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1. Introduction

cientists and engineers around the world are work-
ing together to find (1) new strategies to reduce
energy demand, (2) smart methods of securing sup-
ply, (3) techniques to increase energy efficiency, (4) new
renewable energies to replace the fossil energies that are
harmful for the environment and human health. But right
now, applying thermal solar energy and reducing energy
consumption are the two efficiency ways to reduce energy
costs and to preserve the environment from pollution .
Thus, the energy demand for heating is important, as for
the swimming pools.
The flow field in the pools depends on the number,
the form and positions of the water inlets and outlets, the
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Heating swimming pools in an efficient and ecological way has become
mandatory for the protection of the environment, but also for technologi-
cal development and energy saving. The heating must maintain the quali-
ty of bathing water, avoiding temperature variations between the different
depths and locations of the pool. There are currently several types of
heating systems for swimming pool water among which we can mention;
heat pumps, gas heating and electrical resistance, etc. All of these systems
are very expensive and voracious in energy consumption. However, solar
thermal heaters can be a good solution because they are inexpensive and
environmentally friendly. The purpose of this work is to use the COM-
SOL MultiPhysics software to model the distribution of the flow field
velocity and the temperature distribution according to the design of the
pool and the inflow and outflow of water and climatic conditions in the
province of Nador, in northeastern Morocco.

geometric shape of the pool and the feed flow rate. Cur-
rently, there is no universal regulation on the design of
pools. The International Swimming Federation (FINA)
has imposed only geometries of 25 m x 15 m x 1.6 m
for regional competitions and 50 m x 21 m x 1.8 m for
national and international competitions ', without spec-
ifying anything about entries and exits of water. When a
competition is going to take place, the organizers demand
that the water does not move and that the temperature is
uniform throughout the pool. In fact, swimming pools can
be used for different purposes: refreshing, recreational
and learning swimming, training and competition, or for
therapeutic purposes, all with different water temperature
requirements. The average temperature for a comfortable
swim is 27°C, although it can vary by 5°C according to
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the American Society of Heating, Refrigeration and Air
Conditioning Engineers (ASHRAE) P!

In recent years, the great development of computer
tools has allowed the application of numerical simulation
and modeling methods for complex physical processes
by obtaining a good accuracy of the results. Some studies
have been conducted to obtain a reliable method of pre-
dicting energy losses depending on the geometry of the
pool and the ambient conditions in which it is located. The
relation between evaporation of water and air movement
to determine the mass flow rate of evaporation to obtain
the appropriate dimensioning of swimming pool ventila-
tion systems has been studied Y. Water evaporation mod-
els on the pool surface have been developed using 2/3D
CFD (Computational Fluid Dynamics).

A development of a model for swimming pools with
TRNSYS software to determine the energy demand in
the pool enclosure and the evaporation losses of the fluid
depending on the water temperature in the pool and the
ambient air showed that the pool water heating account-
ed for about 22% of the heat demand. While heating and
ventilation consumed about 60% of the energy in the pool
enclosure, evaporation losses ranged from 46% to 54% of
total losses from the pool .

On the other hand, a numerical and experimental study
revealed the effect of the pool design on hydraulic be-
havior considering the pool as a chemical reactor with its
hydraulic and macro-mixing characteristics . The mathe-
matical model developed on the base of the stirred reactor
principle could be used as a first approach to describe
the hydraulic behavior of ordinary swimming pools. The
approach was an appropriate example for the study of
physical and chemical phenomena with long characteristic
periods, notably: the prediction of the concentrations of
chemical species, as well as the optimization of the chlo-
rination and the daily renewal of the water. Dougha et al.
"} determined the hydrodynamic characteristics for three
swimming pools by numerical simulation in terms of wa-
ter quality. The work done has shown how pool design
affects hydrodynamic behavior, controlling the influence
of design and hydraulic conditions in terms of improving
water quality based on CFD and experimental study data.

The CFD can highlight the short circuit or dead zones
without swimmers in the flow configuration. In addition,
turbulence is important in itself to evaluate the effective-
ness of disinfection, as several studies have reported ™.
For this reason, it is important to use a suitable turbulence
model to correctly predict both the velocity and turbu-
lence fields. These turbulence models derived from Mas-
ter-strokes equations. Turbulence models with numerical
methods are used to simulate flow fields in environmental
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engineering problems, such as water pools >'*!",

For swimming pool heating, the thermal process in-
volves the use of high thermal loads "*' and reflects high
investment and operating costs, which can be reduced in
different ways. The heating of the pool is realized by de-
signing and realizing heating systems capable of respond-
ing to the appropriate heat load to obtain and maintain the
necessary comfort by homogenizing the appropriate tem-
perature in the pool. This last point is the main objective
of this work which aims to study this aspect under differ-
ent entry positions.

