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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
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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
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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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Figure 1. Photograph of General Laboratory
Layout

*

.

> L0 DN

Ll BT T

COWO~Im W,

A

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 0il cooling water thermometer
Engine instrument panel



Figure 2, Photograph of Weiand Dual Intake

Manifold
1. Weiand dual intake manifold
2. Two standard 1949 Ford carburetors
3. Fuel pump mount
4, Fuel line from the pump to the
carburetors
5. Generator mount
6. Crankcase breather pipe connection
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barrel carbaratera‘ This iﬁtﬂké manifbid
has short passages which are 1arger in

diameter than the pasaages of the atandard

‘¥0rd maniiold. ' These inlet passages are

1nﬁeraonne¢tad and have laﬁg'ridi&$ béﬁ&s.
The purpase oi this aeszgu is to reduce

the flgw resiatanee of the a&ruiuel mixture

and to give maxe aven distribution of the

mixture to the nylinders, aspecially ‘the
eylinﬁaxs iartherast away frou the car-
bﬁretar; _
The éamshéfﬁ'teste& in this investigation
was an xakendﬁrian rind, 3/4-race camshaft,

Figure ﬁb. 3, mada ef highly pelishad cast

iron. wnia aam&haft has a 1ift of 0.320

iaehas as aamparad with 0.286 inehas for the

‘ standard ?ord eamshait.’ The iéﬁing‘t#pa can~

shaft was grounﬁ to praviﬁe a higher 1ift and

‘an earlier epaning and a 1ater alnﬁing of the.

valves. The valve timing diagrams for both
the standard ?ard grmnd and the Iskenderzan
grind camshafts are shown in ?igura No. 4.

Adjustable tappets were used to replace

- the standard naﬁnaéjustable tappets so that

the clearance between the valve stem and the



Figure 3. Photograph of the Iskenderian Grind

O G W
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3/4-Race Camshaft

Camshaft bearings
Timing gear flange
Distributor drive gear
Fuel pump cam lobe
Valve cam lobe

0il pump drive gear
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TOP CENTER

EXHAUST
CLOSES

INTAKE
OPENS

INTAKE
CLOSES

BOTTOM CENTER
ISSKENDERIAN 3-RACE CAM

4
TOP CENTER

I NTAKE I [— EXHAUST

OPENS CLOSES

—EXHAUST
OPENS

INTAKE
CLOSES

BOTTOM CENTER

STANDARD FORD CAM

FIGURE-4. VALVE TIMING DIAGRAMS




22

tappet could be set to speaiiiaationsw‘"
The elea?ahéa’sgeeifie&~iar the Iskenderian
grinﬂ cam is 0,014 inches for hath the

intake ‘and the exhaust valves..

2. Acaeagary &aparatus

a. Electric ﬁynamometar
No, 1876519;: Type TLC 50; Class 6~1$6~2396
 Amperes 41@, Volts 250
As a Generaz@r:. Absorbs 150 Hp at
' .. 2200-5000 rpm
As a Mbtar* ﬂeliv&rs 120 Hp at
. 1950-5000 rpm
Speed 49@8~50@@ rpm intermittent
Torque Arm 21.008 inches
General Electric Company, U. 8. A.

b, ﬁlaetric bynamamstet Control Panel
DL 2233087, CR1420; Volts 250, Hp 150
inst, 3#223541 K-2232993
General Eleatrmc ﬁompany
Echeneetady, N. Y. o

_—

: This Unit eontainsz

(1) Field Rheostat
(2) Field Potentiometer ’
(3) Loaa (Armature) Rhenstat
(4) Generator Switch
- CR 2960; SY 104 A switch
ﬂat. 2881893

* Note:

Raaing aamshaita are ground iram gtandard camshaft

cores., In order to provide a higher 1ift the base

cirele of the cam is ground to a smaller diameter;

 and the nose and flank are ground to the proper

shape to give the desired valve timing and 1ift.
Because the base circle is smaller, adjustable

tappets must be used to lengthen the push rod so
“that the valve stem clearances -can be set accord-
‘}ing ta apeeifzcatinﬁs.
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Figure 5. Photograph of Dynamometer Control Panel

Revolution counter

Tachometer

Fuel burettes :

Three-way control valve for the measuring
burettes

Stop watch and revolution counter switch
Stop watch

Hygrometer

D. C. Voltmeter

. Field rheostat control

10, D, C, ammeter

11. Starting switch

12. Field rheostat vernier control ..

13. Loading switch

14. Load rheostat

. o 9

*

oo~ AW



s e

24

Magnetic Switch
p~C Contactor
" CR 2800-112152
~ Motor Load 3wit¢h
- 5A-~250V; 10A-125V
 Magnetic Switch
~ b-C Contactor
. ER. 28@0~113152 , '
' (8) Direct Current Ammeter fex
l Armature Current

| No. 921130, Type D-8, ‘Shunt Ext.
| eapaeityz 400 amps as Generator

600 amps as Motor

'birect ﬁurrent Voltmeter for

(e
~ Armature Voltage
Type DD~

" Model 8 DD 6VFL209 No. 25&?34&

‘Range 0-400 V., DC
, General Electric, U. 8. A.
{7)-ﬂverlﬁad ﬁirauit Breaker
: @axes e L
- BOO ﬁmp&, ﬁﬁﬁ ?blts, BC
‘~@eﬂeral Eleatric Gamgauy
(8) Field ﬁwitah t@ ﬁ$verse Do
Direction of Rotation of

