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The &nitted wire mesh entrsinment sepurator, coi. L aly
referre¢ to as a dsauister¥ is in common use to separate
entraluned 1iquld frow vapor streans., However, little
guantitative 1nformution 1s avalluble concerning tne effect
of physieanl odropertizs of the sntrained Liguld on allowanle

zas velioclties,

Studlies were wuade on two dewister styles to deteruine
the effect of liquild viscosity on deuwlster performance,
wiguld viscoslities from 0,9 to 12 centipoise were ianvestizatea
uslng water, glycerine-water ulxtures ané heavy no. 2 fuel
01l aus8 tne test ligulds., air was ussd as the zas medium in

all cases,

revression analysis of the test data indicates that by
lncreasinz viscoslty from J.% to 12 centipolse the allowczole
vapor veiocity is decreased b0y only 10k, The effects of
other 114uld anc <ewxister properties on flooding veloclity

cun be approximated oy the followling proposed eguatlon:

(P04 (y,9.20

VELQuh = a8

=

(a/g3 19430 (4 )0926 (34914
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‘Pemisters are commoonly used to sepsrate entrained
LiGcuid from a vapor siream in eculpment such as distillation
colusne, separator druns and-eVaporators. Althouzh cemisters
nave oroven 2ffective in this service, the affect >f
variables on demister performance have not bsen coumpletely

cefined,

Yorkk and Poppele(ai have aummarized the varianles
wnlch affect allowable gas velocitles throush mesh demisters,
These factors are: (a} gas deasity, (b) liguid surface
tenslon, viscosity and entralnment loading rate, and (c)
specific surface of the wire mesh demister, YOPR(B) hasg
proposed application of tae Souders-srown(6) expression to
Gefine the effects of liquid ané gas deneities on allowaole
vapor veloclitles, Thnis expression (eguation 1) considers
only the varlaodles of gas and‘liquid denslties and 1s
inadequate to predict damlster perforuance in systems whare

the other variaonles way have sicsnificant effects.

Poopelel(2) estaplished the effect of liquild entrainuent
loading on two éémister stylés using the water/air system,
schroecer(l) studied the effects of surface tension oy using
surfactants in the water/alr system und verifiec tae work of
Pogpele(Q). Licuildé viscosity was the remaininz liqguid

preooerty to evaluate,
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itne purpose of thls 3ludy was to study the effect of
liquid viscoslty on allowabie demister vapor velocity,
Viscositles ranging from 0, to 12 centipolses wers
studled using systems of water/air, zlycerine-water/air
and heavy no. 2 fuel oll/air., 1Iwo demister stylee were
uged and the liguild loading rates werz varied from 25 to
403 ;/ur.-ft.2, Since the Gensity and surface tension of
the test liguide were not constant, the effects of these
variables as well as viscoslity were determined oy steopwlee

linear regression analysis of the experimentszl results,
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The be2nefite derived frow the use of s derilster result
frow its adility to coalesce swall entrailned particles,
The larzer particles tous formed have entrsinuent velocities
wilch are hisher than the origlaazlly sntrzined particle and
can, thersfore, s2ttle throush the vapor stream to tne sulxk

of the liguuvldé ohase,

A dry demister has a very high vold fraction und can
tolerate nlzh velocities with only small pressurs drop. as
zatralnad Liuuld is coalzscad, taue free flow:area Ior the
vanor decreases and velocltleg within the cemister are hi:uner
than the sunerficlal veloclty ovused on total eoluun ares. Jy
increasin: the Vaparvvelacity tarouza a demister we willl
aventual.ey resch o polnt woere the uosara frictlonal forces
of th2 air on the particle 1le equal to tus cowndard
zravitationsl forecs on the purtlcle, Further lncrease 1in
velocdlty «@ill reesult in o net upward force snlchh Wwill carry
the particls throuszn tue tod vewmistesr surface, Tals curryover
lg cailsed fl-oocdinz, The floodinz veiocity is c¢2fined as the

superficial vaoor veloclity st whicn flooding zstarts,

auuntion (L) shows tne tusoretical veloclity at «~bicu tue
net vertical force is zero on a frrely suspznded liauilc

arooiet,

V= K\l (R eG)/ee | (1)
s B T T P TR A T s om P ot
This aogaticn o Dmarn _glppl jed oy Y¢ DEA ‘) t~ Sofin the efi=Ct

of licaid znd zoe deaslty oo denricter
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flooClos velocity, iale eyustioa is not rigorcus for dirsct
apaikication to deunisters,snd values of the entrainmsnt
facéar (&) must 22 deterained axpericentally. 7he nesd [or
experlisntal svalustion of 4 18 oovious whoen we consicar the
fellowing s
{L; guation (1) was cerived for fresly falliing
cusnencad droplets, Lo cexisters the c¢roplets are
suspended on wire nesi, Thereflore, Iorces delwsen
tone lisuld and wire resulting from suriace tension
and vigeosity willi affect the velocity .0 which a
aarticis wlil De entrained usbdove tae denlister,

{

) Tas veloclty (V) in eguation (1) is tne

N3

sunerficial vaoor veloclity based on coluwn dlamster,
~Oocal velocity vithin tne dexister 1is algher tnun
tue superficlal vapor velocity dependling upon
Cepister oroperties, 1icuid load and partlole

gige of the coalescsd Ligulda,

}  The vaiue of the entrainuent factor (o) 1ls not

¢

8

conatant as 1lznlied oy ths eguaticn form, & Lls
éirectly related to the diumeter of the coalesced
narticle and laversely prelatec to toe drag
coefficient, PFarticle diauster is g functlion of

liculd surface tension, 1iguld density, to & Lesser

W

a

eaxtent of 1l uld viscosity, and of tig reiatlve
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volumes of vapor andé liquid(7). The drag
coefficlent is g funcﬁion of Reynolds aumoer and
particle sphericity. heynolds nuuwber, in turn, is
isoendent upon particle dismeter,

Untll 2 wiore rigorous eguation is developed for demisters,
thie effects of varisoles on sllowable vapor velocity must de
determined experimentazlly. .Jctual perforuance of demlsters
anc¢ tne procedure used to determine demister flcooding
veloclitles are c¢lscussed in detall under ExfunIvihTii.

PRI Rl R ]
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DESCRIPTION OF TEST APPARATUS

A schematic drawing of the test apparatus is soown
in Flgure 1. The apparatus 1s comprised of three basic
sections, namely, (1) air handlinz section, (2) liqguid
nandling system and (3) the test column., Each of these
sections is dlecussed separately below, Additlonal

“eguloment details are glven in Appendlix A.

The purpose of this equipment 18 to provide a measured
guantity of alr to the test column., Control of both the
temperature and humidity of the air is neceesary to

minimlze vaporlzation losses of the teat liquid.

Air 1s compressed in turbo hlowers (two in parallel)
which results in substantlal increase in temperature and
Vdecreasa in humidity. Primary cooling and humidification 18
ootalned by a Wgater spray intc the blowepr discharge line.
gecondary humldificatlon 1s accomplished in the humidifler
(55 zallon drum) where the air is contacted with additlional
water sprays. The air 1eavas the hunidifier through a wire
nesn demister to prevent water carryover inte the test
colunm, This treatment resulis in alr to the test coluno

at 80-100°F and 80% humicity.

Air Tlow 18 rezulated by = odutterfly valve in the
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Zivser discharge line, [low rats ig culculatec oy stancurn
orifice calculstlion methous'®) from orifice orsasure dros
seasuresznts, wa3talls of orifize plate z2nd manometer aps

zlven 4in Looendix ., Soom 44,

o

fhe alir linez are 4 inch diameter sheet metal pipe,
All seans are sealed with furnace 2ipe cement to prevent

any alr leakaze.

Wi UIL HANDOLING SYVOTREH

The purpose of thie equlipment 1s to dellver the
declired quantity of test liquid to the bottom surface of
the test demister in a full cone spray.

