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INTRODUCTION

The recent enormous growth of the automotive
industry and the increase of motor car transportetion
has confronted the country with the serious problem of
providing sufficient fuel for the propulsion of motor
driven vehicles. The economically available supply of
high grade fuel which a few years ago was estimated
would last for nearly a hundred yesrs, has Dbeen re-
duced to a point where an imminent shortage threatens.
At the present rate of consumption, unless vast new
01l fields are quickly discovered, motor car trans-
portation will be seriously hampered within a very few
years. Already the effect of the shortage has been
feit in =& marked reduction of the quality of gasolene
and an increase in its price.

Ilumerous attempts have been made to adapt the
present motor cars for the use of a low grade of
mineral, animal, or vegetable fuel oil. Ione of them
have shown any indication that they would prove suc-
ceasful. It is evident that unless new fuel o0il is
discovered, such an sdaptaetion must shortly be made.
This is a difficult problem in the ocase of the ihter-
nal combustion engines, but the steam power plant is
readily adaptable to the use of low grade fuels.

Steam motor cars have been built since early in

the nistory of the automobile and, though they have
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never held a predominant position in the automotiﬁe
industry, their development has been comparable with
thet of the gasoléne car. They have now reached a state
of improvement where their operation, in many ways, is
much more satisfactory than thet of gasolene cars and
their disadventeges slight. The unfamilierity of the
average sutomobile repair man with thevsteam car mech-
anism and the lack of service stations, however, pre-
vent this type of car from becoming at present a ser-
jous competitor of the gasolene car.

The steam automobile, as represented by the Stan-
ley Steam Car, consists of two main units; the engine
and the boiler. The engine is a2 two oyltinder, hori-
zontal, double-acting, single-expansion steam engine
with Stevenson 1link velve gear. It is geared directly
to the differential. ihe boiler is a straight tube,
vertical, fire tube boiler with welded tubes, tested
to. two ;thousand pounds persquare inch hydrostatic
pressure and operating at 200 to 600 pounds. The fuel
is burned directly beneath the boilér. Since it is not
necessary to force the charge into the cylinder and
burn it there in a smaell fraction of a second, sutomat-
ie burnérs may readilly be devised which will handle all
manner of low grade fuels -- gases, liquids, and solids.

At the present time the fuel used is kerosene. The mix-

ture of air and kerosene vapor necessary for proper
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combustion is obtained by directing a jet of the vapor
into the mouth of a straight mixing tube which discharges
into the burner. The jet of vapor entering the tube
draws in with it 2 quantity of air of about eighteen
times its own volume. The vepor is produced by paessing
the kerosene through a heating coil above the burner.

In order to produce the proper jet, however, it has been
found necessary to carry a pressure o0f one hundred and
twenty~-five to one hundred and Iorty pounds per square
ineh on the fuel. This pressure is meintaihed by a

pump geared to the rear axle. In the progress of the
car's development it has become desirable to reduce this
ppessure, not for the saving in power required& by the
pump (this would be negligidble), but for the sake of
simplieity of deésign and operation. To this end the
investigation outlined in this thesis has been carried

out.
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FORMER RESEARCH

1Ir. Immbkin, of the Stanley Steam Carriage
Company, has conducted a series of tests on this prob-
lem oF obtaining proper mixtures for combustion and
used, instead of straight tubes, several Venturi tubes
of different dimensions. In his tests he substituted
air for kerosene vapor, and this air passing into the
Venturi tubes at high velocity, drew in larger cuantitdes
of air. He was able to compute the amount of air
discharged from the nozzle. The Venturi tube dis-
charged into a tank in which were cubt smaell holes of
various sizes so that an exit for the gases might be
made of proper dimensions to give the desired back
pressure.

He was able to compute the volume of air discharged
from the nozzle, as well as to determine the ¥olume of
air enitted from the tank by calcoculation from the size
of the opening and the pressures.

