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Abstract 
The use of biological fuels for cooking food or heating of homes causes air pollution that yearly leads to 4 million 

people die prematurely. The company Joto Solutions (JS) has therefore started a project called Calidron. The goal 

of this project is to develop a solar cooker that can store enough energy to be able to cook food even when the 

sun is not up. This thesis is a part of the Calidron project and it aims is to investigate the possibilities of building a 

heat storing solar cooker based on the idea of using a thermosiphon to condense steam to heat water for 

cooking.  

Based on thermodynamic analysis a theoretical model was developed to determine appropriate dimensions of 

the prototype. Furthermore the model was used to calculate how long time it would take to boil water with this 

method. The thermodynamic analysis was based on a thermosiphon filled with a water-vapor mixture. The heat 

transfer for condensation and  pool boiling was investigated. The analysis showed  that a total heat transfer of 

54-509      for steam temperatures of 110-160°C.  

Furthermore a functional prototype was built. The prototype has a thermosiphon connected to a solar collector 

that heats up a heat storage consisting of vegetable oil. The heat storage in turn, heat up a second thermosiphon 

coupled to a boiling unit. The boiling unit is a double walled, cylinder shaped cup. The steam enters the gap 

between the two walls of the boiling unit and condense against the inner wall of the cup and heat is transferred 

to the water. The average heat transfer of the prototype was measured to be 116      with an initial steam 

temperature of 123°C. Evaluation of the results has shown that the theoretical model can be used to roughly 

estimate the water boiling procedure.  
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Sammanfattning 
När biologisk massa används som bränsle till matlagning eller uppvärmning av hus avges det luftföroreningar 

som årligen orsakar att 4 miljoner människor dör i förtid. Företaget Joto Solutions(JS) har därför startat ett 

projekt som kallas Calidron. Projektet går ut på att utveckla en solkokare som skall kunna lagra energi från solen 

för att sedan kunna koka vatten för matlagning vid behov. Detta examensarbete ingår i projektet Calidron och 

målet är att undersöka möjligheten att tillverka en solkokare, baserad på idén att med en termosifon 

kondensera ånga för att värma vatten till matlagning. Utifrån termodynamiska analyser har en teoretisk modell 

tagits fram för att ligga till grund för dimensionering av en prototyp.  

De termodynamiska analyserna bygger på att en termosifon är fylld med en mättad mix av vatten och ånga. 

Analyserna går ut på att se hur lång tid det skulle ta att koka vatten på detta sätt samt . Värmeöverföringarna för 

kondensation och kärlkokning har undersökts. Analysen visade på totala värmeöverföringar på 54-509      

för ångtemperaturer på 110-160°C. 

Ytterligare har en fungerande prototyp tillverkats. Prototypen består av en solfångare som leder in värme i ett 

värmelager av vegetabilisk olja. Från värmelagret leds värmen vidare till ett dubbelväggigt kokkärl. 

Värmetransporterna till och från värmelagret sker med termosifoner med en mättad mix av vatten och ånga. Då 

vattenångan går in i spalten mellan de två väggarna i kokkärlet kondenserar vattenångan mot den kallare ytan 

och värme överförs till vattnet i kokkärlet. Prototypens genomsnittliga värmeöverföring mättes till  116       

med en initial ångtemperatur på 123°C.  

Resultaten från prototyptesterna har återkopplats till den teoretiska modellen. Det har visats att den teoretiska 

modellen kan ge en grov uppskattning över hur kokningsförloppet av vattnet sker.  
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1. Introduction 

1.1 Background 
According to the World Health Organization there is around 3 billion people around the world that use an open 

fire, fuelled by biomass, to cook food or heat their homes. This leads to that over 4 million die prematurely from 

illnesses such as lung cancer and pneumonia due to household air pollution. [1] By reducing the use of biomass 

fuels for cooking the health of the people would be improved. Also the time people spend on gathering fuel, for 

example wood, for their cooking can instead be used on work or education. [2]  

Based on this knowledge the company Joto Solutions(JS) started a project called Calidron. The goal of the project 

was to develop a heat storing solar cooker that would enable cooking at any time of the day, even during the 

absence of sunlight. The target market for a potential product would be developing countries. This thesis is one 

of two that are involved in the project.  

