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Summary

Subjeact

The mechanism of the flow of a liculd and a

gas through a long, horizontal pipe.

Purpose
H. L. Reichart, M. I. T., '34 carried out an

investigation of this subdbject using a 25 mm. glass
tube. He identified the wvarious types of flow at—
tendant upon two—phase flow and determined the eri-
tical oconditions of the changes of type. The first
object of this study is to repeat this work on a

25 mm. tube in an attempt to verify his work. Then
the tube is to be changed for one of larger diametfer
and also for one of smaller dlameter and the above
work repeated. An attempt to correlate the data

thus obtained is to bes made.

Abatract

The following report embodies & discussion
of the various phases of the investigation. It
includes the practical reasons for the study, name-
1y its industrisl applications, a review of the
previous‘work on the subject, the results of the
work accomplished, the experimental apparatus and

procedure used, and recormendations for future work.



INTRODUCTION

Very little is known about the flow of a
mixture of a licnid and & gas through a long pipe.
This type of flow is met with guite commonly in
industry. In the Pohle air 1lift, liguids are
rgiged from one level to another by blowing com—
pregsed alr into the bottom of a pipe whieh has
been immersed in the liouid. TPTwo—phase flow is
encountered in tne petroleunm industry, where the
mixture leaving the coils is partly liquid and
partly vapor. Otier exampleg are the gas 1ift in V//
0il wells, and the condensation of water in steam
ripe lines.

'In order to obtain maximum efficiency of
installation, it is desgiravble in esach of these
cazges to know fhe rpregsure droyps ihrough the vires,
and to know how i1he pregsure differences are af—
fected by the diameter oi the pipe, tae absolute
velocities and the relative velocities of the
iiquid and gas, ete.

In the investigation of two—phase flow mo
far carried out, only a horizontal pipe hus been
used. Industrislly, this tyve of flow is met with
nearly exclusively in vertical or slanting wpipes.

But the two conditions are suffieiently alike, so



that the results obtained from horizomtal flow will
be fairly representative, Horizontal flow has the
advantage of offering fewer experimental difficulties.

The petrolenm industry has carried on an exten..
aive research into the mechanics of gas..0ll flow
through a vertical pipe.l Usually a vertical
columm is set up, and an attempt made to reproduce,
as far ag possible, all the condifions present in
an oil well. An empirical expression for the vis-
cosity of the mixture i1s then introduced into
Poiseudlle's law. This expression ocombines all of
the losses found in the flow. The results obltained
in this way are reliable only over limited rangses.
They do, however, give an idea of the direction in
which the various factors act.

In the Pohle air 1lift and in the steam boiler
21l work has been of an empirical nature, with
highly unsatisfactory results. The efficiency of
the egquipment in petroleum cracking plants is pro—
bably much lower than it might be, becausze of the
lack of any theory behind the design; most of the
designing being purely empirical.

Horizontel ilow presentis several aspects in
which it differs from vertiecal flow. As the gas

and ligquid enter the horizontal pipe they are flowing



in separate layers. In a vertical pipe the two
phases would be thoroughly mixed at all velocities.
H. L. Reichart, Chem. Eng. Thesis 1954 who seems t0o
be the only person to Lhave done any previous work

on this subject reports that given a condition of
separate flow in & bhorizontal pipe, increasing the
velocities of the iwo phases will cause a wave motion
to be set up on the surface of the liguid and ulti-
mately slugging occurs. Vave motion would not be
possible in a vertiocal pipe. At very low gas velo—
cities, the quantity of gas flowing becomes so small,
that the gas can no longer exist as s separate stream,
but breaks up into bubbles, wnich are carried along
oy the licguid. Bubbling is found in vertical or
glanting pipes at low gas velocities, gradually
changing to slugging as the velocities are raised,
without, however, passing through the condition of
gseparate flow.

As ean be geen from the above, much work has
been carried out on subjects relating to two—phase
flow, but most of it has been purely empirical and
the results of doubtful importence. The results of
the present investigation, whem completed, should

have some value.



IT STATEMENT OF Iii PROBLEM

The problem under congideration consists in
defining the various peculiarities of two phase flow
in a manner such that their definition will be
correct under all conditions. As has previously
been mentioned, all former work has centered around
first obtaining = mass of pressure drop data and
then tryinz to use this data in known formulae. In
order, however, to make use of guantitative data,
it is preferable to have some gualitative view of
what is happening. With this in mind, it was decided
to begin the investigation by obtaining an idea of
the various types of flow encountered in two phase
flow and also determining the controlling conditions
of these types. It is hoped that by this methed
inaccurate substitution in empiriecal formulae will
be eliminatbed. |

In order to arrive at the ultimate object of
the study, namely, a correlation of pfessure drop
data in some form of a general formula, it was
thought advisable to proceed experimentally in the
following manner. The first step is to determine
the number of different types of flow encountered
in two phase flow and attempt to describe them in

such & manner that they will be eagily distinguigh.



able under any conditions. After this had been
done, the crifical condition of flow for these
various types should be determined. Before the
final correlation is attempted, however, data
should be obtained embodying all the varying

{actors of two—-phase flow.



III —AWALYSIS OF IMVESTIGATION

Becauge of the enormity of itg scope, the
investigation could not be completed by the authors.
It is hoped, however, that further work will be
done in the mear future.

Results have been obtained up to the present
for three different pipe diameters using sair and
water as fhe flowing fluids. These results are
. digcussed further in the report.

Reichart recognized six variables which may
bave a bearing upon the transition areas, namely;
(1) pipe diameter, (2) back pressure, {3) viscosity
of liguid and of gas, (4) specific gravity of esach,
{8) velooity of each, and {6) absorption of each
by the other. By using water and air, (3), (4},
and (6) were kept constant. Therefore, in this
investigation the pipe diameter, and velocifiea
of both water and air were varied. The diameters
of pipe used were respectively 25 mm., 50 mm., and
15 mm. Although the authors amassed as much infor—
mation as possible on the three different pipes,
it is felt that more work should be done on the
50 mm. and the 15 mm. with apparatus vhich will

engure a greater water and air velocity.



IV LINITATIONS OF RESULTS

In order to be convincing, gualitative and
quantitative work should be done with apparatus
as nearly "perfeet"™ as possible. Thuns, in this
investigation of two phase flow through a hori-
zontal pipe, the ideal tube would be one which
was abgolutely straight. Because of the fact,
however, that the glass tubing used could not
be obtained in lengths more than five feet, it
was necessary to have the glass blower splice
three of the pleces together to acquire the
reguired fifteen feet. Added to the two con—
gtrictions, thus introduced in the tube, is thé
faot that the five—foot lengths were themselves
uneven. Together, the above two variations from
the desired, perfectly straight pipe, had =& marked
effect on the results. There was occasionally
some backflow of water into the tube proper
from the overflow cans which could not in any
way be eliminated. 3By taking readings in the
first five feet of tube, about 18 feet from the
overflow c¢ans, it is believed that the error

is reduced to & minimum. The angle'at which

hoth the sair snd water entered made s mmrked



difference in the locsation of the transition areas.
But this difference was corrected by making an
entrance tube {desoribed in Appendix) and affixing
it ag nearly in line with the tube proper as
pogsible. The most important factor entering in
the reliability of the results was the inability
of obtaining the menometer difference in the air
flow meters. As soon 28 the slugging region was
reached the readings fluctuated very rapidly and
made it véry difficnlt to determine the zir velo—
city. The authors believe, however, that this
defect was eliminated by taking readings between
slugse.

Contrary to Reichart the authors had no
difficulty in attaining a high enough air velo—
¢ity when experimenting with the 25 mm. tube.