ﬁynamometer 399 amps; 250 v. BC,
S sae V. AC

‘ *Trnmhui1

Electrie Tachometer f@r aypraximate‘

- Bynamometer 39@&6

Range 0-5000 rpm
Model 273, No. 13598, Model A
The ﬁlactric Taahamater Company

Philadelphia, Pennsylvania

- Weston Electric Insttument Company
~'ﬁewark New . Jersay o

: dgv

Revalutzan Counter
Range 0-8,999,999 Revolutions

- Type 5«3@3 E@.Iﬁﬁa

The ﬂlactric ?achameter Corporation
Philadelphia, Qennsylvaﬁia o
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?uel G@ntr&l Apparatus censisting af:

‘(1) TWO 30@*#99 ce‘slasa bﬁrettes
- {2) Taree-way control valva o
‘Hd &- Fc Cﬂ.
: ga} Two Globe Valves
Lunkrenheimer ~ Fig, 2146
(4) Knife switch to start and stoy the
: timiag éevica and revnlutian aaunter

Engine eﬂmtral ?anel, 1naluding*

(1} Exhauﬁt Manameter - aange 0 to 15“ He
(2) Intake Maniield Mhnametar -~ Range
B 0 to 23“ Hg
‘{3)“Ignitiﬂn watﬁh .
{4) Starter Switch :
(5) Engine Temperature Gage - C to H
- (6) 01l Press Gage 0 to 200 psi’ :
(7) Aumeter - 30 to 30 amps

Air Tank - 13-1/2" diaueter by 56" long
(1) 3" long raﬁiua flow nozzle |
(2) Inclined Manometer 0-20 "Hgp0
(3) ?iping for carburetor hook-up

Exhauﬁt Pyromeﬁar
Type A H, ¥o. 0, Serial 21366

Range 0-4009C, 0~4ﬁ MY

Hoskins ﬁaaufaagurzng éompan?

' jBetrait Michigan

i.

k.

Mix-Master ﬂthuatmon inﬁieatar ~
Combustion Efficiency 60 to 100%
Air/fuel ratie 1a~16

E-3652

Eleetric Products campany :
New York

Hygrometer
Range: Wet Bulb 16-124°F
Dry Bulb 18~133°r

Taylor Company

Rochester, New York

Battery for Jgnition
& volt auto battery
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Figure 6. Photograph of Engine Instrument

£

ol U e RS

Panel

Inlet water supply valve

Thermometer in the inlet water supply
line

Intake manifold manometer

Instrument panel consisting of an
engine temperature gage, an oil
pressure gage, and an ammeter
Exhaust manifold manometer

Starter button

Ignition switch

Exhaust pyrometer

Thermometer in the outlet oil cooling
water line
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Figure 7. Photogfaph of Air Tank and Long
Radius Flow Nozzle

1. Ay tank

2. Three inch long radius flow nozzle

3. Throat pressure line to the inclined manometer

4, Pipe connecting the air tank to the single
carburetor air intake

5. G, E. Cradle type dynamometer
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1. Cooling Water from suppl& Main
Jacket Water Lines:

(1) Globe valves and piping
Inlet - Powell Glob. Fig 110
Outlet -~ Powell U, 8, Gate, Fig. 5&0
- {2) Two thermometer wells
(3) Two thermometers
Range ~ Inlet 0-120°F xg identifica-
tion
,mt}.et 0-400°F
 Fisher E & A, U. S, A.
(4) 0il Pan Cooling Coil

(a) Inlet valve - Lunkenheimer
Fig, 16
(b) One thermometer well
(c) One thermometer 0-400°F
Fiﬁh@r E & Ag ao ﬂ. AQ
{d} Three-way Valve
- 1/4" Grane 125-A; 175 W

n. gtap Watch for netarmining Length of
: uns:

AR & J, ﬁ. Hﬂyland

New York

Bssolube 8&3 39

0. Fuel Tank
approximately 40 gallnns
M. B. Lab

ps Motor Generator ﬁet for Supplying Armature
Current to the bynamemetsrﬁ '

(1) Motor '
Westinghouse Type CS Induction Motor
Constant SBpeed, 75 Hp, Frame 635C
‘?blts 2300, Auwperes Per Terminal 17.3

3 Phase, 60 ayale* rpm at full

- load =~1750
Btyle 51M334, Serial 2131%23
ﬂantinu@us cperation at full load

40°C
sarviea factar 1.116 at rated

vnltage and e%a @8

nn ng%ouge bﬂatr%e gnd

rporatio
East Fittshurg !arks, Pittsburg, Pa.

n. Engine Lubriecating 911
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(2) Generators:

(a) wbs%inghnuse Q@mpnuﬂd waund

. 'BC Generator

Type SK; 25 Kw; Frame; !‘rame 93,

| 125 v., 200 amps

Style 51M333, Serial 8151221,
1780 rpm
100% load, time 24 hours -

‘temperature rise 409C

- Westinghouse Electrie and
. Mapufacturing Corporation

(n)

ﬁast Pittsburg, Pa.

Same as (a)

_atyla 51%@32 Serial 8151219

iE} gﬁstiaghause Control Panel

ia}

®

Vbltmeter (ﬁwa), 0-150 V. DC

(1) Type 8z, Style 393492,
.. Berial 1123051,
S ‘Insul, Rating ?&9 Ve
(2} Type 8x, Style 293402,
- Serial 11224046,
Insul, Rating 750 v.

