
University of Northern Iowa University of Northern Iowa 

UNI ScholarWorks UNI ScholarWorks 

Graduate Research Papers Student Work 

4-1970 

A Study of Air Cleaners and The Effect of Air Cleaner Design on A Study of Air Cleaners and The Effect of Air Cleaner Design on 

Horsepower Horsepower 

Roger D. McCulley 
University of Northern Iowa 

Let us know how access to this document benefits you 

Copyright ©1970 Roger D. McCulley 

Follow this and additional works at: https://scholarworks.uni.edu/grp 

Recommended Citation Recommended Citation 
McCulley, Roger D., "A Study of Air Cleaners and The Effect of Air Cleaner Design on Horsepower" (1970). 
Graduate Research Papers. 3678. 
https://scholarworks.uni.edu/grp/3678 

This Open Access Graduate Research Paper is brought to you for free and open access by the Student Work at UNI 
ScholarWorks. It has been accepted for inclusion in Graduate Research Papers by an authorized administrator of 
UNI ScholarWorks. For more information, please contact scholarworks@uni.edu. 

Offensive Materials Statement: Materials located in UNI ScholarWorks come from a broad range of sources and 
time periods. Some of these materials may contain offensive stereotypes, ideas, visuals, or language. 

https://scholarworks.uni.edu/
https://scholarworks.uni.edu/grp
https://scholarworks.uni.edu/sw_gc
https://scholarworks.uni.edu/feedback_form.html
https://scholarworks.uni.edu/grp?utm_source=scholarworks.uni.edu%2Fgrp%2F3678&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uni.edu/grp/3678?utm_source=scholarworks.uni.edu%2Fgrp%2F3678&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@uni.edu
https://scholarworks.uni.edu/offensivematerials.html


A Study of Air Cleaners and The Effect of Air Cleaner Design on Horsepower A Study of Air Cleaners and The Effect of Air Cleaner Design on Horsepower 

Abstract Abstract 
It is the purpose of this study to investigate air cleaners and the effect of air cleaner housing design, 
intake snorkel tube design and filter media on engine horsepower. In doing the investigation, the writer 
will determine how horsepower is affected by: (1) the size and shape of the intake snorkel, (2) the 
placement of the intake snorkel in the engine compartment, (3) the size (volume) of the air cleaner 
housing, (4) the type of filtering media used, (5) the size of the filter element, (6) breather holes drilled in 
the filter housing, and (7) a partially clogged filter element. 

This open access graduate research paper is available at UNI ScholarWorks: https://scholarworks.uni.edu/grp/3678 

https://scholarworks.uni.edu/grp/3678


A STUDY OF AIR CLEANERS 

AND 

THE EFFECT OF AIR CLEANER DESIGN ON HORSEPOWER 

A RESEARCH PAPER 

Presented to the 

DEPARTMENT OF INDUSTRIAL ARTS AND TECHNOLOGY 

UNIVERSITY OF NORTHERN IOWA 

In Partial Fulfillment 

of the Requirements for the Degree 

MASTER OF ARTS 

Roger D. McCulley 

April 1970 



ACKNOWLEDGEMENTS 

The writer wishes to thank the following individuals 

for helping with this study. 

Bob Erickson 
Student at University of Northern Iowa 

Steven Lee 
Student at University of Northern Iowa 

Dr. William Luck 
Professor, University of Northern Iowa 

Mrs. Roger D. McCulley 

Mr. w. w. McMullen 
AC Division of General Motors 
Flint, Michigan 

Mr. Terrance M~rin 
Instructor, University of Northern Iowa 

Don Parker 
Graduate Student at University of Northern Iowa 

Mr. Ed Sanger 
Shriver Pontiac, Cedar Falls, Iowa 



TABLE OF CONTENTS 

CHAPTER PAGE 

I. THE PROBLEM AND DEFINITIONS OF TERMS USED • • . 1 

The Problem • • • • • • • • 1 

Statement of the problem. • • • • • l 

Importance of the study. • • • • • 1 

Limitations of the study. • • • • • 2 

Definitions of Terms Used • • • • • • 3 

Chassis dynamometer • • • • • • • 3 

Combustion efficiency • . . • • • 3 

Intake manifold pressure . • • • • 4 

Road horsepower • • • • • • • • 4 
Water manometer • • • • • • . 4 

II. REVIh'W OF LITERATURE AND TECHNICAL INFORMATION. . 5 

The Purpose of Air Cleaners • • • • • • 5 

Air Cleaner Design • • • • • • • • 7 

Air cleaner housing • . • • • • • 7 

Intake snorkel tube • • • • • • • 8 

Filter elements .. • • • • • • • 10 

Oil-wetted mesh. • • • • • • • 10 

Oil bath • • • • • • • • • 11 

Dry paper element .. • • • • • • 12 

Oil-wetted paper element • . • • • 14 

Oil-wetted polyurethane • • • • • • 14 
Heavy duty dual sta~e cleaners • • • • 16 



iv 

CHAPTER PAGE 

III. TEST APPARATUS AND TEST CONDITIONS. • • • • 17 

Test Apparatus. • • • • • • • • • 17 

Test automobile. • • • • • • . • 17 

Dynamometer. • • • • • • • • • 17 

Tachometer • • • • • • . • . • 17 

Exhaust analyzer • • . • • • • • 17 

Water manometer. • • • • • • • • 18 

Test Conditions • • • • • • . • • 19 

IV. LABORATORY TESTS • • • • • • • • • 20 

Test I. . .. • • • • • • • . • 20 

Test II • • • • • • • • • • • 23 

Test III • • • • • • • • • • • 24 

Test IV • • • • • • • • • • • 26 

Test v. • • • • • • • . • • • 28 

Test VI • • . • • • • • • • • 30 

Test VII • • • • • • • • • • • 32 

Test VIII • • .. • • • • • • • • 34 

Test IX • • • • • • • • • • • 36 

Test x. • • • • • • • • . • . 38 

Test XI .. • • • • • • • • .. • 40 
Test XII .. . • • • • • "' .. • • 43 

Test XIII • • • . • • • • • • • 46 

Test XIV • " • " • • • • . • • 48 

Test XV • • • • • • • • • • • 50 



V 

CHAPTER PAGE 

Test XVI • • • • • • • • • • • 52 
Test XVII • • • • • • • • • • • 55 
Test XVIII. • • • • • • • • • • 57 

v. THE SUMMARY AND CONCLUSIONS • • • • • • 60 

The Summary .. • • • • .. • • • • 60 

Conclusions • • • • • • • • • • 62 

BIBLIOGRAPHY. • • • • • • • • • • • 66 

SUPPLEMENTARY INFORMATION • • • • • • • • 67 

APPENDIX A. Complete Data Listings. • • . • • 68 

APPENDIX B. A Line Graph Showing The Relationship Of 

Manifold Pressure To Road Horsepower • • 69 

APPENDIX c. A Line Graph Showing The Relationship Of 

Manifold Pressure To Combustion Efficiency 10 



LIST OF FIGURES 

FIGURE PAGE 

1. Factory Equipment Air Cleaner Housing For 

Ford 289 Cubic Inch Engine • • • • • • • 21 

2. Factory Equipment Air Cleaner Without Snorkel • • 25 

3. Polyurethane Foam Filter Element • • • • • 27 

4. Heavy Duty Filter Element . • • • • • • 29 

5. General Motors Test s·norkel. • • .. • • • 31 

6. General Motors Test Snorkel. • • • • • • 33 

7. General Motors Test Snorkel. • • • • • • 35 
8. General Motors Test Snorkel. • • • • • • 37 

9. General Motors Test Snorkel With Flare Removed. • 39 

10. General Motors Dual Snorkel Air Cleaner Housing. • 41 

11. General Motors Air Cleaner Housing With Large 

Filter Element • • • • • • • • • • 44 
12. General Motors Air Cleaner Housing With 

Breather Holes • . • • • • .. • • • 47 

13. General Motors Air Cleaner Housing With Small 

Filter Element • • • • • • • • • • 49 

14. Factory Equipment Air Cleaner Housing For 

Ford 352 Cubic Inch Engine • • • • • .. • 54 

15. Free Breathing Air Cleaner • .. • • • • • 56 



CHAPTER I 

THE PROBLEM AND DEFINITIONS OF TERMS USED 

Many people study the modern automobile and its vari­

ous systems. As a part of the intake system, the air cleaner 

assembly receives little publicity other than on filter ele­

ment types and servicing fundamentals. Little information 

seems to be available on the topic of air cleaner design and 

how it affects engine performance.:. 

I. THE PROBLEM 

Statement of~ problem. It is the purpose of this 

study to investigate air cleaners and the effect of air 

cleaner housing design, intake snorkel tube design and filter 

media on engine horsepower. In doing the investigation, the 

writer will determine how horsepower is affected by: (1) the 

size and shape of the intake snorkel, (2) the placement of 

the intake snorkel in the engine compartment, (3) the size 

(volume) of the air cleaner housing, (4) the type of filter­

ing media used, (5) the size of the filter element, 

(6) breather holes drilled in the filter housing, and (7) a 

partially clogged filter element. 

Importance of the study. Air cleaners of some sort 

have been used on automobile engines since their introduction 

The auto industry today produces a variety of engines, based 
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on displacement. When viewing this variety of engines, one 

finds the display of air cleaners to be quite different. 

They vary in housing size, intake snorkel size and shape, in­

take snorkel placement, filter element size and filtering 

media. 

