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AN INVESTIGATION OF THE EFFECTS OF THE USE OF
INDIVIDUAL THROTTLE VALVES FOR EACH CYLINDER OF
A MULTI-CYLINDER INTERNAL COMBUSTION ENGINE

INTRODUGTION

Purpose:

The purpose of this investigation 1s to compare the
efficiencies obtained at low load, using individual throttle
valves for each eylinder, with those obtained using the

conventional throttling method.

Objective:

It 1s the object of this investigation to show by
means of data obtained from the operation of an Otto cycle
engine that an ine¢rease in thermal efficiency can be
obtained through the use of individual throtile valves so
located as to enable a high pressure to be maintained in
the intake manifold, thereby eliminating some of the causes
of low efficiency at very light loads in the Otto cycle
engine, A higher pressure at the intake manifold reduces the
expansion of residual gas into the intake manifold when the
intake wvalve opens, As a result, the work usually required
fo force this gas back into the cylinder, prior to induction
of the fresh charge, 1s decreased, Also the extra dilution

of fresh charge by exhaust gas which may be pulled back into



the cylinder due to valve overlap is avoided,

In the Otto cycle engine, the conventional method of
governing consists of a throttle valve in the carburetor,

As this valve is closed, the area through which the fresh
charge must flow is progressively decreased, The pressure

in the intake manifold is a function of the throttle opening
and engine speed and, at a gilven speed, 1is a function of the
output torque, The pressure in the c¢ylinder at the end of

the exhaust stroke, however, is approximetely atmospheric at
all engine loads and speeds, Consequently, opening of the
intake valve causes residual gas to expand into the intake
manifold, resulting in a decrease of cylinder pressure to that
of the intake manifold, The entire suction stroke of the en-
gine then occurs at manifold pressure, drawing the expanded
exhaust gas beck into the cylinder as well as the fresh charge
of fuel and air,

This intake process is shown by path 6-6"1 of the
theoretical throttled Otto cycle on figure 1, The cross-
hatched area of this diagram represents the pumning work of
the cycle and can be seen to be a function of the manifold
pressure., As the load is decreased, this negative work area
becomes larger while the positive work area decreases so that
at very light loads, the negative work area becomes suffi-
ciently large to cause an appreciable decrease in thermal
efficiency.

By usling the individual throttle valves and making the
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volume between each throttle and intake valve small enough to
allow the pressure in that volume to build up to atmospheric
between suction strokes, there is no sudden drop of pressure
in the cylinder when the intake valve opens but instead a
gradual decrease occurs as the suction stroke progresses, re-
sulting in some other intake path as approximated by line 6-1
on figure 1, It is apparent that a saving of pumping work,
proportional to the area between paths 6-1 and 6-6"=1, is
achieved,

In effect, a comparison of the operation of the regular
throttle and the special throttle valves can be shown by con-
sidering the schematic drawing of a single cylinder engine in
figure 2, The chamber situated between the throttle valve and
intake valve represents an infinite reservoir at a pressure
equal to the intake manifold pressure, This would corresnond
to the condition in the intake manifold of a multi-cylinder
engine with six or more c¢ylinders where the intake strokes
overlap, When the valve to this chamber 1is open, the pressure
at the beginning of the intake stroke is that of the reservoir
and the entire suction stroke occurs at that pressure, as in
the case of the regular throttle of the mulfi-cylinder engine,
on the other hand, if the wvalve to the chamber is closed, the
pressure at the start of the intake stroke is atmospheric and
gradually decreases to the reservoir pressure as the intake
stroke progresses, returning to atmospheric during the three

intervening strokes, This would correspond to the case of



the individual throttles in a multi-cylinder engine.