Ammeters (two), 0-300 amps DC

(1) Type 8x, Style 304529,

Serial 114606
Ingul, Rating 750 v.

‘iév(él Type Sx, Style 304529,

- tors 200 amp; 250 V. DC,
-5&9 v. AC

(@)

Serial 1097718,
' Insul, Raﬁ&ng 750 v.

Two Knife Switches for Genera~-

%Wo Bheastats for Controlling

~ Voltage Output

(e

Two Carbon Circuit Breakers

>_= 2% mpSQ w; 1669 V.;
style 501556-B
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(1} Pole Unit #?, ?ype CL
Style 5015656-B

(3) ?01& Unit #10, Type CL
Btyle 501556-B

S8tarting Box
Westinghouse Auto Starter Type A

Frame 11, 3 Phase, 2200 v.,

80 eyale~

Motor

Field

(1)

75 Bp '
Btyle 402730
Starting Period -20 seconds

ﬁeneratar Set for Supplying Direct
Current:

General Electric Induction Motor,
Model GBAL1B6

Type ET048-4-10-1800

Form CL; 3 amp, 60 cycle, 220 v.;
Speed full load 1740 rpm

No. EJ1162 |
10 Hp, continuous operation

50°C rise

" General Electrie Corporation

- (2)

Schenectady, N. Y.

'ﬁirect curreat Geaarater,

Model 4TAST

(3)

Type €065, Form AL, Gempannd Wound,

24 anps, 256[259 v,

Speed 1800 rpm; No. 1663447

6 Ew, continuous operation 50°C rise
General Eleetric Corporation
&chenecta&y, N, Y.

starting Mechanism

(a} Push Button Station
R 2940 - 8579J;
Maximum Volts 600
‘General Electric corparatian

 (b) Magnetic Switch

CR 76@6~@4, Cat. 177358962
220 v. at 60 cyeles, 110 v. at
- 25 cycles ‘

General Electric ﬁ@rg@rati@n
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€. Method of Investigation

The object of this iavesﬁigami@m was to determine
the effects of two twin-barvel ﬁ&r&&?étﬁxﬁg 8 specially
degigned dual intake maaifﬁiﬁ, and 2 racing type cau-
shaft on engine y@rﬁ@rﬁaﬁﬂa, in a@d&r-ta‘ﬁ%taiu tkis
objective, a series of pﬁg&ar&&&@é tests were made on
a 1849 Pord V-8 Industrial Engine.

All of the tests performed in this investigation
were full throttle and genmeral engine perforuance wade
in mccordance with the recoumendations of the power test
code published by the American Eﬁéiaty-ﬂﬁ Mechanical
Engipeers (PTC 17-1948), |

Before the engine was started the spark plug gap,
ignition timing, and distributor breaker points were
set t@ Manufacturer's aﬁmnifﬁﬁaﬁxana; and the oil iével,
eaaliag water, and ﬁyﬁamﬁmatar coupling wer# checked.
The engine was then started by the &&ﬁ@%xic dyoanomneter
which was supplied with 120 volt B. €. ﬁwam 8 notor
generator set. As soon 88 %ha'aﬁgiﬁe began to fire, the
dynanoneter &%&x#iﬁa circuit was opened. The engine
running st 500 rpn was then allowed to wars up for
10 miputes, The &aa&,eﬁrﬂﬁﬁﬁ'ﬁﬁvﬁh@ dynanometer was
then c¢losed, the éngin& gpeed inereased to 1@@% rpm, and
& seall load applied to the engine by ﬁaer@é&ing the

resistance in the dynawometer field circuit, The cooling
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water flow was regulated to maintain the jacket water

temperature at 165 ¥ 59F, and the oil cooling water

tamperature,was.hald asknaar 110°F as possible. The »

 throttle was graduaily.opeged\as the load was applied,

1. Power Tests

The full throttle power tests were made with

the engine running at constant speed. Six full

thxottle.perfﬂrmanée tests were made on the engine

as fallawéa

1.

Thefen ine regularly equipped with
t.e_aa%bur&ta%uair intgkepggen to

. the;atmgsphere;r_

2,

@est.ﬁs.

Test No.

3.

Test No,

4.

Test No.

5.

Test No.

6.

The engine equipped as in

Test No. 1, except the carburetor
was eenne&%ed.to'an_air‘taak with
2 long radius flow nozzle for the

he carburetor.

;gurgase,ﬂf measuring the air flow
°¥X P

The engine equipped with a regular

Ford camshaft, a dual intake mani~

fold, and two twin-barrel car-
buretors with the air horns open

‘to the atmosphere.

‘The engine equipped as in

Test No., 3, except with the two
carburetors connected to the air
The engine equipped with a high
1ift ﬁamahag%, gpstandarﬁ intgke
manifold, and a single carburetor
connected to the air tank, '

Tﬁe»éﬁgiae,eq&iygeé with a high
1ift camshaft, a dual intake mani-
fold, and two twin-barrel car-
buretors connected to the air

tank,
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Figure 8. Photograph of the Single Carburetor
Installation

-
*

Air tank connection to the single carburetor
air intake

Engine cooling water supply line

100-hp 1949 Ford V-8 Industrial Engine
Silent chain type dynamometer coupling

G. E. cradle type dynamometer

Dynamometer beam balance

Exhaust pipe

Engine cooling water discharge line

e o

k)

»

>

OO WN

*
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Figure 9. Photograph of Dual Carburetor
Installation

Dual intake manifold

Two standard 1949 Ford carburetors
Auxiliary air tank

Air line to auxiliary air tank

Air tank

Dynamometer coupling

Cooling water supply line

Outlet water line

Fuel pump

*

.. s @ .