The bottom sectlon of the test column 1s used as a
reservolir for the test liguld, The liculd is pumped
througin a nozzle so as to completely impinge upon the
bottom surface of the tesgt demister, Liquld temperature
18 megsured with 8 Moreury Thoregratap Aoncaptol 1nto the
rotometer outlet line. The liquld which drains fro o tne

demlistar drops back to the reservolr and is reclrculated,

A bypase line 1s avallable between the pump dlecharse
and reservolr, Betwceen rurs this line is used to mix test
ligulid to maintelin ae uniform a2 composition as oossible
(particularly for water-gzlycerine mixtures). A counection
is avallable for sampling between runs and draining the

test llquld when reguired.

(8)



Tast 1iguld is sreventad fron Graining Into the alr
inlet line by a daflsectsr cone mounted to the liguid Line

3 inches ubove th2 air inlet line.

TEST COLUMN

The teet column 18 comprissd of 2 long boutom section
2f 9 1nch diam@ter stowve 91p2? upon whlch is attached (air
tizht) a short 8 inch 0.0, lucits tube, The test demister
1s contained in the lucite tube about 28 inches above the
end of the air inlet line, The liyuid spray nozzle is
about £ inches below the test demister. 3Slight adjustuwent
le made to zel complete lmpingement of liguid on the bottom

demlster surface,

The demister performance 1s determined almoet entirely
on observation of pressure cdrop, A water manonmeter is used
to measure demlster pressure drop.

The major equisment in the alr handllng sectlon aad
tect column are those ccnstruceted by H,., F. Schroeder (l).
Modifications to nis equipnment includs:

(1) Piping 2 second blowepr in parallel to tae first

to obtaln regulred alir ratszs to test tas 931
demnlster,

(2) Installation of the water sj)ray into the blower

discharge.

(9)
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(4)
(5)

(10)

Cementing seams in alr system to replace tape
which had deterilorated «with time,
Revise humidifler water flow schens,

Install deflector cone io test coluumn,



EXPERINENTAL PROCELURE

TEST COLUMA YHEPARATIUN

The spray nozzle was selected based on the deslired
11quié loadlnz rate, 1t was found that tue best liquid
spray was obtained when the liquld pump was operated at
full capacity and control valve wide cpen. Changes in
liguid rate from run to run were tnerefore accouplished
by nozzle chnanges, after installing the nozzle, liquild
was cireulated to check soray lmpingenent on tue osottom

of the denister,

The test demister was then placed 1in positlcen in the
lucite column, To wminlmize nozzls chanzes the test runs
on the $31 and 421 demlisters wers ususlly made consecutively
at a given liguld rate. A4fter each tsst run the deulster
wag removed eltner to change the nozzle or to change to tae

osther demlster,

Test liyuid circulation was started., Slizht adjustuent
glosing pf the liyulc¢ control vulve was usually recuilred to
stabilize rotometer resding, Thils also provided sufficlent
control to malntaln constant liguid rates tarouxiaout tue
run to coupensate for reduction in liguld rate due to sliznt

foullng of the nozzle filter.,
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water rate to the sz2condary spray Wus aﬂjusted to
#staniish a constant water level in tne bottom of the
omidifisr, The plr olowsr wps started witn the zir coatrol
vilve in the closed oositiosn, air rate was increuced to
abtuin 8 ssall oriflce differsntial pressure. The Wet oulD
tneroonater was wpolstensd with water und the glir system wus
arouzit to euullivbrium (ﬁD—LGDOF ary bulbd temperature and

£I5 hunldity).

BREERLANT AL LciTi

alr rate was varied from veloglties Delow ithe load
point to velncitiss beyond the flooding point, At sach alr
rate the system was allowed to attaln sguilibrium, Late
recorded includes (1) time, (2) liguid rate ang
tewperature, (3) orifice and demister diflfersntlal pressure,
(#) alr wat 2nd <ry oulo tenserature, Lxperimental cata are

included In apponclx 4.

- oy
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For esch zir rate the opifice orcesurs droo {function
of alr velocity) was plotted asalnst tue denleter pressure
grop on log-log oaner, These plote arz saown in appendix g,
Flgures Bl tnru 332, Jlots were made durling the run io

asaure that sufficient dats points were avaliaole to define



loading and floodina velocities, These plots were also a

<008 indicatlion whether or rnot equilibrium was obntuilned,

Ab alir retes velow the loading oolnt the log-log plot
yielcs a linear relation with gradual increase in demister
pressure Grop as alr la increased up to loadingz velocity.
The increase is attrioutsd to that associated #ita increased
veloelity as well as the accumulation of a larger guantity of

1icuid witnin the demselter,

Increusing velocity beyond the load point results in a
more rapld increase of demister pressure drop as the
guzntity of liquid accumulation lncreases and the liguid
level in the deumister lncresses wore ragidly. & linear

relation le still obtalned put witt nigher slope,

Futher increagses In alr prate eventuslly resulted in
Ligulcé carryover and reentralnment above tne deulster, a
numper of pressure 4rope were recorded oeyond the point of
Liguic carryover., 1t was found tnat these poinis also
formed = stral_.at lline plot but the slove of tnis line wae
mnucihh lower than the slope obtalned bhelow the load point, The
cuantity of licuid within the cdemlster hwd reached an
gguiliprium value andé ths increased demister przgsure <rop

wag cue to air velocity increases only.

It was declded to define this second breas in toe

curvé as the demlster flooding voint., Tuls appearsd to be

(13)
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a more guantitative method of defining the flood point
ahich would result in grsater repestability, sarlierp
investizations Dy Schroeder (1) and Poppele (2) defined
flooding as the inceptlion of liguid oreak throusgh.
Inception of liquild breakturouzh can ﬁean different things
to different axperinrenters whereus a breax in s curve is

guantitative,

After flooding the demlster additlional data polnts
Wwere obtalned belween load and flood points as well as
pelow the load polint, The ¢data dDetween load anc floog
points fell along tne orizinal curve and alded in defining

the flood point,

At velocities Pelow the load polnt there wae s tendsency
for demister pressure drop to be slightly above tae
orizinal curve, This 1s obest 1lllustrated 1ln the curves for
Runs 33 thru 36 (Fizures 3-29 thru 38-32). Thls aigher
demlister pressure drop is wmost likely due to tne presencs of a
small guantity of liguld remalining 1o the demlster resulting
in less flow area for the air. The load point (velocity)
could oe affected by as much ae 5 depencing on whetusr the
cata was obtalned on a wet or dry demlstsr, Fkloodlng veloclity

would not be slgnificantly affectecd,

Worthy of mention 1s an ocbservation on Run Xo. 1,
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Figure B-l, At very low velocities (less than © ft/sec.)
ghere geems to pe a fourth llnsar portlon to the demister
pressupe 4rop curve, The effect of alr velocglty on presessure
drop 1s very emall most likely due to the absense of 1llculd

in the test demister,

Equilibrium conditione were reacned 4ulckly, usually
within one uinute, for alr rates below the load¢ polnt and
above the flood point, rHowever, dewmlster pressure drop
changed vgfy slowly oetween flood and iovad polnte partlculariy
for low ligulé ratess (55 y/br-ftz}'on the G31 deulstsr., 4t
tines 1t was necessary to allow thirty wilnutes to attalin

stesdy state.

LIWVIL PROPIRTIEG

‘Densitles of test licgulds were obtained between sach
run, Sowe evaporation of water from water «lycerine mixitures

wae apnarent,

Samples were taken occasionally for deteraination of
surface tenslon and viscoslty, EDeanslties were also obtalnec.

and checked favoradbly with the first detsralnation,

Surface tenslion of water was found to decresse wWwith
tiwe, Fresh water zave surface tension equivalent to that

containaé in standard reference bonks, dAovwever, prclonged
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testing of thes same water sample resultsd 1n decrease in

surface tension,

The surface teaslons of watepr-glycerine ulxtures were
pelow the surface tensisn stated in various reference ooo4is
of physiecal properties, The most lixely cause of lower
surface tenslon is the presence of some unknown contamination,
Meagurements are considered accurate since checks were maGe
on ooth dlstlilled water and glycerine, Very zood agroeuent

was obtalned on these ch2cks witnh published surface tenslons,

The measured surface tenslons were plotted as a
function of tne tirme on a partlcular sample, BSurfacs tensione
for the cther runs wers then estimated fror this curve (see

Filgure C-1)

Because of water evaporatloa frowm the water-glycerine
mixtures, the denslty and viecoslty increased¢ sliuntly with
tiue. average densitlies were used and tue viscogity of the
mixtrue was dszteruined from Figure (-2 which are publlisnec
viscositles., Viscosities of samples agreed closely with

pubnlished data.