The present work deals with the application of the
COMSOL Multiphysics software to simulate the heat
transfer and the evolution of the flow velocity in the pool.
The COMSOL Multiphysics software has of course been
validated numerically and experimentally previously in
our laboratory and with our collaborators "***'. The simu-
lations are carried out in order to follow the evolution of
the temperature until its homogenization within the pool
according to the geometrical characteristics, the location
of the injection and suction points in the ambient condi-
tions of the province of Nador at northeastern Morocco.
The results will allow us to obtain optimal positioning of
injectors and ejectors of water in the pool.

2. Problem Formulation and Modeling

2.1 Geometry and Application Conditions

The pool studied in this work is located in the province
Adorn in northeastern Morocco. The pool characteristics
and ambient conditions used for the simulation are shown
in Table 1. The heating of swimming pools is accom-
plished by designing and realizing a heating system to
meet the thermal load necessary to reach and maintain the
necessary comfort.

Table 1. Pool Characteristics and Ambient Conditions

Dimension and conditions of the swimming pool

Width 12m
Length 25m
Ship depth 1,65 m
Water depth 1,48 m
Sought temperature 27°C
Thermal cover Yes
Hours of use 9:00 AM - 7:30 PM
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Maintenance 8:00 PM - 7:00 AM

Hours of Cover 8:00 PM - 7:00 AM

Ambient conditions in the province of Nador

Temperature 22,25°C

Wind speed 4,84 m/s

Solar radiation 5,15kWh/m2/day

2.2 Simplifying Assumptions

Before solving a physical problem, it is necessary to make
a number of assumptions:

» The pool is taken as a black body. It is easy to show
that the water behaves like a black body thanks to the
Fresnel coefficient.

» The walls of the pool are adiabatic.

» The ambient air temperature is higher than 21°C.

» The wind speed is less than 5 m/s.

* Energy gains and losses due to swimmers are negli-
gible.

» Density and heat in the water change linearly with
temperature.

* Conduction is neglected.

* The flow is laminar and non-compressible, and nat-
ural convection is taken into account by Boussinesq’s hy-
pothesis.

» The water is homogeneous and isotropic.

* The problem is non-stationary.

2.3 Theoretical Formulation

By adopting the simplifying hypotheses indicated in the
previous paragraph, the equations that govern continuity,
momentum and heat transfers in a swimming pool are as
following :

Continuity equation :

v.U=0 ()

Momentum conservation equation :

p%—l[+p(U-VU):V[—p1+y(VU+(VU)Tﬂ+Fb
2
Energy conservation equation :
pc 2Ly pe(U-vT)=v(4-VU)
ot 3)

Fb is a volume force that must be added to simulate the
buoyancy force causing natural convection. The Bouss-
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inesq’s approximation is used to highlight this buoyancy
force, as follows:

F,=pg[1-B(T-T,)] )

where :

U: Velocity,
T: Temperature
C: Mass heat capacity,
p: Pressure,
: Thermal conductivity,
: Dynamic viscosity,
: Density,
: Fluid expansion coefficient,
g: Gravity acceleration,
Tm: Initial temperature

2.4 Boundary Conditions

The pool water has several interactions with the envi-
ronment that must be identified to define the boundary
conditions associated with mass and heat transfers. Table
2 shows the essential boundary conditions for simulating
the movements of fluids inside the pool ****.

3. Results and Discussions

3.1 Temperature Distribution

Figure 1 shows the results of the numerical simulation at
different times during the heating process of a swimming
pool. It is interesting to note the symmetrical progression
of the temperature from two injection points to the two
suction points in the pool until the instant t=20000s. After
this time, a deviation of the hot water towards the right
suction point is observed due to the effect of the natural
convection and the buoyancy force. This result is in very

good agreement with the literature *>*°,

Table 2. Boundary Conditions

Water flow Heat Transfer Border
oTr
U=0 m/s 2% —o Lateral )
on board
U=Uinit=1,25m/s T=Tfin=27°C Injection o
point
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Figure 1. Temperature distribution during the injection process of warm water

or

P=0 Pa —A—=h(T - T;lm Skimmer  (7)
on ( b )
or
—la— = h(T_T:zmb)
Un=0 8; Top board  (8)
-A—=¢o(T}, —-T*
al’l ( amb )
U=0 m/s T=Tinit=21°C Initial time  (9)