This thesis was made to investigate an existing idea of using a stored energy to boil water. The water was to be 

heated by condensation of steam instead of using an electric element. The original idea is further explained in 

Chapter 1.7.  

1.2 Purpose 
The purpose of this thesis was to investigate if it was theoretically and practically possible to build a solar cooker 

based on the original idea.  

1.3 Aim 
The aim of this thesis was to develop a theoretical model of the original idea and to build a functional prototype 

of a heat storing solar cooker.  

1.4 Delimitations  
This thesis was focused to develop a prototype based on following conditions: 

 The water must be boiled by condensation of steam 

 The prototype must be built from standard components  

 The system has to be charged with solar energy  

1.5 Solar cookers in general 
There are several types of solar cookers in used today, although they are divided into three categories; Solar 

panel cooker, solar parabolic cooker and solar box cooker, see Figure 1. These are all examples of solar cookers 

that concentrate the sun rays on the cooking utensil. [3] 

 

Figure 1: a, Solar panel cooker, b, Solar parabolic cooker c, Solar box cooker [3]. 
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1.6 Heat storage solar cookers 
Solar cookers can be combined with a heat storage unit where, during sunlight, the heat is stored in some sort of 

media. By storing the heat it is possible to use the solar cookers during the time of the day, that the sun no 

longer shines or on a cloudy day. These storage medias can separate heat storages into two categories, latent 

and sensible heat storages. What classifies the sensible medias are that they do not change phase during 

charging or discharge. The latent heat storage medias changes phase during charging (solid to liquid) or 

discharging (liquid to solid), therefore they are often called Phase Change Materials (PCM). PCMs can hold more 

energy due to the latent heat required for melting the material. This heat is also released during discharge, when 

the media solidifies. This phase change occurs under constant temperature, which can be an advantage if one 

wants to operate at some specific temperature. Before or after a phase change the PCMs acts like the sensible 

medias. [4] 

 

Figure 2: Illustration of sensible and latent heat storage medias [5]. 

 

1.7 Original idea 
Figure 3 shows the original idea. Where volume 1 is a high tempered water-vapor mixture, surrounding volume 

2 which is the water one wants to boil. When the steam condense on the surface of volume 2 the phase change, 

gas to liquid leads to a heat transfer to the wall, the condensed water then drops down. Due to the pressure 

drop that occur due to the condensation the water in volume 1 will boil and generate new steam which rises and 

the process repeats itself. This self circulating system is referred to as a thermosiphon.  A thermosiphon often 

have an evaporator, a condenser and an interconnecting piping. The interconnecting piping did not exist in the 

original idea, the condenser was integrated in the evaporator. With the layout shown in Figure 3 volume 1 would 

act both as a heat storage and evaporator of the thermosiphon and the walls of volume 2 would act as 

condenser.  
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Figure 3: Simple illustration of the original idea. 

2. Method 
Based on the original idea a theoretical estimation has been made. The estimation was made to get an overview 

of how the system should be proportioned in terms of volumes, temperatures, time and input effects. Based on 

the results from the theoretical estimation a plan for construction of a prototype was initiated. It was found that 

the idea of using water as heat storage led to a security risk. Thus if a crack occurs in the tank the water would 

instantly undergo a phase change to gas form, causing an explosion. The heat storage was determined, together 

with the company, to be a depressurized tank filled with a vegetable oil where the oil would serve as heat 

storage. The oil was to be heated by a thermosiphon, where the evaporator was connected to a solar collector 

and the condenser submerged in the oil. An additional thermosiphon was to be used to boil the water. The 

evaporator of the second thermosiphon would be submerged in the oil and connected to the condenser which is 

placed outside the heat storage via piping. Figure 4 illustrates the planned layout of the prototype, where 

condenser and evaporator 1 together represent one thermosiphon and likewise for condenser and evaporator 2, 

the heat storage is also included in the figure. 

