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I, IZURODGCTICN

Because the calculations required in the design of distillation
columns for sulticomponent mixtures are tedicus and time consuming, it
would be to the advantage of the echemiocal engineer to have available a
system for automatioally performing these ealculations.s The development
of such a system was undertaken, and the results are herewlth presented,

It was desired to use a computational method that sculd be carried
out without the exsroise of engineering judgment after a preliminary table
of data hnd been prepared,

There were two alternative methods of approach to this problems the
first was to adapt one of the calculation methods presented by other
authors to sutomatic caloulating mechinesj the second was to develop, Af
possible, a calculation method particularly suited to sutomatic caloula=
tion,

Of the former, probubly the most wilely used is the lewis und
iatheson method (1)e It was believed that if this method were used,
cona.idorabh trouble would arise in attempting to perform sutomaticully
the matohing of compositions sbove and below the feed tray, particularly
if there were several distributed componentse

Opler and Heits (2) have made uso of the IB. 602 Caloulating Punch
for performing the tray to tray cslculations of the Lewlis and lLiatheson
mothods They report the solution of four corponont systems with mole
fractions calculated to four dsoimal places,



To avoid the troublesone matching of conocentrations at the feed tray,
4t was decided to use the method of determining the separstion that would
be obtained from a given number of trays, fced coaposition and condition,
feed tray location, and reflux retice This method might seem to be less
flexible than the dsternination of the number of trays required to effect
& given separation with & given refluxs This objection 13 not walid,
however, if this rigorous calculation is used in conjunction with a quiek,
approximate method for determining the relation betweecn the number of
plates and the reflux ratios Such a ocorrelation has been given in a recent
article by Donrell and Cooper (3) in which they meke use of Underwood's (4)
method for obtaining minimum reflux,

By fixing the numbsr of trays and the feed trzy location, it is also
possible to make & reliable determination of the best foeed tray position
by maldng e series of caloulations with the feed entering on different
trays.

Among the calculation methods based on a fixed number of plates, and
& fixed reflux retio are those that have been presented by Thiels and
Geddes (5), Hummel (6), and Ednister (7).

Of thess, the Hummel method employs & graphical prosentation of K of
a referenoce component plotted agninst the numicr of plates as a basis for
coaputationses This would obviously be ulitiitable for automatic saloculatione

In the Thiels and Gedies method, tray by tray calculations are based
on an assumed tenperature for each traye The results frem the enriching

and exhzusting sections are meshod at the feed tray, and the composition 18
found for each tray. Using these conmpusitions, the sssumed temperatures
are chacked and reassuned if in error,



The method proposed by Edmister mankes use of overall equations for
both seotions of a column, These equations are bzsed o1 the use of absorpe
tion and stripping factors, L/KV and KV/L. After these equations are evalw
wated the results sust be meshod at the feed tray.

The major drawbacks to the use of either the Thisle and Geddes method
or the Ednister method are that both require feed tray meshing after the
initial esloulations, and that both £ail to provide a simple, systomatie
prooedurs to follow for the solution of the problems

It was decided to use a method by which automatie culculation eould
more easily be performed,

The assumptions of oconstant molal overflow and neglizible heat lose
20 the surroundings are cadoe

The first part of the dsrivetion which follows 1s similar to that
given by Ednister in the reference cited, excopt that in this case a total
oondenger is used insteud of & partial condenser, The outstanding feature
of the derivation 1s equatlon (42) which relates the composition of the
distillate to the quantity of distillate, the number of trays in the colw
umn, the equilibrium conditions on eacn tray in the eolumn, the position
of the feed tray, the foocd compooliiun und thermil condition, and the re-
flux ratio.

Yhen the distillate corposiiicn has buen oht.aineé, tray by troy cile
culations are made dovn tho tower to the still,

ihe caloulating muchine cliosen for this work was the IBi Caloulating
Punch, Type 602-A. .his machine wi.s chcson teciuse 1t is cne of the mache

ines, along with the Type 6.2 machine, comno:ly found in accounting deparie

A



mentse It has groater storaze cupacity thon the 602 machine, and its
prosracnming is more flexible.

Tith tho present wiring of the control panels, a problem having up
to twalve components can be c:loulated, with mole fractlons corputed to
five decimals. It is planned to alter the wirirg to give mole fractions
to seven or eight decimal places since this procedure requires an sccurate
value for the concontration of vanishing comporionts in the distillate ard

bottoms procduct.



1X. DEXIVATICH CF EUSTIONS

Dy & material balance for any componert «t ths top of the tower

Vin=ilpxg+dxg ()
Rearranging eand introducing K1
YJ_ = h—.d‘ + .D.-x-ﬁ (2)
V) 2
§:+n
'1; xd (vl K1> | (3)

By a material bulance arcund the top of the tower and betwecn the
first and second troys

Voyz = Inxy + g (4)
Rearran;ing and introduecirg K,
Ty = Jﬂ .—ﬂ (5)
Xy - Dxg (6)
Vaia

Combiring equations (3) and (6)

.._’Esl— < = (7

o P yxgfle (2)
V2 "2 ( f1V2"2 V1 V2" z)

Ly a matorial bulanoco arcund the top of the tover and bstwoen the

second ard third trays and introiucing KB

V3y3 = Loxs + D xg | (9)



SVafaxg _ D xg (10)
L I

Combining equations (&) and (10)

JaRaxy Py Dy oxg L2 . _Pl3 (1)
a2 Lz Vla WiKhK VKRG

25 (s (2) () () + () (‘&'5("‘}}2,

Rearranging and substituting A for L/KV and y for K3xs
Rewriting in generzl form

(v’)lﬂ'l x4 D(AIAZ' . o‘n'l' A2A30 . oAn'h YY) +‘n+1)+Ll'(AlA2' o o 4 )J
(14)

For convenience, these two functions of A are designated as followss

tl(A) = Al Az; . 'An'*' Az ‘3. . oAn+o ¢ o +‘n+1 (15)
tz(A) = Al Azc . o ‘n (16)
Equation (14) i1s then written

(o= [D £,(8) + L, fz(A)] (17)
By a material balance for any component at the bottom of the tower
;= V¥, + B X (18)
P/ (29)

1 I Ih

By & material balance around the bottom of the column and between
the first and second trays
Ny = Loxp = Bxg (20)
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Introducing K1
JLoxp B xg
xl 1K(y Vi (21)

Combining equations (19) and (21)

loxp _Bxg, Vv . Bxg (22)
1ilp 1K Ly 51

.B_x.i + VJKJVQZH + V:K]BE. (23)

