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ABSTRACY

The oharscteristics of & Falling Film Distillation Colum
are pressented. The work undertaken by the writer has been limited to
the atudy of a column of fixed length end diameter under the conditions
of atmospheric pressure. Heat transfer s&aiu have beon ocomdusted
on the systems of water and on warying sompositions of ethanol-water in
an sttempt to svaluate the gquantitative fastors om a pilot plant sised
film still o that the design of & commercial alcohol unit might be

attcap‘kvi‘
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INTRODUCTION



Up to the present tims & number of types of distillation
solumns have been developed. The moat prominent of these are sieve
plate and bubble eap uuits. The sieve plate 1s the simpler of the
two and consists of a vertical tower of punched plates where liquid
is contaocted by vapor to effeet a material inmterchange. The bubble
eap tower is & type in which an attempt is made to improve fruction~
atien by & more intimate and longer eontast detween liguid and wapor.
A further dewslopment for still greater oontact ares is the packed
tower, in whieh greater intimeoy of aéntnt is obtained by passing
the vapor over even greater surface areas for the seame tower volume.
The packed tower differs from the first two in that the concentra~
tion gradient is gradual from top to bdottom instead of mjﬂ.u.

Hore modern still designs ars based on thecries é’emhm
from packed tower studies. The liguid film covering the tm: pack-
ing is seen as an ideel medium for wapor cvontast, and the épmdiu,
the ocascade columm, and the watted walled tower follow tkié conoept.

Each design had its own oharacteristics and it m
shanneled to industrial fields favoring the special nttrib{itu of
the type. For example, the fermentation industries utilu%d sieve
plate columnsy the petroleum industries used bateh stills and bubble
tray towers. One reason for the former was the suitability of the
sieve plate for handling a liquid of relatively high solids sontent,
whereas the bubble eap unit was more readily adaptable for usages
entailing negligible solids materials whers high fractionation
effieiency was demanded. In fields where low absolute pressures were



nedsssary and little Mnimt loss toul;t be tolerated, the spray
atill was introdused. It was only partially sucoessful becauss of ite
inability to reduce entrainment. Maimtenance sosts also ran higher
than expected, and the simplified design emerged as a castade or baffle
plate still.

The baffle or cascads type completely sliminated the dis-
advantage of the mist formation in a spray still, but with the advent of
very high vacuum prooesses, it was found that the omsonde still had too
high a pressure drcp even though it wis considerably below that of pre-
vious plate column designs. The next and probably latest design of
eommercial importance was the wetted walled tower. This columm is
similar to a tubular filam type evaporator, and although there is little
information on this apparatus in the field of distillation, it is com~
ceivable that data may be utilized from that of evaporation for sertain
deaign factors. Howsver, far too little information is available in the
literature covering this important piece of equipment, and it is the
purpose of this investigation to study the characteristies of a film
type distillation colusm from the standpoint of heat and material
interchange.

The falling film typo of distillation unit is considered since
1t may be an ideal unit for the remowval of aleschol from the besr formed
in the fermentation of eereal grains. Resent advanses in the aleohol
industry have shown the importance of low temperaturs beer stripping,
nesoensitating the use of high wvasuums. The conventional sieve plate,

grid packed, and ring packed enlwuns, have proved comparatively poor in



sxtrenely high wasuum work beecause of excessively high pressare drops.
The falling film type of still besause of the free vaper spase obviously
schieves the minimum in pressure drop through the column length.

Certain soluxn pasking materials, partiocularly wood grids,
have ereated & cleaning problem in besr distillation that has remmined
ungolved after many years of study. It seems that the solide in the
beer adhere to the grid surfaces where they dscompose thermally during
operation, thereby imparting disagreeabls odors and/or taste to the
distillate. This factor may be eliminsted by the film type umit with
the elimination of a paoking to besoms fouled and irrsgular surfaces to
permit build~up of solids. ‘

A very desirable feature of film still design is the slimina-
tion of the dilutien effect mua by sparged steam which is normally
presont in the conwventional bnr atill, Thig feature permits & maximum
ratio of aloohol te water during proeessing and thersby increases the
steanm sconomy.

An important item in distillation eguipment design is sim-
plieity of construotion and mmintenanoce. The falling film still is of
relatively simple design in comparison with other bdeer solummns.

‘ A finsl feature of éhc film type columm must be emphasised.
There have been heat transfer oosfficients reported in the litersturs (1)
e high as 5,000 Btu./br.~sq. f4.=°F, for certain sises of vertical film
heaters. Such a coeffioient would effest an esonomy that could be
realized as in no other beer stripping unit. This featurs already has
been realised on short tube film boilers.



HISTORICAL



A film still may be defined as & unit in which fractienation
oeours during film flew. This film type fractionation may wary in a
pumber of ways, depending on the manner of introdueing fesd, the method
of heating the film, the menner of removing the wapor formed in the
prosess, and the subseguent remowal or reflux of the condensed overhead
Vapor.

The major portion of the data in the literaturs at present has
beer obtained on & film type columm in whieh the feed has been intro-
duced as & vapor from a reboiler to the base section, while the overhesd
wapor has been condensed and returned as total reflux (2, 3, 4, 5, 6).
With such a :ytﬁn. one of the usual methods of eccluzmn evaluatiorn may be
uwicy-d. and the effieiency has been reported as a height egquivalent to
a theoretical plate {H.E.T.P.), & height of a transfer unit (H.T.U.), &
number of theoretisal plates at total reflux, or some type of correlating
equation inwolving film resistances, heat, or material transfers.

The problem undertaken by the author in this thesis was the
evaluation of column performance under possible plant operating e;nditim
of liquid feed to the top of the columm, vaporisation by jacketed steam,
absence of reflux, and single passage of material~in-proosss tarcuéh the
eolum. Comparable cperating conditions are not represented among data

available in the literature.



THEORETICAL



The exaot mechsnism of hest transfer for film type distillation
equipment is not to be found in the literature. Data ’hl'll been presented
on individual oceffislents but are lacking for overall psrformance. It
is possible, howwver, for cne to postulate a mechanism by the use of
gquantitative relations that have evolved from studies on film heaters.
The ¥usselt equation {7) has approximated conditions in the film heater

azd is

‘0.66 _0.33 0.66
hL - kL .4
= = 2.62 ( = S '_33)

0.3

where R = liguid film scefficient Btu./hr.-sq. £t.-°F.

L = height of pipe, f%.

Cp= specific heat of wall material, Btu./1b.-°F.

T = fluid rate, Ibs./hr.~ft. .

k - thermal conduotivity, Bitu./br.-sq.ft.-%F/ft. of tube wall.

/o = density of fluid, lbs./ou. ft. |

g - acceleration of mﬁty, ft«/lq. hr.

p = fluid visoosity, ;bu/hr.-&t.
It is seen from this equation that the individual heat transfer co-
effioient varies direotly as the feed rate, and inversely as the column
length and steam p&uurc {or temperature drop betwsen heating medium
and liquid film). This can be expeoted to hold approximately for the
overall transfer of heat, as the leagth of the eoimﬁ used in thsee
studies might be considered adumormally high in comparison with that of



the film heaters reported. ‘

For the distillation theory involved in the study, possible
mechanisms must be reviewed, A batch distillation guantitative relation~
ship mey be sonsidered initially. By definition, batch distillation is a
process in whish & portion of material is coharged to a pot, subjected to
heat, snd, upon vaporisation, is removed immediately and condensed. The
mathematical analysis, which is & differential ome, was first proposed
by Reayleigh {8). The relationship he pressented was that the logarithm of
the ratio of liquid fed to the pot to residual liquid equals the integral
value of dx/(y~x), where x = the sompoaition of the liguid and y ~ the
vapor composition in equilibrium with the liquid. The limits are taken
between the composition of the residual charge snd the original charge
with reference to the more volatile component. This relation is easily
evaluated by means of graphieal istegration.

