoline is used as fuel. At low speeds (S=945 ft/min)

anc at part throttle, BSFC decreases with the increase in

of the AT between the inlet and outlet portions of the

heat control valve. The minimum BSFC would be at a higher

AT for a richer mixture. For leaner mixtures the minimum

BSFC are at lower ATs except for the leanest mixture (E/Fc=

.9) in which the minimum BSFC is again at a highAT.

When a rich mixture is used there is an excess of

fuel that all the cylinders have a rich mixture, which

means that no cylinders tend to run lean, but the air

capacity decreases at a faster rate than the improvement

in fuel-air mixture distribution. But when the mixture

is very lean, there is not enough excess fuel in the mani-

fold to take care of the difference in fuel-air ratios

amoung the cylinders, that distribution plays an important

role, Increasing the AT in the heat control valve will

heat and speed up the vaporization of the fuel particles,

consequently improving distribution and the BMEP.

When the engine is speeded up and the throttle fully

obened, (Fig. 2). velocities in the manifold increase and



distribution improves that less heat in proportion to the

fuel that comes in is necessary, that increasing the AT

increases the BSFC. This is true in Stoichemetric fuel-

air ratios and higher. In this case the improvement in

distribution is slower than the rate of decrease of the

air capacity. This is more clearly shown by comparing

Figs. 1 &amp; 3 or 2 &amp; 4. The increase of BSFC in proportion

to AT is faster than that of the ISFC because of the drop

in air capacity and consequently the mechanical efficiency

But again, for fuel-air ratios less than stoiche-

metric, distribution is a more Important factor because

of the absence of excess fuel. Here the BSFC and ISFC

continues to improve as the AT is increased.

(B) The effect of ihlet mixture preheating on Brake

and Indicated Mean Effective Pressure using gasoline as

fuels

Rigs. 6,7,8, &amp; 9 show the effect of increasing AT

on brake and indicated mean effective pressure. Except

for fuel-air ratios less than stoichemetric, mean effect-

ive pressure decreases as the AT is increased due to the

reduced air capacity. With very lean fuel-air ratios,

some cylinders tend to misfire thereby reducing engine

power, that inspite of the reduced air capacity due to

the preheating inlet mixture, the mean effective pressure

remains somewhat constant. In this case the improvement

in distribution is somewhat proportional to the decrease

in air canacitv.
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(C) The effect of fuel-air ratio on: specific Fuel Con-

sumption using gasoline as fuel.

On Figs. 11 &amp; 12 two lines are plotted for BSPC and

ISFC. One line is for either BSREC or ISRC with the heat

control valve closed and the other with the heat control

valve open.

As can be expected, the point of minimum BSFC with

the heat control closed occurs at a lower fuel-air ratio

than when the heat control is open. This is explained by

the fact that there is better distribution of fuel with

high inlet manifold temperatures, that a leaner mixture

can be used. The value of the BSFC .or ISFC with the heat

control valve closed, at their minimum point is not the

minimum BSFC or ISFC of the runs because of the reduced

air capacity which reduces power.



Part II

(A) The effect of preheating the inlet mixture on

Brake and Indicated Specific Fuel Consumption using 95%

pure Ethyl Alcohol as fuel:

Rigs. 13 to 16 inclusive, show the effect oi pre-

heating the inlet mixture on the BSFC and ISFC when al-

cohol is used as fuel. Because of the hich latent heat

of varorization of alcohol, increasing the AT across the

heat control valve, decreases both the brake and indicated

specific fuel consumption. Increasing the AT improves the

distribution to such an extent that éwven though the air

capacity is reduced slightly, the power increases. Figs.

13 &amp; 15 show that at low fuel-air ratios and at low mani-

fold pressures (part throttle), the BSFC &amp; ISFC will reach

a minimum point at a AT of approximately 120°F and will

increase slightly as the AT is increased futher. This

is due to the fact that at low fuel-air ratios, the amount

of heat transferred from the exhaust gases to the inlet

mixture is just about right for good distribution but not

too excessive as to reduce the air capacity.

When speed is kept constant but manifold pressure is

increased, i.e. throttle fully opened, the minimum BSFC

and ISFC occurs at the same value of AT, but in this case

this value of AT is the maximum and when the AT is de=-

creased there is a faster rate of rise of BSFC and ISFC

in proportion to the rate of decrease of the AT, than

when manifold pressure was low. This is probably due t-~

the fact that more fuel hac +n ha heated and +h +im-~



element involved is not sufficient to heat up the mixture

as mich as it did when the manifold pressure was low.

(B) The effect of preheating the inlet mixture on

Brake and Indicated Mean Effective pressure, using 95%

pure Ethyl Alcohol as fuel:

Again, for part throttle runs, the rate of increase

of both BMEP and IMEP as the AT is increased is slower

than the rate of increase of the BMEP and IMEP of the full

throttle runs. Figs 17 to 28 inclusive, show these rela-

tionships. From these graphs it can be noted that when

manifold pressure is kept censtant, points of maximum

BMEP or IMEP occur at a lower AT when the speed is increased.

As engine speed increases, the velocity of the gases in

the manifold also increase and improves distribution that

less preheating is necessary for satisfactory distribution

of fuel among the cylinders. The lower ATs obtained in

high speed runs are due to the {act that there is less

time for heat transier from the exhaust gases to the inlet

mixture at high speeds than for low speeds.

