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ANNOTATION

The main task of this work is to study and simulate the hybrid heating system
consisting of air source heat pump and gas boiler.

The necessary simulation was created, including the graphs and calculations based
on it. The simulation was created in TRNSYS simulation software in order to show the
advantages of such systems over classic transient systems.

The results had shown that the hybrid system was able to perform effectively at
different temperatures due to the energy efficiency of heat pumps.

AHHOTALMS

OcHOBHOM 3ajauell JaHHOM pabOTHl SBIAETCS HM3YYEHHE WU MOJCITHPOBAHUE
rUOPUAHON CHCTEMbI OTOIUICHHS, COCTOSIIEH W3 BO3AYUIHOTO TEIUIOBOTO Hacoca U
ra3oBOro KoTJa.

brina co3mana HeoOXoawmasi CUMYJISLMSA, BKIIOYas TpaduKu M pacueThl Ha ee
ocHOBe. MojenupoBanue ObIJIO co3aHO B mporpaMMHOM oOecrieuennn TRNSYS mns
JEMOHCTpAIIMM TMPEUMYIIECTB TAaKUX CHUCTEM II0 CPaBHEHUIO C KIACCUYECKUMU
MEPEXOHBIMU CUCTEMAaMH.

Pesynbrathl mokazanu, 4To ruOpuaHas cucrema crnocodHa 3p(heKTUBHO padoTaTh
P Pa3IMYHBIX TeMIepaTypax Omaroaaps 3HEProdhHEeKTUBHOCTH TEIIJIOBBIX HACOCOB.

AHJIATIIA

Bys sKyMBICTBIH HETi3r1 MIHIETI aya KO3iHIH JKbUTY COPFBICHI MEH Ta3 Ka3aH/IbIFbIHAH
TYpPaThIH THOPUJITI KBLTY )KYHECIH 3€pPTTEY KOHE MOJICIIbICY OOJBIMN TaObLIa/IbI.
KaxxeTTi Moenbaey KypblLabl, COHBIH iMIiHAE TpauKTep MEH ecenrteynep. Moaenpaey
MYH/all KyielnepaiH KJIacCHKalbIK OTIHeNl >KyhenepleH apThIKUIbLUIBIKTApbIH KOpPCETy
yuria TRNSY'S monensaey 6armapiaMalblk xKacaKTaMachIH A Kacall bl

Hotmxenep ruOpuATIK Kyiie KbUTY COPFBUIAPBIHBIH YHEPTHs TUIMIUTITT apKachIHAA 9p
TYpJIi TeMIepaTypaja THIM/I1 dKYMBIC ICTEH allaThIHILIFBIH KOPCETT.
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1. INTRODUCTION

Air pollution is one of the most critical problems that we are facing at present.
Heating of buildings and various facilities represent the main part of energy consumption.
There are various ways to solve this problem. For example, the most popular type is water
heating and air heating. Water heating is based on using the water containing some energy
in the form of heat. The water containing some energy flows through pipes and heats a
space with the help of radiators. The water might get heated using the Gas water heaters
or electric water heaters. Another type is convection or air heaters. The working principle
is based on the air passing through the element of convector. The warmer air raises to the
top, so the cooler one goes down which create an air circulation. But the main problem
with the current heating systems is the emission of CO2 and energy efficiency. Therefore,
we will be using hybrid heating system consisting of gas boiler and air-to-water heat
pump.

First of all, the main problem with the current air-to-water heat pumps is a low
efficiency at low temperatures. The main cause of this problem is the chemical properties
of cooling liquid which operates inside such pumps. The next problem is connected with
the geographical position. To be precise, in order to build these systems in various places,
we must consider the local climate and temperature variations. Thus, adapting and
attuning the system is crucial.

Nevertheless, the importance of such systems is undeniable due to the greenhouse
emissions and inefficient usage of natural resources. Therefore, in this diploma work we
will simulate and perform the hybrid system consisting of gas boiler and air to water heat

pump.
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2. HEAT PUMPS
2.1 Air-to-water heat pump

An air to water heat pump utilizes the energy inside an ambient air by absorbing it
and transferring to heating liquid (such as water) in order to heat some facility of building.

