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Abstract 

In the framework of 2020 PUPM HEAT project three different types of thermal energy storage 
(TES) systems are being constructed and analyzed at a demonstration site set up at the power 
plant IREN in Moncalieri, Italy. KTH will assist this project by setting up a validation rig where 
three TES systems in smaller dimensions will be constructed and analyzed for its performance, 
to use as guideline for the demonstration site rig. The first TES system that is being constructed 
is the submerged parallel spiral heat exchanger which is a completely new version of latent 
heat storage to be tested. For this idea, parallel layers of spiral copper coils will fill up a tank 
shell which in turn will be filled with phase change material. By injecting high temperature 
heat transfer fluid, phase change material will change its state and energy will be stored in the 
system. When injecting low temperature heat transfer fluid, the energy will be extracted. This 
BSc thesis will present detailed design solutions for the tank shell and the spiral copper coils 
that will be used for the heat exchanger. Presented solutions are then used to order parts 
needed to initiate the construction phase.  

Sammanfattning 

Inom ramverket för 2020 PUPM HEAT projektet kommer tre olika typer av 
värmeenergilagrings enheter tillverkas och analyseras vid energikraftverket IREN i Moncalieri, 
Italien. KTH kommer att assistera detta projekt genom att sätta upp en anläggning med tre 
liknande värmeenergilagrings enheter i mindre dimensioner som kommer konstrueras och 
analyseras. Dess data kommer sedan användas som riktlinje för att tillverka de större 
värmeenergilagringsenheterna i IREN. Den första enheten som tillverkas är en värmeväxlare 
som bygger på en ny version av latent energilagring. Den kommer att bestå av parallella lager 
av spiral formade koppar rör som fyller en tank. Tomrummet som blir över kommer att fyllas 
upp av fasändrings material (PCM). Genom att injicera varmt vatten i systemet kommer 
PCM:et att byta fas, vilket resulterar i att värmeenergin lagras i systemet. När sedan kallt vatten 
injiceras kan den sparade energin bli utvunnen. Den här rapporten kommer att presentera 
designen till tank kåpan såväl som den inre strukturen med kopparrör som behövs till 
värmeväxlaren. Resultatet ska möjliggöra beställning av alla delar som behövs för att 
konstruera värmeväxlaren.   
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1 Introduction 

In the world as it looks today where climate change, pollution and other negative 
environmental effects are seen happening frequently, humans are in search for a change and 
sustainability in all shapes and forms are climbing as a top priority. A way to make the energy 
sector more sustainable is not only by increasing the portion of sustainable energy sources but 
also by taking advantage of energy storage. Due to fluctuations in the demand for energy and 
its correlation with the price, storing energy when the demand is low results in a lower price. 
The price for energy is more expensive during peak periods when the demand is high and 
cheaper during off peak periods. The idea is to store energy when there is a low demand for it 
and then extract it when the demand is high.  

At KTH Royal Institute of Technology Stockholm, Sweden, a project with Thermal Energy 
Storage system (TES) is constructed and analyzed. The project is a part of a bigger 
collaboration between eight European countries in the framework of H2020 PUMP HEAT 
(PumpHeat, 2019). In Moncalieri, Italy, full scale warm TES systems are to be set-up at a 
demonstration site located at the power plant IREN (IREN, 2018). KTHs part will be to set-up 
a validation site for three different warm TES systems that has to be constructed and tested. 

• Submerged parallel spiral heat exchanger latent heat storage.   

• Stratified water storage with auto height adjusting inlet diffuser. 

• Encapsulated phase change material in tank 

In the TES systems phase change material (PCM) plays a central role. The main concept is to 
make the PCM go from one phase to another and in that process store the thermal energy in 
the material itself (Cárdenas and León, 2013), only to later make the PCM change back to its 
original state, where in this process the stored energy can be extracted.  

1.1 Thermal Energy Storage systems 
There are many perks and applications that comes with the ability of storing energy. The 
economically sustainable benefit of storing energy at off peak periods and extracting it at peak 
periods, the benefit of combining TES with renewable energy sources such as solar energy and 
the benefit of energy usage at times when energy availability and energy demand does not 
coincide, as to mention a few essential advantages (Sarbu och Sebarchievici, 2017). Some 
important applications where TES systems are used today would be for households as hot 
water storage and in heat exchangers. Looking at the overall world situation when discussing 
the pollution crises that is facing the world due to fossil fuels, perhaps TES systems in acting 
as a complement for renewable energy sources can be the answer humans are looking for. 
Regarding the future of TES systems only the imagination can limit potential applications and 
advantages.   