(C) The effect of preheating the inlet mixture On

volumetric efficiency:

Figs. 29 to 34 inclusive show the effects of increas-

ing the AT on the volumetric efficiency. As can be ex-

nected, the volumetric efiiciency or air capacity drops

as the OT increases, but the drop is less when 2lcohol

is used as fuel instead of gasoline. The high latent heat

af vaporization of alcohol accounts for tHis because ’



ny

prevents a great rise in the temperatur® Of the inlet mix-

ture. In other words, the charge density may even increase

due to the cooling down of the mixture as it vaporizes

with the addition of heat.

(D) The effect of piston speed on Mean Bffective Pre-

ssure using 95% pure Ethyl Alcohol as fuel:

Fig. 35 shows the variation of BMEP and IMEP with

piston speed keeping the fuel-air ration and manifold

pressure constant at 8.35 psia. Both BMEP and IMEP have

their peak at approximately the same speeds and they are

»lways higher with the heat control valve fully open (no

exhaust gas recirculated).

For full throttle runs (Fig. 36) the peak of the

BMEP an IMEP occurs at a lower piston speed because of

the decrease of volumetric efficiency as the speed goes

up (Fig. 39). With the heat control open the drop in both

BMEP and IMEP is less as the speed goes up because of the

higher charge density and volumetric eificiency, although

their values are lower to start with.

(BE) The effect of speed on Specific Fuel Consumption:

Minimum BSFC and ISFC occurs at about the same speed

for low manifold pressure and at B/Fc of 1.1. Running at

this particular fuel-air ratio it can be noticed on Fig. 37

that the curves for BSFC and ISFC with the heat control

valve fully open and fullly closed overlap at very low

speeds. This is due to the fact that at low speeds and

at low manifold pressures there is sufficient time for the

‘uel-air mixture to vanorize even thougch the heat control



valve is open. Run No. 90, Table III shows that even though

the heat control valve is open, there is a a T of 59°F which

means that some of the exhaust gas leak through the heat

control valve and preheat the incoming fuel-air mixture.

This amount of heat leakage is sufficientatthisspeed

and fuel-air ratio to vaporize enough of the fuel to in-

sure good distribution.

As the speed is increased to 1260 {t/min., there is

less time for heat transfer from the exhaust gases to the

incoming mixture that even though the heat control valve

is fully closed, not enough heat is available that the

difference between BSFC or ISFC with the heat control

valve fully open and fully closed is again slight.

For full throttle runs (Fig. 38) the picture is

similar except that the low speed in which the BSEC or

ISFC curves with heat the control valve fully open noves

towards the BSFC or ISFC curves with the heat control

valve fully closed, is not reached. But at high speeds

it is clearly shown in Rig. 38 that the curves start to

move towards each other, again because of the limited

time available for heat transfer between the exhaust gases

and the inlet mixture.

(FR) The effect of fuel-ajir ratio on Mean Effective

Pressure-

For part throttle runs, (Fig. 40) the mean effective

pressure increases only very slightly with increasing

fuel-air ratio once stoichemetric fuel-air ratio is reached

unlike the mean effective pressure usine gasoline. Thi-



is explained by the fact that alcohol being a single com-

pound vaporizes at a single temperature, and any increase

of alcohol in proportion to air does improve the distri-

bution of the fuel among the cylinders.

The picture is similar for full throttle runs, (Fig.

41), although the peak is at a higher fuel-air ratio.

By comparing Fig. 41 and Rig. 10, it can be seen that the

peak of the meen effective pressure occurs at about 1.175

F/Fc for alcohol while for gasoline it occurs at 1.3

BE/Fc, also because of alcohol being a single compound,

consequently a single vaporization temperature.

(G) The Effect of fuel-air ration on Specific Fuel

Consumption using 95% pure Ethyl Alcohol as fuel:

Regardless of engine speed, minimum BSFC occurs in

the vicinity of .975 B/Fc, and minimum ISEC at .95F/Fc.

By comparing Figs. 42, 43, 11, and 12, one will notice

that the minimum specific fuel consumption for alcohol

occurs at a lower E/Fc than for gasoline because the mean

effective pressure, when alcohol is used as fuel, does

not rise appreciably when the fuel-air mixture is enriched.

Ror both part throttle and full throttle runs using

alcohol (Figs. 42 &amp; 43) the minimum BSEC and ISFC with the

heat control closed (max. heat) is at a slightly lower

F/Fc than when the heat control valve is fully open (min.

heat) because of improved distribution of fuel when a

greater part of it is vaporized.

The reason for the nininum ISEC nccuring at 3 sliocht-



ly lower F/Fc than that of the minimum BSFC is that at F/Rc

lower than stoichemetric the brake mean effective pressure

drops sharply that the mechanical efficiency decreases fas-

ter than the decrease in fuel consumption.

Throughout the range of fuel-air ratios, the specific

fuel consumption for alcohol with the heat control closed

is always lower than the ones with the heat control open.

This is opposite to the results that are obtained when gaso-

line is used.



