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1. Introduction

In this paper a new method for calculation of heat power consumption in the heat exchanger is described.
The method is based on the analysis of phenomena proceeding on the ambient side. The calculation of heat
power consumption represents an inverse heat transfer problem [1, 2]. In the paper an artificial neural network,
trained with data obtaining from infrared thermography measurements [3-6] and from the numerical model of the
heat exchanger is used to calculate the heat power consumption in steady state. The experiments were carried
out using measuring stand with open chamber [7].

2. Calculation of heat power consumption using artificial neural networks

The solution of coefficient inverse heat conduction problems was presented e.g. in [8, 9]. In this paper, an
artificial neural network is used to calculate the heat power consumption of a radiator (e.g. in a central heating
system). The input data for training networks, were obtained both from thermograms of considered radiator
surface and from the numerical model of the heat exchanger. The output data (measured heat power
consumption) were obtained using the measuring position with the open chamber equipped with a PC and
suitable measurement devices. Ambient temperature was also measured using the position described above. The
neural network, carries out the algorithm is shown in the figure 1.
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Fig. 1. Diagram of the algorithm for calculation of heat power consumption

The following denotations were assumed in the figure 1:

X1, X2, X3 — inputs of neural network (e. g. average temperature values of control areas);
f'— activation function of neurons in hidden layer (linear or tangent curve),

f2— activation function of neurons in output layer (as above),

b’k — biases of neurons in hidden layer,

b? — bias of neuron in output layer.

0] yer — Measured power consumption in investigated heat exchanger.

3. The results of simulations

The simulations of the described algorithm were carried out in following stages:
1. Division of data set on the training, testing and validating data sets.
2. Normalization of data sets.
3. Training of networks using different optimization algorithms and different network architectures.
4. Simulation of neural networks, in particular for testing data.
5. Analysis of simulation results.
Some results of simulations were depicted in figure 2.
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Fig. 2. Exemplary simulation results of the described algorithm

) ~er - %0 — the relative error of calculation of heat power consumption, with the afore described algorithm.

4. Conclusions

The application of the described algorithm, trained with thermovision data, allows for the calculation of
heat power consumption in steady state.

Use of neural network models, trained with thermovision data, gives the limiting error less or equal 2%, if
the measured heat power consumption is contained in the range of the normal characteristic — as shown
in figure 2.

The best simulation results were obtained for networks trained with Levenberg-Marquardt optimization
algorithm.
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