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Against the background of energy crisis and increasingly serious environmental pollution,
dual-source heat pump system, as a high-efficiency and low-carbon heating technology,
shows good application prospects. The system combines the forms of water and air heat
sources, and the refrigerant can absorb the heat from both heat sources, so as to improve the
operation efficiency and system stability. In this study, a simulation model of the dual-source
heat pump system was established based on Aspen Plus, and a single-parameter sensitivity
analysis method was used to systematically study the effects of the compressor outlet
pressure on the coefficient of performance (COP), total energy consumption, heat exchanger
area, and equipment investment cost. The results of the sensitivity analysis show that an
increase in compressor outlet pressure leads to a decrease in COP and an increase in energy
consumption, but reduces the heat exchange area required for the condenser and the
estimated cost of the condenser; by comparing the estimated cost of the condenser and the
COP, it is suggested that a balance between COP and energy consumption can be achieved
by controlling the compressor outlet pressure to about 13 bar. These recommendations were
made under simulated conditions with a fixed water supply temperature of 45°C and a
compressor outlet pressure of 12-14 bar.



ACKNOWLEDGEMENTS

Completing this thesis on Parameter Study of Dual-Source Heat Pump Systems has been a
challenging yet rewarding journey, and I am deeply grateful to those who supported me

along the way.

First and foremost, I extend my sincerest gratitude to my supervisors, Prof. Gou Xiang and
Assoc. Prof. Jussi Saari, for their invaluable guidance. Prof. Gou’s profound expertise in
thermal systems and keen insights into energy efficiency boundaries shaped the core
framework of this research. Assoc. Prof. Saari’s rigorous approach to data reliability and
cross-disciplinary perspective enriched my understanding of sustainable heat pump
technologies. Their mentorship not only strengthened this work but also inspired me to think

critically as a researcher.

My heartfelt appreciation goes to my family and friends for their unwavering encouragement.
Their patience and warmth kept me motivated through countless iterations of parameter

analyses—much like how a dual-source system draws resilience from both air and ground.



SYMBOLS AND ABBREVIATIONS

Roman characters

p Pressure

T Temperature

h Specific enthalpy

Q Heat transfer rate

A Heat transfer area

U Heat transfer coefficient
W Power consumption

s Entropy

C Cost

Greek characters

T Specific heat ratio
Constants

Dimensionless quantities

COP Coefficient of Performance
Subscripts

1 Inflow

2 Outflow

Pa or bar
°C,K
kJ/kg

A\

m2

W/(m? *K)
W

J/(kg*K)

CNY



Abbreviations
LMTD

OAT

DSHP

Qout

Win

Log Mean Temperature Difference
One-At-a-Time sensitivity method
Dual-source heat pump

Output heat

System input work

K/°C

kJ

kJ
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1 Introduction

As the global energy crisis and environmental pollution become increasingly severe,
improving energy efficiency and reducing greenhouse gas emissions have become important
goals for countries to cope with climate change and achieve sustainable development.
Building energy conservation, as an important area to improve energy efficiency, has
received widespread attention in recent years. As an efficient and environmentally friendly
heating and cooling technology, heat pump technology has been widely used in many fields
such as home heating, air conditioning, and hot water supply. Compared with traditional
boilers, air conditioners and other equipment, heat pump systems can not only significantly
reduce energy consumption but also utilize low-grade thermal energy and reduce

dependence on fossil energy.

The working principle of heat pump technology is to use the compressor refrigeration cycle
to extract and upgrade the low-grade heat source in the environment to high-grade thermal
energy output. According to the different heat sources used, heat pumps can be divided into
air source heat pumps, water source heat pumps, ground source heat pumps, etc. Among
them, the dual-source heat pump system combines two heat sources, usually air and water
or soil. The core advantage of dual-source heat pumps is that they can flexibly adjust the use
of heat sources according to different seasons and environmental conditions to achieve more

stable and efficient heat energy conversion and utilization.

This study uses Aspen Plus simulation platform to conduct parameter sensitivity analysis of
the dual-source heat pump system, evaluate the impact of outlet compressor pressure on
system performance, and made a preliminary estimate of the required heat transfer area and

its associated costs.



2 Literature review

As global energy shortages and environmental problems intensify, heat pump technology,
as an efficient and environmentally friendly energy conversion technology, has been widely
used in the fields of building heating, air conditioning and hot water supply. In the research
of heat pump technology, the dual-source heat pump system, as an efficient energy
conversion system, has become a key research direction because it can fully utilize the

advantages of water and air sources.