Thermal energy storage systems allows energy storage in the three following forms:  

- Sensible heat storage 

- Latent heat storage 

- Thermochemical heat storage 
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These TES systems works differently compared to each other but they all have a charging and 
discharging phase where during charging energy are being stored in the system and during 
discharging energy is extracted.  

1.1.1 Sensible Heat Storage 
Sensible heat storage is the most common way of energy storage when it comes to warm water 
storage. The principal behind this is basically to change the temperature of the medium that is 
being stored. Storage tanks are usually constructed with high insulation material with the 
purpose of speeding the heating process as well as preserving the heat. Some significant 
properties when discussing sensible heat storage technology are thermal capacity, which is a 
measurement of the ratio between added heat energy and temperature, and also heat loss 
coefficient (Global CCS Institute, n.d). These properties are fundamental when analyzing the 
performance. 

When using sensible heat storage, thermal stratification will occur meaning medium with 
lower density will be stored at the top of the tank and vice versa. In that sense a sensible heat 
storage tank have the advantage of storing both high- and low temperature medium in the 
same tank, however provided that the convection flow is low. In case of high convection flow 
warm and cold medium will be mixed hence stratification will no longer be obtained. 

 

 

Figure 1 illustrates a sensible heat storage where the water will be stored as a gradient from 
cold at the bottom to warm at the top yet with a sharp line of separation called thermocline 
(Hoogendoorn, 2011).  

Other benefits with this TES system are that charging and discharging can be done reversibly 
for an endless amount of cycles which makes it long-lasting, additionally the system is not 
costly. On the other hand, the heat losses are high when storing medium with high temperature 
thus energy can not be either stored or extracted at constant temperature.   

1.1.2 Latent Heat Storage 
Latent heat energy is described as the energy either stored or released when material goes from 
one state to another (Cárdenas and León, 2013). Latent heat storage revolves around energy 
being stored in a PCM, a material that stores heat from the environment when melting and 
releases the heat when freezing. The advantage of using this type of energy storage lies in the 
fact that in PCM’s the enthalpy of fusion is considerably greater than the heat capacity which 
means it takes a great deal of energy to achieve phase change in comparison with increasing 

Figure 1: Sensible heat storage unit indicating thermal 
stratification. 
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the temperature (sensible heat). In other words heat storage capacity is very efficient, 
moreover the heat loss is low (Baetens, Jelle and Gustavsen, 2010).   

However, there are also some difficulties with latent heat storage. Biggest problem today is that 
PCM’s have a low overall thermal conductivity (Cabeza, 2015). Besides that the tank set-up is 
complex and costly. As latent heat storage looks the most promising there are a lot of research 
concerning development of the technology in order to minimize the disadvantages and find 
new ways to use this technology, among them project 2020 PUPM HEAT is one. 

 

 

 

Figure 1 illustrates the process of a material undergoing a phase change. If the direction of the 
process goes from left to right in the figure it implies that Region 1 illustrates material receiving 
heat energy from the environment. Region 2 in the figure, where the temperature is constant 
is where the material is changing phase (melting in this case) and the thermal energy is stored 
in the material itself. This part is described as latent heat energy storage. PCM’-s are those 
materials that have the ability to store a larger amount of energy in itself when undergoing a 
phase change as compared to sensible heat storage materials (Cárdenas and León, 2013). 
Figure 1 also shows that latent heat storage implies isothermal conditions meaning system will 
be charged and discharged at constant temperature.   

 

Figure 2: Temperature of a material plotted as a function of time. 

Figure 3: Bio based PCM from Puretemp. To the left, PCM in 
liquid state and to the right in solid state. 
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There are many different kinds of PCM’s therefore they are primarily dived into two branches, 
organic- or inorganic PCM’s. The organic ones are commonly paraffin’s or bio based while the 
inorganic ones may be salt hydrates and metallic (NingWie Chiu, Martin and Setterwall, 2009). 
Figure 2 illustrate how an organic PCM looks almost like oil in liquid state and like candlewax 
in solid state. Table 1 below points out some of the central differences and similarities between 
organic- and inorganic PCM’s. These are then one of the aspects that come into play when 
deciding which PCM to use in the TES systems. 

