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An investigation has been carried out using the FLUENT Computational Fluid Dynamics (CFD)
software, which uses the finite-volume method to determine whether it is feasible to improve the capacity
and quality of the clarifier at the Al-Wathba Water Treatment Works (Iraq) by some relatively inexpensive
means. Simulations were carried out with two dimensional, radially symmetric models, representing the
existing configuration as well as a number of proposed modifications involving baffles and additional
clarified water off-takes. A convection-diffusion equation, which is extended to incorporate the
sedimentation of sludge flocs in the field of gravity, governs the mass transfer in the clarifier. The standard
k-¢ turbulence model is used to compute the turbulent motion, and our CFD model accounts for buoyancy
flow. The sludge settling velocity was measured as a function of the concentration, and we have used the
double-exponential settling velocity function to describe its dependence on the concentration. The CFD
model is validated using measured concentration profiles. The results were evaluated on the basis of the
simulated profiles of vertical up-flow velocity in the body of the clarifier.
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Jozef Kri§, Ghawi A. Hadi: ZLEPSENIE CINNOSTI SEDIMENTACNEJ NADRZE AL-WATHBA
POMOCOU CFD MODELU — POCITACOVEJ SIMULACIE PRUDENIA KVAPALIN. J. Hydrol.
Hydromech., 58, 2010, 3; 15 lit., 7 obr., 4 tab.

Pri vyskume bol pouzity softvér FLUENT CFD, ktory vyuziva metdodu kone¢nych objemov na ur¢ovanie
toho, ¢i mozno zlepsit’ kapacitu a kvalitu ¢iriCov v Gpravni vody Al-Wathba (Irak) niektorym z relativne
nenakladnych spdsobov. Simulécie sa uskutocnili s vyuzitim 2D radidlne symetrickych modelov, ktoré
predstavovali skutocnu konfiguraciu ako aj pocet navrhnutych modifikacii s usmeriiovaémi a dodatocnymi
odtokmi upravenej vody. Konvekéno-diftizna rovnica, ktora je rozsirend o sedimentaciu kalovych vlociek
model turbulencie k-¢ a na vztlakové prudenie CFD model. Rychlost’ usadzovania kalu bola merané ako
funkcia koncentracie, pricom my sme pouzili dvojexponencidlnu funkciu rychlosti usadzovania na opis
zavislosti od koncentracie. CFD model je overeny pomocou meranych profilov koncentracii. Vysledky boli
vyhodnotené na zéklade simulovanych profilov vertikalnej rychlosti pradenia v ¢iri¢i smerom nahor.

KLUCOVE SLOVA: pogitatova simulacia pradenia kvapalin, tprava vody, &irice, usmeriiovade, kvalita
vody.

1. Introduction

For nearly two years, the Al-Wathba Water
Treatment Plant has been undergoing a $22 million
upgrade to bring more fresh potable water to Bagh-
dad residents. That facility serves the Rusafa area in
northeast Baghdad with markets, businesses, medi-
cal facilities, and about 300,000 residents depen-
dent on its output. “Al-Wathba is over 40 years old
and the dilapidated, poorly maintained equipment

was producing about 1,000 cubic meters of drink-
ing water per hour. We expanded the plant’s capac-
ity almost 2 7 times and it is now able to produce
2,400 cubic meters of water per hour.

The Al-Wathba water treatment plant is an exist-
ing water treatment plant in Baghdad, Iraq. The
plants purpose is to pump water from the Tigris
River, treat the water to potable standards, and then
pump pressurized water to the local distribution
system where it is utilized by residences and busi-
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nesses. The facility was initially constructed in
1934 and expanded in 1964 and 1976. Due to sub-
stantial deterioration, the plant requires expensive
rehabilitation.

Current operations at the facility include pump-
ing water from the Tigris River and treating the
water through three parallel treatment trains.
Treatment train 1, which was constructed in 1934,
consists of clarifier, an alum feed to the clarifier
tank, a settling tank, pressure filtration, chlorina-
tion, and high lift pumps to the distribution system.
Treatment train 2, which was constructed in 1964,
consists of alum feed to clarifier flash mix tanks, a
clarifier, a settling tank, rapid sand gravity filtra-
tion, chlorination, and high lift pumps to the distri-
bution system. Train 3, which was constructed in
1976, is a gravity filtration system similar to treat-
ment train 2.

The Al-Wathba waterworks has circular clarifier
in train 1 (Fig. 1). The water requirement of the
area is very seasonal, with a strong increase in de-
mand over the May-October summer period, during
which the clarifiers appear to have insufficient ca-
pacity and not good quality. It is anticipated that the
works will only be in operation for a few more
years, so that a large investment in additional ca-
pacity is difficult to justify. It would therefore be
most desirable if an inexpensive means could be
found to increase the capacity of the existing units.
It had been noticed that the clarified water off-take
weir was significantly out of level, leading to a
circumferential mal-distribution of flow. Installa-
tion of a multiple V-notch weir was planned, which
should remedy this situation. A uniform circumfer-
ential distribution of flow was assumed as a starting
point for this investigation.

