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Abstract 
It is well known that learning science through investigation is promoted as a preferred pedagogical 
approach. Indeed, teachers are accustomed to using these tools to enhance the comprehension of 
theoretical concepts. The aim of investigation is to provide students opportunities to use concepts and 
cognitive processes and skills to solve problems. In Canada, before asking Engineers Canada 
Accreditation Board (BCAPG) for engineering program accreditation or remain accredited, Engineers 
Canada should determine if it falls into the categories that they accredit, and that it meets all the 
requirements. One of the twelve qualities which engineering student must acquire is experimental 
investigation. This means it must be able to study complex problems by methods involving conducting 
experiments, analyzing and interpreting data and synthesis of information to draw valid conclusions. 
As a response to feedback from student’s evaluations we have successfully designed and developed 
an educational heat exchanger bench. The goal of the proposed project is to enable students to 
understand some theoretical concepts. 

A heat exchanger is a device used to transfer heat between a solid object and a fluid, or between two 
or more fluids. Shell-and-tube is the most used type of heat exchangers in chemical industries. It 
consists of a bundle of pipes or tubes enclosed within a cylindrical shell. 

It is therefore proposed to design a test bench for the characterization of a shell-and-tube counter-
current heat exchanger. Using this bench, the aim is to obtain the value of the efficiency of the 
exchanger for different experimental conditions of flows (flow rate of the hot and cold fluid, 
temperature of entry of the hot fluid). Design formulas for computing the mass flow rate, input/output 
power, volumetric and fan efficiencies are presented. 

This paper provides details on the measures applicable for heat exchanger. Concerning students, it 
comes to measuring the operating characteristics of shell-and-tube counter-current heat exchanger 
and draw the characteristic curves according to standards. Students will develop an experimental 
method from the analysis of these standards. We also developed an assessment grid to validate the 
investigation quality. Students will be observed on site to validate performing experiments quality. 

Keywords: Test bench, pedagogical approach, experimental investigation, heat transfer, efficiency, 
heat exchanger, assessment grid. 

1 INTRODUCTION  
It is well known that learning science through investigation is promoted as a preferred pedagogical 
approach. Indeed, teachers are accustomed to using these tools to enhance the comprehension of 
theoretical concepts. The aim of investigation is to provide students opportunities to use concepts and 
cognitive processes and skills to solve problems [1].  

In Canada, before asking Engineers Canada Accreditation Board (BCAPG) for engineering program 
accreditation or remain accredited, Engineers Canada should determine if it falls into the categories 
that they accredit, and that it meets all the requirements [2-3]. One of the twelve qualities which 
engineering student must acquire is experimental investigation. This means it must be able to study 
complex problems by methods involving conducting experiments, analyzing and interpreting data and 
synthesis of information to draw valid conclusions.  

The process of heat exchange between two fluids which are at different temperatures and flow rates 
occurs in many engineering applications. Several types of heat exchangers have been widely used in 
the industry. Shell-and-Tube heat exchangers are among the common types of heat exchangers. 

In many heat transfer processes, heat is transferred from one fluid to another through a solid wall. The 
exchanger geometry, fluid properties, and flow rates are the parameters that influence the rate of heat 
transfer. A study of these parameters forms the basis for design of heat exchangers.  
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The theory behind the operation of a shell-and-tube heat exchanger involves the consideration of both 
convective and conductive heat transfer.  The treatment presented in this report is based on the work 
done by Incropera and Dewitt [4]. 

The main aim of the laboratory is to characterize a shell-and-tube heat exchanger (figure 1) and to 
analyze the behavior of the fluids passing through it. It is thus necessary to confirm the efficiency of 
the exchanger and to vary the parameters which influence the heat transfer which are the heat input, 
the mass flow rate of the compressed air and the mass flow rate of the ambient air. 

 
Figure 1 Schematic of a Single-Pass Shell-and-Tube Heat Exchanger with Parallel-Flow Configuration 

2 METHODOLOGY 
Heat exchangers can be used in two different configurations parallel flow, or counter flow, figure2 

 
Figure 2: Cocurrent flow and Counter current flow heat exchanger 

The heat transfer process which occurs in any basic heat exchanger can be summarized by the 
following equations 

, , , , , ,( ) ( )h cp h h i h o p c c o c iq m c T T m c T T= − = −
g g

 

Where q is heat flow rate in watt,  is the mass flow rate in kg/s, c is the specific heat in J/kg-K and T 
is the temperature °C. The indices (h) for hot and (c) for cold, (i) for inlet and (o) for outlet. 
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Heat exchanger effectiveness is defined as the ratio of the actual heat transfer rate of the particular 
heat exchanger to the maximum possible heat transfer rate for the same unit   

max

q
qε =  

max min , ,( )h i c iq C T T= −  

Where Cmin is equal to either Cc or Ch, whichever is smaller and are defined as 

, Ch = mh cp,h and Cc = mc.cpc. 

, ,   ;   c hc p c h p hC m c C m c= =
g g

 

min , ,min( ; )h cp h p cC m c m c=
g g

 
 

3 MANIPULATION AND EXPERIMENT PROCEDURE  
The schematic of experiment set-up is shown in figure 3  

 
Figure 3. Schematic of experiment set-up 

1 Record atmospheric pressure, ambient temperature and relative humidity. 
2 Bring the flowrate adjustment valve to a desired position. 

3 Measure the air temperature with thermocouple. 

4 Measure static pressure, ΔPorifice with Dwyer manometer. 

5 Measure the power. 
6 Repeat steps 4, 5 and 6 to the power indicated in syllabus. 

7 Record the raw data in Table 1 
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Table 1.  heat exchanger performance data 

Run 
Cold 

Volumetric 
Flow Rate, 

Hot 
Volumetric 
Flow Rate, 

Hot Outlet 
Temperature, 

,h oT (C) 

Hot Inlet 
Temperature, 

,h iT (C) 

Cold Outlet 
Temperature, 

,c oT (C) 

Cold Inlet 
Temperature, 

,c iT (C) 

1       

2       

3       

4       

Plot a graph of efficiency of the exchanger according to the mass flow rate. What do you conclude? 

4 RESULTS 

 
Figure 4. Effectiveness vs mass flow rate 

5 CONCLUSIONS 
A good working knowledge of performance curves is necessary to understand the performance 
characteristics and capabilities of different fan equipment. As shown in this paper (Figure 4) it is 
possible to predict manufacturers fan performance using the proposed test bench. 
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