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FORWARD

"In the beginning there was none and now there
is some,"

Thus spoke an unknown sage centuries ago with
regard to our existence iIn the realm of reality. While he
specifically was speakling in reference to material things
coming from nothing, he might also, nave been looking at
the development of the dynamometer laboratory at the Univer-
8ity of Detroit. In its own small way, the evolution of
this laboratory from a once fond dream of the department
heads and members of the administration, to the marvelous
€xample of insplired student ingenuity and workmenship
that it is now, probably parallels any other endeavor which
men nhave made in their ever ceaseless making of something
out of nothing. In referring to “ﬁotning" I mean "nothing"
with respect to equipment, money and skilled workmen, and
not to the absence of existence of anytning tangible. To
maxe a statement like that after naving spent five years
in a Jesuit institution invites either a longer stay so the

venerable fathers could change the way oI our thinking, or

elée,direct excommunication,

Ever since the day when the Mechanical kngineering

department was given the "OK" to "go ahead and build y our



-iv-

dynamometer room," there has been an endless array of
studente who, not knowing anything in particular about
dy namometers, have gone ahead under very able leadersnlp
to build one of the finest dynamometer laboratories in
this part of the country. As has been stated many times
0y the man who has had the most to do with the lab since
i1ts present constructlion was started, Professor John J.
Uicker: "Maybe we haven't as many chromed bolts and nuts
and as much copper tubing, but we can do practically what
any of the others can do now, and in a few years we will
be able to do anything that they can do." I think that
these words have been the watchword of the men who have
worked under Professor Uicker's leadership and will be
for those who follow 1n our footsteps.

It has been the practice of those who have been
actively employed by the Mechanical Department, when de-
clding upon the topic of their senior thesis, to try and
80lve some of the problems relative to the construction of
the laboratory, or in the building of the many pileces of
equipment so vital to the functioning of a "working" 1lab,
It 18 through this kind of thinking by the students who
nave gone before, those of us of the present and they who
wlll be of the future, that this lab has prospered and
this thesls of which we now write was made possible.

W“hen in 1949, Gordon Millar, Albert Lafou and
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William Walton submitted their thesis titled, "Utilization
Cf Air-Flow Measurement As An Aid To Internal Combustion
Engine Development" and in 1950, when Henry Fedorchuk

built his famous fuel-welghlng system, the patiern or mold
for our thesis was formed. Through combining both Millap's
and Fedorchuk's thesises into one compact unit and pre-
senting & method, whereby., tne results of the individual
elements could be correlated, a new thesis was born, as was
a fine plece of usable equipment, It is this accomplisnment
that 1is the thesis of which we write.

When our thesis, which we call "Air-Fuel Ratio
Measurement," nad its inception, it was originally planned
Lo have two units, one to measure the air and anotner to
measure the fuel. DUDuring its construction, however, it
was decided that the'two pieces of equipment would take
100 muech room in the already crowded lab, and so the two
units were joined in matrimony, as it were, to exist as one,.
In thls respect, the authors owe a great deal of gratitude
Lo two of the young engineers emplobeé 0y the Department in
the dynamometer lab, Mr. Arthur Hammond and Mr. Peter
Pentescu, for their very helpful suggestions.

It 1s sincerely hoped that the development of

wnat we hope to be a very valuable pilece of equipment during
tals project, will materially aid future internal combustion

englne work at the University of Detroit.
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ABSTRACT OF THESIS

One of the problems encountered in internal
combustion engine analysis is the accurate measurement
of the air-fuel ratio. 1In order to produce the highest
specific power output, it is of great importance to have.
the correct air-fuel ratio corresponding to the load on

the engine,

This thesisg attempts to utilize the results of

two former thesises in the development of a unit capable

Of determining the air-fuel ratio of an engine under vary -
ing load conditions, The authors of this thesis nave tried
to improve on both the design and the method used in inter-
preting the results of each unit.

If we can determine from the Millar thesis the
amount of air that an englne uses for a specific period of
time undef a Known load condition, and from Mr, Fedorchukl's
thesls, the amount of fuel consumed ﬁy the engine for the
same period of time and put these results together, we
nave the alir-fuel ratio for the engine corresponding to the
load and time period under conslderation. This, then,
1s the crux of our endeavor.

