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Draw the schematic diagram of fin.
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Step 2 of 40 right now
. ; . . Grisha
Obtain the exact temperature at node -2 by using the relation P - Capella Univ... ps

h
¥ o7 cnsh{ ||':.; X[f.—.\']] |
x~ Rit
> _T’ = y % CHS.PSc.&NIn., 1870
R cosh[‘ll P xL] =
KA

Here, [ is thermal conductivity, 4 is area, [ is length, }J; is the transfer coefficient, j is the

Danielle
University of Denv... 293

perimeter, T, is fluid temperature, and x is distance of node from base.

Substitute 168 vi for K., 5x10*" m*forA, 100=<10" m for £, 25 _EK for J, FIND ME A TUTOR
m- m -

12%10° m for p, 80°C for T}, 18°C for 7,,and 0,02 m for x.

3
cosh ,’25"‘2"2 %(0.1-0.02)
T,-18 168x=10

80-18 5% 122107
—a J_sn_xm i
168107

T, =61.56°C

Comment

Step 3 of 40

Obtain the exact temperature at node -3.
I

T-T _t'nsh[ f:;i x[f_—.r}]
-7, [
s cush[ hpr]
KA

Here, j is thermal conductivity, 4 is area, | islength, J; is the transfer coefficient, p is the

perimeter, T, is fluid temperature, and x is distance of node from base.

wr wr
Y v

— for K, 5x10* m*for A, 100x10" m for L, 25 —~— for j,
m-K m-K
12%10°" m for p, 80°C for T}, 18°C for T,,and 0,04 m for x.

msh[ Soxlixiy :-:{0.!—!].04}]
T,-18

Substitute |68

168x10"
80-18 5 2 3
ol J-le-xl[l 0.1
168x10™
T, =49.14°C
Comment
Step 4 of 40

Obtain the exact temperature at node 4 by using the relation

JJpx i
I-T cnsh[J; (L J)J

= = — (1)
1 cush[JExL]

Here [ is thermal conductivity, .is area, [ is length, jis the transfer coefficients, p» is the

perimeter, T, is fluid temperature . is distance of node from base.

for J,

w
Substitute 168 LK for K, 5x10* m*forA, 100x10" m for [, 25 —

m- m -

12%10° m for p, 80°C for T,, 18°C for 7,,and (.06 m for x in equation (1).

x x 3
cosh ,’25 12107 (0.1-0.06)
T,-18 168=10

B0-18 [ [sxizxl0’
cosh -leletj x0.1
168=10

7, =41.81°C

Comment

Step 5 of 40

Obtain the exact temperature at node -5 by using the relation

 {{Fe-n)

¥

T
/' cosh| [ x1
KA

T
T

Here j is thermal conductivity, .is area, [ is length, jis the transfer coefficients, f* is the
perimeter, 7, is fluid temperature x is distance of node from base.

Substitute |63 for J,

— for K. 5«10 m*for A, 100«10" m for L, 25 ——
m-K m N

12x10™ m for p, 80°C for T,, 18°C for 7,, 0.08 m for x.

2 3
cosh ‘ll'jxlles =(0.1-0.08)
T.-18 168210

80-18 25x%12x%10°
cosh \("5""‘”: x0.1
16810

T, =37.64°C

Comment

Step 6 of 40

Obtain the exact temperature at node -6.

As
W

nr
Substitute 168 "K for K, 5x10* m*forA, 100x10" m for £, 25 —— for j,
m- 3
12%107° m for P, 80°C for T, 18°C for T,,and (.| m for x.
- 3
cmh[,’sz);'l;“ x(ﬂ,l—ﬂ.l}]
T, —-18 _ i
80-18 25%12 3
cosh J's""""] x0.1
168=10
T, =36.32°C
Comment
Step 7 of 40
Obtain the exact heat loss from fin.
l
0= JipKA| tanh ,/if,] x(1,-1,)
K4 )
Substitute 168 —— for K, 5x10* m*for A, 100x10" m for £, 25 ——— for j,
m-K m K
12510 m for p, 80°C for T}, and 18°C for 7.
25x12x10™
=v'r25x12><10'XIﬁSx.‘xlfl‘sianh —————x (.1 |%(80-18
e 168x5x10°" ( )
=0.94028 W
Therefore, exact heat loss fromthe finis |(J = 094028 W
Comment
Step 8 of 40
Obtain the stiffness matrix of element-1.
g0 KAl =t hplf2
i1-1 1 6|1 2
Substitute 168 ' for K, 5x10* m® forA, 20x10" m for/, 25 for J,
m-K m™ K

12x107 m for p.

m_l(}&xﬁxl[l"[l —t];smzxzmm“{z |]
Ll L ==

20=107 |1 1 6 2
| 0,044 —0.041
-0.041 0.044
Comment

Step 9 of 40

Obtain the force matrix of element-1 from the relation

T, |1
Rt

Here, | is length, Ji is the transfer coefficient, ' is the perimeter, and ?j, is fluid temperature.