Tab. 1 shows the settling tank design characteris-
tics. The settling tank is circular with a peripheral
inlet system and peripheral overflow weir with v-
notch profile. The bottom floors have a steep slope
of 20° and a blade scraper moves the sludge to-
wards a central conical sludge hopper. No scum
removal facilities are installed.

A number of studies have investigated sediment
distribution and flow patterns in sedimentation
tanks and clarifiers (Simanjuntak, Boeriu, Roelvink,
2009). Several of the studies (Krebs et al. 1996,
Brouckaert and Buckley, 1999. Lakehal et al. 1999,
Jayanti and Narayanan, 2004, Ghawi and Kris,
2007, have been carried by use of CFD model.

The overall objective of this task orders it to in-
crease the quantity and quality of potable water
available to citizens living in Baghdad by rehabili-

tation of the existing water thereby improving their
living conditions by use CFD model.

Fig. 1. Train 1 clarifier tank.
Obr. 1. Cirig.

Table 1. Settling tank characterizations.
Tabulka 1. Opis usadzovacej nadrze.

Parameter Value
Radius [m] 7.750
Area [m?] 169.8
Average depth [m] 4.2

Side wall depth [m] 2.980
0, [m’d"] 5712

2. Computational fluid dynamics model

Computational fluid dynamics is essential to
model solid particulate transport in the clarifier. To
calculate the flow field, the equations for mass
(continuity), the axial and radial momentum con-
servation and the bulk density have to be solved
(Ekama et al., 1997):

0 0 0 yo3%
—p+—pu+—pv+—=0, 1
th axp” Grpv r M
— u+—ir U+——r vu——a—p+
th 7 Ox P r p Ox
+——1|rpv 26u_2(8_u & X)
r Preff ox 3\ox or r
+l£ rpv (%-F@] - (2)
ror Preff or Ox re
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+li rov 28_1/‘_%[8_“4_@4_2) —
r Ox Preff or 3\ox or r

3)

where x is the axial coordinate, » — the radial coor-
dinate, ¢ — time, p — bulk density, u — the axial ve-
locity, p; and p_— the liquid and dry solids densities
(1000 and 1550 kg m™, respectively) and v — the
radial velocity, g and Vo~ the gravitational accel-
eration and the effective viscosity; the latter in-
cludes both the molecular v and turbulent viscosity
v,ie.

Veff:V+Vt,
2
k

Vt ZC/,I_'
&

The turbulent kinetic energy k and the energy
dissipation € are essential to calculate this turbulent
viscosity (c, is an empirical constant). They can be
modelled in several ways (Rodi, 1984). Here, trans-
port equations for these variables are set up and
have to be solved together with the continuity and
momentum equations. gy, g, ¢; and ¢, are constants.

0 10 10
— pk +——rpku+——rphkv =
Otp r ox p ror P
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where

ou\’ o'\ uY (ou ov)
B = ey [2[81”) +2(6xj +2(rj +(8x " 61”) ]
in which ¢, = 1.44, ¢, =1.92,0,=1.3,and 5, = 1.0
are given by e.g. Rodi (1984).

In the equations above, only one phase has been
considered. The proposed approach here is that
water and sludge are modelled as a mixture with the
same velocity for all mixture components. To take
into account specific transport processes for the
sludge, e.g. settling, one can set up so-called scalar
transport equations.

0 10 10
—p@+——rpdP(u—v,)+——rpdv=
P r Ox P ( S) r O P

ot r ©)
rox\ o, ox ror\ oy or

where v_is the settling velocity (Eq. (7)), @ — the
solids mass fraction and o, — the Schmidt number.
Traditionally, the last-mentioned is taken as 0.7
(e.g. Adams & Rodi, 1990; Szalai et al., 1994;
Krebs et al., 1996; Lakehal et al., 1999).

The settling velocity of the suspended solids is
not constant, but depends on the water temperature,
floc size, the floc density and the floc concentra-
tion. The settling velocity was specified as a func-
tion of concentration (7akdcs, Patry and Nolasco
(1991) and Patry and Takdcs (1992)). This formu-
lation allows higher settling velocities for higher
concentrations and lower settling velocities for
lower concentrations.

where v, is the maximum settling velocity, r, — the
parameter characteristic for the hindered settling
zone, r,—a characteristic settling parameter at low
solids concentrations, and X[ is the concentration

below which no settling occurs. Eq. (7) parameters
are summarized in Tab. 2.

3. Boundary conditions

The above equations form a set of partial differ-
ential equations. In order to obtain a unique solu-
tion, this set needs to be linked to a set of boundary
conditions. The boundary conditions include: 1.
The inlet was specified as a uniform velocity, solids
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Table 2. Settling parameters used in this paper.
Tabulka 2. Parametre usadzovania pouzité v tejto praci.

