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INTRODUCTION

During recent years, the automotive industry has
been confronted with demands for incre#sed power and
improved engine performance, As a result of these
demands, much emphasis has been placed upon the imple-
ments which bring about these abjeetiveé; xﬁpraved |
engine parforﬁance and increased éuﬁput\can be obtained
from a given engine in the following ways:

1. Ineraasing ﬁhe bore and stroke

2. 1nstaliatiun of a supe&ehérget

'3, Installation of high compression heads

4. Installation of a high 1ift camshaft

5. Installation of a dual intake manifold

For a given eﬁgine, increasing the bore and stroke

viﬁ linited ﬁy the original design and construction of
the engine; in this ¢ase'fuel econony nust be considered
since increased displacement results in greater fuel
| gansumgting; - | |

Supereharging‘an engine yialds,sizable»imprevsmeaﬁs
in power, but it seldom is used because of the very high
fuel consumption., However, the Kaiwer @@rp0ration, in

1954, asferea a variable égeed supercharger as optional



equipment. This supercharger, which is driven by
variable speed pulleys and controlled by the manifold
 vacuum, increased the horsepower of their stock six
‘eylinder engine from 128 to 140.

| zn“‘:msﬁs, ‘B. E. Chestnutt and A. H. 'aﬁssay made a
s#udy af'the effects of increased compression an engine
perﬁbrmgneeg‘_@hey'iaapd‘that improved fuel economy and
a‘il per cent maximum péﬁeﬁ igeraése could be obtained
by‘fhe u&é’af 3;B5:1,a¥umiunﬁheaﬁS“an;aa_engiae'
originally designed for 6.8:1 cast iron heads. They also
iouﬁd'tﬁaﬁ an engine equipped with these heads and using
raéﬁlar gasoline (78-80 octane iating,at_that time) could
be operated withoﬁ% serious detonation. However, they
fﬁlt”that serious detonation might have aqéurréd had a
higher compression ratio ha@n_used; éspeeially during
rapid scceleration. The use of high egmpréssinn heads

is limited by the design of the bearings, pistons, piston
- rings, cpnnscting,rads, vnlﬁes, gabling system, and the
‘fuel available. Each one of these items must be con-
_sider&d_befare a sizable increase in the compression
ratio is made. , |  W“ | |

The increased popularity of aﬁtamobiig.raeing has

brought about the use of devices which make a given
engine more powerful. The high 1ift camshaft and the

- dual intake manifold aidng with high aémprassicn 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
sueh”devieeag,.Iﬁ_1951~a#d:1952, the demands for engines
-with increased. horaepower ‘becamne so great that several
aau%omabile manufaeturers mada available kits to.

- increase engine output, as optional aquxpmant., These
.kita cantained high cempwesaian heads, dual exhaust

. gystems, dusl intaka manifaids, and raeing type camshafts,
;all of'wh;ch are being used today by the more successful
~bu11dars of racing engines. - ‘

The desire to know the effects of some of the more
~hign1ytadvartised devices for improving power and per-

- formance led to this investigation, This investigation
:&sﬁintanded £a~$how the affeets;of‘a~dua1-intake manifold
; and<a-raaing‘type camshaft tnﬁﬁalléd,on a stock engine

-in place of its conventional equipment.
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'z1;~§eugings; E‘ﬂﬁa~and;ﬂif¥‘ ﬁbért;'lntgrnal_“
Gambﬁﬁtiﬂhﬁggginea;>Beaaaduﬂﬁitihn, pp. 51, 165,
296-301, International Taxt Book' Eamyany, ﬁﬁrantun,

ﬁanasylvania, 1952,

'Jennings and Obert state that the power developed
By‘awaparklignitian engine is dependent uyanfthe~am¢unﬁ
“aifchargé:indu@te&*by:the.énmine;af@he;weight=ai‘the.
=;ehargafiswuotsaﬁaataat,,hutfvarieslwith=speedi~'?b raise
-~the‘spaed‘at.Whick.the“maximum.aﬁarga"isviﬁduateﬁ;/cna’

. could use a large diameter smooth wall manifold that has
/manggraaiusﬂbend§7éﬂd avﬁam*that hasna»higherviiftgta‘
.reéﬁaafwire\drawing“éndvﬁ*dweli nn‘the‘cam‘nQSe;tﬁ‘reduce
--throttling affeets.