Substitute 2()x ()" m for/, 25 for fi, 12x10" m for 2, and |8°C for "r.r

3 er
moen

0 _(2sx12x20x10 xlﬁ]{0}+{sn}

2 1 0
80
0.054

Comments (1)

Step 10 of 40

Obtain the stiffness matrix of element-2.

g KAl 1] hptf2 1
T I Y

Here, [ is thermal conductivity, 4 is the area, [ islength, j; is the transfer coefficient, and
/' is the perimeter.

Substitute |68 for K, 5x10* miforA, 20x10" m for/, 25 for J;, and

v =1 v

n m ‘K

125107 m for p.

k.:.:m:;xsno"[l —I}FESXIZXEU:-:I[I”F I]

20<107 [~1 1 6 12
[0.044 -0.041
_[—IJ.UM u.u‘u}

Obtain the force matrix of element-2 from the relation

92 .F_rp”', {I}

2 |l

Here, | is length, }J is the transfer coefficient, j is the perimeter, and T, is fluid temperature.

Substitute () 1) " m for/, 25

w
—— for Ji, 1210 m for p, 18°C for T,.
m K

o 25x12x20

"x18 1
2
N 0.054
|0.0s4
Comment

Step 11 of 40

Obtain the stiffness matrix of element-3 from the relation.
g0 KA[ 1 1] hpif2 1
=11 611 2

Substitute |68

W for K, 5x10* m® forA, 20x10°" m for/, 25 W for J, and
K m K

12¢107" m for p.

k|:|_|68><5>‘|0“ 1 1 +25><12><20><m"2 1
20107 [-1 1 6 12
[ 0044 -0.041
-0.041 0.044
Comment

Step 12 of 40
Obtain the force matrix of element-3 from the relation.

hplT, 1
13 _
s H

Substitute 20« 10" m for/, 25 for fp, 1210 m for p, 18°C for T,.

o o 2t s fi]
’ I

2
N 0.054
o054

Comment

Step 13 of 40

k"'-ﬂrl -1 +M2'
L=t 1] 61 2

u v
Substitute |68 W for K. 5x10* m*forA, 20x10" m for/, 25 ——— for j,
m-K m K

12¢107" m for p.

Obtain the stiffness matrix of element-4 from the relation
v

f  168x5x10°[ 1 —T:|+25x|2x2|]xll]"|2 |]

20<107 [~1 1 6 12
[0.044  -0.041
_[-n.u‘u n.tm}

Obtain the force matrix of element-4 from the relation.

e hplT, {I}

2 I

Substitute () 1() " m for/, 25

WK for Ji, 1210 m for p,and 18°C for T,.

o o Ect2e0cio i ]
’ 1

2
N 0.054
o054

Comment

Step 14 of 40

Obtain the stiffness matrix of element-5 from the relation.

o KAl v 1] mptf2 1
rl-1 1] e 1 2

Substitute |63

W
for J;, and
K

for K. 5x10* m'forA, 20x10" m for/, 25

m-K m-
1210 m for
4 J168x5x10° 1 ~T] 25x12x20x10°[2 |
©o20x107 {11 6 102
[ 0044 -0.041
-0.041  0.044
Comment

Step 15 of 40

Obtain the force matrix of element-5 from the relation.

o)
A T | |

Substitute 2% 10" m for/, 25

w
% for Ji, 12x10" m for p, 18°C for T,.

9 _25x12x20x10"x18 |1
; — |
_ [0.0s4
0,054
Comment

Step 16 of 40

Obtain the global stiffness matrix by assembling the element stiffness matrices

[ 0.044 ~0.041 0 0 0 0
~0.041 0.044+0.044 -0.041 0 0 0
0 ~0.041 0.044+0.044 ~0.041 0 0
i I 0 “0.041  0.04440044  -0.041 0
0 0 0 ~0.041 0.044+0.044  -0.041
L 0 0 0 0 ~0.041 0.044
[ 0,044 —0.041 0 0 0 0
-0.041 0088 -0041 0 0 0
re 0 0041 0088 -0041 0 0
0 0 -0.041 0088 -0041 0
0 0 0 -0.041 0.088 -0.041
L 0 0 0 0 -0.041 0044
Comment

Step 17 of 40

Obtain the global force matrix by assembling the element force matrices.