The thesis will study the specific parameter (compressor outlet pressure) in the dual-source
heat pump system and provide deep discussion on the impact of parameter changes on the

system energy consumption as well as efficiency.

2.1 Theoretical foundations and system advantages

Dual-source heat pump (DSHP) systems have received increasing attention as an advanced
heating solution that integrates the strengths of both air-source as well as water-source heat
pumps. With the process of dynamically switching between heat sources according to
environmental and economic conditions, DSHPs could offer enhanced adaptability and

improved the current energy efficiency across diverse climates.

Chua et al. (2019) then conducted a comprehensive review on heat pump technologies and
noted that hybrid-source systems are well pivotal for achieving low-carbon and high-
efficiency thermal energy solutions. Compared with those in single-source systems, DSHPs
could surely reduce operational instability during temperature extremes and allow for more

load balancing between air and water sources.

Grossi et al. (2017) also applied a dynamic simulation framework to evaluate a DSHP
configuration, confirming that source-switching strategies substantially improve seasonal
performance factors by leveraging water sources during winter as well as air sources during
milder seasons, of which flexibility helps ensure a high coefficient of performance (COP)

throughout the year.
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2.2 Source configuration and control strategies

An essential factor for optimizing DSHP operation lies in the coordination and for control
of dual heat sources. Luo et al. (2024) based on this aspect proposed an integrated system
that couples DSHP with radiant capillary terminals, then found that those strategic source
selection based on seasonality have significantly reduced operating costs while improving

thermal comfort.

Zhou et al. (2022) explored the performance of a coupled air-water-source system deployed
in a school building, by the simulation using TRNSYS, revealing that prioritizing air-source
operation during periods of low water-source temperature leads to better efficiency, which

underlines the importance of adaptive source scheduling.

2.3 Parameter sensitivity and economic modeling

Operational parameters such as compressor outlet pressure as well as evaporator pressure
are critical to DSHP performance. Christian Natale et al. (2023) used the ALMABuild
simulation platform to conduct long-term performance assessments and then found that
optimized pressure thresholds have led to some stable year-round operation with minimal

energy losses.

More than that overall system parameters, heat transfer performance also plays a key role in
some fields. For instance, Caputo et al. (2016) proposed a cost estimation model for heat
exchangers, which is used in this study to evaluate the economic effects of varying heat
transfer areas. However, although this cost model is accurate, it requires detailed heat
exchanger design to be used. Therefore, in this paper, we use the simpler cost model

proposed by Li, G et al. (2021).

2.4 Refrigerant selection and performance considerations

Choosing a suitable working fluid is vital to the improvement of DSHP efficiency as well as
environmental sustainability. R134a was selected because of its well-established thermal

properties, low toxicity, and compatibility with low- to medium-temperature heating
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applications. Carrier (n.d.) provides standardized temperature — pressure charts that support
proper operating range design. For further accuracy in thermal performance, Dalkilic et al.
(2015) reviewed empirical correlations for R134a's convective heat transfer coefficients,

providing baseline values for condenser modeling.

The vapor quality of refrigerant is another determinant of energy efficiency. HB Products
(2018) introduced capacitive sensors for real-time vapor quality monitoring, enabling

improved evaporator control and cycle stability.

Li et al. (2023) experimentally investigated how heating water temperature affects COP in
low-temperature air-source systems. Their results reinforce the necessity of controlling
condenser output temperature within optimized bounds to ensure both efficiency and user

comfort.

Lastly, Wang (2024) emphasized that under China’s dual-carbon policy, air-source heat
pump applications are rapidly expanding. His findings support the DSHP framework as a

transitional solution for climate-adaptive building heating under decarbonization goals.

2.5 Future research directions

Although some progress has been made in the parameter research of dual-source heat pump
systems, it is undenied the practical applications are still unsolved, especially those further
discussion in terms of complex scenarios and multidimensional parameters. First, under
complex climatic conditions, the influence of fluctuations in different heat source parameters
(such as water temperature, air temperature, and humidity) on system performance still needs
to be further refined and analysed to guide the formulation of more accurate heat source
switching strategies. Secondly, current parameter research is mostly single variable analysis.
In the future, multi-parameter coupling analysis can be used to explore the comprehensive
impact of the interaction between parameters on the comprehensive performance of the

system (such as energy efficiency, economy, and environmental impact).

