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Possibilities of the use of mathematical modeling in creation, analysis and implementation heliosystems based on data obtained in the laboratory of renewable energy. As a result, the research revealed the peculiarities of the selected parameters of the solar heat exchanger performance. The efficacy of vacuum solar collector and the simulation results proved the feasibility of using this type of equipment.
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Problem. Signs of global energy crisis that began to appear at the end of the last century, is now facing society and increasingly acute. Lack of a clear pricing policy of oil and other traditional energy challenges the dynamic development of the countries that rely on imports of raw materials [3]. Membership in the European Union obliges Poland to solve the problem of obtaining energy from renewable sources by percentage in the energy balance of the country in 2010 was (7,5 % [11]. By 2020, Poland must be obtained from renewable sources at least 15% of the total energy [13]. 

Analysis of recent research and publications, which discuss the problem. In Poland today, the process of finding the best methods for streamlining the process of obtaining energy from renewable sources [8]. Modern technical solutions in the field of solar energy open new opportunities for heat production [10]. A large number of publications and research discusses the selection of optimum operating modes heliosystems [2, 4, 12, 14-16]. 

The aim of our research was to investigate the effectiveness of the use of mathematical modeling for optimization of technological regimes heoliosystem operation in the laboratory. 

Materials and methods research. Helioplant - a system of equipment for converting solar energy into thermal energy. Typically the kit includes solar solar panels with absorbent panels, thermal storage tanks, batteries or with running heat exchangers, pump group, the pipeline system that connects the machines, hot water systems and microcontroller or a digital controller for solar control. Solar systems are used in individual households and in hotels, boarding houses, recreation centers, industrial and public facilities, sports and recreational facilities, swimming pools, as well as in agriculture [7]. 

The balance of power (
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) for a solar collector system - tank battery, which appear in the exchange of heat paid by the formulas [9]: 
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where Qu - useful energy flux [W ( h]; 
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energy consumption for heating; 
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heat losses at the collector and pipes. 

In our case, to simplify the calculations, believed that the tank and pipes are well insulated and have little or no heat loss, so use the following assumption: 
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The flow of useful thermal energy consists of heat energy obtained from solar collectors and energy dohrivannya from an additional heat source connected in series with the tank-battery
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where mгвп – mass of water that came in the tank battery (equal to the mass consumption of a tank of warm water (kg), Tгвп  – the temperature to which it is necessary to heat hot water ((C), Tпр - the temperature to which dohrivaye Solar ((C), Тхв – temperature of cold water that fills the tank battery ((C). 

In turn, the amount of useful thermal energy obtained from solar collectors will be equal 
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where 
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- the intensity of solar radiation; 
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 m2, A - area of one collector absorber, (  - efficiency. 

Energy consumption for heating depending on the consumption of water in the hot water; 
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where Tz,τ –  the water temperature in the tank, the battery at the beginning of the test period of time ((C); Tz,τ+Δτ –  the water temperature in the tank, the battery at the end of the analyzed period of time ((C); 

Thus the efficiency of the solar collectors is: 
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The calculation of the degree of coverage needs through solar DHW: 

  
[image: image13.wmf]геліосист

джерела

дод

геліосист

Q

Q

Q

-

=

e

 . 
(6) 

The annual efficiency of solar installations is determined by the formula: 
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where Q1 –  the energy required to heat the DHW during the year [kVt(hod], Q2 – energy obtained during the solar year [kVt(hod] - according to the testimony of a meter; T2 - temperature of hot water for use (about 55(C); T1 - temperature of water enters the heat exchanger of the water supply system (about 7(C); cp - specific heat of water [J / kg ( (C]; m - mass of hot water [kg]; 

For conditions where solar installation does not work, we took ε = 0, for conditions when the solar plant delivers 100 % of the required energy - ε = 1. 

Based on the above formulas we paid the energy contribution of solar energy intake to complex heating system. 