Review of the Literature:

For any given speed and throttle opening, it has been
determined that a definite fuel-air ratio exists which will
give best-economy and another which will give best-power.,
Fraas says: "The most important single variable determining
the fuel-air ratios for each of these conditions is the amount
of residual exhaust gas which increases rapidly as the engine
is throttled to an idle and materially slows down the flame
speed," As a consequence of this inereased dilution of fresh
charge by residual gas, the relative proportion of combustible
vapor is reduced, "Because of this," Fraas continues, "the
best-power and beste-economy mixtures under idling and low
power-output conditions are considerably richer than at moder-

"l gince that part of the exhaust

ate or high power-outputs,
gas which normally expands into the intake manifold as a re-
sult of valve overlap increases the amount of residual gas,
elimination of this expansion by use of the individual
throttles should decrease the fuel-air ratios for best-power

and best-economy in the low power range.

1Fraas, A.,P,, Combustion Engines, lMcGraw-Hill Book
Company, Inc,, New York, 1948, p.l58,




APPARATUS

Engine:

The engine used for this investigation is a four cy-
linder Continental Red Sesal engine, model ¥Y-69, This is an
industrial engine whose specifications are as follows:

Bore (1n0hes) sesees seseonsnesens 2o
Stroke (1n0HES)sessesscsenes swan Sed
Displacement (cubic inches)..... 68,7
Compression ratioscccssscecsasee 6e2:1

For the individual throttles, a butterfly valve was
placed at the exit of each of the intake ports of the mani-
fold with the shafts projecting vertically downward as shown
in figure 5., By locating them in this manner, the pressure
drop associated with throttling appears in the small volume
between the individual throttle valve and the intake valve
of the engine instead of in the intake manifold, Perpendicu-
lar to the extremity of each of these shafts, a lever arm was
attached which was connected at the other end to a synchro=-
nizing rod for uniform adjustment, A small allowance was made
for individual adjustment of these valves to permit closer
control of the engine, A friction type stop was put on each
shaft to prevent any movement of the valve from its intended
setting.

To measure the power output, a Taylor hydraulic dyna=-

mometer was connected to the engine by means of a flexible



coupling, The load on the dynamometer was measured by a
Fairbanks scale., The dynamometer and scale are shown in
figure 3,

The fuel system, shown in figure 4, eonsisted of a
cross-draft carburetor with a variable jet area, a fuel pump
and a two gallon can of gasoline resting on a Toledo acale
which was graduated in increments of ,01 pounds,

A fifty-five gallon gasolline drum was connected to
the carburetor for a surge chamber to dampen the surges
through the air metering equipment, thereby permitting
greater accuracy in reading the manometer, At the inlet to
the surge tank, a one inch diameter, sharp edged orifice was
mounted in a two inch diameter pipe and pressure taps inserted
according to Vena Contracta theory.g The vressure taps were
connected to a micromanometer filled with alcohol,

An aircraft type tachometer was used to measure the
RPM. ©Since 1t was designed to be run off the cam shaft and
was utilized off the crank shaft, calibration with a strobo-
tac was necessary, The only other gages used were for
manifold pressure and oil pressure., A mercury filled bulb
thermometer eas used to measure the outlet water temperature,

The surge chamber, micromanometer, tachometer and the
gages for manifold pressure and oll pressure are shown in

figure 3,

2Severns, W.H. and Degler, H.E., Steam, Air and Cas
Power, John Wiley and Son,., Ine,, 1943, p.399,




TEST PROCEDURE

The engine was carefully checked before any data was
taken to assure the best possible performance, The head and
pistons were cleaned of all carbon deposits, the spark plugs
were cleaned and adjusted, and a compression test showed the
rings and valves to be in gond condition, Lubrication was
checked at frequent intervals, The engine was timed with a
stroboscopic light and the distributor fastened to prevent
any advancing or retarding of the spark,

