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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 performance of a steam ejector refrigerator was analyzed based on an “alternative analysis”. The alternative analysis reflects 
an actual operation of an ejector refrigerator. In this analysis, the evaporator saturation temperature associated with cooling load 
was varied while the boiler saturation temperature and the condenser pressure were fixed. Form this test, the critical evaporator 
temperature was determined. The critical evaporator temperature is the lowest point that ejector still operated under choked flow 
condition. A 1 kW experimental ejector refrigerator was constructed. Variation of operating conditions and primary nozzles were 
implemented. It was found that the variation in operating conditions and the nozzle throat diameters significantly affected the 
critical evaporator temperature. Variation of condenser pressure had a strong effect on critical evaporator temperature Meanwhile 
the entrainment ratio in the choked flow condition was independent of the condenser pressure. The critical evaporator 
temperature decreased with increasing the condenser pressure and vice versa. Variations of the boiler saturation temperature and 
the primary nozzle throat diameter affect the mass flow of primary fluid. Either increasing the boiler saturation temperature or the 
primary nozzle throat diameter, the mass flow of primary fluid increased. When the primary fluid mass flow was increased, the 
critical evaporator temperature was reduced. On the other hand, entrainment ratio in the choked flow condition decreased. 
However, if the primary fluid mass flow was increased to a certain value, evaporator temperature didn’t decrease as expected.   
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1. Introduction 

Among the heat powered refrigeration systems, the ejector refrigeration system is seem to be the most feasible 
system due to its simplicity and low capital cost. The ejector refrigeration system also has a few moving parts, so it 
requires low maintenance and has long lifetime. However, the coefficient of performance (COP) of the ejector 
refrigeration system is relatively low. Therefore, the study to understand and improve the system is needed in order 
to make it competitive with other refrigeration systems.  

Most of previous studies, performance of the ejector refrigeration system is usually described by the traditional 
performance curve as shown in Fig.1a. To implement this condition, this make possible only by conducting the 
experiment in laboratory.  

To make more clarification in an actual operation of ejector refrigerator, some researchers were proposed the 
alternative way to study the system performance which is called “alternative analysis” [1-3]. The typical 
performance curve based on alternative analysis is shown in Fig. 1b. In this analysis, the evaporator saturation 
temperature associated with cooling load of the ejector refrigerator is varied while the condenser pressure, and the 
boiler saturation temperature (Tboiler) are fixed. The mass entrainment ratio (Rm), which is the ratio of secondary 
mass flowrate to primary mass flowrate, is measured with variation of evaporator saturation temperature. By means 
of implementation, the critical evaporator temperature (Tcri,evap) can be determined. This particular point indicates the 
lowest possible evaporator saturation temperature that the system can operate at desired condition (choked flow of 
secondary fluid). The comparison of alternative analysis and traditional analysis is in Table 1. Both performance 
curves can be divided into three regions; Choked flow, Unchoked flow, and Reverse flow. The principle of these 
three regions were well described in the previous work by Thongtip [1] 

In this study, a 1kW experimental steam ejector refrigerator was designed and constructed. The performance of 
the experimental steam ejector refrigerator was analyzed based on alternative analysis. The ejector refrigerator was 
tested with various primary nozzle geometries and operating conditions. Three primary nozzles were used. The 
results showed that the operating conditions and nozzle geometries have strong effect to the ejector performance. 
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Fig. 1. (a) Typical performance curve based on traditional analysis; (b) Typical performance curve based on alternative analysis. 

Table 1. Comparison of alternative analysis and traditional analysis. 

  Boiler saturation 
temperature 

Condenser Pressure Evaporator saturation 
temperature 

Expected parameter 

Alternative Fixed Fixed Varied Critical evaporator temperature 

Traditional Fixed Varied Fixed Critical condenser pressure 
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Fig. 1. (a) Typical performance curve based on traditional analysis; (b) Typical performance curve based on alternative analysis. 

Table 1. Comparison of alternative analysis and traditional analysis. 

  Boiler saturation 
temperature 

Condenser Pressure Evaporator saturation 
temperature 

Expected parameter 

Alternative Fixed Fixed Varied Critical evaporator temperature 
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