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MATHEMATICAL ASPECTS OF SYSTEM AIR CONDITIONING, CREATING 
DECORATIVE FOUNTAINS FOR COOLING AIR 

Zhykharieva N. c,t.f., ass. Prof, ONAFT,. Kogut V. c,t.f., ass. Prof., ONAFT, 
Krushelnytskkyi D., graduate student ONAFT, student ONAFT Dragnev M.

The main drawback of calculating a fountain is determining the temperature of the 
water in its bowl, which can be done after analyzing the following components of the 
fountain's thermal balance: heat load from the condensers of refrigerators and from 
circulation pumps, from solar radiation, water cooling due to heat and mass transfer (in jets 
and from the surface of the bowl).  
`Cooling water by heat and mass transfer in jets is challenging. To solve it it is convenient 

to use a dimensionless coefficient of efficiency of heat exchange of jets
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tw1- the temperature of the water supplied to the nozzle, °С; 
t w2- the temperature of the cooled water at the end of the jet, °С; 
t vl - temperature behind the wet thermometer, ° С.

In the design of fountains of the greatest distribution are jet formed by cylindrical 
nozzles. 
The solution of the differential equation of heat and mass exchange between air and water 

of the jet allowed to obtain a formula for determining the coefficient of efficiency of a 
single cylindrical jet
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Gн - water flow through nozzles, l / s; 
dн - the diameter of the nozzle, m; 
k, n, m - numerical coefficients whose magnitudes depend on the jet decay mode  

To determine the value of C dependence   

h
l

w
BС

2212,036,0
555

В - density of irrigation, m3/(m 2s); 
w - estimated wind speed, m/s; 
l - the length of the bowl of the fountain in the direction of the prevailing wind, m;
h - height of the jet volume of the fountain, m. 
.

From the equation of thermal balance of the fountain received the differential equation 
of water temperature in his bowl 

Equation of thermal balance of the fountain received the differential equation of 
water temperature in his is a first order linear differential equation, its general solution is: 
[5]  was solved using the Odesolfe Matcad environment 
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 To find the coordinates of the points-focuses of the field of directions in determining the 
water temperature in the bowl when solving 

wt tqKQКt 21 ,

in ,
where τ is the year of day,

In expression (9), the value К1Q  can be regarded as an equivalent temperature 
increase due to the load from the capacitors, and the value K2Q - as an equivalent 
temperature increase due to solar radiation.

The coefficients K1 and K2 are found from the analytical formulas   [

FАLLC
К
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PDDP .  

The expressions are as follows: 
tvl– air temperature behind a wet thermometer, 
ρ – density of water, kg /m3; 
С– specific heat of water, kJ / (kg K);
V – the volume of water in the fountain bowl, m3; 
LР, LD– water consumption for working and decorative jets, m3/ hour;
F – horizontal fountain bowl surface, m2; 
Qкон– thermal load from capacitors, kVt; 
qрад– solar radiation absorbed by the water surface of the 
fountain bowl, Vt /m2 
ηр, ηD– coefficients of efficiency of heat exchange of workers and decorative jets. 

A, characterizing the efficiency of water cooling due to heat and mass transfer from the 
water surface of the bowl of the fountain, is determined by the formula [4]

062.014.20А
where w is the estimated wind speed, m/s   In a program written in MathCad, the change 
in outside air temperature ts (τ) and direct and scattered radiation were determined by the 
spline method. The daily cycle of change of the average integrated water temperature in 
the bowl of the basin is calculated by the differential equation (15). Evaporation from the 
surface of the bowl and cooling of the jet were taken into account when determining the 
heat transfer coefficient [5].
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For each point with a given value of t and τ, it is easy to find the direction tangent to 
the desired curve of water temperature in the bowl. Lines in which the direction of tangent 
everywhere coincides with the direction of the field, and represent the solution of 
differential equation  
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The recycled water of existing and newly designed decorative fountains is suitable 
for cooling condensers of refrigerating machines or, in some cases, for direct cooling of air 
in surface air coolers of air conditioning systems. 

This method of thermal calculation of the fountain takes into account the dynamics 
of the thermal load from the air-conditioning systems, absorbed by the solar radiation, the 
operating time of the decorative and working jets, which accumulates the water capacity of 
the bowl of the fountain and changes in the parameters of the outside air. The method 
allows to determine the daily course of the temperature of the cooled water, to analyze the 
thermal regime of the fountain and to choose the optimal variant of work of jets by hours 
of the day. 

The average daily temperature of the water in the bowl of the fountain at the same 
heat load on it depends on the time of operation of the jets and does not depend on the 
accumulating ability of the water of the bowl. The water storage capacity of the fountain 
bowl allows to shift the operating time of the jets and the refrigeration station and to 
reduce the amplitude of the temperature variations of the cooled water, if necessary. [5, 6]

The main cooling of circulating fountain water is due to heat and moisture exchange in 
the jets. The intensity of their cooling is characterized by a dimensionless coefficient of 
efficiency of heat transfer (2), the value of which depends on the spray regime, water flow, 
nozzle diameter, irrigation density, wind speed, height of jet volume and length of the 
fountain in the wind direction. 

The developed mathematical model (its software implementation in the MathCad 
environment) provides a sufficient level of approximation to the problem of thermal 
calculation of fountains connected to air-conditioning systems. This allows us to apply the 
model to the study of air conditioning processes. The proposed method of thermal 
calculation of the fountain takes into account the dynamics of thermal load from the air 
conditioning systems, absorbed by the solar radiation, the time of decorative and working 
jets, which accumulates the water capacity of the bowl of the fountain and change the 
parameters of the outside air. 

With the help of the developed program it is possible to determine the daily course of 
the temperature of the cooled water, to analyze the thermal regime of the fountain and to 
choose the optimal variant of work of jets by hours of the day.
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