It was otherwise with the 50 mm. and the 10 mm.
tubes. When the 50 mm. was nsed, & high enough
water velocity could not be reached even though

~ two water taps commected to the water main inde—
pendently were used. This lack of water prevented
any washing—out—points from being obtained. Im
both the 5 mm. and the 15 mm. tube the air
velocity was far too low to cover the range required

for the determination of a1l the types of flow.
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This wag caused by the fact that the blower used
was extremely scnsitive to pressure. Therefore,
because 0f the pressure drop throuzh the orifices,
commections, and pipe, and the large back pressure
of the slugs, the blower was able to deliver but a
sl gquantity of air per minute. The authors
were unavle to obtain any other similar apparatus
which would be efficacious.

The above diificulties Lave been described
in length in order tuat the reader may appreciate
the odds against which ftire zuthors had to contend.
It is felt, nevertieless, that the results suown
further in toe report are accurate for tiue ranges
covered, anc it is to be hoped that by realizing
peforenand tihe variocus difficulties encountered in
securinz sufficient data, the persons continning
this work will take early measures 1o overcome

treme
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Y DESULTS CF IIVUSTIGATION

A Description ol Types of Flow

The authors agree with H. L. Reichartz in
the nomber of types of flow Lo be encountered in
two—phacse flow. The types are separate Ilow,
bubbling, slugging, and washing out. Pictures
of these various types of Ilow may be seen in

toe following pages.
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1 SEPARATE FLOYW

Separate flow may be defined as that flow
where the fluids pass through the tube in two
distinet layers. In order to have this type, it
is necegsary to have a low enough water velocity
so that thé Lelght of the water in the tube is

small relative fto the diameter of the tube.



Separate Flow

Bubbling
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2 BUEBLING

Starting at a2 low air velocity, a change in
type of flow can be brought about by increasing the
water velocity. When the two phases are moving in
separate flow, there is a small but noticeable
wave-motion on the surfacd of the water. This
wave—motion has no effect on the types of flow
while the cross—csectional area of the tube occupied
by the water is small. But as this cross-sectional
water area increases, the crests of the waves come
closer to the top of the tube, When the waves
touch the top of the tube, thé surface tension
tends Yo hold them up there and the air is entrap-
ped as a bubble.

Bubbling also occurs when the tube is com—
vletely filled with water. 1In this case there is
no posgsibility of wave formation. The air has to
have sufficient precsure to force itself out inteo
the water; this pressure being much higher than that
recuired for the other type of bubbling. The air
flows into the water in spurts and at guite regular
intervals.

In both types of bubbling, the air appears
to be carried along by the water at The velocity

of tie latter.



15

3 SLUGGING

Ag the air velocity is increased relative
to the water velocity, a point 1s reached where,
instead of the air being carried along by the water
in the form of bubbles, the water is carried along
by the air in the form of slugs of from a few inches
to 8 few feet in léngth. Assuming a condition of
gseparate flow, an increase in air velocity creates
a wave motlon on the surface of the water. PFeriocd—
ically, a wave is set up, having an amplitudse
slightly greater than the other waves. The ten—
dency then is for this ﬁave to continue to increase
in amplitude. This is probably due to two effects;
first, the increased surface exposed to the air,
and second, the increased linear velocity of the
air between the top of the wave and the tube.
Finally, the wave touches the top of the tube and a
siug is formed. Slugging occurs only when the air
has a much higher linear velocity than tne water.
When the wave reaches the top of the tube, the air
ig slowed down very appreciadbly. This builds up
the pressure of the air, which pushes the air down

to the bottom of the tube, forcing the water ahead
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of it. The increased pressure behind the wall of
water tends to force the water along at an increasg—
ing speed. The slugs, therefore, inerease in speed
as they progresg along the tube, vwhile bubbles

move along at a relatively constant sypeed.

A slug has an almost perpendicular front,
which is particularly noticeable in the 50 mm. tnbe.
There 1s a fairly turbulent ares at the bottom of
the face of fThe slug. This i3 probably due to the
fagt—moving water in the slug coming in contact
with the ocomparatively slowly—moving water which
has been left in the bottom of the tube by the
preceding slug. The other end of the slug tends
to slope off smoothly to the rear. This slope
shows that the slug loseg water as it moves along.
This loss of water is due in part to the inertia |
of the slow—moving water in the bottom of the tube
and alzo in part to the friefion between thie
water and the fester—moving slug. 3Some of the
slugs increased in length as they moved along the
tube, others decreased, and still others maintained
almost a constant length. When a slug washes out
in the tube, a slug following close behind, inva-—

riably increases in length, Dbecause of the large



17

gunantity of water left in the tube as a result of
the washingout. However, if the slug follows at

& considerable distance, most of the water left by
the washing—out has & chance fto flow out of the
tube and the glug does not gain apprecisbly in
length. %he slug remains of constant length, only
when two slugs of approximately the same length
occur clocse together. In this case, it is the
length of fhe second slug which stays almost con—
stant. There is no probable explanation of this

at the present i1ime. Blugs decrease in length when
the interval between them is considerable. When-—
ever this is true, any "slip®™ or wash from the
glugs hag an epportuniiy to flow out of the tube
before the next slug is formed. This latter slug
has hardly any water to pick up, while it is lesing
a fair amount of water from the rear.

In the glugging region, at any given ailr
velocity, no slugs are formed until the water
‘reaches a definite height in the tube. Below this
height, the waves get up on the surface of the
water, never attain a large enough amplitude to
touch the top of the tube. After = slug has passed

out of the tube, taking most of the water with it,
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it is often a matter of seconds before another slug
is formed. This question of the height, of the
water in the tube is one of gresat importance in ths
formation of slugs. It seems quite possible that
the whole matter depende in some way upon the rela—
tive percentages of the cross—sectional area of the

tube occuppied by the air and the water.



Slugging

Washing Out



20

4 WASHING—OUT

given the condition of slugging, an increase
in either air or water velosity, causes the slugs
to break down into a type of flow called washing-—
ont. There are several reasons for this bresking
down. In order to have washing out, the slugs
which are formed must be short. In the case of an
increased air velocity, the tendency is for the
air preasure to speed up the slug. But at the
base of the slug the inaertia and the friotiorn of the
slow—moving bottom-layer tends to hold the slug
back. The top of the gluz is moving faster than
the bottom. The walter at the fromt top of the
alug falls to the bottom of the tube, the top
of the slug bvecomes shorter, until finally it
breaks down and washes out. This is exactly what
appears to be the case in the tube. The slug
gppears to lose water both in the front and in the
rear and finally to break down.

In the case where the 2ir is held constant
and the water velocity is increased, the slugs are
very short and very close together. The water
velocity is so high, that when a slug is formed,

it pagses out of the tube so fust that very little
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water is left behind. The next slug has no water
to pick up to raplaeé the water it has lost and
therefore it washes out. This eppears to he what
happens .in the tube. A slug which does not wash
out and one that washes out seem to come in regu—

lar sucoceasion.
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B Discussion of Experimental Data

1 Introduction

Reichart, in his thesils, has represented the
boundaries between the different types of flow as
curves. The inacecuracy of the experimental work
and the type of apparatus usged does not seem to
justify this. In the graphs which follow the
boundaries are represented as regions of indeter—
minate type of flow, separating guite definitely
knovm types. It was found very diffieult to dis—
tinguish between the {ypes of flow within these
regions.

