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We believe that with the help of beneficent God and utilization of
exclusive knowledge and the creation of High Technology, in this
knowledge-based company, we can establish a prodigious develop-

the construction of industrial processes in the world.
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The company, with the slogan “Intelligent Knowledge, Vitalize Re-
sources”, aims at protecting the environment and water and energy
resources and utilizing Iranian pure knowledge, provides valuable
solutions. In this way, there are many difficulties that need to be over-
come with the determination of the descendants of Iran, and with end-
less effort to move toward success.

=S LAl Jlw jl Lyl e gaa gluw giols as b
Sl inly HUuasillg)lé g 039 0ihS olwluiylS g9 ¢lysra
Wg 8 g Lo dhgyiy i alas jl o lise gslus )y jo S p5p
sl g bbbl GGl 33 0o IS el aiwolgs
oo 33 by 355 ol Sy s ool s 2o Laxulys
Ul W) a0 a>gi Jold oS )leio e slaol alhjas
= ol 03g ay jLeT (550l golia jl aug) oslar wl g gulus s
Sloslami wl g golia §lita 5 5 S85 Sy s i b o Gulol
9 oo Slayluliwl g Lajlu L golhe" Jguase 3 dgig rg g0
oal3jiSas dilalius cislon g a48)3 )1y 8 1S asgly w ", Wallew
oo iy 03 1S Kb 2y gl g rizan 9 pbg 2395

Moein Zist Arya Company, since 2012 based in Isfahan
Science & Technology Town, employing managers and ex-
perienced experts and the graduates of the country’s top
universities in various industries, including oil, petrochem-
icals, and steel, has been able to take an important step in
research, design and construction of industrial processes.
This company has started its activities in the field of uncon-
ventional water desalination, saving water consumption
and optimal use of water and energy resources. According
to the company’s policy, thinking based on existing resourc-
es and talent and production of products in accordance
with national and international standards is a priority, and
a "Self-Boiling Water Desalination System”, as well as a
“Closed Cooling Tower”, has been made.
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Cooling tower is the new product package of Moein
Zist Arya Company which can reduce the cooling water
temperature in various industries without effecting
from the weather conditions and without water con-
sumption. In this product, the water from the cooling
tower is flown in a closed cycle and does not directly
contact with the air. Therefore, the problems which
emerge by contact of water and air in wet cooling tow-
ers will not matter in the closed cooling tower. Also in
a closed cooling tower, using steam compression tech-
nology, the desired temperature difference between
high-temperature source (cooling water) and the
low-temperature source (air or sea water) is always
provided. Therefore, this system can provide the cool
water needed in different industries with its maximum
nominal capacity even at the hottest days of the year.
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Specifications and features

of the product and the
process description
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Due to its unique properties such as heat transfer coefficient and high thermal capacity,
non-toxicity, inflammability, low cost and availability, the water cooling has long been
considered as the first option for cooling in various industries. The use of water, in the
oil and gas industry is to condense “process fluids”, in the steel industry is to cool the
furnaces and middle products and in most other industries are to cool lubricants. In the
mentioned cooling processes, the heat is taken from “process fluids”, equipment or lu-
bricant oils and it will be transferred to water. Therefore, the temperature of the water
rises and in order to re-use it in a cooling cycle, it is necessary to reduce its temperature.

Since the cooling processes should be continuous and ongoing, reducing the tempera-
ture of cooling water should be achieved through heat transfer with unlimited low-tem-
perature sources. These resources include air and seawater, rivers and lakes, and depend-
ing on the type of low-temperature source, heat transfer occurs in wet and dry cooling
towers or heat exchangers. Any of the above mentioned methods to reduce the cooling
water temperature can only be used when the cooling water temperature of the outlet
from the cooling system is several degrees higher than the temperature of the low-tem-
perature source. Therefore, the performance of the conventional cooling towers is di-
rectly related to the temperature of the air or sea water and decreases the cooling ca-
pacity on warm days of the year.

In order to overcome this limitation, the desired temperature difference between the
high-temperature source (cooling water) and the low-temperature source (air or sea wa-
ter) should be provided by the help of either thermal or electric energy consumption.
Indeed, unlike usual cooling cycles that only have a pressure level, it is necessary to cre-
ate another pressure level at which the corresponding saturated temperature is, to an
optimum extent, higher than the temperature of the air or sea water. Therefore, in these
cases, it is necessary to use a refrigeration cycle instead of using normal cooling towers.
In refrigeration cycles, a higher pressure level is achieved by using compressor.
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The closed cooling tower, as a new
product of the Moein Zist Arya,
is an innovative design from a re-
frigeration cycle that uses cooling
water, both as a refrigerant and
as a high-temperature fluid. The
closed cooling tower system con-
sists of four main parts:
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The basic function of this system is the use of water flash at lower atmospheric pressures.
Returned cooling water from an industrial unit enters different stages of evaporative wa-
terfall. At each stage of the evaporative waterfall, the pressure is less than the saturation
pressure of the water at the inlet water temperature of the stage; therefore, an amount
of the entering water evaporates and the remaining water temperature decreases to the
saturation temperature corresponding to the pressure. Due to the very high difference
between the latent heat of water evaporation and its heat capacity, the produced steam
mass flow rate is much lower than that of the water entering each stage of the evapora-
tive waterfall. The steam produced in each stage is entered into the specific compressor
for that stage and its pressure increases.

