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Abstract

A numerical technique for evaluating the performance of forced convective evaporation system for tannery effluent
is presented. The paper describes a mathematical model, which treats the airflow to be two dimensional and liquid flow
to be one-dimensional. The turbulence in airflow is modeled with low Reynolds number k—¢ model. The interface heat
and mass transfer are represented by Reynolds flux model. The governing equations are solved using a modified MAC
(Marker and Cell) method. The model is embodied into a computer code, which is applicable to forced convective
evaporation system as well as mechanical draft cooling towers of both counter flow and cross flow types. Predicted
results compare well with the available data in the literature and with that of experimental data and give closer results
than the existing models. Distributions of air velocities, pressure, moisture fraction and air and water temperatures have

been presented. The model can be used as design as well as optimization tool.

© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Tannery effluent (soak liquor) is one of the liquid
wastes produced in leather tanning industry. It consists
2-3% sodium chloride salt. If let out without treatment,
the soak liquor causes severe pollution. One of the ways
to contain this is by evaporating the water in the liquor
and recovering the salt. Forced convective evaporation
system is one among such systems [7]. The system is
essentially of cooling tower type, with the main objective
being to evaporate the liquor. Soak liquor is sprayed in
an enclosed tower and air is drawn up against the falling
liquor. Packing material is used to increase the contact
area and residence time. Heat and mass transfer occur
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between liquor and air and some of the liquor gets
evaporated. The schematic diagram of the system is
shown in Fig. 1.

The first attempt at modeling the transfer processes
taking place in evaporative cooling tower was made by
Merkel [5] in 1926. With many assumptions he com-
bined the heat and mass transfer processes and intro-
duced the enthalpy driving potential concept. Merkel’s
method has been in use for decades. Baker and Shryock
[4] examined the effects of approximations in Merkel’s
method and suggested means of reducing some of the
errors. Sutherland [9] did accurate analysis by consid-
ering the mass of water evaporated. Marseille et al. [11]
described a one-dimensional model by accounting the
liquid-side film resistance.

The methods described earlier for designing a cool-
ing tower and solving the governing equations often
assume uniformity of upward air flow and downward
liquid flow. But the flow of air and water inside the
tower can exhibit large variations because of the tower
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Nomenclature

resistance to air flow
acceleration due to gravity, ms~
mass flow rate of air, kgs™!
specific enthalpy, kJ kg~!
turbulent kinetic energy, m?s~
mass flow rate of liquor, kgs™
characteristic length, m
molecular weight, gmol™!
pressure, bar

radius, m

Reynolds number

Prandtl number

time, s

temperature, K

2

2
1

N]“;u@h”c o ETQr

u velocity in x direction, ms™!
v velocity in » direction, ms™!
X, r coordinates, m

Greek symbols

o thermal diffusivity, m?s~!
V kinematic viscosity, m?s~!
o density, m>kg™!
Subscripts

a air

i interface

1 liquor

t turbulent

m mean

O
i

Pa - Packing material
T — Make up water tank
D VI1&V2 - Valves

D - Drift elimi

F - Induced draught fan
FM - Flow meter

H - Heater

I - Air inlet

M - U-tube manometer
N — Nozzles

O - Air outlet

Fig. 1. Schematic diagram of forced convective evaporation
system.

geometry, packing material, fan, variable liquid load-
ing and interactions between air and liquid. Majumdar
et al. [2] discussed the limitations of one-dimensional
models and described a better model. Local heat and
mass transfer rates were calculated with empirical co-
efficients. Current literature shows there is no generally
accepted method exists for predicting the performance
of a cooling tower.

In order to predict the thermal performance of a sys-
tem, an accurate mathematical model is needed to solve
the governing equations. Physical models are also needed
to represent the flow and interface heat and mass transfer
processes accurately. This study is aimed at improving
existing models and meets the above said requirements
with a new mathematical model for predicting the ther-
mal performance of the forced convective evaporation
system. The modified MAC (Marker and Cell) method is
used for solving the governing equations.

2. Mathematical model

In mechanical draft systems, air changes its direction
as it enters the tower horizontally and leaves vertically.
This non-uniformity in airflow distribution can be ac-
counted for only by performing two- or three-dimen-
sional analysis. The flow is essentially turbulent because
of the geometry, packing material, fan and liquid-air
interaction. The liquid flow is predominantly downward
and hence can be assumed to be one-dimensional. The
present model treats the airflow in the system to be two-
dimensional, axisymmetric and turbulent. Governing
equations for air include conservation equations for
mass continuity, momentum, energy and mass fraction
of moist air. Liquor flow is governed by mass continuity
and energy equations.

