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  Adatilletion columns which use oillervitn

bubble caps « x» Tot 7 ben pequires conslderstion of fluid flew on

nell as vapor 1i-07 7 gonds of Sogpe tir tive method by which prediction

SF fluid fle ob Coobies oom be made 1S NECESSATY.  ITevions workers

faiztion factor corvelated with oo 2lote Teyrolds

author Lo glee oF tT Arag lesscz, These friction factors ponuieed

smvirical correc’ terme to ocorrelate the exrerimentsl dubs, The yur os

of this thesis we ewawine the flow on a plate concldeving rotentind

 sarnerxy ae the dr’ 0 force for flow,

The ecuijment used wes a rectangule- -o0 7 =

rater wus wiped ard threuszh which air was blew. The pot 4 1 energy ware

calculated »t two ploces cn the plates Other rrever?

velocity profile, ard drag on = flat plate were also examined,

Two different friction factors were derived and were plotted spe ined

4 dimensionless ereoun which contained the variables affecting drag. The
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[he six major conclusions cbtained through this tlesis ares

ve The effect of alr worentum on the liculd was necliydble.

Tere was a density gredlents

Trere was a hizh degree of verticle mivins on the plate,

There was © veiform velocity down the ;lsote

There was a dyna pradiont elodlse to the Cenvity gr-diont

In sverese rsa be used an lo estimate the peeoritude of potontinl

4

cnerey or dras loseas,
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ii. INTRODUCTICN

lhe desirm and cperatiom "Rit -4ion or recuification columns

requires consideration of seversl factors balanced to achieve an optimum,

In colunns using either perforated rlates or bubble caps, the most consider

ation is usuall©given to maximizing vapor-licuid ccentact, Hever

nost efficient contect system 1s usless unless the tower iv alee an operst-

5tle FILid flow device. A byplecd tower deslion io shewa 1a figure (1),

Viagor flows op through tie olor tione Te Ale plate, vediog «0 Loom Cow le

Vigeids The Tin7 enter ont Are plate Trea a derreiaer nd the Loop

Tenn (IP evi moe 0 weld Tee Taran bioan ne Tor lly lying,

bhe rec. voce Lo Tle 0 Ue plu Ln ong Tah, re Teen oF TL] in

hee BLU nar By 1. Coes Gh Ture be Solve We TLoudd seein La

lobe, Ar Are level (7 DL LI8 In Ue Jona fr rome over be wri welr

PlocALns vod? av iulbe arotler flor Locble Iv remiuee F1fTeornitlind

scree Lhe plate, Lr le pressure difference lneveernses the vapor bends

flow through the lov pressure gide © th Joa, The Loam 18 ac lenger

supported cover the oposite jerforaticrs and will flew through then onto the

next plate, This condition is known as dumping. In order to predict these

conditions, a quantitative description of the flow process is necessary.

Several theses have been written attempting to describe the nature

of theftlow. Since the omly resistance thet the fluid could meet is drag on

the walls and plate, the most comunon approach has been defining a Fanning

type friction factor. This factor was then experimentally related to a plate

Reynolds number. Knowing the variables contained in the Reynolds number, a

property such ss head loss can be predicted for a similar plate, Klein (1)

iid extensive work with bubble csv trays. His friction factor:

af
Ja A

» Revholds number»
Ca)

R
£

{lein wes able to cbtain linear ce

iplied the friction factor ty a correction factor T, 17T was dependent on

ro n on log-log paper if he nmult-

the weir height. Klein also investigated potential energy gradient fer his
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systems, observing that °° ~~: The driving force of the liquid across the

rlate, Hucks and Thompson () also found correlation with this type of

friction factor-correction factor vs. a plate Reynolds number for a perfor-

ated plate. Although both obtained correlations, a more basic approach

is desirable. The friction factors were nc more than adjusted pipe-flcw

terms and the correction factors were purely empirical terms tc pull the

results together. lix ¢° has suggested that Klein's finding of potential

anergy driving force be used in conjunction with two pictures of the foam

Flow to derive friction factors. One picture is straizht drag on the well

considering uniform flow; the second is an application of the Reynolds

analogy for turbulent flow. The latter considers momentum transfer to occur

oy circulation of fluid from the interior of the system to the walls ard

hack.

