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MODELING OF OPERATING MODES OF INDUSTRIAL HEATING,
VENTILATION AND AIR CONDITIONING

In this work elaborated model of heating, ventilation and air conditioning (HVAC) system, carry out
simulation of different modes of operating, assessment and optimization of consumption electric and heat energy.
Given understanding and problem of HVAC system as important influence factor on energy demand, also it is
need to mention that research in that field requires a lot of knowledge in different fields of science. Due to
regression analyses were done to find a model of system to estimate the accuracy in comparison with real HVAC
system, it was based on LabView, MATLAB Simulink and OpenModelica simulation tools. This work consider
HVAC system, development from system a model which basically can be described by internal elements like fan,
heater, air piping and etc. Also it will be found new strategies to achieve optimal regulation for such system, which
allow to confirm the best decision depending on multivariable changing dynamic model.. Introduced and
considered standard feedback system built on PI controller. Simulation results show possibility of significant
energy savings and comfort enhancement using the proposed strategy at different operation modes. Carried out
economic assessmant of modified technology implemented in PI controller like part of start-up project. Develop
recommendations in exploitation of such systems. The results can be utilized to estimate the energy demand for
HVAC system at different times of year, which would contribute to improving the accuracy of prediction automotic
devices.

Keywords: heating, ventilation, conditioning, HVAC systems, optimization of modes of operation, energy
saving, energy efficiency.

Introduction Energy saving in the company begins with a clear understanding of the leadership of the need
to improve the economic performance of the company due to lower energy consumption per unit of production.
Ventilation and air conditioning is a significant component of the overall balance of FER consumption, which
accordingly requires attention to energy conservation and energy efficiency, as these consumers have significant
potential for energy conservation.

Recently, with the adoption of new standards for climatic conditions inside industrial and other buildings,
in the future more and more ventilation (HVAC) systems will be installed. Very often ventilation units operate in
constant mode with the maximum power, when it is not even necessary, and the presence of automation on this
equipment is very rare.

Often, ventilation units operate with variable environmental characteristics, with a probable distribution of
pressure, temperature and air flow, the design of such systems usually occurs in stationary conditions of the
environmental parameters. Therefore, there is a need to identify the optimal modes of operation when changing
the load characteristics.

Formulation of the problem Due to the further increase in the number of ventilation (HVAC) systems and
the increase in air regulation, there is an urgent need to optimize the operating modes of ventilation equipment.
Electricity consumption by ventilation units is significant as most of the latter are outdated and operate not in
energy-efficient modes. On the basis of the simulation of the installation it is possible to identify the most rational
modes for one or another type of load using the methods of forecasting power consumption and its adjustment by
means of automation.

Analysis of recent research Mostly all scientific works which are dedicated to optimization of different
types of HVAC systems were carry out by foreign publications, basically it based on developing models both static
and dynamic for commercial building sector (Yohei Yamaguchi, Yusuke Miyachi), imperical modelling and
gradient projection optimization (V. Vakiloroaya, B. Samali), additionally considered influence of natural
ventilation with HVAC system (Raad Z. Homod, Haider A.F. Almurib)

Purpose and objectives The purpose of the research is developing a model of the ventilation installation,
modeling the operating modes of the installation for different types of load (constant and alternating), which has
uncertainty and requires different methods for predicting energy consumption. The objective of the study is to
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identify the optimal mode of operation of the installation based on the use of automation (controller) for prediction
of consumption and management of the installation.

Materials and methods The methods used are based on a correlation-regression analysis, which allows to
determine the most important factor characteristics, also for modeling were used OpenModelica software,
LabView software and methods from the general theory of optimization and decision-making theory were used.

Main research material The major components considered in the system model are: an air-conditioned
room of industrial unit and air-handling unit (AHU), which consists of a fan, cooling and dehumidifying coil,
heating coil, humidifier, filter and air-piping. Simple HVAC model block diagram can be observed in figure 1 and
simulation model in figure 2.

In summer operation season, hot and humid air enters the cooling and dehumidification coil in the AHU.
The air temperature reduces when air goes through coil and water vapour is condensed, which produces an effect
in decreasing relative humidity. In the zone, the thermostat senses the temperature of the zone and gives signal to
the controller unit to produce input to the chiller to change flow rate of water supplied to the cooling coil. For
winter season of operating, often dry and cold air goes in the AHU. The sensor senses the temperature in main
space and sends a signal to the controller, which uses the error signal to control the input temperature of the water
flows through the heating coil.
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Figure 1 - Simple block diagram of conventional HVAC system
In industrial application of such systems in many cases we have some pollutant in main working area and
we have limitation on the concentration of pollutant due to sanitary hygiene requirements. Also pollutant mass
flow can be represented as some function of time during the working day and can be approximated by experimental
data. If we assume that in room (figure 1 - thermal space) present some source of pollution (p) with mass flow

rate like generation M, , and air in room is homogeneous mixture (perfect mixing), so that the zone temperature

distribution is uniform and the dynamics of the zone can be expressed in simple capacity we have such equation
(1) for mass balance of pollutant:

dm, . .
5t = Mo = My + My @)

where m, - mass of pollutant in room, kg; M, ;, - inflow air with some amount of pollutant, kg/s; M, - effluent

air with pollutant, ks/s; rﬁpyg - generation of pollutant in air in room, kg/s.

