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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 

° 
m
O
O
N
M
 

O
O
O
N
A
W
 

a 
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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 carburetors. This intake manifold 

has short passages which are larger in 

diameter than the passages of the standard 

Ford wanifold. Phese inlet passages are 

interconnected and have long radius bends. 

The purpose of this design is to reduce 

the flow resistance of the air-fuel mixture 

and to give nore even distribution of the 

wixture to the cylinders, especially ‘the 

cylinders fartherest away from the car- 

buretor. | 

The canshaft tested in this investigation 

was an Iskenderian grind, 3/4-race camshaft, 

Figure No. 3, made of highly polished cast 

iron. This caushaft bas a Lift of 0, 320 | 

inches as compared with 0.296 inches for the 

standard Ford camshaft. The racing type can- 

shaft was ground to provide a higher lift and 

an earlier opening and a later closing o£ the 

valves. The valve timing diagrams for both 

the standard Ford grind and the Iskenderian 

| grind canshafts are shown in ‘Figure No. 4. 

Adjustable tappets were used to replace 

the standard non-adjustable tappets so that 

the clearance between the valve stem and the
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Figure 3. Photograph of the Iskenderian Grind 
3/4-Race Camshaft 

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

- Oil pump drive gear O
u
r
 
O
d
e
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TOP CENTER 

EXHAUST 
CLOSES 

INTAKE 
OPENS 

INTAKE 
CLOSES 

BOTTOM CENTER 

ISKENDERIAN 3-RAGE CAM 

TOP CENTER 
[. 

    

EXHAUST 
CLOSES 

INTAKE 
OPENS 

  

—EXHAUST 
OPENS 

INTAKE 
CLOSES 

BOTTOM CENTER 

STANDARD FORD CAM 
  

FIGURE-4. VALVE TIMING DIAGRAMS 
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tappet could be set to specifications. * 

The clearance specified for the Iskenderian 

grind cam is 9.014 inches for both the 

intake and the exhaust valves. 

2. Accessory Apparatus 

a. Electric Dynanioneter 
No. 1676510; Type TLC 50; Class 6~150~2200. 
Amperes 410; Volts 250 . 
As a Generator: Absorbs 150 Hp at 

2200-5000 rpm 
As a Motor: Delivers 120 Hp at 

- 1950-5000 rpm 
Speed 4000-5000 rpm intermittent 
Torque Arm 21.008 inches | 
General Electric Company, U. &. A. 

b. Electric Dynamonmeter Control Panel 
PL 2233087, CR1420; Volts 250, Hp 150 
inst. K~223541, K-2232993 
General Electric. Company 
Schenectady , N.Y. 

1 omy, 

| This Unit contains: 

(1) Field Rheostat 
(2) Field Potentiometer 
(3) Load (Armature) Rheostat 
(4) Generator Switch | | 

CR 2960; SY 104 A Switch 
Cat. 2881893 _ 

  

* Note: 
Racing camshafts are ground from standard camshaft 
cores, In order to provide a higher lift the base 
circle of the cam is ground to a emalier diameter; 
and the nose and flank are ground to the proper 
shape to give the desired valve timing and lift. 
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 to specifications. |
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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 
ll. Starting switch 
12. Field rheostat vernier control ~ 
13. Loading switch 
14. Load rheostat 

* 
* 

«
e
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Magnetic Switch 
 € Contactor 

CR 2800~-112152 
Moter Load Switch 

 SA-250V; 10A-125V_ 
Magnetic Switch 

 #B-C Contactor 
ss GR BBO0-112152 

(5) Direct Current Ammeter. for 
 Avmature Current | 

No. 921130, Type D-8, ‘Shunt Ext. 
Capacity: 400 awps as Generator 

Se 600 amps as. Motor 
(6) Divect Current Voltmeter for 

.  Arnature Voltage 
Type DD-6 
Model 8 DD 6VEL209 No, ‘9587846 
Range 0-400 V. DC 
General Electric, U. S. A. 

(7) Overload Circuit Breaker 
: No. P-21590562, CR P. ~2906 

Poles 1 
$00 Aups, 650 Volts, be 

- General Blectric Company 
 . . S¢hensetady, Ns Y. 