He did not feel, however, that the results of
these tests were comprehensive enough and he wished to
have further investigation made both for the purpose
of checkinhg his results, end of obbteining additional

data.
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0BJECT OF THIS INVESTIGATION

The object of the tests run in connection with
this thesis is to determine which of the Veﬁturi tubes
originally used by Ilir. Lambkin in his tests is best
adapted to give at minimum fuel pressure the mixture
of one part of fuel vapor to eighteen parts of air
which they have gselected for the proper proportion.
It is also the purpose of this investigation to
recommend, on the basis of the results found, mod-
ifications of any of these tubes to accomplish the
game end.

APPARATUS

The Venturi tubes to be tested are shown in
Figure 1. The gas from the nozzle enters the tube
at the smaller end which is flared emnd in a ear
would be exhausted from the lsrger end of the tube
directly into the burner. The throat has a straight
bore while the contour from the throat to the exit
gf the tube has a straight taper.

In the tests run in connection with this thesis,
carbon dioxide wes used insﬁead of Kerosene vapor
because it was more readily available‘and because
the proportions of carbon dioxide and air could be
mdre easily and sccurately determined., Consulvaetion
with Professor C. V. Berry confirmed our belief that

the physical properties of the two vapors were Buf-
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ficiently similar to permit such substitution, and that
the reults obtained would be substantially correct.

The general arrangement of the apparatus is shown
in the sketch in Figure 2. The carbon dioxide wes
stored in tanks under about one thousand pounds pressure.
The fluid was conducted through a globe valve by which
close reguletion to the desired pressure could be ob-
tained. The gas then passed through the nozzle and
into the Venturi tube which was supported by test tube
holders. One end of the tube was inserted into a five
gallon tank through a rubber gasket, making the joint
air tight.

The tank was provided with four small and two
large openings. Three of the small openings were used
for withdrawing samples of the geses to be analyzed
and the fourth to make & commection with a U-tube
containing water, by means of which the back pressure
in the tank could be determined. Through one large
opening the Venturé tube discharged into the reservoir,
and the other, about four inches in diameter, was uut
for the insertion of an exhaust pipé whick led the
carbon dioxide and air out of the run.

The exhaust pipe was vquipped with & dampse so
that the back pressure in the reservoir could be

adjusted.
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An Orsat apparatus was used for determining the

proportion of carbon dioxide in the mixture.

The nozzle shown in Figure 3 which was used in
these tests for discharging the carbon dioxide into the
Venturi tube is the type wmployed for oxy-acetylene
welding. The size of the opening of this nozzle is

085" diameter.
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FROIT VIEW OF APPARATUS

This shows the general arrangement of the appar-
tus used in the investigation. Two tanks of carbon
dioxide, each under a pressure of one thousand pounds
pressure, were used in the tests.

Inasmuch as it was desirable to hold the initial
pressure coustaent while each sample was being taken,
and as the regulation of the valves to give this con-
stant reading was difficult, it was found impossible
for the men who controlled this pressure to read the
back pressures at the same time. Consequently the
U-tube whieh is shown in front was later moved to the
end of the reservoir where it could be easily read by

the man making the anslysis of the mixture.
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VIEW SHOWING il0ZZLE. AND TUBE

1N POSITION

The arrangement for the entrance of the Venturi
tube into the reservoir is shown clearly in this view.

A rubber gasket was used so as to make an air tight

joint.

The nozzle was equipped with standard machine
threads so that a special union had to be made in
order to couple the piping and the nozzle.

One nozzle and one tube are shown in position
while four ftubes and one nozzle are shown near the
apparatus. The nozzle on the right lying on the
trunk shows the entrance end while the one on the

Ieft shows the exit.
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DETAILS OF RESERVOIR AND ORSAT APPARATUS

This view shows the arrangement of the tubes for
obtaining samples from the reservoir. The middle rub-
ber cork wascfitted with a straight glass tube whieh
entered the reservoir. The other two were fitted with
glass tubes bent at right angles inside the reservoir
so that they could be moved and samples taken from
any part of the tank.

When it was desired to take temperature readings
the thermometer was inserted in one of the rubber
corks after removing the glass tubing.

