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! (up12noo. triluecd? : This report presents the results of distillatl on
| | i
!‘ I3
i; tan nlemas Formaiol T ainl e o) i runs made in an effort to determine the effect of plate hole
A N (‘ff(f(\u '_".. AEFORIRS S Sru gl RS o . ]
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USSR AL A SR L 1 size, 1/4, 3/16, and 1/8 inch diameter on Murphree plate
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T gesseehae A . . - e -y P :
aTTerfr ] - ..";'._"4'-..-[' \ a0l LA RN N3 . | t
B LC%M‘}Oian d3~quJr~: IR R CRU 1 efficiency at variable mass flow rate. The system methyl
At e bl Dedmerrein T 3
t o ! s o ;
P RV . :
D2 prenenmeeenerirntettnt S R ETI ol IE R E alcohol=water was studiedes In the distillation runs, all
.uocoo.'ua'-‘,’l(v.~ Q. . ’

Oa .l.l.'...'...ln....

salient plate design variables and experimental operating
conditions were maintained constant,

Mass flow rates ranged from 50=~200 1b/hr—ft2,
100~170 1b/hr=ft?, and 130-150 1b/hr-ft2 for pletes having
1/4, 3/16, and 1/8 inch hole diameters, respectively,

Results show no observed effect of hole dismeter
or mass flow rate on Murphree plate efficiency for plates
1 and 2 within the range of data obtained in this study,
However, for the bottom plate, 3, mass flow rate constent,
Murphree plate efficiency increased from 44 percent for the
1/4 ineh hole diameter plates to 96 percent for the 1/8
inch hole diameter plate indicating higher plate efficiency
for smaller hole diameter perforations,

Correlation of average dry and wet pressure drop

data indicate the equation P = R ( P + S) to be accurate

within 5 percent for predicting total plate pressure drop.
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+ INTRODUCTION

Recent research studies made on perforated plate=~
distillation columns have clearly indiceted the numerous
advantages this type of tray offers as compared to the con-
ventional bubble-cap plate column, The misbelief of the
overall inferiorlty of the perforated tray is partlally
attributed to conclusions based on meager design information
previously contained in the literature, Cﬁief among these
misbeliefs were the limited range of vapor and liquid flows
permissable, genersl lower plate efficlency, and difficulty
of operating the column,

8
Result s of Mayfield et al( ), Marsh(7), Ragatz(ll)

have shown perforated trays are more economicel and more
efficlent for many spplicetions as compared to bubble~cap
plates. These studles have also resulted in data whereby
the design of the perforated plate column can be made with
more confidence,

The purpose of this investigation was the design
and construction of a perforated plate distillation column
with the object of studying the effect of changes in mechanical
design features of a perforated plate on plate efficiency,
Since the number of mechanical design features which could
be studled are rather numerous it is the scope of this ree
port to study the effect of perforation size, 1/4, 3/16, and

1/8 inch diameter, on plate efficliency while maintaining




otheér plate varlables constant, Methyl alcohol and water
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was the system selected to be studied,
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Distillation is the separation of the more volatile

i ]
!
i
!
{
i
|
i
;

%

component of a liquid mixture by a series of vsporizations

end subsequent condensations of the more volatile component,

ST

Rectificatlon of the more volatile component takes plece in

the following menner, Vapor in a column passes counterw

Ao ALY,

currently to liquid reflux on a tray and condenses giving up
1ts heat of condensation to the liquid on the tray, resulting

in the vaporization of the lower boiling component in the

liquid, These series of vaporizatlons and condensations take
% place on each tray of the distillati on column until finally
% the vapors leaving the top tray are totally condensed in a
g condenser, Part of the distillate from the condenser is
E usually removed as product and the remainder returned to the
g top of the column as liquid reflux,
% The process of distillation is usually performed
% in a bubble cap, perforated plate or packed type column. A
g perforated plate differs very little from a bubble cap plate
{ in its operation, Both have the primary functlon of more
% efflcienty effecting mass transfer of the lower boiling com=

ponent from the liquid to the vapor and the higher bolling

component from the rising vapor to the descending liquid,

R T e e e

PSR

In a perforated plate vapor bubbles through a large number

! of small holes through a liquid whereas in a bubble=cap

plate vapor bubbles through a serlies of caps contalning slots
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submerged in the liquid, Vapor bubbling through the pere
forated tray must support the liquid above it; otherwise
liquid will drain to the plate below, In the perforated
plate the helght of the liquld on the tray is governed by
the welr height; in the bubble cap plate liquid height is
maintalned by the helght of the downcomer pipe and does not
drain the tray of liquid in the event vapor veloecity is not
great enough to support ite It 1s obvious that a minimum
gas veloecity (weep point) and pressure drop exists, depending
on the perforated plate design and operating conditions,
below which efficient operation of the perforated plate
ceasess For perforated and bubblewcap plates an upper
1limiting vapor veloecity (flood point) exists where the liquid
seal in the downcomer is broken resulting in the flooding of
the plate and column with liquid,

In the usual procedure for designing a distillation
column for a desired rectification, the theoretical (or
perfect) plates can be readily calculated by known nethods(lo’42
The design engineer is handicapped by the unknown relationship
exlsting between the theoretical md actusl plates, 1,64y
overall plate efficiency of the column,

Plate efficiency is usually expressed as overall
column efficiency, and Murphree Pla te efficlency. The overall
colum efficiency is defined as the ratio of the number of

theoretical plates necessary to produce a given s eparati on

-the number of actual plates used to achlieve the same separation
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| under similar reflux conditions, The Murphree efficienecy
f is defined by the ratio of the actual change in composition,
E which the vapor undergoes in passing through a plate to the
] change in composition which 1t would undergo i1f it left the
plate in equilibrium with the liquid which leaves the plate,
A method of relating Murphree plate efficiency to overall
column efflcienecy is given by Perry(lo).
In equation form Murphree plate efficlency is
expressed as follows:
j

yn = Yn_l

1

where: E = Murphree plate efficiency (percent)

-

(100)
! In
Yo = mol fraction of vapor leaving plate n

ynnl = mol fraction of vapor leaving plate n=l

3

; Jp° =mol fraction of vapor in equilibrium with
é liquid leaving plate n

E Murphree plate efflciencies more than 100 percent can be
% obtailned when the vapor leaving the plate 1s richer than

the vapor in equilibrium with the liquid lesving the plate,
This 1s possible, especielly in large di ameter columns, if
the vapor leaving the plate is incompletely mixed and is in
equilibrium with the liquid leaving the liquid on the inlet

welr,

Two of the major factors affecting overall plate
efficlency are the mechanlcal design features of the plate

4
]
9
3
4
-
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and column, and the physical properties of the mixture being
dis tilled,

Various methods of correls ting the physical properw~
ties of the mixture with plate efficiency have been mresented
in the literature, The bases of these correls tions are
rgather varied indicating the c omplexity of predicting overall
plate efficiency. O'Connell's(4) correlation uses the product
of the liquid viscosity and the relative volatility at the
average column temperature; Drickamer and Bradford(4) COP~
relation 1s based on the viscosity of the feed;(bddes(4) uses
surface tenslon, density of 1liquid, density of vapor and
diffusivities of the phases in the mixtures as well as the
area of the bubble~cap slot, Gunnes(4) uses vapor pressure
of feed stock, 1,e., properties of the feed, The most recent
of these correlatlons deserving further study is the method of
Gerster et al(s) uslng separate gas and 1liquid film resistances
to predlict plate efficiencye

Conglderable progress has been made recently in
determining the effect of the varlous mechanical design
features of a perforated plate, Unmholtz(13) in his study of
overall plate efficlency in a 1,83 and 3 ineh diameter per=

forated plate distillation columns has studied the effeet of
free space area, percent downcomer area, pitch/diameter ratio
of perforations, and perforation size, Nandi and Karim(g)

using a 2=~1/4 inch diameter column studled the effect of
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ofnrde add bue yizLoo e

{ff erted eundrin ady Yo notdaagots I distillation rate, free space areas, plate spacing, welr height,
w0 LIS 2% and perforation slze on overall plate efflclency. Arnold

