Technical science and innovation

Volume 2022 | Issue 1 Article 9

4-15-2022

IMPROVING THE WORK EFFICIENCY OF AN AIR CONDITIONING
SYSTEM BASED ON A CHILLER

N Usmonov
Tashkent State Technical University, 100095, st.University 2, Tashkent, Uzbekistan,
farmanov5099@mail.ru

A Khazratov
Tashkent State Technical University, 100095, st.University 2, Tashkent, Uzbekistan

J Usmonov
Tashkent State Technical University, 100095, st.University 2, Tashkent, Uzbekistan

Follow this and additional works at: https://btstu.researchcommons.org/journal

Cf Part of the Electrical and Computer Engineering Commons, Geological Engineering Commons, and the
Mechanical Engineering Commons

Recommended Citation

Usmonov, N; Khazratov, A; and Usmonov, J (2022) "IMPROVING THE WORK EFFICIENCY OF AN AIR
CONDITIONING SYSTEM BASED ON A CHILLER," Technical science and innovation: Vol. 2022: Iss. 1,
Article 9.

DOI: https://doi.org/10.51346/tstu-01.22.1-77-0164

Available at: https://btstu.researchcommons.org/journal/vol2022/iss1/9

This Article is brought to you for free and open access by Technical Science and Innovation. It has been accepted
for inclusion in Technical science and innovation by an authorized editor of Technical Science and Innovation. For
more information, please contact urajapbaev@gmail.com.


https://btstu.researchcommons.org/journal
https://btstu.researchcommons.org/journal/vol2022
https://btstu.researchcommons.org/journal/vol2022/iss1
https://btstu.researchcommons.org/journal/vol2022/iss1/9
https://btstu.researchcommons.org/journal?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2022%2Fiss1%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/266?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2022%2Fiss1%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1400?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2022%2Fiss1%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/293?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2022%2Fiss1%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
https://btstu.researchcommons.org/journal/vol2022/iss1/9?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2022%2Fiss1%2F9&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:urajapbaev@gmail.com

Nel/2022 year. Technical science and innovation

9.

10.

11.

12.

13.

14.

15.

16.

B. Engel. Traction control with high use of adhesion forces. “World railways”. 1999.
39.

D.K. Minov. ‘“Improvement of traction properties of electric locomotives and diesel
locomotives with electric transmission”. 1965. 267.

E.M. Frenkel. To the question of wheel-rail adhesion. “Trans Holder Publishing”.
1953.

V.I. Naumov. Influence of contact strength of metal on the force of adhesion of a
wheel with rails. Influence of the contact strength of metal on the force of adhesion of
the wheel wit rail. “Proceedings of the All-Union Scientific Research. Institute of
Railroad Transport”. 1963.255.

V.E. Rosenfeld, I.P. Isaev, N.N. Sidorov. Electric traction. “Trans Holder Publishing”.
1962.

M.R. Barsky, I.N. Serdinova. Experimental study of the processes of skidding and
skidding of electric locomotives. "Problems of improving the efficiency of transport".
“Publishing house of the USSR academy of sciences”. 1953.

N.N. Menshutin. The relationship between the adhesion force and the sliding speed of
the wheelset of the locomotive. “Bulletin of the All-Union scientific research. in-that
railway transport”. 1960.

V.A. Molodikov. Studies of lateral vibrations of an electric train depending on the
change in the taper of the tire. “Trans Holder Publishing”. 1960. 121.

IMPROVING THE WORK EFFICIENCY OF AN AIR CONDITIONING
SYSTEM BASED ON A CHILLER

N.O. Usmonov, A.G. Hazratov, J.Y. Usmonov
Tashkent State Technical University
University St,2 100095, Tashkent city, Republic of Uzbekistan

Abstract: This article deals with evaporative cooling devices used in air

conditioning systems. Various ways of lowering the air temperature to the dew point
have been identified as a result of improvements to the devices considered. It is also
indicated that the circulating water temperature in the system can be lowered to the air
temperature on the wet bulb thermometer. As is known, recirculating water is often used

as

a cooling water in process units to reduce water consumption in industrial plants.

