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Our team was tasked by Bell Helicopter to build, design, and test a model for a helicopter 

gearbox. We approached the problem by considering our customer’s needs and suggestions. Bell 

suggested a box model design for our test rig that used water flowing over a flat surface to 

measure the thermal heat coefficient of a gas mixture inside the box. The inside of the box would 

be heated to 250 degrees Fahrenheit and the rest of the container would be insulated. The team 

would have used this design but Bell Helicopter also requested that the container be pressurized 

to 150 psi. After speaking with our instructor and the Learning Factory supervisor, the team 

determined that the box model would be unsafe for pressurized testing because of its sharp 

corners and decided to use a model with concentric cylinders. 

 

While design concepts were being discussed, several members of the team met with our heat 

transfer and fluids professors to determine the correct mathematical model of the test. In the end, 

the resistance heat model was used to calculate the heat transfer coefficient of the gas mixture. 

Once the equations were determined, Bell Helicopter was contacted so that our work could be 

checked. 

 

The team ran into its first major problem when materials were being purchased and budgeted. 

Our budget was $1000 and the first purchase was the helium-argon gas to be used for testing. 

However, the team quickly realized that the cost for the concentric cylinders or pipes would put 

the team over budget. As a result, another design change had to be done. 

 

The final design used an industrial pressure canner for the body which allowed for minimal 

welding and did not put the team over budget. After conferring with our instructor and Bell 

Helicopter, it was agreed to lower the required pressure to 25 psi. Once the rest of the materials 

had been purchased, construction began in the Learning Factory.  

 

During construction, another design change resulted in a new channel design for the water. The 

water channel was switched from a straight, narrow channel to a serpentine design that allowed 

for more surface area. Once the design change was approved by Bell Helicopter, the team started 

testing in Engineering Unit C. 

 

Testing the device also had several problems. The heater and fan motor started to fail at high 

temperatures and it became apparent that the goal of 250 degrees Fahrenheit could not be 

reached. The team ended up buying another fan motor that was rated at 311 degrees Fahrenheit 

and replacing two hot water heaters with an electric stove top resistor heater. Sixteen total tests 

were run and the results were inputted into a MATLAB code and GUI that outputted the heat 

transfer coefficient of the gas mixture. Several tests with compressed air were used to compare 

with the helium-argon gas mixture. The end result was a 17.2% difference of the heat transfer 

coefficient between compressed air and helium-argon gas. This result was reported to Bell 

Helicopter and the test rig was shipped to the sponsor for further testing and analysis. 


