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ABSTRACT: Shape design of a fin for optimum thermal performance is investigated by using a computational procedure
based on body fitted grid generation, steady conjugate gradient method and grid redistribution scheme. Steady laminar and
fully developed flow of incompressible fluid is considered in the annulus of two concentric circular tubes subject to ?—11
boundary conditions applied at the inner surface. Straight and longitudinal fins are augmented to the outer surface of the inner
tube with initial shape being such that the sides lie along the radial lines and the tip forms a circular arc concentric with the

tubes. The shape of the fin is iteratively adjusted so that the heat transfer coefficient NU Nusselt number reaches a specified
level of performance relative to that for the initial shape. The tests are performed with for a range of values of the parameters
the number of fins and the fin height to achieve various levels of thermal performance. The results indicate up to 20%
increase in the heat transfer coefficient NU Nusselt number for the optimal shape as compared to the initial shape for various
configurations of the finned annulus.
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1. INTRODUCTION
The study of optimal shape design can be arrived as by
asking the following question, what is best shape for a
physical system? This study is of physical systems; in
particular, which can be described by an elliptic partial
differential equation and where shape is found by the
steepest descent, conjugate method and direct sensitivity

solve if we find Q , inaclass ® of allowable domain,
to minimize E. Symbolically, we may write:
min{E(4,Q) : Alg,©2)=0}, 2

Comparison chart between the Conventional and Optimum
Design Process is given below:

method.
Traditionally, optimal shape design has been treated as a
branch of variations and more specifically of optimal

Conventional versus Optimum
Design Process

control. This subject interfaces with no less than five fields:
body fitted grid generation, optimization, optimal control,
partial differential equations, and their numeric solutions;
this is the most difficult aspect of the subject. In fact

Identify:

‘ Collect data to describe the system ‘ bl
Design variables

Objective function to be minimized

Estimate initial design

Constraints that must be satisfied

optimization is the act of obtaining the best result under 5 [ relyzsth syt |
given circumstances. Depending upon the physical structure _ e
of the problem, optimization problem can be classified as

optimal control and non-optimal control problems i sty Y 5 | > Avaze ey

An optimal control system is usually described by two types -

of the variables, namely, the control (design) and the state
variables. The control variables govern the evolution of the
system from one stage to the next and the state variables
describe the behavior of the system in any stage. Explicitly
the optimal control problems in mathematical programming

Does the design satisfy Yes m
convergence criteria?

No
‘ Change design using an optimization method ‘

‘ Change design based on experience/heuristics ‘

Conventional design process Optimum design process

problem involving a number of the stages, where each stage
evolves from the previous stage in a prescribed manner.
In mathematical point of view, we define the optimal shape

where A is an operator that, for every Q€ ®, defines a
unique @ . In reality, this definition is too restrictive;

design in the following way:
Let ¢ be the solution of a partial differential equation in a

domain Q;

#(x)eR" VeQcR" )

LetE (¢, Q) be a real-valued function of ¢ on Q .We
may say that we have an optimal shape design problem to

broadly speaking, we use the term optimal shape design
when-ever a function is to be minimized with respect to a
particular geometric element appearing in a partial
differential equation.

In 2000, Cheng and Wu [4] proposed an optimization
process by combining the body-Fitted grid generation and
the CG methods for shape design. In their study, attention
was focused on the development of a direct differentiation
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scheme for the sensitivity analysis. However, it is noted that
since in [4] only the simply connected domains are dealt
with, the validity of the numerical schemes for the multiply-
connected domains remains unclear. Furthermore, as
observed by Cheng and Wu [4], an oscillation of the
iterative solution occurs during the iteration process for
some particular cases. To avoid the oscillation, a multistage
operation was suggested by the authors. In the multistage
operation, the solution process from the initial shape to the
optimal one is divided into a couple of stages by properly
setting a number of intermediate conditions. When an
intermediate solution for a stage has been solved, the
obtained solution is treated as the initial guess for the next
stage. The process proceeds from one stage to another until
the desired solution is reached.