This increase in pressure will increase the saturation temperature of steam and provide
the necessary conditions for steam distillation in the steam condenser. The steam con-
denser can be air-cooled or water-cooled based on the type of low-temperature source.
The steam from the compressor is always several degrees superheated. In order to re-
duce the condenser heat transfer area, the superheated steam is passed through the de-
superheater equipment before entering the condenser and its temperature decreases to
near saturation temperature. The entered steam to the condenser will be condensed at a
saturated temperature. Returned cooling water to the industrial unit, is resulted from the
combination condensate and the outlet cooled water from the final stage of the evapo-
rative waterfall.

1
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Steam
Compressor
System

The resulting steam at each phase of the evaporative waterfall, after pass-
ing through the mesh, lost its droplets and then entered its own compres-
sor. The energy from the compressor is stored in the form of thermal en-
ergy in the steam and, in addition, with the increase of the steam pressure
causes the increasing of the saturation temperature. This temperature ris-
ing will be the main driving force of steam condensation.

High-pressure steam from all compressors has the same pressure and af-
ter entering the desuperheater, enters the condenser intended for each
stage. The reason for separation of the desuperheater and condenser in
various stages is to provide the possibility of shutting down some of the
compressors in a situation where the outlet steam from the evaporative
waterfall is condensed by a low-temperature source without the need for
3 COMPpressor.

For example, in a closed cooling tower system, an air-cooled condenser is
used, and the temperature of cooling water decreases in three steps from
48to 39°C. Initial temperature differenceis 20 ° Cin condenser design. The
outlet steam temperature from the first to the third phase of evaporation
waterfallis 44, 41 and 39 ° C respectively; therefore, if the air temperature
falls below 24 ° C, there is no need to increase the steam pressure at first
stage and the compressor can be shut down. While other steps still need a
compressor, because the steam pressure is not the same at different stag-
es, it is necessary to have a separate condenser for different stages.
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Steam
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The saturated steam enters the steam condenser after passing through
the desuperheater. Depending on the type of low-temperature source,
the steam condenser can be air-cooled or water-cooled.

If the air considered as a low-temperature source in designing the closed
cooling tower, desuperheater outlet steam enters the air condenser relat-
ed to each stage. Due to the fact that the mass flow rate of created steamis
different at each phase, the air condenser heat transfer area is different at
various phases. The design of the air condenser is modular, and the appro-
priate number of air condenser modules is used in each stage depending on
the amount of required heat transfer. A module is consist of two air-cooled
heat exchangers that are connected to each other with the A shape and
60 ° angle and a forced draft axial fan passes the air over them. In order to
rotate the fan, a set of electric motor and gearbox are also used.

In order to minimize the air pressure drop at the inlet of the air-cooled con-
denser fans, the fans are installed in elevation. Usually, the fan distance to
the ground is 2 to 3 times more than the diameter of the fan. Therefore,
in a high-capacity air condenser with a large diameter fan, the supporting
structure of the fan has a high elevation.
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In closed cooling towers which use the seawater for steam condensation, the desuper-
heater outlet steam enters the surface condenser. The surface condenser is a shell and
tube heat exchanger, in which the seawater flows through the tubes and steam in the shell.
The initial temperature difference of the condenser is usually considered to be 10 ° C. Be-
cause of this temperature difference, the steam is condensed on the tubes and the water
is collected in the hotwell of the condenser.

The number of tube passes in the surface condenser is usually considered to be 1 or 2. In
the situation which the reduction of the condenser dimensions and tube lengths are in-
tended, the condenser is designed with 2 tube passes. Since the mass flow rate of created
steam is different in each phase, the heat transfer area and the flow rate of the seawater
entering the condenser varies in different stages. At each stage, a shell and tube heat ex-
changer is used as a condenser.
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According to the number of annual operating hours of compressors, it is pos-
sible to calculate the instantaneous power consumption of compressors and
their average annual power consumption. The following diagram shows the
power consumption of compressors for different hours over a year. The area
below the diagram shows the amount of power consumption of compressors
throughout the year according to megawatt-hours.