' The volumetric eftieienﬁy is affected by the

. temperature and the valecity'withia"the manifalﬁ@»;ﬁﬂ
low manifold temperature will inereﬁse.the density of
the charge, thereby increasing the volumetric efficiency.

However, a low temperature limit is reached at which

,the~€u§erﬁzed fuel wiilﬁéangénsa in the . maﬁifeld;'resultw

L dng in pooy distribution to the eylinders and ﬁiluti@ﬁ

of the luhricating 911.‘~



2. Heldt, P. M., High-Speed Combustion Engines,
Fiﬁth,ﬁéitiaﬁ of the CGasoline Motor, Chaps. XII, 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;_xhe‘valumetriaeffieiep#y,dggxgasgs
with an increase in engine speed. |
2, It increases with an increase in the
size éivtge‘iniét valve opening. o
3, It decreases as heat is added to the
inGQming charge within_thﬁ_earburétop,v.
‘the intake_maaitaldt aaé the g#linﬁer
» during the inlet periaﬁ.:_zub_‘. ,
At low engine speeds the velnmetrie efficxeney
under fall throttle aonditions is somewhat higher than
‘3569$¥u¢6nt,dﬂ8”t0 the fact that the iglgtttract is at
‘a lower tempetat#re s@}#hatﬁthe incoming ghérgq absorbs
less ﬁgaﬁ. With an increase in engine‘ggeeﬁ‘the wire
drawing"éffect,af the inlet va&ve and the fesiééaﬁee to
the flaw of the mixture durzng the latter portien af the
inlet tract results 1u a preasure lawer than atmospheric
within the eamhnati@n chamber durmng the inlet perlaé.v
As a result of this low pressure the vglumetria efii~

,eieney cf the engine decreaﬁas. At %h@ spee@vfor



maximunm power the volumetric efficiency varies from
approxinately 658 to 70 per cent. |

~ The use of a cam with a dwell in the full 1ift
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,
Kew York, 1949.

Faiies states that the power obtained frow an
internal combustion engine‘fbr a given displacement
depends upon thé weight of the fresh comwbustible charge
inducted into the cylinder. Any factor that reduces the
‘density of the mixture decreases the output of the engine.
In an engine ﬁhe suction pressure is less than atmospheric
pressure because of the throttling effect around the
valves and within the inlet passages, hence, the density
'of,fhejmixture is less than it would be had it been
inducted without any loss in pressure. Furthermore, the
internai surfaces of the engine are hot, s0o that the
mixture is heated as ii passes into the eylinder, resuli-
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
‘,stmake are at a8 praﬁsura greater than atmaspheric~
V*hefare a naw eharga cau entar the cylinﬁer, these axhaaat
 £3$$$ must expaad to the intake pressura.

4. Riaarde, H. R., The ﬁigb ﬂgaed Iuternal

,'vﬂambuﬁtiea Engiae, Faurth Edition, D. 311 Biackia and

‘Eans, Ldmxted, Landan ané ﬁlasgaw, 1&53
, | Ricarﬁe states that by incraasing tha inlet
zvalve egeniag geri&d, bigher volumetrzc eificienc:es
Pare attained at high angane spaeds, anﬁ lawer valumetric
- effieieneies at low speeds.’ |
o 5. Lﬁehty, L. €., Intarnal Gombmstion Euginas,
' _i$ixth Edition, Pp. 271, 458, xcﬁraw~ﬂill Eeak |

  ‘,Q0mpany, Ina., N@w Yark, 1931.

