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ABSTRACT
This study is part of the adaptation and optimization of the operation of the integrated system
Anaeraobic Reactor Algal-Channel High Yield (RA-CAHR).
It is used to study the hydraulic behavior by numerical simulation.
These adjustments have led us to develop a new concept of Anaerobic reactor, which will improve
the operation and the reactor.
Article consist to:
1. Thereview of the current geometry of the reactor.
2. Present the reactor geometry defects.
3. Propose new geometries to remove dead or stagnant areas, preferential pathways.
And the results obtained show that the hydrodynamic significantly influence the performance of the
treatment process.

Keywords: Optimization, system Anaerobic, Reactor Algal-Channel High Yield, Sagnant areas and
Preferential pathways.

INTRODUCTION
Fresh water is increasingly a rare resource, aanahtal aspect of life, it is also yhe developrraamd
the economic well-beirfg This resource is already degraded by damageredfie the past, the effects
persist, now is the subject of ongoing attacks wugarious human uses that compromise, sometimes
irreversibly, its quality.
Moreover the unequal distribution of water resosiraed severe droughts, have forced officials oewat
resources to seek new supply innovative sources.
For many years, Morocco is developing a policynpliove people's access to safe drinking water and
sanitation. Building on the reform of the institnal and legal context of the sector, considerafitart
has been made though they are insufficient initid 6f water to make available adequate resouiais.
unfortunately it is not always the same for all istion which appears as a poor relation of this
mobilization.
Currently, the resource is under pressure, it olméng rarer, more and more polluted, the cleaning
sector seriously lags behind. Indeed, a significdifference was established between the pace of
implementation of water supply networks and theefitinents earmarked for sanitation and waste water
treatment.
So to meet the water needs while respecting hurggiete sewage; water has become a necessity that
should not be overlookédit should no longer be considered as a way tat fily against pollution but
also as a means of waste water reuse after tregéitrirenrder to reduce the water deficit which Morocc
will face in the future.
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Waste water treatment plant is an effective toel reducing pollution of waste water and reuse for
beneficial purposés This reduction depends primarily on the treatnsmitition selected as well as the
design of designed structutés

1. Description of the station

The station used in our study is installed at tity @f Rabat, which is located in the northwesttloé
Kingdom of Morocco and exactly at the Agricultueaid Veterinary Institute Hassan Il in Rabathe
latter consists of a Anaerobic unit (Anaerobic Regcand other aerobic (Channel Algal High Yieldlan
Maturation Basin). This station was fueled by doticewaste water comes from municipal sewage
systems of Rabat, at the Takadoum sector.

The subject of our article is the anaerobic unite§e are covered rolls having a diameter of 3maand
variable depth comprised between 5 and 5.3m

2. Principles and role of anaerobic reactor

Geometry considered is similar to the pilot statibhe principle of operation of the reactor is lthea
the anaerobic metabolistn

The question is to present in many superior adga&stéo other conventional treatments such as aerobi
A major clean-up performance, the amount of sluddgmed is small compared to aerobic treatment with
stabilization of this bioma$} Elimination of bad odors and biogas as metfane

3. Conditions of work

« PH

PH adopted in the reactor is around neutralitysTawtting encourages the cultivation of methanageni
bacterial stuffs.

«  Temperature

The activity of the consortium is closely relatedtémperature. The bacterial stuff uses temperstare
the mesophilic environments. This range allowsnfiore stable performante

MATERIALS AND METHODS

Proposal of the problem
In this article, we will shed light on the techngjodevelopment conditions in Morocco, and the
characteristics of the processing constitutingstystem.
The hydrodynamics of a reactor performance inflesnas important as the kinetics of transformations
that operates theteFor this hydrodynamics takes its place in thelstaf reactors in general and in
particular our reactor subject of study.
The waste water is done by Anaerobic Reactor cavés,empty inside that is to say in the form of a
cylindrical tank.
The purpose of this study is to present the gegnaletfects station reactor installed at the Agrorwanid
Veterinary Institute and propose of a geometry émtances hydrodynamic reactor operation.
Theoretical approach flow
Statement of the problem
The figure below outlines the boundaries of the dioithe configuration of the input as well as oitp

Fig. 1. Anaerobic reactor of the IAV station
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Geometrical data
The characteristics of the reactor R are showrhénfollowing table (the data are taken from the IAV
station):

Table 1: geometrical data of the reactor R2

Depth (m) 5
Diameter (m) 3
Volume (m3) 31

Hydraulic Data
The data flow is summarized in the following table
Table 2: the flow of data