Cross-Section of Finned Double Pipe
Fig.1

In 2001, C. H. Lan et al. [5] provided a number of test
problems with multiply-connected domains are considered
to demonstrate the performance of the method presented by
Cheng and Wu [4]. Meanwhile, they proposed distribution
method to regularize the ill-ordered grids, which are
commonly found in the optimization process, to improve the
grid quality for the subsequent iterations and hence avoid
the oscillation of the solution. Minimization of the objective
function is achieved by using the CG method. The
curvilinear grid generation scheme requires less
implementation efforts and, therefore, it is integrated into
the shape-optimization procedure.

Recently in 2007, K. S. Syed et al. [6] solved a problem for
convective heat transfer in the thermal entrance region of
finned double-pipe.

The study of one-dimensional annular flow is extended to
the two-dimensional problem of the steady laminar fully-
developed flow of a viscous incompressible fluid moving in
the annular region between two concentric pipes with
tapered fins augmented to the outer surface of the inner
pipe: a finned double pipe (FDP). The fins are assumed to
be smooth, straight and equally spaced. Their sides form
radii of the circular geometry and the tips are circular arcs
concentric with the pipes. A cross-section of the annular
domain is shown in Fig.l. The governing momentum

Sci.Int.(Lahore),28(2),1975-1986 ,2016
equation is solved numerically and the velocity distribution
and other flow characteristics are studied for a range of the
values of the geometrical parameters: the ratio of the radii,
the number of fins, the fin height and the fin thickness.
2. PROBLEM STATEMENT

The system comprises two concentric pipes with
longitudinal fins, of zero thickness [24], distributed
uniformly around outer surface of the inner pipe while cold
fluids flow in the finned annular region. The fluid is
viscous, incompressible, Newtonian, and has constant
properties. The flow is assumed to be steady, laminar, hydro
dynamically fully developed and thermally developing.
Here viscous dissipation is negligible. All the body forces
are negligible. The only driving force is the pressure
gradient in the axial direction. Under the thin fin
assumption, the cross-sectional area occupied by the fins is
quite negligible as compared to the free flow area. This is a
valid assumption and has been taken in many studies like [6,
24, 25,26]. Therefore we assume that the fin thickness is
zero. The axial conduction in wall and fluid is neglected.
The fin material has infinite conductivity i.e. the fin is

100% efficient. An adiabatic thermal condition is imposed
at the outer pipe.

The geometry for parallel plates is to be considered as
special case of the two concentric circular tubes/pipes with
considers devotion of curvature.

Under the assumptions described above the momentum and
energy equations are solved numerically for a range of
values of the geometrical parameters; namely the ratio of
radii of the inner and the outer pipes, the fin height and the
number of fins. The heat transfer results are sought for the
uniform heat input per unit axial length with circumferential

uniform wall (tube and fins) temperature classified as H,
boundary condition by [27]. A cross-section of the geometry

under consideration is as shown in the fig. 2 & fig.3 . The
geometrical symmetry requires the problem to be solved in
the region shown in fig. 4 .

Lines of symmetry

@

- a+p

/

Cross-Section of Finned Double Pipe
Fig.2

March-April



Special Issue

Sci.Int.(Lahore),28(2),1967-1978 2016

1
7

Fig.3

Fig. 4

3. MODELING THE FLUID MOTION
a. Momentum Equation
Under the earlier assumptions, the governing momentum

equation for the 2— D flow can be written as [6],
o’u lou 10°u 1dp
Py Sy i b
or ror r°o¢g pudz

is the axial velocity component, P

©)

where U is the

pressure and Z is the axial distance.
The geometrical symmetry requires this to be solved only in

the region where I, <r<r, and 0<g¢<a+/f . The
dimensionless numerical domain is shown in Fig. 4 .

Using the following dimensionless variables:
o= - pIi =
u = Umax ’ o’ R o’ Rl o’ (4)
and

1d
U :_Zd_‘z’roz(l— RZ+2R2INR,) 5)

the equation (3) can be reduced to the dimensionless form

ISSN 1013-5316;CODEN: SINTE 8

1977
o’y lou® 1o 4
Tt A T 5 A T~ (6)
oR®> R or R?0¢* C
where
C=—{1-R2+2R2INR,) @
And
m
Rm = o =
(8)

The boundary conditions introduced by the symmetry of the
domain and the viscous nature of the fluid can be expressed
in dimensionless form as follows:

(a) No-slip conditions at the solid boundaries I-TV
) uw =0aR=R 0<¢=<a,

m w' =0;¢=a RZR<R
m #* =0 g R=R,a=¢=a+f.

