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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

The analysis of two phase flow has a great relevance in many industrial sectors such as nuclear and process industry. The study
and the measurement of the related phenomena are particularly difficult due to the variety of the parameters that affect the flow
(void fraction, flow regime, orientation, etc.). Measurement instrumentation for two phase flow is nowadays very limited even if it
would be highly useful in the industrial field. Before approaching the research and development toward the realization of innovative
instrumentation for two-phase flow measurement, it is fundamental a precise description of the particular flow regime of interest.
Dispersed water droplets in air/gas is a possible flow regime at high gas void fractions; therefore it is important to characterize
this particular flow pattern in a detailed way. To reproduce this condition in a laboratory environment it is possible to use nozzles
with very small outlet diameters and high pressure water supply. In this paper the characterization of dispersed flow is performed
as function of the nozzle characteristic and water inlet pressure. The tests are performed using an experimental setup realized at
the Energy Department at Politecnico di Torino. The water jet is observed in a PMMA (PolyMethylMethacrylate) pipe 1.8 meters
long with an inner diameter of 78 mm. High pressure water is obtained using a plunger pump and pump inlet water pressure is
adjustable in the range 1-4 bar. Water pressure upstream the nozzle and air entrainment flow rate are measured and used as primary
parameters of the study. A sensitivity analysis on these two parameters is performed with the purpose to find the conditions that are
optimal to reproduce a dispersed flow.
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1. Introduction

In many energy and industrial systems, the characterization and the measurement of the mass flow rate is a fun-
damental aspect, both for performance analysis and for safety issues. Despite its importance, the evaluation of this
parameter is not always a trivial problem. Usually, the easiest way is to use a dedicated device that has been previously
designed and calibrated for the system of interest. A relevant limitation is that this kind of devices are capable to work
only for single phase flow. Moreover, most of them are able to work only with the specific fluid for which they have
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been designed and calibrated. In the design of a thermodynamic system in which the measurement of mass flow rate
is needed, for every single process a suitable instrument for the used fluid has to be chosen. The real problem comes
up when two-phase flow is present. Historically, the study of the phenomena and the measurement of the related pa-
rameters are particularly difficult due to the many variables that affect the flow: the void fraction, the flow regime,
the velocity of the two phases, the orientation of the flow, etc. In the past, many studies have been performed and
some semi-empirical correlations for the characterization of this problem have been found, but the uncertainties of
the results are very high and the range of applicability is limited. Because of the intrinsic complexity of this kind of
problem, nowadays the measuring instrumentation for the evaluation of the mass flow rate in two phase condition is
almost inexistent. In the last years at the Thermal-hydraulic Laboratory of the Energy Department at Politecnico di
Torino several experiments on two-phase flow have been carried out at high void fraction by using different instru-
mentation for flow rate measurement [1, 2, 3, 4, 5]. The aim of the present paper is to design a device that can produce
a dispersed flow regime at high gas void fractions, which is obtained by using nozzles with very small outlet diameters
and high pressure water supply, so as to suck an air stream with water droplets dispersed in it. The breakup length,
the fragmentation of the liquid jet in droplets, the interaction droplets-wall have been investigated and water pressure
upstream the nozzle and air entrainment flow rate have been measured.

2. Dispersed flow

As already mentioned, there are many parameters characterizing the two phase flow. Among them, the direction of
the flow is fundamental, since the gravity affects the fluid dynamics: in a vertically oriented pipe, the gravity is in the
same direction of the flow and the effect of its action on the fluid is simply related to the way of the flow, i.e. upward or
downward. Moreover, since the gravity acts equally on the cross section of the pipe, any symmetry is preserved. The
problem is different if the pipe is horizontally oriented. Since the direction of the flow and the gravity are orthogonal,
the resulting effect is a tendency to stratification of the two phases, with the liquid phase that tends to accumulate in
the lower part of the pipe. The overall effect of pipe orientation, together with the velocity of the two phases and the
void fraction, determine the flow pattern that occurs. An example of the possible different flow patterns is shown in
Fig. 1.

Fig. 1. Flow pattern maps inside a horizontal pipe [6].

They differ depending on the average distribution of one phase with respect to the other. The void fraction is
increasing going from the first to the second column, going from the top to the bottom. As we can see, one of the flow
patterns associated to high void fractions is the dispersed one. In the dispersed flow pattern one phase or component
(such as drops, bubbles, or particles) is widely distributed in the other continuous phase [6].
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