In addition, by combining big data analysis and machine learning technology, a system
performance prediction model based on a large amount of operating data is established,
which is expected to achieve intelligent prediction and optimal control of system behaviour

under changes in key parameters.
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Future research can further carry out systematic and in-depth exploration in the directions of
multi-parameter sensitivity analysis, multi-objective decision modelling, and system long-

term stability and reliability parameter evaluation.
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3 Methods

This section will discuss the analysis procedures for dual-source heat pumps. First, we will
clarify the research focus and describe the main research objective, performance indicators,
and operating parameters. Then, we will outline the basis for selecting the optimal circulation
medium and delve into the operational modeling procedures for dual-source heat pump
systems, including environmental parameter configuration. Then, Aspen Plus will be used
in the research for sensitivity analysis to explore the methods and advantages, based on the
current literature and the aim of study. Also, with the aim of providing a more detailed
evaluation of the changes in equipment requirements brought about by changes in various
system operating conditions, this study then product a preliminary estimate of the condenser
heat transfer area as well as making a rough assessment of the equipment investment cost
based on the area change. Planning a better parameter range through the relationship between

equipment investment cost and total system energy consumption, COP.

3.1 Problems definition

This chapter studies the impact of the compressor outlet pressure of the dual-source heat
pump system on system performance, with the aim of system efficiency improvement as
well as energy consumption reduction, by the uses of Aspen plus simulation platform, to
perform sensitivity analysis on compressor outlet pressure. More than those aspects, to
comprehensively evaluate the detailed changes in equipment requirements brought about by
changes in system operating conditions, this study also conducts a preliminary estimate of
the condenser heat transfer area as well as a rough assessment of the equipment investment
cost within the different situations of the area change. This study focuses on two main system
performance indicators. The first is the COP (Coefficient of Performance). COP is an
important parameter for measuring the energy efficiency of a heat pump system, defined as
the output heat generated per unit input power. The higher the COP, the better the energy

efficiency of the system. The expression is:

COP = (D
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Where Q,, indicates the amount of heat obtained by the heating end of the system, Wj,, is

the total power consumption done by the system, which is the network of the compressor.

In this study, the compressor outlet pressure (bar) parameter is selected as the decision

variable for sensitivity analysis.

During the simulation process, this study sets relevant simulation assumptions and boundary

conditions based on the operational characteristics of the dual-source heat pump system:

First, the condenser outlet temperature must meet the basic requirements of bath heating

demand to ensure that the heat pump system has an effective heating capacity.

Second, the compressor outlet pressure must be kept within the safe working range
recommended for the refrigerant R134a to ensure the normal operation of the system

equipment and structural safety.

Third, the thermophysical parameters of the refrigerant R134a (e.g., specific heat capacity,
density, viscosity, etc.) are assumed to be constant during the simulation process to simplify

the calculations and ensure model consistency.

Fourth, the system should maintain thermodynamically stable operation under each

simulation condition.
Fifth, the water vapor component in the air is not considered in this simulation.

Finally, when performing single-parameter sensitivity analyses, it is assumed that all
parameters except the study parameters remain constant to ensure that the effects of

individual parameters on system performance can be independently assessed.

3.2 Selection of circulating fluid

In a dual-source heat pump system, the selection of circulating working fluid plays an
important role in system performance, safety and environmental impact. Suitable working
fluid can not only improve system energy efficiency but also ensure long-term stable
operation of the system and reduce adverse impacts on the environment. Therefore, in this
study, multiple factors such as thermodynamic performance, environmental sustainability,

safety and economy were considered when selecting working fluid.
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In this study, R134a (1,1,1,2-tetrafluoroethane, chemical formula C,H,F,) was selected as
the system circulating fluid. R134a has a high latent heat of evaporation and a moderate
normal boiling point (—26.1°C). It can maintain good heat transfer efficiency within the
common heating and cooling temperature range. At the same time, its critical temperature
(101.1°C) also meets the system operation requirements. R134a belongs to the HFC
refrigerant, which is non-toxic and non-flammable, and performs well in ensuring system
safety. Although the global warming potential (GWP) of R134a is still higher than that of
some new low-GWP refrigerants, its environmental burden is significantly lower than that
of traditional CFC refrigerants, and it has a wide application base and mature technical
system. Considering that this study is mainly based on the analysis of system performance
parameters, and R134a has a good supply chain and moderate use cost, it was selected as the
working fluid of the dual-source heat pump system in this study. Table 1 shows the specific

data of R134a.