By simultaneously adjusting the rate of flow of water
through the dynamometer and the main throttle, the desired
load and engine speed were obtained, After a sufficient warm
up period to allow the engine to reach operating temperature,
a series of runs was made at various air-fuel ratios, while
maintaining the load and RPM constant and keening the indivi-
dual throttle valves wide open, Starting with the main jet
ad justed to the leanest operating position, the RPM and load
were adjusted and measurements of fuel and air consumption
were taken for a four minute period, The jet was then ad-
Justed for successively larger areas and similar readings were
taken, The air-fuel ratio and efficiency for each run were
computed and plotted, A similar onrocedure was then followed,
using the speclal throttle valves and leaving the main throttle
valve wide open. A comparison of the two curves for a given

load and RFM could then be made., A total of four series was



made at speeds of 1200, 1400, 1600 and 1800 RPM and with a five

pound load on the dynamometer,



DISCUSSION

The principle difficulty encountered during the invest=-
ization was one of carburetion, At low speeds, the air intake
velocity was relatively small, resulting in insufficient pres-
sure drop at the jet to permit satisfactory operation, No
contribution could be expected from the idling jet since it
was proposed that atmospheric pressure would be present in
the manifold during oneration of the special valves, The
problem was satisfactorily eliminated by replacing the stand-
ard carburetor with one whose throat diameter 1s ,54 times as
large, thereby increasing the throat velocity by almost two
hundred and fifty percent and providing a substantial in=-
crease in the pressure drop at the throat,

To obtain an indication of the results which could be
expected, a preliminary series of runs was made, consisting
of varying the air-fuel ratio and measuring fuel consumption
over a range of speeds with no load on the engine, Curves of
fuel consumption versus air-fuel ratio indicated that the
gneclal valves required more fuel at all speeds and all air-
fuel ratios, A similar comparison was made with a five pound
load and the efficiency of the engine while using the snecial
valves, in each case, was below that obtained while using the
regular throttle valve. The reason for this anpeared to be
attributable to poor vaporization of fuel and improper mixing

of the fuel and air., To confirm this theory, another test
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was made with a two inch vacuim in the intake manifold., This
pressure drop was obtained by throttling slightly with the
regular throttle, thereby providing additional turbulence as
well as increased vaporization as a result of the lower pres-
sure., An appreciable improvement resulted in the efficiency
curve but not enough to equal the efficiency curve using the
regular throttle, By further decreasing the manifold pressure,
successive improvements were obtained and the maximum effic-
iency of the curve for the regular throttle was finally
exceeded,

As a consequence of these results, it was decided to
modify the test procedure to include the effects of throttling
slightly with the main throttle in addition to the individual
throttles, and to determine the manifold pressure at which

maximum efficiency obtains for each sreed.
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RESULTS

In each of the four test groups, an improvement in
thermal efficiency was achieved by using the individual
throttle valves. Although the curves for these grouns are
not absolutely consistent in every respect, certain trends
appear to be present, They are:

1. TImprovements in thermal efficiency in all cases,
for a given air-fuel ratio, appeared in the relatively lean
region as is shown by figures 6 through 9. At no speed, did
any improvement occur at an air-fuel ratio less than 11:1,
whereas at the ratios above 17:1, most of the curves for the
individual throttle valves showed an increase in efficiency
over the curve for the regular throttle, This seems to con=-
firm further the fact that poor mixing and vaporization was
causing the lower efficiency of the engine while using the
individual throttle valves, The relative improvement in
thermal efficiency with increased air-fuel ratio indicates
that a larger percent of the molecules of fuel found mole=-
cules of oxygen with which to combine as the amount of
excess air was increased,

2. As the engine speed increased, the efflciency
curve for the individual throttle valves with the regular
throttle wide open more nearly equalled the curve for the
regular throttle valve, This is attributable to better

distribution of the fuel as a result of better atomization
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and increased turbulence associated with the higher engine
speed, The higher velocity of air flow and the turbulence
help to keep the fuel particles in suspension, assuring less
variation in air=fuel ratio from cylinder to cylinder,

3. As the speed was increased, less throttling with
the main throttle was required to achieve the maximum
efficiency obtainable with the individuwal throttle valves for
that speed, This seems to indicate that the increased tur-
bulence caused by the higher air velocity as the speed in-
creased, decreased the need for throttling with the regular
throttle, and the beneflt of the additional turbulence was
sooner offset by the detrimental effects of the lower mani-

fold pressure resulting from the throttling,
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CONCLUSIONS

As a consequence of the data obtained in this investi-
gation, the following conclusions are drawn:

l, For every test group, the pumping work associated
with low load operation of the Otto cycle engine was appreci-
ably reduced by the use of individual throttle valves, result-
ing in a noticeable improvement in the maximum thermal effi-
ciency.