The main idea behind the working principle of air source heat pump is that the air
contains some amount of energy at temperatures higher than absolute zero. So the heat
pump just transfers it from one place to another. Moreover, any air conditioning systems
rely on refrigerant’s pressure-temperature relationship. Whether it evaporates or boils, it
absorbs energy in any case. These refrigerants are special liquids which operate in heating-
refrigeration cycle and undergo a phase transition. Due to such transitions, the refrigerant
emits or absorbs energy depending on scenario. The common examples are:
Chlorofluorocarbons (R12), Hydrochlorofluorocarbons (R22), Hydrofluorocarbons
(R410, R134).
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Image - 1 An example of working cycle of a heat pump
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2.2 Coefficient of performance

The measurement is performed using COP. The average range of COP is from 2.5
to 3.5 meaning that the heat pump can deliver 2.5-3.5 times the energy consumed to its
operation. The main advantage of air source heat pump compared to ground or water so
is that the system installation is easy. This leads to lower installation and operational costs.

Air to air water heat pumps operate in 2 modes. These are summer and winter
modes. In summer mode, compressor receives refrigerant at low temperature and pressure.
Then, it increases its pressure and loads the refrigerant to high pressure side of heat pump.
After it passes to condenser, an ambient air with the help of fan absorb energy from
refrigerant and turn it to liquid (condensation process). The liquid refrigerant bypasses
through expansion valve (which restricts the flow) and decrease the pressure of liquid
making it to evaporate. An evaporated refrigerant absorbs the heat from indoor space, thus
cooling it. After, the refrigerant goes to compressor the process is repeated.

The working principle of air to water heat pump in steps:

1. Liquid refrigerant absorbs energy from ambient air, thus evaporating (in
evaporator, or outdoor unit)

2. It passes through compressor where the temperature and pressure is
increased.

3. The hot gaseous refrigerant passes its energy to indoor liquid (for example:
water of central heating system) and condensates turning itself to liquid
refrigerant.

4. Then it passes through expansion valve decreasing its temperature.

. The process is repeated.

N

2.3 Gas boiler

A typical boiler uses fuel source in order to heat up some facility. These might be
electricity or fuel. The modern ones have a special thermostat which controls the heating
of water which is supplied to the building. In our case, we’ll be using gas as a source of
energy to heat the water. It’ll operate at low temperature, thus supplying the part of heating
loads.

12
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Image — 2 Structure of vertical gas boiler

2.4 Hybrid system

A hybrid system will provide heating loads whole year providing the house with
the necessary amount of heat. The heat pump will operate mainly at high temperatures,
whereas gas boiler will supply heating loads at lower temperatures, where the air-to-water
heat pump is inefficient. Typically, inefficient working temperature of a heat pump varies
up to -3° C to -6° C.

A special thermostat will be present in the system to control heating loads
throughout the year. These are: heating temperature thermostat and hot water temperature
thermostat

The main problem with such systems, is that the hybrid systems require a lot of
calculations regarding the various factors such as weather data, coefficients and detailed
information about the facility. In order to get the precise and detailed information about
the heating loads of specific room, the hand calculations must be present. This allows us
to compare the results of manual calculations and the results of TRNSY'S simulation.

The flexibility of TRNSYS allows to run a simulation consisting of several elements
at ease with the help of components that will be included in it. These are: weather data,
integrator and plotter.

13



3. The selection and calculation of refrigerant

In our we case, it’ll be reasonable to select the most eco- friendly refrigerant with
minimum level of CO2 emissions. In our case, we’ll be using refrigerant
R134a(tetrafluoroethane). This type of refrigerant is considered safe amongst the others
due to its chemical structure. It doesn’t contain bromine and chlorine as well as doesn’t
smell and color. This refrigerant is non-toxic. The following table shows the physical
properties:

Table 1 — Physical properties of R134a

Parameter Unit R134
Chemical formula |~ CF3CFH2
Boiling temperature | °C -26.1
Critical temperature | °C 101.1
Critical pressure MPA 4.067
Ozone Depletion ~ 0
Potential(ODP)

