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Abstract

Measurement and control of technological processes is important for projecting of
buildings and equipments. The quality and effectivity of control systems is rising with
help of simulation environments. We have decided to use products of The
MathWorks, Matlab/Simulink and Matlab/SimScape for modeling of heating
systems. Matlab/SimScape libraries contain special blocks for modeling hydraulic,
thermal and mechanical components, which has been used to model this system.

1 Description of modeling environment

Simulink - is a graphical user interface for modeling and simulation of block schematics. The
core of the Matlab is used to compute the simulating results. Simulink is primarily used for modeling
dynamic systems. Simulink’s libraries offer a plenty of blocks useful for modeling complex systems.
With help of integrating methods, we can simulate the system and analyze it in time.

Simscape — is a library of basic real world mechanics, hydraulics and electronics components.
System, built from these blocks, is modeled from view of energy flow. Model works directly with
physical parameters, so it approximates good real systems. Simscape generates differential equations
from the modeled system that can communicate with other components from Matlab/Simulink after
the simulation has been started.

SimHydraulics — is a tool for modeling and simulation of hydraulic systems. It allows
modeling of multi-domain systems, which contain connection of hydraulic and mechanical
components.

2 Block description
Model of heating system was built-up according to project of real heating system. Modeling of
three-way mixing valve was ignored, because its main task is anti-corrosive protection.

2.1 Pump model

For modeling of pump, we’ve chosen fixed-displacement pump model, from Simscape/
SimHydraulics/Pumps and Motors library. This block, shown in fig.1, represents model of pump with
fixed displacement. Model has two hydraulic ports (input T and output P) and one mechanic port
(input S).

Figure 1: Fixed- displacement pump model

Fixed-displacement pump is described by following equations:
q=D*a)—kleak*p (1)
T = D*p/nmech (2)
Kok =kup /V* P (3)
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, where:

q — Pump delivery
p — Pressure differential across the pump
pu.Pp - Gauge pressures at the block terminals
T — Torque at the pump driving shaft
D — Pump displacement
Q — Pump angular velocity
Kieak - Leakage coefficient
kup - Hagen-Poiseuille coefficient
Nv - Pump volumetric efficiency
Nmech — Pump mechanical efficiency
\ - Fluid kinematic viscosity
p - Fluid density
Puom - Pump nominal pressure
Onom - Pump nominal angular velocity
Viom - Nominal fluid kinematic viscosity

2.2 Shell and tube heat exchanger model

The model implements shell and tube heat exchanger. Primary medium, which contains
combustion gas, flow out from boiler to heat water in pipes. Model consists of two parts; hydraulic
part and heating part. Hydraulic part is modeled by pipes, blocks from SimHydraulics library. Heating
part is modeled by differential equations:

v, dT,,
PrCpa ;27;

N
=M26p2(T2(n—l)_T2n)+A’l2 ;(T;_Tbr) (6)
dT, . S
p]cprl?tl =M|Cp1(T10_T1)_]ZAlz ;(TI _Tz,/] 7

The pipe is divided into 5 parts in heating part of model. Heating losses, boiler dynamics,
reheater dynamics and dependency on parameters (density, specific heat) from temperature were not
modeled. PI controller controls output temperature by changing flow of primary medium. The model
of shell and tube heat exchanger is shown in fig. 2. Simulation results of temperatures from
experiment of starting the exchanger are shown in fig. 3.
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Figure 2: Shell and tube heat exchanger model
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Figure 3: Experiment results from starting of the shell and tube heat exchanger model

2.3 Consumption modeling

The model, shown in fig. 4, represents consumption heating system in residential building. The
model consists of ascending pipes model and models of residential apartments. The model of
residential apartment is realized by indirect heat exchanger with centralized parameters and heat losses
to ambient. Each residential apartment is modeled by one heat exchanger. The residential building
model consists of 10 levels, where on each level should be found 4 apartment models. Residential
apartment is modeled by equations (8) and (9).
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, where:
Py - Density of primary medium
‘1 - Specific heat of primary medium
" - Primary medium capacity
I - Temperature of primary medium
P - Density of secondary medium
€p2 - Specific heat of secondary medium
Vs - Secondary medium capacity
T - Temperature of secondary medium
T - Temperature of ambient
A - Heat transfer coefficient between primary and secondary heat capacity
S) - Heat transfer surface between primary and secondary heat capacity
Ay - Heat transfer coefficient between secondary heat capacity and ambient
S

2 - Heat transfer surface between secondary heat capacity and ambient
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Figure 4: Model of heating consumption

2.4 Modeling of heating system

This model represents heating system for residential building with primary and secondary circuit
of fumigation. Source of heat is represented by shell and tube heat exchanger. Water is pumped from
here through displacement pump to pipes of primary circuit and then through distributer and ascending
pipes to end consumption. The consumption is modeled like heat exchanger, while heat losses to
ambient are respected. The water flow then through ascending pipes and pipes back into the shell and
tube heat exchanger. Whole system model is shown in fig. 5.
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Figure 5: Heating system model



3 Experiment setup and simulation results

Experiment consists of step change of desired value of secondary medium output temperature of
shell and tube heat exchanger in 1800 s from 80 °C to 90 °C. Then a disturbance has been modeled:
decrease of motor speed, which drives the fixed displacement pump, by 20 % in 7200 s. The
disturbance has effect of decreased flow of water and implicitly decrease of hot water delivery to
consumption place. Simulation results from this experiment are shown in fig.6 and fig. 7.
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Figure 6: Secondary medium temperature of shell and tube heat exchanger and flow of combustion gas
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Figure 7: Output temperatures and flows of shell and tube heat exchanger

4 Conclusions and results

The model describes heating system dynamics and consists of shell and tube heat exchanger,
temperature control of secondary medium, fixed displacement pump, pipes, ascending pipes and end
consumption. It is possible to setup many experiments (simulation of disturbances, new control units)
for studying dynamics of hydraulic and heat systems on the model. Hydraulic part of system is
modeled using Matlab/SimHydraulics environment, which is mainly used for modeling of heavy
hydraulic machines, applications from aviation department, defense department and industry. From



experiment results mentioned in this article, we can demonstrate that Matlab/SimHydraulics should be
used for modeling and simulation of heating systems.
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