HEEETEREY

By a material balance around the bottom of the column and between

the second and third trays

L3I3 = Vz yz + B x& (24)
Rearranging and introduoing K,
x.53% Bx (25)
Vokp  Vokp
Combining equations (23) and (25)
Iy B3 Bx 0NV, L DNEX (26)
V2K VoK L2 L2 Lyl2

Multiplying by VoK, and substituting K,xg for y,
Lyxy < B xg+ G%?) B xg+ (3%’151> (-v%z’ﬁ&) V Kyxg + (_‘%?) (_V_%?) Bxg
(27)
Rearranging and substituting S for VK/L
Lix3= x| B (5;5,+ S + 1) + vsxs(slsz)} (28)
Rewritten in general form
(Lx) ;0= %, [ B(S.S,0 o oS, #5,550 « oSyt e o o +5,+ 1)+ VK (5,550 o sm)]
(29)
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The two funotions of S are designated as followss

rl(S) = 81800 . o8 + 8253. « oS te et +1 (30)
£5(S) = 535, + o8, (31)

Equation (29) can then be written
(Lx)p,3= Xq | B £3(S) + VK, tz(s):’ (32)

Since Lx = Vy/S, equation (32) ean be rewritten
(V)1 = Sy %, [a £()+ v K tz(s)J (33)

If the nth tray is immediately above the feed trzy, and the mth
tray is immediately below the feed tray, the expressions n+l and m#l
will both designate the feed trey, and equations (17) and (33) may be
equated,

xa[P QW+ 1 W)= sex, [a £1(8)+V,%, fz(s)] (34)

The number of variables in equation (34) can be reduced by use of
the following identitiess

L/, = B/R+1 (35)

Le= L, = RD (36)
V, = D(R+1) (37)
B=1=D (32)
V,=CV, (39)

Equation (34) may now be written
x3 (D £9(4)+RD fz(A_)] = Spxg [(1 - D) £4(8)+CD(R+1) Kg fz(sﬂ (40)

Substituting for x, by the use of the equation

x - Fxp = Dxg (41)

8 l~D
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and solving for xd; equation (40) becomes

. _-:_xﬁt £(5)+ Py [(RAICKS, £,(5) = 8, £,(5)] D
do
tl(A)+Rf2(A) +sf:1(s) D+ [(Rﬂ)cxc“sr rz(s) - l‘l(A)-th(A)-Stxl(sj D2

(42)
To simplify equation (42) substitute the following termss
a= fl(A) (43)
b =R £,(A) (44)
e = Sf tl(s) (45)
d=(R +1)cx' 8, :2(5) (46)
For this calculation take as a basis F = 1.
Equation (42) becomes
c+ (d-¢)D (47)
%a = Ea»bz) Drti-(r*b-rcw
For further simplification make the following substitutionss
¢ =X, 0 (48)
£2 2, (a0 (49)
= a+b+e (50)
h:4«(a+b+o) (51)

Equation (47) can now be written
o 51%? (52)

For the more volatile components the determination of xj by equa=
tion (41) 418 not advisable due to the small difference between F xp and

D X For this reason an equation derived from equation (40) is used,

_xgD (a+D) (53)
o0+D (d = ¢)
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The following series of equations obtsined from muterial balances
give the quantity of any component in the liquid stream leaving a plate
in the upper section, the feed plate, and a plate in the lower section
respsctively,

Upper sections

(Lx), = &, D x, (R+1) (54)

(L), = 4y [ (1)) + D x;] (55)

()« &, [+ 5] (550)

(x) - & [(x.x)n 40D ‘a] (55b)
Feed plates

()= s, [ +0x,] (56)

where n is the plate above the feed plate.
Lower section:

(L) = /s [, - Bx'] (57)
(1), = 1/5, [(2); = Bz, | (578)
(), = 3/s) [(a), = B, | (570)

The composition of t.he liquid leaving each plate can be readily
obtained when the quantity of each component present has been obtained.

For a component "a&® on the nth tray

- “‘x) » 8
xam- z-z%x-?-; (5 )
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l.omsnclature
L = mols of liguid leavi-~g a prlsts

- mole of vapor leaving a plate

= mols of distillate

v
F - mols of foed
D
B - mols of bottom product

x - mol fraction of any ccmponent in liquid phase

¥y = mol fraction of s~y component in vapor phase

R = Reflux ratio L/D

K :-y/x

Az LfRV

8 -1/ - XL

C =V /N, C 1s de’ined by the thormal condition of the feods

C -1 when food 13 a liquid ot its boiling pointe

p;,-' 3 e £ 4.:/ ‘w't" /

Subsoriptss -
r = reflux
d - distilleate
s - still

n = tray numbor in enriching section rumbored from conderser
to feed tray

m = tray rumber in exhaucting ssctlon numbered frem still to
feed troy

F - feed

£ - feed tray
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IIX. CALCULATION METHOD

Briefly, this calculation is based on & series of successive
approximations of conditions 1q the tower, with the results of one
calculation being used as the basis fbr the succeeding calculation. 1In
any trial, if the assumed conditions are correct, they will be identical
to the conditions calculated in that triale

The first step is to make a preliminary estimate of the quantity and
analysis of distillate and residue by assuming that nothing heavier than
the heavy key (specified permissible percentage of high boiling compound
allowed in distillate) will be contained in the distillate or nothing
lighter than the light key will exist in the residue.

Then an estimate of ﬁop and bottom compositions has been made, the
approximate temperatures of the top and bottom of the column are obtained
as the dew and boiling points. The first estimate of tray temperatures
is then obtained by assuming en even temperature gradient from tray to
traye

Having previously set the reflux ratio, the ratio of liquid to vapor

-,,‘/,',“ N et

above the feed tray is given by equation (35); below the feed tray by the

tafty - SR (59)

From K data for the pressure of the tower, the values of K are found

equation

for each component, for ths warious tray temperatures. The absorption
factors are then caloulated for each component on each tray in the upper
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section of the tower, and the stripping fuctors are calculated for each
componsnt on each tray in the lower section. The functions of A and S
are calculated for each component and the constants e, £, g, and h are
determined for each component.

!
A value of D is found which, when substituted in equation (52) will

give /
=x3=1 - (60)

The composition of the residue is calculated by equation '(53).

The quantity of each component 1n the liquid stream leaving each
plato is calculated using equations (54) to (§5£3, and the composition
of thn 1liquid on each tray is obtained from equation (58).
| Since the 1 iquid on each tray is at its boiling point, a new esti-
mate of tray témperaturaa is obtained by determining the boiling points
of mixtures of the calculated compositions. A new Zaluo for Ly/V, 1s
caloulated using the new value for D in equation (59).

