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CHAPTER 1

Introduction

An increase in the share of electricity production from intermittent sources of
energy and reduction in the share of fossil fuel based synchronous generators,
creates a demand for flexible resources. One such flexible resource is a heating
system equipped with a heat pump.

In Sweden, a majority of the electric energy consumption takes place in
the residential and service sector. Furthermore in the residential sector, the
per capita consumption in single family houses are higher compared to multi
family dwellings. Also, around half of the consumption in single family houses
is from heating systems and these systems are generally equipped with heat
pumps. This indicates the potential of heating systems to act as flexible
resources. The heat pumps used in single family houses provide both space
and water heating, with a priority set for water heating.

To use the heating system as a flexible load, it is important to know the
electric power consumption by the heat pump while operating at different
conditions. Furthermore, flexibility also depends on the control action of
space and water heating. Thus, with this background, the main aim of this
report is to, describe the detailed modelling of a heat pump, controller design
for space and water heating.
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CHAPTER 2

Heat pump

A heat pump is a device used for space heating, cooling and water heating
applications. In case of heating applications, the heat pump transfers the heat
from a low temperature source to a high temperature sink. To enable the heat
transfer between the source and sink, the heat pump must be powered by an
external source like electricity.

The main components in a heat pump are shown in figure 2.1. They are
also listed below:

• Evaporator
• Compressor
• Condenser
• Expansion valve

The operation of a heat pump is based on an actual vapour compression
heat pump cycle. The vapour compression heat pump cycle consists of four
processes and they are as listed below:

• Heat absorption by the refrigerant in the evaporator
• Compression of the refrigerant in the compressor
• Heat rejection by the refrigerant in the condenser
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Chapter 2 Heat pump

• Throttling/expansion (pressure drop) of the refrigerant in the expansion
valve

Condensor

Expansion 

Valve Compressor

Evaporator

Figure 2.1: Main components in a heat pump [1]

2.1 Actual vapour compression heat pump cycle
In the analysis of an actual vapour compression heat pump cycle, the prop-
erties namely, specific internal energy (u), pressure (P ) and specific volume
(v) of the working fluid are significant. In this regard, these properties are
combined from a simplification point of view as,

h = u + P · v (2.1)

This property is termed as specific enthalpy (h) and has the unit in ( kJ
Kg ).

Pressure-enthalpy diagram
The pressure-enthalpy (P −h) diagram plays an important role in understand-
ing and analysing a vapour compression heat pump cycle. The P −h diagram
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2.1 Actual vapour compression heat pump cycle

of the refrigerant R134a is shown in figure 2.2. The vapour dome (the dome
with black outline filled with green lines) indicates the region where, the re-
frigerant is partly vapour and partly liquid. The black line of the vapor dome
on the left hand side represents saturated liquid and that on the right hand
side represents saturated vapour. The region towards the left and right of the
vapour dome, indicates liquid and vapour states of the refrigerant respectively.
Both temperature (dark blue line) and pressure are constant inside the vapour
dome. The green lines represents quality, indicating the percentage of vapour
present in the liquid-vapour mixture.

Figure 2.2: pressure enthalpy diagram of refrigerant R134a [2]

Along with enthalpy, another thermodynamic property of interest in en-
tropy. It indicates the measure of disorderliness of a substance during different
states or the kinetic energy lost or energy unavailable for doing useful work
( kJ

KgK ). In figure 2.2, enthropy is represented by the lines in aqua colour.
Given any two intensive independent properties (eg: density, pressure, tem-

perature) for a refrigerant (provided the state is fixed), other properties can
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Chapter 2 Heat pump

be determined/estimated. These properties are tabulated for different refrig-
erants at various states and these tables are known as thermodynamic tables.

Thermodynamic analysis of the components in a heat pump
The actual vapour compression heat pump cycle is shown in figure 2.3. The
explanation in the subsequent text will be based on this figure and ‘ṁ’ corre-
sponds to mass flow rate.