2, Improper mixing of the fuel and air due to insuffi-
cient turbulence at low air-fuel ratios and the decreased
amount of vaporization resulting from the higher manifold pres-
sure prevented meximum benefit from being derived from the use
of the individuel throttle valves, Part of the saving of
pumping work resulting from the higher manifold pressure had
ta be sacrificed for the sake of more turbulence and increased
vaporization,

3« It appears reasonable, as a result of the fore-
going conelusion, to further conclude that if a satisfactory
method could be found to properly mix the fuel and air with-
out resorting to use of the main throttle, the efficiency
curve for the main throttle could be exceeded in the low air-
fuel range, and an even greater inerease of efficiency in the
higher air-fuel range could safely be anticipated,

As a possible method of achieving this objective, and

thereby obtaining a more accurate evaluation of the merits



of the individual throttle valves, it 1s recommended that
this investigation be continued, using natural gas or some

other fuel which could be properly mixed before injection.

14
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APPENDIX II

TABLE OBSERVED DATA REGULAR THROTTLE

Run BP T& MP H L Tw RPM
1 29,25 80 23.5 1.480 5 118 1200
2 29,25 80 12,3 0,839 53 118 1200
5 29,25 20 16,5 0,555 ) 118 1200
4 29.25 80 15,0 0,424 5 118 1200
5 29,25 80 1T D 0,666 5 118 1200

OBSERVED DATA INDIVIDUAL THROTTLES

Run BP Ta MP H L ‘I'w RPM
1 29,25 80 28,5 1.430 5 119 1200
2 29,25 30 2845 1.125 5 119 1200
3 29,25 80 285 0,974 L] 119 1200
4 20,25 80 2840 0,880 5 119 1200
5 29,25 80 28,5 0.90%7 5 119 1200

OB3ERVED DATA INDIVIDUAL THROTTLES

Run BP ‘I'a MP H L Tw RPM
3 29,30 81 270 1.386 S 121 1200
2 29,30 81 210 0.825 57 121 1200
3 29,30 81 27,0 0,563 5 121 1200
4 29,30 81 27,0 0,538 5 121 1200
S 29,30 81 27.0 0.672 5 121 1200



TABLE I OBSERVED DATA TIINDIVIDUAL THROTILES (Continued)

Run BP Ty 1P H L Ty RPM
1 29,30 81 24.0 0,833 S 121 1200
2 29,30 81 24,0 0,635 5 121 1200
3 29,30 81 24,0 0,490 5 121 1200
4 29430 8l 24,0 06453 5 120 1200
5 294,30 81 24,0 0.647 5 120 1200

OBSERVED DATA INDIVIDUAL THROTTLES

Run BP Ta MP H L Tw RPM
1 29,30 82 22,0 1.0086 5 120 1200
2 20,30 82 22,0 0,507 5 120 1200
3 29430 82 22,0 0,460 5 120 1200
4 29,30 82 22,0 0,380 5] 120 1200
S 29,30 82 22.0 0,560 5} 119 1200



TABLE I OBSERVED DATA INDIVIDUAL THROTTLES (Continued)

Run BP Ta MP H L TW RPM
1 29,30 80 20,0 0.870 5 119 1200
2 29,30 g0 20,0 0.545 o 119 1200
3 29,30 80 20,0 0,383 15} 119 1200
4 29,30 80 20,0 C.4l2 o 119 1200
5 20.30 80 20,0 0.515 5 119 1200

