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I. II’QZ‘RODoCTR)”

Because tho calculations required in tho design of distillation

column for mlticompcncnt mixtures are tedious and tin. consuming, it

would ho to the advantage of the chemical engineer to haw available a

cyctcn for automatically performing these calculations. Tho dcnlopmnt

of nah c system was mdcrtakcn, and the rccultc arc herewith present-d.

It was docircd to use a computational method that could be carried

out without the exorcise of engineering Judgmcnt after a preliminary tablo

of data had been prepared.

Thor. cor. two altornctivc methods of approach to this problem the

first ran to adopt one of the calculation method: presented by othcr

authors to automatic calculating machines; tho second can to develop, it

possible, a calculation method particularly suited to automtic mlculc-

ticn.

0f tho former, probably the cost widoly used is the Louis and

Lathccon mthod (1). It was believed that 1: this method were used,

considerable trouble would arise in attempting to perform automatically

tho catching of cmositicns above and below the food tray, particularly

if thcro were several dictributcd components.

Oplor and Haits (2) have made use of the 113:; 602 Calculating Punch

for performing the tray to tray calculationc of the Louis and Ecthcaon

hotbed. may report the solution of four caraponont cyotamo with col.

' fractions caloulatcd to four decimal places.



To avoid the troublesome batching of concentrations at the feed tray,

it no decided to use the method of determining the separation that could

be obtained from e given number of train, food ocnpoeition and condition,

teed trey loation, and reflux ratio. This method might seem to be lose

flexible than the determination of the number of trays required to effect

c given separation with e given reflux. This objection in not valid,

hceever, it thie rigorous calculation in need in oonJunction with e quiet,

epproxinete method for determining the relation between the number of

plates and the reflux ratio. Such e correlation has been given in e meant

article by Donnell and Cooper (3) in ehich they nuke use of Underwood'e (1.)

method for obtaining linin- ”£1113.

By fixing the number of trays and the feed tray location, it is also

possible to mks a reliable determination of the best food trey position

by taking e soriee of calculations with the feed entering on different

in!"

among the calculation method: booed on a fixed number of plates, and

I fixed reflux ratio are those that have been presented by Thiele and

Oeddee (5), 11ml (6), and Edmieter (7).

Of these, the huml method employe a graphical presentation of K or

e reference component plotted against the hunter of plates as a tonic for

amputations. This would obviously be mfiuitable for automatic calculation.

In the Thiele and Geddos method, tray by tray calculatione are booed

on on eseumed temperature for each tray. The results from the enriching

and exhausting sections are washed at the feed tray, and the composition 15

found for each tray. Using tin-mo coxnpoaitixma, tho assumed teapemturoo

are checked and reassured if in error.



The method proposed by Edmieter makes use of overall equations for

both eectione of :1 column. These equations are booed on the use of absorp-

tion and stripping factors, LAN and KV/L. After these equations an oval.-

noted the results not be meshed at the feed trey.

The major drawbacks to the use of either the Thiele end Geddel method

or the Water method an that both require feed trey meshing after the

initial celeuletione, end that both fail to provide e ample, mtentic

procedure to follow for the solution of the problem.

It Inc decided to uee e method by which automatic calculation could

more easily be performed.

The eeewwtione of oonetant colel overflow and negligible heat lose

to the surroundings are trade.

The first port of the derivation which follows is similar to that

given by Edoieter in the reference cited, except that in this once 0. total

Camden”? 18 used instead of a partial condeneor. The outstanding rectum

of the derivation is eqwation (42) much relates the composition of the

distillate to the quantity of dietillate, the number of trays in the col-

“, the equilibrim oonditione on each trey in the column, the position

0! we feed trey, the food composition end theme-:1 condition, and the" ro-

flux ratio.

than the distillate cont-position bee boon obtained, troy by troy col-

culetione ere mode down the tower to the still.

The calculating machine chosen for this work wee the 1132-5 Calculating

Punch, Typo 6024. This machine Hus ol‘zoson bocuuoo it 18 one of the mech-

incl, along with the Type 6.92 machine, commonly found in accounting depart-



manta. It has {greater store-go capacity than the 632 machine, and its

programming is more flexible.

With the present wiring of the control panels, a problem having up

to twelve componente can be calculated, with mole fractions computed to

five decimals. It is planned to alter the wiring to give mole fraction:

to seven or eight decimal places since this procedure requiree en occurete

value for the concentration of vanishing components in the distillate and

bottoms product.



II. DEILIVATIGE 0F ELL
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By s material balance for any component at the top of the tower

Vm‘ 1-:- re + D to 0’

Rearranging end introducing “1

3'1 =- 31le +2.14. (2)

'1 V1

+13
:1: 3,625.15.) . (3)

By s mteriel balance around the top of the tower and between the

first and second trays

V232 = LIX]. + Dxd (A)

Roerremging and introducing K2

.134. .3 (5)

x1=(.3.3.12 - 351. (6)
32‘2

Combining equations (3) and (6)

3213-3..flexdg<&i£)(7)

V131

2 K2 V11:132‘32

1.2: +1., .131...2.21...
V ”1132:

:.:y e mtoxiel balance around the top of the tower and between the

second and third trays and lntroflucing K3

Y3: =. Lgxz +D "d (9)



12:333—13 (10)

Io 12

Combining equations (8) and (10)

3.332319% +E§_+‘d_fl_+_u. (11)

L2 Io We 71K132K2 new

3‘31“}? (333%)(:31) (3:33 (3333(i3 333 33332)

HOME and substituting I. for L/KV and I for K313

Rewriting in general for-

”flu,” g 3d[n(‘llzo o ‘An+ A93.» 0 oAn'h cos +‘n+1)+IIr(A1A20 o Z£§)]

For convenience, these two functions of A are decimated as follows!

{1(1) 3 A1 ‘20 o oAn'P A2 ‘30 o oAn+o e o +‘n'1'1 (15)

12(A) 9'- 11 A2. 0 o All (16)

Equation (14) in then written

(mm = 1,, [1: 11(1) + 1, 22(1)] (17)

By a eaterial balance for any component at the bottom of the tower

to =1 = w. + B 1a. ‘18)

:1: .1331" + .4”x (19)

1

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

the first and second trays

3171 = L2X2 ' Bx; (2°)
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Introducing [(1

“L212

V1K1 V1K1 (21)

Combining equations (19) and (21)

fl=fi+1ia+£h (22)

Wt V1K1 L1 L1

§=Ea+naun+m (23)
L2 1-112 11172

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

the eecond and third traye

L313 :. V2 ’2 + B :ca (21.)

