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Abstract: Nanofluids have great potential to improve the heat transfer properties of liquids, as
demonstrated by recent studies. This paper presents a novel idea of utilizing nanofluid. It analyzes
the performance of a HVAC (Heating Ventilation Air Conditioning) system using a high-performance
heat transfer fluid (water-glycol nanofluid with nanoparticles of Al2O3), in the university campus of
Lecce, Italy. The work describes the dynamic model of the building and its heating and cooling system,
realized through the simulation software TRNSYS 17. The use of heat transfer fluid inseminated
by nanoparticles in a real HVAC system is an innovative application that is difficult to find in the
scientific literature so far. This work focuses on comparing the efficiency of the system working
with a traditional water-glycol mixture with the same system that uses Al2O3-nanofluid. The results
obtained by means of the dynamic simulations have confirmed what theoretically assumed, indicating
the working conditions of the HVAC system that lead to lower operating costs and higher COP
and EER, guaranteeing the optimal conditions of thermo-hygrometric comfort inside the building.
Finally, the results showed that the use of a nanofluid based on water-glycol mixture and alumina
increases the efficiency about 10% and at the same time reduces the electrical energy consumption of
the HVAC system.

Keywords: nanofluid; thermal conductivity; nanoparticles; TRNSYS; HVAC system; COP

1. Introduction

Nanofluids represent a new generation of heat transfer fluids for various applications
because of their good thermal performance. They are dilute suspensions of nanometer-
sized particles or fibers dispersed in a liquid. The story of this heat transfer fluids started in
1873 when Maxwell was the first one to carry out studies aimed to increasing the thermal
conductivity of liquids through solid particles. Only after more than a century, Choi et al. [1]
showed that the addition of metallic nanoparticles increased the thermal conductivity of
base-fluids. The use of nanoparticles as additive in heat transfer fluids is preferable to
microparticles because they remain in suspension for longer and have a specific surface
greater than about a factor of 103 [2,3].

Nanofluid’s thermal conductivity is a function of several parameters as nanoparti-
cle’s material, volume fraction, spatial distribution, size and shape, as well as base fluid
type, temperature and Ph. [4–7]. Experimental results generally show an enhancement in
thermal conductivity, which increases with the nanoparticle’s volume concentration [4].
Das et al. [8] experimentally identified the relationship between thermal conductivity and
temperature for nanofluids based on Al2O3 and with a volume concentration of 1%, that
yielded an increase of 2% in thermal conductivity compared to pure water. Hamilton and
Crosser [9] investigated spherical and non-spherical millimeter sized particle suspensions
and demonstrated that the shape of the dispersed particles could also play an important
role in the determination of the effective thermal conductivity of suspensions. Das [8],
Patel [10] and Chon [11] showed the inverse dependence of particle’s size on thermal
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conductivity. In particular, Beck et al. [12] reported that thermal conductivity increases
with the decrease of nanoparticle’s diameter.

One of the main problems related to the use of nanofluids is the nanoparticles stability
in suspension. Having a reduced size, they could deposit inside the pipes if not well
stabilized and could clog microchannels or erode them superficially, causing pressure
drops and other damages in ducts. The stability of any nanofluid is a very significant factor
that determines whether the nanofluid is suitable or not for a specific application [13–15].
Stability of nanofluid is strongly affected by the characteristics of suspended particles
and base-fluids such as the particles’ morphology and their chemical structure. Moreover,
due to very high surface to volume ratio, within nanofluids the surface tension between
nanoparticles can produce aggregation and sedimentation phenomena. For this reason, the
addition of surfactant can improve the stability of the suspension [16,17]. Besides, nanoflu-
ids with and without surfactants show a non-Newtonian behavior and their viscosity rises
with increasing cluster’s size.