Parameter Value
v, [ms] 0.0043

r g 0.26

r [l g 3.89

1

X [g1M 0.05

v, [ms] 0.03

c, 0.09

concentration k£ and ¢ values; 2. The overflow out-
lets were specified in the top row of cells on either
side of the overflow weirs. A zero gradient bound-
ary condition was imposed for all variables. In or-
der to conserve mass, the outflow of mass was bal-
anced with the inflow. To ensure a uniform distri-
bution across the overflow weirs, a number of
boundaries was specified, each with a fixed mass
flux ratio. The total overflow mass flux ratio was
set to 96%; 3. The underflow outlet was specified
in the bottom of the hopper(s). The total mass flow
ratio of the underflow was set at 4%. This ac-
counted for the removal of sludge from the hopper;
4. The vertical and horizontal walls were specified
as near wall boundaries using the standard k-¢
model (Rodi, 1993); 5. The static free surface was
specified as a rigid lid symmetry axis. The variables
that were not specified according to a rigid lid
symmetry axis were the concentration (for which a
zero flux boundary was applied) and the kinetic
energy dissipation (where the values as used by
Zhou and McCorquodale (1992) were specified);
6. The interaction of the solids with the bottom wall
was modelled by an implicit bottom boundary con-
dition (Zhou and McCorquodale, 1992). This was
used to calculate the solids concentration at the
bottom as a function of the solids concentration
near the bottom, the settling velocity and scouring
parameter.

4. Solution of the governing equations

In a CFD solution, the flow domain is broken up
into a number of contiguous and nonoverlapping
cells enveloping the whole domain and the flow
variables are sought at the centers of each of these
cells. The governing equations are therefore discre-
tized and linearized in the present case, by a finite
volume scheme. Resulting in a set of coupled, lin-
ear algebraic equations which are then solved using
iterative schemes. The various steps in this scheme
of solution have become sufficiently standardized
that commercially available CFD codes can be used

to solve the governing equations. This approach is
resorted to in the present case and all the calcula-
tions reported here have been done using the CFD
code FLUENT developed by Fluent Inc. The ver-
sion used in the present calculations is a finite-
volume based code using unstructured meshes to
discretize the flow domain. The value of the nu-
merical schemes were used in the numerical model
are listed in Tab. 3 (Fluent, 2006)

Table 3.
(Fluent, 2006).
Tabul ka 3. Suhrn pouzitych numerickych schém (Fluent,
2006).

Summary of the numerical schemes applied

Numerical scheme
Pressure interpolation body-force-weighted
Pressure-velocity coupling  PISO
Advection term QUICK
Diffusion term central difference

Time second-order upwind
k QUICK
e QUICK

Solids fraction QUICK

5. Material and method

Before the study reached the implementation and
evaluation stages, Al-Wathba Water were able to
reduce the demand for water at the treatment works
by eliminating some major leaks in the system, and
the need to upgrade the clarifier fell away. Al-
though this was disappointing from the point of
view of the CFD project, it did provide an object
lesson on the need to apply demand management
before considering any technological measures to
increase production capacity.

In this case study, a series of CFD models were
generated to support the design work for modifica-
tions to a clarifier which needed to have its per-
formance upgraded. The peripheral feed arrange-
ment for this clarifier was particularly unusual, and
caused it to be plagued by poor feed distribution
resulting in severe short-circuiting.

In June 2005, Al-Wathba Water reviewed the ex-
isting design and made recommendations on pro-
posed improvements to Clarifier. The working
group tabled the following design proposal:

Convert the existing peripheral inlet system to a
central inlet, which required construction of the
inlet pipe below the existing floor (Fig. 2). Fig. 2 is
a half-sectional diagram representing the features of
the clarifier, which are of interest to the CFD
model.

204



Improvement performance of Al-wathba settling tank by a computational fluid dynamics model

Sludge samples were collected with a peristaltic
pump (Chemaster dose pump CP-Z/100-P-DC) and
6 mm ID PVC tubing. The tubing was mounted on
a rigid PVC pole. Samples of 70 ml were taken
below the solids blanket and at the settling tank’s
inlet. Instead, 200 ml-volume samples were col-
lected above the blanket. The latter allowed a more
accurate determination of solids weight. The solids
concentration was determined according to Stan-
dard Methods (APHA, 1992). To quantify the
measurement accuracy ten repetitions of three dif-
ferent concentrations have been examined on their
95% confidence interval. The samples covered the
range of concentrations dealt with in practice.

7020

Water Swface launder| | 630

o 1800

Centerline

5500 !
: 750

Dimensions in mm

Fig. 2. Half-section diagram of Al-Wathba Water Treatment
Plant.

Obr. 2. Polovica prierezu charakterizujtica ¢iri¢ upravne vody
Al-Wathba.