Beerrenging and introducing x2

x2 .—. £1331 _. 3.59. (25)

v2": “2‘2

Combining equations (23) and (25)

.11.}. :15 4.3+ lelvaia+VIKIB 5. (26)

‘72K2 V2K2 12' 1-112 We

Multiplying by VZKZ and aubatituting Rex, for y.I

ana +2fiasx+mm + 451V)_V_g§3)3x3

(27)

Reamnging and eubetituting s for “/1.

1.32:3: x3 B ($152+ 82 + 1) + vsKs(SlSZ)] (28)

Rewritten in general form

(L3)m+1: I.[B(512S e 0 es”+523. e esm+e e 0+Sm+1)+vsxs(slsze 0 SD)]

(29)
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The two functions of S are designated as follows:

{1(3) = 3182. . .sm+ $233. . .sn+. . dam-+1 (30)

{2(3) = 5132. . '3: (31)

Equation (29) can then be written

(mm: 1,,[3 t1(s) + vex, 12(8)] (32)

Since L: = Vy/S, equation (32) can be rewritten

(mm .._ 5m x. [13 11(3) + V“ xa 12(3)] _ (33)

If the nth tray is immediately above the feed tray, and the nth

tray is immediately below the feed tray, the expressions n+1 and M1

will both designate the feed tray, and equations (17) and (33) lay be

equated. '

1d [9 {1(a)+ L1. ram] = 514.1} {1(S)+V‘K. {2(5)} (31.)

The number of variablee in equation (34) can be reduced by use of

the following identities!

Ln/Vn a n/n+1 (35)

1.1.: Ln = RD (36)

Va ..-. D(R+ 1) (37)

B = 1 «- D ' (38)

v” -.-. 0 Va (39)

Equation (34) may now be written

1d D £1(A)+RD f2“‘_’] = 3pr [(1 - D) £1(s)+cn(a+1) x, r2(si] (40)

Substituting for xi by the use of the equation

I r.“ (1+1)

8 1-D
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and solving for 1d; equation (1.0) becomes

rd: ‘ (3H (n+1)cx s t2(s) - 3: :l(s)z n

21(A)+Rf2(1)+3ff1(8) 1>+Ea+1)cxflsr r2(s) . {1(5).Rf2(‘).5t:1(33) "'92

 
 

 

(42)

To simplify equation (1.2) substitute the following terms:

e = £1“) (43)

b = n :2“) ' (41.)

o = 3r 11(3) (45)

d = (M1)“. at 12(5) (1.6)

For this calculation take as a basis I = l.

Mutation (1.2) becomes

x(1 = (A?)

For further simplification males the following substitutions:

e =1, e (48)

f = If (6 - c) (49)

=. a+b+e (50)

h = d - (a+b+c) (51)

Equation (1.7) can now be Iritten

xd = 3% (52)

For the more volatile components the determination of x. by equa-

tion (1.1) in not advisable due to the small difference between F :1, and

D x . For this reason an equation derived from equation (1.0) is used.
11

=-.. x D (n+b) 53

time ‘ ’
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The following series of equations obtained from material 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

respectively.

Upper sections

(L101 = 11 D and (3+ 1) (54)

(1.2:); = A2 [(1.201 + D :3 ' (55) .

(1.x)3 = A3 [(u)2+ D ‘4] ' (55.)

(can: ‘n [can_1 + D and] (55b)

Feed plates ‘

(L1): = 1/3: [(Lfln + D ad] . (56)

where n is the plate above the feed plate.

Lower section:

’ (L3). = 1/3“ [(1a)r - 13:5] (57)

(1.x)2 = .1/32 [(1.1)3 - ax“) (57a)

(1.x):l ; i/s1 [(1.102 .. Ema] * (57b)

The composition of the liquid leaving each plate can be readily

obtained when the quantity of each component present has been obtained.

For a component 'e“ on the nth tray

(La)
:3! 3 a,“ (58)n ETTLXn



l4

homncleture

L : mole of liquid leaving a plate

Y : mole of vapor leaving a plate

F : mole of feed

D : 113018 of distillate

B .- mole of bottom product

a: _— Incl fraction of any component in liquid phase

y = mol fraction of any component in vapor phase

B : Reflux ratio U!)

K : y]:

A z W

s _- Va = 167/1.

0 = vn/vn C is defined by the thermal condition of the feed.

pngpr nix! / 0:1 when feed is a liquid at its boiling point.

Subscripta: "I.

r = reflux

d = distillate

s : still

:1 : tray numbar in enriching section numbered from condenser

to feed tray

n = tray numb-er in exhausting section numbered from still to

feed tray

1" = feed

1' : feed tray
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III. CALCULATION METHOD

Briefly, this calculation is based on a series of successive

approximations of conditions in the tower, with the results of one

calculation being used as the basis for the succeeding calculation. In

any trial, if the assumed conditions are correct, they will be identical

to the conditions calculated in that trial.

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’hqy (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.

When an estimate of top and bottom compositions has been made, the

approximate temperatures of the top and bottom of the column are obtained

as the do! and boiling points. 'The first estimate of tray temperatures

is then obtained by assuming an even temperature gradient from tray to

, tray;

Hiring previously set the refluz.ratic, the ratio of liquid to vapor

/'\¢ ~~»‘

f)

”"1"?“

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

M'- =W <59)

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

equation

for each.component, for the various tray temperatures. The absorption

factors are then calculated for each component on each tray in the upper
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section of the tower, and the stripping factors are calculated for each

component on each tray in the lower section. The functions of A and 3

are calculated for each component and the constants c, t, g, and h are

determined for each component. i r

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

give ’ ,

2 and = 1 . (60)

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

The quantity of each component in the liquid stream leaving each

plate is calculated using equations (51.) to (57b), and the composition

of the liquid on each tray is obtained from equation (58).

Since the l iquid on each tray is at its boiling point, a new esti~

mate of tray temperatures is obtained by determining the boiling points

of mixtures of the calculated compositions. A new Zaiue for Lu/Vh is

calculated using the new value for D in equation (59).