<8) Field Switch to Reverse _ 
Direction of Rotation of . 
Dynamoneter 600 anips ; 250 V. BC, 

: | 500 ve AC 
| Trumbull 

Electric Tachometer for Approximate 
Dynamometer Speed 
Range 0-5000 rpm 
Model 273, No. 13598, Model A 
The Blectric Tachoneter Company | 
Philadelphia, Pennsylvania 

_ Weston Electric Instrument Company 
Newark, New. Jersey — . 

- ay Revolution Counter 
Range 0-9,999,999 Revolutions 

- Type 5-200, No. 1263 
The Electric Tachometer Corporation 
Philadelphia, Pennsylvania —
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Fuel Control Apparatus Consisting of: 

a) two 300-500 ce glass burettes 
(2) Three-way control valve ce 

Ne Be PP Co. ‘ ‘ 

(3) Two Globe Valves 
Lonkrenheimer - Fig. 2140 : 

(4) Knife switch to start and stop the 
| timing - device and revolution counter 

Engine Control Panel, including: 

(1) Exhaust Manometer ~ Range 0 to 1s" Hg 
(2). Intake Manifold Manometer ~ Range 

‘ , 6 to 2 25" " Hg 

@) Ignition Switen | 
(4) Starter Switch 
(5) Engine Temperature Gage - C to H 
(6) O11 Press Gage 0 to 200 psi’ 
(7) Ammeter - 30 to 30 amps 

Air Tank - 13-1/2" dianeter by 5Gt long 

(1) 3" long radius flow nozzle | 
(2) Inclined Manoneter 0-20 "E90 
(3) Piping for carburetor hook-up 

Exhaust Pyrometer. 
Type AH, No. 0, Serial 21306 

Range 0-400°C, 0-45 MV 
Hoskins Manufacturing Company 
Detroit, Michigan 

Mix-~Master Combustion Indicator 

Combustion Efficiency 60 to 100% 
Air/fuel ratio 10-16 
E-3652 — 
Electric Products ‘Company 
New York 

Hygrometer — 
Range: Wet Bulb 16~-124°F 

Pry Bulb 18-122°F — 
‘faylor Company 
Rochester , New York 

Battery for Ignition 
6 volt auto battery



  
  

Figure 6. Photograph of Engine Instrument 

a 
O
o
N
H
 UV

 

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. Photograph of Air Tank and Long 

Radius Flow Nozzle 

  
i, Aa? 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 

5 

carburetor air intake 

G. E. Cradle type dynamometer



28 

1. Gooling Water from Supply Main 
dacket Water Lines: 

The 

ne 

Oo» 

(2) 

(2) 
(3) 

(4) 

Globe valves and piping 
Inlet ~ Powell Glob, Fig, 110 
Outlet ~ Powell U. 8. Gate, Fig. 500 
Two thermometer wells 
Two thermometers 
Range ~ Inlet 0-120°F No identifica- 

on 
Outlet 0-400°F 

Fisher E& A, U. 8S. A. 
Oil Pan Cooling Coil 

(a) Inlet vaive ~ Lunkenheiner 
| Fig. 16 

(b) One thermometer well 
(c) One thermometer 0-4000F 

(a) Three-way Valve 
1/4" Crane 125~A; 175 W 

Stop Wateh for Determining Length of 
Runs: . . 
AR& J. &E. Meyland 
New York 

Engine Lubricating oil 
Essolube SAE 30 

Fuel Tank 
approximately 40 gallons 
M. z. Lab 

Motor Generator Set for Supplying Armature 
Current to the Dynamometer: 

(1) Motor 
Westinghouse Type CS induction Motor 
Constant Speed, 75 Hp, Frame 635C 
Volts 2300, Amperes Per Terminal 17.3 
3 Phase, 60 cycle; rpm at full 
load -1750 
Style 51M334, Serial #151223 
soa oes eperation at full load 

Service "factor 1 1.115 at rated 
Wosrace and o Eject 

sth nghou ectric gnd 
a rporat 

East Pittsbure ‘Works. Pittsburg, Pa.
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(2) Generators: 

@&) Westinghouse Compound Wound 
‘pC Generator 

_. Sype SK; 26 Kw; Frame; Frame 93, 
125 v., 200 amps 
Style 51M333, Serial 8151221, 
1750 rpm | 
100% load, time 24 hours - 
‘temperature rise 40°C 
Westinghouse Electric and 

. Manufacturing Corporation 

a) 

East Pittsburg, Pa. 

