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The effect of liquid surface tension on the cavacity of o wire

mesh entraimment separator vas studied. in air-vsiar system was used

sl the surface tension of the vater was reduced throush the use of

Hde

surfactents,

Tive test series were run, sach with & different surface tension

e

of water. The surface tersions examined covired the range o
to 70 dymes/cm. For each test run series, the effect of liquid losding
was investigated., Liquid loading rates were varied betwean 55 and

55C 1bs/hr/ft2,

e

=
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Entrainment separator capacity was found to vary lineerly with
liguid surface tension. As surface tension decreased, the demister
capacity decreased. This correllation held over the entire rangs

of liquid loading rates tested. As liguid loading increased, demiater
capacity decreased for all the surface tensions examined. The work of

& previoue investigator using an air-water system was confirmed by the

data cbtained in one run using plain water without surfactants.

30 dymes/cm



TITRODUCTION

Yire mesh separstors have long been acclaimed %o be an efficisnt
and economic technigue for removing mist entrained in a moving gas
stream, In the past ten years, an intensive resesrch effort hes been
expanied on entrainment studies in two-phase, gas-liquid flow. Wire

migt separators have alsc been studied with the primary objective of

astablishing better design criteria for demisters.

3

H owever, very little work has been done on determiring the effect
of entrained liquid properties on the performance of a demister.
Several investigators have acknowledged the fact that propsrties such
as mist droplet size, viscosity, density and surface tension of the

(1,2,3) o,

entrained ligquid, influence the capacity of a demister ut

these points have never been pursued.

The purpose of this thesis was to determine the effect of surface
tension of the entrained liquid on demister capacity. An air-water
system was used for this study. The surface tension of the water was
varied by employing surfactants. Five different levels of surface
tension were obtained that covared a range from 30 dymes/cm to
70 dynes/cm. For each of these & +tests the liquid loading was

varied bebween 55 to 550 1bs/br/ft25

This work represents the first step toward understending the effect
of fluid properties on entrainmment separators. It is anticipated that
fubure investigations will reveal the effect of other fluid properties
and that ultimately, the capacity of a demister for any itwo-phase, gas-

liquid system will be predictable.



Enirvainment studies in two-phasze, zas ligquid flow have he

carried cut extensively wicks and Duckler

studisd the erntrainment and energy losses in emmular two-phase fiow

of water and air. Similer work was csrried out in England by Anderscn

4
- . 2 s . o . e
and Kentzouranis ° )a Likewise, a fundamental study to provide basic

data on flow patiern, pressure drop and liquid entrainmer®t in a pipe-

(3)

live contactor was made by Alves .

(a4)

The Russians have slso worked om entrainment. XKrasjakova
determined entrairment rates by means of a sampling probe exberded into
1 \ k) (5) N s ) : o
the moving gas stream. BRudd also employed a sampling technigue Tor

determining the amount of entrainment in an eir-water system in hori-

6 )
zontel flow. TIritzlen (6) extended Buddts work, Independently, lane (7)
(8)

and Hughes postulated mechanisms for the generation of entrainment-

prone droplets for & gas moving across a liguid surface.

Entraimment ig an important consider:ztion in the design of

/Q)

fractionating columns. Souders and Brown'~

o

discuss the affect of
entrainment on fractionating columns. Ten other references on the effect
of entrainment on the performance of fracétionating columns sre given by

(10}

Carpenter and Othmer in their paper on entrainment removal using

wire-mesh separators. In fact, they list thirty-five pertinent references.

Studies aimed at delteormining the effect of entrainment on the per-
£ axresd . . - \ . (11)
formance of cyclone separators were carried out by Pollak and Worlk .

Bighty-one references are listed in their paper.

Papers written on wire-mesh separators are not as prevalent in the



2)

. 1 ] . . ~ .
literature. York ( discussed the application of the wire-mesh

. \ (10
separator as an entrainment separator. Carpenter and Otimer (10)
also studied this problem. They determined the efficiency of a demister
experimentally, and they proposed a mechanism for the cspture of the

entrainment particles by the wires in the separator. Equations were

then developed to enable optimization of the demister design.

13)

Poppele ( studied the effect of liguid loading on the capacity
4 > » (l&) . . ]
of two types of wire mesh separatcers. Reid */ investigated the effect

of inclining the demister at various angles to the gas stream.

1y

Hardly sny experimental work was carried out investigating the
effect of fluid properties. Qualitative observations on dropletb
. (15)

partvicle size were made by Dapper . HWo references were found

on the effect of surface tension on demister capacity.



THEORY

Perhaps the most populer theory on denister desiym is discussed
I~!-r‘ lﬂ
soth by Poppele V227 and Reid ( *>e According to this theory, any

demister can be characterized by its "K" factor. This factor is

lefined as:

o

¥V = alleowable vapor velozity for minimum entrainment

density of liquid

v
gb ™
1 H

density of wapor

Poppele and Reid illustrated the imvortance of the K factor
in the design of demiszters. Poppele deternined the effect of liquid
entraimment loading on X, and Reid determined the effect of wvapor

impact angle on K over a wide range of liguid entrainment loads.

The K factor cen be considered to be a measurement of the
demister®s ghility to remove entrained liquid droplets. FEvery demister
has two K" factors. The first, K critical, is calculated using
conditions at the critical point. The critical point ig defined as
the incipient voint where the pressure drop across the demister loses

N /

its straizht line relationship with air flow rate. (i.e. ~ a bresk in

the curve.) X flood is defined as the incipient point of liquid break-

Both of the X factors must be determined expnrrimentally. The

capacity (Kfactor) of a demister is determined by the vapor velocity



o
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arties. It is the purnose of this work to determine the affsct of

fluid surface tension on the capscity (K factor) of & demist

18 L
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The capacity of & cenister depends on how well ths captured
liguid dreins back into the test column. Flooding of the demisier
occurs when an insufficient amount of liguid drains back into the column.
It was anticipated that lower surface tension would decrease demister
capacity because the liquid would wet the surface of the wires in the
demister more readily, and cling to it rather than drain back into the
column., Conversely, higher surface ‘tension would probebly result in a
higher capacity (K factor) because the liquid would not wet the demister

N

as mch and would drain back into the column more easily,



An air-water system was used. Air was blowm from a Spencer
turbo-blower through a surge tank-coolingz chamber-nixing barrel
combination into a length of 4" dia. pipe containing an orifice meter.
From here, the air flowed irto the vertical test column that contained
an 8" dia. lucite tube, This tube was transparent ard ccentained the
crinkled wire mesh entrainment seperator (demister). The system wae &
once through type oncration; the air was not recycled to the inlet of

the Spencer blower.

Jater was injected into the air stream immediately upstream of
the demister. A series of Spraying Systems nozzles were used. The
tip of the nozzle was located 5% from the face of the demister. A%
this position, the spray just covered the entire face of the denister.
Wo water was observed impinging on the side of the lucite columm. The
appropriate water pumps and rotameters were employed. Uanometers were

used to measure the pressure drop across the demister and the orifice

plate.

Each of these pieces of equipment is described in detail in
appendix A. However, a schematic diagram of the entire equipment
arrangement is included here in Figure One. Tigure Two are pholtographs

of this eguipment,
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Test Water Preparation

5]

four of the five cuwrves obtained in this investipation employed
surfactants in the test water to lower the surface tension. FHence,

the test weter preparation siep was a most importent one.