W) u"=0aaR=10<¢=<a+p
(b) Symumetry conditions at the lines of symmetry V and VI

v) % =0 awd=0R<R<I,
V1) %=0 at p=a+p. Ry <R=<1.

where R, is the dimensionless radial coordinate of the tip of

the fin. /" =Ry —Rip Fig. 4 is the dimensionless fin
height [3].

b. Energy Equation:

The energy equation in dimensionless form is given below,
with all conditions given in [6] also.

The energy equation governing the convective heat transfer
in the flow of a viscous, incompressible, constant-property
fluid with negligible viscous dissipation is recalled to be
given as

1 o 10( _oT 10°T 07T
—lU—=——|1— +—2—2+—2,
k 0Z ror\ or) r°op or
9)
where U is the velocity distribution appearing as an

unknown solution of the momentum equation (8). This is
solved in the domain shown in Fig. 4 , subject to the
following boundary conditions.

Constant heat flux boundary conditions imply

T=T,(2) a ¢=a, r,<r<r,

and

T=T,(2)atr=r,a<g<a+p,

where T, is the temperature of the inner-pipe wall and also

of the fin surface because of the assumption of infinite
conductivity of the fin. This varies axially by virtue of the
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boundary conditions. An adiabatic wall
condition at the outer pipe implies

oT
a—¢:0atr=ro, 0<p<a+p.

temperature

Symmetry conditions at the lines of symmetry (so that there
is no heat flux across these boundaries) ensure that

orT

—=0at¢=0,r,<r<r,, 10
o0 ¢ 0 (10)
oT

%=Oat¢=a+,8, n<r<r,. (11)

The non-dimensional temperature distribution defined for
the present situation, as

T(.2)-T,(2)

' (r,¢)= (12)
( ) Q'/4,
The above model can thus be converted into the
dimensionless form
o*t* 10%t” u”
) (13)

Tt S22 T —
OR R 0¢ AU
where U" is the velocity distribution obtained as a
numerical solution of Eq. (6), AC* is the dimensionless

—%
free flow cross-sectional area and U is its mean value

over Al .

The boundary conditions given above can be written in
terms of the dimensionless variables as

*=0atR=R 0<¢ <a,
*=0at¢p =a.R<R<R,,

" =0atR=R.a<dp<a+p.
" =0atR=1,0<¢ <a+p.
ot _ —0 R<R<

2 -0atg =0 RsRs<1

%§=0m¢=a+ﬁRISRSL

Sci.Int.(Lahore),28(2),1975-1986 ,2016

T\
11

=

|

MNumerical Domain

Fig.5

4., BODY-FITTED GRID GENERATION
Curvilinear grid generation, the solution domain and the
boundary conditions are given and solution can be obtained
by using grid of 41x 21 as the situation described in the
fig6 to fig.8 and wusing body-fitted coordinate
transformation technique, which was originally proposed by
Thompson, et al. [8] & [21]and adopted by Cheng et al. and
Syed et al. [4-6] respectively, is applied to generate
curvilinear grid for computation at each iteration that

Physical Domain

Fig.6

EompEaonalivoman

Fig.7
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accommodates the variation of the shape of the solution
domain during the optimization process. The grid generation
method associated with the optimization process uses the
framework of the numerical schemes proposed by Cheng
and Wu [4] & [5]. The important features of the method
are described below. The computational domain is defined

by the coordinate transformation functions, & =&(X,Y)

and 7=n(X,Y) , which are obtained by solving the
following partial differential equations:

02 02
67€+ an =F(&n), (14)
02 02
Sty =Fém) (15)

where F,(&,77)and F,(&,77) are two functions which are
defined to artificially adjust the density of the grids locally,
as suggested by Thompson, et al. [8] & [21]. Equations (14)
and (15) are transformed into the computation domain as:
—0*X = 0°X —0°X
a—5 - 20 +y—

o& okon ' on

L RS
¢ on

(16)

— 0%y — 0%Y —-08%
a—s—2p +ry—
o& o&on on a7
=-J2 Flﬁﬂ:zﬂ ,
os on

where

— [asz [avjz

a=|—| +|— 1.
on on

— [ax axj [av avj

£ = + ,
o& on o& on

—_[%]Z[ﬁ]z

Y= oF o)

g _[OX oY) (oY X
*\og on o on )

and J, denotes the Jacobean of the transformation.

Once the solutions of X (&,77) and Y (£,7) are carried
out in the computation domain from Equations (16) and
(17), the transformation functions &(X,Y) and

1n(X,Y) can be obtained through an inverse mapping

ISSN 1013-5316;CODEN: SINTE 8 1979

process.
The shape functions of the left boundary X (&,77) and

Y (&,77), are iteratively up dated during the optimization

process. Based on the updated functions, equations (16) and
(17) are solved by the finite-difference method to yield the
grid that accommodates the variation of the shape of the
solution domain in iteration. Local orthogonality of the grid
lines near boundaries can be ensured by simply setting

A
o¢ on oé on

(18)
at these boundaries.

Grid 41 <21
Fig.8

5. COMPUTATIONAL FORM OF THE
MOMENTUM AND ENERGY EQUATIONS
Computational form of momentum and energy equations are
as follows and also derived in [6].
a. Momentum Equation

U, +auu,, —agU, +a,U. +asu,
4 (19)
C

The boundary conditions are as under :

(a) No slip conditions at the solid boundaries

u=0at&=00<y<j,,

u=0at&=i, 0<p<j,,
u=0at& =iy, 0<n<j,,
u=0atn=j,, 0<&<i
(b) Symmetry conditions

tip*

a—uzma—“atnzo, g <& <,
on R, 0

and

u _Rnpou

— = atn=1j ,0<&<i,,
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where itip is the number of grid points in 2 direction till

fin tip, I« is the total number of grid points in o

direction, Je and J ¢ arethe grid points on the fin tip and

total number of grid points in £ direction.
b. Energy equation

u
T +0,T, + 0T, AT, = E (20)
The transformed boundary conditions are
(a) At the solid boundaries

r=0at&=0,0<p<j,

. . (21)
r=0ats=i, 0<p<j,,
r=0at& =iy, 0<n<j,,

. . (22)
r=0atny=j, 0<&<iy,

0,
QE:——QEmg—I 0<n<j. (23)
o0& 9 on 7
(b) Symmetry conditions
or Rnarmn 0, iy, <& <iy, (24)
on R, o0&
and
or Rnarmn—1,0<53| (25)
on R, o "
where for both above equations coefficients are as follows
o = re; +r’ o, = r9{3§+r§2’
= E[rz‘géen + rfrn]'
g
a, :rﬂs_aﬂe’aszaﬁe_rgﬂw 7
B = 05,:9,72 20 0 9 + 0,],702
'B - r§§9f72 2r§f79§‘977 + rﬂngiz’
(28)
ﬂ eéf r77 2‘9&7 ré r77 + 07777 r§ !

Sci.lInt. (Lahore),28(2),1975-1986 ,2016
ﬁ = rcff rn Zrén rf:rn + r’7’7 rcf !
r ,8 + rﬂ
fs=————, (29)
ja
r’g, 1 rﬂ4
Po=—rt-—

i@ o ja’

Problem; considering the cross sectional, laminar forced
convection heat transfer in the finned double pipe Fig.2 as
discussed earlier.