80
0.054 4 0.054
0.054+0.054
10,054+ 0.054
0.054 +0.054
0.054
80
0.108
0.108
“lo.aos
0.108
0.054

Comment

Step 18 of 40

Obtain the temperatures by using the equations.

[k]x{T}=1r)
0.044  -0.041 0 0 0 0 T 80
-0.041 0,088 -0.041 0 0 0 T, 0.108
0 -0.041 0.088 -0.041 0 0 T 0108
0 0 -0.041 0.088 -0.041 0 " T ~lo.0s
0 0 0 ~0.041 0.088 -0.041 T 0.108
0 0 0 0 0,041 0,044 A 0.054
T 80 °C
T, 6144 "C
T _|49.24 °C
.| |41.62°C
T 3744 °C
T 3632 "C
T, 80 °C
L 61.44 °C
Therefore, the temperatures at the nodes are 7 = 49.24 °C
T 41.62 "C
.| |3744°C
T, 36.32 °C

Comment

Step 19 of 40

Obtain the heat loss from the element-1 by using the relation.

o :.‘lp."x[r: :T —T,]

Substitute, 2% 0" m for/, 25 —

W
= for Ji, 1210 m for £, g °C for T,

o =.*rp!x[ h :‘.f' -T, J

—25x12x20x10° x[m—lﬂJ

=0.31632 W

Comment

Step 20 of 40

Obtain the heat loss from the element-2 by using the relation

Qm =hp.‘x[?};n —Tr]

Substitute, 2()x 10" m fors, 25 _-_‘E( for h, 12x107" m for p, 18°C for T,.
m -

0" = hp-’x{%— T, ]

=25x|2x2ﬂxlll“x[L;m‘—I8}

=0.22404 W

Comment

Step 21 of 40
Obtain the heat loss from the element-3 by using the relation.

Q‘"':h_ufx{ T::T] —T{]

Substitute, 20«10 " m for/, 25

- for i, 12x10" m for p, 18°C for T,.
m -K

Q"'::.m{%-?,}

vl
=25x12x20x10 «,[m_.g]

=0.16458 W

Comment

Step 22 of 40

Obtain the heat loss from the element-4 by using the relation.

o= Irp.‘x(r-’-;-——{‘- -1, ]

Substitute 2010 " m for/, 25 \L’K for hi, 12x10" m for p, 18°C for 7.
o -.—hp."x[%—}"]

R
:2sx|2x:nx|u"x[w-m]

=0.12918 W

Comment

Step 23 of 40

Obtain the heat loss from the element-5 by using the relation.

o =hp-’x[—r' :T’ -T, ]

Substitute 210" m for/, 25

yv for h, 1210 m for p, 18°C for T,.
m K

o =hpfx[¥—f, ]

=25x12x20x10™ {M-ls]

=0.11268 W

Comment

Step 24 of 40

Obtain the total heat loss from the fin by summing up the heat loss from the elements

0-0"+0"+0"+0" 40"
0=031632+0.22404+0.16458 + 0.12918 + 0.1 1268
0=0.94028 W

Comment

Step 25 of 40

Obtain the total heat loss from the array of 50 fins from the relation.

Q... =NooffinsxQ
=50x0.9368
=4TW

The total heat loss from the array of 50 fins is |, =47 W

Comment

Step 26 of 40

Obtain the exact temperature at node -2 by using the relation

hp :
-1 cnsh{J;)([f.—.\]]

=1 f
O cosh{ hpr]
KA

Here [ is thermal conductivity, 4is area, [ is length, J;is the transfer coefficients, p is the

perimeter, T, is fluid temperature « is distance of node from base.