ANALYSIS OF RESULTS

Theoretical Fuel-Air Constant Volume Cycle using Gasoline:

= 14.7 - » 73 = 13.97

fr = .03 (assumed)
T1 = 600°R (assumed)
Pex = 14.7 psia
F/A = .06775
E/Fc = 1.0

J ig

* -

iE- =» eo o&amp;

yf, eu. (4

Pt. (1) Py = 13.97, T1 = 600°R

Vi = 16 cu. ft. Eq = 16

Process (1) -- -(2) (Comrrecsion)

Vi
 _— = 7.25, Vo = 16 = 2.2 cu. ft.
vs ’ Tr= :

At Vo = 2 9 m1. F4

&gt;. = 205 To = 1175, En» = { 12



Process (2)=-- ==(3) (Combustion)
E53 = Bp + BE comb. |

= 142 + 1280 (1 - .03)
= 142 + 1280 (.97)
= 1382 B. t. uu.

At E3 = 1382, &amp; V3 == 3 = 2.2, cu. "T3 = 5060°R P 3 = 950 a

Process (3)-- -(4) (Expansion)
V4 = V1 = 16 cu. ft.
Ta = 3450°R Pg = 89 psia Eq = 747

Pt. (£)
Ts = 2400°R V5 = 66 cu. ft.

- (E3 - E4) - (E2 - E1)

= (1382 - 747) - (142 - 16)

= 635 - 126

= 509 B.t.u.

4]

Bj5 442

MEP = _ Wo 509x778
Vi - Vz 144 ( 16-2.2)

= 5..1 509

13.8

= 199 psia

N f/a = —-_— ~~ 500
(1-f)(E comb) .97 x 1280

Actual Indicated Thermal Efficiency, Ni:
r = 7.25, F/Fc = 1.0, RPM = 2400
Py = 13.97 psia, T= 600°R (estimated, with AT = 0)

Ni= 2545 _ 2545
ISFC x Ec 427 x 19,000

2545 _

E-3%eloImm.314or 31,4%

Ratio of Actual Indicated Thermal Efficiency t
Theoretical Fuel-Air Cycle Efficiency, Nr:

Nr = 231% = 765 or 76.5%
11



Theoretical Fuel-Air Constant
Pure Ethyl Alcohol as fuel:

to
E 12, Py = 13.97

f= .02 (assumed)
I'1 = 600°R (assumed
Pex = 14.7 psia
FrA = .,1114
[,'m¢ = 1.0

Volume Cycle using 95%

P, psa

ed

en.

Pt. (1) P1 = 13.97, Ti1 = 600°R
Vi = 17 cu. ft. Ey = 52

Process (1)-----=(2) (Compression)

Vi
—= 12, V2 = 17
Vo i&gt; 1.415 cu. ft.

At Vy = 1.415 cu. ft.
Pop = 365 psia TH = 1280°R Eo = 212

Process (2) --. . ----(3) (Combustion)
Ez = E2 + E comb

= 212 + 1288 (1 -f)
= 212 + 1288 (.98)
= 212 + 1260

1472



‘a
=

At E3 = 1472 | &amp; V3 = 1.415 cu. ft.
T3 = 5060°R P3 = 1550 psia

Process (3)w==me=e====(4)
V4 = v3 = 17 cu. ft.
T4 = 2810 Pg = 70 E4=G30

Pt. (5)
T5 = 2000°R, Vs = 57 cu. ft. Es = 370

= (E3 ~- Eq) - (B2 = E1)

= (1472 -630) - (212 - 52)
= 842 - 160

= 682 B.t.u.

IMEP = __W______ = 682 x 778

Vi - V2 142 (17-1.415)

= 5.4 0682

15.585

= 236 psi

Nf/a = wo = 682

(1-f) (B comb) .98 (1288)

SZ = 54 or 54%

Actual Indicated Thermal Efficiency, Ni:
r = 12, PB/Fc = 1.0, RM = 2400
PL = 13.97 psia, T1 = 600° (estimated, with max AT)

Ni = __ 2545 = 2545
ISFCxEc .637 x 11,600

2545 _ = .345 or 34.5%
= 3)

NT 345 — = .64 or 64%



 qT A

Theorectical Fuel-Air Constant Volume Cycle using Gasoline

r =17.25, P1 = 8.35 psia
f = .06 (ass)T1 = 600°R (assumed)
Pex = 14.7 psia
F/A = .06775
E/Fc = 1.0

P PSk

Pt. (1). Py = 8.35 psia 'T1 = 600°R
Vi = 26 cu. ft. E1 = 16

Process (eviimmeaaaa(2) (Compression)
Vi
— = 7.25, Vo = __26 = 3.58 cu.ft.
V2 7.25

At Vy = 3.58 cu. ft.
Pp = 138 psia ~~ T, = 7190 Ep = 142
Process (2)--======-=(3) (Combustion)
E3 = Eo E comb

= 142 + 1280 (1 - .06)
= 142 + 1280 (.94)
 + 1200

NLoo

At E3 = 1342, &amp; V3 = 3.58 cu. ft.
T3 = 4950*R P3 = 570

Process (3)-
V2 = v1 = 26 cn.