Global warming ~ 1300
potential

In order to define the efficiency of heat pump which utilizes this refrigerant, we
must find the specific COP of heat pump for it and find the evaporated, compressed,
condensated amount of energy vapor-compression cycle. Such results will be obtained
using the Energy Equation Solver. The code for solving this problem in Energy Equation
solver is described below:

14



(rxh]

T_amb = converttemp('C'. 'K’ -5[C]}
T_del = converttemp(C', 'K’ 35[C])
F$ ='R13de’

Q_cond =25000 W]

"IPlaceholder guesses”
Hm[1] =0.1 [kg's)

"|System performance parameters”

Sup_evap =5 [K]

CAT_evap =10 [K] "Closest approach temperature to the ambient”
Sub_cond =5 [K]

CAT_cond =10[K]

T3] = T_del + CAT_cond

eta_ comp =07

“I{1} Evaporator outlel | Comprassor inlet
Ti1] =T_amb - CAT_evap

P[1] = p_satiF$; T=T[1}-Sup_svap)
h[1] = enthalpy(F$; T=T[1]; P=P[1])

s[1]  =entropy(FS; T=T[1]. P=P[1])
"1(2) Compressor outlet [ condenser inlel
m2]  =mi]

P(2]  =p_sat{F$; T=T[3}+Sub_cand)

h_s[Z] = enthalpy(F$ P=P[2]. s=s[1])
W_comp  =m[2]"(h_s[2] - h[1]Veta_comp
W_comp  =m[2](h[2] - h[1])

T2 = temperature(F$; h=h{2]. P=P[2])
s[2] = entropy(F3. h=hj2], P=P[2])

"I{3) Condenser outiet | expansion valve injel”

m3  =mi2]
Pl3]  =P[2
h3] = enthalpy(FS; T=T[3]; P=F[3])

s[3] = entropy(F$: T=T[3]: P=R[3])
Q_cond  =m[3]"(h[2] - h{3]}

“|(4) Expansion valve outiel | Eveporator inlet”

m[4] =m(3]

h[4]  =h[3]

Pl =P

s[4] = entropy|(F5; h=h{d], P=P[4])

Ti4] = temperature(F§; h=h{d]. P=P{4])

4] = quality(F5; h=h[4]. P=P[4])
Q_evap = m{d]"(h{1]- h[4])

COP_hest =Q_condW_comp
Image - 3 Programming code of Energy
equation solver for vapor-compression
cycle

Considering the results of the calculation, the coefficient of performance is 2.8. In
the process of functioning the compressor consumer electrical energy. The coefficient of
performance was found and can be described with the following formula:

_ Qconsumed _ Qin'k
COp = =~wnsumed — = (1)

Where COP — coefficient of performance
Qconsumea — amount of consumed heat
k — coefticient of effective work
A — work done by pump

15



Unit Settings: SI K Pa J mass deg

CAT ong = 10 [K] CATgyap =10 [K] COPjyeqt = 2,799 Nicomp = 0.7 F$ ='R134a’
Qong = 25000 W] Qgyap = 16069 [J/s] Subgong =5 [K] SuPgvap =5 [K] Tamb = 2682 [K] (-5 [C]}
Tl =308.2 K] (35 [C]} Weomp = 8931 [W]

Click on this line to see the array variables in the Arrays Table window

No unit problems were detected

Calculation time = 62 ms

Sort m T Pi z‘ Ti m‘ h E‘ S| j hg;i T Xi j
[kg/s] [Pa] [K] {[C]} [Jkg] | [Wkg-K] | [Jkg]
M1 0,1268 | 132820 2582 (-15) 242482 9616
2] | 01268  1,319E+06 356,2 {83,04) 312919 1023 291788
[3] 01268  1,319E+06 3182 {45) 115751  417,7
[4] 0,1268 132820 25632 {20} 115761  461,2 0,4239

Image — 4 Results of calculation

The image above represents the amount of mass, pressure, temperature, enthalpy,

entropy, and quality of refrigerant. As the results show, the quality of refrigerant doesn’t
exceed 0.43. The results are satisfactory.
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4. INPUT DATA AND SIMULATION