Table 1. The specific data of R134a.

Name R134a
Chemical name 1,1,2-tetrafluoroethane
Molecular Formula CH-FCF;
Type HFC
GWP 1430
Critical temperature[°C] 101.1
Normal boiling point[°C] -26.1

3.3 Simulation model construction

This study uses Aspen Plus software as a simulation platform to establish a mathematical
model of a dual-source heat pump system. Aspen Plus has powerful thermodynamic process

simulation capabilities, a rich physical property database, and flexible unit module
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configuration capabilities. It can effectively support the modelling and sensitivity analysis

of complex thermal systems.

During the simulation modelling process, a typical dual-source heat pump system process
was constructed. The system flow is shown in Figure 1, which shows the connection

relationship and fluid direction of each unit module.

Figure 1. Dual-source heat pump system simulation flow chart.

The system consists of basic units such as isentropic compressor (C-1), counterflow
condenser (R-1), water-side evaporator (R-2), air-side evaporator (R-3), mixer (B-1 and B-
4), expansion valve (B-5), splitter (B-3 and B-2) and cooler (R-4). In the model setup, the
blue stream and green stream represent the water and air streams, respectively, and the red

stream represents the R134a stream.
The circulating fluid (R134a) circulates through the system along the following path:

In the circulation process of a dual-source heat pump system, the low-pressure, low-
temperature refrigerant gas (S3) first enters the compressor and undergoes an adiabatic
compression process, where the temperature and pressure rise significantly to become a

high-temperature, high-pressure superheated vapor (S4). Subsequently, the high-
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temperature, high-pressure refrigerant flows into the condenser, exchanges heat with the
water-side medium, releases heat to the hot water system and condenses into a high-pressure
liquid (S5). After the liquid refrigerant enters the expansion valve (B-5), the pressure and
temperature of the liquid refrigerant decreases significantly, and the refrigerant becomes a
gas-liquid two-phase state (S6). Considering that the specific heat capacity of the water
source is greater than that of the air source, the heat transfer efficiency of the water source
is also greater than that of the air source. So, we put the liquid refrigerant into the water
source side evaporator (R-2) and the air source side evaporator (R-3) according to the ratio
of 19:1 to absorb the environmental heat from the water source or the air, respectively, and
evaporate it into low-pressure and low-temperature superheated gases (S1 and S2). After
absorbing heat, the two refrigerant gases are mixed in the mixer (S3) and re-enter the

compressor to complete the cycle.

For the water supply system, 20 ‘C water through the splitter (B3) according to the ratio of
1:4 through the splitter (B-3) split, 80% of the water (S9) into the condenser (R-1) for heating,
the output is 45 C of hot water (S11), and with the stream (S10) into the mixer (B-4) to get
40 ‘C of water for bathing, after the simulation of the bathing process (R-4) into the sewage
into the water source evaporator (R-4). After the simulated bath process (R-4), it turns into
waste water into the water source evaporator (R-2), part of the heat is absorbed by the
refrigerant R134a, and finally the waste water is discharged from the system. Since the inlet
and outlet water temperatures of the condenser are set to fixed values, the total heat load of
the condenser is kept constant, and only the output work of the compressor is considered in

the subsequent COP calculations.

Through this cycle, the system achieves effective recovery and transfer of environmental
heat energy and provides a stable heat output to the bathing system in the form of hot water,

thus completing the overall bathing function.

In the model setup, the basic parameters of water and air flow (e.g., temperature and pressure)
are set according to typical bathing conditions, and the initial pressure of each fluid in the

system is reasonably given based on engineering experience.
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3.4 Sensitivity analysis method

To systematically analyse the effects of changes in key operating parameters on the
performance of the dual-source heat pump system, the One-At-a-Time (OAT) sensitivity
analysis method was used in this study. This method changes a single decision variable one
by one while keeping other parameters unchanged, observes the trend of system performance
indicators (performance coefficient COP and energy consumption), and identifies the key

parameters that have a significant impact on system performance.

In this study, the compressor outlet pressure (bar) is selected as the decision variable for

sensitivity analysis.

In dual-source heat pump systems, compressor outlet pressure is a key parameter that
directly affects the energy efficiency and operational stability of the system and is therefore
selected for sensitivity analysis. The compressor outlet pressure determines the saturation
temperature of the refrigerant at the condenser side, which in turn affects the hot water

temperature and compressor energy consumption.