The mixing barrel was used to prepare the various batches of
test water. The maximum amount of water that could be charged into
the Darrel was 140 1bs., because the water level in the barrel was
limited by the location of the air inled. The surfece-achtive agent
was then added in the correct proportion to this sample of water.
The concentration of the agent was usually less than 0.01 weight
percent. Surfece tension was always measured on the spot; befors,
during and after a test run. A summary of the agents used and the
surfece tension of the test batch of water that was prepared is

shown in Teble T.

Table T

Summary of Surfactants and Surface Tension

Concentration Surface Tension
Run Numbers Surfactant Wt. & Dynes / cm
7=18 Atlas Renex 20 0.005 A7 .6
19-30 None - 69.3
31=42 Atlas Renex 20 G.010 A4.8
43-50 Atlas Renex 30 0.012 31.8

51-57 Atlas Renex 20 0.002 58. 5



€

& single batch of test weter wss used to determine only one curve.
Yhen all the nscessary data was obteined; the remaining unused portion
of the test weter was dumped and the entire spparatus was disassembled

and rinsed thoroughly.

Surface Tension Veasuremenis

4 Denolly Tensiometer wes used to measure the surface tension.
(See appendix section A.) All the test dishes and test ring were
thoroughly cleaned with 2 50-50 mixture of acetone and toluene before
each test. The tensiometer wasthen calibrated with distilled water.
At least three samples of test water were taken for esach surface
tension determination. After the test was completed the samples were
submitted ‘to the anslytical laboratories of the Tssc Research and
Tngineering Company for a check on the surface tension reading. The
laboratory results checked the experimentel results wery closely. For
the first three series of samples, specific gravity and viscoszity were
also measured. These two properties did not change with the addition

of a surface active agent.

Determination of Xcr

Xcr was determined by solving the classic equation,
Ver

" e. - Cv
Qv

T llow e vapor veloci or minimum entrainment (Ver) at the
The allowabl I ] £ trainment (Ver) at th

critical point was obtained by plotiing the air flow throuzh the
demister against the pressure drop across the demister. The critical

air flow is defined as the flow at which the pressure drop across the

10



AIR Flow
(w)
L8S/MIN

AP ACROSS DEMISTER

st e
demister is no longer proportional to¢ the air flow. (Bend in curve.)

Knowing the density of both fluids, Xer can then be calculated.

The actual running of the experiment was straight forward. The
blower was bturned on and the air allowed to heat up to IZOOF. The
cooling spray was ihen turned on by starting the small Resterr puup.
The air temperature usually was held between.lZSoF and MOOE‘° This
variation in tempersture had absolutely no effect on the demister
performance. The spray nozzle pump was then activated and the test

was underway.

The following steps were repeated for each test batch of water:

(1) The water flow rate was set on the rotameter.

(2) Alr rate was varied by the butterfly valve located in the
blower discharge header.

(3) Reading of pressure drop scross demistar was taken.

(4) & plot of air rate vs. demister AP was constructed as
each data point was obtained.

(5) Points were obtained at random up or down the curve. Yo
pattern at all was followed. This technigue of date collection was

a test of the repeatability of the experiment. ¥For each data point,



[RY

the AP scross the orifice and across the demister was recorded. Air
temperature and water rate were also recorded.
(6) ¥hen sufficient points were cbtained to define the curve,

HWer was determined and Xor was caloulated.

Determination of X flood

¥hile still on the same test conditions, K flood wes delermined.
Xf was calculated from the same egquation as Ker except VI was used
instead of Ver. The flooding velocity (air rate) was determined
vigually. The water level in the demister was constantly observad.
As the water level anproached the upper face of the demister, the
pressure drop across the demister became erratic. This point was
called the incipient flced voint. Within a few seconds after the
manometer fluid began cycling, the first few drops of liquid could
be seen leaving the upper face of the demister. The air flow rate at
this point was called Wf and the corresponding velocity (Vf) was used

to calculate the flocd point. |

After determining Ker and Kf, the water rate was changed and the
entire procedure was repeated., A test run series was not comvleted
until a sufficient number of points at different water rates was ob-
tained to covzar the range betbween 55 and 55O-lbs/hr/ft26 In scme
test run series, twenty points were necessary to define the line where

ag other series may heve reguired oniy five or six pointis.

A plot of Ker vs. water rate and XKf vs. water rate was made. 4

cross plot of Ker and XKf vs. surface tension was then made by plotting

the average valves of Kocr and Xf. From thisg plot, the influence of

12



surface bension of the 21l lmpordtent K Is

determined. v



DISCUSSION OF RESULILS

b} 3,

The resulis of the experiment can be divided into three phases:

(1) Test Runs - to determine Wer and W

(2) Test Run Series - made up of seversl test runs, sll with the
and Xf,

(3) Cross « plot of surface tension versus Ker and Xf

Each of these phases will be discussed in order and ther a final
discussion on sccuracy and reproducibility of the datae will be pre-

sented,

Test Runs

Pifty seven runs were made. All the primary data for these runs
are included in appendix section B. A sample calculation for deter-
mining Wer and 7f is slsc included. For each run, & plot of air rate
vs. demister AP was made. 411 these graphs alsc appear in appendix
section 3.

All the plots of W vs. demister gave shepp, clear-cut break
points. Both the vortion of the curve below and above this critical
point gave streight lines. It was not at all difficult to draw ths
curve and determine the critical point. This sharp break in the curve
was 8lso ovserved by Poppele (13) and Reid (14). They did, however,
run into smooth-flowing-type cuxrves ot low water flow rabes. In tnis
investigation, low flew retes were not examined, the lowest liquid

loading employed being 55 1bs/hr/ft2a

The data were repeatable. As mentioned in the procedure sesction,



the curves weve bullt with evsclutely no pettern. In ore run, ths
curve may have veen built by zoing up in air flow »ate
the onposite was Irue. In was® of the runs, the curves w
skipping from hizh fo low air rates withoul rhyme or resso). Hegard-
less of the mermer irv wihica the curve wes buili, the sare cuwrve was
obtained for & given test run. In several runs, chacks on the Jdata

were made after the curve was completed. 411 the chsck points Tell

he original curve.

Test~-Run Series

el
}.J
«
Q]
c‘_
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ot
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were made. A test

w

un series consisted of,
onn the average, ten or eleven test runs. Tach test run series wes
made with a different batch of test water with o different surfsce tension,

2
and covered the liquid loading range from 55 to 550 lbs/hr/fi”.
The five test run series employed different batches of test vwater

with the following surface tensions:

Series No. Run To. Surface Tension
1 7=-18 AT.6 Dyues/cm
2 19-30 69.3 Dynes/cm
3 31 ~42 4A.8 Dymes/cn
A 43-50 31.8 Dynes/cm
5 51«57 58.5 Dynes/cm

=

The data from these series are plotted as Ker vs. ligquid loading
in figure 3.
Series No. 2 consisted of runs using straight water. Yo sur-

factant was used and the surface tension was 69.3 dynes/cm. Since
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4

capacity (Kor) ves found to decresese &s liguid loading was increesed.

