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Abstract 
 
In the article, a bilinear neighborhood model of an installation for maintaining the optimum temperature of the polyol is considered. To 
determine the heat transfer coefficient, traditional mixed control and mixed control with variable coefficients were carried out. To im-
prove the mixed control procedure with variable coefficients, damping is applied - imposing restrictions on the possible variation of the 
values of the variable coefficients. A comparison of the results of mixed controls with the results of determining the heat transfer coeffi-

cient with the help of thermotechnical calculation is made. The values of the deviations of the neighborhood model are presented for 
different variants of mixed control. 
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1. Introduction 

Polyol is one of the components in the production of polyurethane 
foams. In production, its temperature should be maintained above 
22 °C, since otherwise it hardens. To maintain the optimum tem-
perature of the polyol in the production, special installations with 
a heat exchanger are used. 
In the production process, it is important to accurately and timely 
determine the heat transfer coefficient of the heat exchanger. In 
engineering practice, for this purpose a thermotechnical calcula-

tion is carried out, which is an accurate but rather laborious meth-
od, since it includes a large number of formulas and criteria equa-
tions. 
The use of neighborhood systems for modeling and controlling 
installations of this kind is a promising direction, since with the 
help of mixed control it is possible to speed up and simplify the 
process of determining the heat transfer coefficient. 
The theory of neighborhood systems is a universal tool for model-

ing a class of discrete distributed systems [1]. Neighborhood mod-
els develop general approaches to the theory of systems, control 
theory and generalize such traditional discrete models as finite and 
cellular automata, Petri nets, difference equations, etc. The use of 
the neighborhood approach in applied problems covers systems of 
different nature and orientation - from technical to economic ones. 
The aim of this paper is to determine the heat transfer coefficient 
of the heat exchanger using mixed control of the neighborhood 
model, the application of the damping procedure for mixed control 

with variable coefficients, the comparison of the results of deter-
mining the heat transfer coefficient in the mixed control processes 
and the thermotechnical calculation, comparing the mean square 
deviations of the neighborhood model with different variants of 
mixed control. 
 
 

2. Research Method 

The neighborhood model of the installation for maintaining the 
optimum temperature of the the polyol consists of five nodes [2]: 
1 – polyol storage container, 2 – polyol transfer pump, 3 - heat 
exchanger, 4 – polyol consumer, 5 - a refrigerator. 

To construct a neighborhood model, it is necessary to carry out 
identification, for which it is necessary to know the essential com-
ponents of state and control and their nominal values, which are 
presented in Table 1. 

Table 1. Components of state and control and their nominal values 

x[1] Polyol temperature in the storage container, °C 40 °С 

x[2] Polyol consumption, tons/day 
13,2 

tons/day 

x[3] 
Heat transfer coefficient of the heat exchanger, 

W/(m
2
∙K) 

71,2 

W/(m
2
∙K) 

x[4] 
Temperature of polyol transferred to the consum-

er, °C 
22 °С 

x[5] 
Temperature difference of the heating agent before 

and after the heat exchanger, °C 
5 °С 

v[1] Polyol reserve in the storage container, tons 22 tons 

v[2] Rotation speed of the pump shaft, rpm 319 rpm 

v[3] Polyol temperature after the heat exchanger, °C 22 °С 

v[4] 
Consumption of polyol transferred to the consum-

er, tons/day 

11,9 

tons/day 

v[5] Heating agent consumption, tons/day 
27,5 

tons/day 

To carry out identification, it is required to specify a part of the 
coefficients of the model, for which the formulas were applied, in 
which the normalized values of the parameters were substituted 
[2]: 
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According to the formulas, the following values were obtained: 
wx[1,1]= -1,32065;  wv[1,1]= -0,325; 

wx[2,2]= -0,50894;   wv[2,2]= 1,96296; 
wx[3,3]= -4,20988;   wv[3,3]= -1; 
wx[4,4]= -0,25368;   wv[4,4]= 0,53937; 
wx[5,5]= -1,61637;   wv[5,5]= 0,47534. 
The bilinear neighborhood model of an installation for maintain-
ing the optimum temperature of the polyol and the values of the 
coefficients obtained as a result of identification are presented in 
[2]. 

With mixed control, a part of the state and control parameters is 
specified, and the remaining parameters must be determined based 
on the minimum condition for the mean square deviation of the 
neighborhood model from zero [3]: 

 
2n

i
i=1

F
min

n


 , 

where Fi – equation for the i-th node of the system, n – number of 
equations corresponding to the number of nodes in the system 
Two mixed controls were performed: traditional mixed control, in 

which the coefficients of the model are unchanged and mixed 
control with variable coefficients, at which part of the coefficients 
determined by formulas (1) can change their value [4]. 

3. Results and Analysis 

The results of determining the heat transfer coefficient, with vary-

ing values of the polyol consumption x[2] and the temperature 
difference of the heating agent before and after the heat exchanger 
x[5], are shown in Fig. 1 and Fig. 2. 

