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ABSTRACT: The article obtained the scheme of material and heat balance, on the basis of which the equations of heat
and mass transfer evaporative cooler of water and air. This allows to determine the water temperature when simulating
evaporative cooling processes. This makes it possible to evaluate the thermal performance of the proposed evaporative

cooler of circulating water with other types under the same operating conditions.
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ILINTRODUCTION

A scientifically based analysis of the formation of efficiency and the degree of thermal engineering perfection of the
evaporative coolers of circulating water is essential for the successful solution of energy saving problems in the energy,
processing, petrochemical and food industries. The basis of this analysis is, first of all, modern thermodynamics, where
two approaches are applied to the study of the efficiency of production processes and energy consumption in technical
systems. The first of these approaches is connected with various methods of studying direct and inverse cycles, which
were once justified by Carnot and Clausius. The second approach is based on the use of thermodynamic potentials for
analyzing the efficiency of the processes of transfer and use of thermal energy in various systems [1]. It should be
noted that the second method in recent years is widely used to analyze the effectiveness and optimization of various
technological processes.

Il. DESCRIPTION OF SCHEME

In the study of heat and mass transfer processes in evaporative coolers, it is necessary to visually assess the
thermodynamic efficiency of the processes, as well as determine the sources of losses in them. The process of
evaporation of circulating water in evaporative coolers occurs under conditions of interaction with the environment and
the assessment of the potential resources of the thermodynamic system “cooling circulating water - environment”
should be carried out taking into account the influence of environmental parameters, first of all, such as temperature
and relative humidity.
For the process of evaporation of water, as for any heat and mass transfer process, it is necessary to make at least two
balances: material and thermal. The first necessary condition for this is to determine the boundaries of the
thermodynamic system in the form of a balance surface (Fig. 1 and 2), which allows us to estimate the direction and
magnitude of the various flows [2, 3]. If the evaporative cooler of circulating water is considered as a thermodynamic
system, when its balance surface is crossed by a mass flow, i.e. in case of periodic or continuous heat and mass transfer
between this thermodynamic system and the environment, the thermodynamic system is considered open. According to
this definition, circulating water evaporative coolers are open thermodynamic systems.
For evaporative coolers, the compilation of material balance can be based on the law of conservation of matter, which
states: the sum of the material flows entering the cooler (£G;) is equal to the sum of the flows leaving it, (IG; ) i.e.

I6; =IG 1)
When writing the balance equation (1), a drop of drift from the considered cooler is not taken into account.
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Fig. 1 and 2. Schematic diagram of the material balance and heat balance of the evaporative cooler.

G.and G, respectively, the flow of cooled (inlet) and cooled (at the outlet) recycled water from it; G, and G -
respectively, the flow of moist air at the entrance to the evaporative cooler and at the exit from it; A, = AG,,, - the
flow of moisture (water vapor), passing from the cooled water to the humid air.

I.and I;, respectively, the enthalpies of the cooled (at the entrance to the evaporative cooler) and the cooled (at the exit
from it) circulating water; I,,,and I}/, - respectively, the enthalpy of moist air at the inlet and at the outlet of the
evaporative cooler; @ ..and @ .., accordingly, the heat flows from the cooled water to the moist air by evaporation and
convective heat exchange; Q.- heat flow through the side wall of the cooler.

111. METHODOLOGY

In accordance with the concept (Fig. 1) for the material balance of the evaporative cooler in question, we write down:

56 =Gy +Cmar 2)
LG = Gy + G 3)
Since moist air (&g ) is a mixture of absolutely dry air (G4 ) and water vapor (G ), according to [1],
':"_r_r_.,c = ':"_r_.'_c + '51_1_'1,” (4)
Gmg = Gag + Gy (5)

In the process of heat and mass transfer between humid air and water in evaporative coolers of recycled water of the
type in question, as well as in drying plants, in which humid air is used as a drying evaporating agent, the amount of
dry part of moist air at the inlet to the evaporative cooler (Gzz) and leaving it (G, ) remains constant, i.e.

