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Abstract—Water intake with fixed height limits the application of selective
withdrawal technology in a certain degree. This study proposes a technological
idea to install baffles on water intake. Through the rotation of upper and lower
baffle, poor water layer can be blocked. A Computational Fluid Dynamics
(CFD) model for the upper baffle on water intake is constructed. The results
show that the baffle installed on the upper part of orifice can reduce the with-
drawal layer thickness and flow on the upper part of orifice centre. Thereby, the
withdrawal flow on lower part can be indirectly increased. While, baffle length
and inclining angle are the important factors to influence the withdrawal layer
thickness and flow distribution. Therefore, the adjusting range of selective
withdrawal can be economically enhanced by installing baffles on water intake.
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1 Introduction

From late spring to early winter, obvious temperature stratification can be found on
the reservoirs with water depth that exceeds 10 m. The layers stratified include epi-
limnion, thermocline and hypolimnion. Thermocline isolates the mass transfer process
between surface and hypolimnion. This isolation causes the anaerobic or anoxic con-
dition of the bottom of reservoir, which leads to the high content of nutrient salt in
sediment. Namely, dissolved oxygen deceases with the increase of water depth [1-7];
Moreover, with the rapid development of social economical development, in the sur-
face layers of many reservoirs, water seasonal algae are in high incidence due to point
source pollution, non-point source pollution and internal pollution [8-10]. The factors
above deteriorate the inlet raw water quality of water plant and increase the difficulty
and cost in purification.

Selective intake tower is a common water withdrawal technology of deep lake and
reservoir water source. Usually, 3-5 water intakes are set on vertical direction of the
tower. By choosing proper water intakes, varied water withdrawal requirements can
be satisfied in different water levels and seasons [11-15]. However, the fixed height
and the irreversibility of water withdrawal boundary of water intake still limit the
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access of obtaining quality raw water. At present, to solve the problem above, Gelda
and Effler (2007) propose a multiple orifices water withdrawal technology to meet
water demands [16]; In America and Japan, more prevalent techniques are adopted to
improve the selective withdrawal characteristics of water intake tower. For example,
temperature control device and water blocking devices are installed on a certain dis-
tance away from water intake tower to change the water quality distribution in reser-
voir, but such project amount is very huge and capital construction cost is high [17-
18]; According to the U.S. Bureau of Reclamation, the temperature control device of
the Shasta dam in California costs $75 million.

Although present renovation or new construction technology of selective intake
tower can obtain expected water quality, their capital construction cost is very high. In
this study, the baffles with certain length and can rotate up and down are installed on
the upper and lower part of water intakes. Baffle and driving mechanism can be reas-
sembled. And underwater installation can be realized by just fixing the device.

The device in the present study has been applied to the selective water intake tower
of multi-layer water intakes or the withdrawal facilities of monolayer water intake
that have been completed. However, in the researches and construction examples on
existing selective withdrawal, the experiment and thought of adjusting selective with-
drawal by baffle have not been reported. Therefore, there are certain difficulties in
both field and laboratory experiments. But the successful case of hydraulic flow simu-
lation by CFD offers some idea to validate the effect of this device [19]. Savage et al.
(2004) had used FLUENT in their study and noted “that a robust 3D hydrodynamic
model can effectively supplement experimental studies in understanding the complex
flow field” in hydraulic structures [20]; Georgoulas et al. (2010) had used FLUENT
to propose a 3D numerical model that simulates the dynamics and flow structure of
turbidity current, through a multiphase flow approach [21]. Therefore, comparing
with experiments, CFD simulation can verify the adjusting effect of baffle to selective
withdrawal to some extent with a large amount of time and cost saved as well.

To verify the application effect of baffle in selective withdrawal, CFD software
FLUENT is firstly formulated in this paper to simulate the water flow state of selec-
tive withdrawal of reservoir without baffle. The simulation objective in this study is
the drinking water source of Heihe Jin-pen Reservoir in Xi’an in China. Then by
comparing the corresponding data in the condition with baffle with those in the condi-
tion without baffle, the influences of baffle length and inclining angle to withdrawal
layer thickness and flow distribution on upper and lower part of water intakes are
analyzed to determine the proper baffle length.