Numerical and experimental studies on nanofluids and their applications, such as
solar thermal, photovoltaic, internal combustion engines and oil recovery [18], confirmed
an increase in heat transfer performance of about 10% compared to traditional heat transfer
fluids, such as water or water-glycol mixtures [19–25]. Even if a small quantity of nanopar-
ticles is added at a volume ratio of less than 1%, the thermal conductivity increases of about
10% compared to traditional heat transfer fluids, such as water or water-glycol mixtures
while the energy efficiency of PVT systems using SiO2-water nanofluids at 1 and 3% in
volume ratio concentration was increased by 3.6% and 7.9% respectively, compared to pure
water. [25,26]. Reddy et al. [27] and Sardarabadi et al. [28,29] have analyzed nanofluid as re-
frigerant, flowing in the receiver tube of a linear concentration solar system. In their studies
they noted that the addition of nanoparticles in water or oils improved both heat transfer
and absorption characteristics of the working fluid. Zheng et al. [30] studied nanofluid
as refrigerant fluid in diesel cylinder-head with jet impingement and the computational
fluid dynamic simulation demonstrated that the nanofluid had better cooling effect than
traditional coolant, but the good effect depended also by the volume fraction of nanofluid.
Nanofluids have also been studied as an external cooling jacket around the condenser of an
air conditioning system [31]. The experimental results showed that the Cu and Al2O3 based
nanofluids had a higher temperature-drop than pure water. Moreover, the temperature-
drop increased as the volume fraction of nanoparticles in the liquid increased and this was
due to Brownian motion and the thermal properties of nanofluids. Colangelo et al. [32]
studied the use of a nanofluid as working fluid in a solar cooling system consisting of
several flat solar collectors that supply the generator of a water-lithium bromide absorption
chiller. The analysis, carried out by means of the dynamic simulation software TRNSYS,
suggested the possibility to use nanofluids in several systems, characterized by closed
loop working fluids, in order to improve their efficiency, which means energy and cost
savings. Nanofluids consisting of base fluid and carbon nanotubes as cooling liquids were
investigated as well [33]. These studies showed a maximum effective efficiency of 42%
compared to pure water because the carbon nanotubes increase the rate of heat transfer.
Khullar and Tyagi [34,35] analyzed nanofluid as working fluid in linear parabolic collectors.
In particular, they compared the performance of a conventional parabolic collector with
a nanofluid-based collector and also studied the effect of various parameters, such as
particle concentration ratio and fluid velocity. They found that, under similar working
conditions, the linear parabolic collector based on nanofluid was more performing than the
conventional one. Marefati et al. [36] have studied the energy and exergetic contribution
of the nanofluids in solar collector. They implemented the solar collectors on MATLAB
and then have carried out an energy analysis comparing also the cost of electricity of the
collectors that use Cu and Al2O3 nanoparticles arriving at the solution that aluminum
particles lead to a lower electricity cost than Cu. More studies proposed pure carbon-based
nanofluid or metal oxides to maximize the solar absorption over a broader solar spectrum;
Sattar at al. [37] studied the performance of a direct absorption collector for solar thermal
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energy conversion and their work led to the conclusion that pure graphene oxide based
nanofluid is a good potential candidate for direct absorption solar collection to be used in
different solar thermal energy conversion applications.

The nanofluid used in this paper is composed by water-glycol and aluminum oxide
(Al2O3) nanoparticles, having polycrystalline structure and good mechanical properties,
such as resistance to corrosion, abrasion and heat, that deliver efficient, reliable and
consistent performance over a wide temperature range with little effects on viscosity, and
therefore, on system fluid pumping energy. The use of fluids containing suspended solid
particles in HVAC systems are expected to show significant enhancements compared to
conventional heat transfer fluids [38]. Balla et al. [39] studied the heat transfer coefficient
of multi-metallic nanofluid with Cu and Zn nanoparticles. They found that the thermal
conductivity of the nanofluid was highly affected by the volume fraction of nanoparticles in
particular, the increase was 40% for Cu while for the Zn it was 20% compared to water for
volume fraction of 1%. In the studies carried out so far, Al2O3-water mixture has an increase
in viscosity between 20% and 30% for 3%vol Al2O3 [40]. In particular, the viscosity of the
Al2O3-ethylene glycol solution has a similar viscosity of Al2O3-water, but the first one has a
higher thermal conductivity than the second one. Jasim et al. [41] studied the improvement
in thermal performance of Al2O3-water nanofluid in a double pipe heat exchanger and
their results indicated that the heat transfer increased with increasing nanofluid volume
concentration and volume flow rates. Das et al. [42] observed that the use of nanofluids in
heating of buildings can reduce the size of the heat transfer system, with positive effects on
pressure drops and subsequent pumping power; besides nanofluids can reduce also the
size of heat exchangers, pumps and other components.