‘ ; w0 nheddou puoliny
o T N A 4 ] sfperio 9 10 ROCATHE b
: seoae Lnoleyic 20w [ AL S
3§‘ wrneoas L ;
i

et al(l) using a 15 inch diameter column studled pressure

RN 4 s . S T Y ’-:-::;.,'-.‘?i.,: artd
[{aas DY AL goﬂwfoialm nadala ddlw aun {

drop behavior of perforated trays (using air and water) by

Nadunan L

%1 im0kt Goerico s o meand @il s oo L m é varying weir height, perforation size, free space area, and
. e e tegaae s ofd ridno Pl Dofny e ; (8)
; [[ow va =pldof ude U0 walrelane 90 . L/G ratlos, Mayfield et al using a 6 inch diameter column
VIS Taa d asan po T nlnericd (f)a‘II@mﬁcU!n Lo tolt e ny Lo studled pressure drop behavior of perforated plates (using
N IR Al o RN o g ree Lo ot hoo vikanonlv AEnadDoafT e air) by varying the perforation sizes In addition using &
- 00 ( )5%0 0 ma g st bl Eﬂvnﬁnﬁ'cmnd [tz i Kok B LR 6,5 foot dlameter column data were obtained (using air-water)
RN 30 PR S 4 e iieooniv 9 ro fanndnd okt relating pressure drop, weir height, and L/G ratios,
LY A S N v Fapet qroiarEd 0nie? In spite of these recent studies previously mentioned,
sif2 oo [Ine o onoendxlo @ pi neande e IR attempts to correlate mechanical plate design features with
g e seeT T T (5 ) ompui edtola aromn il mio e n o the physical properties of the liquid in sn effort to predict
Serger 200 Jheaf U o naiTingon P R ; plate efficlency have as yet not been successful., The maln
ao bodd-m wiE oo gt kvl I A 2 reason being the complex nature of mass transfer between the
argrednmor o LE ST ohpm 3wl s ciknn ')I: G Tl aten vapor and liquid phases as a result of the changing physical
T TR SN Lo ol e © phenomena of the vapor-liquid interaction as the mass flow
qn Lo P R A IR I RPN [menfd ov _ z rate 1s varied,
g taa Deolm Cou nrole B 1oL A4 S L | ; This vapor-liquid interaction can best be described
% R S ("Ll aarn e aede Lo honpme. it 8 ST I tvis % as the foaming or frothing which a liquid undergoes on and
% _q;ﬁ gt fopk Tohmn Rtel c ! womialtt v ndnle LLrivo % above a plate as the mass flow rate 1s varled, Visual obe~
foc Godann. i
% R o At nnlhude RN G X o) goigellizall i le Ao’ %f servation of a distillation tray in stable operation indicates
Z‘ o;jeq ecnd o o IFNTOT IO g EE o Tr e L 1t LT ER R wpnr ot g three zones of different foem density., A highly agltated
ié: ( (%) ppass ©ro fhrnl oonl® pokdnezotire bhoe (orokdraokyon Te éf foam layer through which bubbles form and rise through the

~ ! o , P T4 I . g PPN i - L ! ' ,‘\\ I {3 ) 1-1‘{ ey
: (VAR XV LRRY A EER R RS N J—O---. K \ e Al jhmee € a4l
; oy - Y P ety Ty.3 Co r } OO 4 j

‘ -LO J )15 J( . | P A 1] ¢ (A ) K -

liquid, a zone of dense droplets, and finally a zone composed

of a fine mist,
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vir Lo quae 09n6R oA Ry A rofosLLiunit g Mass brensfer in these three zones is dependent
3

nLofrh 470 F 0l wdnle I[Lnravo ne ani? o bl afen Dl upon the vapor and 1iquid film resistances, oncentration

'i meensngene hofhodn monleo cndarce o dopt £L S (I)In Ju 5 gradlent and surface area between the two phases. Gerstor
k i (e e b madea) epend o srgl e medTrdad 6o g ot a1(%) has attempted to relate foam height with mass flow
brin o Y L INT S M S T A ; rate and the overall mass transfer coefficlent in an effort

e (it g BL e e A Ei to predlet overall plate efficiency. West et a1(14) o1 sborat-

pran) madale oo So gelveted 0T naes pERIpSS ing on the equatlon proposed by Gerster et a1(3) expressed
o i ieeopoii) - SR el L TS R A o the foam height in terms of fraction volds in the foam, In
(23 mmls ko) Lo T e cran qeeLon o w7 deel Sl _ addition interfacial area was expressed as a function of
ST \No Tee G0 7 QCOTID Tt Tl I é volume of foam, It 1s believed that if plate efficlency data
Gt e gl SRS SuT ToLsen é for a varlety of liqulds be obtained as a function of mass
ddia neeignet o R T AT T SR $oLoemao o nionnlt % flow rate and utilizing the proposed methods of Gerster et 2l
FoEt e of e N A ~ o~ e [holmne é and West et al plate efficiency for any system could be cal-
rhe JIntnaanrn o For v \ T R ?

culated with rel ative ease and accuracy,
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8, Baffle arrangement ==m=—m===- -

3/8 inch above

i
.iv

R S ey PR T TR

perforated plate and 5/16 inches from
Height of baffle 5 1nches,
------ 1.17

welr,
9, Percent free space area

Conditions at which the experiments were performed

are: concentration of kettle charge 25 percent methanol-

e - 10 »
' L - EXPERIMENTAL PROCEDURE
“i; dpebasgab ni RI0CT gt szond ol golanoad petk i
3 t . U R AR A - e T 1o
h‘ folinasne 000 oo endRineT 1S Bl bre gogav S0d fiodit % The object of this study was the design and con-
; wadngel  epnon fooonr @dd b de cems conTapn Brs Zriolbety ; gtruction of a perforated plate distlllation column %o
;j (2) .. g
: wol™ enam 2t div.io et ed [z 0 Loadrmside BE0 L= gs 7 determine the effect of plate hole size, 1/4, 3/16, and 1/8
fuot e e f S0 ot D0 ot nmnnd np e [Dwaro ol oot ﬁi tneh diesmeter on Murphree plate efficiency. Methyl alcohol
\_:
-3 edo Lo L ) Jrorakart o 2gale Llawnvo goibari ol i and water was the system selected to be studled in lieu of
g
B 6w [~ g wndosa Spprees nedd s and o i published equilibrium, density and refractive index data
T e o” : AR tow o iTn weead gt oriaioc wmoll end ?i which was readily avallable,
“o petiorl LR ‘ Ieigetasdnl noldl ?i Plans were to hold all salient plate design
S N yor i L i Junet e ooalc \§ variables constant, except hole size, and perform distil-
. fa o Aaplodie 9 L Te gyl ¢ ?; 1ation runs under constant operating conditions while
[~ 4 B 0 S amcn Paflide o0 el f; varying the mass flow rate through the column., Plate design
d : 3
“ln ; [ren U AL 0D LI N o . varisbles which efficiency is believed to be affected by and
Lot 00 1 Loo SFia -0 lon : which were maintained constant are:
1, Welr height =--===-==mm=m=n=- - 1/2 inch
; 2, Weilr length —====mm=mmcccm—on=- - 5 inches
3 3, Column diameter, I,De¢ =—=-===- 8,25 inches
y 4, Plate spacing m=me==m=====--- ~ 9,5 inches
; 5, Perforated plate thickness =--- ,029 inches
6o Pitch/dismeter of holes wm=--= 3.8
] 7. Percont downcomer area ==----- 0,826

75 percent (welght $)}:webéd, atmospheric pressure, and
constant L/G ratio, i.e., total reflux, The temperature of

+
the reflux was maintained constant Z0.5F and 2-3 degrees

below the boiling point of methanol.
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The glass portions of the distillation column
were wrapped with two layers of glass wool asbestos, with
the exception of approximately four square inches of the
front of each glass section, This unwrapped section was
covered with a plece of plexiglass through which plate
distillation phenomena could be easlly observed,

Samples of liquid and vapor leaving each plate
were taken after steady state column operating conditlons
were reached,

Using a refractometer all samples were ana-

lyzed for percent methanol, from these data Murphree plate

efficlency could be readily calculatede
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b qes-Lon sotds LLideld add 7o prokornd panls ol APPARATUS. AND MATERIALS

e T oud (g Fe Daggped Ao
: gare omoguoima Loor smell Lo BtETES oww gt DAL X
I ot P : The apparatus employed in this investigation
‘ I‘ 0t “o P N Kt cepnr epe® FLadnnliionr e o4 {o I , S . .
o . fdain S0 $00TT k. consists mainly of the perforated plate distillation column
. R S (o Jvis I SR L L e i
‘ noy protdora ongouRil BT e
| . (4 b H9CETOD @ and steam boller, Only essential information relative to
st r A AT i “c SO0 C Aoy el C
AL Ir »fg_t' rno . ’/.
LI [ 5 the auxiliary apparatus will be listed below:
Hn nete L frian ~LoLmofs O 0 v ol E{? :
) I P g Pyrex Glass Cylinderse, Four required, 8425 inch inside
. R .(‘lﬁjj_.' o I T AL IS A g
')_4 r( LR [el8 A S %
. e g diemeter, 0.25 inches thick, 9,5 inches in height. Originally
I R I Ak TR A S e Gt godn e vre Lo
‘ . purchased from Hawshaw Sclentific Glass Co. as battery jarse
PSP Ler L2 mad 20 ‘ ' 3
) J R S & 5 Battery jars were cut to size by Pittsburgh Plate & Glass Co.,
" PP In EETESE SIS LA DRl QIR i .
N L et g KoLt ]
5t ¥ Allentown, Pas
. r-alo <L 20 0 R

Brass Plaste Holders, Five required, 12 x 12 x z/8

{nches, Brass sheet 0,029 inches thick, used for the distil=

lation plate., Purchased from Whitehead Metals Co., Philadelphia,

Pae

Plate Gasketss Teflon impregnated asbestos-3 ply, 9
ineh outside diameter, 8 inech inside diameter, Manufactured

by Johns-Manville Corp., Manville, N. Je

Distillation Kettle, Glass lined, 18 inch I.D., 25

inches in height, 75 psig jacket pressure, total heating

surface -10 £t°, Manufactured by Pflauder & Co., Pchester, N.¥,

Refractometeres Abbe 56, Manufactured by Baush & Lomb,
Rochester, N, Y,

Stesm Boilere Gas fired, 5 H,P, Mfgs. Steam Rating.