EXPERIMENT 30 RESULTS

A total of 36 runs was performed covering the following

ranze of varisables:

Lenigster Style York styles 421 and 631
Liguid Density 52-T3 #/£t>

Liquild Viscoslty 0,9-12 centipoise
Liguid Loading Rates 25-400 #/ar-£t2

Liguid Surface Tension 31=72 dynes/cm.

Alr Density 0.071 #/ft?

Alr Velocity 5-24 ft./sec.

Floodinz veloclities, loading veloclitles, and Liquid
prongrties were determined as previously discussed 1n
"EXPERIMENTAL PRCCELURE". These varlsbles for each test
run are summarized in Table 1. Runs No. 3,4,7,15 =znd 26
are not included in toe summary., Runs 5 and 7 were
lnconclusive because test liguid entered thue demlster
manometer lead line, Run 4 was performed uslag a smaller
orlfirce which was not uged in other runs and therefore was
not calibrated. Run 15 was & partial run which checked run
no. 10. Run 29 was not completed since 1t was not possibDle

to obtalin sdequate spray with 85% gzlycerine (50 centipoise),

Limensional units of FT,/Sec. ara used for flooding and
loading velocities for the purpose of discussion of test

regults. Evaluatlon of the varlables which affect demister
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No, R LIqUIL , Qo4 9 Y Qe i ¥
1 421 water 78 62.% 0,89 400 T0.5 .0792 9,8 11.3
2 421 " 76 62.3 0.92 380 69,1 ,O7L4 10.1 1l1.0
5 421 " 79 62,3 0.88 385 68,6 .0713% 11,0 12,0
6 931 " 78 62.3 0,89 385 T0.4 .07T16 9.1 15.5
8. 421 " 72 62,3 0,86 110 70.3 .0721 12.4 13.3
¢ 931 " 81 62,3 0,86 110 68,7 LO7L7 14,3 15,8
10 931 " 80 62.3 0,87 410 67.3 0715 13.8 14,3
11 931 " 82 62.3 0.85 55 68,7 L0712 13,4 16,3
12 g3l " 84 62,3 0.83 55 67.8 L0714 13,0 16,6
13 421 " 85 62,3 0.82 £ 65,0 LO7TOB 12,0 14,1
14 421 " 76 62,3 0,92 400 69.8 .07T1l$ 10.4 10.7
16 931 25% glyc. 80 66,1 1.8 390 58,0 L0718 13.1 14.6
17 421 330 81 67.1 2.3% 360 58.6 LOTLS 9.3 9.9
18 421 33% " B4 67.1 2.2 85 57.2 .OTL3 10.6 1L1L.7
1 931 33% 86 67.2 2.1 85 55,5 0710 12.1 15.1
20 931 415 " 86 68,8 2,8 107 53.8 .0720 14.5 17.0
21 421 43% 81 6G.4 3.4 142 52,8 ,0716 10.9 12,2
22 421 &2% " 82 70.4 5.1 135 58,1 .07i% 11.3 11,9
2% 931 875 85 71.3 6.2 120 56,4 L0713 14,9 16,8
24 931 658 " 84 72,5 10.3 40 58,6 LOTL4 14,8 17,2
25 o031 65% " 81 72.5 11.5 55 BT.L 0722 13.5 1T7.3
26 931 655 " 88 T72.5 G.5 265 56,0 L0716 14,4 16,0
27 421 68% " 87 73.1 12,0 230 54,5 L0717 S.2 9.8
28 421 68% 86 T3.1 12.3 162 53,0 .0718 g.8 10.6
3 421 38% 81 68,2 2.8 145 86,2 .0722 10.1 12,6
31 421 Hvy. 2 G111 85 52,5 3.7 280 31,5 LOTL7 T.0 7.7
32 931 " 92 52.5 3.7 270 31,5 ,071¢ ©.1L 10,9
33 421 " 85 52.5 3.7 25 31,5 L0715 1ll.2 12.3
34 421 * 91 52,5 3.7 g5 3L.,5 L0711 B.4 9.3
35 G31 v 88 52,5 3.7 g5 31,5 L0713 1L.0 L12.8
36 421 " S0 52.5 3.7 107 3L.5 .07i2 8.6 10.3



performance ghould not be affected since all test runs were
made al constant alr density., However, 1t 1s recognized

that vapor mass velocity may ultimaiely provide the vest
definition of demister performance for systems which eitner
use other than air or are operated above orvbelow atauocepheric

pressure,

The floodling and loading velcclitles for tne 421 and 93i
style demlstere zre plotted in Figures 2 turu 5 as a function
of liguld loading. For convenlence of prssentation the water-
glycerine data are presented in oniy two grouve, 25-52 wt, %
giycerine and 65-68 wt. % glycerine. The data of poppele (<)

is shown for coumparison of results for the alr/water system,

All plote snhow the same general trend in the effect of
liquid ovropertles on flooding and loadlng va2locltiss,
Velocities for water are 3-4 ft./sec. above those for teavy
No., 2 ¥uel Oil., Veloclties for water-glycerine on the 421
demister give Iintermediate veloclitlies which dscrsass witn
increasing wt, % glycerine., On the 931 demister the water
and Water~glycérin@ velocitles wre <bout the sawms, Tha
flooding and loadlinz velocltles decrease ~lth increaged
liguié loaé at about the sazme slope for each test liuuild
and for each demister, The relative effects of the varlables

which affect flooding and lcading velocltles are dlecussed in
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Getnll in the next section entitled "LiTA CURRELATION".

These results tor alr/water system show reasonable
agreement with the work of Poppele(?). Velocities are within
5-15% of those of Poppele. The effect of liguid load on
velocities are almost identical with the exception of the
421 floodinz velocity (Figure 2) where Poppele shows a nmuch

higher effect of liquid loadé on velocity.

This ¢lfference in the effect of 1liquid loed on flooding
veloclty 1s attriouted to ithe difference in the methods used
in deterwining flood goinis. Povpele relied on visusl
observation of incipient flood, whereas, the author studiled
veloclties above the flood point and redefined tlooding as
discussed under EXPELIMLENTAL PROSELURZ, Thils unew deflinitlon
of flood point is expected to glve better asgreswent among
experimental results, It is essential that velocities
between load and flood point be redetermined after the

floodling point is exceeded to sselst in obtaining a wore

exact location of the flood polnt,

Lemister oressure drop at the flood point was found to
be dependent on the demister style and the test ligquid.
Licuid load had only a slight effect on demister pressure
¢rop. This is i1llustrated in Figure &, This relation
provides scdditlonal zuidapce ln determining flood polnt in

future esxperiments,
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FLoouing and iosading velocitles wers relatlively easy
to ceteroine ot aloo Llgoid Lowo rates on the denser
Cepioter (Styie 924, setercinations sscane ingerewelin:iy
wors Chifleult s Liculd Load vas Ceorauset and &8
rapleter vl fractisn lncrsased {(Ltyle ©ZL), Juls
aceourits com@want for tns srestepr varlaollity of data lor

tie C7L stvie deulster (Yisupre 4 wiac S

ottt the 4310 ane O231 demleter were very affectlive ln
ramsving Liould from the alr, delod the lLoac polat there
wae no vislole sign of Liculd breaztarcuzhs, it very uslgo

alr veioclities {(Llow Liculd Load on $HAL dowmlister) a few

Croog of Liquld Wwerse carried throuzn as the flooC ouiot

wag z2opronched, oowWwever, this ie oot the norisi sosratling

ranges of the cowister (near flood). Fisoding ane Louwding

velocities for the $3%L deslster wers about 204 hlsoer thsn

S

those for the 471 denister.

