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|ntroduction

V-twin cam

2005 Harley-Davidson Dyna  Displacement 1450cm”3
Super Glide Low Rider FXDL e Bore 95.18 mm

e Stroke 101.52 mm
e Torque 115.0nm 3000rpm

—



—

D.V & O.F

Design Variables
/. )

t : thickness of the fin

L : length of the fin

n : number of the fins

Objective Functions

4 )
Minimize Cost functon min f=A_ tp

Maximize Heat transfer rate function Max f=A__h(T-T))
. J
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Constraints

Positive number ¢ ( ) Heat transfer rate
_t, _L’ _n S O _Ah(T-TOO )+Qt0tal S O

Length limit (& » | Fin's efficiency
L-L, <0 (L+lt) £-().17647SO
2 "\Vkt
Intervals of fins | { ) Stress at fin
o WA c-6, <0

n




Optimum solution

Former Design

Design Variable + 1

Objective function Change




O

ptimum solution-Design 1

Former Design — Minimize cost function , 2 Design variable (t, L)

[ Starting point=(2.4e-3,1.0e-2) Feasible region]

-Pattern R

fmincon

GA

GRG
t=0.0021 m
L=0.00834 m

f= 0.6548 kg

. J

SQP
t=0.0021 m
L=0.0083m

f= 0.6548 kg

\. J

(
ALM

t=0.0021 m
L=0.0083 m

f= 0.6548 kg

G J

r
GA

t=0.0022 m

L=0.0084 m

f=0.6940

.
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ptimum solution-Design 1

Former Design — Minimize cost function , 2 Design variable (t, L)

[Starting point=(1.6e-3,1.5e-2) Infeasible region]

-Pattern R

fmincon

GA

GRG
t=0.0021 m
L=0.00834 m

f= 0.6548 kg

. J

SQP
t=0.0021 m
L=0.0083m

f= 0.6548 kg

\. J

(
ALM

t=0.0025 m
L=0.0084 m

f= 0.7888 kg

G J

r
GA

t=0.0022 m

L=0.0084 m

f=0.6940

.
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Optimum solution-Design 1

Graphical Method
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Optimum solution-Design 1

Plot iteration Point - feasible region
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ptimum solution-Design 2

Variable + 1 — Minimize cost function , 3 Design variable (t, L, n)

[ Starting point=(2.4e-3,1.0e-2 ,20) Feasible region ]

-Pattern R

fmincon

GA

" \/ DY N\l =
GRG SQP ALM GA
t=2.036 mm =R t=2.2 mm t=1.9mm
L=7.808mm L=5.6 mm L=9.0 mm L=6.6 mm
N=2di =86 n=18 n=25:858
f=0.6298 kg f=0.5494 kg || f=0.6677 kg f=0.5893 kg
A . DA A y,
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ptimum solution-Design 2

t =0.017 m L=0.0056 m n=30.08 f=0.5488kg ) n . Integer solution

n=30

t=0.0017/m L=0.0056m n=30.0000

f= 0.5494kg

n=31 )
i Integer n=30

none ~ solution

t= 0.0018 L=0.0058 n=29.0000
f= 0.5566 kg
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Optimum solution-Design 2

Variable + 1 — Minimize cost function , 3 Design variable (t, L, n)

[ Starting point=(1.6e-3,1.5e-2,10) Infeasible region]

-Pattern R

fmincon GA

" \/ DY N\l =
GRG SQP ALM GA
t=2.48 mm t=1.7 mm t=1.9m
L=12.08 mm L=5.6 mm L=6.6 m
none

n=ks n=30 n=25858
f=0.7536 kg f=0.5494 kg f=0.5893kg

A VAT DA A y,




Optimum solution-Design 2

Design 2 — variables 3

Plot iteration Point - feasible region Plot iteration Point — Infeasible region




Optimum solution-Design 2

Design 2 — variables 3

Plot function value - feasible region Plot function value — Infeasible region
cost function 2-1 cost function 2-2
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ptimum solution-Design 3

Maximize Heat transfer rate , 3 Design variable (t, L, n)

[ Starting point=(2.4e-3,1.0e-2 ,20) Feasible region ]

fmincon GA

t=2.3 mm =2 5 t=2.3 mm t=2.2mm
L=9.7 mm L=9.7mm L=10.6 mm L=9.6 mm
=S =28 =22 n=23:8lEE

Q=-2413.4 W [|Q =-2413.4 W|| Q =-2386 W ||Q =-2408 W
. J\ J J\
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Optimum solution-Design 3

Maximize Heat transfer rate , 3 Design variable (t, L, n)

[ Starting point=(1.6e-3,1.5e-2,10) Infeasible region]

fmincon GA

t=2.6 mm t=2.2mm
L=1.3 mm L=9.6 mm
none none
n= 15 n=23.3785
Q =-2233 W Q) =-2408 W
. VA AN =




Optimum solution-Design 3

Plot fval- feasible region

Plot iteration point — feasible region

cost function 3-1
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Comparison

Existing Design
t=2.3 mm L=11 mm n=20 W= 0.9607 kg Q 2375.58 W

P e il e 8 Heattransfer 8
- "4 N "4
Min cost function Min cost function Max Heat transfer
t =2.1lmm t =1.7mm t =2.3mm
L =83 mm L =5.6 mm L =9.7 mm
n =20 n =30 n =23
W = 0.6548 kg W =0.5494 kg W =0.9607kg
O =1957 W Q =1957 W Q =2413.4W
Cost | Q! Cost | Q! Cost - Q1




Design Proposal

Design 1 & 2

ﬂ—larley Davison \
35,000,000 &

Fin cost
Design 1- Design 2-
10203 &E& 13723 &

Heat transfer

-418 W
Gngine efficiency | j
Design 3
4 )
Change objective _
Function Optimum

solution
Heat transfer
+38 W

A\ y,
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