Used to supply steam to jacket of distillation kettleos Manue

factured by Mears-Kane-Ofeldt, Inc., Philadelphia, P
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PERFORATED PLATE COLUMN DESIGN

The ideal column for thls experimental study should
be simple in construction to allow freduent changes in plate
design, small enough to obtain reasonable bollup rates,
permit close observation of the distillation process, and yet

not be too costly. In Figure I, page 15, is shown a flow

diagram and Figure I1I, page 16, a photograph of the per-
forated plate column and apparatus used in the experimental
study,
SELECTION OF COLUMN SIZE

A four-plate column (2), 8~1/4 inch I,D. pyrex
glass cylinders, 9~1/4 inches in height was selected and
found to be commensurate with the boilup expected using a

steam jacketed glass~lined kettle and heat avallable from

the steam main,

CONDENSER SPECIFICATIONS

On the basls of the bollup of methanol expescted

from a 5 HP steam boller and using a steam Jacketed glass=-

lined kettle a condenser was designed,

The specifications
of this condenser are as follows: horizontal, single pass,
counterflow, with vapor condensing in the shell and water

flowing through the copper tubes, Tubes, eight 5/8 inch

T L R T S T T ST,

0¢Do, shell I,D, 2=3/4 inches, tube length 32 inches, total
tube surface area 3,50 ftz.

REFLUX TEMPERATURE CONTROL SYSTEM

An automatlic reflux temperature control system was
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designed to maintain the reflux temperature : 0.5%F and to
within 2~3°F of the boiling point of methanol, Temperature
of the reflux was controlled by a fenwall thermoswitch
located at the top of the column, By means of the fenwall
thermoswitch (13) and a relay, a pump and an immersion heater
(1000 watts) were turned on, The reservoir pump (15) re=-
cycled hot water from the reflux heater reservoir to a constart
temperature reservoir 1ln which was located a heat exchangers
Another pump (14) recycled water through the heat exchanger
located in the constant temperature reservolr to the heat
exchanger through which the reflux flowed, When the tempera=

ture of the reflux was up t» the desired temperature, the

" fenwall thermoswitch through the relay turned the reservolr

pump (15) and immersion heater off, the recycle pump being
in continual operation throughout the distillation run.
PLATE HOLDER DESIGN

Selection of the 12 x 12 x 3/8 inch brasé plate
was made on the basis of the ease at which brass could be
machined, In the layout of the plate holders, calculations
were based on obtaining maximum perforation area, With cross
flow of liquid and using weirs, 58,2 percent perforation area
was obtained, Figures III and IV, pages 18 and 19, show the
detalls of eonstruction of the five plate holders, Plate
holder four is identical to plate holder two and 1s not shown

in the drawingse
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PLATE DESIGN

I Selection of the percent free space area (1,17)

was made by caleula ting the maximum mass flow rate, G,

a and computing the pressure drop across each tray by fixing

i the weir height, wgir length, percent downcomer aresa, and

: baffle arrangement,

| The pressure drop calculation consists of two
(main) components, namely, the pressure drop as a result of
vapor flowing through the perforations and the height of the
liquid on the tray. To the liquid depth above the tray, the
height of calculated weir head 1s added a correction called
v an "aeration factor”‘g). The aeration factor being defined
as the ratio of the observed pressure drop through the

H ? liquid on the tray to the calculated clear liquld on the

i ﬁ tray. For purposes of design of this plate an aeration

P .

factor of 1,0 was used, Essentially thls aeration factor

takes into consideration the foaming characteristlics of the

ST e TR TR e 2T

liquid, To calculate aeration factors, the observed pressure

drop through the liquid is obtained as the difference between

the total observed pressure drop and the observed dry-tray

praicEeary)

pressure drop at the same alr rate,

Ry

The computed pressure drop calculated in the above

manner would have to be sufficlently large to overcome the

resistance the vapors would be subjected to in passing through

s et e
AR TS

S

the perforations in addition to supporting the liquid above
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each perforation, In addition, the upper limit of the
pressure drop should be sufficiently low enough that the
downcomer baclkup 1s not excessive and the column as a result,
flooded, Consideration of the hole size was also made as

the operating range of the column, i,e.,, range between the
weep and flood point, is considerably reduced wilth an increase
in hole sizeos In the design of any column it is desirable
that the pressure drop be a minimum and yet the range be-
tween the weep and flood point be a maximum,

PLATE LAYOUT

The perforated plate was punched with the deslred
hole diameter punch on equilateral triangular centers with
a pitch/diameter hole ratio of 3,8, Calculations for the
plate layout are included in the Appendix C, page 4l. The
perforated plates were soldered to the plate holder, Figure
VI, page 22, shows a 3/16 inch hole diameter perforated plate
assemblye

VAPOR AND LIQUID SAMPLING SYSTEM

Referring to Figure IV, page 19, showing the details
for the perforated plate holders, holes 1/4 inch diameter,
were drilled through each side of the 3/8 inch brass plate
holders, One hole was drilled through the bottom of the

plate for the vapor sample and the other through the top to

obtain a liquid sample; refer Figure V, Small condensers




AR GRS B
R
'S {.‘.':'..r'.
R R AR L RUEY ol BT
D f 7
ST o
{
T
x ® G..
. -\
s a .
Q" t
( ¢ C‘
B
$Eel )
d : e

ol  greltunsetene vos R
ol 0L il
cnslas) co
X P . e
e rf
. o
e
I".
e
M J’
PR A
.\\
L4 3
»
-
i
G *
S TR
Toga o PDoy ool C

w24 -

for cooling the liquid sample and condensing the vapor sample
were located at each sampling outlet,

PEMPERATURE MEASUREMENT

Temperature of the liquid and vapor of each pla te
in the column were obtained using copper-constantan wire,
an eleven terminal thermocouple selector and a Leeds-Northrup
potentiometer, Referring to Figure V, page 21, the vapor and
1iquid thermocouple locations are shown, Holes 1/8 inch
diameter was drilled into the sides of the plate holder,
Figure IV, page 19,

DISTILLATION OR BOILUP RATE CONTROL

Control of boilup rate was accomplished by regu-
lating the steam pressure in the steam jacket of the glassw
lined kettles

PRESSURE MEASUREMENT

The 1/4 inch holes drilled in plate holders used
for obtaining vapcr samples were also used to obtaln the
pressure below and above each traye

MISCELLANEQUS COLUMN FEATURES

A charge tank was installed in which the concen~
tration of the kettle charge could be easily increased or
decreased as desired by regulating flow of the reflux and
product streams,

A valve system was also installed for continuous

distillation studies or for elr water studiese
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DATA AND RESULTS

;‘ oot ol AVLC oryd sl @20 1T vn wnhe gt o ‘ The distillation runs end sample data obtalned in

Eé coidnnoiloo o Lo Tilao T Ao iool pav and i i this study are listed in Table IV of the Appendix F,

! avrest W wiboee o od Dahelondt ok osottlue 210 et cvano / WET AND DRY PLATE PRESSURE DROP

? PO Prior to starting the distillation runs using the

% binary, methyl aleohol and water, data were taken to obtaln

é the resistasnce (pressure drop in inches of water), the 1/4

% and 3/16 inch holes offered to the flow of gas, This was

; asccomplished by recording the pressure below and above each

% plate when alr at varying rates was pumped through the column,
é_ The difference in pressure was recorded a s the pressure drop
? across the plate, A summary of these data recorded as dry

