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ABBTRACT

An oquilibrium still has boen designed, built,

and tested whioch may be used to determine liquid-vapor

oequilibriun Gompositions, the equilibrium pressyre and tem-

perature, and the isobaric neat of vaporigation at the wvapor

composition, Investigations are limited by the apparatus to

prossures near atmospheric and to misoible systoms not highly

volatilo at room temperatures, The pressure may be held at

one atmosphere within 0,7 mm lige Lquilibrium temeraturea

may be méasured to within Os degreo (C), From the 480 ml

of 1llquid required for operation, about 80 ml forms the

vapor phase, The vapor is condensed in a roflux condenser

whoere the latent noat 18 detormined from tho rise in temper-

ature of the cooling water, . counterocurrent contacting

gection below thc condenger insures that only the latoent

hoat 1s measured, iho oondensed vapor circulates by gravity

through s rotameter at fron » to 5 gn per ainute and is

rovaporlized in s tubulap boiler, . bubble cap 1s used to

contest tho vapor with the Oquilibrium liquid held 1in a

flask, idiabatic walls of heated aluminuu pipe reduce the

heat transfer between tng 8ystem and the surroundings, The

epparatus was tusted with tho ethanolewator system for whioh

enthalpy-compoaltion charts are availablo, <“he experimental

latent heats fall within 5% of the literature values, The

liquid line on & temperature=ocomposi tion diagram agrees well

with the literature, but the vapor line shows enrichment

due to internal roflux, Design changes are proposed whieh

will eliminate the reflux, improve the aoouracy of the

device and reduce the operating time,
1
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INTRODUGTION

A knowledge of enthalpy values for vapor-liquid
systems 1s neocessary for tho acourato determination of stage
requirements in distillation column design, iiith phase
equilibrium data the enthalpy values may be used to construot
the entire onthalpy-composition diagram for graphical solu-
tions or may be used in tabular form for analytic solution,
In addition, the latent heat values mako possible the appli-
cation of rigorous thermodynamio theory to tho testing of
tho consistency of the oquilibrium data as shown by Dodge
(1), The necessary data for the construction of tho thermo-
dynemic network even for binary systems 1s scatterod through-~
out tihe literature and 1is Irequently of douotful accuracy,
and for most systems is 8lmply non-oxistent, Thercfore,
diagrams for only a few binary systems have been constructed,
Graphical treatment and computer riethods for mmlticomponent
8ystems using enthalpy-composition data are ocurrently under-
going study, To make such methods useful, enough data to
permit the accurate construction of the network mist be made
available,

Four kinds of data are required to construct the
thermodynamic network from exporimental measurements, ‘hese
areé phase compositions and corresponding temporatures and
pressures at equilivbrium, heat of mixing, speocific heat, and

2
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heat of vaporiszation, All must be determined over the full
range of compositions, Tho relationships among them may be
visualiged by considering the construotion of an enthalpy~
composition diagram, iieat of mixing data determined along
on isotherm provide a base line abovo which specific hoats,
bubble points and heats of vaporization arc used to construot

the Baturated 1iquid and vapor enthalpy lines, The phase
oquilibrium dats provide the tio lines whioh complete the

diagram, The thermodynamic network so constructed 1s as

accurate as the data, The only assumption i{s that the data

points be ologe enough to nermit interpolation botween
related points at adjacent compositions,

The apparatus desoribed in this report is the
result of a completo revision of equipment which was con-
structed and operated to test the basic foatures of the
design, The present form was designed with more considera-
tion for insulation, 1s more coryact, ancd incorporates
changes found necessary from operation of the original
apparatus,

rrovision for the measurement of the apecific heat
was omitted because no unique features would have besn
employed, Attention was directed to the more challenging

problem of latent heat measurement, The heat of mixing
was left unexplored simply to limit the scope of the investi-
gation,
I want to thank the Texas Company for providing
the fellowship which made this work possibls, and the
3
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DoVELUPXENT OF THi DESION

the General Design

Three of the four kinds of data needed to determine
tho onthalpy-composition network are 3o closely assooclated
that when the conditions required to measuro one are net,
the other two may also be neasured, These are the phase
equilibrium comyositiona, the heat of vaporieation of the
saturated vapor, and {ts mean Bpecific heat in the condenssad
state, Construction and oporation of a single apparatus to
determine all three, 1f not too complex, saves the time
spent constructing ang operating three pleces of equiynent,
in prineiple, a liquid mixture of the components at the come
position to be tested is brought to 1ts bubble point, then
1s vaporized and brought into contact witi e liquid nixture
of equilibrium comosition at the same temperaturs, To
ovbtain the necessary data an apparatus mst be constructed
in which the first mixture follows thae precise thermodynamic
path desoribed above at constant ocomposition, Appropriate
measurements of changes in the surroundings permit the
determination of the enthalpy values, It is evident that

’ & bomb calorimeter or oequilibrium cell is inadequate
| because the fluids must pass from point to point through

the apparatus,

b
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A flovw ocalorimeter uay be chosen whioh provides
elther a single pass or a roclroulating path for the phase
at the vapor composition, BHoth designs offor important
advantages, In the single paes dosign, tho moving phaso
flows from a holding tank into tho enthalpy measuring and
phaso equilibriunm roglons; 1t then flows into a rooeiving
tank, 4ince the mass flow rate may be acocurately measured
by welghing the recelvor, the design has boon the prinoiple
method used fop enthalpy measuremants, 7he doesign by Dana (2)
and modified by “ellmadgo, vchroedor, »dmister, and Canjar (3)
18 of this type, and both are oxamples of accurato heat
asasurement Ly eloctrical means, Joth apparatus oontained
8 stationary 1liquid phase through whioh the moving phose was
passed, and tie lattor ruference combined equilibrium measure-
ments with the onthalpy values, 3ut it was felt that the
1iquid dicd not represent the composlition in equilibrium with
tho moving phase, that it was aifficult to keep the volume
of 1liquid constant, and that uncertaintics, mentionod by
“elssberger (4), in correotions for heat leaks prevented
confidence in the enthalpy measurements, The advantage in
flow rate measurement was explolted by lLicCracken and Smith (5)
through the use of automatic valves in the product lines,
and in highly acourate measuremonts by Callendar and Darnes (G),
but neither design is applicable to equilibrium measurements,

A varlation of the once=through design by Rosanoff, Baocon,

and White (7) and used by Cornell snd lontonna (8) operated
é
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as a differential distillation, and since no steady state
oan ever be reached with that form of apparatus, the design
was dropped from oonsideration, The long operating time
that most authors find necessary before phase oquilibrium
1s oonsidered established would seem to preclude the uge of
8 onoe~through design because of the large quantities or
liquid components which would be required to supply the
moving phaso for periods longer than a half hour,

The other alternative design, in which the noving
phage 1s reociroculated through the apparatus for as long a
time as is necossary, has boooue widely accepted for making
equilibrium wessurements, Thig design, in which the recirou-
lating phase continually repeats the exact thermodynamic
path required for the desiped enthalpy measurements, is the
form used in the present study, The chief disadvantage
appears in the attempt to make aocurate flow rate moasurement,
Direct mass flow rate determination 1s not easlly aoccomplighed,
8inoe the flow of fluld must be diverted into a welghing
tank for a period of time, before and after which a weigh-
ing mst be made, The resulting depletion in some other
section of the apparatus and the cessation of flow into
parts downstream of the welghing point cause the steady
state operation to be dismpted, Usually the recirculation
18 oaused by a natursl convection process and 1is nalntained
at a oonstant rate with constant liquid levels, If welighe
ings were to be made, a pump would be required to maintain

7
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$he constant rate necessary for acourate enthalpy values,
The direct mass method for flow rate would unnecessarily
complicate the equipment, Rate measuring devices which may
be inserted into & fluid stream and whioh operate without
disturbing a steady atate flow wope investigatod, Of these,
the ball typo rotameter was chosen a8 tho most aococurato of

the direct roading devicoes for the low flow rate oxpocted,

Equilibrium

The developmont of tho deslgn foaturos of oon-
temporary equilibrium stills 1ig outlined in two excellent
reviews by Fowler (9) and ildgway (10), In the design most
favored today, vapor generated externally or in the equili-
brium chamber is oondensed into a vapor trap, ~“he condensate
reocirculates eithor into a vaporiger attached to the
equilibrium chamboer or flows direotly into the oquilibrium
flask to be revaporised,

secent designs vy Jones, schoenborn, and Colburn
(11) and by iurtt (12, 1. suggest that the recirculating
phase be vaporiged befors contaocting the oquilibrium liquid,
¥ith thie provision the liquid in the equilibrium flask more
nearly represents thu true equilibrium liquid, The Othmer
design (14, 15, 16) which employs the direct raturn of
reciroulating liquid to the boiling flask seems to prevent
the establishment of the equilibrium liquid composition,

The reoirculating phase may be thought of as residing as

liquid in the flask for some period of time before revaporige
8
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tion or the composition of one of the phases as well as
the temperature,

A oonvenient method of watohing the mass distribu-
tion 1s to restriot the system to two 1liquid phases by
design, then monitor one of the liquid levols,

4 check of the composition would ronquire either
porlodic sampling with the chance of upsetting the onoration
or an Iin-line composition analyger, 3ince it would be
difficult to make samnle analyses during a mun and since
no contlnuous analyzor was avallable, the method of 1iquid
levels waas chcaon,

41th these consideratlions In mind, a tubular
boller was chesen with inlet at a slightly higher level than
the exit, as used by Jones, Sehoenborn, and Colburn, and by
wurtl, The liquid level was fixed at the inlet of the downe
ward sloping boller, and the awmount of 11ould in the reoir-
culating lovp was fixe: by the 1liould level at the noint
whore tho condensate colloected from the condenser, As
explained in tho "Description of .pparatus,” the latter
lovel was brought outside the insulation so that the level
could be observed, The single other liquid level was at the
equilidbrium flask, There were, therefore, only two 1liquid
containers, and only two liquid levels capsble of changse,
One level could be watohed aesourately, changes noted, and
control action taken, The distribution of mass between the
two phases was measured by the visible level, and a oone

stant level would be indlcative of a steady state operation,
10
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The validity of this analysis depends upon preventing the
formation of any other 1iquid hold-up which cannot be
moasured and controlled in volume, such as an accumlation
of liquid at the low and of the boiling tube,

It was thought that an external boiler oould be
operated in suoh a manner that superheating of the vapor
oould be prevented, Control of the heat input to the
vaporiger would control the vapor temperature at its outlet,
This temperature would then be matohed with tho temperature
of the flask liquid and that of the vapor leaving the oequili-
brium flask, The equilibrium vapor would then be at its
saturation point throughout its contast with the equilibrium
liquid, The analysis of the control of the boilep proved
to be incorroct, as ia shown later,

The only alternate boiler design oconsists of using
an auxiliary bolling flask in whioch the vapor is generated
prior to contact with the equilibrium liquid, Such a
system was desocribed by Chilton (18) and used by Seatchard,
Raymond, and Gilmann (19), The system suffers from having
three containers of 1iquid among whioh the contents of the
8till are distributed, In two of the containers, the boile
ing flask and the equilibrium flask, the liquid levels are
turbulent and cannot be determined or controlled, Thus
the distribution of 1liquid among the containers cannot be
readily determined, Additionsl arguments against this design
are presented by Othmer (16),

1
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The design chosen for the oquilibrium flask was
& simple bubble oap, It was felt that this design would
provide effeotive veporeliquid oontaot, roducing the reoir-
culation time required to achieve equilibrium, The vapor
was foroed to bubble through a two inch liquid head as it
oontacted the liquid, causing a pressure drop of about 3 mm
g, For operation at 1 atmosphere this represented 06 3%
change in pressure and had but a small effeot upon the
oquilibrium, Noyes and Varfel (20) report for the ethanol-
water system a ohange of 0,03 degroe (C) in boiling point
per mm ohange in pressure, Thus the change of 3 mm Hg in
the equilibrium flask eould be expected to produce a 0,1

degree (C) unoertainty in the reported squilibrium tempera-
ture,

Enthalpy ..easurement

The reciroulating still causes a stream at the
saturatec vapor composition to follow a thermodynamic path
ideally suited for the enthalphy moasurements needed in the
construotion of enthalpy-oomposition dlagrams, The two
heat effeots which oan be msasured are the isobaric latent
heat of vaporization or condensation and the heat capacity
of the liquid, all at the vapor composition, To understand
the advantages of the various design alternatives, it is
of help to consider the ciroulating fluld as a thermodynami.e
system operating in a oyole between two temperature levels

ag shown in Fig, 1, The system serves only to transfer

heat between the hot and 00ld reservoirs, This it does by
12
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THE EQUILIBRIUM STILL

A THEKMODYNAMIC CYCLE

FIG. 1

LIQID

VAP(R

COLD RESERVOIR (CONDENSER ) .
HOT RESERVOIR (VAPORIZER) |- .
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being heated to the bubble point, vaporised and superheated
at the hot reservoir, and condensed and suboooled at the
0old reservoir, The enthalpy ohange between vapor and
liquid may then be meesured by sone known change in the
surroundings at either reservoir, The problem is to separate
the latent and sensiblo heat effucts 8o that both may be
measured independently,
At the hot reservoir, a subcooled liquid would
have to be brought to its bubble point without producing
vapor, using a measured heat input to determine the specifio
heat, This would prepare a saturated liquid for additional
heating to determine the heat of vaporigation, The tempera-
ture of a mixture undergoes a more or less regular rise from
the subcooled 1iquid state to the completely vaporiged atate
without the ocourrence of a discontinuity in temperature
or region of constant temperature, Supposedly the bubble
point temperature i1s unknown, the purpose of the experiment
belng to determine it, The stream may not be viewed to
notioe bubble formation because of the necessity of insulating
the measuring region, It would seem that no convenient
charaoteristic of the stream could be used to establish the
point where vaporization begins, and thus the latent and
sensible effects oould not be isolated at the hot reservoir,
A eimple design has been deviesed to isolate the
latent and sensible heat effects at the cold reservoir,
The equilibrium determination associated with the epparatus
a4
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provides a supply of saturated vapor whioch may be fed to a
condenser, The problem is to insure that a saturated
liquid leaves the condenser, theredy removing no more heat
than the integral isobarioc heat of oondensation, Vapor ocon-
densing on a condenser tube wall is suboooled as the liquid
film builds in thiockness, If the incoming vapor contacts
the subocooled liquid leaving the condenser, some of the
vapor will condense into the liquid and heat the ocondensate
towards its bubble point,

A reflux condenser provides a means of oontaocting
the vapor and condensate, The vapor condenses in the con-
denser, ylelding its latent heat and some sensible heat to
the water used for the enthalpy measurement, The ocondensate
flows down the wall of the condenser counterourrent to the
rising vapor, If an insulated seotion of tubing 1s provided
below the condenser, then the downflowing subcooled liquid
is exposed to the rising vapor and partially condenses
until the liquid reaches its saturation point, Since a
saturated vapor and liquid at the same ocomposition are at
different temperatures, the driving foroce to heat the liquid
is substential, If a trap is provided at the bottom of the
contaoting seotion, tho liquid is prevented from returning
to the equilibrium flask, and may be disoharged to the
reciroulating system, 8ince a saturated vapor flows into
the oondenser and a saturated liquid of the same composition
leaves the region, only the latent heat is removed by the

condenser, The ability of this condenser arrangement to
18
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degas the departing saturated liquid was noted in s recent
artiocle dy Othmer (16), and the design forms the basis for
a patent for gas-free distilled water (21),

The various designas of reoiroulating stills whioh
use a sealed system and regulate the pressure by the adjust-
ment of heating and ocooling offer no advantages over the
designs whioh use a direst control of a oconfining pressure,
with tho possible exception of operation at high pressures
where the confining gas might have appreciable solubility
in the oondensed vapor at the bubble point, Indeed, these
designs offer distinot disadvantages for enthalpy measure-
ment at the ocondenser, During adjustment of the cooling
rate, oonditions unfavorable to aococurate enthalpy measure-
ments may bo set up, .aintalnance of the coolant AT within
the desired msasuring range may be impossible, with the
resultant inaocuraoy in moasurement of AT and the oppor-
tunity for excessive heat loaks from the coolant to its
surroundings, The problem is basically the fact that with
a purged sealed systom, the total inside condenser arga must
be used to condense vapor, The condenser may be operating
in such 2 manner as to attempt to remove too much heat from
the system, thereby toending to reduce ths pressure,