A procedure to be used by those attempting to
determine the air-fuel ratio of engines with this device

nhas been prepared and appears ln the thesis proper. In an



attempt to prove the worth of this apparatus, a number of

tests on a Dodge truck engine were performed. During

these tests an attempt was made to determine the alr-fuel
ratios under varying load conditions. The results of

these tests can be found in the appendix,

It has been concluded that the apparatus develop-

ed during the course of this project, if used with reason-

able care, can be used very successfully for air-fuel ratio

determination,



CHAPTER I
DESIGN AND CONSTRUCTION OF RACK

The rack is the framework which houses the air-

fuel ratio measuring apparatus. The dimensions are such
a8 to raise the outlet ports of the plenum chamber to a
nelght of six feet above the floor and yet to maintain
stabllity with regard to location of center of gravity
when the fuel system is installed. Angle irom, 25 x 2 x =,
wae used tinroughout and all joints are electrically welded.
Shelves to hold the plenum chamber, the relay
board for the fuel-measuring system, tne fuel-measuring
system 1tself, and to store the orifices and carburetor
adgpters, have been placed within the unit. These shelves
with the exception of the one holding plenum chamber, are
of 5/8 inch plywood bolted to angle-iron braces. The
locations of these shelves in the unit are such as to PEr=
mit adequate space for the separate parts of the apparatus.
Enclosing the framework is 1/2 inch plywood
fabricated in such a manner that no fastening devices can
be seen, The panels are held to the framnework by wood
screws inserted from the inside. Provision has been made
for removing the panels which would permit access to the

vitals of the unit either for inspectlion or for work. These
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panels are fastened from the outside by 5/16 inch wing-

nuts which are turned onto 5/16 inch studs set into the

framework.

On the front pahel 1s mounted a chart table
which holds both the individual orifice charts and the
nomograpnic charts in a position to facilitate use., On
the under side of this chart table is a small sheet-metal
pan which holds the charts not being used. This sheet-
metal pan i1s constructed in such a manner so as to have
a small lip at the front which prohibits the charts from
falling out of the pan when the apparatus 1is being moved,
Indentations hnave been cut into the holding pan so as to
make removal of the charts an easy task,

The entire unit rolls on swival Lype casters
of sufficlently rugged construction as to enable them to
nold 300 pounds per caster. The wheels are five inches
in dlameter, one inch in tread width and made of rupbber,
The large wheel and neavy-duty type construction enable
the unit to be moved about over rough terraln without the
poseglibllity of the casters falling or getting caught in
large cracks or troughs, These casters have been welded
Lo the frame and thus no future loosening of the caster
Plates need be feared, In an attempt to make the unit as
stable as possible during the tests and in order to store

the unit without fear of its moving from its placed position,
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two of the four casters provided, are of the locking type.

The plenum chamber has been provided with a sheet
metal housing, with provlision on the orifice end for the
orifices. The entire unit has been painted with two coats

of machine tool grey to match the color scheme of the

apparatus in the dynamometer laboratory.
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CHAPTER 11
THE AIR-MEASURING SYSTEM

The air-measuring system makes use of orifices
which have been calibrated with a plenum chamber and the

results presented in the form of curves plotted on

Cartesiznp Coordinates. On these coordinates, the ob-
sclssas represent the pressure drop across an orfice and
on the ordinate is plotted the quantity of dry air used

in pounds per minute as metered by the orifice.

Alr-flow measurement tanks for use in internal
combustlon engine analysis are not new. For many years
they have been used in one form or another and the deslign
limits of the tanks are pretty well established., There
are three prime considerations which must be born in wmind
when selecting a tank that wlll serve with the degree of
accuracy required. They are as follows:

1. IThe volume of the tank must be large enough
Lo dampen out all pulsations that could poscsible be trans-
mitted from the intake manifold of the engine t> the
manomeler used to determine the pressure drop across the
orifice.

2. 1he total pressure-drop across the tank should
not exceed the pressure drop of a good quality air-filter
when used at the same air-flow rates.

5. The measuring orifices should be easily inter-



changeable in order that the various sizes can be installed

during a run in a minimum of time,

The plenum chamber used by Millar in 1949, to
calibrate orifices satisfies the above requirements witn
respect to design. Therefore, we are using in this project

the alr-measuring system as designed by Millar in 1949,

The orifices to be used in this alr-measuring

system wlll measure air in the range as tabulated below:

Orifice Number Range (# dry air/hour not
| corrected)

40-180
85-300

1
2
> 150-8580
- 250-900
3

450-1290
The following table gives an indication of the

range of engline sizes which can be tested with the avail-

able orifices:

Engine Displacement RPM #/hr. (80% Vol.
Eff.)
65 4,000 254
135 3,600 508
235 3,600 884

377 3,000 1415



It can be readily seen that all out the largest displace-
ment engine can easlly Dbe tested by the orifice range
possessed at this time., At any rate, construction of
a larger orifice could be carried out at a later date.
After deciding upon the feasibility of utilizing
the air-measuring system developed in 1949, it was nec-
essary 1o locate the tank and the orifices. After many
arduous days of searching the tunnels under the engineer-
ing building, the authors were rewarded by finding a
rusted olad fifty-five gallon 0il drum and five orifices
whibh, by noting the markings on them, were found to be
those used in Millar's tests in 1949. We were also able
to verify the fact tnat the drum we found was the air-
measuring tank used by Millar in conjunction with these
same orifices. This was accomplished by noting in Millar's
theslis write-up that he had painted a large "A" in yellow
on tne drum and had welded two three inch outletse to the
side of the tank, These same conditions were present on
the drum we found., Also, we were able to find the hole
which had been drilled for tne manometer tap. The de-
seription of the orifice backing plate in the trnesis match-
ed the plate with the hole in it which was found welded to
one end of the barrel. Taking all these facts into con-
slderation and also the verbal Lestimony of certain members