resting properties ~F the fosm flow ere the density ss &amp;

function of rce.vion above the plate fhe momentum transfer of pas to the

liquid, 2nd the velocity vrofile of the foem flow,

B, Drag frnelysis
The potential energy of a particle is given by the following

Xpressions

( gH dm
Nn

J
~fY|sad ab
 EEK)
aera

“pnCv =»

Am 2
CM f at

1.

c H au|e
it any point ir the fluid, since dengéty is vet constants

7)
dh

. au
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[he drag is defined:

AJ

We
a

Cengidering the foam as a homogenecus mixture moving down the plete with a

linear velocity profile and #11 transfer of romentum across a thin leyer of

Liguid &amp;t the wall:

av
 ar

av
o vo

Since the velocity at the wall 1s zero!

AV

The cond.ticns ¢ flow can no’ be varied over a great rence, so Hy ic

assumed to be proportional to a constant with the dimension of length. he.

rrovortionality is incoriorated in the friction factor. Houation (4)

~ecomes

Solving:

TY

y+ 2H

rr
a oy,

I'he drag must be equal to the potential energv loss:

y A PH
llafm ) b
ar

Using the results of equation (7) in equation {o,:

a (Ely) vb

uv N(beo2u)
av
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The turbulence ia the system, and hence the drag¢

L1ly by the variables of superficial gas velocity, viscosity and lead

liquid on the plate. An appropiate measure to rlot f' against is a dimension-

less group using these terms rather than the Reynolds term used in previcus

Work. Such a group is:

NW

«__ Reynolds Analcgy Apprcach
The Reynolds analogy used in heat transfer ( cf. ~ , for

turbulent transport of a mass or volume per unit time to the walls of the

flow container is directly applicable to momentum transport. Denoting

1} as the drag per unit ares:

—p -

o { _ ~
RD]
ro

Nhere W is the volume of the foam taken to the wall per unit area per unit

time, The foam cn the plate. is observed to be a mixture of a hemogeneous

foam and large slugs of gas. The materisl meved tc the walls is the homo-

cenecus foam with a density Pr . However, only a certain fraction of the

plate or walls can be in contact with this homgenecus foem at any instant.

his fr-ction is tsken to te £r- , where Pe is the overall or average
£

lensity on the plate including slugs. The rate of transfer is a function of

The expression for W inccorrorates Er and Vv. with a proportionality
f oO

onstant Jy

f

£1 VI - ox \ ob)

lhis makes equation (10):
&lt; = P-
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For the plate:

A

0 = ‘aa = Li3 ( -T J pr Vy Votan
0 nN
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Pen

(.3)

ihere [re i3 the densily of the foam at the plate.

‘or the walls:

| 1’ VV V V fp 48[Nol

" tf )
oldAaf

&amp;|p
ih

"rom equation(2)pdl = —

Potgl drag = 10D =

TV el
7 — a————a —

av VV, ed h
( an = SL Cav

0

 en

Pro * 5 LA

| PLE. \
“rom equation (.) the drag 1s also ecunl to A (mit J o Hquating and

Cl.
s0lvine for of

: P.G.

A252)
 me peg ——

“J Ve T "pe + hy
DL LA ts J

This constant is anslogous to

she same dimensionless srcurp which was determined in the previous scction.

fric. on factor and can be plotted spsivst
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cguiprest Is outlined in fiswre @,. Water wos fed cute Le rectangular,

rerferst-d [lete by punps from feed turks, There was « baffle irmediatels

in front of the entrance pipe to diffuse the flow, After diffisicn, the

water flowed over an inlet weir, across the plate, over an exit weir and

back into one of the fesd tarks, Water flow was adjusted with either of

the valves in the feed line. Air was supplied bene:th the rlate byt blower

[he air rate was adjusted by the use of baffles on its inlet. Poth the

air and water were metered with mancmeters placed scross orifice nlates.