4.1 Simulation preparation

The input data for each element represent the data which it takes and gives an output
data. Thus, working as a function which helps us to modify the information about the
system and obtain the precise results. It can be specified in pop up window of each element
by double clicking on it. Each one has specific sets of input data and its behavior varies
depending on following connections. It’s important to be aware of the properties of each
elements and devices in order to avoid errors. All of the input data which was used in this
work is shown in images below:

Name Value Unit
1 | & Return Air Temperature 20.0 c
2 | g Return Air Humidity Ratio 0.008
3 | g Return Air % Relative Humidity 50.0
4 | gl Return Air Flow Rate 0. kghr
5 | gfInlet Pressure 1. atm
6 | &fFan Pressure Rise 0 atm
T | & Outside Air Temperature 20.0 C
8 | g Outside Air Humidity Ratio 0.004
9 | g Outside Air % Relative Humidity 50.0 % (base 100)
101 g Ambient (Sink) Temperature 20.0 c
Image - 5 Air to water heat pump
Name Value Unit
1 | & Flow rate at inlet 1 0.0 ka/hr
2 | @||Flow rate at outlet 1 0.0 kg/hr
3 | |Flow rate at inlet 2 0.0 kg/hr
4 | &l Flow rate at outlet 2 -2 ka/hr
5 | &{ Temperature at inlet 1 200 C
6 | @ Temperature at inlet 2 20.0 c
7 | @ Environment temperature 220 c
8 | @{Control signal for element 1 1.0
9 | &{Control signal for element 2 1.0
10| g Flow rate for heat exchanger 0.0 kg/hr

Image 6 — Hot water tank

17



Name Value Unit More | Macro
1 gp{ Building loss coefficient 5 kJhr.m"2.K More... E|
2 @{ Building capacitance 1000.0 kJIK More...
3 8 | Specific heat of buiding air 1.006 klikg.K More... B
4 | @[ Density of building air 1.2 ka/m"3 More.. |
S | gpfBuiding surface area 79 m*2 More...
6 @{ Building volume 2337 m*3 More...
7 | g Humidity ratio multiplier 10 - More... |[]
e | Initial temperature 18 c More..
Image 7 — Simulated House

1 | & Flow rate at inlet 1 0.0 kg/hr

2 | & Flow rate at outlet 1 0.0 kg'hr

3 | @ Flow rate at inlet 2 0.0 kg'hr

4 | @lFlow rate at outlet 2 -2 kg'hr

5 | @ Temperature at inlet 1 20.0 c

6 | @ Temperature at inlet 2 20.0 e

T | gl Environment temperature 220 C

8 | g Control signal for element 1 1.0 —

9 | @ Control signal for element 2 1.0 -

10| & Flow rate for heat exchanger 0.0 kg'hr

Image - 8 Hot water temperature
thermostat:
Name Value Unit

1 | @ Monitoring temperature 20.0 c

2 | @|Heating setpoint 22 c

3 | & Cooling setpoint 240 c

Image — 9 Heating temperature

Thermostat

18




Name Value Unit
1 | & |File Type 6 %
2 | & [Logical unit 50 -
3 | g Tilted Surface Radiation Maode ] -
4 | @l Ground reflectance - no snow 02 -
5 | g Ground reflectance - snow cover 07 -
6 | g#|Mumber of surfaces 1 -
T | @ Tracking mode 1 -
8 | & Slope of surface 0.0 degrees
9 | @Azimuth of surface 0 degrees
Image — 10 Weather data:
Name Value Unit
1 | & Inlet fluid temperature 20 C
2 | g Inlet fluid flow rate 0 kg/hr
3 | &f Control signal i -
4 | g Overall pump efficiency 0.6 -
5 | & Motor efficiency 0.9 -
Image — 11 Network pump:
Name Value Unit
1 | & Room Temperature 18 C
2 | g¢fRoom Air Pressure i atm
3 | @{Inlet Water Temperature 40 C
4 | g \Water Flowrate 0 kg'hr

Image — 12 Radiator:
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4.2 Simulation process

The simulation will be created in TRNSYS Simulation Studio. The following

elements will be included:

- Air-to-water heat pump;

- Hot water tank;

- Simulated house;

- Hot water temperature thermostat;

- Heating temperature thermostat;

- Weather data;

- Plotter;

- Forcing function;

- Heating network pump;

- COP Plotter;

- Temperature/energy plotter;

- Radiator.