(26)



LaTs CORRELATION

PUBLISHAL COUNRELATIONS
The most popular method of eipressing allowable cemister
vapor veloclity was proposed by York(3). tils eguatlion is as

follows:

V =K 7 Rc-e9/ee 0
Values of i at the flood point‘have peen calculated from the
test data in Table 1 and are plotted in Figures 7A znd 7B as a
function of cdemister liquid load. Calculated data are

tabulated in Table D=1,

The values of Ky, and therefore the value of flooding
velocity, differ by as much as 30% on the 421 demlster at
constant 1iguid loading primarily as a result of variatlons
in liguld properties. 4 difference of 304 1is also obtalned
between the 421 and 931 demilster at constant liqguld rate and
constant 1iguld properties, These differences illustrate the
neec¢ to determine the effects of each varlable on deulster

perfornance,

Poopsle(4) has oroposed the followins relation walch 1is

slmllar to the eguations used in defining the floodins polint

in packsd colunnsg ,
V2@ Re (s0) 02 _ SY &, 1/ Re (2)
5‘0. 33 el- G'Gr ?l.

These variaoles have peen calculated for the test data in

Table D-1 and plotted in Fizure O,

Curves A and 3 1in Figure £ suow a stralzht line relation
between variables but there is a distinet Line for each
demlster style, uLlnes & andé 3 ars made to colnclde into

line C 1n Fizure 8 oy using (a/g3)0’5 as the correlating
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variavle rather than (¢/€3f? There is still considerable
variation of the data either from variables not included

or from variables not adeguately represented,

| Curve C in Flzure ¢ can be consideradly slmplified Dy

aasuming a2 linear relationshig. The eqguation is as follows:

0.5
06 VF (53) Qo (u)® -L -0.251 LOC,( Ce ) + Loe(o.o!z‘z.)

32.2 €, Ge | Q.

By substlituting Gg = 3,600 QgVy in equation (3) and solving

for V; we obtaln:

sz ,?0 (@u) ' (#)

Gb)onq(gs olq ou (e )050

This equation 18 a clearer illustration of the affect of
varianles on flooding velccity and 1les a more convenlent

form for adding other varianoles such azs surfacs teaslion,

LINEAR REGRESSION ANALYSIS

Stepwise Linear Regression analyses were run on the 13N
7094 Digital Computer of Standard Gil Company of Culifornia.
Vi and V., were dependent varlables, The equation form was

as follows:

(30)

(3)



(31)

ln(‘v"F) _ by ln(a/£3) + ﬁg.»ln(ee.) + K- M) (5_)
or ln(vy) + 84 ln(fu) + Kg 1n(q,) + Kg in(Y) + K7 1n(e)

where; 87 ln(e) = constant

ané ln(e)} = 1.9

Regression coefflcients (K; thru ﬂ7) are summarized for
each regreseion step in Table D-2, Coefficlent (kp) for
vapor density (Ps) was not determined since this variaole
was practically constant for all tests and could not be
recognized as a significant variable, Coefficlents for the
remaining variables are complete in Step & of each
regresslon analysis. The resultant eguatlions for ¥y ané vV
are as follows: ,
Vi = D5.45  (e)0+47 (¥)0.20

(a/QB)D.BO (ML}Q.QBQS (G'L‘)Q“ll

(2)

Standaré Grror = X 1 ft./eec. at Vz=15 ft./sec,

v 2,34 (0.)0.61 (y)0.12
(a/éa)O.EQ (u,)0+033 (35)0.089

(7)

Standard &rror = X 1,3 ft./sec., at V. =13 ft./sec.



(32

Thege squaltions cun oe Godlfied to include the variasols of
vapor density by sultiplylog tae constant term oy (0.3715}3*5
and including {eraog in the derominator, Tals lnverce
relation ovetween ¥, or 4., with tne square root of vapor
density was pronosed@ by York anc Foppele in equstions (L)

and {43, dnis relation however recuires future

. substantiantion,

| Comouter sutout saiutlons for acustions (L) wnc (T) are

oresanted 11 Tadies L-3 and Leh, The Gats abe siotted ia
Flgurse ¥ and 1), These equatlons sreclct tos value of
4ithin T L £t./s2c, for 650 of the test Cata ane within

Tt 2 £t /see, for CEL of tho test duta, 18 errur in
orscicting vV _ iz T0n nloher toaw tast for 4o fote that the
standardéd srrasr 20 eobrelastisn 1o Tadle L-2 18 2aned on

in ?g sro V., ano muet De conveprted Lo tae corresponClug

veloclity vaiues,

Tadle L-2 zuods corpsiation coefficients for coven st@Qa
el the stiepalss reuregsion for dooound six steng 0f tus
gteniloe raezression on 7 o after eteo no, 4 in Buch case
thers is Little luproveasnt {cecrsase) in tne stasncard srpor
of correlation, Lhisr ilncicates thut for tae tzst Liuules

X -l g - - n v - Y e i vt - ' “ R R D e & o
uged in tosoe exosrizents the flocdiny und Llonclas velnolitles

cun be dellined oy thr variasles of LiLuld dzoslity, Gsulster
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gpeclilc surface, Liguid louwd and Liyuld viscosity, asddition
ol a constant ters ance surface teneion effects add notnlng to
tae accursgey of predictisn. aowsver, asteo no, O wWwas chosen
for prrgentation cecnuse 1t inciludes all variaoles and shows
affects of Liguld donsity =lullcr to that oropossd by York(3)

and Fonueleld),

Note tnat in Table L«2 the standard error of the
resrasslion coefficientes 1s semall threougsh step S, rnowever,
the addition of toe surface tenslon variaosle resulled in a
lar:re increuse in the standard error of rezression
coefficieonts for 1liculd propsrtie: of viscoslty, density
surface tenelion, The followineg are suspescted rsasons for
the incresse in coeffliclent stuandard errors:

(L} . nizh correlation exlsted betwsen two of the
three liuuld pronerties or auzonz all turse orolertiss,
fiots of any twoe variasbles do not suow o nlsn
correlation,  Hoaever, 1t 1s Likesly thul a oisu
correlation coule 2xist awong all thnree Ligulc
argperties of tie various test Ligulide,. Selsction

e 4%
i d

ob

gat Liguids was Liwited oy consliceratione of
toxlelty and flamwadbility due to the nature Hf the
teet ras {alr) -~nd test asparatus (open gysten

vented to laooratory atmospnere),



(28)

{(2) 4%ne effezcts of Liyuild properties on detlster
serforcance could vary wito dewleter properties,
i rexression of data found ths best it of
expevrizsentqal data fov twoe deulsters. Tharefore,
any varlatisn due to cemietlar cropertles would
ragult in greater srpropr of the regreecion
coefficlients,

(3; anres in physicai osroperties were not large
enouzh 1o détermin@ effects with o nlzh cegree of
certainty, For sxawmole, Llguid density ranged Trom
52 to 73 ./ft.” or * 17, arcunc the average of

62,5 #/ft,3, iowever, tue ln (@ ) Wanlch was usec

£y

in the rezregslon analyeis ranzes from .65 to 4,5

ar % 475 around tue sverais value,

The effect - surface tension was oreviously studlisc oy
sehroecer oy urlog surfactantes in water, Lohrosders results
snoy a consldepradly larzer effect ~f suriace tensicn oo
cewrlster sorformance tuan those shoun by the author, Lourosder
gaoWed tiat oy reduclny surface tenslon of wuter frouw 72
aynees/en to 26 dynes/en the fiouvdin. velouliy at tue Llower
gurfacs teasion was only 40, of tne ori.inel value, in
contrast, toe resression correlation would oredlict only =

Lo pracuntion in flooding veliocity.



5.