Circulating water is heated by recirculation and the heated water is cooled in ventilated
cooling towers. This method of cooling water by direct evaporation is based on the
thermodynamic disequilibrium of atmospheric air and the difference in psychometric
temperatures between dry and wet thermometers. This method of water cooling, offered

in

air conditioning systems for dry and hot climates, is very effective. Modern, efficient

solutions are needed for a wide range of energy-saving techniques in air conditioning
systems. One such solution is to pre-cool the air entering the unit (in heat exchangers)

or

to use natural cooling sources. The use of an energy-saving chiller with an indirect

evaporator as a source of cold water in hot and dry climates is therefore recommended
in air conditioning systems.

an

Keywords: dry and hot climate, direct evaporative cooling, moisture content, heat
d mass transfer, water cooler-chiller, circulating water supply
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INTRODUCTION. To reduce the consumption of water used as a cooling medium
in process units (intermediate and end heat exchangers of compressors, condensers of
refrigeration machines, etc.), water recycling is usually used. For reuse, the heated
water is cooled in a fan cooling tower, a contact device where the water is cooled by
partial evaporation in the flow of outside air. The final chilled water temperature
depends on the cooling tower design factors and the external air parameters [1-15].

MATERIAL AND METHODS. This method of direct evaporative cooling of water is
based on thermodynamic non-equilibrium of atmospheric air and psychometric
temperature difference between dry and wet thermometers, which is a renewable
energy resource for cold production. A number of works have been devoted to
improving the heat and mass transfer processes in cooling towers in order to reduce the
chilled water temperature, but all improvements in cooling tower design only bring the
final chilled water temperature closer to its theoretical cooling limit, which is the outdoor
air wet-bulb temperature. In practice, the water in cooling towers is cooled to a
temperature 3+5 °Chigher than the outside air wet-bulb temperature.

One solution for further reduction of the cooled water temperature in the cooling
tower is pre-cooling (at constant moisture content d, ) of the outside air before it enters
the cooling tower, i.e. transition to indirect-evaporative cooling. Suggestions for reducing
the chilled water temperature in the cooling tower. In order to increase the cooling
capacity of the cooling tower and reduce the theoretical cooling water limit below the
outdoor air wet-bulb temperature, a device [1+5] has been developed in which the
outdoor air is pre-cooled in a plate heat exchanger by the cooled and humidified air
leaving the cooling tower (Fig. 1-a). The calculations show that for every 4 °C of outdoor
air cooling before it enters the cooling tower, on average, we will get an additional
temperature reduction of 1° of cooled water, therefore, when implementing this
proposal, the effect of additional water temperature reduction will be only 1+1.5 °C. More
noticeable additional cooling of water can be obtained only by deeper pre-cooling of
outdoor air, for this purpose in [6, 7] it is proposed to pre-cool the outdoor air in a
regenerative indirect evaporative cooling heat exchanger (RIEC).

In this countercurrent heat exchanger two types of alternating channels are used:
dry and wet, where the air changes its parameters differently, at that the air enters the
wet channels after its precooling in the dry ones (Fig. 1-b). The alternation of channels
is made by using a special material, e.g. Miplast, one side of which has a capillary-
porous surface capable of absorbing and storing water in its structure, while the other
side is waterproof. In damp ducts the temperature of the air is reduced by its contact
with the capillary-porous surface which is moistened by water. In dry channels, the air is
isolated from contact with water and its temperature and enthalpy are reduced due to
cooling from the channel wall, which has a temperature determined by processes in
neighbouring wet channels. In dry ducts, air is cooled at d,, , = const, so its cooling limit
temperature will be the dew point t,,. = t, ..

The air cooled in the dry ducts of the regenerative indirect evaporative cooling
heat exchanger enters the counterflow cooling tower, where the water is cooled due to
partial evaporation to a temperature close to the outdoor air dew-point temperature. The
disadvantage of this method of water cooling can be considered only the use of two
heat and mass exchange apparatuses at once (cooling tower and RCIO heat
exchanger). Earlier in [3] a method of cooling air and water (in the limit to the dew point
of outside air) using a cooling tower as a heat and mass exchange apparatus and a
countercurrent heat exchanger (air-water type) for pre-cooling of outside air was
proposed (Fig. 2-a). Part of the air cooled in the heat exchanger (G,) is sent to the
cooling tower, the other part (G, .) is proposed to be used as supply air for air
conditioning systems.
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Fig 1. Schematic diagram of indirect-evaporative cooling tower (a): 1 — casing; 2 —
nozzle; 3 — nozzle; 4 — drift eliminator; 5 — plate heat exchanger; 6 — water tank; 7 —
pump; 8 — fan; 9 — dampers; 10 — valves and (b) method of regenerative indirect
evaporative air cooling