§ plate pressure drop is shown in Table I, page 28,

g' Pressure drop data were also obtalned during the

gi dlstillation runs that were made in the course of the experi-
%% mental studye These data for 1/8, 3/16, and 1/4 inch holes
gf are recorded as wet plate pressure drop and are listed in

%} Teble II, page 29, Wet pressure drop data includes the

gﬁ resistance the gas, methanol vapor, encounters in passing

gf through the holes in addition to supporting the liquid above
§  A graph showing the relatlionship between dry and

%j . wet pressure drop data for the 1/4 and 3/16 inch diameter

;¥ holes is shown in Figure VII, page 30,

%ﬁ

A8

b .
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4 In Table III, page 31, is a summary of all distil-
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TABLE I
Summary of Dry Plete Pressure Drop Data for 1/4, 5/16 Inch Diameter Holes Plate Series
Noe Orifice Avga LG Hole
of Reading Py Pg Pz Py Py-Po Po-Px Pz=Py P b’"z' Dismeter
Re ading Ino"Hzo In. Red 0il In, Ezo In.H20 Hr-F¢ Inches
1 2,50 2,90 3,35 4.0 4,18 1.33 1,03 1,40 1.25 168 1/4
2 1e95 2025 2,50 2,90 3,20 0.738 1.18 0.885 0493 148 1/4
3 1,00 1,20 1,35 1,55 1,70 0e442 0459 00442 0049 107 1/4
v 4. Ded4l 0,60 0,61 0.75 0,83 - Oe44 0.222 0422 68 1/4 1
; 5 1.85 2,10 2,40 2,75 3,00 0885 1,03 0,736 0.88 145 1/4 2
¢ 6 2480 4025 4085 5,53 6,15 1.77 2,01 1,83 1.87 209 1/4
: 7 0620 0630 0,31 0,40 0.44 0.030 0,265 0,127 Oo.14 48 1/4 s
; 8 ToBO 4435 4,90 5,55 6425 1.62 1.92 2.07 1.87 209 1/4
: 1 2.60 3,45 3.90 4.33 4,73 1,33 1,27 1.18 1.26 171 3/16
; 2 0058 0480 0,90 1.00 1l.12 0.295 00,295 0.354 0,32 80 3/16
: 3 0e20 0¢33 0435 0,43 0,45 0,074 0.22 0,074 0456 48 3/16
; 4 De20 0¢30 0.35 0,43 0,45 0.148 0.22 0,074 0,15 a8 3/16
« 5 0.78 1,10 1.20 1.35 1.50 0.295 0,443 00443 0039 94 3/16
s 6 1,65 2.30 2,60 2,95 3,28 0.885 1.03 0.974 0.96 137 z/16
q 7 2,80 3,85 4,38 4,90 5,47 1.565 1,535 1.68 1,62 179 3/16
- 8 3425 4,45 5410 5,70 6430 1.92 1.77 1.77 1.82 193 3/16
; 9 0620 0,30 0.35 0,40 0,45 0e147 00147 04147 0,15 48 3/16
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TABLE II
Summary of Wet Plate Pressure Drop Data for 1/4,3/16,1/8 Inch Hole Diemeter Plate Seriles
Plate Pressure Drop G Hole
Run Noe Time In, Red 0il In, HgO AVge Cale , Diameter
1 2 3 4 Po=Py  Px=Pg~ Py=Px P 1b/hr-rt
1400 063 0.8 1le4 1.8 1.48 1,77 l.18 1,47 149 1/8
1530 043 008 1,35 1.7 1,48 1,62 1.03 1.35 137 1/8 '
1730 003 048 = 1.7 1.48 1.62 1.03 1,37 137 1/8 " .
O
1545 5.5 0,75 1.35 1.85 1,62 1,77 1,48 1,62 127 1/4 3

1745
1818 D63 1o20 1,85 2,35 2,66 1,92 1l.48 2,02 165 1/@
1940 0e85 170 2,70 3470 2,51 2095 24925 2480 1S4 1/4

1700 0435 1430 2,4 3,3 2480 Z.24 2,67 2,90 185 1/4
1810 0035 1l.25 2.1 3,1 2451 2,51 2,95 2,66 175 1/4

1840 0635 1,00 1,75 2,2 1.92 2021 1.33 1.82 157 1/4
1930 0.28 0,90 1,60 1,77 2,07 1.18 1.67 150 1/4

WY 00 NI N 00d;

10 1445 0410 0,40 0,70

o
1 0.89 0.89 0.89 0489 108 5/16
10 1840 0.20 0.95 1.6- 2 6
%
1
o

0

0

2 2.21 1.92 1.77 1.97 166 3
10 2000 0,95 1,90 2.8 65 2,80 2466 2,51 2,70 192 x/16
0 0.89 0.89 0.89 0,89 108 3/16
2

11 1946 0,10 0.4
2,06 2,06 1.77 1.96 166 3/16

0
11 1700 0.2 06,9 1
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VII. ,
AVERAGE DRY AND WET PLATE PRESSURE DROP
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TABLE III

- Murphree Plate Efficiency - Summary of Distillations Runs for

K 1/8, 3/16, 1/4 Hole Diameter Plate Series

i Murphree Plate Efficlency

;‘ 1G Percent

¥ Run Time bs Hole Plate Plate Plate

-f: hreft2 Diameter 1 2 3

f .

P 6 1530 137 1/8 108,5 8840 94,6

: 6 155,0

: 7 168,0

: 7 1715 137 1/4 156,0 94,3 86,2

1 7 1950 165 1/4 125,0 89,44 41,4
7 184,0

117,0
117,0

C8e 131,0
129,0

9702

10545
129,0

118,0
89,6
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DISCUSSION OF RESULTS

The caleula ted result s of this investigation are

 presented in Table I to Table IIX, A graphical presentatl on

of dry and wet plate pressure drop as a function of mass flow
rate are presented in Figure VII,

Average dry plate pressure drop data for the 1/4
inch dismeter holes as calculated by the method of le ast
squares resulted in the following equation, P = ,0000838
Gl.873. Average deviation of the experimental data from
this equation was 3,13 percent, An increase in pressure
drop with deereasing hole dlameter, as shown by the graphical
presentation of data was to be expected as the equation 1s

essentially the standard orifice equation, namely

V, = C(2g H)1/2°

o]

Analysis of the average wet plate pressure dmop
data show little observed change 1n pressure drop with
variable hole dismeter in the narrow range in which data
were obtained, The equation, P = R( P + S)(l) for predicting
total plate pressure drop gave results which deviated approxi-
mately 5 percent from the data obtalned in this report, The
empirical constant R used in this equation takes Into account
the effect of aeratibn and height of liquld above the plate.

Results of the distillation runs show no observed

effect of hole diameter or mass flow rate on Murphree plate

efficlency for plate 1 and 2 within the range of data
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BINTUZ 0 OTARI0RT -
= - obtained in this study. However, far the bottom plate, 3,

g
i
f

mass flow rate constant, Murphree plate efficiency increased

g*: oun no Ktexiteove: olrdd to zdlpaar hed mluolso adl

{?y fo Bagnonede Lnolderan & WILI glde® ot I olde nd hednuesdq from 44 percent for the 1/4 inch hole diameter plate to 96

?' sol” anar To moidtonn” 4 ma qowh swmaeerq adele dew ban wb To percent for the 1/8 inch hole diemeter plate indicating higher
ﬁf{ I ewnn nF hedmsaere aga ndar plate efficlency for smaller hole diameter plate perforations,
i 2 AL a:/¢ 0% adeb couh supzaseg ofele b ansrove In eddition, Murphreé plete efflclency for all distillation
f{‘ oo sl G0 Bodden cild vt hedalnolno an aslod dsdomelh donl runs increesed from the bottom plate to the top plate of

é 8750000, = ¢ Jnokdrons  cfwolloh el ol Hodluan suvanpn the column,

% mogt ager Lagrmsidawacrss ordd Co goldrdral oponeewd .RVH.IU The data obtalned in this study on the methanol~

éé otz aace 0 an ctord f wdisorse LT maw potinnns widd water distlillation run can be explained using the gas film

éi [robfen 544 if mat e ¢ &nenti alod yﬂlnrwmoéﬁ S o and liquid film plate efficlency concept of mass transfer

i Ak poiter ot oee hn&oucrx Looad gn owdeb o opnloodninana as outlined by Gerster ot al( )'

.

wlotinn (rokdn +o colireo huekrrda oo o LLeldn According to the data of Gerster et 81(5) the gas

.°\I(l C) = v vapor rate had very little effect on the Ng, the number of

Goth aeun ur sdafe dow o aiava odd Yo afanLans gas transfer units as a result of the other counteracting