CONCLUSIONS

Allowable demister velocitles increase with lncrezse in

liguid density and liquid surface tension,

Allowable denmister velocitlies decrease with increases in
demister epecific surface area, liguld viscosity and

liguid load,

Liguild viscosity has only a small effect on allowable
demister veloclity, The allowable velocity le decreased
by only 10% when viscoslity is luncreazsed from 1 to 12

centipolise,

The effect of liguld lozding on the performance of tae

421 and 931 demisters show zood agzreement with the work

of Poppele, It is expected tnat betler agreement would
have bzen oobtalned if the method had deen standardiren forp

deteracialnz tne flood point,

The effect of liquld density on demister velocity is in

close azri.ement wWwitn work of York and Foppele,

The effect of surface ternsion varleec consideranly Trom the
work of Schroeder, The correlations developed in thnils
study are obviously not applicable to the use of

surfactants to reduce surface t=ngion of liuuids,



-3

»

(38)

Valocities beyond tne flood point were explored, Thls

zives useful data for deterwuining the flood opoint,

The quantitative effects of varlaoles which affect
demister perforaunce have bDsen determlned with the
excepticn of <as deneity. The application of these
correlations should be limited to tue ranges of

experimental data used in thess experimeals,



RECURLENDATIONS

Tae equatiohs developed in thils thesis represent toe
first step in defininz a zeneralized corrslation for
Gemister performance, rost sivnlficant variaoles are
included with the exception of vapor density. With slizht
modificaiion thls latter variaole can be included odased on
eariier groposals. Appllcatisn of these esgyuations should
ne Limited to the ranze of varlavles studled. Extrapolation
veyond experimental data could result in significant error,
It 1s expected that these scuations are best suitsg for
apolication to hyérocarhor liyuide, water and 1icuicds mixed

wlth water,

The major shortcoming 9f thess equations 1rv sppilcation
to other systews is the undetermenec effect of vapor density,
Losy experimehts havé veen porforaed with alr at atmospheric
pregsure, No doubbt there are numerous systews where vapor
density 1s substantlaily different thun tae density of air,
In future studles major emphasis should be slaced »n

Gefining the effect of vapor density.

The method ussed by the author in determinin: flood
polnts 1g¢ consldered an improvement over sarlier definitions,
Tals prceedure should de used in future experisents to

improve reproducaoility of results.
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NOMENCLATURL

Denister specific surface, rt.2/ft.>
acceleration of zravity, ft./(sec.)?

Vapor mass velocity, #/nr.-ft.2

Liyuid entralnuent mass veloclity, ;/ur.-ft.2
Lemleter entrainment factor

Lemister antralnwent factor at the fl-od point
Rezression cosefficlents

Demister oressure drop, lanches of water
grifice prsasure drop, inches of watepr

4ir tempersture to demister, °F déry oulb
Liguilé temperature to cemister, OF

Alr temperature to demistsr, OF wet nDulo

Fas velocity, ft./sec,

Gas veloclty at deulster floo¢ polnt, ft./sec.

Gas velocity at deumister load pocint, f£t./ssc,

Demlster vold fraction

Gas density, -/ft,D

Liquid density, #/ft.3

Liyuid surface tension, dyneg/cu,

wilguld viscosity, centiooise
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APPENLIX 4

L UIPMENT DETATLS

2 in parallel

Type Spencer Turbo Compressor,
model no, 5010-H |

Rated capacity 250 SCFi1 at 80 o0z./in%,

Horsepower 10 at 3500 R&W

Comments -

These gir blowers sre eculppec so thast if
the rated capacity ls exceeded the motor

is turned off automatically, osecause of
the low back pressure of the test apparatus
it was necessary to cperaté the control
outterfly valve in the 0-40% open ranze,

If more than 40% control position was used
the blower would stop. 1n order to run
tests at low liquld lowds on the G31 tvpe
demlster 1t was necessary to use two blowers
in parallel, A4ll leaks in thz test
anparatus were ceuented to obtaln maximum

blower nutnuyt,



HUMIDIFIER

Chamber

esh demlister

Secondary spray

Construction

~8Bemdly

Level Gauge

water supply

(42)

55 gallon drum {open top
type).

manufactured by Ctto York
Go, 22 inch diameter, 6

ineh thick.

Stalnless stesl tube, 2
feet long with 1/32 inch
holes along bottom of
tube,

Two tubes nmounted raldlally
at right anzles Just above
air iniet line,

Une two foot sectlion of
pemi-transparent, sewnl-
flexivle plastic tubing
(bottom attached to lead
line below water level and
top attached to lead line
in humicifier vupor space),
Water was supplied Dy nose
from clty wuter supply line,
water rate wuas limlted by
the dralnage rate.to the

sever, Clty water rate was
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adiusted to malintalin about
azn 2 ineh water level in

the lovel zage (abuva‘bottnm
of barrel). alr cooling and
huidification were llimited
vy the rate of water, This
setup gave lOOQF alr
temperature at 40% humidity.
The addition of the spray

~

into thne comoruesor discharzge

regulted in temparature of
anel00°T and 80% humldclty

leaving the buxnldllier,

Three sercury therusomsters (&—1300?) vere used, het
buli texperature wps obtained by tielng sauze to ocne
thermoneter snd molistening with water «t requlrsd

intervale,

Alr temperaturs from the hunmldifler and Liguldd Touperaturs
to the test colurm wepe peunured throcugzhout the ruan.
Teuperatures of the alr leaving the teet denipter were

not obteoined on a regular bacls because 1t was found

that tinls sir temyéruture wae very cleoee tc the test
liquid “tepperstrue, aleo, the air leaving the test
cemister weau at 1O00; uuwildity for test liguids that

contalined watepr,
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ot bl ATTRES

sressure Grop across the orifice and static pressure
o8low the demister were measured with a water filled
manomneter,

ORIFI.E PuATE

The orifice plate 1s the same one used Dby ii.¥, Schroeder(l)
1o hls earlier sxperinents., The calibration curve

(8) for

{ Fizure 4-1 ]} is calculated by s&anﬁard wethods
an.air cdensity of 00,0695 #/ £y, unstrean of the orifice,
Fizure A=l inéluéea corrsctions for {1} the sffect of
Raynolos dsunber on orifice flow coefflcient anc

(2) zas exopanslon factor,., However the comolned effect

of these corrections is small, oelng only one percent

or less of the uncorrected flow rate at the load

and flood points,

Letails of the orifice plate are as folliows:

fipe dlameter 4 inches
Crifice dlameter 2.628 inchss
3eta D.657

Plate thickness 1/16 iach
Taps Flange

A plot of alr density as a function of dry bulb
tenperature anc percent humidity 1s shown in I'lgure a-2,
This Filzure is used to obtain deunsitlies for zir rate

correction factor uné veloclity calculations, Figure a=3
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shows calculated alr velocity at flood polint (at
actual op&ratiggwconditiong} a8 a function of orifice
pressgure érop, Note that variatione in velocity over
the range of tewmperature and pressure sxpsrienced 1s
very suall ( 0,2 ft./sec.). Therefore, velocities at
Cemlster loud point were obtulned Jdirectly from

Fizure A-3 instead of by direct calculaticn,

e
~r

ROTURITIR
Ons J-50 GPH (water) rotoueter was satisfactory over
the entire liquld flow range., Hetowmeter calloration
curves are showa in Fizures A-4 and A-% for water,

water - glycerine mixturee and heavy ho.2 fuel oil,

LIGUID PUs
Type mastern wolel a-1
Capacity 4,5 P waXiuuw at Zerc pressure

maxinum outout pressure of L1 pels.

&4

he

The capacity of this pump was s« uLejor 1imit to
range of flow rates and fluld properties that could be
studied., Liquild loadings of 25-400 #/hr-fte were
ovtalned and were adequate for the intent of thls study,
However, the nozzles were Jdesixzxned Tor lLlguid pressures
of 20-40 psig. it was therefore not possiole to study
viscositles of water - giycerins mixtures above 12

centipolse, A% nigzher viscoslties no adsquate soray
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could be obtained,

‘York style 931 and 421 were both studied., The 931
demister was supolied by Otto York Company, The
etyle 421 was the same demister used by Schroeder(l).
The 421 demister slso had veen supplied by Otto York

Company .