PCM type Toxic Thermal 
conductivity 

Long 
lasting 

Stable Approximate 
melt point 

temperature 
range 

Paraffinns 
(Organic) 

No Low Yes Yes -8o C to 40o C 

Bio based 
(Organic) 

No Low Yes Yes -400 C to 151o C  

Salt 
hydrates 

(Inorganic) 

Some are High Some are No 15o C to 80o C 

 

 

As PCM play a major role in the TES systems it is essential that the most efficient kind of PCM 
is being used thus comparison between PCM’s based on its characteristics is not enough. 
Therefore thermal cycle tests are also used, a method that effectively allows evaluation between 
different kinds of PCM’s by letting them freeze and melt back and forth several times under the 
same conditions. The outcome of these Thermal cycle tests will be graphs showing the potential 
energy storage capacity.  

1.1.3 Thermochemical Heat Storage 
Thermochemical storage is based on the idea of either reversible chemical reactions or sorption 
systems. Chemical reactions in this case works in the way that when heat is added, 
intermolecular bonds between chemical material pairs will be broken and as result heat energy 
will be stored in the now separated reactive components. When the components are joined 
back together to form a pair, heat will be extracted (Kalaiselvam and Parameshwaran, 2014). 
The best chemical materials used for this storage system in terms of high level of storage 
capacity are Silica, Magnesium sulfate, Lithium bromide, Lithium chloride and Sodium 
hydroxide. Sorption systems works according to the principals of absorption and adsorption.  

One of the most desirable benefit with thermochemical storage is the large amount of heat 
storage capacity independently from heat loss.  

Table 1: Indicated differences and similarities between different type of PCM’s 
(ESRU, n.d) 
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Figure 3 shows the different tank volumes depending on energy storage method that are 
desired for a passive house requiring 6480 𝑀𝑀𝑀𝑀. The thermochemical storage clearly stands out 
as the most efficient one in this circumstance. 

1.2 Purpose and goal 
This project is a part of a bigger collaboration, therefore the main objective is to construct full 
scale warm TES systems at the demonstration site in Moncalieri, Italy, at the power plant 
IREN. The full scale systems will have a total storage capacity of 15 m3 and in terms of effect 
600 kWh which will be divided into the different TES systems (PumpHeat, 2019). Real case 
simulations of the performance can then be done at the demonstration site. KTH will set up 
the validation rig where the goal will be to construct and test the performance of three different 
types of TES systems with smaller dimensions to use as guideline for the bigger scale version 
at IREN. At the validation site TES system, should have at least the storage capacity of 400 L. 
Too small dimensions will cause inaccurate simulations due to boundary conditions and too 
big dimensions will be ever so costly.  

The focus of this thesis is the design part of the tank shell and the inner structure consisting of 
parallel spiral copper coil (PSCC) assembly, for the first TES system. The purpose is to present 
and discuss detailed design solutions of the model. Both outer- and inner structure designs will 
be presented. Finished designs that are ready to send the manufacturing companies along with 
parts that has to be fitted with the tank such as sensors, bushings and thermowells are 
presented. The outcome of this thesis should be a clear visualization of the design that will be 
used for the submerged parallel spiral heat exchanger TES system and main items KTH has 
to purchase in order to set-up the tank for the validation rig.     

2 Methodology 

As this project has been design orientated much work has been done using the computer CAD 
software 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐸𝐸𝑆𝑆𝐸𝐸𝐸𝐸 𝑆𝑆𝑆𝑆10. During the initiation phase of the project criteria and concept 
illustrations for the tanks were collected from previous reports within the same project, from 
which CAD drafts could be made. Scheduled handler meetings one to two times every week in 
combination with close e-mail contact made it easy to exchange ideas and look over remarks 
in order to mold the CAD drafts into more detailed drawings. During mid-stage of the project, 
technicians were included at weekly meetings as well with the intention of receiving 
professional viewpoints regarding the tank and also other parts to be fitted with the tank. As 

Figure 4: Compares tank volume for different energy storage 
methods. 
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specified and well detailed CAD drawings had been made, contact with manufacturing 
companies along with sellers started. When both product and price was agreed upon between 
KTH and the suppling companies’ orders were placed. However, At least three quotations from 
different companies were obtained to use as motivation for buying from the chosen company.  

