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In this paper, there presents an identification method of the fouling influence on the heat recovery in a heat
exchanger. To evaluate the heat losses due to fouling there is proposed the method based on neural network
approach. Because the correctness of anticipation of the heat exchanger behaviour depends on measurement
data, it is very important to prepare an appropriate data. Unfortunately, the measured data contains errors
caused by inaccurate instruments, disturbances in data transmission, transient state of the operated heat
exchanger. To overcome this problem the authors proposed a new approach of filtering the row data using
objective function based on standard deviation of measured parameters (temperature, flow rate, etc.) in the heat
exchanger. Minimising the objective function, it makes it possible to eliminate gross errors and properly select
the time intervals of steady state operation of the heat exchanger. The method was validated using
measurement data for the heat exchanger belonging to heat exchanger network connected with a crude
distillation unit processing 800 t/h of crude oil. Using artificial neural network the time dependencies between
heat losses versus time were obtained.

1. Introduction

In process plants deposit building up on heat transfer surfaces of the heat exchanger network lead to economic
losses. The effects of these losses are decreased heat recovery and unplanned plant stoppages for cleaning
the heat exchanger network.

The detrimental effect of fouling can be reduced by oversizing the heat transfer surface of the exchanger. This
method iscommonly used in industry. In the mathematical formulae the thermal resistance of fouling is included
into heat transfer surface calculation as follows:

d
A= f ae @)
UrAT
where:
LS
U Uo7 @

The determination of correct values of the fouling resistance Rt is practically impossible because the existing
analytical models (Egs. (1-2)), give poor results. Namely, it is known that the error of estimated heat transfer
coefficients can reach 40% (Ullmann’s Encyclopedia, 1988). A similar situation takes place with accurate
prediction of the fouling resistance of deposits. Here, there are sophisticated models of fouling growth applied.
Crittenden et al. (1987) applied a transport-reaction model taking into account reaction and transport of fouling
precursor to and from the heated surface. Polley et al. (2002) modified the Ebert and Panchal model as more
rigorous than reaction alone models. Ishiyama et al. (2011) described fouling as a combination of deposition and
ageing. Pogiatzis et al. (2012) proposed a two-layer model of fouling.

Markowski et al. (2013) elaborated an accurate mathematical model of the heat exchanger under fouling, based
on industrial measurements. These measurements are used for upgrading the correlations describing the heat
transfer coefficients by adjusting the values of constant, that is, power exponents for Reynolds and Prandtl number,
etc. Unfortunately, to obtain correct results, the model require the full set of measurements of process
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For this case the heat recovery loss is presented in Figure 11.
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Figure 11: Heat recovery loss vs time graph after elimination of the signal ms

5. Conclusions

Comparing graph in Figure 8 with the graph in Figure 11, there are acceptable discrepancies between these
curves from the point of view industrial applications. It does mean that the ANN model is robust for the case
when the set of measurements is incomplete. Meanwhile, the analytical models give correct results after
upgrading the correlations describing the heat transfer coefficients by adjusting the values of constant, i.e.,
power exponents for Reynolds and Prandtl number, etc. But it requires the full set of measurements (Markowski
et al., 2013). Therefore, it seems that the ANN model is superior comparing with analytical one for the case
when the set of measurements is incomplete.

Symbols

A — area of the heat transfer surface [m?]

mt, ms — mass flow on the tube side and shell side, respectively [kg/s]

Q — heat flow in the heat exchanger [W]

Rr — thermal fouling resistance of deposits [m2-K/W]

Tsi, Tso - temperature at the inlet and outlet on shell side [°C]

Ti, To - temperature at the inlet and outlet on tube side [°C]

Uc — overall heat transfer coefficient in the exchanger without fouling [W/(m?-K)]
Ur — overall heat transfer coefficient in the exchanger with fouling [W/(m?:K)]
AT — temperature difference [K]
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