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DETERMINATION OF FLOhIS AND VOLUMES IN MULTIPLE CELL SYSTEMS

by Lars Jensen

1. INTRODUCTION

A new method to determ'ine flows and volumes in multìple cell systems with a

s'ingle tracer gas'in one experiment'is described. The tracer gas concentra-
tioñ is measured in each cell. The same tracer gas'is released in each cell
1n a certain pattern in t'ime. The pattern is such that the influence of
different tracer gas ìnputs can be separated.

Ideal mixìng'is assumed in each cell. The interconnecting flows between the
ce'lls are cónstant and wìthout time delays. The mult'iple cell model is
described in Section 2.

The time derivatjves of the tracer gas concentrations are calculated. A large
equat'ion system can be formulated based on the multiple ceìl model structure
and its parameters, the measured tracer gas concentrations and their time
derivat'ives, and the tracer gas inputs. The equation system 'is I inear in the
model parameters which are flows and volumes.

The I inear equat'ion system has norma'lly more equat'ions than model parameters.
The I inear piogramm'ing method ìs used to determ'ine the model parameters. All
model parameteis can be restricted to a g'iven'interval or even be given a

fixed value. The model parameter identification is gìven'in Section 3.

A three cell system ìs used as a test example. Four experiments are used to
test four time derivat'ive calculation methods based on simple interpolat'ion
and a fifth method us'ing the prev'ious model parameters'iteratively. The

results are g'iven 'in Sect'ion 4.

2. MODEL FOR MULTIPLE CELL SYSTEM

This model is well known and'it is based on the following assumptions:

1. The model consists of several cells with constant vo'lumes interconnected
with constant flows.

2. The concentrat'ion of any matter in a cell is the same (ideal mixing).

3. The flows between the cells have no tìme delays.

The following notations are made:

n number of cel I s

Vi volume of cell number i
qij flow from cell number j to cell number i

Qiu flow f rom outs'ide to cel I number i

9uì flow from cell number ì to outside
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git total infìow to cell number i

eti total outflow from celì number i

cr(t) tracer gas concentration in celì number i

p.i(t) tracer gas'in'let in cell number i

The total inflow and outflow for cell number i can be written:

9it =

respect'ive'ly

Qti =

n

¡li 
qii * Qiu ('i=1,n) (2.1)

(2.7)

matrix Q has the

I or less than zero,
I i).

(i=1,n) (2.2)

The total .inflow is equal to the total outflow due to mass balance reasons

for the flows. Thìs means that

Qit = Qti (i=1,n) (2.3)

or

n

¡li 
q¡i * euì

(i =l ,n) (2.4)
j

A mass balance equatjon for the tracer gas'in cell numberi can be stated

n

vi¿(t) = 
¡i., 

qìici(t) - etic.,(t) * Pi(t) (2'5)

accumul a- i nfl ow outfl ow product'i on

t'ion

The tracer gas concentrat'ion outside the model 'is assumed to be zero. The

time derjva[ive ìs denoted with a '. The who]e multiple ce]l model can be

stated us'ing the fol lowìng matrix notation.

vð(t) = qc(t) + p(t) (2'6)

where t) tracer gas concentration vector
t) tracer gas inlet vector

diagonal volume matrix
flow matrix

All the non-diagona'l elements in the fìow matrìx Q are defined.earlier as

the interconneciing flows ei¡. The diagona'l elements Q.¡i are given by

n
x. Qii * 9i, =
*1

Qii=-qit=-9ti (¡=1,n)

which can be seen from the equat'ions (2.1'4). The flow
fol ìowing properties:

1. The summation of all row elements 'in row 'i are equa
if zero then qru = 0 (no inflow from outside to cel

n

.r.Qii * Qui
JÉ]
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Z. The surnmation of all colomn elements in colomn i are equal or less
rhan zero, ii ie.ó the; O;; = O (no outfìow to outs'ide from cell i).