A more conplete description, wi’ :ictures, is contained in other theses

(x (3).
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Ill, FRCCTUURE

A. Cperation of Plate
The first step was to close all the valves on the equipment. Next

the feed tanks were filled approximately three-fourths full from the

Institute water line, The blower was turned on and allowed to cume up te

speed. The pumps were started and primed by opening small stop-cocks on

top of them, The next step was to open both valves on the water feed line

Once water was flowing across the plate, trapped air was bled from the

nercury manometer on the water line. Air rate was adjusted with baffles

on the intake of the blower and also measured with a mercury manometer,

dater rate was sdjusted with either of the {wo valves in the water line.

It was poscible to interchange weirs on the plate, allcewing for

variation of weir height. VWeirs of one, three, and ten centimeters in

heignt were used.

saenrement

function of height at various places on

the plate, a fritted prob was used. This device is shown in figure (3).

the porcus nature of the fritting allowed water to flow in and out. The

flow balanced the atmospheric pressure actinz on the surface of the water

in the open end of the U-tube manome: »r, A one centimeter change in level

of the manometer corresponded to a ore centimeter ghange in head in the

liquid. The pipe which held the probe was clamped into position from the

top of the apparatus. Height of the probe above the plate was read from

calibration marks on the pipe. To insure that no eir was in the line,

about one and one half liters of water were forced through the syatem from

the open end of the manometer. As an additional precaution, tygzon tubing

was used to conect the menometer and the pip. This allowed observation

of any bubbles which might flow into the line through the fritting. Cnce

the lines were purged of air, the probe was moved up in definte increments

and the natometer readings made. Resdings were taken at tho places on the

‘Inte,
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~he a Jo figure (8), was used to ccllect samples of the

foam at varying b~i~"*&gt; above the plate, It consisted of a teflon plug

Fitted inside a stainless ste=l jacket. A hole was drilled through the

Jacket and the plug so that when the plug was rotated it traryred a sample

in it. The device was suspended in the fozm and held by a clamp. After

positioning, the closing rod was pushed down, which turned the plug and

trapped a samrle, The sampler was then removed from the foam and the

2xterior dried. After placement over a 10 ml, graduate the sampler was

&gt;mrtied, and the volume of trapped water recorded,

Po check the totsl head on the rlate corper tubes were inserted

in a few of the perforations on the plate. These tubes were conrected ty

rubber tubing to an oven manometer similer to the ore used for the frittec

“robe. Water was forced through the oven ead of ite mornometer to cures

E,
Les  rm _ . pn —— w“

ir aa before,

P, Effect ¢f Air Momertun

fo determine the memertun loss of the air 211 tub a section 42.5 Cui
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(0

lorg of he 7 s oraged from the slo | foot high wele rlate wes

slaced at each end (7 this section. There was cne static tap 1a the center

vf this area. The blower wos turned on and water was poured into the test

section, The effective head shown on the manometer was read for various

ir rates. Care wes taken to revlace the water lost by entrainment and

spillace,

G. Dye Injection

lo check the velocity profile and mixing between a clesr water

layer existing near the plate and the foam, dye injection was used,

hole was drilled in the wall of the apparatus very close to the plate

and sealed with tape. When the »nl-te was i cperation, a hypodermic syringe

7ith a suitable needle was used tu inject the dye into the water layer.
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=» Momentum

The theoretical efi ‘vr momentum and its experimental counter-

part were given in equations rr © /"7). Vhen these terms are plotted

against the superficial g»s velocitv Te two smooth curves, shown in
figure (7) are obtained, The evrmerimental values lie below the theoretical

values at all points. The maximum superficial gas velocity under rormal

operating conditions was 1.44 x 10° cm., sec. At this extreme the difference

in the measured head and the actual head is calculated to be 0.255 cm. of

water, The difference for the minimum surerficial gas velocity used,

2.30 x 10° cm. /sec. , is calculated to be 0.1%% cm. of water,

TOD

Me~curemer ©

The measurements tiken with the sariler heave large variations.

cycle of flow through the sampler was observed and shown in figure (6). Ir

case (1) the foam flowed down the hole, Case (2) shows eddies which have

started to form c. the bottom side of the sarpler. In case (3) the eddies

increased to a point where they caus =» slight reversal of flow and stagreticr

in the hole. The foam disaypeare”™ .. the hole and flow started downwerd in

the hole again as shown in case |

The various values for the dens. "+ were -lotted c¢1 arithmetic

probability parer and were found to be part of a normal porulation, In

figure (8) the mean of these values for one run is plotted vs, the height

&gt;f collection. Also plotted are the values obtained from the height vs.