Same as (a) 
Style 51M332, Serial 8151219: 

e Westinghouse Control Panel 

— @) 

@) 

Voltueter (Two), 0-150 V. DC 

(1) Type Sx, Style 293402, 
Serial 1123051, 
Tnsul, Rating 750 Ve 

“. (2) type Bx, Style 293402, 
| Serial 11294046, 
Insul, Rating 750 v. 

Aumeters (two), 0-300 amps BC 

| qa Type Sx, Style 304529, 
Serial 114606 

'Inesul, Rating 750 v. 
7 @) Type Sx, Style 304529, 

{c): 

600 v. AC 

@) 

te) 

‘Serial 1097718, 
‘Insul, Rating 750 Ve 

Two: Knife Switehes for Genera- 
tors 200 amp; 250 V. DC, 

two Rheostats for Controlling 
Voltage Output 

‘hwo Carbon Circuit Breakers 

200 amps, DC; 600 V.; 
Style 501556~B
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(1) Pole Unit #7, Type CL 
- §$tyle $01556-B | 

(2) Pole Unit #10, Type CL 
: Style §01556-B 

Starting Box 
Westinghouse Auto Starter Type A 
Prame 11, 3 Phase, 2200 v., 
80 Cycle: 

Motor 
Field 

(1) 

(2) 
Model 47457 
Type COGS, Form AL, Compound Wound, 

(3) 

75 Hp | 
Style 402730 
Starting Period -20 seconds © 

Generator Set for Supplying Direct 

Current: 

General Electric Induction Motor, 
Model 69A186— 
Type ETO48-4-10-1800 
Form CL; 3 amp, 60 cycle, 220 v.; 
Speed. ful1 load 1740 rpm 
No. £91162. 
10 Bp, continuous operation 
50°C rise 
General. Electric Corporation 
Schenectady, N. Y. 

Direct Current Generator, 

24 amps, 250/250 Ve 
Speed 1800 rpm; No. 1663447 
6 Kw, continuous operation 50°C rise 
General Blectric Corporation 
Schenectady, N. ¥Y. 

Starting Mechanism 

(a) Push Button Station 
0h. 2940 - 88795; 
Maximum Volts 600 
General Electric Corporation 

(b) Magnetic Switch 
CR 7006-04, Cat. 177358962 

-. 220 v. at 60 eyeles, 110 v. at 
(25 cycles 
General Electric Corporation |
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C. Method of Investigation 

The object of thia investigation was to determine 

the effects of two twin-barrel carburetors, @ Specially 

designed dual intake manifold, and a racing type caw- 

ghaft on engine performance. in order to obtain this 

objective, a series of perforuance teste were made on 

® 1949 Ford V~8 Industrial Engine. 

All of the tests performed in this investigation 

were full throttle and general engine performance made 

in aceordasce with the recoumendations of the power test 

  

oode published by the American Society of Mechanical 

Engineers (PTC 17-1949}, 

Before the engine was started the epark plug gap, 

ignition timing, and distributer breaker pointa were 

set to Manufacturer's specifications; and the o11 level, 

cooling water, and dynanometer coupling were ehocked. 

The engine wae then etarted by the electric dysanometer 

which was supplied with 120 volt B.C. fron a notor 

@enerator set. As goon as the engine began to fire, the 

dynamometer starting circuit was opened. The engine 

running at 500 rpm wee then allowed to warm up fer 

10 winutes, The load circuit of the dynamometer was 

then closed, the engine Speed increased to 1000 rpm, and 

@ swalil load applied to the engine by decreasing the 

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

temperature at 165  5°F, and the 911 cooling water 

temperature was held as near 110°F as possible. The 

throttle was gradually opened as the load was applied, 

1. Power Tests 

The full throttle power tests. were made with 

the engine running at constant speed. Six full 

throttle performance tests were made on the engine 

as follows: 

Test No. 1. The en ine regularly equipped with 
the carburetor air yntake bpen to 

_ the atmosphere, 

Test No. 2. 

Test No, 3. 

ws 

Test No. 4. 

Test No. 5. 

Test No. 6. 

tank, 

The engine equipped as in 
Test No. 1, except the carburetor 
Was connected to an air tank with 
2 long radius flow nozzle for the 
‘pur ose of measuring: the air flow 
to t . a he carburetor. 