of the department, namely, Professor J.J. Uicker, Mr. Henry



Fedorchuk and Mr., Y.W. Yamauchi, all of whose words are
above reproach, there can be absolutely no doubt as to
the veracity of this being the air-measuring system cal-
ibrated by Millar in 1949, Therefore, in lieu of this
fact, the authors have every right to use the charts pre-
sented in the written thesis with the orifices and plenum
chamber found in the basement of the englneering building
and expect that the results of the measurements taken with
this system will be as indicated in Millar's thesis of
1949,

In order that the fifty-five gallon drum be
used as the plenum chamber in dur Lhesls 1t was necessary
Lc be sure that 1t was in good repair. Accordingly, after
a thorough inspection, it was found that the manometer tap
would have to be repaired and the threaded studs used to
nold the orifices onto the plenum chamber, having been
broken off at some time or another, would have to be drilled
out of the orifice backing plate. After these repairs were
made the drum was cleaned of rust inside and out, all the
dents that could be removed were hamumered out and the out-
slde painted machine tool grey.

It was necessary to enlarge the diameters of the
holes drilled through Lhe periphery of tne orifices in order
Lhat the threaded studs holding the orifices to tane backing

plate could pass without interference. The orifices are



held in place on the backing plate by wing nuts turned

onto the threaded studs. Be using these wing nuts instead
of the conventional type it 1s possible to change the

orifices in a minimum of time.

The plenum chamber was then mounted on the
frameworkz at the very top, where it set into a cradle
fashloned of angle iron. The tank is made fast to the
framework by anchoring it to the cradle with aluminum
cable drawn tight around the periphery of the drum at

each end,

IThere are two four inch flexaust hoses which
attach to the Qutlets on the side of the tank to carry
the air from the plenum chamber to the carburetor air-
intake., As the outlets are three inches in diameter and
the hose four inches, an adapter for each outlet was
made by machining a three inch coupling to an ocutside
diameter of four inches. These adapters are turned onto
the threaded outlets by means of a Splnner wrench. When
engines with only one air intake are being tested, the
second tank outlet is closed off with a three inch plug
which screws into the adapter and the hose can be stored
on the bottom shelf of the framework.

As the size of the carburetor air-intakes vary
wWith the particular engine under test, it was necessary to

construct transition pleces for eacn of the engines beling



used 1n the dynamometer laboratory. These adapters make

it possible to use the same four inch hose for all the
enginese, The adapters are constructed of galvanized sneet-
metal. The method of construction is that used by practic-
ing sheet-metal contractors and is described as follows:

l. The sizes of the two ends of the transition

piece 1s first determined.

2. .The process of surface developing the piece
L0 be made and cutting a pattern out of paper is performed.

5. The pattern is transferred to the metal and
the piece cut out.

4., The sheet metal layout is then rolled and
formed to the desired shape and the joints soldered.

Transition pieces constructed in the manner Just
described have been made for the following engines used in
the dynamometer laboratory, The 1953 Hudson pacemaker,
1952 Lincoln, 1938 Dodge truck engine and the 1950 Contin-
ental Industrial engine. When it is desired to determine
Lhe alr consumption of engines other than these Just men-
tioned, it will alsc, be necessary to construct transition
pleces for them. The transition pieces, as otherwise the
orifices, and unused hose, are stored on the bottom shelf
of the unit. They can thus be carried with the unit wnat-

ever its orientation,.

I'ne manometer selected to determine the pressure
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differential across the orifices is an Ellison Inclined

Draft Gage. This instrument has a range of four inches
of water and can be read accurately to 0.01 inches. The
lndicating medium used 1n the manometer is Ellison petrol-
eum 01l of specific gravity 0.834,

Within the draft gage unit is a bubble level.
This level i1s used to indicate whether or not the unit can
be used wlth accuracy in determining pressure differential.
The monometer casing itself 1s mounted to a leveling device

whlch enables the unit to be used under conditions where

the Tloor is not level., By turning the adjusting screw
wihich 1s connected to the leveling device, the manometer
can be leveled as indicated by the bubble gage.

Thhe correction curve which has been determined
for the manometer was obtained in the following manner:
the manometer unit was leveled by sight, utilizing the
bubble leveling gage contained within the unit: by means
Of a Hook-Gage calibrating device, the manometer error
was determined over the entire range of from zero to
four inches; plotting the correction which must be added
algebraically to the indicated wanometer readlng, against
the indicated monometer readings established our correction
curve. This correction curve can be used with reasonable

accuracy 1in determining the corrected manometer reading
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of any run 1f the bubble gage is kept level, as per cal-
ibration conditions.