¥odern exponents of continuous preeessing technigues state that
a continucus process is a series of batch processes coourring in rapid
suceession. Therefore, it is possible that a bateh relationship might
approximate the results obitained by eontinuous processing, partiocularly
in a film type eolumn.

If equilibrium is A;M to be obtained in each ares of a filn
still, the relationghip would de that for equilibrium distillation., The
guantitative study éf such a process would demand the use of a graphieal
procedure with the equilibrium disgram.

It is ressonable to expeot that the wechaniam of film type
distillation is intermediate betwesn the two extremes of batsh distillation



10

and true squilibrium dntinq:ien. There has been some evidence tc ghow
that the mechanism of film or wetted wall distillation spproaches more
oclosely the bateh typs evaluation. This similerity is indioated in the
work of Woodfield and Copeland (8), who dealt with materials that slosely
adhered to Racult's law. One objeet of the present investigation is to
determine the vslidity of the theory or the degree of divergence from it.



EXPERIMENTAL



The apparatus for this investigation wes a steam-jucketed
copper tube 2.938 inches inside diameter by 15.20 feet in length (ses
Pige 1)» The upper portion ot- the hesting surface had an 8 imch calming
seotion, the upper edge of which was notohed as & weir, snd over whieh
feed %o the eolumn eould be distributed. The base of the eclumm was
fitted with a liguid~sesl vapor trap through which stripped liquid passed
to & "bottoms™ receiver. It was very important that the wall surface
be perfestly vertioal; therefore a plumd line was arranged alongside the
solum,. The externmal surface of the eolusmm was not lagged snd therefore
necessitated heat sorrections om all determinations involving steam-side
keat transfler soefficients.

One of the most oritieal faotors involved in film still opera~
tion is liguid distribution to the eclumn. A weir arrangement was used
in this work. This weir was so designed that 18 V notohes, 2" &dcp,
wore evenly spaced around the upper edges of a 3 inch copper tube. The
peints jutting upward from this sestion were bent ocutward so that they
lay on the ciroumference of a cirole of 3% inch diameter. This spreading
of points sccomplished a rather smooth flow of liguid into the solumn
with no perceptible shanneling effect.

After the liquid was spread in a wniform film, boiling ceeurred.
The vapor moved up the column, left the unit through & wvapor line, and
paesed through an enirainment separator into the top of the condenser.
The distillate left the condenser at the bottom through a non-condensadbles
vent bottle and flowed inte a "tops™ product receiver.

By preliminary inapeotion, it was cbserved that a ecomplete and
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wniforn film could be famd,: as long as no bolling ocourred with a feed of
less than 5 gallonms per hour; however, when boiling osourred, a fsed rate
slightly over 5 gallons per hour was reguired.

In the study of the heat transfler charasteristies of the film
solumn, water was oharged te a feed pot and heated by a steam coil to the
desired tomperature. This feed pot was fitted with a reciroculstion line
to distribute the heat throughout the bateh of liquid. The feed was
tranaferred from the pot by a centrifugal pump to the upper section of
the £ilm still, thence into the head of the column, overflowing ths weir,
and passing in a uniform film down the column. The liquid was raised to
the boiling point and partially waporized with the vapor passing up the
oolumn. The residual liquid flowed down the towsr in graduslly lessening
amounts and out the bottom through a liquid leg seal and into the “bottoms"
produst drum. The wapor from the operation was condensed and fed into the
"5ops" receiver. The rates of these streams were measured volumetrically,
and a .run was not begun until the producta flowed at a constant rate as
determined by ineremental measurements,

In addition to the rate of flow measurements, the temperatures
of the feed liquer, the vapor, and the residual ligquid to bottoms were
obtained. |

The steam to the jacket of the columm was mmintained oonstant
by a Brown 'AWI&Q" pressure recorder and controller. The stean, after
giving up its latent heat, was removed through a trap at the base of the
jaoket. The condensed steam leaving the trap was passed through a small
sondenser in order to liguefy sny flash vapor that might form. The rate

4



of the stesm condensate was measured in order to ascertain the steam side
coefficients. |

After the eonclusion of the heat transfer experiments using
water alone, mixtures of ethanol and water wers studied. These runs were
similar in nature to the water runs with the exoeption that the feed was
adjusted to the approximate desired composition. After the feed was
diatilled, the "tops™ and “bottoms™ fractions wers analysed for sleohol
content by the standard proocedure of laborstory distillation and re~
fractive index messuremsnt. This supplied all the necessary information
for the fractiomation studies.
1. Calibretion of Eotameter

The rotameter was calibrated in place by utilising the following
method, Water was pumped at a constant rotameter setting, and the actual
flow was oaught end measured volumetrieally until a constant flow was
mesgured per unit of time, An sverage of these messured volumes is re~
corded in Table I as "metersd flow - G.P.H", and is graphiecslly presented
in Fig. 2. |

Caloulations indicated that for feeds used in this investigation,

deviationg due to density were negligible.
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Tadble I.: Rotamster Calibration

Rotameter Reading
G.P.He

4.9
11.3
12.0
14.2
18.7,
19.1
20.1

20.2
21.0
24.8
50.0
39.0
89.9
43.5
59.8
65,5
95.5
95.9
99.5

108.0

Hetered Flow
GoPoBa

4.1
11.8
12.6
15.3
20.2
20.8
21.7
21.8
22.7
26.8
52.4
42.1
48.1
46.8
84.6
T0.7

-108.1
103.6
107.6
111.2
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2. Externsl heat losses frox the column

The heat losses of the solumm wers determined by :nling off
the top and bottom sections of the column to prevent undue conveetion on
the imner surfaces, maintaining a constant stean jscket pressure and
~ meaguring the rate of condensate from the steam jacket.

The eondensats rate was caloulated back to total heat necessary
to maintain solumm temperature without feed. These walues corresponded
to heat losses by radisation and conveotion. Data are presented in

Table II and are correlated in Pig. 5.

Table No. II Heat Losses from Columm

Run ¥No. Pressurs Correspongding Loas in
Hg. __p-8.i. abs. Tonp., . B.t.a.zg.
85-1 1.86 16.608 216.02 8,159.3
2 8.85 16,587 218.18 11,987.8
3 6.28 17.788 221,72 15,999.9
s 8.35 18.797 82467 18,431.9
5 10,865 19.879 227,63 19,484.7
6 0.80 . 15.089 213.34 8,799.4
7 3.00 16.170 216.89 10,698,9
8 6.00 17.643 221.33 13,896.6
® 9.00 T 19.116 225.58 19, 890.9
10 12.00 20.588 229.51 20,080.9
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Experimental Results - Water Runs

~ Complete data were obtained for heat ﬁramfor ealoulations on
the falling film still as desoribed in the Experimental Procedurs and
illustrated by a sample run in Fig. 4. 2hc ealoulations from these data
are explained in the Sample Caloulations { Table IX), and ars tabulated in
Table X. A summary of these results is presented in Table No. IlI.