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 
Lift canshaf¢, a standard intake 
manifold, and a single carburetor 
connected to the air tank, 

The engine equipped with a high 
lift camshaft, a dual intake mani- 
fold, and two twin-barrel car~ 
buretors connected to the air
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Figure 8, Photograph of the Single Carburetor 

Installation 

_
 

a 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 
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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 
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‘The purpose of Tests No. aL and No... 3 which were 

nade with the carburetors open to the atnosphere 

was to coupare the effect on power: output of the 

engine with and without ‘the air measuring tank. 

| A series of constant speed runs, ranging 

from approxinately 1000 ‘<pu to 4400 rpn, were 

made during each of the performance tests. Data 

(Bee Tables 1 through 6S) were taken during each 

of the FURS after operating conditions became 

steady as ‘follows: 

1. Tachometer Reading, rpm 
2. Counter Reading, Revolutions 
8. Time of Run, sec 
4, Fuel consumed, cu cm 
‘6S. Dynamometer Brake Load, Ub 
6. Jacket Water Inlet and Outlet 

Temperatures, CF = 
7. Wet and Dry Bulb Tenperatures, OF 
8. 011 Cooling Water inlet and Outlet 

- femperatures, OF 
9. Exhaust Gas. Temperature, o¢ 

10. Qi1 Pressure, psig an 
Li. Intake and Exhaust Manifold Pressures, 

- ain.8g Gage | 
12. The Pressure Drop Through the 3 in. Flow 
- Nozzle, in.Hg® 
13. Barometric Pressure, in, Eg. 

2. Constant Load Acceleration Tests 

Constant load acceleration tests were made 

with the engine equipped as in Power Tests Nos. 2, 

4, 5, and 6. For these tests the engine was 

operated with a 10 pound dynamometer brake load> and 

accelerated from 1000 rpm to 3000 rpm observing the 

time for the acceleration.
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3. Friction Tests | 

| Friction Horsepower Tests were nade after each 

of the six power tests. The engine was driven by a 

cradle type electric dynauometer Gonnected to a 

240 volt D. C. supply. The friction tests were 

wade with the fuel supply turned off, the ignition 

on, the throttle wide open, and with the water | 

temperatures held as close to the temperatures of 

the power tests as possible. The data taken during 

the friction tests were time, revolutions, and brake 

load. 

D. Method of Calculations _ 
  

(The following are sample calculations for Run 1 

of Test No. 2: | 

0 
t 

  

a. Actual Speed, rpu = 

where ¢ = Counter Reading, revolutions 
~* Tine, sec 

_, 60(1470) 
tpn “99-57 

rpm = 955 

 b, Brake Torque, T = FL 

   

    

where a # Brake Tore ue 
= Dynanomet tol? 

i, = Leneth of Brake it £t 

T = 141.0 lb-ft 
 



37 

ec. Fuel Consumption, 

y, « (ce) (Sp.Gr.) (3600) (2.208) 
4 (t) 1000 ~ 

where We = Fuel Consumption, 1b per hr 
e@ = Cubic Centimeters of Fuel 

Sp.Gr. * Specific Gravity of Fuel 
t * Time of Run, sec 

2.205 #« Density of Water, ib per ce 
1000 

  

We 19.8 lb/hr 

  

d, Brake Horsepower, Bhp ete 

where Bhp = Brake Horsepower 
F = Dynamometer Load, 1b 
N = Actual Dynamoneter rpm 

3000 « Dynamometer Constant 

nn « (80.5) (955) 
Bhp “3000 

  

    Bhp = 25.6 
te 

@. Specific Fuel Consumption, we * i. 

  

where Wy, = Brake Specific Fuel 
Consumption, 1b/Bhp~hr 

W« Fuel Consumption, ib/br 
Bhp =~ Brake Horsepower 

* 

wg * 0.775 1b/Bhp-br
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£. Brake Mean Effective Pressure, 

“tr AN 

where Pm = « Brake Mean Effective 
Pressure, psi 

Le * Length of Stroke, ff 
A Area of Piston, in.‘ 
N= Namber Power Strokes 

per Minute : 

pm = (33, 000) (25.6) | 
@.75) (ft) (3. 1875) (955) (5) 

is tay 

Pm « 88.5 psi 

_g. Higher Heating Value, HEV = 18, 320 + 

| 40 Meg. Be'~10) 

where ‘ERY = Higher Heating Value of 
: Fuel, btu/lb - 

‘Deg. Be’ me Gravity of Fuel 
— 18,320 » Lower Heating Value of 

| ‘Gasoline as Listed by 
YU. 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 Bfticiency 

: 2545. om x 100 
e W, Hiv y . 

where e¢ = Brake Thermal Efficiency, % 
We = BSFC, 1b/Bhp~hr 

Biv « Higher Heating Value of 
Fuel, btu/ib 

8546 al - Constant, btu/hp~hr 

    

: (3545) (100) _ 
, ON * Zi + oO 

i. Correction Factor, Ne = Soap x iy ae0 

where Ne « Correction Factor 
| pie ; Baronetric Pressure, in. hg. 