Steady-state solids concentration profiles were in-
vestigated on 19 July 2006. To study the dynamics,
samples were taken hourly between 4 am and 3 pm
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at the following settling tank locations, — inlet,
— effluent.

Steady-state solids concentration profiling was
conducted between 2:30 pm and 4:30 am when the
most stable inlet flow rates occurred. Confrontation
of measured profiles and data from the mounted
acoustic solids blanket depth sensor (located at
approximately 8 m from the tank’s centre) revealed
that the latter blanket depth corresponded to solids
concentrations of between 25-65 mg 1",

6. Model validation

The simulated solids concentrations should be
validated with measured profiles. The validation
consisted of comparing simulations with steady-
state solids concentration profiles measured at 4
different radial distances, i.e. 2, 4, 6, and 7 m, all
situated outside the feed well. The profiling was
conducted at afternoon flow rates. Simulated pro-
files were recorded every 20 minutes giving a range
of profiles between which the measured solids con-
centrations should be found for successful valida-
tion. Results are shown in Fig. 3.

Without any additional calibration, an excellent
agreement is found between simulations and mea-
surements. Only close to the bottom floor at a radial
distance of 2 m, the simulated concentration largely
deviates from the measured value. A possible cause
may be a clump of solids stuck to the bottom, not
being removed by the scraper. Badly modelled sol-
ids compression also leads to lower bottom floor
concentrations.

= 0m r="Tm.

= measured
computed

60 90 0 30 60

90 0 30 60 90 0 30 60 90

Solids concentration (g1

Fig. 3. Comparison between simulated and measured solids concentration profiles. Simulated profiles were recorded every 20

minutes.

Obr. 3. Porovnanie simulovanych a nameranych profilov koncentracii pevnych castic. Simulované profily boli zaznamenavané

kazdych 20 minut.
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Quilet Conceniration

Outlet Conceniration

Fig. 4. Outlet concentration before and after retrofit.
Obr. 4. Koncentracie na odtoku pred Gpravou systému a po nej.

7. Result and discussion
7.1 Existing clarifier performance

As shown in Fig. 4 (top), the existing clarifiers at
Al-Wathba Treatment Plant, often experience high
effluent solid concentration. In the overloaded clari-
fier, the effluent solid concentration is extremely
sensitive to any minor variations in plant flow.

The flow capacity for the Al-Wathba existing
clarifier studied ranges from 200 to 450 m> h™' due
to variations of the process parameters. The clari-
fier is unable to achieve their expected design flow
of 405 m® h™' due primarily to the thickening limita-
tion of clarifiers.

Fig. 5 shows a cross-sectional diagram of the
modified clarifier, with the simulated flow field for
an overflow rate of 242 m® h”', which corresponds
to an average up-flow velocity of 0.045 cm s over
the annular area between the baffle and the outer
wall. The arrows give an impression of the flow
pattern in the settling section; their lengths are pro-
portional to the velocities. The contour lines show
the distribution of the vertical component of ve-
locity.

The critical horizontal plane is taken to be from
the bottom of the baffle to the outer wall (shown as
AB in Fig. 5), and it can be seen that the maximum
upward velocity across this section is just less that
0.12 cm s™', about 3 times the nominal design value.
It can also be seen that part of the reason for this is
that a substantial portion of the area towards the
centre is occupied by down-flowing water, thus
reducing the effective area of the clarification sec-
tion.

Fig. 5. Simulation of existing clarifier (contours of vertical
velocity in cm s™).
Obr. 5. Simulédcia existujuceho cirica (Ciary vertikalnej
rychlosti v em s™).

Based on these results, it seemed that attempts to
increase the capacity of the clarifier should aim to
increase the area over which up-flow occurs by
minimizing the area in which down-flow occurs.

7.2 Performance of clarifiers with
an optimized influent structure

The 2D clarifier modeling technology was used
to evaluate the retrofit alternative. Improved clari-
fier hydraulic behavior as well as enhanced per-
formance can be observed in the following aspects:
1. Fig. 6 shows a simulation of the clarifier fitted

with a small annular baffle mounted just below

the shroud. The idea behind it was to achieve a

more even distribution of radial flow outwards

across that cylindrical area between the bottom
edge of the shroud and the clarifier floor imme-
diately beneath it, and thereby to reduce the cir-
culatory flow in the settling section. The inner
edge of the baffle protrudes slightly into the
down flow inside the shroud and diverts it into
the settling section. The best result was obtained
with the baffle angled slightly downwards, to
prevent sludge being immediately projected into
the region above the bottom edge of the shroud.

Unfortunately, this complicates the construction

of the baffle, as it makes its surface a conical

section rather than the annular section if the an-
gle was simply horizontal. As shown, the simula-
tion predicts that this baffle should result in a ca-

pacity improvement of about 25%.