Textbooks designed for high school and college automo­

tive classes offer little if any information on the subject 

of air cleaner design and its effects on engine performance. 

The writer has found that many high school students discard 

the entire filter assembly, alter its design or purchase a 

filter assembly designed for "better breathing" in an attempt 

to increase horsepower. The writer feels that in most cases 

there is little understanding connected with the changes 

implemented. 

The writer believes there is a need to investigate the 

performance level of the factory equipment air cleaner assem­

bly. The results of the investigation will give the writer a 

better understanding of performance of the engine as affected 

by the air cleaner design. This new knowledge and understand 

ing will be valuable when teaching about automobile intake 

systems. 

Limitations of~ study. The writer is limiting this 

study to automobile air cleaner housings, intake snorkels and 

filter elements. The study is limited in that not all types 
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of air cleaner housings or intake snorkels produced by the 

automobile industry are being tested. 

The laboratory test is limited to only one level of 

engine speed and load. All tests are conducted with a sta­

tionary vehicle driving a chassis dynamometer. Some automo­

biles might perform differently in actual road tests because 

of the air flow patterns created by the moving vehicle. 

The writer believes that published technical informa­

tion related to the study is limited. The writer experienced 

difficulty in obtaining information from the automobile in­

dustry which has limited the technical section of the study. 

II. DEFINITIONS OF TERMS USED 

Chassis dynamometer. A chassis dynamometer is a test­

ing device used to measure road horsepower. The unit con­

sists of two metal rollers that are driven by the rear wheels 

of the car being tested. The revolving rollers drive a water 

turbine which acts as a loading device to increase the resist 

ance of the rollers. This rolling resistance assimilates 

actual road operation for the car. 

Combustion efficiency. Combustion efficiency is a 

test performed with an exhaust gas analyzer to determine how 

efficiently the fuel mixture is being burned in the cylinder. 

The analyzer indicates that as more oxygen enters the fuel 

mixture, the mixture becomes leaner and combustion efficienc 
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increases. The test also gives an indication of the percent­

age of carbon monoxide in the exhaust. As combustion effi­

ciency increases 1 the percentage of carbon monoxide decreases 

Intake manifold pressure. Intake manifold pressure 

indicates the pressure difference between the intake manifold 

and atmospheric pressure. A high intake manifold pressure 

indicates a high pressure difference. 

~ horsepower. Road horsepower is a measurement of 

the power available at the rear wheels of an automobile to 

actually drive the car. 

Water manometer. The water manometer is a test device 

used to indicate and measure pressure difference. It con­

sists of two long plastic tubes held in an upright position. 

The tubes are connected with a "U" at the bottom and filled 

half full of water. A rubber hose is connected to the top of 

one tube and to the intake manifold of the test engine. The 

other tube is left open to atmospheric pressure. When the 

engine is running, a vacuum exists in the intake manifold and 

a suction is felt on the column of water. The atmospheric 

pressure pushes down on the other column causing an unbalance 

water level. The difference between the water columns is 

measured and the "Inches of Water" is converted to manifold 

pressure. 



CHAPTER II 

REVIEW OF LITERATURE AND TECHNICAL INFORMATION 

Many automotive text books have sections on air filter 

elements and service techniques. Little information is avail• 

able in published form on the subject of air cleaner design 

and its effect on engine performance. 

I. THE PURPOSE OF AIR CLEANERS 

After World War II the automobile engine experienced 

design changes that made it more compact and increased the 

performance level over a wide range of operating conditions. 

In order for the engine to maintain its high performance over 

a long period of time, the skillfully designed components of 

the engine needed to be protected from wear. It was recog­

nized that to protect the engine from wear, filters must re­

move contaminants from the fuel, oil and air. 

During the early 1950 1 s it was recognized that the 

present air filters had certain deficiencies that reduced 

their filtering efficiency. Since that time, the air filter 

has undergone research and change to improve its primary func­

tion, the cleaning of the intake air. 

(Gruner and Forman, 1958, p. 1) 

The second purpose of the air cleaner assembly is to 

reduce the volume of engine induction noise to an acceptable, 
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safe, comfortable level. Guignard, in a paper presented to 

the Institution of Mechanical Engineers in 1967, established 

that the accoustical energy frequencies and pressure of un­

silenced engines is disturbing to man. The resulting stress 

of audible noise contributes to "fatigue decreased proficien­

cy." Impaired working efficiency can be a threat to safety. 

(Sherman, 1969, p. 1, 13) 

The air cleaner also acts as a flame arrester if the 

engine backfires through the carburetor. If ignition should 

occur while the intake valve is open, the momentary flashback 

through the intake manifold and carburetor could ignite gaso­

line fumes outside the carburetor if the air cleaner was not 

used. (Crouse, 1967, p. 56) 

The final purpose of the air cleaner is to control the 

intake air temperature. Ford first used the application of 

heated intake air on the 1957 Lincoln air cleaner. With 

heated intake air, engine warm-up is faster, the choke opens 

sooner, there is less mixture variation and carburetor icing 

is minimized. 

When the automobile manufacturers were investigating 

ways to reduce the air pollution caused by exhaust gases, 

they found that the temperature control valve used in the air 

cleaner unit helped reduce the level of exhaust emissions. 

Many new cars today employ the temperature control air clean­

er to help meet the federal standards for exhaust emissions. 
(Schofield. 1968. P. 26-27) 

---
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II. AIR CLEANER DESIGN 

The air cleaner unit on an automobile is made up of 

three separate components: the air cleaner housing, the in­

take snorkel tube, and the filter element. Each of these 

components is designed to do a particular job as part of the 

air cleaner unit. 

~ir Cleaner Housing 

When designing an air cleaner housing, many factors 

must be considered other than providing a means of connecting 

the filter element to the carburetor. Mr. W.W. McMullen, a 

staff engineer with AC Filters says that housing design is 

influenced by the space available, the cost of the housing 

and the acceptable level of silence for the intake system. 

In a letter from Mr. R. M. Culbert, Project Engineer 

for Farr Company, manufacturers of air filters, the writer 

was told that the factors dealing with air cleaner housing 

design were quite complex. Culbert said: 

You are relating the dust-holding capacity of the 
air cleaner, which corresponds to the maintenance re­
quired and the efficiency needed for the engine involved, 
with the environment where it is expected to operate. 
For example, a 4-wheel drive vehicle to be used off the 
highway will need a much better air cleaner than the 
typical city car. 

According to Mr. McMullen the size or volume of the 

air cleaner housing provides accoustical capacitance in si­

lencing the intake system. The larger the volume of the air 

--
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cleaner housing, the more efficient the silencing of the in­

take system will be. 

Mr. w. J. Kovelan, Senior Engine Installation Engineer 

for White Truck Division of White Motor Corporation says that 

engine horsepower is influenced by pressure drop across the 

air cleaner assembly. Excessive pressure drop will cause the 

engine to be starved for air needed for efficient combustion 

and a horsepower loss will result. 

In a letter from Mr. H. R. Johnson, Jr., Chief Engine 

Engineer for American Motors Corporation, the writer was told 

that insufficient space outside the filter can result in poor 

filter action. If the space is too small between the air 

cleaner housing and the filter element, the air flow can be 

restricted causing the pressure drop to be higher than de­

sirable. This can cause a loss of horsepower. 

Intake Snorkel Tube 

The major intake noise of an internal combustion en­

gine is caused by the intermittent change in velocity impart­

ed to the gas in the intake manifold by the rapid opening and 

closing of the intake valves8 In most cases, the inlet snor­

kel tube offers a major practical variable for controlling 

industion noise. (Sherman, 1969, p. 3-4) 

Mr. McMullen of AC Filters expressed these opinions 

on intake snorkel tubes: 



This tube is an important part of the aceoustical 
system providing silencing. The cross-sectional area 
and its length af'fect the accoustical impedance, pri­
marily inertanee. The smaller the area and the greater 
the length, the greater will be the inertance. There­
fore, for difficult silencing problems it is necessary 
to make this area small and the length as great as 
possible. However, as you can imagine, this will also 
be detrimental to power outp~t. You will notice that 
in most cases the entrance to this tube is flared to 
reduce this effect as much as possible, and in many 
cases the tube is tapered in order to recover the en­
ergy as much as possible. Mr. McMullen further states: 
As I mentioned, it is necessary to compromise to pro­
vide adequate silencing to a level considered commer­
cially acceptable without unduly affecting horsepower. 

Since much of the intake noise is of a high enough 
frequency that it is to some extent directional, the 
best silencing is normally achieved by directing the 
tube straight forward. However, due to the necessity 
of clearing other components under the hood such as 
generator, power steering pump, air conditioner com­
pressor, etc., this is not always possible. 

9 

Mr. Johnson of American Motors agrees with Mr. McMulle1 

on snorkel design. He says that the design is generally de­

termined by the degree of silencing desired for a particular 

air cleaner housing. This has a definite influence on air 

flow restriction and on horsepower. 

Concerning the snorkel tube placement as an influence 

on horsepower, Mr. Johnson says, "If you were thinking about 

the ~ossible ram effect if the inlet tube were placed 

straight ahead as opposed to side or rear location, the ef­

fect would be minimal." 