It can readily be seen from the air-measuring
system set-up that the manometer, which is an inclined
draft gage, measures the drop in pressure exXperienced Dy
the air as it is accelerated in velocity passing through
the orifice. The orifice itself, being mounted on thne
Outside face of one end of the plenun chhamber, is under
no pressure oitner than atmospheric. Therefore, it can be
seen that the manometer measures tune amount of vacuum
produced by the alr flowing through the orifice with respect
to atmospheric pressure. It is also obvious, that in
order to accurately determine the guantitative rate of
flow of air, under conditions differing from those of
calibration, factors other than merely barometric poressure
must be considered. Thesé l'actors are relative humidity

and temperature, and are taken into account as correction

factors in chapter four,
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CHAPTER I11

FUEL-MEASURING SYSTEM

The fuel-measuring system as it now exisgsts 1in 1lhe

"Air-Fuel Ratio Measuring Unit" could hardly be recognized

as veing the fuel-measuring system devised and constructed
by Mr. Fedorchuk in 1950, The baslic elements, as likewise,
the system of measurement itself remain. With respect to
other than these two considerations, however, the unit
1s entirely new. The authors would like to let it be
Known at this time that in order to produce results with
tnls unit; which would be sufficiently accurate for labor-
atory work, it wlll be mnecessary to calibrate this unit
with respect to guantitative flow rate. The authors regret
that due to lackhof sufficient time, it was not possible
for us to calibrate the unit as we would have liked to have
done., The new unit as it stands, however, except for the
fuel system calibration already mentioned, is ready for use.
1t is suggested by the authors that the calibration of the
fuel system take place as soon as is convenient, eitner
as a tneslse project or as a private work project of the
laboratory crew,
FUEL-MEASURING SYSTEM DESIGN

The fuel-measuring system as redesigned by the
autnors has in it a head tank which has connected to it
the maln feed line from the dynamometer fuel pump system.

In the dynamometer room thereis maintainéd by means of an
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automatic regulating valve at the main pump line, a pres-
sure of three pei, on all panel fuel feed lines., By means
Oof an alr-escape valve on the top of the head tank a de-
Blred head in the tank can te arrived at and maintained.
On the opposite side of the head tank connected by 3/4
inch sweat fitted copper tubing, 1s a 3/4 inch,two way

110 volt, sixty cycle, A.C, operated soclonoid valve of
explosion-proof construction. Connected to the solonoid
valve by sweat fitted copper tubing is a welghing tank sit-
uated on a balance scale. Between the head tank and the
fuel-weighingltank located at the top of the tanksis a

5/8 inch plastic hose which permits the maintenance of a
pressure equllibrium between the two tanks. On the fuel-
welghing tank side of the 2olonoild valve there is situated
in the 3/4 inch line a 3/4"-3/4"_-3/8" gweat fitted tee.
The 3/8 inch line from the tee is the engine feed line and
nas in it a Carter ceramic filter. The reason for naving
the filter in the line is to eliminate the possibility of
forelgn matter such as rust or dirt from entering the fuel
bump mechanism of the engine under test. Connected in
series with the filter and situated between the filter

and tne tee,is a manually operasted drain-valve whicn has
copper tublng extending througn the flooring intoc a drain

tank., The reason for having this valve in the line is in



ik

order to be able to drain the entire system of fuel wnen
finished testing. The drain valve was installed in tinils
line because the englne feed line is the lowest line 1in
the system and thus, hydrostatically, 1is the best drain
line.

In order to provide faster filling of the
fuel-weighing tank under large fuel consumption conditions,
a second line to the fuel-welghing tank was installed. This

line is inch in diameter and has connected in it a 5 inch,

QO+

110 volt, sixty cycle, A.C- operated solonoid valve which
1s operated Dy a switch situated on the back panal in the
lower'right nand corner, By opening this valve, fuel flows
directly from the main head tank supply ling whichh is under
room pressure ol tnree psi.,, to the fuel-weighing tank,
Connecting the solonoid valve to the fuel-welghing tank is
Plastic hose which permits different orientations of the
Lank due to the scale balance, Wrapped around this plastic
hose and the plastic hose connected between the 3/4 inch
tee and the fuel-weighing tank, is fine wire which prevents
the hose from kinking and thus prevents possible constrict-
lon of the fuel flow.

A micro-switch is situated on a piece of wood

in such a positlon so as to be able tc make and break con-

tact depending upon the position of the scale platforms,

This micro-switch 1s connected to the relay board located



acove and controls the opening and closing of the solonoid
valve situated in the lline connecting the head tank to thue
fuel-welghing tank. It also starts and stops the timer
which measures the time necessary for the consumption of
a given weight of fuel. The micro-éwitcn 18 set to operate
whenever the scale pointer passes the "O" position on the
dial.