2. Further capacity could be obtained by the use an

additional clarified water withdrawal system, as
indicated in Fig. 7. This would have to be an an-
nular pipe floating just below the surface, with a
series of holes to admit the clarified water. The
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whole arrangement would have to rotate with the
bridge, with a take-off pipe attached to the bridge
itself, and discharging over the existing weir into
the clarified water collection channel. This might
possible be achieved with just a syphon ar-
rangement, but it is more likely that a pump
would be necessary, which could also be
mounted on the bridge. On the face of it, it seems
that such an arrangement would be relatively ex-
pensive to install, and would involve extra opera-
tional difficulties, which may be difficult to jus-
tify at the Al-Wathba Water works. With all
these options installed, the simulations predict
that the clarifier should have 175 % of its origi-
nal capacity.

Table 4. Summary of 2D modeling results.
Tabulka 4. Sthrn vysledkov 2 D modelovania.

Q=255 0=1336 0 =405
[m’ s [m® s [m’ s
Predicted average effluent turbidity (NTU)

Existing tank 12 16 17

Modification 5.2 9.2 10

1,2

Modification 5.0 6.3 6.5

1,3

Modification 4.5 5.0 5.2

4,5

Modification 1 = Inlet flocculation baffle, the distance from
tank influent to the baffle = 2.6 m and the baffle depth = 2.4
m (the space under the baffle lip = 41% of the flow cross
section area).

Modification 2 = A conventional baffle between A and B
with baffle depth of 1.73 m below the surface (the space
under the baffle lip = 58% of the flow cross section area).
Modification 3 = A conventional baffle between A and inlet
with baffle depth of 1.39 m below the surface (the space
under the baffle lip = 66% of the flow cross section area).
Modification 4 = Circular baffle mounted just above the
floor of the clarifier (the dimension of the baffle was: radius
4180 mm, hight — 320 mm, gap between baffle and floor —
— 190 mm).

Modification 5 = Two baffles mounted below the shroud.

Total of the four alternatives tested by 2D model-
ing are presented in Tab. 4.

The relationship between the effluent solid con-
centration and the hydraulic loading is summarized
in Tab. 4 for the existing clarifier and ones with
three different modification combinations.

The predicted solid concentration in Tab. 4 indi-
cates that the average solid concentration can be
significantly reduced by improving the tank hy-
draulic efficiency. The comparison of model pre-
dictions with the subsequent field data indicates
that the significantly improvement of clarifier per-

formance was obtained by using the minor modifi-
cations based on the 2-D computer modeling.

The existing clarifiers have flow capacities of
approximately 290 (m® h™") under the normal pro-
cess condition, which is most of the year. The op-
timized clarifiers can achieve a flow capacity of
about 405 m’ s, which is 35% higher than that of
the existing clarifiers.

The verification of 2-D clarifier model by using
data illustrates that the 2D clarifier model is a very
useful tool to optimize clarifier design and enhance
clarifier performance by simulating tank internal
hydraulics behavior and sludge blanket movement.

8. Conclusions and recommendations

Various possible modifications to the clarifier were
presented, together with their predicted capacity
and quality improvements. Results could probably
be obtained with baffles located in a number of
positions, for instance a horizontal baffle attached
to the outer wall of the clarifier, below the clarified
water launder. Such a baffle would be very much
larger than the one proposed because of its radius,
and consequently much more expensive to install.

The simulations suggested that an increase of
50% in throughput could be achieved with the in-
stallation of the mounted baffle, and this could be
increased to 75% or more by combining it with an
additional clarified water off-take. Even if these
conclusions are optimistic, the low cost of fitting
the baffle should make the baffle-only option
worthwhile.

The additional clarified water off-take system
would only be considered as a final option, as its
engineering will be more involved and expensive

Fig. 6. Simulation of the clarifier modified with a baffle
mounted below the shroud (contours of vertical velocity
incms™).

Obr 6. Simulacia ¢irica upravené¢ho pridanim usmeriiovaca
umiestneného pod clonu (&iary vertikalnej rychlosti v cm s™).
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Fig. 7. Simulation of the clarifier modified with a baffle
mounted on the shroud, and annular clarifier water withdrawal
system (contours of vertical velocity).

Obr. 7. Simulacia ¢iri€a upraveného pridanim usmeriiovaca
umiestneného na clone a systému odberu vody s prstencovym
¢iriCom (Ciary vertikalnej rychlosti).

than the installation of baffles, and in fact it is pre-

dicted to be largely ineffective without the baffles.

However, there are apparently a considerable num-

ber of clarifiers of similar design around Bagh-

dad/Iraq, and it may be worthwhile to set up a clari-
fier with the complete system as a test case to de-
velop a package which could be used to uprate units
at works where greater capacity is required.

This project in general assessment determined
that:

1. The renovation of Al-Wathba water treatment
plant will meet the stated objective of improving
the living conditions of citizens living in Bagh-
dad by increasing the quality of potable water
available to them, if design specifications are
met.