The entire calculation is repeated, using the new tray temperatures

and the new value of Lm/Vm, until in any trial the tray temperatures and I

the value of D that are calculated are identical to those assumed.
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IV. OPERATIUI‘EAL PRII-LCI?LZ“S 0F l'liE IUTTIIWA3I'IOI-liaL BUSIZJESS

nicnxnms CALCULATING PUNCH, TYPE 602g: (8)

The IBM Calculating Punch, Type 602ne, performs the fundamental E

arithmetic computations, addition, subtraction, multiplication and divi—1\~z

sion, either singly or in any combination 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 machine has six storage units; the first will accommo-

date ten digits and the remaining five will each hold twelve. When a

number is entered in a storage unit, any number already in the unit‘till

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

may be added to or subtracted from a number previously entered in the

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 problem. Before the control panel is :

wired the problem is set up on a planning chart which shows in which

storage unit each factor is to be entered, in shich counters the results

are obtained, and the sequence of the individual Operations.

Each problem is performed by the machine in steps or programs, each

program being represented by a line in the planning chart. The first
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step is always the read cycle, in which the factors are read from the

cards into the machine. In each subsequent step a calculation is made,

cr'nnmbsrs are transferred from one unit to another.

Electrical impulses are available at the program exit terminals, or

hubs, as they are called, on each program cycle. These impulses control

the operation of the units to which. they are wired. If, for snap)... on

program 3, it is desired to transfer a number from storage unit 6 to

center 1, wires from two of the program 3 exits would be run to read-out

storage 6 and to plus counter l. The numbers transfer from one unit to

another as electrical impulses. Circuits between the units involred in

such a transfer must he completed on the control panel. The major por-

tion of the hubs on the right side of the panel are for this purpose.

The cards used in the IBM system contain eighty columns, each column

baring twelve positions in any of which a hole may be punched. Ten of

the twelve positions correspond to zero and the nine digits snd.the other"

on positims are called I and I. The X punch is used to actuate controls;

the I'is not used in this problem. The numbers are read from the cards as

they'feed into the machine by'e bank of reading brushes, one for each col-

umn, and are transmitted to the reading hubs on the contro1.panel. The

reading hubs are wired either through counter entry to a counter, or

through storage entry to a storage unit, where the numbers will be avail-

able when needed. I

The electrical impulses which control the operation of the machine

may be aired through the pilot selector hubs in the upper left portion of

the control panel. The pilot selectors are actually double throw relays.
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then an impulse is wired to the com-on hub it is available at the normal

hub when the pilot selector is in its normal position. The immloe is

availnhle at the transferred huh when the pilot selector has been "picked

up.‘

I! there are control impulses sired through pilot selectors the cp-

erations performed by the machine will he different for the cards which

pick up the pilot selectors than for the reminder of the cards. '11»

pilot selectors are picked up by an impulse to one of the following: hubs!

X or balance pick up, digit pick up, or immdiote pick up. The last of

those transfers the pilot selector only for the duration of the cycle in

which it is picked up, while the first too canoe the pilot selector to

latch in the transferred position until it is drop-pod out by an impulse

to the drop-out hub. If the drop-out hub is wired from punch drop-cut

inpulsc, the pilot selector will he dropped out after the card is pmchcd.

If drop-cut is wired from rend creep-out lawless, the pilot selector will

be dropped out after the following cord is read.

Thor. are twenty control brushes in the macidne located ahead of the

eighty reading brushes. Tiny are placed to road in clay twenty of the

eighty columns in the card. "en X punched in one of these columns will

be read to a control hmsh, and will be available at the corresponding

control leading hub. 11' a pilot collector is to he used to coz‘xta‘OI incul-

ses Iran read cycles, it sr‘xould he picked up from control reading brushes.

1: it is to he used to control impulses from promo exits, the pilot

selector is picked up from the reading banshee.

If, in performing a series of calculations, one of the factors re-

mains constant for each calculation, that foot-3r may be entered from 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

is cleared by an impulse from read cycles to the storage read in hub. To

prevent the inpulse tron reaching storage read in for all cards in a ser-

ies except the first one, a wire is run from read cycles to the common

but of e pilot selector, and from the transferred hub of the some pilot

_ selector to the read in hub of the storage unit. The pilot selector ie

picbd up by an I read from the card by one of the control reading brush-

es. The first card in the series is therefore punched with on 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 card in the next series is read in. In this type of calculation

the first card is called the 1 card and the remainder are called RX

cards.

(Bo-selectors are similar to the pilot selectors and may be used in

conjunction with then or independently. They are picked up by an impulse

to the eta-selector pick up. If this impulse comes from a pilot selector

couple exit, the co-selector will be transferred for the same length of

ties on the pilot selector. If the impulse comes from a program exit

the co-selector will be transferred only through that program.

The circuits through which the numbers pass in moving from one unit

to another in e certain program nay introduce back circuits in another

progral. If this occurs the circuits are wired through the transferred

side of a oo-eelector which is picked up for that program only.
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The details of wiring a control panel for a specific calculation

till be explained by the use of an example -control panel number 2 for

this problem.

Using this board the machine will perform any of the follmaing

calculations!

(n+3) c .. A'

(AH-BUG - A.

(A—B) c = a'

(A-BVG = A'

The result obtained in each of these calculations may, if desired,

be left in the mchine and used as the term A of the following colonic-

tion. The selection of addition or subtraction, and multiplication or

division is made by control punches in the card. This will be explained

in detail later.

The description of this control panel will be sith reference to the

planning chart and the wiring diagram. The explanation will take the

program steps in the order they appear on the chart and orplain the wir-

ing associated with each. The encircled numbers on the wiring diagram

indicate the programs in which numbers are transmitted through the desig-

nated.wirea.

X Card .

W A is need from columns 31 . 39 of the X can! into

storage unit 6.

The first control reading hub is wired to the X or balance pick up

for pilot selector 1, which is picked up by on X punched in the 1 card in

the first control reading positlcn.
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The first road cycles hub is wired through the trwzoformd side of

pilot selector 1 to storage control road in.

On tho right side of the board reading hubs 31 to 39 arc wired to

storage entry 6.

The balance of tho program-Is are skipped by wiring from the second

road cycles hub through the transferred side of pilot selector 1 to pro-

gram skip 10.

W. Program 10 is the next one taken, but'sinoo coho Of the

program 10 exits m wired nothing will happen until the next proLjram.