An air-to-water heat pump utilizes outdoor air temperature to boil refrigerant which
will be passed to indoor unit. We will be using this element only in heating mode so the
gas boiler is already included in it.

Hot water tank will store the hot water which will be passed to the following pumps
and radiators. It consists of two inlet/outlets passing the hot/cold water to the system.

Simulated house represents the house which we’re aiming to heat. It’s basically a
single zone structure which serves as a substitute to a complex facility model. This
element is responsible for heating load estimation coming to our simulating system.

Hot water temperature thermostat is a simple thermostat providing an output as an
on/off function which measures a hot water temperature

Heating temperature thermostat provides an output as an on/off function which
measures a heating temperature

Weather data is an element which is responsible for providing various inputs. In our
case, we will be utilizing dry bulb temperature and humidity ratio.

Plotter is an element responsible for creating graphs and plots. The flexibility of
such element allows the user to change and define various variables

Transient simulations require a graphics with repeated patterns. The forcing
function creates such plots using the discrete data points. The continuation and length of
function with repeating pattern depends on specified time value.

Network pump is a simple element representing the basic pump which transfers the
liquid through the network

20



Coefficient of performance(COP) is the ratio of produced heat to consumed amount
of electricity. In order to show the efficiency of heat pump, we utilize COP Plotter.

Temperature/energy plotter is a plotter which plots temperature and amount of
produced energy via corresponding graphs in a special window.

Radiator is required to simulate the heating device which is utilized in every
building or house. The main input data will include: Room temperature, Inlet water
temperature, inlet water flowrate. The output data is the following: heat transfer rate, water
outlet temperature, water flowrate.

All of the elements mentioned above must be specified and the variables must be
connected correctly in order to avoid potential errors. Once, the variables are connected
it’s important to specify simulation run time, simulation step, weather data, and various
temperatures. These are: dry bulb temperature, latitude, tilted surface radiation mode,
ground reflectance, azimuth of surface.

4.3 Heating loads calculation

In order to heat the house, the system must satisfy two conditions. The first
condition states, that the transient system must supply the necessary amount of energy
required to maintain the stable temperature inside the facility. The optimal room
temperature throughout the season must maintain at +20 C. The standards regarding the
required microclimate is described by GOST 30494-96.

Table - 1 Required microclimate

Room type Air temperature, C | Relative Humidity, | The speed of air,
% m/s

Living Room 20-22 45-30 0.15

Kitchen 19-21 45-30 0.15

Restroom 19-21 ~ 0.15

Bathroom 24-26 ~ 0.15

Resting and | 20-22 45-30 0.15

studying room

The compensation of heat loss is described by second condition. It occurs even in
most ideal situation in any system in various amounts, so the main task is to minimize
heat losses. The standard amount of heat loss is described in the table below:
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Table — 2 Standart amount of heat loss

Element of the house Approximate loss of heat, %
foundation, floors on the ground or over | 5-10

unheated rooms

poorly insulated construction joints 5-10

water supply, gas pipes, power cables Upto5

Outer walls depending on thermal | 20-30

insulation

Windows and outer doors 20-30

Roof Up to 20

Ventilation and chimney Up to 30

The scheme of the house plays major role in identifying heating loads and losses.
Therefore, in following image the number of rooms and detailed sizes are present. Each
space and room is labeled with a number.

422"

11

7.66°
5

Image — 13 The scheme of the house

The formula for calculating overall heating load is:
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Where Q - amount of heat
S - area of room
a - considers the amount of outer windows
b - the location of outer walls relative to the cardinal points
d - considers the geographical location of house
e - which considers the amount of thermal insulation of walls
f - coefficient regarding the height of walls
g - the type of floor or room located under the ceiling
h - considers the type of floor or room located over the ceiling
1 - coefficient which takes into account the type of windows
] - correction factor which takes into account the total area of glazing
k - coefficient which takes into account the presence of the front door
1 - coefficient of adjustments of the scheme of the connection of radiators
m - coefficient of the possible location of the location of radiators.