In an iute.i:•view with M1•. Ed Sanger, a salesman for a 

Cedar Falls Pontiac dealer, dirt track racer and drag strip 

participant, the writer asked about intake snorkels. Mr. 
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Sanger said that in his experience with air cleaners he has 

found the factory equipment to be slightly restrictive caus­

ing high fuel consumption. He has recommended to customers 

that they drill a series of six or eight holes, one inch in 

diameter, around the circumference of the air cleaner housing 

to admit more air. He reports that many achieve a one to two 

mile per gallon increase while many complain of the increased 

induction noise level. 

Filter Elements 

The air filter devices used on today's passenger cars 

are classified according to the filtering media used. They 

are grouped under the following five types: oil-wetted mesh, 

oil bath, dry paper, oil-wetted paper and oil-wetted poly-

urethane foam. (Schofield, 1968, p. 25) 

Oil-wetted~. The oil-wetted mesh filter element 

is one of the older types used on automobile engines. Dirt 

is collected as the air passes through a depth of oily copper 

or other metal mesh screen. This type of filter becomes 

clogged quite easily causing the air flow to become restrictec. 

The oil-wetted mesh filter is not highly efficient in 

trapping small particles of dwat because of the relatively 

large space between the metal strands. 

(Johnson and Toboldt, 1968, p. 241) 
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It. has been observed by the writer that the oil-wetted 

mesh air cleaner has not been factory equipment on American 

cars for some time. It is sold through catalogs and supplier~ 

of custom equipment. 

Oil~- The oil bath oil cleaner operates on the 

principal of reversing the direction of flow of the rapidly 

moving intake air over the surface of the oil bath. The 

heavier dirt particles ·can•t make the directional change and 

are trapped by the oil. The smaller dust particles that es­

cape the oil bath and continue in the air flow are filtered 

from the air by a mesh filter of steel wool, copper gauze, or 

loosely packed fibers or an animal hair filter. 

(Schofield, 1968, p. 25) 

The oil bath filter is more efficient than the oil­

wetted mesh filter but not as efficient as the paper filter 

element. The mesh filter above the oil bath can•t trap all oj 

the small dust particles. Restriction to the air flow is 

caused by the sharp bends that the air must make in traveling 

through the filter. This could cause a horsepower loss. 

(Schofield, 1968, p. 25-26) 

The oil bath filter is more efficient at high engine 

speeds than at low speeds because the intake air is traveling 

at greater velocity and more dirt is thrown from the air 

stream by centrifugal force onto the oil bath. The following 

test results show how the efficiencv of an oil bath filter 



varies with engine speed. 

Engine Speed 

Maximum 
Three Quarter 

One Half 
One Quarter 

Minimum 

12 

Clearner Efficiency(%) 

96.3 
91 • .5 
78 • .5 
69.0 
60.0 

{Forman and Gruner, 19.58, p. 5) 

The writer knows of no American automobile manufactur­

er that installs an oil bath air cleaner as standard equip­

ment. When talking to a parts salesman at a local Ford deal­

ership, the writer was told that oil bath air cleaners are 

available as optional equipment on pickups, trucks and taxi 

or police cars. The parts salesman said that some fleet 

owners feel it is more economical for them to service the oil 

bath cleaner than the paper element. 

~ paper element. The dry paper element is much new­

er than the oil bath or the oil-wetted mesh. The dry paper 

element is used extensively on today's new cars. 

The paper section of the filter cartridge is formed of 

a circle of accordian pleated filter paper. The pleat shape 

of the paper maximizes dust holding capability against air 

pressure drop across the filter. To strengthen and control 

the porosity of the filter paper, it is usually impregnated 

with phenolic resin. The filter paper is flameproofed by 

treatment with a "phosphate". The edges of the pleated ele­

ment are encased in soft lastic ca s that act as seals when 

--



the element is installed in the air cleaner housing. The 

plastic caps are supported by perforated metal, which also 

13 

protects the paper element. (Sherburn, 1969, p.5 

Efficiency of the dry paper filter is relatively con­

sistant at all engine speeds and considerably higher than 

with an oil bath or oil-wetted mesh cleaner. The following 

shows the effect of engine speed on filter efficiency. 

Engine Speed 

Maximum 
Three Quarter 

One Half 
One Quarter 

Minimum 

Filter Efficiency(%} 

99.3 
99.2 
99.0 
98.9 
98.6 

(Forman and Gruner, 1958, p. 5} 

The horsepower of the engine can be affected by the 

paper filter element if it is too small to allow sufficient 

air flow or if it becomes restricted (dirty). Mr. Kovelan 

of White Motor Corporation says: 

Excessive pressure drop in the induction system of 
the engine will int'luence the engine power output by 
simply starving the engine of air required for effi­
cient combustion. Gasoline engine air cleaners are 
considered restricted at between 8-15 inches of water. 

Mr. McMullen of AC Filters says about filter size: 

As for the size of the filter element, this is 
generally made large enough to provide at least 24,000 
miles of service before replacement under normal con­
ditions. In some cases, the element diameter is 
larger than would otherwise be considered necessary 
so that it will drop down around the carburetor in 
order to make an installation within the limited 
space available between the carburetor and the hood 
of the vehicle. 

z::::c; 
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The dry filter may be cleaned of dry dirt and dust by 

light tapping or with reverse air pressure. Shortened filter 

life may be experienced when the dry paper element is used in 

city conditions where smog is prevelant. The oily smog gums 

up the paper and when dust makes contact with the gunnn.y paper 

the filter becomes restricted and can not be cleaned. 

(Rickman, 1967, p. 110) 

Oil-wetted paper element. The oil-wetted paper ele­

ment, used mainly by General Motors, looks identical to the 

dry paper element. The difference lies in the service pro­

cedure. The oil-wetted paper element is more fragile and 

should never be oiled, washed, tapped or blown with compresse 

air. Service is limited to testing and replacement. 

(Schofield, 1968, p. 25) 

Oil-wetted polyurethane. The oil-wetted polyurethane 

filter element is relatively new in the auto industry. Its 

dimensions are similar to the paper filter and usually they 

are interchangeable. The polyurethane filter element is a 

ring of polyurethane foam supported by a perforated metal 

ring. (Schofield, 1968, p. 26) 

When comparing the efficiency of the paper filter ele­

ment to the polyurethane foam element, Schofield (1968, p. 26) 

says, "One evidently does as good a job as the other, becaus 

cars will come through from the same factory with both kinds 

◄ 
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of elements." 

Mr. Ed Sanger feels the polyurethane filter does a 

more efficient job of filtering dust if properly serviced. 

He considers the polyurethane element more economical than 

the paper element because it will do a highly efficient job 

of filtering after 50,000 miles if serviced regularly. Ac­

cordiDg to Mr. Sanger, the paper element starts to loose its 

efficiency after 5,000 miles and can 1 t be adequately cleaned. 

Some engines that employ closed crankcase ventilation 

experience oil vapors going past the PCV valve under low 

manifold vacuum conditions. These oil vapors tend to clog 

and ruin a paper filter element. Under these conditions, the 

polyurethane foam element would be a wise replacement for the 

paper element since the oil can't harm the foam.. 

(Schofield, 1968, P• 26) 

The effects of the polyurethane filter element on 

horsepower would be similar to that of the dry or oil-wetted 

paper elements. If the filter becomes clogged enough to re­

strict the air flow, horsepower will decrease. In a case 

where a polyurethane element was the stock filter on a Chev­

rolet Tri-Power carburetor, a power loss was experienced at 

wide open throttle. The soft foam had a tendency to press 

together at the high engine speed and restrict the air flow. 

(Scritchfield, 1968, p. 57) 
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Heavy duty~ stage cleaners. A heavy duty filter 

element consists of a paper filter element surrounded by a 

polyurethane foam or washable wrapper for an outer filter or 

pre-cleaner. (Schofield, 1968, p. 25-26) 

The foam outer filter acts as an effective pre-cleaner 

when operating in extremely dirty conditions or when oil 

might ruin the paper element. Tests show that while the dual 

stage filter does a more efficient job of removing dirt than 

the paper element, the two filters combined restrict the air 

flow more than the paper element used separately. 

(Sherburn, 1969, p. 6) 

The effect of the polyurethane foam and paper filter 

combination on horsepower would depend on the amount of re­

striction. If the filter causes a pressure drop, the horse­

power would decrease along with gas mileage. 



CHAPTER III 

TEST APPARATUS AND TEST CONDITIONS 

I. TEST APPARATUS 

Teat automobile. The automobile used for the dyna­

mometer tests is a 1967 Ford, Galaxie 500, with a 289 cubic 

inch engine rated at 200 brake horsepower at 4400 RPM. It 

is equipped with a Ford two barrel carburetor. The trans­

mission is a three speed Cruise- 0 --Matic. 

Dynamometer. The unit is a Clayton Chassis Dynamom­

eter Model C-200-1-0TD. The meter registering road horse­

power is calibrated from 0-200 horsepower in 2 horsepower 

units. The speed indicating meter has low and high scales, 

the low scale reading from 0-60 MPH in 1 MPH units and the 

high scale reading from 0-120 MPH in 2 MPH units. For all th 

dyna:mometer tests the meter will be on the high scale. 

Tachometer. The tachometer is a unit of a Sun 1120 

Electronic Diagnosis Engine Tester. For the dynamometer 

tests the 0-5000 RPM scale, which is graduated in 100 RPM 

units, will be used. 