3 3s 2s 2 2'

Sub 
cooling De-super 

heating

4 1s

Super heating
in evaporator

Compressor
1

Work done by
the compressor

Heat in

Evaporator

Heat out
To Water

Enthalpy

P
re

ss
ur

e

Outdoor air/ exhaust air/ brine

Condenser

Expansion 
valve

Isentropic
compression

Figure 2.3: Vapour compression refrigeration cycle [3]

• Evaporator: In the evaporator, the refrigerant which has low boiling
point, absorbs the heat from the source in the surrounding medium, until
it reaches the state of a saturated vapour. This state is represented as
‘1s’ on the vapour dome. Until this point, the process is isothermal.
Practically, it is challenging to control the state of saturated vapour
precisely, hence the refrigerant is superheated slightly. This also ensures
that the refrigerant is completely vaporised.
In the evaporator, there is only heat injection and no work done. The
state of the refrigerant at the inlet and outlet of evaporator are repre-
sented by ‘4’ and ‘1’ respectively.
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2.1 Actual vapour compression heat pump cycle

• Compressor: The superheated refrigerant at the outlet of the evapora-
tor enters the compressor. Here the refrigerant is compressed to obtain
a high temperature and a high pressure vapour. The compressor per-
forms this operation by consuming electric power. In this stage, there
is only work done and no heat addition. The states of the refrigerant
at the inlet and outlet of the compressor are represented by ‘1’ and ‘2’
respectively.
The actual power consumption for this process is indicated by the dotted
line connecting states 1 and 2’. There is no heat addition taking place
during this process, and hence it is adiabatic. The work done by the
compressor is given by

Ẇcomp = ṁ(h2 − h1)
ηisent

(2.2)

Here, ηisent represents the isentropic efficiency, h2 and h1 represents the
enthalpy at the outlet and inlet of the compressor in ( kJ

Kg ).

• Condenser: The high pressure and high temperature refrigerant at
the outlet of the compressor, enters the condenser. In the condenser,
the refrigerant rejects the heat by initially undergoing desuperheating.
‘2s’ represents the state of a saturated vapour at a high pressure and a
high temperature. This is followed by the heat rejection at a constant
temperature. This process occurs when the state of refrigerant changes
from ‘2s’ to ‘3s’. The state ‘3s’ represents the state of saturated liquid.
Furthermore, the refrigerant is subcooled. There is no work done by the
condenser and only heat is rejected. The heat rejected by the condenser
is given by

Q̇out = ṁ(h2 − h3) (2.3)

Here, h2 and h3 represents the enthalpy at the inlet and outlet of the
condenser in ( kJ

Kg ).

• Expansion valve: The refrigerant enters the expansion valve at state
‘3’. Here, the refrigerant undergoes expansion and enters the evaporator.
This process is represented by the line connecting the states 3 and 4.
During this process, no heat addition/rejection takes place and no work
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Chapter 2 Heat pump

is done. This process is adiabatic and isenthalpic (The enthalpy of the
refrigerant remains same at the inlet and outlet of the expansion valve).
Again, the refrigerant enters the evaporator and the cycle continues.

2.2 Compressors
Compressor is the heart of a heat pump. The manufactures of compressors
will provide operating envelopes, indicating the conditions within which the
compressors can operate safely and performance is guaranteed. Scroll com-
pressors are a common type of compressors used in heat pumps for residential
applications. Hence, the focus will be on scroll compressors.

An example operating envelope for a scroll compressor is shown in figure
2.4. The envelopes indicate the limitations of the compressor’s operation in
terms of maximum condensing temperature and minimum speed for a given
evaporating temperature. For instance, the inner most blue envelope indicates
that the compressor should run at a minimum speed of 900 RPM for a given
set of condenser and evaporator temperatures.

