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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

In this work, an experimental study has been carried out to quantify an amount of sensible heat storage/recovery in a specific 
nanofluid (distilled water +Titanium dioxide). The experimental results show, especially, the influence of nanoparticles mass 
concentration on the heat storage/recovery performance for a fixed mass flow rate (Γ= 300 kg/ℎ) of heat transfer fluid (HTF). 
This parameter contributes to the improvement of the heat transfer and therefore the enhancement of the sensible heat 
storage/retrieval. 
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2. Experimental set-up 

The experimental set-up is shown in Photo 1. It has recently been performed at the LP2MS laboratory of the 
Faculty of Sciences, Meknes (Morocco). It mainly consists of two tanks filled respectively with hot and cold water, 
a test bench (Figure1), a flowmeter for measuring heat transfer fluid (HTF) flow rate, a circulation pump, a data 
logger with a specific software, a control unit, a microcomputer and an Ethernet connection. Additionally, the test 
bench, thermally insulated with glass wool, is composed of two vertical concentric tubes made of stainless steel.  

The nanofluid used in this study is the mixture of distilled water and Titanium dioxide nanoparticles. It is 
enclosed between the concentric tubes space whereas the heat transfer fluid (hot or cold water) flows in the upward 
direction of the inner tube (HTF pipe). The experimental device is equipped with fourteen K-type thermocouples 
with an accuracy of ± 0.1 °C which are embedded in various positions (see Fig. 1). Before taking measurements, 
thermocouples are calibrated using the software Omega Engineering (2012 version). It should be noted that the 
experimental set-up used is identical to that of the reference [8] and for brevity reasons the preparation method of 
nanofluid is not included here [9-10]. 

After a warm-up period of a few minutes, hot water has been circulated, for fifty minutes, in the closed circuit in 
the upward direction of the inner tube. During this period, the heat carried by the HTF is transferred to the nanofluid 
for storage. Then, cold water has also been moved in the same direction for the same period (fifty minutes) in order 
to recover one part of the stored heat. 

Photo1. Schematic view of the experimental set-up.                      Fig. 1. Detailed diagram of the heat storage unit                                                                                                                             
and the positions of temperature probes [8]. 

3. Results and discussion 

Experimental tests were carried out considering the drinking water as the heat transfer fluid (HTF), and the 
mixture of distillated water and Titanium dioxide nanoparticles (20 nm of average size) as the used nanofluid. The 
charging and discharging periods are fixed at 50 minutes (3000 seconds) and other specific experimental conditions 
are mentioned on the figure legends. 

Figure 2 shows the behavior of the heat flux involved during charging and discharging periods and also the effect of 
the mass flow rate on this amount. If thermal losses are assumed negligible, it is defined by the following 
relationship: 

                     (1) ( )HTF out inQ Cp T TΓ= −
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1. Introduction 

The nanofluid discussed in this work concern fluid containing dispersed nano-meter sized particles 
(nanoparticles). The thermal conductivity of nanoparticles is greater than that of the base liquid, it is expected to 
increase the thermal conductivity of nanofluid to very low concentrations. Several experimental and theoretical 
results agree on improving the heat exchange with the addition of nanoparticles compared to base fluids [1-7]. Thus, 
the experimental study of Ding et al. [1] showed that the addition of low concentrations of nanoparticles (carbone 
nanotubes) leads to an increase in the convective heat exchange coefficient compared to the case of single-phase 
fluid. Khanafer et al. [2] presented a numerical research investigation of natural convection in a two-dimensional 
enclosure to determine convective heat transfer coefficient in nanofluids. In their study, the nanofluid was assumed 
to be single-phase in the enclosure and the effect of suspended nanoparticles on buoyancy-driven heat transfer 
process was analyzed. Furthermore, it was observed that the heat transfer rate increased as the particle volume 
fraction increased at any given dimensionless Grashof number. The Titanium dioxide nanoparticles were used in the 
numerical study conducted by Yurong et al. [3] in which convective heat transfer of nanofluid is flowing through a 
straight tube under the laminar flow. In this numerical investigation, both single phase method and combined Euler 
and Lagrange method were utilized. The obtained results are compared with the experimental data and show 
significant enhancement of heat transfer of nanofluids.  

In 2013, an experimental comparison of heat transfer behavior between metal oxide nanofluid flows through 
helical coiled tube with uniform heat flux boundary condition was carried out by Kahani et al. [4]. According to this 
study, a significant enhancement to the heat transfer rate through the use of Al2O3 and TiO2 nanoparticles at 1% 
volume concentration under laminar and turbulent flow, takes place. Recently, Haghighi et al. [5] experimentally 
investigated convective heat transfer of nanofluids in turbulent flow inside a circular tube. Additionally, they 
concluded that both heat transfer and pressure drop can be predicted with the help of conventional correlations 
developed for single phase fluids. 

A literature review can show that the majority of studies have focused on the heat transfer improvement through 
the use of nanofluids [1-7] whereas, to our knowledge, the heat storage/recovery has practically never been studied. 
So, this work highlights the heat storage/retrieval capacity of the Titanium dioxide nanofluid during 
charging/discharging cycle.  

Nomenclature 

Cp          Specific heat capacity, (J.kg-1.K-1) 
QHTF  Heat flux of the heat transfer fluid, (W) 
r             Radial distance from the wall of HTF pipe, (m) 
t             Time, (s) 
Tin          Inlet temperature (see Fig. 1), (°C) 
TH          Mean temperature of hot water, (°C) 
TC          Mean temperature of cold water, (°C) 
Tout        Outlet temperature (see Fig. 1), (°C) 
∆T         Temperature difference, (°C) 
∆t          Time interval, (s) 
Z           Axial distance from the bottom of annular space, (m) 
V          Volume between concentric annular tubes, (m3) 
Г           Mass flow rate, (kg.h-1) 
φ           Nanoparticles mass concentration, (%) 
Φ          Heat flux density, (W.m-2) 
ρ           Density, (kg.m-3) 
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