1* back pressure signifies a level of water
in the back pressure can 1" abvove the lével of the
water in the observation tube. O" back pressore
denotes the same level of water in both the can
and the tube. 1" back pressure is a water level
in the oan lﬁ below the level of the water in

the observation tube.
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2 £b Millimeter Tube

By inspection of the surves for this size
tube, it can be seen that bubbling sets in at a
progressively lower water veloclty zas the back
rressure decreases. This is hard to explain, At
any given water velocity, increasing the back pres—
sure increases the height of water in the tube,

It seems likely that the waves set up by the water
flowing in the tube would have more ohance of
touching the top of the tube at high back pressufe
than at low. Therefore, lower water velocity
world be expected to cause bubbling at some air
velocity when the back pressure is increased.

As the air velecity increaszes, a transgition
zone between cseparate flow-bubbling and separate
Tlow—slugging is reached. The exact transition
point could not be determined hecause of the olose
resemblance between slugging and bubbling in this
region. Reichart states that slugging can be
obtained from dubbling in this region by decreas.
ing the water. Vo experimental evidence of this
Lhas been found. This transition region occurs at
a lower air velceity as the back vresssure is
decreased. As explained above for the case of

bubbling, this seems paradoxical. as the air
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velocity is increased, sluggingz takes place at a
lover water veloecity. By keeping the air veloecity
constant and increasing the water velocity, washing
out is obtalned. The back pressure has little
effect on the water veloclty at whiech slugging
occurs, when v he air velocity is increased. Washing
out occurs at a lower water velocity as the back
pressure ic decreased. No satisfactory explanation
can he offered for either of these facts.

Reichart hes his boundaries hetween washing
out and slugging, and slugging and separate Iflow,
come together at a guite definite point. The hest
that oan be obtained in this investigation is a
region in which the three types of flow appear to
occcur indiseriminately. At air velocities higher
than this region, and regardless of the water
velocity, the tube was filled with spray. None
of the types of flow mentioned above can be dis—

tinguished beyond this point.
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& B0 Millimeter Tube

This part of tiae investigation is not as
complete as that for the 25 millimeter tube,
begause of the imposcsibility of obtaining with
the apparatus a#ailable, a sufficiently great air
or water velocity. Ag much of the regions as could
be determineﬁ, follow the same general outline as
those for the 20 nillimeter ftube, the only difference
being that the air and water velocities are on a
different scale. In this tube the slugs are very
long, some of them being six feet in length. Affar
one of these had passed out of the ftube, it took
g considerable length of time before the water rose
hizh enough in the tube to form another slug. It
wag partiounlarly difficult in this bube to distin—
guish between bubbling and slugging at the critical

region.
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4 16 Millimeter Tube

Owing to lack of time, thiz fube was only
invegtigated at O™ back pressure. In this tubse,
becanse of the sensgitivity of the air blower to
back pressure, it was impossible to attain an air
velocity high enough to obtain all the regions
found in the 25 millimeter tube. The graph shows
that the general outline is much different from
either of the other two tubes. The boundary
between bubbling and separate flow has an abrupt
drop in it which does not occur in that of the
25 or 50 millimeter tubes. The bo&ndary between
glugging and separate flow, instead of sloping
downward 1o the right with an inerease oi air
velocity as in the cage of the other tubes, hus &
definite upward slope for 2 time and then a down-
ward slope. The boundary between slugging and
washing out slopes upward to the right instead
of down. The exprlanation of this probably liles
in the fazect that the tube is sc small that surface
tension and friction wLave s greater relative
affeect on the mechanism of the flow and hence

digtort the results.
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VI CORRELATION OF RESULTS

Although & satisfactory amount of dats was
not obtained on the 00 zand 15 millimeter tubes,
it was felt that some attempt should be made to
correlate the data in order to determine the effect
of diameter on the criticsl regions. In looking
over the graphs, the only point which could be
used for this correiation was that where slugging
first occcurred at 0" back pressure., Plotting the
ratio of the water rate in cubic feel per minute
to the air rate in cubic feet per minute at this
point against the diameter of the tube in milli-
meters, gives the curve shown on the next page.
It is evident that the curve slopes upward to the
right, and that at small diameters this ratioc
decreases rapidly. This curve seems to bear out
the contention that slugging depends on the height
of the water in the tube, because in small dlameter
tubes, & small water rate relative to the air rate
iz regquired to form slugs.

A8 the diameter of the tube is increased a
mach larger water velocity relative to the air
veloeity will be required to attain a water level

high enough for slugging to ocour.
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VII-RECOTEHDARYIOHS PO TUTURE VWORE

The various lypees of two—phase flow seem to
be definitely estsablished. Bufficient work appears
to have been done on the 25 millimeter tube.
However, an attempt should be mude to investigate

the 50 mm. and 15 mm. tuves still further. Appa-—
ratus should be obtained capable of reaching the
higher air and water velocities fequired. An air
compressor 1B neoessary to get a sufficient flow of
air. In order teo complete the investigation,
another liquid, such as fuel oil, and snother gas,
such as carbon dioxide should be used. Pressure
drops aloéng the pipe should also be obtained. Buat
future investigators should limit themselves to
only one of the above phasesg, in order to obtain
complete and agcurate information.

It is believed that the most important factor
in the determination of the critical regions of.
flow is the relative area of cross section of the
tube cocupied by the water and mair. An attemnt was
made to determine these in order to relate them to
the velocities of air and water, but no applicadle
results could be obtained. bvecause ol the magnitude

of the experimental difficulty. It is suggested
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that some method of obtaining this cross sectional
area or height of water in the tube be devised

before going on further with the investigation.
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APTRENDIZ I
DETAILS OF EXPETIMINTAL APPLRATUS

The spparatus used in the experimental work
iz shovm as in the photograph following this page.

The photograph shows an observation tube which
is made up of three five—foot lengths of 15 mm.
glags tubing. The 25 mm. and 50 mm. tubes were made
in the same manner. Reichart suggested in his thesis
that a tube originally fifteen feet long, be obtained.
The authorg, finding that it would be necessary to
order such a tube direct from the factory and that
once ordered, the tube might take too long to arrive
to be of any use, were forced to resort to using
five~foot lengthe. The tube was held up by clamps
7hich were attached to ring stands. 3By lowering
or raising ihe clamps on the stands it was possible
to adjust the tube so that it was as horizontal as
possible. It was impossidle to have it perfectly
norizontal because of the uneveness of the glass
tubing itself.

The Watér wns supplied directly from the tap
wnich was also used for regulating the flow. After
leaving the tap, the water was passed through a

capillary to determine iis velocity and thence to



The Complete Apparatus



the observation tube. Enough water was obtained in
this way for both the 25 mm. and the 15 mm. tubes.
When the 50 mm. tube was used, however, it was
necessary to attach another pipe to the water mein
in order to attain a water velocity high enough to
£i11 the glass tube. ZEven this extra water was
insufficient to obtain all the types of flow en-
countered in the other two tubes. All experimental
data had to be taken in the evening because of the
large fluctuations of water pressure noticed during
the day.

A aentrifugal blower was used ito supply the
air to the tuve. The 2" outlet pipe ol the blower
was reduced to 1/2" and thence by means of 1/2"
rubber tubing the air was passed through one of
three capillaries connected in parallel to defer—
mine its velocity. PFrom these meters the air went
to the tube proper. The air blower was so sensitive
to back pressure that it was impossible to atteain
a high enough velocity in the 50 mm. and the 15 mm,
tubes to obtain all the types of flow.