A small part of the exhaust pipe which conducted
the gases out of the room is also shown in this photo-

graph.
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HMETHOD OF TESTING

The apparatus was set up as shown in Figure 2. The
carbon dioxide pressure at the nozzle was ihdicated at
the pressure guage. Any desired pressure was meintained
by manipulation of the globe valve between the guagé
and the tank. The nozzle directed a jet of gas into
the small end of the Venturi tube. This Jjet carried
with 1t through the tube and into the reservoir a
large volume of air which became thoroughly mixed with
the carbon dioxide by the turbulence in the reservoir.
The pressure in the tank Was.indicated by the difference
in the water levels in the U-tube, on which & scale
was provided reading directly to tenths of an inch.
Tubes were provided at one end of the tank through which
samples of the mixture in the tank ﬁight be taken from
different points for analysis in the Orsat apparatus.

Since the present fuel mixing system on the Stan-
ley Steam Car employs a fuel pressure of nearly one
hundred and forty pounds, it was thought advisable to
run tests with a series of pressures up o0 and includ-
ing that pressure. Accordingly, in all tests the
nozzle pressures were varied by ten pound increments
from one hundred and forty pounds to zero, and samples

of the mixture were analyzed for each pressure. All

tests were started at one hundred and forty pounds
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because the increased volume of gases entering at that
pressure more quickly established a uniform nmixture in
the reservoir.

A number of dampers were constructed and tested
in an effort to maintain a constant back pressure in
the reservoir by varying the opening in the exhaust
pipe. It was found in tests, however, that the varia-
tions of back pressure under extreme changes of tubes
and nozzle pressures were so narked that it was prac-
tically impossible to construct o damper to permit
an accurate adjustment of back pressure. Consequently
it was decided to maintain the opening in the exhaust
pipe constant and to read the back pressure in the
reservoir direcetly from the U-tube under all conditi-
tions of tests.

Because of the difference in density of air and
carbon dioxide, some doubt was at first entertained
8s to the uniformity of the mixture within the reser-
voir. However, tests made ftaking samples from various
parts of the tark showed such close accordeance of re-
sults that it was considered sufficient to take samples
from only one point. The center of one end of the
reservoir was selected as the point at which the samples
could be most conveniently taken.

The manipulation of the Orsat apparatus was stand-

ardized with regard to the lengih o time regquired
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for the absorption of the carbon dioxide by the potas-
ium hydroxide. It was found that, for the small per
centages of carbon dioxide obtained in these tests,
one minute and a half was sufficient time for the com-
plete absorption of the carbon dioxide. Accordingly
the sample was left in the pipette containing potas-
sium hydroxide for that length of time for each
analysis.

It was thought desirable to investigate the
chenges in temperatvre in the weservoir under differ-
ent conditions. A series of tests run to determine
these temperatures showed varietions in temperatures
so slight thaet their effect upon the results would
be negligible, since calculetions would be based on
absolute temperatureé and the maximum varistvion in
the tank was only 2.2 desrees. The results of fthese
tests are appended.

Inasmuch as the large number of variables dn
pressures, distances, and tube dimensions prohibited
tests under all conditions, at the suggestion of
Ir. Lambkin, of the Stanlpy Company, we ran & series
of tests with one tube, varying the distance, I,
Pigure 1, between the tube and the nozzle, to det-
ermine the approximate distence at which the best

results could be obtazined. A study of the curves
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plotted from the results of these tests showed that
with a distance, L, of 1/4" the best consistent re-
sults were secured. Consequently all further tests
were ru- with this value of L.

Under the conditions thus determined tests were
run on all tubes, varying the nozzle prescure from
one hundred and forty pounds to zero by increments
of ten pounds. .For each pressure the back pressure
in the tank, in inches of water, and the carbon
dioxide content as determined by the Orsat apparatus
in per cent, were recorded. Curves were plotted of
carbon dioxide content in per cent against noxzle
pressure in pounds per square inch. Further tests
were made on modifications of two of the tubes. It
was desired to determine the effeet on the carbon
dioxide content of shortening the exit taper of the
Venturi tube. One half inch was cut from the exit
end of the quarter inch tube and a test run to inves-
tigate its operation. Results were obtained and plotted
as in previous tests. It was desired also to ascertain
the effect of shortening the throat of the Venturi
tube. The long throats with which these tubes were
made were suspected of introducing considerable friection
loss and reducing appreciably the amount of air admitted

with the carbon dioxide. To corroborate this sus-
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picion the throat of the 5/16" tube was cut down to
1/2" reproducing, as nearly as possible, the original
flare at entrance. This tube was tested as before
and the data récorded and plotted.