 
Fig. 1. The values of the heat transfer coefficient at the value of the tem-

perature difference of the heating agent x[5]=10 °С 

 
Fig. 2. The values of the heat transfer coefficient at the value of the tem-

perature difference of the heating agent x[5]=20 °С 

When using mixed control with variable coefficients, errors in-
crease, which is explained by the expansion of the range of values 
of parameters and coefficients. This is noticeable when removing 
the temperature difference of the heating agent x[5] from the nom-
inal value, as a result of which the mixed control produces a zero 
value of the heat transfer coefficient (Fig. 2). 
To eliminate this disadvantage, we apply the damping procedure - 
imposing restrictions on the possible variation in the values of the 

coefficients, which can change in the process of mixed control 
with variable coefficients. 
Three damping procedures were carried out, where the variable 
coefficients can take values in the range ±90%, ±50% and ±10% 
of the nominal value. 
The results of mixed control with variable coefficients with damp-
ing are shown in Fig. 3 and Fig. 4. 
Relative deviations of the values of the heat transfer coefficient 

found in the process of different variants of mixed control from 
the values obtained as a result of thermotechnical calculation are 
presented in Table 2. 

 
Fig. 3. The values of the heat transfer coefficient as a result of mixed con-

trol with damping at the value of the temperature difference of the heating 
agent x[5]=10 °C 

 
Fig. 4. The values of the heat transfer coefficient as a result of mixed con-

trol with damping at the value of the temperature difference of the heating 

agent x[5]=20 °C 

 

Table 2. Values of relative deviations, % 

Set value Mixed control 

x[2], 

tons/da

y 

x[5]

, 

°C 

tradition-

al 

with vari-

able 

coeffi-

cients 

damp-

er 

±90% 

damp-

er 

±50% 

damp-

er 

±10% 

5 10 -5.95 -7.71 -6.17 22.91 -5.07 

10 10 -5.08 9.49 9.49 9.49 3.05 

15 10 6.11 5.09 5.09 -15.87 4.95 

20 10 0.39 -4.31 -4.31 -4.31 7.06 

25 10 -3.85 -26.23 -25.39 0.6 -10.35 

5 20 1.49 -6.95 -4.22 35.48 5.46 

10 20 -1.89 -11.34 -11.34 -11.53 6.05 

15 20 13.09 -82.55 15.19 -3.07 15.19 

20 20 10.98 -85.4 3.76 -11.13 3.18 

25 20 5.97 -100 -26.39 -9.55 13 

The values of the heat transfer coefficient, determined as a result 
of the traditional mixed control and mixed control with variable 
coefficients with a damping of ±10%, do not exceed the permissi-
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ble error of 15%, which the criteria equations for determining the 
heat transfer coefficient have [5]. This fact indicates the possibility 
of using neighborhood systems for modeling and controlling heat 
exchangers. 
An important parameter of the neighborhood model is its accuracy. 
A smaller value of the deviation of the system from zero indicates 
greater stability of the system [6]. The values of the mean square 
deviations of the system are shown in Table 3. 

Table 3. Values of mean square deviations 

Set value Mixed control 

x[2], 

tons/da

y 

x[5]

, 

°C 

tradi-

tional 

with vari-

able 

coeffi-

cients 

damper 

±90% 

damper 

±50% 

damper 

±10% 

5 10 0.26477 0.00903 
0.0031

5 

0.0612

2 

0.2253

5 

10 10 0.19382 0.02694 
0.0269

4 

0.0269

4 

0.0573

7 

15 10 0.19507 0.09447 
0.0944

7 

0.0370

1 

0.0929

7 

20 10 0.66179 0.08998 
0.0899

8 

0.0911

1 

0.4047

2 

25 10 1.14159 0.077 
0.0745

5 

0.1043

6 

0.9082

3 

5 20 0.20926 0.02579 
0.0133

5 

0.0298

2 

0.1689

8 

10 20 0.33537 0.03142 
0.0314

2 

0.0258

3 

0.2175

9 

15 20 0.27709 0.09384 
0.2278

1 

0.1420

4 

0.2278

1 

20 20 0.62237 0.11376 
0.2353

8 

0.1554

1 

0.4680

5 

25 20 1.06536 0.0278 
0.1207

7 

0.3199

8 

0.8404

3 

The advantage of mixed control with variable coefficients is a 
much smaller deviation of the left side of the equations of the 
system from zero. But this improvement is offset by an increase in 

errors in the system, due to the lack of restrictions on the coeffi-
cients of the model. The application of damping slightly increases 
the mean square deviation of the system, which is still lower than 
in the traditional mixed control, but significantly improves the 
results of mixed control. 

4. Conclusion 

In this paper, the traditional mixed control and mixed control with 
variable coefficients were carried out to determine the heat trans-
fer coefficient of the heat exchanger of an installation for main-
taining the optimum temperature of the polyol. 
Mixed control with variable coefficients showed a significantly 
lower deviation of the system from zero, compared with tradition-
al mixed control, but poor results were obtained with respect to the 

determination of the heat transfer coefficient. Damping was used 
to correct this situation. 
The damping procedure - imposing restrictions on the possible 
variation of the values of the variable coefficients - should be 
applied if the system parameters are very different from the nomi-
nal values. At the same time, the more parameters deviate from 
the nominal mode, the more rigid damping should be used. 
The obtained values of the heat transfer coefficient, found in the 

process of traditional mixed control and mixed control with varia-
ble coefficients with damping ± 10%, correspond to the values 
obtained in the thermotechnical calculation, which indicates the 
possibility of using neighborhood systems to control installations 
of this kind. 
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