3. All non-d'iagonal elements are non-negative.

4. All d'iagonaì elenents are negatìve.

The number of model parameters in a multipìe ceìl mode'l of order n are

n(ñ-Zj, ãonsisting of n volumes, n(n-l) interflows, n inflows, and n out-
fl ows.

However, n parameters are ìinear dependant on the others which fo'llows from

iñä-åõLåtìo;; tz.ql.-The number of model parameters becomes n(n+1).

MODEL PARAMETER IDENTIFICATION

eneral questìon is how to determine the model parameters in a multiple
I model'from measurements of tracer gas concentratìon and tracer gas

et in each cell.

The model (2.6) can be rewritten on a more common form as folìows:

ð(t) = v-lQ c(t) * v-lp(t) (3'1)

This continuous time model is then transformed ìnto a discrete time model

as follows:

c(t+l¡ = ¡c(t) + Gp(t) (3'2)

This.is done under the assumpt'ion that the tracer gas production p(t)
ii constant during the t'ime 'interval (t,t+1) '

The matrixes F and G are g'iven bY

V (3.3)

(3.4)
l¡
¡

The matrixes F and G can now be determ'ined from the measurements. The

volume matrix V and the ftow matrìx Q can then be determined from the
equations (3.3-4).

However, there is no guarantee that a solution determin'i19 V and Q from
F and G exists. A siñple counterexample is a_single çe]'l system with a

negatìve F = f,,,, which'ìs impossible with real V and Q.

One method could be to fit the discrete time model to measurement data
by varying tñð parameters in V and Q and fulfill'ing.the actual constraints.
f-¡¡e präUïËr-ðãn'¡e iãga"¿ed as a non-linear constrained optimization problem.
The number of parametõrs can be large. There may be several local minima.

Ag
cel
inl

a
F=e

't_1 V'Qs
G=I e dsV
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Another method is to use the continuous time model. The only problem is
that the time derivatives of the tracer gas concentration is unknown. Then,
the idea'is to calculate the derivatives directìy from the measurements.

Now a'large linear equat'ion system can be formulated containing m x n

equat'ions, describing the tracer gas mass baìances for n cel'ls and for m

measrrerents. The major advantage-of this method is that the equations are
linear in the model Parameters.

Linear programming'is a method that can be used to solve this probìem.
gne adväntãge of ihis method is that it wot'ks w'ith only non-negat'ive free
parameters. Another advantage is that a'll free_parameters can be restricted
to g'iven intervals. A third-advantage is that linear relations between free
parãmeters can be introduced into the equation system.

The linear programming prob'lem can be stated as follows, minjmizing the
function y with resPect to x

T (3.s)Y=cx
under the constraints

Ax = b (3.6)

and

where

x. ) 01-
(3.7)

A

b
c
X

v

constant matrix
constant vector
constant vector
vector
scal ar funct'ion

(mxn )
(mxl )
(nx1)
(nx1)

App'l ì cati on

The problem has been solved with the followjng free parameters: I

Vi volume

qlj i*i 'interflow

Qiu inflow from the outsjde

9ui outflow from the outside

All are non-negative. Al'l the abovementioned free parameters are sorted into
a,model parameier vector x*. The number of parameters are denoted p =

n(n+2).

4
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Mass bal ance equat'ions

Al'l the mass baìance equations can now be stated as a normally over-
determined equat'ion system g'iven as

Ax =þmm m

The dimensions are as follows with q = ¡¡

(3.8)

A oxD
m

X, pxl
b qxl

m

The elements in the matrix
cr (t) - ci(t). fhe elements
irïlets p.itt).

The equation system (3.8) can be fulfilled by'introducing two non-negat'ive
error vectors xo and xn for positìve and negative equation errors, both w'ith
the dimension q'. Th'is g'ives

Ax +x -x =b (3.9)'mm p n m

Model parameter relations

The model parameter relations given by equatìon (2.4) can be stated as
fol I ows :

Ax =Q (3.10)
rm

The d'imensions of the matriX A¡ ôrê n x p. The elements in the matrix A.
are -1, 0 or +1. Each row contains n times -1 and n times +1.