2 Method

2.1  Jin-pen reservoir and the new device-baffle

Jin-pen reservoir is a large water conservancy project in comprehensive utilization.
The selective water intake tower and water intake tunnel lie on the left bank of this
reservoir. The selective water intake tower comprises three layers and three water
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intakes of size of 3.5 m x3.5 m. The centre elevations of the three water intakes are
541.3 m, 554 m, 571 m respectively.

The baffle would be installed on the upper and lower part of water intakes. The
structure of baffles in water intakes is shown in Fig. 1. By adjusting the angle between
baffle and water intake, selective withdrawal limit in density stratification state can be
adjusted.

_________ The withdrawal limit without baffle
————————————— The withdrawal limit with baffle

Fig. 1. Baffle schematic diagram

2.2 Meshing and simulation method

The water intake tower of Xi'an Jin-pen Reservoir is located near dam, thus water
intakes type can be seen as a three-dimensional orifice on vertical wall. The Model is
shown in Fig. 2.

The main flow area and intake tower are connected by water intakes that is located
at 15 m under water surface. RNG % — € turbulence model is introduced in model
computation; PISO method is used in pressure-velocity coupling calculation; Body
Force Weighted is applied to pressure discrete term.
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Fig. 2. Model grid schematic diagram for 4m baffle (Unit: m)
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2.3  Model parameters

The operation data of Xi'an Jin-pen Reservoir in August 14, 2012 is taken as the
input parameters of CFD model. Then with reservoir bottom as longitudinal coordi-
nate origin, longitudinal water temperature can be roughly divided into three layers,
70~67.17 m is epilimnion, the water temperature is fixed as 24.57°C, 67.17~20.52 m
is thermocline, and from 20.52 m to the bottom is hypolimnion, the water temperature
is fixed as 7.46.

3 Results and Discussion

3.1 Water flow compared between without baffle and with baffle

In selective withdrawal, the upper baffle on orifice blocks upper water flow and
changes flow velocity. As a result, the thickness of upper withdrawal layer reduces.
Fig. 3a presents the streamline diagram of the simulation results without baffle. It
suggests that there are withdrawal limits on upper and lower orifice. And the upper
and lower withdrawal layer thicknesses, which are 10.7 m and 12.5 m respectively,
show little difference; Fig. 3b displays the streamline diagram of the simulation result
of 4 m horizontal baffle. In this figure, upper withdrawal layer thickness reduces to
6.4 m blocked by baffle, while the lower thickness show little changes, the value of
lower thickness is 12.8 m.
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Fig. 3. Simulated streamline diagram (Unit[Im)
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Fig. 4. The streamline diagrams of 4m baffle at two different angles (Unit[1m)

iJOE — Vol. 14, No. 3, 2018 145



Paper—A New Device used in Selective Withdrawal from Reservoirs and its Effectiveness Verified ...

70 Ty 70
M LR-ss 4 S L 65
———— =
60 60
EHA === S ) LS55 2
[ [AN——~
45 L 45
T T T T T 40 : : : . T 40
-10 0 10 20 30 40 50 -10 0 10 20 30 40 50
X X
a.2m b.8m

Fig. 5. The streamline diagrams of two baffles in different lengths at the inclining angle of -
30°(Unit : m)

Both of length and inclining angle of baffle can exert different influences on upper
and lower withdrawal layer thicknesses and corresponding flow velocity. It can be
seen from Fig. 4 and Fig. 5 that the withdrawal layer thickness on lower part of orifice
show little fluctuation regardless of how baffle length and inclining angle change,
while the that on upper part of orifice are related with the variation of inclining angle.

3.2 The velocity distribution of withdrawal layer

Taking 4 m baffle as an example, the bigger the angle of baffle inclines upward,
the smaller the blocking effect to upper water flow is, and the lower the variation of
corresponding flow velocity is. In the condition of the same outflow and lower with-
drawal layer thickness showing no larger variations, lower water flow velocity in-
creases with the changing of baffle inclining angle. Fig. 6 illustrates the velocity dis-
tributions at the distance of 4 m, 10 m, and 15 m away from orifice at three different
inclining angles.