THEORY

IThe theory behind the operation of this fuel-
measuring system is briefly as follows:

Fuel can flow from the head tank through an A.C.
operated solonoid valve to a fuel-weighing tank mounted on
a platform scale. Connected into the line feeding the
fuel-weighing tank and located between the solonoid and the
tank 1s a tee, one end of which feeds the engine. When
the solonold valve is opened and the engine is being fed
from the engine feed line, fuel flows from the head tank
through the solonoid to both the engine and the fuel-welgh-
ing tank. It is in this manner that fuel is gotten into
the fuel-weighing tank. If the solonoid valve is then
closed, the engine will draw its fuel from the welilgh tank
mounted on the platform balance. As the éngine consumes
fuel from the weigh tank, the scale will come to balance
Wwith the weights which have been placed on the opposite

platform. When this occurs, the micro-switch which is



located in a poslition s0 as to be tripped by the movement
of the platform, 1s actuated. This action starts a timer
and energizes a motor which raises a one pound weight from
the platform, The scale then becomes unbalanced with the
fuel-weighing tank on the heavy side. Since the scale was
balanced before the one pound weight was removed oy tune
motor, 1t now stands to reason that the amount which the
scale 1s unbalanced is equivalent to thne welgnt which was
removed, or, one pound,

As the engine draws fuel from tne fuel-weighing
'tank, the scale tends ﬂo balance out once again. When an
amount of fuel, equal to the weight which was removed from
the other slde, is consumed from the fuel-weighing tank
By the engine, the scale will once again balance. At this
time the micro-switch is once again tripped andé a result,
the timer is stopped .and the motor which had been holding
the measuring welght off the opposite platform is de-ener-
gized permittiing the weight to rest conce again on the
platform. Also occuring as a result of the micro-switch
belng tripped is the energlzing of the solonoid valve in
the line connecting the head tank to the fuel-welghing
tank.. This permits the engine to once again draw fuel

from the head tank, and also, starts the recharging of

the fuel-weighing tank.
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As a result of the head tank and the fuel-weighing
Lank being connected at the top by a plastic hose, there
exists between the two‘tanﬁs an equilibrium of pressure.
By means of this equilibrium there can be maintained any
desired level in the two tanks by operating the air-
escape valve on the head tank,

Pifficulty was encountered with respect to the
filling of the fuel-weighing tank when an engine was
operating at a high fuel consumption rate. The head
tank was unable to supply, hydrostatically, sufficient
fuel for both the englne and the welgh tank, It was
then decided that an auxilliary method of filling tue
fuel=-weighing tank was necessary to permit operation
under heavy fuel consumption conditions. This was
accomplished by installing a separate line from the main
feed directly to the fuel-weighing tank, Into this line
was placed an A.C. operated solonoid valve similiar to the
maln comtrol valve in the main supply system of the unit.
This valve was connected to aswitch which could be manually
operated when thé occasion demanded it, *y means of this
set-up the operators could, when the condtions ofthe test
warrented 1it, throw the auxilliary feed system into oper-
ation, Caution must be exercised in using this auxilliary

feed system however, as if it is allowed to remzin in

operatlion for too long a period, flooding of the system

is possible,
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CHAPTER 1V
NOMOGRAYPHIC CHARTS

In science and technology, nomograms are recognized
for ease of operation and for the time saved in the repeated
solution of mathematical formulae,

When callbrating the orifices for measuring a certain
quantity of alr per unit of time, it was necessary to draw
curves for the set-up from the experimental data for each
orifice at standard conditions, that is, TOOF and 29.92 in.
of mercury., However, as the temperature and barometric
pressure differ from day to day, in fact from hour to hour,
i1t can be seen that in order to use the charts calculated
at standard conditibns s & correction factor must be derived,
By using this correction factor and multiplying it oy the
curve value , a corrected value for the amount of air at
some speclific temperature and pressure other that that of
standard conditions is obtained, ‘he correction equation is

as follows:?

Curve Value x 2292 (T°R)

Corrected Value = 5‘50(63‘—_ Presae - ppwq)

There are several ways of solving the equation so
that a nomographic chart may be drawn., Two of the more
applicable waye are either an alignment chart or the Z=N
chart,

An alignment chart,in it's most simplest form,consists

of three or more parallel scales so graduated that a straight
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line cutting the scales will determine three or more points
whose values will satiafy tne given equation, ¥For this type
of chart the equatlon must have the following form:

ﬁ(cx) + -rz(b) * -c-._:,(c:) = £, (d)
Applying the general equation to the correction factor

equation, there evolves the following:

|c><3 (Curve Value) + |oc] (T‘:‘Q) -+ \OCZ} (Os564)
-\cc:) (Par. Press — PPWV) "-—'—-"’Io:a (Cor‘r*. Value)

The logarithms indicatlng that logarithimic scales must

be used and as this type of chart is not too easily drawn,
it was decided to look into the second choice of solution.
This second choice,as was already mentioned, is the combin-

ation Z=-N chart,

The Z=N chart will satisfy the following eguation:

'E(d) e L%(;)

To reduce the correction factor eqguation to the least number
of variables, the function of the (barometric pressure =-

the ppwv) can be altered., It is a simple matter to obtain
the partlal pressure of the water vapor in the air at some
speciflc wet and dry bulb temperature. T his can be done
wlth the use of a sling psychrometer or an aspiration

P8y carometer .and a psychrometric chart. Using values
Obtained from the chart for some specific wet and dry bulb

temperature and applying them to the following equation:
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2 HH=_PPwv

P&n\‘

wherein K.H. is the reletive humidity, ppwv is the partial

pressure of the water vapor in the air, p is the pressure

set
at which saturatiom occurs corresponding to & specific

temperature. This vealue 1s obtesined from the steam tables.
Applying the results of the ebove eguation to the
correction fector equation produces an equation with three
varisbles and determines one of the unknowns. As the
Z=N chart will only setisfy twe varisble &nd one umknown,
it is necessary to break down the equation further. In
order to show this, & genersl equation will be set up ana
the solution to the actual equsastion will come later.

The general equation for a Z-N chart as stated before

in this chapter is as follows:

L) _
:&ib> "L;Gi)

The correction factor equation hes the folliowing form:

¥‘Qﬂ).£éﬂﬁ)

5 il L, (d)

wherein &ll functions are the varisble cuantities and fune-

tion sub 4 is called the unknown quantity. Kearresmging the

equation so that it appears thus:,

-gﬂn) s (é(c)

£4(d) 5 ""Z.(b)
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and by letting each equation be equal to some Oother quantity
for example say function sub 5, the following form appears:

TR NE

*(4,(::‘) % pz(b) . fs(ﬁ)

or simply,

() _ hehy i o)

fA(d)
and
() _ f(u )t )
& (b
The N chart for equation (1) will then appear as
follows:

;;Gﬂ) I;x)_ {.(a)

and the Z chart for equation (2) will then be,

{,(b)

e — e —

It can easlily be seen that if equation 1) and (2)
are equal to the same guantity, that is function sub 5,
then any value for f5 (x) appearing on diagram (1%) will
correspond to the samefvalue on N diagram (2°'). It then
follows that the two charts can be combined and appear in

the form;
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2(b)

‘(.4(5) fs(x) f.,(o)

'Ca,(—c:.)

Now apply the solution to the actual correction factor

equation as follows:

Corrected Value = (CL':"-VQ V‘D‘\.‘:—"e) x 29972 (TQQ-)_
520 (Bar. Press - P v )

As stated before, the variable (barometric pressure - DPwWV)
18 combined and this will be called simply pressure,

lherefore:

Corrected Value = LCurve Value)x.0564 (T°R)

(Pressure)

From the general solution, the following solution is

apparent,

5 SOV @ \/::_:\ue___ (rp_r"_e_a:_s-'&ure)
Corrected Value 0564 (T°R)
and
e Cgr*ve_\_/c:\ue. > (Pressure) o
Corrected Value 0564 (T°R)
or
Curve Value gL ()

Corrected Value
and similarily,

Ereﬁ'@ur‘e_ . (4)
0Se4 (ToR)
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From the calibration charts for the orifices, 1t is
seen that the orifices will handle any quantity of alr from

O#/hr., to 1300#/hr. and from th is a set of limits is obtained.

At first, the maln theme was to have only one chart covering
the entire range, if this.had bteen done, however, for charts
of a size 10" by 16", a scale for the curve value of 1"
equal to 100 units would have had to been used. It can be
seen that this would have pbeen less asgcurate than if two
charts were drawn, one handling 0-650#/hr, and the other
handling 650-1300#/hr. By doing this, a scale of 1" equal
to 50 units can be obtalned,and accuracy as close as 1l#.
With the above consideration in mind, the following

set 0of limits have been devised:

Curve valu@=-—cececcemcaceaaaa_ varies from 0-650#/hr.
g S NSRS STt varies from 510°R to 560°R
Pressure --eccccacccae- varies from 27" to 32" Hg.

To obtain a maximum value for the corrected value, the

maxlimum value of the variables are substituted into the
equation yielding;
cae ol 2092 HMEo ) _ Tas

Sa30Te8.00)

Therefore the limits for the corrected value are now known,
ie, 0-750#/hr. and will fall withinthe limits of the size
of the chart which is 15" if the scale of 1" = 50 units is

used;.

The next step 1s to find the scales for the TR and

-y

pressures, Going back to equation (3), choose wvalues for
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the curve value and corrected values so that (x) will come
out to be equal to 1. Knowing then that (x) is equal to 1.
equation (4) will then be equal to 1, U sing some value
for pressure and solving egquation (4), some value of T°R
willlbe obtained., This will then be one point on the T°R
scale of the chart, By using various values of the pressure,
a complete scale for the T°R can be obtained and the chart
may then be completed,

Graphically , the aforementioned solution for the T°R

scale will be as follows:

"1 T
y 3
- Q
eV N NG
E P
2 5
U 0
Press.
= 532°R
I e
/ U
| 3
) / o'
B o
> WA v
_ / >
L / 3
5 1 0
U 30" He
Press.

