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Coil Test 

,The MTS Universal Testing System in the Mechanical Engineering 

Department is in need of renovations and improvements to its current 

water-cooling system. Our project goal was to redesign the water-

cooling system. The MTS system requires cooling water for the hy-

draulic power unit (HPU). The water drawn into the Materials Testing 

Lab is at room temperature and pumped into the MTS machine. The 

heat exchanger in the MTS HPU then heats up the water, which then 

exits the lab through a drain. The problem with this is that after a rela-

tively short time the drain system overflows and floods the lab. There-

fore the current system does not handle the excess water effectively. 

This presented a need for a design that would cool the water leaving 

the HPU, and recirculate it back into the MTS system to be used to 

cool the hydraulic fluid. Also, the system built previously is large and 

bulky. It is aesthetically unattractive and very heavy making it difficult 

to move. There was a need for a lighter, more effective system. The 

new system needed to be light, easy to use, and find a solution for the 

excess water to keep the lab from flooding. 

This project has been attempted several times before. Past design 

teams have run into several issues such as running out of time and 

money. Issues from past attempts that still persisted were a corrosive 

tank, large size and weight, and the lack of a means to measure water 

quality. The goal of Frostbite Refrigeration Company (FRC) in this 

project was to attack and resolve these issues by designing an effective 

and efficient water-chilling system. The client for this project is Dr. 

Stephen Hill of the Mechanical Engineering Department of Mercer 

University’s School of Engineering (MUSE). 

 The purpose of this test was to ensure the water would circulate 

through our system without leaks and that our system could cool the 

water. We ran the test a total of four times. A plot of the temperature 

over time for each of the trials can be seen in Figures 1. The test proved 

that water could circulate through our system effectively without leak-

ing. However, this data gave the team our first indication that the freez-

er was not cooling the water as expected. The first trials showed that 

the water was being cooled, but as the tests progressed we discovered 

that the cooled water was coming from the water already stored in the 

freezer. Over time the room temperature water that was being pumped 

into the freezer was the same temperature as the water being pumped 

out of the freezer. This aspect of our design was investigated further 

and addressed in other tests following the functionality test. 

 

Figure 1. Functionality Test Data 

 The results from the faucet test first suggested to the team that the design was not cooling the water by the necessary 

amount. However, the data was misleading at first. Reviewing the time-temperature plots from the first through third 

tests (Figures 2, 3, and 4), it seemed that the tests results agreed almost exactly with the expected steady-state outlet tem-

perature of 55.5 °F. 

As can be seen in the results of the three final tests (Figure 5,6, 7), the design did not cool the water significantly below 

the inlet temperature. As the cold water that had initially been in the freezer left, the outlet temperature slowly climbed 

up to the inlet temperature. 

 

 

Figure 2. Faucet Test 1 Figure 3. Faucet Test 2 Figure 4. Faucet Test 3 

Figure 5. Faucet Test 4 Figure 6. Faucet Test 5 Figure 7. Faucet Test 6 

It was the discrepancy between the two sets of tests that led FRC to 

conduct a test of the faucet temperature itself. A test was done using 

only the cold side of the faucet as the freezer inlet, while measuring 

both the inlet (faucet) and outlet temperatures of the design. The re-

sults of this test are shown below in Figure 8. Based on the com-

bined results of the tests, the design is unable to cool the water ef-

fectively. Any temperature drop in the water produced by the freezer 

is marginal and is easily obscured by the uncertainty (shown by er-

ror bars in all plots) in the digital thermometer used in testing. 

Figure 8. Inlet Vs. Outlet Temperature 

The purpose of the coil test was to determine if the heat transfer rate could be increased with the use of a coil. The theory 

was that the water running through the pipe would have a large surface area over a course of 1000 feet allowing the water 

to cool quicker. The water entering the freezer remained at a constant 60oF.  

 We decided to use the faucet to pump the water through the pipe at a flow rate of 0.6 gpm, which was better than the 

pump. Since this flow rate is much smaller than the flow rate needed any heat transfer will be overestimated. The graphs 

in Figure 9 and Figure 10 represent the data collected during the two tests. It can be seen that the final steady state tem-

perature for the tests were 58oF and 55oF. Since the results showed such an insignificant difference in temperature the 

group decided that the desired temperature difference of over ten degrees was infeasible at a higher flow rate. 

Figure 9. Coil Test 1  Figure 10. Coil Test 2  

Figure 11. FBR Design Figure 12. Previous Design 

Figure 13. Top of Freezer Figure 14. HPU & MTS Unit 

 In summary, after making substantial changes to the design present-

ed in the PDR FRC was able to produce a design that is functional but 

is inadequate for the needs of the HPU. The design does serve as a 

proof-of-concept, however, since it does successfully circulate and cool 

the water within its ability to do so. Potentially, the design could be 

scaled up to meet the needs of HPU. FRC has concluded that the design 

in its current form should not be implemented for use. In the following 

section, FRC presents recommendations based on the results of the pro-

ject. 

 To continue developing the closed system design the team has de-

veloped the areas that need to be improved. After a mass balance ap-

proach the required frrezer for 48 minutes of operation is 6.8 cu. ft. 

 The team also analyzed the size of the freezer based on the amount 

of heat transfer required. We determined a freezer roughly 30 cu. ft. 

would be needed. 

 The additional path this design could take is to limit the amount of 

water entering the HPU. Our analysis revealed that the current water 

supply is running at a flow rate of 24 gpm at a temperature of around 

65 °F. From the specifications which was supplied by MTS the re-

quired flow rate at this temperature is 2.8 gpm. The team ran a test with 

the HPU operating at the warm up cycle with a flow rate of 5 gpm and 

after 70 minutes of operation the drains were far from full. In the future 

this option would require a flow gauge so that the flow could be moni-

tored and ensure it is at least 2.8 gpm.  