2. The conclusion of that investigation had been
that converting the clarifier to a central feed ar-
rangement was the only way to obtain a signifi-
cant improvement in its performance.

3. Evaluated clarifier design under the specified
process conditions.

4. Develop reliable retrofit alternatives with the
best cost-effectiveness.
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List of symbols
X — axial coordinate,
r —radial coordinate,

— axial velocity [m s™'],

u

P — the average pressure [Pa],

n — dynamic viscosity [Pa s],

P — bulk density [kg m™],

pi, p,  —liquid and dry solids densities [kg m?],

t — time [s],

Cy —a model constant (0.09),

k — the turbulent kinetic energy [m” s?],

€ — the dissipation of turbulent energy [m® s™],

(o — the Schmidt number (0.7),

v, — the turbulent viscosity [m”s™],

Vg — effective viscosity [m”s™'],

Uy, — the reference settling velocity [m s,

ry 1, —induce the domination of the first and the second term

for the falling and the rising part

Xo — the solid concentration [mg ",

D — solids mass fraction,

v — radial velocity [m s],

v — maximum settling velocity [m s™],

A — the scraper displacement area [m?],

CFD - Computational Fluid Dynamics.
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ZLEPSENIE CINNOSTI SEDIMENTACNEJ NADRZE
AL-WATHBA POMOCOU CFD MODELU

— POCITACOVEJ SIMULACIE

PRUDENIA KVAPALIN

Jozef Kri§, Ghawi A. Hadi

Al-Wathba je fungujuca Upravia pitnej vody v Bag-
dade. Jej ucelom je Cerpat’ vodu z rieky Tigris, upravit
vodu podla pitnych noriem a dopravit’ ju do miestneho
distribucného systému. Zariadenie bolo skonstruované
v roku 1934 a rozsirené v rokoch 1964 a 1976. V do-
sledku zanedbania upraviia vyzaduje nakladnu rekon-
Strukciu.

Upraviia vody Al-Wathba je viac ako 40 rokov stara
a zanedbana. Zle udrziavané zariadenie produkovalo
priblizne 1000 m® pitnej vody za hodinu. Kapacita Gipra-
vne sa rekonstrukciou zvacsila a teraz je schopna produ-
kovat' 2400 m’ pitnej vody za defi.

Sucasna prevadzka zahima Cerpanie vody z rieky Tig-
ris a upravu vody prostrednictvom troch paralelnych
systémov Upravy. 1. systém bol postaveny v roku 1934 a
pozostava z CiriCa, sedimentacnej nadrze, pripravy a
privodu siranu hlinit¢tho do cirica, tlakovej filtracie,
chloracie a Cerpadiel, ktoré Cerpaji vodu do distribucné-
ho systému. 2.systém upravy bol skonStruovany v roku
1964 a zahfila privadza¢ siranu hlinit¢ho do ¢iriacich
nadrzi s rychlym mieSanim, sedimenta¢nej nadrze, ¢irica,
rychlej gravitatnej otvorenej pieskovej filtracie, chlora-
cie a Cerpadiel, ktoré Cerpaji vodu do distribu¢ného
systému. 3. systém postaveny v roku 1976 je gravitaénou
filtraénou sustavou, ktora je podobna systému 2.

Pre modelovanie transportu pevnych castic v ¢irici je
zasadnd pocitacova simuldcia pradenia kvapalin. Na
vypocet pola prudenia je potrebné riesit’ rovnice pre
hmotu (kontinuitu), axidlne a radidlne zachovanie hyb-
nosti a objemova hmotnost’ (Ekama a kol., 1997).

Navrhnuty postup modeluje vodu a kal ako zmes
s rovnakou rychlostou pre vsetky zlozky zmesi. Ak
vezmeme do Uvahy Specifické procesy transportu pre
kal, napr. usadzovanie, mozeme zostavit’ tzv. skalarne
transportné rovnice.

Rychlost’ usadzovania rozptylenych pevnych Castic
nie je konStantna a zavisi od teploty vody, velkosti vlo-
¢iek, hustoty vlociek a ich koncentracie. Rychlost’ usa-
dzovania bola $pecifikovana ako funkcia koncentracie
(Takdacs, Patry, Nolasco (1991) a Patry, Takdcs (1992)).
Tato formuladcia umoziuje vyssie rychlosti usadzovania
pre vysSie koncentracie a nizSie rychlosti usadzovania
pre nizSie koncentracie.

Pred tym, ako $tadia dosiahla stupeni implementacie
a hodnotenia, bola Al-Wathba schopna znizit'" potrebu
vody na upravni eliminaciou niektorych velkych tnikov
v systéme a zmodernizovanim ¢iri¢a. Hoci to bolo z
pohladu projektu CFD sklamanim, poskytlo to nazornu
lekciu o potrebe aplikovat’ manazment dopytu (potreby
vody) pred zvazenim technologickych opatreni na zvy-
Senie produk¢nej kapacity.

