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Lab 6 — Tank draining 
 

 

 

 

Agenda 

 

Time Item 

5 min Lab introduction 

5 min Demonstration of collecting data for a tank-draining apparatus 

150 min Lab activity – Modeling of a tank-draining apparatus 

 

 

 

 

 
   
The big picture: Collect water level data for a tank-draining 

apparatus. 

 

For an initial guess of the discharge coefficient, 

simulate the model response and compare it to 

the data graphically and by computing the SEE. 

 

Use the model and data to determine the optimal 

discharge coefficient that minimizes the SEE. 

 

Compare the response of the refined model to 

the data graphically and by computing the SEE 

to demonstrate improvement. 

 

Submit a memo presenting your results. 
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Collecting the water level data 

 
 
Set up and familiarize yourself with the hardware: 

 

 

 
1. If the computer is off, turn it on and log in to the desktop.   

 

2. Open the valve at the bottom of each tank. 

 

3. Turn on the pump to make sure water successfully enters the upper tank, drains into the lower 

tank, and then drains into the reservoir. 

 

4. Note the pressure transducers at the bottom of each tank near the orifice. 

• The transducers measure pressure at the bottom of each tank, not at the bottom of each 

orifice. 

 
 
Collect information and measurements: 

 
1. Download and open the Lab 6 memo template from the course website. 

 

2. Record the station number in Table 1. 

 

3. In Table 1, record the following measurements for the upper tank and orifice: 

 

� Width and depth of the upper tank  

   

� Diameter of the tank’s orifice  

   

� Distance from the tank bottom to the orifice outlet  
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Calibrate the pressure sensor: 

 
Gather data to determine the relationship between the water level in inches and the pressure sensor 

output voltage by doing the following: 

 

1. Fill the upper tank to about 9 inches of water. 

 

2. Run the program TankCalibrate (use the desktop icon). 

 

3. Select “Upper Tank” using the “Select Tank” control. 

 

 

 
4. Record your water level and sensor voltage data in Table 2 in the Lab 6 memo template. 

 

5. Drain 1 inch of water, stop, and take a new set of readings. 

 

6. Repeat until you reach 1 inch of water in the tank.  (You should have 9 pairs of data points.) 

 

7. Close TankCalibrate. 

 

 
Perform a shakedown test: 

 
Do a shakedown test to check that the collected data are believable: 

 

1. Open the program TankData (use the desktop icon). 

 

2. Fill the upper tank to about 7 inches of water. 

 

3. Set the file location and name for the data to be saved. 

• Save the data file as a .csv file. 
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4. Open the valve at the bottom of the tank, then click the onscreen “START” button. 

 

5. Take data for about 10 seconds, then click the “STOP” button. 

 

6. Close TankData. 

 

7. Open the .csv data file in Excel. 

• There should be three columns of data. 

• One column is of time readings. 

• The other two columns are voltage readings from both tank pressure transducers. 

• Be sure you know which column corresponds to which tank. 

• There is junk (0’s and -5’s) recorded after you pressed the “STOP” button. 

• Make sure the data are believable before continuing. 

 
 
Run the experiment: 

 
1. Open TankData, refill the upper tank to about 7 inches of water, and set the file location and name 

for the data to be saved. 
 

2. Open the drain value, and the click the “START” button. 

3. Let the tank drain until empty and continue to record data for about 10 more seconds. 

4. Click the “STOP” button and close TankData. 

5. Open the .csv file in Excel and make sure you believe and understand the data. 

6. Transfer the data file to your own computers and delete the file from the lab computer. 
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Importing and converting the water level data 

 

 

1. Locate your Simulink model and MATLAB m-file from the prelab.  Create a copy of these files to 

use for Lab 6 analysis. 

 

2. Carefully transfer into MATLAB your water height and pressure transducer voltage readings from 

the calibration test in Table 2 in the Lab 6 memo template. 

 

3. Fit a straight line to the data to obtain the calibration equation, �(ℎ), that relates the transducer 

voltage readings in volts to water height in inches. 

 

• Use the polyfit command: 

 

 Calibration equation: �(ℎ) = �ℎ + � 

   

 MATLAB code: fit = polyfit(hcdata, vcdata, 1); 
m = fit(1); 
b = fit(2); 

 

4. Plot the calibration data and the calibration equation, �(ℎ), on the same axes to verify the linear 

fit. 