The values of the overall heat transfer coefficients are pre-
sented for both steam side and liquid side. These values were cbtained by
sonsidering At as the log mean difre;-onn between steam jacket tempera~
ture and liguid film tcupa:ntan. area &g a constant valus obtained by
measuremsnt of the ecolumn and totnl heat transferred as the product of
pounds of steam exhausted and its trus latent heat, 1. e. the difference
between the specific enthalpy of saturated vepor at the inlet pressure and
that of the satursted boiling liquid at jacket pressure assuming adiabatie
oonditions ssross the inlet steam walve less radiation losses.

The wvalue of the oversll liquid side coeffisient has the same

A% valus and ares sonstant for the corresponding Qt.m‘!iﬁt sosfficient,
but the total heat transferred in thi_n cass is the summation of gensgible
hoat to the wvapor, latent heat to the waper, and sensible heat to the
bottoms. This coefficient probably repreaents more nearly the true heat
transfer cosfficient, aa there is always a possidbility of warying
radiation losses dus to atmospheric disturbances about the eoclumm, and the
effect prodused by intermittent trap action on the steam osondensate

discharge.
A eorreslation of data for heat transfer ccefficients relating



Operating Data;

Eun Ro.

bate

Time

Jackat Stean Pressure
Feed Tempersture
Feed Rate

Tops Produst Rate
Bottoms Produoct Temperature
Bottoms Product Rate
Vapor Temperature
Steam Condensate Hate
Room Temperature

Sarasotﬂe Preassure

21

T=-43

4-17-45

852 P, ¥,
8.37" Hg.
58.0%.

42.9 G.P.H.
178.0 oo/min.
98.0%.
2636.0 so/min,
100.0%.
666.0 es/min.
28.0°C.

766 zm.

Remarks: Operations steady; good jacket pressure control

Fig. No. 4 = Sample Data Sheet
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B
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w10
¥-11
w-12
w-13
W-17
W-18
w19
¥-20
w2
w-22
w-23

W24

Table III - Summary Data for Water Runs

Food

Rate
{G.P.H.)

11.20
11.80
21l.44
13.80
12.60
12.80

4.10

$.20
22.25
21.82
21.71
385,08
352.40
46.87
46.87
46,76
15.70

18.%0

27.43
26.78
26.24

Steam
(/e
45.00
83.80
82.10
53.76
58.56
87.42
§7.51
87.77
58,88
56.86
56.58
87.37
$7.64
89.90
89 .40
86.59
85.93
86.72
83.29
84.61
86.99

Jaoket
Preasurs

(“5g.)

s.02
9.2
9.2
9.2
9.2
9.26
9.1
9.1
9.0
9.2
9.0
9.0
9.1
9.2
9.2
9.2
9.2
9.15
9.4
9.05
9.4

Ue I.lq.
8ide

Btu./br.

2o

£%, - "

T2.99
90.40
106.60
76.59
74.27
72.18
43.98
66.09
74.32
71.98
70.08
75.08
69.83
125.80
120.09
121.38
70.67
77.7
102.71
106.02
105.08

U. Bteam
Side
Btu./hr.
£e.2.%,
103.50
104.16
120.13
59.36
59.32
58.89
42.45
77.08
€6.22
62,56
62.48

88.71

68,40
142.46
140,91
134.42

81.61

94.14
114.65
121,45
123,37

a2
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W-26
26
W-27
w-28
w-29
¥-30
¥-31
A W32

:

!

W41

Ll

Table III ~ Summary Data for Water Runs (Cont.)

Feod
Rate

{G.P.H.)

25.92
26.60
111.24
71.80
T0.74
22.68
22,68
22.68
22,88
22.68
22.68
22.88
42.12
42.68
40.60
41.90
41.90

42,44

42.98
84 .04
83.94

Steanm
Rate

(#/hr.)
86.19
91.61
92.54

104.17
89.90
86.62
39,68
42.83
42,57
40,352
40,32

-89.14
44,85
55.13
54,88
83.58
68,61
74.69
62.80
64,78

Jasket
Pressure

(*Eg.)
8.1
9.3
8.8
9.2
9.2
2.2
2.2
2.3
2,75
2.6
2.5
4.5
o
.1
5.7
5.0
4.7
5.5
6.4
5.7
4.9

¥. Liq.
. Bide

Btu./hr.
£e.2-%,
102.44
108.859
138.29
129.82
150.07

20,24
21.61

33.80
28.72
sT.74
35.41
61.47
26.68
45.00
62.16
67.45
se.16
99 .54
'106.72
108.73
97.89

Ue Stoam
Side
Btu./hr.
£6.2.%,
125.78
132.22
166,88
170,86
142.21
47.80
54.88
78.42
75.48
71.48
72,19
118.68
50.88
80,64
114.05
117.68
120.42
126.37
136.52
128.81
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¥o.

W~46
W47
W~48
W40
W50
W81
w-52
W-53
WG4
W~5686

W-57
w-58
W~89
W=-80
w-61

w-8e

-85
w~68
w87
w-88

Table III ~ Summary Data for Water Runs {Cont.)

Poed
Rate
(G.P.E.)
63.61
83.94
61.58
107.46
107.03
105.30
104,78
104.76
104,78
108.57
103.14
22.14
20.92
20.63
20.20
21.71
‘31.38

42.93

45.08
45.42
43.08
42.86

Bteam

Rate
(#/vr.)
T4.50
73.11
84.61
84.87
88.99
88.19
86.19
84.21
85.98
113.43
112.50
88,22
72.08
71.68
69,80
Si;ﬁi
61.08
88.84
£8.44
66,44
79.58
106.78

Jacked
Preossure

("85g.)
6.8
§.58
7.54
8.3
8.3
Got
8.4
B.5
8.4

10.8

10.8
6.5
6.8
6.8
8.5
8.568
5.8

10.)7
4.9
5.18
7.7

12.3

U. Liq.
side
Btu./hr.
£¢.2-%,
99.17
109.70
100.91
178.99
163.76
143,08
161.31
124.42
124.93
168,39
180,58
86.48
77.76
80.98

78.88 -

98.95
€8.21
80.62
7?;99
76.89
102.03
134.18

U. Steanm
8ide

Btu./hr.
£v.2-%,
124.25
156.18
14R.37
168.84
164.58
161.78
161.78
131.27
136.238
178.37
170.02
88,71
$9.456
100.67
97.47
111,90
91.48
128.10
125.1¢
120.61
125.02
142.21
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the overall ocefficients on the liquid side with thoss on the stean side
is presented in Pig. 6. It ii noted that ﬂa ourve is displaced from
the 48° line slightly for the lower values of the overall beat traunsfer
aveffiocient and o a much less extent as the higher walues of heat transg-
for were obiained. Morsover, the overall heat transfer ccefficients
from the liquid side enthalpies are presented in functiomal relatiomship
to liquid feed rate in Pig. 6, where average values of jacket pressures
at different feed rates are connected by tie lines.
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Experimental Results - Aleohol Rune

The data of the alechol runs, begides including that for
heat transfer relations, contained necessary data for fractiometion
studies. The procedure was o mix sthanol and water to approximate
s desireod composition and to make suy temperature adjustment as re-
quired. Feed was then introduesd to the column and maintained een-
stant. Produst saumples were taken until volumetriec rates were con-
stant, Spot samples wers taken after this p@iat and later mixed for
aversge snalyses. Alechol eompositions were obtained by a standard
laboratery progedure of laboratory frastionation and refrastometris
mw. The latest edition of the Wagner Tables was consulted
for sonversion of refractomster readings to percent alechol by
volums, The dsta for heat tranafer on the sleohol mixtures are
presented in Fig. 7. This figure shows the relation of overall
heat transfer coefficients to the aloohol feed rete of the columm.