(4)
f =



-

T4 = 3290°R P4 = 45 psia Bg = 695
Pt. (5)

Ts = 2730°R Vs = 68 cu. ft. Es = 510

H_ = (E3 - E4) - (Ex~- E1)

= (1342 - 695) - (142 - 16)

= 647 - 126

= 521

MEP =...  W___ = _521 x 778

Vi - v3 144 (26 - 3.58)
= 5.4 pt = 125.5 psi

— Ww = 521

(1-f)(E comb) (.94)(1280)
521

Fr = .434 or 43.4%

Actual Indicated Thermal Efficiency, Ni:
r = 7.25, F/Fc = 1.0 RPM = 1800
P1 = 8.35 psia T1 = 600°R (estimated, with op-

timum A T)
Ni= 2545 = 2545 ~ 2545

ISFC x Ec .492 x 19,000 9325
2725 or 27.25%

Nr = +2725= = ,629 or 62.9%
L434

Theoretical Fuel-Air Constant Volume Cycle using 95% Pure
Ethyl Alcohol as Fuel
r = 12, P1 = 8.35 psia
f = .04 (assumed) T1 = 600°R
Pex = 14.7 psia
B/A = .1114
E/Fc = 1.0

P, mse

-
—

ou *



Pt. (1)
Py; = 8.35 psia T1 = 600°R
Vi = 26 cu. ft. Ep = 52

Process (l)=--=ww-===(2) (Compression)
Vi -

——— ='12, v2 = 36 ZI 2.16 cu. ft.
Vo 12
At Vo = 216 cu. ft.

Py = 250 To = 1350°R Ep = 235

(2)=c+mmwwee(3)(Combustion)
E&gt; + E comb
225 + 1288 (1 &lt;.f)
225 + 1288 (.96)
225 + 1235
1460 B.t.u.

At E3 = 1460 &amp; V3 = 2.16 cu. ft.
T3 = 4980°R P3 = 970 psia

Process

Ej=

Process (3)==  ~=====-=(4) (Expansion)
V4 = V1 = 26 cu. ft.
Tq = 2880°R Pg = 45 Ea = 650

Pt. (5)
Ts = 2220°R Vs = 70 cu. ft.

| ~ (E3 - Eq) - (E2 = Ei)

= (1460 - 650) - (225 - 52)

= 810 - 173

= 637 B.t.u.

IMEP = .W____=637 x 778
Vi - V2 144 (26 - 2.16)

= 5.4 637

144(26-2:.16)
= 144.3 psi

Es = 430

Nf/a =___W —_—

(1-£f)(E comb) (.96)(1288)
637

. 1235

= 515 or 51.5%

Actual Indicated Thermal Efficiency, Ni:
r=12, E/Fc = 1.0, RPM = 1800
P17 = 8.35 psia Ti = 600°R (estimated, with optimum &amp;T)



Ni = 2545 . __ 2545 |

ISFC + Ep 1.735 x 11,600
.2984 or 29.84%

Nr = — 2284 = [58 or 58%
L015

Decrease of Nr from full throttle @ 2400 RPM to part
throttle at 1800 RPM

Using Gasoline:
Decrease = 70.5=62.9-_13.6 _

70.5 76.5
= 1775 or 17.75%

Using Alcohol:
Decrease = 84-58= = ,0937 or 9.37%

64

Decrease in Max. BMEP from full throttle @ 240RPM to part
throttle @ 1800 RPM:
Using Gasoline: (using max. values, Tables 'I &amp; II)

Decrease= 112.2-44.75 _67.45==60or60%
112.2 112.2

Using Alcohol: (using max. values, Tables III &amp; VII)

Decrease = 122.299:25 = 63.75 = 518 or 51.8%
173 123

Increase in Min. BSFC from full throttle @ 2400 RPM to
part throttle @ 1300RPM:
Using Gasoline (using min. vd ues, Tables I &amp; II)

.710 - ,492 $218 = ou 7
eCrease = mr —t ls ES. = 443 or 44.30

P .492 92

Using Alcohol: (using min. values, Tables III &amp; Vii

Increase = 3939=.760=.179=,2355or23.55%
760 .760

Theoretical increase in IMEP from r = 7.25 using gasoline
to r =:12 using alcohol based on fuel-air cycle.
(full throttle)
Increase = 236 « 199 = 37 = ,186 or 18.6 %

1990 199



Actual Increase (using max. values, Tables II &amp;VII)

_ 145.85 - 130 _ 15.85 = 122 or 12.2 %

130 139

Theoretical Increase in thermal efficiency fro r = 7.25
using gasoline to r = 12 using alcohol based on fuel-
air cycle. (Part Throttle)

~ «515 - 124 _

Increases—==—=— = = .08l _ [186 or 18.6%
: 434

al Increase = 22984=.2725.-0259-952or2.52%
."735 .2725

Actu



(2) Charles Kettering Study: (Ref. 1, Fig. 13)

Max. BMEP @ 2400 (High Compression Engine) = 127.5 psia
or 12.5:1.

Max. BMEP @ 2400 (Stock Engine) = 102 psi (r = 6.4)

Compression ratio factor = 12.5.  _ =.1.95
-6.4

Ratio of BMEP's = —227e3 __ = 1,25
102

For compression ratio factor of 1.655,
ratio of BSMEP's = 1.655 1.25

1.95
1.06—

—

(b) Max. BMEP @ 2400 (High Compression Engine using al-
cohol) = 123 psi (r = 12:1)
Max. BMEP @ 2400 (Stock Engine using gasoline) = 109.3

(r = 7.25:1)

Compression ratio factor = _ 12

7.25

Ratio of BMEP's = —2123 = 1.126
100.3

= 1.9355
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CONCLUSIONS ‘AND RECOMMENDATIONS

‘4 For a typical 4-cylinder four-r+roke engine to run

efficiently on ethyl alcohol, more inlet mixture preheat

ing is necessary because of ethyl alcohol's high latent

heat of vaporization.