OBSERVED DATA INDIVIDUAL THROTTLES

Run BP Ta MP H L Tw RPM
1 29,25 80 18,0 0,570 5 119 1200
2 29,25 80 18,0 0,470 S 118 1200
3 29,25 80 18,0 04390 5] 118 1200
4 29,25 80 18,0 0.390 5 118 1200
5 29,26 80 18.0 0,525 5 118 1200

25



TABLE II OBSERVED DATA REGULAR THROTTLE

Run  BP Tq MP H L Ty REM
1 20,15 72 23.4 1,850 5 120 1400
2 29,15 72 18,3 0,976 5 120 1400
3 29,15 72 ° 14,9 0,535 5 120 1400
4 20,15 72 14,5 0,510 5 120 1400
5 20,15 72 15,5 0,673 5 120 1400

OBSERVED DATA INDIVIDUAL THROTTLES

Run  BP : MP H L T, RFM
1 29,15 72 28,4 1,670 5 120 1400
2 29,15 72 28,4 1,120 5 120 1400
3 20,15 72 28,4 1,050 5 120 1400
4 20,15 72 28,4 1,030 5 120 1400
5 29,15 72 28,4 1,250 5 120 1400

OBSERVED DATA INDIVIDUAL THROTTLES

Run  BP . MP H L 1.8 RPM
1 29.15 73 26,0 1.570 5 120 1400
2 29,15 73 26,0 1,167 5 120 1400
3 20,15 73 26,0 0,810 5 121 1400
4 20,15 73 26,0 0,640 5 121 1400
5 29,15 73 26,0 0,800 5 121 1400

26



TABLE II OBSERVED DATA INDIVIDUAL THROTTLE (Continued)

Run BP Ta MP H L T RPM
i § 20,15 73 24,0 1.480 S 121 1400
2 294,15 73 24,0 0.883 5 121 1400
3 29,15 74 24,0 0.644 5} 120 1400
4 29,15 74 24,0 0,544 5 120 1400
5 29,15 74 24,0 0,691 5 120 1400

OBSERVED DATA INDIVIDUAL THROTILES

Run BP 'I'a MP H L Ty RPM
1 29,15 74 22.0 1,535 5 120 1400
2 29.15 74 22,0 1,130 5 119 1400
3 29.15 74 22,0 0,657 o 119 1400
4 29,19 74 22,0 0,966 o 119 1400
5 29.15 74 22,0 0,732 5 119 1400



TABLE IIT OBSERVED DATA REGULAR THROTTLE
Run  BP T, MP H L B REM
1 20,30 79 21,5 1,877 5 119 1600
2 29,30 79 16,5 0,940 5 119 1600
3 29,30 79 15,0 0,752 5 119 1600
4 20,30 79 14,8 0,684 5 119 1600
5 20,30 79 16,2 0,970 5 119 1600
OBSERVED DATA INDIVIDUAL THROTTLES
Run  BP Tq P H L Ty RPM
1 29,30 79 27.0 2.930 5 119 1600
2 20,30 79 27,0 1,900 5 119 1600
3 29,30 79 27,0 1,168 5 120 1600
4 20,30 80 27.0 0,810 5 120 1600
5 29,30 80 27,0 0,880 5 120 1600
6 29,30 80 27,0 1,152 5 120 1600

28
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TABLE III OBSERVED DATA INDIVIDUAL THROTTLES ( Continued)

Run BP Ta MP H L Tw RPM
1 29,30 80 26,0 1.620 5 120 1600
2 29,30 80 26,0 1,127 5 120 1600
3 29,30 80 26,0 0,740 5 120 1600
4 294,30 80 26,0 0,730 5 120 1600
5 29,30 80 26,0 0,977 5 121 1600

OBSERVED DATA INDIVIDUAL THROTTLES

Run BP Ta MP H L Tw RPM
1 20.25 80 25,0 2.460 5 121 1600
2 29,25 80 25,0 1.306 5 121 1600
3 29,25 81 25,0 0.813 5} 122 1600
4 29,25 81 25,0 0,660 ) 122 1600
5 29,25 81 25,0 0.888 5 122 1600