The results of the fraotionation are presented in Tadble IV,
This sumsary date shest is supplemsated ’bjr sdditionsl iaformation
oconcerning thase runms sad is inoluded in the Appendix (Tadle XI).
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Run
Ho.

. AA-11
AA-12
AA-13
AA=14
AA-16
AA-16
AA-17

AA~18

Table IV - Summary Dats for Ethanol Runas

Pressure
{Pc. s )

18.14
18.04‘
17.92
17.99
18.97
19.06
15.24
17.89
17.84
18.18
15.14
18.19
17.70
17.78
19.12
18.24
18.11

18,06

Liquid Side Coefficients

Flow
(&.g;:)

27.30
21.92
46.09
86.91
21.22
43.85
64.42
19.82
43.86
21.44
42,77
64.56
21.38
44.28
21.85
21.92
43.69
64,785

Total

Heat
(Btu./br.)

52510.88
5636089
70668 .57
81437.67

" 6A845.12

79677.68
88749 .82
54804.11
77308.78

55463.68

70698.36
86278.15
67432.85
$7998.18
T6875.42
63537.76
84587.99
$9644.230

44.0
4.0
4l1.1
40.1
66.0
4.7
45.3
468.3
40.1
59.0
0.6
49.2
80.4
50.6
80.6
60.2
43.0
43.0

U
liq.

102.09
101.30
146.86
173,73

99.08
152.29
167.50
101.25
164.92

80.42
119.52
148.27

95.50
165.67
107.10
107.83
168,28
198.23



Run
Ro.

Table IV - 3ummary Date for Ethanel Runs

Compoaition Data

Stean Stean
?‘aug? !qg:;:turo
7.00 223
6.80 223
8.56 222
8.70 222
8.70 225
8.85 225
9.25 226
6.50 222
6.40 282
7.06 223
7.00 228
7.10 223
s.10 222
6.20 222
9.00 226
7.20 223
6.96 223
6.85 225

Compositions
i e
5.39 17.470
4.59 18.220
4.39 28.850
4.59 38,600
4.0 12.266
4.024 23.960
4.024 30.718
3.912 13.548
3.912 22.888
3.848 15.930
3.848 28.117
3.848 39.930
11.422 20.776
11.422 41,354
11.422 26.298
8.682 25.818
8.608 29,589
8.602 45,066

Bottons

0.192
0.084
0.684
1.150
0.000
0.256
0.703
0.082
0.502
0.096
0.584
1.214
0.128
1.188
0.096
0.128
0.894
1.948

-3 §



CORRELATION X

A devslopment of theorstiocal relations for film type dlstille~
‘ti"on by & direct approach appsared to bs extremely complisated; therefore,
an indireot method of attack was utilized. Previous investigators (9)
have shown & similiarity betwsen bateh design ealculations for falling
film boilers and experimentally determined data. Their work assumed a
limitation to substances whose vepor-liquid equilibrium followed Raocult's
law closely. This limitation can be diroumvented by the use of some
algebrais equation tc relate the oslsoulated u}.uis to the sotual values.
In the dewelopment of this correlation, Rayleigh's Equation for differ-
ential distillation should apply since by definition of this process,
the somposition of the liguld changes eontinually during the distillstionm.
From the Raylsigh Equation

*B

dx
y-x

-~

B
lnF-

*F

B - Mols (Ibs.) of stripped material,

¥ - Eols (Ibﬁo) of feed nltarm,

Ig - Compasition of stripped material,

Ip = Composition of feed material,
there are as knowns; B, ¥, Xp; thersfore it 1is possidle to find X, by
graphioal integration. This preesdure yields a caleulated componition of
the atripped material from which the funetion of the astual experimentsl
somposition say de evaluated. The sumsary datas from this preocedure are

presented in Table V.



Run

AA=]l
AA~2
Ad~8
Ah=4
FY e
Ad-§
AK~T
AL~8
AA~10
AA=11
Ad~12
Ak~13
AA=14
Ah=)B
AA-16
AA~-YT
AA-18

position may be expressed by the approximate squation;

Table ¥V ~ Caloulated Compositions by Reyleigh Procedurs

Foad Eate

(g.P.H. 2

27.30
21.02
45.09
£6.91
21.22
43.85
84.42
ls.62
43.86
21.44
42,77
84.568
21.38
44.28
21.88
- 21.92
43.69
84.75

Bottoms
Composition
wh,

0.192
0.064
0.584
1,180
0.000
0.266
0.703
0.052
0.892
0.086
Q.584
1.214
0.128
1.168
0.088
0.128
G.894
1.848

Caloulated
Bottons
Composition

(wt. %)

0.452
0.271
1.447
2.184
0.000
0.880
1.676
©0.280
1.047
0.189
1.368
2,288
0.000
2.102
0.000
0.228
1.633
S.124

The relation between the astual snd saloulated Bottoms Com-

Xgaloulated = (1+98) (X oeuqy)

0.7406

This equation was derived from the surve shown in Fig. 8 whieh beocomes

& straight line when plotted on log-log coordinates as pressntsd in

?1‘; 8.
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CORRELATION II

4 sesond correlation was attempted on the assumption of a con~
stant rate of heat transfer from steam to falling liquid, and with the
resultant wapor passing off without subsequent meterial interchange be-
tween wapor and 11@&&.

| This assumption leads to & ealeculation of npor and liquid
rates '&hraugbani the eclumn and therefore a wvalue for the slope of the
equilidrium operating line.

| This prosedure failed, as the i!epc of the apiutiag line was
not s continuously imereasing funetion from feed entrance to liquid ex-
hiwutins position as postulated. It appearsd that a peitt of inflestion
of the opouﬂag line was necessary, and the oonoept was untenable for

this resson.



CORRELATION IIX |
Number of Theoretieal Plates at Total Reflux

Although this method is mtinily unsound for reporting
data for distillation operations in which thsre is no externmal reflux, it
does present characteristics of distillation equipment whioh have some
funetional value. | | ' |

The data from this proecsdurs are;

Table VI ~ Number of Theoretical Plates at Total Reflux

‘ Fo,. of
4 ; Foed Theoretical
Bun Rate Plates at
A4~ , 27.10 : . 2.37
Aa~2 21.90 2.87
AL~D 45.16 : 1,98
Ah=4 68.70 1.87
AL-B 21.20 ; 4.10
Ak~8 44 .40 2.38
AA~8 19.80 ' 3.00
A9 . 43,90 * 1.98
Ak=10 21.40 2.69
Ak=11 41,90 1.88
AA~12 63,60 1.87
M"K . lﬂ«iﬂ l.13
““"“ ] 18.20 0.78
As~18 21.83 2.78
AL~1T : . 43.70 1.98
Aj-18 64.)0 1.83

An examination of the data indioates the oritieal importance of Teed
rats which has been previcusly pointed out by Surowiee and Purnas (5).
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SUMMARY AND CONCLUSIORS



(1) Hoat transfer dats on the film type otill indicate fairly normal
overall heat transfer soefficients. The only dats available on
& urit of comparsble sise is that presented by Bays in the
Mo Adams (10) text. The heat tranasfer dats presented by lis Adams
(10) and shown in Pig. 11, were obtained om a colum of 2.5
inohes in diameter and 2.0 feet high. Their data are for film
flow iz a vertieal tube bhsater, without waporisation. The
¥usselt Equation would indieats that the transfer coeffisient
is inversely proportional to the tube length. The 15,56 feet
long tuha used in this investigation is oconsiderably longer
then that of Bays, and therefore the lower cceffisients are
qualitatively predisctable. Data shown in the suthors mfn are
only for runs in whioh little or no vaporization occourred.