qead data, Equation (1) states that:

R
-_ry TT «

_ L dh

Ihe dersity at any point is the differential or sleeve of the head vs. height

curve divided by the gravitational constant. The curve cbtained with the

sampler shows a hump while the head data shows a smooth decrease. The sanyler

lata shows a higher average density,

BC, Dra 2.oo Avsluslg

h the runs av constant height the drag was found to increase with

increasing foam velocity. The readings for the 10 cm, weir were fairly insc-

curate due to the extreme turbulence which tended to pick up the plate

ind throw it.
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Table I.

Drag On a Plate, Constant Heicht

un Weir Ht, (cm. ) h (em. v (cm. /sec.) Vv (cm./sec.) Teflection(®) D/a(dymg
‘ CMa

)

JA

JD

J) 6

) 7

&gt;) 8

J 9

010

D11

012

013

014

J15

D16

aN

J18

D19

020

D21

22

lop of the drag

5.75

5.05

6.95

2.40

4,80

4.00

1.10

4.60

5.00

5615

4,85

5.05

475

2.70

2

s

or

-
”~

“32
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132
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110

7

0
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62+10
- 34

—
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€2 + J

10.”

11.0

c,.8

11,6
17.7
- 4

sh bh

27 A

21
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' 00 1 A
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i 2D

24

3
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ar
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ea

38
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7
[My 4

0jig

36
21
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771]

olate was 9.0 cm, above the verforated rlate for sli

"UTS
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Data for the runs =t various heirhts are vresented in tsble II.

is stated above, the dat. for the 10 cm. welr are insccurate due te

turbulence and the height of the foum, There is a distinct drsg gradient

for variable heights with constant foam velocity.

~legtion
ihen the dye was injected in the clear water layer near the plate,

a line of dye appeared almost instantaneously from the top to the bottom of

the foam. The line cof dye stayed well defined and perpendicular to the vlste

for the entire lenght of the late.

E. re; Uolysis

Figure (9) shows the correlaticn obtained plotting the drag friction

factor, f! (equation 7) against the turbulence factor. Although the points

are scattered, three lines corresponding to the drag fricticn factors for the

three weir heights may be drawn. The drag friction factors calculated from

the drag rvlate are included with the potential energy calculations.

Fo Feynolds Analogy

The values Jor the drag constant are nlotted against the turbulence

factor as shown in figure (10). Again both methods of measuring the drag,

potential energy loss and the drag plate, give nearly identical values

for the friction factor. A line for guide only was drawn for the points

obtained from the potential energy loss. The equation corresvonding to this

line is:

ol po 3 I's 19)
a

Both otand the turbulence factor vary over a small range.
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D338

252

D35

p41

037,

D31

D34

D40

239

33

D36
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Verving Feight

‘./se~) Ht. sbove plate (cm.) Deflection(+ 1°)  D/a(dvnes)
( em.9

J-

12.9

25 + 5

21
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3 16

18.5

9.1

11,0

12,1

13.5

9.1

11.0

12.9
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3 31

27 25
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po.
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5%

lhe weir height was 10.0 cm. and the superficial gas velocity was

sonstant at 132 cm, /sec.
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V. DISCUSSION OF RESULTS

A. FF cf Air Momentum

~erating rane» -F the plate, as marked ian figure (8), the

affect of air momentum on the measured head can be assumed negligible, The

raximum calculated difference was. 0.255 cm, of water and the experimental

curve falls below the calculated curve at all points. The actual effect was

less than 4/5 of the smallest head which occured on the plate.

B. Measurerer

The data from the sanpler was not accurate. Its magnitude compared

with the values obtained from differentieting the height vs. head curve.

Due to the fdow characteristics around the sampler the mean of the values

could not be assumed ccrrect. The flow and buildup of water films are.

inherent in any device of this sort. Sampling yielded a pcor estimation

of density.

The calculated density curve as shown in figure (©) was a gocd

estimation of the density. It is the average density, i.e. the average of

amall bubbles which heve = long residence tire in the foam, and slwrs which

rasa through rapidly.