TABLE IV OBSERVED DATA REGULAR THROTTLE

Run BP T, MP H L T, RPM
1 29,20 80 21,5 2,400 5 118 1800
2 29,20 80 20,0 1,960 5 118 1800
3 20,20 80 17,0 1,270 5 118 1800
4 29,20 80 15,0 0,960 5 118 1800
5 29,20 80 16,5 1,360 5 118 1800

OBSERVED DATA INDIVIDUAL THROTTLES

Run BP T, MP H L Tw RPM
1 29,20 80 2745 2,525 5 118 1800
2 29.20 80 28,0 1.810 5 119 1800
3 29,20 80 28,0 1.280 5 119 1800
4 29,20 81 28,0 1,410 5 119 13800
5 29.20 81 28,0 1,810 5 119 1300

OBSERVED DATA INDIVIDUAL THROTTLES

Run BP To MP H L Tw RPM
1 29,20 81 27,0 2,810 S 119 1800
2 29,20 81 27,0 1,850 5 119 1300
3 29.20 81 27.0 1.266 5 120 1800
4 29.20 81 27,0 1.250 5 120 1800
5 29,20 81 27,0 1.575 5 120 1800



TABLE IV OBSERVED DATA INDIVIDUAL THROTTLES (Continued)

Run BP Ty MP H L Ty RPM
1 29,20 81 26,0 2,710 S 120 1800
2 29,20 82 26,0 1.610 S 120 1800
5 29,20 82 26,0 1.260 5] 120 1800
4 29,20 82 26,0 1.150 S 120 1300
5] 29.20 82 26,0 1.570 5 120 1800

OBSERVED DATA INDIVIDUAL THROTTLES

Run BP 'I'a MP H L Tw RPM
: I 29.25 82 25.0 1.966 5 121 1800
2 29,25 82 25,0 1,330 5 121 1800
3 29,25 82 25,0 1.110 15} 121 1800
4 20425 g2 25,0 1,170 5 121 12800
5 29.25 g2 2540 1,520 5 121 1800



TABLE V CALCULATED DATA REGULAR THROTTLE

Run We We A/F BHP Eg
1 4,35 0.215 20.0 1,00 3495
3 2,66 0,175 15,2 1.00 4,85
4 2¢35 0.225 10,4 1,00 ST
5 2.91 04370 7.2 1.00 2«29

CALCULATED DATA INDIVIDUAL THROTTLES

Run Wg We A/F BHP Eg
1 4,26 0,235 18,2 1.00 3460
2 3.78 0,230 16,4 1,00 3,70
3 3403 0,265 133 1,00 3.20
4 5435 0,305 11,0 1.00 2,78
5] 3,40 0,370 9.2 1,00 2.29

CALCULATED DATA INDIVIDUAL THROTTLES

Run Wy Wp A/F BHP E;
1 4.20 0.205 20,0 L0 4,13
2 3,25 0,185 17,5 1,00 4,58
3 2,68 0,185 14,5 1.00 4,58
4 2.61 0,230 11.4 1.00 3,68
5 2.95 9.510 9.4 1.00 2.74

32



TABLE V CALCULATED DATA INDIVIDUAL THROTTLES (Continued)

Run W, W A/F BHP Ey
1 3.26 0,185 177 1.00 4,60
2 2,84 0,175 16,2 1,00 4,85
3 2450 0,185 1345 1,00 4,60
4 2,40 0,200 12,0 1,00 2,70
5 2.87 0,315 9,1 1,00 2,70

CALCULAT=D DATA IINDIVIDUAL THROTTLES

Run W, i A/F BHP Eg
1 3.58 0,195 18.4 1.00 4.35
2 2,53 0,170 14,9 1,00 5,00
3 2,42 0.170 14,2 1,00 5,00
4 220 0,180 12,2 1.00 4,70
5 2,66 0,295 8.1 1.00 2,88



TABLE V CALCULATED DATA INDIVIDUAL THROTTLES (Continued)