The objective of this work was to calculate the increase in performance of a HVAC
system, due to the use of a nanofluid, evaluating all energy fluxes, in order to prepare
the field for an extended experimental campaign. TRNSYS has been used to study, ana-
lyze and quantify the efficiency of the system and to evaluate its transient and average
performance [43].

2. TRNSYS Model

In this work an educational building was simulated by using the dynamic software
TRNSYS 17. This is a software used to simulate the behavior of transient systems [44–46],
having the capability of interconnecting system components, solving the system differ-
ential equations and producing useful information as output. It allows the modelling of
the building components including the occupancy profile, internal and external gains,
orientation and solar gains through windows, longwave radiation exchange with other
walls and windows, HVAC systems etc. It is also possible to represent the real stratigraphy
of the building’s wall elements.

The building considered in this paper (Figure 1), was built in 2001 and it is located in
Monteroni of Lecce, a small town in the South of Italy (Lat. 40◦19′, Long. 18◦5′).

According to the Italian regulations UNI 10349-1:2016, Lecce is located in the climatic
zone C and the standard heating season ranges from 15 November to 30 March.
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Figure 1. 3D view of the educational building “Corpo O” in the Campus of University of Salento,
Lecce, Italy.

2.1. Building Description

The educational building under investigation is characterized by a symmetry that
divides it into 2 mirror parts, equipped with the same HVAC system. The structure con-
sists of four floors, three of them are air conditioned, while the basement floor is an
unconditioned zone.

The building was simulated as a multizone building by means of the TRNBUILD
plug-in. Particularly, the building model was developed by considering six typologies of
thermal zones:

1. right ground floor;
2. left ground floor;
3. right first floor;
4. left first floor;
5. right second floor;
6. left second floor.

The infiltration rate was set equal to 0.5 changes per hour, according to the UNI
12831-2006, while the internal gains, related to video terminals, computers, copiers, server,
printers, etc., have been modeled with the convective fraction of 0.4, as defined by the ISO
52016-1:2017 and considering the following occupancy profile: 8.00–18.00 from Monday
to Friday for students, while for teachers and school staff 8.00–14.00 during Saturday as
well. Room lighting was provided by fluorescent lamps when the natural light was not
sufficient. Finally, each zone was characterized by an indoor ambient temperature equal to
20 ◦C in winter and 26 ◦C in summer, according to the UNI 10344.

In the present analysis 4 different opaque elements and 2 transparent windows were
considered, whose main thermophysical characteristics are reported in Tables 1 and 2
respectively. In particular, the windows have been chosen from the TRNSYS library so
that the specified thermal transmittance values correspond to the values for the reference
building in Italy.
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Table 1. Thermophysical properties of opaque components of the building.

LAYER S
[m]

λ

[W/m◦C]
C

[W/m◦C] ρ [kg/m3] δa × 1012

[kg m s Pa]
δu × 1012

[kg m s Pa]
R

[m◦C/W]

EXTERNAL WALL

Tuff 0.1 1.7 2300 0.019 0.021 0.059
Air gap 100 mm 0.1 0.64 1 193 212.3 0.156
Polyurethane foam 0.05 0.04 30 2.412 2.654 1.25
Tuff 0.15 0.63 4200 1400 0.019 0.021 0.238
Lime plaster 0.01 0.7 35 1400 19.3 21.23 0.014

INTERNAL WALL

Lime plaster 0.01 0.7 35 1400 19.3 21.23 0.014
Perforated brick 1.1.22 150 0.15 2.22 1800 193 212.3 0.45
Lime plaster 0.01 0.7 35 1400 19.3 21.23 0.014

INTERNAL FLOOR

Marble tiles 0.02 3 300 2700 0.019 0.021 0.007
Ordinary concrete 0.1 1.28 2200 2.757 3.033 0.078
Dry sand 0.02 0.6 1700 12.867 14.153 0.033
Floor block 2.1.031/1 180 0.25 3.33 1800 193 212.3 0.3
Lime or cement mortar 0.01 0.9 1800 9.65 10.615 0.011