C., Dye Irdecticn

Ite results ¢f the dye injection showed two thinges

L. There was a high degree of vertical mixing,

?. The velceity profile was linesr snd vertical.

Mece facts are imolied in the deriveticn cf fY av

» Friction factor has the seme fault ae the Turnnirg-

sype Tactors in the work of Klein (1) and Hucks end Thompson (2). It shows

3 different dependency on the turbulence factor for esch weir height. The

noints also have a wide degree of scatter, showing that the dependency is

10t consistent, f' varies cne hundred fold in a short range of the turbulence

factor. This lescens its utility for flow prediction.
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FP _Reyrnelds analogy

The &amp;factor, althecugh it shows more scatter, is more homogeneous

than f'with respect to values for different weir heights, This indicates

that a better picture of the flow was used in the derivation ofet, The

values for the drag plate end the potential energy loss fit tceether well

considering that two of the terms in® had to be estimated for the drag

plate, The agreement between the two methods confirms the approach.

wquation (32) is an approximation as no dependency of &amp;&amp; on the turbulence

fector can be estimated. Most of the scatter can be accounted for in

the experimental error. The reliability of is only to 15%. Since

varies only tenfold over the range investigated, it could be used for

rredicting the flow. An average value of 4 x 107° can be used, Using

this value and estimating the density at the nlate to be about €,50 orm. [ons

potential energy loss can be predicted if the operating verisbles are known.

Solving equation (18) fordP, E./cn?) with the variables for run (PS):

. 2h
Pe Ye 1 &amp;

a (ES ) - YoVB (opp + ev)
cn. b

(_.72)(27.7)(310) (98
Ee

73,730.50 ~ "v4.0x10°/981)

o!

SPP 3«22710 crn] ane

The experimental value is 6.5 ££ 0.5 ergs/cns The estimation comes within

twenty percent of the correct value. It would be closer than this on sowe

runs, The usefulness of &amp; for design purposes would be as an indication

&gt;f magnitude rather than the exact value.

Fo Drag Plate and Tts Arrplications

The results of the drag plate experiments show thst the basic

picture of drag on the walls is correct. The friction factor values

Fit in well with the values obtained for potential energy loss. The fact

that a drag gradient existed in the foam was not considered when the

nagnitudes of the drag on the plate were calculated. The results can be

considered only as orders of magnitude, especially for the 10 cm. weir height.
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The existence of the drag gradient verified the asswipticn used

in the derivation of &amp;, i, e., there is a drag gradient provporticnal to

the density gradient. Quantitative comparison is imposeible due to the

inaccurate drag plate measurements.

¢ Crmere™ Monclusions end Recormn-n2ations

The work dom» . this thesis bas shown (1) the effect of air momentum

on the liquid was negli~:n1-- ’ ) there was a density gradient; (3) there

das a high degree of vertical mixing on the plate; (4) there was a uniform

velocity down the plate; (5) there was a drag gradient similar to the dersits

gradient; and () an average&amp;canbeusedastoestimate the magnitude of

votential energy or drag losses, Instesd of striving to obtain friction

factors which correlate with Reynolds rumbers cr other dimensiorless grouns

a constant value for would be superior. As in Klein's snd Huck's and

Thompson's work (2 ~ the data obtained in this thesis gave &amp; lirear

relationship when plotted as &amp; Farming type friction factor verses -

teynolds murber, The utili’: and accuracy of such a plet is cuesticnsble,

[t must ve noted thal i. +tni * -% plot a hydreulic radivs term eprears

in both terms, Thi + °° »ovard stions due to the other varisble

modification of ek attenpted, a SA t

tried TT" da to te noted £14

Wy

ther systems

~onteins no vies

The dependence .

: Jmay va'y considerably for other systems.

turbulence factor misht be cotserved,
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VI, CONCIUSICNS mm eCCilFMiaTICHS
EET rR——————— ——— en

A, Conclusions

© momentum on the liquid was regligilleThe effect

There was a dersity cred’

There was a high degree of vertices? mixing on the plate,

There was a uniform velocity down the plate.

There was a drag gradiert similar to the density gradient.