Pwo Partial Pressure of Saturated 
oo Vapor at Temperature #1", 

, din. he: 
*& * Relative Humidity, % — 
t = Dry Bulb Temperature, °F 

t, = Standard Temperature, 60°F 

g9.92 i (t/t 480 
7755-0 S582) COLBY V 80-4 460 

  

je Corrected Brake Horsepower, 

| ‘Bhp, * Bhp x N, 

Bhp, = (25.6).(1,116) 

Bhp, =.28.6



FN 
3000 

  

k. Friction Horsepower, Fhp = 

where Fho = Friction Horsepower : 
F = Dynamoneter Brake Load, Ib 
N = Bynamometer rpm 

#000 = Dynanometer Constant - 

Fhp * ae 

Fhp = 5.2 

Ll. Indicated Horsepower , Corrected, 

—Ibpe = Fkp + Bhpe 

Thpe * ai 5. 2 + 28. 6 

Ihpe ae 33. g 

  

oo , Bhp, 
m, Mechanical Efficiency, fu = ——— = 100 

ThPe 

ge B86 | 
Eo 33.8 x 100 

Eu __= 84.5% 

nu. Weight Flow of Air, Wa = 18.3 AC \/ hyPa 

where W = Weight Flow of Ain igi b/sec 
<A * Avea of Orifice, ft", = 0.0491 
¢ « Nouzle Discharge Coefficient, 

= 0,983 | 
h, « Preseure Drop at Nozzle Throat, 

in. B99 3 
Paes Density of Air, lb/ft", = 0, 069 

Wa. = 18.3(.0492) (0.988) \/ (025) (069) 

  

Wa _= 0.0368 lb/sec |
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0. Weight of the Air Based on the Piston 

Displacement at Ambient Temperature and 

Pressure, 

Wq * Vg( NP, wd Or a 

  

where Wa: # Weight of Air, lb/see 
Vg = Displaced Volume, #+3 
N « Engine rpm 3 

Pa « Density of the Air, lb/ft 

Wg = £239__) (1000) (0.069) 
ce “728s” “120 

Wg = 0.0795 1b/sec - 
  

p. Volumetric Efficiency, Ey i x 100 

ew 9:0368 , io 
By “ o:over * *°° 

Ey = 48.4% 

q. Air-Fuel Ratio, A/F = (3600) (#2 ) 

where Wa « Weight Flow of Air, ib/sec 
We = Fuel Consumption, ib/br 

| as 35 

AR = 6.70 |



E. Results 

The results of this thesis are in the form of 

fables and Curves which may he found in Section ZX as 

follows: 
| 1. 

2. 
“These Tables. contain the calculated 

42 

Fables i through 8: 

These Tables contain data obtained 
during Test 1 through fest 6, inelusive, 

fables 7 through 12: 

  

  

results for the data in Table 1 through 
Table 6, inclusive, | | 

Curves Sheet, a through 6 
  

These Curves are typical performance 
curves drawn. from the results in 
Table 7 through Table 12, inclusive. 

A, Curve Sheet . Ze 
  

This Curve Sheet conpares. brake horse- 
power vs, engine speed for: 

' (1) The stock engine, - 
(2) The engine equipped with dual 

carburetors, 
(3) The engine equipped with a 

3/4-race camshaft. . 
(4) The engine equipped with dual 

carburetors and a 8/4-race can- 
shaft. oo 

Curve Sheet &: 
  

These Curves ecaoupare the torque. ‘and brake 
specific fuel consumption VS. engine Speed 
for: | 

(1) The stock engine. -- 
(2) The engine equipped. with dual 

carburetors. 
(3) The engine equipped. with a 

3/4-race camshaft. — . 
(4) The engine equipped with dual 

carburetors and. a 3/4-race cam~ 
shaft. |
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\_OF RESULTS 

This thesis consists of a series of performance 

tests made on a 100 Hp, 1949 Ford V-38 Industrial 

Engine to determine the effects of a racing cam and 

dual carburetors on Engine Performance. . 

fo the average automobile owner, the engine 

performance characteristics which are most. important are 

the power output, the ability to accelerate, and the fuel 

economy. Hence the results of this thesis will be dis- 

cussed in regard to these characteristics. 

