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ABSTRACT

The purpose of this paper is to investigate the
heat transfer and thermal stress of a variable
temperature inner tube for transporting saturated
water vapor and its external interference annular fin
under different contact pressures. The related
variables include interference between the fin and the
inner tube, the fin material and fin radius ratio, to
obtain temperature and thermal stress distribution
under different variables, as well as possible damage
beyond the design limit, to confirm that the system
can operate within the scope of safety design.

First, the contact pressure between the two
interfaces is obtained by considering the temperature
boundary condition of the inner tube wall varying
with time and the saturated vapor pressure at that
temperature.  Subsequently,  contact  thermal
conductivity is calculated by Yovanovich's empirical
formula, and then the thermal contact conductivity is
used as the boundary condition of the fin to solve the
temperature distribution curve. The distribution curve
of thermal stress, including radial stress and
tangential stress, is obtained from the temperature
field.

In this paper, the effects of wvarious
interferences and different ratios of fin diameters on
temperature distribution, temperature difference at
the interface, and thermal stress distribution of fins
are discussed, as is the relationship between heat
transfer efficiency and heat transfer capacity of fins
in a steady state.
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conductivity, while contact thermal conductivity
affects the heat transfer efficiency of fins. The
temperature disparity on the contact surface decreases
with the increase in contact pressure. The interference
can effectively narrow the temperature gap, and the
stress field varies with the interference, the ratio of
inner to outer radius, and the thermal expansion rate
of the material itself. The greater the interference, the
greater the radial stress near the contact surface, and
the circumferential stress distribution is transformed
from the pressure on the fin base to the tensile force
at the fin tail end. This is because, when the effect of
temperature change is less than that of displacement,
the circumferential stress will present compressive
force and vice versa; it will present tensile force. The
greater the ratio of inner to outer diameter, the greater
the stress in the circumference and radial direction.

INTRODUCTION

With the rapid development of science and
technology, there are many kinds of scientific and
technological products in our lives, such as mobile
phones and airplanes. The operation of machines is
usually accompanied by the success rate of energy
conversion and the waste heat generated in the
process. When excessive waste heat may lead to the
destruction of working equipment, the parts will be
deformed due to residual thermal stress, in addition to
some of them. Functions cannot play outside a forced
operation, resulting in extrusion collision, so no
matter what kind of heat dissipation to each structure
occurs, it is an important issue.

The most basic structures of heat dissipation
components, such as heat dissipation fins, also evolve
from basic rectangular fins to meet various needs and
produce a range of fin shapes, such as spiral fins, pin
fins, circular fins, etc. The principle is that heat is
transferred from the heating equipment to the
external environment of its low temperature with heat
conduction, heat convection and heat radiation, and
the heat will continue to transfer until there is no
temperature difference between the substances.
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Without changing the structure, improving heat
dissipation efficiency, using good thermal conductive
materials, and increasing the heat dissipation area of
the structure can improve heat transfer.

Annular fins, as an effective and cheap means to
enhance heat transfer, have been widely used in
various fields, including fins on air-cooled heat
exchanger air fin tubes or electronic components.
According to the processing technology, they can be
subdivided into suit fins and spiral fins. The
technology of the set fin is the simplest and earliest
processing method. The equipment used is cheap and
easy to maintain. The set fin is a single fin processed
by a punching machine and fitted on the tube bundle
according to a certain interference. There is always a
certain contact thermal resistance at the base of the
fin. Therefore, when the fin is not installed properly
or operated for a long time, due to thermal stress and
other effects, the pre-tightening force may disappear
and form a gap, resulting in increased contact thermal
resistance, which will lead to a great impact on the
fin’s heat dissipation.