3.2 Flow Velocity Distribution

Figure 2 shows the evolution of the field of flow velocity
inside the pool during the heating process. Near the in-
jection points, the flow velocity is horizontal with a slight
downward deflection due to the effect of forced convec-
tion caused by the injection flow. However, by moving
away from the injection sites, the decrease in the effect of
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forced convection compared to the effect of natural con-
vection is noticeable. The position of the injection points
of the heated water flow in the pool can affect natural
convection; this is the reason why it has been considered
useful to study the influence of the injection and suction
points on the heat transfer and the temperature distribution
of the flow.

3.3 Temperature Evolution

Figure 3 shows the evolution of the temperature of the wa-
ter flow of the pool as a function of time for different posi-
tions of the injection and suction points. For two injection
points at the bottom, the homogeneity of the temperature
is reached faster than in the case where the two injection
points are placed at the top. This can be explained by in-
creasing the effect of natural convection in the case where
the two injection points are placed downwards.
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Figure 2. Flow velocity distribution at different times
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4. Conclusion

The paper deals with the CFD modeling of swimming
pools without swimmers for improving their designs and
managements. It is best known that the design has a great
influence on the hydrodynamic behavior (velocity field,
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mixing characteristics, and residence time distribution),
the thermal behavior (temperature distribution) and dis-
infectants spread in a swimming pool. The hydrodynamic
and thermal behaviors depend on others characteristics
than pool geometry such as feed rate, number, and posi-
tion of water inlets and outlets. All that should be efficient
in order to eliminate microorganisms and prevent the for-
mation of water dead zones.

In this way, the COMSOL Multiphysics software with
appropriate boundary and initial conditions was used. The
COMSOL Multiphysics software has proved to be an in-
teresting tool to help in the design of domestic, municipal
and tourist pools. Thanks to the software, we have been
able to better understand the process of homogenization of
the distribution of temperature within a swimming pool.
And subsequently act at the design level to accelerate
the homogenization time. Also, based on the simulations
carried out, it is crucial to avoid the positioning of the in-
jectors on distant opposite sides as this reduces the turbu-
lence by generating a relatively high velocity field on the
periphery of the pool, but low in the central zone, which
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delays the homogenization of the temperature. In perspec-
tive, as a follow-up to this work a study by modeling will
be performed to make a comparison with the simulation
conducted here.

Afterwards, the CFD modeling with turbulence mod-
els has to be applied to describe the hydrodynamic be-
havior with precision. The results will certainly show
the hydrodynamic problems of a swimming pool like
non-renewable and weak mixing zones, which can reveal
disinfectant lacking and microorganisms development.
Long-time characteristic chemical phenomena can also
be studied, which would be particularly useful for kinetic
applications, including the prediction of concentrations of
chemical species in the pool. Priority will be given to the
study of rapid processes such as the reaction scheme for
the chlorination of ammonia water or the chlorination op-
timization and the daily renewal of water.

References

[ 1] Doudou A., M. and Aadmi M. M. Modelling of
swimming pools heated with solar energy in the
eastern Morocco-Nador province. 12éme Congres de
Meécanique 21-24 Avril 2015 - Casablanca (Maroc)

[ 2 ] FINA. (2009), http://www.fina.org/

[ 3 JANSI, ANSI/NSPI-1. Standard for Public Swimming
Pools, (2003), www.webtore.ansi.org

[ 4 ]1LiZ. and Heiselberg K.. CFD Simulations for Water
Evaporation and Airflow Movement in Swimming
Baths. Instituttet for Bygningsteknik: Aalborg Uni-
versitet, (2005).

[ 5] Man¢i¢ V., Zivkovié S., Milosavljevi¢ M. and Todor-
ovi¢ N. Mathematical Modelling and Simulation of
the Thermal Performance of a Solar Heated Indoor
Swimming Pool. Thermal Science (2014), 18(3):
999-1010.

[ 6 ] Cloteaux A., Gerardin F. and Midoux N. Influence
of Swimming Pool Design on Hydraulic behaviour:
A Numerical and Experimental Study. Engineering
(2013), 5: 511-524.