Various exporimenters have attempted to correot for this

by using only small portions of the outside area of the
condenser (22) or by ohanging the coolant from water to air
(22, 23) in order to reduce the ability of the coolant to

remove heat from tho aystem, One other possibllity, whiech
16
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w07 alasd pAd emvol mmlseb oid Lae ((OL) qowrd?O ¢d efold3ze
such a method would prevent a much desired flexibility in

AIG) wedaw Defliath ocouleann 01 dnedaq &
dotiw wo0lde noidaiiariooy ¢ ennlech crotesv edi operation,
~depihe ond o) cugmasta ol sdalmes DR rodnte helser s eav | The use of a reflux condenser oconnected at the top
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cpnnes. AU G sUGREsroac To nolicuurn sidleson ol ditw mits simple measurement and control of the system pressure,
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A (Londe Lpie ) o 4o oudd B Toedw L etiaebioy 20 (! arbitrarily as long as vapor 1s confinod to the condenser,

Lo At v, oaae tail oo enmiedh At whatever conditions of recirculation rate or coolant rate
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One disadvantage involves the condensation teme
perature at the condenser, The condensstion teaperature
depends upon the system under study and upon the oonfining
pressure, For tie ordinary solvent systems likely to be
studied with this apparatus at one atmosphere pressure, the
boiling points are substantially above room temperature and
a water condenser operating near room temperature will oon-
dense the vapor, :iowever, an example of a specifio aystem
system which presents problems is ethylene oxide whioh boils
at 10 C and cannot be condensed using room temperature water,
Une other shortooming, the opportunity for the diffusion
of volatile components into the gas reservoir, must be men-

tioned,

adiabatic Operation

Heat lost from the equilibrium flask would cause
partial condensation of vapor, Such refluxing would destroy
the equilibrium and deplete the amount of the recirculating
phase, lieat lost from the contacting section would produce
error in the enthalpy measurement, Suoh losscs had to be
brought below the allowable limits of error, r‘he highest
recirculation rate which would not produce e::cssive splashe
ing from high vapor rate in the equilibrium flask was found
by caleulation (Appendix, pg. 97 ) to provide a heat flux
of about 2000 oal per min and to represent a liquid flow
of r50m 5 to 38 gm per min, depending upon the compounds
ochosen, Because of expeoted uncertainty approsching ons
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peroent in the measurements for enthalpy, it was proposed
that heat losses not be reduced bolow one peraent, or 20
oal per min, DBoth the equilibrium flesk and oontaotor
operate at up to 100 C, and a simple i{nsulating material
would produce too rreat a heat loss, “he use of a silvered
vaouum jacket would praotically oliminatc hoat losses, but
it was felt that nn untried desipgn which might require
extenaive r ~'{sion should not be construotod in comlex
glassware, lhe construotion and operation of an adiabatio
wall seems. a 8imnle exnedlent, In princi,lo, an enclosure
about the apparatue 1s broughkt to tho saue tewperature as
the apparatus, b5ince the reglon between w;paratus and
enclosure 1s then lsothernsl, no heat L{s transferred through
the region, and tho eynaratus oporates adiabatiocally, The
use of good insulation vetween tie a;,orstus ana enclosure
reduces the heat loss in case the two tauperatures do not
match, This method 13 used in an cquilibrium still Ly
Chao «.d Hougen (24), Tho prinolple /au ugsed for the pre-
oise determinations mede by Crllendar and sarnes and 1s
epplied to modern adiabatic chlorlmsters In wnlech tno
adlabatic walls automatically follow the tempurature of the
calorimeter,

At the refluy condenser, since the cool water
jaoket lay between the hot vapor and the cool surroundings,
1ittle insulation and no adiavatic wall were necessary,

Apsuming & 5 degree (C) difference betweon the water Jacket

end surroundings, and the use of three inch thiok efficient
19
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insulation, a heat loss of about 3 oal per nmin was estimated

(Appendix, p, 14), This was less than 0,27 of the oxpected

heat flux, The aotual heat transfer probably amounted to

only a small fraction of this valuo,

The condensar was staoked above tho 2quilibriun

flask as closo to 1t as possible to male tho npath for the

vapor as short as poesible, Thus tho opuortunity for heat

tranafer with the surroundings noear the re

f"

ion botwacn tho

points of oqullibrium and enthalpy measuresent was roduced

a8 ruech as posgiblo while still leavin; snourh arec for

heat tranafer,
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DESCRIPTION OP APPARATUS

a 8 8

In order to eliminate contamination problems,
pyrex glass and Teflon were usod to fabrioate all oequipment
whioch might come in ocontaot with the system under study,
S5ince modification and flexibility were expected to be
necessary, Joints were used to attach the parts together,
The use of Teflon tubing and ground glass ball joints and
taper joints permitted ease in glassblowing, and flexibility
in design and conatruction, However, once a successful
design has been tested, it should be oconstructed without
glass joints, thus eliminating the possibility of leaks, It
was found necessary to usge silioone grease to eliminate
leakage in the ball joints at the rotameter and to meke the
large taper joints vapor-tight, The use of silicone grease
i1s to be disoouraged in apparatus for serious phase studiles,
Treces of the high molecular weight silieones have a pro-
nounced effect on the equilibrium, Short seotions of 0,25
ineh ID Teflon tubing provided excellent floxible, leak-
proof sleeves with which to attach fire-polishec 7 mm (0,27
in,) OD glaas tubing,

The equilibrium flask (Fig, 2) had a vapor inlet
thermooouple well, T2, dipping into the inocoming vapor tube,
and another well, T8, immersed in the equilibrium liquid,

2l
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A small bore sample tube from the bottom of the flask per-
mitted the removal of the equilibrium liquid for analysis,
The long tube length was neocessary because of the thick
adiabatio wall in that seotion, Slots were out into the
bubble ocap in an attempt to break up the bubbles and cause
better contaot with the liquid, The flask held 630 ml
before liquid overflowed into the inlet tube, and 400 ml
was oonsidered an adequate charge, The large open volume
above the liquid level permitted the vapor to disengage
from the liquid.

The condensate oontaotor fitted into the flask
outlet where the vapor outlet thermooouple, T4, was loocated,
Vapor passed through the inner tube and oontacted the con-
densate whioh trickled down the side of the contaotor, The
adiabatlio seotlion reached to the lowest point of the oon-
denger Jacket, a point about one inch above the top of the
contactor, A small thermoocouple well, T7, dipped into the

pool of condensate near the outlet of the collector, Five

to ten small ohips of broken ceramic measuring about 0,3 om in

the largest dimension were placed in the bottom of the ocone
taotor to eliminate the possibility of the condensate being
superheated, A side arm led the condensate through the
adiabatic insulation, A thermoooupls, T9, was taped ageinst
the outaside of the contactor to give, along with 77, the

average contaotor temperature and to tell if the contastor

was excessively long,
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Heat was removed and enthalpy was measured with
& standard 300 mm long West type condenser inserted into
the oontaotor, Oondensation took place inside a half inch
dlameter tube around which water flowed in a one inoh
diemeter jacket,

Two olamps for large ball joints wero filed over-
8ize and used to clamp the tapered joints between the
equilibrium flask and contaotor, and between the contactor
and condenser,

The oondensate paassed through a Teflon sleeve
Joint and into a small Liebig type water sooler (Pig, 3)
whioch reducec the temperature to about 25 O by the use of
cooling water from the oonstant temperature bath, It is at
this ocooler that the senaible heat effaoct may be measured,
Cooling at this point prevented a loase of volatile components
out of the vent of the next element, the leveler (Fig, 3),
Tho leveler permitted the liquid level in tho condensate
contactor to bo measured, and controlled above a minirum,
Teflon slesves on the inlet and outlet provided flexidbility
for ralsing and lowering the position of the loveler, Thus
tho thermocouple well T7 was kept immersed in a pool of
condensate and unexposed to warm vapor, Also vapor was
provented from entering the side arm where condensation
would eonstitute a heat loss, By bringing the liquid level
outside of the enshrouded condensate oontactor, a sensitive
meagure of the operation of the still was brought to viow,

A rise or fall in this level meant that the mass of the
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RECIRCULATING SYSTEM COMPONENTS
WATER INLET F16. 3 WATER QUTLFT
Fﬂ CONDENSATE COOLER PROM
- CONTACTGR
g S—
Yinobs g o1 ]
2||
TEFLON SLEEVE
R\ |
>_ 7 MM CAPTLLARY
TO PANEL (— TUBING
BOARD & VENT
TOP VIEW OF 7 MM
LEVELER —
30 MM—\
FRONT VIEW
OF LEVELFR
un
LEVEL MAINTAINED IN COLLECT(R — —
INLET FROM COOLER — J

QJTLET TO PANEL

2 - 0,110
l"l_’i } T —.l [

—
o
_i_ __!iﬁ
L FOAM RUBBER —

1/8 NEOPRENE
1/32 GALVANIZED STEEL

5/8 T &f‘” '

f 0.2
ozl
0,33

RETAINING RING FQR

DIMENSIONS

TUBING MOUNTING IN INCHES PLASTIC NEEDLE VALVE |
BRACKET TEFLON OR POLYETHYLENE i
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reciroulating phase was changing, and that equilibrium
was not established, A piece of tape on the leveler was
marked in half oentimeters so that lovels could be recorded,

The outlet from the leveler lead to tubing mounted
on & plywood panel board, Fig, 4, whore the flow ocontrol
valve, thermooouple well, rotameter, sample valve and shute
off valve were mounted, The rotameter produced a piping
problem in that it had to be mounted vertiocally., To make
the flow eystem compaot, the fluid had to traverse an S
shape, passing down from the leveler, up through tho rotae
meter, and finally down to the boiler inlet., &5ince tho
flow of the system depended upon the small hydraulic leg
between the leveler and boiler, air bubbles whioh would
stop the flow had to be eliminated at the start and prevented
during a run, The use of capillary tubing, of proper place-
ment of shutoff, sample, and control valves, and of cortain
oporating progedurces (see p, 5°) oliminated air bubbles,

The use of ocapillary tubing reduced the volume of tho
reoirculating phase, thoreby ocausing a greater turn-over

at a given flow rate and hastening the approach toward
equilibrium, The components in the circulating asystem were
deeigned in suoh a manner that the flow of condonsate swept
out all regions where liquid might lie, In this way,
stagnant regions were prevented,

The Teflon and glass needed valve was manufaotured
by the Manostat Corp, The valve had & 1 mm bore and pro-
vided muoh closor oontrol than ocould have been obtained

2
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from a stopooock, but had a tendenoy to leak at the inlet
and outlet, The slip rings originally sont were considered
unsatisfactory and new ones shown in Fig, 3 were designod
and oconstruotod, Liquid still loaked past the new slip
rings ovon aftor tho plastic nuts wers tightly sorewod into
the valve body, 4his is believea to be tho result of bend-
ing foroes on the inlet and ocutlet tubes, no use of
veflon sleoves on voth sides of the valve and the olimina-
tlon of rigld mounting for the valve eliminatod leakago,

1t 18 to Lo noted tuat tho new slip rings do not fit a
amanufacturer's cesign cnange in inlet and outlet glass tubes
anag that a return to tne orliginel sliu rings will be
noecossary li the glass fittinge arc changec,

Ine thermovoouple well, T10, «'ig. 4, was to have
aeasurod the teuporature at tne rotaseter so that the
effiocloncy ol tho cooler ocould be checked and so that tem-
Jerature could be duplicatea during ocallbration of the flow-
wotur, <hen the effect of temperaturse upon the indicatilon
of tne {lowmoter was ulscovered during celibrations, pro-
vision was made to Jacket ths flowmeter with wator from
thie constant temporature bath, <4‘hus the fluld inside the
rotameter was brougiht to 25 C during oporation and culibra-
tion of the flowmeter, The flowmeter was a Kisher and
Porter iri-Flat Hotameter with apecifiocations 02F-1/8-1£-5/36,
pyrex tube and sapphire float, FIractical range was 0,¢ to
25 gm water per minute on a scale of 1 to 12, Ball joints
wore glassblown onto the rotameter ends to provide flexi-
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bility in the mounting and to permit roemoval of the rota-
meter for ocleaning, A mirror was ocemented on the panel
immediately behind the rotameter so that orrors of narallax
in reading the rotametor would be elliminateu,

The oondensato sample valve was connectod to the
c0int where the fluld turne. dovmward toward the bollor,
Jubbles colleating at this ulgh roint coulc be vented
through the samnple line to prevent the svo»spagoe ¢f clrcula-
tion whioch would ocour i bubbles bocan: tra,ped in the
lines through wanlch flow was downward, iiLc¢ positlon Lro-
videc clearance for samsle tubes above ths uoller, .lace-
mont of tho sample line betwsern the ocontrol vulve and the
bollser permitted tone sauple line to Lo usc. as an slr intake
at tie timo of shute-down, .althout tnis vent, lijuid from
tize equilibrium flas« would be crawn into uhe bolloer as
vasor condensed in the boller, ruls precaution was taken
oy Jones, Schosnborn, end Colburn, and by :wurti, A stop-
000K between the sample line and tho boiler was used to shut
off thie path to thy boller when a sampls of th: reclrculating
phase was belng taken., BSotl sample velves and tho shut-off
valve were [isher and .orter Lav-Crest otopeoocks, tLe manu-
faoturer's name for special stopococks using “'eflon plugs,
They needed no lubrication, did not stick or leak, and were
excelient for this application,

Condensed vapor samples of 10 co were drawn by

gravity or vasuum through the capillary tubing, Teflon

stopoook and ground fitting into short tubes provided with
29
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ground joints, shown in Fig, 4 and 8, Tho sample was
introduced througl tho long capillary bolow the 11quid
lovel in tho sam;lc tube, Ioe in » beaker »liaced around
the samplc tubu readily coolod tho samyle becsuse of the
sumall dlameter of the samplo tube, oth rocautions Jore
taken to recuce volatil'uzatlon lossos, .. al-iilar sanling
syster of ccplllary tuvdng, stoorcook and ground loint was
attached with 2 gecti n  ° '¢flon tudin Yo tho canlllary
tube of tnc oquilibrlwa Tlasl: 8o thet ¢ samile o7 the
equilibriuwa 11 uld oould “e tekon,

Jhe peclioculating syctem held 3¢ ml in the reglon
botween condonsaate collocto: a1 boller inlet, “he 1iquid
head which nrovided rocirculntfon was s out 17 inches hdgh,

swo voller deslpns shown In 'y, 5 have boen
tosted, .dqulc Hossin: through & lcflon sleocve and - short
7 mm caplllary tube ontore tine 14 rm tubing 02 thc boller
where tio condensato was vaporize! anz 1t trickled dowm the
tube in a thin strows, 4n elbow at the znd dirscted tho
vapor into tias oquilibriua flask, ieat was sisplien ty two
four foot long heating tapes wound ons on top of the cther
on tiic glass tube of tho voller, A 30 mm tube use. for the
aecond deslpgn was flattened alony 1ts lensth on the bottom
s8ide In an ettempt to distridute ti: bollin: liguid over a
large area, The top half cylindser was iInsulated with
asbestos, and an elght foot heating tape was lald longitudine
ally against the flat bottom s0 as to supply most of the
heat to the bottom of the boiler in an attempt to eliminate
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superheating of the vapor, The boilers were wrapped with
asbestos and mounted in position to slopo ono inch in

twolve,

an addition tubo with slue urs wus inserted in the
top of the condenser, .he slde ara ,roviceu an outlet for
.regsure measuremont, snc tue addition tuuve an¢ funnel and
tig Teflon une gluss noodle valve ,rovidec tues means to

introduce 1linuics for study,

ndiabatio valle

wo lenctas of achecdnlo Torty eiumimunm ipe were
used for the enclosurss shown in 1g, £: ¢ 8ix inch 'lameter
section around tne equilivrium flask, and = four inor
dlameter section around the contractor,  hess wera separated
and supported by .lywooc circles nnd tarec woodc- lers,
Deep tuermocoupla wells ware crillad iato ths tude wells,
(tlass wool was nackol between tihc glossware ~1° tre 1)Hes,
Two heatinr tapes, 3 ft snc 4 £t long, were wound or the six
and four inch vises respectively, ..cavy blett'ng ~ap.r was
use. to hold rock wool insuletion agalast thc outelce of
the aluminum pipes, ihls ouisice Znrsulation way uscd to
eliminate the offect of changes in ambilent conditions,
After an early run of the apuaratus, rock wool was packed
between the table anc¢ lower nlywoocd e¢ircle, the reglon
around the elbow at the end of the boiler, It was thought
that acocurmlation of liquld at the end of the boller was
due to condensation in the tube running to the equillicrium
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flask and that insulation would prevent this, A test tube
for a view port and a flashlight bulb were inserted into

the insulation in order to observe the amount of liquid at

the elbow,

gowor Supply

3inoe power reculrenents were below 1000 watts,
the 110 volt laboratory outlet was consicderec v satisfectory
source, Voltage repulation GSccame n.ccsssr; whon it was
discovered that the line voltaie {luctuated, producing
erratic operation of th~ aculyient, . slmple ex;ecient
requiring occasional orerator attention was adopted, «
single 110 volt powerstat transformer was plugged into the
lab outlet, and its output vcltage .conitored witi a vacuum
tube voltmeter, The output sower wa: fou to three control
powerstats, The voltage to the three control powerstats
could then be adjusted to malntaln o constant voltmetor
reading. Une control powerstat supplied power to two heat-
ing tapes in parallel for the boiler, and thc other two

supplied power to the two adlabatioc walls,

The Cooling ater oystem

’he purpose of the cooling water systemn was to
provide water at 25 C and at & constant controlled ratv to
the calorimeter condenser, The system oconsisted of & tenm-
perature control tank with heaters and a cooling ocoll, a
pump, valves, an auxilliary water supply, & constant head
tank, the calorimeter and s oontrol board shown in Fig, 6.
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For the two tanks, five gallon cans were modified
with appropriate pipe fittings and coated with "Tygon" paint
in an attempt to prevent rusting, The temperature control
tank was set at table height and contained two hesters, a
cooling ocoil, and s meroury regulator, The regulator and