In conclusion, communication between handler, technicians and manufactures/sellers were 
made to precise the CAD design. The CAD design itself was made on 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐸𝐸𝑆𝑆𝐸𝐸𝐸𝐸 𝑆𝑆𝑆𝑆10.  

Stage Performed Tasks 

1 Read previous report D.3.2 and D.3.4 (PumpHeat, 2019) 

2 CAD draft of tank + CAD draft of PSCC assembly   

3 Refine CAD models  

4 Contact manufacturing companies: Nordic Heater (Tank), Pentronic 
(sensors) 

5 Discuss CAD model sent by manufacturing companies with technicians 

6 Refine CAD models 

7 Place orders 

 

Table 2 was used as a guideline throughout the entire project. All of the important stages on 
the way to constructing the TES systems, besides the many meetings are marked in the table.  

3 Tank concept 

KTH will set up a validation rig which consists of three different type of warm TES systems. 
The TES systems that are being constructed are as follows: 

• Submerged parallel spiral heat exchanger latent heat storage.   

• Stratified water storage with auto height adjusting inlet diffuser. 

• Encapsulated phase change material in tank. 

Warm TES systems will have a working temperature range between 46o C and 72o C. The PCM 
designed for the rig have a melting temperature at 65o C and freezing temperature at 56o C.  
Systems will store energy, also called charge when injecting high temperature heat transfer 
fluid (720 C) and release energy or discharge when the inlet temperature is lower (46o C). 
During charging heat transfer fluid will enter the tank from the top and during discharging 
from the bottom.  

The first TES system in the list is prioritized compared to the others in terms of the scope of 
this BSc thesis. 

Table 2: Time plan displays important stages along the way in its right order. 
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3.1.1 Submerged parallel spiral heat exchanger latent heat storage 
The first and most important component that has been designed is the heat exchanger. The 
basic concept of a heat exchanger is to transfer heat from one fluid to another without the two 
fluids ever having direct contact with each other (AquaLogic, n.d). The variation that is 
constructed by KTH will be a novel design with parallel spiral copper coils for the heat transfer 
fluid (in this case water) to flow through. This will be combined with the PCM which will act as 
the fluid from which the heat will be transferred.  

 

 

Figure 5 exemplifies the core concept as a whole. The TES system will consist of three key 
components, the outer shell of the heat exchanger tank, the parallel spiral copper coil assembly 
(PSCC assembly) and the PCM. PSCC assembly are parallel layers of a spiral copper coil 
(illustrated in figure 5b) that are attached with an inlet and outlet pipe. The PSCC assembly 
will be placed inside of the tank while the rest of the tank will be filled with PCM, hence the 
PCM will be in contact with the PSCC assembly and with the tank shell.  

The core benefit of having a tank with this design is that heat transfer will be enhanced because 
of centrifugal forces. Additionally, the heat transfer surface is large thus thermal conductivity 
will be boosted as well, which is something that has been problematic in existing latent heat 
storage systems (PumpHeat, 2019). 

When warm heat transfer fluid is set to flow through the PSCC assembly, PCM will melt and 
transition to its liquid state with the thermal energy stored in the material itself. Extracting the 
energy is done by lowering the temperature of the heat transfer fluid with the purpose of 
freezing the PCM thus making it a solid. As the PCM turns solid the stored energy will be 
released and transferred to the heat transfer fluid making the cold fluid warm. 

4 Design Solutions 

The design outline originates in criteria’s and concept illustrations from previous reports D.3.2 
and D.3.4 presented within the project framework. Central condition regarding the Tank shell 
is that at least 400 L of storage capacity should be attained. Tank diameter and height are 
flexible however limited by laboratory work space hence maximum (vertical) height is 
constrained to 2500 𝑚𝑚𝑚𝑚. Regarding the PSCC assembly, pitch and distance between layers 
should both be 50 mm. Many layers will increase the thermal conductivity thus a high tank is 

Figure 5: (a) Concept illustration shows spiral copper coils in tank. (b) 
Concept illustration of a single spiral copper coil layer. 
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of interest. Furthermore, CAD design should allow temperature sensors to be placed for 
measuring temperature on coils and also directly in the medium (PCM).   