Exhaust analyzer. The exhaust analyzer used to measur 

the combustion efficiency of the test engine is a unit of a 

Sun 1120 Electronic Diagnosis Engine Tester. The meter is 
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calibrated from 60% to 100% combustion efficiency in 1% units 

For all the tests the exhaust analyzer pickup tube will be 

installed in the laboratories exhaust pickup line approximate 

ly five reet behind the tail pipe at a "Y" connection. Thia 

arrangement is necessary to get the combustion e:t'ficiency 

reading while at the same time exhausting the exhaust gases 

from the laboratory. 

Water manometer. The water manometer used for the 

tests consists of two vertical plastic tubes connected at 

the bottom with a "U". The tubes are mounted on a vertical 

board with two 60" tape measures attached to the board out­

side of and parallel to each tube. The manometer has the 

capacity for providing readings up to 60 inches of water in 

1/8" units. For all the tests the manometer will be connecte 

to the vacuum line leading from the intake manifold to the 

automatic transmission. The hose from the intake manifold 

to the manometer will be clamped shut except when the engine 

is fully loaded and the manifold vacuum is low. This will 

revent the water in the manometer from being drawn from the 

anometer tube by the high intake manifold vacuum. that exists 

at idle and less than full load conditions. After the mano­

eter reading has been taken~ the hose will again be clamped 

hut to prevent manifold vacuum from drawing the water from 

he manometer during deacceleration. 
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The manometer readings will be taken as total inches 

of water (H2o), obtained by subtracting the low reading from 

the high. The difference will be converted into pounds per 

square inch, which represents the difference between the 

atmospheric pressure and the intake manifold pressure, by 

multiplying the inches of water times 0.03613. The inches of 

water reading can be converted to inches of mercury, which 

represents the manifold vacuum reading, by multiplying the 

inches of water times 0.07355. 

(Pease, 1967, Table of Conversion Factors) 

II. TEST CONDITIONS 

The tests were run on January 12, 1970. On that 

morning, the humidity was 62 per cent and the barometric 

pressure was 30.22 inches of mercury or 14.84 pounds per 

square inch. All tests were made with the engine at operat­

ing temperature with the hood closed and latches in the 

safety position. The intake system was required to draw in 

the warm under-the-hood air which averaged about 115 degrees 

Fahrenheit during the tests. 



CHAPTER IV 

LABORATORY TESTS 

This chapter deals with eighteen laboratory tests and 

their results which are used to study the effects of air 

cleaner housing design, intake snorkel design and filter 

media on road horsepower. While testing the effects of diff­

erent housings, snorkels and filter elements on horsepower, 

the writer will observe their effect on combustion efficiency 

and intake manifold pressure. 

The test data will be used to evaluate the efficiency 

of the factory equipment air cleaner unit of the test engine 

by comparing its test results to those obtained using other 

combinations of equipment on the same engine, under the same 

test conditions. 

I. TEST I 

Objective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and manifold pressure of 

the test engine when equipped with the factory equipment air 

cleaner housing, intake snorkel tube and a replacement paper 

filter element designed for the factory equipment filter 

housing. The results of Test I will be used as a standard 

for comparison with all other tests. 



21 

Special Test Apparatus 

The special test apparatus for Test I are the factory 

air cleaner housing, intake snorkel tube and a replacement 

filter element designed for the test engine~ 

!!!: cleaner housing. The following is a list of speci 

fications pertaining to the factory equipment air cleaner · 

housing shown in Figure 1. 

1. 
2. 
3. 

4. 

Dia.meter equals 14 inches. 
Height equals 4 3/4 inches. 
Depth outside the filter equals approximately 
2 3/4 inches. 
Volume outside the filter equals approximately 
470 cubic inches. 

Figure 1. Factory Equipment Air Cleaner Housing For Ford 289 
Cubic Inch Engine 

Filter element. The following are specifications for 

a paper filter element made to fit the factory equipment air 

cleaner housing. 



1. Diameter equals 8 3/8 inches. 
2. Height equals 3 1/4 inches. 
3. Height of the pleats equals 2 5/8 inches. 
4. Depth of the pleats equals 11/16 inches. 
5. · Number of pleats equals 175. 
6. Surface area of filter material equals 632 

square inches. 
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Intake snorkel. The following are specifications for 

the intake snorkel tube that was factory equipment on the 

test engine. 

1. 
2. 

Length equals 7 3/4 inches. 
Opening at the air cleaner housing equals 
2 3/8 inch diameter. 
Intake opening is formed like an arch, 2 1/2 
inches high and 3 inches wide. 
Intake opening has a slightly flared end. 
Snorkel mounts at 60 degrees from straight 
ahead in the engine compartment. 

~ Method 

With the factory equipment air cleaner unit in place, 

the test automobile will drive the chassis dynamometer in 

high gear (drive) with the mechanical downshift linkage re­

moved to prevent mechanical downshift. Readings of road 

horsepower, combustion efficiency and intake manifold pres­

sure will be taken with the engine operating at 2500 RPM and 

at full throttle. The engine will be at operating tempera­

ture so the thermostatic valve in the snorkel will be open 

to admit under-the-hood air rather than hot air off the ex­

haust manifold. 
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Test~ 

Road Horsepower - 62 Combustion Efficiency - 75.5* 

Inches of Water - 19.75 Manifold Pressure - .714 

* All combustion efficiency readings are in per cent. 

II. TEST II 

Objective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and manifold pressure of 

the test engine with the factory air cleaner unit removed. 

The unfiltered air will be drawn directly into the carburetor 

air horn. The test results will be compared to those of 

Test I to determine if the factory air cleaner system re­

stricts air flow and limits horsepower. 

Special Test Apparatus 

No special test apparatus is needed for this test. 

Test Method 

The test automobile will drive the chassis dynamometer 

in high gear (drive) with the mechanical downshift linkage 
~ 

removed to prevent mechanical downshift. Readings of road 

horsepower, combustion efficiency and intake manifold pressurE 

will be taken with the engine operating at 2500 RPM and at 

full throttle. 



Test Data 

Road Horsepower - 59.5 

Inches of Water - 16.375 

Observations 
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Combustion Efficiency - 84.0 

Manifold Pressure - .592 

The test data shows a much lower manifold pressure for 

Test II which indicates the stock assembly is restrictive to 

air flow. Combustion efficiency increased indicating more 

air entered the cylinders to produce a leaner mixture. The 

!horsepower decreased indicating that the mixture was too lean 

for maximum power or that the air was not in a form conducive 

to maximum horsepower. When talking with Dr. Luck of the 

University of Northern Iowa Industrial Arts and Technology 

Department and with Mr. Sanger, the writer was told that 

sometimes the air cleaner housing gives the air turbulence 

that improves vaporization of the gasoline to give higher 

borsepower than obtained with unfiltered air. 

III. TEST III 

Ob1ective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and manifold pressure of the 

test engine using the factory equipment air cleaner housing 

and the replacement paper filter element but with the intake 

snorkel tube removed, as shown in Figure 2. The test results 

◄ 
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will be compared to the test results of Test I to determine 

the effect of the intake snorkel tube on road horsepower, 

combustion efficiency and manifold pressure. 

Special Test Apparatus 

The same air cleaner housing and replacement paper 

filter as used in Test I will be used in this test. 

Figure 2. Factory Equipment Air Cleaner Without Snorkel 

~ Method 

The test automobile will drive the chassis dynamometer 

in high gear (drive) with the mechanical downshift linkage 

removed to prevent mechanical downshift. Readings of road 

horsepower, combustion efficiency and intake manifold pres­

sure will be taken with the engine operating at 2500 RPM and 

at full throttle. 

Test~ 

Road Horsepower - 64 Combustion Efficiency - 79 

Inches of Water - 19.25 Manifold Pressure - .696 
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Observations 

It appears that the factory equipment snorkel re­

stricts air flow since manifold pressure is lower than in 

Test I. Combustion efficiency is higher indicating more air 

flow, and road horsepower increased indicating the mixture 

isn 1 t too lean for good horsepower output. 

IV. TEST IV 

Objective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and intake manifold pres­

sure of the test engine equipped with the factory equipment 

air cleaner housing, intake snorkel tube and a polyurethane 

foam. filter element. The test results will be compared to 

those of Test I to determine if the polyurethane foam. element 

offers more or less restriction to the air flow, resulting in 

dtfferent horsepower output. 

Special Test Apparatus 

The only special test apparatus needed for this test 

is a polyurethane foam filter element that will fit the fac­

tory equipment air cleaner housing. 



Filter element. The following are specifications 

for the polyurethane foam filter element shown in Figure 3. 

l. Diameter equals 9 inches. 
2. Height equals 3 inches. 
3. Depth of foam equals 3/8 inch. 
4. Surface area equals 87 square 

inches. 

Figure 3. Polyurethane Foam Filter Element 

Test Method 

The test automobile will drive the chassis dynamometer 

in high gear (drive) with the mechanical downshift linkage 

removed to prevent mechanical downshift. Readings of road 

horsepower, combustion efficiency and intake manifold pres­

sure will be taken with the engine operating at 2500 RPM and 

at full throttle. The engine will be at operating tempera­

ture so the thermostatic valve in the snorkel tube will be 

open to admit under-the-hood air rather than the hot air off 

the exhaust manifold. 

Test Data 

Road Horsepower - 63 Combustion Efficiency - 77.5 

Inches of Water - 19.5 Manifold Pressure - .705 
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Observations 

The results indicate that the polyurethane foam filter 

element is less restrictive than the paper element used in 

Test I. The manifold pressure is lower and the combustion 

efficiency is higher indicating less restriction and more air 

flow. The horsepower is slightly higher which could be the 

result of the additional air in the cylinder. 