Based on speed, there are two types of compressors namely fixed and vari-
able speed compressors. In variable speed compressors, the speed is adjusted
to deliver appropriate heat, for maintaining the temperature set by the users.
However, this is subjected to the constraints provided by the operating en-
velope of the compressor. For example, from figure 2.4, the minimum speed
at which the compressor can operate is 900 RPM. The compressor cannot be
operated below this speed.

2.3 Model for refrigerant’s mass flow rate in scroll
compressors

The model for the refrigerant mass flow rate ( Kg
s ), for both variable and fix

speed compressors is estimated as

ṁ = Vdisρsfηvol

106 (2.4)

Here, Vdis is the compressor displacement volume in ( cc
rev ), ρs is the density

at suction in ( Kg
m3 ), f is the compressor speed in Hz, and ηvol is the volumetric
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2.4 Performance indicator of heat pumps

65

60

55

50

45

40

35

30

-30 -25 -20 -15 -10 -5 0 5 10 15

90
0 

R
P

M

18
00

 R
P

M

5/65 15/65

-30/30

-18/40

2/60 15/60

0/55 15/55

-12/43

25

20

C
on

de
ns

in
g 

Te
m

pe
ra

tu
re

 [
o C

]

Evaporating Temperature [oC]

24
00

-7
20

0 R
PM

10

15

-18/10 -12/10

-15/25

Figure 2.4: Scroll compressor operating envelope [4]

efficiency [5].
The correlation between the estimated and experimental values for the mass

flow rate in [5] was strong with an error margin of ±10%.

2.4 Performance indicator of heat pumps
The performance of a heat pump is evaluated in terms of Coefficient of Per-
formance (COP). The COP for any heat pump cycle is given by

COP = Heat delivered
Work done by compressor = ṁ(h2 − h3)

ṁ(h2−h1)
ηisent

(2.5)

The maximum theoretical COP (Carnot heat pump) for any heat pump
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Chapter 2 Heat pump

operating between the source and sink temperatures of TC and TH (both in
K) respectively can be formulated as

COP = TH

TH − TC
(2.6)

2.5 Vapour injection in scroll compressors

The operating envelope and COP of a heat pump at low source tempera-
tures, can be increased by incorporating vapour injection in an actual vapour
compression heat pump cycle. This can be realised using an economiser (a
combination of heat exchanger and expansion valve). The representation of
vapour injection in a vapour compression cycle with the associated compo-
nents in a heat pump and on a pressure-enthalpy diagram is shown in figures
2.5 and 2.6 respectively.

Economiser

Condensor

C
om

pressor

Evaporator
Expansion

valve

Solenoid

Vapour injection

ṁ + ṁinj

(3-2)
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(2-2)

ṁinj

ṁ 

ṁinj
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Figure 2.5: Vapour injection in scroll compressors [6]
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2.6 Procedure for calculating the COP of a heat pump using the
thermodynamic tables
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Figure 2.6: Vapour compression heat pump cycle with vapour injection [6]

2.6 Procedure for calculating the COP of a heat
pump using the thermodynamic tables

The vapour compression heat pump cycle can be analysed for different operat-
ing conditions and the COP can be estimated using the Coolprop library [7].
The Coolprop library includes thermodynamic tables for various refrigerants.

Vapour compression heat pump cycle without vapour
injection
The procedure for the calculation of COP, without vapour injection is as
explained in [8].

Vapour compression heat pump cycle with vapour injection
The actual vapour compression heat pump cycle with vapour injection, oper-
ates at three pressures corresponding to the pressures of evaporator, vapour

11



Chapter 2 Heat pump

injection and condenser. The subsequent explanation will be based on figures
2.5 and 2.6. With this background, the procedure employed for the calcula-
tions with appropriate reasoning is listed below [6][9] :

1. The pressure in the evaporator is determined using the information of the
temperature at which evaporation occurs and the corresponding quality
of saturated vapour.