@ oontroller were usecd durinp operation to supyly power
through a powerstat to a 5C watt iimersion neaster, i 750
watt immersion heater, controlled with e powerastat, was
used to bring the water system up to 25 C at tho start of

a8 run, Cold tap wator was circulatod through & cooling
coil of 3 ft of 1/4 in, conper tubing, 7The rate of tap
water was controllec 2y a 1/3 in, bore needle valve at the
tap, anc was observed on a rotameter o 20 gm ner min
capacity,

A 8small centrifugal rump with a 1/5C horsepower
motor was connected to the pl)ing system witih short hose
connections to recuce vibration, :rom the bottom of the
temperature sontrol tank, water could be pumned either in
recyole to tho top of the tank or to tho constant head tank,
The latter was supported on an angle iron frame at a helght
of five feet off the table, . half inch copper tube running
through the bottom of the upper tank and into the lower
tank served as a constant head device., Deponding upon the
setting of the two valves, tne water could be recycled to
the lower tank when a constant temperature bath was needed,
or ciprdulated through both tanks when a constant head, oon=-

stant temperature water source was needed,

38




Soltlw

>

T T T N . s o

s 3w

»

LS - I

CuW N8l

SNl i

."\..I 1'..1 UO'IIO

- raada

When it was disoovered that a water jacket was
neoessary for the system rotameter, a stream was taken from
a point above the reciroulating valve for circulation through
the jaoket, This auxilliary water supply was also used for
the jacket of the condensatc cooler at tho oxit of the con-
densate collector, +ater from the Jjacket and cooler was
returned to the lower tank,

Water for enthalpy meaa rement was taken from the
upper tank through a fino mesh filter, The water flowec
through a section of neoprene tubing into the condenser
calorimeter, “ue ocalorimetor consisted of two thermocouple
wells, a mixing tube, and the .est type reflux condenser
desoribed previously, Joth wells wore formed entiraly from
glass tubing, =ach was formed of an 1l om long 6 mm glass
tube sealed at one end ané Jjacketed with n 12 om long 9 mm
glass tubo, both tubes having standard wall thicimess,

Inlet and outlet tubos were of 7 mm gless tubing, The
mix!ng tube was used to ruvduce fluctuations in tho tempera-
ture at the condenser outlet, It was constructed from a
three ineh long section of 30 mm glass tubing, scaled off

at one end and plugged with a iio, 6 two hole rubber stopper
at the other end, Inlet and outlet tubes of 7 mm glasas
tubing, inserted through the stopper, reached to the top

of the tube, The top of the lnlet tube was bent over so

that the incoming water could be directed downward into the

tube for mixing,

An extra side arm with hose and pinch clamp was
36
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installed at the top of the condenser jacket to remove
entrapped air, Alr colleoted there because of the deoision
to introduoce water at the top of the ocondenser and to remove
{t at the bottom, Air bubbles would have reduced the avail-
able heat tranafer area of the oondenser,

Two blooks of styrofoaa wore used as insulation
around the calorimeter, <These 4 x 12 x 13,5 ineh blooks
were hollowed out to nccept the condenser, thermoocuple
wells, mixing tu , and air purge line and to fit eround
the olamp holding the ocondenser and contactor together,
These components, attached with short sections of neoprene
tubing, wers sandwiched between the two blocks of styrofoan,
The blooks were bound and glued together, 4 3/8 inch thiok
anmulus between oondenser and Styrofoan was packed with
glass wool, when in place, the styrofoan insulated the
region extending from the top plywood circle to the uressure
sonnection of the addition tube above the condenser,

The cooling water from th: oalorimeter flowed to
a panel board where the ratc was observed anc controlled,

A 1/4 inch bore needle valve was useC to control the rate,
The flow was divided and a side stream passed through &
rotameter and small control valve to give a measure of the
flow rate. Adjustment of the small control velve kept the
rotameter float on soale for a wide range of flow rates
through the oalorimeter, i, peteock on the main line provided
a small pressure drop between points A and B of “ig, 6,

The flow through the rotameter was a measure of the preesure
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drop from A %0 B, 8inoe the orifice equation shows that
pressure drop 1is proportional to the square of the flow
rate, the rotameter gave a sensitive indiocation of the oon-
stanoy of 'he flow rate through the calorimeter, The rate
oould be ocontrolled between 300 and 1(:., gm per min,

From the top of the control board, a long spout
returned the water to the lower tank, A compression fit-
ting at the oontrol board served as a swivel joint so that
tne spout could be swung horizontally over a 500 ml beaker
for flow rate determlnation, #low measuremonts taken in
this manner prevented any upset in the flow through the
calorimeter since no valves or liquid levels were disturbed,
vireot mass flow determination eliminated any problems of

calibration and accurscy whioch would be involved in the use

of a rotameter,

Thermoregulator and Controller

A regulator anc controller for tue water system
were constructed with a sensitivity of C,01 degree (C)
for use during calibration to check the potential vs, AT
relation for the calorimeter tnermocouples, The control
was also used during runs of tne apparatus in order to keep
an isothermal bati in the jacket of the system rotameter,

Thermoregulator designs are avallable in profusion
(6, 25, 26), Most rely upon the thermal expansion of a
fluid in a bulb to foroe a capillary coluan of mercury
into making or breaking ocontact with & fine wire inserted
in the capillary tube, This switohing action provides the
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signal to a controller, and the level of the fine wire
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adjusting the regulator may be found in the appendix, p.//5
A variety of oontrol circuits are available (27,
88, 29), and the design of control for constant temperature
baths is analyged qualitatively (6, 30) as well as analyti-
oally (28, 31), un-off control was deemed satisfactory,
i+ standard Thyratron relay cirocult, fig, 8, was chosen
because of the low power oarrying ocapacity of the regulator,
4eroury regulators wrilcu dlreotly switoh thoe power to
heaters are subject to urratic operation fron arcing and
mercury oxide formation at the contact, ‘"r.e relay oould
control 1000 watts at eaoci control outlet, gwitching from
one to the other a8 tho contro. oint was yassed, A heater
and cooler could voth be operated, Capucitance in the
oircuit introduccd a short time lag to roduce unnccessary

switoning as the control point was passed,

40 08 e ..0asure.aeat

n eods enc .orturu, .ys;0 1.=0 otuntiometer and
gelvanoametoer werc used wit:n coppur~conatants thermo-
couples Lor ull l.o.gperature oecureaonts, o instrument,
ueed with guarded lead unc standard cells and with the
elimination of stray potentlals 1a Lie tnormocouple ciroult,
was acourate to L 0,H microvelt or 0,02 degree (C) for the
onthalpy measuremsnt, anc Lo +1,1 mierovolt or 0,056 degree
(C, for the equilibrium tem,cratures, The temperature

tolerances are computed for a single juneotion,

Larly difficulties over the stability of the
41
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potential measuroments were eliminated when a speoial
switohing oirocuit was built as shown in rig, 9., 1he ocopper
bar and tho switoh, roglons assumed to be isothermal, are
shown surrounded by a dotted line, (he junoetions created
inside an isotnermal region yleld no net potential as long
a8 the sawe conducting materisl enters and leaves the
rogion, wunly ooustantun wires were connected to the copper
bar, and only copper wires werv attached Lo tne switon, As
long as the two reglons wers isotnermal, ino stray junotion
potentials coulic Lw onurated in tas thermwcouple ciroult,
Jho compucCt .amss ol LLOUBC VWG Compononts anc thLair cnclo-
suro in a samli Lox wade t.s fulfiliaent ol Ui ilsothermal
cendition wre ilkely, -t saoulc Lu jointed out tiat tho
two rogions did not neec Lo oe at the sumu teaperature, or
gt u constunt tempurature :roa day to day,

~» battery box with guarded leacs was construoted
uccordl.y, to the desi,.n suggpested la thu operating manual
for the potuntliowmeter, .o lvac wnd (00 $l@.acure CeLus
wero . laced in u plywoou wux Junlci wuas linec with sueot
aluminum, ..o negutive termdnu. of tuoe lead cell was
attached vo w.¢ alualnun wna o snicldlng arounc the posl-
tive leads [{rou vobi cells, .. switeu wired into the circult
of each cell preventel btuu potontials [row belng used
oxcept when needed. . shortilng switci on the galvanometer
protected the lnstrument against cuance mechanlocal shock
when not in uae,

The potential at switeh position 1 was & direot

43
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msasure of the potential difference between the thermo-
couples at ocondenser inlet and outlet, independent of the
reference junotion potentinl, Likewise, position 3 pre-

sented the potential difference between ' and T¢, ro8i-

tions £ and 4 througu ll used tho rufoerence junction, The
oirouits for thermocouples T8 t:rougl: T1l have been omittod
from tho drawing,

theramocouupic junotions were fomied Ly twisting
the wire ends and solderin, them togotlier, about C,& cc
of wercury was plucec i eaoh ¢f tnc gl ae thermocouple
wells to lmprove heat transfer L:n t..e vicinlty «f tho
Junction, Glass Lacked udnosive tapu wa: usel over the
theraowslls Lo prevont splllage vl aerculy vik. LO Keep
tneriaocouples in ,iuaoce durliy assenb.iy of the glrsswarse,
Thormocouples M1, <, 4, v, &nd 7 worc .4 o : o gage wire
whice baroly fit into 4 :am glues tubling, hermooouples
16, 3, J, «nc 10 were 0 3 X o gage,

For the reference junction, e oare tuor.ocouple
with soldored junction was l.amorsed in a dowar flasit along

with fce fro. an ice macrine,

Pressure ieasurement and Control

The pressure was controlled by a volume of air

conneoting the top of the condenser to a water manometer,

A oonnection was also made to the top of the leveler, The
trapped air exerted its pressure on the vapor in the oon-
denser, the liquid in the leveler, and on the water in the
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manometer, Water was chosen for the manometer fluid
instead of meroury because of the greater change in helght
with pressure, The pressure was controlled by introducing
or removing air through a blow tube provided with & pinech
oclamp, The system prossuro was kept at 760 mm :g using &
barometric reacing to determine the helght of water
renuired to increase or deorease thes pressure of tho atmos~
phore,

To provent a substantirl changc in pressure when
tho vapor 1lavel in tho oondenser changed, a reservoir of
air was provided by u one gallon bottle, . ohange i vapor
lovsl over the lon/th of the condenser chan;ed the alr
volune about ,1. and changed the pressure by the same
anount, ‘'herefore a change in the vajor level of the cone
denser, o~curing s n ohanging cdaemend by the systea for
heat oxclange srea, would offect ncilther the watar lovel
in tue .snometer» nor ‘ho >ressuro on tho svston, During
earl: runs, rapld nressuro fluctuations were observed ot
tho water wmnonloter, To sunnress thess, o four inch sec-
tion of drawn ¢ mm canillary tudlng wes inserted in th
neoprene Lose, Commnication betwean the condenser anc

leveler was not impeded L7 the restrictinn,

Composition Analysig

Chemiocal methoda of analysie for ethanol-water
mixtures are tedious and are aocurate only at low aloohol
oonoentrations (32), Refractive index undergoes a maximum
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at about 0,8 mass fraction wvhile no mexima or minima are
observed in the density, No Aestphal balance sensitive

to O,1» in composition was available, anc the ovconometer
method was oonsidered both too time consunming and likely

to orr froa volatilization losses, >Hince an interforometer,
which accurately ant ranidly measuves dif :r:2nces in
refractive indax, were available in t:: cionisirv denartment,
rofractive index waas chcren aq the analvtisz) method,

“ha Carl “:tss Jena Interfnrometcr oconsists of
ontical ‘lemente anc - water bath contal‘nod in rn ‘nstlatec
ovlinder sot ‘ortrzontal®= in an air bat! controllo’ to
within ¢ ,05 derree (C), :easurin~ cells, mounted in —airs
in cell holcers, ere esul ned with cecver zlasses “o recuce
evaporation losses, .ach cell hos twe windows whic: -~ermit
lirnt from the instrument to ~ass throurh the cell to the
ootical aection, hen tne rolder is mounted in the water
batl of tie instrument, a lirht vean wnilc: »ne<zes through
each o6cll and & second bea.: whioh nnssos throurl. the water
bath nroduce two intcrferonce ~attorne which sre¢ obsorved
in an ayopiece, 7The nositions ci” the patterns ‘re brourht
into mateh by turning a thumbscrsew linked to a :idrror in
the instrument, ko thumbscrew s marked to r~ive reacdings
which are linear in the difrerence in refractivo incdex
between tne ligulds in the two cells, Sensitivity and
range are ¢irectly and inversely nroportionel to the path
length of 1light through esch cell, 4 set of cvll holders
with ocells of path lengths (.5, 1,0, 2,0, and 4,0 cm are
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available, DBecause of the large change in refractive index
with oomposition of ehanolewater mixtures at compositions
away from the maxirmm, the 0,8 on cell which has the
groatest range and least sensitivity waes used, The effeot
of temperature upon the analysia is largely roduoed bocause

both unknown and known have about tho saric t-merature

coefficient,
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Program of Test Hung

The use of athanol-water as a test systom and
of refractive index for analysis restricted the operation
of the still to regions away fro:a the refractive index
maximun where compositions could not be accurately determined,
It was felt desirable to operate in the raegion where there
would be the greatest temperature difference between
saturated vapor and liquid in tnae ocondensate colleotor,
sinoe runs with the pure com,ononts would cueck operation
in whion vapor and liquic in tne contactor wero at the same
temperature, These considerations limited op:.ration to
the range between U and U,t6 mass fraction ethanol, away
from the ageotrope and refraotive index :aaxirmm, 3ince the
ethanol-water system was being used siiply to test the
operation and accuracy of the equipuaent, tho entire coixposi-
tion range did not need¢ to bLe covered,

Runa were first made with water to discover short-
comings requiring changes in the apparatus, «fter a succeas-
ful run with water, the squipment was dried anc then

charged and run with ethanol, iuns on mixtures were begun

by charging a single mixture to the entire still, Calcula-
tionas showed that an initial charge of 480 ml at about 0,18
mess fraction would produce a vapor phase of about 0,6,
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the upper 1limit in mass fraction for sccurate analysis,
Water added after each run to make up for sampling losses
was used to change the point of equilidbrium of the next run,
The distilled water tap in tho laboratory was usec aﬁ the
souroe of water, /bsolute othanol of U, U, °, grade

supplied by Unite. istates Industrios was used without fur-

ther purification,

start-Up

The addition funnel was filled with the mixture
to be tested, anc the addition valve was oponed to allow
a triokle of linruid to flow i1:to theo condensato collector,
The U=-bsand botweon tie cooler unc leveler was temporarily
elevated about one inch to prevent bubble amcocumlation in
the cooler as liguic flowe. froum tho colleotor to leveler,
The control valve was usec to keep the liquid level in
the leveler above tie outlsot to prevent bubbles from enter-
ing tne lines to tho panel board, ithe shutoff valve was
closed as liquid began to unter the boller, i sample tube
was used to collect a sample from the sample line, and
lung pressure was used to revorse tue flow, foreing the
sample back into the linee, subblces which had formed at
tho ieflon sleeves and in thc thermocouple well could thus
be forced back into the leveler to be eliminated, with all
but the smallest bubbles eliminated, the oontrol valve and
sample valve were shut, The remaining 400 ml of the charge
wers rapidly added and quiokly filled the condensate
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6olleotor, then ran down the vapor tube into the equili-
briun flask, The stopoook in the equilibrium liquid
samplo line was kept shut, The addition valve was shut
after the oharge was completely added,

