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Design for Manufacturing 
Once all of the parts were sourced and ordered we were able to begin manufacturing the baffles. 

Using the water jet machine provided by the College of Engineering, we cut 19 holes in an 

aluminum sheet and then cut out the outer diameter of the circle. The baffle cut was then made 

making the baffles a semi-circle which will allow for the desired flow of the oil. When the salt 

arrived, Verdicorp began creating the phase change material (PCM) capsules. This process is 

patented and little details were given but, in summary the salt was poured into a steel cylindrical 

pipe, heated to an extremely high temperature, cooled, and solidified. This process was repeated 

multiple times for each PCM capsule. The baffle frame was created using four threaded rods and 

were spaced 3.05” apart. The tank was then constructed by welding the base to the bottom of 

the large cylindrical pipe shown in Figure – 1. It was then water tested to ensure no oil will leak 

out during the testing and operation processes. Inlet and outlet holes were drilled and 

threadolets were welded to the outside of those holes. Plugs were inserted into the threadolets 

to protect the holes from any damage until the system was ready for complete assembly.  A top 

was manufactured by welding an aluminum ring, with a diameter slightly smaller than the inner 

diameter of the tank, to the base of a circular plate. A scrap piece of smooth metal was shaped 

into a half of a square and then welded to the top, opposite the side of the aluminum ring, as a 

Figure 1. Tank with Baffles frame installed 
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handle. The next two components of the project were manufactured simultaneously. The heat 

source was constructed by using a 6” diameter circular pipe with a cap welded on one side. The 

inlet and outlet holes were drilled in the same manner as the tank and the threadolets were 

welded to both of the holes. The top cap was created by cutting 4 holes in it equally spaced apart 

one for the thermocouple and three for the heat cartridges to be inserted into. Since the heat 

cartridges need to be protected from the oil a thin metal alloy tube was inserted into the holes 

and welded to the cap within the heat source. The wires for all four components inserted into 

the heater cap will all stick out for easy wire connection and assembly.  Two brackets were 

welded to the side of the heat source for easy mounting to the 80/20 frame shown in Figure – 2.  

 

At the same time the load that represents the ORC was being constructed using a car heat 

exchanger and two small fans. The housing was constructed using a wall track material donated 

by Lowes. The piping and fin car heat exchanger was inserted into the housing and secured. An 

aluminum sheet was used to mount the fans onto the housing. Two holes the size of the fan were 

cut out of that aluminum sheet in order to allow air flow over the fin and piping heat exchanger. 

Figure – 3 shows an aluminum sheet with the fans attached being secured to the heat exchanger 

housing. 

Figure 2. Heat Source with sensors 
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Figure 3. Load with fans attached to 80/20 frame 

The pump was assembled and mounted to a thick sheet of metal for stability and easy mounting 

shown in the right side of Figure – 1. Once all of the components were assembled individually 

they were all mounted on a vertical frame of 80/20 material on wheels. The heat exchanger load 

was mounted to the top of the frame to avoid blowing hot air directly at whoever is testing the 

system. A base sheet of aluminum was mounted to the frame to provide a surface for the pump 

and tank to be attached to. The heat source was mounted vertically in the center of the 80/20 

frame and piping was used to connect all of the components. Insulation was added to the tank, 

heat source, and piping to prevent unnecessary heat loss in the system.
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A switch, shown in Figure – 4, was connected in 

series with the heat cartridges to provide a way to 

prevent overheating. This switch was mounted in a 

control box to protect it from the heat provided to 

the rest of the system. The flowmeter was placed 

right after the pump before the heat source. 

Thermocouples were used to display the 

temperatures directly before and after the thermal 

storage tank. These temperature displays will 

show if the system is successfully storing the heat 

within the PCM capsules and if that heat is being 

transferred sufficiently.  

 

The overall assembly went quite smoothly and 

ended up taking less time than expected. We set 

aside two weeks for construction and it took just 

over a week to complete. The most difficult part of 

the assembly was being able to visualize where all 

the components would fit on the 80/20 frame and 

how the piping would be oriented. 

When considering the overall setup of the system and the project scope we were able to 

eliminate any extra components during the design phase. The incorporation of a reheat system 

and a cold storage tank in addition to our hot storage tank would make our simple system much 

more advanced and a better demonstration of Verdicorp’s project goals.

Figure 4. Switch within control box 



 

5 

DESIGN OF MANUFACTURING 

 

Figure 5. 3-D model of thermal storage tank 
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Figure 6. Exploded View of thermal storage tank 
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Design for Reliability 
The main use of the prototype is to be used as a test rig for Verdicorp to experiment with different 

PCM salts as well as different capsule/baffle configurations on a small scale. The prototype will 

also be used as a portable model to demonstrate the PCM capsule technology to possible future 

customers.  

