


Amplitude Ratio * t  L  2 * v 2 "I *

I n n J ' ^  (2*U > 

■ arctan ( r )  - ♦t  (2.12)

| T [ T 2 ( *2y sil*2 Z + e2y cos2 Zj j 
- e v

* arctan : --- -----

T I, tan Z

Equations (2.13) are two simultaneous equations in the two 

unknowns u and D.

These equations nay be solved by using a method proposed by 

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

Phase Lag

Thus

and

It has been subsequently found that an analytical solution to 

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

the numerical technique has been used.



EVALUATION OF k A.VD M.

Consider & acked gas-liquid chromatographic column in which 

isothermal, linear interphase mass transfer occurs. This corresponds 

to MODEL 1 and the transfer function is described by equation (2.A).

F (S) exp

ux

2D

2 2 2 k.

u  X X
— k — 5

AD2

D M . S ♦ 1 1 

■ k

2

•

let s 

and x

IV

L

Consider

-1

iv + 1

„2 2 
M v

-I

♦ 1 C I S arctan

Mv

as before, leu

Mv

- arctan

2.2 

u L

AD2

r 2 ?

n w

l

+ i
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where

55 - (»2 - v 2)‘/4 

-[l>2 « v2 J 1'

e
cos —  

2

e
sin —  

2

and by equation (2.7)

As before

Equations (2.15) are two simultaneous equations ia the two 

unknowns k and M and may once again be solved by the method proposed

Continued/...22
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by L a j and Bailey. (APPENDIX A)

EVALUATION or a AND b AS k -  « 
n n

A packer sas-liquid chromatographic column in whicl. k 

can be described by a transfer function of the form,

F(S) - exp

r 2 2 2

i 'u x u * +
sx (m f  + l'i

2D

I AD2

-
(2 . 6)

Let S = iw 

and x = L

F(iv) ■ exp

2,2 

u L

Let p - — j—  

4D

uL f u 2L2 iwL^

2° I AD2 3

(MF + 1 )

.2

q - —  • (MF + 1)

I 7 2 1/A

(p + iq) » (p + q ) CIS

{ arctan

. 2 2. 

where J “ (P + '

j cis i

j cos I * i j s^n 1 

1/A

£ arctan

P 1
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(2 . 16)

F(iv)

where

sin Z

cos Z

2.11 MOMENT ANALYSIS

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

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

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

impulse input then :

Continued/...24

and from equations (2.7)
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in P(S) = fcnao - T S + -5__

m 2

where

and T

f o  ' < * > *

■ l o

tf(t) dt

Ta3 ,3

T "  +

n th moment of the system

(MEAN)

J3 3ala2

(VARIANCE)

V + 2

(2.18)

(2.19)

(SKEWNESS)

(2.17)

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

2

of T^, Tg can be evaluated from the input and output curves by 

the use of the relationships

\  -
Tm "

o

T

.. 2 

's “ Ts2 ' 

b 0

T 2 

s . 

l

T 3 «= 

a

>
1

0
>

o

1

T  3 

a . 

i

(2.20)

Where 0 refers to the output cu’ve and i to the input ctrve.
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results:

The mathematical analysis (APPENDIX 5) produces the following

Inspection of the models and these results points out the 

intuitive dependencies:

u and M  -*• MEAN

D and k 2 SPREAD

The method of moment analysis has yielded the equations 

„ 2 2DLV = T

1 U .
Continued/ ...26



For

process to be independent of k. it is necessary that

2 „ 2T -* T
S1

ic. T 2 -v 2m2lF + 2L(MF + l)2 * u 3Ts .2 

s? - ------ -̂-----------------

u k2 u 2L

ie. Ts 2 * <MF * » 2 Ts 2

(2 .22)

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

expected.

l e a s t  s q u a r e s  a n a l y s i s .

In order to measure the "goodness of fit" of a model it is

Continued/



^ossibje to make u<?#» «v.

use of the method of least squares

Let 6(t) be the experimental

*nd 6o (t) and f(t) be the theoretical

curve evaluated from e.(t) 

curve evaluated from a aodel.

I b cos 

n=0

By definition

sum of squares of errors

,2T

f

j f(t) - e ( t )
dt

■*0

*•

2r
OD

00

4

(‘n - V >
S i n ¥ + I (bn - bn '> CO. B|i

0

n=l

n=0

j

(2.23)

» »

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.

2.13 REGENERATION’ OF THE OUTPUT CURVE.

Suppose that the input to the system is expressed in the

form

e . ( t ) n::tV • n!lt r

* Pn Sin ~  + I «n C0S T 

ns I r.-O

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 U variables and minimizing 

the objective function

.'a - a ')2 + J (b - b ’> 

n n Ln n n

n*l n=0

• \2

Thus

~  Im 

T
[ ■  ( ¥ )

i ..  r

1

2T - F (0)

in i

1
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