Gma = Gaga. (6)
Substituting (6) into (4) and (5) and then obtained respectively in (2) and (3), on the basis of (1), we have:

A6y = Gy, (7)

where 4G,, = G, — G, (8)

"th'L‘ = I'{:11'1,‘ - Ii:11'1,‘ (9)

As follows from [7] and [1], in the evaporative coolers of circulating water, the evaporated agent from the evaporated
object (cooled water) is transferred to the evaporating agent (moist air).
If we consider that according to [1], the ratio (G, to G,z is the moisture content of humid air, i.e.
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x =2 (10)
expressions (4) and (5) can be represented as . o
Gr:.a: =(1 +x;|'5d5, (17)
. Gmg = (1 +x )iy, (12)
Using equality Gzz and Gz, according to (6) on the basis of [9] and [8] we can get
"= G _ Guw
Gaa = t+x itz (13)
In the same way, on the basis of equalities (7) - (9) and (11), (12), we can write
‘th - "thL - ‘ijc - Gdn: {x - x:], (14)

where x" and x ', respectively, the moisture content of the evaporative agent (moist air) at the entrance to the chamber of
the evaporative cooler and exit from it.

The compilation of the heat balance of the considered cooler is based on the law of energy conservation, i.e. the
amounts of enthalpies (1) and heat fluxes (Q) entering and leaving the cooler are equal according to fig. 2

I'I-'I- + I'I-'I-L I‘I-'I- + I'I-'I-L + ll'?i"l"i‘" (15)

In accordance with [1, 10], the ind|V|duaI components of the balance equation (15) are determined from the expressions
=Gy Cpy "ty (16)

= Gy " Chy “ . (17)

*rrm: - Idu: +I‘I-‘|-I.-! (18)

where Ié.: = Gag "Cpag ~taq, (19)
1-.L Ghl, Ii""l." + Ly 'I-'LL:]’ (20)

JTi'r.,r.' - JTr!u: +*rm, . (21)

I - Igr.'r.' Epdc tag, (22)

Ly Ghl, ':"'"D + oy 1:]1 (23)

'I-?rr.r! _Ksr.r! F{fm: - -‘_'I:]l (24)

where . = 0,50t + tma) (25)

E.mg- average height of the cooler temperature of humid air; r, is the heat of water vaporization at t = 0°C; C'pgzand
Cm- respectively, the specific heat of dry air and water vapor; t,- ambient temperature; K., and F;, respectively, the
heat transfer coefficient and the lateral heat exchange surface area of the coolant under consideration.

IV. EXPERIMENTAL RESULTS

Substituting (16) - (24) into (15) and taking into account equality Gzz and Gzz (6) expressions (7) - (9) and (25), we get
G Oy {te - te:] + Ay - CPW by = Ggg * Cpug IrLtr.'r: - tdc} + MGy 1y + FGyy Cﬁw{twu - th'l,‘:] + Ay
CPWB ' t‘l:;'l,‘ ++05- Kfr.r! ' Esliti:r.,c + ti:lr.,r.' - Eta:]

(26)

Given the obviousness of the equalities tzz. .5 and £, for the case under consideration
tmg = £y (27)

The heat balance equation for evaporative cooler (26) can be represented as
Gl. CP1 {th th:] Gan - CPdE{tm: ty )= Gdn:{-r —x )= lrL"'"I:'I +Cpy - C'ph t‘h } + Gdn: X - Eﬁw{thl,
t) +0.5- -E-rr.r! - S{th'l,‘ ta:]

(28)
Or taking into account (10) and (13) _
'511 Oy {th th:] ':'_Pdc {thl, :] = :PT; ' —x)= I:"'"L" + Cppp - ti:lr W I:ti'r.,r.' -
b+ 0,5 K5, F(tm £,

(29)
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Fig. 3. dependence t,., = f{u) andt,, = f(u) at £, = 35°C; W, = 3.0 m/c; andp, = 0.4: at ¢, = 34; 38 m42 °C.

t... — temperature of outgoing humid air from the evaporation chamber;
t,, — temperature of the outgoing water from the evaporation chamber.

V. CONCLUSION

One of the main goals of simulating evaporative cooling processes is to determine the circulating water temperature at
the outlet of the evaporative cooler of the type in question () depending on the flow density and temperature of the
cooled water (& ut;;), evaporative agent flux density humid air (&), its relative humidity (¢' = w,) temperature
(t.y = t,) at the entrance to the cooler, structural and thermal parameters of the elements of the cooler in question.
According to the value £, obtained in this way, it is possible to evaluate the heat engineering perfection of an
evaporative cooler of the type in question under equal operating conditions with other types of circulating water coolers
[4,5,6].
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