Substitute |68 lv for K, 5«10 m*forA, 100=<10" mfor £, 25 __ for Jy,
m-K m K
12210 m for p, 25°C for T,,and 0,02 m for x.
hp
cosh *(L-x)
nL-T, KA
T-T, - hp
cosh xL
(V%
25x12 d
cos 2 xl(: #(0.1-0.02)
T,-25 168=10
80-25 25x12x10"
cosh J_le‘.xi? .
168=10
T,=63.64"C
Comment
Step 27 of 40
Obtain the exact temperature at node -3 by using the relation.
cosh ||pr x(f_—.r,\
L=T, _ KA
5-7, f
Y cosh h.p w.L
KA
. w " w
Substitute |68 2 for K, 5x10* m*forA, 100=<10" mfor ., 25 T for f,

12%10" m for p, 25°C for T, 0,04 m for x

ML
7T, cmh[J;x(L—.t}]

25x12x107
cosh| JEX12X107, (6 1-0.04)
T,-25 16810
80-25 25x12%10"
och J_,Sx!._x“: <Ol
16810

T,=52.86 °C
Comment

Step 28 of 40

Obtain the exact temperature at node 4 by using the relation

ul [P .
I-T m’u\h[J;x{L—.l)J

6-1, f 7
1= cosh[ :f"xf.]

Substitute 168 W for K, 5x10* miforA, 100=<10" mfor , 25 —"F for f,
m-K m K

125107 m for p, 25°C for 7,, 0.06 m for x.

cosh[ » *(L —,r]]

-7 _ KA
n-T, f
v cush[ hf“xLJ

KA

2 2 )

cosh| JEX12X107, (4 1-0.06)
T,-25 168x10
80-25 25107
cosh Zle-xl? x0.1
16810
T,=46.12°C
Comment
Step 29 of 40

Obtain the exact temperature at node -5 by using the relation

oy el {Feu)

_T 3

T

¥ cosh ||hpr
KA

Substitute 168 l‘{_ for K, 5x10* miforA, 100=10" mfor , 25 —~¥V—--- for 4,
m-K m K

12%10" m for p, 25 °C for 7, 0,08 m for x

msh[ hjﬂ X{L—x}]
T.-T, VKA

n-7T,
" cosh I"’f’xa
KA

= 3
cosh| [BX12X107  (6.1-0.08)
,—25 16810
80-25 21%10"
cosh stxl‘x": x0.1

168=10
T,=4242°C
Comment

Step 30 of 40

Obtain the exact temperature at node -6 by using the relation

nl [P :
T,-T, Cﬂhh[\{;x{L—J]J

T=T;
AR cosh hpx!,
KA

Substitute |68

w w
for K, 5x10* m*for A, 100«10"" m for £, 25 ——— for j,
K m K

1210 m for p, 25°C for 7,, 0.1 m for x
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v, 9 o
cosh J‘Sx!‘“'? x(0.1-0.1)
s 168x10
80-25 25x12x107
cosh o x0.1
168=10
T,=41.25"C
Comment

Step 31 of 40

Obtain the exact heat loss from fin using the relation

Q:,,ﬁhpm[mnhwgf,nx(n _7.)

Here [ is thermal conductivity, .4is area, [ is length, J;is the transfer coefficients, p is the
perimeter, 7, is fluid temperature .« is distance of node from base.

Substitute |68

for Jy,

1 w
— for K. 5x10 m*for A, 100x10” m for £, 25 ——
m-K m K
1210 m for p, 25°C for T,

Qe zm[m“h[\{%“]}*{?}—ﬂ)

2 2 3
=J25x12x107 % 168x 5210 x tanh "M %0.1 [x(80-25)
168x5x10

=0.83412 W

Therefore, the exact heat loss fromthe finis () 83412 W|.

Comment

Step 32 of 40

Obtain the force matrix of element-1 when T, = 25°C from the relation.

hpiT, (1]
Sl

Al

Substitute 20 10" m for/, 25 for b, 12x10°* m for p, 25°C for T,.

e
1T EE 4

A _25x12x20x10°x25 [0 L [80
' 2 1t 1o
[ 80
o075
Comment

Step 33 of 40

Obtain the force matrix of element-2 when T, = 25°C' from the relation.
oo, { '}
' 1

Substitute 2()x 10" m for/, 25 m:lK for b, 12x10" m for p, 25°C for T,.

f“, -

0.075
o075
Obtain the force matrix of element-3 when T, = 25°C from the relation.

0 hplT, {1}

25x12x20x107° %25 |1
.

2 |1

Substitute 2()x 10" m for/, 25

for i, 12x10" m for p, 25°C for T,.

m K
£ _ 25%12x20x10° %25 |1
A T
0.075
10075
Comment

Step 34 of 40

Obtain the force matrix of element-4 when T, = 25°C.

