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ABSTRACT

This research proposed a new scheme (multi port diffusers) to help in minimizing the impacts of
power plants' effluent. It was intended by introducing such a scheme to achieve an effective
reduction to the outlet water temperature to comply with law 48/1982. An experimental
investigation was carried out in the Hydraulics Research Institute (HRI) where a physical model
was implemented. Several runs were executed to investigate the effect of the proposed schere on
the reduction of the water temperature and wave height. Measurements were undertaken in the
vicinity of the proposed scheme. The measurements were analyzed and were subjected to a
regression analysis, from which a formula was developed to predict the temperature reduction and
the formed wave height. The formula was used to calculate the temperature and wave height. For
comparison purposes, the measured and computed values were given. Their correlation line was 45
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different existing plants in Egypt. This problem

1. INTRODUCTION

Worldwide impacts from the effluent water of the becomes critical in seas, lakes, and gulfs where the

cooling systems of electrical power plants were  current of the ambient water is small and lower

documented. Likewise it is the case in Egypt where mixing is ev1d.ent. This problem also appears on a

many power plants suffer from similar problems i.e. larger scale in narrow channels where - thermal

Nubaria power plant and Eldabaa power plant [5]. discharge reaches to the other side bank and spreads a
long distance, i.e. Nubaria power plant {7].

About 10 °C (Celsius degrees) above ambient water
temperature was recorded and reported by the
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Moreover, in summer months, the average water
temperature in the Nile River and the canals is 28 °C.
That means, at the disposal of hot water, the
temperature will reach 38 °C or more [4].

On the other hand, power plants are of significant
importance to Bgypt to assist in the development
projects.

To enhance the economy of Egypt and to raise the
living standards -of the increasing population, more
and more power plants are to be implemented in the
near future [6].

Tn the meoment, about 7 milliards m > of water and 3.7
milliards m® from the seas are yearly needed for
cooling purposes to the existing power plants along
the Nile River reaches and its branches. This amount
is expected to increase in the coming years after
introducing new power plants in operation.
Consequently, more and more problems will be
created with negative environmental impacts with a
larger scale [1].
It was thus thought of implementing diffusers to
reduce the temperature rise to reach the permissible
standards as dictated by the requirements of the
environmental law No 48/1982, It specified that the
maximum allowable temperature rise, above ambient
water, is 5 °C with a maximum discharge teroperature
of 35 °C {2].
The HRI, thus initiated this study as a contribution to
the development plan of the Ministry of Water
Resources and Irrigation (MWRI). The objective of
the study was to introduce a new technique (romlti
port diffusers) to reduce the temperature of thermal
water before discharging it inte rivers, Figure (1} and
{2).
In this paper the following will be presented:

o  The theoretical background

¢  The constructed model

¢ The formulac that described the physical

phenomena

2, THE THEORETICAL BACKGROUND

The following section introduces the basic equations
that described the physical phenornena.
It is well known that the relative thermal

concentration t is a fonction of the following

T
pararmeters:
‘t'=£ =f(Q,V,H,B,¢q,U,D,L,N) (1)
T H
Where:
t  =thermal concentration  [-]
T

h = wave height -]

H

Q = discharge of outlet [m3/S]

v = water velocity of outlet [m/S]

H ="water depth of outlet fm]

h = height of the formed wave  [m)]

B = breadth of outlet [m]

q = discharge of diffusers [m*/S]

U = water velocity of diffuser  [m/S]

D = diameter of diffusers [m]

L = length of diffusers fm)
=number of diffusers i-1

From the literature, the relative thermal concentration
1 at any section downstream the outlet was defined
T

as follows [9]:

t - Ts-Tr @)
T To-Tr

Ts  =temperature at the measured section [°C]
Tr  =temperature af river [°C]

To  =temperature at the outlet [°C]

Also, from the literature, a dimensionless thermal
concentration was given by a fornmla that was
reported by Miller, Brighouse, (1984) [7] that is
piven as follows:

t HLDYV

—— s _3—5'—:F (3)
T f(NB BBU )

Where:

F = densimetric Froude number [-]

These were the main formulae upon which the
present research was based.

3. PHYSICAL MODEL AND MEASURING
DEVICES

This section displays the constructed Physical model
together with the measuring devices [31.

