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Investigations on development of a compact  seasonal heat storage based on a salt hydrate  with stable supercooling



Simon Furbo



Department of Civil Engineering Technical University of Denmark Technical University of Denmark



Brovej – building 119 DK-2800 Kgs. Lyngby



D k



Denmark



Email: sf@byg.dtu.dk



(2)
Aim of work Aim of work



• To develop a compact seasonal heat storage based on a salt  hydrate with a stable supercooling



• The heat storage can be used as a part of a solar heating 

system which can fully cover the yearly heat demand of 

new buildings in Denmark



(3)
Phase Change Material with supercooling



Heat storage capacity of sodium acetate tri-hydrate 
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(4)
System design


180 litre DHW tank
 Tap schedule:


50 l at 7:00, 12:00 and 18:00


DHW auxiliary ~ 2500 kWh/year


PCM storage


Space heating


135 m²  “Passive house”


Heating demand:


15 kWh/m²/year 2010 
 kWh/year


Space heating 
 auxiliary


y



A solar heating system with 36 m² solar collectors and a 6 m
3 PCM heat storage divided into 24 modules can fully cover the heat demand of a Danish lo  ene g  ho se



of a Danish low energy house



(5)
Investigations



The following questions have been answered:



• Which heat storage temperature level is needed during 



charge periods in order to achieve a stable supercooling of  the heat storage material?



t e eat sto age ate a



• What is the optimum size of each module consisting of one  separate container of the heat storage?



separate container of the heat storage?



• How is the supercooled salt solution activated in the most  reliable way?



reliable way?



• How are large quantities of the salt water mixture best filled  i t   th   d l f    h t  t ?



into the modules of a heat storage?



A laboratory heat storage module constructed


5



(6)
Heat storage material  Heat storage material 



58% ( i ht%) N CH C00 58% (weight%) NaCH 3 C00 42% (weight%) water



42% (weight%) water Melting point: 58 ° C



Melting point: 58 C



 Stable supercooling



(7)
Which heat storage temperature level is needed during 



charge periods in order to achieve a stable supercooling of  the heat storage material?



Small scale experiments with different temperature levels during charge carried out Required temperature level: 64 ° C


7



(8)
What is the optimum size of each module consisting of one  p g separate container of the heat storage?



•Theoretical calculations: 250 – 500 l Theoretical calculations: 250  500 l



•Experiments with 200 l plastic tank heated to 80 Experiments with 200 l plastic tank heated to 80 C: ° C:



 Stable supercooling to 20 ° C achieved many times 

without one single failure with a 279 kg salt water  g g

mixture  



(9)
How is the supercooled salt solution 



i d i h li bl



activated in the most reliable way?



• Small scale discharge experiments to determine the minimum temperature,  where the salt water mixture still is supercooled  p



Glasses with 100 g salt water mixture cooled to low temperatures



°



Minimum 



temperature: -15 ° C



C


9



Time, min
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CO 2 as liquid from pressure container


Pressure reducing valve


Pipe for gas escape
 Back 


pressure  Pipe for gas escape
 valve


Liquid CO2


Supercooled 
 salt water 
 mixture


Liquid CO2
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Start of solidification: 1-2 seconds!


11



(12)2 mm steel plate
 Back pressure valve


Pressure 
 reducing 
 valve


Supercooled salt 
 Liquid CO2


p


water mixture



Start of 



solidification:



(13)
How are large quantities of the salt water mixture  best filled into the modules of a heat storage? g


Tilted module with 2 holes at the top 
 Salt water mixture heated to about 80°C13


Tilted module with 2 holes at the top 



(14)
Salt water mixture pumped into module



(15)
Laboratory heat storage module principle sketch


Heat 
 Salt water mixture


Heat 


transfer to 
 and from 
 module 


through top 
 through top 
 and bottom
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(16)Flow out


Flow in



(17)
305 kg salt water mixture 305 kg salt water mixture Module volume: About 234 l 


17



(18)
Planned activities


• Laboratory seasonal heat storage module will be tested in a laboratory test facility


• Investigations of the heat exchange capacity rate during charge and discharge of the 
 heat storage module  Among other things CFD calculations will be applied


heat storage module. Among other things CFD calculations will be applied


• Elucidate suitable container materials and container designs


• Elucidate which control system is most suitable for the heat storage


• A 1000 l laboratory heat storage will be built and tested in a laboratory test facility. 


h i f h h ill b i l d if h h i f


The operation of the heat storage will be simulated as if the heat storage is a part of a 
 solar heating system


• A TRNSYS simulation model simulating the thermal performance of the heat storage S S s u at o ode s u at g t e t e a pe o a ce o t e eat sto age
 will be developed and validated by means of measurements


• With the validated model calculations of the thermal performance of solar heating 
 systems with seasonal heat stores will be carried out in order to determine optimum 
 systems with seasonal heat stores will be carried out in order to determine optimum 
 designs of solar heating systems inclusive seasonal heat stores


• The investigations will demonstrate that seasonal heat storage is possible and how 
seasonal heat stores can be designed for solar heating systems
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