Lemister properties used 1n correlation work ares

Demister Void Specific Surface,
style Fraction gta/ftB

931 0.99 46

421 0.977 110

Both demisters wers 6 inches thick with clameter of
7.45 inches, The outer surface was wrapped with
nylon mesh to obtain adequate seal between luclte

column and demister,

Tne folilowing spray nozzles, made by Spraylng Systems

Co., Wers used:

jozzle saximuw water hate, GrPH (a)
TN=-1 . iess than 0.5
TN"‘Q 015

IN-3 1.0



(47)

Nozzle | ﬁ@iimum water Rate, GPH (a)
TN~6 2.5
TN-8 4.0
k=10 ‘ 5.0
TN-12 5¢5
ThN=-14 6.0
TN=-26 11.5
G=3 15,0

{a) with avallable punmp,

DATA

Densities were determined by weight of a volume of
liquid in a graduated cylinder, Densitles were
measured during\tna tests and later checked in the

laboratory at California Cil Coampany, Pertih Amboy, N.J,.

Viscosltles and surface tensions were deterunlned by

laboratory personnel of California 01l Couwpany.

CORRELATICN

A steowise linear regresgsion analysis was run on the
I3 70S4 Digltal Computer at tue Standard Ull Company
of Californla Computer Center in San Francisco,

Califorala.
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1 (54)

Run No. @ o NO. - 2

System - alr/fvater Sraten - Air/fister

Liquid Load - 400 #/hr-ft° Liquid Load - 380 #/hr-1t°

Demister No, =~ 421 Demister No. = 421

O rifice Diam, - 2,628 1In, Orifice Diam. - 2,628 1In,
ozzle ~- G-3 Nozzle . G35

o] m 1 - - m
APy A2y Ty Iy I Doy Az T T T
0.0 Q.22 -~ - - 0,61 0.20 85 69 B8
0,23 0,19 - - 70 1,29 0.52 &8 78 70
0.11 0,18 - - 0.10 0.09 70 8L 7
OOL:.O 0019 - e - Oa‘)“:“J; \)gl.’ ()9 82 70
0.7L 0,23 - - T 0,20 3.27 70 86 70
0,92 0.25 - - - 1.35 0.5 73 96 70
1.20  0.3% - - - 2,06  0.836 78 1. T2
1,55 0,47 85 116 72 2.4 1L.43 79 114 T4
l"?q Y - - - 3@63 Bo 5 19 1173 74
2,17 0.70 - - - 5,55 4,%kF 79 113 -
2.9D 1.15 g2 120 76 5.65 4,55 80 108 77
4,50 4,058 - - 78
3,85 3.70 - - -
2,40 2.25 . - 78
5,10 L 30F - - -
5.60 4 45 - - 78
3.55 2.05 G0 104 -
3.23 1.63 - - -
Run No. - 4 Run No, -5
Systen - ;Lr/saue” svsten - Lir/uater
Licuild Load - 370 /hr'—-ft~ Licuid - 385 #/h;—ft*
Demister No., -~ 421 Demister No., - 421
Crifice Diam. - 1.789 1In, Crifice Diam. - 2.628 In.
Nozzle - G-3 Mowmzle -~ G-3

D
O‘U
>
C; J
+
|
|-
>
o o
>
ay]
[,
=3
UFB
-3

0.5¢ 0,07 70 70 70 0,60 0,22 &9 77 73
1.53 0.10 67 &7 70 1,14 037 72 88 73 .
1,84 0,16  6¢ 72 70 2,27 0,80 76 o8 T4
5,50 0.31 7 84 70 2,63  1.16 78 104 75
8.57 0.52 77 o4& 7o 3,10  1.40 o 1056 77
1.4 0.74 78 100 75 3,895 2,34 70 106 78
5.6 1,18 80 101 76 4,45 3,30 79 105 79
.7 1.85 80 10 77 5.5 4,50F 79 104 79
0.9 2.15 80 100 -~ 3,47  L.82  T7¢ 102 7S
2.3 2,83 80 g5 78 L,06 1,90 79 103 78
2.9 2.25 82 o8 78 4,23 2.93 80 102 78
3.0 3,85 84 98 78

5.7 4,2 F 85 .98 78

005 404 F 85 97 -

LI M) 1O ) 10 2



Run XNo.
Systen
Liguid

Load

Demister No.

Orifice Diam,

Nozzle

o

A

0

1,45 0,24
3,25 0.483
5.70 1.29
6.55 1.71
7.80 2,10
2,85 0. =%
50\:«’3 J—:wa
5,40 1.79
1,82 0.2¢
2,37 0.36
0.7C 0.21
G.25 0.11
8.80 2,055k
¢,.00 2.17F
Run No.
System
Liguid Load
Demicter No,

Qriflce Diam.

Nozzle

>

o)

>
h
o

e & =

&

<

m-~-J-I-~J3Churul o
L 2
NI D CONNOWYW O

6 e

OFON<TOO MmN

L] L3

(4

* -

(3

VLW OU O Ot
Ul OVUTWO ~J30uf T W

L3

IR OO0 O
L]

*

T

W TR

ABL

SERIVE

6
Alr/Water
385 ':fé/h_r‘..
931

931
2,628 In,
TN-8

w Ipl
79 8 9
80 100 8
81 100 8

80 9L 8
80 95

12

2,628 In.

G-3
76 101
79 108
80 108
50 105
7Q 102
75 85
79 105
70 104
79 105
80 101

1 102
72 72
75 GO
80 85

: /

Air/Water

110 #/hr-1t°

[>
U
[

DATA

Rurn No,
Systen
Liquid Load
Demister No,
Orifice Diam,
Nozzle

/\ : >
L O FAY “D
1,52 0,28
BT 1.05
5,60 &,Z4F
6.30 4,487
5,23 2,40
L.,70 1.55

,§6 1.&75

2,56 0,283
Ran [0
Syeten
Liguid Load
Demister No,
Orifice Diam,
Nozzlie

>
adl

D
1,02 0.36
2,12 Q.47
5,01 0,58
401 0,35
Z:’06 0695
5.4 1.16
509 10')"8
5.2 1.82F
6.5 1.82%

Q

()

sir/fister

110 #/nr-f%

421

2.628 In.
THN-8
T T !

W TD L
&e 70 68
75 78 68
60 1382 71
80 101 T2
g1 102 738

= Tt 79
(6 9% 75
78 95 80

10

aiv/uater

410 ;7/ar-£t<

G321

2,628 In.

G-3

T m T

1! 3 D e
74 85 76
76 g2 76
7¢ 100 77
8L 102 80
81 102 &1
80 101 8.
79 86 80
- 99 -
- 9% 80

wm

[83]



Run No,
Systenm
Liculd Load
Demister No,
Orifice Dian,
Nozzle

A2 A2
2.21 0.52
4.5 .60
5,70 0.82
6.07 0.91
6.37 1.00
5,80 1,10
7.8 1,628
8,830 1.,70F
3, ED .70
Laou 0,40
2,20 3.53
4,50  0.74

Run No,
System
Liguid Looad
Demister XNo,
Orifice Diam,
Nozzle

N2 A Py

1.%5 0.35
2,0 0.55
3,52 0.65
4,65 1.56
2.88 0.78
L,35 1,28
4,80 1,92
5,26 2,16
5. 70 3.85
6.45 4,407
7.40 4.60F

- Alr/Water
- 55 j/br-1t2
931

- 2.628 In.
- TN-3
v Inp Ig
77 95 80
80 103 79
81 103 77
80 102 77
80 101 77
8L 101 79
- 101 81
- 101 -
- 102 82
- 101 82
-~ 106 -
- 13

- Alr/Water 5
- 55 #/ur-fi=
- 421

- 2,628 In.