2. The temperature for superheating is assumed to be 5 K[10]. The en-
thalpy ‘h1−1’ is determined using the details of the temperature at which
the refrigerant is superheated and the pressure in the evaporator. Also,
the entropy and density of the refrigerant are determined at the same
condition (state: 1-1). This is followed by the calculation of mass flow
rate using (2.4).

3. The temperature of vapour injection line (saturated temperature at an
intermediate pressure) is approximated using the expression

Tinj = 0.8Te + 0.5Tc − 21 (2.7)

The terms Te and Tc correspond to evaporator and condenser temper-
atures in ◦F. This is experimentally derived for vapour injection scroll
compressor models ZF*KVE and ZF*K5E by Emerson climate technolo-
gies with an accuracy of ± ◦5 [6]. The approximation is suggested to be
valid only when the evaporation temperature varies between -31.1 ◦C
and 10 ◦C, followed by a variation of condenser temperature between
-26.6 ◦C and 65.5 ◦C. However, (2.7) is valid even for the scroll com-
pressor model ZH13KVE by Emerson climate technologies, dedicated for
heat pumps. For other scroll compressors by different manufacturers, the
vapour injection temperature corresponding to various combination of
Te and Tc can be obtained by contacting the manufacturers.

4. From an optimal system performance point of view, a temperature dif-
ference of 5 K is assumed in the following cases [10]:

• Condenser subcooling
• The temperature of the subcooled liquid at the outlet of economiser’s

heat exchanger (state:(3-1)) and the temperature of vapour injec-
tion line (Tinj).

• The temperature of vapour injection at the outlet of injection port
(state:5) and the temperature of vapour injection line (Tinj).
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2.6 Procedure for calculating the COP of a heat pump using the
thermodynamic tables

5. The pressure in the vapour injection line is determined using the temper-
ature of the vapour injection line (Tinj) and the corresponding quality
of the saturated vapour.

6. The enthalpy ‘h5’ of the superheated vapour to be injected is determined
using the temperature of injection vapour at the outlet of the injection
port (Tinj+5) and the pressure in the vapour injection line.

7. The pressure in the condenser is estimated using the details of the tem-
perature in the condenser and the quality of saturated liquid.

8. The enthalpy ‘h3−2’ at state (3-2), is determined using the details of
the temperature in the condenser considering subcooling (Tc-5) and the
pressure in the condenser.

9. The enthalpy ‘h3−1’ at state (3-1) is determined using the details of the
temperature of the subcooled liquid at the outlet of economiser (Tinj+5)
and the pressure in the condenser.

10. The mass flow rate of vapour injected is calculated based on the energy
balance equation in the economiser and is given by

ṁinj = ṁ(h3−2 − h3−1)
(h5 − h3−2) (2.8)

11. The process of compression is assumed to be isentropic. So, the entropy
of the vapour from the first compression (state: (2-1)) is assumed to be
the same as that of the vapour at the outlet of the evaporator (state:
(1-1)).

12. The enthalpy ‘h2−1’ at state (2-1), is determined using the details of
entropy at state (2-1) and the pressure in the vapour injection line.

13. The enthalpy ‘h1−2’ at state (1-2), is obtained by using the energy bal-
ance equation at the vapour injection port of the compressor and is given
by

ṁinj(h1−2 − h5) = ṁ(h2−1 − h1−2)

h1−2 = ṁh2−1 + ṁinjh5

(ṁ + ṁinj)
(2.9)

14. The entropy at state (1-2) is determined using the information of en-
thalpy at the same state and pressure corresponding to the vapour in-
jection line.

15. As the process of compression is assumed to be isentropic, the entropy
of state (2-2) is equal to the entropy at state (1-2). The enthalpy at

13



Chapter 2 Heat pump

state (2-2) can be obtained by using the details of entropy at the same
state and condenser pressure.

