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Abstract - This paper deals with the study of transient heat transfer process using lumped heat analysis. An experimental 
setup was designed and fabricated to perform the experiment. The experiment is based on study of transient heat response of 
various specimens varying in both dimension and material. The lumped heat analysis was carried out on all the specimens 
and various graphs are plotted to make the comparison. Thus the effect of change in shape, size and material of material on 
transient heat transfer process was studied. During fabrication and testing various problems were also encountered and 
various modifications were made for the same which are discussed in detail in form of case studies. 
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I. INTRODUCTION 
    
Heat is defined as energy in transit. Heat transfer 
occurs whenever two bodies at different temperature 
are bought in contact with each other or whenever 
there is a temperature gradient within a body. The 
heat transfer process in which the heat flow and the 
temperature distribution at any point of the system 
vary continuously with time is called transient heat 
transfer. The lumped heat analysis is carried out on 
various specimens. The process in which internal 
resistance is assumed to be negligible is called 
Newtonian heating and cooling process. The 
temperature in this process is considered to be 
uniform at a given time. Such an analysis is called as 
lumped parameter analysis. 

 
II. AIM AND OBJECTIVE 
 
The aim of the experiment is to design, fabricate and 
simulate the experimental setup based on transient 
heat transfer analysis. 
The objectives of our project are: 

1. To fabricate the Experimental Setup. 
2. To investigate how the shape and material 

selection affects the transient heat transfer 
response using lumped heat analysis. 

3. Comparing the experimental and theoretical 
results. 

 
III. PROBLEM DEFINITION AND SCOPE 
 
The following objectives have been set for the 
project.  

1) An oil bath of paraffin oil having flash point 
of 160 °C or greater and specific heat is 
about 2130 J/Kg.K  

2) Forced convection is carried out using a fan 
of 2200rpm.  

3) The Transient Heat Analysis will be carried 
out on 5 types of specimens. 

 
IV. DESIGN AND FABRICATION 

 
A. CAD DESIGNED MODEL 

 
Fig 1 CAD model of experimental setup 

 
After the theoretical analysis of the experimental 
setup the next step is design. There were many 
constraints to come up with the design in the 
beginning as limited such setup were available in the 
market. So after making different CAD models for 
the setup, the most optimized model was selected 
which was not only compact but also had aesthetic 
appeal to it. Now the challenge is to practically 
fabricate the design. 
 
B.  FABRICATION OF BOX  
Next step is to weld the joints of the angle so as to 
make the basic skeleton of the box which gave the 
box more stability. The angles could have been 
avoided and just bent the sheet metal but that would 
have compromised the stability of the box. Once that 
is done the welding of the sheet metal with the angles 
are done. According to the design two square and a 
circle slot is cut with high care and skill on the metal 
sheet. The square slot is cut to make a window in the 
box while the circle shaped slot is made to make the 
opening to place the specimens. 
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C. FABRICATION OF OUTSIDE CYLINDER 

 
Fig 3 outside cylinder with box 

 
The outside cylinder’s basic function is to provide 
insulation to the inner cylinder where the oil is 
heated. It is made by bending a sheet metal and then 
welding it as pipe of such diameter is not available. A 
plate which is made by performing turning operation 
on lathe is welded to the bent sheet and this resulted 
in formation of outside cylinder. 
 
D. FABRICATION OF INSIDE CYLINDER 

 
Fig 4 inside and outside cylinder with box 

 
For the inside cylinder a readymade pipe is available 
to which one end is sealed with a plate using argon 
wielding to make it leak proof. 
 
E. FABRICATION OF HEATER 

 
Fig 5 Band type heater 

 
A heater is used to heat the oil inside the inner 
cylinder. We went through different types of heater 
available with the vendor and choose the band type as 
it is most effective type for our design. 

F. PROCUREMENT OF SPECIMENS 

 
Fig 6 Fabricated Specimens 

 
The various specimens required for testing are 
procured from the local metal workshop. The holes 
are then drilled using lathe machine for creating the 
base for thermostat which will be placed inside the 
body of the specimens. The required finishing 
operations are also performed. 
  
G. FABRICATED MODEL  

 
Fig 7 Fabricated model 

 
All the elements and sub assemblies are assembled 
and thus the model is created. The powder coating 
operation is then performed on the entire setup to 
improve its aesthetic view. 
 