A scale of 1" egqual 4 units was used for the pressure and
therefore, the scale for the T°R would be 1" equals 70,7

units. The chart to cover the second range of values for

Lhe variables is solvable in the same manner as the apbove,
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PROCCEDURE FOR USING THE NOMOGRAPHIC CHARTS

It 1s very simple to use the charts, Values are
obtained for the variables, FPressure is known, likewise
temperature and the curve value., Therefore to use the
charts, Jjoln the proper value on the pressure scale
with the proper value on the temperature scale, As will
be noticed,the line joining these twc points(called an
isopleth) intersects the diagonal. Then by joining this
point of intersection with the proper point for the curve
vélue, a second value , or isopleth, is developed and this
wlll intersect the corrected value scale at a some point,
T his point will then be the corrected value, and thus the

corrected value of # dry air / hr. can be obtained.

Example: To 1llustrate the above procedure, an example

18 hereby given,

lLet =-—eceeao curve value = 350#
Temperature = 532°R

pressure - 28.55" Hg.

Substitute these values into the eguation and the following

form is obtained:

29.92 (532) PNy S

X TER ST eesy) .

this value is then read as the corrected value on the charts,
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CHAPTER V
PROCEDURE

Thefprocedure to be used 1ln determining the

air-fuel ratio is as follows:
PRELIMINARY - PROCEDURE

l. Wheel the unit into position by the engine
Lo be tested and lock the brake casters to prevenit any
disturbing of thne original orientation.

. 2. Connect the dynamometer fuel supply system
L0 the main supply line of the unit. Also connect the
engine feed line takeoff of the unit to the fuel pump of
the engline.

5. Energize the electrical system of the unit
Dy plugging the attached cord into any convenient 110 volt,
siXtly cycle supply.

4. Open the valve on the dynamometer panel per-
mitting fuel to flow from the dynamometer supply system
to the head tank of the unit.

5. Energlize tne maln solonoid valve by throwing
the toggle switch mounted on the front panel,

6. Control the amount of fuel which will determine
the head on the weign tank by manipulating the air escape
valve mounted atop the head tank. The operating level

in the head tank as determined from the sight gage should
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be about one and one-half inches from the top of the glass,
By means of the pressure equilibrium existing between tue
nead and weigh tanks, the same level as set on the head
tank will exist in the welign tank.

7. Start the engine and let warm up to operating
conditions,

8. Choose an orifice, depending upon the air
consumption anticipated, and mount to the orifice backing
plate on the plenum chamber,

9. With the mamometer control valve in the "off"
position, connect the flexible hose leading from the plenum
champber side outlet to the carburetor air intake. The
utilization of tne carburetor adapters to make the connection
18 necessary,

At this point, the apparatus is ready to begin
the actual testing. The procedure to be used during the
actual test is as follows:

TEST PROCEDURE

l. Record the barometric pressure, temperature,
relative humidity, and the partial pressure of water wvapor
exlsting in the laboratory,

2. Turn the nmanometer control valve to the "on"
position and after thne indicating medium within the man-

ometer steadies itself, note and record the reading,

It is lmportant during the remainder of the test
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that the load on the englne anc the speed remaln constant

at the conditions which existed during reading of the mon-

ometer,.

5. Put sufficient welghts on the right side plat-
form of the scale balance to produce a scale reading of

0.02 to the left of the "O" position as indicated by the

pointer on the scale dial,

4, Push the start button located in the middle of
the front panel. This sets the relays located on the relay
board above, and closes the main solonoid valve, The englne
18 now drawing its fuel from the fuel weigh tank on the
scale,

5. As the fuel 1s consumed by the engine, the
pointer indicating the balance between the welghts on the
right side platform and the five weigh tank, moves to the
‘right rowards the "O" position. When the "O" position is
reached, the micrc-switén tripps starting the timer and
energizing the motor which 1lifts the measuring welght from
the right side platform. When this occurs, the scale is
unbalanced again, and the pointer moves to the left of the
"O" position.

6. As the engine consumes fuel from the fuel
welgh tank, the pointer moves to the right towards the
"0" position. When the pointer reaches the "O" position,

the micro-switch tripps agaln, stopping the timer, lowering
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the measuring weilght and opening the main solonoild valve.

7. The engine is now using fuel which 1s comlng
from the head tank, The fuel which is not belng by-passed
for use by the engine, recharges the fuel welgh tank. In
order to facilitate the fllling of the welgn tank, thne
auxillliary supply system can be put 1into operation Dy
throwing the toggle switch located on the rear panel.