With provided information decision of making the tank in following flexible dimension were 
made yet only to use as a skeleton when drawing the draft: Outer diameter Ø720 𝑚𝑚𝑚𝑚 and 
height 1500 𝑚𝑚𝑚𝑚 resulting in volume of approximately 600 𝐿𝐿 .  

4.1 Parallel spiral copper coil assembly 
For the spiral copper coil layers the fixed condition were the pitch and distance between layers, 
both set to 50 mm (PumpHeat, 2019). The dimension of the copper tubes as well as for the 
dimensions of the inlet- and outlet pipes were calculated by project colleagues to ensure right 
flow velocity thorough the assembly and additionally to match the tank height. Given 
information made CAD drawings possible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 
 

Figure 6: CAD drawing of PSCC assembly. (a) Front view, (b) side view. 

Figure 7: top view of PSCC assembly. 

(a) 
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Figure 6 and 7 both illustrates the final version of the PSCC assembly from different angles. In 
figure 6 (a) note the bottom steel plate, which is mated together with the center pipe to simplify 
the process of inserting the whole assembly in the tank shell and also for carrying the weight 
of the entire assembly. Thin steel rods in figure 6 (a) are placed near the edge of the bottom 
plate. At the very top of them hooks will be welded on for lifting the assembly in and out of the 
tank shell. The center pipe in figure 6 (b) will too be the inlet- or outlet pipe, same goes for the 
pipe to the right in the figure. If high temperature heat transfer fluid is injected, center pipe 
will act as inlet and the pipe on the right hand side will act as outlet. If low temperature heat 
transfer fluid is injected it’s the other way around. Figure 7 indicated that every single layer is 
connected to the inlet and outlet pipe. In between every layer thin steel plates will be braced 
for supporting the weight of layers, however not displayed in the CAD drawings. The two holes 
on the bottom plate are outlet- and emergency drain holes that will match corresponding holes 
on the tank shell.  

 

Table 3 display all of the parts used in the PSCC assembly and their dimensions. Copper pipes 
are all in standard dimensions. Total volume of the assembly is 27,5 𝐿𝐿 and there are 24 layers 
of spiral copper coil. 

4.2 Tank shell 
The idea for the tank shell was to design it as two parts, body and lid. In addition to that some 
sort of stands for stabilization purpose are desired. Conditions that were decided among our 
project group at KTH during meetings are as follows:  

- Material 𝑠𝑠𝑠𝑠𝑠𝑠𝑆𝑆𝑠𝑠𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑆𝑆 𝑆𝑆𝑆𝑆 316 should be used. 

- Tank body has to be elevated at least 500 mm above the ground to enable connections 
for the outlet. 

- The thickness throughout the entire tank should be 3 mm. 

With this given information as a starting point tank dimensions were set with a margin and 
CAD drawings could be made. 

Part Outer 
diameter 

(mm) 

Thickness 
(mm) 

Length (mm) Material 

Coil layer 12,7 

½” (inch) 

2 5135 Copper 

Inlet pipe 63,5 - 1600 Copper 

Outlet pipe 63,5 - 1600 Copper  

Bottom plate 714 5 - Stainless steel 
𝑆𝑆𝑆𝑆 316 

Rods 10 -  1300 Stainless steel 
𝑆𝑆𝑆𝑆 316 

Table 3: Dimension list of parts used in the PSCC assembly. 
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Final version of the tank shell is shown in figure 8. The total tank height is 2210,7 𝑚𝑚𝑚𝑚, height 
excluding the legs is 1610 𝑚𝑚𝑚𝑚 and outer diameter is Ø720 𝑚𝑚𝑚𝑚 thus dimensions were kept 
pretty accurate to the given outline dimensions. Handles as seen on the lid and side of the body 
are there for removing the lid as well as transporting the tank horizontally if needed.  

  

 

 

 

 

 

 

 

In figure 9 (a) note the flange which enables tight mounting between bottom part and lid, 
preventing leakage. Flange will be held in its place by 𝑀𝑀8𝑥𝑥55 bolts and nuts. Regarding holes 
on the lid, the far right hole will be aligned with outlet/inlet pipe only in order to remove 
trapped air in the PSCC assembly. The middle hole will be aligned with the center pipe in acting 
as inlet/outlet depending on situation. Far left hole will be used for leading out wirers from 
sensors in the tank. In figure 9 (b), illustrating the bottom view, far right hole will be aligned 
with outlet/inlet pipe in acting as outlet/inlet. Left hole will be closed with a corresponding 

Figure 8: CAD drawing of tank shell. (a) Front view, (b) side view. 