Run Wg We A/F BHP Eg
1 3433 0,180 18,5 1,00 4,70
2 2463 0.165 15,9 1,00 5,15
3 2.21 0,175 12.6 1.00 4,85
4 2429 0.215 10,7 1,00 3495
5 2.56 0.265 9,7 1.00 3.20

CALCULATED DATA INDIVIDUAL THROTTLES

Run W W A/F BHP B,
1 2,69 0.160 16.8 1.00 5.30
2 2e44 0.160 15,3 1,00 5.30
3 2.23 0,165 13,5 1.00 5.15
4 2.23 0,200 5 1,00 4.24
5 2.58 0,300 8.6 1,00 2,83

34



TABLE VI CALCULATED DATA REGULAR THROTTLE

W
Run o W, A/F BHP By
1 4,87 0.255 19,2 1.17 3,88
2 3455 0,210 16.8 1.17 4,70
3 2462 0.200 13,1 1, 1% 4,95
4 2,55 0,250 10,2 1.7 3,96
5 2,94 0.320 9,1 1,17 3,09
CALCULATED DATA INDIVIDUAL THROTTLES
Run W, Wa A/P BHP o
1 4,61 2,250 18,4 i 1 3,94
2 3,77 0,250 15,1 1.17 3,94
3 3467 0.270 13,5 s . 3,66
4 3,63 0,310 11,7 1,17 3,20
5 4,00 0,415 9,7 1.17 2,38
CAT,CULATED DATA INDIVIDUAL THROTTLES
Run W W
o £ A/P BHP E,
1 4,46 0.240 18.6 1..1% 4.13
2 3,87 0,230 16,8 1417 4,31
3 3.23 0,220 14,6 117 4,50
4 2,87 0.235 12.2 117 4,20
5 3,18 0,355 9,0 1:1% 2,80
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TABLE VI CALCULATED DATA INDIVIDUAL THROTTLES (Continued)

w

w

A/F

BHP

E

Run a g t
p 4,35 0.235 18,5 p 1 4,22
2 3:37 0,215 15,7 117 4,65
3 2,87 0.215 13:3 1415 4,65
4 2,64 0.240 11.0 1.17 4,13
5 2,98 0,335 8,9 1,17 2,95

CALCULATED DATA INDIVIDUAL THROTTLES

Run W, W A/F BHP B,
1 4,43 0.235 18.9 1.37 4.22
2 3.80 0.215 17,6 1.17 4,60
3 2690 0,195 14,8 1.17 5,058
4 2,69 0.220 12.2 1,17 4,50
5 3,06 04325 9.4 1,17 5,08
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TABLE VII CALCULATED DATA INDIVIDUAL THROTTLES (Continued)

W w

Run N £ A/F BHP E,
1 4,54 0,245 18,5 1,33 4,60
2 3,78 0.230 16.4 1.33 4,90
3 3,07 0,235 13,1 1,35 4,82
4 3,04 0275 1143 1,53 4,10
5 3452 0,370 95 1,33 3,06

CALCULATED DATA INDIVIDUAL THROTTLES

Run W W B

1 a . A/F BHP A
1 5460 0.280 20,0 1.33 4,03
2 4,07 0.230 177 1,33 4,90
3 3.22 0,210 15:3 1433 5,38
4 2,91 0.250 11,7 158 4,50
5 3,36 04350 946 1:33 3.24



TABLE VIII CALCULATED DATA REGULAR THROTTLE

Run L= Wa A/F BHP E,
2 5.00 0.300 16,7 1.50 4,25
3 4,02 0,275 14.6 1.50 4,65
4 3.50 04300 11.7 1,50 4,25
5 4,15 04445 9.3 1.50 2.86

CALCULATED DATA INDIVIDUAL THROTTLES

Run L W, A/F BHP E,
1 5465 0.290 19,5 1.50 4,40
2 4,80 0.280 17.1 1.50 4.55
3 4,03 0,295 13,7 1.50 4,32
4 4,23 0.380 11,2 1,50 3436
5 4,80 0.490 9.8 1.50 2,60