In the lower withdraw layer of orifice, the velocity on the same height grows with
the increase of downward inclining angle, that is, -30°>0°>30° > no. In addition, the
influencing degree reduces with the increase of the horizontal distance from orifice.
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Fig. 6. The velocity distributions of five different sections distanced from the orifice
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It can be seen form Fig. 6 that, on the area above 65.5 m, the flow velocity without
baffle shows little differences with that with baffle on arbitrary sections away from
orifice. Besides, the baffle at the five inclining angles shows no influences to the flow
velocity in this area.

3.3  Withdrawal layer thickness

When baffle is not installed, upper and lower withdrawal layer thicknesses are ba-
sically in consistence; when baffle is installed, in the principal of taking selective
withdrawal boundary layer velocity as 0, upper withdraw layer thickness reduces, this
is because the water flow on the upper part of orifice is blocked (Figure 6). Mean-
while, the blocking degree in different length and different inclining angles of baffle
also present differences. The upper and lower withdraw layer thickness that is 10 m
away from orifice are obtained, the detail results are shown in Table 1. Concerning
the baffle of 8 m in Figure 8, although there are left toward water flow velocity on the
upper part of orifice, the flow direction is opposite with orifice. Therefore, the with-
draw limit of upper withdraw layer of orifice cannot be simply determined by taking
velocity as 0, but must be combined with Figure 5. Corresponding rough ranges of the
withdraw layer thickness on the upper part of orifice are listed in the corresponding
brackets of Table 1.

Table 1 indicates that, when baffle is 2 m long, the withdrawal layer on the upper
part of orifice is reduced by 2~3m whether the baffle is inclined upward or down-
ward. When baffle is 4 m long, upper withdrawal layer thickness exhibits significant
reduction at the same inclining angle. When baftle length is 8 m and inclining angle is
upward, the variation amplitude of upper withdrawal layer thickness is smaller com-
paring with that when baffle is 4 m long; but when angle inclines downwardly, upper
withdrawal layer thickness exhibits significant variations; when inclining angle is -30
°, upper withdrawal layer thickness reduces to 0 m. This phenomenon means that the
water flowing toward orifice is mainly from the lower part of orifice.

It can be observed from Figure 4 and Figure 5 that, no matter how long the baffle
is and how inclining angle changes, the withdrawal thickness on the lower part of
orifice has not been changed significantly. Table 1 also shows that, comparing with
the selective withdrawal without baffle, the biggest variation value of the withdrawal
thickness on the lower part of orifice is 1.4 m.

Table 1. The withdrawal layer thickness on 10 m away from orifice

Baffle length, inclining angle 2m 4m 8§m no
8.8 73 6.4 10.7
30°
12.7 12.8 12.8 12.5
0° 7.5 6.4 6.3(5.0) 10.7
12.9 12.8 13.5 12.5
300 7.8 6.6 6.1(=0.0) 10.7
13.0 13.6 139 12.5

*The numeral means the upper layer thickness (m); the inclined numeral means the lower layer thickness

(m)
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3.4  The discharge change of upper-lower layer

The analysis above suggests that the water flow velocity and withdrawal layer
thickness on the upper part of orifice are all lower than those on the lower part of
orifice in the presence of baffle. According to flow formula Q=Axv. The discharge
flow on upper part of the orifice is also smaller than that on the lower part of orifice.
Thus the upper and lower flow distribution changes, the detail results are shown in
Table 2.