 

Figure 4: Simple illustration of layout of the prototype. 
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The levels which the components are placed are important to enable the self circulation of the thermosiphons. 

The lowest point of the condenser must be placed above the highest point of the evaporator to get the maximal 

effect.  

2.1 Theoretical estimation 
In this chapter the theory behind the theoretical estimation is explained. Throughout the estimation the system 

will be considered according to Figure 3. Where volume 1 (  ) is the high tempered water and volume 2 (  )is 

the cold water that is going to be heated up from      to     . The red dashed line represents the system 

boundary, the system is assumed to be adiabatic.  

2.1.1 Energy 

A heat transfer between volume 1 and volume 2 will occur due to the difference in temperature. At the initial 

state the system will have a total energy of    and after the heat transfer the system will have a total energy of 

  . The energy equation of the system is  

                    (1) 

where   and   is heat added to the system and work done by the system respectively. Since the system is 

adiabatic and no work is done by the system          . The system is also stationary which implies that 

both the change in kinetic and potential energy is zero (         ). As seen in Equation 1.1 the change in 

internal energy between the two volumes is the only property of importance.  

                              
        

                         
        

 

 

(1.1) 

Initially    is assumed to contain 1kg water at a temperature of 160°C, at a pressure of 618kPa. Under these 

conditions volume 1 contains of a saturated water-vapor mixture. The quality   of the mixture determines the 

internal energy of the mixture  , see equation 2 [6].  

           (2) 

 

where    and     are the internal energy of the fluid and latent internal energy respectively.  

The quality of the mixture is determined by equation 3  

   
  

    
 

  

     
 (3) 

 

where the mass of vapor and fluid are denoted mg and mf respectively [6]. The mass of fluid is known  

(       ) and the mass of vapor can be determined by equation 4  

 
                  

         

  
 (4) 

 

where    and    is the specific volume of vapor and water at the saturation pressure respectively. 
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2.1.2 Condensation 

The heat flux from the vapor to the wall of the    container will occur due to that the water vapor condense on 

the wall. Heat flux by condensation is calculated by equation 5  

                             (5) 

 

where        and    is the saturation temperature of the vapor and wall temperature respectively and      is 

the heat transfer coefficient [7]. There are mainly two types of condensation, filmwise and dropwise 

condensation. What type of condensation one can achieve depend mostly on the surface which the vapor 

condensate on. Dropwise condensation can have a heat transfer coefficient that is 10 times higher than for 

filmwise condensation. Even though dropwise condensation higher heat transfer coefficient, filmwise 

condensation is assumed this due to the complexity to maintain the conditions needed for dropwise 

condensation. [7] 

 Within the filmwise condensation there are three different regimes of flow of the film laminar, wavy-laminar 

and turbulent flow depending on the Reynold's number. Each of these types of flows results in different heat 

transfer coefficients. The wavy-laminar flow was assumed in this case. This assumption was later proven to be 

correct. Condensation on a vertical plate is assumed, with this assumption the heat transfer coefficient is 

calculated with equation 6. [7] 

 

      
    

              
 

 

  
  

 
 

  
     

          
  (6) 

 

Where Re is the Reynold's number and is calculated by equation 7 [7] 

 
         

                      

     
  

 

  
   

     

       (7) 

 where 

       - Height of condensing surface (constant)     

         - Heat conductivity of the liquid film(constant)           

        - Saturation temperature of the vapor      

          - Wall temperature(constant)      

    - Viscosity of water at film temperature(varies with Tsat,v) 

   
   

    

- Modified latent heat     
                         (varies with Tsat,v) 

- Specific volume of the fluid (varies with Tsat.v) 

2.1.3 Heat transfer through the wall 

According to the literature a body’s temperature can be assumed to be uniform throughout the body if the Biot-

number is <0.1. The Biot-number is calculated by equation 8 [8]. 
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 (8) 

Where h is the heat transfer coefficient for condensation in this case because the direction of heat transfer is 

from the vapor side to the wall, δ is the thickness of the wall and k is the thermal conductivity of the wall's 

material. The wall is thought to be a 1mm thick copper pipe or plate. Copper have a thermal conductivity of 

400W/m*K, this would lead to a Bi-number < 0.1 and therefore the temperature in the wall is considered to be 

uniform.  