16. The work done by the compressor is given by

Ẇcomp = (ṁ(h2−1 − h1−1)) + ((ṁ + ṁinj)(h2−2 − h1−2))
ηisent

(2.10)

17. The COP of the heat pump is given by

COP = (ṁ + ṁinj)(h2−2 − h3−2))
Ẇcomp

(2.11)

14



CHAPTER 3

Controller for space and water heating

3.1 Thermal model of a house

The thermal model of a house can be represented as a simple series RC cir-
cuit, powered by a heat input from a heating source as a dependant current
source. The outdoor ambient temperature which is an external condition is
represented as a voltage source and is shown in figure 3.1. The heat input is
modelled as a dependant current source as the heat delivering capability of a
heat pump varies based on its source and sink temperatures.

The terms ‘Coverall’ and ‘Roverall’ are the total thermal mass and thermal
resistance of a house respectively. ‘Roverall’ is obtained by taking the recipro-
cal of ‘Uoverall’. ‘Uoverall’ represents the total heat transfer co-efficient of the
house. ‘Qheat’ and ‘Tamb’ represents the heat from a heat pump and outdoor
ambient temperature respectively. The indoor temperature is represented by
the voltage ‘Troom’ across the capacitor.
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Chapter 3 Controller for space and water heating

Qheat Coverall

Roverall

Tamb
Troom

Troom

Figure 3.1: Simple thermal model of a building

3.2 Controller design for space heating

A process model is a mathematical model of a system whose specific output
is to be controlled for maintaining it at a specified set point. This model aids
in estimating the output for a given set of input conditions.

The first step in designing any controller is to determine the transfer func-
tion of the process model. The transfer function is the relationship between
the desired output of the system (which is to be controlled) with respect to
the input.

In figure 3.1, the output is ‘Troom’ and inputs are ‘Qheat’ and ‘Tamb’. The
transfer function for this model is derived as follows:

Applying KCL (Kirchhoff’s current law) to the circuit gives

Qheat(t) = Coverall
dTroom(t)

dt
+ Troom(t) − Tamb(t)

Roverall
(3.1)

Taking the Laplace transform on (3.1) and by rearranging the terms, the
transfer function is obtained as

Troom(s)
(Qheat(s) + Tamb(s)

Roverall
)

= Roverall

RoverallCoverallS + 1 (3.2)

16



3.2 Controller design for space heating

The controller design adopted in this study is based on [11] and the control
diagram is shown in figure 3.2. A selector switch is used to ensure that there
is no space heating provided when the heat pump is in water heating mode.
Since, the values in the term ‘ Tamb

Roverall
’ is known, it is modelled as a feed-

forward. The saturation block is modelled as an adaptive limiter.

+
- Kp

Ki1

S
 

+

+
+

+
-

Tamb

1

𝑅𝑜𝑣𝑒𝑟𝑎𝑙𝑙
 

Adaptive

H

+-

 
Thermal model 

of house

Water heating 
mode

Troom

Troom* Qheat**

Qheat

Figure 3.2: Block diagram of the controller for space heating

Saturation block as an adaptive limiter:
The heat delivering capability is limited by the space heating system com-

prising of radiators/floor heating and the heat pump. In this model, the satu-
ration block (i.e, practical limitations of the space heating system) is modelled
as an adaptive limiter. This is because, the heat delivering capability of the
heat pump is dependant on the source and sink temperatures. Furthermore,
the heat emitted by the radiators is limited by the supply, return temperature
of water and the room temperature.

The thermal output of the radiators at different conditions is estimated
based on the reference values (Thermal output of the radiator at standard
conditions i.e, 55/45/20◦C. These temperatures represent the supply and
return temperatures of the water in the radiator followed by the indoor room
temperature) and data provided in [12] as
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Chapter 3 Controller for space and water heating

Qheatrad
= Qheat,ref@standard

(
∆T

∆Tref@standard

)n

(3.3)

Where, Qheatrad
is the thermal output of radiator in W, Qheat,ref@standard is

the thermal output of radiator at standard conditions (55/45/20 ◦C) in W, ∆T

is the arithmetic or logarithmic temperature difference in ◦C, ∆Tref@standard

is the arithmetic temperature difference calculated at standard conditions and
n is the exponent characteristic of the radiator.