Table 2. The upper and lower flow distribution in X direction on the area of 1 m away from

baffle

Baffle length, inclining angle 2m 4m 8§ m no
. 12.95 11.95 11.14 13.62
30 15.55 16.55 17.36 14.88
. 11.81 9.81 8.60 13.62
0 16.69 18.69 19.90 14.88
. 9.13 5.77 5.31 13.62
-0 19.37 22.73 23.19 14.88

*The numeral means the upper flow (m3/s); the inclined numeral means the lower flow (m®/s)

In Table 2, when baffle is with same length, the larger the angle inclines upward,
the smaller the changing degree of the flow on the upper and lower part of orifice is,
and vice versa. Moreover, this changing degree enlarges with the increase of length;
Concerning the baffle with length of 4 m and 8 m, the upper and lower flow changing
degree is very small at the same inclining angle. It should be noted that, when baffle
is 8 m long, there are also flow going through the baffle, although the upper with-
drawal layer thickness is close to 0 m when inclining angle is -30°. Comparing with
the selective withdrawal without baffle, when baffle is 4 m, and 8 m, and inclining
angle is -30°, the upper and lower flow is changed by 8 m3/s around, which is account
for 27.8% of total flow. Besides, the upper and lower flow distribution ratio is about
1:4.3.

It can be seen from Table 2 that, the longer the baffle is, the better the blocking ef-
fect of baffle to upper water is. However, since the impact effect of water to baffle
show direct ratio with baffle length, the requirement for long baffle strength shall be
higher. In summary, the blocking effect of the baffle with 4 m in length to the water
flow on the upper part of orifice is apparently better than that of 2 m. Moreover, com-
paring with the baffle with 8 m in length, the baffle with 4 m in length also displays
the highest cost performances due to the requirements on material. Although when
baffle is 8 m in length and inclining angle is -30°, the withdraw layer thickness is
about 0 m, the flow that go through the orifice show insignificant differences with that
when baffle length is 4 m.

Data indicates that when the water quality on the lower part of orifice is obviously
better than that in upper part, the upper water can be resisted by installing baffle on
the upper part of orifice to obtain better raw water. Comparing with existing facilities
for selective withdraw water, this device is provided with simple structure and con-
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venient operation. It can reduce the time and difficulties of underwater construction.
Moreover, its project expenditure is lower, which probably include stainless steel for
the baffle and other replacement, its simple manufacture and installation on the water
intake tower. The material and manufacture cost of a suit of baffle, two baffle and its
replacement, is simply estimated roughly $10,000; the installation charge can be dis-
cussed based on different orifice: for upper orifice, the baffle can be easy installed
when orifice bare in the atmosphere, the cost maybe $2,000; for the middle and lower
orifice, the installation must be in underwater by diver, so the cost may be expensive,
about $20,000 per orifice to the maximum extent. Therefore, the construction total
cost need about $72,000.

4 Conclusion

Water intake tower with fixed water intakes can not flexibly adjust the withdrawal
limit in longitudinal selective withdraw. Moreover, the renovation cost of existing
technologies is very high. Therefore, the authors install baffles on the upper and lower
part of orifice. By opening and rotating the upper (lower) baffle, water flow can be
blocked and the blocking effect can be adjusted by changing baffle length and inclin-
ing angle. This method can solve the problem of the poorer water quality leaded by
partial harmful water quality to some extent. Moreover, it strengthens the selectivity
of selective water intake tower and improves water quality.

The CFD model of selective water intake tower with baffle is established for simu-
lation. The results show that, with 4 m baffle as limit, upper withdrawal layer thick-
ness shows relatively little variations with the change of inclining angle on the 2 m
baffle length; while the flow distribution ratio on the upper and lower part of orifice
are enlarged with the increase of baffle length and downward inclining angle. When
baffle is 4 m and 8 m in length respectively, the upper withdrawal layer thickness
reduces with the increase of baffle length and downward inclining angle. Besides,
when baffle is 8 m and inclining angle is -30°, upper withdrawal layer thickness is
almost close to 0 m; in addition, with the same length in this baffle length range, the
larger the inclining angle is, the bigger upper and lower flow distribution ratio is. The
biggest flow distribution ratio reaches to 1:4.3; flow distribution shows little varia-
tions with the increase of length at the same angle. But the increase of baffle length
requires better materials.

The analyzing results of withdrawal layer thickness, flow distribution ratio and ma-
terial requirements show that 4 m baffle is the most favourable one. When the water
on the upper part of orifice is polluted, the upper water can be blocked by baffle.
Thus, the raw water quality of water plant is improved. Furthermore, comparing with
other measures mentioned in this study, the capital construction cost reduces due to
the simple structure of the device.
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