To warm up the equipment the powerstats were
turned on to heat the two adiabatic walle and insulation,
The voltage to the two heaters was kept below forty volts
to prevent overheating,

It was necessary to have the switocn to the lead
cell turned on for about hel!{ an hour before the potentio=
metor standardiezation became stable, The lead cell required
that time to reac: u nearly constant pot=ntiul, At no time
was the switch to the standari cell left turned on for a
time longer tnan that required to make a stancardization,

The ocooling water system was also brought into
operation at this time, JThe cooling water gsystem was
filled with distilled water to eliminate any unocertainty
as to the exact specific lheat, and to avold any tendency
to foul the water systexn lines, .he pump was started, and
the valves set to recirculate water butween the two tanks
and through the celorimetsr, cooler, and rotameter jacket,
Ei{ther thu auxiliary heater or the ocooling coil was used
to bring the water temperaturs to within a few tenths of a
degree of 25 C, The controllsr was turned on and the heat-
ing circuit set to deliver full power to the 50 watt hoater
during the heating pert of the control cyocle, The adjuste
ment sorew on the regulator was raised or lowered to bring
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about oontrol at 206,00 G, The loose nut on the adjustment
sorev was used as ¢ loolnut against the eslumimum ocap to
hold the sorew in place at the set noint, The auxiliary
heater was usec at about five volts to supply heat under
oonditions of low ambient teupoeratures,

The boilor heater was to be turnec on and recirou-
lation started when tne flask liquid became hoated to its
boiling point, 3ut the liquid in tho equilibrium flask
became heatod only by overneatins; the lower alumimum tube
for a fow hours, 1o roduce the warm-up time, reocirculation
was begun before the flask liquid was completely heated,

ihe powerstat serving the heaters on the boiler
was set at 4uU volts for e few minutes to oring the boiler
up to temperature, During the start of an early tun, 120
volts were applied with the result that the neater becans
red hot and the glass insulation vecane baked and embrittled,
ie0iroculation was started by opening the shut-off valve to
thu boller and regulating the flow ratc with the needle
valve, The recirculuting ohase veporigzed in the boller
and oondensed in the flask, thereby heating the .iquid, The
depletion of the recirculating phase was made up by drawing
a full sample of the flask liquid and introducing it into
the reciroculating phase at tho other sampling point, This
was repeated a sufficient number of times to heat the flask
liquid to its bubble ,»oint, At this .oint the vapor etopped
condensing and began to travel the route through the oalori-
meter and leveler, Thus self-sustained reciroulation was

be
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brought about quiokly despite the lack of direct heating
at the flaask,

Jteady State Uperatiop

kany pairs of reciroulation rates and heating
rates at toue boller would yield steady stato conditicns,
The oholecu to fix onc rate and adjust the other to it had
to be made, wupoeration at a fixed flow rate was chosen
because the rotameter could not bo read accurately at
points between the etc: marks on the rotamoter tube, 'he
rate was neintalned Ly adjustuent of the .eflon and glass
needle valve,

The liquid height in the leveler was not deliber-
atel: held oonstant, and was used to gage the approach to
steady operation, =« cuange In the luvol would indicate
an exchange of aasy between the two nhases and would rlso
mean that tuo flow rate through t:e concdenser was not the
same as that through the rotameter, Thus neither equili-
brium nor enthalpy asasurem nts would be valid during such
timo,

A drop in level in the leveler would be due to
oondensation withiin the equilibrium flask and/or asccurmla-
tion of 1liquid at tho end of the boller, The two possibili-
ties could be distinguished by looking at the dbow of the
boiler, Aococurmulation then could be corrected by temporarily
inoreasing the power to the boller, If there were no
acoumilation at the boller, condensation at the equilibrium
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flask oould be the only alternative, It was thought that
such condensation oould only be csused by heat transfer to
the surroundings and oould be eliminated by the proper
adjustment of the adisbatioc wall temperature,

A rise in lovel at th- loveler would be due to
evaporation of the flasxk >lquid by either a superheated
vapor leaving thue boller c¢r imuroner adjustment of the
adiabatic wall tomporature, 7Th> osuse ocould be determined
by a comparison of tlio texveratures at the flask inlet,
flask liquid and lower adlabatic wall, Adjustmont of the
heat to the boller or acledrtic wall was to have gorrected
the problen,

It muy ve seen that Indieationa of improper
operation were uvallable un< that »Hroper remedial action
oould Lo talen to correct a.y antiecinated improper operation,

n8 the proviously montioned variables moved
towards stes:y velues, attontion was turned toward the
operation of tne calorimeter and cooling systom, It bucame
necessary to turn off ti.o suxillary heater In the lower
water tank anc use tne cooling colls to remove the heat
picked up by the water In the calorimeter and cooler, The
coolin; water flow rate was Cecreased frori its maximum until
the potential difference T1 rose to o value within the
calibrated range, The valve in the branch line to the rota-
meter on the panel board was adjusted to glve a mid-range

rotameter reading, The remainder of the operation oonalsted

of adjusting the water temperature regulator, the system
54
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flow rate valve, the powerstat settings, the supply voltage
and the pressure; and of ocoasional ohecks of the barometrio

reading,

Data Gollegtion

LData from .uns 3 and 9 are shown in Table II and
Table III, sppondix, p, 82and 83 , The time was recorded
at the beginning and ond of oach set of data, after which
new powerstat values warc set and rocorded. “hanges in the
two rotameter valuos, wator tom; oraturo, wic -ressure wore
made as eaci volue was read, and the new value waz recorded,
standardization of tho potentiometer was carried out before
oach set of ,otontinls were read, 1ie thermocouplo poten=
tials were read to tho nearest u,0l millivolt to save time
at tho beginning of a run, and all theriooou:les were read
to the nearost -torovolt or C,1 microvolt as o stoacy state
was approacaed and the final roadings were belng asde,
ipout six mimutes were required to mske n standardization
and to read the teon potentials to (.1 microvolt, The
thermocouple readings were converted fronm notentlals to
texperatures, 5 section to the right of eaon taoble briefly
{ndicates the observations made about operating conditions
each time data were recorded,

Wnen 1t was deteriained that a steady state had
been reached, a complete set of data was teken without
making ohanges of any variable, 7he calorimeter water rate
was then determined by swivelling the spout from its ,lace
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over the lower tank to a point over a 800 ml beaker for
from half to one minuto es measured by a stopwatoh, The
rotamster on tho condenser water panel board, and the
potential Tl wore watched to cert!fy their invarianoe
throughout t:.¢ determuination, it the 6nd of the tine
period, the spout was swivolled baok over the lower tank,
and the water was weirtod, +The measureient was repeuted

innedlatoly,

Shutdown

i'he stopoook before the boiler and the th-ee
powerstats were shut off, and the systemn was opsened to the
atmosphare at tne olow tube in tnoe »ressuro svotexn, Clean,
dry, lavelod saaple tubes set i an ice bati werec used to
take samples of oondensate and e~uilibrium li~uid, The
sanmle tubes were olosed with rround stoppers and set aside
in the ‘oe bath for a few minutes bafore ana':yses wers :gde,
The 1eflon needle valve was shut to »revent recirculation,
and tiho condensate and shutoff utopcocks were opsened te
allow air into the boiler, This »rocedure wes followed to
prevent liquid from being drawn into the boiler from the
flask, 4 half hour after the end of the run, the water oir-
culating system was shut down, Flow throuzh the celorimeter,
oondensate cooler, and rotametor jacket wes shut off; the
two valves at the pump outlet were reset to rocycle the

water to the lower tank, end the pump was shut off to end

the mun,
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RESULTS

nt

The experimental latent heat values given in
Table I, #ig, 10, fall witnin 5. of tne referenco values
anc show no systematic crror, This largoe arror .my bo
ex,;lained by the fallure of the a)paratus to rocach s steady
state Iin the 1liquic level of the lovaler and as a result
of 4 suprring oonditicn in the condenser, jotl. conditions
are discuscod more fully under "CULCLUGLIV.O .wivr o U jwkoaivhe
Tlodio, "

The reference ent:alpy data for the puro coupo-
neat iwuns 5, 6, and 7 wae taken from .orry (35), <The
refaorance enthalpy data [or aixtures was found in pravnloel
foru and in only two references, josnjakovic (34), and
bmith, uong, :drown, and ‘hite (35), <The latter cnart was
used in the textbook by lyrown, et, al, “'he method of
caloulation usad by 3osnjakovic 1s not known, but omith,
ot, al,, used a variety of refurences on heats of nlxing,

A Hy of the pure components, boiling ourves, equilibria,
and Op values, The two aources are compared numeriocally
in Table I, the values having been interpolated from the
graphs with the aid of a vernier ocaliper, The literature
values are those given at tho vapor composition determined
in the present work, It is of interest to note a dlsagree-
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TABIE I

TATENT HEAT MEASUREMENTS
THE ETHANOL - WATER SYSTEM
; . AT 1 ATM.

FIG. 10

‘BOSN- THIS BOSN- THIS
REFERENCE BROWN BROWN
JAKOVIC WORK JAKOVIC WORK

VAPOR PHASE COMPOSITION, MASS FRACTION | 0.597 0.597 | 0.597 0,572 |0.572 |[0.572
SATURATED VAPOR TEMPERATURE, C 89.4 89.L | 90.L 90.7 90.2 | 91.1
SATURATED LIQUID TEMPERATURE, C 79.9 81.0 | 83.4 80.2 81,3 | 81.9

85

i SATURATED VAPCR ENTHALPY, CAL PER GM L08,.8 L10.8 — L18.7 |L19.1
7 SATURATED LIQUID ENTHALPY, CAL PER GM' | 64,8 6L.8 -- 65.8 65.8

LATENT HEAT, H, , CAL PER GM i 3LL.0 3u6.0 | 330 352,9 |353.3 | 360

THIS WORK| REFERENCE (33)

LATENT HEAT, CAL PER GM, WATER, RUN S 525 sLO
LATENT HEAT, CAL PER G, ETHANOL, RUN 6 204 204
LATENT HEAT, CAL PER GI, ETHANOL, RUN 7 213 204

e o LTRSS . - B - - - : R T -
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ment of 0,8% in tho enthalpy values of the two references,
appearing in the value of enthalpy of the saturated vapor,
No enthalpy measurements were made in Run 10, The method
of caloulation used in the present report is given in the
Appendix, p, /©°.

Fig. 11 shows the fairly large disagreement among
the literature sources ooncerning the temperature-composition
diagram, There are a large number of sources whioch list
phase equilibrium concentrations, but only a few inolude
the equilibrium temperatures, The fow additional points
from other sources not inocluded hore fall within the same
gunshot patterns, The¢ boiling point data ©f Noyes and
Warfel (20), the oldest reference, and the equilibria of
Utsuki and Williams (36), tho most recent data, are the
most complete and consistent sets in the desired range,

The two form liquid 1lines which fall within 0,005 mole
fraotion of one another, Vglues for Run 8 and Run § fall
within this narrow band, while the liquild composition for
Run 10 falls somewhat lower, <{he vapor ourve is much leas
woll defined, The data of Otsuki and Willlams form a set
whioh falles from 0,02 to 0,04 mole fraction below the data
of Carey and Lewis (37) and that of Jones, Schoenborn, and
Colburn, The vapor compositions of the present study show
oconsiderable enrichment over those of any study except that
of Evens (38), Other experimenters conolude that conslderable
reflux within Evans' apperatus caused the high valuea, It
was oonoluded that internal reflux was the cause of the

69
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high vapor compositions found in the present study, Suoh
reflux, oausing the return of oondensed vapor to the
oquilibrium flask would not have much effeoct on the liquid
composition beoause of the large amount of liquid present,
The source of reflux is considered in the next seotion,

The saturated liquid line in the composition
range of the rooirculating phase has been plotted in I'ig,
12, The referenoe data form a curve definite to 0,01 mole
fraotion or 0,1 degree (C), The temperature 17 at ths out-
let of the oondensate collector is the temperature plotted
for the points of the presont study, The toeuperatures
appoear to be too high by about 2,2 degrees (C) and ¢,58
degree (C) for iun 8 and Kun 9 respeotively, It appears
that the liquid was superheatec es it left the contactor,
but that the amount of suporheat was substantially dcoreased
in Run 8, The reasone are treated in the seotion on

meohanical performance,

Difficulties of Overatlon
The operating variables in Run 8 diffored signi-

flcently in two ways from the conditions set out as necessary
for ateady operation, They were the amount of superheat
permitted in the vapor leaving the boiller and the tempera-
ture difference aoross the lower adisbatic wall, These have
the effeot of tending to inorease the mass of the recirsu-
lating phase, The steady operation &t the end of Hun 8
indicates that these conditions were necessary to offset
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some oondition whioh tended to reduce tho mess of the

reoirculating phase, Operation during Run 9 with low super-

heat resulted in a steady depletion of the reciroulating
pbase as shown by the dropping level in the leveler, The
material oould only have condensed inside the equilibrium
flask or esoaped from the apparatus, The latter seems
unlikely, Caloulations (Appendix, p, /9/ ) show that the
observed depletion was due to heat transfor at the vapor
riser of the oondensate collector, The lower temperature
of the condensed binary vapor caused condensation of the
vapor entering the conteotor, and the condensate flowed
back into the flask, Additional computations (Appendix, p,
/07) on the steady operation of KRun 8 show thaf the super-
heat of the incoming vapor and the heat supplied by the hot
lower wall equate roughly with the internal ocondensation |
losses caloulated for Run 9, The meschanisn of depletion
by condensation and return to the flask liquid is further
confirmed by the high vapor ocompositions shown in Fig, 11,
Perhaps the most disturbing feature of the
operation was a oyolio fluctuation in the vapor flow rate
through the equilibrium flask and calorimeter, During Run
8, an uneven bubbling rate was heard coming from within the
equilibrium flask, A surge of bubbles, lasting for about
one second, could be heard at about 16 sec intervals, The
surge of vapor condensing in the calorimeter undoubtedly
ascounted for the large oyolic fluotuations in the tempera-
ture difference aoross the ocalorimeter and in the pressurs
63




odd Mo eedn o soubod od sebnos doidv nolslbred oo at the water manometer, There was no apparent flustuation

~goque WOl 3Ly u ol gelved nossreoge cenadn L AL e 0ok in the flow rate at the systea rotameter or at the water

ﬁ grltafuvatey ong o e Floegos o hiosnn it et ety rotameter, The restriction in the tube oconneoting the ocon-
’ | R T S T SO S S B S SO N P TR denseyr with the pressure system reduced the fluotuations
o at the manometer, The mixing tank at the water outlet of

FOARSTIS A I 471 cTUNNCIN

the ocondenser substantially reduced the temperature fluotua-

|
i -
i EURRTI o, 1 : .o tion, In Run 6 the temperature varied between 3,6 and 5,4
k SVNTE o : - : degrees (0), but in Run 7 after the mixing tank had been
§ i inserted, the fluotuation was reduced and a reading of
5; " R 5,90 * 0,06 degrees (C) was obtained, The surging was
t"‘ 1
v oo . more noticeable during the two component runs and during
(
i . the early parts of ell runs, At the end of Run 8, the
; —tt S0 temperature was 6,0 * 0,3 degrees (C), while the final
{
! G value for hun 9 was 6,65 X 0,07 degrees (C), The most
)
I o n plausible explanation for the surging i1s that vapor built
i
1\‘ NI : : up pressure in the boller to overcome the liquid head in
i
I vooviey L : . : . the equilibrium flask, Once the liquid head was overcome,
J el vapor contimuied to bubble through the flask until the
"« pressure in the boiler returned to some low value at whioh
WO, ‘ time bubbling practically stopped, The surging seemed to
L ; deocrease as operation progresased toward o steady state,
ion ] «J ‘ Vol . A comperison of the fluctuatlions in the value of AT in
o0 uoT oy ‘ y Vi il Runs 8 and 9 indicates that the amount of surging docreased
0 RN e S A E e b LA vhen less superheating was present,
clbovauonin s Do D S0 TR e D
1 | | Pe ‘
K e ciaes 01 rd oxnocitanon. o ollomn snene @ et godiainin
4 The temperature measured at the liquid outlet of
, h O1esety 0df ) Do tosenliolso rod Ba0U0L D009 URTIED OUn
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the eondensate collector was identioal with the temperature
in the equilibrium flask during runs on the pure ocomponents,
It may be oconoluded that suffioient contaoting area was
provided over which the reflux from the condenser oould be
heated by the vapor, The superheating of the condensed
1iquid indioated in Fig, 12 for the bdinary runs may have
been caused by tho heat transfer through the vapor riser
whioh caused refluxing, Ceramic chips introduced into the
condensate contaoctor between tuns 8 and 9 may have depressed
the tendency toward the superheating by providing souroes
for nuoleation, thereby ocausing the closer agreement between
the temperature in Run 8 ané the refurencc values, The
apparent suporheating cnay be partly due to the position of
the thermowell T7, The well extonded through the path of
tho hot vapor ontering from the equilibrium flask and may
have been heated suffioiently to give an erroneous tempera-
ture roading,