The selection of arithmetic or logarithmic temperature difference for ∆T

is based on the condition,
(

Treturn−Troom

Tsupply−Troom

)
< 0.7. If the condition is met,

then logarithmic temperature difference should be used, else arithmetic tem-
perature difference should be considered. Treturn and Tsupply are the supply
and return temperature of the water in the radiator. Troom is the indoor
room temperature. The arithmetic and logarithmic temperature difference is
calculated as

∆Tlog = Tsupply − Treturn

ln
(

Tsupply−Troom

Treturn−Troom

)
∆Tarth =

(
Tsupply + Treturn

2

)
− Troom

(3.4)

Observing (3.3) it is noticed that, it is challenging to calculate the values of
supply and return temperature of the water, for a given value of room temper-
ature and heat. Thus, the heat delivered by the radiator/floor heating system
is calculated for various values of supply, return temperature of water and
room temperature. Furthermore, these results are tabulated and formulated
into a look up table.

Based on the actual room temperature and reference heat from the con-
troller, the look up table provides the supply, return temperature of the water
in radiator and the mass flow rate. However, the look up table will not provide
the information regarding the value of heat to which the reference heat from
the controller is approximated to. Hence, based on the supply and return
temperature of the water, obtained by the look up table, also considering the
reference heat from the controller and actual room temperature, the actual
heat emitted by the radiator with corresponding mass flow rate is determined
again using (3.3) and (3.4). Thus, the heat emitted by the radiators is ob-

18



3.3 Stratified layer model of domestic hot water tank

tained.
The condenser temperature ‘Tcond’ in the heat pump (sink temperature),

based on the supply and return temperature of the water [13] can be computed
as

Tcond = Treturn + Tsupply − Treturn

1 − e
−(Tsupply−Treturn)

∆Tlog.cond

(3.5)

∆Tlog.cond, is the logarithmic temperature difference of the heat exchange
and is assumed to be 4 K.

The results from the heat pump modelling considering the entire operating
envelope are tabulated and formulated into look up tables. Based on the
information of condenser temperature, heat delivered by the radiators and
source temperature in the heat pump, the corresponding values of speed,
electric power needs and utilization of direct electric heating by the heat pump
can be obtained.

3.3 Stratified layer model of domestic hot water
tank

The temperature of a stratified hot water tank can be estimated through state
space model and is represented in figure 3.3.

The detailed mathematical modelling is described in [14].

3.4 Controller design for water heating
A simple model of a domestic hot water tank without any stratification is
shown in figure 3.4. Here, ‘Qwithdrawl’ represents the heat loss in the water
tank due to water withdrawal, ‘Qheat’ represents the heat from the heat pump
and ‘Ctank’ is the thermal mass of water in the tank. ‘Troom’ and ‘Twater’
represents the room and water temperature in the tank respectively.

Applying KCL to circuit gives

Ctank
dTwater(t)

dt
= Qheat(t) + Qwithdrawl(t) + Troom(t) − Twater(t)

Rtank
(3.6)

19



Chapter 3 Controller for space and water heating

Elements of state matrix
• Tank's heat loss co-efficient
• Inversion mixing co-efficient
• Conductivity co-efficient of water
• Water withdrawl co-efficient
• Thermal capacity of water in the 
specific layer

State vector
• Water temperature in various layers of 
the tank

Elements of input matrix
• Tank's heat loss co-efficient
• Thermal capacity of water in layer
• Water withdrawl co-efficient

Input vector
• Room temperature surrounding the tank
• Heat from heat pump
• Heat from electric heating
• Inlet temperature of water

State space model
Domestic hot water 

tank

Output vector
Water temperature in 
various layers of the tank

Figure 3.3: Model for estimating the temperature in domestic hot water tank

where, Rtank is the reciprocal of water tank’s heat transfer coefficient. Qwithdrawl

can be written as

Qwithdrawl(t) = ṁwater(t)Cwater(Tin(t) − Twater(t)) (3.7)

where ṁwater is the mass flow rate of the water being extracted, Cwater is the
specific heat capacity of the water and Tin is the inlet water temperature.

