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1. The quantity (k—l) is & xignro éf mepit that may be o

maxinized by selecting de te operating gondd tiom: Haximising this
quantity is equivalent to maximisidg $he product of production rate
times difference in concentration trzm nemnl graviously referred to

as B e

| {cp-ca)a sp
in the 12 Harch letter to C, ﬁt %Bm-

2. The recent ezperlzasntal d ﬁa eollectod by the S-50 Operalions
and communicated to us has substantiated eur theorstical deductlions and -
provided 2 means of readily i’oreasating tith mnﬂdeace the prcdnetion ]

results of waricus zethods of opera. £

3. This memorandum pre “ z
shos, those cozbinations of fesd ratss,’

draw off rates and composiuons

which yield a maximma for the ﬁ.gﬂrgxif asrit quobted. Curve PC lh=)
(attzched) presents the resulis 13 graphieal forn.
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hos -

= rate of fest in units of H

3
lac]
"

= rate of waste in units of i

(1) S _ 14V
- - P = G{V ,y)
Cy o te- (T V)5 p

This formula has been theorstically derived assuming
continucus feed and continuous removal of product and waste. Compsrison
with experlmental and operational data shows that it provides a satisfactory
approximation for the actual intermittent process used at 5-50. 2y takdng
the experimental constants

y = 0.35
(2) H = 36.44 grams per column per day

a good fit is obtained for the relation obdained at 3-30 betwsen product
goncentration Cp and rate of product T, (including a time attainment factor
corresponding to 83 kg. T/day at 0.86%)for fixad C; = 0.95 = 0.7L4 = 1.6733x.
This fit is desmonstrated in graph 26 1lh=2.

In addition to 1 there are the amaterial bslance relations:

- (3) CoTp = G T 20, T,
(4) T, = T, + T,

6. werivetion of raximum:

To siaplify problem formulae will be expressed in Leras
of:

\ w T - 7

" ? A ]
3inee H 13 an experimental constant nith present value
(6) H = 36.44 (for an average of 33 kg. T/day at 0.36%)
the probles of maximizing
(1) £=7T, (kel)
is squivalent to maximizing
(8) F=z2=zTp (k=1)

=V, (k-1) Lor=ES%l




SECRET

By (3) and (4), dividing each equation by H

(9) Cr Ve 30,V + Gy ¥,
(lO) vf - VB <+ Vp

80 that by eliminating Vg

(11) Ct Ve = Cp (Vr <¥p) + G, ¥,

Hence by 11

s -1 . G Cy
(12) k = _é_{ = 5.:‘__(1_1’2) + ¥,
D n Ve 71;

3ur by (1)

(13) o % = G (Y, v)
— N }
T V., 4 o = (L¥,)y prJ
go tnat
o] =1 3
(L) = = { o) 7 a-Toyu T
‘Jf 'i?
- 6(V5,y)
1 - VQ v YA
.‘7-; 4 ‘E"?: &(Vy,s)
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\~JJ s = 2 ’y’f
) v y
1~ P rn 3
‘!f + ?5.. U(Vp)l-"}
= u(\!’p,.}’) ~ 1
VD
l + = G(vp,.?)
Vf--Vp

The Junctions to be maxinized are thus by 2

(16) PE oV, (x - 1)
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vl

= Yp [é(?p,y) =~ lj

1+ V
v, ST

sinea by (1)

(17) 6(Vy,y) = L+7,

If the observed valu~ y = 0.35 , then there are only two
variables V,, ard Vg :i.e, product rate and foaed rate in units #H that
can be varied. Haxlmum values of ¥ can be found for every Iixed
rate of feed Vp, for if

VP =z U then F = ©

Vp = Vo then F = ©

"
"‘-‘

hence there exists a maximizing value of Vp between Vp = U and
Suwamary of formulse

For coamputing maxiaum

F=V, (k-1)= Vo [;(Vp’f) - 1;]

(18) (= ;fg
5 . - k=1
: 14 G(Vp,57) H (
Via¥y
uhere
G(Vp,f;’) - l < Jp ‘ \
v+ e L)Y
Y

Graphs of ¥ will pe plotted for 7 = 3.35 and

(19) V¢ = 5, 10, 15, 20

?ron the values of ¥ and V

¢ Vs, the relations
(20) = + 1

<ty

= C
=

c - 0711}

28y be used 1o find Up, and the relation
(21) C. Iz ¥ S
.:2. = q(vp,y)
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may then be eaployed to find O,

In the numerical case since the unit of flow is H, the only
assined constant is y = 0.35.

AUZT Y TABLIR

T 20,35 -

Vp G(Vp,y) Vp G(Vp:J’)"lj

0O 1.4190 +0000

.5 1.3742 #1871,
1.0 1.3363 »3363
1.5 1.306'1 010561
240 1,2768 »5536
2.5 1,2528 +6320
4 1.1979 J7816
5 1.1713 +8565
6 1.1501 _ »9006
7 1.1330 «9310
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Y 5 10 15 20
3 0000 .0000 0000 0000
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1.5 5589 «2301 1449 «10574
2 +8512 »3192 »1964 14186
2.5 1.2528 4176 +2506 #276897
340 1.8480 3280 «3080 2174
L 447916 7986 4356 429947
5 T e 11713 .5836 . e39043
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s

vp 5 . 10 15 20 P

0

o5 1.3254 1.3490 1,3572 1.3614 1.3742
1.0 1.2521 1.2928 1.3070 1.3142 1.3363
2.0 1.1495 1.2098 1.2313 1.2424, 1.2768
3.0 1.081%4 1.1518 1.1774 1.1508 142320
4 1.0337 1.1086 1.1761 1.1504 1.1954
5 ' 1.07390  1.1080 1.1203 1.1713
3 1.0551 1.02L9 1.1005 1.1501
7 1.0365 1.2643 1.0826 1.1330
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v, 5 10 15 20
3 0 0 0 0 L0000
.5 1622 L1745 1785 1807 L1871
1.0 2521 2928 3070 3142 .3343
1.5 22926 .3708 .2983 4125 5561
2.0 29505 4196 6T 4848 +5536
2.5 28053 4458 .5053 5360 6320
34 25438 4555 5321 5717 6960
4 L1349 4345 VA 6015 7515
5 0 <3945 5102 6160 .8565
6 : .3305 .5098 60325 9006
7 <2555 L6T5 5732 .9310
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