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INTRODUCTION 

During recent years, the automotive industry has 

been confronted with demands for increased power and 

improved engine performance, As a result of these 

demands, much emphasis has been placed upon the imple- 

ments which bring about these objectives, Improved 

engine performance and increased output can be obtained 

from a given engine in the following ways: 

1, increasing the bore and. stroke 

2. Installation of a supercharger 

3. Installation of high compression heads 

4. Installation of a high lift camshaft 

5. Installation of a dual intake manifold 

For a given engine, increasing the bore and stroke 

is limited by the original design and construction of 

the engine; in this case fuel economy must be considered 

since increased displacement results in greater fuel 

consumption. | - 

Supercharging an engine yields sizable improvements 

in power, but it seldom is used because of the very high 

fuel consumption, However, the Kaizer Corporation, in 

1954, offered a variable speed supercharger as optional



equipment. This supercharger, which is driven by 

variable speed pulleys and controlled by the manifold 

vacuum, inereased the horsepower of their stock six 

cylinder engine from 128 to 140. 

In 1949, BR, E. Chestnutt and A. H. Bussey made a 

study of the effects of increased compression on engine 

performance. They found that improved fuel economy and 

all per cent maximum power increase could be obtained 

by the use of 8,25:1 aluminum heads on an engine 

originally designed for 6.811 cast iron heads. They also 

found that an engine equipped with these heads and using 

reguiar gasoline (78-80 octane rating at that time) could 

be operated without serious detonation. However, they 

felt that serious detonation might have occurred had a 

higher compression ratio been used, especially during 

rapid acceleration. The use of high compression heads 

is limited by the design of the bearings, pistons, piston 

rings, connecting rods, valves, cooling system, and the 

fuel available. Each one of these items must be con- 

sidered before a sizable increase in the compression 

ratio is made. : 

The increased popularity of automobile racing has 

brought about the use of devices which make a given 

engine more powerful, The high lift camshaft and the 

dual intake manifold along with high compression heads



are among the most highly advertised and widely used 

equipment applicable to. internal combustion engines. 

for increasing speed and power. In almost every automo~- 

tive publication, there are numerous advertisements for 

such devices. ‘In 1951 and 1952, the demands for engines 

with increased horsepower became so great that several 

“automobile. manufacturers made available kits to. 

increase. engine output, as optional equipment. These 

kits. contained high compression heads, dual exhaust | 

gystems, dual intake manifolds, and racing type camshafts, 

(all of which are being used today by the more successful 

‘puilders. of. racing engines. 

| The. desire to know the effects of some of the more 

‘highly advertised devices for improving power and per~ 

formance led to this investigation. This investigation 

4g intended to show the effects of a dual intake manifold 

and a racing type camshaft installed on a stock engine 

‘in place of its conventional equipment. |
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URE 

| 1, Jennings, B. H. and EB. F. Obert, Internal 

Combustion Engines, Second Edition, pp. 51, 165, — 

296-301, International Text Book Company, Seranton, 

Pennsylvania, 1952, 

Jennings and Obert state that the power developed 

by a spark ignition engine is dependent upon’ the amount 

of charge inducted by the engine, The weight of the 

charge is not constant, but varies with speed. To raise 

the speed at which the maximum charge is inducted, one 

. could use a large diaweter smooth wall.manifold that has 

ong radius bends, and a cam that has a higher lift to — 

‘weduce wire drawing and @ dwell on the cam nose to reduce 

throttling affects. 

The volumetric efficiency is affected by the | 

. temperature and the velocity within the manifold, A. 

| low manifold temperature will increase the density of | 

the charge, thereby increasing the volumetric efficiency. 

However, a low temperature Limit is reached at which — 

the vaporized fuel will condense in the uanifold, result- 

': ing in poor distribution to the cylinders and dilution 

of the lubricating oil. |



2. Heldt, P. M., High-Speed Combustion Engines, 

Fifth Edition of the Gasoline Motor, Chaps. KII, XIV, 

pp, 351, 391, P. M, Heldt, Nyack, N. Y., 1951. 
Heldt states that the volumetric efficiency of 

an engine is influenced in the following ways! 

1, The volumetric efficiency decreases 

with an increase in engine speed. 

2, It increases with an increase in the 

size of the inlet valve opening. | 

3, It decreases as heat is added to the | 

incoming charge within the carburetor, 

the intake manifold, and the cylinder 

_ . during the inlet period, 

| At low engine speeds the volumetric efficiency 

under full throttle conditions is somewhat higher than 

85 per cent due to the fact that the inlet tract is at 

a lower temperature so that the incowing charge absorbs 

less heat. With an increase in engine speed the wire 

drawing effect of the inlet valve and the resistance to 

the flow of the mixture during the latter portion of the 

inlet tract results in a pressure lower than atnospheric 

within the combustion chauber during the inlet period. 