Since several tubes gave the desired mixbture
at low pressures a method of compardésdn was sought
to determine which of these tubes might be usel most
advantageously. To this end it was suggested that
we compute efficiencies for each tube al all pressures.
For a known quentity of carbon dioxide flowing through
the nozzle the input to the tube may be readily cal-
culated. The output, however, is very indefinite.
Under the best conditions of use the output would be -
very small and the effieiency of the bube, if cal-
culated by that means, insignificent. We have, there-
fore, abandoned the idea of attempting any efficiency
calculations for the tubes. To obtain comparative
date on these tubes we have computed the work done per
pourd of air in compressing the air from atmospheric
conditions to the back pressure in the reservoir
corresponding to nozzle pressures for all conditions
of tests. In computing this work we have considered
adiabatic compression as most nearly corresponding
with the actual conditions. Although an isothermal

compression isnore efficient than the adiabatic
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the conditions uwnder which this compression occurs are
more nearly adiabatic than isothermal., Consequently
the following formula was employed in computing the

work of compression:

n-1
W = 144P Vg5 -2 ( P%) -1 foot pounds.

n-1 Pa
Where:
W = work per # of air
Pg= atmospheric pressure
Po= back pressure in the reservoir
Vg= volume of one pound of air at atmospheriec
conditions
n = 1l.4 for air

Curves were plotted of work per pound of ailr

against nozzle pressures for all tests.
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DISCUSSION OF CURVES

Pigures 4, 6, 8, and 10 are the results of tests
carried out to determine the most desirable distance,
L, Figure 1, between the nozzle and the tube. Since
the main puspose of the investigation is to study fhe
acvion of the tubes at low pressures the low pressure
portions of these curves were considered chiefly in
comparison. Comparison of these curves is well shown
on the Comﬁosite Plot, FTigure 22. Though cufve o,

8 indicates a lower carbon dioxide content than does
curve Io. 1C at the lower pressures, both show per
centages t00 high to give the proportions desired.
Values of L of @ver 3/8", then, abe undesirabdie.
Curveg llos. 4 & 6 closely approximate the proper

per centages at pressures of from ten to forty pounds.
At {these pressures there is very little difference in
per centages with variations of the distance L under
1/4". The Curve lo. 6, where L is eggal %o 1/4",
indicates lower carbon dioxide content at low ores-
sures than does Curve Ho. 4. Because of this fact

it was decided to run tests on other tubes at this
distance.

The effect of using the tube of larger throat
diemeter, 5/16", is shown by Curve No. 14 on the
same Figure. This test gave approximately the
desired carbon dioxide ver centazge at pressures of

from ten to twenty pounds.
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Tubes of larger throat diamefer (Curves To. 18
& 20) gave proportions of carbon dioxide much lower
than that desired. It was necessary to carry a nozzle
pressure of 78# with a 3/8" tube (Curve Io. 18) and
1204 with the 7/16" tube (Curve Lo. 20) to obtain the
ratios of carbon dioxide and air of 1 : 18. This
explains the necgéssity of carrying a fuel pressure
of 140# with the strdaight mixing tube now employed
for this purpose on the Stanley Steam Car.

A test was run to study the effect of swhortening
the tapered exit of the Venturi tube. For this purpose
the 1/4" tube was cut down 1/2" at this end, reducing
the length of the taper from 4" to 3-1/2" and the
diameter of the exit from 3/4" to 5/8". The results
of this test are plotted in Figure 12. Comparing
this curve with Figure 6, it will be seen that the
carbon dioxide per centage is greater throughout the
whole pressure range. ZLZvidently the reduction of
the tapered length permitted insufficient expansion
of the mixture within the tube. Ior our purposes,
then, the further reduction of the length of the tube
tepers was undesirable.