Results and discussion. In the laboratory of renewable energy sources in electric Schools Association (Osh) № 1 m. Kraków we conducted a set of studies on the analysis of the efficacy of solar collectors in the Malopolska region. Scheme of the investigated setup is shown in pic. 1. The subject of the study was solar, which consists of solar collectors with vacuum tubes. They have a 30 tube heat-pipe with a diameter of 58 mm and a length of 1800 mm. The dimensions of the collector 1990 mm ​​high and 2456 mm wide, with a total area of 4,8 m2 area of active absorption 5,14 m2. The collector is connected to insulated copper pipes cross section of 18 mm with a tank battery capacity of 300 liters. Collectors installed on the roof of the south at an angle of 45 °. The system also includes an expansion tank system overheat protection, safety valve, power meter, an electronic controller, temperature sensors. The values ​​recorded solar collector heat meter - KFAP APATOR, connected to the server and your computer. The system controller led firms Frisko. Measurement of solar radiation were carried out using the meter LB-900, and the results are automatically stored on the hard drive. The studies of the process of obtaining energy from solar we recorded the following data: output energy (MJ), power (kW), water temperature (° C), water consumption (l / h), the temperature in the tank for water storage (°C ). Investigation was conducted on the equipment of Insbud. Installation worked under the supervision of free programmable controllers MR210-MULTICO, containing a relatively large number of inputs and outputs of different architecture and two serial ports, providing opportunities connection to external devices.


[image: image15] 
Picture 1. Functional diagram of the setup for the study heliosystems

These benefits structure controller coupled with the benefits of software is ideal for most modern automation systems with multiple heat sources (systems with solar collectors, heat exchangers, heat pumps, boilers coal, wood fireplaces with water system, etc.). Especially useful in such systems is the possibility of continuous monitoring of the productivity of small pumps or fans (symistornyy exit) and the ability to control inverters, burners modulated DC drives with voltage 0-10V (ventilation and air conditioning). 

The controller can also operate as a unit of the "black box", without display and keyboard remotely transmitting data via the serial interface, LAN / WAN or GSM-network, implementing the independent control of the system. Flexible interface, in turn, allow you to use the controller for distributed monitoring and management, particularly in systems such as intelligent building, using MODBUS-RTU. 

Mathematical model of solar control. In mathematical modeling of processes occurring in the solar systems, the latter has been accepted by us as a "black box" (picture 2). 

                            
[image: image16]
Picture 2. Scheme of automatic control of the object of research

(Solar) 

It was an analysis of solar-based theoretical model developed based on existing mathematical tools and statistical research models constructed on the basis of their research (Kopecki M., 1976 [8]; Gireń J., 1982 [6]; Górecka R, 1996 [5]; Bilicki Z., 1996 [1]). 

In mathematical modeling of processes occurring in various devices for energy from renewable sources, they accepted us as a "black box", where the input variables are variables (patient) parameters and output parameters of the system are measured using different devices . 

General view of the mathematical model of the process under study can be written as an equation: yk = f (x1, x2, x3, ..., xn) for c1, c2, ci ... = const. 

The goal of optimization is to determine the extremes.

Description simulated system of equations is based on the regression equations of the second degree of interaction. Application of mathematical modeling and processing, automation research results allowed to change the strategy of implementation of experiments that can be characterized by the following properties: 

 randomization experiments - targeted introduction to research concepts through detailed case definite program implementation experiments; 

 simultaneous change of all causal factors. 

This allowed sufficient detail to describe the effects of individual subjects factors (variables) to the original settings, and codependency between them, called interaction, which can not be achieved in studies of traditional methods. The dimension of the investigated space factor increases with the number of factors and study the effect of this. The results obtained were the more reliable the greater the number of independent parameters simultaneously investigated. 

Mathematical and statistical analysis of the results of research is only possible with the use of computer technology with the use of specialized software package AutoGraf (included with the software firm microcontroller Frisko, Platform MetaTrader 4 Admiral Markets AS, 2010) because of the computational complexity and the need for alternative solutions to the function of many variables. 