A, Power Output 

Curve Sheet 7 shows the effects on engine performance 

of the 3/4-race cam and the dual manifold each tested 

_ geparately and then compositely with an air tank attached 

to the engine air intake for measuring air flow. | 

The engine equipped with dual carburetors developed 

a maximum of 87.6 Hp at 3500 rpm which is a 8.5 per cent 

increase in power output over that of the stoek engine 

which developed a maximun of 80.0 Hp at 3400 rpm. This 

power increase is aceredited to reduced wiredrawing with- 

in. the carburetors and the intake manifold resulting in a 

manifold pressure approaching that of the atmosphere and
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to a more even distribution of the charge to the 

cylinders brought about by the large diameter and long 

radius inlet ports which are wore nearly equal in length. 

Oe “The test engine equipped with the standard manifold 

and a 3/4-race ‘cam delivered 89.0 Hp at 3650 rpm giving 

an increase of 11,25 per cent in maximum power at a 

speed” 250 rpm higher than that of the stock engine. ‘This 

‘power increase was brought about by the higher valve Lift 

and the earlier opening of the ‘valves which permitted 

| a greater charge to enter the cylinder due to the y Panming 

_ effect in the intake manifold at high speeds. | 

a _ When ‘the 3/4-race can and dual carburetors were 

| installed together on the. test engine, it developed | 

| 94,0 Hp at 3850 rph. This gave a 17.5 per cent inerease 

in maximum power output over that of the stock engine | 

at a 450 rpu higher speed. | : 

These results were obtained from the engine when 

the air ‘tank was in use. As shown by Test 1 for the 

-single carburetor installation and Test 3 for the dual 

carburetor installation | ‘the pressure. loss through the 

airy tank caused a 10.85 per cent and a 6.42 per cent. | 

respective decrease in maximum power output. In each 

ease maximum power occurred from 350 to 400 rpm below 

the. speeds obtained without the uge of an air tank, it | 

is possible that the percentage increases in maximum
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power might have been slightly different had the engine 

been run without an air tank, Test i and Test 2 have 

little significance. gince. an engine is usually equipped 

with an-air filter which reduces the flow of air to the 

carburetor. | | 

The purpose of the air tank was to furnish data 

for measuring the rate of. air flow to the engine. This 

was done so that the expected increase in engine output 

could be accounted for in terms of the volumetric effi- 

‘ciency. However the results obtained for the volumetric 

efficiency had very little significance in that the 

volumetric efficiencies ranged from 34 to 60 per cent 

throughout the tests, ‘The volumetric efficiency for an 

engine ghould range from 65 to 80 percent.” ‘The cal~ 

culated values of volumetric efficiency in this thesis 

are undoubtedly incorrect since the air-fuel ratios, as 

calculated from the air flow data, were extremely small 

_ which indicated rich mixtures. | Several of these air-fuel 

‘ratios were less than 7 to a which is the lower Limit of 

‘combustion for gasoline, . 

One source of error. which was discovered during 

Test 5 was. a slight movement of the manometer leveling 

  eo. | 

Ibid, page 8.
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screws which changed the zero reading of the manometer. 

This wovement was caused by the vibrations from the 

engine being transmitted to the manometer table by way | 

of the air pipe which was connected to the carburetor, 

In an attempt to counteract this disturbance the mano~ 

meter was transferred to another table which was isolated 

fron engine vibrations. However since ‘the manometer 

‘readings were not materially changed, it was concluded 

that there were additional errors which could not be 

accounted for or perhaps it is possible that the mano~ 

"meter was not sufficiently sensitive to indicate the 

suall pressure differentials, 

B. Acceleration 

The accelerating ability of an engine is dependent | 

upon the engine torque. Curve Sheet 8 shows a compari- 

son of the torque curves for the engine with various 

 gombinations of equipment. According to the acceleration 

tests made in this investigation, the stock engine . 

required 12 seconds to accelerate from 1000 rpm to 

3000 rpm at full throttle with a 10 lb initial brake 

load. ‘The same engine equipped with dual carburetors 

required only 11.0 seconds. to accelerate to this speed 

whereas 11.6 seconds were required for the engine using 

@ 3/4~7race cam. For a combination of equipment using a
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3/4-race cam and dual carburetors it was found that the 
engine required only 10.95 seconds to attain 3000 rpm. 