As a result of this low pressure the volumetric effi- 

ciency of the engine decreases. At the speed for



maximum power the volumetric efficiency varies. from 

approximately 65 to 70 per cent. | 

The use of a cam with a dwell in the full lift 

position tends to increase the volumetric efficiency 

‘because the throttling effect around the valves is 

reduced, | 

3. Faires, V. M., Applied Thermodynamics, Revised 

Edition, Chap. VIII, p. 119, The Macmillan Company, 

New York, 1949. 

Faires states that the power obtained from an 

internal combustion engine for a given displacement 

depends upon the weight of the fresh conwbustible charge 

inducted into the cylinder. Any factor that reduces the 

density of the mixture decreases the output of the engine, 

In an engine the suction pressure is less than atmospheric 

pressure because of the throttling effect around the 

valves and within the inlet passages, hence, the density 

or the mixture is less than it would be had it been 

inducted without any loss in pressure. Furthermore, the 

internal surfaces of the engine are hot, so that the 

mixture is heated as it passes into the cylinder, result~« 

ing in a further decrease in the density of the incoming 

charge. Because of the lower density of the atmosphere, 

the weight of mixture drawn into an engine for a given 

throttle setting is less at high altitudes than that at 

sea level.
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The products of combustion in the clearance 

space within the engine at the end of the exhaust 

_ Stroke are at a pressure greater than atmospheric; 

“before a a new charge can enter the cylinder, these exhaust 

gases 1 must expand to the intake pressure. 

| 4. Ricardo, ‘i. Rey The High Speed Internal | 

| Combustion Engine, Fourth Edition, D.. 211, Blackie and 

‘Sons, | Limited , London and Glasgow, 1953. 

| Ricardo states that by increasing the inlet 

valve opening period, higher volunetric efficiencies 

are attained at high engine apecds, and lower volumetric 

| efficiencies at low speeds. oe 

— 5. Liechty, L. C., Internal Combustion Engines, 

sixth Edition, Pe. 271, 458, MeGraw-Hill Book 

Company, Inc., New York, 1951. | 

| . bichty states that in general the volumetric 

efficiency of an engine decreases with an increase in 

Speed due te the increased velocity of the intake air 

and the increased pressure drop within the inlet system. 

» However a maximum value is obtained at a specific engine 

speed ‘due to the ramming effect of the inlet charge. 

. Any change in design or operating conditions of an engine 

whieh increases its volumetric efficiency will inerease 

the engine performance, if there is no combustion knock 

or overheating of the engine.
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A small manifold ‘passage. will have high mixture 

velocities throughout the speed range of the engine. 

In opening the throttle for acceleration from a Low 

speed toa high speed in a. manifold of small eross~ 

section soupared to a manifold of large eross-section, 

there is less tendency for the fuel to condense and 

drop out of the air stream thereby leaning out the mix- 

ture, | 

The output of an engine with a small manifold 

is limited by the resistance to flow of the charge. 

Large manifolds are required to supply the necessary 

charge to produce a high output at. high engine speeds, 

For a given output, acceleration at low speeds using a 

large manifold results in a greater consumption of fuel. 

The difficulties with large manifolds tend to disappear 

with lean mixtures. a | | a 

 b. Maleev, v. Le; Internal Combustion Engines, — 

- Firet Edition, Ds 143, McGraw-Hill Book Company, Inc., 

| New York, 1933. 

| Maleev states that intake manifolds must be. 

designed to give equal distribution to all cylinders. 

The area of the intake manifold cross-section should not 

be too large, because sone of the particles ef gasoline 

which are not vaporized, are kept in suspension, and may
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condense and drop out of the air stream when the 

“velocity in the manifold is below 2400 ft per min. 

  

4, Liston, Joseph, Aircraft Engine Design, First 

“Edition, p. 223, McGraw-Hill Book Company, Inc., | 

New York, 1942.00 

ss Lagten states that the use of a cam which 

‘provides a quicker opening and closing of the valves, 

and a longer valve opening period (dwell) gives higher 

volumetric efficiencies. — 

8. Whitney, J. C. and Co., Catalog No. 106, p. 39, 

1917-19 Archer Avenue, Chicago 16, Illinois, 1954, 

In this catalog it is stated that the 3/4~grind 

racing cam is designed for road use and short track | 

racing, It gives approximately 15 per cent more power, 

good lugging ability at low speeds, and good idling. 

a 9, Sears, Roebuck and Company, Fail and Winter 

Catalog, p. 977, 2600 Lawndale Drive, Greensboro, 

North Carolina, 1954. 