(a) 
 

(b) 
 

Figure 9: CAD drawing of tank shell. (a) Top view, (b) bottom view. 
 

(a) 
 

(b) 
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nut, used only if necessary to drain the system. Legs are attached with 𝑀𝑀8𝑥𝑥28 bolts and are 
removable.  

  

 

 

 

 

 

 

Figure 10 (a) illustrates a hole closed with corresponding nut for draining the tank, same as the 
hole on the bottom. There are 3 of these hole in a straight line on the side of the tank shell seen 
in figure 8 (b). Figure 10 (b) demonstrates a hole for sticking in rod like sensors in between 
spiral copper coil layers to measure medium (PCM) temperature. There are a total of 6 holes 
like this, two columns of 3 holes positioned 120𝑜𝑜 degrees apart from each other. It is vital that 
the sensor holes are placed with care relative to the PSCC assembly so sensor rods don’t bump 
into the spiral copper coil layers. In the table below, for the holes, thickness column indicate 
the thickness of the hole-extrusion. Notice all holes are made as extrusions on the tank.    

Part Outer 
diameter 

(mm) 

Thickness 
(mm) 

Length (mm) Material 

Bottom body 720 3 1370 Stainless steel 
𝑆𝑆𝑆𝑆 316 

Lid 720 3 170 Stainless steel 
𝑆𝑆𝑆𝑆 316 

Legs - 2,5 600,7 Stainless steel 
𝑆𝑆𝑆𝑆 316 

Closed holes 95 9,4 - Stainless steel 
𝑆𝑆𝑆𝑆 316 

Sensor holes 24,2 5,9 - Stainless steel 
𝑆𝑆𝑆𝑆 316 

Sensor/air vent 
holes  

82 9,25 - Stainless steel 
𝑆𝑆𝑆𝑆 316 

Figure 10: (a) Close up of drain hole. (b) Close up if sensor hole. 

(a) 
 

(b) 
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Table 4 display dimensions for parts used in the tank shell. All pipe branches used for the holes 
are of standard dimensions. Total storage capacity of the tank is 614 L. 

 

A steel pallet will be ordered along the tank for further stabilization as well as for transportation 
with forklift. Legs can easily be mounted on the pallet with bolts and nuts.   

4.3 Full Assembly 

 

Inlet/outlet 
holes 

95 9,4 - Stainless steel 
𝑆𝑆𝑆𝑆 316 

Table 4: Dimension list of parts used in the tank shell. 

Figure 11: Steel pallet for the tank 

Figure 12: Tank shell assembled with PSCC in real life 
environment. 
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Figure 12 and 13 illustrates different views of a fully assembled tank in real life looking setting. 
For fitting PSCC assembly with the tank shell all holes on the tank were designed larger then 
pipe diameters of the inner structure. Bushings are then used between pipe and hole for tight 
connection, minimizing leakage risks. All empty space up till the flange seen in figure 13 will 
be filled with PCM. Total weight is estimated to be near 300 𝑘𝑘𝐸𝐸.  

4.4 Sensors 
Temperature sensors are highly important to enable performance analyzation at a later point. 
Tank design is made with regard to sensors that eventually will be placed. Two different type 
of temperature sensors will be used, rod like sensors for measuring on PCM and flat tape-on 
sensors for measuring on the spiral copper coil layers. Significant aspects concerning the 
sensors are that very high accuracy is of importance, that holes for sensor do not align with 
copper coil layers and that wires are thick enough not to break in the tank. These aspects were 
all taken into account when designing the tank. 

 

Figure 13: Section view of assembled tank in real life 
environment. 

Figure 14: Pt-100 rod sensor for measuring PCM temperature. 
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Figure 14 and 15 illustrate the two types of temperature sensors the will be purchased. The 
𝑃𝑃𝑠𝑠 100 sensor in figure 14 is a rod to stick in the tank allowing measurements at different 
positions in depth. Thermocouple in figure 15 is the flat sensors and will be placed at three 
different rings for three different layers hence a total of 9 flat sensors will be purchased. When 
ordering, technical specifications that are of interest has to be specified for both sensors. 
Picture 15 below states those specifications that are wanted.   