In order to have the air snd water enter
the fifteenﬂfoot tube in parallel, it was found
degirable to modify Reichart's method oy having

a speoial piece of apparatus mads. As may he seen



from the enclosed pnotograph, this consisted of &
length of tube having the same diameter as the
obgservation tube used, with a smaller glass tube
within i1t. This smaller glass tube was attached
so that it would be parallel to the larger tube
for a short distance and so that it would enter
the larger tube at an angle.
The air was brought into the observation
tube from above while the walter was allowed to
enter from below to prevent any bvackflow of either,
The mixture oi air and water was taken at the
end of the tube by two receivers as shown in the
rhotograph of the apparatus. ihe second receiver
had a vertical adjustrent, toc maintain the water in
the first at the desired level and, therefore, to
fegulate the back pressure. From this second tube
the water ran into an overflow bucket and thence

by means of pipe inte the aink.



The Air and Water leters



APPENDIX IL
CALIBRATION OF INSTRUMENTS

Water Meters

The water meters consisted of capillary
tubes, inserted within tubes of larger diameter.
They were calibrated by welghing the amount of
water passing through for a certain time and noting
the resding on the mercury manometer. The salibra—-

tion ourves follow.
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Air Netoers

The air meters nsed were either of the Venturl
or capillary type. The Venturi meter was used to
measure the highest air velocities aitainable with
the apparatus on hand. All of these meters were
calibrated by using wet_test gas meters. The eapa—
gity of the gas meters was soon exceeded, however,
and it was necessary to nge a calibrated corifice for

higher velocities of ailr.
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b
APPENDIX II1

TXPERIMENTAL DATA
25 Millimeter Tube - 1" Back Pressure
Manometer Readings Type of Flow
Water | Alr

min, min,

8.6 4.5 4.1 J155 B  11.8 6.2 5.6 .142 Bubbling

904 3.8 6.3 ,192 " 11.6 6.4 5.2 137 "
10,0 3.1 6.9 ,204 " 11.5 6.5 5.0 ,135 "
10.2 2.9 7.5 .211 " 11.4 6.6 4.8 L1328 ©
10,85 2.85 8.5 42289 " 11,3 6.7 4.6 .187 "

7.5 5.9 1.4 .09 " 10,5 7.5 3.0 .100 Sep.Flow

706  Bud 8.2 L114 " 1045 7.5 3.0 L100 " m
10.5 4,7 3.8 15 " 1044 7.6 £.8 L097 " M
1047 245 8.2 L2285 " 10.0 8.0 2.0 .079 Bubbling

9¢5 3.6 5.9 ,185 " 1042 7.8 244 .087 Sep.Flow

10,0 3.1 6.9 .204 "  10.1 8.0 2.1 .08l Bubbling
7.95 5,85 2.7 ,127 L 9.5 8457 493 .05 Sep.Flow
8.8 4.4 4.4 16 n 9ed Beb65 L5 L043 M 0
9.5  B.65 5485 ,183 " 9.3 8.8 50 .054 Bubbling
8485 4.9 B.35 143 " 9,85 8485 .40 .03 Sep.Flow

B.68 4.5 4.15 ,156 " g.2 8.9 «30 02 M "
9.2 5.95 Bekb ,175 " 2.15 8.95 .20 017 Bﬁhbling
8.7 4.5 4.2 L1860 " 9.17 84,91 .26 .02 GSep.Flow
9.1 4.0 5.1 ,172 " 2.1 9.0 «10 ,01 Bubbling
8.8 ded 4.4 L,16 " 9.12 8.98 L,14 .0l1l3 "
B.60 4.5 4.15 .156 " .15 8.96 ,19 015 Sep.Flow



Water Alr Type of Flow

High Tow h cu.ft. Man.f High Low h cu.ft.
min. lan o min.

9.05 4,1 4,95 ,170 3 9.39 8.70 .69 .041 Sep.Flow
9.05 4.1 4495 170 3 13.8 4.2 9.6 ,187 "
9.75 3.5 6.85 2191 &  13.7 4.3 9.4 .186 Bubbling
10.2 2.9 7.3 .24 " 1146 6.4 5.2 G137 L
9,95 3.8 6475 4201 " 1B.4é 6.4 5.2 137 "
9.7  Zed 6.3 L1953 " 11.6 6.4 5.2 L137 Sep.Flow
9.3 3.8 5.5 .18 T 1644 15 14,9 L245 " W
1048 2.9 7.3 211 ¥ 1643 1.6 14,7 .242 Bubbling
9.8 3.9 5.5 .18 2 9.9 9.2 .7 .36 BSep.Flow
9.7 3.4 6.8 .192 " 9,85 9.85 .6 L34 " v
10,0 3.1 7.9 2808 " 9.8 9.3 5 L3 Bubbling
7e¢8  5ed £e4  L119 " 1048 Be2 2.8 .68 Sep.Flow
8s8 5.0 3.2 .14 " 10.8 8.2 2.8 .68 Slugeging
7.85 5,3 2.55 ,1283 1 10.8 8.2 2.8 .68 Sep.Flow
10,0 4,1 5.9 .185 " 10,1 8.9 1.2 .45 Slugging
9.1 5.0 4.1 L170 " 10,1 8.9 1.2 .45 Slugging
B.7 5.5 3.2 .141 " 18.1 8.9 1.2 .45 Slugging
Bed 5475 B.65 o186 " 10.1 8.9 1.8 .45 Sep.Flow
10,0 4.1 5.9 .185 " 9,87 9.17 .7 .36 Slugglng

8.6 Deb6 3.0 4133 " 10.4 B.6 1.8 .55 "
a3 5.8 2455 ,1233 i 1l.1 7.9 3.2 472 Sep.Flow
8.85 5.8 Z2.55 .123 T 10.5 8.5 2,0 .B75 ™ n

12,1 1.9 10{2 .255 "10.9 8.1 2.8 .68 Slugging



Water Air Type of Flow
High Iow b cu.ft. Lan.# High Iow h cu.ft.
min. min,
14.0 o1 13.9 .303 2 16.8 8.5 2.5 .64 Slugging
14.0 .1 13.9 .303 " 1048 8.3 2.5 .64 Wash.Out
14.0 .1 13.9 .303 " 11.8 7.2 4.6 .86 Wash.Out
14.0 .1 13.9 ,303 M 12,1 648 B3 .93 " oon
13.8 o3 15.5 .298 W 1844 646 648 1.87 "o
13.0 1.8 12.0 .281 " 15,0 5.4 7.6 1.15 @
11,9 2.2 9.7 .248 " 13,0 6.8 6.7 1,07 2 n M
10.4 3.5 6.9 204 m 13,2 5.8 7.4 1.13 Slugging
180.5 3.6 6.9 4204 12,0 7.1 4.9 .90 Wash.Cut
11.0 3.0 8.0 .221 " 11,8 7.0 4.8 .88 LI
12,3 1.8 11.5 .279 m12.1 7.4 4.7 .87 T
8.8 5.8 3.3 .143 M 14,1 446 9.5 1,31 L
8.2 6.0 2.2 .114 " 14,8 4.2 10.6 1.4 LI
7.6 6.6 1.0 .075 " 15.8 3.1 18.7 1.57 Sep.Flow
7.6 6.6 1.0 .075 " 1644 8.5 13,9 1.67 Wash.Out
7.9 6.2 1.7 .10 " 16,0 3.0 13.0 1.60 LI
7,9 6.2 1.7 .10 " 12.4 6.5 5.9 .99 Sep.Flow
8.3 5.7 £46 .124 " 12.2 6.8 5.4 .94 Slugeing
8.4 5.7 2.7 J126 " 11.7 7.2 4.5 .85 Slugging
Bed BT B.7 J1E6 " 13.5 4.5 9.0 1.27 Wash.Out
8.4 BT BT 127 " 12,7 4.5 8.2 1.2  Slugeing
7.9 6.8 1.7 ,10 " 11.6 7.2 &S.d4 .94 Sep.Flow
Be2 6.0 2.2 .114 " 11.6 7.2 5.4 .94 Slugcing



