
Fin Convection Experiment 
The purpose of this experiment is to determine the convective heat transfer coefficients for 
free and forced convection over a fin. 

Introduction and Background 

Heat transfer theory provides a direct means of developing engineering estimates of the 
rate of heat transfer in various practical situations. For convective heat transfer, the theory 
is somewhat empirical, and is developed using certain assumptions. As such, it represents 
an idealization that is not often realized. It is frequently not appreciated that convection 
correlations are seldom better than 20% accurate, and can frequently be much worse. Thus, 
although the correlations can be used for engineering estimates, more exact information is 
obtained by the construction and testing of a prototype. In this experiment, the temperature 
distributions for four different pin fins will be measured with natural and forced 
convection: a copper square, copper cylinder, stainless steel cylinder, and aluminum 
cylinder. From the data, heat transfer coefficients of each fin can be estimated. 

Apparatus 

The apparatus consists of four different fin configurations. The heater and base of the fin 
are surrounded by insulation to prevent any heat loss. Mounted along the length of the fin 
are five to seven thermocouples. Using the data acquisition, thermocouple temperatures 
are displayed and recorded. The heater is powered by reduced line source from a 
VARIAC. Two Keithly meters measure the voltage and current used by the heater as was 
done in the conductivity experiment. The knob on each fin allows different power input 
to be achieved in each heater. The switchbox can be used to set the voltage and current 
for each fin.  

 

 



Procedure   

1) Sign up on the doodle poll for a 1 hour data taking session. Data taking will start 
Thursday at 9AM (after the recitation period in which the experiment is 
described) and will end the following Thursday at 5PM 

2) The experiment will be running when you take the data. It will be in either the 
free convection or forced convection mode. Do not change the power settings or 
the fan setting 

3) Insert the USB cord for fin 1 and 3 in left and right computers respectively.  
4) Record a short data set and save the data. (Refer to Appendix A for DAQ system 

instructions) 
5) Repeat step 4 four more times. 
6) Repeat the same procedure for fin 2 and 4.  
7) Then You are Done 

 
 
After collecting your data, email it to the TA. The data sets will be distributed to the class 
for analysis. 

 
Calculations 

The goal is to estimate the convective heat transfer coefficient and the emissivity. 
 
You may do this two ways: 

A)  Using the analytical solution given in the book or 
B)  Using TNsolver 

 
Both approaches are based upon comparing the measured and predicted temperatures for different 
values of h (or emissivity) and doing a least squares fit. 
 
The least squares fit involves evaluating the sum, S. 
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           For both methods you will get an average value of h or emissivity. 
 
      C)  If you use the analytical solution, you will have to program in Matlab or 
               in Excel.    

D) The TNsolver does everything automatically for you. See the instructions 
for using TNsolver found on the website. (When using TNsolver 
the plot will automatically appear. If it doesn’t, enter the command shg from  
the command window  

1. For the free convection case, compare your estimated h with that from the 
correlation in your book. 

2. For the forced convection case, use the correlation in the book to estimate the 
average air velocity. 



 
 
 
 
Discussion 
In the report discuss following for both the free and forced convection data 

1. The accuracy of the h value results.  
2. The effect of tip convection.  
3. In reality, both the convection and the radiation will vary along the  
            length of the fin. 
                Compute the value of h_sub_r along the fin using the measured 
               temperatures and discuss if you think that the variation has 
               much effect on your estimated values of h and emissivity. 
 
 
 
 



APPENDIX A-      DAQ System Instructions 
 

1. Plug in the DAQ system for one fin at a time to the USB Hub. If you plug in 
multiple fins, the computer doesn’t know which one you want data from. 

2. Open the ME331 folder on the desktop 
3. Open Fin_Experiment.py (it will open two windows, a python shell that will show 

the program outputs, and the program code itself) 
4. In the Fin_Experiment.py window, select Run > Run Module, or Press F5. It may 

take a minute for the program to load. 
5. Once the program starts, press ‘Start’ to begin taking data & plotting 
6. After you’ve finished collecting data, press ‘Save’, and save your file in the ME331 

folder on the desktop, using your last name in the file name. 
7. To start over, press ‘Start’ again. The previous data will be erased- press ‘Save’ 

before restarting. 
8. Transfer your data to a USB flash drive before leaving.  

 
DAQ Troubleshooting: 
  
Serial Port Errors:  Check that one of the cables from the transparent blue box on the fin 
setup is plugged into the USB hub. If that doesn’t fix the problem, restart the computer 
(lower right corner of screen). 
‘IndexError’ or ‘ValueError’ messages printing in python shell: If these errors only pop 
up once in a while, you can ignore them. If you get an error message often (i.e., every 
few seconds), the thermocouple might be shorting against the fin- tell your TA about this. 
 
 

APPENDIX B-      Operating Conditions 
 
 

ME331 Fin Convection Experiment 
Heater voltage settings are chosen to limit the base temperature to a maximum of  
100°C. See Table 1. 
 

Table 1. Maximum Voltage Settings 
Fin Maximum 

Voltage Setting 
(V) 

Base Temperature 
(°C) 

Current (A) Power (W) 

Stainless Steel 35.00 87 .182 6.37 
Copper, Square 40.00 68 .216 8.64 
Copper, Round 40.00 81 .218 8.72 
Aluminum 45.00 91 .247 11.12 
 
 
 

 



APPENDIX C-      Air Velocities 
 

The air velocities generated by the fans vary along the length of the fin. The velocity 
profile for each fin is shown below in Fig. 1. Measurements were taken at each 
thermocouple position. 
 

 
Figure 1. Air velocities. TC position #0 is the base thermocouple. 
 

 
 
 
 

APPENDIX D-     Steady State Time 
 
 
The approximate times to reach steady state at the maximum voltage settings for 
each fin are listed below in Table 2. Steady state is estimated to be the point at 
which the temperature changes less than one degree over the following 30 minutes. 
See raw data. 

Table 2. Steady State Times 
 Approximate Time to Reach Steady State (seconds) 

Fin Free, from room temp Forced, from maximum 
temp 

Stainless Steel 7500 4000 
Copper, Square 10000 2000 
Copper, Round 10000 2500 

Aluminum 5500 3500 
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APPENDIX E-     Fin Properties and Thermocouple 

Locations 
 
 

Fin Material  Dimensions  Thermal Conductivity 
(W/m-K)  

Aluminum Alloy 6061-T6  0.500” Dia. x 11.22” L; six 
thermocouples, 0.25” deep  167 

Copper Alloy 110  0.500” Square x 11.22” L; six 
thermocouples, 0.25” deep  388 

Copper Alloy 110  0.500” Dia. x 6.77” L; four 
thermocouples, 0.25” deep  388 

Stainless Steel Alloy 303  0.375” Dia. x 11.22” L; six 
thermocouples, 0.25” deep  16 

 
 
All distances measured from the base 
      
Stainless Rod Copper Rod 
Thermocouple #  x (in)   Thermocouple #  x (in)   

1 1.221  1 1.218  
2 2.14  2 2.1885  
3 3.862  3 3.859  
4 6.781  4 6.75  
5 8.688     
6 11.594     

 
Aluminum Rod  Copper Square 
Thermocouple #  x (in)   Thermocouple #  x (in)   

1 1.171  1 1.204  
2 2.129  2 2.164  
3 3.826  3 3.865  
4 6.75  4 6.75  
5 8.688  5 8.688  
6 11.05  6 11.05  

 