Also mass balance law for pollutant can be rewritten in terms of parameter of air:

dm, . ]
dt :Vair,in : (Cp,in - Cp,out) + mp,g (2)
where \/.air’irl - inflow volume of air in room, m%s; C_;, - concentration of pollutant in inflow air, mole/m? of pure
air; C,,, - concentration of pollutant in effluent air, mole/m? of pure air.
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dm
At steady state d_tp =0 condition eqg.2 can be also written in such way:

. m
Vair,in = M p(f (3)

pTpr

where Mp - molar mass of pollutant, kg/mole; C,, - concentration of pollutant inside in the room equal to C

mole/m®,

For heating air by using heater based on hot water which given by eq.(3) (it was neglected heat losses to
environment due to small value and assumed high heat conductivity of tubes so thermal resistance neglected). Also
heat transfer coefficient for convection assumed to be constant value because of low speed changes of air flow as
result of controlling fan’s speed of rotating :

p,out

QH = Cairmair (Tr _Tout ) ’ (1_ nrec) = (Ttube _Tin )AHE (4)

where QH - heat transfer by heat exchanger, KW; H.,, - enthalpy of air at selected moment of time, kJ; C,, -
specific heat capacity of air, kJ/kg; ~ m,;, - mass flow of air in heat exchanger and out, kg/s; T ., T, - inflow

and outflow temperature of air, °C; «,, - heat transfer coefficient for convection, kW/( °C m?); A, - heat transfer
area of heat exchanger, m?.

Under the above assumptions, heat balance equations of the zone are:

. at, ., .
Cairmair,r E = air,inpaircair (rin _Tr) - ZUI ’ A (Tr _Ti) + q(t) (%)
T,
CmeFZUWAN(Tr _TW)_UWA\N(TW _Tout) (6)
A dTroof
Croof Mrgof dt =U roof Aoof (Tr _Troof ) -U roof Aoof (Troof _Tout) (7

where m_.__- mass of air in room (constant value due to assumption that thermal expansion of the air is negligible

air,r
and inflow and outflow of air is equal), kg; T, - temperature of air in room, °C; p,.. - density of air assumed to be
always constant 1,2 kg/m?; U, - heat transfer koefficient for heat losses i part of room (wall, roof, infiltration),

kJ/(m?*K); A - area of i part of the room, m? T, - temperature of i part at internal side in the room, °C; q(t) -
additional heat flow by another sources (humans, lamps, insolation), kW.

Equation 6 describes the thermal inertia of building by heat capacity of the wall where subscript w means
wall and T_, is temperature outside of building.

out

Next part of model is cooling device or refrigerator part also with heat exchanger and be described by
cooling cycle (figure 3). For model description was taken R22 as the most common agent for cooling with equation
for description:

Qc = Mgy, & W - (1-77,.) (8)

where QC- heat flow of cooling the air in heat exchanger of cooling device, kW; m,,, - mass flow of cooling
agent due to work of compressor, kg/s; & - cooling coefficient; W - specific work of compressor, kJ/kg.
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Figure 2 Cooling cycle of air cooling device

In case of using recuperation we have the heat transfer of air streams in air-conditioning system and we
assumed that it occurs under steady and adiabatic conditions and without frictional losses. So as was mentioned

that inflow \/'air’in and outflow \/'ainout of air in the room is the same value:

V.air,in = V.a\ir,out (9)

The fan’s power consumption at not steady state conditions can be aproximated as regression equations for

absolute value of pressure p, (V,;;,) and efficiency coefficient for fan 7, (V,;,,) under some interval allowable

V,i.in Values, so basically it is enough to use 2™ orded regrission equations (coefficients a can be evaluated due to
least square method) to evaluate power consumption of fan;

W = (aO ta 'V.air,in ta,- (vair,in )2) 'vair,in
' aS + a'4 'V.air,in + a5 ’ (vair,in )2

(10)

where 0,15-V <V. <V

air,max air,in air,max *

Firstly, it was modeled the simplified model without any automatic devices at winter condition with
temperature of the outside air at -1 °C, with rate of heating the outdoor air calculated from heat losses at -1 °C with
constant air flow and respectively constant heat flow. The result of simulation for simplified model was done at

OpenModelica tool (Figure 3) to find model correclty developed and verified what a time constant for building
(room) is.
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Figure 3 - Change of the temperature in the room with initial condition 10 °C with
outdoor temperature -1 °C with simulation in OpenModelica tool

More complicated case was studied in MATLAB with meaning of more dynamic model with setting
parammeters of model to be a function of time or some circumstances (figure 4).
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Figure 4 - Mathematical model of HVAC system in MATLAB

After curve fitting in MATLAB of experimental data we get next figure 5 for p,(V,;.,) and 7, (V1)
accordingly.
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Figure 5 - Polynomial values of ventilator efficiency and pressure
from regression approximation in comparison with experimental data

The result of simulation simple HVAC model is used to approximate energy required for cooling thermal
space (room) at temperature set point 25 °C (Table 1).