Table - 3The results of the calculations for each room is shown below:

)

ceiling 3 m, well

High insulation,
upwind

window,
1400x1000 mm

Room type, area, | Number of outer | Number, type, | Precense of | Required heating

height of ceiling, floor | walls, their | size of windows | entrance doors, | power(Taking

insulation location relative into account the
to cardinal 10% reserve
points, insulation power)
degree of the
walls

1.Hallway. 3.2 m?2, |1, South, | None 1 0.52 kWt

ceiling 3 m, insulated | medium

floor, insulated attic insulation,

2.Hall. 6 m?, ceiling 3 | none none None 0.59 kWt

m, insulated floor,

insulated attic

3.Kitchen, 15 m?,|2,  Southwest, |2, double-glazed | None 2.1 kWt

ceiling 3 m, Well | medium window,

insulated floor, | insulation, 1200x900 mm

insulated attic downwind

4.Children’s room. | 2, Northwest, | 2, double-glazed | None 2.7 kWt

17.9 m?, ceiling 3 m, | high insulation, | window,

well insulated floor, | upwind 1400x1000 mm

insulated attic

5.Bedroom. 14 m?, |2, North, East. | 1, double-glazed | None 1.8 kWt
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insulated floor,
insulated attic

6.Guest’s room. 17,9 | 2, East, South, | 4, double-glazed | None 2.6 kWt
m?2, ceiling 3 m, well | high insulation, | window,

insulated floor, | parallel to wind | 1500x1200 mm

insulated attic direction

7.Bathroom,Restroom. | 1, North, High | 1, double glazed | None 0.6 kWt
3.9 m2, ceiling 2.9 m, | insulation, wooden frame,

well insulated floor, | upwind 400x500

insulated attic

Thus, the overall required heating loads is:

Q=0524+059+21+27+18+26+06=11-(1091) =12 kWt

4.4 TRNSYS Simulation

3)

The simulation process starts from defining the elements as well as auxiliary
components (Forcing Function, Plotters, Weather Data, Network Pumps)
The core elements of a simulation are:

- Type 119b gas auxiliary air source heat pump;

- Simulated house with area of 77.9 m3;

- Type 60c Hot water tank with the volume of 0.3 m3;

- Type 15-1 Weather Data (Kazakhstan, Aktobe);
- Typel231 Radiator;
- Type 166 Heating thermostat;

- Type 166 Hot water thermostat;

- Type 114 Heat Pump network pump;
- Type 65d COP plotter;
- Type 65d Temperature/energy plotter;
- Type 14b Time-dependent forcing function;

The next step in creating the simulation, consist of:
- specifying the weather data;
- identifying variables;
- setting the variables;
- setting input data;
- checking output;
- setting graph variables
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Image — 14 The simulation of transient system

The mentioned scheme represents the general view for the system. The heat pump and
integrated gas boiler serves as a core of the transient system. The pump pumps the heat
from the heated refrigerant to the water where it’s distributed through the system. The
radiator takes the water from the water tank and distributes the heat through the room.
COP and temperature/energy plotters plots the graphs of the variables whereas hot water
temperature thermostat and heating temperature thermostat controls the house heating and
water heating cycles of the system.
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5. RESULTS

The results of simulation show that the transient system is capable of heating the
given household. Moreover, given the additional 10% heating loads are easily capable of
compensating heating losses through the conduction and convection which were specified
in the corresponding element of TRNSY'S.

The comparison of manual calculation and the results of TRNSYS simulation
software shows, that the difference between the final results of calculations are negligible
and the feasibility and accuracy of the software is proven.

The results of simulation in graphs are in application.
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CONCLUSION

The results of simulation show that the transient system is capable of heating the
given household. Moreover, given the additional 10% heating loads are easily capable of
compensating heating losses through the conduction and convection.

Manual calculation was made in order to strengthen and support the obtained
results.

TRNSYS simulation software had shown that its capable of simulating and giving
the precise results, thanks to the flexible and powerful interface and mathematical bias of
the software.

Given the input data of all elements and weather, the possibility of integrating with
testing and simulating of such system is possible.
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