An sversge&amp;can be used as to estimate the meonitude of potential energy

yr drag 10SSeS,

f

L,  Ologe=dniiong

Modification of of should te athe

Ctrer sratems of eos and 1ieuid sheunld he

r

Foun 3
Lr Gf!
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fo TITTY ArJIT, APTTLLILVidow far /

A— A— i ———

«ot 2 Vere i, r Tete ilaA iA vc leren vay Ys LJ eM 7 wd abe BRco 8 AL Le The
&gt; i o

Neteil of Fouloment wogauremertsNets1il of qourem :

a, rerforated Plate

Plate width

Distance from wall
oles

Mele diameter

Distance etveen holes in
one row

Stagrered rows of the holes were 0,875 in, aprert.

Total length of plate
(weir to weir) 184 cm,

Distance hetween voints of

negsurerert: 24.4 om,

Jd. Drag Flate

Materials 1/16 " brass plate

Length: 12.0 cm,

#idth: 7.3 cm,

Weight: 104.3 grms.

2, Drag Plate Fov~n Dapivetio-

Using a standard static force balance on the plate:

T £ = 0
defining the force exerted by the strings as f_

&lt; (moments) = (Tx) = 0

and f_, and the drag force

1s Do

Ls COS © - J =0
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sin® - *

mole

. [f. sin ( 180 -{@-#}) - £_, sin (4 +0) ] —

solving for D

&lt; ces ©

- sin ©
= mg cot8

[his derivation assumes an equal drag force cver the whole plate,

[LV also postulates a static position of the plate when the drag force is

acting,
3. Air Womentum Derivation

Using &amp; momentum balance, in the form of irescures, from the space

directly below the rlate to a poirt just above the foam the following

squation is easily arrived at:

‘here

SRW VtBy=Fp+po
Pe = density of #he sir

Vs = surerficial gas velocity

A = air velocity through the holes

by = pressure below the plate

Bo, = " above the foan

bh = head of pure liquid present on the vlate

solving:
AF = prgh - Pv. (Vy i”

[t is seen that with no gas or a negligible momentum effect, that the

pressure drop observed would be Pi8 h, + The correction term for momentum

is Pele (v, - v,), and this should equal P8 ( n= bh) where ho is the
neasured head at a specific gas velocity.
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E Summary of Data and Calculated Values

l. Potential Energy Loss
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Co. Sample Calculations

i, Potertinl Enercy Joss

For run P5 the following data were taken directly:

alr rate: 1.06" Hg 4 6.7 x 10° ome fa0 Ce

water rate: 3.0" He Li 1.0 x 10° an fain

[he readings on the U-tube manometer as fuction cf beight were as fellows:

gt. (em, Tar

12.7
15.5
17.2
1€,2
21.73
 a eE
26.5
295

fo relate the readings to the datum of the probe, the dif.erence in reading
vetween the probe and the manometer at a point above the foum was subtractied

from each reading. The difference wos ( 29.5 = 26.0) = %.5 for tay 1 #rd

(29.1 = 26.0) for tap Z. The effective head ot any rolnt wes ihe QLDvenen

hetveen thie corrected resding and he heloht of the rrcbe:

T
3 11.5

1364
15.1

g

+ (a LET
FAN rnWI LD Gre DIPspl aon Er - .
~~ pty SUA SR

LOTT yn
pmamoemsyn

i. AL hen AEN Boat ee va orl -
NUT } Ry.
Com ay A,

 4 gy wn my

he Sa
7 Pe
Lie,
—

la

”

ww

fo oa or LE em

ode bled ve, teliohl md Mo cures exboerods Led Lo wre lelohl, While pove a

value of Oy for tap 1 owrd ToL Por Lp 3. Since the oguallors dofines the

head nn ho presaure caused by any amount of 1icudd up to the [cint corsidere

the values at each height were sublracted from lhe zere point values, ‘fhe
n

head also had to be converted to dynesfom. © from em. of HO. This was

accomplished by wultiplying each value by fre = Lgrn./ cr. - ) oe1(em. [ssc ey,
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RAN Tei om CN gn de - i. do . mt mle be ead a so. ne .The head thus ecsleoulated was plotted ve. heioht as shown ia Tl_ovre (11),
\ ’ / 2
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= (2.12 + 0.04)x107

v1. For the drag plate:

D = (D/a)a = (D/A). (21, wy

so.olAD/8)
Mv. N
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for run D4:

Plate length N=984 + 0,1 cn,
Drag per unit area (D/. = 62 = 5 dynes/cmS

Foan velocity V. = 18.3 + 0.5cm./cec,

p)

C3 _ Cl ghed + 0.1)

{7.2 +. E0) x 1074

2. Calculation of ot:

1. Potentiel Energy:

py (a/emSy
\V VN ( JRE 2n_/e)

Jor runP5:

F.re loss (P.E. Jom.” =(€.5 + C.5) x 10° errs/on.C
Plate width b=7%%,3 + 0,1 cm,

Superficial gas

relocity Va = 110 + 5 cn./sec,
Foam velocity V.= 12.7 2 0.5 cm./scec.
Plate length I = 94.4 « C.1 cn,

Density at the

plate Pep = 0.38 + 0.04 grm. fom.”
Avz. head  h = (6.9 £ 0.1) x 10° dynes/ en.

aly,

io4

om (85 4 0.5) x107 (33.5 +0.1)
(11045) (13.740.5) (94:4+0.1) (0:38+0.08) (33:30: 1)42(6: 94041) x10"

O81

=(5,80 + 0.70)x 107

ii, Drag plate:

Rl
ogy

b)2H +]
Co N 7)Tor ( Pro oh

for run D4:

Drag/unit area D/A = 62 +5 dyres/cm.
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Avg. foam Lit. H = 12 +1 cm.

Plate width b = 33.3 + 0.1 cm.

Surerficial

gas velocity V = 12845 cm, /sec.

Foam Velocity T, = 18.3+ 0,5 cm/sec.
Avg. head “ho = (5.440.1)x107aynes/cn. ©

Density at plate Pep 0-6t 0.10 grm./ cm.”

oc = a t82 £5) 2012 x1) + (33.3 + C.1)
(135% 5718.5 2 0.57 (35.3 +0.1)10.05 30.10) 13(Cada0-1T00

eal

&gt; — “ed 220) ©NN J 2

1, Calcualtion af +nrhulence factor

’ h
g av

ME
For run D4:

Superficial gas

velocity v= 122 + 5 cm./sec.
Avg. head h = (5.40 + 0.1) x 10° dynes/cm.

5)(5.40 + 0.1"tmotor — (128% 5)(5.40 + 0.1

107° 981
= (6.92 + 0.40) x 10°
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LD. Limits cl Literature Survey

The literature survey covered two bocks by Prantl (4) (€) and one

by Schlicting (7) for a gereral background in fluid dynamics. Two theses

(1)(2) were read concerning the specific topic.

fhe origi

copies of each page

Themical Engineering.

“~eation ofOriginal Dats
the thesis notebook of the suthor. Carbon

the vosseéassion ¢f Prof. T.W. Mix, Depertrent of
-

\
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B Nes. Nepenclature

 Ll Enelish

ay
5

 mn

J

p
&gt;

t
J TL

~

=.

ares, Cu.

plate width, cu.

drag force, dynes

drag friction {acter

{lein's Tricticn factcer

force, dynes

sravitaticnal acceleration, cne/ouc,

heed, dynes ena”
averace head cn 1 lnteaverage nead cn plate

head present 10 511 foan collavsed to pure walex

=ffective esd messur-d «ith rlate teos

ness, gran

plate length or lemeth of test secticn

pressure, dynes/ Clie

rressure below plate

cressure above foam

rotential energy

correlation factor used by Klein

Foam velocity, cu./sec,
superficial gas velocity

velocity of gas through heoles

volume of fluid taken to wall per unit area per unit time, cn./sec.

iistance from wall, cm.

2.Greek

 4

=)

yo

Pr

Reynolds analogy friction factor

angle

viscosity, moises

lensity of foam mixture, grm./cm.”
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Fro
fe
"

&lt;

r

T

density of foam mixture at the plate

density of gas or air

density of liquid or water

Irag force per unit area, dynes/ cm.

 1 YC
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