Bounded model arameters

All free parameters xi are non-negative in linear.programming..All model
parameters can be givèn a'lower and an upper bound. The lower bound is
introduced as

*i, = bil * riu (i=l,p) (3.1 1 )

or on the vector form as

** = bl * *u (3'12)

where b¡1 is the lower bound and x¡u isthe varìable part (non-negative).

The equation systems given by (3.9) and (3.10) can now be rewritten by
replacing the model parameter vector x, wiú bl * Xv.

Artu*tp-*n=b-Arb¡ (3'13)

A.*, = -Arbl (3.14)

A¡ are given UV å(t), ci(t) and the differences
in the vector b, are given by the tracer gas

I¡
t
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An upper bound for each model Parameter x., is introduced by the followìng

equati on

bil * *jv * *i, = biu (i=1,p) (3' 15)

or on the vector form as

bl * xu * *, = b, (3'16)

ï!Eå.ol'rnå',|ffi.ï'B::n::ffiÍ.Ë''üuîlie'i.'H,îiîi'ifli:åii,ï]åiorälili?'in.
üËõË.-"¡,.ùnã.quuiì"ñ;-õìtå. uv (3.16) can be added to the probìem in the

form of

*v * *s = b, - bl (3'17)

It should be noted that the lower and upPef bounds cannot be chosen

arbitrary because the parameter relatioir'given by (3'14) can be impossibìe

to fulfill.
The compìete linear equat'ion system is gìven by

Ax = b (3.18)

where

A=

þ= l

X=

and where 'in turn I
and p = n(n+2).

A

I

qA
m

r
p

b-
m

-Abr
b

u

I
q

0

0

"I 0

0

I

I

0

0 p

Ab,ml

b

X
V

*p

X
n

*,

variable parameter

pos'i ti ve error
negative error
sìack varìable upper bound

q and Ip are unìt matrixes with the dimensions q = mn

l¡
I

The number of equations are easily calculated for the full problem to
mn+n+n(n+2) = n(m+n+3).

The number of variabìes are n(n+2)+m+n+n(n+2) = 2n(m+n+2)'

Loss function

The loss function y is a weighted summation of the errors in the mass

baìance equations

6
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y=.;ro*.lrn
The penalty vectors cO and c can be given different values.

(3.1e)

n

However, if all measurements and all cells are assumed to be equally
important then the loss function can be given as

mn

y= i (xoi*xni) (3.20)
j=l

There should of course be no penalty on the variable part of the model

parameter vector xu and the slack variabìe xr, used for the upper bound.

ca'lcu'lation of tìme derivatives

Four methods based on simple inter"polatjon are used. Two methods are of
first order and two of second order. The calculation formulas are gìven by

acr(t) = s(¡+1 ) - c(t) (3.21 )

acu(t) = c(t) - c(t-l) ß.22)

dcrr(t) = (c(t+t) - c(t-1))/2 (3.23)

dcrr(t) = (-c(t+z) * 4 c(t+1) - ¡ c(t))/z ß.24)

It is eas'iìy seen that dcF(t) = dcB(t+t) and dc¡g(t) = (dcF(t) + dcAft))/2-

In a fifth method, proposed by Mr Björn Hedin, research eng'ineer, the time
derivatives are cáläuläte¿ trôm the earlier estimated or guessed model

pã.u*ãt.ts and different observations in time. The tracer gas input p(t)
ìs elim.inated in (3.1) by using (3.2). The matrixes F and G are calculated
as gìven by (3.3) respect'iveìy (3.4). Th'is gives

ê(t) = v-1Qc(t) * v-1e-1(c(t+l) - Fc(t))

This equation can be s'impì'ified by elimjnating the matrìxes F and G which
gives the fifth time derivative cãìcuìation mãthod denoted A below. I

oco(t) = A(eA-t)-1(c(t*t) - c(t)) (3.2s)

where the matrix A is given by A = V-lQ. This method A and the method F

are sim'ilar when the mãtrix A- is diagonal and has small eìements. This 'is

the case when the multiple cell systém dynamics is slow compared with the
sampì ing rate.