To ensure a reasonable reference benchmark for the sensitivity analysis, the initial operating
conditions were set in this study based on the bathing conditions and related literature. The

initial parameter settings are shown in Table 2.
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Table 2. Initial parameter settings for the simulation

Parameter Initial Value  Unit Type
Compressor outlet pressure 13 [bar]  Decision variable
Evaporator inlet pressure 3 [bar] Fixed condition
Air source inlet temperature 25 [°C] Fixed condition
Water source inlet temperature 20 [°C] Fixed condition
Working fluid type R134a - Fixed condition
Bathing water temperature 40 [°C] Fixed condition
Supply hot water temperature (S11) 45 [°C] Fixed condition
Bath temperature loss 7 [°C] Fixed condition
Evaporator outlet superheat temperature 5 [°C] Fixed condition
Compressor isentropic efficiency 80 [%] Fixed condition

The initial parameter settings refer to the relevant research results. The inlet water
temperature and the inlet air temperature were referenced to the indoor bathing temperatures,
and these temperatures are also in line with the range of applications for small heat pumps
proposed by Olympios, A.V (2024). The isentropic efficiency of the compressor is

referenced to Deng, J. (2024) for a performance study of an R134a compressor.

For the setting of the evaporator pressure, the inlet temperature needs to be higher than the
evaporation temperature of the condensate because the refrigerant needs to enter the
evaporator to absorb the heat from the air and water. According to the table in Carrier (2025),
the saturation pressure of R134a is about 5.72 bar at 20°C, so the evaporator pressure must
be less than 5.72 bar. Although too low an evaporator pressure can increase the heat transfer
drive on the heat source side, it can also lead to a significant drop in the evaporating
temperature, which reduces the stability of the system, as well as increase the load on the
compressor, and may also lead to internal evaporator Icing. While too high evaporator
pressure will weaken the heat transfer temperature difference, affecting the heat absorption
capacity, or even unable to realize effective heat transfer. Therefore, we set the evaporator

pressure at 3 bar as a fixed condition, because at 3 bar, the saturation temperature of R134a
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is 0.67°C, which can effectively prevent the evaporator from icing. To ensure that the system

can be operated safely, we set the evaporator outlet superheat temperature to 5°C.

To meet the bathing temperature demand (40°C), we fixed the condenser outlet cold stream
unit (S11) temperature to 45°C. To allow the compressor outlet pressure to meet the heat
transfer demand, we set the compressor outlet pressure to 13 bar and investigate the effect
of 12-14 bar on COP and total energy consumption, the compressor outlet pressure setting
is referenced from the Fu, Y. (2016) published of the bathroom simulation system. We
simulated the environment in a single-person bath by setting the water mass flow rate for the
bath at 300 kg per hour, the air exhaust mass flow rate at 60 kg per hour, and the condensate
mass flow rate fixed at 128 kg per hour to satisfy the heating demand at 12-14 bar, and the

results are shown in Table 3.

Table 3. The setting of streams’ mass flow rate

Parameter Initial value Unit Type
R134a 128 [kg/hr] Fixed condition
Water 300 [kg/hr] Fixed condition

Air 60 [kg/hr] Fixed condition

Based on the above base value setting, we conducted a simulation using Aspen and drew
temperature entropy diagrams of R134a streams at various points, Figure 2 shows the

temperature entropy diagram at a compressor outlet pressure of 13 bar.
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Figure 2. T-s chart for R134a at 13 bar.

From Figure 2, we can see that point 1 to point 2 is the process of compression of R134a
stream into the compressor, and point 2 to point 3 is the condensation process, due to the
phase change of R134a stream in this process, at 13 bar, R134a first cools down to the
saturation temperature, and then a large amount of heat released from the saturated gas turns
into the saturated liquid but the temperature doesn't change, and finally the saturated liquid
of R134a starts to continue to cool down, and finally into the expansion valve. Point 3 to
point 4 is the process of R134a stream entering the expansion valve, point 4 to point 1 is the
process of R134a stream entering the two evaporators. For safety reasons, the evaporator
superheat temperature is set at 5°C, so that the two parallel streams will have the same effect

and finally pass through the mixer and enter the compressor to complete the cycle.

It is worth mentioning that the entropy value of Aspen is calculated by following the

benchmark of 25°C, 1 atm, so the resulting entropy value is negative.