Prom 11 units are wired to punch 6, cndto road. An impulse to on.

of the punch hubs causes the figures in the corresponding storage unit to

ho punched in the curd. Storage punch exit 6 is wired to punching hubs

61 «- 69, tho calms that will to punched in the card. The cxtrom right-

hand position of a punch unit must be wired when punching from that unit.

Skip is always wired to the punch hub immediately follov-Iing' tho lust

hub wired from storage punch exit.

I'll Card _

W B is read from columns 1.1 «- L9 and G from colums 21 «- 28

of tho RX card into storage units 2 and l mometively. The third road

cycles hub is wired to storage control road in l and 2.

' Reading hubs 1.1 '- 49 are wired to storage sz'ztry 2, and reading hubs

21 - 28 are wired to storage entry 1.

W A is transferred from storage: unit 6 to counters 1., 5,

and 6 which are coupled together. Progau l exits are wired to storage

control road-cut 6 and to coLmtsr control plus 1., 5, and 6. Storage

transfer exit 6 is wired to oomxtzm entry 5 and 6.
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,T’roiomx a, B is oi timer added to or oubtreoted from I; , dogvending

upon the control punching in the card. If subtraction is desired, on x

is punched in the first column of the cord; for addition it is not

punched. The first reading position is wired to X or bolmco pick up

for pilot oelootor 3, which is, therefore, norml for eddtion and

picked up for subtraction.

"Ibo performance of eel-'31 tion and outtrootion ere oir-eilort with the

first amber in a counter, the second is entered in the some actuator.

11' the counter control plus is: wired from the exit for that program, the

numbers Will be added. If the counter control minus is wired, the eeccnd

number will be oubtracted from the first.

Pronreo 2 exits are wired to storage control roodoout 2, and through

tin normal side of pilot selector 3 to counter control pin. 4, 5, and 6,

or through the transferred side of pilot selector 3 to counter control

minus 1., 5, and 6.

Storage transfer exit 2 is wired to counter entry 5 and 6.

 

If the problem calls for division, on 1 1c punoi'aod in

the second column of the cord. The second reading hub is wired to I or

belmIoo pick up for pilot selector 5, which is picked up for divieion.

The pmgrmc associate with multiplication are 1., 5, and 6. If

multiplication is being porif‘omod, program 6 is the loot one token. Pro-

gram 7 tlmxgh 11 are cooocietsd with division, and when divioiam is

being perfomd program: 1. though 6 are ski;.pod.

In this program the quantity A153 is transferred from counters 5 and

6 to storage unit 3. Progroo 3 exito are wired to actuator control reed
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out and reset A, 5, and 5., storage control read in 3, and thrush the

tzw'zofomcd side of pilot selector 5 to grog-am amp 7. The impulse

from the ploy-m exit will not. reach tho skip Imb unless division 13

to ho mrformd and pilot. selector 5 has been picked up.

Comator mats 5 and 6 are wired to o rage entry 3.

W A113 is road into cotmtora 1, 2, and 3 whore the product

(AIE) O in developed.

If them is a number in the storage unit 13. and anothor motor is

read into one of the common in any program, the precinct of the two num-

bers will he developer: in the counter, providing onc of we mfltiply hobo

1.8 wired from an exit hub of the same program. The position of the deci-

ml. in the product W111 to the sum of the docinml plows 1n the Bmupli—

or and the multiplicand.

Prom l. axita are wired to soorcga control read out 3, camber

control plus 1, 2, and, and to mltiply.

Storage transfer exit. 3 is wired thromgh tho normal {31:19 01‘ co-

aolectors 1 and 2 to one act of hubs of storage: transfer exit 1. Since

storago transfer exit 1 is wired to counter entries 2 and 3 for a later

program, the circuit is completed beta-men the normal hubs of the co-

oelaotora and counter entries 2 and 3.

Khan a matipliczmd is entered into a counter, its rosition is to the

13me right. in the camber.

W The product (£13) 0 in road out. of counters 1 and 2 and

into storage unit 6. Each of the factors has four decimal places. The

product will therefore: have eight places, but since only four are desired,

tho first. four places to the right. are not mm from counter exit.
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Program 5 exits are wired [to counter ccmtml read out and react

1, 2, and 3, and to stomp control road in 6.

Counter exit: 1 cm! 2 are wired to ctomgo entry 6.

MA. (A! B) C is punched from atomic unit 6 into the: cord.

Since the calculation is completed the next cord is fed to the machine by

an inpuloe to read.

From 6 exits are wired to punch 6 and to road.

Storage punch exit 6 is wired to punching 1211133 61 - 69, as previously

stated.

is previously explained, program 7 will be taken next

 

after prom 3 ii' division in to be performed.

£133 is transferred from storage unit 3 to counters l, 2, and 3.

than division is bring performed, the divisor is always entered in storage

unit IR, and tho dividend in comtors l, 2, and 3. The dividend is en.-

torcd in tho countors no that the sun of the decimal places in the divisor

and the decimal places dcoimd in the quotient will equal the number of

positions to the right of the decimal in the cotmtorc.

Wogrnm 7 exits arc virod to storage control read out 3 and to

counter control plus 1, 2, and 3.

Ftorngo transfer exit 3 in wire-5d thrown the: trannforrod side of co-

colcctoro l and 2 to counter entries 1 and 2. The «co—anuleotorn are picked

up on division by a wiro to tho co—soloctor pick up hubs from tho couplo

exit for pilot selector 5, which is picked up for division.

. The division of hi8 by C is performed in thin program.

Promos 8 exit: arc wired, to divide, to storage control read out 13, and

to counter controlo minus 1, 2, and 3, and plus 4, 5, and 6.

" am. 9  
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Storage transfer exit 1 is wired to comter entries 2 and 3. One

of the quotient hubs is wired to the axtmm right position of counter

entry 6 throw-7h the cameo hubs of the stomps transfer exit 2 poeition

that was previously wired to tlmt count-or entry position. The quotient

13 entered into the counter thromgh this single wire.

W Counters 1, 2, end 3 are reset and the quotient is trunc-

fcrred from comtore 5 and 6 to storage onit 6.

ngmm 9 exits are wired to counter controls reset 1, 2, and 3,

I read—wt and reset 1., 5, and 6, and to storage control road in 6.

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

W tom of the program 10 exits are wired. On 2 cards,

harem, when program 1 through 9 are skipped, the skip hub of program

10 is wired tree reed cycles.