The method A can be used iteratively and the starting values for the V and

Q matrixes can be estimated with onê of the four simple interpolation methods
or just guessed. It can be shown that the estimated model parameters wil'l
converge to the actual ones for a single cell system.

7
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4. SIMULATED EXPERIMENTS

Test mode'l

A three ce]l model is sìmulated with a flow matrix Q gìven as

r(s) =

I s=0 rtN rt2N, . . .

-lll¡ else

2

-11

4

0

3

9

It follows from the flow matrix Q that the inflows Qi, are g1, = 3,

9Zu = 7, and g3u = 5, and the outflows qui are qu1 = 4, 9uZ = 5, and

9u3 = 6. The cell volumes are V, = '10, VZ = 20, and Vt = ,¡5.

PRBS experjments

Three PRBS experiments and one decay expenìment have been simulated. A PRBS
(Pseudo Random B'inary Sequence) assumes onìy two values (normal'ly 0 and l).
The sequence'is determined by its order o and the basic period T¡.,, time units.
The sequence is constant for Tb up to oT5 tìme u¡its. The sequenõe has got
the tota'l period T¡ = NT5 t'ime-units where N = 2" - 1.

The PRBS signaì u(t) ìs generated as follows:

1 ofU odd
u(t) = (4.1)

0 of U even

whe¡^e U - u(t-l) (4.2)

The feedback polynomìal fi 'is given by

0rdero fi (i=l,o)

The autocovariance function r(s) for a PRBS signal u(t) of order o is
given by

0r f.
i=1 l

?
3
4
5
6
7

8

1

0
0
1

0
0
1

1

1

1

0
1

0
0

1

0
0
0
I
1,

tI
a

1

0
0
0

1

0
0
0
1

1

0
0

I
0

(4.3 )

The autocovariance function becomes almost uncorreìated for a high sequence
order o and similar to white noise.

É-.
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Measurements are nnde at t = 1(l)15 time units for all experiments. The
in'itial tracer gas concentrations are c1(1) = 0.8, r2(l) = 1.2, and ca(1) =

1.0 in al'l experiments.

The tracer gas inlets are controìled by a PRBS signal as foìlows:

0 r Basic od

The same PRBS signa'l is used for al'l tracer gas inlets, but with djfferent
phase or time deìay as fol'lows:

p3(t+2Tb) = pz(t+To) = p1(t) (4.4)

The decay experiment is denoted DEC and it is without tracer gas inìets.

The tracer gas inlets pi(tì.(i=J,3), the tracer.gas.concentrations.ci(t)
(i=1,3), and the corresponding t'ime derivative ¿i(t) ('i=1,3) are g'iven i
FIG 4.1 for the experiment P25.

Al I the four t'ime derivat'ives estimated and the actual time derivative are
g'iven in FIG 4.2 for each cell and for the experiment P25. The time derivatives
estimated from the method F are also g'iven together with the actual time
derivat'ive in FIG 4.3.

Model parameter identìfication

The four experiments have been used together with the five tìme derivative
calcu] ation methods g'iven by (¡.21-25) and denoted F, B, FB, FF and A. A]l
model panameters have been free and unbounded except for the decay experìment
'in which the volumes have been fixed to correct values.

The found model parameters, the loss function y, and the number of itera-
tions k are presented in one table for each time derivative ca'lculation
method. The tables are numbered 4.1-5 and correspond to the method F, B,
FB, FF and A. The method A is used w'ith onìy five iterations and it'is
started from the method F.

Remarks on results

The five time derivative calculation methods can be ordered as follows:
A, F, FF, FB and B with respect to the smallest loss function for al'l four
experiments, except for the experiment P41 where the method F is better than
the method A.

Experiment Signaì
m'in max

P25 0 10
P32 0 15
P41 0 15

perl
Tu

5

2

1

rde
o

2

3
4

Total period
Tt

l5
14
15

t¡
?