Water

Low

Bed
Ta7
7.7
747
(%
7.8
5.4
S.4
2.0

2.0

h cu.ft. Lian.#
min,

4.9
65
65
6.5
6.5
6.4
11.1..
11.1
17.9
17.9
18.1
18.1
18.1

15,7
18.5
13.6
14,8
Eed
8.6
8.6
71

4,1

+ 170
«198
«198
»198
.198
«198
« 268

1]
n
i
"

L

n
n
n
n
n
i

mn

1]

Alr

High Low

1043 847
10.& 8.8
2.65%9.0
10.& 8.9
18.3 8.8
1R.3 8.55
2.8 9.9
10.0 9.0
10.1 ¢.1
10.8 8.8
16.4 8.8
1G.2 2.0
10.1 9.1
1.4 8.8
18.5 B.6
10.5 8.6
11.8 7.9
11.2 7.9
1l4.% 510
14.2 4.9
16.2 9.9

18.3 2.7

9.5 9.5

h cu.ft,
min.
1.6 .52
Led 449
+15 .28
1ed 449
1.6 .50
1.956 .57
5 W58
1.0 .42
1.0 .42
£eB 46D
1.6 .52
1.2 .45
1.0 42
1.6 .52
1.9 .56
1.9 L&b
Jed T3
Be3 W73
943 LaEY
9.3 1.29
« 3 # 67
6 1,46
1.0 2.18

Type of Flow

Sep.Flow
slugeing
Sep.Flow

Slugging

n

r

Butbling
Slugeing
n
Wash,Cut
n "
1 H ]
Slpgging
wash.0ut

Lif "

Slugging
i
Wash.Out
slugging
Wash.Cut
Slugeing
Wash.Out

n i



Kigh

1345
13.8
11.9
11.5
“1le0
11.5
11.9
11.9
11.8
11.%

Wg ter

Low

8.4
8.4
10.1
1048
18.3
10.4
2.9
9.9
10.0
9.9

h

4.1
4.1
1.8
l.2
1.3
1.1
2.0
2.0
1.8
&eQ

Alr

cusft. Lan.# High

min.
+158
+1586
163
083
086
079
<11

+11

+103
«11

n

10.8
1C.4
10,3
10.2
10.4
10.4
10.28
15.0
14.5
14,0

Low

2.7
9.6
97
2.8
9.6
9.7
9.9
4.0
4.5
8.0

h cu.ft.
mine.
o6 1.46
.8 1.84
6  1.46
o4 1.00
8 1.84
7 1.64
e .8
11.0 1.43
10.0 1.35
9.0 1.27

Typecof Flow

Wash.Out

1 n

" n

Sep.Flow
Wash.Qut
Sep.Flow
Slugging
Wash.Out
SelF18w
Bep.Flow



o

25 ¥illimeter Tube - On Back Pressure
L]

High

12.70
12.20
12.30
12.50
12.80
12.50
12,10
12.00
12.e5
12.20
12.50
12.50
12450
lz.25
12.256
12.26
12.45
12.60
12.60
12.80
12.80

Yanometer Readinge
wWater AiY Type of
Flow
Low h cu.ft. Man.# High Tow h cu.ft.
min, min,
9.20 3.45 J142 & 2.1 9.0 .10 .01 Bubbling
5.70 2,50 1823 T 9.27 8.8  «47 .032 Sep.Flow

9.50 2.80 .128 9.27 8.8 «47 032 2% ®

Bt |

9.35 3,15 4137 " 9.2 8.9 .30 .025 Bubbling
9.0 3.80 150 " 9.1 8,98 .12 ,012 "
9.35 3,15 137 " 9,1 8,98 ,12 .0lz ™
9.80 2480 J117 " 9.2 8.9 .30 ,025 Sep.Flow
9.85 2,15 113 " 9,12 8495 .27 0228 " M
9.65 2,60 4125 " 9,09 0,00 .09 .OL A ®
9,70 2.50 J123 " 9315 8,95 .20 ,015 v m
9.35 3.15 »137 " 9,27 8.8 .47 032 Bubbling
9435 B.15 4137 "  9.15 8.95 .20 .ol5 "
9435 3.15 387 " 9,18 8.9 ,28 .020 M
9.65 2,60 J185 " 9,85 8,82 .43 ,032 Sep.Flow
9,65 2.60 185 " 9,18 8.9 .28 .080 " ™
9,70 £.50 +128 T 9,39 8,69 .70 .04 n
9,40 3,05 .133 " 9,39 8,69 ,70 ,04 M
9.25 3,35 +140 "  9.39 8.69 .70 .04 Bubbling
9.85 5455 140 " 9.5 8.55 95 .05 Sep.Flow
9,05 3,75 o15 T 9.5 8.55 .95 .05 Bubbling
9.05 3,75 .15 " 9,99 8,05 1.94 077 "



Water Air : Tyre of Flow

High Low h cu.ft. Man.f High Low h cu.ft.
mine. min.

12.5 9.35 3.15 137 3 9,90 8.12 1.78 .867 Sep.Flow
12,75 9415 346 J142 " 10.3  T.78 2,58 078 nm W
12.85 9.0 3.85 .15 " 10.88 7.78 2.50 ,091 Bubbling
12,85 9.0 3485 .15 " 11.6 6.4 5.2 2137 n

12,5 9.35 3,15 187 " 11.48 6.5 4.98 .134 Sep.Flow
125 9435 3.15 137 " 14,8 3.6 1046 .20 " °©
12,85 9.0 B.85 .15 " 14.B 3.7 10,4 L197 n
13,15 8470 €445 159 " 13,9 3.9 10.0 ,192 Bubbling
13.15 8470 4445 L2159 & 9.7 9.35 .35 .27 Slugglng
12,6 9.25 B.35 140 " 9.7 .35 .35 .27 Sep.Flow
13.1 B8.75 4.35 159 " 9,65 9.45 .20 .21 Bubbling
12.7 9.20 3,56 143 " 9,68 9.40 .28 .25 Slugging
12,7 9420 3.5 L1453 3 16,1 1.7 14.4 .23 "

18.0 8.9 4.1 L1885 " 1631 1.7 14.4 .25 "

15285 9.15 2.6 o185 " 16.1 1.7 14.4 .23 Sep.Flow
10,0  9.05 .95 .41 m m

™.

12.20 9.15 246 125

-

12,7 9.2 3.5 .143 9.9 9,15 .75 .37 Slugging
12,7 9.2 3.5 143 " 10.35 8.6 1.95 .57 X

12.4 9.5 2.9 132 " 16.15 8.95 1.20 .45 Sep.Flow
12.4 9.5 2.9 L1328 " 11.15 7.8 3.85 .76 Slugging
12.05 9.85 2.2 L115 " 11.2 7.8 %.4 .74 Sep.Flow

12.15 9.75 8.4 120 " 10.7 8.3 2.4 .68 Slugging



Air

h cu.ft. Man.# High Iow

Water

High Low

mine
l14.4 7.5 6.9 .204
16.6 5.3 1l.9 .274
l6.7 812 11.5 .&79
17.0 4.9 12,1 .k284
17.6 4.9 12.1 ,.282
16.0 5.95 10.05.258
16.0 5.95 10.05.28E
16,0 5.95 10.05.858
16.4 5.5 10.9 .267
16,2 5.65 10.5 .26
15.7 6485 9.45.245
14.8 7.1 7.7 817
13.28 8.6 4.6 163
12.0 9.85 &,15.114
11.7 10.2 1.5 093
11.7 10.8 1.5 .093
12.0 9.9 2.1 ,11&
15.8 6.056 9.78.286
15.0 6,75 8.85.226
14.4 7.5 6.9 204
13.6 8.25 5.85.177
2.7 9.2 Zeb 4143
12,7 9.2 3.5 148
13.6 8.285 54354177

I
n
L)
;'
Ir

L

10.8
10.6
1042
S.95
10.1
10.3
10.8

1313146

1‘
n
1t
n
"
i
n
f
w
n
1
"
n

n

11.4

8.8
8.4
849
9,15
9.0
8,75
8.2
7.3
7e6
645
6e5
645
6.2
6a2
646
5.5
5.5
6.0
9.75
9,75
9.8
9.8
9,75
9475

h secu.ft.