There are many kinds of heat conduction
analysis of annular fins. Among them, Aziz (1975)
calculated the analytical solutions of annular
rectangular fins with periodic temperature changes on
the fin base, and the temperature distribution and
convection parameters is compared with fin
efficiency in disparate periods. Yovanovich(1988)
deduced the steady-state solution of two-dimensional
isotropic annular fins and compared the fin efficiency
of one-dimensional numerical modeling and
two-dimensional fins under varying boundary
conditions. Ullman and Kalman (1989) derived the
fin efficiency and the optimal size of the annular fin
under assorted cross sections using the numerical
method. Look (1997) proposed a correction term
based on the governing equation of fin tip
temperature. Moreover, in the thermal convection
environment, the fin tip should be assumed to be
insulated. The expressions of the validity of
one-dimensional and two-dimensional fins were also
proposed. Yu and Chen (1999) used the Taylor
transformation  method and finite-difference
approximation method to deduce the transient
temperature field of a circular rectangular fin with a
temperature gradient change on the fin base, and
consider the heat transfer term and heat convection
and radiation at the tip of the fin. Shuja et al. (1999)
used algebraic software to calculate the optimal heat
transfer size of fins in a steady state with a heat
source, convection coefficient, and radiation
coefficient as variables. Mustafa(2011) deduced the
analytical solution of two-dimensional orthotropic
materials and considered contact thermal resistance.
The results were compared with the dimensions and
operation parameters of one-dimensional modeling.

Relevant thermal stress analyses of annular fins
include Wu (1997), who calculated the radial and
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circumferential thermal stress distribution of annular
fins under transient conditions by Laplace
transformation. Chiu and Chen (2002) used the ADM
method to calculate the stress field of annular fins in
a steady state with varying heat conductivity, and
considered the heat convection and radiation terms.
The temperature field and the stress field of annular
fins in a steady state under the periodic variation of
the base temperature were considered by the same
method every other year. Jabbari et al. (2002) used
the semi-analysis method to explore how different
stress conditions exerted on annular fins under
varying cross sections would affect the distribution of
thermal stress fields. Other numerical methods
include the finite difference method, finite element
method, Runge-Kutta method, homotropy method,
and differential transformation method.

The review of the above literature reveals that
the analysis of annular fins has made considerable
contributions. The general categories of annular fins
include steady-state or transient, one-dimensional or
two-dimensional, whether one considers contact
thermal conductivity, heat transfer analysis, thermal
stress analysis, etc. However, at present, the way to
consider contact thermal conductivity is limited to
using the lumped method to package all variables.
Installed in this way, it can-not be seen that the actual
contact thermal conductivity is related to the
temperature difference on the contact surface, that is,
the sudden drop in temperature when heat is
transferred from the inner tube bundle to the fin.

Fig. 1. Annular fin structure model

This study is based on the consideration of the
contact thermal resistance between the fin and the
inner tube. Considering Yovanovich's empirical
formula of contact pressure and thermal conductivity,
the finite element method is used to simulate the
stress and temperature fields in the case of
non-contact thermal resistance and contact thermal
resistance. The effects of different tolerances and
materials on the stress and temperature fields in the
case of thermal resistance are discussed, and the
relevant trends are summarized. The geometry of this
study is shown in Fig. 1. Because of its axisymmetric
nature, it can be simplified to Fig. 2. The dimension
design is shown in Table 1. The inner tube is made of
structural steel, while the fin is made of copper alloy
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and aluminum alloy. The material properties are
shown in Table 2.

a
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Fig. 2. Annular fin for a one-dimensional mode

Table 1. Model Size Table

Tube inner radius a 45 mm
Tube outer radius b 50 mm
Fin outer radius ¢ 100 mm
Interference & Variable
Table 2. Material property
Structure Copper Aluminum

steel alloy alloy
E(Gpa) 200 110 71
v 0.3 0.34 0.33
a(10°%/K) 1.2e-5 1.8e-5 2.3e-5
k(W/mK) 60.5 401 166
Co(Jkg-K) 434 385 875
p(kg/m”3) 7850 8300 2770

ANALYSIS

First, the related theories in this paper are
introduced, which are divided into the contact

pressure calculation formula, contact thermal
conductivity introduction, and  semi-empirical
formula.

Contact pressure

The contact pressure between the inner tube
and the fin when calculating to contact heat
conduction. The initial contact pressure between the
inner tube and the fin can be calculated using this
formula :

€]
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Alternatively, the Add Offset function can be used in
the package software ANSYS. Contact pressure
between the contact faces when simulating an
interference fit.