1 gouh uerenamee vl ey Royranda o Ldd L wod variables involved, namely the degree of "aeration" of the
gL - rQ.. AR RN A SN AR N Gl TEAAORALAN G BRI WY . 0 T

N b et fb yamer woser add b rodanmib alod alitabuoy liquid, The effect of vapor rate, Ng, is readily explained

Y s, e A |4 L, 8 :
coidotheec wel (L)(w 2o ) = 0 meldenoe 3 Ghested o ere as follows: an increase of gas flow Increases the degree of

"aeration" and as a result increases the contact time between

i
i

i D Feaeacn Badniush Inte sdlgnge wen goth acusntese ol~Io Irndod
;“.::‘ !
1ok . the gas and liquid, in addition to incressing the inter=-
i BT Lo arcd ok horles o sdab ool most dasomec & yledaw g quld, g
Ak '
‘L . . facial area avallsble for mass transfer, These phenomena
) 4ap099e odnt nedag cokder. o rlddd ok hoan U diedeuon Lrnlelons ° p

. . L ) e dant e are court eracted by the decreased time avallable for mass
pt eadela add avole Bipotl e Fiuind boe posdeuen o o2 add
1l . s bl e " e transfer as a result of decreased contact time between gas
b heveando on voidn acser pofinfligar st To adlpeok
AME
! - .. . o and liquid,
1 ode o condaun® o edea poll aacm w0 Lodemeld alod %o 0378 q
i
s e eae R . by 56 Gerster et al has also pointed out the increase in
A ndrb %o onara add plddiv 8 bon [ e¥nla ot voneloiris
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the gas film resistance with increasing methanol concentration.

At a liguild plate concentration of 90 mole percent methanol,

o5 eodusla meddod sedd Crovenorll  Wyhng

nengagonl worwioltlo adnlg saadaail (onadenco ader wol? pasa 90 percent of the resistance to mass transfer 1s in the gas

860 od odelq uodewrrh olod donk NI et w0 Jnsotac M pout f1lm, and at 10 mole percent methenol only 55 percent of the

ok A oaatdeafibnd sislo qudanm b oo Lod dond B\L nifd e dowotic resistance is in the gas film. This increasing effect of

sanelteaotinae ofely wadenn 1oalodd o llpme o™ yonetol™is liquid film resistance with decreasing plate concentration

potdaLfhdnin LLn acf wonainit e agn Lo snuourt Grofd i hbe ol tndicates the importance of considerin late desien varisbles
p

- o Dmnoastonl wengy

Yo sinle cod ofd od ag-fo modved add o affecting liquid film resistance in distilletion runs where low

plate concentrations sre involved. Data as obtained by Cerster

JLowleo anid

et 21 also shows a decrease in Murphree plate efficiency with

wlopn“dar a3 g whnoa atdd i bapledde b an

w2 e o orkan hopfaleva od aeo oo gofralLtdnil increase 1n plate concentration.

A plate design variable which does show effect on

LA

o Tapeel rpen To Ccnopoo womiloll o gd Lo el L

Sroe L oG

'(")Iq 4o e gac v batdoo Murphree efficiency as indicsted by results obtained in this

study is plate hole sizes A decrease in hole size, 1/4" to

1/8" dlameter gave higher Murphree plate efficierncles for the

bottom plate which is what would be expected as 3 result of

3 ) I PR P . L . P .
cpiidenandrson wouade ok o dliowms s e naglon wlonn D an

Coeeon P Y wr s wdd plaea Lavlownd nal ks the increase in the degree of Wgeration™. This same increase

in plete efficiency was not readily observed in the top plete

as a result of the higher gas film resistance due to the

poewded Lwld dosdron ol aeacoaand Clowoe oona e "roidever higher concentration of methanol on the plate. In other

Lolanecont of melditioonb Rhesflobne e edd words, the increase in the degree of aeration as a result of

Ll Al teye navra [:lond the smaller hole size was counteracted by the higher gas film

1 PP

Ao 1aR RV S - LA NI SIS SR SR RLT IR I

o [ieDtaye cobd Bogonaoah 00 o7 botasTs oo nar resistance, hence no observed increase in Murphree plate ef=

fiéiency was obtalnede

PR o8 AT e N P A <4
o n T glipan o 2o gelaniesdd

DI Drm In the lower perforated plate, 3, the decrease in

pléte concentration did lower the Murphree plate efficiency

At aacstont et fupo hodntos orle

o]
0

Ie oo cpndnred
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L de e Lo i .

fee de Ao Lo Cmorelt cEeeacen T D d ag is indicated by data in all distillation runs, However,

T AR T the effect of the increased hole size as a result of

s changing the froth density above the plate was the control-
ling factor and resulted in decrease In plate efficiency,

.o : . s . . more then was obtailned at constant hole dlameters
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LIMITATIONS

The limitations of this experimentel study are
summarized as follows:

1, Accuracy of pressure drop data ¥ 0.5 inches of
water,

2, Comparison of percent methanol obtained from
refbactive index data (using the refractometer)
with density measurement (Westphal balance)
showed a deviation of 0.91%,

3, Refractometer readings differed in the majority
of readings in the fourth decimal plate p 1,

This could result in an error of 0.5 percent

methanol by weight,
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RECOMMENDATIONS

PYOTT T
i :

Insofar ss the range of study was limited by

. .
aen rhrde Ladnomltoacre abdd Te neefond bl

the steam supply avallable, it 1s suggested that additionel

vamoffo™ e AuekonunL
data be obtalned at higher mass flow rates,

Se poort @.0 = adel corth gonsaaa YO 0T AN oL
Calculation of the heat transfer coefflclent for

o the distillatlion kettle used in this study indlcate that a

=
Ve
“\
D
e}
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N
5
&y
"
O
-
0
o
(@7
-

moa
mass flow rate of 700 1b/hr-ft2 1s capable of being obtailned,

SRS T e T

(codapodonetog wd pken) cget vohal eviiond

A R ETINT:

(Ugals = 147). To efficiently handle this vapor rate a new

(corafe ! I cioe ) drwivguopas 3 opme D0
condenser would nesd to be designed as the present condenser

t o L[0.0 e pofd byl o hawe e 2
‘ was designed to handle a vapor rate of cas 300 1b/hr-£t°,
wd it oo [3opF DoasERh o e s d om0l 0T o

. . R e ' , Constructlion of a new thermocouple housing on

o L Foar el Lerig o Aderal ol ool ompriDe o0 o
the plate holders is suggested as the sauerisen used was

i drioaen R,0 T vosaa ge ot CLrinos v Inon B
easily chipped when the distillation column was dismantled,
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APPENDIX A, Nomenclature

-

S S
PWOT T C RO
4t

. « ) . G = Mass flow rate: 1lbs/hr-rt2
vd badlwtl esw ybode To agfs<a ot nn waltornl ¢ /b

=
H

: . a ' -} o M
Inroid thbe dodd bednexuun 2f 3 (eldelleve vloqea mnode ol m urphree plate efficlency

Mol fractlon vapor leaving plate 1

q
(o
L]

ynsdee wolT enetr gednld da Lartdedda od xUab

Mol fraction vapor leaving plate 2

q
[3v]
1]

q0“ drelortTso0o walpnead deol odi e GoXd alpno.is)

n dnct sdeoibal podn atdd ml boas elddest geldellldall ofv Yz = Mol fraction vapor leaving plate 3

O
DHantedco prlad Yo alreong sl TFR-ad\dl oY o eonw wells roen Jg = Mol fractlon vapor leaving plate 4

Mol fraction liquid leaving plate 1

yo!
0

wog n adac <ocav aidd albrwed wIdme’olis of L (VAL = olnnd)

X, = Mol fraction liquid leaving plate 2

cwepebion doorcds 943 ne Domwmloah o od bass blnew LoD

,Q37~%ﬁ\dl COS 400 %o ndnc woany p olboa ! of honnieot oaw Xg = Mol fraction liquld leaving plate 3
fo ~ninruod alquosoraand wort & e noidonydanod Yn* = Mol fraction of vapor in equilibrium with liquid
auw Raay genigonen ood e Pedeewaun 2l aanhfod ofnlg 80l leaving plate n, where n is the plate number starting
Jh-Idient™ anw gorLoo pols LLFdath odd o hagaido wLinno from the top of the column,
P/D = Pitch/diameter ratio. Ratio of the length of one
side of an equilateral triangle to the hole diameter,
P = Pressure drop, inches, Hs0
Percent Free Space Area = g%%iggaZiggsagzgtgzgolrea
Thermocouple designations:
; 1, = water exlt overhead condenser
&Y 2. = reflux entering top of column
Jfﬁ 3, = reference thermocouple maintained at 0°C
i 4, = vapor =~ plate 1
5, = 1liquid == plate 2
b ‘ 6o = vapor == plate 2
| 7T¢e = liquid == plate 2
§
|
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APPENDIX B, Summary of Design Information for the