The acceleration time can be explained by comparing 

the torque curves plotted for ‘the engine with various 

combinations of equipment. The stock engine developed 

@ maximum torque of 161 lb-ft at 1500 rpm and decreased 

_ rapidly beyond 1500 rpm. - | 

The engine with dual carburetors developed a maxi-~ 

_wum torque of 158 lb-ft at 2000 rpm. Although in this 

case the maxinun torque was less than that for the stock 

engine, the faster acceleration time is explained by the 

fact that the torque is nearly constant from 1000 rpm to 

2800 rpm which increases the accelerating ability of the 

engine. | | : | 

The maximum torque for the engine equipped with a 

8/4~race cam was 156.5 lb-ft at 2200 rpm. The torque 

for this installation was slightly lower than that for 

the dual carburetor installation below speeds of 

3700 rpm. This fact indicates that the acceleration 

time in this case was greater than that for the engine 

equipped with dual carburetors. 

For the engine using a 3/4-race cam and dual 

Garburetors the maximum torque of 151.5 lb-ft occurred 

at 2400 rpm. Below engine speeds of 2900 rpm the 

torque for this installation was lower than that for
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the engine using a 3/4-race cam. This low torque | 

indicates that the acceleration tine would be. greater 

than that for the engine equipped with a 3/4-race. can. 

However the time observed during the acceleration test 

made on the engine equipped with dual carburetors and 

a 3/4-race cau does not support this analysis. The / 

variation in the acceleration time for this instalia- 

tion is explained by the fact that during the accelera- 

tion test a different person nade the time reading which 

| very probably introduced an error since the reaction time 

varies for different individuals, 

The low values of torque for the 3/4-race can 

_ installation occurring at low engine speeds were caused 

_. by the large overlap of the inlet and exhaust valves; 

whereas in the case of the dual carburetor installation, 

the low values of torque probably resulted from incon~ 

plete coubustion due to rich mixtures afforded. by 

improper carburetor jets. 

G. Fuel Consumption 

| A minimum brake specific fuel consumption of 

| 0.68 1b/Bhp-hr at 2500 rpm was obtained for the stock 

engine, The engine when equipped with dual carburetors 

_ should theoretically give a lower Bsfc, however, the mini- 

wun value obtained in this thesis was 0.795 1b/Bho-hr
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at 2100 rpm a 16.9 per cent increase over that of the 

stock engine. The increased fuel consumption was 

probably caused by improper mixture ratios due to the 

use of standard carburetor jets which were designed 

‘for single carburetor installation. The flow rate 

through each carburetor in a dual carburetor installa~ 

tion is approximately one-half that for a single 

carburetor. A carburetor should be designed to give 

maximum economy for a particular range of flow rates; 

however, in this thesis the necessary jets were not 

available, | 

_ Improved fuel econony was ebtained for the engine 

“equipped with a 3/4-race can, The Bsfc was equal to 

‘that for a stock engine at speeds of 1000 rpm to 

1600 rpm and iess than that of the stock engine at | 

speeds from 1600 rpm to 4300 rpm. The winimum Bsfe 

obtained was 0,645 lb/Bho~-hr at 2860 rpm, 4.4 per ceat 

‘leas than that for the stock engine. This decrease in 

the Bsc is the result of a large increase in power 

provided by the greater density of the nixture which 

owas drawn into the cylinder, 

| A winimum Bsfe of 0.82 lb/Bhp-br at 3400 rpm was 

‘obtained fron the engine equipped with a 3/4-race cam 

and dual carburetors. This value was a 20.6 per cent
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increase over that of the stock engine. ‘Again the 

increased fuel consumption is probably due to the 

use of improper carburetor jets. 

At the speeds for waxinun power, the Esfc was 

decreased 4.4 per cent over that of a stock engine by 

the use of the 3/4-race can, whereas it increased 

15.88 per cent for the dual carburetor installation 

and for the combination of. dual carburetors and the 

3/4~-race causkaft.
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CONCLUSIONS 

The following conclusions were drawn from the 

results of this investigation: 

A. 