CALCULATZD DATA INDIVIDUAL THROTTLES
E

Run W, Wi A/F BHP i
1 5.98 0,310 19,3 1,50 4,12
2 4,85 0,280 17,3 1.50 4,55
3 4,01 0,280 14,3 1,50 4.55
% 3.95 0,360 11,0 1.50 3.54
5 4,48 0,455 9.8 1.50 2.80
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TABLE VIII CALCULATED DATA INDIVIDUAL THROTTLES (Continued)

Run Wy We A/F BHP Ey
1 5.38 04300 19.6 1.50 4,25
2 4,50 0,260 17.2 1.50 5,90
3 4,00 0.275 14,5 1.50 4,65
4 3.82 0,320 11.9 1.50 4,00
5 4,47 0.480 9.4 1.50 2.65

CALCULATED DATA INDIVIDUAL TIROTTLZS

Run Wg Wa A/P BHP Ey
1 5,00 0.275 18.2 1.50 4,63
2 4,10 0,255 16,1 1,50 5,00
3 3.74 0,275 13,6 1,50 4,63
4 3.85 0,360 10,7 1.50 3,54
5 4,42 0,465 9,5 1,50 2,74



41

i l |; ' | . - | | -
] .
. Lot b A LW gaauhg.??;;ottl_ - |
| B Individuael Throttles+22,5 NP
& I[ndividual "E:u-o‘;g::ﬁﬂ'?.f.‘ NP
| | | ¥ Indivi | Throttles+24.0 NP
| o .cm:.vﬂm‘i%; (£Te3+22.0 WP
== [ T Individual Thro}tles-20.0 MP
= ] | NER A Individumal Throttles+13.0 NP |
! L | | |
| B | 1p bt 14 j6 | 18 20
| ‘ ' ' : '
T ™ ] |
:' -' | ': i
(I TR 1 . — — . . — Al |
' | TEST GROUP 4 | |
ettt o 10 KX b l|
i [ . : ,
B A | ; | 1[ | ! i ! |




]

_,_____

iﬁt_;_ I

i

' 3

if : 23

| —

L 2 Y Reguler Throttle

f o Inggvlduzip‘l&a'attles-zs.ilﬂ

, 4 Individual Throttles-26,0 NP

| 9 v Individual Throttles-24,0 MP

f | 4 Tndividual TEFOTT1as-22.0 NP
N S

{ | |

= s | !

! | 10 2 14 16 13 24
CTTTT N R

.= - | ,.

| f T=ST CROTP B

CeTT - s* ma 100 mem '
I | 11 I I A 1

S M LS B R G

Figure 7



43

s

18

1B

14

Figure 8



44

SERSIBSRRERERES

P -
| 0 S O L9 !
{ o
% |
3 2
. @ .
. | |
i + =
| |

F | _t .é - 8| i 1@ L 1R 14 . | 18 |

N O S Enn

| 7RS® GROUP D | |

5 ¥ Loan '15001&1“- --"-@--
P L SIS (L 0SS U . .....:.... 1 .____J.___‘_.L__ _i

) decc bl L Sl )

Figure 9



45

Figure 10

. m
. ) d/ﬂ.r
| |
m _
| m
1
{




APPENDIX TII

Sample Calculations

46



243260 47
SAMPLE CALCULATIONS

BHP dynamome ter load x RPM
6000

Thermal efficiency:

Ey — BHP x 2545
HV x 15 Wf
Et — 1l x 2545 = 4,247
’ X X Ve
Specific weight of air:
(Wq) o= BP x 0,491
s’a U
(W.) =_14.3 x 144 _
s'a” 5.3 x 540 b
Air flow:
R = Ka/2gHy
Hy = Hxlg
32 % tds)a
H = _Hx 49,3 - 56,2 H
Q = Ka [/ 2gb56.2H
Q = 12.4 / H
Wa = 12,4 x0,0719 x4y H

W, = 3.57/0.81 = 3.213

Alr-fuel ratio:
A/F — W

A/F = 3,213 = 16507




