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Abstract

The objective of this paper is to study and analyse the load and
deflection of finned cooling panels. -By comparing theoretical results to
experimental results, we found that the error is depend on fin length.

The reason is that the major part of strain energy-is stored in the beam
body while the fins store very little. However, strain energy is, theoree

tically, uniformly stored throughout the finned cooling panels.
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1. Introduction

The objective of this work is to develop the expression
showing the relationship between load and deflection for finned
cooling panels by theoretical method and to compare theoretical
results to the experimental results.

The following development treats the finned cooling panel
as a beam having ratio of the thickness to the width greater than
one=fourth. Any expression developed later is therefore based on

beam theory.

2. Theoretical Analysis

Our work is concerned with a centrallye=loaded, simply=
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supported, none=uniform beam as shown in Fig.l1. The first step of our
analysis is to calculate total strain energy stored in the beam. We may
neglect strain energy due to transverse shear since it is very small when

comparing toc strain energy due to bending.
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Fig.1 Simply-supported beam subjected to point load at mide=span

The total strain energy can be expressed as

Biiee L, +t,)=t, 22dn e l“"1+t2) xzdx
U - 2[ Z — —_—
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T : I I
=1 jias = i -
L iet 1 i=1 1(t1+t2) t2 2
p2 n(t1+t2)-t2/2 xzdx
+ BE T (1)
n(t1+t2)-t2 2

a 3 = 3
where I1- bh1/‘|2 and 12— bh2/12.

Since n is much greater than 1, the upper limit of the last

Vintegral in Eg.(1) is approximate to n(t1 +t2)-t Eq.(1) can then be
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approximate to
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Fig.2 Graphical evaluation of the integrals in Eqg.(2)

It can be seen from Fig.2 that the first integral is equal to

the shaded area (AS1) and the

second one is equal to the shaded area (As )es

2
The values of these shaded areas are approximate to:
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Deflection under load P using Castigliano's method can then be calculated:

3 :
- ) )
e EET : PLB [(t1/t2,(h2/h1, + 1] o
8p° T 48EI FlE ot i ]
2 )
3
PL
5 = 8
or o (8)
eg
where qu = (t1/t2) +31 I2 .
(t1/t2)(n2/h1) + 1
We can also develop the expression for a spring constant k,
P 48E1I
k:g:‘*—B—eq . (=)

3. Experimental Analysis

We have 9 specimens dimensioning in Table 1 for beam deflection
testing. The instrumentation are set as shown in Fig.3. Experimental data

comparing with theoretical one are shown in Fig.4 and 5.
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Fig.3 Beam deflection testing instrumentation.
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Table 1 Dimension and property of specimens
specimen no. t1(in) tz(in) h1(in) h2(in) b(in)| L(in) |E(psi)
1 1/16 1/8 1/4 T37 T2 8Lt25 10x106
2 1016 | 1/8 | 174 | 7732 | 172 |8.125|10%10°
3 116 | 1/8 | 174 | /32 | 172 |8.125]10x10°
4 1/8 1/8 . 1/4 7/32 1/2 18.125 1Dx106
5 1/8 1/8 1/4 7732 | 172 {8.125|10x10°
6 1/8 1/8 1/4 ThE) 172 |8:125 10x106
7 3/16 1/8 1/4 7/32 142 |:8.125 10x106
8 3/16 1/8 1/4 7/32 W/ 2 NRE] 5 10x106
9 3/16 1/8 1/4 7/32 1/2 185125 10x106
20
20 10 (a) specimen no. 1, 2, and 3.

> 10+
(1b)

(1b)

0.2

5(in)

(b} specimen nc. 4, 5, and 6.

(c) specimen no. 7, 8, and 9.

= = = = Theoretical results

Experimencal results

Fig.4 Relationship between load and deflection.
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Fig.5 Curves qu/I2 plotted as a function of t1/t2 and h1/h2.

4. Conclusion and Discussion

In this paper, the development of equivalent moment of inertia
of area equation is the main purpose. Bending stress can be determined by
using bending stress equation (0=Mc/I) without any modification.

Fig.4 and 5 show the comparison of theoretical results with
experimental results. It is obvious that the larger erroe comes from the
greater ratio of h1/h2. We can conclude, from our analysis, that there is
a great deal of strain energy stored in the beam body while very small
amount stored in the fins. However, we theoretically assumed that strain

energy is uniformly stored throughout the finned cocloing panel. This

certainly causes the larger error as the ratio h1/h2 gets bigger.

5. References
1. Juvinall, R.C.(1967), Engineering Considerations of Stress, Strain,
and Strength, McGraw=Hill Book Company, New York.
2. Roark, R.J.(1965), Formulas for Stress and Strain, McGraw=Hill Boock
Company, New York.
3. Duggan, T.V.(1964), Stress Analysis and Vibrations of Elastic Bodies,

Temple Press Books Limited, London

4. Spotts, M.F.(1961), Design of Machine Elements, Prentice=Hall Inc,
New York.