To determine the effect of reducing the length

of throat in the tube the 5/16" tube was cut down atb
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the entrance end, reducing the throat length from
2-1/2" to 1/2". The entrance flare was reproduced as
nearly as possible. Figure 16 is & curve plotted from
the results of a test on this modified tube.‘ The

per centages of carbon dioxide for corresponding pres-
sures are noticeably lower for this curve than in the
curve on Tigure 14 for the unaltered tube. Undoubted-
1y the reduction of throat length has so reduced the
frictional losses as to pernit the passage of a gréafer
ppoportion of air.

Considerable irregulaerity will be noted in the wokrk
curves. Since the work performed is directly dependent
upon the back pressure in the reservoir and none of
the pressures recorded exceeded one inech of water,
slight errors in back pressure reading involved onnsid-
erable veriation in the results. Disturbances within
the reservoir at different pressures are also probebly
responsible for irregularities in the back pressure
readings. In several of the curves such as Figure
15, the points were found to follow & series of mnearly
parallel straight lines, suggestving that the above
conditions possibly existsin those cases.

The first four work curves, Figures 5, 7, 9, & 11,
were plotted from results of tests on the same tube
with varying values of L. A comparison of these curves

shows the work per pound of eir varying inversely with



the distance from the nozzle tip to the tube.

With increased tube diameters, the work performed
per pound of air inereases, as shown by Figures 15,
19, 21, & 23.

Figure 13 (by comparison with Figure 11) indic-
ates that a reduction of the taper length and con-
sequently a reduction of the expansion of the gases
ithin the tube  remults in a reduction of the work
performed in the tube. ,

The work performed in the 5/16" tube with reduced
throet (Figure 17) is substentially the seme as thet

in the unaltered 5/16" tube (Figure 15).
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CONCIUSIOLS

1. Reduction of pressure at the nozzle causes a
reduction in the carbon dioxide per cent in the mix-
ture.

2. The air proportion in the mixture and the
work of compression per pound of air increase with
an inorease of throat diemeter of the Venturi tube
for given nozzle pressures.

3. Reduetion of the taper length raises the
carbon dioxide per centage in the mixture.

4, Reduetion of the throat length reduces the

carbon dioxide per centage in the mixture.
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RECOIIIENDATIONS

On the basis of the results of these tests we
recommend, for providing the required mixture of
kerosene vapor and air on the Stanley Steam Car,
one of the following bubes: »

A 1/4" dube similar to that used in tests
but with throat length reduced to 2". The tube
with the 2-1/8" throat gave values a little above
the proper proportion. This throat reduction
should bring the proportion to approximately the
desired value. The nozzle to be placed 1/4"
from the tube entramee. Fuel pressure 10 #/sq. in.

The 5/16" tube with a very slightly re-
duced throat length. Carbon dioxide per centage
recorded with a 5/16" tube was .1% high. The
distance from nozzle tip to tube to be 1/4" and

the fuel pressure 10 i#/sq. in.
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DATA O CARBON DIOXIDE PERCENTAGE

UNITS:

P equels nozzle pressure (i#/sq. in.)
Po egudds back pressure (ins. of Hg0)

C0g equals carbon diomide content (%)
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Aa - .026" - T - 2-1/16"
D - 1/4" P - 3/16"
L-1/8" 0 - 6=1/4"
E - 4"

Run No. Py Pp COp
1 140 .35 10.4
2 130 .30 10.0
3 120 .25 9.6
4 110 .25 9.0
5 100 .20 8.6
6 90 .20 8.3
7 80 .18 7.8
8 70 .15 7.3
9 60 .15 8.8

10 50 .12 6.4
11 40 .08 6.1
12 30 .05 5.7
13 20 .05 5.6
14 10 .02 5.3



d - 025" T - 2-1/16"
D - 1/4" F - 3/16"

L - 1/4" 0 - 6-1/4"
E - 4"