Tho temperature near the top of tho contactor,
T9, showed that the temperature of the contactor wall and
probably that of the liquid inside were below the satura-
tion values, Thus the distance from tho condenser and 719,
about two inches, did not supply sufficioent contasting area
between liquid and vapor, and the rest of the contaoting
aroa was needed to insure the elimination of subcooling
from the oondensate, The difference betwsen the two temper-
atures T7 and T9 (Appendix, Tables II and III) indicates
the impossibility of maintaining truly adiabatic conditions
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in the ocontaoting seotion with the use of the present
adiabatioc wall,

Considerable difficulty accompanied efforts to
matoh the temperature of the lower adiabatio wall with that
of the equilibrium flask, The prinoiple problem was the
sensitivity of the aluminum wall temperature to small changes
in the settings of the oontrolling powerstats, It became
necessary to estimate and make one-tenth of & volt changes
in the poweratat settings to reverse drifts of 0,1 degree
per 10 min, The large number of other ochores requiring the
operator's attention, the time lag in heating and cooling
the adiabatic walls, and the faot that no steady atate was
truly reached, caused the temperatures of the lowor wall to
differ from the flask tomperature by a degreo most of the
tine,

liovement of the position of the system rotamoter
float was due only to ohanges in liquid level in the leveler
and to composition changes, although fluctuation was noted
whenever there was enough liquid at the end of the boiler
to cause bubbling, The change during the time interval
between sucoessive recordings of data rarely exceeded a
fow tenths of a millimeter, The Teflon needle valve proved
to be a little ocoarse for the desired degree of control
required, A stickeslip phenomenon at the valve stem osused
small jumpe in the rotameter reading, first to one side
then to the other of the desired set point, as adjustment
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was sttempted, Because of this, it was difficult to keep
the float at the desired position,

Diffioculty was enocountered in the attempt to
vaporize totally tho reoiroulating phase without superheat-
ing the vapor and without accumlating muoh liquid at the
elbow, The teomperature at the & trance to the equilibrium
flask was found to fluotuate over a few tenths of a degree
within a minute and to vary widely over a half hour period
depending upon the amount of liquid at the end of the boller,
and the amount of heat supplied, The presence of liquid at
the olbow cannot be oonsidered proof that the vapor entor-
Ing tho oquilibrium flask is at saturation, sor example,
at the 10452 data entry during Run 8 (Appendix, Table II),
suporheating of 28 degroes (C) was noted at a time when the
amount of liquid at the olbow was inoreasing, Run 9 was &
deliberate attempt to reduce the amount of superheat despite
the effect of such operation upon the attainment of a steady
operation, Superhcat was kept below 5 degroes (C), and
uncontrollable increases of liquid at the elbow were not
observed, Thia shows that the revised boiler design with
wide area for bolling the liquid end with little or no oon-
taot botweon vapor and heated walls appears to have per-
mitted a reduotion in the amount of superheat not possible
with the hellocally heated tubular boiler, But it should
be mentioned that the flow rate oould not be substantially
{noreasod without a return of the difficulties of super-
heating and inoomplete vaporization, Difficulty was
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enscuntered with the lack of sensitivity of the powerstas
used to supply power to the heater around the bo!ler,

Bubbles whioh were trapped in the rescirculating
lines at the start of n mn disappeared aftor about an hour
of operation by dilsolving in thc recirculating fluld, This
denonstrates the perfomacnco of tho roflux desizn of the
condensor in eliminating dlsolved £nscu frox thu recircue
lating phase, The suboooler onerated offoctlively in
reducing the tompoeraturc of tio reclrculatl:g phaso to
room termeraturc and rcduced the 1likelylood of ovaporation
from the liguid levol In th: levelsr,

About a half hour eftor .o enc of a run, liouid
from the equilibrium flasl filled tho boller desplte the
precautions takon to oren the bollor to the atmosphers,
Sinoce this did not offect the sampling or starteu), tho
situation was ignored,

The impossibility of draining the boller was first
noticed whoen the still was dralnec of water so that pure
ethanol could be tested, <The stlll was finally dried by
asttaching o vecuuz pump with 2 trap to the top of the
leveler, 3Both sampling velves and the top of the condenser
wvere opened to the alr and heat was supplied to the boller,
Avout half an hour was required for drylng,

Ethanol vapor could be smelled at the blow tube
of the pressure syetem when pressure changes were being made,
indioating that ethancl was escaping from the condenser,
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Presumadly, the air in the condenser beocame saturated with
othanol and water, and, because of the surging whioh ocarried
air out of and into the ocondenser, mixed with the rest of
the air of the pressure oyston,

Loakage frou various conneotions in the system
was notioed at threo sources, usome loakage was ocoasionally
noticed around the tuoing nute of the “oflon nooedlo valve,
despite the jprecautions takon to eliminate vending thrusts
on the tubing syston at that ,oint, idditional tigntening
of the mutes with pliers was found offoctivo in oldminating
the loaks, “ho ball Joints at tuo syston rotamstor wore
the second source on leaks, 5sthanol vapor could bo daeteoted
{n the rogion but llquld was ruroly noticod, he third
source may ve inforred frou the results of ¢ prosours test
made with tho reoiroulating lines fillod with water, The
pressure was raiseu in tho proseure syotor: until tho water
leg rogisterod full scale, Tho entlre systen wao shut off
from the atmospherc and the drop iu pressure witn time was
noted, The pressuro dropped frou 30 to 20 om wator in about
10 seo, The source was not in tihe pressure systom, tor
during a test with the pressure system sealed off from the
glassware, the drop in pressuro wes negligivle, The souroe
was the tapered joints on the custom glasaware, No leakage
was noticed at the joints neld with the Teflon tudbing,

The needle value whioh controlled the flow rate
of water through the calorimeter did not seem to provide
sufficiently stable oontrol, The meroury regulator was
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found to change its set point from day to day as & result
of evaporation of the carbon tetrachloride, Ko change was
noticed during individual runs and the set point was
restored when necessary by the addition of mercury, It was
necessary to turn off the valve in the line leading from
the pump to the constant head tank at the time the pump

was shut off, This atep prevented water from flowing baok
into the lower tank and there csusing an overflow, During
warm weather, the cooling coils were found to be barely
adequate for romoving the heat pioked up from the condenser

and from the warm roomn,
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CONGLUBIONS AHND RECOMMENDATIONS

Systen Deslin

It should be evident from the long run times
required to operate the present apparstus and from the oon-
stant error due to heat loss whioh is characteristio of
this type of equipment that as high o flow rate as possible
should be used, The importance of the use of equipment as
small as possible which has been designed for as high e
flow rate as possible ocannot be overstated, Potential
errors steming from unocertainties in tho heat losses which
cannot be calibrated must be eliminated at the design stage,
Welssberger (4) should be oonsulted for the common errors
{n heat loss calibrations, The water flow rate determina-
tion and the calorimetric cslculation may be better made
when there is a higher recirculation rate, and the length
of & run may be sharply deoreased, The author suggests
that a design be attempted which recirculates at about 20
gm per min and has about 50 gm in the reoirculating phase
so that an entire reoirculation oyole is completed in less
then 5 min, Some of the design features of Altscheller
might be incorporated, especially the features whioh

separate the phases after contaot,
8ince the limiting ascouraoy in the enthalpy

measurement appears in the aystem flow rate, perhaps the
n
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onee-thyough design should be reviewed with the thought
of using & smaller quantity of equilibrium 1iquid and &
highly effisient device for oontaoting the vapor and liquid,
Acourate direct mass flow measurement oould then be util-
1sed for the system flow rate as well as for the water rate,
The problem of surging has not been adequately
explored in this investigation, Surging has been reported
in the literature by Brown (39), But it appeared to ocour
only ir. apparatus whioch incorporated the direot return of
condensate to & flask boiler, and the poesibility of its
oocurence in tho present design was not antioipated, It
oan merely be noted that surging appeared to lessen as the
operation more nearly produced equilibrium conditions,

that 1s, proper compoeitions and lack of superheating,

Instrumentatio
Although the error analyeis for the flow rate

determination (Appendix, p, /[0 ) points to errors of about
0,1% obteinable at higher flow rates when the float 1s
maintained to within a tenth of a millimeter of the set
point, the aiffioulty of keeping olose tolerances in float
position during runs of the whole apparatus mst be oOne
sidered, Calibrations at low rates were made to within
0,16, suggesting even greater asccuracies during calibrations
at higher rates, but suoh flow control requires constant

consentration to avold steady drifts in the float position,

Sueh preoooupation with flow control was not possible during
78




>

s

driguord 6dd rfdlw bewelver ed bluode mploed dgiordd-esno
8 hus bruplf mrladiilupe To y3ldnsup Tellaws a pitey 10
JDbuptL baa woqsv edd grtosynod 1ot eolveb Anels 1o vlddntd
I3y od nedd blune tnemecpanca woll sant Joeadh odutyov.
,0087 nodpw 00?101 wa [iew an oisw woll modaye orf? <ol Load
vledurpenn pood dorr e Naigtue o neldon ol

bodewooct nood apd poliopc uolds lttcovnl olde wl o boroleyo

€iv -

N

MUP00 €I Deasn A F1 JHl GLET) wwoslo vrl senas e il o b
10 mauoag Jocallh orls DeYnvoreronnd sl selatie s D0 NINC
pd) Yo wybifdlnuoc eds wng geelged aasllonoan 2uaslbng”
31 Lhodsgroddr d0ir agw o LuSk aopoa L 0l GLILTLU00

oy v neeast of Logracon rxbasus Fond o etel eo mhanse en
(LGS EDE09 pubad i tupe Donubo i ylustr L fasd o

Lrillneduscres 10 oo f e oo LT el EEL TN SR S B S SRS

SoAd s s gy

adayq wolt ot et sle Loon ogre sl drpodeln
Jueds 10 paonne of ndoloy o OV o olinodgay Lo LTI L0
g Bo0fY odd oy pador wall odn i Ju ofdenis3es e fe
Jen audd o nodemlis o on io odeod n SO Gf Sdnindainn
$50f2 b geormne Lol waolo numbcosy Ya yalgolVitlh odd (tuloc
<100 B4 tegr: epdsvc e cLofy edd to nred nuinal nobilzoo
rtdd e 0F ebag eaow poder wol Fn ppoldendllol Do
arrolbdontfne ytlapd pelosu0os MHILOTY HEVE AITesnpus (iL.
Jasdanoo sswlupes Loudnod woll dowme tud (podat gersbd do
J1023280q Fa0lt ot nl adtiah vbhaoede Diova 0F wolisvinecuon
prtanh oldizaog fou asw fogdnos woll 3iw noldsquooonsg duw

av

operation beosuse of the other faotors requiring attention,
Perhaps an alternative ineline flow meter such as the
thermistor, magnetic, acoustio, or pottermeter type could
be used and the flow rate reocorded and later integrated
over the run time, O(ne of these might prove to be
inherently more acourate than the rotameter, If the
jacketed rotameter 1s still to Dbe used, the jaoketing should
extend over a greater length of tubing below the rotameter
to insure that the recirculating liquid is at the deaired

temperature when it passes the float,
The K-3 potentiometer is oapable of high accuraoy

but was used with very low potentials from the thermo-
oouples, The use of the thermopile arrangement given by
Welimsberger would add signifioant figures for both the
enthalpy and the equilibrium determinations, The thermo-
couple wire should be a smaller size to reduce heat leaks
out tho end of the wire and to make the wires more flexible,
If an aeutomatio multipoint rocorder were used to monitor
the approach to'equilibrium, tho operator would be freed
from time consuming data gathering and a better record of
the operation would be produced, The K-3 potentiometer
could then be used to make the final determinations, The
material such as 1oe used for the bath at the reference

junction must be purs 80 that the temporature may be

aoourately known,
Devices whioh automatically control the pressure

in an equilibrium still are widely used, A suitable design
7
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should be pioked from the literature and constroted, or
purchased,

A question arose oonecerning the difference in pres-
gure between the top of the condenser where the proessure
was measured and the liquid level whers the measurenent
was to apply, Oaloulations (Appendix, p. 13) show that
the head of vapor and the drag of viscous flow produced no

appreoiable pressure gradient,

E nent
The reflux design, apparently an innovatlon in

latent heat measurements, has proved to be a pronising
device, isolating the latent effect with but two drawbacks,
These are the problem of produsing adiabatic conditions and
the possibility of diffusion 108868, Suggested lmprove-
ments are the use of s double walled tube for the vapor
inlet to the condensate ohamber, the placement of the
thermocouple well T7 out of the vapor region, and the use
of a silvered vacuum jacket around the contacting and oone
denaing seotion to form an adiebatic wall, A good example
of vacuum jacket design is found in Altsheler (32), With-

out tho first ohange it 1s impossible to operate the

apparatus in such a manner that 1t will both supply the

propor oonditions for enthalpy and equilibrium measuremsnts

and aleo reach a steady state operation,
The method used to establish equilibrium leaves

mioh to be desired, The inherent unoertainties resulting
74
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from the liquid head in the flask are too great for deter-
minations of the highest sccuracy., Probably some design
in which the equilibrium liquid is also oirculated should
be adopted, Designe of this type usually employ the vapor
14ft prinoiple, The apparatus of Altsheler 1s a good
example, while more oconventi.nal swientoslawskl designs
by Brown (39, 40) might be considered, In any eveont the
amount of the liquid phase should be greatly reduoced to
about 100 ml, Some provision should be included to directly
heat the equilibrium liquid, The liquid may then bde
quiokly heated at the start of o run an¢ during & run
the distribution of mass between the phases :may be ad justed,
The decision made at the outset, to monitor the
phase distribution by observing 1iquid levels, 13 not an
entirely satisfactory method, 4 far more sansitive monitor
would be a ocomposltion analyzer mounted in tho recircula-
ting system line, Such a deviee wonld have the sdvantage
that i1t would make part of the composltion gnalysis which
18 required anyway, i'or instance, the fluld leaving the
rotameter could be passed through a refractomoter cell
before entering the boiler, 4 record of tho refractive
index would show what ohanges in composltlon were taking
place as the still was being guided to steady operation,
The problems of aocquiring, modifying, and installing a
refractometer would have to be surmounted, Perhaps con-

duetivity or some other property sould be continmiously

neasured instead,
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walls in the present arvangement, The vacuum jasketed
pegion should surround the equilibrium liquid,

Short seotions of oapillary tubing were glass
blown onto all staendard tubing at places where Teflon
sleeves were used, It was felt that foroes produced while
attaching the sleeves might result in breakage of ordinary
tubing, Use of the slesves has shown that attachment is
readily made and that the precaution was unnecessary,
Restriotion of the line between the oontaotor and leveler
by capillary tubing is undesirable since the samo lovel
is to be nmaintained in both,

The Teflon and glass noedle valve should be
eliminated, Uther deeigns are available (41), and a more
rugged and accurate type should be designed and constructed,

The use of a oonstant voltage power supply would
further reduce the diffioculty of operation and assure a
more reliable supply. The powerstats controlling the
poller and adiasbatic walls falled to give close enough
control of power, and should be replaced by more sensitive
oontrols, perhaps in the form of slidewire resistance,

The water system operated with but little diffi-
oulty, Tygon paint used to coat the two tanks was not
sucocessful in preventing corrosion, 4 permanent system
should be eonstructed from copper, It may become necessary
to insulate the tanks and lines to prevent heating during
warn weather whioh would overload the cooling coil or
oause the delivery of water at the wrong temperature to