V. TEST V 

Objective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and intake manifold pres­

sure of the test engine equipped with the factory equipment 

air cleaner housing, intake snorkel tube and a heavy duty, 

dual element filter. The heavy duty filter element is a com­

bination of the polyurethane foam element over the replace­

ment paper element. The test results will be compared to 

those of Test I and Test IV to determine if the double filter 

element restricts air flow causing a lower horsepower output. 

Special Test Apparatus 

The special test apparatus needed tor this test are 

the factory equipment air cleaner housing, intake snorkel 

tube, replacement paper filter element used in Test I and 

the polyurethane tilter element used in Test IV. 

◄ 
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Figure 4. Heavy Duty Filter Element 

Test Method 

The polyurethane foam filter element will be placed 

over the paper filter element, as shown in Figure 4, and the 

combined unit fitted into the factory equipment air cleaner 

housing. The test automobile will drive the chassis dyna­

mometer in high gear (drive) with the mechanical downshift 

linkage removed to prevent mechanical downshift. Readings 

of road horsepower, combustion efficiency, and intake mani­

fold pressure will be taken with the engine operating at 

2500 RPM and at full throttle. The engine will be at oper­

ating temperature so the thermostatic valve in the snorkel 

will be open to admit under-the-hood air rather than the 

hot air off the exhaust manifold. 



Test Data 

Road Horsepower - 63 

Inches of Water - 20.25 

Observations 
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Combustion Efficiency - 75.0 

Manifold Pressure - .732 

The test results indicate that the dual element, heavy 

duty filter is more restrictive than the paper filter element 

used in Test I or the polyurethane filter element used in 

Test IV. The manifold pressure is higher and the combustion 

efficiency is slightly lower than in Test I or in Test IV. 

The horsepower is slightly higher than the output in Test I, 

which could be the result of a slightly richer mixture or 

due to error in reading the horsepower output meter. 

VI. TEST VI 

Objective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and intake manifold pres­

sure of the test engine using the factory equipment air 

cleaner housing, replacement paper filter element and a snor­

kel tube of different dimensions than the factory equipment 

snorkel. The test results will be compared to the results 

of Test I to determine the effect of snorkel tube design on 

horsepower and combustion efficiency. 

-
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Special~ Apparatus 

The special apparatus for this test are the factory 

equipment air cleaner housing, replacement paper filter ele­

ment and an intake snorkel manufactured by General Motors 

which is shown in Figure 5. 

Intake snorkel. The following specifications are for 

the intake snorkel used for Test VI. 

1. Length equals 8 inches. 
2. Oblong opening at the air cleaner housing is 

1 3/8 inches by 2 inches. 
3. Round ppening at the intake end is 1 inch in 

diameter with a flare diameter of 1 3/8 inches. 

Figure 5. General Motors Test Snorkel 

~ Method 

The test snorkel will be attached to the factory 

equipment air cleaner housing. The test automobile will 

drive the chassis dynamometer in high gear (drive) with the 

mechanical downshift linkage removed to- prevent mechanical 

downshiftin. Readin s of road horse ower combustion 



32 

~fficiency and intake manifold pressure will be taken with the 

~ngine operating at 2500 RPM and at full throttle. 

Test Data 

Road Horsepower - 50 Combustion Efficiency - Approxi­
mately 55, the meter was off the 
calibrated scale 

Inches of Water - 27.125 Manifold Pressure - .980 

Observations 

The test results indicate that this snorkel is very 

~estrictive. Compared to Test I, the manifold pressure is 

higher and combustion efficiency is very low. The horsepower 

decreased, probably from the lack of air. 

VII. TEST VII 

bb.1ective 

The objective of this test is to measure the road 

norsepower, combustion efficiency and intake manifold pres­

sure of the test engine using the factory equipment air clean­

er housing, replacement paper filter element and a snorkel 

tube of different dimensions than the factory equipment snor­

kel. The test results will be used to determine the effect 

of snorkel tube design on horsepower and combustion efficiency 

in comparison with Test I and Test VI. 
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Special Test Apparatus 

The air cleaner housing and replacement paper filter 

element are the same as those used in Test I. Figure 6 shows 

the intake snorkel tube which is manufactured by General 

Motors. 

Intake snorkel. The following specifications are for 

the intake snorkel tube used in Test VII. 

1. Length equals 10 5/8 inches. 
2. Oblong opening at the air cleaner housing is 

1 5/8 inches by 4 1/4 inches. 
3. Round opening at the intake end is 1 1/2 inches 

in diameter with a flare diameter of 2 7/16 inches 

Figure 6. General Motors Test Snorkel 

Test Method 

The test snorkel will be attached to the factory 

equipment air cleaner housing. The test automobile will 

drive the chassis dynamometer in high gear (drive) with the 

mechanical downshift linkage removed to prevent mechanical 

downshiftin. Readin s of road horse ower combustion 



efficiency and intake manifold pressure will be taken with 

the engine operating at 2500 RPM and at full throttle. 

Test Data --
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Road Horsepower - 64 Combustion Efficiency - 79.5 

Inches of Water - 18.25 Manifold Pressure - .659 

Observations 

The test results indicate this snorkel is less re­

strictive than the snorkel in Test VI or the factory equip­

ment snorkel used in Test I. The manifold pressure is lower 

than in Test I or Test VI and the combustion efficiency is 

higher, indicating a greater volume of air. Horsepower is 

high from what must be a well balanced fuel mixture. 

VIII. TEST VIII 

Ob.1ective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and intake manifold pres­

sure of the test engine using the factory equipment air 

cleaner housing, a replacement paper filter element and a 

snorkel tube of different dimensions than the factory equip­

ment snorkel tube. The test results will be used to deter­

mine the effect of snorkel tube design on horsepower and 

combustion efficiency in comparison to Test I and Test VII. 
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Special Test Apparatus 

The air cleaner housing and the paper filter element 

are the same as those used in Test I. The intake snorkel 

tube manufactured by General Motors is shown in Figure 7. 

Intake snorkel. The following at the specifications 

of the intake snorkel tube used in Test VIII. 

1. Length equals 8 inches. 
2. Oblong opening at the air cleaner housing is 

1 5/8 inches by 4 1/4 inches. 
3. Oblong opening at the intake end isl 1/2 inches 

by 2 inches, flared to 2 3/8 inches by 2 3/4 
inches. 

Figure 7. General Motors Test Snorkel 

Test Method 

The test snorkel will be attached to the factory 

equipment air cleaner housing. The test automobile will 

drive the chassis dynamometer in high gear (drive) with the 

mechanical downshift linkage removed to prevent mechanical 

downshift. Readin s of road horse ower combustion efficienc 



and intake manifold pressure will be taken with the engine 

operating at 2500 RPM and at full throttle. 

Test E.!l! 
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Road Horsepower - 63.5 

Inches of Water - 17.875 

Combustion Efficiency - 80. 

Manifold Pressure - .646 

Observations 

The tests indicate that the snorkel is less restric­

tive than the snorkels used in Tests I and VII, since the 

manifold pressure is lower and the combustion efficiency is 

higher. The additional air flow improved horsepower over 

Test I but very little difference is indicated between 

Test VII and VIII. The induction noise level is higher than 

in Tests, I, VI, and VII. 

IX. TEST IX 

Objective 

The objective of this test is to measure the road' 

horsepower, combustion efficiency and intake manifold pres­

sure of the test engine using the factory equipment air 

cleaner housing, a replacement paper filter element and an 

intake snorkel of different dimensions than the factory 

equipment snorkel. The test results will be used to deter­

mine the effect or snorkel tube design on horsepower and 

combustion efficiency compared to Tests I, VII and VIII. 

-
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SEecial !!§! Apparatus 

The air cieaner housing and paper filter element are 

the same as those ~sed in Test I. The intake snorkel tube 

manufactured by General Motors is shown in Figure 8. 

Intake snorkel. The following specifications are for 

the intake snorkel used in Test IX. 

l. Length equals 9 1/4 inches. 
2. Oblong opening at the air cleaner housing is 

1 5/8 inches by 4 1/2 inches. 
3. Oblong opening at the intake end is 1 1/2 inches 

by 3 inches, flared to 2 3/8 inches by 3 7/8 
inches. 

Figure 8. General Motors Test Snorkel 

~ Method 

The test snorkel will be attached to the factory 

equipment air cleaner housing. The test automobile will 

drive the chassis dynamometer in high gear (drive) with the 

mechanical down.shift linkage removed to prevent mechanical 

down.shift. Readings of road horsepower, combustion efficienc 



and intake manifold pressure will be taken with the engine 

operating at 2500 RPM and at full throttle. 

~Qm 

Road Horsepower - 63 Combustion Efficiency - 82.0 

Inches of Water - 18.o Manifold Pressure - .650 

Observations 

The test results show less snorkel restriction than 

in Tests I and VII as the manifold pressure is lower. The 

results show slightly more restriction than in Test VIII but 

the writer feels this inaccurate since the combustion effi­

ciency is higher indicating a greater air flow. The pressur 

difference indicates only one-eighth inch of water differ­

ence which the writer feels could be attributed to error. 

The horsepower output is higher than in Test I, apparently 

because of the additional air flow. It is slightly lower 

than in Tests VII and VIII apparently because the mixture is 

leaner and just past the point of the ideal balance for 

power with the carburetor jetting used. 