At light throttle and piston speeds of 1000 ft/min

or less, the exhaust gases provider enough heat for sa-

tisfactory vaporization of alcohol in the inlet manifold.

But at full throttle or high manifold pressure and at

piston speeds in excess of 1000 ft/min., the amount of

heat transfer from the exhaust gases to the inlet mix-

ture is insufficient because of the time element involved.

This warrants a more closely fitted heat riser

system between the exhaust and inlet manifold to reduce

leakage of the heat from the exhaust gases to the su-

rroundings other than the inlet mixture.

infortunately no effort has been made to isolate

the inlet manifold and preheat it by some other means

and determine the heat requirements for optimum perfor-

mance and economy at full throttle and high piston speeds

or RPM.

(2)
The preceding analysis shows that a typical 4-cylin-

der four-stroke engine can be made to operate satisfacto-

rily on ethyl alcohol with relatively minor modifications.



A study by Charles Kettering (Ref. 1) shows that

when the compression ratio used approaches 12:1, the

actual increase in thermal efficiency is less in propor-

tion to the theoretical fuel-air cycle efficiency. The

results obtained in this thesis are of similar form. The

analysis shows that the ratio of the actual indicated

thermal effeciency to the theoretical fuel-air cycle

thermal+ = efficiency is lower with alcohol at a 12:1

compression ratio than that of gasoline at a compression

ratio of 7.25:1. But this drop in the ratic (Nr) is not

due to the fact that the actual indicated thermal effici-

encies of high compression spark ignition engines do not

rise as fast as the theoretical fuel-air cycle thermal

efficiency as compression ratio increases, for part of

it is due to the less efficient fuel distribution when

alcohol is used.

According to Charles Kettering's report (Ref. 1),

"if the compression ratio of an engine 6.5:1 were raised

to 10:1 or 12:1, little gain in power and efficiency should

be expected due to the internal friction which is brought

about by their lack of rigidity. Roughness, increased

friction and other mechanical problems tend to counter-

act any gains from high compression ratios".

This thesis disproves that statement, for the re-

sults indicate that there is a substantial gain in power



and economy when the compression ratio is raised Dy mere

addition of a block of metal on the piston head. No

appréciable roughness nor decrease in mechanical effi-

ciency is encountered.
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TABLE - I

Series "A-1" Part Throttle, 1800 rpm (945 ft/min)

Buel - Gasoline

@

BHP : JHP:PMEP «+ IMEP + Nm * BSEC + ISEC Nv AT'Run’ Nc

8.25 7.27
5.12 7.04
5.12 7.04
4,97 6.99
4.77 6.97

44.75
13.65
2.”
bu

4Uu.T75

61.5 727 L747 .543
60.0 .,727 766 557
60.0 .727 .747 .543
59.6 .711 .782 .556
57.9 .704 797 .561

. 377

.377

.377

.373
365

83 26
156 27
197 28
213 29
217 30

5.95
4,95 b
4,87 6.
4,82 6.8%
4.71 6.73

3.10
12.20
41.50
41.00
“0.2C

60.3 .714
59.25 .711
58.70 .707
58.25 .705
7.40 .700

,711  .508 »373 131 31
.715 .509 . 368 162 32
.721  .510 +365 208 33
.730 .513 .365 218 34
727 .509 . 356 223 35

1
.

6.66
6.60
6.53
0.46
6. A2

39.45
30.10
33.40
37.80
17.50

56.70 .69¢
56.25 .695
55.75 .690
55.10 .687
54.75 .685

ol an)
.719
.714
725
732

.495 ve

500 ,373
.493 . 365

.498 .365
501 . 265

2. 36
173 37
220 38
232 39
2390 40

+. “4

. “0

4.04
3.98
3.87
3,84
&gt; gn

6.06
6.00
5.89
5.86
5.80

34,40
33.90
33.00
32.70
33.00

+1.60 .667 . 742 ‘95 ST
51.10 .664 741.492 . 3608
50.20 .657 755 .496 «365
50.00 .655 762 .500 .365
S00. 20 .657 755 496 .365

"06 41
200 42
220 43
225 44
236 45

rr

-

3 RN
29.55
20.55
29.25
"Gg OF

46.20 .620 7¢.
46.80 .632 779
46.80 .632 .765
16.50 .629 . 767
Ar =n A920 767

497%
,490
.483
,483

ADD

74 102 46
. 374 175 47

.368 222 48

.365 237 49
 345 255 50

A
od

3

B3SFC min
BMEP maw

-- .710 @ 125°AT &amp; 1.1 E/Fc.
-- 44.75 @ 83°AT &amp; 1.3 F/Fc.
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TABLE - II

series MB-1" Full Throttle 2400 rpm (1260 ft/min)

Ruel - Gasoline

RHP JH? BMEP IMEP Nn BSFC ISFC Nv NT Run No
 otditang—

-t

ih 17.52
17.22
16.85
L6.78
4.50

20.03 12.2
19. o 110.2
'9. 4 107.8
19. 9 107.4
10.01 106.7

17.40
17.08
L6.78
L6.60
L6.52

19.91 .il.’
19.59 109.C
19.29 107.
19.11 106.7
19.03 197 ¢

 wn 17.08 19.59 109..
16.69 19.20 106.0
16.33 19.84 104.7
16.17 18.63 103.4
15.98 18.49 102.7