-~‘” f Lichty states that in general tha vmlumatrie
yweffaaiency oﬁ an engine denreases wlth an anﬁreasﬁ xu
speed due to tha inereasad veloexty of the iatake air
:and ﬁhe in@reaaed presaure drop withiu the 1nlet systam.
'*Eﬁwever a maximum value is obtained at a speeifia engine

syeed due te tha ramming'éfxect of the zuiet charge.

')-&ny ehaaga in éasign or operating een&itians oﬁ an engiaa

'“jwhieh increases its valumetria effieieney will inerease
‘,the aagina perfarmancs, if there is no eembuatian knack

**ar av&rheaﬁing of the engine,
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} , A small manifold passage will have high mixture
vslaeities thraugheut tha speed range of the engine.
Ia agening the thrattla far aeemleratian from a low
speaﬁ to a high spaaé in a maaiﬁelﬁ of small cras$~
'seatioa compareﬁ to a manlfold of large cross~se¢tion,
'ther@ is iess tendency fer tha fuel to condense and
'drgp out of the air stream thereby leaning out the mix-
cuie, _‘ . ,
 The output of an-éngine with a swall mﬁaiﬁeld
is ;imited by the-reaiatanee‘ta flow of the eharge.
‘harge~maﬁif¢1§avare reéﬁiteﬁ*ia sﬁpp1y<the néea&saﬁy
xﬂha&ge to preduee a high eutput at high engzne syeeds¢
- For # given eutput, aeceleratian at 1aw speeds using a

1arge manifalé reaults in a greater consumptian of fuel.;

. The difficultia& with large manifolds tend to disappear

,with lean mixture&.

ﬂe ﬁalaev, v. L., internal Combustion Engina$,~

*<;Firat Eﬁitian, p. 143, Mcﬁraw~§ill Book emmpany, Ine.,
_»Eew York, 1@33. }

i _ Malaev atates that intake manifolds must be
Vdasigned to give equal distributian to all cy1inders.

%The area af the intake manifold crogs~section shauld not
be teo large, because $ame of the partieles of gasaline

which are naﬁ‘?aparimed,=ate.kapt.in.snspension, and nay



12

aandensé‘aﬁ&'dr©§ aut bfﬂ%&éVai§=stie§h'whéﬁ,%he
‘velocity in the manifold is below 2400 £t per min,
'3?;‘Bistan;13@@&9&-»ﬁiré§aft”sngiaévﬁeéig;, First

”Eﬁitiaa p. 223, Msﬁraw~ﬁill Boak Gempaay, Inﬂ., -
. New York, 1942. |
| ' Liston states that the use of a cam which
 pra#iée5=a quicker opening and closing of the valves,
and a longer valve opeaing period. (dwell) gives highar
| valumetrig effieleneles.‘”
| 8, Whitney, J. €. and Co., ﬁatalag ﬁa. 166, D 39
_191?~19 Archer Avenue, Chicago 16, Illinﬂis, 1954,
| In this catalog it is stated that the 3/4-grind

rg&iag cam is designed fpr‘rhad.uSegand'Shoft track
‘racing, It gives appraximatéiy 15 per cent uore p@ﬁér,-
good iuggingfabilityvat“ibw speeds5 ahﬁ'gcud iaiigg;
e Sears, Roebuck and Company, ¥Fall and Wiater
Catalog, p. 977, 26@8-&3&&&&1& Drive, GréenSEére,
North Carolina, 1954 R

T This,aatalcgnﬁtataS'ihat the manufacturers of
Allstate dual intake manifolds (similar to the Wieand
.;manlfald tasted in this thesis) found that an increase
*'nf as mnch as 156 horsepower aeuld e obtained from an
\engine.equipped with a dual manifold camgared_ta the same

 engine equipped with a stock manifold.
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10. Bussey, A. H. and R. E. Chestnutty An Investiga-
tion of the Effects of Water Injection With Low Octane