The slope of the line was sbout the same and the absolute guantity of

Jrt

Ker for any particulsr liguid loading rate was within &% of Poprele's

results. The scatter in the date wes aboul the same spread that Peopele

encountered.,

A11 of the other series

)

ollowed the same pattern. Xer de-
creased with increasing liquid loading and the date scatter was aboub
the same. In fact, the lines plotted for easch series of surface tensions

were almost pasrallel.

The difference in surface tensions between series To. 1 (47.6
dynes/cm) and series Xo. 3 (44.8 dynes/cm) was not enough to yield
two significantly different curves. Therefore, 2 single line was drawn

through all these points.

The most impcortant observation from these data is the orderly
fashion the different series plotted with regard to surface tension.
The series with the nighest surf .ce tension had the highest Ker.
(Series Fo. 2.) The series with the lowest surface tension had the
lowest Xcr. (Series Wo. 4.) The other series ware in between in

approximately the right position.

Figure 4 is a similar plot for the floocd point. The same type
of results were obteined, however, the spread in the data was greater.
This was caused by the visual method used to determine the flooding

air rate.
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Cross=Plot of Surface Tension vs., X

The resulits preseanted in figure 3 were cross-plotted against
surface tension to determine the effect of surface tension on the
demister Xecxr factor. To construct this plot, the average line drawn
through the points in figure 3 was used to read XKcr for each of three

liquid loading rates. Surface tension was then plotted against Ker

for each of the three licuid loading conditions.

This plot can be seen in figure 5. Once sgain, a straight line
function is epparent cver the range of surface tension tested. Al
three of the liquid loading rates disvlayed this trend. As surfeace
tension decreased, Kcr decressed. The results in figure 4 (Xf vs.
liquid loeding), were also cross-plotted agsinst surface tension. The
resulting plot (figure 6) displayed the same trends as figure 5 except

there was wider scatter in the data.

The straight lines of figures 5 and 6 give the following equation:
K=m@sb, where
X is the demister characterization factor
O is the surface tension of the water, dynes/cm

m and b are constants for the straight line

The values of the constants m and b for each of the three liquid
loading rates for both the critical and flood points are presented in

Table II.
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Table IT

Surmary of Constants Determined for Zquations of K vs. Surface Tension

Liquid Losding Rete Criticel Point Flood Point
bs/br/2t” = b n b

100 0. 00504 0.025 0.00731 -0.012

300 0.00446 ~0.018 0.00480 0.012

500 0.00386 -0.042 C.00388 ~0.005

Accuracy and Reproducibility of Date

In the detailed descripiion of equipment in sppendix section &,
it is mentioned thet the accuracy of the orifice meter is £ 2% bhe-
cause of the ghort straight run of pipe on both sides of the orifice
plates. This t ooy sccuracy represents the maximum error in the exe

eriment. The water rates were extremely accurate and the reading of
&

pressure drop across the demister was very consistent. (Except at

point of incipient flooding. )

The reproducibility of the test data was checked by attempting
to duplicate several individual test runs. For example, in series
Yo. 2 the test run at 210 lbs/hr/ft2 was repeated. Xer's of 0.29

0.30-0,29
and 0.30 were obtained. The percent error is 0.30 X 100 = 3.3%%.

Since this error is within the ¥ 2% accuracy of the orifice calibration,

the data was counsidered to be reproducible.

In the last test series (Wo. 5), the scatter in the data seemed
to be greater than usual. The same type of reproducibility test was
run and the discrepancy was found to be 12% which is much greater than
the £ 2% accuracy of the orifice. These data were therefore not con=-

gidered exactly reproducible. It is noted in figure 3 that the

N
N



5,

series Wo. 5 line is the only one that is not parallel. One explan-
ation for these slightly poorer results, is that the demister wes con-
taminated with other surfactants for thie last test, even though all
the equipment was thoroughly rinsed with clean water. For maximum

reproducibility of the data, the equipment should be cleaned with an

appropriate solvent.



conclusions are reached:

(1) The work of Povpels hes been confirmed for York style

Wo. 421 demister,

increased for all surface

fod
o
S
&
&
f=de
=

&
',. ¥
w

(2) K decreases as liguid
tensions examined (30 to 70 dynes/cm.)

{3) ¥ decreases at the same rate for increased liquid loading
for all surface ftensions examined.

(4) X varies linearly with liquid surface tension, as surface

tension decreases, X decresases.



RECOLIENDATTIONS

This investigetion represents & step toward understanding the

effect of fluid provertiss on the performance of wire mesh entrain-

ment separators. A lot more work needs to be done. e effact of

surface tension should be explored even further. Exobtic swrfactants
capable of reducing the surface tension of water below 20 dynes/cm
should be souzht cut. A much wider runge of surface tensions could
thus be examined using an air-water systen. AL the tine of this
writing, an agent was discovered in the literature that is cupable of
reducing the surface tension of wabter to about 15 Iymes/cm. It was

vEd

develoned by the Hinnesoia Iining and ieanfacturing Company and i

J

@

their new "fluorochemical surfactant®.

The next step toward understanding the effect of surface tonsion
would be to examine itwo-phase systems other than air and water. It
may turn oub, for example, that the interfacisl tension between a

vapor and its entrained liquid is an i portent variable.

ifter surface tension has really been pinned dowm, fluid viscosity
should be studied. Iifist droplet size must then be examined. Perhaps

a spimning-disc atomizer could be employed to give uniform particle

(16, 17)

size, A magnetically vibrated wire placed over the ovening of

a capillary was found to produce upiform droplets by Parker and

(13)

Grosh. This paper contained a bibliogrephy on droplet formation

and measurenment.

Finally, & correlation . must be found betwean all these veriables

and their effects on demister capacity. The correlation should be
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y statistical ‘techniguss.

£
&
Che
QA

supported by & set of experiments designe

Perhsps, & Ffactorizl or lstin-square type experiment would sulfice.

wheri this work is accomplished; will ths all-important

(@]
£
<
A

K factor for demisters be predlictable from an equation rather than



DETATLED DEICRIPTION OF BOUIDITIT

& Soencer Turbo-Corpressor model Yo. 5010-FH was used. Tt had a

124
meximam output of 250 scfm against & head of 80 oz/in’ . The motor

jon]

iriving the blower was rated et 10 horsepower et 3500 P, The unique
feature of this _pencer blower was the linear relationship between
the amperes drawm by the motor and the volume of air deliveral. As
the control valve was opened allowing more air to be deliwvercd, the
amperags increasel. If for any reason the outpul of the blower
exceeded the rated 250 scfm (leaks in the system or not enough back
pressure), the circuit breaker tripped and protected the motot against
excessively high amperage. In order to prevent blowsr shuit-dowms,

the seams of 21l the sheet metal pipe were taved.

Surge Tank - Cooling Chamber - }Mixing Bsrrel Combination

A 55 gel. drum served three purposes:
1} Air surge tark
2) Air cooling chamber

3) Liguid mixing and storage tank

The air surge tank was needad to smooth out the delivery of high
volume air. All vibrations and flow pulsations were entirely ~limir-
ated with this tenk. The manometerfluid in the orifice mancmeter was
usually always steady. Flow readings ware therefore essily and socur-

ately obtained.