Perforated Distillation Column

N oadete e mogev = 404
o owpiinn Doodieve dhre of-lLRdelh =Wl : Column dismeter, I.D., lnches ===wme--weeccoc—c-on~ux - 8,25
Distance between perforated plates, inches ew=--=----- 9.50
Number of perforated plates =memmmmcmemmmeamecaneccans 3
Column cross sectlon area, PEC mmmmmmmmem - e e e e = 0,3718
Maximum perforated plate area/plate, PER ammmmmmmm e ~ 0,216
J 1/8 inch hole diameter series:
Number of holes/plate =mem---mm==mmmmmemeneo—-- - 51
Distance between hole centers, inches =m-w=-=--- ~ 0,475
Hole arrangement e=-==memmeme-cco--cmmocaaa- ~e 6,7,8,958,7,6
3/16 ineh hole diameter seriles:
Number of holes/plate =mm=-=rmmmmmcmaceocmoa--- e 24
Distance between hole centers, inches wawme—amw—e= 0,712
| Hole arrangement =w-—m=—w—-=- -——————— e 4,5,645,4
1/4 inech hole diameter seriles:
Number of holes/plate =m==-mam=m=c=- - m ~- 13
;E Distance between hole centers, inches =mmw=w-w-ww 0,250

ﬂ% Hole arrangement m=——wmw--- o e - e e e e e - 4,5,4
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APPENDIX C, Murphree Plate Efficiency Sample Caleulation

Run VIII, Plate 2, time 1730:

- 0,846 - 0,640
Em = yz . ys

m (100) 0,870 = 0,640
y2 - ¥z

(100) = 89,7%

32
yg* = 80,6 + 13,35 = (0,700 From equllibrium curve pg
32 18

a value of 0,870 is obtalned
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APPENDIX F, TABLE IV
RUN IV DATA

| . g -] Rot
°

o S o  Rdge

Temperature F Pressure ol SP

Plate In, 2 o8 é

- K Time Thermocouple Deslgnation Red 011 [ - 5 g ©

; A ® PO A T
1 2 4 5 6 7 8 9 10 11 1 2 3 4 ém ?w D 8 3

1500 Steem to kettle
1545 1120 113.8 155.,4 171,11 1355 19 177.5 XW%5 1775 D23 0ol Qd5 0,9 103 025 10 - 795

e ¥y ~

1645 1184 145,9 149,8 149,6 1518 1548 - 1734 154,24 952 0ol 0035 047 1e0 OB 5 2.8 5400
1730 1200 145.9 148,8 148.8 151.8 15L.8 - 1738 15702 1013 Oel 030 O65 1,0 OL25 5 2,85 51.0
1815 111.,8 135,5 1455 145,5 150.6 1543 - 173.8 15604 90,0 Oo1l 0430065 1.0 0,24 5 2.5 52.0




¥p
0,615
0.894
0.977
0,597
0,870
0,949
0.901

MEOH

MOL FRACT

%

MEOH

DENSITY
98,90
70450
91,20
97450

o
¥p
995
74,00
93,75
98,65
100,00
7250
92,25
87,50
99,7

w 45e
RUN IV. SAMPLE DATA
DENSITY
20°¢
0,795
0,870
0,817
04799

¥
250
1.3280
1,3383
1,3285
1.3270
1.3387
1,3320
1,3291

x=2-L 1,3312

Xel
Dist
y~4
y=3
J=2
y=1

SAMPLE

DESIG.
Dist
Xwd

TIME
1700
1735
1800
1810
1815
18%0
1837
1842
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RUN V., DATA

Kettle Charge
Hole Diametea
1,17% Free Space Area

]
H 2
o auRioto Rdg;
o o o%"; 8
Temperature F Pressure o~ s
Plate In. aE5_w
Time Thermocouple Deslgnation Red 01l & 9 53 g
PO TH
PPLPO fO
1 2 4 5 6 7 8 9 10 11 1 2 3 4 Lgas 8=

1235 Stesm to kettle

1400 118¢4 13604 144,02 144.,2 144.2 147.6 - 172.6 153.5 84.5 0Ol 030 0,60 140 ~ 10 2,5 54

® 9 -

1545 93,3 135.,5 148.0 148,0 151,0 149,9 = 18105 153 9 11849 043 1e0 11,4018 = 30 747
1600 84,9 132.1 14742 153415205 151.4 = 181,.8 15640 98.2 0.3 0.8 1.4 185~ 30 746

1715 86,7 12649 14962 146,4152.2 151,00 = 184,8 156,8 9665 0.3 0,8 1.4 1,85« 30 7,0
1805 Steam off
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AN yeLIrY 9
| | oA [agien) DaTd ]
B | o0 01 l_>1 CoapTE NaGKep ' : 7 MOL
Lt 4 ] o3 e T
i i ) ’ de ' SAMPLE o FRACT.
b | ol NESEE L) TIME DESIG. Ny 25°% MEO MEOH
i ' SR 0 |
! |! ok e ' |
s 1 - 2 0 S B |
b1 i 174 v ok " ) n H
( ‘I : [3 . L3 . : b 00 i x—4 1 5390 71.50 00585
i it Lo t Rt i : 1410 x4 1.3380 75,20 04630
i I o SRt B f : x=2-L 1.3319 92,50 04874
. I LA S e | | x=1 1,3285 98,65 0,979
! ] S iy ; gt 1,3386 72435 04596
] X oy oo b ; 1,3392 70 4 60 04596
:‘ o NN ;, ; : y..s 1,3320 92625 0.887
i R ! Y2 1,3283 99,00 0,982
i oo or ! i | | 1 90 0.982
G 2 I ' - y=-
:; ‘: o It: y ! :
8 | Y . ’ L 1600 x=4
i ; S S A A ; o Xm? 1.3392 70,50 04573
i ) Do oR B T ' | g 1.3350 86,40 0,783
: I A | ; - el 1.3300 96,10 0,975
§ ST o | o y-4 1,3395 69, 40 0,561
A X e o r : : Y2 1.3290 97,70 0,958
i : oo A | ~ ¥-1 1,3279 99,70 0,994
. i QA R ; Dist, 1,3275 100,00 1,000
fe : f s - ¢ -3 .i - . ' , |
: . - a il ! ' '{ -4
l SIS : | x=2nL 1,3335 89,65 0,830
L ¥ oo v on | x=1 1,3308 94445 0,907
] A oo e ! _— 1,3395 69 ¢ 40 04561
i i I AR " ) ' : ] yn3 1,3348 86,80 0,786
i | Lo R H: B | 7=2 1,3286 98,40 0,974
i ! R Co ; ywl 1.,3279 99,70 0,994
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RUN VI, DATA
Kettle Charge - Mol Fraction
(o)
o
Pressure oo t,"Boto Rdg.
(o] o X ot
Temperature F »5 b 8,
Plate In. © )
Time Thermocouple Designation Red 0il o og K &
ol (5]
“—~« o 0 o~ T 4
1 2 4 5 6 7 8 o 10 11 1 3 Teh @ Bm
n o
2 4 O M— m ©O

1200 Steam to kettle

1400 1008 148,0 148,4 148,44 152.6 1508 = 179,9 157,2 130.5 063 08 1.4 1.8 = 15 7,0

- gy -

1530 102,33 147.2 1488 148.8 151l.8 149,.5

178.0 1868 1273 063 068 135 1.7 = 15 6601
1645 10644 148,00 1495 149.5 1839 150,3 = 179.,0 1876 129,3 05 0.6 = 1le6 = 17 6.1
1730 10743 146,4 149,2 149.2 1534 151l.8 - - 158.,4 128,39 0.3 08 = 1,7 -~ 19 60
1740 Steam off
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% fluOUQCU“ 1 | RUN VI, SAMPLE DATA
! ; o {
| IS S R 18 o
f & 3 Ik o | MOL
| B I IR L SAMPLE % FRACT ,
i S R R LR A S | TIME DESIG. Np 25°C MEOH MEOH
‘ T SR R N LU VAR O |
' Il : : ‘
. [N I
T | 1445 x4 1,3402 6645 0.528