™




the rotameter jacket or calorimeter, The mercury thermo-
regulator had a large time lag which was probably due to
the use of stainless steel for the bulb, Flattened aluminmm
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10 usually made with data Saken or computed at 1 atmos-
phere pressure, For plant design caloulations vhere the
pressure may be different from one atmosphere, the offeot
upon the enthalpyecomposition chart should be deternined,
Liquid heats of mixing and speoific heats are not affected,
but equilibria and the heat of vaporisation show oonsider-
able pressure dependance (42), Thus design data must
often be determined at the pressures to be encounteraed
under prooess oonditions,

Throughout the experimental part of this study,
the assistance provided by thermodynamic methods in the
corstruotion of the enthalpy-composition ohart has been
overlooked, It s not always necessary to have all four
kinds of data available over the composition range, In
partioular, if the heats of vaporigzation of mixtures are
unavailable, the dew point ourve may still be construocted
by the method outlined by Dodge (43), The heat of vapori-
gation of the pure oomponents, the speoific heats of the
pure component vapors and the dew polnt tomperature of mixe
tures form the basis of ocomputation, with the assumption
that the heat of mixing of the vapor mixtures is negligible,
Other essumptions are usually incorporated into the values
of the latent heats of the pure components when ocomputed
from vapor pressure data, These assumptions besome the
subjeots for investigation by researohers with such appara-

tus as that of the present study, An exporimental and

thermodynanic analysis of the terms oomprising tie latent
70
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heat of any two-component mixture was made by Dana, His
work on the oxygen-nitrogen system led to the oonolusion
that latent heats at intermediate ocompositions could ve
detormined to within 0,1% of the experimental values, using
the experimental values of the pure oomponent latent heats
and the assumption of negligible heat of mixing to get the
ocaloulated values, But thes validity of the assumption

with other systems appears to be unchecked by anyone else,

Perhaps the most oruocial queastion to be answered
in regard to contimuing experimental measurement of
enthalpy involves knowing what aocuracy of the enthalpy
values is necessary for the use to whioh they are to be
put, If the purpose be a thormodynamic investigation of
the ideality assumptions, then the exporimental investiga-
tions should be oontimied, remembering that the latent heat
may have to be determined to within O,1% before non-ideali-
ties are detected, If the purpose is the accumlation
of enough information to construct enthalpy-ocomposition
diagrams with acouraocy suffiolent for column design appli-
ocationa, then the osloulation method, combined with equili-
brium determinations, may give satisfaotory results,

If the decision 1s made to ocontimue at the level
of thermodynamia investigation, the more reocent litereturs
should be oconsulted for mothodas of caloulating the heat
of mixing and the other excess thermodynamio properties
from equilibrium megsurements, lork has been done in this
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£1el4 by Murti, and by Scatohard and co-workers (44),
This work should be investigated anyway to see 1if experi-
mental determination of tho heat of mixing of the liquid

may be made unnecessary,
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heat of any two-component mixture was made by Dans, His
work on the oxygen-nitrogen system led to the conclusion
that latent heats at intermediate compositions could be
determined to within 0,1% of the experimental values, using
the experimental valuos of the pure component latent heats
and tnoe assumption of negligible heat of mixing to get the
calculated values, sut the validity of the assumption
with other systems appears to be unchecked by anyono else,

Perhaps the most orucial question to be answered
in pegard to continuing experimental measurement of
entnalpy involves knowing what aocuracy of tho enthalpy
values 18 necessary for the use to which they are to be
put, If the purpose be a thormodynamic investigation of
the ideality assumptions, then the experimental investiga-
tions should be contimued, remembering that the latent heat
nay have to be determined to within 0,1/ before non-ldeall-
ties are detected, If the purpose is the accumulation
of enough informetion to oconstruct enthalpy=-composition
diagrams with accuracy suffieclent for colurm design appli-
cations, then the oalculation method, combined with equilll-
brium determinations, may give satisfaotory results,

1f the decision is made to continue at the level
of thermodynamic investigation, the more reocent litereture
should be consulted for mothods of caloulating the heat
of mixing end the other excess thermodynamic properties

from equilibrium megsurements, iork has been done in this
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£1e1d by iurti, and by Soatohard and co-workers (44),
This work should be {nvestigated anyway to see 1f experi-
mental determination of the heat of mixing of the ligquid

may be made unnecossary,
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TABLE I[."DATA OF. RUN 8
N
:{ A g
|5 ] EE £ POWERSTAT POJERSTAT COMMENT
H [
i 25 B & =4 {;_1§§ SETTINGS THERMOCQUPLE READINGS SETTINGS M CONDITIONS
i Eg 28 Eg 63 |BEs VOLTS CENTIGRADE VOLTS OF OPERATION
| TIME 28 5= 28| £~ ‘éiz AT TDE
. PM 0 H|lEx| =R oz O b 11 ITI 1 2 L s 6 7 8 9 10 ™ M II IT1
': 2:38 | o -— |2u.6 0 o |30 |2s | --- - l63.8| == J101 |s6.k |Bru| --= | -—-|2:m2 | ¢ |uo  es
2:52 | © 3.1 | -— |24.8 0 50 Lo 25 -— t—— | 6b.7 |LB.S [20h | 60.4 |B3.1 | --- | --- [2:5L [50C Yo} 25 PAR FULL LTZID SAVGLES
2:58 | 246 9.8 |~ | ~—- o |70 30 25 -— 77 66.6 |55.2 |103 |62.9 [85.C |59.7 |2k 3:07 |77 1" 2% TRANSFERRED FROM FLASY
3:18 | 8ol |— | - o |70 |15 |25 — 5.4 | 87.5 | 87.8 | 96,8 | 82.3 |87.2 [ 8.9 | —- [3:25 |7c {25 |2 PTMLIRIIATIG LhE
s % 3:32 |5 10.9.|8 2h.95 |10 65 25 |25 L 98.0| 88 B9.9 | $5.8 | 81.3 [89.5 | 79.3 |2L.S | 3:L1 |65 2% 15
: 420 [5.00 11,7 | 7.3 |2b.90 [ 11.2 |65 |25 |15 |[Si6-6.3 [113.6 | 91.b |92.1 |oh.2 |84 [B2.1)79.8 [2..1 fL:31 |60 1< 2¢
Lsho |5.00.|11.5 | 7.3 |25.00 [ 11.3 |52 |15 |20 [L.s-s.u|170 | 91.8 |97 [Bo.s |BL.B [83.5 [vnie | ooo [ Lass |2 jer |as Mo e
7:02 | he98 |10.2 | 607 | 24.97 ] 841 {50 |22 [1B L.=L,S | 156 90.9 | 91.2 | 86,5 | 84,1 [81.3 | 7.7 |2L.2 | 7:03 | L7 2° 15 LA T,
7:33 |5.00.| 9.9 |6.6 |25.00 11,0 |k7 |25 |19 L3 | 13501 90,2 | 90,9 |87.7 [BL.1 918 | 76,7 [20.3 | 71 [beus |ocie ases | T TP F TN
7:47 | 5,00 946|646 |25.02 [11.7 {L8.5130 |1B.5| <-— | 131 | 90.8 |9C.8 |8B.€ [8L.C [BL.8 | 79,7 [2..2 | 7:55 |LE.S (37 13.€ ARTT 1ML
8:21 |5.00 | 942 | 6.5 |25.02 | 12,1 [LB.S |30 [18.5| --- |132.2| 90,7 ]90.7 |93.2 |83.8 [B1.7|79.7 |2L.u|B8:32 [LE.T [2F 13,< TV ORMGTY OF LT3R
8:43 |5.00'] 9.0(5 25,00 10,8 | L8 25 18.6 | k.6-5.L | 131 90.7 | 20,7 | 92,7 | 83.9 |82.0 | 7e.7 | 2L.3 | R [ LAL T |20 17, T IFLT 3=3.NE AT SR
9:0h |5.00 |- 8.9 | ko8 [25.01 | 12.7 |L7.7]|20 |1B.5| --- 127.7 | 90.6 | 0.5 | 91.0 | 83.7 {819 [ 70.8 | 2L.3 | 513 | 7.2 | 2uls | 1aL AT <y
9:29 |5.00| 8.6 | L 25,02 [ 1.6 | L47.8] 2L.5 [ 18.4 -— 12h.0 | 90.5 | 90.5 [91.0 ] 83,0 | 82,9 | 79.7 | 2L..5 [ ©:35 | 7.8 | PLoS 11803
9:47 | 5.0L | 8.k | 3,2 | 25000 1.1 [ W7.7[ 2L.5 [18.2 [ -— [ 125 | 90.5 [ °0.% [90.9 | 83,5 |8l | 7o.7 |2ull | ek [ LTL 2.8 [17.9
i 10:19 | 5,00 | 8,1[3,1]25.00| 11,9 | h7.5| Lo |17.8]5.3-4.1 122 90.5 | 90.5 [ 101 |83.5 [81.L ] 79.7 | 2L.3 pos2s | L7.c | uC 17.8 | ¥4 DRSS “u"‘ﬁ?é*‘;?};
g 10:52 | 5,00 | 8.0 3.2 |[25.00| 11.6. | k7.2| Lo [ 17.8 [ 5.6-6.2 | 119 | $0.5 | 9c.b |111 [ 83.L |81.5 | 75.8 |2l.e fi: v | ury [ 17.3 | LI DD IS IWREASI'G !_.,J,l‘s_g' WMI'L
: 11:36 | 5.00 | 8.2 | 3.k 25,00 10,2 | k7.2{ b0 | 27.8 5.96 | 118 | 90.6|90.5 |11k | 83.6 |B2.5 | 79.9 |2h.2 p1:2s | L7.2 | ©  |17.0 | LEVED IS ABA'T " IMTC RETTR-
i . B . . L RELMW L EDLTHG AYD ZT1ATING 7UaST]
11340 | 198 | 842 {347 | 25.02:| S Lh7,2| ‘0 17.0| —-—- 116 90.L | 90.L [ 10R [ 83.h | 82.5 | 75.7 | PL.1 PlsLe | OFF | OFF | OFF TREASTS,
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TABLE ITT. DATA OF RUN 6.

s )
. g " caeexr
a ] § & POWERSTAT POWERSTAT O COMDTTIONS
2 % g_a§ g SETTINGS "HERMOCQU FLE READINGS SETTINGS OF QPERATION
B gz 62l g g Z fﬁ; VOLTS CENTIGRADE VOLTS
TDME ° 3] ™ne
m |BE |8 |28 5 |€55] | I i 5 6 7 8 ™ I
1:45 |5,0 8 25 o 60 25 20 91.L | 91.5 | 85.L [ 83.3 | 80.3 2:® 26 ELBOY FULL GF LI ID
2:32 | 5,00 | 10,2 25.6 0 60 26 19 93.1|93.2 | 87.3 | B82.7 | 81.0 2139 30 BARFLY B I3LNNG
2:56 |5.00 | 10.2 25.05 |-6.5 |50 30 17 .81 92.9188,0]|82.4|80.0 3:36 30 JUST BELOW LEVEL (F BUBALIMG
: 00 . =8. : < SAMPLE LINFE BROKEW, REFATRED.
L:l2 |5, s 23.6 8.5 |50 |30 |17 9L | 91.5 [ 97.7 | 8.9 | 79.1 L7 2% TN WAS NOT STCPPED.
LEVED ALMGT (UT OF LEVELER. XUX
6:46 | L.8 1.8 2u.L | -9 50 25 18 90.9 | 90.9 | 93.7 | 81.7 | 81.5 6:51 20 STLFTED, SAMPLE LIKE ATTACHED,
. . SAMFIES F¥I INTC RECIRC. LIXE 70
7:52 |5.0. | 9.5 25,151 o |72 |20 |17 2.5 | 92.7 | 87.5 [ 32.L | 79.3 8:qa. 25 PAISE LEVEL. RUN RESUMED,
- 8121 5,00 | 949 2h.95 | L 50 |2u |20 92.5 | 92.6 | 88.3 | 82.3 | 81.3 .6 | 8129 28 FARELY ROVRLIN-STOR FED-BELAX WUT
8:35 |5.00 | 9.5 2497 | L L6.8 | 28 18 92.3 | 92.L | 8.5 | 82.2 | 81.3 5.3 | 8:k2 25
8:45 [5.00 | 9.0 2h.97 | L5 |L7 |28 |17.5 92.0|92.2 | 90.7 | 82.1 | 71.2 8:52 23 AUARELY ATRALING
9:39 |6.00 ] 6.8 25,00 5.' sL 25 .17.5 $1.5 |1 91.5 | 91.0 | 82.0 | 80.6 <:l3 2% SAISED BFLTRT. RATE 70 IWCREASE T).
10:01 | 5.8 L.L 2h.98 | L 60 25 17.5 91.1|91.2 | 9:.0 | 81.9 | 8C.© ho:ce 2L.8 BARELT RUBRLING [FRCM 8:00 TC 10:LB
w29 (5.8 | 5 25.00 [ 1.5 |70 |2L.8|17.7 1.5 | 91.¢ | oc.p |82.2 | BC.L o:35 2.1 SR o S
10439 [6.01 | 8.9 25.00.| 2 60 |30 |is 92.3 | 92.L | 2.0 | B2.5 | BC.7 ho:3 26 MARELY HbpLING e IUIATING LIX
10:56 | 6.00 | 8.2| 7 |25.01} 2 60 29 J18.L .3 | 92.3 | 92.¢ | B82.¢ | BC.E hi:c2 2¢< BARELY BUHBLIG
11:04 [6.00 | 8.8 7 [2he95| 2 |60 |25 |18.k 2.1 | 92.2 [ 2.8 | 82.L | B1.C N1:co 25 BARELY HPRLING
13223 16,00 | 8.4 | 7 |2b.95 |-2.6 }57 |25 |18.L 91.8 [ 91 9 | 92.¢ | B82.2 [ 81.2 h1:27 26 N TIHLING
11:40 | 6.00 | 7.6 25.02 | -2.6 |57.L{25.1]18.2 91.6 | 91.¢ | %2.5 | 82.1 | 81.3 --- 2<.1
12:10 | 5,79 | L.9 25.00 | =5.5 |57.k| 25.1|17.5 91.1 | 91.2 | 92.1 | B1.9 | "c.o 17 s 33 Tl STEASY
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OALIBRATIONS

Sajorimetor Thermooouploe

The pair of thermoocouplos used for the onthalpy
detormination was oelibrated for a 5 to 10 degree (C)
difference with tho lower teomperature at 25 C, Thorefore
two oontrollable constant temperature baths wero required,
The thermoocouple to be usod at the calorimetor inlet was
inserted with a drop of mercury into a soaled alx mm,
glass tube and immersed six inches into tho lower tank of
the cooling water system, The pump was usec to recycle
the water diroctly baok to the tank to provide agltation,
and the tank was oontrolled at 25 0, The other thermocouplse
was similarly immersed in a four gallon constant teupera-
ture oil bath, A motor driven agitator and a 6500 watt
immersion heater, the latter opsrated through a manually
controlled powerstet, wero used to maintain the bath at
levels between 30 and 35 O,

Two Brooklyn thermometer Co, meroury in glass

‘thermometers, range 19 to 35 O, interval to 0,01, with

auxiliary O C scale, and supplied with fastory certifica~
tion, were used to determine the two temperatures, Correo-
tions reported in the certifiocates were applled, and were
no greater than 0,01 degree, Emsrgent stem corrections
were found to be of significance in only one ocase, for
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whieh a correotion of 0,01 degree was applied, It 1s
estimated that the temporature differonce between theo

two baths ocould be determined to 0,01 degree, an error
no greator than 0,2% for the 5 to 10 degree range of tem~
porature difference,

The wator tank ocould be maintained to within 0,01
degroe indefinitely, and thc oil bath could be maintalned
to within 0,1 degree indefinitely and to 0,006 dogroe
for a half mimite., ihe change in tempoerature difforence
between the two baths was on the order of (,005 degree
during the time required to read both thermiometors, stane
dardize the potentiometer, make the potontial doetoermination
twice, and record the data,

To ochock the reproducibility of tho potential
measurements, a series of thirteen determinations was
nado ovar a seven hour period with the baths at 25 and 33
C, The aotual temperature difference was not more than
0,05 degree different from 10 degrees, and each potential
was correeted by 0,4 pv for cach 0,01 degree between the
aotual temperature difference and 10 degroes, The
corrected velues of potential showed & spread of 1,1 gV
or 0,35 from the average potential value of 418,1 pv. An
ndditional check on stabllity of the eircult wes made two
days later, and three determinations averaged 412,2 pv
with o spread of 0,6 pv. It was felt that oonfidence in
the stability and reproducibility of the thormocouple and
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potentiometer oircults had been established,

It was not known at first whether the thormo-
oouple potential corresponding to the condenser water AT
would be, for a givon AT, independent of tho teiporature
at the inlet of the condenser, Anothor sot of cclibrations
was made to determine the offect of a change in the tempere
ature levels in the two baths at a constant temporature
difforence, .o potontial was ceter:uined for o filve dogree
difference at temperature psirs of 24,50 C and 29,50 G,
of 24,90 C and 29,90 ¢, and of 26,00 C and 30,0C G, The
potentials at all threo o degree intorvalo were {dontloeal,
showing that deteraination of the inlet tomperature and
corrections for its varlations gould bo unnecessary.

