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Abstract. The air treatment processes in the air conditioning systems are 
the main part of air conditioning. This paper presents the new corrected 
method of heat and humidity treatment calculation of air by water, where 
not only the heat transfer process between water and air is taking into 
account but also the mass transfer process. The accuracy of the suggested 
method verified using the calculations to determine the parameters of air 
and water in various real processes of heat and humidity air treatment, 
shown in the psychometrics chart of various scales. Application of the 
suggested method gives an opportunity to find out the correct technical 
solutions and the required processes of heat and humidity air treatment in 
the irrigation chambers of air conditioning units. Based on the calculations 
using the new method gets that the irrigated water must cool up to 30% 
deeper than the calculation with the existing method. 

1 Introduction   

Heat and humidity treatment of air with water is widely used in air conditioning technology 
[1-8]. These processes of heat and humidity treatment of air usually take place in the 
irrigation chambers of the air conditioning units, in which the water is sprayed into the 
treated air and irrigate it [9]. In the irrigation chamber, the air condition changing upon 
contact with the water, takes place due to sensible Qsens and latent Qlat heat exchange 
[10]. The air condition changing process characteristic depends on the initial temperature of 
the water and the amount of water sprayed to treat 1 kg of air. To calculate these processes 
and, accordingly, the irrigation chambers, the following formula for determining the final 
and initial temperatures of water obtained based on the balance of heat flow between air 
and water is currently widely used [5]. 
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where: tw1, tw2 are the initial and final temperature of water in the irrigated chamber, oC 

cw is specific air heat, kJ/(kg oC) 
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hair1, hair2 define initial and final enthalpy of treat air, kJ/kg 
µ is a coefficient of irrigation.  

The last formula is obtained based on the energy balance between air and water, during 
which the air gives the sensible heat to the irrigated water. 

 
 21 airairsens hhGQ                                          (2) 

 
where: G is a quantity of treat air, kg/s 

It should be noted that the formula (1) is very simplified, does not represent the real 
view of the air and water changing processes, and apart from that does not provide the 
accuracy of calculations for air treat processes. This conclusion is proved based on the fact 
that during the contact of air with water, in reality, between them take place not only the 
heat transfer processes described by the formula (2) but also the mass transfer processes 
due to the water evaporation absorbed air. The process can be conditionally divided into 
two main parts: 

1. transferring the sensible heat by air to water, as a result of which the enthalpy of air 
changes from the initial value to some intermediate value. 

2. evaporation of water and absorption of vapors by the air, due to which the air is 
humidified. 

As we can see, in the well-known method of calculation, the environment in the 
chamber is biphasic, so it consists only of a mixture of water and air, the masses of which 
unchanged during the process. However, in reality, between air and water take the heat and 
mass transfer process in the result's vapor transfer from air to water and in the opposite 
direction, and in this case, change the mass of water and air. This phenomenon eventually 
affects the final parameters of "air" and "water", as well as the quantitative characteristics 
of heat and mass transfer. To develop an accurate method for calculating the irrigation 
chamber, the above factor was taken into account, assuming that the environment of the 
irrigation chamber is a three-phase system consisting of sprayed droplets of water, air and 
water vapor. 

2 The irrigation water initial temperature calculation and 
determination method 

According to the above-mentioned approach, we suggest calculating heat and mass balance 
in the irrigation chamber, taking into account the following conditions: 

1. the availability of both sensible and latent heat transfer between air and water in the 
irrigation chamber, 

2. change the water mass and moisture content in air during heat transfer, 
3. influence of the water initial temperature and the irrigation coefficient on the process 

of changing air condition. 
For understanding the real mechanism of heat transfer, let's assume that the initial 

amount of air is equal to Gair, and water is W. The amount of superheated vapor Gvp emitted 
from the water absorbed by the air will be: 
 

 21 airairairvp ddGG      or    dGG airvp                              (3) 
 

where: dair1, dair2 –initial and final humidity ratio of air, gr/kg 
As a result of the vapor exchange, the quantity of air Gair2 will increase: 
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vpairair GGG 2   or   212 airairairairair ddGGG    or   dGG airair  12      (4) 
 

For the same reason, the amount of water W will decrease: 
 

vpGWW 2   or   212 airairair ddGWW    or  dGWW air2                (5) 
 

Taking into account the new, more detailed description of the air-water heat and mass 
transfer process, the air-water heat balance will be expressed by the following equation: 

 
221 airairlatsensairair hGQQhG                                 (6) 

 
where: Qlat, Qsens –sensible and latent quantity of heat, kW. 

The latent heat given by the water vapor to the air can be estimated by the following 
expression: 

 
  rddGQ airairairsens 21  or rdGQ airsens                         (7) 

 
where: r -latent heat of water vapor, which is taken equal to 2487 kJ/kg [10 -12]. 