COVERING ROOF

Ordinary concrete 0.02 1.28 2200 2.757 3.033 0.016
Exterior brick wall 800 0.13 0.41 800 38.6 42.46 0.317
Ordinary concrete 0.04 1.28 2200 2.757 3.033 0.031
Synthetic foamed polyester 0.02 0.04 20 4.289 4.718 0.5
Ext. wall reinforced concrete 0.13 1.31 2000 3.86 4.246 0.099
Semi-rigid wood panel 0.02 0.043 20 193 212.3 0.465
Lime or cement mortar 0.02 0.9 180 9.65 10.615 0.022
Terracotta tiles 0.02 0.72 1800 27.571 30.329 0.028

Table 2. Thermophysical properties of the windows.

Description
Ag

[m2]
Af

[m2]
Lg
[m]

Kg
[W/m2◦C]

Kf
[W/m2◦C]

Kl
[W/m2◦C]

Kw
[W/m2◦C]

WINDOW
Single window 1.35 0.09 4.6 1.045 3 1.173

WINDOW GLASS
Single window 1.79 0.45 5.28 1.045 3 1.442

Actually, each HVAC system is composed by two heat pumps and AHU (Air Handling
Unit). The characteristics of these components are shown in Tables 3 and 4.
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Table 3. Air Handling Unit characteristics.

Model Air Handling Unit UTS 05

Air flow 6000 m3/h
Static pressure 200 Pa
Absorbed power 0.55 kW

Cold coil with chilled water

Water flow 11.8 m3/h
Air Temperature In 32 ◦C

Out 13.6 ◦C
Pressure drop 169 Pa
Flow speed 2.5 m/s
Water Temperature In 7 ◦C

Out 12 ◦C
Pressure drop 26.5 kPa

Cross flow heat recovery unit with upper shutters

Supply air flow 6000 m3/h
Supply air temperature −5 ◦C
Extract air flow 5000 m3/h
Extract air temperature 22 ◦C
Fresh air temperature 8 ◦C
Total efficiency 49.5%

Table 4. Heat pump characteristics.

Model WSAN-XEE 302

Compressor
Type 2 Scroll
Refrigerant circuit 1
Refrigerant charge 8.28 L
Internal exchanger
Water flow 3.4 L/s
Maximum water flow 5.4 L/s
Pressure decrease 41.9 kPa
Useful pump discharge 131 kPa
External exchanger
Fans 6
Standard air flow 6971 L/s
Installed power unit 0.18 kW
Expansion case
Capacity 5 L
Maximum pressure on the water 550 kPa
Storage tank
Inertial tank 130 L

2.2. Simulation Model

The building was simulated by using a time step of 1 h and by considering the
heating and cooling season as simulation duration. Particularly, the HVAC system of the
educational building was modelled in TRNSYS, as shown in Figure 2.
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Figure 2. System model in TRNSYS.

TRNSYS 17 allows analyzing the system in a semi-dynamic way, having the advantage
of working with the typical weather data of the region, in order to study the system
under more realistic operating conditions [47]: the typical meteorological year (TMY) that
represents the climate of Lecce, included within TRNSYS weather data files, was employed
as climatic input data.

With reference to Figure 2, for each side of the building, the air is extracted from the
outside through a fan (Type 744), passes through the heat pumps (Type 505) (arranged
in parallel configuration), where the heat transfer between air and fluid takes place. By
a distribution system (Type 647), the air passes through the heating or cooling batteries
(Type 753 and 508 respectively) and finally it arrives in the building (Type 56), satisfying
the required thermal loads. The structure is equipped with an air recirculation system
that allows to extract from the indoor environment, by means of fans, about 5000 m3/h
of exhaust air and send it to a crossflow static recovery heat exchanger (Type 667). In this
component, 5000 m3/h of exhaust air exchanges heat with 6000 m3/h of external fresh
air, which, once regenerated, enters within the air handling unit and then circulates in the
HVAC circuit. The remaining air, on the other hand, is expelled to the outside environment.

On the water side, the system is a closed loop circuit. The water coming out from the
heat pumps fed the fan coil units inside the building and the coil of the AHU through the
circulation pumps (Type 742). After the heat exchange, the water from the utilities returns
to the heat pumps to start a new cycle.