.0 16.10
15.80
t5.62
15.25

-» 4

13.66 103...
18.31 101.1
18.13 100,0
17.76 97.6
'7.69 97.1

13.73 16.24
13.63 16.14
[13.63 16.14
13.47 15.96
13.56 16.07

37.9
-~ ™

f

at

130.0 .364 ,598
126.2 .872 .598
123.38 .870 .605
123.7 .869 .604
122.5 .869 ,630

.517 ,755 0

.522 .745 27

.526 736 64
 .525 .730 83

548 .726 q93

i

2
3
il

a7. 873 .550
125.5 872 .5525
123.5 .870 .5550
122.4 8569 .5590
*21.° .869 .5580

3
 4
.486
L485

Jf 4 J a

,738 34 7
730 65 8
.726 77 9
723 104 10

28 i 872 .510 . 444 I~
122.0 .870 .514 .447 .735 44
120.6 .866 .520 .450 .726 72
119.6 .865 .524 .454 724 85
tr. 865 .526 455 .720 104

A

12
13
14
18

119.5 .865 .s.
117.1 .864 ,492
116.1 .862 .494
113.5 .359 .504
113.1 .858 .500

A
, 426

25
+33

A335

, 748 1)

.736 26

.730 67
L727 79
722 108

16
17
18
19°
20

-

103.8
103.5
103.5
102.2
*02.°7

- rey 21
22
23
24
~e

1

.529

. 526

522
. 522

31°

.448 ,759 0

.444 [752 44

.440 .745 74

.440 .736 ~~ 381

435 .730 101
, 8

844

3SFC min -- .492 @ 26°A T &amp; 1.0 F/Fc.
AMEP max -- lil.3 @ 0° AT &amp; 1.3 E/Fc.
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TABLE III

series "A" Part Throttle, 1800 rpm (945 ft/min)

uel - Alcohol

BHP IH? BMEP IMEP Nm BSFC ISFC Nr AT Run Mo.

-

 ow y B,33 2,1%
6.80 9.36
6.86 9.42
E.EO- 9.42
5.04 ~.50

35.70
58.10
58.60
SC.60
50.25

79.95
20.45
£C. 45
81.10

J ys)
, 726  .9C0

726 .C72
729 C72
“Ty 061

VE 3 51 30
712 383 cl cl
,7C&amp;  .383 121 ce
,7CC L385 139 83
702  .383 161 i!

 =1.% 6.56 S.i.
5.59 9.15
5.66 0.22
5.66 9.22
A. 66 ".o?

56.20 7C.C5
56.40 78.25
57.00 73.85
57.00 73.85
“7.00 78.8"

720
.720

,7225
7225

7290858

.660 .€CC JC .

950 ,684 ,388 EG g6
.939 .678 .388 116 87
.939 .678 .388 143 38

e229 67 .3383 15r nO

'n c 1 a 6.00
5.81
5.81
5.81
5.92

3.50 51.20 73.0» ,7000 .992
3.37 49.60 71.45 ,6950 .998
8.37 49.60 71.45 .6950 .998
8.37 49.60 71.45 .6950 .998
3.48 50.60 72.45 ,6980 ,09¢

.695 .404 59 $V
695 .394 80 21
.695 .394 118 92
.694 ,394 135 93
,Hh86  .394 156 an

/Be =1.0 5.1C
5.31
5.27
5.25
og

ro. 14 44.30 66.15 6700 ..1i.o
7.87 45.45 67.30 .6750 1.090
7.83 45.20 67.05 .6720 1.095
7.81 44.80 66.65 .6720 1.100

1 tA AH HT 6700 roar

fre

735
.735

739

,437 35 96
.437 96 Q7
.437 119 98
A377  o§ 3

i/Fc = 9 2.69 5 25
2.69 3 25
2.69 27
2.825
2.60

23.00 44.,..,
23.00 44.8%
“1,00 44.8.

.20 46,0.
mm ap c

»5130 1.965 1.000
,53130 1.945 .996
5130 1.935 .992
5250 1.840 .965

~q 2 A= Ye

Jae 4 100
439 80 101
.436 97 102
.436 118 103
227 131 10°

-

2a-~ far

BSFC min ---.939 @ 116°AT &amp; 1.2 E/Fc
BMEP max ---59.25 @ 161°AT &amp; 1.3 B/Fc
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Table - IV

series "BM Part Throttle 2000 rpm (1050 ft/min)

Fuel « Alcohol

3HP ~~ THP BMEP TMP
=1.3 (TS

7,70
7.66
7.60
- =

10.68 59.50
11.63 58.80
10.59 58.90
10.59 58.90
 nN. 48 28.10

32.15
31.75
31.35
31.35
20.55

oe
7.66
7.63
7.62
CA

Jel
10.59
10.56
10.56
“Nn 8A

3.60
58.90
58.60
58.60
"2 A0

wlodo
81.45
81.15
81.15
R1.15

7.36
7.48
7.44
7.30
7.30

[0.29 56.50
10.41 57.50
10.37 57.20
10.23 56.10
10.23 56.10

79.05
30.05
79.65
72.65
78.65

| 0 («20
7.21
7.10
7.10
7-10

10.19 55.8&amp;J
10.14 55.40
10.03 54.60
10.03 54.60
10.03 ~# r°

13a:
77.95
77.15
77.15
FT

6.21
5.21
6.10
6.17
5.14

Q 14

cle
v.05
9.10
9.07

7.0
 3

70.30
7y., 30
36.47
5G 9,
~ Pf ’

 xX
NY
17 on

Nm BSEC ISEC NV AT Run No.