2.1.4 Heat transfer wall-to-water 

The water in volume 2 will be heated up by boiling, since the wall initially have a temperature of  

                   . The temperature of the wall will decrease fast to a temperature where the heat 

transfer from the condensing side is equal to the one on the water side. Since there is no external source that 

forces the fluid to move, pool boiling is considered [7]. Depending on the temperature of the wall different types 

of boiling will occur. Figure 5 shows the different types of boiling depending wall temperature. The difference 

between the wall temperature and saturation temperature of water is called excess temperature and is denoted 

as         . 

 

Figure 5: Boiling curve for water at 1 atm. pressure [9]. 

If nucleate boiling is assumed, the heat flux on the water side is calculated by equation 9 [7] 

 

                 
        

 
 

 
 

 
                

         
  

 

 (9) 

where 

            Nucleate boiling heat flux,        

    Viscosity of the liquid,          

     Enthalpy of vaporization,        
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   Gravitational acceleration,        

    Density of the liquid,         

    Density of the vapor,         

   Surface tension of liquid-vapor interface,       

     Specific heat of the liquid,           

       Wall temperature,      

        Saturation temperature of the fluid,      

     Experimental constant that depends of surface-fluid combination 

     Prandtl number of the liquid 

   Experimental constant that depends on the liquid 

2.1.5 Total heat transfer 

The wall temperature, when the heat fluxes on either side were equal, was estimated by using equation 5-7 and 

9 for different wall temperatures. For the vapor side also the saturation temperature        was varied. The 

values from these calculations were plotted together to see at what wall and saturation temperature the heat 

fluxes were equal. From these results a function for the heat flux depending of saturation temperature was 

obtained. This function was later used iteratively to calculate the time it would take to heat up volume 2 from 10 

to 100°C in terms of total transmitted energy.  

2.2 Prototype 
After the layout of the prototype was determined a very rough estimation was made to get an estimation of the 

heat storage volume. The volume of the heat storage had to be sufficient to store enough energy to boil the 

desired amount of water.  An energy balance was calculated to obtain the required size of the heat storage. This 

energy balance can be seen in Equation 10. 

                                       (10) 

 

2.2.1 Heat Storage 

A stainless water tank with a volume of ten liters was used as heat storage unit. The tank had an existing 

opening for a heating element. The element was originally connected to the tank with a flange. The opening and 

flange was later used to attach the heating thermosiphon to the tank. To be able to fit the second thermosiphon 

a similar hole was drilled in the opposite gable of the tank and screws were welded to the tank to be able to 

attach the second thermosiphon.  A stand was built to elevate the tank above thermosiphon 1.  

2.2.2 Solar collector - Thermosiphon 1 

The solar collector was cut out from a bigger existing solar collector. It was built into a box to keep it in place and 

to isolate the bottom of the solar collector. The interconnecting pipes were soldered together with the 

evaporator. On the highest point of the thermosiphon a safety valve was connected. The condenser of 

thermosiphon 1 and the evaporator of thermosiphon 2 are two identical copper spirals made of pipes and 180° 

capillary joints. Figure 6 shows the copper spiral before and after assembly.  
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Figure 6: Copper spirals acting as condenser and evaporator, before and after assembly. 

 
Figure 7: Thermisiphon 1 mounted to the prototype, the function of the plastic hose is to see the water level. 

 

2.2.3 Boiler unit - Thermosiphon 2 

The condenser of thermosiphon 2 was made out of a copper tube and a brass tube. Two holes were drilled in the 

copper pipe to be able to connect the condenser with the tubes leading to the evaporator. Two valves were 

placed on the thermosiphon to be able to close the connection between the evaporator and condenser. Figure 8 

shows thermosiphon 2 mounted on the prototype and a schematically section view of the condenser.  
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Figure 8: Thermosiphon 2 mounted to the prototype (a) and a section view of the condenser (b). 
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3. Results 

3.1 Theoretical estimation 
Table 1 lists the known properties of volume 1 and 2 at the initial state. It also lists the properties of volume 2 

after it has been heated.  