Type 56 models the thermal behavior of the building, whose characteristics are stored
in a set of external files, obtained by running the preprocessor program TRNBuild. It calcu-
lates inside air temperatures, ventilation rates, infiltration etc., according to the thermal
characteristics of the building [44,48,49].

Type 505 models a single-stage liquid source heat pump. This component conditions
the main air stream by rejecting energy to (cooling mode) or absorbing energy from (heating
mode) a liquid flow. Type 505 is based on user-supplied data files containing catalog data
for the capacity (both total and sensible in cooling mode), and power, based on the entering
water temperature to the heat pump, the entering water flow rate and the air flow rate.

The power-on of the heat pumps is scheduled according to technical standards. Since
it is located in climatic zone C, the system operates from 15 November to 30 March in
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heating mode and from 15 June to 15 September in cooling mode. This on-off program is
controlled by a heating and cooling season scheduler (Type 517 and Type 519).

Type 753 and Type 508 model a simple heating and cooling coil, respectively where the
air is heated or cooled as it passes across a coil containing a hotter or cooler fluid (typically
water-glycol). This model uses the bypass fraction approach for heating and cooling coil to
solve the outlet air and water conditions.

Within the TRNSYS types, the nanofluid is considered as a continuous, homogeneous,
single-phase fluid and only the macroscopic thermophysical properties are considered.

2.3. Second Simulation Model

Using different heat transfer fluids involves the variation of the overall heat exchange
coefficient of the system, because it depends on the convective heat transfer coefficient as
the different chemical and physics composition of the heat transfer fluid leads to a variation
of the thermo-physical properties.

By analogy with the Ohm’s law, the global heat transfer coefficient of the system (U)
is related to the total thermal resistance Rt by the following Equation (1):

Rt =
1

UA
(1)

The external convective heat transfer coefficient he is 10÷ 100 W/m3K, but the internal
convective heat exchange coefficient is different, according to the different types of heat
transfer fluids used, because it depends on the Nusselt number (Nu) [50] and on thermal
conductivity of the fluid (kp), according to Equation (2):

hi =
Nukp

D
(2)

In order to take into account, the increase in the convective heat transfer coefficient,
it was decided to carry out a simulation that presents a different model of the HVAC
system. In this model, represented in Figure 3, an external heat exchanger has been added
(represented by Type 17), because the heat pump represented by type 505 does not consider
the different convective heat transfer coefficient of the nanofluid, but only the specific heat
capacity of the heat transfer fluid, therefore an external heat exchanger was used in such
a way, to consider the global heat transfer coefficient (UA) as input data for the energy
calculations in a more accurate and realistic way.

The heat transfer fluid coming out of the heat pumps is conducted into an external
heat exchanger, represented by type 17, optimized to exploit the improved heat transfer
performance of the nanofluid. This element takes into account the change in the overall heat
exchange transmittance (UA) and the specific heat of the heat transfer fluid and calculates
the efficiency for a given fixed value of the overall heat transfer coefficient. Of course, the
change in the heat transfer fluid leads to a change in the overall heat transfer conductance
because it depends on the chemical and physical characteristics of the working fluid used
in the system.
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Figure 3. Second system model with ad-hoc external exchanger in TRNSYS.

In this new system, represented by the scheme in Figure 3, the heat pump’s parameters
in input are the macroscopic properties of the nanofluid such as thermal conductivity,
specific heat, viscosity and density.

In particular the heat pump simulated by type 668 operates in temperature level
control like an actual heat pump would. This type takes the density, the specific heat and
inlet flow temperature of liquid stream as input parameters. The absorbed energy from the
heat transfer fluid in heating is given by the Equation (3):

.
Qabsorbed/rejected = Capheating/cooling ∓

.
Pheating/cooling (3)

where Capheating/cooling is the machine’s heating/cooling and
.
Pheating/cooling is the

power draw.
The outlet temperatures of the liquid streams can then be calculated using Equation (4):

Tsource,out = Tsource, in ∓
.

Qabsorbed/rejected
.

msourceCpsource
(4)

The heat pumps, represented by the type 668 or 505, do not consider the different heat
transfer coefficient h of the nanofluid, therefore it was thought to simulate the external heat
exchanger using the type 17 which represents an external heat exchanger.