Substitution of formulas (7) and (4) into equation (6) after simplifications, the amount 
of sensible heat transferred from air to water is determined by the following expression: 

 
   221 airairairairairsens hrdGhhGQ                           (8) 

 
Getting the quantity of heat Qsens from the air, the quantity water W2 is heated from the 

initial tw1 to the final tw2 temperature. Using the balanced equation Wcwtw1+Qsens=W2cwtw2 
and putting formulas (5) and (3) into it, making some simplification will be determined the 
following equation: 

 
  212 wwairwwwsens tdcGttWcQ                          (9) 

 
Equating (8) to (9) and making some simplifications the following new equation is 

obtained, using which can determine a more exact value of the initial required temperature 
of the water sprayed in the water chamber: 
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The obtained equation (10) is universal and can be used for all processes for heat and 

humidity treatment of air. Based on the universal equation, the calculation formulas can be 
obtained to accurately determine the air-water parameters in various processes of mutual 
interaction. 

The comparison of the obtained equation with the known expression shows that the (1) 
is only part of the equation (10) because the new method takes into account many factors, 
particularly changing the mass of air and water during the process. 
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3 Analysis of the proposed calculation method  

The analysis of the suggested method also proves the fallacy of the existing position that in 
the so-called processes of isenthalpic cooling or adiabatic humidification, for which =0 
(or h1 = h2) and d=dair1-dair2<0, the water temperature stayed constant, or the temperature 
difference of water in irrigation chamber is equal to zero. That is, to provide an ideal 
adiabatic process, the temperature of the sprayed water must be lower than the final water 
temperature on the value (11). 
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To identify the values of change the water temperature in the adiabatic humidification 

processes were made the calculations by using a psychometric chart [13]. Based on the 
charts and assuming the value µ=0.7 [14] were determined; the values of tw depend on d. 
The results of calculations are shown in Fig.1. 

 

 
Fig. 1. The graph dependence of water temperature difference on the difference humidity air ratio at 
the h=0 ( =0). 1- the existing method, 2 – the suggested method 

The graphs show that in adiabatic processes the water temperature changes in 
proportional to the changing of humidity ratio. It should be noted that this phenomenon is 
also observed in real installations of adiabatic air humidification. Laboratory tests and 
measurements also prove the variability of water temperature in wet-type air coolers. 

Another proofing of checking the correctness of the proposed method is that the existing 
formula for determining tw is a special case of the proposed more universal calculation 
method, in particular for the so-called dry heating or cooling processes occurring at a 
constant humidity ratio d=const, or d=0. From the suggested equation following that for 
processes with d=0, the value of tw is the same both for the suggested and for the 
existing method, that is to say, with d=0, the proposed expression (10) takes the form of 
(1). For additional proving the correctness of the suggested method, the calculation was 
made for determining tw, for processes with d=0 at various values of h. The calculation 
results are shown in Fig. 2. 
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As follows from the graphs, for any values of h, the values of tw, the calculations by 
the existing and suggested equations, are quite the same. This is proof of the suggested 
method correctness. However, with an increase in the value of h, the values of tw also 
increase. The correctness of this conclusion is proved by the fact that for   processes 
with (dry heating or cooling), in which there is no evaporation of water, due to the lack of 
contact between air and water, the values of the water temperature difference tw, both on 
the proposed and the existing methods converge. This also means that the suggested 
method is more universal, and the existing method is its special case. 

 

 
Fig. 2. The graph dependence of water difference temperature on the difference air enthalpy at t=0 
( =). 1- the existing method, 2 - the suggested method 

The stated provisions and conclusions were also verified using a psychometric chart 
with different scales. Fig. 3 shows the graphs of water temperatures difference determined 
by the existing and suggested methods using a psychrometric chart with different scales of 
(685mmHg, 700 mmHg, 760 mmHg). 

 
Fig. 3. The graph dependence of water difference temperature on heat and humidity ratio for 
atmospheric pressures 685mmHg, 700mmHg, 760mmHg. 1- the existing method, 2 – the suggested 
method 
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As it can be seen from the graphs, the water temperature differences tw are the same 
for all scales of the psychrometric charts at different values of  processes. It is also 
interesting to study the suggested method for processes in which the enthalpies change 
randomly, that is, the values of h taking any values due to the character of the processes of 
heat and humidity treatment of air (values ). Based on the graph is clear using the new 
method gets that the irrigated water must cool up to 30% deeper than the calculation with 
the existing method. 

5 Conclusion 

To make a real adiabatic process and provide constant air enthalpy, the sprayed water must 
be pre-cooled. 

To make a real dehumidification polytropical process, the sprayed water must be pre-
cooled. 

To make a real humidification polytropical process, the sprayed water must be pre-
heated or pre-cooled. 

Existing irrigation chambers with the direct circulation of water are not suitable for the 
adiabatic process, as they must have a system to pre-cool the irrigated water. 

The irrigation chamber should be equipped with both a cooling system for pre-cooling 
the water and a heating system for pre-heating the water. 

 
My thanks to Professor Zohrab Melikyan who was our first supervisor. He provided us with valuable 
comments and feedback at various stages of this research. Professor Z. Melikyan was a great man and 
specialist in HVAC systems. Without his assistance in the conduction of our experiments, the 
outcome of this research would not be as successful. 
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