Travel time (j) Flow rates (I / s) Flow rates g)/
1,5 0,24 0,03
2 0,18 0,023
3 0,12 0,015

The properties of the mixture are summarized irféHewing table:

Table 3: the disregard of the mixture

property waste water
Density (kg / m3) 998
Kinematic viscosity (m2 s-1) 10-6

Character turbulent flow
Reynold's number determines the ratio of inertaatds to viscous forces and thus characterizes the
behavior of the fluid for a given geometry is givan

Re =L /u
With: V: The speed of the flow at infinity (exit hity); L: The length characteristic of RA (diareg}, p:
The volume density of the fluigi; The dynamic viscosity of the fluid.
Under the conditions of the flow, the values of Reynolds number corresponding to different residen
times are shown in the table below:

Table 4: Reynolds number for different residence thes

Retention time (j) Sore average speed (m/ s) Re
1,5 0,03 1210
2 0,023 928
3 0,015 606

These values give the flow laminar character remtnverify that there is no vortex phenomenongisin
the following formula:

Re = nD2 8
D: The characteristic length of the RA (diametereafctor (mY: Kinematic viscosity M/ s (1.0087 10-6
m3 / s) n: medium speed (rev / s)
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From the values previously obtained on the Reynoldsiber, wededuce the speed of the fluid -
different residence times. The values are sumnthiiz¢he following table; they clearly show thaeté

is no vortex phenomenon:
Table 5: medium speed for different retention tim

Retention time (j) Re n (tr/s) n (tr/min)
1,5 1210 0,00021 0,0127

2 928 0,00016 0,0097

3 606 0,00011 0,0063

Digital Approach flow

The software used

To achieve our simulations, we used the FLUENT @Bbe by following the steps abo

1. The definition of the problem is done using tpreprocessor GAMBIT It is covered with a
cylinder height of 3m and 5m in diameter, with p@ly pipe installed radially in the middle of t
geometry of 0.1m diameter, the pipe will be coneédb 4 other lines located in the middle of
reactor eacleonduit diameter 7 cm is related to a bend atritk

2. Given our domain configuration. It defines a refimaesh to have good accuracy in the calcule
of the flow.

3. The boundary conditions are chosen in a completedner. These conditions concern tintry,
exit, the walk and the bottom of RA. Inpiin an imposed speed ('velocitylet), output "Out flow"
and the walls and bottom are identified as "W

The simulation of the first nonimproved geometry
The flow in the reactor is governed by iNavierstored in cylindrical coordinat’. The resolution of the
mass conservation equation mathematically and riaatigrcan graphically plot the profiles of radatd

axial velocities as follows:
Fig. 2: Graphical representation of the UZ function (r,2)
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Fig. 3: speed profiles
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Fig. 4: Profiles of the core radial speed (r, Z)
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Fig 5: stratification of the Reynolds number

stratification
aléatoire du
nombre de
REYNOLDS
au sein du
RA.

The simulation shows that we have a plug flow alitvecoutlet bends, as well as turbulence in thpudut
level which is manifested in a peak Reynolds numBeeater velocities are observed at the bottonh wal
of the reactor, is the region where sludge whiaksea a peeling phenomenon of the boundary layer ne
the bottom wall, so we have a risk of bubbling mud.
The simulation of the reactor does not concludeydrdulic system for the entire reactor (random
stratification of the Reynolds number). The flovgutating in the present reactor dead areas is miore
less important.

Fig. 6: position dead zones

zZonNnes stagmnantes ou Zones
moirtes.
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Improvement of the hydrodynamic operation of the rector

Obijectives to be achieved

To address these problems we think of making clemngehe geometry of the reactor, such changes

should give the following results:

» Decrease speed below the inlet elbow to avoid lndpnud.

»  Provide stratification number of fairly simple ¢tonclude REYNOLDS hydrodynamics of the new
geometry shown.

 We want a piston flow model which gives a goodrogygnamic performance but it can not provide
this type of flow if the stratification of the Regils number is fairly simple (variation along the
height of RA).

» Eliminate existing dead zones in the reactor, Wwhitvolves little to the concentration changes
occurring on the main flow.

Solution Overview

To solve the problem stated above, we aimed tocestle speed below .So we think to make multiple
entries in the form of a shower at 4 outputs. Ttennduct section inlet radius (10 cm) will be dietd
into 4 bends with a radius of each section (7 cm).