The target is to optimize shape design of the fin for a given
Nusselt number. The momentum and energy equations in
(¢&,7) computational domain are as (19) & (20) and

boundary conditions are given above (21-29) -
6. SHAPE DESIGN PROCESS
The shape profiles of the medium domain represented by the

shape functions X (&,77) and Y (&,77) are varied in order
that the objective functional J , defined as:

N 2
JZ(ITmy—NUJ' (30)

1
where

Dh dTn J

T i = )
" (ph)X(Tb*) dN
is minimized, where NU is the specified Nusselt number.
Minimization of the objective function J is achieved by
using the conjugate gradient method. Incorporated with a
sensitivity analysis, the conjugate gradient method evaluates
the gradients of the objective function and sets up a new
conjugate direction for the updated solutions. In general, the
convergence can be attained in a finite number of iterations.
The construction of conjugate gradients for the test problem

is discussed only briefly in the following:

Let r', and 6, , (1—123 ,N) be the nth iterative

values of the shape functions r( ) and (9(77) for grid
point j on the left boundary and let the first search

direction toward the minimization be the steepest descent
direction in terms of the gradient functions:

6? —2@' -—M@Ta%‘ 32)

) or

(1)

1 0]
9 —ZIHJ—NU (33)
rod,, 4 ae
az'n,i ot Tn,i
where the terms Wj and an are referred to as the
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sensitivity coefficients. The task of the sensitivity analysis is

to evaluate the sensitivity of objective function J with
respect to the shape functions rb(ni) and Hb(fyi) to do

this, the sensitivity coefficient must be known.
aTn’i 6

In this study, the terms 7 — J_ and 59 are calculated by

introducing small perturbations to r and 0 coordinates of
each left boundary points individually. The grid generation
for the perturbed shape is carried out, and the temperature
solutions of the heat convection equations (19) and (20) are
solved. By using the obtained temperature solutions, the

dependence of the temperature at the point j(z, ;) on the

perturbation of the coordinates of point j can be evaluated
and hence

az-n i az-n i
—and ’ (34)
or, ; o0, ;

can be determined. This method is referred to as the "direct
differentiation method". It is direct and accurate but is
suitable only for problems with a small number of shape
variables. For those with a large number of shape variables,
the sensitivity analysis may become a somewhat time
consuming step. In that case a reanalysis method proposed
by Kirsch [17] may be used as an aid to reduce the
computation time. In addition, the ad-joint variable method
described by Meric [18] and Dems and Mroz [19] can also
be applied. This type of method provides an analytical
sensitivity expression for shape design and is especially
suited to problems with a small number of systems
behaviors functional but a large number of shape
parameters. Meanwhile, the discretization of the system
equations for optimization is not necessary with this
method. However, the shape design sensitivity expression is
dependent on the problem and its mathematical model, and
one needs to derive different analytical expressions when
considering different systems. For those cases for which the
system behavior contrast to the ad-joint variable method, the
direct method requires much less mathematical
implementation, and therefore the application of the direct
method is not limited to any specific system or
mathematical formulation. Based on the conjugate gradient
scheme, the coordinate of the point j on the left boundary

be updated by

L =n=5p;, (35)

1
Ori =0 —BiPj, (36)
for j =1,2,3...n, where the search direction p?’r and

p?v o are expressed as a linear combination of the steepest
descent directions and a vector, that is:

ISSN 1013-5316;CODEN: SINTE 8 1981
0] ~
pl, =——+7r], P} @7)
or, ;
0] _
n =2 4yt pt (38)
p],H r@@n]j 7/1,9 p],@
for j =1,2,...,n where (steepest --descent directions) are
given as:
i
CHE— (39)
o, ;
0]
0
= ———, (40)
Pio roo, ;
j=12,...,n

6.1. CONJUGATE GRADIENT COEFFICIENTS
The conjugate gradient coefficients )/;’], and 7/?’6 are
calculated by

. \" T
Vie = %j / %,— , (41)
o T
750 = [ra?n,jJ {r@?nJ ' 2
j=12,...,n

6.2. CALCULATIONS OF STEP SIZE
The step size B, (J=12,...,n) appearing in equations

(35) and (36) are to be determined. The value of [ j are

selected to minimize the updated objective function J "
With the help of equations (32, 33, 35) and (36) and the