To investigate the effect of compressor outlet pressure on COP and energy consumption, we

present the range of the study in Table 4:
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Table 4. Variation ranges and step sizes of the decision variables

Decision variable Variation range Step size

Compressor outlet pressure 12-14 bar 0.5 bar

3.5 Heat transfer area and cost estimation method

In order to more comprehensively evaluate the impact of compressor outlet pressure on the
performance of dual-source heat pump systems, in addition to the single-parameter
sensitivity analysis, this study also provides a preliminary estimation and analysis of the
required heat transfer area requirement of the condenser and its associated investment cost
(this cost estimate is a rough estimation and does not take into account the cost of the

manufacturing materials and maintenance).

In a dual-source heat pump system, the condenser is the core heat transfer component, and
its heat transfer area affects the system's heat transfer capacity and energy efficiency
performance to some extent. Specifically, the heat transfer area itself does not directly
determine the heat transfer rate, but it works with the heat transfer temperature difference
(logarithmic mean temperature difference (LMTD)) and the condenser heat load to
determine the heat transfer capability, which in turn affects the amount of heat transferred in
the condensing process and the system's coefficient of performance (COP). Properly
designed heat transfer area ensures stable system operation under typical operating
conditions, meets heat load requirements, and balances energy efficiency with cost. If the
heat transfer area is insufficient, it may lead to incomplete condensation, low water
temperature, lower COP and increased energy consumption; too large a heat transfer area
can improve the heat transfer performance, but it will greatly increase the cost of the

equipment and the initial investment, reducing the economy.

The heat transfer area was estimated based on the heating load (Q) and LMTD extracted
from the condenser outlet by the Aspen Plus simulation platform under various conditions.
All simulations are based on set basic boundary conditions (e.g., fixed water supply

temperature) to ensure heat balance and data consistency.
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Based on the initial value setting, we will be able to calculate the value of LMTD, the specific

formula is as follows.

AT, — AT,
LMTD = ———= (2)

AT,
In (z7%)
where AT, is the temperature difference between the hot stream inlet temperature

(refrigerant) and cold stream outlet temperature (water), and AT, is the temperature

difference between the hot stream outlet temperature and cold stream inlet temperature.

Heat transfer area A is calculated using the following formula:

o Q
A= UTLMTD (3)

where A is the heat transfer area (unit: m?), and Q is the heating load released by the
condenser (unit: W); U is the heat transfer coefficient of the condenser, and LMTD is the
logarithmic mean temperature difference. In this study, U is taken as 2200 W/(m” *K),

refers to the research on microchannel brazed plate condensers published by Gu, Y et

al.(2020).

Since the R134a stream transitions from superheated vapor to saturated vapor, undergoes a
phase change to saturated liquid, and finally becomes subcooled liquid. Therefore, when
calculating the heat transfer area of the condenser, it is necessary to calculate the LMTD for
the three stages, determine the heat transfer areas for each stage, and then sum them to obtain
the total heat transfer area required for the condenser. Figure 3 shows the T-Q diagrams of
the condenser's hot stream and cold stream simulated using the Aspen Plus platform when

the compressor outlet pressure is 13 bar.
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Figure 3. T-Q diagram of hot and cold streams in the condenser at 13 bar

We recorded the inlet and outlet temperatures of the hot and cold flows in the three stages,
calculated the LMTD and the heat transfer area required for the condenser in the three stages,
and finally added the three areas together to obtain the final heat exchange area required for
the condenser. Table 5 shows the inlet and outlet temperatures of the hot and cold flows in
the three stages of the condenser at 13 bar, the calculated LMTD, and the heat exchange area

required for the condenser.

Table 5. The area and LMTD of the three stages of refrigerant

Process Material T in(°C)  Tout(°C) LMTD(°C) QW) A(m?

superheat Water 45 43 11.184 0.599 0.024
R134a 65.8 49.4

condensation Water 43 24.6 13.584 5418 0.181
R134a 494 49.4

subcooling Water 24.47 20 5.493 1.373 0.114

R134a 49.4 24.613
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Finally, the areas of the three stages are added together, resulting in a total heat transfer area
0f 0.319 m* required for the condenser. This value is nearly identical to the value output by
the AspenPlus platform, so the heat transfer area value for the condenser output by

AspenPlus is used for analysis in this paper.

The empirical formula used in this thesis refers to Li, G et al. (2021). The formula is as

follows.
C = 7296 = A%65 (4)

where C is the estimated cost of the condenser (unit CNY), and A is the heat transfer area

(unit: m*).