Thermal contact conductance

The transfer of heat between materials is limited
to a few channels under a limited contact area, which
also makes the temperature distribution at the
interface more complex and three-dimensional. An
effective assumption for complex temperature fields
is that there is a temperature difference between
interfaces. That is, the temperature field is
discontinuously distributed, and the temperature is
proportional to the heat flux passing through. A
proportional constant is called contact thermal
conductivity h,, and the reciprocal of contact thermal
conductivity is contact thermal resistance R, ,
according to the interface. The temperature drops and
the heat flux passed through are defined as

2

Each rough bump at the interface can be seen
as a tiny indenter pressed into a relatively soft
material, so the applied pressure is critical for
micro-hardness, and microscopically, the area of
actual contact is miniscule. Therefore, the average
pressure caused by the contact surface is actually
much larger than the defined pressure, which also
raises a problem: the high-strength stress is applied to
the rough contact surface as either an elastic contact
or a plastic contact.

Some specific parameters are currently
included in the semi-empirical formula developed,
which are used extensively in the estimation of
contact thermal conductance, including the effective
heat transfer coefficient Ks, roughness and slope on a
rough surface, and the root mean square values, as
shown in Figure 3, which are defined as follows:

K, =1 3)

o, =yo] +0; (4)
m, = \/m? +m? ©)

Fig. 3. Microscopic schematic of the contact interface



The plasticity index y was developed using
Mikic(1974) as a criterion for determining elastic
deformation or deformation. It is defined as

H ..
= 'mlC 6
7 Em. (6)

where H,... represents the micro-hardness of the
softer material, E' represents the effective Young’s
modulus, and m_ represents the root mean square of
the slope on the rough surface. The condition for

determining the deformation between the interfaces is

12 2
1 v1+1 v, @)

1
E E

when the contact between the interfaces of y>3 is
elastic deformation, as in v<0.33 is plastic
deformation. Taking the interface  property
parameters into equation (6), as shown in Table 3. It
can be seen that the contact model belongs to the
plastic contact model.

There are many kinds of precision that affect the
empirical formula, including material properties,
interface properties, and media for contact gaps. The
empirical formula for plastic contact allowed in this
paper is defined by the Yovanovich correlation
(1984).

k P 0.95
h :1.255”’5{] (8)
o, \H

S C

The author's evaluation of formula (8) can be used for
multiple sets of experimental data in early years. The

scope of application is 10°<P/H_ <2.2x10? -

Table 3. Interface propert

g4[17] | m.(2005) | H,.;.(2005) E v
Al | 552 0.22 1.089 71 033
(pm) (Gpa) (Gpa)
Cu| 2.68 0.16 0.912 110 | 03
(um) (Gpa) (Gpa)

GOVERNING EQUATIONS

This paragraph concerns the system heat transfer
system equation and stress system equation, as well
as the boundary conditions of temperature and stress.

The equilibrium equation of transient,
one-dimensional heat transfer equation and plane
stress two-dimensional can be expressed as:
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Heat Transfer Equation

10 dT or

=—|kr—|-2h(T -T,)=pc,— 9
rar( drj ( =)= p0 ot ©)
Equilibrium Equation

do, 1

?4—?(0‘”—0‘6‘9):0 (10)
d’u 1du u dT

s n - 11
dr2+rdr r (+V)adr (11)

Temperature Boundary Condition

T(a‘t)_{lz(())(();St,OsthO (12)
K mg"t) ~h(T, ~T(b.0)) (13)
ar(ct)
PR 0 (14)
Stress Boundary Condition
o,(at)=—P(t) (15)
o;(b.t)=0,(b,t) (16)
u,(b,t)—u, (bt)=6 @an
o,(c,t)=0 (18)

P(t) is defined as

P(t)= 101350 +18147.5t +1316.417t* +52.3t° + 0.9t*,0 <t < 20
1553800,t > 20

(19)

Calculation begins

Input boundary conditions
and initial conditions
Discrete strain energy equation for

contact pressure

Calculate T.C.C. using Yavanovich correlation
and set as boundary condition as thermal analysis