The computational domain extends from the vertical
inlet plane to the horizontal outlet section as shown in
Fig. 2. As the problem is axisymmetric, only half of the
domain is considered. The non-dimensional governing
equations are

Mass continuity of air:

o, , 10

) () = M)

x-direction momentum of air:
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Air outlet

X T T T Soak liquor inlet

Wall boundary
condition

Symmetry boundary
condition —b‘

<—
<4— Airinlet
<_

Soak liquor outlet X
Free-slip boundary

Fig. 2. Computational domain and grid.

r-direction momentum of air:
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Energy equation of air:
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Mass continuity of liquor:
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Energy equation for liquor:
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The non-dimensional parameters used are
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where U is the reference velocity, taken equal to inlet
velocity; R, is the reference length, taken equal to radius
of tower; subscript oo refers to free stream conditions,
i.e., air at inlet.

Conservation equations for air are coupled through
convective terms (pu and pv) and momentum equations
are coupled through pressure. m” and ¢"” represent the
source terms for mass and heat transfer respectively. f;
and f, represent the resistances to airflow in the axial
and radial directions respectively due to the presence of
solid objects.

3. Physical models
3.1. Turbulence

The solution of the problem of turbulent flow can be
obtained by direct numerical simulation (DNS) of the
time dependent Navier—Stokes equations. However, this
approach is very expensive in terms of memory and
computational resources and time. Another approach is
to take time average of the governing equations and
solve them. Since the solution of the time-averaged
equations is preferred approach for engineering calcu-
lations, turbulence models gained importance. Among
all two equations turbulence models, k— model is ver-
satile because of its range of applicability less compu-
tational effort. Jones and Launder [12] were first to
propose a k— model, which is valid for both low and
high Reynolds numbers. The low Reynolds number k—¢
turbulence model of Jones and launder is used in the
present model. This model avoids the use of wall func-
tions in the viscosity affected near wall region. Flow is
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represented by time-averaged equations. The model
equations for £ and ¢ in non-dimensional form are

0 * ¥ 19 ok ]k
@(uk)—i-r—*ar*(rvk)

)
ox* | Re o ) Ox*

1 0 (.1 Re,\\ Ok*
T { ﬁ(l +a—k) ar*}

Bl o HeE)
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Ret
Bx*
Re,\ O¢*
- ar* Re (1 T o, ) or }

2
eon (a”) ~an)

2 o*u ?
R - (1 +R€1)(W) (13)

The model equations for turbulent parameters, i.e., k
and ¢ equations are non-dimensionalized using the fol-
lowing non-dimensional parameters:

€

and &' =-——= (14)

S (U7/R,)

Here turbulent kinematic viscosity is given by

kZ

w=Cufu (15)
Wall damping functions are given by
fi=10
f> = 1.0 — 0.3exp(—Re?

2 ( t) (16)

-34
Ju=exp 11 (Re)\2
I+ (%)
where turbulent Reynolds number
k2

Ret = v_é (17)

The model constants are

C, =009, C =144, C =192,
o =10, ¢,=13 (18)

3.2. Resistances to airflow

Various solid obstacles present in the tower like
packing material, etc. and the liquid flow offer resistances
to the flow of air in both axial and radial directions. It is
highly difficult to define each solid object as an interior

L
=i T =G i hy

boundary. Therefore these are accounted for by includ-
ing the resistances offered by these obstacles and liquor
flow in the momentum equations. These are expressed in
integral form for each control cell [2] as

1 1 1
/fXdV:NEpuZAV—i—N]ipuzAA +Ne§pu2AA (19)

1 1 1
/f,deNEpvaV+N|§pUZAA +Ne§pUZAA (20)

where AV is the volume, and AA4 is the area of the
control cell face normal to the velocity component. N is
the number of velocity heads lost per unit air travel
distance. N; and N, are the total number of velocity
heads lost in louvers and eliminator respectively.