Run No. Pq Pp COp
1 140 +36 11.4
2 130 .30 11.0
3 120 .28 10.5
4 110 .28 9.8
5 100 .26 9.3
6 90 .22 8.7
7 80 .20 8.2
8 70 .20 7.4
9 60 .20 6.8

10 50 .1t 6.3
11 40 .13 6.0
12 30 .09 5.6
13 20 .05 5.4
14 10 .02 5.4
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da - .025" T - 2-1/16"
D - 1/4" P - 3/16"
L - 3/8" 0 - 6-1/4"
E - 4"

Run No. By co,,
1 140 .32 11.9
2 130 .30 11.2
3 120 .28 10.8
4 110 .26 10.2
3 100 .24 9.7
6 90 .22 9.2
7 80 .20 8.4
8 70 .18 7.8
9 60 .16 7.4

10 50 .12 6.8
11 40 .10 6.4
12 30 .08 6.2
13 20 .05 5.9
14 10 .00 5.8
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- .025" T - 2-1/16"

a
D - 1/4a" P - 3/16"
L - 1/e" 0 - 6-1/4"
E - 4"
Run No., B Pp COgp
1 140 .22 10.8
2 130 .21  10.2
3 120 .20 9.8
4 110 .20 9.4
5 100 .20 9.0
6 90 .19 8.8
7 80 .17 8.1
8 70 .15 7.8
9 60 .12 7.8
10 50 .10 7.0
11 40 .08 6.7
12 30 .05 643
13 20 .02 6.4
14 10 .00 6.4
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d - .025 T - 2-1/16"
D - 1/4" F - 3/16"

L - 1/4" 0 - 5=3/4"
E - 3-1/2"

Run o, Pq Py COg
1 140 .25 11.0
2 130 .20 11.0
3 120 .18 10.6
4 110 .15 10.2
5 100 .15 9.6
6 90 .15 9.2
7 80 .13 8.6
8 70 .10 8.4
9 60 .10 8.0

10 50 .08 7.6
11 40 .08 7.2
12 30 .06 6.6
13 20 .02 6.4

14 10 .00 6.2



d - .025" T - 2-1/28"
D - 5/16", F - 1/4"

L - 1/s" 0 - 6= 1/4"
E - 3-1/2"

Run No. Py Po COp
1 140 .55 10.0
2 130 .50 9.4
3 120 .45 8.6
4 110 .45 8.2
5 100 .40 8.0
6 90 .40 7.4
7 80 .35 7.0
8 70 .30 6.8
9 60 .25 6.6

10 50 .25 6.2
11 40 .20 5.8
12 30 .15 5.5
13 20 .10 5.4
14 10 .05 5.4
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a
D - 5/16" F - 1/8"
L - 1/4" 0 - 4-1/8"
E - 3-1/2"
Run No. B4 Py COg
1 140 .46 7.2
2 130 .50 6.8
3 180 50 6.5
4 110 .45 6.3
5 100 .38 6.0
6 90 .35 5.7
7 80 .30 5.3
8 70 .28 5.0
9 60 .22 4.8
10 50 .20 4.6
11 40 .15 4.3
12 30 .14 4.0
13 20 .08 3.8
14 10 .06 3.8



a - .025" T - 3"
D - 3/8" P - 1/4"
L - 1/4" 0 - 6-1/4"
E - 3"
Run No. Py Py O
1 140 75 7.0
2 130 .70 7.0
3 120 .65 6.8
4 110 .60 6.5
5 100 .55 6.2
6 0 .50 5.9
7 80 .45 5.4
8 70 .40 5.0
9 60 .35 4.6
10 50 .30 4.4
11 40 .20 4,2
12 30 .15 4.0
13 20 .10 3.9
14 10 .05 3.7
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d - .025" T - 3-3/4m
D - 7/16" F - 1/4"

L - 1/4" 0 - 6-1/4"

E - 2-1/4"