¥

Discrete heat transfer equation for temperature field

{}1!33.\\ 51 (')L]JI_DI_HJJJJ!\'U“JI]EJL - JU
$52015 SUIpa1A a1 $530%3 playy ssa08)

The temperature field data is transferred into
the stress field to solve the thermal stress field

End of calculation

Fig. 4. Analysis procedure
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ANALYSIS PROCEDURE

This paragraph depicts the simulation process.
First, assume that there is no thermal resistance
between the interfaces, the bring in the set
temperature and stress boundary conditions. This step
allows us to get contact pressure on the contact
surface. Subsequently, the Yovanovich correlation
was used to bring contact pressure into the contact
thermal conductivity. Finally, touch thermal
conductivity is introduced into the thermal analysis of
finite elements as a new boundary condition. After
obtaining the temperature field, it is brought into the
stress analysis to obtain the thermal stress field in all
directions. It is assumed that the initial boundary
conditions are designed to make the stress field
exceed the strength or heat. When efficiency is poor,
it will jump back to the first step to set the boundary
conditions to redesign, as shown in Figure 4.

RESULTS AND DISCUSSION

The finite element method is used to simulate
transient  one-dimensional heat transfer and
two-dimensional stress annular fin tubes. Eight
quadrilateral elements were used. The element
distribution diagram is shown in Figure 5. The inner
tube bundle is straight. The simulation was conducted
for different contact thermal conductivities. The goal
was to obtain the overall temperature and stress
distribution, investigate the temperature spacing of
the contact thermal conduction on the contact surface,
and compare the variances in fin efficiency between
steady states.

o o
L —
Do01E

Fig. 5. Element arrangement of the analysis structure

The heat transfer analysis of the two-dimensional fins
of Mustafa (2011) considering thermal contact
conductivity is used as the simulation verification.
The simulation results can be seen in Table 4, and the
heat transfer amount and actual analytical solution
calculated by the set software ANSYS can be seen.
The resulting heat transfer error is extremely low.
The purpose of this simulation is to confirm that the
analysis process is correct when the fin boundary
conditions have contact thermal conductivity.

Temperature Difference Analysis with or without
Interference and Thermal Resistance

In the ideal state, since the interface assumes no
contact thermal resistance, there is no energy loss
when heat is transferred from one object to another.
Accordingly, the heat flux and temperature
distribution of the two interfaces are continuous.
However, in actual cases, the heat will follow the
nature of the interface, and the contact pressure has a
certain loss. Figures 6 and 7 show the temperature
distribution and enlarged view of materials in the
interface with thermal resistance and no thermal
resistance. The overall temperature change curve is
close to the fin end and the temperature distribution.
Moving to the lower right corner shows that the fin
temperature decreases with position. The difference
between the temperature and the interface
temperature is related to the material properties and
interface contact conditions.

Table 4. Comparison of heat transfer results with the
numerical results.

h(W /m~K) K AW | gayss | E/(%)

100 0.24094 | 2072 20.715 | 0.024
500 0.24094 | 37.30 37.29 0.026
1000 0.24094 | 4210 | 42.103 | 0.007
5000 0.24094 | 4858 | 48584 | 0.008
100 0.96076 | 20.99 20.993 | 0.014
500 0.96076 | 3834 | 38.339 | 0.002
1000 0.96076 | 4367 | 43.667 | 0.006
5000 0.96076 | 52.17 52.174 | 0.007
100 2.0 21.00 | 21.008 | 0.038
500 2.0 38.40 38.39 0.026
1000 2.0 4376 | 43762 | 0.004
5000 2.0 52.44 52.45 0.076

200 ¢ i
\ ——§=0.03
\ 4=0

T(°C)

0.05 L‘L‘.i T (J:.JL' U-E,“_!-- 01
r{m)
Fig. 6. Temperature field of aluminum fins with and
without thermal contact resistance (fin radius ratio
1:1, t=70 sec)

In addition, the temperature difference on the
interface will change over time. Figure 8 illustrates
the relationship between temperature and position at
various time points when copper is used, the ratio of
internal and external radius is 1:1, and the
interference is 0.03 mm. The temperature gradually
increases with time. The temperature distribution
display system, which is slowly approaching t=70,
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gradually becomes steady state. As shown in Table 5,
the interface temperature distinction is gradually
increased from t=5 to t=20, and the receiver is
gradually reduced from t=20 to t=70 because the
effect of thermal resistance is amplified as the inner
tube temperature rises until the inner tube is
maintained at the same temperature. The heat transfer
state tends to be warm, and the temperature
difference of the interface will gradually decrease.