B. 

Cc. 

& 3/4-race camshaft when installed in a 

stock engine gave a 11.25 per cent increase 

in maximum power output and a 4.41 per cent 

decrease in Bsfe at a speed of 250 rpm 

higher than that for the standard engine. 

By the use of the 3/4-race cam the minimum 

Refc was reduced by 4.4 per cent and the 

fuel economy was improved for all speeds 

above 1600 rpw. | 

Good idling and improved acceleration were 

afforded by the use of the 3/4-race cam. 

|The installation of dual carburetors with 

- gtandard jets increased the maximum power 

output of the stock engine by 9.5 per cent 

and improved the accelerating ability. 

The use of dual carburetors with standard 

jets increased the minimum Bsfe 16,9 

per cent and the Bsfe 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 consumption increased for all 

speeds, 

It is possible that the fuel economy would 

have been improved had the proper jets been 

| used with ‘the ‘dual carburetors. 
: G. 

A combination of ‘dual carburetors and a 

3/4-race can increased ‘the maxinum power 

output by 178 per cent and ‘the spedd for 

maximum power inereased approximately 

400 to 450 rpa above that for maxinun power 

of the stock engine. 
- 

With the use of a $/4-race | cam and dual 

carburetors the ‘minimum Bsfc increased 

20, G per cent. and the Bafe at ‘the speed for 

maximum power increased 15.88 per cent over 

| that of the stock engine, 

i. 

a 

The equipment tested in this investigation 

Proved beneficial at speeds above 3000 rpm, 

but the only advantage obtained below 

3000 rpm was improved accelerating ability. 

Both the 3/4-race cam and the dual carburetors 

increased the accelerating ability 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 cam and dual carburetors tested in 

this investigation provided moderate increases in 

maximum power output at speeds above 3000 rpm, The 

fuel consumption was reduced by the use of the racing 

type cam and increased with the use of two standard 

carburetors. However an the latter ease it is possible 

that the economy. would. have: been. improved had the proper 

- carburetor jets been installed, 

The maximum Power afforded by the dual carburetors 

‘eceurred at about the same speed as that for the stock 

engine whereas the maximum power afforded by the 

3/4-race ean ocourred at 250 rpn higher than that of the 

stock engine,. 

Large increases in maximum power output and 

“ dncrease in the speed for ‘haximum power were provided 

by a combination of a 3/4-race. cam and dual carburetors. 

However the gain in speed and power was obtained at the 

expense of fuel. consumption, 

The above modifications in engine equipment were 

beneficial for high speed operation, the only advantage 

‘at low speeds being an increase in the accelerating 

ability of the engine.
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VIE 
| RECOMMENDATIONS © 
  

The following are recommendations suggested for 

future investigation: 

i. 

2. 

36 

4. 

6. 

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

full-race, and a track-grind camshaft 

on engine performance. 

To determine the optimum spark advance for 

an engine equipped with a 1/2-race, 3/4-race, 

full-race, and track-grind camshaft. 

To determine the effects of different size 

earburetor jets on engine performance in a 

dual earburetor installation. | 

To 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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XI 

VITA 

‘The author was born in Newport, Virginia, 

September 27, 1932. After he had attended the 

Newport Blenentary School for one year, his family 

‘moved to Christiansburg, Virginia, where he continued 

his grade school education at the Christiansburg Primary 

and Grammar Schools. In 1945, he entered Christiansburg 

igh School where he later graduated in the spring of. 

1949, | 

In the fall of 1949, he was admitted to the 

Virginia Polytechnic Institute to pursue the study. of 

Mechanical Engineering. As an undergraduate he was a 

menber of Tau Beta Pi, Pi Tau Sigma, and the Student | 

Branch of A. &. M. E. On June 7, 1953, the author was 

graduated with a Bachelor of Science Degree in Mechanical 

Engineering. _ . 

While in High School and during his study at the 

Virginia Polytechnic institute he was employed on a part 

time status by Mick or Mack Store, Christiansburg, 

Virginia. Following graduation from ¥. P. I. he was 

euployed 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. 

student at the Virginia Polytechnic Institute where he 

pursued the course of study leading to the degree of 

Master of Science in Mechanical Engineering. 

 