[ 7 ] Dougha M., Hasbia M., Girou A. and Redjem, A.
Analysis of numerical simulation of the hydrody-
namics in swimming pools; in terms of water quality.
Euro-Mediterranean Journal for Environmental Inte-
gration (2018), 3(1): 33.

[ 8 ] Silva AT., Katopodis C., Santos JM., Ferreira MT.
and Pinheiro AN. Cyprinid swimming behaviour in
response to turbulent flow. Ecological Engineering
(2012), 44: 314-328.

[ 9] Lépez R., Vaca M., Terres H., Lizardi A., Chavez S.
and Meza E. Simulation of the flow field of water in
an Olympic swimming pool. Journal of Physics Con-

Distributed under creative commons license 4.0

ference Series (2017), 792(1) :012024, https://doi.
org/10.1088/1742-6596/792/1/01202 4.

[10] Rodi W. Turbulence models and their application in
hydraulics. 2nd ed., Book Publication of the Interna-
tional Association for Hydraulic Research, Delft, The
Netherlands, (1984).

[11] Majdzadeh T., Pirestani MR. and Alimohammadi S.
Investigating the effect of inlet and outlet location on
flow field and sedimentation pattern of a rectangular
settling basin using CCHE2D. Journal of Water Sci-
ences Research (JWSR) (2013), 5(1): 55-63.

[12] Ruiz E. and Martinez P. Analysis of an open-air
swimming pool solar heating system by using an
experimentally validated TRNSYS model. Solar En-
ergy (2010), 84 (1): 116-123.

[13] Woolley J., Harrington C. and Modera M. Swimming
pools as heat sinks for air conditioners: Model de-
sign and experimental validation for natural thermal
behaviour of the pool. Building and Environment
(2011), 46 (1): 187-195.

[14] Doudou A., Aadmi M. and Tahiri Y. Etude de distri-
bution de température dans une piscine chauffée pour
réduire la consommation d’énergie. 13éme Congres
de Mécanique, 11-14 Avril 2017, Meknes, Maroc.

[15] COMSOL Multiphysics, Heat Transfer Module Us-
er’s Guide. Version 5.0. COMSOL B, (2014).

[16] COMSOL Multiphysics, CFD Module User’s Guide.
Version 5.0. COMSOL AB, (2014).

[17] Lopez R., Vaca M., Terres H., Lizardi A., Chavez S.
and Meza E. Simulation of the flow field of water
in an Olympic swimming pool. Journal of Physics:
Conf. Series 792 (2017) 012024.

[18] Doudou A., Aadmi M. and Tahiri Y. Etude de distri-
bution de température dans une piscine chauffée pour
réduire la consommation d’énergie, 13éme Congres
de Mécanique 11 - 14 Avril 2017, Meknés, Maroc.

[19] Doudou A. and Aadmi M. Etude numérique du trans-
fert de chaleur dans une piscine pour minimiser la
consommation d’énergie du systéme de chauffage.
La 4éme Journée d’Etudes sur Marchica (JEM4):
Marchica, Biodiversité, Enjeux, Valorisation et
Développement Durable, Samedi 30 Avril 2016 a
FPN-Nador, Selouane, Nador, Maroc.

[20] Aadmi M., El Hammouti M., Karkri M. and Doudou
A. Thermal energy storage in PCM melting in hor-
izontal tube: Numerical and experimental investi-
gations. 12éme Congrés de Mécanique 21-24 Avril
2015, Casablanca, Maroc.

[21] Doudou A. and Aadmi M. Simulation of swimming
pools heated with Solar energy in Nador province.
lére Edition de I’Ecole de Printemps; Matériaux,
Propriétés & Applications (MPA-1), 11 June 2015,

