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Summary. The aim of the research is to develop methodological foundations for creating 

energy-efficient systems that ensure abiotic factors in adaptive technologies for cultivating uterine 

entomocultures. The relevance of the research lies in the need to create a mathematical description of 

the object to model air treatment processes in energy-efficient systems that ensure abiotic factors in 

adaptive technologies for cultivating uterine entomocultures. In this description, each state 

characteristic is presented as a function of input and control parameters, considering the objectively 

existing constraints on the range of changes in control parameters and process state characteristics. 

The task was to develop a mathematical model of an optimized air preparation system for the 

implementation of adaptive technologies. 
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Introduction 

To develop the foundations of energy-efficient systems that ensure abiotic factors and to 

solve the tasks of optimizing air preparation technology for entomological production, it is 

necessary to create a mathematical model. It is known that the sequence of building a mathematical 

model begins with the formulation of the problem, selecting parameters, defining the goal, and 

identifying the efficiency criteria.  

For solving optimization problems of air preparation technology for entomological 

production, it is necessary to develop a mathematical model. The sequence of building 

mathematical models is presented in Figure 1. 

Formulation of the modelling problem 

Formulation of the problem, 

selection of parameters 

Defining the goal  

and performance criteria 

Drawing up a mathematical description of an object 

Statistical description Deterministic description 

Programming the task 

Choosing a numerical method Creating an algorithm 

Adequacy check 

Using a mathematical model 

to solve practical problems 

Figure 1. The Sequence of Building a Mathematical Model 
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Materials and methods 

The task of the modelling is the development of a mathematical model of the air preparation 

system for implementing adaptive technologies. The method of analysing polytropic air 

humidification processes in dense regular packing layers with a crossflow scheme of contact 

between streams was chosen for the research. 

 

Results and discussion 

The description of the processes of cross-contact between water and air is based on an 

idealized model of flow structure - the model of complete displacement, which assumes the uniform 

distribution of flows and constancy of parameters across the width of the apparatus. However, the 

task of determining the average driving force of the process, unlike counterflow, is much more 

complicated. The crossflow process organization scheme in conditions of variable flow parameters 

along the height (Y) and length (X) of the apparatus necessitates solving a two-dimensional 

problem. 

The physical foundations of air preparation processes are determined as follows: 

The water vapor mass flow carried for a surface element dF is determined according to the Lewis 

equation at moisture content values d up to 20 g/kg, characteristic of contact apparatuses: 

, 

where σ is the moisture exchange coefficient, kg/(m²·s).  

The total heat flow, assuming the Lewis relation le = 1 holds true: 

, 

where  is the air enthalpy in kJ/kg; 

– is the enthalpy of saturated air at temperature  kJ/kg 

le = α/ сv), 

сv – is the heat capacity of moist air, kJ/(kg∙K); 

integral characteristic of the process intensity - Merkel number 

. 

A classification of the processes of preparation of the air medium in contact apparatus with a 

cross-flow flow contact scheme is carried out: polytropic process of air cooling and 

dehumidification, 

– Q∑ = – (Qreal + Qhid); 

humidity process of air cooling along the line d = const, 

– Q∑ = – Qreal, Qhid = 0; 

Polytropic air cooling and humidification, 

Q∑ = Qreal – Qhid; 

Isoenthalpic air cooling and humidification along the line h=const, 

Q∑ = 0, Qreal = Qhid; 

Polytropic air humidification and cooling, 

Q∑ = Qhid – Qreal; 

Isothermal humidification along the line t=const, 

Q∑ = Qhid, Qreal = 0; 

Polytropic air humidification and heating, 

Q∑ = Qhid + Qreal. 

The next stage of the mathematical model development involved describing the processes 

in a crossflow apparatus for thermal-humidity air treatment. 

Air humidification processes in contact apparatuses are described by heat balance and heat 

transfer equations for the respective phases: 

, 

; 
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, ; 

and the equation of the kinetics of the total heat transfer: 

, . 

The empirical kinetic dependences were obtained: 

 
Where с, n, m – proportionality factors; 

Reg = wg·dg /νg – Reynolds number in the gas phase; 

Rew = ww·dv /νw – Reynolds number in the liquid phase; 

ng, νw – are the kinematic viscosity coefficients of the gas and liquid phases, respectively, m2/s. 

The dependence of the aerodynamic drag ΔP of the nozzles on the air flow rate wg at qg = 11 

m3/(м2‧год). 

 

Conclusions 

The results of the research work include transfer coefficients in the gas phase and empirical 

kinetic dependencies for the thermal resistance in the liquid phase based on studies of the model 

apparatus for thermal-humidity air treatment. The mathematical model of the optimized air 

preparation system for implementing adaptive technologies was developed. 
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