The ìoss function for the experiment P25 and the method A is about 1 and
corresponds to an average error in the 42 (=n.m=3.14) mass balance equations
of about 0.03.

9
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The model parameters obtained from the experiment P25 are c'lose to the
real ones for all five methods.

Model parameters determined by the method A are close to the rea'ì ones

äiðãpt'for the experiment P41: But the cell volumes V¡ are very cìose to the
;;;i'ones. It shoilld be noticed that only five iterative calculations of
the time derivatives are made.

The model parameters obtained from the experiment P32 och P41 deviate more

iróm the räat ones for all methods. The method B and the experiment P41

tàil corplete'ly. The second onder methods FB and FF fail partly.for the
.io..irei',t p41: The obtained models have no interflows. One explanation is
tiìã¡ t¡rã pngs signal is changing 8 times out of l5 measurement times.

The estimated cell volumes are the model parameter with the ìargest devia-
tion. The second order methods have cell volumes c'lose to the real ones.

rrrã cell volumes are overestimated for the method F and underest'imated for
the method B.

The loss function is almost zero for the decay experiment and_for all four
retfrodt. The second order models have model parameters more close to the

;ã;l ones for this experiment. Note that the celì volumes have to be fixed,
ome zero. This is due to the fact
br = 0 (no lower bounds). The mass

elations (3.14) are then turned into
olution xv = 0, XD = 0, and xn = 9'
model parameters from decay experìments.

0ther experiments without tracer gas inlet in some cells, indexed i,
have the'same behaviour as a decay experiment. All model parameters

äó.iuininé index i tend to zero. Íhen'it is also ìmpo¡s]ble.to determine aìl
model parãmeteri f.o* experiments without tracer gas inlet'in sonìe cells.

tI
e

^E-
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0
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t3

t5

c,, (t)
cr(t)
cr(t)

25

1.5

0.s

2

5

(r)
(r)
(r)

0.5

-0.5

-t

lI
I

0

t0

time t

FIG 4.,l Tracer gas inlets pi(t) (i=1,3), tracer gas concentration
c..(t) (i=,l,3) and its time derivative ðt(t) (i=1,3) as a

function of time t for experiment P25.
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FIG 4.2 nctual time derivative ðrtt) (i=1,3) marked (1) and caìculat-

ed time derivatives dcr(t) (i=1,3) for the methods F, B, FB,

and FF marked (2-5) as a function of time t for the experiment

P25.
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Actual time derivative ðrtt) (i=1,3) marked (1) and

calculated time derivative dcr(t) (i=1,3) for the method

F marked (2) as a function of time t for the experiment P25'
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TABLE 4.1 Model parameters, the loss function y, and the number

of iteration k. The time derivative method F (3.21)'

m=14.

Para-
meters

et t
9tz
at¡

azl
ezz

9zz

Real

-5.00

2 .00

0 .00

1 .00

-11.00

3.00

0 .00

4.00

-9.00

3 .00

7. 00

5.00

4.00

s.00

6.00

10.00

20.00

15.00

P?5

-4.90

1.84

0 .00

0.96

-t0.86
2.96

0 .00

4.22

-9. 13

3.06

6.92

4.91

3.94

4.80

6.14

13.,l6

28.20

20 .48

1.86

- 10.67

1 .88

1 .66

- 10 .31

1.27

1.27

2.85

-9.77

3 .39

7 .37

5 .65

1.44

6.53

8.44

12.67

27 .53

20.78

5.77

?0

DEC

-3.90

1.19

0.09

0 .60

-8.17

1 .70

0.06

2.27

-6.60

Experiments
P32 P41

-4 .60 -4 .37

2.26 0.92

0.09 0.06

9gt

e¡z

9¡¡

0.66

3. 19

-9. 14

91,

92,

93,

Qu1

QuZ

9u3

vl
Yz

v3

3.25

6 .93

5.28

2 .08

6.22

7 .16

12.70

29.96

20.32

2

5

4

.62

.88

3.25

4 .71

4.81

114

.27

t¡
I

4 .98 t 1.05

53 64

0.00
v

k

14



TABLE 4.2 l{odel parameters, the loss function y, and the number

of iterations k. The time derivative method B (3.ZZl,
m= 14.