W. The quotient in storage out 6 is punched in the cord

as previously described for program 11 in the 1 Card cxplenatim.
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v. MAP'z'zmIaaz OF THE. estrogmuazgs if.) m;

m :3 ""‘f r“- '1" gig "I 0-2-21}:

Unukaum.l.l.wu L-JXDEU..-«£J

A series of ocutrol panels for the IBM éfiz—A Calculating ?unch,aero

wired to enable the machine to perform the calculations as outlined in

Calanlation Liothod. Some of the equations were rearranged to make them

more easily adapted to machine computation-

In addition to being punched with a value of K, each card 1n.tho pon-

manont file of 3 data was also punohod_with the reciprocal of that K. The

determination or A and S aro.than similar and can be carried out with the

demo board.

A = (m) (UK)

s - (VIL) (K)

Tho functions of A and S are also obtained with this board using the

rearranged form of equations (15) and (30)

r1(A)= {[(Afl) 5+1] . . . and}

‘1‘”: {5‘1“ 5114 ' ' ' sad}

If the constants f and h are always taken as positivo, equation (52)

V i

mtg-1%?

and the cards are punched with x'a to control the machina to add or sub-

amok

Equation (53) is altered in form with d -.o always taken as positive.

* n+b)

do

ummma

183

Control punching 15 again used to differentiate between plus and minus.
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Table I lists the equations that are solved and the control panel

new! in each atop of the calculation. The steps reformat! to are the

sum as used later in the dotn lad procodum.
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TABLE I
 

 

CONTROL PA ELS USED IN ERFCREIHG DIFFEREHT CfiLCULATIOfiS

 

Stop NO. Panel No. Equation Solved

 

1

2

  

Preliminary details

A = (m) (1/!)

£101) = {Ealm A271] . . 4J1}

22m = A1 A2. . . An

8 = (V/L) (K)

:1(S)= {[(slu) 3,31] . . .snu}

{2(5) = 31 32. . . sm

b =3 22m

6 =31. {1(3)

(1 =(a+1) can 5: r2(s)

g an H: +0

In (1 «- (a + b +0)

d - c

o =xf 0

1' =11. (d - c)

1!d " th

2: =1

1 _ 3a ("bi
’ ' 0/]: 1(67. 3)

(Lx)1= A1(R+1) Dxd

(L302 = 52 [0401+ Dxd]
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TABLE I continued

 

 

 

Stop No. Panel No. Equation Solved

( 8 ) O I O O I O C O O O U C O I I O O

mhto

(Luz)f =w

3r

311

L: ..B

(1.1): ‘ £411.41
31

6 = ‘1“)
9 xtun fl1.: n

10 7 zin = 1 (for trny'temperntures)  
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VI. DELTJ'LIIJLII} EEOC. [ELLE-I Foil EELS-4321311143

TEE; CALCZ' LATI CHI

Stop 1; Preliminary Estella

Suyply the information required in Table II. This is the only

portion of the problem that requires the Judgment of a chemical engineer.

Hake the necessary calculations and fill in column 1 of Table 111. After

each complete calculation enter the data obtained in the next unused col-

“En.

Count out the decks of cards, and write the identifying symbol on

the top card of each deck as specified in Table IV. ' ‘ /1

Select from the files the K cards for the specified pressure. Run

the K cards through the sorter, reroving the o rdc for components not

present in the feed. The remaining carde constitute the working file of

K cards for this problem.

. Remove the K cards for the temooroturee listed in Table III and

divide them into two groups; one for the trays oboe. the feed tray,

and one for the feed tray and the trays below it. Set aside the K

cards for the temperature of the roboilor for later use.

arrange the first group with temperatures decreasing from top to

bottom, and the second group with temperatures increasing from tOp to

bottom.

Resort the two stocks : ouein the cards b commononts.
9 1 .



TABLE II

PEELIMIKARY DATA
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Pnaaun

Reflux ratio (R)

Ho. of trays above food trey

No. of trays below teed tray

Food composition

Eatintea

Fraction of feed removed as

distillate (D)

Temperature of rebeller

Temperature of top plate

Component n01. Motion

 

 
 

 
 



TABLE III

RifULTS OF CALCULATIOXS
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Based on

Table II

First

Trial

Second

Trial

Third

Trial

Fourth

Trial

Fifth

Trial

 

D I _ .

_ C +

VJ!- (’ 1+(RGHJ-ISD\

Tray temperatures

1 (top)

2

3

r

4

feed

III

II

still        



TABLE III captioned
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Booed on

Table II

First

Trial

Second

Trial Trial

Fourth

Trial Trial

 

Compositions

(last trial only)

Pietillato

Bottom

       



TABLE IV
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DECKS OF CARDS REQUIRED FOR ORE COZ’ZPLETE CALCULATION

 

 

 

Identifying Color No. of Cards per Dock No. of Docks

Synhol of Card. When Rot Equal to

Nnnber of Components

A1, ‘2, A}. o .111“ No. of m

above food tray

{(A) unit- No. of ompononto 1

tin" No. of true

nbovo food W

31, 311, whit. NO. 0: m

3111' . . below food tray

pin. on.

2(8) Ihito No. of oonpononto 1

tin“ No. of tron

below food troy

m pink 1

VII. pink 1

b‘l pink 1

c 1 pink 1

d 1 pink 1

b obit. 1

o obit. 1

d white 1

d 2 pink 1

d‘3 pink 1

d I. pink 1

g whit. l

d - 0 I111“ 1   
 



ThBLE IV continued
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Identifying Color No. of Cards per Book No. of Docks

Symbol. of Cards When Not Equal to

Number of Components

0 white 1

e 1 pink 1

1d white 19

1' white 1

B 1 pink 1

B white 1

D 1 pink 1

D white 1

D 2 pink 1

1.11, 142 , . . white gmrfxzyauay

L white 1

fo whit- 1

1.31, 1.111, . . white No. of trays

below feed tray

11, x2, . . 0 white Emffmtrgyzru

1f white 1

x1 , :n . . . white 1:3031‘me

1’ white No. of trays plus one 1    
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thp 2

Control panel number 1, chip bar insert at column 52.

Reproduce the data from column 12 and columns 29 - 33 of the firet

stack of K cards, in column 12 and calms 46 - 50 of the A deal-La in numer-

ical order.