Type of Flow

Reb
2.8
1.3
+8
1.1
1.55
26
4,3
3.8
5.9
549
5.9
645
BeS
5.8
B.2
8.2
6.9
.50
50
»40
«40
« 50

+ 80

min,

« 63

47
« 38
43
.01
« 66
» 83
.78
.99
«99
.99
1.085
1.08
«98
1.2
1.2
1.09
l.84
1.24
1.0%8
1.02
1.25
1.25

Slugging
Wash.Out

i n

Slugging
Slugging

n

Wash.Out

n n
i H
Siugging
"

n
Sep.Flow
n n
Slugeging
Wash.0ut

f "
n "
Slugszing
Slugging

Weash.Out

Slugging



Water Air Type of
Flow
High Iow h cu.ft, Man.7 High Low h cu.ft.
13.1 8.7 4.35 .160 1l 16.85 9.65 ,70 1l.62 Wash.Qut
11.8 10.0 1.8 .1058 " 10.35 9465 70 l.62 " "
12.4 9.45 2.95 .13 " 10,32 9.68 .64 1.50 v =
12.8 9.7C 2.5 .120 "  10.27 9.72 .55 1.35 Slugging
11.6 10.2 1.4 .0%20 " 10,3 9.7 +60 1l.44 Sep.Flow
11.5 10.8 1.2 .083 v 10.4 9.65 .76 1l.74 n "

11.9 10.0 1.9 107 "  10.37 9.61 .76 1.74 Wash.Oub



10
25 Millimeter Tube - -1% Back Pressure
Manometer Readings
Water Type of Flow

High Iow h cu.ft. Man.# High Low h cu.ft.
min, min,

12,8 9.10 5.70 ,147 3 9.09098.99.7 .10 .01 Bubbling
12.85 9.65 2.60 L1286 " 9.1 8,92 .18 .0l5
12,1 9.8 2.8 .118 " 9,12 8.9 .22 .0175Sep.Flow

l8.1 9.8 2ed .118 " 9.09 8.99 .10  .QRR " "
l2.25 9.60 &.60 4125 " 9,09 B.99 .10 ,01 Bubbling
12.285 9.60 R.60 125 " 9,84 8.8 «44¢ .032 Bubbling

12.1 9.8 Ced <118 " 9.26 8.78 +48 .03& Sep.Flow
12.1 9.8 2.3 «118 "o9.35 8.69 66 04C M "

12.35 9.6 2.85 .130 " 9.35 8,69 +66 4,040 Bubbling
«85 4130 B 9.8 8.2 1.5 2065 Sep.Flow

lae)

12,35 9.5
12.45 9.45 5,00 .133 " 9,79 8,21 1.52 .065 Bubbling
12,45 9,45 3,00 L1553 " 10,6 7.35 .85 .11 Sep.Flow
12,7 9.15 3.55 .144 ¥ 10.6 7.35 B3.25 .11 Bubbling
12,7 9.15 3,556 .144 " 12.1 5.85 6.25 .15 Sep.Flow
12.95 6.95 4,00 .153 " 12.1 5.9 6,1 .145 Bubbling
12,9 8.95 3.95 ,152 " 14,1 3.7 10.4 .195 Slugcing
12.85 9.05 3.8 .15 ¥ 13,1 4.8 8,3 .175 "
12,5 9.40 3.1 .136 " 18,0 4.9 8.1 .173 Sep.Flow
12.65 9.85 2.4 ,142 M 13,18 4.7 8,5 177 M w
12.85 9.05 3.8 .15 " 12.5 5.4 7.1 .160 Slug ing

12.85 9.05 3.8 «15 g 9,756 9,3 45 L300 n

=

12.5 9.40 S.1 «135 907‘5 B,3 +45 « 2000 Sep.Flow



1l

Water Air Type of Flow
High Iow h ou,ft. Men.# High Low h ngﬁf'
19.4 2.1 17.3 .35 8 9.75 9.3 .45 .300 Slugging
12.7 9.2 3.5 144 9.92 9.1 .82 385 n
12.4 9.5 2.9 L130 " 9,92 9,1 .82 .385 Sep.Flow
19,0 2.9 1641 4236 " 9,89 9,19 .70 .36 Wash.Out
17.5 4.6 12,7 o300 " 9,89 9,19 .70 .36 " n
15,9 6.1 9.8 +850 " 9.89 9.10 70 .36 " °
1544 645 8.9 o237 " 9,89 9.19 .70 .36 Slugging
12.5 9.4 3.1 135 " 10,3 84751.55 51 Sep.Flow
12.7 9.2 3.5 o144 " 10.35 8,7 1.65 .525 Slugging
15.5 6.4 9.1 4239 " 10,35 8.7 1.65 525 "
15.8 6.1 9.7 248 " 10.35 8.7 1.65 525 Wash.Out
12,5 9.4 3.1 o135 T 11,0 8.0 3.0 .70 Sep.Flow
12.8 9,15 3.65,147 " 11.0 8,0 3,0 .70 Slugging
15,1 6485 8.25,212 " 11.0 8.0 3.0 70 "
16,0 5.9 10,1 .253 " 11.0 840 3.0 .70 Wash.lut
12,6 944 Bl J135 M 12,5 646 5.9 .99 Slugeing
15.6 6425 9.85.241 " 12.6 6.4 6.8 1.02 Wash.%st
14.9 7.0 7.9 J220 " 12.6 6.4 6.2 1.62 Slugelng
12.1 9.75 2.35,119 ' 11.7 7.3 4.4 .84 Sep.Flow
12,6 9435 3,285,139 " 11.7 7.3 4.4 .84 Slugging
12.3 9.60 2,9 .130 " 11.7 7.3 4.4 .84 Sep.Flow
1444 Tob 6.9 o204 " 11.7 7.3 4.4 .84 Slugeing
14.8 741 7.7 217 "OLl.7 7.3 4.4 .84 Wasgh.Out
11,9 9,95 1.95.108 " 13,0 6.1 6.9 1.08 Sep.Flow
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Water Air Type of Flow

High Lew h ou.ft. Man.# High Iow h cu.ft.
Min. min,

1244 9.5 2.9 130 2 13,0 6.1 6.9 1,08 Slugging
11,5 1044 1.1 079 "  14.4 4.6 9.8 1,33 Sep.Flow
11,9 9.95 1.95 ,108 " 14,4 4.6 9.8 1.33 Sep.Flow
12,25 9.65 2,60 185 " 14.¢ 4.6 9.8 1.33 Slugging
12,35 9.55 2480 1289 " 14,4 4.6 9.8 1,33 Wagh.But
11,95 949 2405 111 B 103 9.67 463 1.5 Sep.Fiow
42.25 9.65 8.60 .185 & 10435 9.65 .70 1,14 ¥agh.Out
11,65 10.2 1.45 ,089 " 10,65 9.4 1.25 2.56 Spray
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B0 Millimeter Tube - 1" Back Preasure
Menometer EHeadings
Water Alr Type of Flow
]

High Low h cu.ft. ¥an.# High Low bk ou.ft.
min, nin.