This provision will allow mixing the different flds nets between them and eliminating dead zones.
Indeed, each entry of 4 bends will give a profitefiguration number of REYNOLD as configuring a
single entry the different configurations will beogped with each other which allow you to mergeeadd
zone.

Laminating Reynolds number strongly depends oreffigent entry position. Indeed, the speed of each
point in the inside area of the reactor dependtherdistance to the entrance and the point whishltse

in a dependence between the Reynolds number arahtheposition. So if we vary the input positioh o
the main bend we go to actually change the stratifin of the Reynolds number in the reactor.

It remains to make a flow simulation (CFD simulatiby the FLUENT software) as proposed by the
geometry and conclusion to the relevance of ourceho

Study of variants

We opted for 4 geometries which we will presentdharacteristics and simulation results

Geometry 1: it is a reactor with a cylindrical geometry heidggm and 3m diameter, with an installed
supply line radially in the middle of the geometrfy0.1m diameter line will be linked to four other
pipelines located in the middle of the reactorheeanduit diameter 7 cm is associated with a beris a
end.

Fig. 7: Representation of the geometry 1 Fig. 8: geometry of the irtlelbows
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Figure 9: Simulation of Reynolds number for the newand the old geometr
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Geometry 2: we will vary the position of the entrance to theiméne, moving the 1m down. Whic
gives a distance of 1.5 m between the irand reactor bottom?

Figure 10: simulation of the Reynolds number for tlke second geometi
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Geometry 3: We moved the main line down from 0.5m. This givetistance of 1m between the benc
of the input and the reactor bottc

Figure 11: simulation ofthe Reynolds number for the third geometn

Geometry 4: Geometr{is the same as the geom? except replacing 4 bends input by a sho

Fig. 12 Image of the entrance showe Fig. 13: entishower: flow simulation results
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Fig. 14: simulation of the Reynolds number for the fourh geometry

RESULTS AND DISCUSSION
The analysis ofhe simulations allows progress that geometry idsvthe risk of bubbling mud locat:
in the reactor bottom (low REYNOLDS at the bottointlee reactor unlike the old geometry). T
provides a simple lamination of the Reynolds numbeerefore there ia piston flow, which allows
small dead area in the upper part of the reactdrediminates the zones created by the old geon
This, also, gives a strong turbulence -output (new geometry) = 1310, Re (old geometryp2
The 29 geometry Give aimiple stratification of Reynolds number, betterrttibe 1st, we can conclu
that we have a plug flow. This eliminates the deade produced in the first geometry, but prodt
another dead zone below the input elbows. Andgjiites strong turbulence the outlet than the geomet
1ér.
The 3% geometry gives a simple stratification of the Regimonumber, better than the'. We can
conclude that we have a plug flow, which eliminadesd zones produced in the 1st and 2nd geol
and gives no dead zandigh turbulence at the outlet for th" geometry, rather than th™.
Besides, follows that the 3rd geometry can be dmmed as the best of the 3 obtained geometries
also want to improve the stratification profile Reyds number to converge |g flow, the more
stratification profile Reynolds number is bettes tHoser you get this type of flc
For this reasonwe think to add an inlet pipe in the middle of thelbows (like a shower), this behav
will help to mix the fluid streams togethand standardize the Reynolds number in a givemnose
But the problem that has arisen here is the detation of the spee in each of the shower outg
section. To do this we first simulate the flow retshower to get the output speed, then sin a new
geometry of RA (geometry 4) with the shower ateéh&rance and exits insert rates obtained as cond
limitations in geometry
The 4th geometry: Avoid the risk of bubbling muddéed in the reactor bottom (low REYNOLDS at
bottom of the reator unlike the old geometry), ives a simple slicdtion of Reynolds number, the bet
of the geometry”® we can say that in this case most likely the flam be described piston, remo'
dead zones produced in the 1st and 2nd and thgeolthetryand gives no dead zone; and it does not
rise to turbulence at the outlet.
4th geometry allows therefore plug flow where itshaot stagnant or dead zones, and elimir
turbulence at the outlet.

CONCLUSION
Through numerical simulation we developgeometry (geometry 4) that meets the criteria goad
hydrodynamic performance; this geometry providesftfiowing results
- The removal of dead or stagnant ar
- Non bubbling mud located in the reactor bott
- A plug flow within the reactor.
- Low REYNOLDS at the reactor outlet (no turbulen
These results can not be verified with a tracerdese on imodel representing the geom(”.
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