The red line also shows the annual average power consumption of compres-
sors. Based on this diagram, given that compressors are turned on only when
needed, their average consumption during the year is approximately half the
maximum consumption.
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In industrial and process units and power plants usually use water
for cooling equipment or “process fluid”. In order to reduce the tem-
perature of the cooling water and return it to the cooling cycle, cool-
ing towers are used. Due to the simple structure and low initial and
low operating cost, wet cooling towers are the first option for many
industries to cool.

The most important problem with wet cooling towers is water con-
sumption. As mentioned, the main cooling mechanism in the wet
cooling tower is the surface evaporation of the water. For every
5/5 ° C cooling in a wet cooling tower, 1% of the circulating water is
evaporated. Water evaporation also leads to an increase in the total
dissolved solids (TDS), which, in order to prevent the destructive ef-
fects of this increase and to keep it constant, a part of the cooling
water should be taken out of the cycle and fresh water with allowed
amount of TDS added to the cycle. The extracted water from the cy-
cle to regulate TDS is referred to as “Blow Down water”. In addition,
an amount of the cooling water is thrown out of the tower in the
form of droplets with the air stream. The amount of blowdown and
drifted water droplets in wet cooling towers, assuming the cycle of
concentration equals to 5, are totally about 25% of the amount of
evaporation. So, it can be said that for every 5/5 ° C, cooling in a wet
cooling tower the wasted cooling water is about 1.25% of circulating
water.
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Typical and common methods for industrial cool-
ing include the use of wet cooling towers, dry
cooler towers, and condensing chillers.
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Wet cooling tower

Another problem with using wet cooling tower is an increase in the
concentration of water-soluble substances and its constant quality
reduction due to evaporation. As mentioned, water evaporation
causes anincrease in its TDS. The increase in TDS results in extremely
destructive effects, which the most important among them are the
possibility of corrosion and water sedimentation. By increasing the
hardness of the water in the cooling process, the corrosion of equip-
ment which are exposed to water is unavoidable over time.

Another problem with using wet cooling tower is an increase in the
concentration of water-soluble substances and its constant quality
reduction due to evaporation. As mentioned, water evaporation
causes anincrease in its DTS. The increase in TDS results in extremely
destructive effects, which the most important among them are the
possibility of corrosion and water sedimentation. By increasing the
hardness of the water in the cooling process, the corrosion of parts
which are exposed to water is unavoidable over time.
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Wet cooling tower
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Dry cooling towers are designed and manufactured in two types of
natural and mechanical draft. The main advantage of these towers
is the lack of water consumption in the cooling process. The cooling
water flows through the tubes of the air-cooled heat exchangers and
the cool air is passed over the tubes due to natural or mechanical
draft. Therefore, the water temperature of the cooling tower de-
creases. In order to transfer sufficient heat from the cooling water
to the air, the temperature difference of the hot water entering the
dry cooling tower and the temperature of the air is necessary to be
a specified amount.

This difference in temperature is called the initial temperature dif-
ference. The smaller the design ITD of the tower is, the larger it will
be. Technical and economic considerations show that the optimal
ITD value is 26 to 30 ° C. This means that the warm water entering
the cooling tower should be 26 degrees higher than the air tem-
perature. Therefore, this cooling method can be used only when the
cooling water temperature is relatively high. This issue causes the
main limitation of the dry cooling towers. In this situation, to com-
pensate for the reduction of cooling capacity water sprays should
be used on air-cooled heat exchangers, which, in addition to water
consumption, will cause corrosion on the surface of the air-cooled
heat exchangers.

- Dry Cooling
Tower
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Existing vapor compression chillers have the ability to provide the
required cooling capacity with consuming electrical energy. Howev-
er, these chillers have problems due to the use of refrigerants as in-
termediate fluid. The refrigerant used in vapor compression chillers
are from HFC types, ammonia or hydrocarbons which each of them
has problems and limitations. HFCs, despite their lower destructive
effects compared with CFCs, continue to damage the ozone layer.
In addition, the use of HFCs has accelerated the process of global
warming and, based on new European Union regulations, should be
reduced by 20% of consumption in 2015 till 2030.

Ammonia and hydrocarbons, although not having a negative effect
on the ozone layer and global warming, are poisonous and flamma-
ble, and their use requires the application of safety regulations for
toxic and flammable gases. Also, all mentioned refrigerants have
the steam pressure higher than several atmospheres in working
temperatures which causes an increase in manufacturing and main-
taining cost of chillers. The problem with other vapor compression
chillers is the impossibility to use direct contact heat exchangers due
to the use of non-water refrigerants. This increases the cost of con-
struction and dimensions of the chiller.
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