60 |

(o

Fig. 7. Temperature field of copper fins with and
without thermal contact resistance (fin radius ratio
1:1, t=70 sec)
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Fig. 8. Temperature field of copper fins at different
time points(fin radius ratio 1:1, =0.03 mm)

Table 5. Temperature difference of copper fins at
varying time points (fin radius ratio 1:1, 8=0.03 mm)

Time(sec) Temperature difference(*C)
t=5 6.22
t=10 7.037
t=20 9.217
t=30 8.67
t=70 8.36

Analysis of Temperature Difference Between
Interference and Fin Radius Ratios

First, two materials were selected to discuss the
influence of disparate interference quantities on the
temperature difference. The inner and outer diameter
ratios were selected as a 1:1 condition. Figures 9 and

J. CSME \Wol.41, No.5 (2020)

10 show temperature distribution maps at assorted
time points. Tables 6 and 7 show that the temperature
difference varies with time, and the temperature
gradually increases from the beginning until t=20
seconds, mainly due to the influence of temperature
boundary conditions. The inner tube temperature is
raised from the first 100°C to 200°C at t=20 seconds,
so the temperature difference will gradually decrease
as the system temperature tends to maintain a steady
state.

200

180 |

160 |
140

7 120

g

= 100
80

60 [

a0t A

t=5

20 L . . L "
0.04 0.05 0.06 0.07 0.08 0.09 0.1
r(m)

Fig. 9. Temperature field of copper fins with different
interferences (fin radius ratio 1:1)

40+ t=5

20 . . . "
0.04 0.05 0.06 0.07 0.08 0.09 0.1
r(m)

Fig. 10. Temperature field of aluminum fins with
varying interferences (fin radius ratio 1:1)

Table 6. Temperature distinction of copper fins with
varying interference (fin radius ratio 1:1)

Time(sec) 0=0.03 mm | 6=0.05 mm
t=5 6.22 4.682
t=10 7.037 5.348
t=20 9.217 7.006
t=30 8.67 6.58
t=70 8.36 6.35

In addition, no matter what kind of material,
the smaller the interference amount, the smaller the
temperature difference of the interface. The larger the
interference amount, the larger the contact pressure of
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the interface, and the contact pressure is proportional
to contact thermal conductivity. Accordingly,
regarding contact, the higher the thermal conductivity,
the better the heat transfer property of the interface.
When the heat transfer property of the interface is
better, heat energy is effectively transmitted. When
the heat transfer of the interface is worse, heat will
accumulate in the inner tube. The tube temperature is
higher, and the fin temperature is lower.

Table 7. Temperature disparity of aluminum fins with
distinct interferences (fin radius ratio 1:1)

Time(sec) 6=0.03 mm 0=0.05 mm
t=5 4.619 3.594
t=10 5.183 4.06
t=20 6.93 5.43
t=30 6.59 5.16
t=70 6.49 5.08

The receiver selects two materials to discuss
the effect of inner and outer diameter ratios on the
temperature distinction. See figures 11 and 12. The
interference was 0.05 mm at t=70 seconds. The
internal/outer diameter ratio here is that the length of
the outer diameter of the inner tube is longer than the
inner diameter to the outer diameter of the upper fin.
As shown in tables 8 and 9, the smaller the ratio of
the inner and outer diameters, the smaller the
temperature variation of the interface; however, the
amplitude is not large. When the scale becomes
larger, the contact pressure will also increase, but the
temperature difference caused by the small-scale
change is not obvious. It is speculated that when the
scale change is much larger than 1:1, the temperature
differential can cause a more significant difference.
The inconsistent scale causes various heat transfer
spaces, which leads to different temperature
distributions when the overall model reaches a steady
state. Due to the relationship between the fin end
insulation, if the fin scale is smaller, the heat flow
will hinder the lead time and lead to the overall mode.
The shape temperature distribution is increased.