Calloration of the thermoococuples at intermediate
temperature differences in the rango between 5 and 10
degroes established the rolation between potentlal and
temperature differsnce, The feotor k in the relation
AT = k € has been plotted as a function of £ , the
potential, ln Fig, 15, The relation may dDe seeon to be
not quite linear,

The ealibration showed that the notential at Tl
could be relied upon as an acourate measure of the tomper-

ature difference aoross the calorimeter, and would be

{ndependent of small ohanges in the temperature of the

cooling water system,
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potentiometer circuits had been established,
It was not known at firet whether tho thormo-

oouple potential corresponding to the condenser wvater AT
would be, for a givon AT, tndependont of tho teiporature
at the inlet of the condenser, anothor sot of celivrations
was made to determine the offect of a change in the temper-
ature levels in the two bathe at = constant temmorature
difference, Jno potontial was coteruined for no five logree
difference at temperaturo nairs of 24,50 ¢ and 29,50 G,
of 24,90 ¢ and 28,90 ¢, and of 25,00 C nnd 30,00 G, The
potentials at all threo O degree {ntervalas were idontlocal,
showing that detoerainatlion of tue tnlet toperature ond
sorrections for its variations would be unnecoasary.
Calioration of tho theruocouples at intermediate
temperaturo differences in tho reng? pctween 5 and 10
degroes ostablished the rolation Letweon potontial and
temperature difference, The feotor ! in tho relation
AT = k € has been plotted as a function of E: , the
potential, in ¥ig, 15, fhe relation gy be seen to be
not quite linear,
The ealibration showed that the notential at Tl
oould be relied upon as an aocurate measure ¢l the torper-
ature difference across the calorlmoter, and would be

{ndependent of small changes 4n the temperature of the

cooling water sysalem,

The 0il bath was used to calibrate the potentials
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of the seven thermocouples used at the equilibrium flask,
contaoting seotion and adiabatic walls, The thermo-
ocouples were inserted with a drop of wersury in individual
8ix inoh long glass tubes and immersed in the bath with
the agitator, 780 watt heater, and two unstandardized
ABTU nmoroury 1in glass thoermometers with 50 C to 100 C
ranges in one tenth ;raduations, <The thernometers agreed
to within 0,00 dugree or clomer over thelr ranges, They
wore read with magnifliors to 0,01 degroe and stem correc-
tions of ss muoch as 0, degroe wers appliec, The seven
potentials were rocordec to thic noarost nicrovolt at
calioration polnts of 70, 30, 20, and 10C C, Tho potene
tials egroed to within 3 u v at oasch tomsperature, which
indicated uniformity of composition in the thermocouple
wire, 'Yheo calibration followed ..ractically a straight
1ine displaced Irom tiac callbration valuos found in hand-
ook tables (45) by 20 microvolts, equivalont to 0,4
degree, 018 probable ocauee ls a differsnee in tho composi-
tion of tho thermocouple wires from those used in the hande
book determinations, It seo:s unlikely that impurities in
the ico at tho reference junotion could causs a 0,4 degree
difference from 0 C, that the thermometers used in the
calibration could be that 1lnacourate, or that the poten-
tiometer would be in error by that much, The displacement

demonetrates the necessity for calibrating thermocouples

for acocurate work,
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Ereamure
To determine the height of the water leg required

to bring the pressure in the system to 760 mm lg, a baroe
meter and two oorreotion and conversion charts were used,
The reading of a merocury in glass barometer was corrested
for temperature effeots, and the difforence between the
barometric reading and 760 mm lg was converted to the
equivalent water leg height, The water leg was adjusted
using the blow tube in the pressure system, The pressure
could be maintained to within 1 om water or 0,7 mm Hg of
one atmosphore as & conservative estimate, This variation
would ocause a ohange of no greater than 0,06 degree in

the boiling point, so that operation at 760 mm ig could
be assured to within the expected aocuracy of the tempera-

ture moasurement of 0,1 degree,

Hoat Leak

Beoause of the arrangement of equipment, there
was opportunity for heat transfer between the upper
alumimun oylinder and the water in the condenser jacket
through the plywood and Styrofoem, The heat transfer was
independent of the vapor flow rate into the ocondenser,
Heating rates of the condenser water were determined with
the aluminum walls at 80, 90, and 100 C and with no fluid
reolroulating in the system, The heating amounted to 13,
18, and 23 ecal per min at the three temperatures, or &
correotion of sbout 1% to be applied to the expeoted

a9
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latent heat flux of 2000 cal per min, B8ince the 00rrec-
tion was soourately inown and was taken into asoount
during enthalpy caloulations, it ocould not be a cause of

inaccuracy or uncertainty,

8 Plow 0

Calibration of the rotameter was made aftor the
run of the apparatus so that the same composition could
be used in the ocalibration, After analysis of the vapor
sample, about 500 oo of an ethanole-water solution were
prepared to within 0,1i of the vapor concentration for
use in the ocalibration, The reeiroculating line was dis-
mantled above the Teflon needle valve, The solution was
charged to a flask provided with a two holo stopper, An
inverted U~tube of capillary tubing, in seotions joined
by Teflon sleeves for flexibility, ran from the bottom
of the flask, out of the flask, and down to the inlet of
the needle valve, 4 bit of glass wool in a gshort Teflon

sleeve, which was slipped over the cepillary tubing at

the bottom of the flask, served as a filter to prevent
solid material from interfering with the oporation of the
needle valve or rotemeter, The flask was mounted above
the panel board 80 that about a two foot liquid head was
established betwsen liquid level in the flask and the
outlet from the vapor sample line, Liquid flowed from
the flask through the filter, U-tube, Teflon needle valvs,
thermocouple well, rotameter, Teflon sample valve, and

90
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into a 100 ml Erlenmeyer flask set on a laboratory pan
balance, The Teflon valve in the line to the boiler was
kept shut, An Ohaus 311 gm capaoity balance reading to
0,01 gm was used, Water was circulated in the rotameter
jacket at 25,00 O,

Bubbles were removed with diffioulty by replaocing
the Erlenmeyer flask with a sample tube, draining a full
sample, then using lung pressure to foroo liquid from the
sample tube back into the system, iventually the bubbles
were foroed up the U-tube and into the flask where they
esocaped from the system,

Calibrations were made by adjusting the flow
rate with the needle valve to the sams rotametor reading
as observed during operation, Liquid flowing from the
sample outlet was caught in the Zrlenmeyer flaak on the
balance, As tho balance aru passed the rest point, a
stopwatoh was started, The balance ocounterwelight was
inoreased by 30 gm, and the stopwatech was stopped as the
balance arm passed the rost point, The sample valve was
then shut off until the next determination, The time
required for each calibration ranged from eight to twenty
minutes, Throughout each calibration, the noedle valve
was adjusted to maintain the proper rotameter reeding,

Early difficulty in obtaining reproduoible oali-
brations led to jaoketing the rotemeter to make the
temperature of the fluid constant, Oalibrations differed

by 2% when water was tested at 25,00 and 26,00 C at a
ol
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rotaneter reading of five, The viscosity of water
ohanges 8% per degree at room temperature, while the
density ohanges 0,03%, After the effeot of temperature
wap eliminated, & series of four successive calibrations
with water agreed within 0,14/ of one another, Calibra-
tions with ethanol agreed to within 0,5%, Calibrations
at intermediate compositions agreed to within 0,3%,

An approximate determination of ovaporative
losses was made for thoe calibrations with ethanol and with
mixtures, i:thanol was left standing in the .rlenmeyer
flaok on the balance for a period of time until a change
in weight ocould bo noted, Based on this cvaporation
rate, a loss was oaloulated for the length of time of
each calibration, The loss was added to the value of
nass collected and the sum divided by the time of the
calibration to determine a correoted rate, Correotions
amounted to about 0,3%, The determination of the correo-
tion represented only an approximation of the error and
was probably low because the msss transfer from a droplet
falling into the Erlenmeyer flask would be greater than
the transfer from a stagnant liquid surfaoe,

The position of the float in the rotameter was
naintained to within a few tenths of a millimeter durling
runs and calibrations, The caslibration chart from the
manufacturer has been used with the dimensione of the rota-
meter scale to estimate the rate of change of flow rate
with float position at various float positions (Appendix,

R
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Pe [/0)s The following table shows the error in flow
rate corresponding to an error of 1 mm in the position of
the rotametor float from the desiyed reading,
TABLE IV, EFFECT UrPOM FLOW RATLE OF ERROR
IN ~O8ITION 0P ROTAMETER FLOAT
FIG, 16
Nominal Leror in slow Epror,
flow Rate, Rate, ou cm poer Feroent
Scale ou om per mm ohange in of Flow
Roading min (water) float position ate
3 1,0 0,003 0e3
6 O 7 0,17 4,6
8 10,6 0,21 2.0
10 16,4 0.20 1,2
The third and fourth columns show that although the rota-
meter is more sensitive at low flow rates, the asccuracy
of the device for flow measurement is r,reater at the
higher flow rates,

To keep the float position as constant a8 possible
during a run and to achieve roproducibility of float
position between runs and calibrations a somewhat unusual
spacial relation between float and rotameter markings was
ohosen as a oonvention for making readings, The top of
the ball float was ochosen to represent the float position,
and the top of eaoh etoh mark on the rotameter glass was
chosen as the level represented by that eteh mark, With
the aid of the needle valve the top of the ball was brought
tangent to the top of the etoh mark, end the flow rate
was oonsidered to be set at the value sorrsesponding to

93
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the etoh mark, 384inoe the etoh marks were about 0,2 mm
wide, the choice among levels represented by the etoh mark

was important,

Oomposition Analyeis

The interval in refractive index between mixtures
and elthor of the two pure componente extcnded past the
largest interval covereu with the smallest intcrferoumeter
cell, Therefore mixtures of lmown conoontrations were
required as standards for the determinations of samples
having refractive indexes outeide the range covered by
the pure oomponents, .ilthough the relation between tho
refractometer roading and rofrective index is linear, the
relation betweon refractive index end composition 1s not,
and unknown ocompositions could not be determined by simple
interpolation of the interferometer reading, <1o determine
the direot relation Letween interferometer reading and
composition, & series of six known conocentrations was
prepared in the range 0,1 to 0,6, in 0,1 increments of
mass fraotion, Interferometer readings wore determined
for successive pairs beginning with distilled water vs,
0.1 ethanol, then 0,1 othanol vs, 0,2 ethanol, and so on,
A peading for distilled water vs, distilled water was used
a5 a gero correction, Cumilative values of readings were
plotted on a large graph against composition, a small
reproduction of whioh appoars in Fig, 17. To more
acourately determine the shape of the ocurve between
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CALIBRATION OF REFRACTOMETER

OMPOGSTTION ANALYSES
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experimental points, refractive index data (46) for the
system were plotted on the same graph, The shape of the
roference curve was followed Dy eye as the calibration
points were connected, Components wers taken from the
same sources used for operation of the 8till, The known
solutions wero prepared on the Ohaus balance to 0,1. in
composition, <the samples, of 5O ga eaoch, wore weighed

into four ounce bottles having ecrew caps with polyethylene
seals to reduce composition changes through evaporation,

It 18 believed that the composition of samples taken from

runs of the apparatus could be determined to the nearest

0,00{ mass frection,
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HEAT AND PLO# RATE DRTERMINATION

A test run with air blowing through s tube
inverted in a beaker of water showed that a rate of about
9000 co per wuin was the ;:reatest rate above which excesslve
splashing oocourred, usince tho geometry of the oquilibrium
flask was similar and splashing of linuid up into the
condensate contactor was considered undesirable, this
figure was taken as tihe maximum for desiyn purposes., rrom
tnet numoer ancd physical dats of some ocommon solvents, the
following table has been arepared:

TABLL V, DkdIG. DATA

¥1G, 18
Heat Flux
Cal/Min
CC Vapor at 9000 Liquid
rer AH CC Vapor flow Hate

Compound CC iLiquid Cal/Cm Per 4in CC/¥in
Ethanol 521 204,3 2780 17,3
Yater 1700 540 2860 5.9
Methanol 723 £62,8 2590 12,4
Bengene 344 94,1 2160 20,2
Acetic Acid 580 96,7 1350 14,7
Ethyl Ether 266 83,8 2110 38,1

From this caloulation it was concluded that the
reciroulating liquid could be expected to transfer at
least 2000 cal per min to the condenser, Heat exchange

between the surroundings and the reciroulating saturated

vapor would produce an error in the 2000 oal per min rate,
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lations,

s0 that figuroc was used as a basis for percentage calou-
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INSULATIUN OF THi. CiALORINETY.

lieat ocould only be transferred from the water
Jacket to the surroundings, «ssume that tne cooling water
18 at 30 ¢, that tne amblient tenparature is 25 C, The
ineide diametor of the insulation, the outside diameter
of the condenser jJackot, 18 G,75 inches = (,0626 ft, The
lengtn of the insulation 1s 17,5 inches = 1,46 ft, and the
thiokness is O inches, nssume that the 1nsulation uas

k = 0,02 stu/hr-ft-F, For heat transfer through a oylinder,

q= DAl

R/%)

AT = 5 degrees (C) = 9 (F),

Ink/r = 1n 8—:-%-;%=1n9=2.20

_ 0,02 8tu| v P | 2w|1,46 £t | br [262 oal |
= Thr-t- | | [60 min| Btu | 2,80

qQ = 3.2 ocal per min,

sinoce the expected heat flux through the condenser
was about 2000 cal per min, this represents an unoertainty,

{n the form of a possible error of about —9%&3- x 100 = 0,16%,

9o
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LATENT HEAT CALCULATIOM

Piu0i¢ EXpnRIMENTAL DATA

The latent heats were detormined by & heat balance

around the ocalorimetor, made as follows:

mey Cp OT =AHmgt <

where my,g = the mass of water and system flowing through

|

tho oaslorimeter in a given time interval,

= specific neat of water,

= tho differcnce in inlet and outlet water
temperatures,

= the latent heat,

= the neat leak as described on pg.89.