Table 1 - Comparison between the model simulation result and measurement results at 25 °C during time interval
120 min.

Measured values Simulated values Differences
Toutav (°C) | Tinav (°C) Energy Tinav (°C) Energy Tinav % Energy %
(kWh) (kwWh)
Mode 1 26,5 23,3 11,2 23,2 13,5 0,42 23%
Mode 2 27,1 24,1 11,7 24,6 12,8 2,07 13%
Differences | 2,2% 3,3% 2,6% 5,6% 5,34%

Conclusions In this paper, we have addressed the modelling and optimization problem of simple HVAC
system to target energy savings and verified the proposed approach [3]. By using the monitored data, mathematical
models for the set-up components are developed and implemented in a transient simulation of the integrated system
operating in various conditions. Results showed that by applying this approach, an air-cooled central cooling plant
HVAC system can achieve significant improvements in energy-efficiency and performance, especially in part-
load conditions.
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MOJEJIIOBAHHA PEKUMIB POBOTH TPOMUCIOBOI'O
OITAVIEHHSA, BEHTIJIAII TA KOHANIHIOHYBAHHSA ITOBITPA

Y pobomi pospobnena mooens cucmemu onanenns, senmunayii ma konouyionyeanus (CBiK), nposooamucs
CUMYNAYISL PISHUX PedCUMI8 eKcniyamayii, oyiHka ma Onmumizayis CROMCUBAHHS eleKMPUYHOI ma mennooi
eHepeii. 3 02150y Ha po3YMiHHA Ma npobieMu cucmemu 6eHMUAYIT MA KOHOUYIOHY8AHHS IK 8ANHCUBO20 pakmopy
BNIUBY HA CNOJMCUBAHHSA eHeP2ii, MAKOXMC CLI0 3a3HAUUMU, WO OOCTIOHNCEHHS 8 Yill 2aNy3i UMALAE SHAYHUX 3HAHb
y PI3HUX 2any3ax HayKku. 3a60sKu peepeciunomy anaunizy Oyio 3podneHo nowyk mooeni cucmemu Onsi OYIHKU
mounocmi y nopienanui 3 peanvroto cucmemoio CBIK, sika 6azyemuvca na incmpymenmax mooentosants LabView,
MATLAB Simulink ma OpenModelica. ¥V yiii po6omi poszensdaemobcs cucmema 6eHmMuasAYil ma KOHOUYIOHY8AHHS,
BUSHAYEHHS MeXC CUCMeMU, HA OCHOBHI 5IKOi 8i00y8aemvcsi po3pobKa mMooeni, AKad 8 OCHOBHOMY Modice Oymu
ONUCAHA GHYMPIWHIMU e/leMeHmamu, MaKumMu 3K GeHmUIsImop, Hazpieay, NOsimpsiHi mpybonpogoou moujo.
Takooic 6yoe 3natiOeno HOGI cmpamezii 0 00CACHEHH ONMUMATLHO20 Pe2yNo8anHs O MAKOi cucmemu, wo
0036071€ 00CAMU KPAWUX eHEPLeMUYHUX NOKAZHUKIB ) 3A1eHCHOCME 8I0 6a2amoeapiaHmHuol 3MiHU OUHAMIYHOT
MmoOeni. Beedena i pozenamyma cmandapmua cucmema 360pomHo20 38'13Ky, nobyoosana na Ill-xonmpoiepi.
Peszynomamu mooentoeants noxkazyroms MONCIUBICIb ICMOMHOI eKOHOMII eHepeil ma nidsuujeHHs Komgopmy,
BUKOPUCMOBYIOUU 3ANPONOHOBAHY cmpamezilo 8 pisHux pexcumax poboomu. IIposedeHo eKOHOMIYHY OYIHKY
BUKOPUCMAHHS MOOUDIKOBAHOT mexHoN02ll, 6nposadcenol 6 konmponepi I11, six vacmuna cmapm-an npoexmy.
Po3spobaeno pexomenoayii wooo excniyamayii maxux cucmem. Pezynomamu mooicymv 6ymu euxopucmani 0as
OYIHKU eHepeemUYH020 NONUMY HA CUCHEMU GeHMUAAYI] ma KOHOUYIOHY8AHHS 6 Di3HI nepioou poKy, wo
cnpusimume NoKpaweHHIo moYHOCMI A6MOMAMUYHUX NPUCTPOI8 NPU NPOSHO3YEAHHI eHEeP2OCNONCUBAHHS.

Knrouosi cnosa: onantoBaHHs, BEHTHIIIIISL, KOHWIIOHYBaHHS, CHCTEMH KOHTUITIOHYBaHHS MOBITPSI, ONITUMI3aIlis
PEXHMMIB poOOTH, eHEepro30epexeHHsl, eHeproeeKTHBHICTD.
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