Taking Laplace transform on (3.6) and by rearranging the terms, the trans-
fer function is obtained as

Twater(s)
(Qheat(s) + Troom(s)

Rtank
+ ṁwater(s)CwaterTin(s))

= Rtank

Rtank(CtankS + ṁwaterCwater) + 1
(3.8)

As the rate at which hot water is drawn, the temperature of water at the
inlet, the indoor temperature can be measured and as the heat transfer coeffi-

20



3.4 Controller design for water heating

Qheat Ctank

Rtank

TroomQwithdrawl

Twater

+
-

Figure 3.4: Simple model for a domestic hot water tank

cient of the tank is known, the terms involving these parameters are modelled
as a feed forward.

Based on this, the block diagram of a domestic hot water controller is shown
in figure 3.5. A dead band of 1◦C is used.

Saturation block as an adaptive limiter:
The heat delivering capability in the hot water tank is limited by the water

heating system comprising of a hot water coil and a heat pump. In this
model also, the saturation block is modelled as an adaptive limiter as in the
case of the controller for space heating. This is because, the heat delivering
capability of the heat pump is dependant on the source and sink temperatures.
Furthermore, the heat emitted by the hot water is limited by the supply, return
temperature of water and the water temperature in the layers in which the
hot water coil is placed.

The thermal output of the hot water coil at different conditions is estimated
to be

Qheat = UAhotwatercoil

(
Tsupply + Treturn

2

)
− TavgL(i+m)...L(i+n) (3.9)

UAhotwatercoil represents the heat transfer coefficient of the hot water coil
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Figure 3.5: Block diagram of the controller for water heating

and TavgL(i+m)...L(i+n) represents the average temperature of water in layers
(i+m) to (i+n), where the hot water coil is placed.

By observing (3.9) it is noticed that, it is challenging to calculate the values
of supply and return temperature of water for a given value of average water
temperature in layers (i+m) to (i+n). Thus, the heat delivered by the hot
water coil is calculated for various values of supply, return temperature of
water in the hot water coil and average water temperature in layers (i+m) to
(i+n). These results are tabulated and formulated into a look up table.

The procedure for obtaining the speed, electric power needs and utilization
of direct electric heating by the heat pump is explained in section 3.2.

3.5 Controller design for providing space and
water heating

The block diagram of the controller providing space and water heating is
shown in figure 3.6.

Depending on the requirement, appropriate control mode i.e., space or water
heating is selected. For example, if the controller is in water heating mode, the
input would be the error signal obtained from reference temperature for water
‘Twater∗’ and the actual temperature of water ‘Twater,T Lp’, obtained from a
sensor placed at a specific location in the domestic hot water tank. Based on
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Figure 3.6: Controller design for providing space and water heating

the error signal, the controller provides a reference signal for heat ‘Qheat ∗ ∗’.
Depending on ‘Qheat ∗ ∗’ and the average temperature of water in which the
hot water coil is placed, the look up table for the hot water coil provides, the
required value of supply and return temperature of water. This is followed
by calculation of the actual value of heat that can be provided ‘Qheat∗’ using
(3.9). Based on the supply and the previous return temperature of water,
the condenser temperature in the heat pump is calculated using (3.5). Using
the condenser temperature, source temperature of the heat pump ‘Tsource’ and
‘Qheat∗’, the look up table from the heat pump model provides, the speed, the
utilisation of direct heating, electric power needs, and the actual value of heat
‘Qheat’ that can be provided. Based on the value of ‘Qheat’ released into the
water in the domestic hot water tank, the water temperature is estimated.
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