The equation may bpe arrangec as follows for the

purpose of caloulatlion:

A, = e o A T —d—

100



O ITALUDUAD 1A THITAL

Al ol ade sl e W
s owd JaRd a4 e oaleo el wrow sdsor Irudk! el
teveffoY o hrr maden faclan not Lnirota
+ we e = . N o
s 16 U e
gnootLtr el ccdoge Soe oeadas 0 s vt e p o 80N
a1
Ly D er)r oo Aot onada tye o ne
PR LR O N TS Y S = )
B SN - i R - - Y
) L5 SRV
3 = Ay
e t 1 ' =
4 (e
ot £§ RO = .
. V.
(103 ¢

80URCES OF LOSSES IN
THE RECIRQULATING rHASE, RUN 9

Amount of ioss
The level in the leveler was recorded with time

as part of tho dats of all runs, 5ince the dimensions of

the leveler und contactor are known, tho change in level
may be converted to a change in mass of recirculating
phase, he: the level in the leveleor wan above the 7,5 om
mark, the level could change lrn both the leveler and the
contactor (iig, 2 and 3), Jelow that level, only the

“he cross-sectional area of liquid
2 2)’

leveler could drain,
above tnat level was A1=’n-(r12+ r22 - ra“ -rg
where r) and rg are tne inside dlameters of the leveler
end contaotor respectively, and rz and r4 are the outslde
diameters of the tube in the leveler and the vapor riser
in the ocontactor respectively,

ry=ro= 1,4 om, rz = 0,35 om, rg= 0,5 om, #)= 11,1 om?,

The ocross sectional area of liquid below that level was

Ag = 7 (r12 - r3%) = 5,78 om®,

Fron the data of itun 9, the liquid lsvel dropped faster
after the value of 7.6 em at 11340 PM so a different height

ohange corresponded to each area,

Drop in height at level over 7,5 1 8,9 = 726 01 - 020 omy/min,

Drop in height at level under 7,5 1.-%ﬂ-= 0,09 om/min,
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Rate of loss of mass = T rghp.
= (11,1 omf) (0.029 om/min) (0,887 gu/om®) = 0,286 gw/min
for a level over 7,5 om,
= (8,78 om?) (0,09 om/min) (0,887 gm/om>) = 0,461 gm/min
for a level below 7,5 om,
The values do not agree because of the inacouracy of the
measurements and the changes in operating variables which
took place during the run, This computation gives an
average loss of 0,37 gm per min during itun ¥,

the ocondensate formed [rom heat losses would be
at about the composition ¢f the saturated liquid, The
saturated liquild in iwun J was at 0,043 mole fraction
ethanol, with a latent hLoat of 430 cal per gm as determined
from the two references (Jv4, 35,, The neat transferred to
produce this mass loss was (480 cal/gm) (0,37 gm/min)=

173 cal/min = 42 Jtu/hr,

source of :leat weak, iwun 9

The depletion was not a result cf overflcw from
the condensate contactor into the flesk sinece tne liquid
level in the leveler never becsme nigh enough to cause
overflowing, There are three regions where the loss could

have taken place,

Source 1, Lxpansion of Vapor «hile Bubbling

Through the Liquid hase, 'The drop in pressure through
2 id, of liquid is about 0,069 psi, The iioller chart for

water shows that an idiabatic expansion of saturated steam

: N P '!' & - “ . .
- aim\o 80,0 =-22 ﬁi& O&Li?.ﬁi &,0 1ebry [ovel 3a Jdgled nt qoud

L 104 102

produces a superheated vapor, and would result in a tem-
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perature drop of 0,5 degree (C) under the present situation,
Although the material undergoing the expansion was only

0,4 mass fraotion water, the behavior would be similar

and the expansion would cause no oondensation,

Source 2, Condensation on the .all of the

Egquilibrium Flask, Luring the part of lun 9 under o nsider-

ation, the aluminum pipe surrounding the equilibrium flask
was 0,4 to 0,8 degroes (C) above tho temporaturo of the
flask, J1unereforo condensation on the flask wall was not
posslble, and vaporization was slight,

source 3, Condensation on tho Inner aall of the

Vapor iiser Tubs of the Condengate vontactor. Vapor at

91,5 C rose within the¢ tube towsrds tne contaoting section
and condensate st 32 C lay in a pool around thoe tube, A
temperaturc drop of 10 degrees (C) or 13 (F) existed
across the tube wall, sor simplicity of computation, the
proble:x has besn turned around to ask: What temperature
drop would Ls necessary to transfer the estimated 42 dtu
per min across the tube wall, and how well does the calou=-

lated drop compere with the actual 13 degree (I') drop?

Symbole and Thelir Values

\J

by = coefficient for condensing vapor on the inside wall,
hg = coefficient for stagnant liquid with water-ethancl
properties,
The thickness of the glass tube is given as
0.1 £ 0.018 em in the Corning catalogue,
108
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Dg = outside diameter of the tube = 1,0 on,

Dl = {nside diameter of the tuve = 0,76 to 0.84 om,

Dg/D] = 1,20 to 1,31; ln (Dg/Dy) = 0,182 to 0,269

L=H = height of tube lmmersed in condensate = 1 inch

= 0,083 ft,

™|0,8 om| 1 4n, | 1in e )
Ay= T DyHS | [ 2.54 om i Tt = 6.88%1075 rt8,
= I[’ 1,0 om | 1 4n, |1 in, | :_tzte -
Ap [2.54 om r I144 Tn, 2 =8.6310 3 m.

7.8x10'3ft2 average,

Ay =
kK = 0,63 Btu/hr-ft-F for glass,
q = 4% £tu/hr,

for estimation of the 1inside film sroperties, the
vapor composition may be taken as 0,6 ethanol and 0.4
water, ‘The liquic which condensed to form the inside
film was O,1 ethanol ané O,v water, all mass fractions,
The oconstants are sveluated at 190 r,
ket k= 0,390 Btu/br-ft-# for water at 195 ' (.oidams (47),
pe 456,
k for ethanol decroases with increasinr temperature,
Use ke = 0,5 Btu/hr-{t=-F,
Pet Py = 60,1 lon/ft3 at 195 F. (Stean Tables)
Use Pr = 60 lbm/fto,
g = 32,2 ft/sec?,

_ 510 on;l Bty | 454 gm _
) = gm 33 0ﬁ1| om 920 Btu/lbm.

A, VWhat AT8 must ocour through the glass tube to cause the

transfer of 42 Btu/hr?
104
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W*m— = 23,3 to 34,3 degrees (F), an asverage of
°

29 degrees (F), If, as is suspected, tho 10 mm tube in the
condensate contactor was thinnor than tho Corning catalog
value, then tno proedioction for A Tg would bo reduoced sub-
stantially,

B, What ATgj oan be caloulated for the inside film?

2

= ked P2 g N |t
h) 0,943 [T‘f'T—GBTH)] (xNocAdama, p, 331)

whioh 18 to be used in q = h] A} ATfl . These are combined

to glve  (A1gy)%/4 = 0,943 Al[ ke” P12 &X
e ]

Evaluating the bracketed group glves

027 Btud | 3,6%10° 1lbm® | 32,2 Lt 920 Btu |
-ftv- | se0® lbm | 0.4 op

. . .
1488 op-ft-8e0 | | 3600 ses | 3 — !
Tom [ 0.083 ft | br (48,8%1012) units

= 2610 Btu/hr-ft2-(F)%/4
swvetstuting, (8231 4= SEI L

Lrtl. (%4
Betb ol = our (¥,

DTy = 3,34 degrees (F), the teuperature drop through the
oondensing film,
0, The caloulation of a sultable film coafficient for the
stagnant liquid is diffioult. dowever, & ohart in i{cAdams,
Fig l4-16, p. 383, may De used as a guide,
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W:lm ST = 4,89, A value of h = 400 to

800 is indioated, ATgp = 'ﬁ' 3'% to 800 } 8. 6X10°%

= 6 to 12 degrees (F),

The three temperature drops may be added to get tne total
estinated drop required to transfer 42 stu per min,

JaY T8+ B Tet 8 Tpp = 20+ 35,5+ ) =41,3 dogrees (F),
Thie caloulated value of 41,3 degroos (FF) :mmst be compared
with tho value of 13 de;rees (i', talken from the oxperi-
mental data, .Although the values cdo nct couparo well, it
must be rcmombered that the heat loss i3 only a raugh
estimate, The calculstion deuonstrates that heat tranafer
through the vapor riser tube caused the asjor »ortlon of

oondensation within the roegion of the equilibrium flask,
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Adlabatio #all Heating

There wan o diffoerential of 20 degrees (C) across

the lower adiubatic wall in mun 3, irom the oalculetion on
the adlabatic onclosure, ..pendix, p, /98, a 0,15 degree (C)

B T produced an exchange of no more than 0,785 oal per min,

20 (0) |0,786 cal _
0,16 (C)] min = 104 oal/min,

superheat of Lntering Vapor

The vapor tomperaturs was 118 C, at the inlet to
the equiliorium flask, tno liquicd temperature 90,5 C,
Superheat amounted to £3 degrees (C), The vapor tomperature
at the outlet of the soullibrium flask wes 90,6 C, showing
that all the superheat was removed by contact with the
liquid, '“<he approximate specific neat of vapor was 0,5 cal

per gm=C, 'The mass flow rate was about 2 g per min,

3 gm | 0,6 cal | 23 (¢) _ ,

S

Extre lleat from Both bSources

104 + 42 = 146 cal/min = 35 Btu/hr,

This value 18 of the same order as the 42 Btu/hr
caloulated as the loss for itun 9, Therefore the two extra
sources of heat were just suffioclent to vaporige enough of
the liquid to offset thoe condensation loss at the vapor
riser in the condensate collector,
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salysed [iat olgedatba How much heat will be transferred across the
. " adiabatic walls as a result of error in mateching the teme
P R e YrES o onaw sl
230100 (., an®TREn i DT [ALJaen
!i o lvaluoiio s my1. e o EL (Do alreieiba newol eifg perature of the heated wall with that of the eoculpment
g 1.0 -~ I .
u; S . PR AR [ ’ ?
“h RUBENLT-S S e v 8ol , B SETNT TVr Ui 22 00T vItaustun end inside
ﬁi G LR VI A A Lg amot 0ofn e Awowsoxns g lsouhote L a Assume that thermocouples are callibrated to
] Lao 8ev,u] v) 03 within u,1 degree (C), that tho aluminu:z tubes ocan be main-
Sba\feo #OS Taia . (U7 6140
teined to within U,15 degree (C) of the tomperature of the
cerEd angnedn e Ay el glass, .8su.ie that the insulation has k = 0,03 Btu per
R o BN L I TR B 3 R NIl UL hr-ft-F,
(e o2 be T g e Tt lene 80
) : At the Contacting section
; [ z r Ao . :‘.’)E'fl'i ! 31 rep PIan
| ’ , Ihe contacting section is 1,13 inches in dismeter
$ . Loy RN by AR TR N
B 1y ‘[‘."l J . . J 1 _,'!"l - (RN
3“ ‘ o and 7 inches long, our inch aluminum pipe with 5 ineh
;‘r:' vt e e ey mEs eSS 7 3 sh T
! : walls was used for tho adiabatic wall, liow much heat {8
;- o) i h Iy ! L) { 5.2 - ‘,L J-I-l
) , lost through a coylinder of insulation 1,13 in, ID and 3,5
L | 2400 pu =il IO
" ) o in, VD, 7 in, long and with 0,15 degrees (C) drop across
( * N - & ~ -}*- -‘—:')"'":J . "'}' ;n:ji-’:
. Y i N e 19
I T = ST At __2mo.08 Btu| 74n| £t 0,15 () |9 (F
Sl Mol NI e e D i q 11'\ l‘?/rl) hr-ft-F l I 12 in ,

cpr & = s d e gel = e TR0

252 oal | hr = 0,125 _
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At _the bquilibrium Flask

How much heat is lost through insulation around
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the equilibrium flask kept witnin 0,15 degrees (C) of the

flask temperature? .ssume oylindrical insulation 5 in,

I _ 0,128] 8|
! - =
‘ adl smorns ~er1Tel el od [1lw Ised goum wok q l W | In(6/57 0,788 08l/min,
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i o at, 0y ol e de Lot [lew teJpor ond Mo caudatec
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BRROR IN PLO# RATE

DUE TV WOVEMENT Ui HOTAMATER FLOAT

To caloulate the orror due to a one mm ohange in
the position in the rotametor fleat at various float
positions, two cherts were required, C(ne, the sanufacturer's
calibration chart, rig. 19, was usod to determine the rate
of change in flow rate with the scale reading on the glass
tube of the rotametoer, Oolopes at four scale roadings were
determined, rhe second cunart, & plot of the scale readings
ve, the neilght in mm of each scaloe reading, “ig., 20, was
used to deteraino tne rate of change in scale reading w#ith
height, Slopes at the saae four soints were taken, <he
products of slopes at corrcsronding polnts gave tho orrors

in flow rate corresponding Lo a on¢ :am change 1n float

position frou the set noint,

bxample:
scale reading of 5, rlow rate = 3,7 ou om/min,

Tangents are shown at the scale reading of 5.

From ig. 19, lg 8 ~5,0 -—jl- = 1,77 ou cm/migiper scale
reading,

From flg., 20, __@_%%__:-__%5__8_:__;51%_: 0,097 scale readings per
mm,

(1,77)(0,097) = 0,173 co/min per mm,

~df2- (100)

4,6%
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Preosmyre ue to Column of Vapor

The holight of vajpor was not ovar 2C inches,

Vapor density of ethanol at 1 atm, is 0,00165 gm/oma, from
the intornational Criticel rablus,

cm3 5 lbm

= 3
3 3 751 o 0,103 lom/ft

Pure wator at 1 ati nes a censity of u,037¢ lbm/fts.
For computetion, use © = 0,1 lbw/fto,

’

rressure from the welght of vapor: Ap-—g-p h
0

-E. = 1 1vf/1bm,
8o

A = bm of | 204n ]| £t | rt?
P ft 1bm | |12 In | 0,0193 psi | 144 in

Ap = 0,06 mm lig,

Error in pressure measuremont from thie source is negligible,

£ressure Lrop ime to rlow ol Vapor

The only substantianl restriction to vapor flow is
the inlet to the condensate colleotor, <[he shape 1s

oeylindrical, 0,8 cm diemeter, and 3 in, long, D = 0,063 ft;

J

L = 0,25 ft,
8 T 0,0263°
Avea = -1-—" Y - *'919 = 5,44%10"¢ f¢2,
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GUniadin chodonhs

The flow rate was sbout 2 gm/min, The M for ethanol vapor
is 0,0108 op, for water vapor is 0,0125 op, Use u=0,013

op, From the previous oaloulation, o= 0,1 lbm/rta.

W _ 2 bm min —
¢ =-1= #WT& gm |60 ses . Os135 lbm/sec- rtE,

_ 0 _ 0,136 3bm | f££3
V= = AT oI o = 135 ft/acc,

D0 _ 00,0263 £t | 0,135 lbm | 1488 op ft sec  _
Re= =3 = 70,013 op | seo f 15m = 406

Flow was laminar, 7herefore, eqn,(l2=25), p, 322, of ..ochidams

nay DO usol,

_ dp _ ag%v _ 8210,015 op| 1,35 £t | sec®-1bf
dE T 8¢ sec | 32, m-ft

I 1om | in-atm |  f£t°
0,0263¢ ft* | 1488 op-ft-sec| 14,7 1bf | 144 in®

— -%i— = 8,03%10"6 atm/rt,

x10-6
_ap = Qa5 ftl 50370077 888 - 9,106 agg = 1, 5x1073

mm Hg.

The pressure¢ droy from the flowlng vapor was nogliglble,
It can be seen thet the pressure at the surface of the
liquid in the equiliorium flask was essentlally the same

as tne vressure at the top of the condenser,
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PILLING AND SETTING

THE THRREOI-GULATOR

The stainless stocl bulL was firmly attached to
the union and completely filled with oarbon tetrachloride,
4#1th the bulb in the horizontal nosition shown in Flg, 7,
meroury was added through the union, displaeiny the oarbon
tetrachloride until the mercury level reached to about
one quarter inch from the top of the unlon, The vlugged
end of the bulb was lowered a few angular degrees to por-
mit moroury to dils-lace more oarbon tetrachloride so that
@ lovel would be finally reachec as shown in the figure,
sdditional .acrcury was user to ovring ol .aworcury level to
1ts original .coition, It was felt tist i the bulb were
kent level from tnen on, the plug of wmercury woulcd prevent
the esrbon totrachlorice from escaping., Ine lucite soction
with tho caplllary tube was then attached tc tne union in
the same manner as a section of tublng., weroury was forced
up the capillary and over into the well, ‘he union with
both tubes was mounted in the water bath, and the tempera-
ture adjusted to within 0,1 degree (C) of the set polnt,

If the caplllary remained full of mercury, th: temperature
was raised a few tenths and the excess mercury knocked 1into

the well, ieduction of the temperature to the set polnt

then brought tne mercury level into the osplllary, It
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insufficient mercury was in the regulator, adéiti-nal
oould be addec either by removing the lucite ancd refilling
the union, or Ly foroing mercury into the capillary with
the use of . small long-nosed ;)lastic syringe, .hen the
meroury lovel uad been brought into renge at thoe set point
temperaturs, tiun aluminuna cap and adjustmeont scriw were

pleced on Luu lucite, vith tho ~cdlustaent contact wira run-

el
[on}

:+11lary, ..L1» bnbblos in th: norecurv

o

ningy insido t.
coiuun, intrccucecd whon the svrinsc was usel, were reoioved
by running t.ae contact wire up and “own Sie loneth of the
caplllary, ‘¢ setl screw on the sluminun can was used to
£f4t the cap Sfirmly on the lucite, Loads froa tha twc
regulator contacts- vors brouynt into tne jack olup of

the controller. .ecause of polarity i~ the contrecller and
the facet that one wire was grounded to the weter through

the regulator obulb, only one of the two sossivcle wiring

errangoments worked,
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