- TN-6
76 83 78
80 92 82
81 95 82
81 95 83
- ol 8L
- o4 84
81 104 84
85 105 85
- 103 85
- 103 85
- 103 85

Run No,
Systen
Liquild Load
venister No.
Orifice Diawm,.
Nozzle

ANETS

>
o

1.25 0,18
3,05 044
5.47 0.75
6:;1“"./ 0097
6,64 1,06
7,20 1.2%
7.84  1.51
6,15 L1.72F
8.93 1.8CF
Pun No.
System
Liquid Load
Demister No.
Crifice Dieam.
Nozzle

>
La¥]
(@]
>
g
-

0,7C¢ 0,29
1,96 0,52
3,45 1.37
5.80C 3.,GCF
3.20 1.45
3,50 1,7C
3,75 3,807
3.35 1,807
3,48 3,.70F
3,36 2,20
2,50 1.60
2,45  1,0%
1.95 0.83
1.25 0.85
0,63 0.45
0,35 0.22
0,60 0,25

- 12

- air/uater

- 55 #/hp-fi@
- 931

- 2,628 In,

- TN-3
T ¥
8L 109 79
g+ 115 380
g4 110 80
- 102 81
79 %2 83
80 95 -
82 <6 g4
83 95 B84

- 14

- Air/wWater

- 400 #/hr-112
- 421
- 2,623 In.

"%
- -3

T, T, T
69 71 T3
7h 85 73
79 100 7k
- - T
79 100 78
78 98 78
78 95 -

78 98 -

- - 78
- - 79
73 ST 79
78 S5 75
76 Sk -

75 83 79
73 85 -

75 85 78

U
(@)

p —g



Pun No,
System
Llquid Load
Demister No,
CritTice Dian,
Nozzle

AR A g
3,80 0,78
4,75 1,03

: 9U lc.,/o

Check

Rua No,
Systenm
Liguid Loszd
Demister No,
Orifice Diamn,
Nozzle
JANE-VANG
1.94 0.95
3.00 L,14w
3,40 4 ,.50F
2.80 2,00
2.0 2,63
2,50 1.27
1.72 0.98
1,26 0.76

on Run No.
Data;are plotted with

T SN 8“4
EXPERIMENTAL

15
\ir/hauer

#/6r/ 2467
CB]_

2.628 In.
G=3

T.. T T

W ) L
80 98 79
76 85 77

10
Run no.i0

1'7

Alr/33wt GGLyc.
260 #/ar-T1°
427

2,628 In,

G-3

81 103 78
79 98 81
79 98 681
81. 98 82
7 s8 82
79 ¢8 82
79 95 -

- 95 82

D \;T.’&.

un No.
ovm en
MAQULu
Denmiste

Load
r No.

Urifice Diam,

Nozzle

[>
tp

>

0 D
1ok 0.37
2.65  0.59
4,06 1,00
5.45  1.20
5.95 143
5.30 1.85
6.71 2,157
4,90 1.05
4,60 0,98
4,60 1.00
4.1.0 0,20
3,10 0.72
2,13 0,51
2.10 0,5%
1,20 0.43
Run No,
Svsten
Liguid Losd
Demister No,
Orifice Diamn,
Nozzls

T 3
A Po A “D
2,60 1,00
4,12 3,26
4,30 4,45F
4,80 4 ,60F
3,60 1.64
2.85 1.12
1.16 0.65

o~
Wl
~~l
——r

16
Alr/25at.% Glyc.
)OO #/hr-Tt

03]_

2.628 In,
G-3
T T T
Vi D IR
7h 85 76
78 ST 77
78 S4H 78
77 S4% 78
78 93 78
- - 70
- - 80
- Gt -
- 93 g2
20 99 &2
80 95 -
79 97 82
1.8

S /371,;‘.— C/.fl" To
alnie s WL, 00l
o5 #/ﬁf—fhé
421

2,628
TN
m m 7
WD TL
-~ 98 84
- I s
- 92 8k
8 97 84
77 90 84



EXPERIMINTAL DATA

Run No. - 19 Run No 20
Systen - Air/33wt.%Glyc. System Air/41lwt %G lyc.
Liquid Load = 85 #/hr-ft< Liquid Load  107#/ar-ft
Demnister No. = 931 Demister No., G931
Crifice Diam, - 2,628 In, Orifice Diam, 2.628 In,
Nozzle - TN-8 Nozzle TH~14
L% A% T I I A 2y Az T, Ty T
2.35 043 - 100 85 IR 0.60 78 g2 &7
5.57 0.58 76 100 85 56l 0.60 78 g2 g6
4,46 0.77 80 100 85 65,0 1.10 73 83 -
4,80 0.98 - 100 86 7o 1.48 - - -
5.05 1.0L 80 100 86 8.5 1.85F - - -
5.70 1.20 80 100 86 G.5 2,00F - - -
.00 1.82F - - -
7.55 L1.60 - - -
1.0 1.87F - - -
.0 2. .E0F - - -
Tok 1.55 - - -
6.0 1,40 - - -
5 * 1. l @ OO - - b
3.k 0.60 - - -
Run No. - 21 - 22
System - 2ir/43wt  %Elyc. - A30/52ut . EGLyC,
Liquid Load = 142 #/bp-Tt° ~ 135 ji/hr-Tt
Demister No., = 421 - 421
Crificc Diam. - 2.628 In, - 2,628 In,
Nozzle - TN-14 - THR-1&

D o i m I = > T T m
A "'O A &'D ""\R,.'; “‘]" i;..s A = A "‘D i_ j—;z _::::
1.57 C.E7 76 88 77 L5 0053 76 o0 &0
.55  1.25 80 98 78 5,30 1,62 79 26 &0
5.3 4,8 F 78 g4 80 o 90 2.97 80 100 &L
4,5 L6 7 8L ¢8 82 5,80 4,80 - - g2
7.8 1,80 - 98 82 L,20 4,007 80 9% &2
1,20 3,60 - - 84 3,80 1.85 a0 100 &84
2.85 1,00 - - - 4,06 3,90 60 100 &5
%435 1.26 - 103 84 3,80 3.65 - - g3
4.5 4,2 - 103 - 2.50 1.10 80 100 &6
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Ta3uLa D=1 ‘
CauCULATID DaTa FUR FIGURES 7 akD 8

2 0‘1
— G Vo a Qe i)
S ‘ Qc.-gc» et e £ -
RUN & X a e, 3
NG, € 7 F_ g ~ 32,263 €0
1 26,6 0.3% 0,38 2.00470 0.515%
2 20,6 D.34 0,37 2,00456 D 4GEw
5 2¢.6 037 UGohl  0.,00424 0,501
6 26 .6 D.31 0.52 0.,00326 J.395
g 26,6 D42 0,45 0,001L08 Q. T4
g 20,6 0.48 0,53 0,000¢10 J.411
10 29.6 Ok 0.48  2,00376 Qe 35T
1l 20,6 3.45 0,55 0,000447 0,432
12 20,6 D.44 0,5 0,000436 0. 446
L3 22,6 J.4L D.4% D,000515 J.795%
14 26 .6 D35 0,36 2,00490 D.4T75%
16 30,4 J.43 0,48 0,00340 D.382
17 30.7 0,30 0,32 0,00464 . 460w
18 30,7 0.35 0.38 0,000u23 0.,622%
19 30.8 0,39 0,49 0,000717 0.410
20 20,9 0.47 0,55 0.000788 0.547
21 31.1 035 0,39 0,0014% 0.721%
22 21 .4 0.36 0.38 02.,00140 D.7T25%
23 31.6 0.47 0,53 0.000880 0,600
24 31.9 0.46 0,54 0,000285 0.68%
25 3L.7 0.43 0,5% 0,000388 Q.71
26 1.8 0.45 0,50 0,00203 0,583
27 329 0.29 0,31 0.00285 J. 568w
28 22,0 J.31 0.33 0.0018%5 J.672%
30 30,8 0,33 0,41 0.00145 O T4T*
31 27.1 2.26 0,28 0,00525 0.385%
33 27.1 UJ4l 0,45 0,0002¢2 0.076%
34 27 .1 0.31 0.34 0,00147 J. 560%
35 27.1 0,41 0,47 0,00107 0.422
36 27.1 0.22 0.38 0.00L4¢ 3.,651*