 

 

5 Discussion 

When designing the tank it is very important to reflect over physical outcomes of future 
simulations, how parts in the tank will be affected and potential risks when using it. For the 
inner structure main concerns were about following: 

- Separation of layers. 

- Lifting PSCC assembly. 

The outer- and inner ring of all layers will be very stable as they are mated with either 
inlet/outlet pipes but for rings in-between there were initially no support. Solution for that 
problem will be to brace thin steel plates between layers, even for rings in the middle. On the 
other hand, with this solution alone all weight will end up on the last layer at the bottom hence 
a thicker steel plate was designed to use in combination as reinforcement, supporting the 
weight at the bottom. For lifting the PSCC assembly in and out of the tank, original idea was to 

Figure 15: Thermocouple, flat sensor for taping on copper coils. 

Figure 16: All specifications required for ordering sensors. 
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simply place hooks on the bottom steel plate. Unfortunately that will not work since tank height 
without the lid is about 1300 𝑚𝑚𝑚𝑚 so the hooks would be out of reach. As a solution, tall rods 
were designed for welding hooks on. With this idea the hooks will be near the flange making it 
possible to reach them.  

On the topic of the tank shell we had a concern regarding how stable it would be in terms of 
falling over. Weight inside the tank may not be distributed equally and as the tank is high, 
center of mass is estimated to be higher up than hoped for. Solution for this was to mount the 
tank on a wide steel pallet as it increase the overall stability. Another more general problem we 
encountered was about where to position the tank in the laboratory and how to move it. PSCC 
assembly has to be inserted at one location in the laboratory and the rig is located at another. 
The steel pallet would be the solution for this problem also as it allows transportation by 
forklift. Something else to note is that PCM will undergo volumetric expansion during phase 
change, therefore it is important to have margin between the flange and the maximum PCM 
level. 

The overall risk likelihood concerning tank and people around it is very low. Exiting risks are 
PCM leakage and risk of tank falling over. Risk of PCM leakage can be prevented by using 
temporary silicone paste around bushings/holes on the tank shell. Electronic equipment’s can 
be moved as far away as possible from the tank to prevent potential leakage from damaging 
equipment’s. Risk of tank falling will as mentioned above be prevented by a steel pallet.       

6 Conclusion 

Design of tank shell and PSCC assembly are finalized and conditions are fulfilled. Criteria of a 
storage capacity of at least 400 𝐿𝐿 are obtained. Regarding inner structure it was made as high 
as possible to include many layers, also criteria’s of 50 𝑚𝑚𝑚𝑚 pitch and distance between layers 
are obtained. Purpose of this BSc thesis were to deliver a clear and detailed vision of the 
submerged parallel spiral heat exchanger TES system, and outcome of the this have made it 
possible to move on from designing phase to construction phase of the 2020 PUMP HEAT 
project. Order for the tank shell has been placed from the company 𝑁𝑁𝑆𝑆𝑁𝑁𝑆𝑆𝑆𝑆𝑁𝑁 𝐻𝐻𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑁𝑁 based in 
Sweden. Finalized drawing sent by the company is attached, see appendix. Sensors and parts 
used in the PSCC assembly are ready to be purchased but orders have not been placed yet. Next 
step in the project would be to purchase all parts needed and initiate construction of TES 
system. Inner structure has to be assembled by technicians at KTH.  

Even though design part is finished there are still many steps left in setting up the validation 
rig. When the submerged parallel spiral heat exchanger is constructed, remaining two TES 
systems have to be designed and constructed. All three systems will then be analyzed of their 
performance, only after this can the validation rig work be completed.  

TES systems and its technology is certainly desired for a more sustainable world. Hopefully the 
new and innovative versions of TES systems that eventually will be presented as a whole in the 
final edition of 2020 PUMP HEAT project, are well working and can be used diligently in the 
future.   
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8 Appendix 

8.1 Tank shell drawing 

 

 

 

 

 

Figure 17: Tank shell drawing by manufacturing company Nordic 
Heater 

Figure 18: Steel pallet drawing by manufacturing company Nordic 
Heater 
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8.2 Volume calculations  

  

 

8.3 Risk analysis 

 

 

 

 

Figure 19: Volume calculations by project colleague  

Figure 20: Risk analysis of tank shell.  
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