Reproduce the date from column 12 and culumne 19 - 23 of the second

stack of K cards, in column 12 and columns A6 -'50 cf the 5 docks in numer-

ical order, followed hy 8f fleck. homove the cards for the temperature of

the feed tray from the stack of K cards, and reproduce the name data in

deck.f(3)o

x punch column 3 in all carde in decks A and 3.

Take one card from deck LIV and punch .3 follows:

1 in first control reading position

1 in column 25

1 in column 35

Ln/Yh in columns 41 -»44

Using this no a master care, dupliccte the punching in each of the

other cards. Steak the 3*. decks together, place one of the L/V cards on

top, and run them throujh the machine. hencvc the pink card and put the

remainder aside for a later calculation.

Cort the deck {(A) by components and place one of the pink cards on

top cf the first card for each conpocont. Run this deck through the

machine. Discard all the cards except the lust card for each component,

1..., the card on top of each pink curd plus the bottom one. Yrite {(A)

on the top card of the cues retained.
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Take one card from deck V/L and punch as follow-c:

X in first control readies position

1 in~ column 25

l in column 35

Kim/Ln in column: 1.1 . 4!.

Using this no a meter cord as before, doplimte the punching in the

other cards. Stock the 5 decks togativsr and place one of the V/L cards

on top and run then through the machine. Room the pink cord and put

the reminder aside for a later calculation.

Sort tin deck {(3) by components and place one of the pink curds on

top of the first cord for'each component. Run this deck through the

mchine. Diecerd all the cards except the loot card for each component.

write fit?) on the top card of the once retained.

Step 3

Control panel number 2, skip her insert at column 61.

Punch an X in the first control reading position of each card in the

b1, 01, and d1 decke. Reproduce the results punched in the “2-1) and {(5)

docks in these three decks as follows!

Deck and columns Deck and column

from which date in which date

are taken ere reproduced

HS) 52 - 60 c1 31 - 39

:13) 61 - 69 d1 31 .. 39

rm 61-69 13131-39

Tm information entered in docks b, c, d, (12, 63, and d4 ie punched

in columns 21 - 28, with the decimal bet-econ column 21. end 25. R is
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punched in each card in deck 1:, 3+1 is punched in each card in deck d2,

and G is ptmohed in each cord in deck (34. If G 15 mm). to one, this deck

is omitted. The hfiormtiou in columc 61 - 69 of the firet cord for each

component in the S deck is reproduced in docks c and d. The information

in colunma l9 - 23 of the K cards for the temperature of the reboiler is

reproduced in deck d3.

Place the first I: can! under the first bl card, the second b curd

Mr the second 111 card, and so on through both decks.

repeat this procedure for the c and cl docks.

Place in the following order the first curd from each of the decks

involved! d1, d2, d3, M, and d. These are followed by the eecond card

free each dock, in the some order, and no on until the oarde are in on.

stock. The three stacks of conic one run through the mohino, after

which the pink cards are discarded.

Step 4

Control panel :1qu 3, skip bar insert at colum 61.

Punch decks g and d . o as follow:

Deck and column Columns in which

from which data data are

or. taken reproduced

f(A) 52 '- 60 21 " 29

b 61 an 09 31 "' 39

o 61 - 69 41 «- 1.9

d 61 - 69 51 - 59

X punch the first colum of each card in the d - c dock. fun both

decks through the machine.



Chap 5

Control palm]. mint-,0: 1, skip bar insert at. column 52.

Punch an I in the first column of a blank card and run it through

the machine.

E‘Leproduce the punching 1‘row the colmms 61 - 69 and 70 - 73 of tho

(1 - a deck in columns 21 - 29 and 31 - 39 may-:ectivcly of the cl deck.

A180 punch an X in each of those Garcia in the first control reading

poaition.

Enter the feed compositicn in deck 0, in columns 47'- 50. Punch

the mole fraction of the first componant in the first card, the mole

fraction of" the second camper-cat in the second card, and so on. Place

the first a card under the firct 81 card, the second o card under the

second e1 card, and so on until both decks are merged. Run the deck

through the machine and discard the pink ccrfla.

Punch an x in the second column of a blank card and run at through

the Maxine.

Stop 6

Control panel numlnr 4, skip bar insert at column 70.

E‘ieproduce the results punched in deck: 0 and g in one of the xd

dcclm u follows:

11:01: and colwms Calms in which

from which data data arc

are taken mproéuoed

0 2 1- 60 31 " 39

o 61 - 69 ‘ 41 - 49

g 61 «- 69 . 51 «- 59

3 70-78 61-69
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Examine each card in tho d ..¢ and g docks. If thorc is an X punched

in column 79 of a card in tho dI- c dock, punch on X in column 1 of the

corresponding card in 1a deck. If there is an X punoficd in column 79 of

a card in tho 3 deck, punch an X in column 2 of tho corrocponding card

in 3a dock.

Reproduce cightoon duplicatoc of tho xa dock. A value of D is to ba

obtained, which will, when mood in thic calculation, give an answer equal

to 1. A caries of calculations is made axing different values of D until

tho one is found that will givc the rccult nearoot to unity. Each value

of D tried is punchnd in columns 26«-r28 of each card in one of the xa

docks. The selection of the values or D to use is boat explained by an

illustration. If D was estimated to be equal to .56, six decks of cards

are punchcd with 9 equal to .45, .50, .55, .60, .65, and .70. The cards

are run through tho machine, and columns 75 -v80 of tho last cord in each

dock (the whito cord) are inspected. Those columns represent a six.digit

number,'with the docimol after tho first position.

If the answer obtained with D equal to .55 13 greater than one, and

the answer obtained with D equal to .60 13 loss than one, the next four

docks are punched with D oqucl to .56, .57, .56, and .59. Again the

results are examined and the range within which the correct value of D

lie: is determined. If .58 was too high.and .57'cas too low, the romain-

ing nine decks are punched with D equal to .571, .572, .573, .574, .575,

.576, 0577. .578, and .579. Those are run through the machine, and the

one which givoa the answer closest to unity is taken as th. corrcct valuo

of D. Disccrfl all the :6 docks except the one in which the correct valun

of 9 is punched.
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Stop 7

control panel number 5, clip bar incort at column 76.