3.3. Heat and mass transfer

From Reynolds flux model of interface heat and mass
transfer, together with conservation equations for li-
quor, air and moisture fraction

dfa dhy

21

Eq. (21) can be treated as a finite difference equation and
for finite increments in A, dh;, the increments in f,, df,,
may be evaluated with known values of f;, #;, h,, L and
G. Once moisture fraction at outlet is known, mass
transfer rate can be calculated as

m" = G(Wao — Wii)p, (22)

Then, the empirical mass transfer coefficient K and heat
transfer rate are calculated from the following equa-
tions:

m" = Ka(f; — f.) (23)
q" = Ka(h; — h,) (24)

3.4. Properties of moist air and liquor

Properties of moist air like moisture fraction, spe-
cific humidity, enthalpy, etc. are calculated by equa-
tions for psychrometric properties [14]. These equations
are derived from fundamental equations for ideal gas
mixtures. Effect of ambient pressure is also included in
these equations. Hence, these equations give more ac-
curate results and increase the range of applicability of
method than the polynomial curve fitted equations or
tables.

Major constituent of soak liquor is sodium chloride
salt. Since more than 80% of the salt in seawater is also
sodium chloride, seawater properties are used for the
thermo-physical properties of soak liquor [13].
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3.5. Boundary conditions

As the problem is elliptic in space, boundary condi-
tions for all dependent variables must be specified on all
confining surfaces. In addition, the following quantities
are specified as system boundary conditions: liquor flow
rate, either temperature range of liquor or liquor tem-
perature at inlet, dry bulb temperature, either wet bulb
temperature or relative humidity and ambient pressure.

3.6. Method of solution

A modified version of MAC (Marker and Cell)
method [1,6,8] is used to obtain the numerical solution
of governing equations. Computational domain is di-
vided into a number of control cells. Staggered grid ar-
rangements are used in which velocity components are
defined at the mid-point of cell faces to which they are
normal. Pressure is defined at the center of cell. Com-
putational domain and grid are shown in Fig. 2. In order
to define boundary conditions in a staggered grid ar-
rangement, it is necessary to consider the imaginary cells
surrounding the physical domain as shown in Fig. 3.
Boundary conditions are imposed by setting appropriate
velocities in the imaginary cells. At walls, no-slip con-
dition is employed. For this the normal velocity is set to
zero and the tangential velocity components should also
be zero. At the axis axisymmetric boundary condition is
employed. For this, the normal velocity should be zero

A
Imaginary cell Real cell
i=iim
i=ire
i j
+
T
>0 PV,
Vi-[,r‘ [2]. ij
Uipj
i=1
i=1 j=jre j=jim r

Fig. 3. Staggered grid.

and the tangential velocities should have no normal
gradient. At the inlet, a uniform profile is given to
normal velocity and other component is set to zero. At
the outlet, outflow boundary conditions is employed,
i.e., second derivatives of the dependent variables in flow
direction are set to zero to ensure smooth transition
through the outflow boundary. Time dependent equa-
tions in non-dimensional form are discretized with finite
difference schemes.

All the terms in the governing equations are discre-
tized with finite difference schemes. Convective terms are
discretized using first and third order upwind schemes
[10]. Third order upwind scheme is employed for interior
points and first order upwind scheme is employed for the
points near boundary.

A numerical solution is achieved by marching in time
direction. A second-order Adam-Bashforth scheme is
utilized for time marching. The solution is obtained in
two steps. Initially an explicit calculation is performed
which uses previous time velocities and pressures to
determine the provisional velocities through the accel-
erations caused by convection, viscous stresses and
pressure gradients. In order to ensure mass conservation
in all cells, an iterative algorithm is employed in the
second step, which adjusts the velocities through chan-
ges in the pressure field. These iterations continue until
divergence free velocity field is obtained. However, for
this purpose the divergence in each cell is towed below a
pre-assigned small quantity. In the present computation
this quantity is taken as 107, As the problem is steady
in physical sense, after some finite steps in time direc-
tion, two consecutive steps will show identical results.
Then, steady state solution is considered achieved. Then,
energy and moisture fraction equations of air and con-
tinuity and energy equations of liquor are solved.

The conditions necessary to prevent numerical in-
stabilities are determined from the Courant—Friedrichs—
Lewy (CFL) condition and grid Fourier numbers that
require

6t<min{§,g} (25)
lul o]

1 [ (3x%8r%)
<3 { 5% + 52 } (26)

Performance parameters are calculated as follows:
Convective mass transfer coefficient is calculated as
K
v =— (27)
Pm

Sherwood number is determined from the following
equation:

(28)
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fraction of air

Guess initial distribution for velocities,
pressure, temperatures and moisture

A4

Is divergence free

pressure field obtained?