X. TEST X 

Ob.1ective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and intake manifold pres­

sure of the test engine using the factory equipment air 
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-cleaner housing, a replacement paper filter element and a 

snorkel tube with the flare on the intake end removed. The 

test results will be compared to the results of Test VII to 

determine the value of the flared end on the General Motors 

intake snorkel tube. 

Special Test ApParatus 

The special test apparatus for this test is the same 

as that used for Test·VII except the riare at the intake end 

of the snorkel tube has been removed at the position indicate 

in Figure 9. 

Intake snorkel. The following are the new specifica­

tions for the intake snorkel tube after alterations. 

1. Length equals 9 3/4 inches. 
2. Round intake end opening is 1 1/2 inch diameter. 

Figure 9. General Motors Test Snorkel With Flare Removed 

Test Method 

The test snorkel will be attached to the factory 

equipment air cleaner housing. The test automobile will 
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drive the chassis dynam.ometer in high gear {drive) with the 

mechanical downshift linkage removed to prevent mechanical 

downshift. Readings of road horsepower, combustion effi­

ciency and intake manifold pressure will be taken with the 

engine operating at 2500 RPM and at full throttle. 

Test Data --
Road Horsepower - 60 Combustion Efficiency- Approx­

imately 55, the meter was off 
the calibrated scale 

Inches of Water - 29.5 Manifold Pressure - 1.066 

Observations 

The test results indicate the flare on the end of the 

intake snorkel has a great influence on air intake. The 

manifold pressure showed a marked increase and combustion 

efficiency dropped a great deal from the readings obtained 

in Test VII. Horsepower decreased, apparently from the lack 

of air. It seems that the flare on the end of the intake 

snorkel tube must have a venturi effect on the air which 

increases its velocity. This perm.its a greater volume of 

air to enter the snorkel tube with the flare. 

XI. TEST XI 

Objective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and intake manifold 
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pressure of the test engine equipped with an air cleaner 

housing, paper filter element and dual intake snorkels, all 

having different dimensions than the factory equipment. The 

test results will be compared to the results of Test I to 

determine the effects of a filter element with a greater 

surface area and the dual snorkels on road horsepower and 

combustion efficiency. 

Special Test Apparatus· 

The air cleaner housing with the dual snorkels and 

the paper filter element as shown in Figure 10 are manufac­

tured by General Motors. 

Air cleaner housing. The following specifications are 

for the air cleaner housing used in Test XI. 

1. 
2. 
3. 

4. 

Fi ure 10. 

Diameter equals 14 inches. 
Height equals 3 3/4. inches. 
Depth outside the filter element equals 1 3/8 
inches. 
Volume outside the filter element is approximately 
188 cubic inches. 

General Motors Dual Snorkel Air Cleaner Housin 
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Filter element. The following specifications are for 

the paper filter element used in Test XI. 

1. Diameter equals 11 1/2 inches. 
2. Height equals 3 inches. 
3. Height of pleats equals 2 5/8 inches. 
4. Depth of pleats equals 1 1/4 inches. 
5. Number of pleats is 118. 
6. Surface area of filter material is 775 square 

inches. 

Intake snorkels. (2) The following specifications 

are for the intake snorkel tubes on the air cleaner housing 

used in Test XI. 

1. 
2. 

3. 

Test Method 

Length equals 7 1/4 inches. 
Oval openings at the air cleaner housing are 
1 7/8 inches by 4 1/8 inches. 
Oval openings at the intake end are 1 1/2 inches 
by 4 1/4 inches, with slight flares. 
Snorkels are placed approximately 105 degrees 
apart. 

The test air cleaner assembly will be mounted on the 

test engine so that each snorkel is about 52 1/2 degrees 

from the straight ahead position. The test automobile will 

drive the chassis dynamometer in high gear (drive) with the 

mechanical downshift linkage removed to prevent mechanical 

downshift. Readings of road horsepower, combustion effi­

ciency and intake manifold pressure will be taken with the 

engine operating at 2500 RPM and at full throttle. 
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Test Data --

Road Horsepower - 61 Combustion Efficiency - 83.5 

Inches of Water - 17~875 Manifold Pressure - .646 

Observations 

The test results indicate that the dual snorkel air 

cleaner assembly is less restrictive than the factory equip­

ment filter assembly in Test I. The combustion efficiency 

is higher and manifold pressure is lower, indicating a great­

er volume of air flow. The horsepower is lower than in 

Test I indicating that the fuel mixture is leaner and some 

power has been sacrificed. Induction noise is higher than 

in Test I. 

XII. TEST XII 

Objective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and the intake manifold 

pressure of the test engine equipped with an air cleaner 

housing, paper filter element and single intake snorkel 

tube, all with different dimensions than the factory equip­

ment tested in Test I. The test results will be compared to 

Test I for a comparison of road horsepower and combustion 

efficiency. The resul~s will be compared to Test VII to 

determine the influence of housing and filter element design 

on horsepower and comaustion efficienc when usin identical 

◄ 



intake snorkel tubes. The results will be compared to Test 

XI to determine the value of dual snorkels over the single 

snorkel on identical housings using the same filter element. 

Special~ Apparatus 

The air cleaner housing and paper filter element shown 

in Figure 11 have the same dimensional values as those used 

in Test XI. The intake snorkel is identical to the one used 

in Test VII except th1s one is factory equipment on an air 

cleaner housing used by General Motors. 

Figure 11. General Motors Air Cleaner Housing With Large 
Filter Element 

Test Method 

The air cleaner assembly will be mounted on the test 

engine with the snorkel tube positioned at a 45 degree angle 

from the straight ahead position, on the left side of the 

engine (passenger side). The test automobile will drive the 

chassis d am.ometer in hi ear (drive) with the mechanical 
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downshift linkage removed to prevent mechanical downshift. 

Readings of road horsepower, combustion efficiency and intake 

manifold pressure will be taken with the engine operating at 

2500 RPM and at full throttle. 

Test~ 

Road Horsepower - 64 Combustion Efficiency - 78.5 

Inches of Water - 19.75 Manifold Pressure - .714 

Observations 

When compared to the results of Test I, the test re­

sults indicate that the amount of restriction is the same 

since the manifold pressures are equal. The results also 

indicate that more air is entering the cylinders since horse­

power and combustion efficiency both increased. The in­

creased air flow could be attributed to the larger filter 

surface area or the design of the intake snorkel tube. 

When compared to Test VII, which used the Ford factory 

equipment air cleaner housing with the same snorkel tube used 

in Test XII, the test results indicate an increase in restric• 

tion in Test XII. Combustion efficiency decreased slightly 

and horsepower stayed the same. It appears that the lower 

manifold pressure and higher combustion efficiency registered 

in Test VII can only be attributed to the greater housing 

volume outside the filter element since the snorkels were 

the same and the Ford filter element had less surface area. 



46 

Since Test VII showed lower manifold pressure and 

higher combustion efficiency than Test XII, it seems the 

horse})ower and combustion efficiency increase of Test XII 

over Test I can be attributed to the different snorkel tube 

used in Test XII. 

When compared to the results of Test XI, the results 

or Test XII show a horsepower increase and a decrease in 

combustion efficiency. This indicates that the air flow with 

the dual snorkel air cleaner is greater but that there is a 

sacrifice in horsepower. The dual snorkel air cleaner assem­

bly would probably give more economical engine operation with 

a sacrifice in horsepower. 

XIII. TEST XIII 

Objective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and manifold pressure of 

the test engine equipped with the same air cleaner assembly 

used in Test XII except that seven, 7/8 inch holes will be 

drilled at points equally spaced around the circumference of 

the air cleaner housing. The test results will be compared 

to the results of Test XII to determine the value of'venting" 

the air cleaner housing. 

◄ 
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Special Test Apparatus 

The air cleaner housing, paper tilter element and in­

take snorkel tube are the same GeneraL Motors units used in 

Test XII. The only change is that seven, 7/8 inch holes 

have been drilled in the air cleaner housing, spaced forty­

five degrees around its circumference starting with the 

center line of the intake snorkel as shown in Figure 12. 

Figure 12. General Motors Air Cleaner Housing With Breather 
Holes 

!m Method 

The air cleaner assembly will be mounted on the test 

engine with the intake snorkel tube placed at a 45 degree 

angle from the straight ahead position, on the left side of 

the engine. The test automobile will drive the chassis dyna­

mometer in high gear (drive) with the mechanical downshift 

linkage removed to prevent mechanical downshifting. Readings 

of road horsepower, combustion efficiency and manifold 
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pressure will be taken with the engine operating at 2500 RPM 

and at full throttle. 

!!ll Data 

Road Horsepower - 63 Combustion Efficiency - 81.5 

Inches of Water - 17.5 Manifold Pressure - .632 

Observations 

The test results indicate less restriction to air flow 

with the holes drilled through the air cleaner housing. Man­

ifold pressure decreased and combustion efficiency increased 

over the readings obtained in Test XII. There was a slight 

horsepower loss, probably caused by the leaner fuel mixture. 

XIV. TEST XIV 

Ob.1ective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and intake manifold pres­

sure of the test engine equipped with the same air cleaner 

housing and intake snorkel tube as used in Test XII but 

with a paper filter element having less surface area than 

the filter element used in Test XII. The test results will 

be compared to the results of Test XII to determine the ef­

fects of the surface area of filter material on horsepower 

and combustion efficiency. 
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Special Test Apparatus 

The air cleaner housing and intake snorkel tube shown 

in Figure 13 have the same specifications as those used in 

Test XII. 