The software package for the controller AutoGraf MR210 is a tool for DOS-systems designed to edit structure of interaction with the controller (support for keyboard and display) to compile and load composite structure memory. 

General view of the mathematical model for variables xi was recorded as follows: 
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Regression coefficients determined according to the following dependence
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where  - the average value of each output parameter; N -Number of experiments in the matrix planning research; tiu, tju - corresponding values of matrix elements taken from the sample ± 2, ± 1, 0. 

Checking the adequacy of empirical relationships was performed using analysis of variance: 
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where   – difference of the final regression equation;  - The number of degrees of freedom; N - number of experiments in the planning matrix; k - the number of monomials in the regression equation. 

The initial hypothesis Ho adequacy of the mathematical model has been tested by Fisher criterion: 

 .                                   
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The model took into account the structural and technological features integrated heating system that may affect its operation and output (termophysical) parameters of the installation that characterize the effectiveness of its work. The mathematical model is characterized by a high degree of adequacy in relation to experimental studies. The error between the theoretical and practical importance in the description of thermodynamic phenomena taking place in the overall system power is less than 10% relative to the amount of received energy, and less than 3% of the directly measured values: coolant temperature with different heating sources derived heat, flow velocity, temperature of the water in the container at the outlet of the tank, battery and electrical power circulation pumps, etc. 

Description simulated system of equations is based on the regression equations of the second degree of interaction. Statistical methods for simulation experiments have allowed, in this case, reduce the number of experiments is 20 times that in the end was 31 experiment. 

Unknown function yk = f (x1, x2, x3, ..., xn), which is the sum of polynomials of the second degree, determined by the following equation: 

yk = b0 + bi xi + bij xi xj +  biі xi 2,                  
  (13)

where b0 – mean free term that describes the output parameter at x = 0 (zero) 

bi - coefficients that describe the linear dependencies influence of individual parameters on the desired output parameter xn uk. 

bij - coefficients that describe the effect of linear dependence, the combination of the unknown variables xixj factors on output parameter uk. 

bii - coefficients that describe the effect of the quadratic dependence of some of the unknown factors of n, on the output parameter uk.

With the desired value is accepted: x1 - the coolant temperature at the inlet to the tank battery-ta [0C]; x2 - the coolant temperature at the outlet of the tank-battery tb [0C]; x3 - water temperature at the outlet of the tank battery-ts [0C]; x4 - water flow at the outlet of the storage tank vc [m3 / h]. 

The basis of our studies put that number of independent factors that have a significant impact on performance solar is 4. It was also thought that each variable can take up to 5 different values. That is, for a full analysis of the process considered 54 = 625 choices.
Table 1 shows the values ​​studied in different modes. 
Таble 1. The values ​​of the studied parameters

	code            Variables

measurement


	Investigated factors (variables)

	
	x1 (tа)

[oC]
	x2 (tb)

[oC]
	x3 (tс)

[oC]
	x4 (Vс)

[м3/год]

	-2

-1

0

+1

+2
	50

60

70

80

90
	45

55

65

75

85
	30

35

40

45

50
	0,05

0,01

0,015

0,0402

0,25

	Step measurement
	10
	5
	5
	0,05


Regression coefficients determined and presented in Table 2. 

Quest regression equation is:y = 3,5207 – 0,2128x1 + 0,1317x2 + 0,1463 ( x2 + 0,1463 ( x3 + 0,0232 ( x4  – 0,0055 ( x12 – 0,0679 ( x1x2 + 0,0017 ( x1x3 – 0,0232 ( x1x4 – 0,0311 ( x22 – 0,0182 ( x2x3 +  0,0073 ( x2x4 – 0,0045 ( x32 + 0,0276 ( x3x4 – 0,0117 ( x42 .                  (14)
Checking the adequacy of empirical relationships was performed using analysis of variance. In terms of Fisher's original hypothesis H0 checked the adequacy of the mathematical model.
Hypothesis H0 adequacy of the mathematical model. The values ​​calculated Fisher criterion should be less than the critical value for a given probability p and the number of degrees of freedom f. 
The coefficient of multiple correlation R = 0,9662.