Regarding the physical model, different multi port
diffusers configurations were proposed and were
physically modelled together with the connected
channel part. The efficiency of these configurations
was investigated in a fixed bed flume, in the
Hydraulics Research institute (HRJ). The flume is 10
m long, 0.5 m wide and 0.7 m deep. The power plant
condenser was represented using an electric boiler to
heat up the water. Photo (1) shows the construction
phase of the model while photos (2) and (3) show the
model layout. The power plant condenser was
represented using an electric boiler to heat up the
water, photo (4).

As for the measuring devices, temperature sensing
probes (thermometer) were used to measure the water
temperature distribution in the flume, photo (5). On
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the other hand, the mulii port diffusers and boiler
(outlet) discharges were measured by two
eleciromagnetic  flow meters, photo (6). The
velocities were measured using an electromagnetic
current meter, photo (7).

4. EXPERIMENTAL WORK AND RESULTS

Several runs were carried out and measurements were
wmndertaken ito record the temperature and wave
heights at different locations for the various diffusers

configurations using: shallow condition H =p2and
B

deep condition 1 =0.5

B
The measurements were analyzed and the results are
given here as follows:

The diameter ratio of the ports (D) is inversely
B

proportional to the thermal reduction ratio t and
T
wave height ratio h . This was noticed during testing
H
deep and shallow conditions. Also, the thermal
reduction was 17% to 20% and 10 % to I[2%at
shallow and deep conditions, respectively. It should
be also further noted that the formed wave height was
1% to 3% at the shallow conditions and no wave was
detected at the deep conditions. The effect of the port

diameter (D) on t are given on Figure (3), while

B T
Figure (4) relate the D to b at (N=6, L=25
B H B
9=0.25).
Q

The number of ports (IN) is inversely proportional to
the thermal reduction and wav height ratio (1) in
H
shaltow and deep conditions. The thermal reduction
was 18% to 23% and 10% to 13% at shallow and
deep conditions, respectively. It is also to be poted
that the formed wave height was 2% to 5% at the
shallow condition but no wave was formed during
testing the deep condition. The effect of the number
of ports (N} on t is represented on Figure (5) while

T
Figure (6) presents the effect of N to h at (N=6,
H
L=23, 9=0.25).
B Q
The distance between the ports ratio (L) is

B
directly proportional to the thermal and inversely
proportional to the wave height both in shallow H and

deep conditions, The thermal reduction was 20% to
23%.and 11% to 13% during testing both the shallow
and deep conditions, respectively. The formed wave
height was 2% to 4% at the shallow condition and no
wave was formed at the deep condition, The effect of

the distance between the ports ratio (L} on t s

B T
given on Figure (7) while the effect of L on hat
B H

(N=6, D =0. 02, 2 =0.25) is given on Figure (8).
B Q

The densimetric Froude number (F) is directly
proportional to thermal reduction and the wave height
both in shallow and deep conditions. The thermal
reduction was 17% to 22%.and 10% to 13%.at
shallow and deep conditions. The formed wave
height wag 1% to 3%.at shallow condition and no
wave was formed at the deep condition. The effect of

the densimetric Froude numher (F} on 1 is given on
T

Figure (9) while Figure (10) presents the effect of F

on b at 9=0.25.
H Q

The ambient diffuser velocity ratio (V) is
u
inversely proportional to the thermal reduction and
wave height in shallow and deep conditions. The
thermal reduction was 17% to 22%.and 10% to
13%.at shallow and deep conditions, respectively.
The formed wave height was 1% to 2%.at shallow
condition and no wave was formed at the deep
condition. The effect of the ambient-diffuser velocity

ratio (¥Y) on t is given on Figure (11) while present

u T
the effectof Y on b at 9:0.25 is given on Figure
U H Q

(12).
As for the Vertical mix, it was noticed that the
thermal mixing depended on the formed wave height.
The dimensionless terms depended on the vertical
mixare D ,N,Fand V.

- B U
From the experiments, three types of mixing
processes were distinguished. These were:

Type (1), the jet height is less than the water level
and the entrainment of thermal water to ambient
water along the jet height forms a thick layer, Figure
(£3).