726 ~~ .981 .712  .399 4
724  .980 .710  .396 97
725 .975 .706  .392 118
725 .964  .697  .387 142
750  .958  .690  .379 17°

145
144
143
142
141

[

VT 24
o724
.724
724

LOZ O71
,9180 .665
.914 .660
«914 .660
014 L660

,401 67
. 399 97

.395 118

.395 141
&gt; 305 157

150
149
148
147
146

716  .882  .632  .401 LL.
719.8625 .620  .400 92
.718  .8600 .6175 .395 115
.7125 .8700 .6200 .392 145
7125 .8700 .6200 .392 178

155
154
153
152
151

160
159
158
157
156

.710

.707

. 797

707

.8100

.8020

.8100

. 8025

7960

.5780 .404 76

.5700 .393 109

.5725 .395 131

.5675 .392 154

.5640 ,389 168

.680 .857
680 . 850
675 .860
.678 «350
677  L5F

.5830 .407 ’1

.5780 .404 99

.5810 .401 120

.5760 .401 143
5700 .401 16¢

165
164
163
162
161

3SFC min -- .85 @ 110°AT &amp; .9 F/PFc
IMEP max -- 59.5 @ 74°AT &amp; 1.3 F/Fc
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TABLE - V

feries "C" Part Throttle, 2400 rpm (1260 ft/min)

Fuel ~ Alcohol

re rm ee etreeee
3HP IHP DBMEP IMEP Nm BSFC = ISEC Nv AT Run No

1.3 8.7¢
2.84
3.84
&gt;. 80

po

12.30
12.38
12.38
12.34
: 2 1r

56.10 78.75
56.60 79. 5
56.60 79.235
56.40 79.05
35.20 77.85

Tan
.714
.714
.713
.708

1.033 .7375 400 56
1.025 .7330 ,400 90
1.025 .7330 .400 104
1.020 .7280 .398 123
1.032 .7320 .394 146

172
171
170
169
168

298
3.89
3.80
2.80
3.84

"2.52
"2.43
12.34
12.34
12 3"

57.50 80.15
56.90 79.55
56.60 79.25
56.60 79.25
36.60 79.25

717.9425 .6T0U
.714 .9425 .6730
.713 .9510 ,6780
.713 .9510 .6780
713 _9480 .6775

2405
400
.400
.400
400

70
96

122
152

177
176
175
174
173

3.84
5.84
8.80
8.76
8.70

dw LV. 00
12.38 56.60
12.34 56.40
12.39 56.20
2.2.4 55.80

79
79.
78.°7
ve.

25
1

» f du* 8760 .625
714 .8700 .621
.7125 .3660 .618
,7125 .3620 .614
7300 3680 .617

.405 58

.401 91

.398 114

.394 126

.394 156

182
181
180
179
178

J
ti

7.08 10.62 45.4v
7.18 10.72 46.00
3.16 11.70 52.30
8.16 11.70 52.30
3.16 11.70 “2.7

al e80
63.65
74.95
74.95
ro

667 1.018 .678
. 669 .993 .665
.698 .851 .594
.698 .845 .590
AO” °7n 585

.413 51 187

.409 91 186

.398 116 185

.395 137 184
,203 158 183

0.9 6.65 10.19 42.5
6.55 10.09 42.0
5.10 9.64
5.475 9.015
5.475 9.015

65.15
64
“1.

,653
649
£7

.975 ..636

.9775 .634
1.0420 .660
1.145 .695
* 145 695

413 30 162
. 408 47 191
.405 115 190
.400 136 189
400 18D 188uf

3SEC min -- .839 @ 158° AT &amp; 1.0 B/Fc.
3MEP max -- 57.5 @ 51° AT &amp; 1.2 R/Fc.
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TABLE - VI

series "D" Full Throttle, 2000 rpm (1050 ft/min)

Fuel - Alcohol

SP IHP BMEP IMEP Nm BSFC ISFC Nv ADT Run Nc

6.47
L6.76
16.96
17.05

9.38
9.67
9.87

*Q OF

"2.0 144.45 .845
26.5 148.95 .850
29.0 151.45 .852
230.05 152.45 .854

~1 2 153.65 .854

,982
.938
.919
.908
,900

.830 .806 05 118

.796 .799 68 117
L781 .795 79 116
775 795 &amp;9 115
769 .794 101 114

5.80 18.70
16.46 19.37
16.70 19.61
16.90 19.81
'6.96 19.87

lie
126.5
128.5
130.0
130.5

ELL -

148.9.
150.95
152.45~~ 0n

. 845 .915 774 .806 J

. 850 8725 .741 .798 60

.851 . 360 732 .798 381

.8525 .843 .710 .782 96
~r2 . 840 716 .782 117

123
122
121
120
119

15.10 18.01 115.C
16.00 18.91 123.0
16.22 19.13 125.0
16.46 19.37 126.5
4 60 19.5y 27.7

158.2. 3C0 .885 742 .8190 UV 128
145.45 ,846 . 830 .702 .805 57 127
147.45 .848 .3813 .689 .800 74 126
148.95 .849 .798 677 .798 97 125
150.1" S50 702 672 ,798 132 124