#*Denotes 421 demister, other data are for $31 demister,



S 3T TS
o hvdisin wee
B e o R el Ry PN - S Py
S e S I0N UvﬁBFLC¢Lﬂ1D fﬁbh
sV Lt s N S T% G AT T Foy
BTES v iwd WINLAR RRGAEOLICN AkasXSID

OF FLOULDING VELOCITY

h*i\awuluﬁ ULLfﬁiUIQNTM (SQUD)
faines GTANDARD ZERCH (L).-e.) OF
HE ,.J’VA'QSIUB# CUAFFICIERT

ek, UF

lo(a/e®) 1in(xe) 1n(€:) 1in(e) 1in(y) in(el gORK,

* - 2,615 - - -
’O.}Og - 00938 - - -
D.046 - 0,048 - - - O.122
0,040 - Q. 047 0,025 - - Q0,106
-0,2¢0 - 0,087 1,07 =~0.106 - -
2.028 0.015 9,034 0,017 - - 2.072
"01302 —0.082 005322 —Oal% - 50646
0.02% 0,016 0.127 0,017 - 0,540 0,072
-0.301 -2,03%6 D,466 -02.,108 0,201 1.70
03.029 0,044 0,420 5,017 0,181 1.09 0,072
-0,301 - J.144 -0,108 3,335 2.46
3.029 - On156 0.0l? OgOéQ 0056 00071
FOR LlaDING VELOCITY
- - 00583 - - -
- - 2,007 - - - J.170
~0,.,238 - 0,622 - - -
- 2,217 - 0.592 -0,068 - -
0,044 - 0,051  0.027 - - Q116
~ 3,222 -0.063 0,935 -0,088 - -
00039 00021 00048 00025 bt had 0.192
~0.226 -0.062 0,801 -0.068 = 0,196
0,042 0,022 0.134% 0,028 - 0,784 0,104
-0,225 -0,033% 0,608 ~-0,089 0.125 0.55
D043 0,065  0,63% 0,026 02,267 1,61 90,106



o 7'/9134& D~ 3 (101)
REGRESSION OUTPUT |, SFEP &, FLoop/ve VErociry
O PREDICTED VS ACTUAL RESULTS , :
RUN NO. ACTUAL PREDICTED DEVIATION WEIGHT
L Vg Vi 2w Vi V& A I V7
o 1 2.42L80 3.3 2.40179 11 v 0.023G1 1.000C0C
2 2.39334 Jard  2.402107110 V=0.00876  1.€CCG0
35 2.48657 o 2.40082 1m0 « 0.C8575 1.0C000
o b6 2.74084 15,5 2.6802719%  0.06057 1.00C00°
'y 58 2.59077 35  2.53756 11, v 0.05320 1.00000
L g 2.76254 154 2+81156 16w ~0.G490C T.C0CC0
- ;,,, 2.66236 || 2466527 Jyy  =0.00291 1.€0000
?u 2.79117 |i»  2.88662 k0  =G.09545 1.00600
. 92 z__,_eevucﬁw,w  2.88482(3.0 -0.07542 1.00000
o fa;a' 2.64688 jyr  2.60213 133 W 0.0u475 T 1.0CCCC
1y 2.37304 jo1  2.39860 5.2 v=0.02555 1.0G000
T2 6 2.68102 gy 2.60L276 4. 0.C3826 T-GO0TT0
O 13 47 2.29556 454  2.37615 1§ v/ =0.08059 1.02600
T /g 2.56130 AT 2.52966 12 v =0.06836  1.0C000°
15 )9 2.71483 5.0 2.79979 j,.5 =0.L8576 1.0CGG0
C 16 20 2.83327 110 2.76942 1,0 . 0.06379  1.00000
fee | 17 24 2.50389 LA 2.45761 ya v 0.04628 1.¢0000
n . 1822 . 2.47317 &  2-47B41 pq 7 =C.CO124 T.000CC
®, 923 2.82316 J,.§  2.75472 5.1 0.66845 1.CCL0C
2624 2.844971 | 2.87C34 |94 -0.02543  1.CCGCO
&5 2.84955 (2.3 2.82688 1§  0.02267 1.000C0
o 22206 2.77384 Joo  2.66045 143 6.11339  1.0CC00 -
2319 2.28544 4% 2.39108 ;,.9 «/—0.10564 1.650C0
2% 2% 2.36462 10,6 2.82234 )2V ~0.05772 T.CCTG0
Q 25 3¢ 2.53052 2.487812 pg v 0.0564C 1.C0680
26 5 . C37?2—J—”—zﬁn7§m—~ vV =0.11018 TV
2132 2.38601 oG 2.42607 .7  =0.0L007 1.CC0G6
C - 28 33 2.50797 \o>  2.40773 54 V 0.1302K —T1.CTC00
N 29 34 2.23323 9.3  2.26393 4., v -0.03070 1.¢C00C
" i 35 2.54553 L8 2.53858 |L.b _ 0.00695 T.00000
QO AT 30 2.33020 o3 2425112 q,$/ 0.07908 1.€0C00
C
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AW
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ALz D -4 (102)
thyﬁLSJlO/\/ OV TPUT , STEP &, LoAD/IN & YVELocITYy
PREDICTED VS ACTUAL RESULTS
RUN NO. ACTUAL PREDICTED, ~ DEVIATION WEIGHT
U V= Ve W = __\LE_ ) AEn Vi
1 2.28238 4% 2.29C4B 9§ =0.00810 1.06000
2 2.31254 4o 2.29145 "‘M T 0.02109 1.06600
% - 2.3979¢ o 3.29085 49 0.107065 1.6CC00
g)e 2.20827 40 2.49885 (1t -0.29057 r.cceco
5% 2.51770 \u 2:40259v )0 0.11511 1.00000
Z 2.66026 M3 2.60849 13, 0.C5177 T.00000
g,o 2.62467 (3,4  2.48838 |10 (.13629 1.€£000
B N 2.59525 |3 2.67C6T 14 =0.07535 1.06000°
9 2 2.56495 (30  2.66975 \4M -0.1G480 1.60960
U}:a 2.48491 120 2459747 wa 0.02517  1.00C000°
3 1y 2.34181 oY) 2.28814~ 44 0.05367 1.CC400
? A 2.57261 3.\  2.48662 (2.0 0.08599 1.CC000
3 17 2.23001 93 2.29C13+ 44 -0.06011 1.0C000
W )y 2.36085 o6 2.41831v) 1 ~0.05746 1.00000
g 2,49321 \2.\ 2,62137 |3Y =0.12816 1.0C000
14 20 2.67815 |43 2.60179 158 0.07235 1.000000
2 2.38876 1o 4 2.36797v o) 0.02079 1.60000
18922 2.4258C W% 2.37972V ;38 0.05508 T.CGLU0
923  2.TG136 44 2.59292 3.4 0.1084y 1.000C0
20 2y 2.69463 [y 2.68891 g 0.00572 1.0066007
Q.5 2.60269 ‘3; 2.65367 . =0.05098 1.6006C
27 24 2.,667237 104 2.517537 vy 0.1497¢C 1.6¢000
27 2.21920 6% 2.31891v joa. ~0.09970 1.00800
L 2% 2.28238 QR 2.3L582V joq4 —0.06304% T.0G000
6 3 T.9459T A0 2.07050V 74 =C. 12459 T.CCCa0
2;'?31, 2.29253 qq  2.27889 48§ C.01365 1.0C0C0
833 2 41591 o 2.28565¥ 4% C.13027 1.00C00
| 34 2.12823 €M  2.16676,/¢.T -0.03853 1.0C040
- 35 2.39790 )0 2.371971 jo7  0.02599 T.CCTO0
36 2.15176 @4, 2.15617/ G ~G.COUYT 1.00000
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