¢ oo o | X=3 1.3397 68,6 0.553
I hootb X2 1,3338 89,0 0.822
o Lo : 1455 x=1 1.3309 94,25 0.903
Ve e S R | 1500 Dist. 1,3285 98,6
i N T b vk . 1507 y-4 1,3345 87,5 0,797
1 . L o co Y= 1.%340 88,8 0.814
SN woh | 1515 ym2 1.3306 94,7 0,910
' I X : y=-1 1,3283 98,5 0,973
| Lo - ; 1610 X4 1.3406 64,5
' o =~ 1 x=3 1.3400 67.5
ST R S | x=2 1,3333 89,9
; . g n ; L 1625 x-1 1,3306 94,8
: T Jay : : 1628 Dist, 1,3290 97,2
' - F ‘ L y-4 1.3401 67.0
: N v ! 7 y=3 1.3350 8644
o o ; o 16 40 y=2 1,3310 94,1
: M : | 1643 y=1 1,3289 98,0
| SRR : L 1655 X4 1,3407 64,0 0,50
poror T 1658 x=3 1.,3401 67,0 0.5353

v h i X2 1.3339 88,8 0.818
1 Ao s v : x-1 1,3307 94,6 0.9085
il ' e e - ao 1 1710 Dist, 1,3288 98,1
i : LT N oo, ; 1716 y=3 1, 3350 86,4 0,778
1 Com ok B oo ; y=2 1.3310 94,1 0.902
) o C 1725 7-1 1,3279 99,6 0.992
il e e T L 1727 X-2 1,3339 89,0
it 2o SRR S 1730 Dist. 1.3286 9844
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RUN VII. DATA
Kettle Charge Mol Fraction MEOH
1/4" Dismeter Holes o
1-17% Plate Free Space Ares e
oY
Pressure S 'gscz. Roto
Temperature F .,?, o ,.‘.D, § ]
Plate In.  HRTE ¥ EE
Time Thermocouple Designation Red 01l £ © 0 o Om
1 2 4 5 6 7 8 9 10 11 1 2 3 4
1430 Steam to pot
1545 105.9 148.2 159.2 1584 13l.7 1€L6 161.2 186.4 164e4 1146 0.2 0,75 1,35 185 1.8 10,0 6,0
1645 105.1 148,2 158.4 1584 1320,9 1€l.2 164.,0 1872 165,0 114,6 0e2 0475 1635 185 1.8 12,5 6,0
1745 1051 148,0 159,2 1580 130.9 16l.2 1€4,0 187.2 165¢0 11644 062 0.75 13518518 13,5 6.
1815 105¢5 148.,8 158,8 158,4 130,9 156 161l.2 1900 16448 142,203 1.,201,.,852:35 2,7 20,0 8o
1930 .
1940 085 170 2.7 370 3.3 30,0 9.7
2015 99,0 149.2 161.2 159.6 11043 19%3.5 1E6,4 12944 1.0 263 350 35 Qa3

» 0G =~
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A g L /- T RUN VII, SAMPLE DATA
% ; 0 o e 3 . ! ; 1 -
g f o St o (ERe ) i |
i : " ShRrn TAEE S E , SAMPLE Ny WEIGHT MOL
i : . P 5 vo | ] TIME DESIG. O FRACT.
; . g hoh Rk L n e o | 25 MEOH MEOH
| o 0 W gy T i
. e oy e |
- : s AR k . | 1615 x=4 1,3401 67,0 04533
f S R IR ioomn 2 1618 X=3 1,3392 7045 0.574
i . - R SRR i 1623 x=2-L 1,333 90,25
i : > Qoo HE T 1625 x=1 1,3318 92,10 0.869
H ; N o 8y L 1628 Dist. 1,3289 97,80
) o o ) _ hoo o 1630 x=2=R 1,3350 86,40 0,783
1 rs dooo . ; 1635 y-4 1,3388 72400 0.591
A " ~ N Lo | 1638 y=3 1.3351 86,00 04747
| . Soo Lo ; 1640 y-2 103317 92,75 0,878
K y E M ' 1643 y-1 1,3281 99,25 0.986
| al ARk R T i 1645 Dist, 1,3286 98, 40
i ® . . a.v— S :
i . - ) . . | i 1717 X=4 1.3400 6745 04539
| ; u e T | | 1720 X3 1,3291 70490 04578
e i | t
| ! - A | L | 1722 x~2L 1,3313 90,25
4 f ° Lo X f 1724 xel 1,3313 93,50 0,889
il | “ RS g ! 1726 Diste 10,3290 97,70
i | o ; ; 1728 x=2~R 1. 3350 86,40 0.783
s | A : : 1731 yod 1,3385 73025 0,608
i ! b X 7 . : 1732 y=3 1,3350 86,40 0,783
v bR b SRR | 1738 y-2 1,3311 93,90 0.898
B C e ! | 1740 y-1 1,3285 98,60 0,979
I : bk onoh (I
) | T g ‘ 1850 Xm4 1,3411 6le4 04474
i ; y S ¢ A 1853 x=3 1.3380 7542 00630
3 | : Lon o i s 1855 X=2wL, 1,3339 88,75 04816
i | & SRS SR O 1858 x~1 1.3319 92440 0,874
%‘ﬂ ! , A I Lo |
q | . I T L 1910 74 13392 70,50 04575
i : 2 g5 L HI I 1915 -3 1.3379 76400 00640
i i Fa e e ) f CN
i ‘ ] CT | | , ; g 1920 Y2 1,3324 91,50 0,859
| 5 i@ RN s . g 1923 y-1 1,3288 98,00 04967
0 ! = P SRR S S 1925 X=2=R 1,3359 83450 0474
i l - DR Rk ! o, 1930 Diste 1.3288 98,00
i ! 5 o
i | ° ° 5’ o . S AN 2005 Dist, 1,3291 9745
i f - O I | 2025 Xk 1,3409 62475 0,486
f% j 3 | ;b z 2027 Xw3 1,3402 6645 0.528
i : o R R I S e 3 2030 x=2=L 1,3353 8545 0.767
il t 0 oh WL L ; 2033 x=1 1,3330 90,5 0.845
il ; O I 2036 y=4 1,3405 65.1 04513
i | ) R ; 2039 T3 1,3380 7542 04630
| i @ oo oo w o oo oa oo |1 R z 2042 y~2 1,3310 94,05 04899
4 A A A A - AR | 2044 y=1 1,3202 97,40 04956
+ S N 3 =t ‘ 2045 Dist, 1.3298 96425
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RUN VIIT,

Diame ter Holes

Eettle Charge Mol Fractlon MEOH
1/4“

17% Plate Free Spsace Ares

1.

w 52

&

o

o o8
o =~USpPUOYH
5

5 xnijey

Jped (weeys)
qo308p 013383
0%y °u e9TJT40
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160.0 1690 190.8 1632 1205 035 1.25 2.1 3ol 2.9 40 B.4

94,7 148.4 154,4 156.4 132,9 161.0 1560 188.8 1656 130.5 035 1D 2.4 A3 31 35 9.1

04,2 148.,4 1580 156.0

Steam to pot

1900 Steam off
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g Sk i o a | 3 RUN VIII. SAMPLE DATA
) T e
! o ! CaRCLa) : li
H e Gf.‘ t._‘ G :{ ,p ,

b T AT SRR NN :

B : s 1 ‘ : | WEIGHT MOL
" | b . | SAMPLE No % FRACT.
) . f TIME DESIG. 050¢ MEOH MEOH

.{'- : ' | @

i B =R S

gf{ . 1) ‘ ! N3 J i

oL Do PV “+ ]

L ol ao2b | 1730 Diste 1.3296 9646
- o T ! x4 1, 3409 62475
i d = ; X=3 1,3401 67,00
3 R K i x=2=L 1,3349 86465
\ i n. R . - ; l X-2“R 1. 5566 80.60
q é ~ gy ; x=1 1,3328 90,80
d ! coe Lo y=-4 1,3404 65460
* , - , y-3 1.3378 76400

., .