The entire calculation is repeated, using the new tray terperatures
and the new value of Lyp/Vp, until in any trial the tray temperatures and |

the value of D that are éalculated are identical to those assumede
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IV, OPRRATICN.L PRINCIPLIS OF Tiik INTTRNATIOHAL BUSINESS

KACHILES CALCULATING PUNCH, TYPE 602-4 (8)

The IDM Calculating Punch, Type 602-A, performs the fundamental
arithmetic computations, addition, subtraction, multiplication and divi- " .
sion, either singly or in any combinatiocn selected by the operator, The
factors are read into the machine from punched cards and the results are
punched in the cards by the machine.

The standard machinre hes six storags unitsy the first will accommo-
date ten digits and the remaining five will each hold twelve. ¥hen a
number is entered in a storage unit, any number already in the unit will
automatically be cleared.

The machine also has six counters which also hold numbers. Counters
differ from storage units in that a number which is read into a counter
nay be added to or subtracted from a number previously entered in ths
counter. Products and quotients from multiplications and divisions are
also developed in the counters.

The operation of the machine is determined by a control panel which 2
must be wired for each specific probleme Before the contrcl panel 4s
wired the problem is set up on a planning chart which shows in which
storage unit each factor is to be entered, in which counters the results
are obtained, end the sequence of the individual operationae

Each problem 1s performed by the machine in steps or programs, each
program being represented by a line in the planning chart, The firast
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step 1s always the read cycle, in which the fuctors are read from the
cards into the machines In each subsequent step a calculation is made,
or numbers are transferred from ons unit to another,

Eleotrical impuleses ars available at the program exit terminals, or
hubs, as they'nro called, on each program cycle. These impulses control
the operation of the units to which they are wired., If, for example, on
progran 3, it 1a desired to transfer a number from storage unit 6 to
oounter 1, wires from two of the program 3 exits would be run to readwout
storage 6 and to plus counter 1, The numbers transfer from one unit to
another as electrical impulses. Circuits between the units involved in
such a transfer must be completed on the control panel. The major poxw
tion of the hubs on the right side of the panel are for this purpose.

The cards used in the IDK system contéin eighty columns, each column
having twelve positions in any of which a hole may be puncheds Ten of
the twelve positions correspond to sero and the nine digits and the other
two positions are called X and Yo The X punch is used to actuate controlsj
the Y is not used in this probleme The numbers are read from the cards as
they feed into the machine by & bank of reading brushes, one for each col-
umn, and are transmitted to the reading hubs on the control panel. The
reading hubs are wired either through countei entry to a counter, or
through storage entry to a storage unit, where the numbers will be avail=-
able when needed,

The electrical impulses which control the operation of the machine
may be wired through the pilot selector hubs in the upper left portion of

the control panel. The pilot selectors are actually double throw relayse
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Than en impulse is wired to tho comrion hub 4t 13 available ot tho normal
hub whon the pillot scloctor is in its normad position., The impulze is
availuble ct the tranaferred hub when the pilot seloctor hasg been "plicked
upe*

If thore are cortrol impulscs wired throuch pilot sclectors ths op=
erations performed by the machine will be different for the cards which
plok up the pilot sclectors than for itls romuinder of the oardse The
pilot solectors are picked up bty an impulse to cne of the followinz hubsos
X or balanes plck up, di it pick up, or immodiate pick upe The laot of
these transfers the pilot sel‘uctor oily for the duratlon of the cycle in
which i1t is picked up, while the first two cecuse tie pilot sclector to
latoh in the transferred position until 4t is dropped out by sn impulse
to the drop-out hub, If the drop=ocut hub is wirod from punch drop-out
impuloe, the pilot sclector will be dropped out aftor the card is punched.
If drop-cut 13 wired froa read dropwout impulse, tho pilot solector will
be dropped ocub aftor the followin: curd 1s reads

There are twenty control brushes in the machine locotod sahead of the
eighty reading brushos. Thoy are placed to road in any twonty of the
eighty columns in the carde 'sn X punched in one of these columns will
& read bty a control brush, and will be evailshlo at the corresponding
ocontrol reading huby If & pllot sclector is to be used to control impule
ses from read cycles, it should be picked up from control reading brushese
If 4t 1s to bo used to control impulsos from prosram exits, the pilot
selestor io picked up from the roading brushose

1f, in porforming a peries of culoulations, ons of tho lactors re=
meina constant for cach calculatlon, that fact ' moy be entered fron the
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first card only, into one of the storage units. The number will remain
in the storage unit and can be read out repeatedly until the storage unit
ia cleared by an impulse from read cycles to the storage read in hub. To
prevent the impulse from reaching storage read in for all cards in a ser-
des except the first one, a wire is run from read cycles to the common
hub of a pilot selector, and from the transferred hub of the same pilot

| selector to the read in hub of the storage unit, Thse pilot selector is
picked up by an X read from the card by one of the control reading brushe-
o8, The first card in the series is therefore punched with am X which
will pick up the pilot selector, and cause the group factor to be read
into the storage unit. Since X's are not punched in subsequent cards in
the series the group factor will remain in the storage unit until the
first eard in the next series is read ime. In this type of calculation
the first card is called the X card and the remainder are called KX
cards.

Co-selectors are similar to the pilot selectors and may be used in
conjunction with them or independently. They are picked up Ly an impulse
to the eo-selector pick up. If this impulse comes from a pilot selector
oouple exit, the co=selector will be transferred for the same length of
time as the pilot selector. If the impulse comes from a program exit
the co-sslector will be transferred only through that program.

The cirouits through which the numbers pass in moving from one unit
to another in a ocertain program may introduce back cirocuits in another
programe If this ocours the circuits are wired through the transferred

side of a co-selector which is picked up for that program only,
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ihe dctnila of wirln; a contrel paunel for a specifie calculation
will bo explained by tho use of en exarple = cortrol pasel number 2 for
this protdem,

Ueing thils board the cachine will porform any of the following

culculationss
(A+B) C = &'
(A+B)/C - a'
(A-B) C = &'
(A-B)/G = &'

The result obtained in each of these culculations muy, if dosired,
be loft in the machine and used as the torm A of the followirgz caloulae
tione Tho selection of addition or subtraction, and multiplication or
division i3 made by control punches in the cards Thias will be explained
in doteil laloer,

ihe description of thils control penel will be with rcference to the
planning chart and ths wirlng dlagrume 1hoe explanation will taks the
program steps in the order they appear on the chart and explain the wire
ing essoclated with each, 7he encircled numbors on the wiring dlsgram
indicate the prosrams in which numbers are transnitied through the desig-

nated wires,

X Card )
Zood gvcles 4 13 read from columns 31 = 39 of the X curd Into
storags unit 6,
“he first control reading hub is wired to the X or bulance pick up

for pilot selector 1, which 1s picked up by an X punched in the X card in
the first control roaci g positicne
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FIGURE 10

NOTES:

DEPT.