The maximum deviation ΔZmax = 0,1726.
Table 2. The obtained values ​​of the coefficients of the unknown regression number coefficients of regression equation of value simulated empirical

	№
	Коефіцієнти рівняння регресії
	Значення рівняння

	
	
	змодельовані
	емпіричні

	1.
	b0
	3,5207
	3,5242

	2.
	b1
	-0,2128
	-0,0030

	3.
	b2
	0,1317
	0,1602

	4.
	b3
	0,1463
	0,1014

	5.
	b4
	0,0232
	0,2722

	6.
	b11
	-0,0055
	-0,0002

	7.
	b12
	-0,0679
	-0,0027

	8.
	b13
	0,0017
	0,0006

	9.
	b14
	-0,0232
	-0,0061

	10.
	b22
	-0,0311
	-0,0012

	11.
	b23
	-0,0182
	-0,0073

	12.
	b24
	0,0073
	0,0019

	13.
	b33
	-0,0045
	-0,0184

	14.
	b34
	0,0276
	0,0719

	15.
	b44
	-0,0117
	-0,0207


Standard deviation M = 0,0705. 

The standard deviation σ = 1,1. 

The variance σ2 = 1,20. 

Based on the presented above dependence can be studied parameters xi put in order of increasing materiality of their impact on the linear parameter optimized y (CPA) (Table 3). 

The sign "+" in the numerical coefficients of the variables x2, x3, x4, means positive direction of influence of the factor x1 optimized parameter y (x2 = 0,1317, x3 = 0,1463, x4 = 0,0232), whereas the "-" indicates the direction of influence of negative factors (x1 = -0,2128). The higher the numerical value of the coefficient of the regression equation, the greater the impact (positive or negative) of this parameter on the outcome of the process. From the analysis it follows that the greatest impact (41.4%) in the value of efficiency solar (COP) has a parameter x1 (coolant temperature at the inlet to the tank battery-ta). 
Table 3. Ranking factors xi according to their linear influence

	The order of materiality influence of investigated parameters


	investigated parameters


	Coded values ​​of the coefficients of the regression equation
	Percentage of influence of parameters

	1.
	x1
	–0,2128
	41,40%

	2.
	x 2
	0,1463
	28,46%

	3.
	x 3
	0,1317
	25,64%

	4.
	x 4
	0,0232
	4,51%


The mathematical description of the process under study by means of a linear relationship can be represented by rejecting members of a higher order than the first; then the equation 

y = 3,5271 - 0,2128x1 + 0,1317x2 + 0,1463x3 + 0,232x4. (15) 

Optimization of parameters in view of the efficiency ratio solar. Based on the results of studies conducted optimization (using systems analysis and variational methods) - in order to determine the optimal process parameters with regard to the criteria adopted by the objective function. 

One-criteria optimization:  max. 

For the formulated optimization problem, solution methods are presented Hook-Jeeves and Gauss-Seidel, whose results are presented in Table 4. 

Table 4. Result оne-criteria optimization

	№
	Variable xi​
	Code measurement
	coefficient of the influence
	the impact of unit


	1.
	tа
	-2
	35
	[​​​​​oC]

	2.
	tb
	2
	10
	[​​​​​oC]

	3.
	tc
	2
	3,5
	[​​​​​oC]

	4.
	Vc
	2
	5,0
	[м3/год]

	5.
	emax
	-
	4,76
	[-]


Thus, the maximum amount of energy can be obtained by extreme values ​​xi study area (x1 = 2, x2 ÷ x4 = +2). 

Conclusions. As a result of research using mathematical modeling revealed features impact of selected parameters of the solar heat exchanger performance. 

The efficacy of vacuum solar collector and the simulation results prove the feasibility of using this type of equipment in terms of the Malopolska region. They are almost completely cover the need for energy to heat hot water between May and September, and the total annual efficiency is 37,7 %. Analysis is carried out, provided that the average intensity of solar radiation for conditions of Krakow is 350 W / m2. 
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