Substitute 2()x 10" m for/, 25 for fi, 12x10°" m for p, 25°C for T,

m K

Il
0.075
0,075

Obtain the force matrix of element-5 when T, = 25°C' from the relation.

o i, 1]
-]

2 |

- 25*!2x20x|0°x25{1}

w
—— for Ji, 12x10°" m for p, 25°C for T,.
m K

Substitute 2()x 10" m for/, 25

9 =
0.075
o075

Comment

2 1

25x|2x20x|ﬂ“x25{]}

Step 35 of 40

Obtain the global force matrix by assembling the element force matrices.

80
0075+ 0.075
0.075+0.075
0.075+0.075
0.075+0.075

0.075
80
0.15
0.15
0.15
0.15
0.075

Obtain the temperatures by using the equations

[k]x{T} =11}
0.044 -0.041 0 0 0 0 T, 80
-0.041 0.088 -0.041 0 0 0 % 0.15
0 -0.041 0.088 -0.041 0 0 T, 0.15
0 0 -0041 0088 —0041 o0 | |n[ ]ois
0 ] 0 -0.041 0.088 -0.041| |T. 0.15
0 0 0 0 -0.041 0.044 | (7, 0,075
T 80 °C
T, 63.54 °C
T| |s52.86°C
[ |46.12°C
T 242°C
T, 41.25°C
T, 80 °C
T, 63.54 °C
Therefore, the temperatures at the nodes are ) = 92.86 °C
T, 46.12 °C
T 4242 °C
T, 41.25 °C

Comment

Step 36 of 40

Obtain the heat loss from the element-1 by using the relation.

Q‘” =bp.|’x[r‘ 5 -T, J

5 !

Here [is length, jis the transfer coefficients, j is the perimeter ‘.f,is fluid temperature.

Substitute, 20 %10 m ford, 25

——for b, 12x10” m for p, 250 °¢ for 7,.

m-K

Q‘” =J'|_»Fx[ h+h -T, J

2

=25%12x20x10 u(w_;s]

-

=0.28062 W

Comment

Step 37 of 40

Obtain the heat loss from the element-2 by using the relation

Q‘:I =],'F“(T_‘_-;T. =T, ]

Substitute, 20w 10" m fors, 25 for Jy, 12%10 " m for p, 25°C for T,.

e
oA

o =};p!x[T" ;T] —T,]

<, )
=25x12x20x10 “x{L‘;”‘?‘-zs
=0.19878 W
Comment
Step 38 of 40

Obtain the heat loss from the element-3 by using the relation.

o :.l'rp.‘x( L% 1 ]

2

-

Y

Substitute, 2% 10" m ford, 25 for Jy, 12x10" m for p, 25°C for T,.

=
Q"'=;.;m[¥-f,}
=25x12x20x10 “x(m_gs
=0.14601 W i
Comment

Step 39 of 40

Obtain the heat loss from the element-4 by using the relation.

o= Irp.‘x( B%I‘, =T, ]

Substitute, 2% 10" m ford, 25

for h,12x10" m for p, 25°C for 7.

WK
o =hp!x[—r' ;T* —T,J
=25x12%20x10 *x[i‘*s'”:“'m -25

=0.1146 W
Obtain the heat loss from the element-5 by using the relation.
5 T, +T,
) — = IRl S
o' =hpl x[ > T, ]

wr
W

Substitute, 20w 10" m fors, 25 for h, 12%10" m for p, 25°C for T,.

Ey

m "~
Q‘" =hpfx[¥—f}]

25

22544
~25x12x20x10 "x[i‘L“S;“"m =

=0.0996 W

Comment

Step 40 of 40

Obtain the total heat loss from the fin by summing up the heat loss from the elements

Q=Qw +Q‘!r +QUJ +Q¢n +0"
O =0.28062+0.19878+0.14601+0.1146 + 0.09996
0=083997 W
Obtain the total heat loss from the array of 50 fins from the relation
Q... =NooffinsxQ

= 50x0.83997

=42 W
The total heat loss from the array of 50 finsis |(J, =42 W/|.
Exact temperatures | Calculated Exact temperatures | Calculated
Nodes | when T' =|¥ “C |temperatures when |when ‘_I"' =25 (" |temperatures when
in °C T, =I8°Cin °C |in o¢ T,=25°Cin *C

1 80 80 80 80

2 61.56 61.44 63.64 63.54

3 49.41 49.24 52.86 52.72

4 41.81 41.62 46.12 45.95

5 37.64 37.44 42.42 42.25

6 36.32 36.12 41.25 41.07

Comment
Was this solution helpful? 1 0
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