X OR D CODE

CARD NAME OR FUNCTION

ELECTRO NO.

NAME
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Tne first read cycles hub 4s wired throurh the trensforred side of
pllot solector 1 to storago control road in,

On the rizht side cf the board rocding huda 21 to 39 aro wired to
storage entry 6e

ihe balance of the pro:rums are skipped by wiring from the rgecond
read cyoles hub throuch the transferred side of pilot selector 1 to proe
cram skip 10,

Promrap 1le Prosram 10 is the noxt one taiwen, but.'sinoe rone of the
program 10 exits are wired nothing will happen until tho next procrame
Program 11 exits are wired to punch 6, and to reads 4n impulse to one
of the punch hubs causes the fisures in ths correspondirg storage unit to
be punched in the curds Ctorage punch exit 6 is wired to punching hubs
61 = 69, the columns that will be punchid in the carde The extrome righte
hand position of a punch unit must bo wired whon punching from that unit.

Sidp is always wired to the punch hub immedictely follwing. thé last
hub wired from storare punch exit,

IX Card A

ioad gvelas B is read from eclumns 41 « 49 and C from columns 21 « 28
oi the KX card into storapo units 2 and 1 respectivelyes %he third read
oycles hub is wired to storagze control roud in 1 and 2,

| ileading hubg 41 « 49 ere wired to storee entry 2, end reading hubs
2l « 28 ore wired to storags entry l.

Procron ls A is transferrod from storaze unit 6 to countors 4, 5,
and 6 which are coupled togsthore Px;ogmm 1l exits are wired to storage

sontrol read-out 6 and to counter cortrol plus 4, 5, and 6. Ctorage
tranasfer oxit 6 ia wired to countur entry 5 and 6.
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Zrosram 2 B is cithor added to or sublracted from A, dorending
upon the control punching in the enrde If subtracticn 1s desired, an X
4s punched in the first cclumn of the cardy for addition 4t s not
punchade The first readisz position 43 wired to X or b:lunce pick up
for pilot celoctor 3, which is, therefore, normul for sdiltion and
plckod up for subtractiocne

“ha perform.nce of addilion and sultraction are sirilers with the
first numbor in a countsr, the second 1a entered in the same counter,

If the counter contrel plus is wired from the exit for thut prosrum, the
numbers will be addede 1f the countor control minus 43 wired, the second
number will ba subtracted from the first,

Pro.rum 2 exits are wired to stors;e control read-out 2, and through
the normcl side of pilot selector 3 to ocounter control plus 4, 5, and 6,
or throush the trarsfurred side of pilot szelector 3 to counter contirol
cinus 4, 5, snd 6

ftorsgo transfeor exit 2 18 wired to counter entry 5 and 6.

Dromrom 3o I the problom culls for diviasion, sn X is punched in
the secord column of the cards ihe second readirg hub is wired to X or
balarce pick up for pilot selector 5, which 1s plekod up for diviaicne

ihe prograns aszociat d with multiplication are 4, 5, and 6. If
multirlication is being porfrrmed, prosram 6 is the last one takone Proe
grans 7 thirough 11 ere assoeiuiod with divislon, and whon division 4s
belng porformed progranms 4 throuch 6 are ski; pede

In this projrem the quantity AT B 1s transferred from countsrs 5§ end

6 to storare unit 3. Trrocrsm 3 exits are wired to counter control read
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out and resot 4, 5, and ', storase conlrol read 1n 3, zxd throuch the
transforred side of pllot zeleclor 5 to prosren gldp 7. ile icpuloe
from the rrosran exdt will not reech tho gldp hub unlecs division i3
to bo perfermed and pilot selector 5 has been plcked up.

Counter exits 5 and 6 are wired to storuse entry 3.

Iroson Ae A1B 18 reed into counters 1, 2, and 3 whore the product
(A1E) C 15 developed.

If theore 13 a number in the storace unit 1R and another nunier is
read into cne of the ccuntors in any program, the product of tho two nume
bors will te doveloped in the counter, providing cne of tie m:ltiply hubs
is wired from an exit hub of the same procrames The position of the decie
mel &n the produot will be the sum of the decimul placos in the rultipli-
or and the multiplicand,

Prozran 4 exita are wired to s.orage control reed out 3, counter
control plus 1, 2, ard, and to mltiply,

“terege transfer exit 3 1a wired throush (o normal clie of cow
golectors 1 and 2 to one sot of hubs of steraze transfer exit le Since
storego tranafer exit 1 43 wired to counter entries 2 and 3 for a later
program, tho ciroult is completed between the normal hubs of the cow
selsctors and counter entries 2 and 3,

Then & multiplicond is entered into a countor, its position is to the
extreme richt in the countors

Zroman g, The product (A1 B) € 1a road out of counters 1 and 2 and
into storage unit 6. Each of the faotors has four decimsl places.s The
product will therefore have elght places, but since only four are desired,
the first four places to the ri ht are not wirod from countor exit.
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Prozram 5 exits cre wired to ocunter cortrol recd out ard recet
1, 2, and 3, end to storsze control read in 6.

Counter exits 1 ond 2 are wired to storasc entry 6.

Zroxon G (AT B) C 1s punched from stora~e unit 6 into tho esrde
finco ths caloulation i1s corpleted the next card is fed to the machine by
an impulse to road.

Program 6 exits are wird to punch 6 and to read,

“torape punch exit 6 is wired ¢o punching bubs 61 = 69, as previously
stetode

Proxrag Ze o previcusly explelined, prepram 7 will be taken noxt
aeftor program 3 4f division 13 to be performed.

AXB %3 transferred from stornse urit 3 to coonters 1, 2, and 3,

Then division 1s b ing performed, the divisor 1s alwoys entered in gtorage
w:lt IR, and the dividend in counters 1, 2, and 3. The dividend is ene
tered In the counters so thet the sum of the decimnl rlaces in the divisor
ocnd the decinal rlaces desired in tho quotient will equal the numbor of
pooitions to the rizht cf the decimal in the counterse

Provran 7 cxits ars wirod to storare control read cut 3 and to
countor control plus 1, 2, ard 3.

“torage trancfer exit 3 is wirsd throu-h the transforrod side of co=
golectors 1 and 2 to countor entries 1 end 2, The co-s lectcrs are picked
up on division by a wire to the co-selector pick up hubs from tho couple

extt for pilct oclector 5, which is picked up for division.
Drosxan 8. The division of AEB by C 13 porformed in thio program.