8. Knowing the time necessary for the consumpt-
ion of the measured amount of fuel, and having Kept tue
engine speed and load constant, 1t is now possible to
utilize the orifice and nomographnic charts in determining

the ratio of air to fuel used by the engine,
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CONCLUSIONS AND RECOMMENDATIONS

Without having the correction charts for the
fuel system which would have to be determined from cal-
ibration tests, 1t is lmpossible to say how accurate are

the results of the tests which were performed., The results,

nowever, which were obtained, closely parallel those which
are known to exist, That is,air-fuel ratios from 14:1 to
18:1 are common in the type of engine which was utilized
for the tests. The engine used was an experimental Dodge
truck engine of 1938 vintage. Complete specifications
regarding this englne can be found on the data sheets used
in the tests,

The air system has been calibrated and in lieu
of this fact it would seem that the air measured should
have been correct. It is suggested, however, that the
alr calibration curves be cnecked at a future date in
order to absolutely verify their accuracy. It is also
suggested that as soon as is possible, the fuel system be

calibrated,

The auxilliary solonoid valve should be replaced
with a new 110 volt, sixty cycle solonoid valve. The reason
for this 1is that this valve was constructed by the authors
from two o0ld solonoid valves and while the seatlng of the
valve 1s satisfactory, the noise which it makes when operat-

ing is very disturbing.
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After these recommendations have been carried
out, the department should have a very usable and valuable

pliece of equipment.



BIBLIOGRAPHY

Intermnal Combustlion Engines, Theory Analysis
ana Deslign
by Lester C, Lichty and Robert L. Streeter
McGraw-Hill Book Company Inc.

New York, (1933), Fourth Edition.

Internal Combustion Engines
by Lester C. Lichty

McGraw-Hill Book Company Inc.

New York, (1939), Fifth Edition.

Fluid Mechanics

by R.C. Binder, Ph.D.
Prentise Hall Inc,.

New York, (1943).

Mechanical Engineers Handbook
by Lionel S, Marks,



APPENDIX



T 0% 6°g1 e ML*0 fi*ee 00g89°*¢ g 0CLT
Loy 4 MmMs 91°1 6°0¢ OME6* T | §LLE 100¢C
T 9% 6°9T 6€9 09°1 L*LE 0965°T g €02
T 9% 9°€T £0g UTAS 065 L9TO' T g LTLZ
oTeY 1y /# lejes Jo uf 1Y /4 #/uta
A=Y ITY doJg °*sseay Teny SUWT], PEOT NdY

Amdoasw Jo ul g4°gz = Mdd - *sseag ‘aeg
Adnodeu Jo UT 60€°0 - (*®Sd) (i) = MMdd
Ammogeuwl JO UT 29Mg*0 —d N, 3E 8dnssady UOT3EINGEQ
Adndodew JO ‘Ul 1z*42 -8dNSSsad ] OFJI}8WOIRY
$9°9¢€  —A3TpTUmy eAf3e18ey
doTl —ednjedaduwa] pIng Aa( g
do8S —odnjedadws] qug 39M -—:SUCTFTPUO) ORIloWoJEg puB eJdnjedadus],

Wwdd 000€ 98 g1 —Jemodasdoy axedg WnwTXe
wdd Q02T %8 Sq[~%4J 0LZ —enbdo], wnuTXey
T 9% §*Q =0T3€Y uoTssagduwor)
*UT °*nd TEf —jusuwedeTdsTy UO3STd
n00°S —ejoagg *,G)*¢ —aaog
Peoy~] “saepulldd 9 ‘GET] -+SUOT}eOT roedg BUTIUY

"UNTONZ MOMHL T0A0d 8E6T V NO NMM TVOIdAL V 404 VIVd



DATA FOR CALTBRATION OF ELLISON INCLINLD DRAFT GAGE.

Specifications:— Factory calibrated in inches of water
Utilizing petroleum of specific gravity = 0.83)
Range — O to i inches of water

Instruments of Calibration
(1) Hook Gage
(2) Oscilloscope

Note:— This calibration took place under the condition of leveling

the manometer by sight.

HOOK GAGE MANOMETER CORRECTION
0,200 0.200 0,000
0.100 0 .100 0.000
0,600 0,600 0.000
0,800 0,800 0,000
1.000 1.000 0,000
1,200 1,210 -0.,010
1.,00 1.,h18 -0,018
1. 600 1,620 -0,020
1,800 1,827 —0,027
2,000 2,027 -0.027
2,200 2,229 —0,029
2,400 230129 -0,029
2,600 2,629 -0,029
2 800 2,829 ~0.,029
3.000 3,021 -0.021
3.200 30223 -0.023
3.4L00 3,125 -0.025
3. 600 ¥ 630 -0 .030
3,800 3,830 ~0.030
l; ,000 )y 030 -0.030
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THE AlR-FUEL RATIO

MEASURING UNIT



VIEW sHowing ParT oF FUEL
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