WO~ Uk W -
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fThe puxpuss aﬁ Tasts Ho. X and ﬁb. 3 which were
made thh tﬁe carbur@ﬁars 0p9ﬁ ta the atmasyhere
rwas t@ campare the effeet Qn pawer @utput ni the
| angiﬂe thh and wi%heut the air measnring tank

| a sermes af aanﬁtant ﬁpe&d runs, ranging
fr@m approximatazy 16@9 rgm ﬁw 449& rpm, were
made duriag Qaeh af the gerf@rman&e tests.} ﬁata
(see Tahlas 1 thr@ugh @} were taken during each
'ﬁi ﬁhe runs after apexating annﬁ;tiena hecame
staady as fallowsi

1. Taeh@mater Reading, rom

2. Counter Reading, Revalutxons

3, Time of Run, sec

‘4, Puel consumed, cu ¢m

‘8. Dynamometer Brake Load, 1b

6. Jacket Water Inlet aad Qutlet

. Teuperatures, °©F

7. ¥Wet and Dry Bulb Temyeraturaﬁ, oF

‘8. 0il Cooling Water Inleﬁ and ﬁutlet

- Tewperatures, °F

9. Exhaust Gas. Temgerature, ”ﬁ

10, @il Pressure, psig oo
© 11, Intake and Exhaust Manxf@ld ?res&ures,
-+ in.Bg Gage

12. The Pressure nrnp Through th& 3 in. Fiaw
- Nozzle, in.HoD

13. Baromeivie Eressure, in,Hg.

2. Constant Load Acceleration Tests _

Constant load acceleration tests were made
with the engina equipped as in Power Tests Nos. 2,
4, 5, and 6, For these tests the engine'was
operated with a 10 pound dynamometer brake loads and
accelerated from 1000 rpm tabﬁﬂaﬁ rpm observing the

time for the acceleration,
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3. ?ri¢tian'Tasts1}  |

- Friction Horsepower Tests were made after each
of the six power ﬁéatéii The engine was arx¢en'by a
6radle‘type“gieatrie'dyaamamatsr connected to a
240 volt D. C. supply. The friction tests were
maﬁefwithftha_fﬁ¢l $ﬁp91y turned'aff?'the ignition
ﬁn;“the_thtﬁﬁtlé %idg;open, aud’with th& water |
'témy@ratugés held as close to the temperatures of
the gbweritests as possible. Thé‘&gta,taken.during
the friction tests were'timﬁ,‘revelutionﬁ,'and brake

load. o

D. Method of Calculations

The following are sauwple calculations for Run 1

of Test No. 2t
| Caetenl Smeed e o 0
a. Actual Speed, rpm = —

where ¢ = Counter Reading, revolutions
| t = Tiue, sec o

om = 80(1470)

rom =

PR Team

rpw = 955
b, Brake Torque, T = FL
vhere ¥ = Brakconotdi®road o
%k = Length of Brake Arm,«ft
T = (80.5)(1.75)
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c. Fuel Consumption, , :
.;'.Gr )(3@00)(2.235)

where Wy = Fuel Consumption, 1b per hr
ce¢ = Cubic Centimeters of Fuel
8p.CGr, = Specific Gravity of Fuel
t = Time of Run, sec

g;gﬁﬂﬁﬂ = Density of Water, 1lb per c¢
1000 |

W= 19,8 1b/hr

d. Brake 3nraepawer,lahp - FN

where Bhp = Brake Bbr$epnwar
F = Dynamonmeter Load, 1b
'N = Aetual Pynamometer rpm
3060 = Dynamoweter Constant

. (80.5) (955)
Bhp "3000

Bhp - .35565

W

¢. Specific Fuel Consumption, wg =
' Bhp

whara ~Wg = Brake 89eeifis Fuel
‘ Consumption, 1b/Bhp-~hr
¥ = Fuel Consumption, 1lb/hr
Bhp = Brake Horsepower

Vg = é%*%

.

wg = 0.775 1b/Bhp-hr
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£. Brake Mean Eﬁf@éﬁive'?resﬁure,

Pm - 33,000 B{ig
e L AN

where - Erake ﬂesn Effective
' Pressure, psi

L = Length of Btroke, £}

A = Area of Piston, in,’

“N-= Number Power Strokes
per Hinute A

?m = (33 3693(35‘3)

(3.75) (£1) (3, 1875)2(955) (. 5)
12 4)

rﬁm‘# 95;5 géi f

| g. Higher Heating Value, HEV = 18,320 +
4o(aeg._ Be'-10)

'where ;;ﬂn? = ﬁighar Ebating Value of
e . Fuel, btu/lb
ﬁeg. Be' = Gravity of Fuel ‘
18,320 = lower Heating Value of
' ‘Gasoline as Listed by
‘U, 8. Bureau of Mines,
Bulletin 43, p. 19

| HEV = 18,320 + 40(53-10)