The cooling chanber wasz usged to cool and humidify the air being blown



£ TN 0 g - Z N - caom -~ ] -y A RN - - 3 L
througnt the gystem. A4 vater sprayer located directly ebove the air

?

inlet consistzd of two 2 4.

1/32" diameter holes drilled in the bettom. Thess "shover heedst
. . s o
vere mounted horizontally in the barrel 907 apart,

SPRAYER

R
AR AR '
BARREL __|
e wt— POM P

Faber was pumped from the vottom of the barr2l to the spraver

by an tastern Industries pump -odel To. 8-1 Type 150. The spray Irom
both shower heeds appeared to completely f£ill the borrel. Un-
fortunately, 1007 saturated air couvwld never be obdvained beceuse of
the high temp:rature of the air. Howevar, 507 reletive humidity

was usually obtained. A York demister 22" in diameter and 5" thick
was installed at the top of the barrel to rewcve any liguid thot

may have become entrained Yy the violently mixing air and water

streams. GSee figure £-F of this appendix section.

The third feature of this iuportant piece of equipment is the
storage and wixing facilities it affords. The water used in the test
was usually mixed with a surfactant in this tank. The test fluid was
also stored in the bank and used as needed. The tark had & maximunm

storage capacity of 140 lbs. veczuse of the location of the air inlet.

Orifice Plates

The orifice niates used were made and inetallad in sccordan-e



I

with %he starderds set forth in "Use of Orifice leters™, Process

Enginsering Department, Standard Cil Neveloprent lompeny,

N
N ' 1L
3z 3':?? o
—ed o] o L —
S 16
SALL, CRIFICE LERCY CRIFICE
(3 =0. 446 (3:0965

The orifice diameters were calculatad using the classic flow
equation in Perry's Handbook. Two plates were raguired bscause of
the wide range of flow rates anticipated. A final check indicated
0.20< G< 0.75, so these diameters were acceptable. The small ori-
fice is particularly suited for low air flow measuring since
0.20< < 0.50. The discharge coefficients were obtained from the

same %sso manual using flange taps.

The plate thickness of 1/16" is the minimum recommended thick-
ness for pipe sizes up to A" diameter. The leading edge thickness
also conforms with the specs since it does not e:ceed 1/50 of the
internal pine diameter, 1/8 of the orifice diameter, or 1/4 of the

dam height.

Flange taps were usad primarily to eliminste the necessity of
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ice plates were changed. Taey are alsc essier to

install and are less sudbject o errors of installation. The center

b4

1

ne upstream face

¢

of the ugsiream tap is located exsctly 1" from %

of the plate, and the center of the downstreasm tap is locatad I¢

-4

from tTha downsiream face.

Utnfortunately, the required length of straight pipe upstreen

1,

he orific

4

@
iy
o)
=

of - maximum eccuracy was impracticsl. (50 intermal
pipe diameter.) Fowever, since + 27 accuracy was accepteble, it

was deciied te use the shorter lengths set forth by the minimum
requirements of the standards (without straightening vanes.) The
minimum distance upstream and downstream from the orifice for an
elbow, tee or cross is a funchion of(?, the ratio cf orifice diameter
to pipe diameter. The limiting ¢ was for the large orifice., ¥or

= 0.5, the minimum required distance upsiream is 6.8 pipe diametors.
(for flange taps.) For a A" diameter pipe, this minimum distance is
28", Actually, the upstream elbow is 48" from the orifice. The
minimum required distence to a Jdownstream elbow is 3.6 diameters or
14.5" from the orifice. Once again, the orifics is irstalled well

within the limits for - 2% accuracy since the distance to the down-~

stream elbow is 24".

The orifice calibration curves are included as figures A-1 and

A2 of this Anpendixz Section,

%0



=8

i

/9

7

T

7

=

v
s

)

]

by | i

[ty

{

o
i

Lt

0
A

et

|
A

V. sl

J2- /3 /¥ 1S /6

H

10

[7iBR

7

7S

-

DI

= 5

i
A1

22N

=

K 1T

144

QEEETCE

A
]

{

[

A

i

i

A

i

|

i

ECiin

T

bl

NN

1
i

[
!

i

({1

T

}

[N

r4

13

{2

i

Q Ny

)

~

9

Y,

+
Nl fs3r B Mot uly

e H,O

1



20

<
i e
//
N ] 2
<] T
Lo o !
!
A, T N
AN t —
N
=
M
A
] Q
g
M,
S ! S
hY
b,
KN i
B _ Fa
N | I A &
T T TR T i LA T O O L
- NAEELEE ! r 1 IR ERE NN REN |
R S L N N )
] | I i 1 IR ] >~
[ Pl >
i
i ;
L) S I SO S -
- < 7T f i ! ! I j [ [
-~ n _ 6
! X3
7 :
( = S Y
o fy § -
- Py
] b 4 |
! # 3 N, |1 4‘
" <
TR I~ .
‘ - _ ™
- T
e N
O /i
- e er Z
| 1 s
b s Y
vl =11 P
£ N -
]
[ I N 0
ks g .
T ¥ 0 9 4w ¥ @ oo = 8§ v ® b e b % o
hrr S T T AO T NIV (AA)

cm H, O

AP



Tget Dewmister

A York demister, model Fo. 421 was used for the test. Tt has a

O

-~ ~ —1 ~ F\l2 }:
of 12.0 lbs/ft’ and 2 wire surfece area of 132 £3°/ft7.

nesh density of
This demister is exactly the same atyle as used by Poprpsie in his

investigetions., The demister was 8" in diameter by 6% thidk., See

figure L=3.

¥ater Handling Equipment

Nozzles made by the Spraying Systems Co. were used to spray the
test water into the moving air stream. The nozzles were located
5" below the bottom face of the demister. At this position, the

spray wag observed to completely cover the demister without imping-

ing off the side of the lucite test column. The nozzle wes axial

Nozzle Range of Flow Rate
AV-8 55 to 135 lbs/hr/€t°
AN-14 100 to 220 lbs/hr/ft°

@-3 220 to 550 lbs/hr/ft°

to the flow of air and centered in the air stream,

An Bastern Industries pump model Wo. D-11, type 100 was used to
pump the test water from the mixing barrel %o the nozzle. The capacity

of this pump was about 20 gph against a head of 15 psig.

Two rotameters commected in parallel were used to cover the range
of flow rates. The smaller rotameter was capable of measuring water
rates from 50 to 90 lbs/hr/ftz. Tt was a 1/4" Pischer-Porter instru=~
ment, tube No. 2F - 1/4 - 25 - 5/70 with a sepphire float. The larger

rotameter covered a range of 100 to 550 lbs/hr/ftg. (Oonly 50% of
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rotameter capaciiy needed.) This rotameter consisted of Fischer-

Porter tube Fo. BA=2T7-5/77 with & stainless steel flecat.

Tensiometer

Surfece tension measurensnts were made with & DenoVy Inter-
facial Tensiometer. This precision direct readirg model (model
Yo. 70545) measures surface and interfacial tension by the ring method.
The ring was model Ko. 70542 made of platinmwn. It had & mean circum-
ference of 5.991 cm and an R/r of 54. Both the tensiometer and the
ring wes cleaned immediately before a test with a 50«50 mixture of
acetone and toluene. A photograph of this equipment can be seen in

figure A-6.