Progres 8 exits aro wired to divide, to storage control read out 1R, and
to counter contrcls minus 1, 2, and 3, snd plus 4, 5, and G,
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Ctorage transfer exit 1 1s wired to counter entriecs 2 and 3. Cne
of the quotlert hubs is wired to ths extreme ri‘ht positiocn of counboxt
entry 6 thwroush the comuon huta of the storn-e transfer exit 2 position
that wns previously wired to that eount:r entry pcsitions 7ihe quotient
is enter~d into the counter throu;h this sinple wire,e

Lro;xun 9 Countors 1, 2, and 3 are reset snd the quotiont 13 trunge
forred from counters 5 and 6 to storaze unit Se

Program 9 exits ars wired to counter controls reset 1, 2, and 3,
 read-out and reset 4y 5, and 6, and to storcge control read in 6,

Counter exits 5 and 6 are wired to storage entry 6.

Iromxam 10s liore of the prosram 10 exits are wireds On X cards,
horewver, when programs 1 throuzis 9 ere skipped, the skip hud of prosram
10 1s vired fron read cycleas

Prorran Qe The quotient in storage unit 6 48 punchod in the cord
ag previously described for program 11 in the X Card explanation,
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Ve ADAPIATICH CF T15 CLLQULATLIVLS LU TiHD

CALCULATTING VACHIIE
A sories of co.trol p:nels for the ILM 6U2-A Culculating Punch were
wired to enalle the machine to perform the calculations as outlined in
Calaulation icthode Cfome of the ejuations wore rearrargsd to malke them
more easily adoptod to machine conmputatione
In eddition to being punched with & vclue of XK, each card in the pere
manent f1le of X data wes also punched with the reciprocal of that K, ihe
determination of A and S are then similar and con be carried out with the
sane boarde
A = (L) (/K
s = (V) (x)
Tha functions of A and S are also obtained with this bourd using the
rearrarged forn of eguations (15) and (30)
W= {[gn ] ..o ap)
6= {[sp1) spd oo .5}
If tho constants f axd h aro always takon as positive, equation (52)

+.
% = iR
and the cards are punched with x's to cortrol the machine to add or sube
tracte
Iquation (53) 1s sltered in form with d = ¢ alwvays talen as positive,
§ s:a-l-b)
*s * d=c

Control punching is a;zin uscd to difforentiate bet.:een plus and cdnuse

becomoa
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Table I lists the ejustions that are solved and the control panel
used in each stop of the calculat one ihe steps roferred to sre the

saoe as used lotor in the detuniled procodure,
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TABLE I

CONTROL PA'ELS USID IN PIRFCRAING DIFFEXENT CALCULATICHS

Step No. | Panel No. Equation Solved
b § Preliminary details
2 1 A = (L) (1/K)

£,(8) - {EAIH) Az-r{l .o .An+1}
£2(A) = Ay Aje o o Ay

8 = (v/L) (x)

£,(5) - i[:(slu) ). . .sn+1}
22(S) = 8) Spe & o 5y

3 2 b=R £5(4)

¢ =S¢ £,(5)

d =(R+1) Cx, S, £,(5)

4 3 g=a +b e

| hede (a+d +0)

de-c
5 1l e:-xp 0
1'-—xr (d » 0)
t
6 4 X4 = gdt
z2x.:=1
7 5 x . xd(af—b)
8" C/Hf(dwo)
8 2 (1x), - Al(R+1) Dxy

(Lx), = Ay [(Lx)y« Dx, |




TL0LE I contitued
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Step lioe | Panel Nos Equation Solved
( 8 ) ® o & 0 & ¢ & o6 & O o o v o s P> 0
con't.
(LX)f = (LX)E + D ﬁ
Se
(Lx) - Sprg = Bxy
11
ILx - B
51
6 . {Lx)
9 e R
10 7 zKx =1 (for tray temperatures)
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VIe DITAILEG TROC. Uil PO TRISIINILG

Til, CALOULATICH

Ctop 13 Preliminary 'etails

Supply the information reguired in Tuble II. Thia 1s the only
porticn of the prollem that requires the Judgmont of a chenmicul ernglnecrs
t‘ake the neocossary calculations and fill in column 1 of Table Ill. 4ifter
each corplets calculation entor the dutu obtiined &n the ~ext unused cole
umne

Count out the decks of eards, and wrlte the identifying cymbol on
the top eard of each deck as sprecified in Talle IV, o /!

Telect from the files the K curds for the specified prossures un
the K cards throu;h the sorter, recoving thoe c: rds for corponer.ts not
present in tho fecde Tho romairdng cards constitute the vworkxing file of
K cards for tiils proulemns

. ilsmove the % cuirdas for the tempcrztures listed in Table IIX and
divide than into two grourss one for tie trays abtove the foed tray,

g=d one for the feed trzy and the trays below it. Set aside the K
curds for the torperaturs of tho reboiler for later use,

irranye the first group with tempoerutures decreasing from tup to
bottom, and the secord group with temperatures incressirg from top to
bottome

Resort the two stucks, grouping tho curds by conponontse



TASLE II

PiZLIMINARY DATA
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Pressure

Reflux ratio (R)

Noes of trays above feed tray
Noe of trays below feed tray
Feed composition

Estimates

Fraction of feed removed as
distillate (D)

Tempsrature of reboiler
Temperature of top plate

Component

Mole Fractioa




TABLE III

RiTULTS OF CALCULATIONS

34

Based on
Table II

First
Trial

Second
Triasl

Third
Trial

Fourth
Trial

Fifth
Triel

D o

~ _CHR+
i (-5
Tray temperatures

1 (top)
2

3
|
4

feed

111
II

still




TADLE 111 coiti~ued
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Eaned on
Table 11

First
Trial

Second
Triel

Trial

Fourth
irial

Trial

Compositions
(last triel only)

Tistillete

Botton




TABLE IV
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DECKS OF C..RDS REQUIRED FOR OYE COMPLET:Z C.LCULATION

Identifying Color No. of Cards per Deck No. of Decks
Symbol of Cards Then Kot -qual to
Number of Components
Al’ ‘2’ Aso . white lo. of trays
sbove feed tray
2(A) white No. ef components 1
times No. of trays
above feed tray
81y 311» white No. of trays
SIITe o« o below feed tray
plus one
£(8) white No. of compensnts p |
tisss lio. of trays
below feed W
) W) | pink 1l
/23 pink 1
b1 pink 1
cl pink b §
a1l pink 1l
b white 1l
e white b §
a white 1l
d2 pink b |
43 pink p §
a4 pink b |
€ white 1l
des white p




TABLE IV contirued
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Identifying Color No. of Cards per Deck Ho. of Decks
Symbol of Cards ¥hen Kot Fqual to
RNumber of Components
e white 1
el pink 1l
x4 white 19
x, white b §
Bl pink 1l
B white 1l
D1l pink 1l
D white b §
D2 pirk 1l
Lxy, Lxy, o o white gg;vgff::ly:r”
L white 1
Lx, white b §
Lxy, Lxyy, o o white Nos of trays
below feed tray
iy Xy o 0 o white kavgff::;y:ru
xp white 1
X[, XJT ¢ + « | white I;:i o:rf::;ygw
T white Nos Of trays plus one b §
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Jtep 2

Cortrol panel number 1, sidp bar insert at coluun 52,

Feproiuce tha dsta from cclumn 12 and colwns 29 « 33 of the first
stack of X cards, 4n columi 12 and columns 45 « 50 of the A decis in numer-
iczl order.

