For convenience the following two relationships involving

U and D can be defined:
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Amplitude Ratio = T {a 4 + b 2 J |
n n

. ART (2.11)

b
Phase Lag =  arctan { —2'] = 4 (2.12)
an T
1
Thus ART = { T T 2 { e2y ain2 Z + e2y cos2 ZHl
and = ey
and ® = arctan .
T { an Z |

T tan 2Z

(2.13)

Equations (2.13) are two simultaneous equations in the two

unknowns u and D.

These equations may be solved by using a method proposed by

Law and Bailey (6) and fully described in APPENDIX 3.

It has been svbsequently found that an anmalytical solution to

equation (2.13) is possible. However, for the purposes of this investigation

Lo L

the numerical technique has been used.
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EVALUATION OF k AnND M,

Consider a racked gas-liquid chromatographic column in which
isothermal, linear interphase mass transfer cccurs. This corresponds

to MODEL 1 and the transfer function is described by equation (2.4).

ux uzxz xz ( k1
F(S) = exp |55 - 7 "~ p| Wse+1 k™S
4D "y
2
let s = iw
and x = L
M -1
Consider oy o dw+l
2
-
2 2 -1
MY 4 cis - arctan —
2 k
k 2
2
as before, let
Mw
8 = - arctan =
2
u2L2
2 = 7
4D
¢ W22 -4
Y = ‘ = ; + 1
(g
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and by equation (2.7)

1
& * T © et sin y
1
bn » = T e cos y
(2.14)
As before
L 2 /4
in ART = %5 - [ v+ V2 ] cos %
and ta -1
n °T =
1/4
tan -[ Uz + v2 } sin %
(2:15)

R v

Equations (2.15) are two simultaneous equations ia the two

unknowns k and M and may once again be solved by the method proposed
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by Lav and Bailey. (APPENDIX 4)

2,10 EVALUATION OF a AND bn AS k » =

A packed gas-liquid chromatographic column in whick k » =

can be described by a transfer function of the form,

2
F(S) s 5 (F + 1)] o
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2.11

Z = - jsint

and from equations (2.7)

(2.16)

MOMENT ANALYSIS

Using the method of Mements (5) ic is possible to evaluate the

system parameters U, D, M and k at zero frequency.

It can be shown (5) that if F(t) is the response to an ideal

impulse input then .
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o ¢ —— T r— A

g

T
In F(S) = 3 - i TP, A P seias
nao xas + 3 $° - e
where =
% = !0 f(t) dc
@
a; = IO tf(t) de (2.18)
n
a_ = t£(t) dt
n ]0
- n'th moment of the system
a
and T = —_—
m Bo (HEAN)
a a,y2
Tsz = [ —-—2—} - [——1
%o - (VARTANCE)
(2.19)
3 #3 3,0, 1 ]3
'l'é1 00 002 + 2 a—o— (SKEWNESS)

For the case of a non-ideal impulse input the values

of Tm' 1;2 can be evaluated from the input and output curves by

the use of the relationships

Bt Ty T Ty
2 2
T = T B
S 8 4 s i
3 3 3
= - T
Ta Ta o ’, (2.20)

Where O refers to the output cu've and i to the input curve.
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The mathematical analysis (APPENDIX 5) produces the following

§ results:
:
¢
{
i u -.._.I.‘_
T
b |
2. 2
LT
. w 2'1?!i
™
= o (T , - L) )
FL
" oM® FL u’
2 3 2 2
@ T, - 2L(MF + 1)° D)
(2.21)

Inspection of the models and these results points out the

intuitive dependencies:

u and M -+ MEAN

D and k -+ SPREAD

The method of moment analysis has yielcaed the equations
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T 2
m
1
A
2
Tg
3
2
Tm
2 u
A
v
’F()- - D ~ N ~ . : 1 3
I a process tn be independent of k, it is necessary that
. .
-~

2 712
L ML} 2T (M
ie. 1 ’ ks +  ZLOMF +
5, R e e
.
u k,) u )]

The appearance of the factor (MF + 1) is once again as

expected.

€ 1 .
In o1 r to me ire the " wess of fit 3 model it 1is
Cont
N
.
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e —

,0ssible to make use of the method of least Squares

Let 8(t) be the experimental Curve evaluated from 8.(t)
1

and eo(t) and f(t) be the theoretical Curve evaluated from

amodel.
- . mliit v " 3
€(t) Z an‘ sin ~%— + E bnv — u}t ;
=l n=0 i
3
g
© 4
v :
f(t) = 7J a  sin 2%5 ) b . 2%_ g;
n=1 n=0 % 3
;{:
By definition
2
S = sum of squares of errors
[21 ( )
i~ | £(t) - &8(t) | dt
21 j‘ | *¢ J
0
-2'1', oo - :
Iy | o= =0
r ™ o ] 7
™ 2
o el ] @ can? T g o-bn?| [
21 L n n =0 n o
L n=1 n= o3 ‘
(2.23) |
e ————

Thus it is possible to examine the Fourier Coefficients rather
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than the curves f(t) and 6(t) when considering the suitability

of the models.

REGENERATION’ OF THE OUTPUT CURVE.

Suppose that the input to the system is expressed in the

form

v - nllt T niit
e-(t) # Pn Sin 4 I < C0S T
nsl r

then the output from the system may be regenerated by using equations

(2.7) and (2.9). Values of the parameters D, U, k and M aay be chosen
using a ROSENBROCK SEARCH (9) with ¢ variables and minimizing

the objective function

Ja a2 o+ ] (O - p %2
n*l n= n a

Thus

in i

2T - F(0)
Continued/...29
