Symbols Used in Tabies

Po
Ps
T

Po

=

IS AN

Pressure drop acrose orifice, on RB20

Static pressure upstrsam of orifice, c

Lir tempersiure upstrsam of orifice,

Pt

2
[

')
e

+

Pressure drop across dealster, om

Flocd peint

R

Op,
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Kozsle - AW - 8 5
Yater Rate - 60 lbs/hr/ft
Surface Tension - 47.6 Dynes/om
Qrifice - 2.628" Dia.
1036 11C 578
1038 110 35.08
1048 118 13.33
1039 124 9.15
1038 124 8.58
1037 122 5.98
1041 122 11,31
1039 122 9.45
1041 124 11,00
1039 122 10.03
1040 126 10.61
1044 126 12.08
1042 130 11.32
1045 130 12.30
Sample Calculation
Wer = 10.8 lbs/min
-+ 930 1040 - 1bs
= 0.075 X 22¢ X =222 = 0,0684 2oz
€ = 0.075 X 552 X 1g55 = 0-084 343
16.8
= < = T.56
V= ogBanm0.88 = 1+90 TH/sec
K = ¥ ___ = 7156 = 0,250

-G 2. 4-.0684
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guﬁ o -8 Run Ko, -9
sozzle - AU - 8 ~ Hozzle - AN - 8
éi;ff ggﬁew i - Zi %bs/br/f‘& Teter Rate - 59 lbs/hr/ftg
jl,iéfe -ension - if'f ?YH?S/CE Surface Tension - 47.6 Dymes/em
vraiiee - 2.628" Die. Orifice - 2.628" Die,
Aro P T % Aps AT Ps 1 % Am
2.8 1036 122 8.2 0.8 2.0 1037 118  6.90 0.6
3.1 1039 122 2.65 1.0 2.7 1038 118 8.15 0.8
5.0 1041 126 1i1.31 1.G %e3 1038 120 9.04 1.0
4.5 1040 128 10.60 1.5 bedh 1040 124 10.52 1.6
4.0 1039 128  9.96 1.4 5.6 1044 126 11.90 4.0
[~ A 7T Q0 £
9.6 1045 128 11.80 5.6 4.9 1044 128 11.12 5.5
2.4 1043 128 1L.69 3.2 4.4 1041 128 10.52 2.6
4.8 1041 128 11.11 2.4 5.6 1043 128 11.88 3.3
o 1042 128 10.92 3.4
Run Yo, - 10 Rurn ¥o. - 11
Yozzle ~ AW - 8 o Yonzle - AW -~ 14 5
Tater Rate - 135 lbs/hr/ft°  Tater Rate - 90 lbs/nx/ft°
Surface Tension - 47.6 Dynes/cm Surface Tension - 47.6 Dynas/cm
Orifice - 2,628" Dia, Orifice - L.78%" Dia.
A Po Ps T w AP4 A4 Po Ps T ¥ 4rc
2.4 1087 126 7.63 0.8 8.3% 1045 118  5.94 0.5
%.3 1040 122 3.05 2.8 1C.3 1045 118 6.67 0.6
2.3 1038 124 T.44 1.2 13.9 1049 117 7.6% 0.7
2.8 1040 124 8.25 2.7 16.2 1051 121 8,20 0.8
2.6 1038 124 7.96 1.4 18.0 1053 124 8.66 0.9
3.4 1041 124 9.19 3.8 20.1 1055 124 9.15 1.0
1.1 10% 128  4.95 0.5 22.4 1060 126  9.66 3.7
2.2 1037 124  7.25 0.7 21.4 1060 126 9.46 4.8
1.4 1036 122 5.64 0.6 19.8 1057 126 9.06 2.8
3.0 1040 122 8.63% 3.1 19.4 1055 126 8.99 1.7
19.6 1055 125  9.06 1.7
20.4 1056 124 9.26 2.0
21.8 1058 125 g.56 2.9
20.9 1058 126 9.38 3.0



Run Koo - 12 Run ¥o. - 13
Hozule - AW - 14 Nozsle - AR - 14
ffater Rate - 7§5 lOS/”“/Tf Water Rate - 175 lbs/nr/fr
Surfece Tension - 47.6 Dynes/cm Surface Temsion - 47.6 Dynes/cm
Qrifice - 1.7@9" nia. orifice - 1.789'" Dpia,
APo Ps T ¥ APd 4o Ps T 7 Apg
11.7 1046 122 6.91 0.7 11.2 1046 2124 5.74 0.6
14.6 1049 122 7.76 0.8 15.0 1059 124 7.90 0.8
16.3 1051 124 8.20 0.9 17.0 1055 124 8.4l 3.5
19.4 1054 124 8.96 1.0 14.5 1051 127  7.50 2.1
20.1 1057 126 G.16 2.4 13.6 1045 126  T7.49 1.4
20.9 1058 128 9.34 3.5 12.4 1048 126  T.12 1.2
19.0 1055 128 8.86 1.8 8,0 1043 124 6.11 0.6
13.0 1055 128 8.86 1.6 10.0 1045 124 6.36 0.6
18.4 1053 128 8.75 1.4 12.0 1047 122 7.04 0.8
17.4 1053 128  8.46 1.3
16,7 1052 126 8.29 1.3
Run No. - 14 Run - 15
Vozzle - AN - 14 5 Nozzle -G -3 5
Water Rate - 200 1bs/hr/ft Fater Rate - 225 lbs/hr/ft
Surface Tension ~ 47.6 Dynes/cm “urfa e Tension - 47.6 Dynes/cm
Qrifice ~ 1,78%" Dia. Orifice - 1.789" Dia,
AP0 Ps T T AP4 A Po Ps T T A4rpd
8.0 1042 124 95.74 Q.4 4,0 1039 180 Z4.09 T.B
12.0 1047 124 7.0% 0.8 8.2 1643 11z 5.81 0.7
13,0 1050 130  7.27 3.0 G.3 1044 114 6.21 0.9
12.2 1047 128 7.10 1.2 11.1 1047 122 .74 1.7
11.0 1046 128 6.71 1.0 106.5 1046 128 6.54 1.2
12,1 1048 128 7.08 1.5 11.2 1048 130  6.76 2.7
13.5 1050 128  7.49 2.9 10.4 1046 130  6.50 1.4
12.0 1049 129 7.28 1.7 5.1 1240 130 4.47 0.6
4.0 1038  13C  3.98 0.4
6.0 1641 128  4.93 0.5
10.3 1045 123 6.54 0.7
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ey 6. - 1€ Rusi Yoo - 17
Yozzle -G -3 " Wozszle -0 -3 o
rioter Rate - 325 Ihsihr/Tt° L=ter Rate - 435 lbs/ar/ft°
Surfuce Tension - 47.6 Dynes/om Svrface Tension - 47.6 Twynes/on
Crifice -~ 1,78%" Diz, Orifice - 1.73%" Dia.
APc Ps T wvoooArg A Po Ps T T 4pd
2.5 1937 195 3,18 0.3 ) 1044 133 4,87 3.8
10.0 1047 120 6.37 2.7 5.4 1042 130 4.62 2.2
8.8 1045 132 5.94 1.8 5.0 1541 iz2 A.45 1.8
7.2 1343 134 5.34 1.5 d.d 040 136 4,16 1.5
6.3 1042 132 5.00 1.4 4.0 1039 138 3,90 1.4
4.0 1039 132 3,98 (.8 0.9 1 36 131 1,88 Q.9
9.0 1045 130 6.00 2.1 2.0 1337 138  2.90 0.8
10.1 1048 132 6.40 3%.9 8.0 1045 136 5.67 3.1
10.8 1652 134 6,61 7.6
Run Wo. - 18 Tun o, - 19
Nozzle -G -3 ozzle - 2N - 8 5
Waeter Rate - 523% 1v /nr/f+ Water Rate - 57 los/hx/T%
Surface Tensior - 47.5 Igmnes/cm Surface Tension = 65.3 Dymes/om
Orifice - 1.73%" Dia. Orifice - 2.628% Tia,
Aro Ps T I Ard 470 Ps T T Ard
4.6 1021 Vs .13 1.9 7.7 1044 130 1%.90 1.8
1.4 1037 144 2.44 1.2 5.2 1040 130 il.41 1.2
0.4 1036 144  1.37 1.1 B.9 1045 133 15.09 2.1
1.2 1035 138 2.26 1.1 11.0 1048 130 16.80 2.6
2.4 1038 140 3.11 1.4 12.4 1049 130 18.00 2.0
4.0 1040 136 3.96 2.0 Reacihed max, cep. of blower without
5.4 1042 138 A.56 2.7 obtaining critical V
7.0 104 144 H.3T 7.5 14.0 1051 130 19.28 3.4
5.1 1043 150 A.42 3.4 6.3 1034 130  21.15 3.8
5.0 1045 152 4.81 5.0 Overload pretection shut off moior
7.6 1048 154  5.44 6.% o1 hlower