1.0 14.21
15.10
15.50
15.60

~ rn

17.12
13.01
18.41
18.51
ro &amp;-

109.2
116.0
119.6
120.0
on.r

131.65 .830
135.45 .838
142,05 .841
142.45 .842
TTA AR 24D

.860
,3803
778
.770
L770

,714
,674
.655
. 643

,648

,815 30 133
. S08 51 132
.305 81 131
.800 105 130
200 127 129

12.65
13.24
13.82
13.90
14.18

15.50
L6.3.5
'O i -

LO

17.00

ry
. 4 £ =

D3 wr
119.7, .814 875
"24,25 .820 .830

22.85 .825 .790
NG 15,827 785

+ T2320) L770

L710 Loev 30 138
.680 .815 49 137
.652 .810 37 136
.650 .808 97 135
A330 20° 10 134

+f

BSEC min -- .765 @ 115° AT &amp; 1.0 F/Fc
BMEP max -- 131 @ 100° AT &amp; 1.25 E/BEc



TABLE - VII

Series "BE" Full Throttle 2400 rpm (1260 ft/min)

Fuel=Alcohol

ap IHP DBMEP IMEP Nm  BSFC ISIC Nv AT Run Ne

L7.77
+ 8.40
L9.05
19.22
"QQ. 22

21.18
21.81
22.46
22.63
39 64°

(14.0
18.0
122.0
*23.0
53 0

.36.85 ,840 1.017 .853
140.85 .844 .964 .313
.44.85 .848 .928 .736
145.85 .847  .916 .776
145.85 .847 .916 .776

776 J
.7601 48
760 70
.756 76
756 &amp;0

55
56
57
58
50

|nz WARYAV
12.50
8.90
.9.10
0.10

Le. 3d
21.91 118.5
22.31 121.0
22.51 122.5
292.81 122 .F

£35.95 .839 ,941  ,790
141.35 .845 .300 .752
143.85 .848 .866 .735
145.35 .348 .854 725
145.35 .848 854 725

vl US ¥

766 39
751 61
758 86
“758 100

60
61
62
63
"ha

16.60
17.78
18.20
18.50
12 &amp;M

20.01 106...
21.19 114.0
21.61 116.8
21.91 118.5
21.01 1192 -

~29.35 .829
136.85 .839
139.65 .841
141.35 .3845
141.35 .,845

.905 .7.0

.835 .700

.828 .696

.814 .689

.S11 .687

765 37
778 45
e775 67
774 no

65
66
67
68
50

I .0 15.90
6.90
"7.40
7.70
7 7°

79... J1.6
20.31 108.3
20.81 111.5
21.11 113.2
21 11 113.7

124.45 .822 .865
131.15 .832 . 807

134.35 .834 778
136.05 .839 .762
"36.05 .839 760

712  .778 0
671 .773 29
«650 .765 37
.640 .763 79
637 .761 101

70
71
72
73
74

J.9 13.00 16.41 .3..
15.00 18.41 056.0
15.15 18.56 97.2
15.35 18.76 08.4
15.35 12 0 "0 7

106.35 .792 .962
118.35 .815 . 526

120.05 .816 812
121.25 .819 . 802

29.25 R20 .792

762
673
.664
.656
L650

JToT
L780 41
773 60
773 75
moa on

75
76
77
73
70

BSEC min -- .760 @ 101° AT
BMEP max -- 123.0 @ 80CAT

&amp; 1.0 F/Fc.
&amp; 1.25 F/Fc.



TABLE - VIII

Series "FE" Full Throttle 2800 rpm (1470 ft/min)

fuel - Alcohol

BHP TIHP BMEP IMEP Nm BSFC 1ISFC Nv | ME Run No.

1.3 19.32
19.95
20.35
20.50
20.60

23.64 Lla..
24.27 109.2
24.67 111.5
24,82 112.1
24.92 112.5

139.2 .815 1.01
133.3 .821 ,975
135.6 .3824 .949
136.2 .825 .940
136.6 826 .934

.823 .727

.300 .724 38

.781 .718 47
C775 717 79
772 .715 "0

199
198
197
196
195

¢

Zz 19.75
20.05
20.35
20,60
20.60

24.07 168.0
24.37 110.0
24.67 111.5
24.92 112.5
“4 02 112.°F

132.1 .820 .816 .751 .v .
134.1 .826 .898 .742 .723
135.6 .824 .880 .725 .720
136.6 .826 867 .716 .718
136.6 .828 L867 .716 .716

35
53
72

204
203
202
201
200

19.10
19.65
20.07
20.25
~0.32

23.42 104.6
23.97 107.5
24,39 110.0
24.57 111.0
24.64 111.2

128.  .810 875 .714 1.4
131.6 .820 .844 .,691 .727 -
134.1 .825 821 .677 .723 60
135.1 .826 .311 .670 ,722 02
135.4 .223 808 .,665 .720 105

209
208
207
206
205

10 18.25
18.83
19.10
19.32
L9.32

22.5/
23.15
23.
Zeal

20.0
103.0
Lod Lt
+06
ay

124.1 .31u , 635

127.1 .&amp;14 .304
128.7 .815 .790
"30.9 .816 L776
nN. 816 T7756

L676 4 1
.655 .731 39
.634 .728 62
.634 .725 74
634 .725 ~1

214
213
212
211
210

BSFC min -- .776 @ 74° AT
BMEP max -- 112.5 @ 72° AT

&amp; 1.0 F/Fc
% 1.2 B/Fc
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