This formula includes the basic manufacturing cost (CNY 7296) and area-related costs. It
should be noted that in actual applications, the cost of the condenser will be further affected
by factors such as manufacturing materials, design pressure levels, and special process

requirements. This study uses the empirical formula only for preliminary economic analysis.

Through the estimation of the area and cost of the condenser, the changing trend of

equipment investment demand under different operating parameters can be further revealed.
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4 Results and discussion

In this chapter, based on the simulation model of the dual-source heat pump system
established by the method in the previous chapter, the simulation results of the sensitivity
analysis are given, and the impact of the compressor outlet pressure change on the system
performance is analyzed and discussed. Firstly, the trend of the impact of compressor outlet
pressure variation on the coefficient of performance (COP) and total energy consumption is
given; then, the impact on the required heat transfer area and estimated cost of the condenser
is further analyzed based on the characteristics of compressor outlet pressure variation, and
the COP and estimated cost of the condenser are compared to find out the suitable range to

maintain the balance between COP and economy.

4.1 Overall results of sensitivity analysis

In this study, the effect of compressor outlet pressure on the performance of a dual-source
heat pump system is investigated using a single-parameter sensitivity analysis. The main
analysed metrics include the coefficient of performance (COP) of the system and total energy

consumption.

The simulation results show that the compressor outlet pressure has a significant effect on
the system performance, i.e., when the compressor outlet pressure increases from 12 bar to
14 bar, the COP starts to decrease due to the increase in compressor work. The total energy

consumption starts to increase due to the increase in the compressor pressure ratio.

In conclusion, the compressor outlet pressure is a parameter that can directly affect the
performance of the system, so it is very important to control a reasonable pressure range to

realize the reduction of energy consumption and stable operation of the system.

4.2 System performance in effect of compressor outlet pressure

To analyse the effect of variation in compressor outlet pressure on the performance of the

dual source heat pump system, a sensitivity analysis was carried out in this study in the range
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of 12.0-14.0 bar, use 0.5 bar as the step size, and the variation in total power consumption
and COP at different pressures were recorded separately. The total power consumption and
COP variations at different pressures were recorded to analyse the causes of this

phenomenon.

Figure 4 shows the change in total system energy consumption as the compressor outlet

pressure increases.

Power consumption
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1.42

1.4
1.38
1.36
1.34

1.32
11.5 12 12.5 13 13.5 14 14.5

kw

Compressor outlet pressure (bar)

—®— Power consumption

Figure 4. The relationship between compressor outlet pressure and power consumption.

From the figure we can see that as the compressor outlet pressure increases, the total energy
consumption of the system starts to increase from 1.33 kW to 1.47 kW. From another point
of view, the power consumption of the compressor can be approximated by the isentropic

compression process as follows:
PZ T
M/comp = CpTl <_> -1 (5)

Where ¢, is the specific heat capacity at constant pressure (J/(kg*K)),T; is the absolute
. P, . . . ) )
temperature before compression (inlet) (K),P—2 is the compression ratio, and T is the specific
1

heat ratio.
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From the formula, the increase in compression ratio will lead to an increase in compression
work, which is the main physical reason for the increase in total system energy consumption

caused by the increase in outlet pressure.

Figure 5 shows the results in the range of 12bar-14bar to study the effect of compressor

outlet pressure on COP in this range.
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Figure 5. The relationship between compressor outlet pressure and COP.

From Figure 5, we can see that when the compressor outlet pressure increases from 12 bar

to 14 bar, the COP decreases from 5.66 to 5.09, which is a decrease of about 10 %.

This trend is consistent with the basic thermodynamic laws of heat pump systems. According
to the COP calculation method in 3.1 of this paper, it can be learned that when the input
power of the compressor increases while the total load of the system remains constant, it

eventually leads to a decrease in COP.

4.3 Analysis of required heat transfer area and estimated cost investment of

condenser

This section calculates and analyses the heat transfer area and initial investment cost using

simulation data based on the methodology in Section 3.5. Considering that the condenser
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cold steam outlet temperature (45°C), cold water inlet temperature (20°C) and condenser
mass flow rate are fixed values in the system, and that the heat load of the condenser is a
constant value (7.513 kW), the effect of the change in the compressor outlet pressure on the

demand of the condenser is mainly reflected indirectly through the change in LMTD.