With this in mind, the prototype is not meant to be an actual small scale operating thermal 

storage system, it is meant more to collect data under monitored use, and not to be left 

unattended as the large scale version would operate. The controls on the prototype are 

completely analog and must be monitored during use to prevent over-heating of the heat 

cartridges and possibly burning the working fluid. The mass flow rate must be regulated manually 

over the operating cycle of the prototype to simulate the controls of the full-scale device. Apart 

from these concerns with the controls, the prototype is designed very robust for its application.  

The prototype is expected to run for multiple data gathering cycles before a maintenance must 

be conducted. The baffles and capsules will have to be cleaned due to fouling of the working 

fluid, depositing residue onto any component that is in contact with the oil.  The copper piping 

system will also have to be flushed and possibly brushed for the same reasons. After each 

operating cycle it is recommended to check the interior of the tank for any anomalies, such as 

misalignment of the baffle frame and ruptures in the PCM capsules. The fittings and valves should 

be tightened after every ten cycles of operation, as well as the bolts holding down the pump and 

tank due to high vibration loading onto the frame. An FMEA table is depicted in Figure-7 which 

illustrates all major possible modes of failure.   

In order to increase the reliability of the prototype a mechatronic system should be implemented 

with the use of the thermal sensors to control the mass flow rate, pressure, and heat input into 

the system.  These controls would make the system safer and make data collection easier for the 

operating technician.
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FMEA (FAILURE MODE AND EFFECTS ANALYSIS) 

 

Figure 7 Failuire Analysis Chart
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Design for Economics 
Our project revolves around creating a commercially viable thermal energy system for Verdicorp. 

The system would be placed in Birdsville, Australia to provide extended power to about 300 

people. The scale of the project therefore is massive. After relentless research on the subject of 

thermal energy storage using phase change material, we have determined that 6,121 PCM 

capsules will be needed for the full scale model. These capsules would fit in a cylindrical 

aluminum tank 18ft in diameter, 22ft tall, and 1 inch thick. The materials alone to fill the tank 

with PCM salt and heat transfer oil would cost an upwards of $3.7 million, including the empty 

tank and capsules themselves. However that doesn’t include cost of pump, flowmeter, piping, 

fittings, and everything else involved with the system. Let’s not forget the cost of physically 

constructing the system. As one can infer, the bill for this project increases rapidly very early on. 

The prototype on the other hand was relatively inexpensive and gives a great approximation for 

what to expect on the full model. To this point, the group has spent $1,442.41 of the $2,000 

budget as seen in Figure-9. This includes all simulation, planning, purchasing, and physically 

building the system. Keep in mind Verdicorp creates Organic Rankine Cycle systems in their 

warehouse so they have an array of scrap metal and parts we were able to implement into our 

model, saving the team quite a bit of money. Sheet metal for the baffles, the pump, and heat 

source are all examples of things we were able to salvage out of there junk pile. They also have 

many thermocouples throughout the building and were able to use those in our system as well. 

The heat load was purchased by Verdicorp under a separate account and was therefore not 

included in the team’s budget. Individual components and their cost may be seen in Figure-8.  

After researching and discussing this project with advisors and sponsors, the team is not aware 

of anyone implementing a system such as this. There are systems that use PCM capsules, but 

they are contained in small spheres rather than large cylinders. Cost estimates for those kind of 

systems are incredibly hard to find. The best comparison the team could make is to compare the 

cost of our prototype and services to one of a professional consulting company. Ultimately what 

we provided to Verdicorp is a simulation of what to expect with the constraints given and building 

a physical system to prove those theories. We did all that for less than $1,500. Verdicorp could 

have went with PCM Thermal Solutions, a consulting company based out of the Chicago area, to 

provide them with advice and direction on their project, but it would have cost them $3,000. This 

only includes a simulation and advice for future work. The $3,000 figure does not include a 

physical system to back up their theories. Figure-xxx brilliantly compares the group’s bill to that 

of PCM Thermal Solutions. The team essentially saved Verdicorp $1,500 providing the same 

services and also building the physical model on top of that.
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Figure 8 Budget Breakdown 

BUDGET GRAPH AND STATEMENT 

 

Figure 9. Overall Budget
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A BAR GRAPH COMPARING OUR PRODUCT TO OTER COMMERICAL PRODUCTS 

LIKE OURS 

http://www.pcm-solutions.com/thermalstorage.html 

 

Figure 10. Our Analysis vs. a Competitor 

 

Conclusion 
The overall manufacturing process went according to schedule. As a group we were all available 

to meet for at least 2 hours every day for a week to complete the assembly. We encountered a 

few difficulties with the manual labor portions such a drilling through thick metals, leveling the 

80/20 material, and sanding the inside of the tank. With a little bit of help from expert welders 

and project managers from Verdicorp we were able to overcome these issues and complete the 

manufacturing process a few days ahead of schedule. We learned how to step drill, utilize tick 

welding, install threadolets, connect piping, configure a pump, insulate a system, and work with 

others as a group to complete an assembly project. This thermal storage demonstration system 

will help Verdicorp explain to potential customers how the full scale model will operate.
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