In particular, with the external exchanger it is possible to consider the importance
of heat exchanger transmittance of the nanofluid because this type takes mass flow rate
and the overall conductance for heat exchanger as input parameters. Type 17 relies on
an effectiveness minimum capacitance approach to model the heat exchanger. The type
needs as input the heat exchanger’s UA and inlet conditions. The model then calculates
whether the cold or the hot side is the minimum capacitance (Equations (5) and (6)) side
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and then calculates the effectiveness based upon the specified flow configuration and on
UA by Equation (7):

Ccooling =
.

mCCpc (5)

Cheating =
.

mhCph (6)

ε = 1− exp

[(
Cmin
Cmax

)(
UA
Cmin

)0.22
{

exp

[(
−Cmin
Cmax

)(
UA
Cmin

)0.78
]
− 1

}]
(7)

The type 17 takes into account the increase in the heat exchanger coefficient of the
nanofluid and the changes in energy performance of the entire system.

2.4. Nanofluid Characteristics

In order to calculate the increase in performance of the HVAC system, due to the use
of a nanofluid as heat transfer fluid, in this study an aluminum oxide-based nanofluid,
Maxwell2020 [51], has been considered. It is capable of increasing thermal conductivity and
convective heat transfer with respect to the base fluid. Its characteristics are summarized
in the Table 5.

Table 5. Properties of the nanofluid, called MAXWELL 2020 [51], used in the simulations.

Composition (% by Weight)
Propylene Glycol
Performance Additives
Water

37
2
61

Color White
Odor Odorless
pH 10
Specific Weight [kg/m3] at 25 ◦C 1.078
Operating Range [◦C] −22 to 65
Freeze Point [◦C] −22
Burst Point [◦C] −51
Boiling Point [◦C] 105
Flash Point [◦C] 104
Thermal Conductivity [W/m K] at 20 ◦C 0.471
Specific Heat [kJ/kg K] at 20 ◦C 3.51
Viscosity [mPa s] at 20 ◦C 4.74

3. Model Validation

An experimental analysis was carried out on the real HVAC system of the building in
order to validate the TRNSYS model. The test consists in installing nanofluid in one of the
two symmetric units of the HVAC system and comparing their performance one against
the other, monitoring the performance of each unit of the HVAC system.

During the experimental analysis the thermal energy produced by each system was
monitored by means of thermal energy meters.

The thermal energy meter (CONTECA EASY by Caleffi) is of the direct type and it is
particularly suitable for measuring thermal consumptions in civil buildings. It consists of
an electronic calculation unit, a turbine volume flow meter and two temperature probes.
The technology and the materials used allow a precise and reliable measurement.

The flow meter is made of steel, has a flanged connection, and resists to a fluid
temperature of 90 ◦C. It was installed in horizontal position respecting the flow direction.
The temperature probes are of high precision NTC type, with a measurement sensitivity
lower than 0.05 ◦C. They have been positioned in correspondence of the inlet flow and
return pipes according to the EU EN 1434 and DIN 40050.

The thermal energy meter is able to acquire up to four pulse inputs, two of which are
digital. In the experimental tests a centralized remote transmission in M-Bus was used.
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The acquisition device (Datalogger DATA EASY) allows to acquire and to record the
data from the thermal energy meter and has an integrated web interface that allows the
analysis of consumptions, instant data and the possibility of consulting historical data up
to a maximum of 10 years.

Testing was focused on measuring the coefficient of performance (COP) of both HVAC
lines. The coefficient of performance was calculated as:

COP =
Eth
Eel

, (8)

where Eth is the output thermal energy (kWh) and Eel is the input electrical energy con-
sumption (kWh).

Experimental analysis last fifteen days in the heating season, from the 2 March 2020 to
the 12 March 2020. In this phase, both HVAC systems operated under similar conditions.
The system operating with nanofluid was “Circuit 1”, while the other one “Circuit 2”.

The results of experimental tests were analyzed and showed that Circuit 1 had an
increase in performance.