HHV =20,040 btu/lb
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h. Brake Thermal Efficiency
| - x 100

where e = 3raka Thermal Efficiency, %
Wg = BSFC, 1b/Bhp-hr
HHy = nigher Heating Value of
. Fuel, btu/lb
3545 - %":anstant, btu/hy»hr

e (3545)(1&0)
o = 16.4%
i. Correction ?mto&* Ne = %

where Ne¢ = Correction ?aemr :
P = Barometric Pressure, in. hg,
Fw = Partial Pressure of Saturated
~ Vapor at @emperature *t*
. im. hg ,
x = Relative Humidity, %
't = Dry Bulb Temperature, °F
tg = &tandard Temparatare, 80°F

'?7v* 46@
B0 .+ 460

j. carre@ted Brake Hnrsepower,
| ﬂh@e = Bhp x N,

Bhp, = (25.6)(1.116)

Bupe = 28.6




k,,Erigtiﬁﬁvﬁbrsepawer,bth = §6ﬁﬁ““
where th = Friction. &brseyower
¥ = Dynamometer Brake Load, 1b
N = Dynamometer rpm:
3ﬂaﬁ’m’ﬁynamemater Constant

' a.(lﬁ 3)(955)
¥op 3000

Fhp = 5.2

1. Indicated Horsepower, Corrected,

Ibpc = Fhp + Bhpe

Ihﬁg - 5 2 4+ 28.6

1hp¢ e 3#«8
o Bhp
n. Mechanieal Effiazeae?, Em - x 100
Ihpa
L 28.6
B = 338 ® Iﬂﬁ
Bu = 84.5%

n. Keight Flow of Air, Wa = 18\5 Aé\v/hwva

where W = Weight ¥1nw of Air,_lb/sec
" A = Area of Orifice, ft2, = 0,0491
€ = Nozzle Discharge Goeiiieient,
= ﬂ.9$3
by = Pressure Drop at Ebzzla Throat,
in., Ego 3
Pa= Density of Alr, 1b/ft°, = 0.069

Wa = 18.3(.0491) (0.988) ./ (.025) (.069)

¥ = 0,0368 1b/sec
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0. Wa;ghﬁ of the Airxhasediog the Pisten
Displacement at Ambient Temperature and

 Pressure,

Wg = Vg( NP,

where ﬁd = weight of Air, lb/see
V3 = Displaced Volume, £t3
g = Engine rpm 3
Fa = Density of tha Air, ib/1f¢

ﬁ - (239 )(1000) (0.089)
' Ti728 120 |

Wy = 0.0795 1k/sec -

'p. Volumetric Effiaiancy, Ev g~*~ x 100

B, - e,gsse £ 100

3&'“ 48-&%
Q. Airnﬁuel Ratio A/F = (3669)( )

, where Wa = waight Flow ai Air, 1h/sec
wf = Fuel eensumptien, Ib/hr

A/F =3600(,0368)
- (18.8Y

.A/F,# 6;79



E. Rgsults ; ,
' ?h@ resultﬁ of this thesza ara in the form of
Tables and Curves which m&y ‘he found in Secﬁaau X as

follawsg

1,

2.

3.
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Tabl@s 1 thraugh 83

 These Tables contain data abtained

during %est 1 %hrﬁugh Test 6, inelusiva.
Tables 7 thr@ugh 12*

These Ta%las ‘contain the culcuiataﬁ
results for the data in Table i thraugh
Takle 4, iﬁeix51ve. ; , o

Qurves Sheet 1 thruugh B:

for:

-Thase Curves are typical perf@rmaﬁce

curves drawn: from the results in

- Table 7 thramgh Table 12, 1nc1ueive.
14! : :

Gurva 8heet ?*

VThis ﬁurve Sheet compares brake hcr$e~

power vs, engine speed f@r‘

" (1) The StOOK engmﬁe‘:~«'
- {2) The engine equipped with dnal
- carburetors, :
{3) The engine eqmi@@ed with
'8/4-race camshaft,
{4) The engine equipped thh ﬁual
- earburetors and a 3/¢—raae cam-
y shaft :

Curve Sh&et 34

These Curves compare the tarqae aﬁd brake

specific fuel c@msumptaan vs. eugine gpeed

{1} The stack angine'--'

{2) The engine equipyed Wlth dual

: carburetors.

(3) The engine equigped thh a

: 3/4~race camshaft, -

(4) The engine equipped: with dual ,
zgr?gretmrs and a 3/4~race can=
shaft, G
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v
DISCUSSION OF RESULTS

This thesis consists of a series of performsnce
tests made om a 100 Hp, 1949 Ford V-8 Industrial
ﬁﬁgina‘te.détermiﬁé'the éifﬁats of a’rseing_eaﬁ and
dual. carﬁuretnrs on Engine Performance.

To the average autemabila owner, thﬁ engine
’périqmmgneﬁ:eharaetariatiaﬁ_whieh are most\iagartﬁnt #re
the ﬁawer/autgﬁt, thﬁ;abiiity=t9 aénaleraﬁe,.ggé:tkg fuel
_e¢anamy;}'ﬁéaa¢ythé results of this thesis w;11 §e dis-

cussed in regard to these characteristics.