13,5 6.5 7.0 .83 2 10,9 8,84 2.66 .66 Sep.Flow
14.3 5465 8,65 975 " 10,9 8.2 2.7 .66 Slugeing
13,7 6643 Te¢ oB6 T 12,8 6.8 5.5 .95 Sep,Flow
14.2 5.75 8.45 .96 " 12.3 6.8 5.5 .95 Slugging
14,3 5465 8.65 4975 " 1049 8.8 Zo7 466 Sep.Flow
1444 5465 8475 499 M  18.2 6.9 5.3 .93 % =m
16,0 4,0 1840 1.88 " 12,2 6.9 5.3 .93 Slugging
16,0 4.0 12,0 1,28 ™ 15.9 3.5 12.4 1.55 Slugging
14.6 5.5 9.1 1,08 " 15,9 3.5 12,4 1.55 "
14,0 5,95 8.0 .92 " 15.9 3.5 12.4 1.55 Sep.Flow
14.0 5,95 8.0 .92 1 10.5 9.3 1.8 £.46 Slugging
1346 6435 Te85 85 " 10.5 9.3 1.2 £.46 Sep.Flow
13,8 6420 7.6 .88 M 10,98 8,75 2.23 3,55 " 0
14.2 5.80 8.4 .95 " 10,98 B8.75 2.23 3.55 Slugging
13.85 6415 7.7 89 " 11,48 8.27 3,21 4.37 Sep.Flow
14.2 5.80 8.4 .95 1 11,48 8,27 3.2 4.37 Slugeing
13.85 6.15 7.7 .89 M 11.82 7.95 3.87 5,00 Sep.Flow
1402 5.80 8.4 .95 T 11.82 7.95 B.87 5.00 Slugging
17.0 2.85 14.15 1448 2 9,91 9.85 .66 .35 Bubbling
16.8 4.0 12,0 1.28 " 9,91 9,25 .66 .35 Sep.Flow
1645 B.5 13,0 1,37 " 9.8 9.6 .20 .31 Bubbling
1640 4,0 12,0 1428 " - 9,91 9.25 .66 .35 Sep.Flow
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Water Alr

High Low h cu.ft. Men,# High Low h
min,

1645 3.5 13,0 1,37 2 9.68 9.51 .11
16,5 4,0 12.0 1.28 " 9,91 9.25 466
50 Millimeter Tube - OT Back Pressure
1648 3.2 13.6 1.45 2 946  9.54 .06
15.8 4.0 11.8 1.25 "
16.1 3.75 18.35 1.328 " 9,7  9.45 425
16.8 3.2 18.6 1.45 " 9.7  9.45 .25
17.1 2,75 14.35 1.49 7 9,98 9,18 .80
15.7 4.25 11.45 1.83 " 10.05 9.1 495
17.1 2.75 14.35 1.49 " 10.5 8,62 1.88
1506 4425 11.35 1,82 " 10.65 8.5 B8.15
15.0 5.1 9.9 1,09 " 11.7 7.4 4.3
15.8 3.5 1248 1.36 T 117 7.4 4.3
15.5 4.25 11.25 1,81 1 10.1 9.6 o5
1445 B5e2 943 1.83 " 10.1 9.6 &5
1446 5.3 9.3 1,03 " 10.8 9.83 1.27
1544 4.5 10,9 1,18 " 10.5 9.30 1.27
15,4 4,5 10.9 1,18 " 10.9 8.8 2.1
18.5 5.5 9.0 1,01 " 10.95 8.75 2.2
1445 5.5 9.0 1,01 " 11.0 7.8 3.2
18.9 6.1 7.8 L9 " 11.0 7.8 &.2

ch.fte

min,
«17
«05

o1
17
23
« 23
+ 58
4l
«56
o6
+83
«83
l.22
l.22
2458
2.58
de 62
d.71
4,38
4.38

Type of Flow

Bubbling
Sep.Flow

Bubbling
Sep.Flow

n n

Bubbling
n
Sep.dlow
Bubbiing
Sep.Flow

n n

Slugging

Sep.Flow

" L

Siuggimng
"
Sep.Flow

Slugging
Sep +JFlow
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50 Millimeter Tube -~ «1" Back Pressure

i Manometei- Readings
Water Air Type of ¥low

High Iow h ou.ft. ¥an.# High Iow h ccu.ft.

26,0 4,0 12,0 1.88 & 9.6 9.55 .05 .1 Bubbling

15,2 4.5 10.7 1,17 " 9.6 9,55 .05 .1 Sep.Flow

1542 4.5 10.7 1.17 "  9.68 9.50 J11 .17 " °

16.4 3,75 12.65 1.34 " 9,62 9.51 .11 ,17 Bubbling

16.3 3485 12,45 1,33 ™ 9.85 9,3 .55 .33 "

15,8 4425 11,55 1,84 " 9.85 9.3 .55 .33 SEp.Flow

15,2 4,75 10445 1,04 " 1047 8.4l 2.29 .61 ' W

16,1 3.8 1243 1,31 " 10.7 8.41 2.29 .61 Bubbling

15,3 4.6 10,7 1,17 " 11.75 7.4 4.35 84 Sep.Flow

16,0 4.0 12.0 1.28 " 11,75 7.4 4.35 .84 Slugging

14,4 5.5 8,9 1,0 F 10,12 9.59 .53 1.30 °®

13,6 6.2 7.4 .86 " 10,12 9.59 .53 1.30 Sep.Flow

18,6 6.2 Ted 486 " 10,5 9.19 1.3l 2.64 T ®

14.7 5.2 9.5 1.86 " 10.5 9.19 1.31 2.64 Slugeing

14.5 5.5 9.0 1.01 " 11.0 8.7 8.3 3.84 m

13.6 608 Ted o486 " 11,0 8.7 £.3 B3.84 Sep.Flow

13.6 642 7.4 86 M 7,087 4.43 b.52 oo
14.6 5,485 9,15 1l.82 P 12841  7.67 4.43 5.52 Sluggling
14.6 5.4 9.2 1,02 " 10.9 9.6 49 1.22 n

13.7 6.3 7.4 «86 n 10.9 9.6 49 J.22 Sep.Flow
15’6 Bed 7.4 86 " 10,05 9.66 +40 1.02 Sep.Flow
14,7 5,30 9.4 1,05 " 10,05 9,65 .40 1.02 Slugging



