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m purpose a two-dimensional numerical model was applied for estimatinp
111 & rive
- nservation Equation and Thermal Energy Equation were used to describe (he
- =d diffusion  of temperature along the river subjected 1o thermal no lution point
[ e mode] incorporates the (k-g) turbulence model to caleulate the distribution
sity .The pressure distribution was determined using hydrostatic  pressure
= ~renbad equations were formalized and simplified to be solved using Allemative
PRICIl- explicit method (ADID with upwinding technigue . The resulting svsiem of linear
= tons were then solved using Gauss-Elimination method
sical model was built wo find experimental data . These datq were used for model
dta obtained from Al-Daura power statton and Tigris river.
| to be sensitive to the variation of river vel ity and density difference and the
and to be insensitive 1o the wind speed The companson of observed results from Al
= L and laboratory physical model with those computed by the numerical model
greement . The maximum absolute difference percentage are (16.2%, B.6
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INTRODUCTION i
The rise of water temperature due to artificial effects is called thermal pollution .This 1y
pellution can be defined as excessive change in the natural or ambient water temperature causs E o
the addition or removal of heat through man's activities . The heated water rajse the temperan . ’
the body of water above it's normal level and can harm animals and plants living in the
(Richard. 20007, -
The major waste-heat producing industries are :steam-electric generalion plants | peim P
refineries | steel mill , chemical plants(mathur,1976).
The discharge of heated water directly to the river can be more dangerous to the health ¢ -
receiving water than organic pollution. Higher temperature reduces solubility of oxygen M -
Ahe chemiral reactions will proceed 1o a faster pace, hence |, the water may go anaerobic -
disastrous effects on its odor and appearance{ Rute and Siliva,1997) -

Al-Challabi (1994) developed a two- dimensional numerical model for the simulation of the :
and mixing of thermally polluted water disposed into the flow. This model considers the of
density difference between the pollutant density and the river water density
Li-Renyu and Righetto (1998) presented unsteady state two dimensional model 1o simulss ———
velocity and temperature field in the estuary of the Yangtza River in Brazil, It was found &
simulation by using {K-g)model can provide more details of flow fields and lemperature distri
than that ence obtained by using
Phenomenological algebraic for models of eddy viscosity and diffusivity Catirolgu and Y
(1998) presented a mathematical model to predicts the long-term effects of once-through s
on local fish population. . The simulation indicates that entertainment and impingement may |
a population reduction of about 2% to 8% in the long run. Joody (2001} developed one as JE—
dimensions numerical model for the simulation of the spread and mixing of thermally p
waler disposed into the river flow released from the AL-Daura Power Station starting fros
outfall up to 1000m downstream. The two dimensional model also discusses two cascs. the
case neglects the effect of vertical velocity distribution while the second case ing
Comparison of observed data on Feb 3. 20001 and July 27.2001 with data computed be
dimensional model shows a good agreement with percentage error of 0.57% and 1.95% respes
In this research the finile difference method was used to solve the equanons governiag
phenomena of heat disposal. The solution was verified by a laboratory experimental work =
field data obtained from Al-Daura power station .

NUMERICAL MODELING
Numerical model of thermal pollution is used by the formulation of the following set of
differential equations: (Rastogi and Rodi, 1978) -
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located at the end of the flume, The experiments was conducted to find the temperature along &
flume downstream of the heated water outfall(the water from the tap). The temperature values we
measured using thermometers distributed at selected distances from this tap.

Field data obtained from Al-Daura power station were also used (o support this verificatiof
Table(1) shows the comparison of the temperature values along the Tigris river downstream of 4
doura Power station outfall with those obtained by the numerical model , The required informatid
about Tigris river obtained from (E uphrates center for studyving and design or irrigatd
project, 2001)

Tuble (1) Observed Eir'lﬂ Predicted temperature from Al-Daur Fa power station

Distance(m) Predicted Tem ip. Absolute |
*C(by Numerical difference %
madel)
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Table(2) shows the comparison of the temperature values observed from the laboratory m
downstream of the point source outfall with those obtained by the numerical model

Data from Laboratory Physical Model.
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Fig. (1) Physical laboratory model
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Fig. (3) Comparison between observed and predicted temperature data obtained from laboraton

physical model.

SENSITIVITY ANALYSIS
Sensitivity analysis was carried out to obtain the effect of the several important model parames
on the temperature distribution as follows:

Effect of Wind Speed
Fig. (4) shows the comparison between the results obtained by excluding and including k"ﬁ
transfer coefficient respectively .From this figure , it can be found that excluding or including \.“'
heat transfer from the water surface showed no noticeable change in temperature distribution =

Lhe above analysis indicated that the medel is insensitive 1o the variation in the wind speed. The L . &
obvious from the comparison of the temperature contours for the two cases which is almost sim - "
-

Effect of River Velocity
[he rver '-;.'ll:ll_'i.1:-. 15 effected by the q!:_:_::.;_- and '|'|'.|!_l|'_:'|.._'_-c:: of river bed, (Roberson and Crowe, 1@

Fig. (5) shows that decreasing the roughness height causes increase in longitudinal distributi

the temperature . This is caused due 1o increase in longitudinal velocity _Also reducing the rough

helght causes vertical retardation of isotherms

I'ig. (6) shows that by increasing water surface slope an increase in longitudinal lempers
distribution was obtained, in addition to this the isotherms are retarded vertically when the

slope increase, ' .
The above analysis indicates that the model is sensitive to the change in river velocity
indication is obvious since the temperature contours were shified downstream from the outfall

Effect of Density Difference:
Fig. (7) shows that the isotherms are retarded longitudinally and vertically in case of neglecting

density effect . This can be attributed 1o the effect of a buoyancy force on the spreading of
temperature |
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CONCLUSIONS

1- The numerical model is insensitive to the variations of wind speed |

2- The numerical model is sensitive to the variation of roughness height of the river bed . sl
water surface . density difference between the heated water density and the river water densit

- The model can be utilized to study the effect of various physical parameters on tempers

distribution .
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