iater Rate

Surface Tension

Orifice
A Po Ps
4.7 1041
6.0 1043
8.1 1048
7.0 1046
6.6 1045
8.9 1047
9.8 1051
10.8 1053
10.6 1055
7.0 1046
2.8 1038
4.9 1041

b

T
126
126
128
130

130
130
131
130

1%0
130
128
124

Mo Do - 20
Tozzle - &7 - 8 R
Tater 0 = 115 1bs/ nr/f%
Surface Dension - $0,3 Dynas/cm
Orifice ~ 2.,628" Dia,
APo Ps T 47
4.2 1036 122 10,26 1.1
5.2 1042 124 12.56 2.1
7.8 1044 1724 14,20 2.6
10.2 1048 130 16.i9 3.3
12.2 1051 130 17.81 4.5
14.2 1053 130 1G.,45 5.0
16.1 1057 138 20.%85 6.5
Tax. cap. of blower resched withous
obtaining critical V
Run Jo. - 22
Vomzle - AW - 14

755 Tgu/hr/1+
69.3 Dynes/cn

2.628" Dia.
¥ APd
10.89 2.3
12.3%34 3.0
14.40 5.4
13.39 4.8
12.92 4.8
15.10 6.2
15.90 7.0
16.80 7.7
16,60 10.0 F
13.36 5.1
8.25 1.4
11.11 2.5

bw f§ ce Mansion

QOrifice

’,h

b
)
]

L3

N ON (D £
O -3

«

@
Ny O

o]
-3 O O
e o

o
N RN

°
\O O

0
WO D
N

~d

Qun ¥o.
Mozele

Yleter Rate

Surface Tension

Orifige

4 P6

|

°

=

D 3 >
»

O\ = PO XD

14.5

lax. cap. of blower 2
obtairing Ver.

Ps
1041
1044
1046
105C

1054

- 21

- AW -~ 14

- 210 lus/nr/tt
-~ 69.3 Dynes/cm
~ 2.828" Dia,
T W Apd
124 10.8% 3.9
126 14.40 6.0
128 12.383 4.7
128 7.51 0.8
145 16.28 10.0
130 14.40 7.0
132 13.50 5.2
139 14.10 6.0
133 15.06 7.2
130 16.00 8.0
130 15.40 8.2
129 15.84 9.2
- 23

- AN - 14

- 85 st/hv/ff
- 69,3 Dynes/cm
- 2.628" Dia,

T ¥ 4Pd
128 11,00 1.9
130 13,50 2.3
131 15.22 2.7
132 17.38 3,9
134 139.75 5.0

reach

ed without
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N

Run Yo.
Nozzle

Water Rate

Surface Tension

Qrifice

aPo
13.1
18.8
22.1

Ps
1048
1055
1060
1063

1057
1043
1055
1063

1087
1075
1068

- 24

o

« 212 1bs/tir/f%7

- 62,3 Dynes/cm

~ 2.628% nia,

N g Al
124 .06 1.5
122 Ce22 2.0
126 11.24 2.5
128 12.46 3.4
130 15,13 F
131 13,68 F
130 13.19 3.9
128 13.54 4.0
128 14.39 6.0

- 26

- =%

£

¥

110
112
120
124

126
126
122
124

128
128
126

350 1bs/hr/f4°
69.3 Dynes/cm

1.789" Dia.

7.28
8.79

APd
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N

P AN
o
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W N O N
@ ¢ »
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1 0 >~
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Run Yo.
Jozzlea

b e ekt
(>R
oS

O Q
o S WM
oy,

S
TS
O =

ater Rate

Orifics

4 Po

b b
> O Oy
~Y ONES D

SSurface Tension

Ps
1041
1046
1050

1055

1060
1064

1067

LA

Y G G2 PO

I

froot

L N N D
Sae N OGN

D) [t e

fromd

Pt ok ot
NN D

QO @

~3

D W

¥
7
0 1hs /T
«3 Dynes/cm
£28% Dia,
k) APd
8,39 1.4
10.18 2.7
Gedl 2.0
.10 0.6
10,68 3.0
1.89 7.0
3,55 2.2
11.1C 4.0

0 lbs/hr/fFt°
.3 Dynes/cm
799" Dia.
y o are
4.81 0.5
6.52 1.2
7.71 1.8
8.66 2.3
9.54 3.7
10.18 4.2
10.77 5.5