Thermal Stres Analysis of Divergent Interferences

Two different materials were selected to discuss
the influence of different interference on the radial
stress. The fin radius ratios were selected as 1:1
conditions, and the discussion time point was close to
the steady state of t=70 seconds.

1. It can be seen from Figure 13 to Figure 14 that
the stress distribution of the ideal state (without
considering the amount of interference and
thermal resistance) is significantly lower than
the other two sets of data at the interface, due to
the interface inutility under ideal conditions.
There is no pre-stress in the condition, so when
the fin temperature rises and expands, the
contact pressure of the interface will loosen
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slightly with the thermal expansion of the fin.
In addition, the interface stress will vary when
the materials are different. The degree of
influence depends on the temperature disparity
between the two interfaces and the thermal
expansion coefficient of the two interface
materials.

T{"C)

0.0496 0.0498 0.05 0.0502 0.0504
r(m)

Fig. 11. Temperature field of copper fins with
different fin radius ratios (t=70 sec, 6=0.05 mm)
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Fig. 12. Temperature field of aluminum fins with
different fin radius ratios (t=70 sec, 6=0.05 mm)

2. The stress distribution is smoother when the
inner tube has an interference amount, which is
also because the heat transfer is poorer than the
ideal state, and the inner tube temperature is
higher than the actual state in the ideal state and
the fin. The ideal inner diameter of the sheet is
lower than the actual state, thus causing a
difference in the degree of thermal expansion.
When the amount of interference is large, the
contact pressure is large, so the interference
force is greater than 0.03 mm when the
interference amount is 0.05 mm.

3. When the amount of interference is small, the
number of sudden drops in the stress value of
the inner tube interface is large. Presumably,
the degree of thermal expansion between the
two materials is inconsistent, the coefficient of
thermal expansion of the inner tube is small,
and the coefficient of the thermal expansion of



the fin is large, so the temperature rises. The
expansion of the tube is smaller than that of the
fin, and the small interference means that the
contact pressure is small, so a small amount of
stress is reduced near the inner tube. Otherwise,
when the interference amount is large, the
contact pressure is large, so the inner tube is
close to the interface. A relatively continuous

stress distribution is produced.

Table 8. Temperature difference of copper fins with
different fin radius ratio (t=70 sec ~ =0.05 mm)

Time Fin radius Fin radius Fin radius
(6=0.05 ratio (1:1) ratio(1:1.2) ratio (1:1.5)
mm)
t=5 4.682 4.466 4.294
t=10 5.348 5.085 4,795
t=20 7.006 6.734 6.398
t=30 6.58 6.39 6.125
t=70 6.35 6.2 5.98

Table9. Temperature difference of aluminum fins
with different fin radius ratio (t=70 sec ~ 6=0.05 mm)

Time Fin radius Fin radius Fin radius
(6=0.05 ratio (1:1) ratio(1:1.2) ratio (1:1.5)
mm)
t=5 3.594 3.4 3.227
=10 4.06 3.794 3.546
=20 5.43 5.1 4.77
=30 5.16 4.86 4.56
=70 5.08 4.8 451
0-
5t
_ -10
EL
o151

20

0.03

23

0.04 0 ‘US 0 66 U.B? U.IUB 0 IUS 0.1

1 (m)
Fig. 13. Radial stress field of copper fins with
varying interferences (fin radius ratio 1:1, t=70 sec)
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Fig. 14. Radial stress field of aluminum fins with

varying interferences (fin radius ratio 1:1, t=70 sec)

The receivers explore the effects of disparate

interferences on circumferential stress under the same

geometry and boundary conditions.

1. In figures 15 to Fig. 16 the circumferential
stress. The values are the tensile force from the
compression force of the inner diameter of the
fin to the outer diameter of the fin, and the ideal
state (regardless of the amount of interference,
heat is not considered). The resistance of the
inner diameter is larger than the actual state,
and the tensile force at the end is smaller than
the actual state. The trend is the heat of the
hollow sheet in the inner diameter of the fin
and heat flux. The stress analysis is the same.