Punch dock 3: no i‘0110333:
8

Lock and colwmc Colwtu'sc in which

1'rom which data data are

are taken mprofiuccd

d - c 21 - 29 21 - 29

d - c 31 «- 39 31 - 39

d - o 4.1 - 49 41 '- 49

d-c 73-73 51-59

and 70 - 7!. 61 ~ 65

' and 26 - 23 66 a 68

Funch on X in column 1 of ccch card whocc corresponding cord in the

d - c deck has an X punched in cclunm 79.

Run the xa dock through tho cochiz-zc.

Stop 8

Control panel number 2, skip bar insert at column 61.

X {.umch the first control melding p cition of each card in 131 deck.

Reproduce the information in columns 76 a 79 of In dock in columns 36 «- 39.

Subtract D (obtained 1:: stop 6) from one, and pmch tho reminder 1:)

columa 25 «- 27 of each cord in B dock. Insert ouch B curd undo:- the

cmcapoudmg Bl cord and run the combined dock through the machine.

Macon] the pink cords. _

X punch the fir-ct control reading position of each card in L1 deck.

chrmlucc tho information in cclumzc 7D - 73 of xd deck in column 36 o 39.

l‘zmch D (obtained in soup 6) in colur-zns 25 «- 27 in each cord in D dock.



Punch 3+]. in each cam} in 132 deck in ccl‘wszna 21 «- 28, with thc

decimal bctwccn cc-umna 24.33é 25.

iicprcriucc the information from cclunm 12 and column 62 . 69 of A1

deck, in column 12 and columns 21 -'28 of Lgl deck. Eluce in the follow—

ing oricr the first card from each of the ducks involved: E1, B, B2, and

in. These arc followed by the ascend curd {rum each deck, and so on

wetil all my cards am in cm stack. mm the stack 1311mm the machine

and discard thc pink carfls. Separate the rcmaining cards into their two

origin-3.1 decks, D and 13:1.

I-icgrcduce the following bai’onnation as apccificd:

fleck and columa fleck and columns

from which data ' in which data

arc tckcn are reproduced

L31 61 ~r69 L 31 c.39

:12 12 L112 12

A2 62 - 69 L1: 21 - 28

a mum ' mzu-w

A3 12 1x3 12

1&3 62 - 69 1x3 21 - 23

D 61 - 69 133 41 - 49

( A deck similar to the above 1:: punched for each tray above the

feed tray.)

31. 12 Ext 12
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(A deck similar to the “Racing is punched for each tray below the

' f94‘d my.)

311 12 Lxll 12

B (,1 - 69 mm 41 - 49

B 61 'I' 69 ' LXI [01 - 49

Punch an X in thc first control reafiing porition of each card 1c the

L deck. Punch an I in the second column of each card in 1.113 1.2: deck.

Punch an X in the first and second colma of each card in the L: «:1ch

with the Roman cubacripts.

Stack the decks 1n the following order Tram top to bottom L, 1x2,

1x3, . . . fo, . . . 13:11, 1.1:?

In columna 9 and 10, punch cach card with thc number of the position

of its deck in the stack. Sort tha cz-era ism-to grcupa of comm corwpmmnu,

and run than: thmgh the machine.

Resort the cards into the orig-find decks.

Step 9

Control panel nwnbcr 6 , skip bar insert at ccluumc 1.1 and SO.

.‘éeproducc the hafomaticn from cclums 65 - 69 of dccm 14:1, L12,-

LIB, . . . fo, . . . 1.3111, and L11, in cclucma 21 «- 25 of deck!» :1, :2,

x3, . . o xf, o . . x11, and II mspcctivcl . Punch an I in the first

control handbag position in the last card of each deck. Run all tha x



1+6

docks tizz‘omgh the machine. Funch an F. 1:": the firct column of a blank

curd, 5an mm it tivzrough the machine.

Tel-4c the lust cord 1:": each dock mad place it on the top of its cam

clock. fiun tit-3 docks flared-3h the machine a second tinc. finch an X in

the ccccd column of a: blzmk fart} and run it though the: machine.

Step 10

Control panel humor 7, chip bur inocz't ct column '76.

Punch 1's in column cm and two, and in the first control rec-fling

position of each card in deck T. The information punched in columns

51 - 51. or? all the cards in each of tho 2. decks is transferred to each

of the cards in the '1' dock. ézlorc specifically, the data in columns 51 - 54

of the first card in :1 deck is punchcd in column 25 a 28 of the first

card in '1‘ deck, Tho data from the sum column in the accord card 1n :1

deck are punched in colmma w - 32 of the name card, and co on until tho

data from all the was in 31 deck are punclwd in the first card in 'r deck.

The com proccgmrc is mmatud for all tho succeeding x docks. Ihe data

from colums '76 - 79 of the curds in the x5 duck are similarly punched in

the final card in '1‘ doc}:-

E‘ho object of stop 10 is to determine the temperature of each tray

in the cola-rm. 3:. group of K cards for several adjacent tczzzporat:r:mo are

withdrawn from tied 2-1 curd file for the top tray tczzgmmtura determination.

The tcmmmturca selected should range for comm). degrees on both sides

of the catimtcd uanagmratm for the tray. X punch in onlmm 8 a. blank

card for each temperature rcgtrrz'mez.:tcd in the group 01" K cards: tail-Kan. In-

sert arc of mace curds below the last Ii curd 1n sacs: tcrrpemturc group.



47

Tho machine will perfom a series of czslmllutiorzs, one for each tempera-

tame, and will pmch the results or“: the card fol“: IOWiE':g.§ the K cards.

Place the first card from the T dock on top ui‘ the E1 cams and run

them through the moi-zine. hen the correct. tozpamztz *‘9 1:23 passed, the

mantra will stop. Immdne the last two nasalts punch-ed. Tin last. one

will be a mmtm greater than one, and the proceeding one will be a

number less témn one. The temperature comaapcmding to the result near-

est to one 15 the tempomtrm of the tray.

Remove the curds from the fem} hogpar and stacker, dizacurd all but

the K cards, and replace than in the 21 file.

Repeat. this procedzgzm with each succeeding card in '1‘ clock, each tim

taking a flaw net of K cards.

Enter the results of this calculation in the second column of Table

III. The entire calculation must be repeated until identical data are

obtained for two consecutive trials.