{2) Higher valuss of the overall heat transfer eoeffislent were ob-
tained in the glaohn.ft runs when compared with the data of the
water runs, Howswver, this difference becomes smmller as higher
feed rates are aﬁinﬁda

{3) An alcohol-water mixture of appreximmtely T by volume ean be
stripped completely by proper balance of feed rate and per~
eent vaporization,

(4) The higher the comsentration of aloochol in the feed mixture, the
greater is the entraimment and the more difficult it is to
dealocholize the feed in a film type column.

(s) Change in flow rate has & very noticeable effect on frastienstion
and atrippiﬁg eofficiency, whereas ochanges in steam jacket pressure
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()

(7

(8)

or feed temperature have apparently little effeat.

The higher the aleohol concentration, the lower the numbar of
theoretioal plates.

The number of theoretioal plates is an inverse funotion of the
fesd rate.

A modifieation of the Rayleigh Equation probably affords the
best method of evaluating film still operation.



LITERATURE CITED



)

()
(9)
(®
IC

(8)

)
()
(9
(10)

Bays, G. 8., D. Sc. Thesisz in Chemioal Enginesring, Massschugstis
Institute of Techmology, 1936. '
Johndon and Pigford, Trans i. I. Ch. E. 38, 26-51 (1942) ~
Surewiea and Furnas, Trans A. I. Ch. E. 38, 63-69 (1943)
Westhaver, J. W., I. B. C. 34, 128 (1042) - |

Posk, B. E., and Wagaer, E. F., Trans A. I. Ch. E. &1, _-

757 (1’,“)

Ward, C. C., U. S. Dopt. of Interior, Bureau sf Mines, Technieal
Paper No. 800, |

Naeselt, W., I. Ver. deut. Ing., 67, 206-210 (1925)

Rayleigh, Phil. Meg. B, 53¢ (1904)

Copsland and Woodfield, Private Commmiocation June, 19486,

Mo Adems, W. H., "Heat Transmlssion® pg. 204, Pig. 96, (New
Yark, 1942) ‘

44



APPENDIX



TABLE VII ~ PHYSICAL MFASUREMENTS ON FILX TYPE DISTILLATION UNIT

FILM 3TILL

Inside diameter
Height
Wall thickness

. MNetallie surfase
Heat transfer area

VAFOR HEAD

Inside diamster
Yolume
ENTRAINEERT SEPARATOR

Yolume

CONDENSER

Tube diameter
Tube length
Kumber of tubea
¥otal composition

Heat transfer surface

Type system

FEBD TANK

Capacity

TOPS RECEIVER

Capaoity

2 16/16"

16* 6 3/4"
3/52*

Capper

11.69 sq. ft.

11 3/4"
1,190 ou. in.

1’ 155 w«. iﬂa

7/8*
6s 1/2"
14.0

Copper
18.47 sq. £%,
Water in shell

§5.0 gallons
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TABIE VII - PHYSICAL MEASUREMENTS OF FILM TYPE DISTILLATION UNIT {Cont.)

Capasity 55.0 gallons
ROTAMETER

Range 3~106 g. p. b,

8p. gr. spesifioation 1.06



TABLE VIII - SUMMARY COMPARISOR OF INDUSTRIAL BEER STRIPPING EQUIPMENT
SIMPLICITY OF DESION |

CON= MAIN- LIQUOR N
STRUC~ TE~- EFFIC= , HOLD~ ENTRAIN~ FOULING EASE OF

UNIT TION NANCE ’fDRQP IENCY CAPACITY Up HENT mm! CLEANING COBT
sleve Fairly |
Plate Poor Poor Eigh High BRHigh High lMedium { Low Fair High
Bubble v Vory ?
¢ Poor Poor Hi /h High Moderate High High ' High Poor High
Packe Vedy Vory .
Tower Fair Fair High Good lModerate High High High Poor Medium
Batoh |
8¢ill Fair PFair lﬂ' Low Low Low High  Noderate Fair Low
Spray ! : Very : Jery
8til11 Poor Poor Low Low low High TEigh low Good Bigh
Casocade Fairly o
8til1l1 Good (Good Ilow - Bigh DNoderate High Low low Good low
Film Extremely Very Excell~
8t11l Good Good Low Palr low Low Low Low ent - Low

1 Commereislly unsatisfaotory as beer columns.



(1)

(2}

Table IX - Sample Calculations

Heat Losses from Column
Run BB~7
Data: Jacket Pressure: J3.0™ Hg. = 16.169 psi abs.

Condensate Collected: 82 cc./min. aversge.
The true Latent Heat is the differsnce between the Enthalpy of the
Saturated Vapor {at the line preasure} and the specifie enthalpy of
the Saturated Bolling Liguid, therefore:

AH vapor ~ AH liguid * True Latent Heat
1171.9 Btu./1b. — 184.95 Btu./lb. = 986.95 Btu./1b.

BZ e¢./min. 80 min./hr,) 18,387 4/ - = 10.84 §/hru
3,785 co./gale)

{10.84 #/hr.) {986.95 Btu./lb.) = 10,698.9 Bsu./hr.

Overall Hest Transfer Coefficients

{a) Based on Steam Side Enthalpies; Run 7:
Datas Condensate collected 3 435 ee./min.
Feod Temperasture; 138.2 ° F.
Bottoms Temperature; 162.5° ¥,

Steem Temperaturer 225.7 °F.

{ 455}{6&}5-8.35’?} = 57.6 #/hr.
5,785

Tme Latent Heats 961.6 B‘bg(vllh.
(57.6){961.6) = 55,388.0 Btu./hr.
Heat Loes from eurve of Fig. 3 for this yun amounts %o 17,920 Btu./hr,

Net Heaty 55,388.0 — 17,920 = 37,468 Btu./br.



(2)

LNTD = (2257 — 17,2} ~ (285.7 — 162,5) = 75.5 ®F.

87,5
in 83,2

U= {37,468 Biu/hr. w 42,45 Btu./hr. — £5.8 - 9P,
éu.ss n,&glys.? ¥.)

Overezll Heat Transfer Coefficients

- {b) Based on Liguid Side knthalpies: PRun 7

Datas Tops Produet Rater 281 ce./min. {37.15 #/hr.)
Bottoms Product Rate: 3.0 ce./min. (0.40 #/hr.)
Feed Temperature: 136.8 '?’. |
Bottoms Temperature: 162.5 °F,
Stesm Temperuture: 225.7 ¢ F,

Sensible heat to Vapor: (37.15) {212 ~ 138.2} = 2749.1 BIU.
‘ Hr.