16

15 illimeter Tube -~ 6% Back Pressure
Manometer KReadinge
Water Air Type of Flow

High Low h cu.ft. Liin.7 High Low h ocu.ft.
pin. min,

11.0 9.5 1.5 00084 5 11.3 7.1 4.2 .0178 Sep.Flow
11s4 940 244 00113 " 11,3 7.1 442 LOL78 n ®
11.8 8465 3415 0135 " 11.3 7.1 4.2 L0178 @
12,5 7490 446 L0167 " 11.3 7.1 4.2 0178 Bubbling
11.8 8465 3,15 0185 " 13.4 4.9 8.5 .031 Sgp.Flow
12,7 7.80 5.0 L0175 " 1344 4.9 8.5 .031 Bubbling
12,8 8415 4.15 0157 " 1344 4.9 8.5 L0311 n
11.85 8.60 B.25 0136 " 15.0 3.5 11.7 .0885 "
11445 8,95 2.50 L0116 " 1540 3.3 1l.7 0385 Sgp.Flow
11.3 9.2 2.1 L0106 4 10.0 9.9 .1 .05 v
11.7 8480 2.9 .0127 " 10,0 9.9 .1 .05 Bubbling
1144 9.0 2.4 L0113 " 10,15 9475 4 L11 Slugging
11.35 9.05 243 L0111 " 10,15 9.75 +4 .11 Sep.Flow
11435 9,05 8.3 L0111 " 10.05 9.85 .2 .08 n n
11.8 8,80 3.0 L0120 " 10,05 9.85 .2 .08 Bubbling
11466 8475 2.9 L0187 ™ 10485 9.65 +6 L175 Slugeing
11435 9.05 2.3 L0111 " 10425 9.65 6 175 Bep.Flow
11.4 9.0 244 L0113 "  10.55 9.38 1.17 .85 ® 7
11.6 B48 2.8 .012¢ " 10.55 9.38 1.17 .36 Slugging
14485 5.5 9.35 .0245 "  10.38 9.55 .83 .21  Wash.Out
14.65 5.7 8495 4024 " 10.55 9.38 1117 .25 ot w
13.8 6.6 7.8 L0214 " 10.55 9.38 1.17 .85 ™
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Water Air Type of Flow

Eigh Iow h cu.ft. Man.# High ILow h ocu.ft.
min, : min,

13,1 7.3 5.8 J019 4 10475 9.15 1.60 .3 Wash.Oub

12.4 8.0 4.4 L0163 M 10,55 9.38 1.17 .25 Slugglng

1247 7.7 5.0 LOL75 " 10.55 9.38 1.17 .25 "

12.6 748 4.8 L0170 " 11,05 B.85 2.2 355

13,3 7.0 643 L0196 " 11,05 8485 2.2 355 ™

14.2 6.1 8.1 L0228 "  11.05 B8.85 2.8 o355 0

15,1 5.25 9.85 .0258 " 11,05 8.85 2.2  .355 Wash.Out
13.8 645 7.3 0816 T 128,15 7.5 4.65 .55 Slugging
1642 445 11,7 L0278 M 11.9 8.0 3.9 o5 n

11.7 8.70 3.0 .013 " 11.05 8.85 2.20 .35 Sep.Flow
12.1 8430 3.8 .015 " 11.8 8.2 3.6 .48 Slugglng
12,8 7.55 5.25 018  §  10.1 8.3 1.8 4009
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Calibration of Alr heter #1

Bigh Iow h ocu.fta
. min,
9.98 9.89 o6 l.45

9.95 9.2 .73 1.72
10.0 9.16 .84 1.90
10.05 9,20 .95 2.15
10,18 9.0 1.18 2435
10.256 8.9 1.35 2.70
10,29 8.89 1.40 2.80
10.38 8.8 1.58 300
10.45 8475 1.70 3.10
10.5 8.7 1.80 323
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Celibration of Air Meter #2

High Iow h ecu.ft.
min.

9.68  9.49 219 «1956
9.71 9,30 «41 AR
9.8l 9.20 :al 024

10.4 8.0 1.8 «546
10.8 8.8 e «673
1l.1 7.9 el 708
1l.4 70 o8 2764
11.8 7.2 4.6 «861
12.2 648 Sed + 946

12.48 6.55 5,90 1.005
2.8 6.2 Be6 1.085
13.2 5.8 Ta7 1.14

13.8 5.6 8.0 1.1856
13.8 5.2 8.6 1.2385
14,00 4,96 9,10 1l.285
14.3 4,68 9.62 l.é2

1445 4,45 10.15 1.355



Calibration of Air lMeter #3

High lLow h cu.ft,
min.
9.18 8.78 .40 0302
9.38 8470 .68 #0417
9.58 8.48 1.10 +0605
9480 8.23 1l.57 »0734
10,18 7.88 B.,30 «0801
10.40 ?.55 £.85 097
10,80 7.2 3.6 «112
11.0 7.0 4,0 +118
11.15 6.8 4.35 o122
11.3 66 4.7 +128
11l.8 6s1  Ba7 «143
12.35 5.55 6.80 »158
1Z.2 4.7 8.5 w178
13.8 4,1 9.7 «191
14,7 3.15 11.55 . 212
15.45 2.35 13.10 +228
16,16 1.65 14.50 « 240
16.90 9 16,0 « 255
16456 1.88 15.27 «248
15465  2.15 13.50 « 234
14.9 2.95 11.95 214
14.25 3.65 10.60 «204

13.45 4.45 9.0 2185



Calibration Bf Air Neter #4

High

.62

9.92

977
10.26
10.42
10,9
11,41
11.95
12.89
13.85

Low

9.49
9,19
9437
8.85
8469
B.2
7 468
7.15
6404
5025

21

h

13

73

40
l.41
l.78
a7
d.76
4.84
6,85
8,60

clefta
min,

«0677
+ 204

138

277

o313

«407

«489

+568

« 67

« 763



Calibration of Air Meter #5

High

9419
9495
1l.12
12.1

28

Low

8.78
7495
6.72
.72
&.98
.85
£o7b
1.65

NG

h

47
2.00
4460
6438
7.89

10,10
18.23
1444

16.03

ceTte
min.

+00338
«01ed
0196
«0863
0294
0348
0884
+ 0454
«0475
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Calibration of Water Orifice for &85 Millimeter Tuhe

High

6,75
Be8
7.0
7.13
Ted
7.86
8.08
8,88
Q.20
10,05
10,65
1l.7
12.9
1l.65
10445
18.0

Low

6.51
6443
6.3

6.05
5.78
5.32
5.08
4ed

5485
G415
70

h

24

o 37

o7
1.08
l.62
fed
.00
4.58
5.40
6.90
7.95

l.4 10.3

@ 12.60

1.85

10.1

2.7 7.78

B.2

6.8

#iater

1.75
1.69
2,00
2457
3.44
3,375
3,315
3.815
34625
4,562
5,315
6453
7471
6.0
5.31
531

Time
in min.

+87
.64
53
52
+57
45
,39
375
32
357
.89
395
428
.38
+385
415

#Water
min

2.0l
2.64
&.78
4,95
6403
7458
8.48
10.15
11.3
1z.8
13.7
16.05
18,0
1b.8
15.8
lE.8

cu.ft.Water
min.

0322
« 0408
«0607
+ 0793
«0965
+1215
« 1356
«163
«181
«205
&R
« 207
»289
+ 258
222
+ 205
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Calibration of Water Orifice for 50 Millimeter Tube
High Bow h  fuater Time iWater ocu.ft.Water

inmin, min. mine

10431 94728 459 7450 «621 12.1 0193
10478 9432 1.40 6400 «819 18.8 «301
11.35 8470 2,65 6425 « 252 26.2 o418
11,75 830 3445 164285 +518 31.3 e 502
12435 7470 4465 16,00 «434 36,9 «589
12485 7.80 .65 16.00 2379 4242 + 676
123:4 646 648 18,50 + 368 5043 «805
13,9 6.1 7.8 20.50 o263 5646 0803
14,35 5455 8.80 128.50 199 6248 1.006
1541 4.75 10,35 1&.50 +168 Tded 1.12

1546 4425 11.35 14.75 «189 78.01 1.28



2b

Calibration of Water lleter for 15 Millimeter Tube
High ILow h cce time(mine.) cu.ft.

min,
10.62 9.8 .82 160 1 «00565
11.35 9.05 2.30 3,15 1 +0111
12465 7475 4.90 490 1 0173
1.0  7.40 5.60 535 1 +0183
15.8 4445 11l.35 776 1 +0273
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