Teproduce the data from column 12 and colunns 19 = 23 of the sccond
stack of X cords, in colwm 12 and cclumng 46 « 50 of the S docks in numer-
ical order, followod by Sp cecke tHcmove the errds for the tomperutire of
the feed tray from the stuck of K cards, and roproiuce tie sare data in
deck £(C)e

X punch column 3 4n all cards in decks A and S,

Teke one card from dock L/V and punch as followss

X in first control reading pesition
1 1n column 25

1 in colunn 35

Ly/¥, in columna 41 = 44

Using this as a maoter cord, duglicite the punching in each of the
other ccrdse Ctack the A ducks together, place one of the L/V cards on
tcp, and run them throu-h the machine. lie:ove the pink curd and put the
renaindor asido for a later caiculation.

"ort the dock f(4i) by components wd place one of tho pink c-rds on
top of the first eurd for ecch corpononte fun this deck through the
machine, [iscard all the curds e:copt the last card for each component,
1.8,y the card on top of esch pink curd plus the botiom ons. Vrite £(A)

on the top card of the cres retainod,
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Tale one card from deck V/L ard punch as follouss
X in first control readi-g position
1 in cclumn 25
1 in coclumn 35
V. /Ly 4n coluns 41 = 44

Using this es a nmaster card as tefore, duplients the punchirg in the
other cards. Ctack the S decks togetiwr ad place one of the V/L eards
on top and run then thrcugh the machine., Ismove the pink curd and put
the remaindor aside for a later ezlculation,

Cort the deck f(Z) by comporonts and place one of the pink cards on
top of the first ecard for each componoent, Iun this deck throush the
machins, Diacerd all the cards exocept the last card for each componente

Trite £(°) on the top card of tiw ones retained,

Step 3
Control panel number 2, skip ber insert at column 6l
Punch an X 4in the firat control reading position of each card in the
bl, o1, and dl deckse Foproduce the results punched in the £(A) and £(°)
docks in these throe decks es followst

Dosck and columns Deck and columns
froa which data in which data
are taken are reproduced
£(3) Re& el 31«39

£f(C) 61 = 69 dl 31 -3

£(a) 61 =« 9 bl 31«3

The information entered in decks b, ¢, 4, d2, d3, and d} is punched
in ocolumna 21 = 28, with the decimal between columns 24 end 25, R is
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punched 1n each card in deck b, R+ 1s punchod in each curd in deck d2,
and C is punched in each card in deck dfe If C i3 equal to one, this deck
1s onmitteds The Information in columns 61 « (9 of the first cord for each
corponent in the S deck 1s reprcduced in decics ¢ and de The information
in colurns 19 = 23 of tho X cards for the terperuture of tho reboiler is
reproduced in deck d3.

Mlaoce the first b curd under the first bl card, the socond b card
under the second bl cerd, and so on through both deckse

Tepeat this procadure for the ¢ end cl dockse

Place in the following order ths first curd from each of the decks
involved: A1, d2, 43, &4, and ds These are followed by the second card
from each deck, in the samo order, ond so on until the oards are in one
stacke, The three stacks of cards are run through the machine, after
which the pink curds are dlscardeds

“tep 4
Control panel numbor 3, skip bar insort at column 61,
Punch decks g and @ « ¢ as followss

Dack and colums Columns in which
from which data data are
are tzkxsn reproduced
£f(4) 52 « 60 21l « 29
b 61 - 09 31 - 39
e 6l=(9 AR WA
d 6l = 69 51 » 55

X punch the first colun of each curd in the d « ¢ docke /un both

decks throuch the maciiine.



“ton 5

Cortrol punel numbor 1, skip lLar insert at colurnn 52,

Punch an X in the first colurm of & blunk curd and run it throush
tiie nnchiine,

seproduce the puncidng from the columns 61 « (9 and 70 = 75 of the
d = 0 dock in columns 21 « 29 and 31 « 39 resrectivoly of ths el dock,
Alpo punch an X in each of these cords in tho first control reading
positions

Inter tho food corpositisn in deck e, in colurns 47 « 50, Punch
the mole fractlion of the first comporsrt in tho first card, the mole
froction of the second comporent in tho second curd, and sc cne [lace
the first e card under ths first el card, the socond @ card under the
sccord el ouxd, and so on until Loth decks are mergeds Iwn the deck
throuszh the machlne and discard the pink coxrdase

Punch an X in the second column of & blank card and run &t through

the machilne.

Ttop 6
Control panel numter 4, siip bar insert at colurn 70,
fisproduce the results punched in decks e and g in one of the x4
docks as followal

ieck and colurns Columns 4in which
from which data dzta are

are taen reproduced

® 52 =60 3l 29

e 6l =69 ' L1 = 49

g 6l =69 . S5le59

g W= 61 = 69
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!xciire each eord in tho d = ¢ and g docllse If thore 1s an X punched
in colun 77 of a cerd in the d = ¢ deck, punch an X in column 1 of the
corresyondin card in x5 decke If thore is an X punched in colum 79 of
a card 1n the g decl, punch an X in ocolunn 2 of the corresponding card
in x; docke

leproduce elshteen durlicates of the x) docke A walue of D is to be
obtained, which vill, whon used in this e:deulation, give ean answer equal
to 1. & serles of o-lculations 1s made ucing differert values of D until
the one is found thot will give the r=nult nearcst to unlty., iach value
of D tried is punchad in colwms 26 = 23 of each card in one of the x4
decks. The pelection of the wvolues cof D to use 13 best explained by an
11lustration. If D was ostimated to be ejusl to 56, six decks of cards
are punchad with D equul 0 o45, 50, o35, «G0, .65, and «70. The cards
are run throush the machine, and columns 75 « 83 of the last ourd in each
dook (the whita card) are ingpected. These columns repressnt a six dizit
nunber, with the decimal after the first positions