DOI: https://doi.org/ 10.30564/jmer.v2i1.508 15


https://www.researchgate.net/profile/A_Doudou
https://www.researchgate.net/publication/316241155_Etude_de_distribution_de_temperature_dans_une_piscine_chauffee_pour_reduire_la_consommation_d'energie
https://www.researchgate.net/publication/316241155_Etude_de_distribution_de_temperature_dans_une_piscine_chauffee_pour_reduire_la_consommation_d'energie
https://www.researchgate.net/publication/316241155_Etude_de_distribution_de_temperature_dans_une_piscine_chauffee_pour_reduire_la_consommation_d'energie
https://www.researchgate.net/scientific-contributions/47802931_M_El_Hammouti
https://www.researchgate.net/publication/275350682_Thermal_energy_storage_in_PCM_melting_in_horizontal_tube_Numerical_and_experimental_investigations?_sg=OQvkjGH3EcoNXMPtT9mByM9YApPbnctaCTB2xKMQxHDtjmDtm0K5B_PPJK8rPldj8S4gi1cF-4lwQe9u5D6mqd2n4oBmGen8yT5K057S.MNpp8HoVi2IAcVJ7V4UbrFkQ2vYTKIW0aTaETeQePX7-crOv2n2S5393K9BZH8Xh-yHOadKkfSPvYz6fq5okxw
https://www.researchgate.net/publication/275350682_Thermal_energy_storage_in_PCM_melting_in_horizontal_tube_Numerical_and_experimental_investigations?_sg=OQvkjGH3EcoNXMPtT9mByM9YApPbnctaCTB2xKMQxHDtjmDtm0K5B_PPJK8rPldj8S4gi1cF-4lwQe9u5D6mqd2n4oBmGen8yT5K057S.MNpp8HoVi2IAcVJ7V4UbrFkQ2vYTKIW0aTaETeQePX7-crOv2n2S5393K9BZH8Xh-yHOadKkfSPvYz6fq5okxw
https://www.researchgate.net/publication/275350682_Thermal_energy_storage_in_PCM_melting_in_horizontal_tube_Numerical_and_experimental_investigations?_sg=OQvkjGH3EcoNXMPtT9mByM9YApPbnctaCTB2xKMQxHDtjmDtm0K5B_PPJK8rPldj8S4gi1cF-4lwQe9u5D6mqd2n4oBmGen8yT5K057S.MNpp8HoVi2IAcVJ7V4UbrFkQ2vYTKIW0aTaETeQePX7-crOv2n2S5393K9BZH8Xh-yHOadKkfSPvYz6fq5okxw
https://www.researchgate.net/profile/A_Doudou?_sg=3BD3GQ-d6ofEu51Z7XrUzrHuSATCOz6qa26bB_hETQmMWVLMewf7QsFESCrb3_6k-7HJR-4.-BzVB5QIg7KGmNc-0W4-z1VDdAatEEJQi3UpP64ZppxxTv51wI-aQwvjZmS6ZgEEqB5f-GybxJaWE_XOcwYewg

Journal of Mechanical Engineering Research | Volume 02 | Issue 01 | March 2019

Selouane, Nador, Maroc.

[22] Aadmi M., Karkri M., Doudou A. and El Hammouti

M., Modélisation du transfert thermique dans un
composite chargé avec un matériau a changement de
phase: en présence de convection naturelle. 1ére Edi-
tion de 1’Ecole de Printemps; Matériaux, Propriétés
& Applications (MPA-1), 11 June 2015, Selouane,
Nador, Maroc.

[23] Isaza Roldan C., Del Rio Rico S. Study of the Ho-

mogenization of the Water Temperature in a Heated
Pool under Steady-state Conditions to Minimize the
Energy Consumption of the Heating System, Energy
Procedia 57 (2014) 2879-2887.

[24] Isaza Roldan C. and Del Rio Rico S. Estudio de la

16

Homogenizacion de la Temperatura del agua en una

Distributed under creative commons license 4.0

Piscina Climatizada bajo Condiciones de Estado Es-
table para la Minimizacion del Consumo de Energia
del Sistema Calefactor. IX CCMN 2013, Agosto. 21-
23, UAO Cali, Colombia.

[25] Aihara T. and Maruyama S. Laminar free-convective

heat transfer in vertical uniform heat flux ducts: Nu-
merical solutions with constant/variable fluid proper-
ties. Transactions of the Japan Society of Mechanical
Engineers (JSME) Series B, (1985), 51 (461): 361—
364.

[26] Lu Q., Qiu S., Su G., Tian W. and Ye Z. Experimen-

tal research on heat transfer of natural convection in
vertical rectangular channels with large aspect ratio.
Experimental Thermal and Fluid Science, 34, (2010):
73-80.

DOI: https://doi.org/ 10.30564/jmer.v2i1.508


https://www.researchgate.net/scientific-contributions/47802931_M_El_Hammouti?_sg=n0S_X8eAkS8GWWlutmge7hX4lXn_ZkBz_J0UNGfohUY3H7A2OAWx7TvpEZ_DXGSh_bM37yE.-sSp6yXZ50XhcPLVc7lolml4tV4Q7H934G8uBI940hF8SEHeFtUpGUI09_VdCb02mTXqo1O6sMO9MGPdtIL8_A