Gasoline on the Performance of a Iﬂﬂea@rsepeweiv

"‘1949 F@rd-v~3alndustrial’Engiae, Esingvﬁffenhauser Bigh

'Cnmgression Alum:nam Head$ (3 25: l) Thesis, Virginia
" Polytechnic Institute, 1950 : "

} In their thesis, Chastnutt and Bnasey concluded
’tﬁﬁt'gn'engine could be @perated on regular gasoline
(78-80 octane rating) wi#ﬁcut=any detonation when using
aluminum heads with aﬁ'8;$5:1;ecmpres$ibnjratia in place
of the ﬁfandard~ea5t iron heads with a 6.8:1 coupression
ratio. Because of the high compression ratio afforded
by fhe aluminum'heads; th$?‘were'ab1& to increase the

apﬁput of the test engine by 11 per cent.

11. Compressed Air and Gas Institute, Coumpressed

‘Air Handbook, p. 257, Compressed Air and Gas Institute,

‘Qﬁ West Street, New York 6, KQW'Ybrk 147,

This Handbook listed dimensions for standard
“flow nazzlas and gave eurves ‘and tables for coefficients
’ af»diseharga based on the nozzle throat dimensians»and
‘faﬁge'@figreasure drops through the nozzles. The coeffi-

cient of discharge for a 3 inch long radius flow nozzle

'f havingfa l”inéh pressure drop at the throat was given as

~0.986,
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12. Sweeney, R. J., Measurement Techniques in

Mechanical Engineering, p. 217, John Wiley and
Sons, Inc., New York, 1953.

Sweeney defines a long radius flow nozzle as

a nozzle having a smooth, gradual-contraction section
to a throat followed by free, uncontrolled expansion
»baak:ta the original pipe flow area., The upstrean
pressure drop to the throat, representing a gain in
kinetic energy, is dissipated in vortex turbulence down~-
stream from the nozzle, Hence, the thraat‘preasure drop
is lastAby'the flow nozzle.

The object of the approach curve is to aveoid
separation of the flow from the wall at the transitian.
between the approach and the parallel throat sections.
The shape of the approach curve is not eﬁi&inal 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
R cecur. The variation of the disaharga coefficient with
Reynolds Number for an ASME long-radius flow nozzle is
shown in Figure (9.14), page 218 of this re£¢r$n¢é;
| " 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



15

0.98 x 10% and 3.30 x 10° for engine speeds of 1000 and
4000 rpm respectively using voiu&etria efficiencies of
85 per cent and 70 pei cant.? |
18. Moss, 8. A., ASME Transactions, pp. 775-785,
1018, S | R
- Moss states thaﬁ: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-
maiely:ljﬁ tha,diamaterzaf‘tha,pipe preceding the nozzle, |
It‘is.p@séih;e_that~thadéisaharg@ coefficient does mot
differ greatly from a«QQ‘avaa ifathaxeri£iea is as much
2s 1/2 the diameter of the pipe. 1In 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

.. narrow band close to the outer fegi@a of the jet.

o
lhid, pi 8"
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B 3 3
THE INVESTIGATION

A, The Q}b;e::t .

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 cam-

.shaft on engine performance with that of a regularly

equipped'ﬁyatk ignition engine.

B, The Apparatus

1. Test Apparatus

a.

b.

Test Engine

1949 Ford V-8 Inéustrial Engine

Type 8 RRN

Serial No. 15603-G18T

Displacement - 239 cu inches

Bore ~ 3.1875 inches

Stroke -~ 3.780 inches

Horsepower Rating ~ 100 @ 3800 rpm
Maximum Torque -~ 181 in-1b @ 2000 rpm

~wmade by Ford in U. 8. A.

The intake manifold tested in this investi-
gation, Figure No. 2, was a Weiand aluminum
aliay dual intaka,mahiﬁbld specially
désigned‘for installation with two twin~

¥ The design of this Industrial engine is identical to
- the design of the autowmobile engine.
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