Latent heat to Vapor: (37.15) (970} = 36035.5 Btu./hr.
Seusible heat to Bottoms: (0.4) (162.5 — 138.2) = 9.72 Etu./br.
Net Heat: 2749.1 + 36035.5 + 9.72 = 38,794.3 Btu./hr,

= 43,99 Btu.!hr. - f5, 2 - °y.

Corre:ia‘bmg ) ¢
Data: Feed Rate: 530.0 #/hr.
Bottoms Rate: 471.95 #/hr.
{Bottome/Feed) = 0.8905
in {Bottoms/Feed) = -0.116
The ares on a plot of *x* ve *{1/y~x)" counting from 'x‘feaé” of 4.024
wt. % equal to the velue —0.116 bas a ealculated composition of

1.575 wt. %



{4) Evaluating the equation constents as shown on psge 4.

Pwo points are chosen from the ourve of Fig. 9, as,

Xaotual * Xcalculated®
0.076 - 0.29
2.300 4.9

Substituting these values in the gensral equation of the eurve shown
gives;
0.29 = a{0.076)™ =nd 4.2 = a(2.8)%
Solution by asimultaneous equations givess
log 0.29 = loga + = log (0.078)
-1.2%8 = loga + m (—2.579)
log 4.2 - logs + mlog (2.8)
1.43508 = log a + m (1.0208%)
2.67%08 = m {3.60862)
m = 0.7405
1.4381 - loga + 0.762

a8 - 1,96



Run
Bo.

W1

2

5
6

-7

w8

-9

¥-10
11
W12
W13
¥-17
w18
Wel9
)
w21
w28
¥-23

%20

Feed Steam
Rate Rate
11.20  45.00
11.80 83.80
Bl.44 82.10
13.5% 89.75
12,60 98,56
. 12,60 57.42
4.10 57.51
3.20 57,77
22.25 56.85
£1.82  96.85
21.71  56.%8
33.06 57.37
32,40 57,84
46.87 89,90
46.87 89.40
46,76 86.59
15,70 85.93
15.30 86.72
27.43 83,29
26.78 84,61
26.24 86,99
25.92 86.19

Table X {#) - Dsta on Water Runs

Produet Rates
Topa Bottoms
(6.P.B.) {#/br.) (#/nr.) (#/br.)

22.00
49.64
42. 50
44. 29
42.83

42.04

37,15

.80
31.60
.93
23,88
20,49
19, %
33, 71

51l.46

5,46
50,90
51,03
40,98
©.98
42,30

45.45

63.00
48.91
127.24

71.38

66.76

65.31

0.40
0.00

. 154,81

152.29
151.24
260,70
£83.039
362.89

356.94

365,93

80.11

75455
188.12
178.73
169.61

170.54

Feed
°F.

195.8
137.1
136.9
187.3
140.9
123.6
138.2
131.0
139.1

136.4

135.5

135.0

133, 7

140.4

140.0
138.6
138.2
138.2
138.2
138.2
138.2

138.2

Pemperatures
Cul
218.4  188.6
225.8 199.4
225.8 208.9
£25.8 132.2
225,8 192.2
225.9 192.2
225,7  162.5
285.7 Z18.0
£25.6 201.2
228.8 201.2
228.6 201.2
225.86  205.7
225.7 208.7
225.8 %0.2
. 225.8 210.2
288.8 £10.2
225.8 174.2
225.8 1BZ.2
226.1 205.7
225.8 6.6
226.1 206.6
225, 7 206.6

Lo

26.0
5.4
43.4

56.8

$6.0
76. B
4.9
49.0
0.2

0.3

47.1

41.1

41.8

41.6
67.9

82, 3

£6.2

44.8

45.4

45,0

52



¥-26
W27
w-28
W-29
Wel0
w-51
w-32
W53

W-34

W-36
Ww-37
w38
we3s

W=41
W-42
W43
W44
W45
W-46

Table X (a) ~ Data on Water Runs

Feed  Btean
Rate Eate
(G P.H. )(# Arr.)
25.60 91.8)
111.2¢ 92.54
71.60 104,17
70.74 85,90
22,68 36.62
22.68  39.66
22.68 42.83
22.68  42.57
22.68 40,32
22,68 40.32
22,68 69.14
42.12 44,96
42.66 65.13
40,50 ~
41.90 54.86
41.90 63.98
43‘4§ €8.81
€2.98 74,69
64,04 62.80
83.04 64.78
68.61 74.30

Product

#he-)
44.18
1.98
18,81
19,04
0.00

0.00

0,00
1.7
- 0.93
0,00
'14.01
. 0.00

0.00

0.00

0.00

13.10
18.81
23.58
0.00
0.00
6.61

(Cent.)

Eates
Battoms

(#/nr.)
166,97

832.86
§76.39

570.58

190,68
191.16
189.08
185.87
189.87
188.78
174.60
361.65
368.88
338.17
349,54
587,77
334.99
386.26
534.09
$33.56
528.51

Foed

.

1s8.2
138.2
138.4
136.4
134.6

134.6

i32.8
131.0
131.0
131.0
131.0
134.68
134.6
136.4
136.4
1%6.4
156.4
136.4
138.2
138.2
136.4

Temperatures

Steam Bottoms

°p.
228.0
226.3
225.8
225.8
215.6
216.6
216.8
218.5
216.3
216.1
219,.2
217.2
218.5
217.9
216.9
219.4
220.7
222.0
217.9
219.8
222.5

*»

- 208.6

212.0
211.3
211.3
182.2
194.0
205.65
206.6
2068.6
206.6
2056.6
183.2
199.4
208.4
208.4
208.4
208.4
208.4
210.2
210.2
209 .3

LMTD
oF.

45.3
0.3
41.2
41.2
46.4
4.9
34.8
85.0
34.7
34,86
38.9
54.8
435.8
33.6
31.9
35.7
37.4
39.1
30.8
35.6
38,9



Run
Bo.

W47
W48
H-49
W~§0
w-51
Web2
W-53
W-54
W-68
W-66
w67
W-58
W59
R-60
W€l
W64
-8B

W-67

W=-68

Feed
Rate
{G.P.H)

63.94

61.58 -

107.48
107.08
106.30
104.76
104.76
104.76
103.87
108.14
28.14
20.92
20.63
20.20
21.7
21.58
42.93
43.09
43.42
43.09
42.68

Table X (o) =~ Data on Water Runs

(Conk,)
Stean Prodnet Rates
Rate Bottoms Feed
(#/hr ) (-fﬂ/hr») (#/br.)  oF.
75.11 8.61 526.68 136.4
84.61 8.86 503.95 136.4
84.87  0.00 1011.33 138.2
86.99  0.00 951.84 138.2
86.19  0.00 856.08 138.2
86.19 0.00 884.42 138.2
84.21 0,00 B56.66 138.2
86.95 0,00 866,66 138.2
113.43 25.53 88¢.B9 138.2
112,50 23.55 B819.64 138.2
€8.22 29.08 156.47 138.2
72.05 32.52 141.98 138.2
71.65 35.58 138.28 138.2
§9.80 32.52 186.05 138.2
81.08 42,70 138.55 138.2
61.08 21.96 168.38 138.2
88,84 18.24 318.07 138.2
66.44  T.01 350.35 138.2
66.4¢  7.01 350.35 138.2
79.58 23.53 336.58 136.2
106.76 51.82 $04.06 138.2