Run No. Py Pp C0s
1 140 .90 6.0
2 130 .85 5.8
3 120 .80 5.6
4 110 .80 5.4
5 100 .60 5.2
6 20 .60 5.2
7 80 .56 4.8
8 70 .50 4.7
9 60 .45 4.4
10 50 .40 4.0
11 40 30 3.8
12 30 20 3.6
13 20 .10 3.4
14 10 .05 3.4
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PROPORTIONS OF CARBOIN DIOXIDZ AvD ATR VITH

CORRESPOIDIVG PER CEITAGES O COp

COg

to Air

R L L L L e

.o .o .0 e .o

o

oo

18
17
16
15
14
13
12
11
10

9

g

7

% COso

5.27
5.56
5.88
6.25
6.67
7.15
7.70
8.34
9.09
10.00
11.10
12.50
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WORL PER 20UIID OF AIR

I

P71 equals nozzle pressure (i/safin.)
Po equals back pressure (in. of Hg0)

Work in £t/ 1lbs. per 1b. of air.
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SEE FIGURE &

d - .025" T - 2-1/16"
D - 1/4" P - 3/16"
L - 1/8" 0 - 6-1/4"
E - 4"
Run To. Pq Pg Work
1 140 .35  25.12
2 130 .30 21.45
3 120 .25 17.74
4 110 .25 17.74
5 100 .20 T14.10
6 90 .20 14.10
7 80 .18  12.74
8 70 .15 10.71
9 60 .15 10.71
10 50 .12 8.72
11 40 .08 6.04
12 30 05  .4.68
13 20 .05 4,68
14 10 .02 1.47
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' SEEFFIGURE 7

d - .025" T - 2-1/16"
D - 1/4" F - 3/16"
L - 1/4" 0 —‘6-1/4"
E - 4"
Run o, Py Py  Work
1 140 .36  25.85
2 130 .30  21.45
3 120 .28  19.95
4 110 .28 19.95
5 100 .25 17.74
6 90 .22 15.51
7 80 .20 14.10
8 70 .20 14,10
9 60 .20 14.10
10 50 .17 12.09
11 40 .13 9.59
12 30 .09 6.71
13 20 .05 4,68
14 10 .02 1.47
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SEE FIGURE 9

d - .025" T - 2-1/16"
D - 1/an P - 3/16"
L - 3/8" 0 - 6-1[."
E - 4"
Run lo. P1 P2 Work
1 140 .32 23.76
2 130 .30  21.45
3 120 .28 19,95
4 110 .26  1c.48
5 100 .24  17.02
6 90 .22 15.51
7. 80 .20 14.10
8 70 .18 12.74
9 60 .16  11.38
10 50 .12 8.72
11 40 .10 7.38
12 80 .08 6.04
18 20 .05 4,68
14 10 .00 0.00



SEE FIGURE 11

d - .025" T - 2-1/16"
D - 1/4" F - 5/16"
L - 1/8" 0 - 6-1/4"
E - 4"
Run No. P1 Py Work
1 140 .22  15.51
2 130 .21  14.75
3 120 .20 14.10
4 110 .20  14.10
5 100 .20 14.10
6 90 .19 13.39
7 80 .17 12.09
8 70 .15 10.71
9 60 .12 8.72
10 50 .10 7.38
11 40 .08 6.04
12 30 .05 4.68
13 20 .02 1.47
14 10 .00 0.00



SEE PIGURE 13

a - ,025" T - 2-1/16"
D - 1/4m F - 3/16"
L - 1/4" 0 - 5-3/4"
E - 3-1/2"
Run NWo. Pj Pp  Vork
1 140 .26 17.74
2 130 .20  14.10
3 120 .18 12.74
4 110 .15 10.71
5 100 .15 10.71
6 90 .15  10.71
7 80 c13. 9.39
8 70 .10 7.38
9 60 .10 7.58
10 50 .08 6.04
11 40 .08 6.04
12 30 .05 4,68
13 20 .02 1.47
14 10 .00 0.00
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SEB RIGURE 15

d - 025" m - 2_1/gn
D - 5/16" F - 1/a"
L - 1/8" 0 - 6-1/4v
E - 3-1/2"
Run lo. P7q Po Work
1 140 .55 59.17
2 130 .50 35,50
3 120 .45 32.12
4 110 .45 32,12
5 100 .40  23.80
6 90 .40  28.80
7 80 .35 25.12
8 70 .30 21.45
9 60 .25 17.74
10 50 .25  17.74
11 40 .20  14.10
12 30 .15 10.71
13 20 .10 7.38
14 10 .05 4.68