2
yzsle -0 - Run Yo, - 29
. o= 3 e m
cer BRate = 445 1bs/hr/ 2 = G o« %
S‘Lﬂ&ﬂe Tensicn - 6Q_% s/nr/ Lt w 4290 }_f}b/{l‘rlf“‘*“‘
Orifice ‘x/eJ L‘”\‘f‘t’l@sjcw t b9 2 Tyros eom
FLILG e 1.7507 13 - - > bynesson
17 Dia. 10780 Dia
éPQ “E;% I T Ar A4 Fo Ps T o APa
222 1040122 5.99 B 2 10 134 759 16
145 1060 118 7.64 1.5 17.9 1055 120 8.71 2.7
198 1955 U8 875 2.6 29.5 1069 122 10.90 G.OF
laY - . g o ~ LN e Je\H
_300 ]\101 124 9:80‘ B,é 2§e6 1065 1?6 9‘,83 5*‘0
6.4 1041 124  4.88 0.5
Run Yo. - 20 Run To. )
ifozzlie -G -3 2 Yozsla -G -3
Tater Rate ~ 516 1bs/nr/f Yater Rate - 511 Ibs/hr/ft°
Surface Tension - 69.3 Dy qas/cn Surfroe Tension - 44.8 Dynes/cm
Orifice - 1.789" Dia. Orifice ~ 1.789" Dia.
APo Ps T ¥ AP 4 Po Pe T w Arg
6.4 1941 116 4.91 0.5 2.7 1057 100 3.36 2.5
4.0 1050 114  7.51 1.8 2.2 1039 102 3.22 3.2
18.1 1055 120 7.89 2.5 1.2 1036 103 2.3%4 oé
22.2 1061 122 9.46 4.4 0.3 1035 102 le22 0.2
26.4 1067 124 10.84 6.7 2.1 1038 e1 3,02 2.2
1.3 1037 98  2.49 1.9
0.8 1036 100 1.86 1.2
0.2 1034 102 0,97 0.2
0.6 1035 99  1.76 0.4
2.8 1039 100 3.41 2.3
3.5 1041 102 3.82 3.2
4.6 1643 114 4.29 4.4
5.9 1046 120 4.90 6.1 F



P,!' :fc@ - ?2 Ton Yo, - 33
ozzie “ o =5 5 Vozzle «G -3 5
ster Rate -~ ABO lbs/ar/Tt Yater Rate = 445 Ibs/hr/EET
Surface Tension - 44.8 Hymes/on Swrface Tensior = 44.8 Dynes/om
Orifice - 1.780% Dia, Crifice - 1,789% Mia,
APo Ps T Ioar AP0 Ps T Y |
.9 1035 122 2.10 G.3 1.3 1036 138 2,78 D.6
0.2 1034 121 0.91 0.1 0.7 1935 138 1,89 0.2
2.4 1038 118 3,16 1.6 Ae?2 1032 134 4.06 1.1
4.6 1043 112 4.31 4.5 6.0 1042 122 4.97 1.8
5.8 1047 114 4.85 6.8 7 8.2 1047 118 5.78 5.0
3.2 1039 128 %.52 2.0 6.8 1046 124 5.18 4.8
5.2 1044 134 451 4.3 6.2 1044 126 4,99 3.7
4.8 1043 138  4.36 3.8 9.1 126 6.18 F
42 1043 148  4.14 2.4

2.2 1038 146 3.98 1.7

1.2 1036 144  2.25 0.5

1.8 1036 138  2.80 0.5

Run ¥0. - 34 Run Ho. - 35

Hozzle -G « 3 > ozzle -3 -3

viater Rate ~ A0D 1bs/hr/fE 'ater Rate - 355 Tos/or/Tt°

Surface Tension - 44.8 Dynes/cm Surface Tension - 44.8 Dynes/cm

Orifice - 1.789" Dia, Orifice - 1.789% Dia.
APo Ps T 7 APs AP0 Ps T T APd
2.5 1038 122  3.24 1.9 3.0 1037 124 3,43 0.8
4.3 1043 118 All4 2.3 5.8 1042 118 4.80 1.3
6.2 1043 116 5,02 3.0 8.9 1048 118  6.05 4.7
8.2 1048 120  5.78 5.3 8.1 1044 122 5.76 2.3
7.2 1045 124 5.38 3.4 8.7 1046 124  3.95 2.8
8.8 1048 124  5.96 5.3 11.1 1053 124 6.76 8.3
9.9 1054 124 6.3 F

=3



a :‘f(: Run No. - 37
-G -3 5 Hozzle ~G -3
= 300 lbs/hr/f4° Tater Rete ~ 232 lbs/hr/ft
- 4£4.8 Dynes/cx Surface Tension = 44.8 Dynessom
- 1.789" Dia, Orifice - 1.78¢% Dia,
APB Ps T T APd APa Ps T T APd
1.7 1037 122 2.77 0.9 %.2  1C41L 124  A.98 1.0
3.8 1039 118 3,86 1.0 7.8 104% 120 5.63 0.7
5.9 1041 111 4.94 1.4 11.9 1049 120 7.04 3.3
5.9 1043 118 5.30 1.6 13.8 1054 124  7.55 6.3
8,0 1043 120 5.78 1.3 10.4 1047 126 647 2.3
11.1 1047 122 6.74 2.2 8.7 1043 124 5.95 0.7
11.3 1048 124 6.79 2.7 15.1 1059 122 7.91 9.5 F
12.7 1055 126 7.45 6.7 12,0 1055 126 7.33 8.4
11.4 1051 126 6.85 5.7 11.8 1048 124 6.94 2.5
13.7 1056 126 7.56  F
Run Ho. - 38 Run To. - 3G
Tozzle - AN - 14 Yozzle - AW - 14
Yater Rate - 155 ibs/hy/f ri? Yeter Rate - 200 1bs/h/f4°
Jurface Tension = 44.8 Dynes/cm Suxface Tension - 44.8 Dynes/cm
Orifice - 1.789" Dia. Crifice - 1.789" Dia.
APo Is T A 4P APo Ps T 7 APd
2.7 1037 88  3.40 0.2 7.9 1042 120 5.58 0.4
5.9 1040 90  5.04 0.4 11.8 1047 118 7.00 0.8
10.0 1045 96 6.57 0.6 15.1 1052 120  7.94 3.3
12.0 1049 112 7.65 0.7 14.0 1050 124 7.52 2.3
14.3 1051 124 71.70 3.0 15.9 1055 122  8.14 5.2
16.2 1054 122 8.24 4.2 16.5 1062 124 8,34 9.3
16.9 1059 122 B8.42 8.2
17.9 1060+ 124 B.,A9 F®

(€5}

N



Fun X0

orzle

Weter Rate
Sirface Tension
Qrifice

A Po s

0.8 1035 2
1.8 21036

2.9 1038 1
4.0 1041 1
3.4 1045 12
31 1042 124
2.4 1037 122
3.0 1048 120
%) 1040 1o
Run 0.
Fozzle

Wiater Rate
Surface Tension
Orifice

A ro P

0.6 10%5
2.2 1037
4.0 1040

5.2 1048
4.7 1046
4.2 1046
3.8 1042
3.4 1039

2,8 1038

Y I

R - ™
2 = LA

EY & .
95 lbs/hy/f4”
44.8 Thmes/om

- 2.528" Dia.