V tejto pripadovej $tidii bola vypracovana séria mo-
delov CFD na podporu navrhovych prac pre upravu
iri¢a. Periférne usporiadanie privodov pre tento ¢&iri¢
bolo dost’ nezvycajné a zI¢ rozmiestnenie privodov vyus-
tilo do nepriaznivého skratovania.

V juni 2005 uskutocnila Al-Wathba Water reviziu
konstrukcie a nasledné odportac¢ania tykajice sa navrhnu-
tych vylepSeni pre ciri€. Pracovna skupina predlozila
takyto navrh vylepSenia:

Zmenit’ existujuci periferalny vtokovy systém na cen-
tralny vtok, ktory vyzadoval konstrukciu vtokového
potrubia pod existujucim dnom (obr. 2). Obr. 2 je priere-
zovy nakres, predstavujuici charakteristiky cirica, ktoré
su délezité pre model CFD.

Simulované koncentracie pevnych cCastic by sa mali
porovnavat’ s meranymi profilmi. Validacia pozostavala
z porovnavania simulacii s profilmi koncentracii pev-
nych Castic v ustalenom stave, ktoré boli merané v Sty-
roch roznych radialnych vzdialenostiach, t.j. 2, 4, 6 a 7
metrov — vSetky boli situované mimo privodu. Profilo-
vanie sa uskutocnilo pri poobediajsich prietokoch. Si-
mulované profily boli zaznamenavané kazdych 20 mintt
v rozsahu profilov, medzi ktorymi by sa mali najst’ me-
rané koncentracie pevnych Castic pre uspesnu validaciu.

Ako vidiet na obr. 4, v odtoku z Gpravne vody Al-
Wathba su casto zistené vysoké koncentracie pevnych
Castic. V pretazenom Cciri¢i je koncentracia pevnych
Castic v odtoku velmi citlivd na akékol'vek nepatrné
zmeny v prudeni.

V ramci prietokovej kapacity pre Ciri¢ v Al-Wathba
boli pozorované rozsahy od 200 do 450 m® h™' v désled-
ku zmien parametrov procesu. Ciri¢ nie je schopny do-
siahnut’ predpokladany navrhovy prietok 405 m® h', a to
hlavne v dosledku obmedzeného zahustovania v Cirici.

Obr. 5 znazoriuje prierezovy diagram modifikované-
ho ¢iri¢a so simulovanym pol'om pridenia pre prepado-
vy prietok 242 m’ h™', ktory kore$ponduje s priemernym
pridenim smerom nahor 0,045 cm s cez prstencovii
plochu medzi usmeriiova¢om a vonkajsou stenou. Sipky
davaju predstavu o spdsobe prudenia v usadzovacej
Casti; ich dizky su proporéné k rychlostiam. Ciary zna-
zornuju distribuciu vertikalnej zlozky rychlosti.
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Kritickd horizontalna rovina je brana od spodku us-
mernovaca k vonkajSej stene (znazornené ako AB na
obr. 5) a mozno vidiet, Ze maximalna rychlost’ smerom
nahor v tejto Gasti je len nie¢o menej ako 0,12 cm s, &o
je trojnasobok nominalnej navrhovej hodnoty. Takisto
mozno vidiet, ze je to sposobené tym, Ze vyraznl Cast
plochy smerom k stredu zaberaji vody pradiace smerom
nadol, ¢o znizuje cinnu oblast’ ¢asti usadzovania.

Na zaklade vysledkov sa zda, ze pokusy zvysit’ kapa-
citu Cirica su zamerané na zvacSenie oblasti, kde sa vy-
skytuje pridenie smerom nahor cez minimalizovanie
oblasti s vyskytom pradenia smerom nadol.

2D modelovanie technologie ciri€a bolo pouzité na
vyhodnotenie alternativy pre zavedenie novej technolo-
gie. VylepSeny hydraulicky rezim c¢irica ako aj jeho
zlepSena ¢innost’ su zjavné v nasledujtcich aspektoch:

1. Bolo snahou dosiahnut’ rovnomernejSiu distribtciu
radialneho prudenia smerom von cez cylindricka ob-
last’ medzi dolnym okrajom clony a dnom ¢irica hned’
pod nim a tym znizit' cirkula¢né pradenie v usadzova-
cej Casti (obr. 6). Vnutorny okraj usmeriiovaca mierne
vyénieva do dolného prudenia vo vnutri clony a od-
klana ho do usadzovacej Casti. Najlepsi vysledok bol
dosiahnuty s usmerfiovaom smerujucim mierne na-
dol, ¢o zabranuje kalu dostat’ sa okamzite do oblasti
nad spodnym okrajom clony. Nanestastie toto kom-
plikuje skonstruovanie usmernovaca, ked’ze robi z je-
ho povrchu skor konicky Gsek ako prstencovy, ak je
uhol jednoducho horizontalny. Ako vidiet’, simulacia
predpoveda, ze tento usmeriiova¢ moze mat’ za nasle-
dok zlepsenie kapacity priblizne o 25%.