If tho answer obtained with D ejual to o55 i3 grecter than ane, and
the engwer cbtalned with D equal to +€0 18 less then ore, the next four
declzs are punched with D equal to 056, ¢57, ¢5€, and «59 Aguin the
roesults are excnined and tiie range within which the correct vslue of D
lies 1s doternmineds If ¢58 was too hith and 57 was too low, the remain-
ing nine dscks are punched with D equal to «571, 572, ¢573, 574, 575,
0576, «577, #5728, and 4579, These are run throush the wachine, and the
one whioh gives tlie answor closest to utity 1s taken as the correct value
of Do [Liscrrd all the xy docks excopt tho one in which the correct valus

of U 43 purched.
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Step 7
vontrol parel number 5, siddp bor insert at colurn 76

Punch dueck Xg us follouss

Tack ard cvluins Coulutng in wihich
from which data data are
are talen reproduced
dec 21 -29 il =29
de-o 31«39 31l =29
deo 41 =40 4l - 49
d=¢ 75«73 51 =« 59
x3g P=7% 6l = 65
X3 26«23 66 » (8

funch an X in column 1 of each card whose curresponding card in the
4 = ¢ dock has an X punched in cclwin 79

fun the x,; deck through the rachlnee

Stop 8

Control psnel number 2, skip bar insert at colurn 6l.

X punch the first control reading position of each eard in Bl decks
Reproduce the informaticn in colurr:g 70 « 79 of Xy deck in columns 36 « 39,

fubtrect D (obtuined in stop 6) from one, and punch tho romainder in
columna 25 = 27 of each ourd in B decke Insort each B card undor the
corresponding Ll cerd and run the conbined deck throuzh the machlre,
Diascard the ;pink cuxrdse

X punch the firat co:itrol rcading position of each caord in L1 decks,
Roproduce tho information in columng 70 = 73 of x4 deck in colurns 36 « 39,

Puch B (obtuired in stop 6) in coluns 25 « 27 in each curd in D decke



Sunch 2+ 1 in each card in 22 deck in colwmns 21 « 23, with the
decimul botieca colw.is 24 and 25

fcpreduce the informatica from colurn 12 and columng 62 = 69 of Ay
declt, in cclwmn 12 ad colums 21 = 23 of Lx, decke iluce in the followe
ing orier the first curd fron each of the ducre involveds 1, D, L2, and
Lxje Tiese are fullowsd Ly the second curd Iros euca dedk, and so on
u:til il tho curds are in one stacke i the stack throush tie muchine
and discurd the pink camise Ceparute the remalnlig eurds into Lheir two
ori;inel desisg D and LXje

leproduce the following informatlion &8 specliiieds

-eck ard coluna ieclk and e.lumns
from which data in vhich danta
ars tuion are reprouuced
Lxy 6l = 9 L 31«29

Ao 12 Lx, 12

ly 6269 Lx, 21 ~28

D 6l - & L, 4«49

Ay 12 Lx3 12

A3 62 = & lxy 21 = 28

D €l = 9 Lxq 41 = 49

( 2 deck sinilar to the sbowve i3 punched for each tray above the
foeod tre,y.)
S 12 Lx, 12
Sr 62 e Lxp 21 » 28
D 6l-& Lxp 41 = 49
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(A dock similar to the following is punched for euch tray below the

 fo.d tray.)

Si1 12 Ix;y 12
D (=6 Ly 41 = 49
51 12 Lx; 12
f'x g2 - o9 LXI 21 = 28
B 61 - 69 LXI /01 - 49

Punch an X in tho first cortrol reading po-ition of each eard 15 the
L deck. Purich en X in the second column of each card in the Lxe deck.
Punch an X in the first and seco'd colums of each card in the Lx docks
with the foman subacriptss

Ctack the ducks in the following ordor from top to tottoms L, Lxa,
IX3, o o o LXpy o o o Lxy7, Ixge

In eolumns 9 ard 10, punch each card with the nunbor of the position
of its deck in the stacke Sort tha cirda into groups of common corponents,
and run thom throuch the machinee

fesort the oxrds into the original decks.

Step 9
Control panel nwsbor 6, skip bar insert at ccluuns 41 and 50,
ceproduce the infora:tion fron coluncs 65 « 69 of decls Lxq, Lx,,
lxgy o o o Lxey o o o Lxppy and Lx;, in columng 21 = 25 of Jdacks X;, X,,
X3p ¢ ¢ o Xpy ¢ o o Xy7y 8nd X7 regpectivelys. [Punch an X in the first

control reuding position in thie last curd of eanch decke KHun &ll the x
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docka tiroush tho muchines Fuuch an X in the first column of a blank
curd, snd run it tirough the muchlirce

Tale the lest curd in cach dock and ploce it on the tup of its oun
dicke un tiz decks through the pachine a soccend time. Pudeh an X in

the secod column of a blank cerd and run It tiroush the machinase

Step 10

Control panel n.mber 7, skip bor insert ot colum 76.

Punch X's in columns one and two, ard in the first control reading
position of each ¢ .rd in deck Te 4ihe information pumched in colunns
51 = 54 of 21l the curds in each of the x deci:s is transferred to each
of the curds in the T cdock. Hore specific:lly, the data in colums 51 = 54
of the first ourd in x dock is punched in columns 25 « 28 of the first
card in T docke The drta from tho sare colums in the sscond card in Xy
deck are punched in colunns 20 = 32 of the same ocurd, and so on until the
data from all the cords in x, deck are punchod in tho first card in T deck.
The aam procedur-a is repeetod for cll the succeoding x deckse 1he data
from cclumns 76 « 79 of tisw curds in tie x, dock are eimilarly punched in
the finel cerd in T docks

The objoct of stop 10 is to detormine the tocperutire of each tray
in the colume 4 group of K cards for eeversl adjacent terporutires are
withdrawn from the X curd file for the top tray touperature doterninations
The tempcerutures selocted should ranpge for severel do rocs on both sides
of the estiiated torpernture for the tray. X punch in oolumn 8 & blank
coxd for each termperature reprase.ted in the proup of K cords talene Ine

gort ong of thsse cards bolow tho last X curd In eac: terperauture groups
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The machine will perform a gorles of ocleuletiot:s, one for ench temperaw
ture, and 111 punch the resulia on the cird followiny tie K cardse

Mluce the first curd frem the T deck cn ton of the ¥ eards and run
them throush tho mechine, Uhen ths correct torporature is pascod, the
machine will stope | xundre the Jast two resulits punch@&. 1‘2-";9 last one
vill be a number greater than ore, und the procecoding one will be a
nunber less tiwn ones The torperaturs correoponding to the result nearw
est to ons 1is the tonmpornture of the traye

fenove the curda from Uw feod hopver and stacier, dizeurd all but
the K cards, arnd roplace thom in the X filee

Fopeat this procedure with each succcedin: card In T docky each time
taking a new pet of K cards.