Figure 13. General Motors Air Cleaner Housing With Small 
Filter Element 

Filter element. The following specifications are for 

the paper filter element used in Test XIV. 

1. Diameter equals 11 1/2 inches. 
2. Height equals 2 1/2 inches. 
3. Height of paper pleats equals 2 inches. 
4. Depth of pleats equals l 1/4 inches. 
5. Number of pleats is 118. 
6. Surface area of filter material is 590 square 

inches. 

Test Method 

The air cleaner assembly will be mounted on the test 

engine with the intake snorkel positioned 45 degrees from the 

straight ahead position on the left side of the engine. The 
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gear (drive) with the mechanical downshift linkage removed 

to prevent mechanical downshift. Readings of road horse­

power, combustion efficiency and intake manifold pressure 

will be taken with the engine operating at 2500 RPM and at 

full throttle. 

~~ 

Road Horsepower - 64 

Inches of Water - 19.75 

Observations 

Combustion Efficiency - 76.0 

Manifold Pressure - .714 

The test results indicate no difference in restriction 

to the air flow since the manifold pressure remained the 

same. Combustion efficiency decreased in Test XIV which 

seems to indicate that the volume of air passing through the 

filter was less than with the larger filter used in Test XII. 

Horsepower was unaffected by the smaller filter surface area. 

XV. TEST X:V 

Objective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and intake manifold pres" 

sure using the same air cleaner assembly as used in Test XII 

but with the snorkel tube positioned at different angles in 

the engine compartment. The test results will be used to 

determine the effect of snorkel tube placement on road 
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horsepower and combustion efficiency. 

Special~ Apparatus 

The air cleaner housing, paper filter element and in­

take snorkel tube have the same specifications as those 

used in Test XII. 

Test Method 

The test automobile will drive the chassis dynamometer 

in high gear (drive) with the mechanical downshift linkage 

removed to prevent mechanical downshift. Readings of road 

horsepower, combustion efficiency and intake manifold pres­

sure will be taken with the intake snorkel in the following 

positions: (a) straight ahead, (b) 30 degrees, (c) 45 de­

grees, (d) 60 degrees, and (e) 90 degrees. The engine will 

be operating at 2500 RPM and at full throttle. 

Test l?.!l! 

(a) Road Horsepower - 64 Combustion Efficiency - 72.5 

Inches of Water - 20.5 Manifold Pressure - .741 

(b) Road Horsepower - 64.5 Combustion Efficiency 77.5 

Inches of Water - 19.5 Manifold Pressure - .705 

( C) Road Horsepower - 64 Combustion Efficiency - 78.5 

Inches of Water - 19.75 Manifold Pressure - .714 
(d) Road Horsepower - 64 Combustion Efficiency - 77 

Inches of Water - 19.5 Manifold Pressure - .705 
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(e) Road Horsepower - 64 Combustion Efficiency - 76 

Inches of Water - 19.5 Manifold Pressure - .705 

Observations 

The test results indicate some variations in manifold 

pressure and combustion efficiency in the various positions 

tested. The factory recommended position of 45 degrees re­

sulted in the best combustion efficiency although the mani­

fold pressure was not 1owest at this position. The differ­

ences in combustion efficiency at the various positions seem 

to be due to the air flow patterns under the hood. The low 

combustion efficiency recorded in the straight ahead position 

(a) could possibly be attributed to air turbulence from the 

fan actually interferring with air entry into the snorkel 

tube. Horsepower was influenced little by the various posi­

tions of the intake snorkel. 

XVI. TEST XVI 

Objective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and manifold pressure of 

the test engine equipped with a factory equipment air cleaner 

assembly designed for a 352 cubic inch Ford engine. The re­

sults of this test will be compared to the results of Test I 

to determine if the air cleaner assembly from an engine of 



larger displacement would offer an increase in horsepower, 

improved combustion efficiency and less restriction to air 

flow. 

Special~ Apparatus 
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The air cleaner assembly shown in Figure 14 is a Ford 

unit designed for use on a 352 cubic inch engine with a 

four barrel carburetor. 

Air cleaner housing. The following specifications are 

for the air cleaner housing used in Test XVI. 

Diameter equals 19 1/4 inches. 
Height equals 4 inches. 
Depth outside the filter equals 3 1/2 inches. 
Volume outside the filter equals approximately 
705 cubic inches. 

Filter element. The following specifications are for 

the paper filter element used in Test XVI. 

1. Diameter equals 11 1/2 inches. 
2. Height equals 2 1/8 inches. 
3. Height of paper pleats equals 1 3/4 inches. 
4. Depth of pleats is 9/16 of an inch. 
5. Number of pleats is 247. 
6. Surface area of filter material is 487 square 

inches. 

Intake snorkel. The following specifications are for 

the intake snorkel on the air cleaner housing used in Test 

XVI. 

1. Length equals 3/4 of an inch. 
2. Rectangular opening is 11/4 inches by 5 3/4 

inches. 



Figure 14. Factory Equipment Air Cleaner Housing For Ford 
352 Cubic. Inch Engine 

Test Method 

The air cleaner housing will be installed on the test 

engine according to the manufacturer's recommendation with 

the intake snorkel positioned 90 degrees to the right of 

straight ahead. The test automobile will drive the chassis 

dynamometer in high gear (drive) with the mechanical down­

shift linkage removed to prevent mechanical downshift. Read­

ings of road horsepower, combustion efficiency and intake 

manifold pressure will be taken with the engine operating at 

2500 RPM and at full throttle. 

Test~ 

Road Horsepower - 64.5 Combustion Efficiency - 75.5 

Inches of Water - 20.0 Manifold Pressure - .723 
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Observations 

When compared to the results of Test I, the test data 

shows the air cleaner assembly was more restrictive to air 

flow than the factory equipment for the 289 Ford engine. 

The combustion efficiency was the same, indicating the volwne 

of air entering the cylinders was the same. The horsepower 

output increased on the same fuel mixture. The writer specu­

lates that this might be the result of the different air 

cleaner housing design. It seems possible that the air might 

achieve more or less turbulence in the housing thus vapor­

izing the gas to a more combustable form. 

XVII. TEST XVII 

Objective 

The objective of this test is to measure the road 

horsepower and combustion efficiency of the test engine using 

a "free breathing" air cleaner. This unit has no outside 

housing or intake snorkel tube. The test results will be 

compared to those of Test I and Test XVI to determine if this 

air cleaner unit offers any advantages over the two Ford fac­

tory equipment units. 

Special Test Apparatus 

The "free breathing" air cleaner unit shown in Figure 

15 is constructed from a Ford 352 cubic inch engine air 
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cleaner assembly. The paper filter element is the same ele­

ment used in the factory equipment air cleaner housing in 

Text XVI. 

Figure 15. Free Breathing Air Cleaner 

Test Method ------
With the air cleaner assembly mounted on the test en­

gine, the te.st automobile will drive the chassis dynamometer 

in high gear (drive) with the mechanical downshift linkage 

removed to prevent mechanical downshift. Readings of road 

horsepower, combustion efficiency and intake manifold pres­

sure will be taken with the engine operating at 2500 RPM and 

at full throttle. 

~~ 

Road Horsepower - 64 Combustion Efficiency - 80.0 

Inches of Water - 18.5 Manifold Pressure - .668 
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Observations 

The test results show advantages over the factory 

equipment for the 289 cubic inch engine air cleaner assembly 

as there is less restriction, improved combustion efficiency 

and increased horsepower. Compared to the air cleaner in 

Test XVI, the unit is less restrictive and supplies more air 

with little effect on horsepower. 

It is interesting to note that this unit, without a 

snorkel or outside housing, was more restrictive than some 

units with snorkel equipped housings. This might be caused 

by the paper filter element which has less surface area of 

filter material than the other paper filter elements tested. 

XVIII. TEST XVIII 

Objective 

The objective of this test is to measure the road 

horsepower, combustion efficiency and intake manifold pres­

sure using the factory equipment air cleaner housing and in­

take snorkel tube but with a paper filter element altered to 

assimilate a partially clogged filter element. The test re­

sults will be used to determine the effect of filter obstruc­

tion on horsepower and combustion efficiency. The writer 

hopes to determine to some extent the margin of performance 

protection built into the filter element. 
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Special~ Apparatus 

The factory equipment air cleaner housing, paper fil­

ter element and intake snorkel tube used in Test I will be 

used in this test. Masking tape will be used to assimilate 

the clogged filter. 

~ Method 

The test automobile will drive the chassis dynamometer 

in high gear (drive) with the mechanical downshift linkage 

removed to prevent mechanical downshift. Readings of road 

horsepower, combustion efficiency and intake manifold pres­

sure will be taken with the filter element in the following 

conditions: (a) new, no obstruction, (b) 25 per cent obstruct 

ed, (c) 50 per cent obstructed, and (d) 75 per cent obstruct­

ed. The filter obstruction will be assimilated by wrapping 

masking tape around the outside of the filter element. 

~~ 

(a) Road Horsepower - 62 Combustion Efficiency - 75.5 

Inches of Water - 19.75 Manifold Pressure - .714 

(b) Road Horsepower - 64 Combustion Efficiency - 77.5 

Inches of Water - 20.0 Manifold Pressure - .723 

( C) Road Horsepower - 63 Combustion Efficiency - 73.5 

Inches of Water - 20.0 Manifold Pressure - .723 

(d) Road Horsepower - 62.5 Combustion Efficiency -71. 