Table 1: Known properties of volume 1 and 2 at the initial and final state [6] 

Volume 1 Volume 2 

                 

                           

                                 

                         

                               

                              

                

                

 

By using values from Table 1 in Equation 2 and 3 the quality of the system is calculated to be        . This low 

quality would do an insignificant addition to the internal energy, therefore the saturated water mixture can be 

considered as pure saturated water. By again using the values from Table 1 in equation 1 one can calculate that 

the specific internal energy of the saturated mixture at the final state will be     . 

 It can be found in the literature that this specific internal energy corresponds to saturated water at slightly more 

than 130°C [5]. From this one can draw the conclusion that    must transfer 125kJ of energy to    and therefore 

the temperature will decrease to around 130°C in    in order to heat up    from 10 to 100°C.  

3.1.1 Condensation 

By setting the wall temperature (     ) to 115°C and varying the saturation temperature (      ) the Reynold's 

number was calculated to be between 60-230 by using Equation 7. Therefore the assumption of a wavy-laminar 

flow was correct and Equation 6 could be used to calculate the heat transfer coefficient for condensation. The 

non-constant values listed below Equation 7 was recalculated for each saturation temperature. The heat flux 

from the condensation was calculated for seven saturation temperatures (      ) in the interval 105-160°C by 

using Equation 5-7. For each saturation temperature the wall temperature was varied from 100-120°C. These 

results can be seen in Figure 9 as the data denoted as qcond(Tsat,v=1XX°C).  

3.1.2 Heat transfer wall-to-water 

The heat flux from the wall to the water is calculated by Equation 9 in this equation the wall temperature is the 

only changing variable, the other are constant properties of the water that is heated up. The heat flux was 

calculated for wall temperatures 100-120°C. The result can be seen in Figure 9 as the data denoted qnucleate.  
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Figure 9: Plot of results from calculation of condense and boiling heat flux combined to see at what wall temperature Tw the heat 
fluxes                       . 

3.1.3 Total heat transfer 

Table 2 shows at what wall temperature(     ) the heat flux from the condensation (     ) are equal to the 

heat flux from the nucleate boiling(    ) for each saturation temperature (      ). 

Table 2: Compilation of results from Figure 9 showing at what       the two heat fluxes are equal 

                  
              

        

      
      

           
 

             

          
     

        
 

             

160 115.3 509 11.4 33.2 

150 114.4 418 11.7 29.0 

140 113.2 327 12.2 24.7 

130 112.0 236 13.1 19.6 

120 110.0 145 14.5 14.5 

110 107.2 54 19.3 7.5 

105 104.8 16 79.3 3.3 

 

From the results in Table 2 the total heat flux depending on the saturation temperature on the vapor side can be 

obtained. The total heat flux is plotted against the saturation temperature in Figure 10. It is seen that the heat 

flux is linear proportional to the saturation temperature, a linear approximation of the total heat flux was 

obtained as 

                                             (11) 
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Figure 10: Total heat flux depending on the vapor saturation temperature. 

By multiplication of the total heat flux with the surface area    the total heat transfer is achieved. As seen in 

Figure 10 the heat flux will decrease with the decreasing       . By calculating the energy transmitted (  ) 

during a time interval    volume 1 will get a new internal energy, this new internal energy corresponds to a new 

saturation temperature of the vapor and therefore a new heat transfer. An iterative calculation for this has been 

done for                . The surface area is set to          . As mentioned earlier an energy of 125kJ is 

required to heat up the water in volume 2 from 10 to 100°C. In Figure 11 the total energy transmitted over time 

for the two iterative calculations are shown.  The calculation with the smallest    shows that it would take 

roughly seven seconds to transfer the required energy. The average theoretical effect during boiling of the water 

was calculated to be 18kW (       ).  
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Figure 11: Results from iterative calculation of total energy transmitted over time for              . 