" A. Power Output

Curve Sheet 7 shows the effects oé'¢agine'pér£¢rman¢e
@f'thé Efiéfiﬂe.aam;ahd!tha‘duailmunifelé_ea@h,tested
r-aeparateiﬁ'hnd then campasiteiy»w1tk an air tank~attaehed
;to the engine air intake for measuring air flaw.

| Tha engine aquiyyed with dual carburetors developaé
a maximum of 87, 6 Hp at 3500 rpm which is a 9.5 per cent
increase in power output over that of ﬁha ﬂt@@k,engine
whinh‘develagaé.a;maximum qﬁ.&égﬂyﬁp ai‘aéeﬁ:rym;,'whis
power inerease is;aaaraditeaAte_redaeaﬁ wiredrawing with~
in the aarburetﬁfs and the intake maniﬁnld.fesglting in a

manifold pressure approaching that of the atmosphere and
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to a more even distribution of the charge to the
eylindaxs brought about by’tha large éiﬁmeter and long
ra&ins ialet parts which are uwore aearly equal in length.

?he test engine equiyﬁeﬂ ‘with the atanaard manifold

o and a 3/4~race &am delivereé 8& 0 Hp at 3&59 rpm.giving

'van inerease aﬁ 11 25 per @ent in maximﬂm pawer at
| spead 256 rgm higher than that mf tha stock angine.  This
Jg@wér 1n¢reasa was br@ugkt about by the higher valve lift
v"and the earliar @pening cf the valves whiﬁh garmitted
| greater ehazge ta enﬁer the aylzndar dna ta th@ ramm&ag
effect :m the mtake manifa}d at high s:pema. -
b iuf ﬂhen tha 3/4~raaa can and énai ¢arbureﬁara were
- instal&ed tagether on tha t@at engine, it develeped
"Qédﬂ ﬁp,at>385ﬂ rpu. This gave a l?aawpqg_aant increase
in maximum power output over that of the stock engine
at a 450 rpm highar syead‘. 5t
| - These rasults were obtained frum the angine when
.» tha air tank was ia use. As shown by Test 1 for the
‘esingle maxburetor 1nst&11ation and Test 3 for the aual
garhuretar ipgtallatignxyhe preasure,lass through the
#ir'tank caused a 19‘35,per.cént and a 6.42 per cent
respective éaarease'in maximum powar.output.vfin ééeh
;vaaae maximum pover eeeurree from 350 to 400 rpm below
the speeds obtained withaut the use of an air. tank. it |

is possible that the parsentaga 1nsreaa@s in maximum
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power might have heﬁn slightiy different had the engine
been run without an axr tank. ”Test 1 and T@Qt 2 have
little significanca ainaa an engine is usually’ equippad
‘with an air filter which reduaes the flow of air to the
fﬁarburetar‘ }

The parp@sa of the air ‘tank was to furﬁish data
=faw‘mea$uring the rate of air fiow ta the engine, ' This
was done so that the expeated increase in engzne output
could be. aecaumtad for in. terms of the volumetric ef£1~
~ciency. ‘However the results ahtained‘fer the volumetric
'.efficieney had very 11tt1@ signxfieanae in that the
fvolumatria afficianciaa range& fram 34 to 60 per cernt
rthraughautsthe‘testa; ;wheuvclametrie=a£fieien¢y for an
engine shauld range £rom 65 to 80 per. cent.w - The ea1~
:aulateﬁ valnes af vaiumetrxe atﬁieiancy in fhis thesis
are und@ubtedly incorract since the air~£ue1 ratias, as
aalculated fram thﬁ air flaw data, were extremely small
'.whzﬁh 1ndieated rich mixtures. aevaral of these airvfual
zratias were lass than 7 to 1 whiah is the zowar lamit of

.naembusti@n for gasaline.;; ,
One source of errar which was discavered during
Test & was a slighﬁ mavameni of the manometer 1ave11ng

w0 o
lbié,‘gage‘ﬁ.
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screws which changed the zera reading of the manometer.
This movement was caused by the vibrations from the
engine beiagvtransmittéé to the manometer taﬁlérﬁy’way
.af thé'ai&»pipe whi#h #as eenhectad to the carburetor.
‘xn an attempt to counteraet thia éisturbance the mano~
meter was transfarreé to anather table which was isalata&
fram engine vibraticns. ﬂbwaver sin&s the manameﬁar

1 raadzngs wexe ast materially ahangeﬁ, it was concludaé
 that thera were aﬂditianaz errara which could not be

_ aeeannted iar or pezhnpa it is pasgible that tke manaw
, meter waﬁ aot sutfiaiently sanaitive to indicate th&

small pressure diiﬁerent;gls‘

- B, Acceleration

The aeeeler#ting abiiity of an engine is dependent .
upan»the augingvtorque. .‘Gnrve Sheet 8 shows a compari-
son of the torque curves far»fhe‘enginazwith‘variuus’
“&ambiﬂationsﬁdf égnipment. 5c¢ordihg*to the,aeeelaratian
tests mada in this investzgatien, the staak engine
requiraﬁ 12 secauds to aeeelerata from 1000 rpm to
8000 rpm at fuilfthrﬂttle'with;a 10 1b initial brake
load. V?he'same enginé“equipged with dual ear%uretors_,
required only 11.0 seaahds\tm accelerate to this speed
‘whéreaslll.ﬁ’aeconds were required for the engine using