60

40r

20

oF

o, (Mpa)

-20

40

50 L L L L
0.05 0.06 0.07 0.08 0.09 0.1

r(m)

Fig. 15. Circumferential stress field of copper fins
with varying interferences (fin radius ratio 1:1, t=70
sec.)

2. It is presumed that the smaller the degree of
preloading of the inner ring, the smaller the

radial displacement of the overall model.

According to Hooke's

law o, :iz[g+va—u—(1+v)oﬂj , When the
1-vo\r or

effect caused by the temperature change is less
than the effect caused by the displacement, the
circumferential direction stress will exhibit
compressive forces and vice versa.

3. In addition, when the amount of interference is
small, the circumferential compressive stress
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value of the fin base is large and the value is
closer to the steady state with time. This is
known according to Hooke’s law, when the
amount of interference is large. The radial
displacement is also larger, so when the effects
of temperature (1+v)aT are similar, the radial

displacement amount causes the circumferential
stress value to be small.

Thermal Stress Analysis of Divergent Radius
Ratios ff Annular Fins
The influence of the ratio of fin radii on radial
stress was selected for 6=0.05 mm. Since the
difference in interferences in the previous paragraph
was found, the pressure of the interface was changed
when the copper alloy was selected. Therefore, the
material is selected as copper was used for analysis.
1. Figures 17 to 19 reveal the relationship
between the radial stress and the position of
different internal and external diameter ratios
under the same interference amount. Although
the interference amount is identical, the
difference in the inner and outer diameter ratios
will cause distribution in the stress field’s
distribution. The disparity in size and the larger
the ratio of the inner and outer diameters, the
greater the value of the radial compressive
stress. This is because the stiffness of the
material is larger as the ratio of the inner and
outer diameters is larger, so a larger radial
compressive stress is required to overcome the
same amount of interference.

7mg.05 0.655 D.lUB UUlEE UlUF D.[;TS U.E]S UUlBS D.lUB UUlBS 01
r(m)
Fig. 16. Circumferential stress field of aluminum fins
with varying interference (fin radius ratio 1:1, t=70
sec.)
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Fig. 17. Radial stress field of copper fins at assorted
time points(fin radius ratio 1:1, =0.05 mm)

2. The figure also reveals that the stress value
before t=20 will gradually increase with time,
and the stress value will decrease after t=20 due
to the boundary condition. The boundary
condition is maintained after t=20. At a
constant pressure, the system will gradually
become steady state, and the radial stress will

decrease due to the slower temperature
distinction of the interface.
The effect of wvarying fin radius ratios on

circumferential stress is discussed under the same

geometry and boundary conditions.

1.  Figures 20 to 22 show the difference in
circumferential ~stress between the same
interference amount at a range of inner and
outer diameter ratios. The larger the ratio of the
inner and outer diameters, the greater the
circumferential stress value of the fin base.
Since the model stiffness value is larger as the
ratio of the inner and outer diameters is larger,
the larger the compressive stress required to
achieve the equivalent interference amount. In
addition, the magnitude of the circumferential
stress will also increase with time, which is
because the contact pressure of the interface
will increase with the external force and heat as
time passes. The radial displacement is also
followed according to the above inference. It
becomes larger, thus causing circumferential
stress to enlarge.
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Fig. 18. Radial stress field of copper fins at disparate
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Fig. 19. Radial stress field of copper fins at diverse
time points (fin radius ratio 1:1.5, §=0.05 mm)
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Fig. 20. Circumferential stress field of copper fins at

different time points (fin radius ratio 1:1, 6=0.05 mm)
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Fig. 21. Circumferential stress field of copper fins at

different time points (fin radius ratio 1:1.2, 6=0.05
mm)
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Fig. 22. Circumferential stress field of copper fins at
distinc time points(fin radius ratio 1:1.5, §=0.05 mm)

Comparison of Maximum Equivalent Stress for
Fin Safety Factor

Tables 10 and 11 demonstrate the maximum
equivalent stress and fin safety factor of copper and
aluminum at different ratios of inner and outer
diameters and varying interferences, respectively, can
be seen regardless of the material when the
interference is zero. The maximum equivalent stress
is the maximum value. Although the radial thermal
stress value is the lowest when the interference is
zero, the circumferential stress value is the largest,
and the value is much larger than the interference
amount. This is because the calculation is maximum.
The effect force time variable contains the stress
values in all directions, so this situation is caused;
therefore, the amount of interference should be
considered when designing the fins. The table
illustrates that the maximum equivalent stress without
interference is significantly overestimated.