Part of the water cooled in the cooling tower enters the countercurrent heat
exchanger for air cooling, the other part is discharged to the consumer, where it can be
used for cooling air and technological equipment. The processes considered in the
scheme are shown in the i — d diagram in Figure 2-b for clarity.
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Fig. 2. Schematic diagram of regenerative indirect evaporative air and water
cooling system with cooling tower (b): F — fan; CT — cooling tower; HE — heat
exchanger; E — environment; &, ., &.... — basic mass flow rates of cooled air and
cooling water; &, — operating mass flow rate of air (directed to consumer); G.,, —
mass flow rate of auxiliary flow; H — pump; U — air humidifier and i — d processes
diagram (b).

Practically according to the same scheme and with useful use of only chilled water
for a consumer the authors of [4] implemented an indirect evaporative water chiller
which is used as a source of cold water (chiller) in air-conditioning systems of some
public buildings in cities of China (Fig. 3).
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Fig. 3. Operating principle of the water chiller (a), structure of the indirect
evaporative cooler (b), cold water production process in i — d diagram

The indirect evaporative chiller consists of two water/air counterflow heat
exchangers (1), a counterflow cooling tower (2), a water pump (3), an exhaust fan (4).
Outside air enters at point (O), and first enters the air-water heat exchangers to pre-cool
to point (A), with the amount of cooling water in the heat exchanger determined from the
condition of equality of water equivalents of air and water flows. Then the cooled air
enters the cooling tower and is used for evaporative cooling of water, a smaller part of
which is then sent for air cooling in countercurrent heat exchangers 1, and the larger
part of the cooled water is supplied to the building air conditioning system (Fig. 4).
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Fig. 4. AVC scheme using an indirect-evaporative chiller
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RESULTS AND DISCUSSION. According to the results of tests of pilot plant
operating on the principle of indirect-evaporative chiller [4], part of which is presented in
Fig. 5-a and 5-b, the following conclusions are drawn:

—the temperature of water chilled in the indirectly-evaporative chiller is between
the dew-point temperature t;, and the wet-bulb temperature t; , of outside air, and its
value can be estimated as the average of these characteristic temperatures (Fig. 5-a)

—the temperature of the water cooled in the indirect evaporative chiller is 2+4 °C
higher than the dew point temperature of the outside air (Fig. 5-b).
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Fig. 5. (a) Test results of indirect-evaporative chiller: 1, 2 — dry (t;,.) and ()
thermometer temperatures; 3 — chilled water temperature (t,.); 4 — air dew point
temperature (tﬂr.p.)- (b) dependence of indirect evaporative chiller outlet water
temperature on outdoor dew point temperature.

When the outdoor dew point temperature is about 15 °C, the water is cooled down
to 18, and since only the exhaust fan and circulation pump consume power, the
cooling factor of the indirect evaporative chiller in this mode is 8-10. When the outdoor
dew point temperature drops to 10 <, the chilled water temperature decreases
accordingly and the chiller's cooling factor increases to 18. The authors of [4] note that
as this is the first practical use of an indirect-evaporative chiller, the design has not been
optimized. Among the design and equipment drawbacks are: insufficient heat-exchange
surface of air-water heat exchangers, insufficient capacity of the exhaust fan. These
shortcomings have been taken into account in the design of the new indirect-
evaporative chiller. By 2010, indirect evaporative chillers and air conditioning systems
(AHUs) using them have been adopted in more than 15 projects, to serve public
buildings with a total floor area of about 120,000 m* in China. The cooling capacities of
installed chillers range from 120 to 700 kW. In these buildings, indirect-evaporative
chillers have been used as a cooling source for the air-conditioning system, producing
chilled water with a temperature of 16+19 °C. Test results show that air temperatures in
air conditioned rooms are 24+27 °C and relative humidity 50+60%, which corresponds to
comfortable conditions [4, 14].

CONCLUSION. In regions with hot and dry climates the energy-saving indirect-
evaporative chiller can be successfully used as a source of cold water for air
conditioning system, replacing traditional steam-compression chillers. The proposed
method of cooling water for the air conditioning system can have an even greater effect
in regions with dry, hot climates. For a wide application of the proposed energy-saving
air conditioning method, modern, efficient solutions are needed to enable the use of
18+20 °C cold water for comfortable indoor air conditioning.
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