“a 3/4-race cau. For a combination of equipment using a
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3/4~ra¢e eaﬁ aﬁﬁ dual cafbgretcrs it was found that the
engine rééuired4on1y 10.95 secénds t0.atta1n 3000 rpm.
'?ﬁe}aeéelaratien;timeﬁan}he.explained by comparing
the.torque;curves-glattad”fbr:the engine with various
- combinations of equipment. The stock engine developed
a maximum torque of 161 1b-ft at 1500 rpm and decreased
. rapidly beyond 1500 rpm. o
The engine with dual earburetoés déVeloped a méxiw
mum torque of 158 lb-ft at 2000 rpm. Although in this
case the maximum torque was less thaa”that_ﬁér the stock
engine, the faster acceleration time is explained by the
- fact that the torque,is nearly constaﬁt;frbm 1000 rpm to
’v;2800~rpm which increases the accelerating ability of thé
engine, | | | R
The maximum torque for the engine equipped with a
‘8/4-race cam was 156.5 1b-ft at 2200 rpm. The torque
vior~this7installatian was slightly lower than that‘forv
the dual carburetér installation below speeds of
va?éﬂ rpw, This fact indicates that the acceleration
time in this case was greater than that for the engine
equipped with dualbcarbureters,
: For the engine using a Siéﬁrade cam and dual
carburetors the maximum torque of 151.5 1b-ft occurred
at 2400 rpm. Below engine speeds of 2900 rpu the

torque for this installation was lower than that for
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,the engine using a Bléwrace cam. This low torque
indicates that the aacalexatioﬁ time weul& be greater
than that for the engine equipped with a 3K4~race can,

waaver.%ke time-ahserved~during the aeeelaratien test‘

- made on the engine equxpped with dual carburetars an&

3[4~raee cam . does not supgnrt this analysis. Tha,
varxatian in the acceleration time for this installa- :
tion is explained by the faat that during-the.aeceiera-«
ti@njtast'a'difierent persan_ma@é'tha tiﬁe réa&innghiah
- very brébab1y=intradneedran~ﬁrror sincsjthaffeaetian time
varies for different individuals. , I
'The low values of tarque for the 3/4~raea caun

- installation ec@urring at low engina speads were cansed

- by the large overlap of thﬁ_inlet.andfexhaust‘valvesy

‘whereas in the case of the dual aarbﬁreﬁor installation,
the law values of torqva grabably resultea frum incom-
plete cambuation due to riah wixtures affarded by )

4imprepar_carhuretmr jets.

"‘G‘ ?&ai ﬁcnaumyti@n

A mini&um brake}syecifin fuel cansumptian of
f79;68,1h/$hp~hr at.zaaoir@m-wag sbtaineﬁlxar the stock
fengiﬁé; “$he engine when equipped with duai-e§rbntet0rs

| sheﬁiﬂ'thééreﬁiégliyfgivawa.lawer_ﬁsﬁﬁ,\howaver,,the.miniw

mum:value*abtaineﬁ;iﬁ this thesis was 0.795 1b/Bhp-hr
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‘at Zlﬂﬁ’rgm a 16.9 per cent increase gvér that of the
s;éek enginé. ‘The increased fuel consumption was
vpraba&iyveause& by imprapér @iﬁture taties_éﬁe.te the
née of ﬁiandard,earbuéetor jets whiahvw@ré &és1gae6
v£§r single carburetor instéilation, Tbe'flqw rate
threugh each aarburetor iﬂ'a.dual carhuretar installa=-
-t1@n is aypraximately one~hal£ that ier a singie
aarburater. A carbureﬁar sh@uld be designed to glve
maximnm eaouemy for a particular range of flow rateﬁ,
:hawever, in this th&ﬂlﬂ the neeessary jets were not
~available. |

| ‘ 1mproved fuel economy was obtained for the engine
_equmppsd with & 3/4»raca cam, The Béfe-was'equal to
 that for a stock engine at syeads of 1@@@ rpu to

:1&&0 rem and less than that of the stock engzaa at
 $peaés}fr@m 18006 rpm to 43@@‘rpm. The minimum Bsfe
obtained was ﬁ;ﬁéﬁ 1b/Bhp~hr at'zsﬁﬁ rpm,‘é.éypex'cant
lesé'tﬁaa that for the stock engine. This decrease in
thé:Béfa is the résult of a large inﬂreéﬁs‘in'gow&r
quviéeﬁ'By'the graafer &ensity of the mixture which
was drawn into the cylinder.

- ivminimum'ﬁsfﬁ of %;82-1B/Bh§«hr'at"aaaﬁfrpm was
*gb§aine& f:@m the eﬁgine’eqnipgéd with a 3!45raéé cam

 3§& &@&1 carbﬂretars. ‘This value was a 20.6 per cent
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inefease over that of the stock engine. f&gain the
increased fuel ﬂmﬁsum@tion isryrabahly-due to the
nsa‘ﬁflimprﬂpar ¢arbuw@tmf jets.

"'ﬁt‘tha;s@aeﬁs fmr-méxiaum'p@wer, the Bsfc was
decreased 4.4 per cent over that of a stock engine by
the uﬂ@'@f’thﬁra?éwﬁac@‘eam; wheians it increased
| 15.88 per cent for the dual carburetor installation
and for the combination of dual carbureiors and the

3/4-race caushaft,
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v
 CONCLUSIONS

The following conclusions were drawn from the
results of this investigation:

A. A 3/4-race camshaft when installed in a
stock engine gave a 11.28 per uqnt increase
in maximum power output and a 4;41 per cent
decrease in Bsfc at a spéed of 250 rpm
higher than that for the standard engine.