Find pressure correction
and update velocities

Solve momentum equations
for velocities at next time step

March the
solution in time
direction and
update velocities

Is solution
converged ?

Print field contours maps
and output summary

Fig. 4. Main steps in the solution methodology.

where D, = diffusion coefficient (mm?s~') and is given by

0.926 [ T3
== (Ta+245> 2)

The model has been embodied (Fig. 4) into a com-
puter code using ‘C’ language. This model can be used
for mechanical draft systems of both circular and rect-
angular cross sections. Setting r to unity and 9/0r to
0/0y, governing equations become appropriate for
Cartesian coordinates. The model can be used for de-
signing a new system. For a given set of operating
conditions, it gives the tower dimensions required for
evaporation during a specified time. The model can be
used for optimizing the existing systems. For a given set
of ambient conditions, tower details and volume of li-

quid to be evaporated, it gives the optimal values of flow
rates of air & liquid and inlet temperature of liquid for
enhanced evaporation rate.

4. Experimentation

A forced convective evaporation system on labora-
tory scale has been constructed for carrying out ex-
perimentation as shown in Fig. 1 [7]. Immersions
heaters are used as heat source. Flow rate of liquor is
controlled by ball valves and it is measured with a
calibrated flow meter. Evaporation rate is measured
with the volume of make up water added from the
tank. Typical calibrated instruments used for measure-
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Table 1
Instruments and their details
S.no. Parameter Instrument Unit of Accuracy Range Error in
measurement measurement (%)
1 Dry bulb temperature = Copper constantan °C 0.1 °C 0-70 °C +0.4
and liquor thermocouple
temperature (T type) with data ac-
quisition system
2 Volume flow rate of Flow meter with stop ~ m*h! 0.001 m*h! 0-20 m*h~! +0.0102
liquor watch
3 Air velocity Vane type ms 0.1 ms™! 0-10 ms™! +0.5
anemometer
4 Relative humidity RH meter % 0.1% 20-100% +0.2587
5 Air pressure drop U-tube manometer mm of water 1 mm 0-200 mm +0.1
6 Evaporation rate Piezometer and stop m’h! 1 mm, 0.01 s 0-500 mm, +2.0025
watch 0-99.99 min

ments, units of measurement, their accuracy and the
error involved in measured and derived quantities
(evaluated by error analysis) are shown in Table 1.
Experiments were initially conducted with pure water.
Measurement of all necessary parameters was made at
different flow rates and temperatures of water. To study
the influence of the system performance at varying at-
mospheric conditions, experiments were repeated at
different times in a day, on different days and different
seasons. Later experiments were carried out in a similar
way with clarified soak liquor at different concentra-
tions and necessary data were collected. The concen-
tration was limited to 12.5% as fluid flow problems
experienced at that state.

Table 2

5. Results and discussion

Predicted thermal performances compare well with
the available data in literature. The distributions of air
velocities, pressure, moisture fraction, temperature, and
liquor temperatures have been assessed from the con-
siderations of physical plausibility only, since no ex-
perimental data are available for comparison.

Detailed experimental measurement of flow distri-
butions in the cooling tower for model validation is not
available due to the complexity of internal flow mea-
surements. Hence, validation of the present model was
restricted to the existing outlet thermal performances.
Table 2 provides the comparison between present

Comparison of performance between present model, field test data and VERA2D for a mechanical draft cooling tower

Test no.  Specified conditions Approach (°C)