'



AE’PEII4DIXI S; ail-”LE PROElEI‘J

A natural gasoline of composition given below is to be separated

into an overhead product containing; aim, isobutanofnornal butane,

and.not over 35 ioopontano, and a bottom product containing iIOpentano

and hoavier, and not over 5% normal butane. Tho column is to opernto

at 100 nah/n. in. absolute with a reflux ratio, m, of 3, and the

feed is to enter in such a condition that no not vaporization or con-

donsation occurs on the feed plate (Vh=:Vh)

Feed composition (mole %)

Propane 15

Isobutane 15

Normal butane 25

Isopentano 10

Normal pentane 15

Heavier (homes) 20

Try a column having five plates, with the feed entering at the

middll p18“.

Thin problem illustrates this calculating method. It was worked

on a desk calculator, however, not on an 1B3 machine.



TABLE II

PRELIMNARI DATA
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Pressure

Reflux ratio (R)

No. of trays above feed trey

No. of trays below feed tray

Feed composition

Estimates

Fraction of feed removed as

distillate (D)

Temperature of rebuiler

Temperature of top plate

 

 
 

mo FS/

.5

$1

6L

Component Kale fraction

PrO/ene— 0/;

ISO gal/709,, ./5—

”flail/I. ' .35—

ISO Footie; ./0

A/purl‘zne. ./5

Hexcnes .a’LO

, 56(35’

02912.,

/33 
 



TABLE III

IESTJLTS CI" C.‘.LCUIJ;TIOI‘IS
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Based on First Second Third Fourth Fifth

Table II Trial Trial Trial Trial Trial

D 53135 .5le .63.? ,54/ ,5%/

D
VA(=1 Ema“) .324 .835 .2013 .9525 .89.?

Traytemponturu

1“”) /33 /37 “’7 /37 /d7

'2 /5-5' /57. /57 /57 /57

food /77 /77 I77 /77 /77

"III

II /9X /'78 /7'7 /77 /77

I 52910 on! al/i 61/? 02/?

um g4; .23? 9258 (9337 523:      
 



TABLE III continued
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Based on Firet Second Third Fourth Fifth

Table 1! Trial Trial Trial Trial Trial

Compositions

(last trial only)

Distillate

Ca .92 76 7

IC74 . a4 9‘ 0

”(if . 40 3' 7

Ia: , 03 ‘2 ‘1

”:5 .ol 6?

c . a o / 5'

Betta '

C

3 .000553

m
”c . 0/56

C's; . a 6 2. 3

I: 5‘ ./ I a I

”a; . 30 6 8

0(-      .41377  
 



Calculation Results for Third Trial

 

 

 

 

 

       
 

       

 

 

 

K

r :10. and Temperature “’1".

/ 2 7C 11. I Stl.’(

emu”: 137 /'57 /77 /~77 4/? 0238

(:3 02.60 3./</ 3.7/ 4.32 5.0 5. 9

16+ /.07 /.3¢ A44 /.?6 02.33 02-75

“7‘ .?3 m7 /.34 Mc/ /. 97 2.37
7:65 .57 .50 .65 .X3 /.04 /. .24.

#65. ~51? .37 .50 to -£’é Lo?

6‘ J4 ./7 .26 .35 #715 .5!

A“;

(25 .37: .237 3.06/ 3.564 46/35

16¢ .70/ .540 /-353 be” A“;

W‘; .wq/ .7o/ /-/06 #353 ”6""-

Ica” 07.037 /,5'00 .536 .éXS— Y5K

”[65” 5:2.é77 al.027 .s/Ij .545 '7/0

6‘ 5557 559917 ”2/5 "137 .37/

+7 07) £101) F. (8) +3; (8)

43 A308 .0638 Malta ”470;,

It; /.963 .393 5.7915 3. x0 9

4/6,! 9.335 ,Q3‘74 64575 .2. 232/

16’: 5. 54/ 3. can 2.473 ,5”

MC: Y. 6‘57 5. 430 /' 753/ .357

#64 44.07/ OIL/'7‘? /.J9é ,/07     



 
 

 

    
 

 

 

 

    
 

 

 

 

a. A c 0/

C3 "309 ”noes! 53.773 /o¥¥.045

1C4 L955 ,,/77 7.7954 46.2.54

[(C4 ’2'335 /.¢a.2- 5.060 23.2.77

1c,- 5.54/ 7/23 /..9./9 £53?

4/5157 K457 “.470 -77? . 670

Cc ’76'07/ 63.432 .300 .0535

e. 75 ? h

6.3 8’. €50 #127574 60.¢S’7 723.57?

IC" 7.”; 5.777 70.173 35.379

”’4‘ ,. .145 4,557 7.377 ’4'000

I65 ,/2/3 .0370 /o‘.X?-2 ~/¢- 379’

”la” .I/97 .. .o/c:~ 025.545 ~27- ‘755

c, .0600 —-«044‘/ 87.523 —s77, 77;;

x4 Dxd X5 6):,

C73 ..2747 ./478’ .oao323 .ooo/767

16% ”4269/0 J48? .0/5'6 -007/6

”6+ .4037 .aa// .062? .09.?!

IC: .0322. ,0/7641 ./80/ .0852;

MC: ,0/67 .009/43 .305? , /+03

at .00/5 ,0008//.':‘ .4377 .4007    
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1.x

/ ~9- f It I

(L3 .174: .0770 .o7407 .oa07 .0047

13% .4004 .3042. .3303 ./777 ./602.

MC, .7799 .7/rsl .7467 .4075 .3504

10: .740. .4377 .‘7’763 .5777 .5735

NC? .0777 .244: .5447 .75‘60 .744.

C6 .0/737 .07/3 .3374 .4730 .7534

tote) £6.29! Aézs/ «LU/7 9.6/7 7 9.4.16;

X

I .2. 7° 1:1: I

C3 Joy? .0474 4,273 .4077 .007:

IC’L ”2.46.? /97¢ '/;.é7( '07‘2 .033/

Mcf- .4907 .4407 3g¢/ .430? '/33‘/

jC, '6”; o/filéé' ./on3 ”1/751 .0/73

MC: ‘0“, -/3~55' .4073 .0124? .3277

£6 “”047 '0'7‘4'1 .M 9.2 ,/?M 477.2.

Temperature Check

'54)] No. l .‘L {1 11— 1- 3

A37 /:7 /77 /97 .2/8’ .232      
 



(1)

(2)

(3)

(A)

(5)

(6)

(7)

(8)
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