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ABSTRACT:

Genetic Programming (GP) is used to estimate the functions that describe the torque and the force acting on
the external sphere due to steady state motion of viscoelastic fluid between two eccentric spheres. The GP has
been running based on experimental data of the torque at different eccentricities to produce torque for each
target eccentricity. The angular velocity of the inner sphere and the eccentricity of the two spheres have been
used as input variables to find the discovered functions. The experimental, calculated and predicted torque and
forces are compared. The discovered function shows a good match to the experimental data. We find that the
GP technique is a good new mechanism of determination of the force and torque of fluid in eccentric sphere
model.

ZUSAMMENFASSUNG:

Genetische Programmierung (GP) wird verwendet, um die Funktionen abzuschéatzen, die das Drehmoment und
die Kraft beschreiben, die auf eine externe Kugel aufgrund der stationaren Bewegung eines viskoelastischen
Fluids zwischen zwei exzentrischen Kugeln wirken. GP wurde basierend auf experimentellen Daten fiir das Dreh-
moment bei verschiedenen Exzentrizitdten angewandt, um ein Drehmoment fiir jede Zielexzentrizitat zu erzeu-
gen. Die Drehgeschwindigkeit der inneren Kugel und die Exzentrizitat der beiden Kugeln wurden als Eingabe-
variablen verwendet, um die gesuchten Funktionen zu finden. Die experimentellen, berechneten und
vorhergesagten Drehmomente und Krafte werden verglichen. Die gefundenen Funktionen zeigten eine gute
Ubereinstimmung mit den experimentellen Daten. Wir stellen fest, dass die GP-Technik einen neuen guten
Mechanismus darstellt, die Kraft und das Drehmoment auf eine Fliissigkeitin einem exzentrischen Kugel-Modell
zu bestimmen.

RESUME:

La programmation génétique (GP) a été utilisée pour estimer les fonctions qui décrivent le couple et |a force agis-
sants sur la sphere externe et résultants du mouvement en régime établi d’un fluide viscoélastique emprison-
né entre deux sphéres excentriques. La GP a fonctionné en prenant pour base des données expérimentales du
couple pour des excentricités différentes, afin de fournir un couple pour chaque excentricité souhaitée. La vites-
se angulaire de la sphére interne et I'excentricité des deux sphéres ont été utilisées comme variables d’entrée
pour fournir les fonctions. Les forces et les couples expérimentaux sont comparés aux couples et forces calcu-
lés et prédits. Les fonctions ainsi découvertes montrent un bon accord avec les données expérimentales. Nous
concluons que la technique de GP est une nouvelle méthode satisfaisante pour déterminer la force et le couple
exercés par un fluide dans un modeéle de sphére excentrique.
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1 INTRODUCTION

The information about the mechanical proper-
ties of solutions and melts is important for the

been discussed in [1 - 4]. In general, the solution
of the specific boundary value problem based on
microscopic models [5, 6] or phemenological

processing of these materials in almost all
branches of industries. Theoretical and experi-
mental studies concerning the flow of viscous or
viscoelastic fluids through different bodies have
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state equations of state [7] renders a small num-
ber of experimental measurements sufficient to
determine a specific set of material parameters.
The theoretical and experimental studies con-
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for element j. The running process stops when  where Figure 4 (left):

the error E is reduced to an acceptable level
(0.00001). The training data set which is used
based on experimental data for the torque and
forcewiththeangularvelocity atdifferent eccen-
tricities [18]. GPwas run for 800 generations with
a maximum population size of 1000. The opera-
tors (and selection probability) were: crossover
with probability 0.9 and mutation with proba-
bility o.o1.

The function set is {+,-, *, \}, and the termi-
nal set is {random constant from o to 10, the
angular velocity, the eccentricity}. The “full” ini-
tialization method was used with an initial max-
imum depth of 27, and tournament selection
with atournament size of 8. The GP was run until
the fitness function is reduced to an acceptable
level (0.00001); once for each eccentricity. The
discovered function has been tested to associate
the input patterns to the target output patterns
using the error function. The final discovered
function fordescribingthe torque, A, atthe outer
stationary sphere of the eccentric sphere model
is given by

T =315.63275+Q0 +
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where Q is the angular velocity of the inner
sphere and E is the eccentricity of the two
spheres. The final discovered function for
describing the force, F, at the outer stationary
sphere of the eccentric sphere model is given by
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3 RESULTS AND CONCLUSION

Our discovered torque function (Eq. 2) and force
function (Eq. 3) were tested using the experi-
mental data of the torque and force using 0.3
polyacrylamide in 50/50 glycerin/water. The
training data is based on experimental observa-
tions at angular velocities ranging from1oto100
s [18]. The values of the eccentricities of two
spheres are taken as o, 0.2, 0.6 and 0.8 for the
torqueandforthe forcetheeccentricitiesare, 0.2,
0.6,0.7and 0.8.

Figure 2 displays a good match between the
experimental data of the torque at the external
stationary sphere using 0.3 polyacrylamide in
50/50 glycerin/water and the calculated ones by
employing Eq. 2. After convergence, the discov-
ered function has been used to predict torque
with eccentricity 0.4, at angular velocities rang-
ing from 10 to 100 s which corresponds to the
available experimental data [18] and Figure 3
illustrates the predicted torque compared with
experimental data.

Figure 4 displays alsoagood match between
the experimental data of the force at the exter-
nal stationary sphere using 0.3 polyacrylamidein
50/50 glycerin/water and the calculated ones by
employing Eq. 3. After convergence, the discov-
ered function has been used to predict force with
eccentricity 0.4, at angular velocities ranging
from 10 to 100 s which corresponds to the avail-
able experimental data [18] and Figure 5 illus-
trates the predicted force compared with exper-
imental data.
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Comparison between the
forces calculated by employ-
ing our discovered function
given in Eq. 3 and the corre-
sponding experimental
points of eccentricities of
0.2,0.6,0.7,and 0.8.

Figure 5:

Comparison between the
experimental and predicted
forces versus angular veloci-
ty, Q, at eccentricity 0.4.
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Finally, we conclude that GP has become a

relevant research area in the field of fluid
mechanics. The present work presents a new
technique for modelling the torque and force of
the eccentric sphere model based on GP tech-
nique. The discovered function shows a good
match to the experimental data for both the
torque and the force. We find also that the GP
technique is able to improve upon more tradi-
tional methods in different branches of physics
as discussed in see e.g. [23,24,25].
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