Range DBT WBT Water Air flow  Mea- Predicted  Predicted Difference between

(°C) (°C) (°C) flow rate rate sured by present by VER- predicted and mea-

(kgs™"  (kgs™ model A2D sured values
Present VERA2D

1 8.33 29.00 21.38 1118.25  647.2 9.16 9.175 9.279 -0.015 —-0.119
2 8.29 29.80 21.87 1148.57  644.5 8.94 8.966 9.301 —-0.026 —-0.361
3 8.10 30.25 22.25 1153.68  643.8 8.85 8.678 9.045 0.172 —-0.195
4 8.11 30.30 22.28 114896  644.0 8.76 8.665 9.003 0.095 —-0.243
5 8.06 30.50 22.39 1152.51  643.7 8.64 8.588 8.950 0.052 -0.310
6 7.78 32.00 23.85 114345  642.3 7.34 7.775 8.108 —-0.435 —-0.768
7 7.73 30.25 22.26 1132.82  645.5 8.48 8.392 8.594 0.088 —-0.114
8 7.56 31.00 22.67 1130.46  644.9 8.16 8.098 8.289 0.062 —-0.129
9 7.31 31.80 23.56 1126.52  644.1 7.54 7.559 7.740 -0.019 —-0.200
10 8.02 30.15 22.16 1155.66  644.0 8.70 8.665 9.035 0.035 —-0.335
11 8.20 29.55 21.75 1153.29  644.6 8.96 8.966 9.318 —-0.006 —-0.358
12 8.09 29.45 21.66 1137.94  645.8 8.97 8.909 9.146 0.061 —-0.176
13 8.15 28.85 21.66 1137.94  646.5 9.14 8.952 9.352 0.188 -0.212
14 7.79 30.00 22.02 1137.94  645.5 8.65 8.543 8.773 0.107 -0.123
15 8.11 28.95 21.31 1137.94 6464 8.95 9.078 9.301 —-0.128 —-0.361
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Comparison between theoretical and experimental performance of forced convective evaporation system

S. no. Operating conditions Evaporation rate (m>h~') Sherwood number

Range DBT RH Water Air flow  Salt Actual Pre- % error  Actual Pre- % error

©cC)  (°C) (%) flow rate  rate concen- dicted dicted

(kgs™) (kgs™!)  tration
(%)

1 1.5 32.525 62.1 3.295 0.893 0.0 0.0292 0.02668 8.63 495.394 469.66 5.19
2 2.9 32.15 489 2.745 1.2 0.0 0.0401 0.04423  -10.3 819.707 808.56 1.36
3 2.3 312 65 3.164 1.251 2.467  0.0347 0.03786 -8.35 996.512  1054.95 -5.86
4 25 29.167 67.7 3.229 1.2 2467  0.0362 0.03828 -5.75 871.36 834.41 4.24
5 24 37.15 484 22212 1.06 6.014  0.0334 0.02868 14.13 332.921 356.98 -7.22
6 3.1 29.763 589  2.6022 1.088 6.014  0.0378 0.03933 —4.05 847.265 884.44 -4.39
7 1.6 31.0 721 2.7698 1.228 12.52 0.0254 0.02336 8.03 604.78 637.044 -5.33
8 2.6 34.225 63.8 2.7319 1.291 12.52 0.0331 0.03436 -3.81 561.54 595.115 -5.98

model’s prediction of thermal performance with existing
field test data and predictions obtained by VERA2D of
Majumdar et al. [3]. It can be observed from the com-
parison that the present model gives better predictions
than VERA2D. This can be attributed to the fact that
VERA2D employed a length scale turbulence model,
which solves one equation for turbulent viscosity. The
present model employs k—¢ turbulence model, which

1.7

1
S/
5

0.9

Axial distance, m

0.7

0.5

[ 0.43
03

[ 0.30

01 F 017

0.1 0.3 0.5 0.7
Radial distance, m

Fig. 5. Predicted contours of u velocity.

solves two equations for turbulent viscosity. Present
model calculates mass transfer from an equation derived
from fundamentals thereby eliminating the need of using
the empirical coefficients for mass transfer coefficient
followed by other models.

For the computation, a typical non-uniform grid of
size 112x 114 is used. There are 10 cells of value 0.0008,
46 cells of value 0.00158 and 58 cells of value 0.0158 in

Axial distance, m

0.1 0.3 0.5 0.7
Radial distance, m

Fig. 6. Predicted contours of v velocity.
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Axial distance, m

03} _
0.04 N
®
o
0.1} /
1 1 1 M% 1
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0.1 0.3 0.5 0.7

Radial distance, m

Fig. 7. Predicted contours of static pressure.

radial direction (+*). There are 20 cells of value 0.008
and 92 cells of value 0.0285 in axial direction (x*). The
mesh has been refined at the walls to capture the steep
gradients of turbulent parameters. Several meshes of
different sizes have been used and the mesh of size
112x114 is found to give grid independent results.
Refining the mesh further did not produce any appre-
ciable change in results. Initial values for all the de-
pendent variables are assumed. For velocity, axial
component is taken as unity while radial component is
assumed to be zero. Free stream conditions are as-
sumed for other parameters. For the grid mentioned
above, the code is found to converge in 9024 iterations
in time direction. The CPU time taken for convergence
is 631.68 s. The machine used for computation is a
Pentium IV with processor speed of 1.7 GHz and a
RAM of 512 MB. Theoretical performance is compared
with the results evaluated by conducting experiments on
forced convective evaporation system at Chennai, India
(Latitude = 13°N) using soak liquor. Predicted results
agree well with the experimental results as shown in
Table 3. Computations have been carried out at the
following operating conditions:

17
__x(ms
0.44
15}
0.45
130
E 11y
g
g 0.47
z
B 09t
3
=
z
07}
0.5 /\0'41
0.33
0.3 /\ 0.21
0.1
1 1 n 1 n J
0.1 0.3 0.5 0.7

Radial distance, m

Fig. 8. Predicted contours of dry bulb temperature of air.

Mass flow rate of soak liquor 4 kgs™!
Mass flow rate of air 3 kgs™!
Temperature range of liquor 5°C

Soak liquor temperature at inlet 35°C

Dry bulb temperature of air 35°C
Relative humidity of air at inlet 50%
Ambient pressure 1.01325 bar

Figs. 5 and 6 show the contours of non-dimensional
u-velocity (axial) and v-velocity (radial) respectively. As
air enters the system radially at the bottom, magnitude
of u-velocity is less and v-velocity is more near the inlet.
As the flow progresses towards the outlet, magnitude of
u-velocity increases and v-velocity decreases. Because
of the axial outlet, u-velocity is more near the outlet.
Velocity is minimum at wall because of the no slip
condition.

Fig. 7 presents the distribution of static pressure in
the system. Because of the induced draft fan, pressure
inside is less than that of the ambient, being minimum
near outlet. This pressure gradient enables air to flow
from inlet to outlet.

Fig. 8 discerns the contours of non-dimensional dry
bulb temperature of air in the system. As the flow
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Fig. 9. Predicted contours of mass fraction of moisture in air.

progresses from inlet, temperature decreases because of
the lower local liquor temperature. After that it increases
because of the higher liquor temperature.

Fig. 9 depicts the distribution of mass fraction of
moisture in air. As is evident, it increases from inlet to
exit because of the mass transfer from liquor to air.

Fig. 10 shows the contours of non-dimensional liquor
temperature. Even though liquor flow is considered to
be one-dimensional, contours show considerable varia-
tion. This is because of the non-uniformity of airflow in
the tower.

Fig. 11 discerns the effect of mass flow rate of liquor
on Sherwood number at different salt concentrations. As
the mass flow rate increases, the contact surface area
between liquor and air increases. This increases the mass
transfer coefficient resulting in increased Sherwood
number. As the concentration increases, the partial
pressure difference between interface and air decreases.
Being a measure of non-dimensional concentration
gradient, Sherwood number decreases with increase in
salt concentration.

Fig. 12 depicts the effect of dry bulb temperature of
air on Sherwood number. Increase in dry bulb temper-
ature increases the partial pressure of water vapour
thereby reducing the partial pressure difference between
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Fig. 10. Predicted contours of liquor temperature.
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Fig. 11. Effect of mass flow rate of liquor on Sherwood num-
ber.

interface and air. It also decreases the diffusion coeffi-
cient resulting in reduced Sherwood number.

The effect of temperature range of soak liquor on
Sherwood number is shown in Fig. 13. As the range
increases, mean temperature of liquor and hence the
partial pressure of vapour at the interface increases
resulting in higher mass transfer. Therefore, Sher-
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liquor.

Fig. 14 presents the effect of relative humidity on
Sherwood number. As the relative humidity increases,
the partial pressure of air increases decreasing the

driving potential of partial pressure difference. This
results in reduced Sherwood number. As explained
earlier, Sherwood number decreases with increase in
concentration.

6. Conclusions

In this paper, a numerical technique has been pre-
sented to simulate the performance of forced convective
evaporation system. A general mathematical model ap-
plicable for mechanical draft towers of counter flow or
cross flow has been described. The model is applicable
for geometries of circular as well as rectangular cross
section. The model has been embodied into a computer
code, which can be used for performance evaluation as
well as for design optimization studies. Predicted results
agree well with the available data in the literature and
give closer results than VERA2D model. Presented re-
sults demonstrate the accuracy and stability of the
model. The predicted global and local quantities are self-
consistent and physically plausible.
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