SEE FIGURE 17

d - ,025" T - 1/2"

D - 5/16" r - 1/8"

L - 1/4a" 0 - 4-1/8"

E - 3-1/2"

Run No. Py Pp  ork

1 140 .46 32.80
2 130 .50  35.50
5 120 .50 35.50
4 110 .45  32.12
5 100 .38  27.32
6 90 .35 25,12
7 80 .30  21.45
8 70 .28 19.95
9 60 .22 15.51

10 50 .20 14.10

11 40 .15 10,71

12 30 .14  10.05

13 80 .08 6.04

14 10 .06 5.62
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SEE FIGURE 19

d - .025" T - 3"
D - 3/8" F - 1/4"
I - 1/4" 0 - 6-1/4am
E - 3"
Run lo. 29 2o Work
1 140 75 53.87
2 150 .70 50.25
3 120 .65 46;52
4 110 .60 42,90
5 100 .55  59.17
6 90 .50  35.50
7 80 .45 32.12
8 70 .40  28.80
9 60 .35 25,12
10 50 .50 21.45
11 40 .20 14.10
12 50 .15 10.71
13 20 .10 7.58
14 10 .05 4.68
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SEE FIGURET 21
d - .025" T - 2=3/4"
D - 7/18" P - 1/av
L - 1/4" 0 - 6-1/4"
E - 2-1/4"
Run Fo. Pq Py Vork
1 140 .90 64.30
2 130 .85 60,62
3 120 .20  57.00
4 110 .80  57.00
5 100 .70 50.25
6 90 .60 42.90
7 80 .55 39,17
8 70 .50  35.50
9 60 .45 32.12
10 50 .40 28.80
11 40 .30 21.45
12 30 .20 14.10
13 20 .10 7.58
14 10 .05 4,68
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WORK OF COMPRESSION PER POUND OF AIR FOR

CORRESPONDING BACX PRESSURES

Py W Pp W
02 1.47 .26 18.48
.05  4.68 .28 19.95
.08 6.04 .30  21.45
09  6.71 .32 22.76
.10  7.38 .35 25.12
.12 8.72 .36 25.83
15 9.59 .40  28.80
.15 10.71 .45 32.12
.16 11.38 .50  35.50
17 12.09 .55 39.17
.18 12.74 .60 42.90
.19 13.59 .65  46.52
.20 14.10 .70 50.25
.21 14.75 .75 55.87
.22 15.51 .80  57.00
.24 17.02 .85 60.62
.25 17.74 .90  64.30



DATA O RESERVOIR TEIPERATURES

UNITS:
P7 equals nozzle pressure (#/sq.in.)

Ts equals temperature in the reservoir (°m)



D-1/4" T -1/4"
P, Ty
140 66.8
150 66.6
120 66.5
110 66.5
100 66.5
90 66.6
80 66.6
70 66.7
60 66.8
56 66.9
20 67.0
30 67.0
20 67.1
10 67.1

Page 50

D -5/18" L - 1/4"
Py Ty
140 68.5
130 63.4
120 68.4
110 68.4
100 68.4
90 68.3
80 68.3
70 68.4
60 68.4
50 68.4
40 68.4
30 68.4
20 68,4
10 68.4
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D - 3/8" L= 1/4" D - 7/16" L - 1/4"
1 T2 Py T2
140 68.5 140 68.6
130 68.5 130 68.6
120 6845 120 68.6
110 68.5 110 68.6
100 68.5 100 68.5
90 85.5 90 68.5
80 68,5 80 65.5
70 68.5 20 88.5
60 62.6 60 68.5
50 68.6 50 68.5
40 68,7 40 68.5
30 68.7 30 68.5
20 68.7 20 68.5

10 68.7 10 68,5
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