Temperatures
Steam Bottoms LMNTD
op.  °p. .
320.9 210.2  $6.7
225.6 210.2 39.4
221.8 210.6 36.0
221.8 210.6 36.0
221.9 210.6 36.2
221.9 210.6 6.2
224.9 209.0 4l.7
224.7 209.0 41.5
227.7 210.2 44,1
228.0 210.2 44.4
222.1 1949 50.3
2222 199.4  46.9
222.1 200.5 46.1
222.1  200.3 46.1
225.0 208.9 46.4
221.1 206.0 42.0
227.1 208.3 44,2
219.5 208.4 35.0
219.7 208.4 5.5
228.4 208.4 40.4
229.6 208.4 48.1



Ko,
W1
¥-2
W3
V-4

w5

w7

"9
W10
W11
W12
%13
17
¥-18
19
W20
W2l
¥-22
¥-23

W24

Pable X {(b) — Data on Water Runs

HEAT QUANTITIES OR STEAX BIDE

In Steam
Btu./hr.
43479,00
80669.85
79035, 30
57497, 70
56440,05
55209, 30
55388.16
55676, 64
57720, 73
548085, 80
54528, 39
556297, 75
55560.48
86835.,00
85958.10
B3458. 20
82785.,15
86563.04
80180.76
81447.52

83737.94

Heat Lozs

Btn.?hr.

11900
18030
18080
2.8098:,
18090
18100
17920
17920
17790
18090
17790
17730
17092
18090
18090
18090
18090
" '18000
18260
17840

18260

319579.00
62573.85
80945. X0
35407,.70
38350.05

37109.30

37468.20

37756, 64
39930.73
36715, 50
36738, 39

37907.75

- 37660.48

68445,00
67868.10
65368, 20

64698.15
68563.04
81920.76
63607.52

65477.54

OVERALL

COEFFICIENT

OF BEr®
TRANSFER
Btu.?kr,

8@0 ﬁ."“?ﬁ

103.80
104.15
120.13
59.35
59,32
56,69
42.45
77,08
66,22
624 56
62.48
68.71

8.4
142,48
140.91
154,42

81.51
114.65

121.45



Table X {(b) = Data on Water Runs

(cont.)
|
HBAY QUANTITIES ON STEAM BIDE COEPFICIEWT
| OF HEAT

In Steam Heat loss Net Bteam TRANSFER
Ko, 8qs £E~OP.
W-25 52986,08 17800 65086.08 125.73
w-26 88160.38 18140 70020, 38 152,22
w27 89168.13 17660 71608.13 155,86
W28 100284.45 18090 82194.46 170,66
W-29 86635.00 18080 68445.00 142.11
W30 355629.27 $600 25020.27 47.80
w31 38433.57 9600 28833.57 54.88
w-32 41588.28 9700 31886.28 78.42
W-33 41219.76 10300 80919.76 75.48
L =T 29095.08 10100 28995.08 71.48
W35 39099.12 10000 29099.12 72.19
W-36 86826.44 12480 54346.44 119.86
W37 43516.00 10930 32685.00 50.86
W-38 55328.72 12000 41328,72 80.64
W89 - 11500 - -
W40 55196.00 10640 42656.00 114,06
w-41 61792.00 12720 49072.00 117.68
w43 86274.89 13680 52594.89 120.42
W43 72003.33 14740 §7263.53 125,37

W~dd 60792.85 11500 49292 .85 136.82



No.

| Weds

W46
Wed?
W-48

v-49

W51
W52

Table X {b)’j# Data on Water Runs - {Comnt.)

EEAT QUANTITIES O8 STEAM SIDB

In Stean

/by,

62847.97
71884.40

109006.40
108107.26
65037354
89482,.7Y
65087.29
67369.63
78018.20
58024.84
8534860
6334098
63523.68
76712.58

101462.20

o

o Egtt,m

»

12960

15210
18780
16020
14610

14610

14720
14720
17300
17000
19630

14840
14860
14840
14840
17320

14020 |

19160
12960

18270

16250
21600

Net Steanm
48637.97
8647440
56828.72
86657.68
66848.00

6924840 |

8848457
63992.80
§5650.60
89375.40

8s267.28
st b -
sszzyr
60698.20
usiese
sese.0
sosen.02

60462 .58

mﬁ.‘%';

OVERALL

OF EEAY

&7

COEFFICIERT

Q. ﬁw""c

126.61
© 124.28
136.16
142,37
- 18884
16456
© 161.78
161.78
131.27
136.28
173.37
170.08
sen

9946

100,67
9T.47
1190
‘ 91.40
128,10
123,18
. 1D .61

128.02

142,21



Run
Ko,

-1
W3
Wed
L &
w-6
W-T
w-8
W9
¥-10
w-11
we12
w13
W-17
%-18
W19
W~20
w~321
we22
w-23

w-24

Table X (o) ~ Heat Transfer Bg’ué on Liquid Side Data

HEAT QUANTITIES ON LIQUID SIDB

Yapor

(mensible)
Btu ?MQ

366.40
3725.00
5181.75
3808.46
3040.93
3026.88
2749.10
2494.80
2306.80
2338.351
2285.82

- 1BTT.73

1511.19
2413.84
2265.12
2309.16
5756.42
578601
3024.32
3024.32
3121.74

Yapor
( latent)

Y

21540.00
48150.80

41225.,00
42961.30
41645.10
40778.80

56035.50 ‘

29876,00
30662.00
30002.10
26985.60
19876.50
18721.00
32698.70
30516.20
30516.20
49373.00
46499.10
38750.60
39760.60
41081.00

Bottoms
{ sensidle)
Btu./hr.

489.60
3047.09
9161.28
3919.51
5424.79
3435.51

9.72
9613.70
9868.39
9936.47

18431.49
18218.16
25329.72
25057.19
2€200.,59
2883.96
3390.76
12698.10
12225.18
11601.52

Net Heat
Btu./hr.

22186.00

54920.89
63578.0%
§0189 .07
48010.62
47240,99
38794.32
32370.80
43572.50
4220880
41205.89
39684.62
3845035
60442.06
57838.51
69026.95
56013.38
56665 .86
55473.02
55000.06
$5764.08

Coefficient

of Heat
Transfer
72,99
90.40
105,60
75.60
74.27
72.18
43.98
68.09
74.52
71.98
70.08
73.08
69,88
126,80
120.09
121.38
T0.67
T7.79
02,71
106.02
106.06



Bun
Ho.

W-25
W-28
w-27
W-28
W~29
.§¥39
W-31

W32

W33

W34
W~35
W36
W-37
W38
W~39
W-40
Wedl
ne42
w43
Wit
W-45

HEAT QUANTITIES ON LIQUID 3IDE

Yapor

{ sensible)

Btugfhr.
2986.21
5288.27
| 146.12
1399.36
1430.42

-
-

139.32
76.33
1134.81

-

858.16
1399.36
1778.87

-

Vapor
(latent)
Btu, /hr.
$9238.80
42826,.850

1920.60

17954.70

' 18468.80

1668.40
$02.10

13688.70

-
-
-

10767.00
17954.70

22824.10

-

Bottons

{ sensidle)

Btu./hr.
11664.94
11420.76
61485.07
43171.61
42736.44

10980,29

11354.90
15743.94
14061.77
14331.49
14271.77
15192.20
17090.19
23061.02
24548.2¢
25166,88
24315.44
24119.28
2413872
58454.48
38416.32

Kot Heat
Btu./hr.