The average increase in performance in the two weeks of testing was 10.8%.
The data acquired by the thermal energy meters were compared with the data obtained

by the simulations carried out by means of TRSNSY software. For the simulations it was
used the climatic data of Lecce, from 2 March 2020 to the 12 March 2020, from the weather
data archive provided by ARPA [52], the regional agency for the environmental protection,
that monitors the climatic conditions by means of a weather station located in Lecce.

The system simulated by TRNSYS software works in the same temperature range at
the terminals, 45 ◦C in the winter as the real one. Both the systems (the simulated one and
the real one) are active in the same working hours, from 8 a.m. to 4 p.m. and under the
same real weather conditions, provided by the Arpa site [52].

In Figures 4 and 5 it is possible to compare the COP values obtained by the simulations
and the results by the experimental tests in CLIVET 1 and CLIVET 2 respectively. From
the graphs it can be seen that the COP obtained by the simulations are very similar to the
experimental ones, with less than 10% of error, therefore the TRNSYS model is reliable.

Figure 4. Comparison between COP values by simulation and experiments for CLIVET 1.
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Figure 5. Comparison between COP values by simulation and experiments for CLIVET 2.

4. Results and Discussion

The graph in Figure 6 shows the energy request in heating and cooling seasons by
the building for a whole year. The building’s thermal demand is expressed in kWh in
absolute values.

The total thermal requirement, represented by in Figure 6, includes the sensible and
latent heat required by the building during a whole year and can be divided into winter
and summer season, represented by red and blue, respectively.

The building’s winter thermal loads, which are the ventilation, infiltration, and hu-
midification load, were taken into account, while in summer it was considered the high
load due to the radiation to which the building is subjected. For the whole year were
considered the internal loads due to lighting, video terminals and the presence of staff
inside in the office.

From the Figure 6 it is possible to see areas in which there is no request for thermal load
by the building and this is due to the fact in those months, in particular April, May, October
and mid-November, the air condition and heating systema are turned off by regulations.
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Figure 6. Energy request for “Corpo O” by dinamic simulation.

The performance of the HVAC system working with water and glycol as heat transfer
fluid and the same system working with nanofluid have been compared. Particularly, three
different dynamic simulations lasting 8760 h (1 year) were compared by means of TRNSYS
with a time step of 1 h:

- 1st simulation: HVAC system in standard operation (without changes to operating
conditions) working with traditional heat transfer fluid (60% of water and 40% of
glycol) and nanofluid;

- 2nd simulation: HVAC system working by keeping the thermal power transferred to
the building constant and using water-glycol first and nanofluid after;

- 3rd simulation: HVAC system with external heat exchanger working with traditional
heat transfer fluid and nanofluid.

Simulations

In the first simulation, the results show that by using nanofluid and consuming about
2% more it is possible to obtain an increase in heat transferred to the building of about
8%. In addition, each heat pump shows a higher coefficient of performance with nanofluid
than water-glycol of 4.4% and 2.6% for COP and EER respectively.

In the second simulation the HVAC system has been simulated keeping constant the
thermal power transferred to the building. To obtain this result, the fancoils temperature
has been modified: if water-glycol is used as heat transfer fluid, its normal value is equal to
45 ◦C and 10 ◦C in heating and cooling season, respectively. While, with the nanofluid, it
has been set to 40 ◦C and 15 ◦C.

As can be seen in Figure 5, in the third simulation there is a further increase in the
performance of the system with nanofluid, compared to that with base fluid, because the
third simulation considers the increase in the heat transfer performance of nanofluid.

With the addition of an external heat exchanger in the model in TRNSYS there will
be an increase of the transferred heat of 11% for the system with nanofluid. The system
working with nanofluid, however, is able to transfer about 11% more heat and to consume
about 1% less electricity.
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In this case it is confirmed what was supposed under the theoretical point of view:
the nanofluid is more performing than the traditional mixture of water and glycol both
under the heat transfer performance and consumption points of view.

Figure 7 shows that in the first simulation the nanofluid system is more performing
than the system working with traditional fluid. Actually, in winter and in summer the heat
transferred from the nanofluid system is about 10% more than the heat transferred from
the other one. The second simulation is a comparison between the two systems with the
same transferred heat, but with a different operating range of the heat pumps, therefore in
the Figure 5 the values of heat transferred in the two systems are the same.