All calculations above are done from the assumption that the wall temperature initially has a temperature of 

115°C. The energy transmitted to the water due to the initial wall temperature has been ignored since it is 

relatively small compared to the total energy needed.  

3.2 Practical tests / Experiment / Prototype 
At the start of the practical test both thermosiphons were fully filled with water and the tank was filled with a 

vegetable oil. When the temperature of the thermosiphons had exceeded 110°C the safety valves were manually 

opened to boil out the water to a desired level. In Figure 12 the temperatures of the upper pipe of 

thermosiphon 1, the oil and the upper pipe of thermosiphon 2 are plotted against time during heating of the 

prototype. It can be seen that after about 40 minutes the temperature of thermosiphon 1 drops this is the time 

where the safety valve was opened to boil out the water from the thermosiphon. This also occurs at about 170 

minutes for thermosiphon 2. Due to a loose contact in the thermometer the data from the first ten minutes of 

were lost.  
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Figure 12: Temperatures of thermosiphon 1, heat storage and thermosiphon 2 during heating. 

During the charging of the system, all materials such as valves, pipes, tank and the fluids in both of the 

thermosiphons are heated up. To be able to estimate an average effect during charging all components heated 

are listed together with their specific heat capacity in Table 3. The average charging effect was calculated to 

              . 
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Table 3: Properties of components heated during charging and their change in energy,    

Media/Material Cp              Mass      ΔT      ΔQ      

Tank/Stainless steel 0.50 3 77 120 

Veg. Oil 1.97 [10] 9 77 1400 

Water 4.2  0.8 77 260 

Copper pipes 0.39 2 77 60 

Total         1840 

 

Figure 13 shows the temperatures over time of both the upper and return pipe of thermosiphon 1 as well as the 

water during the first minute of boiling. The boiling unit (Figure 8b) had a volume of 0.25 liters and a surface 

area of 0.025m2. The water had an initial temperature of 24°C and reached the boiling temperature 100°C after 

30 seconds (  ). The energy required to heat the water from 24-100°C(  ) can be calculated to 80kJ (  

                ). With these values the average effect during the heating can be calculated to 2.9kW 

(       ). 

 

Figure 13: Temperatures of thermosiphon 1(upper and return pipe) and water temperature during boiling. 

The lamps were shut off before water was poured into the boiler unit. Since the heat storage transmitting 

energy to thermosiphon 2, the water kept boiling for 26 minutes ( ) after the lamps were shut off. The 

temperature of the oil in the heat storage dropped from 130 to 112°C (       ) during the boiling of the 

water. This temperature drop corresponds to an energy loss of 325kJ in the oil (                 ) and an 

average energy transfer of 200W (            ). Figure 14 shows the boiling during the full time, the 
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temperature drops at 370, 770 and 1500 seconds shows where more water was added to the boiler unit to keep 

the volume of water about the same during the boiling.  

 

Figure 14: Temperatures of the water and upper pipe of thermosiphon 2 during boiling of water.  
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4. Discussion 
The shortest time a body can be heated up by its surrounding can be calculated using the lumped system 

analysis, Equation 12 [7] 

        

     
 

   

    
  (12) 

Using the estimated heat transfer coefficient from table 2,              , ambient temperature     

         , surface area           and the properties of water one can calculate that the time to heat up 

water from 10 to 100°C would be under five seconds. This time can be seen as a lower limit, faster than this is 

not possible.  Since the theoretical time was over this time the theory was accepted to be further used.  

Equation 11 shows a quite simple expression of the total heat flux although the heat fluxes for condensation and 

boiling are calculated with a large number of variables. It would be interesting to investigate this expression to 

further understand what variables that have the most impact of the total heat flux.  