This catalog states that the manufacturers of 

Allstate dual intake manifolds (similar to the Wieand 

‘manifold tested in this thesis) found that an increase 

‘of as much as 15 horsepower could be obtained from an 

engine equipped with a dual manifold compared to the same 

engine equipped with a stock manifold. —
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10, Bussey, A. H. and R. E. Chestnutt, An Investiga- 

tion of the Effects of Water Injection With Low Octane 

Gasoline on the Performance of a 100-Horsepower 

- 1949 Ford V-8 Industrial Engine, Using Offenhauser Righ — 

Compression Aluminum Heads (8.25:1), Thesis, Virginia 

Polytechnic Institute, 1950. i | 

In their thesis, Chestnutt and Bussey concluded 

that an engine could be operated on regular gasoline 

(78-80 octane rating) without any detonation when using 

aluminum heads with an 8.25:1 compression ratio in place 

of the standard cast iron heads with a 6.8:1 compression 

ratio. Because of the high compression ratio afforded 

by the aluminum heads, they were able to increase the 

output of the test engine by 11 per cent. | 

11. Compressed Air and Gas Institute, Compressed 

Air Handbook, p. 257, Coupressed Air and Gas Institute, 

90 West Street, New York 6, New York, 1947. | 

This Handbook listed dimensions for standard 

flow nozzles and gave curves and tables for coefficients 

of discharge based on the nozzle throat dimensions and 

range of pressure drops through the nozzles. The coeffi- 

client of discharge for a 3 inch long radius flow nozzle 

a having a 1 inch pressure drop at the throat was given as
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12. Sweeney, R. Js, Measurement Techniques in 

Mechanical Engineering, p. 217, John Wiley and 

  

Sweeney defines a long radius flow nozzle as 

a nozzle having a smooth, gradual~contraction section 

to a throat followed by free, uncontrolled expansion 

back to the original pipe flow area, The upstream 

pressure drep to the throat, representing a gain in 

kinetic energy, is dissipated in vortex turbulence down- 

streau from the nozzle. Hence, the throat pressure drop 

is lost by the flow nozzle. | 

The object of the approach curve is to avoid 

separation of the flow from the wall at the transition 

between the approach and the parallel throat sections. 

The shape of the approach curve is not critical as long 

as it is well streamlined. The long parallel throat 

section is intended to give time for refilling of the 

throat section should contraction at the throat entry 

| oecur. The variation of the discharge coefficient with 

Reynolds Number for an ASME long-radius flow nozzle is 

shown in Figure (9.14), page 218 of this reference. 

| An average discharge coefficient of 0.988 — 

was calculated for the 3'inch nozzle used in this 

thesis. This value was based on Reynolds Numbers of
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0.98 x 10° and 3.30 x 10° for engine speeds of 1000 and 
4000 rpm respectively uging volumetric efficiencies of 

85 per cent and 70 per cent.” | 

13.. Moss, 8. A., ASME Transactions, pp. 775-785, 

1916, 

_. Moss states that a standard flow nozzle should 

have a smooth, rounded entrance tangent. to a straight 

section, The curvature of the nozzle need not fit a 

templet as long as it is smooth. The parallel section 

at the end of the orifice should have a diameter approxi- 

mately 1/3 the diameter of the pipe preceding the nozzle, 

It is possible that the discharge eoefficient does not 

differ greatly from 0.99 even if the orifice is as much 

as 1/2 the diameter of the pipe. In all cases, the 

effect of varying velocities upstream from the nozzle 

is not transmitted through the orifice. The discharge 

jet has the same velocity at all points except within a 

_. marrow band close to the outer region of the jet. 

  

Bo, 
Ibid, p. &.
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ONE 
HE INVESTIGATION 

  

A, The Obj ect 

The object of this investigation is to compare the 

effects of two twin~-barrel carburetors, a specially 

. designed dual intake manifold, and a racing type camn- 

shaft on engine performance with that of a regularly 

equipped spark ignition engine. 

B. The Apparatus 

i. Test Apparatus 

Re 

b. 

Test Engine 
1949 Ford ¥~8 Industrial Engine* 
Type 8 RNN 
Serial No. 15603-G18T 
Displacement - 239 cu inches 
Bore ~ 3.1875 inches 
Stroke ~ 3.760 inches | 
Horsepower Rating ~ 100 @ 3800 rpm 
Maximum Torque ~ 181 in-lb @ 2000 rpm 
made by Ford in U. 8. A. 

The intake manifold tested in this investi- 

gation, Figure No. 2, was a Weiand aluminum 

alloy dual intake manifold specially 

designed for installation with two twin-~ 

  

* The design of this Industrial engine is identical to 
the design of the automobile engine.
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Figure 1, Photograph of General Laboratory 

Layout 

100-hp 1949 Ford V-8 Industrial Engine 
G, E, cradle type dynamometer 
Air-flow tank 

Inclined manometer for determining the 
throat pressure drop through the "flow 
nozzle 

Air tank connection to the carburetor 
Engine cooling water supply 
Inlet water thermometer 
Outlet water thermometer 
Outlet oil cooling water thermometer 
Engine instrument panel 
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