The safety factor is defined as S.F.= Juises

Oy
where o, represents the yielding stress of the
material and ;... the maximum equivalent stress.
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It can be seen from both tables that the safety factor
is less than 1, and it is shown that the fins are safe
under the designed interference amount. Later, in the
design of the fins, the method can also be used to
preliminarily determine whether there will be
material fluctuation under different interference
quantities. If the stress field exceeds the drop strength,
the interference amount, material properties and fin
size can be used.

Table 10. Copper fin safety factor for all cases

Material Fin radius & Tyices | Oy | SF
ratio
Cu 1:1 0 49.3 | 280 ] 0.176
Cu 1:1 0.03 | 28.1 | 280 | 0.100
Cu 1:1 0.05| 24.3 | 280 | 0.086
Cu 1:1.2 0 59.2 |280 | 0.211
Cu 1:1.2 0.03 | 38.3 | 280 | 0.136
Cu 1:1.2 0.05| 32.7 | 280 ] 0.116
Cu 1:1.5 0 71.7 | 280 | 0.256
Cu 1:1.5 0.03 | 51.1 | 280 0.182
Cu 1:1.5 0.05| 44.7 | 280 0.159

Pressure unit: Mpa

Table 11. Aluminum fin safety factor for all cases

Material Fin radius ) Tyizes | O | SF
ratio
Al 1:1 0 84.5 | 280 | 0.302
Al 1:1 0.03 | 63.4 | 280 | 0.226
Al 1:1 0.05 | 55.0 | 280 | 0.196
Al 1:1.2 0 93.3 | 280 | 0.333
Al 1:1.2 0.03 | 73.3 | 280 | 0.262
Al 1:1.2 0.05 | 65.2 | 280 | 0.233
Al 1:15 0 103.5 | 280 | 0.370
Al 1:15 0.03 | 84.1 | 280 | 0.301
Al 1:15 0.05| 76.3 | 280 | 0.273

Pressure unit: Mpa
CONCLUDING REMARKS

This paper proposes, the theory and finite
element analysis simulation and flow of the relevant
contact thermal conductivity of the annular fin with
inner tube contact. The fin’s temperature distribution,
heat dissipation efficiency, thermal stress field, and
safety factor are analyzed by the above, and the
results are as follows.

1.  Contact pressure is directly proportional to
contact thermal conductivity. Contact thermal
conductivity as a boundary condition will
change with time. Therefore, when analyzing
the interference fit fin problem, transient
analysis is needed.

2. Contact pressure affects the contact thermal
conductivity, and the contact thermal
conductivity influences the heat dissipation and
efficiency of the fin. Therefore, as a more
complete design analysis, the ratio of the inner
and outer diameter, interference amount,

material, interface condition, etc. should be
considered. The conditions directly affect heat
dissipation performance.

3. The temperature difference on the contact
surface will decrease as the contact pressure
increases. The interference amount can
effectively reduce the temperature difference.
However, if the interference amount is too large,
the material itself may be degraded. Therefore,
thermal stress analysis is necessary.

4. From the simulation results, the magnitude of
the stress field is related to the interference
amount, the ratio of the inner and outer
diameters, and the thermal expansion rate of the
material. The larger the interference amount,
the smaller the oy is near the contact surface
and the larger the o, and inner tube radius and
fin, the greater the sheet-length-to-size ratio,
the greater the stress in both directions.

5.  When the safety factor is less than 1, the
display is safe under the interference of the
design. Later, in the design of the fins, the
method can also be used to preliminarily

determine whether there will be material
fluctuation under disparate interference
quantities. If the stress field exceeds the

yielding strength, the interference amount,
material properties and fin size can be modified
and enhanced to suit the design object.
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