D. FABRICATION OF PANEL 

 
Fig 8 Fabricated Panel 

 
Initially the circuit diagram was made in such a way 
that the entire process was carried out in the most 
optimum manner. After doing the cost analysis the 
number of PID controllers and thermocouples were 
reduced to avoid high cost. After the circuit diagram 
was ready all the instruments were purchased and 
their dimensions were measured. According to their 
dimensions and arrangement a CAD design was made 
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of the panel. Then after making a few adjustments to 
the design the fabrication of the panel was done 
followed by powder coating. Once the panel was 
fabricated then all the instruments were installed and 
circuit connections were done followed by testing. 
 
V. MATERIALS REQUIRED FOR 
EXPERIMENTAL SETUP 
 
A. Oil   
Paraffin oil or insulating oil is an oil that is stable at 
high temperatures and has excellent electrical 
insulating properties. The flash point of paraffin oil is 
140 °C or greater, pour point −6 °C or lower and 
specific heat is about 2160 J/(Kg K). 
 
B. Heater 
The heater that is been used is a band type heater 
which is designed specifically to apply heat by 
conduction to cylindrical surfaces. The heater has 
following specifications 
Diameter = 101mm, Length = 127mm, Capacity = 
900 W 
Voltage = 230 V. 
 
C. Thermocouple 
A thermocouple produces a temperature-dependent 
voltage as a result of the thermoelectric effect, and 
this voltage can be interpreted to measure 
temperature. The thermocouple has following 
specifications. Type = K type, Probe = Immersion 
probe, Response = 6 sec, Range = upto 880o C. 
 
D. Temperature indicator module 
This module is used to convert the voltage of 
thermocouple into corresponding temperature 
reading.  
 
E. Cooling fan 
Cooling fan is used to perform forced convection 
process on the heated specimen. The cooling fan has 
following specifications. Dimensions = 
120×120×25mm, Speed = 1500 RPM, Air flow = 
75.3 CFM. 
 
F. Regulator  
It is used to control the voltage and current of heating 
coil. 
 
VI. EXPERIMENTAL SETUP AND 
METHODOLOGY 
 
A. EXPERIMENTATION 
Experimental setup is divided into two system i.e the 
heating system and the cooling system. The heating 
system consists of a heater which is clamped to the 
inner pipe inside which the oil is present. Insulation is 
provided using asbestos sheet .The cooling system 
consists of a fan and air benders which makes sure 
almost uniform cooling of the specimen. The extra 

space inside the chamber was filled up using 
thermocole sheets so as to maintain direct the flow of 
air in a uniform pattern.  
 

 
Fig 9 Final experimental setup 

 
A fixture was designed and manufactured in such a 
way that the holding feasibility of the specimen is 
compact and easy also slot to keep the thermocouple 
intact inside the oil bath is made. A window is 
designed so that the visibility of the specimen is 
possible during the process. If the room is dark and 
the visibility of the specimen inside is not possible 
then an optional lightning feature is available. 

 
Fig 10 layout of experimental setup 

 
The panel consists of three PID controllers, voltage 
regulator, switches and indicators. Initially on the 
supply of 230V the panel gets switched ON. The PID 
controllers function is to sense the temperature 
through the thermocouple and convert those signals 
into digital format and is displayed on the panel. The 
thermocouple’s inertia factor needs to be considered 
while performing. In the PID controller the required 
temperature of the oil bath can be set as per 
requirement, so on reaching that particular 
temperature it cutoffs the supply to the heater and 
hence the temperature in the oil bath is maintained. 
The input of the heater is varied using a voltage 
regulator. In case of cooing system, the switches to 
switch on the fan and light are provided. 
 
B. METHODOLOGY 
Following assumptions were made for 
experimentation. 

1) The surrounding temperature of specimen is 
constant. 
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2) The material is isotropic. 
3) Inertia effect of thermocouple is not 

considered. 
4) Change in conduction due to surface 

roughness of material is neglected. 
Experiment consists of two processes which are 
Conduction and Forced Convection. 
 
1) Conduction 
Check the proper oil level inside the inner cylinder. 
Put thermocouple from 2nd PID controller inside the 
hole drilled in one specimen. Now start thee heater 
and adjust the voltage regulator t 60 V. Keep cutoff 
temperature in 1st PID controller to 70°C. the cutoff 
temperature is kept because due to inertia effect of 
heater, the oil temperature reaches to 89°C. Then the 
1st specimen is put inside the oil by attaching it to 
arrangement made for hanging. Simultaneously timer 
is started. The temperature readings are taken for 10 
sec interval from 2nd PID controller. The graphs of 
variations in temperature with respect to time are 
plotted. The readings obtained are used to calculate 
Dimensionless parameter, experimental coefficient of 
heat transfer, Biot number and Fourier number. 
 
