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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 

Separated heat pipe is an efficient passive heat transfer device. It is widely used on chemical and aerospace industry. In this 
paper, the transient characteristics of the separated heat pipe which applied to a containment cooling system were studied. 
According to the experiment, the start-up transition characteristic of cooling system were mainly described. The influences of 
containment initial pressure and thermal load of separated heat pipe loop were analyzed. Based on the experimental data, it shows 
that the separated heat pipe is feasible for containment cooling system. It can remove the heat of containment vessel passively on 
design basis accident. And the separated type heat pipe cooling system has the working condition of flow instability region. The 
influence factors of which is relevant to cooling water tank temperature, containment pressure and system input power. The flow 
instability has little effects on the trend of containment pressure. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of IYNC2016. 
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1. Introduction 

When a serious accident or design basis accident in the nuclear reactor such as loss of coolant (LOCA) or main 
steam line break (MSLB) happened, temperature and pressure of containment vessel will continue to rise due to the 
blowing out of  primary loop medium (water, vapor, hydrogen, etc.), which may cause containment pressure to 
exceed the design limit. Passive containment cooling technology, which has been used on EPR1000 of Europe, 
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SPWR of Japan, VVER1000 of Russia and AP1000 of America, is the main characteristic of advanced pressurized 
water reactor. 

Separated heat pipe is an efficient passive heat transfer device. Containment cooling system which based on 
separated heat pipe is one of the most important research directions of passive engineered safety feature on advanced 
pressurized water reactor. It’s start-up characteristic and natural circulation transition characteristic are also the focus 
of researches at home and abroad[1-4]. The CGN (China General Nuclear Power Corporation) COTHASE 
(Comprehensive Thermal-hydraulic and Safety Labs) has designed and built the passive containment cooling system 
comprehensive thermal-hydraulic test facility (PACON). Liquid head start-up transient characteristics of heat-pipe 
passive containment cooling system have been researched, as well as the influence of containment pressure and input 
power. 

This paper is about to describe a separated heat pipe system, which applied to a containment cooling system for 
the first time in nuclear field. It is feasible or not depends on the start-up characteristic and natural circulation 
transition characteristic. Flow rate is important surface feature for natural circulation transition characteristic. So this 
paper mainly described the flow rate of separated heat pipe system on stat-up stage, as well as the influence of 
containment initial pressure and thermal load to flow rate. 

 
Nomenclature 

Q Input power 
m  Flow rate  
P Pressure  
T Temperature  
  Time 
Subscripts 

s Containment initial parameters 
c Containment process parameters 
m Separated heat pipe system 
o Outlet of evaporator 

2. Test facility and test method 

2.1. Test facility 

The test is carried out on the passive containment cooling system comprehensive thermal-hydraulic test facility in 
CGN COTHASE, Shenzhen, China. The facility includes a loop system, electrical system, meter system, controlling 
system and data acquisition system. 

The loop system includes steam-water natural circulation loop, water supplying loop and vacuum loop. Major 
equipment is composed of evaporator, condenser, cooling tank, containment simulator, valve and pipes. Evaporator 
and condenser are made up of 37 Φ57 × 3.5mm tubes connected in parallel, the test parameters are shown in Table 1. 
Initial filling rate of heat pipe system is defined as the volume ratio of the heat pipe filling water to evaporator 
capacity. 

     Table 1. Test Parameters Range. 

Parameter Value Unit 

Height difference of heat source and heat sink 5500 mm 
Down-comer tube diameter 20 mm 
Riser tube diameter 150 mm 
Initial temperature of cooling tank ～30 ℃ 
Initial water level of cooling tank 2700 mm 
Capacity of containment simulator 13 m3 
Inner diameter of containment simulator 2000 mm 
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