63886.65
57804.52
683531.79
826285,87
62844.68
10080.29
11864.90
137435.04
156859 .49
15508,92
14271.77
27916.71
17080.19
230€1.02
24348.24
25166,88
35925.60
43473.34
48741.69
38454.48
38418.82

Table X (o) - Heat Transfer Based on Liquid S8ide Data {Cont).
Coefficient

of Heat
Transfer
Btu./hr.
~£3,%-%9,
102.44
108.59
138,29
123,82
130.07
20.24
21.61
83.80
38,72
3$7.74
35.41
61.47
26,68
46,00
8z2.18
67.45
88,16
99.54
168.72
108.78

97.89



Run
Ho.

W-46
w47
W48
W9
W-50
¥-51
We52
W-53
w54
w-55
We56
We57
W-58

w-60
-8l
w-84
w-66
W~66
w-67

W69

EEAT QUAWTITIES ON LIQUID 3IDE

Yapor

{ sensible)
5tn./hr »

498.72
499,72
669,82

-

-

1756,51
1756.51
2148.10
2529.98
2476.20
2399.98
3181.%28
1618.91
1346.11

517.54

517,34

1736.61
3824.32

Yapor
{ 1atent)
Btu./br.
6411.70
6411.70
8594.20

Ed

22824.10
22824.10
268207.60
31644.40
3257260
31544.40
41419.00
21291.80
17652.80

8798.70

6798.70
22824.10
§0265.40

Bottons

{ sensidle)

Btu./kr.
$8183.88
38866.98
37191.53
73220.29
3§9l§.33
6052857
.01
60651,53
scesi.sa
62250.48
58014.08
8737.41
8689.18
8687.39
8447.46
9102,74
10579.78
22614.78
24593.17
24593.17
25627,92
21346.01

¥et Heat

m.m‘

45075.30
45780.40
48456.53
75220.29
68913.22
80528,.57
64032.01
60851.58
80651.53
86811.09
83674.69
39001.11
42633.56
43837.99
42301.84
53675.00
33491.19
41683.69
§1910.21

31910.21
48188.63
T8434.73

Table X () = Heat Transfer Based on Liquid Side Data (Cont.)

Coelficient

of Heat
Transfer
Btu./hr.
25,5,
99.17
109.70
100.91
173.99
183.75
143.03
151.31
124.42
124,93
188.39
160.98
66.48
77.78
80.98
78.68
98.95
88,21
80.62
T7.99
76.89
102,08
154.16



Feed
Rate

»

226.2
182.4
$76.0
556.0
176.7
370.0
530.0
165.0
$66.0
178.2
349.0
530.0
168.3
349.0
166 .9
182.0
364.0

534.90

Teble XI - Data on Alsohol Runs

Tops

Product

42.30
48.91
$0.50
48.12
88.70
60,58
£7.64
47.86
57.87
43.10
40,59
35.98
63.48
83.65
71.92
60.94
74.83

- 80,81

Botvtona
Product
‘E?E;“ -
178.79
13%5.26
$27.33

80633

116,54

308.08
471.95
122,95
313.31
129.66
308,08
496.75
93.86
264.40
80,64
-116.60
285,56

4563.45

Temperatures

Fesd  Bottoms

. .
140.0  203.0
134.6  201.2

154.6  207.5
134.6  208.4
134.6  194.0
134.86 207,38
134.8  208.4
134.6  201.2
134.6  208.4
106.8  198.5
106.8  207.3
106.8  208.4
m.2  194.0
111.2  204.8
111.2  159.4
136.4  197.6
136.4  205.7
156.4  205.8

==
208.8
208,.6
206.4
203.2
208.6
207,.2
206.0
208.6
207.6

209,0

206.6
202.%
206.4
199.4
208.8
2086.8
208.1
198.0

44.0
47.6
41.1
0.1
56.0
44.7
48.3
46.3
40,1
59.0
50.8
9.2
0.4
50.6
80.6
50.2
43.0
43.0



Run
No.
Ah=~]
AL~2
_ s
Ai~4
Yo

2A-6

AR=T

448
Ak~9

210
AA-11
AA-18

Ab-13

AA~1H
Ak=318
AA~17

AA-18

Latent

Beat

Table XI ~ Data on Aleohol Ruas {Cont.)

HEAT TC VAFPOR

Of Vapor Sensible

80b
B89y
854
847
g12
872
885
828

871

878
860

788

2801.78
3619.34
£678.40
S$501.08
4402.80
4395.90

4067,86

556950
4184.46
4447.92
4033.88
$462.95
6978.87
7375.52
6884.08
4289 .47
4916.99
5064.57

Latent

358281.50
43872.27
45127.00
40767.64
53634.40
52790.88
49868,60
43028.14
49986.40
§3006.560
35402.580
50928.60
53695.623
85876.80
61891.460

51912.36

53872.00
63109.80

Heat To
Bottons

11327.40

23860.17
37579.00

8908,.22
22391,.60
34838.60

8188.47
23128.92
12010.21
31262.00

- 50889 .80

7758.50
24747.80
7117.70
71356.92
19788 .01
31469 .43

Total
Heat

Transferred

52610.68
56369.39
T0582.67

- 81437.67

64846.12
y9877.68
88748 .52

| 54804.11

T7508.78
56465.63
70698.36

B5278.16

87432.86
87998,18
75873.42
83337.76
84587.98%
29644.20

102.09
101.30
146.88
173.73

- 99,08

162.29
167.68
101.25
164 .92

 80.42
119.62
148,27

85.60
166.87
107.10
107.93

168.23



ACKNOWLEDGNENT



The author wishes to express his appreeiastion te Joseph E.
Sesgran & Soms, Ine. for making & Film typs still awailable for this

ressarsh project.



VITA



Edward Joseph ximl wes born of Albert Joseph and Louise
Bromm Kimmel om March 2, 1820, at Louigvills, Kentuoky., He received
his primry education at §t. Joseph Paroshial School, his sescondary .
training at §t, Xavier High School, and his e¢ollege training at the
Speed Solentific Sehool, receiving his Bashelort‘s Degrese in Chemisal
Engineering in May, 1943. He entered the night division of Adult
Educstion in July, 1943, and received his laster’s Degres in Chemicel
Enginesering from the University of louisville in Mareh, 1947,

After complotion of his mdir;n&mt' work, Mr. Kimmel
entersd the employ of the B. F. Goodrioh Co., lLouisville, Xentueky,
where hs obtained some ground work in the field of industrial plastics.
In Cetober of 1943, hs joined the staff of the Joseph E. Seagram & Sonms,
ine,., Butadiens Pilot Plant Project. After ths terminmation of the
rubber research progzram, he was transferred to the Beagram Research
Iaboratories as Research and Development Engineer. Ilater, he was
transferred to Seagram departmental supervision projeects. While deing
his undergraduate work, he partiocipated in intramursl athletiecs, was
& four year mesmber of the University of Louisville Band, and was slected
to the nationmal honorary scelety of Theta Chi Delta.

Br. Kimmel $2 a Jaai;ar Menber of the Axwrican Institute of
Chaxmical Engineers and s menber of the American Chemieal Soctety.



	Characteristics of a falling film distillation column.
	Recommended Citation

	tmp.1438199411.pdf._GJ65