2. Dalsiu kapacitu mozno dosiahnut pouzitim dalsieho
systému na odber upravenej vody tak, ako je znazor-
nené na obr. 7. Muselo by to byt’ prstencové potrubie
plavajuce hned’ pod hladinou so sériou otvorov pre
vstup upravenej vody. Cela zostava by mala rotovat’ s
mostikom s odberovou rirou pripevnenou k mostiku,
ktora vypusta vodu cez priepad do zberného zlabu
pre upravenu vodu. Toto mozno dosiahnut’ upravou
sifonu, ale je pravdepodobnejSie, ze bude potrebné
Cerpadlo, ktoré taktiez mozno pripevnit k mostiku.
Zda sa, ze inStalacia takejto upravy by bola relativne
nakladna a priniesla by problémy s prevadzkou, ktoré
by bolo t'azké odovodnit’ na upravni vody Al-Wathba.
So vsetkymi inStalovanymi moznostami simulécia
predpokladd, Zze v porovnani s pdvodnym ciri¢ bude
mat’ 175% kapacitu.

Vztah medzi koncentraciou pevnych Castic v odtoku
a hydraulickym zatazenim pre existujuci ¢iri¢ a 3 d’alSie
kombinacie modifikacii je zhrnuty v tab. 4.

Predpokladana koncentracia pevnych castic v tab. 4
naznaCuje, Ze priemernd koncentracia pevnych Castic
moze byt vyrazne znizena zlepSenim hydraulickej G€in-
nosti. Porovnanie modelovych predpovedi s nasledne

ziskanymi tdajmi z merani naznacuje, ze vyrazné zlep-
Senie ¢innosti nadrze sa dosiahlo pouzitim malych modi-
fikécii na zaklade 2 D pocitacového modelovania.

Za normalnych podmienok prevadzky, ¢o je po vacsi-
nu roka, existujuci ¢iri€ ma prietokovu kapacitu priblizne
290 m’® h'. Optimalizované &irie mézu dosiahnut’ prie-
tokovi kapacitu 405 m® s, ¢o je 035 % viac ako
v sucasnej nadrzi.

Verifikacia 2D modelu ¢irica s pouzitim tidajov uka-
zuje, ze 2D model nadrze je vel'mi uzitocnym nastrojom
pre optimalizaciu navrhu ¢iria a zlepSuje jej Cinnost
tym, ze simuluje vnitorny hydraulicky rezim pohybu
kalového mraku.

V praci boli prezentované rozne potencidlne modifi-
kacie sedimentacnej nadrze spolu s predpokladanou
kapacitou a zlepSenim kvality. Vysledky mozu byt do-
siahnuté prostrednictvom usmeriiovacov umiestnenych
na réznych poziciach, napr. horizontadlny usmeriovac
upevneny k vonkajsej stene nadrze pod Ciriacim zariade-
nim. Takyto usmerfiova¢ by bol vzhl'adom na jeho po-
lomer ovel'a va¢si ako ten navrhnuty a takisto aj instala-
cia by bola nakladnejsia.

Na zéklade simulécii sa odporuca narast priechodnosti
0 50 % pomocou instalovania montovaného usmerfiova-
Ca; narast o 75 % mozno dosiahnut’ kombinaciou
s dodatocnym odtokom upravenej vody. Aj ked’ su tieto
zavery optimistické, nizke naklady na inStalovanie us-
mernovaca by znamenali, ze usmeriiovac je jedinad moz-
nost’, ktora sa vyplati.

Zoznam symbolov

x — osova stradnica,
r — radialna stradnica,

u — osové rychlost’ [m s,

P — priemerny tlak [Pa],

n — dynamicka viskozita [Pa-s],

p — objemova hmotnost’ [kg m™],

— hustota kvapaliny a pevnych &astic [kg m™],

Pi P s

t — Cas [s],

Cy — modelova konstanta (0.09),

k — turbulentna kinetickd energia [m? s™],

€ — rozptyl turbulentnej energie [m* s™],

o — Schmidtovo ¢islo (0.7),

2 — turbulentné viskozita [m*s™],

v, - Utinna viskozita [m?s],

U, — referenénd rychlost’ usadzovania [m s™'],

7 1, —indukuje dominanciu prvého a druhého terminu pre
klesajticu a stipajicu Cast’,

Xo — koncentracia pevnych &astic [mg I''],

D — podiel pevnych castic,

v — radialna rychlost [ms™],

Y — maximélna rychlost’ usadzovania [m s™],

A — plocha posuvu stieracich zariadeni [m?],

CFD — (Computational Fluid Dynamics) pocitacova

simulécia pradenia kvapalin.
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