The theoretical and experimental results from the water boiling procedure are compared in Figure 15. For the 

theoretical estimation the initial saturation temperature of the vapor was set to 123°C. This was also the initial 

temperature of the vapor in the experiment. The surface area was set to 0.025m2. The experimental values for 

transmitted energy are calculated from the temperature measurements of the water shown in Figure 13. It is 

seen that theoretically it takes roughly 70 seconds to transfer 80kJ that is required to boil the water, compared 

to the experimental time of 30 seconds.  

Possible reasons why the theoretical time is more than double the experimental time are 

 The lower difference in surface and saturation temperature leading to a low heat transfer from the 

vapor to the wall, the experimental vapor temperature are higher due to the additional energy 

transmitted from the heat storage(see Figure 15). 

 The lower heat transfer from the surface to the water due low difference of the surface and water 

temperature (excess temperature Figure 5). 

 Initially the energy stored in the boiler unit itself is transmitted to the water, this was ignored in the 

theoretical estimation 

It is also worth mentioning that if 1kg of water with an initial temperature of 123°C is going to transfer 80kJ the 

saturation temperature will decrease to 104°C. The mass of water in thermosiphon 2 during the boiling process 

was estimated to be 0.25kg. This mass of water would only be able to transfer a fourth of the required energy 

i.e. 20kJ. This shows that the heat transfer from the heat storage to thermosiphon 2 is sufficient to support the 

heating of water.  
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Figure 15: Theoretical and experimental values of the transmitted energy and saturation temperature - Heat storage 1kg. 

It can be seen that in Figure 15 that in the beginning of the boiling procedure the experimental transmitted 

energy increases close to linearly proportional to time. If the transmitted energy was perfectly linear the heat 

transfer to the water would be constant. This also means that the saturation temperature of the vapor keeps its 

initial value. This was tested in the theoretical model by having an infinite water mass, instead of only 1kg water, 

as heat storage. The results can be seen in Figure 16.  

 

Figure 16: Theoretical results with constant heat transfer together with experimental results (infinite heat storage). 
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It can be seen that it takes roughly 18 seconds to transfer enough energy to boil the water if the heat transfer is 

kept constant. This corresponds to an effect of 4.4kW, compared to the average effect of 2.9kW from the 

experiment. The energy transfer from the heat storage is not fast enough to be directly seen as an extra water 

volume. Although it is shown in Figure 16 that one get a heat transfer closer to the experimental results by 

assuming an infinite heat storage.  

Even though there are significant differences between the theoretical model and the prototype it has been 

shown that it can be used to roughly estimate the water boiling procedure. The results from the prototype have 

shown that it is possible to construct a functional heat storing water boiler. 
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Conclusions  

Solar collector 

The solar collector that is going to be used in a future product must be investigated. There are uncertainties if 
one can reach desired temperatures from a flat solar collector from direct sunlight. One may have to use 
reflectors to concentrate the sunlight with reflectors to reach a desired temperature. Further the dimensions of 
the solar collector need more investigation.  

Condensing surface 

If an even higher heat transfer from the vapor to the condensing surface is desired it is possible to either change 

the geometry of the boiling unit of thermosiphon 2 to get a larger surface area or the surface can be treated so 

that dropwise condensation occurs instead of filmwise condensation. This can be achieved by adding a coating to 

the surface, these coatings are called promoters.   

Heat storage 

Use of other medias in the heat storage may be advantageously investigated to increase the heat storing 

capacity per unit volume. The heat storage must be dimensioned so that a future product has enough energy 

storing capacity to meet the end-users requirements.  

Theoretical model 

The theoretical model can be improved further to match the prototype layout. Further investigate the 

expression for the heat flux in Equation 11 to get a better understanding of what parameters affecting the heat 

flux.  

Prototype and experiment 

More testing of the prototype will give a better understanding of how the theoretical model could be developed. 

Furthermore additional tests where different, higher, temperatures of the vapor are achieved will be useful for 

evaluation of the theoretical model.  

Furthermore should the possibility to combine the product with other heating techniques such as electric 

element or gas burner, making the product into a hybrid system. This enables usage of the product even after a 

period of less suitable weather.  
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