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CM3215 ChemE Transport Lab: 

Measure RTD Time Dependence 
 
Pre-laboratory Assignment 
Read the handouts on the class website and 
be prepared to participate in an in-class 
discussion of how to design an Excel 
spreadsheet to address the assigned 
objectives. 
 
Introduction 
An RTD (resistance temperature detector) is 
a sensor that uses electrical resistance to 
follow temperature.  Most RTD elements are 
constructed of wire wrapped around a 
ceramic or glass core. The metal from which 
the wire is made exhibits a resistance Ω  
as a function of temperature; this function 
Ω  is known.  The RTD device is 
designed to measure the resistance of the 
wire, and from that signal a temperature is 
determined. 
 
An RTD will not respond instantaneously to 
a temperature change.  In this experiment, 
we work with data that show the 
characteristic time-response of an RTD 
moving from one steady temperature to 
another. 
 
In this laboratory we follow we perform two 
model identification exercises, that is, we fit 
appropriate models to two sets of data, and 
we report the model parameters that provide 
the best fit. 
 
Theory:  See lecture. 
 
Overall Objectives and Strategy:  
Determine the models that best describes the 
time-dependent data of an RTD subjected to 
a step change in temperature (two data sets).  
The data collection has been done by a 
colleague, but you must analyze the data.  
Address all other objectives as discussed in 
the Assignment 7 handout (attached). 
 

Data Collection Procedure 
 
The data collection has been performed by a 
colleague.  Your colleague followed the 
following procedure.  The data of 
temperature versus time are available on the 
class website. 
 
Prepare the vessel as follows: 

1. Fill two 4.0 liter baths with distilled 
water.  Add a forced-convection 
temperature control unit to each bath.  
Set each to the desired temperatures.  
The two temperatures are called  
and .   

2. Wait for both baths to come to 
thermal equilibrium. 

3. Set up a data acquisition system to 
record the temperature versus time 
registered by an RTD. 

4. Submerge the RTD into the first bath 
and record the temperature as a 
function of time until stable.  Steady 
state is achieved when the RTD 
temperature does not vary by more 
than 0.1oC for 5 minutes. 

5. Working quickly, move the RTD 
from the first bath to the second bath. 

6. Record temperature as a function of 
elapsed time using the data 
acquisition setup and wait for steady 
state; steady state is achieved when 
the RTD temperature does not vary 
by more than 0.1oC for 5 minutes. 

7. Save the data for transfer to Excel.   
 
Shut Down Procedure 

1. Shut off the temperature controllers 
on both baths. 

2. Discard water and store all 
equipment.  

3. Dry off any wet surfaces with paper 
towels. 
 

Data Analysis 
1. Fit the data to a model and address 

objectives in the Assignment 7 
handout. 



 

CM3215 Assignment 7:   
System Identification for RTD Response Data 

 
Complete the assignment described below; this is a team assignment.  The assignment is due 2:05pm Wednesday 6 April 
2016 to Homework Box A.  Both team members must sign the submission and must share equally in the work. 
 
References:  See documents at the links on our class website or handed out in lecture. 
 
Morrison, Faith A., “Model Identification for Laboratory Data,” CM3215 Fundamentals of Chemical Engineering 

Laboratory, Department of Chemical Engineering, Michigan Technological University, Houghton, MI,  30 
November 2014, on the web at (accessed 30Nov2014): 
www.chem.mtu.edu/~fmorriso/cm3215/CM3215HandoutonFunctionFitting.pdf 
Appendix:  www.chem.mtu.edu/~fmorriso/cm3215/AnalyticalFunctionsTable2.pdf 

Morrison, Faith A., “Using the Solver Add-in in Microsoft Excel,” CM3215 Fundamentals of Chemical Engineering 
Laboratory, Department of Chemical Engineering, Michigan Technological University, Houghton, MI,  12 April 
2005, on the web at (accessed 30Nov2014):  www.chem.mtu.edu/~fmorriso/cm4650/Using_Solver_in_Excel.pdf 

 
Assignment:  Determine empirical models that fit the two supplied data sets for the temperature-time response of an RTD 
(see the reverse for experimental details related to obtaining the supplied data).  A complete report is not requested or 
expected.  Describe in the memo the strategy you followed in sufficient detail to allow others to perform the same 
calculations.  Provide plots for each fit that shows how well the model (with the parameters you determine) fits the data.  
Point-out differences between the two data sets in terms of the model parameters you find. 
 

Instructions: 
 Submit your results in the form of a memo of transmittal (less than one page of text is expected) explaining your 

results with supporting plots attached and organized.  All plots must have figure numbers and explanatory captions.  
Put your names on each page.  There will be no appendix. 

 Provide a plot for each fit that shows how well the model (with the parameters you determine) fits the data. 
 This is a group assignment.  Both authors must sign the submission on the header indicating that both contributed 

equally. 
 
Background:  The data for the System Identification for RTD Assignment come in the form of temperature readings 
from a resistance temperature detector (RTD) as a function of time.   
 
An RTD is a sensor that uses electrical resistance to follow temperature.  Most RTD elements are constructed of wire 
wrapped around a ceramic or glass core. The metal from which the wire is made has a resistance as a function of 
temperature that is known.  The device is designed to measure the resistance of the wire, and from that signal a 
temperature is determined. 
 
In Data Set 1 (see website for Excel spreadsheet link), the RTD was moved from being at equilibrium in an ice-water 
bath to being submerged into a beaker of boiling water (for more, see the reverse side of this memo).  In Data Set 2, 
the initial and final conditions were different, but again we are looking at the RTD signal as a function of time. 
 
Our task for this assignment is to find functions that closely match the shape of the data and to determine the 
parameters of the model that provide a best fit to the data.  The range of the data that we wish to fit is from the 
moment the RTD signal begins to change, up to the final steady state response.  This type of time-response data is 
very common in process monitoring and controls in the chemical process industries.  Your model results will be 
presented something like this (the equations below are in a table of 4 columns): 

Case 1: 0 23.4  8.7  (1)
 23.4 2300  function	you	find  
    

Case 2: 0 48.4  6.7  (2)
 48.4 2300  function	you	find  