"r
W

&

QM O\
E-3
O Ut =l

o

M O N

font
®

AN ~ B 5
57 lbs/hr/f4°
A4.8 Dynes/cm
2.628" Dia,

W

35
7.6
0.0

—JI\D ~2

1
11.53
10.92
10.58
9:79
g.15

826
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e
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& © '
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Run Ko.
Tomzle
“Tater Rate

Surface Tension - 44,8 Dynes/cn
Orifice - 2,628% Dia.
APo Ps T APd
1.2 103€¢ o8 5,26 0.4
3,0 1045 132  8.38 8.0
2.8 1042 124  8.34 9.2
2.6 1039 119  7.95 2.3
2,2 1037 118 7.29 0.8
8.7 1039 118 3.83 0.2
Run Jo. - 43
“ozzle - AN = 2 "
Yater Rate - 57 lbs/hr/8t°
Surface Tension- 31.8 Dynes/cm
Orifice ~ 2.628" Disa,
APo Ps T K 474
1.6 1036 94 6.28 0.4
3.6 1044 102 9.69 6.2
2.7 1039 120 8.14 1.9
2,2 1038 122 7.25 1.3
0.7 1035 122 3.86 0.2
1.3 103 120 5.45 0.4
3.4 1040 118 9.24 2.8
5.7 1045 130 9.61 7.7

£



Bun Ko. - A4

Xorzle - A% ~ 8 5

Yater Rate « 115 lbs/hr/ft"
Surface Tension =~ 31,8 Dynes/cm

Qrifice w 2,5628" Dia.
dPeo Ps T w AP
1.1 10%6 124 4,85 0.4
21 1043 124 7.15 6.8 F
1.3 1037 132 5,40 1.9
0.2 1035 130 1.71 0.4
0.8 1036 124 A.19 0.8
1.7 103G 126 6.25 3.2

Run No. = 48

Nozzle -G - 3

Water Rate

Surfeace Tension

Qrifice
AP0 Ps
8.3 1035
1.9 1038
4.1 10453
1.3 10%6
8.7 1035
2.8 103%8
3.4 1040
5.4 1045
6.8 1041+
6.1 1047

[

i

I3

105
106
106
1i8

120
118
114
123

128
134

300 lbs/hr/ft
31.8 Dynes/cm

1.789" Dia.
W Apd
1.26 0.4
2.92 1.8
4.09 4.5
2.45 1.0
1.82 0.5
3.36 1.6
3472 2.5
4.68 5.4
5.21 F
4.94 6.2

2

Water Rate
Surfase Tension
Orifice

i

Run Fo. - A7

Yozzle “ G -3 ~

Water Rate - 535 1bs/hr/ft"

Surface Tension - 31.8 Dynes/cm

Brifice = 1.788" Dia.

4p Ps T T Apa
3.1 1037+ 72 3.70 F
1.1 1038 80 2:40 3.2
0.5 1038 88 1.68 1.0
0.2 1034 86 0.9 0C.1
1.9 1041 86 2.96 4.8
3,1 1037+ 90 3,64 ®
0.6 103 98 1.76 1.5
0.3 1035 112  1.21 0.6

Bu n No. = 49

Nozzle ¢ -3 &

400 1bs/hr/Tt7
31.8 Dynes/cm
1.789" Dia,

APo Ps T 7 4rpg
T.1 1036 134 2.28 1.3
0.4 1035 132  1.33 6.3
1.9 1037 128 2.86 1.1
3.8 1038+ 120 3,86 F
2.3 1041 120 3.00 4.8
1.7 1038 124 2.77 3.0
2.7 1042 118 3.30 5.5 F

50



Run Ho. « 50 Run Koe -~ 51
¥ozzle “ 3= 3 Yozzle -G -3
Tater Rate « 200 1bs/hr /w“ Yater Rete = 500 lbs/m'/ft
Surface Tension = 31,8 Dynes/cm Surface Tension = 58.5 Dynes/cm
Orifice - 1.785" Dia, Orifice - 1.789" Dis.
APo Ps T T aPbd APo Ps I ¥ 4kg
9.2 10%5 112 0.96 0.4 3.3 1038 100 3.68 0.8
3.7 1040 112 3.86 2.% 7.6 1043 108 5.64 1.3
6.0 1041 104  4.98 2.7 3.9 1046 116 6.40 2.0
7.6 1046 120 5.59 4.4 11.7 1048 122 6.94 2.4
9.2 1044+ 132 6.11 'F 14.0 1051 124 T7.61 2.9
8.0 1042+ 134  5.70 F 17.0 1055 128 8.40 4.0
17.8 1057 130 8.56 5.0
18.6 105¢ 131 8.75 6.4
21.2 1063 132 9.43 8.0
23.6 1065 1%2 9.85 ¥
18.2 1057 132 8,62 5.0
12.0 1048 130 6.99 234
Run No. - 52 Run Ho. - 53
Nozzle « G <3 ozzle -G -3 5
Water Rate - 277 Ebs/hr/ft Water Rate - 400 lbsfhr/ft
Surface Tension ~ 58.5 Dynes/cm Surface Tension = 58.5 Dynes/cm
Orifice - 1.789" Dia. Orifice - 1.789" Dia.
APo Ps T W AP APo Ps T T APd
26,0 1071 134 10.08 8.9 F 1.6 1036 112 2.70 0.1
22.5 1061 132 §.81 4.2 14.0 1050 130  7.57 2.4
20.0 1057 132  G.06 2.8 17.7 1055  1%32  8.54 3.4
16.3 1052 132 8,19 2.0 21.5 1057 138 9.36 5.0
12.7 1048 130 7.19 1.0 25.0 1067 142 G.75 F
9.3 1044 130  6.11 0.7 12.0 1048 140 6.91 1.6
5.6 1040 128  4.71 0.4 7.7 1043 136 5.54 0.8
1.7 1036 126 2.72 0.1 4.0 1038 132 3.98 0.4



Run Ho.

Torzle

Yater Rale

Surfeacs
Orifice

)2y
4
o

|
|

B PN AN IND
L3 L3 &
O\ —J U I

Ul e QO
[ (-3
N ON PO o

e

W
@
N

Run o,
Nozzle

™

Bk b e
O OO Ol
R T 1R

O D et -l

Water Ryte
Surface Tengion -

Orifice

Ps
1037
1039
1045
1053

1045
1048
1043
1040

1036

Tenaion

- 54

- AW - 14

« 200 lhs/hr/f3
- 58,5 Dymes/cn
« 2,628% Dia.
T W Ara
112 7.70 0.5
120 9.34 3.5
126  8.10 1.5
130 6.06 0.6
130 4.13 0.3
128 8.8 2.4
132 10.73 7.4
140 10.40 8.8
140 11.84 F
- 56

L

1i8
1i4
122
128

132
134
134
134

133

AN - 14 )
145 1bs/hr/ft
58.5 Djmes/cn

2.628" Dia.

795
9.36
11.79
14.04

12.70
12.30
10.98

9.96

5.61

A Pa

|

@

@

Uk O
e

°

@

AN 180
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Yoerlae

Water Rt
fater Rgte

Surfaca Tension

Orifice

APo
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L ®
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N
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fooed et
&
3 3

Run o.
Tonzle

Ps
1043
1046
1049

1343

1036
1041

1039
1047

1051
1053

Yater Rate
Surface Tension -

Orifice

4 Po

s
1036
1041

1049
1045

1042
1041
1040
1038

1037
1050
1050

- 55

2

- AN - 14 5
= 100 1lbs/nr/F%
- 58.5 Dynes/cm
~ 2.628" Dia,

T Y
138 12,01
138 13.86
140 15.40
138 12.01
135 5.10
128 10.70
134 8.39
134 15.20
140 16.60
136 17.40

Sl

- AT - 14

T
130
130
138
142

142
142
140
138
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134
L42
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\od AT b W
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200 1bs/hr/ft2
58.5 Dynes/cm
2,628" Tia,

q
9435
S.44

12.08
11.00

10.20
9.65
3.06
7.84

7.08
12.72
11.80
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