Inter the results of this caloilation in the second colurn of Table
IlI. 7The entire cnlculation must be repected until identical data ure

obtzined for two corsacutive trisls,

»



PPELDIXS  S. HPLE PROELEN

A pnatural gasoline of composition givenmbelp' is to be separated
1nto an overhesd product contalning propene, fsobutans,-normal butane,
and not over 3% fsopentans, and a bottom product containing isopentans
and heavier, and not over 5% normal butene. The column is to opsrate
at 100 1bs./sq. in. absolute with a reflux ratio, L/D, of 3, and the
fecd 18 to enter in such a condition that ro net vaporization or cone
densation occurs on the feed plate (VA=»V5)

Feed composition (mole %)

Propane 15
Isobutane 15
Normal butane 25
Isopentane 10
Normal pentans 15

Heavier (hexanes) 20

Iry a column having five plates, with the fecd entering at the
niddle plate,
This problem illustrates this calculating method. It was worked

on a desk calculator, however, not on an IBi{ machine,
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TAGLE II

PRELIMINARY DATA

Pressure j00 FS/

keflux ratio (R) 3

Koe of treys above feed tray C oL

Noe of trays below feed trey ol

Feed eorposition Component Vole fraction
f ropane oSS
Tso Bulene N3
N Butlene - A5

Isaﬁtﬂt'hc ./ 0
V lenlzne Ey
Hex enes L0

Estimates
Fraction of feed removed as
distillate (D) . SHTS

Temperature of reboiler R L

Temperature of top plate /33




TABLE III

RiSULTS CF CUoLGULATIONS

Based on | Iirst | Second | Third | Fourth | Fifth
Teble II | Trial |Trial | Trial | Trial |Trial
. EHIS| Sy, S35 S5 |. 544
D
V./'L.(=1 ac+;1n) E2L|.825] .83 (. 9285 |. §asT
Tray tomperatures
1 (top) 133 | 137|737 | r37|r37
v2 /55 /57'/57 /57 /57
! 3
)
feed 177 17727727777 777
IIX
u 19§ 198 | 197 | 127 | r97
1 2a2o |arg |ard |28 |2/ 8
still 242|238 |38 |37 (2358




TACLE III continued
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Based on | First | “econd | Third | Fourth | Fifth
Table II | Trial | Trial | Trisl | Trial | Trial
Compositions
(lest trial only)
Distillate
C3 769
A C,; a6 40
VAL 4087
Ils L0322
/’g s ol 69
e .oo0/S
Bottom -
l
3 000383
7o,
C .0/56
/yC'(/ o628
LCs I ry
/Vdr .305%
a,

.¥377




Caloulation Results for Third Trial

K
7 Noe and Temperature p.
/ 2 F Ir z selll
Companent | 137 /157 /71 197 2/f 234
e3 2060 3./¢ 3.7/ 4. 32 5. 0 s @
ICy /.07 /3¢ /.6 /. 96 Q.33 R 75
/V"e‘/ 03 | J.07 |, 34 164 | 99| 2.37
_;eo’ 37 s .65 .83 /. 0% /. 2¢
c‘ a8 .37 .50 66 N A /.08
2 4 /9 .26 L35 L YS .58
Aor S
Cs aff 239 3. 06/ .56y | 4 /25
Iy C70) | .8¢o | 1353 |r.6/77 | /1 TR2
Vey 9od | .70/ |/ 106 [1.353 |/ eFE
ICs K037 | /.800 .S J¢ 685 95¢
Hes 12677 |a. 037 | .43 | 545 | .7r0
Ce 8357 |3.997 | Lars | 289 | . 37/
£ (A) fal4) O, fa (S)
a3 /. 30 g L0688 /9. 2 6 6 /%, 70
ZCy /.9 83 L, 393 5. 725 3. r0 ¢
Wy 5 335 Lo 3 4575 2,23 2
ZCs §. 54/ | 3. 04/ 20275 587
N s | g 457 & 430 /. 932 . 3487
¢, 26. 09/ EVRVE 5 /39 6 ./707




a é C g
Cs t.30% ._06¢ 58.973 /0¥¥, 06 5
ICy 1,953 /el 79 7.746 6. 2556
/YC</ 2.335 ;. Fox 5.06 0 23,297
IcCs 5.5/ 9./7a3 /.oars? /. 58F
NCs l.457 /6. 290 . 79¢ . 670
Ce “2¢. 09/ 63. 432 . 300 0533
e -+ 7 h
Cs §. §50 /%7, 76 ¢ 6o.487 | 983.57¢
£y (162 5777 | 10.478 35,3779
N Cy ) als 4559 72.297 /4 .00 0
ICs WEYZ; 0370 | /5. 8102 -/%. 27Y
N Cs L1197 YIRS RS, 545 -2¢ £S5
Ce . 0600 — o494 | 89. 523 -99, 7270
Xy ng! Xs 6)(5
Cs 2769 /4 78 .0060383 000’76 7
IC./ .ReY0 ./‘/J? .0o/56 o007 /76
My o087 aas |.o06ea¥ .o ¥s
ICs .03a2 L o/7%2 |, /80/ L0826
N Cs .0/69 L0079/ 43| 3058 . /¥03
C. L00/5 ,0008//5| 4377 . 2009
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L x
/ 2 f II T
Cs 735 | L0770 | .07%09 | 0209 | ,0049
Icf 4004 | L3042 | ,3303 /9778 /o002
NCy 7994 | L /5E | L8467 | doks | L3544
ICs | /42 |.a379 |.4763 | 5747 |.5735
NCs |, 0927 |.asmt |.5469 |. 7460 | 9540
Co |07 | o718 | 3370 | w70 7334
Cole) [/6288 |/ 623/ |26/F |2.6/77 |262éyg
X
/ oy f IT T
C3 05T | 0474 |.0a93 | .0077 | -00/%
..Z:Cf. L 2Ys? /275( WEYR': .076 2 038/
NCy 4907 | 407 | zays | 2308 |./33Y
ZCy 0%t | g5 /823 | as9¢ |23
Nes L0601 | 1335 | 2093 | ageg | 3277
Ce 01067 |.04%d | a9, | y206 |a792
Temperature Check
Tray No. l 2 £ IT T S
/37 /57 /77 /797 2/ 238




(1)

(2)

(3)

(4)
(5)

(6)

(7

(8)
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