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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.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 129 (2017) 487–494

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the IV International Seminar on ORC Power Systems.
10.1016/j.egypro.2017.09.166

10.1016/j.egypro.2017.09.166

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the IV International Seminar on ORC Power Systems. 

1876-6102

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the IV International Seminar on ORC Power Systems.  

IV International Seminar on ORC Power Systems, ORC2017 
13-15 September 2017, Milano, Italy 

Experimental Investigation and CFD Analysis of Heat Transfer in 
Single Phase Subcooler of a Small Scale Waste Heat Recovery ORC 

Tryfon C.Roumpedakisa*, Spiros Chapalogloua, Platon Pallisa, Aris-Dimitrios 
Leontaritisa, Konstantinos Braimakisa, Sotirios Karellasa† , Panagiotis Vourliotisa 

aNational Technical University of Athens, Heroon Polytechneiou 9, 15780 Zografou, Greece 

Abstract 

In the present work, a detailed investigation of the single phase heat transfer mechanism in a novel subcooler of an experimental 
small scale waste heat recovery Organic Rankine Cycle (ORC) unit is presented. The ORC unit is operating with R134a and is 
designed to utilize the waste heat from the jacket water of marine diesel auxiliary internal combustion engines (ICEs). The ORC 
unit produces 3.7 kWel net electrical power at a cycle pressure of 25 bar and an expander inlet temperature of 82 °C. The 
application of subcooling in such systems is common practice, so as to ensure the cavitation-free operation of the pump. 
The subcooler is designed to achieve a certain level of subcooling and at the same time minimize the pressure losses on both the 
refrigerant and the cooling water side. A theoretical CFD model is developed to predict its operation. Based on the experimental 
results, a new heat transfer correlation is proposed for the single phase heat transfer inside a corrugated tube. The accuracy of the 
new correlation is compared with existing ones from the literature. Meanwhile, the results of the correlation are validated by the 
experimental data collected from the respective ORC unit, reducing the theoretical calculations maximum relative error from 
2.98% to a 1.88%. 
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Nomenclature 

A Total outer surface of corrugated tube [m2] 
Afin Fin surface [m2] 
Ai Inner surface of corrugated tube [m2] 
Ato Surface of bare tube without fins[m2] 
ai Mean heat transfer coefficient of R134a side [W/m2K] 
am Mean heat transfer coefficient of water side [W/m2K] 
av Virtual heat transfer coefficient of water side [W/m2K] 
C Constant [-] 
di Tube inner diameter [m] 
do Tube outer diameter [m] 
Nu Nusselt number [-] 
Pe Peclet number [-] 
Pr Prandtl number [-] 
Re Reynolds number [-] 
U Overall heat transfer coefficient of subcooler [W/m2K] 
 
Greek symbols 
ηfin  Fin efficiency [-] 
λ Thermal conductivity of fluid  [W/m K] 
λt Thermal conductivity of tube material  [W/m K] 

The ORC is a rapidly developing technology that can be powered by several medium and low grade heat sources 
including waste heat [1-3], low temperature geothermal resources [4-6], solar thermal energy [7-9] and biomass [10-
13]. The commercially available systems based on ORC technology nowadays range from few kWe up to 2.2 MWe, 
even though the commercially available expansion devices used in such applications start from 1kWe [14, 15].  
Over the past two decades, several investigations have been carried out on both theoretical [16, 17] and 
experimental level [18-22]. As it has been identified, the ORC pump has a significant impact on the overall system 
efficiency and its operation has to be closely optimized for ensuring a cavitation free-operation [23-25]. Cavitation 
consists on the formation of vapor bubbles in a liquid stream at the region where the pressure falls below its vapor 
pressure [26, 27]. Hence, cavitation occurs in the lowest pressure region in a system, which is the suction line of the 
pump [28, 29]. One of the main solutions for a cavitation-free operation is the application of subcooling before the 
pump’s inlet [17, 30]. Dumont et al. [31] based on experiments on a plunger type pump, specified the necessary 
level of subcooling to be at least 10 K. From previous experiments, Leontaritis et al. [32] concluded that a minimum 
subcooling of 2 K is required for the smooth operation of the diaphragm pump that was used. However, as was 
shown by Landelle et al. [33], the level of subcooling has a negative effect on the overall ORC system’s efficiency 
and thus a more thorough investigation is required to estimate the optimal operating conditions of the subcooler. 
In this study, the operation of the custom-made subcooler in an experimental small scale ORC unit for marine 
applications (Marine ORC), developed in the National Technical University of Athens (NTUA), Greece, is 
investigated. The system consists of a single stage subcritical Organic Rankine Cycle with R134a as the working 
medium. Heat is provided to the system by a natural gas boiler, which is used to simulate the jacket water from the 
marine diesel auxiliary internal combustion engines (ICEs). The goal of the experiments is the investigation of the 
single phase heat transfer regime inside the subcooler. Based on the results, a new semi-empirical single phase heat 
transfer correlation is proposed for the R134a and is subsequently experimentally validated. In addition, a CFD 
model is developed to further determine the accuracy of the proposed semi-empirical heat transfer correlation. 

2. Experimental setup  

The Marine ORC is powered by waste heat from the jacket water of marine diesel auxiliary ICEs (average 
inlet/outlet temperature of 90/85 °C). The unit produces 3.7 kWe net electrical power at a cycle pressure of 25 bar 
and an expander inlet temperature of 82 °C. Regarding the system configuration, which is also presented in Fig. 1, a 
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