i ! Q ;j = : y~1 1.3295 96,75

il . SR ! - Diste 1.3295 96,75

il : - L : - 1830 x4 1.3410 62,42 0,482

i : . o t . 1833 X3 1.3400 6745 0540
- S ; ' 1837 x=2=L 1,3350 86,2 0,776
1839 - x=2=R 1.3368 79 ¢4 0,684

s
~
o -

i S HIR 1841 x=l 1.3330 90.5 0,844

i ; -~ R | 1843 y-4 1,3404 65460 0,518
i ' " FRPEE : 1845 7-3 1,3372 78425 0,670
i) “o Lo ; 1849 y-2 1.3328 90,8 0,848
t; ; | T | | 1852 y-1 96,75 0,944
. | - b ; . | 1855 Dist., 1.3300 9548
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RUN IX,
Kettle Charge Mol Fractlion MEOH
1/4" Diameter Holes
1.17% Plate Free Space Area
P o
ressure S .Roto Rdg
o
o s g
Temperature F 5 3:34
Plate Ine. o - t
Time Thermocouple Deslignation Red 0il 3 '35 :_54 g
5 %2d gy
1 2 4 5 6 7 8 9 10 11 1 2 3 4 };l v @ go
1130 Steam to pot
D2 0b 10O 2,0 1.5
1230 131l.7 147.9 180.4 1584 135,9 162, 4 163.6 190.8 1648 101.3 O3 401 +0.3 405 0,52 10 2.5 48
1230 1273 1420 160.0 157.6 138.2 16L.6 162.8 192.3 1644 98.7 0.5012 3°0 48
1615 1,1021 4,5 69
1645 121.9 149.0 1608 158.8 133,7 1624 1636 196,33 1680 121.5 063 085 1.4 1.7 13025 5.0 96
1800 114.,6 1486 160.,8 1588 - 162.4 ~ 1990.,1 1664 125,5 075 le2 1le6 1,30 27 5,0 97
1840 ' 035 1.0 175 242 23 42 7.8
1945 028 0,90 1.60 2,0 2.2 44 7,0
1955 Steam off
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RUN IX, SAMPLE DATA

SAMPLE Np A MOL
TIME DESIG. 050C MEOH FRACT.
MEOH
1330 Dist, 1,3294 97,0
1335 X=4 1.3409 62475 0,487
x-2=-L 1,3345 87,60 0,687
1425 X=2=R 1,3361 82,75 04630
x=1 1,3321 92,10 04870
ymd 1.3401 67.00 04533
¥=3 1,3360 83420 0.736
y=2 1,3312 93,70 0.894
y-1 1.3290 97.60 06957
1500 Dist. 1.3290 97,6
1505 xX=4 1,3410 62400 04479
X=3 1,3440 67450 0,795
X=2=L 1.3345 87460 0,799
1517 x=2=R 1,3361 82475 04730
1525 X=1 1,3320 92.25 0.870
- 1.3401 67,00 0.533
y=3 1,3350 86,40 0.783
y=2 1.,3310 94,10 0,901
1546 y~-1 1,3290 97.6 0,958
1548 Dist. 1,3290 97.6
1715 X=4 1.3408 6340 0494
X=3 1,3410 6242 0.482
1721 X=2mL 1,3359 8345 0,640
1728 X=2mR 1.,3380 7562 04630
1730 x~1 1,35336 8943 0.824
1739 - 1,3410 6242 0,482
1743 Tm=d 1,3380 7542 0,630
1747 y=-2 1,3336 8943 0.824
1749 Disto 1.5500 9508
1758 y=-1 1,3296 9646 0,943
1820 X=3 1,3410 6242 0.482
X=2wLi 1.3362 82415 Ce723
X=2~R 1,3380 75420 0,630
x=1 1,338 89,00 04820
1835 y~4 1,3410 62420 0,482
e 1.3381 74,80 0,625
1500 X=3 1,3412 80,50 0,464
1910 X=2=R 1,3390 T1e3 04583
1913 Xx=1 1,3348 8648 0,786
1914 -_— 1,3410 6242 0.482
1922 y=~3 1,3397 68,65 04553
y-2 1,3344 87,75 0.801
1926)
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Kettle charge
5/16" Diameter Holes
1.17% Plate Free Space Area

Pressure Roto Rdg
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o
P
© W
o Mo
o g5 8 A
Temperature F L
Plate In, S o8 M &
Time Thermocouple Deslgnation Red 011 o Hg S O
G PO M TH !
o P co o
x 2 4 5 6 7 8 9 10 11 1 2 3 4 & hgjl & S o
e

1315 Steam to pot

1445 115.4 145.8 150,6 150.,0 126.9 15282 154,2 178.5 - 1289 0,1 0.4 0.7 1.0 0.9 6.6 4,0 77

1650 113,0 148.1 1503 149.6 126¢4 15L8 155,2 179,9 ~ 12L9 0ol 0.4 0.7 1.0 0.9 8,0 4,0 76
1700

1815 98,0 1468 15le4 150.0 1273 1534 159.6 184,0 ~ 12957 0.6 Lle45 2.1 275 25 250 8.0

1845 002 095 1.6 262 2.4323.5 840
1945 14804 151,4150,0 128,00 1526 153.0 187,.6 De2 0,95 106 242 245 260 840

095 1) 2.8 365 2,7 B0 946
2030 10, 5
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- S b Tk ! 1601 Xe2wl, 1,3339
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; : | | :‘ ‘ 1616 1°5401 67025 Og537
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| I g p o s L | y-1 97,75 0,958

)

o . N R 0 : 1636 Diste 1,3291 97 450
i - _ " | © : Xw2wR 80,75
3% . ot 3y S HPR 1840 Diste 1.,3290 97,75
i j ) o A ¥ T j 1855 Xed 1,3410
i$ 5 ‘ - S , 1859 13410 62400 04525
"h‘ ! ° :J a . ! N di : Xw3 1.34:04
i : s - o , . : 1906 Xre 2L, 1,3349
% - - : . - : %.5549 86,65 0,778
i . 3 S TR o 1912 X 3320
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RUN XT,
Kettle Charge
3/16" Hole Diameter
1.17% Free Space Ares
Pressure o Roto Rdg
o
o =P
Temperature F _ﬁ.f.’.o
L
Time Thermocouple Designation Red 011 Rl
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o — = (3
6 8 9 10 11 4 o9 L3 O 28
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1500
1645
1730
1900
1917
1945

2130

Steam to pot
93

9605 140.,0 152,6 150,6 133.7 154.8

14748 152,22 149.,9 132,8 154,8 = 190,0 -

15,9 -

118064 147 .0 15364 151.8 13540 15648 = 19549 =

Steam off
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0.2

0.19

0.9 1,6
0«95 1.6
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| 2o, o | RUN XI. SAMPLE DATA

! (0UGEeN- O %

: J doa L ey Tnx & l

| . g A X o SAMPLE Np WEIGHT MOL

E Dapeew) onge : TIME DESIG. 2500 A FRACT.,

| v S HoyuniTe c¢ o':{:,:p : MEOH MEOH

i J % ¥ [ N !
‘ f o oo U
“ . . . . B Oh i :
& ; - R ; | 1700 Diste 1,3299 96,1
. | P L : 1730 x=4 1,3405
o . : CoaE J I 1.5406 6407 04508
1 i o I 1 1,3407
i i - . [ 1735 %=3 1,3408 6343 0,492
4 ; ' ce i g 1745 1,340
L i x AR d ’ | 1753 Xm2nL, 1,3361
: f ~ . . d & ; 1758 1.3361 8245
, ; . o . . I ) b= 5 ) 1.3361
1 | \ * i ' | 1805 x=1 1,3332 90,2 06837
& ‘ 2 o | 1807 1,3332
i v Lo ; % 1809 Xm2=R 1,3382 T4ed 0,621
2.1 g D . : - . ! 1815 105582
i , , , TN | 1821 =4 1,3409 62475 0,487
| . | 1824 1,3409 |
i | | ! ok ! | o 1827 y=3 1,3385 7340 0,603
i . . - g | e 1830 1,%386
i ‘ o . 3 ' ; 3 1837 Y2 1,3340 8846 0.815
i B Y j ; 1,3340
i 2 2 - T , | 1847 Diste 1,3304 95,1
i ! ! ! N . 1900 1,3305
i | I | 1852 7-1 1.3292 97,1 0.95
I y . % o = 1915 10,3294
% . . g S 1946 Diste 1,3305 9540
i i ! : 0 i 1940
. A L 1944
i | : g . FE T | 1955 Diste 1,3305 9560 ‘
i | - H - TR 2 ' | 2014 1,3305
| | " T X3 13405 6540 04512
i . . .. . SR 1,3405
| | A & {IE T 2025 x=2wL 1,3381 74,75
g? ’ g | : o 2040 X=2wR 1,3396 69400 04554
! | | " ) [ L 2045 1,3396
ﬁ | - . Lo I 2047 x=2wL 1,3381 74475
i . 9 L x=1 1,3345 87,60 0,798
| Y D GO e 2055 Jrd 1,3399 68,00 04553
i o 5 EEE I 2057 1,3399
i - ¥ - N 2100 y=3 i.ssgg 69400 0,554
‘ o b ! D ? 2105 33
i o e . L Gohoh RN 742 1,3346 87430 0,795
! B , 8 | L 1,3346
| - o o | L | 2112 Diste 1,3510 94,10 0,899
* o o a0 0 , @ A ; 1,3310
r A I T ¢ e 3
3? L7 SR = L 7-1 94,1 0,899
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