9'n

9tz
9tg

-5.00

2.00

0.00

0.00

0.00

0.00

Para -
meters

9zt
9zz

9zg

Real

1 .00

-1 1.00

3.00

4.00

5.00

6.00

P25

-5.04

?.01

0.0s

1 .04

-11.11

2.98

0.00

3.64

-8.74

98

08

10

3.99

5.46

5.71

7 .41

13. s3

10.70

Experiments
P32 P41

-4.99

I .65

0.29

0.00

-9.01

2.37

0.00

0.00

0. 00

0. t6

0.00

-5.72

0.00

0.00

0 .00

3.04

6 .64

5.56

4 .83

7 .36

3. 06

7 .63

13.28

10.19

-6.68

3.26

0.00

DEC

1.70

-15.54

5.38

e¡t
9gz

agg

00

00

00

0

4

-9

0.00

7.38

-13.26

91u

92,
93u

2

3

t/

3.00

7.00

5.00

0 .00

0.00

0.00

2.

7.

5.

3.4?

8.46

5 .87

4.97

4.90

7 .88

0.02

qu

qu

qu

I

2

3

0.00

0.00

0.00

10.00

20.00

15.00

0.00

0 .00

0.00

I
?

v

V

40

v

k

42.30 173.16 300.00

15

57 22 83



TABLE 4.3 Model parameters, the loss function y, and the number

of iterations k. The time derivative method FB (3.23),

m = 13.

Para- Real
meters

Experiments
P32 P41

-5 .00

2.00

0 .00

1 .00

-11.00

3.00

0 .00

4.00

-9.00

3.00

7 .00

5.00

4.00

5.00

6 .00

t 0.00

20.00
,l5.00

P25

I .96

0.02

1 .04

-1 1 .07

2.98

0 .00

3.87

-8. 91

3.01

7.06

5.04

3.96

5.23

5.91

9.60

18.34

13.99

27.40

-4.32

0 .00

0.89

0 .00

-5.77

0 .00

0 .44

0.00

-5.77

3.43

5.77

5.34

3.88

s.77

4.89

10.54

25.34

14.83

.00

.00

0 .00

-6.12

0 .00

0 .00

0.00

-3. 15

3 .70

6.12

3. 15

3.70

6.12

3. 15

10.6s

21.07

22.51

DEC

-5.27

?.25

0.00

1.15

-11 .86

3. 54

0.00

4.79

-9 .86

3 .02

7 .17

5.07

4.12

4.82

6.3?

86

70.99-4 3

0

0

9tt
9tz
etg

9zt
ezz

9zg

9gt

9gz

9sg

Qlu

Qzu

Q3,

9u1

9uz

9u3

vt
Yz

v3

I¡
I

88.20 '193 .69 0.01

23

v

k 47

16

59



TABLE 4.4 Modeì parameters, the loss function y' and the numbe',

of iterations k. The time derivative method FF (3.24)

m=13.