2) Forced Convection: 
Fan is started. Then the heated specimen is then taken 
out and put in arrangement provided on cooling 
chamber and simultaneously timer is started. The 
variation in temperature at the center of specimen 
along with time is noted by taking temperature 
interval of 3°C. The graph of variation in temperature 
with respect to time is plotted. 
After completing cooling of specimen the 2nd 
specimen attached to thermocouple from 3rd PID 
controller is dip inside the oil bath in which oil 
temperature is maintained at 89°C and again same 
procedure is carried out for heating and cooling also. 
The graphs are then compared with each other to 
acknowledge the relative heating and cooling curves. 
 
VI. RESULTS  
 
Following results were obtained after 
experimentation and various graphs were plotted to 
make the comparison. 

 
Fig 12. Graph showing heating curve comparison 

 

 
Fig 13 graph showing cooling curve comparison. 

 

 
Fig 14 Graph showing comparison of heating curve for slabs. 

 

 
Fig 15 Graph showing comparison of cooling curve for slabs. 

 
Table 1 Experimental and Theoretical results. 
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CONCLUSION 
 
1) Determination of heat transfer coefficient (h) of 

different material can be done. 
2) The biot number for each material\shape is 

determined experimentally and analytically an-d 
their results can be compared. 

3) Comparison study of transient behavior between 
same dimension and different materials while 
same materials and different dimensions can be 
done. 

4) With this setup the need for two different bulky 
and expensive setup is eliminated as two 
different experiments are collaborated in one 
compact model. 

 
CASE STUDIES 
 
A. CASE STUDY 1 
Problem: Top portion of box getting heated due to 
direct contact with heater. 

 
Fig  9 initial model 

 
Effects: 1.Air forced on the specimen by fan for 
cooling is getting heated up. 2. Cooling time for 
specimen is too high.  
Process: On carrying out the first testing of the 
fabricated model the above discussed problem was 
faced. The source of the problem was contact 
between the heater inside the oil bath and the top 
portion of the box. So the oil bath had to be isolated 
from the box, this was achieved by elevating the oil 
bath from the box by 4.5 inch. Asbestos sheet were 
used to provide insulation. 
Solution: Specimen=Stainless Steel(dia20), Cooling 
time before elevation (4inch fan)=12min38sec, 
Cooling time after elevation (4inch fan)=9min40sec, 
Total time saved=3min38sec 
 

 

Fig 8 modified model 
B. CASE STUDY 2 
Problem: The cooling time was still high and was 
needed to be reduced. 
Process: 1.The 4inch fan with 1600RPM was 
replaced with 6inch fan of 2200RPM. 
Solution: Cooling time (4inch fan)=9min40sec 
Cooling time (6inch fan)=8min32sec Total time 
saved=1min8sec. 
 
C. CASE STUDY 3 
Problem: Reducing the cooling time. 

 
Fig 9 Initial model 

 
Process: Switching the position of the fan from the 
rear end of the box to the front portion of the box, as 
the distance for the flow of air to reach the specimen 
is reduced the following observation was done. 
Solution: The Cooling time required by the specimen 
at the rear side=8min30sec and the cooling time 
(Front Side)=7min42sec,Time saved=1min28sec. 
 

 
Fig 10 Modified model 

 
D. CASE STUDY 4 
 
Problem: Reducing the cooling time. 
Process: After lot of testing some more scope for 
reducing the time was studied. The study of the flow 
pattern of the air inside the box was done using 
incense stick. Vent holes were drilled so as to make 
sure ventilation due to natural convection took place. 
Empty spaces were filled up using thermacol sheet so 
as to restrict the flow of air in one path.  Later, using 
hot wire anemometer the mass flow rate and velocity 
of air at different locations around the specimen was 
measured and air bender was placed so as to provide 
cooling at the rear side of the specimen too. 

http://iraj.in


International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-7, Jul.-2017 
http://iraj.in 

Design and Fabrication of Experimental Setup Based on Transient Heat Transfer 
 

37 

Solution: Cooling time (Without air bender) =7min 
38 sec, Cooling time (With air bender) =7min, Time 
saved = 38sec. 
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