Figure 7. Heat transfer (Energy) for water-glycol and nanofluid in the different seasons.

Further results of the simulations are shown in Figures 8 and 9. Particularly in Figure 6,
the first simulation shows that the performance of the nanofluid is higher than that with
water-glycol (COP = 4.02 instead of 3.85 and EER = 3.87 instead of 3.77). Moreover, an
additional increase is obtained in the second simulation with a COP that goes from 4.02 to
4.12 and an EER that increases from 3.87 to 4.00.

In Figure 8 it is possible to note that the presence of the external heat exchanger
does not change the performance of the system in particular, COP and EER coefficient of
performance increase further. On the other hand, the COP performance coefficient in the
system with nanofluid yields an increase of about 8% compared to the water and glycol
system, with a value of 4.16, in place of the results found in the other two simulations,
which were 4.4% and 7% for the first and second simulation respectively.
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Figure 8. Comparison of the coefficients of performance(COP and EER) of the HVAC systems in winter and in summer in
the different simulations.

Figure 9. Heat pumps electric energy absorbed in winter and summer in all simulations.

Figure 9 shows the electric energy absorbed by the heat pumps during the whole
winter and summer seasons. The graph shows that also in the first simulation the system
working with nanofluid has a slightly higher energy consumption than the other one.
In the second simulation, on the other hand, the energy consumption decreases further
because, with the same amount of heat transferred from the two systems, the circuit with
nanofluid has a different temperature range at the terminals. In particular, in winter the
outlet temperature of the fluid from the heat pumps is fixed at 40 ◦C and in the summer at
15 ◦C, so the nanofluid system works for less time than the water-glycol system. Thanks to
the higher efficiency of the nanofluid, the heat pumps transmit the same amount of heat as
the water-glycol system more quickly and, therefore, the heat pumps will consume about
3% less electricity globally.

The second simulations confirm the increase in the heat transfer rate of the heat
transfer fluid with a suspension of nanoparticles and demonstrate that its use in the HVAC
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system entails high efficiency on the performance coefficients (COP and EER) and lower
heat pump energy consumptions.

In the third simulation, on the other hand, the higher efficiency of the system with
external heat exchanger and nanofluid makes possible to obtain considerable savings
in terms of energy consumption, which means that overall the heat pumps will run for
less time.

Figure 9 shows also that the nanofluid system in the third simulation has a lower
electricity consumption of about 3% compared to the other two simulations, resulting in
further energy savings.

The use of nanofluid in HVAC system yields economic benefits because their use
leads to a decrease in consumptions of the heat pumps and also of the pumps of the heat
exchangers, in accordance with the Tiwatane and Barve’s studies [53].

It can be noticed that the third simulation, with external heat exchanger has lower
energy consumption than the other simulations in both seasons, confirming what was
assumed at the beginning of the studies and results of the previous simulations.

5. Conclusions

The proposed project is one of the few works in the literature that deals with a dynamic
simulation study and real application of a heat carrier fluid seeded by nanoparticles in an
existing HVAC system and the theoretical simulation model with the TRNSYS software
was also validated by an experimentation on the real plant in a short period of fifteen days
during the winter season.

The hypothesis that gave rise to the work has been confirmed numerically and experi-
mentally by simulations on the HVAC system and the testing of an educational building.

The nanofluid composed of water, glycol and alumina nanoparticles has a high heat
transfer coefficient and can assure improved performance to HVAC systems compared to
systems using water and glycol as heat transfer fluid.

The results of the simulations, carried out by means of TRNSYS 17, showed that,
considering the same amount of heat released to the internal environment by the two
systems under study, the use of a nanofluid in an HVAC system leads to an increase in
performance of about 10%.

The analysis of the experimental data obtained from the data acquisition of the thermal
energy meter confirmed what was shown by the simulations. With the nanofluid there is
an increase of about 10% in the performance of the HVAC system.

In addition, an analysis of the data shows that the system with external heat ex-
changer has an increase of about 12% in the heat transferred than systems without external
heat exchanger.

The work carried out and the results obtained best represent the potential that would
occur in real HVAC systems if the heat transfer fluid inseminated by nanoparticles were
used and not the traditional fluid composed of water and glycol.
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