• Format your plot according to our usual graphing standards. 

 

5. Make a copy of the .csv data file from the tank draining experiment.  Always save the original 

file! 

 

6. Open the copy in Excel. 

 

7. Eliminate the junk data (0’s and -5’s) recorded after you pressed the “STOP” button. 

 

8. Save the data as an Excel file (.xls or .xlsx). 

 

9. Load the data in MATLAB using the xlsread command: 

 

data = xlsread(‘fileName’);    (replace fileName with the actual file name) 

 

10. Extract the time data and the voltage data for the upper tank: 

 
tdata = data(:,1);   %  Time is in the first column of data. 
vdata = data(:,??);   %  Upper tank voltage is in the ?? column. 

 

11. Convert the voltage data to water level data using your calibration equation. 

 

12. Plot the water level data in inches over time. 

• Make sure the data seem reasonable before continuing with the analysis. 
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Identify the optimal discharge coefficient for the “best” fit of model to data 

 

 
Simulate the response for an initial discharge coefficient: 

 
1. Using your Simulink model from the prelab, simulate the response of the tank model. 

• Use the measured tank and orifice dimensions that were recorded in Table 1 in the Lab 6 

memo template. 
 

• Use an initial discharge coefficient 	
 = 0.7.  This is just a guess for ��. 

• The simulation stop time should be the time you stopped recording data. 

• The actual tank does not drain to 0 inches.  Set the “Switch” block threshold to the last 

recorded water level. 

 
Compare the initial model response to the data: 

 
2. Plot the model response and data on the same axes. 

• Format your plot according to our usual graphing standards. 

 

3. Compute the SEE in inches: 

 

SEE = �∑ �ℎ��
��,� � ℎ
���,���	!	�	"	# $ � 2  where $ is the number of data points. 

 

 

 

Reminder about computing the SEE: 

 

• The simulation time array needs to match the data time array tdata. 

 

• Force Simulink to return the same times in tdata: 

 

☐ Be sure to load the data before the running the simulation. 

  

☐ In Simulink:     Simulation > Model Configuration Parameters > Data Import/Export 

  

☐ Under “Save options”: 

  

 
 

  

☐ Make sure the simulation stop time is the last value in tdata. 
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4. Record this initial SEE in Table 3 in the Lab 6 memo template. 

 

 
Iterate to identify the optimal discharge coefficient: 

 
5. Implement a for loop to determine the value of 	
 that minimizes the SEE. 

Below is a sample code: 

 
Cds = [0.5 : 0.02 : 1.5]';  %  An array of Cd values 
SEEs = zeros(length(Cds),1);  %  Initialize an array of SEE values 

  
for i = 1:length(Cds)  %  For each Cd value in Cds ... 
    Cd = Cds(i);   %  Pick off one value of Cd from Cds 

        sim('yourModelName')      %  Run the simulation  
         SEEs(i,1) = ___________; %  Calculate the SEE and store it in SEEs 

end 

 
6. Plot all values of SEE as a function of the range of 	
 values:       plot(Cds, SEEs) 

• Format your plot according to our usual graphing standards. 

 

7. Identify the minimum SEE and the corresponding 	
 value.  Record these in Table 3 in the Lab 6 

memo template. 

 

8. Calculate the percent reduction in the SEE: 

 

%	reduction	in	the	SEE = 	 SEE121�1�� � SEE�12SEE121�1�� 	× 	100 

 
9. Simulate the model response using the optimal 	
 you just determined. 

 

10. Plot the model response and data on the same axes. 

• Format your plot according to our usual graphing standards. 
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Submit a memo detailing your results 

 

 

As a team, complete the Lab 6 memo: 

• Complete all tables.  Include units. 

• Paste in all requested plots.  Do NOT use the Snipping Tool. 

• Provide descriptive captions for all tables and figures. 

• Type in the pressure transducer calibration equation, �(ℎ).  Use Equation Editor. 

• Report the percent reduction in the SEE where indicated. 

• No additional text is required in your memo. 

• Attach printouts of your Simulink model and MATLAB m-file. 

 

 

 

 

Submit your Lab 6 memo by the end of the lab period. 

 

 


