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Thermal Stress Analysis of Fin
and Tube type solar water heater

Abstract- This paper studied experimentally and theoretically the effect of heat transfer
on fin and tube type solar water heater for different mass flow rate of fluid. The thermal
stresses induced on fin and tube is also studied by ansys software at steady state condition
and static structural. Comparison will do experimentally for obtaining results. It is
observed that as the temperature increases on fin and tube model increases thermal
stresses on fin and tube model. Likewise inlet temperature of fin and tube model is
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l. INTRODUCTION

A fin and tube type solar water heater is a part of
equipment built for efficient heat transfer from surface of
fin to water flowing through tube solder centrally in fin.
One of the important processes in engineering is the heat
transfer from hot surface to cold surface.

This work uses ANSYS to predict the intensity of
thermal stresses induced during heat transfer in the fin and
tube type solar water heater and to find optimum thickness
of fin and tube of solar water heater wall without affecting
heat transfer rate.

In this work set up for fin and tube heat exchanger in
solar water heater model is fabricated for finding
temperature distribution along tube and fin also for finding
thermal stresses, which uses fin and tube model,
temperature indicator, thermocouples, water tank, pipes.
cold water flows through pipe to the copper tube which is
then heated by heat transfer takes place between surface of
fin and cold water flowing through tube. This experiment
also involves the determination of owverall heat transfer
rates of water in tube and solar radiation over the fins.

Modelling of fin and tube model is done on CATIA
software and then stresses are calculated using ansys
software.

Analytical stresses are observed in ansys software in
two cases first is in steady state thermal and second is in
static structural case.
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Figurel. Structure and heat flow mechanism
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minimum as compared to outlet temperature of fin and tube model.

Index terms: Copper Fin, Copper Tube, Experimentation instruments, Mass flow rate,
Steady State thermal Stress.

Il. EXPERIMENTAL SET Up

The schematic of the experimental set-up used for
present investigation is shown in fig.2. The set-up consists
of following components.

1. Copper Tube

2. Copper Fins

3. Water Tank

4. Temperature Indicator
5. Measuring Flask

6. Stop Watch
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Figure 2. Line diagram of fin and tube type solar water heater

During performing this experimentation mass flow,
temperatures are observed which later used for comparing
the calculated and the observed temperatures along the
model.

Quantities measured during the observation were-

1) Mass flow rate

2) Temperature

3) Heat transfer rate
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Fig.3 shows detail description of the experimental
model.
L = Length of fin
W = Width of fin
T = Thickness of fin
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Length of tube
Do = Outer Diameter of tube
Di = Inner Diameter of tube
mh = Mass flow rate of water
Thy = Inlet temperature of hot fluid (water)
Th, = Outlet temperature of hot fluid (water)
Q = Rate of heat transfer
E = Young’s Modulus
a = Co-efficient of expansion
AT = Temperature difference
£
e i { |

Figure 3. Geometry of fin and tube model

Data consider for this experimentation are,

Length of fin =100 mm
Length of tube =100mm
Width of fin =50 mm
Thickness of fin =0.15mm

Outer Diameter of tube =14 mm
Inner Diameter of tube =13 mm

IV. THEORETICAL PROCEDURE FOR HEAT TRANSFER

Theoretical stresses are carried out by using the equation,
Thermal stress (6} = Ea AT D

General formula for heat traansfer from fin is given as,
Q = kAc m (tfta) (2)

Heat transfer from the hot surface to the cold fluid is given
by,
Q= ha(AT) (3)

V. MODELLING AND ANALYSIS OF FIN AND TUBE
MODELING IN CATIA SOFTWARE

The model of fin and tube is generated in CATIA
modeling software. The various steps followed to generate
the model of fin and tube is given.
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Figure 4. Model in Catia

A. Procedure For Ansys Analysis

A static analysis can be either linear or nonlinear. In
our present work we are going to consider linear statistical
analysis.

The procedure for static analysis consists of these main
steps:

1) Building the model

2) Material properties.

3) Obtaining the solution.

4) Reviewing the results.

B. Stress In Fin And Tube Model

The finite element analysis of fin and tube model at
static structural conditions reveledthe thermal stress
distribution in the form of stress counter.The representive
von mises thermal stress contours are shown in fig.5.

In this fig. 5 stresses are generated maximum at outlet
surface of tube because hot water flows through it and
minimum at inlet surface of tube because cold water enter
through it .stresses are increases from inlet to outlet of tube
in fin and tube model.
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C. Temperature Distribution On Fin And Tube Model
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Figure 5. Von mises thermal stress on fin and tube model.

The finite element analysis of fin and tube model at
steady state thermal condition showing temperature
distribution along the model. Temperature is highest at
outlet of fin and tube model and temperature is lowest at
inlet of fin and tube model in figure 6.
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Figure 6. Temperature distribution along the tube and fin model
VI. RESULT AND CONCLUSION

Comparison between theoretical and experimental
result is shown in table 1. After comparison result that
calculated values give nearly same value of outlet
temperatures, rate of heat transfer.

TABLE |
COMPARISON BETWEEN THEORETICAL AND EXPERIMENTAL RESULT
Theoretical Results Experimental Results
t; =34 t1 =32
t =66 t; =64
m=5.11x10"*kg/s m =6.15x10"* kg/s
Q =68.67 w (68%) Q =82.65 w (82%)

Difference in results are 13.98%

Calculated heat transfer rates are shown in graphical
forms. Both heat transfer variation through fin as well as
through tube are shown.
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Figure 7. Variation of heat transfer through fin and water for Q = 600w

It is observe that after performing experimentation
thermal stresses arises at outlet of fin and tube model. it is
also observed that analytical results also gives the
maximum thermal stress is on fin and tube model outlet
surface. Tube has maximum thermal stress because tube
outlet having maximum temperature so tube outlet surface
persist more stress than fin.
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The final conclusion can be made that the experimental
model of specified dimension is a safe design and also
gives appropriate results of heat transfer which is our prime
importance.
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