Type (2), the jet height is equal to the water level and
the entrainment of thermal water to ambient water
along the jet height, forms a thick layer, Figure (14).
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Type (3), the jet height is greater than the water level
and the entrainment of the thermal water to ambient
water along the jet height forms a thin layer, Figure
(15). '
As for the longitudinal mix, it was noticed that the
turbulence in the thermal water was the important
mixing mechanism after the vertical mix. The
strength of the ambient turbulence mechanism
depends on a number of factors that are related to the
geometry of the ambient (L), Figure (16). The
dimengionless term depended on the longitudinal mix
isL. Also, it was noticed that:

B
- The effect of (D), (N} and (V) are inversely

B U
proportional to t and the effect of (L) and (F)
T B
are directly proportional] to £
. T
The dimensionless terms depended on the vertical
mix areD, N, F and Y, the dimensionless term
B V)
depended on the longitudinal mix L
. B

~ Shallow water is more effective than deep water in

the thermal mixing process

- The effect of (D}, (N), (L) and (V) are inversely
. B B U
proportional to . The effect of (F) is directly
H
proportional to I, The results indicated that the
H
formed wave height presented the mechanism of
mixing as it is strong enough to make a complete
vertical mix at shallow condition but not strong
enough to make a complete vertical mix at the
deep condition which means that the effect of D,
B
N, F and X increase at the shallow conditions
U
than the deep conditions

5. DEVELOPMENT OF THE EMPIRICAL
FORMULAE

The measured quantities in this study were subjected
to a regression analysis fo obtain empirical formulae
that can be used for predicting the reduction of
temperature and wave height. The dimensionless

terms
t h g HLDYV

——=FN,~,—~,—,—,—,F (5)
TH mQBBB[J)

Where:

t = thermal concentration {1

T

= wave height [-1

= discharge of outlet [m®/S]
= water velocity of outlet Tm/8]
= water depth of outlet [m]
= height of the formed wave[m]
=breadth of outlet [m]
discharge of diffusers  [m/S]
water velocity of diffuser [m/S]
= diameter of diffusers [m}
= length of diffusers [m]
= number of diffusers £-]
DATA FIT which is statistical software packages
from Qakdale engineering was used to develop the

formula. The fornmlac developed fortand h at
T H

ot

ZEOoe BRI <O

9-0.25

o

The formulae for predicting heat reduction is:
t=+0,002692 (L) +0417(4) + 0.000021%F) -
T B Q

0.00069(N) -0.324(D) -0.1045( V) -.163(H) +0.133
B U B
©

Where the correlation factor beiween measured and
predicted values is above 90% (R%0.9).

The obtained formulae for predicting wave height is:
h = Exp (-0.204 (N) -70.86(D) -6.88 (H) -0.0177

H B B

(L) -0.000247(F) +2.2929 () -17.9929(Y)
B Q U
+1.7765) (7

Where the correlation factor between measured and
predicted values is above 90% (R*>0.9). The
differences between measured and predicted values
plotted against others in figures (17) and (18) the line
of equality drowns for each.

6. CONCLUSIONS

From the above, the following conclusions were
obtained:

1- The new technique is considered to identify 2 new
phenomenon of mixing that needs to find the
sensitivity of the temperature reduction and wave

height,

2- The developed formula could to predict the
temperature reduction and the formed wave height
depending on seven dimensionless parameters.

3- The new technique can be used at different sites of
power plants to comply with law 48/1982 and
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minimize the ecological, hydraulically impacts
and water quality change.

7, RECOMMENDATIONS

1- The formulae need to be verified to satisfy the
actual field condition.

2. Some another factors of multi port diffusers need
to be studied such as the angle of the ports and its
effect.

3- Another types of multi port diffusers such as
staged and alternating diffusers should be studied.
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9, NOTATION

Q = discharge of outlet [m*/S]
v = water velocity of outlet [m/S]
H = water depth of outlet {m]

h = height of the formed wave  [m]

B = breadth of ountlet [m]

q  =discharge of diffusers [m*/S]
§) = water velocity of diffuser  [m/S]
D = diameter of difftisers Im]

L = length of diffusers [m]

N = number of diffusers [-]

F = densimetric Froude number{-]

Tr = temperature at river [°C]
Te = temperature at the outlet [°C]
Ts = temperature at the measured section [°C]

§.¢c = shallow condition where H =0.2
B
D.c = deep condition where H =0.5
B
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Photo (7) Electromagnetic curtent-meter
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