ﬁ.»By the use of the 3/4-race cam the minimum
Bsic was reduced by 4.4 paf ¢cent and the
fuel economy was improved for all speeds
above 1600 rpm,

C. Good idling and improved acceleration were
afforded by the use of the 3/4-race cam.

D. The installation of dual carburetors with

. standard jets increased the maximum power
output of the stock engine by 9.5 per cent
~anﬂgimpraved-thé-aeeelarating ability.

- E. The use of dual carburetors with standard
jets increased the minimum Bsfe 16,9
per cent and the Bsfc at the speed for
- maximum power by 15.88 per cent over that

of the stock engine. With this installation
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fuel enaéump%ian increased for all
spaeda.

lt is pasaible that th@ fuel eeenomy would

" have been &mpravad had the proper Jeﬁs been

used with ‘the dual narbureters.

A cambination of dual earburetors ané a
3!4~raae cam incr@ased ‘the maximnm pnwsr
output by 1? 5 per eant and the apeéd ﬁar

maximnm ﬂawer incraaseﬁ appraximately

“”499 ta 456 rpm abeve that ﬁor ﬁaximum power

‘vaf the stack engiaa.'

H,
o

EN

ﬁith the nse ai a 3/4uraca cam and dnal

carhnretnrs tha minimum Bsfc increaaed

29.6 par aent aad the Bsfa at tha gpeed for

maximum puwer inereased 15.88 per cent over

” that ai the staak engine.

1. The equs.pmem tested in this investigation

preved benefieiai at syeeés above 3000 rpm,

| but the anly advantaga ahtained below

3090 rpm was 1mproved acaelarating ability.

Eoth the 3/4~race cam and the dual earburetqms

lxneraaaed the auaelarating ahility of the

engine, However, the engine equipped with
dual carburetors accelerated faster than
the engine with the 3/4-race cam.
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vI
FINAL SUMMARY

' The 3/4-race eﬁmiaaa:aual:earburatbrg tested in
this investigation prnvided noderate ineraaaes in
waximum power output at speeﬁs above 866& rpm. The
vfuel aensumptian was reducad by the use of the racing
type cam and inaraasad with the use of twa standard
earbnretars, anever in the lattsr case it is possible
“that the eeanomg wauld have been improvad had the proper
}‘aarburetor jets hsen installed.

The maximum power afferﬂeé'by the dual carburetors
;occurrad at ahout the same spead,as that far the stoek
engina whereas the maximum pover afforded by the
3/4~raee cam aceurrad at 250 rpm higher than that of the
stoek engine. ' ’

&arge increases in maximum pawer eutput and
“increase in tne $pe¢d f@r maximum power were provided
by a cvmbiaatien of a 3/4~race can aﬁd dual carburetnrs.
‘anaver the gain in speeﬁ and ynwer was obtained at the
~$xpense of fuel aunsumpt;sn.

The abave madmfzeations in engine aquipment were

beneficial for high speed eperatzan, the only advantage
at low spaeds being an ineraase in the acaelerating
‘ability of the engine.
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B
- RECOMMENDATIONS

The following are‘recommendatious suggested for

future investigation:

1.

2.

Se

4.

6.

To determine the effects of a 1/2-race,

full-race, and a track-grind camshaft

on engine performance.

To detarminévtha optimum spark advance far

an eﬁginevequipped with a 1/2~ra¢e;?3/4-race,
full-race, and track-grind camshaft.

To éetermine the effects of different size
eafhuretor jets‘an engine performanée in a
dual carburetor installation. |
Ta'determine effects on engine performance
of a manifold designed for three carburetors.

To determine the effects on engine per-

‘formance of enlarging the inlet and exhaust

ports and valves. | |
To determine the effects of various types

of superchargers on engine performance,
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X1
VITA

The authaf‘Was’born‘in_ﬂéwpmrt, Virginia,
September 27, 1932,  After ké had attended the
| Rﬁwpérf‘ﬁlémantary School for one year, his family
" moved to Christiansburg, ?irgiaia,‘whére he ennfinueﬁ‘
his grade school education at the @hristiansbnrg Primary
and Graﬁmarsﬁehﬁals. Iﬁ11945, he entere&'ehristia£sburg
High,ﬁahoﬁl;wheée he 1ater gradnated in the spring of
1949, o |

 In the f£all of 1949, he ﬁaa aémitfed‘ta the
virgiﬁiaivalyteehnic Institute to pursﬁé the study of
Mechanical anginaaringm As an undergraduate he was a
mamharyéf Tau Beta ?&,'@&'Tau Sigma, and the Student H
Branch of A. 8. M, E, ﬁn.ﬁﬁne 7, 1953, the author was
gradu#ted_with a‘Bacheibﬁ éf,aeienae Degree in Mechanical
Engineering, | _

While in High School and during his study at the
‘Virginia'ﬁolytaehnia'Institate he was smplbyed on a part-
time status by Mick or Mﬁcklstare, Christiansburg, |
virg§nia, Following graduation from V. P. I. he was
_amplayed by the Radford Arsenal Branch of Hayes, Seay,
Mattern & Mattern, Roanoke, Virginia;} | |
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In the fall of 1954, he enrolled as a graduate
stu&aﬁt;&tjtha,?ixginia‘?aiyteehnic_Inatitutexwhara he
'pursﬁad'tha aguréa of study leading to the degree of

Master of Science in Mechanical Engineering.