Inches of Water - 20.0 Manifold Pressure - .723 
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Observations 

After studying the test data, the writer feels that 

the data for this test is not fully reliable but an approxi­

mate indication of what the results might be in actual opera­

tion if the filter became plugged with foreign matter. 

The test results indicate an increase in restriction 

when 25 per cent of the filter area was covered and an in­

crease in combustion efficiency and horsepower. At 50 per 

cent and 75 per cent restricted conditions, the manifold 

pressure remained constant while combustion efficiency and 

horsepower decreased indicating that the volume of air was 

decreasing. The writer feels that the combustion efficiency 

and manifold pressure should have shown more marked changes 

than indicated when the per cent of obstruction was increase 

If this test has any amount of validity, it indicates 

that this filter element has a high reserve capacity for dirt 

and dust before performance would be seriously affected. 

The writer suggests that this test might be more re­

liable if four filter elements of the same brand were used 

and some type of sealant was sprayed onto the filter paper 

to seal the pores to represent the different percentages of 

obstruction. 



CHAPTER V 

THE SUMMARY AND CONCLUSIONS 

I. THE SUMMARY 

Air cleaner units are designed to do four jobs in the 

modern automobile: (l) to keep dirt and dust from entering 

the engine with the intake air, (2) to reduce the level of 

induction noise to an acceptable and comfortable level, (3) 

to act as a flame arrester in case of backfire, and (4) to 

provide heated air to the carburetor for quicker warm-up and 

reduced levels of exhaust emissions. 

The literature the writer received from industry seems 

to indicate that the most concern in air cleaner design cen­

ters around the induction noise level. This is controlled 

through the size or volume of the air cleaner housing, the 

opening of the snorkel tube, the cross sectional shape or the 

snorkel tube and the length of the snorkel tube. 

If the air cleaner housing or intake snorkel tube re­

stricts the air flow in an attempt to control the induction 

noise, the horsepower of the engine could be decreased. 

Appendix B, page 69, shows the relationship between road 

horsepower and manifold pressure. As air flow becomes re­

stricted, manifold pressure increases. The writer interprets 

the information from industry as saying that the air cleaner 

unit is in manv cases a c,.m,--~ .... ii AA h~tweAn h.o:r-s.,, .:--- ,.,.. 
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performance and noise control. A little power is sacrificed 

for a quieter passenger compartment. 

To protect the engine from harmful dirt and dust, the 

auto industry has used six types of filter elements: (1) oil­

wetted mesh, (2) oil bath, (3) dry paper, (4) oil-wetted 

paper, (5) oil-wetted polyurethane foam., and (6) a heavy duty 

element combining the paper and a foam. wrapper. 

The efficiency of filtration varies with the different 

types of filters. Reports show that the dry paper, oil­

wetted paper, the polyurethane foam and the heavy duty, dual 

element filters, do the most efficient job in removing dirt 

and dust. 

If a filter element is too small to allow a sufficient 

air supply to pass through or if the material is restrictive 

in nature, the horsepower of the engine can be af'fected. A 

polyurethane foam filter is rated by some to be slightly less 

restrictive than a paper element. The combination foam and 

paper element is more restrictive than either filter used 

separately. 

Some filter elements give more economical performance 

in adverse conditions such as in extreme dust or smog laden 

air. The choice of filter element depends upon initial cost, 

ease of maintenance, cost of maintenance and engine perfor­

mance. In some cases the filter used may be a compromise 

with some loss of engine performance considered acceptable. 
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II. CONCLUSIONS 

After reviewing literature and technical information, 

talking to individuals with a knowledge of induction systems 

and conducting tests with air cleaner housings, intake snor­

kel tubes and filter elements, the writer feels that engine 

performance is definitely affected by air cleaner design. 

The air cleaner unit is a very essential component of 

the automobile engine.· Not only does it protect the engine 

from harmful foreign materials, it also can help the engine 

develop maximum horsepower. The writer observed that the 

test engine developed higher horsepower in all tests except 

one, Test II, when test results with the use of an air clean­

er were compared to horsepower developed without the air 

cleaner unit. 

Appendix A, page 68, is a composite of all test data 

and may be used as a quick reference for comparing a specific 

test result to the results of other tests. 

Using the Ford factory equipment air cleaner housing 

and Test I as a standard, the writer found very little dif­

ference between horsepower developed using this housing and 

horsepower developed using housings of a different volume. 

The component of the air cleaner unit that showed the 

most effect on horsepower was the intake snorkel tube. The 

laboratory tests support the statement that snorkel tube de­

si~ is a compromise between induction noise control and 
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engine performance. 

The factory equipment with a straight snorkel tube 

developed lower horsepower than the same filter and housing 

equipped with tapered snorkel tubes. 

Horsepower differences were not as noticeable as the 

changes in combustion efficiency when using different snor­

kels. As with horsepower output, the tapered snorkel tubes 

recorded higher combustion efficiency than the straight fac­

tory equipment snorkel. Those snorkels that developed high­

er combustion efficiency and lower manifold pressure than the 

straight snorkel also had a higher induction noise level. It 

was observed that as the intake opening increased in size, 

the combustion efficiency and induction noise increased. 

Appendix C, page 70, shows the relationship between combus­

tion efficiency and manifold pressure as recorded by the 

writer in all tests performed. 

The dual snorkel housing had very high combustion 

efficiency, a high noise level and one of the lower horse­

power readings. The writer feels this shows that the addi­

tional air flow can produce a leaner fuel mixture at the 

sacrifice of some horsepower. 

To some persons economy is more important than maxi­

mum. horsepower. The writer feels the tests show that higher 

combustion efficiency can be obtained with snorkels different 

from the Ford snorkel tube. This should show some increase 
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in gas mileage. Appendix A, page 68, shows the Air-Fuel 

Ratio that corresponds to the combustion efficiency of each 

test. In some cases the economy gain may realize a slight 

horsepower increase while others will show a loss. With the 

economy gain, one may have considerably higher induction 

noise levels during acceleration and wide open throttle. 

The- manu1'acturer 1 s reconnnendation for snorkel tube 

placement seemed to produce the best overall performance for 

the particular unit tested. 

Many automotive supplJ houses advertise little screen 

inserts that can be fitted into holes drilled into the cir­

cumference of the air cleaner housing. They advertise that 

this will increase engine performance. This test did not 

show a horsepower gain but it did show a combustion efficien­

cy increase which could mean better gas mileage. 

The writer found the polyurethane foam filter element 

to be less restrictive than the paper element when tested in 

the same housing, with the same intake snorkel. The heavy 

duty filter was more restrictive than the paper element and, 

though not affecting horsepower, may decrease gas mileage. 

The assimilation of an obstructed filter element may 

not be reliable but it did show an indication of decreased 

combustion efficiency which could result in poor gas mileage. 

The writer feels the auto industry does compromise to 

give acceptable performance at all three levels: horsepower, 



economy and noise control. By changing one or more levels 

for gain, the others may be sacrificed. 
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It should be recognized that the test results in this 

study can not be taken as a general rule for all air cleaners 

on passenger cars today. To assume that the efficiency or 

horsepower output of an engine can be changed by changing 

intake snorkels or drilling some holes in the air cleaner 

housing is not necessarily true. Only through laboratory 

tests or extensive road tests can individual situations be 

evaluated. 
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APPENDIX A. 

M s::: ~ 
<'H Q) 0 () <'H 
0 ~ •r-1 s::: r-i 0 'O Q) 'O 

.,I-) G) G) * 'a g r-i 
M 0.. Ol -r-1 ;::I Ol ~§ Q) Q) ;::I () rx.. 0 G> M <'H Ol 
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I 62 75.5 12.67:1 19.75 .714 1.45 
II 59.5 84.0 13.85:l 16.375 .592 1.20 

III 64 79.0 13.15:1 19.25 .696 1.41 
IV 63 77.5 12.95:1 19.5 .705 1.43 
V 63 75.0 12.60:1 20.25 .732 1.49 

VI 59 55.0 9.80:1 27.125 .980 2.00 
VII 64 79-5 13.22:1 18.25 .659 1.34 

VIII 63.5 80.5 13.37:1 17.875 .646 1.31 
IX 63 82.0 13.60:1 18.0 .650 1.32 

I X 60 55.0 9.80:1 29.5 1.066 2.17 
XI 61 83.5 13.77:1 17.875 .646 1.31 

XII 64 78.5 13.07:1 19.75 .714 1.45 
XIII 63 81.5 13.52:1 17.5 .632 1.28 

XIV 64 76.0 12.75:1 19.75 .714 1.45 ', 

XV(a) 64 72.5 12.22:1 20.5 .741 1.51 
(b) 64.5 77.5 12.95:1 19.5 .705 1.43 
( C) 64 78.5 13.07:1 19.75 .714 1.45 
(d) 64 ' 77.0 12.90:1 19.5 .705 1.43 
(e) 64 76.0 12.75:1 19.5 .705 1.43 

XVI 64.5 75.5 12.67:1 20.0 .723 1.47 
XVII 61.a. 80.0 13.30:l 18.5 .668 1.36 

i XVIII(a) 62 75.5 12.67:1 19.75 • 714 1.45 I 

' (b) 64 77.5 12.95:1 20.0 .723 1.47 
(c) 61 71. I:> 12.17:l 20.0 .723 l.l.a.7 
( d) 62.5 71.5 12.07:1 20.0 .723 1.47 

* Conversion Fol"Dl.ula On Page 19 
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