Pa ra-
meters

9t t
9tz
arg

Reaì

-s.0q
2 .00

0.00

1 .00

-11.00

3.00

0 .00

4.00

-9.00

3.00

7.00

5. 00

4.00

5.00

6.00

10.00

20.00

1s .00

P?5

-4.90
t.B3

0 .00

0 .95

-10.88

3.00

0.32

3.36

-8.91

-4.82

1.61

0.09

0 .00

-8.24

1.88

0 .00

0 .00

-5.63

3.11

6.36

5 .63

-3 .34

0 .00

0 .00

0 .00

-6. l6

0 .00

0 .00

0 .00

-5 .49

3.34

6.16

5 .49

3.34

6.16

5 .49

6 .82

12.7 4

9.25

-4 .69

1 .66

0 .07

Experiments
P32 P4l DEC

9zr
9zz

ezg

0 .83

-10.01

2.42

9¡t
9gz

Q:¡

0.05

3.23

-8. 15

2.95

6.76

4.87

3.81

5.12

5.65

91u

9zu

Q3,

Qu1

9u2

Qu3

V
1

v
2

v
3

v

3

6

5

07

93

23

3 .63

6.69

5.92

10.73

22.39

16.32

18. 58

10.61

19. 14

12.73

82

64

66

tI
a

4

6

3

45.19 65.61 0 .00

k

E-

56

17

39 38 99



TABLE 4.5 Modet parameters, the loss function y, and the number

of iterations k. The time derivative method A (3.25)'

m = 14.

Para-
meters

9t t
9lz
e1g

Real

-5 .00

2 .00

0 .00

I .00

-11.00

3.00

0 .00

4.00

-9.00

3.00

7 .00

5.00

4 .00

5.00

6 .00

10 .00

20 .00

15.00

P25

-5.00

2 .00

0 .00

1 .00

-'t I .00

3.00

0.01

3.99

-9.01

3 .00

7.00

5.01

3.99

5 .01

6 .01

10.01

20.02

14.97

0.98

330

.98

.96

.01

1 .02

-10.99

2.97

0 .00

4 .00

-9.00

3.01

7 .00

5.00

3.97

5.04

6 .0,|

10.02

20.11

14.97

357

Experiments
P32 P41

-4.94
,l.86

0 .04

-4

1

0

2.33

-1?.51

2.47

0 .38

3. 19

-8.74

3.04

7 .71

5.17

2.23

7 .47

6.23

10 .05

20 .00

14 .95

DEC

-s.00

2 .00

0 .00

I .00

- 10 .99

2.99

0 .00

3.99

-8 .99

3. 00

7 .00

5 .00

4 .00

5 .00

6 .00

658

9zt
9zz

9zz

9gl

9gz

egg

Qlu

Qzu

93,

9u1

9uz

9u3

v1

u2

vg

lI
¡

3.30 13.11

433

0.03
v

k

t8

n-.f



5. FURTHER RESEARCH

The method presented in this paper js still more an'idea than a method'

iï-.ärãins to invðiiigát. noiie'sensivity, to use real measurements, other

åãruiñð¿ inlet and meãsurement patterns,-óther calcu'lation methods for time

ããrìvatives or evÀn other model parameter identification methods'

crete time modeì given bY (9.2) and

table constraints so that the
cribe a multiP'le cell system. The

used in this aPProach.

the sampl ing interval for the model and

ion can'be used to compute simultanious

tracer gas concentrations.

r gas inlet. The inlet is assumed to
teival. The tracer gas inlet is
on would be to distribute several
pì i ng 'interval .

It should also be stated that so far the research work has not been part

;i;;t-r;tioñal-research project. The work effort has been about tvro man-

months during a period of two years'

lI
a
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ABSTRACT

Determination of f 'lows and vol umes i n mul t'ipl e cel l stems

umes 'in mu'l t'ip1 e ce'l I systems wi th
s described. The tracer gas con-
e same tracer gas 'is released 'in

,The pattern is such that the in-
fluence of different tracer gas'inputs can be separated. Pseudo Random

gìñary Sequences (PRBS) can 6e used. The multiple cell model assumes'ideal
mixìng 'in each ce'll.

A ìarge equat'ion system can be formulated based on the multjple cell model

ïtru.Éu..'and ìts þarameters, the measured tracer gas concentrations and

itt tim. derivatlves calculated from measurements, and the tracer gas

ìnputs. The equation system is l inearin the model parameters which are

flows and volumes.

The linear equation system has normally more equatìons than model parameters.

fnã lp-metfrod js used to determine the model parameters. All model parameters

can be restrìcted to a given interval or even be gìven a fixed va'lue.

The method is tested on four simulated experiments with a three cell system

together with five different time derivatìve calculation methods.
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