In the heat transfer area estimation, the heat transfer coefficient U of the condenser is set to
2200 W/ (m?* *K). According to the initial value setting, we find through Aspen Plus
simulation platform that the LMTD output of the system is 12.04°C when the compressor
outlet pressure is 12 bar. It is worth mentioning that, in the actual simulation, the outlet
temperature of the compressor is not equal to the saturated temperature at this pressure,
because the refrigerant is in the superheated zone currently. The refrigerant is in the
superheated zone and therefore its natural temperature is higher than the saturation

temperature at this pressure.

Table 6 shows the temperature change and LMTD of the hot and cold inlets and outlets as

the compressor outlet pressure is increased from 12-14 bar.

Table 6. Temperature change of inlet and outlet of hot and cold flow streams

Pressure Hot in Cold in Hot out Cold out LMTD
(bar) °C) °C) °C) °C) °C)
12 62.133 20 23.126 45 8.234
12.5 63.976 20 23.886 45 9.516
13 65.761 20 24.613 45 10.735
13.5 67.492 20 25.310 45 11.902
14 69.173 20 25.979 45 13.024

Therefore, we use the LMTD value from the Aspen output to calculate the heat transfer area
of the condenser. Table 7 shows the heat load and LMTD of the condenser when the
compressor outlet pressure is increased from 12 bar to 14 bar, and the required heat transfer

area of the condenser is calculated using the formula in Section 3.5.
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Pressure (bar) LMTD(°C) A (m?)
12 8.234 0.415

12.5 9.516 0.359

13 10.735 0.318

13.5 11.902 0.287

14 13.024 0.262

As can be seen from Table 6, the LMTD value of the condenser increases from 8.234°C to

13.024°C with an increase in compressor outlet pressure, an increase of 58.17%. The

required heat transfer area of the condenser decreases from 0.415m* to 0.262m*, a decrease

of about 36.87%. This is due to the fact that in a heat pump system, an increase in the

compressor outlet pressure leads to an increase in the compressor outlet temperature, which

in turn leads to an increase in the temperature gradient inside the condenser, which means

that more heat can be transferred from the condenser in the same amount of time, which

reduces the required heat transfer area.

Using the empirical equation presented by G Li et al. (2021), we can predict the cost of the

condenser. Table 8 shows the required heat transfer area and predicted cost of the condenser

at compressor outlet pressures of 12 bar to 14 bar.
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Table 8. Required heat transfer area and estimated investment cost of the condenser

Pressure (bar) A (m?) C (CNY)
12 0.415 4117.567

12.5 0.359 3747.932

13 0.318 3465.391

13.5 0.287 3240.561

14 0.262 3056.361

Since area and cost are linearly related in the empirical equation for condenser cost presented
by G Li et al. (2021), we can see that when the required heat transfer area of the condenser
decreases from 0.415m? to 0.262m?, the investment cost decreases from CNY 4117.567 to

CNY 3056.361, a reduction of 25.77%.

Figure 6 shows the estimated investment cost and total energy consumption of the condenser

when the compressor pressure is changed from 12 bar to 14 bar.
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Figure 6. The relationship between total power consumption and investment cost.
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It can be seen from Figure 6 that as the compressor outlet pressure increases from 12 bar to
25 bar, the cost of the condenser begins to decrease, and the COP begins to increase.
Consider the balance between control cost and COP. It is recommended to set the compressor

outlet pressure around 13 bar.
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5 Conclusions

The Aspen Plus simulation platform systematically explores the effect of compressor outlet
pressure on system performance using a dual-source heat pump system model and single-
parameter sensitivity analysis. The results show that when the compressor outlet pressure
increases, the COP decreases significantly and energy consumption increases. However,
from the economic point of view, the required condenser heat exchange area and the
equipment investment cost decrease at the same time. Considering the COP and economy,

it is recommended to set the compressor outlet pressure around 13 bar.

It should be noted that all simulations and performance evaluations in this study are based
on a water supply temperature of 45°C and a compressor outlet pressure in the range of 12-

14 bar, so the recommended pressure range is appropriate for this operating condition.

This study is limited to using steady-state simulations and simplified system models.
Dynamic behaviour, control strategies, and transient environmental conditions were not
considered. In addition, only one parameter was analysed using a one-time sensitivity
approach and the interaction between multiple parameters was not explored. Cost estimates
were also based on generic empirical models rather than manufacturer-specific data. These

simplifications may affect the generalizability of the results to real systems.
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