Taylor's series expression, the (N+21)th objective function
is given by

Jn+1 J“[m‘l 1] ﬂlplr’ ﬁszr’ 'nJ
1 _ﬂn pn,rlelr,]j _ﬁlpl,(?'ezn,j

2

= BoPL 000 = ByPR )~ Nu
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N
n af .
7o —Nu n,i
[‘I ' ] I m ZI pm r pm 0 dS
Y roe, .,
B . or or,; ' (48)
=| | PiPur 6r—1, +BaPa, ?21 + (43) N or,, oz,
_—1[ | o, ; | ds J- plr p|0 ds,
e BP0, arn'j 1 6|’n| 86’
- » for r=12,...,n and m=L2,...,n each element of
oz, or,;
N ﬂlplgaelj ﬁzpzeagzj"' BNq is as
_I_ ' ds | , N
. r o7, n
ﬂn an 86 b|><1 :(J'Tnxi _NUJ
1

setting the derivatives of J "1 with respect to [ i equal to
zero

aJ n+l
op;

ie.

=0, (44)

n ", 0T, . 0T,
;ﬂk ‘!‘[pk,r o, + Pyo 20, ]dS
" 0T, 0T,
‘!‘[pjrar pjeragn’j]ds

ot,; IGE
Zrn,—Nu j p‘rar.+pj'9r60 ds,

n,J
for j= 2,...N.

Equation (43) represents a set of linear algebraic equations
which could be solved simultaneously to obtain the optimal

step size f3; (J=12,...,n). The solution can be

performed numerically by means of Gaussian Elimination
method. The equation becomes as

ot,
kzll{kzllﬁkj[pkrar +Po 69n]deS]

ds

- — 2

(45)

: or, or, | (46)
— |ds
X!(pjrar p]H aen’jJ
N N or, or,
:Urn,i Jf(p“arn, P} 89 ]ds
for j=12,...n

These are N equations with N unknown /S 's. These
equations become in matrices form

Anxnﬂnxl = anl’ (47)

where each elementof A, isas

(49)

T(p +p/ 0T, st
X r
) l, 1,60 ae

in  both the above equations
1=12,....n & m=12,...,n

Equation (46) may be solved by any method and /3 j may

(48) and (49) and

be calculated.
7. NEW OPTIMAL BOUNDARY

Putting the values of [ j in the following equations, we
get new optimal shape

it =r' = B,p, (50)
Ol =67, -Bp], (51)
for j=12,...,n

a. STEPS FOR THE PROCESS

Fig.9
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RESULTS No of Fins_6, Fin Height 40% of Annulus,
Tables for 6 fins 10 % , 20% , 30% , 40% , & 50% Increase ]
in Nusselt number Fin Half Angle_5deg,
Tahle # 1 Ho. of fins =4, 20% Increase of Mu
H Initial Shape First second third fourth

M | Nu Nub Nu_ | Nub | Nu | Nub | Nu | Mb | Tu
02 [ 470529 W0 |- = -~ - = - [- -
03| 443980 | 2229262 | 529033 | 2413713 | congraaldions

04| 433436 | 246900 |- - - - -
05 |429%98 | 272138l |- - N
06 | 411730 | 2871510

H initial first second third fourth ZRAZ
I TFATIREZS
NN N S0 Y 20 NS AR
LN LR T EN SN ESN N SRR
03 | & 00794 | 52 109313 | congranildions TR
04 145 1on35s |- - - - - - - - Wf/
25557
05| ! 7
06| [0237E

Tahle #3 Ho. of fivs = 6, 30% Increase of  Mu
H Iniiial Shape First second ihird fourih

Nub Nu HNub HNu Nub Nu HNuh Nu Hub Nu
02 | 470529 | 2070619 | 498269 | 1275198 | -- - - - - -

05 | 4434p6 | 2235062 | 490971 | 2232057 [ 492527 | 2235543 | 484505 | 2203385 | - -
04 | 4553436 | 2460909 | 459377 | 2368359 [ 4.55124 | 2340857 | 462437 | 2370033 | 467466 | 24 03403
04 [ 463431 | 2378502 | 565850 | 290074 [ - - - - - -

S| 42w [ 2721581 | - -

Nu = 4.33436

Initial Shape with Body Fitted Grid

& | 411380 [28.71510 | --

Fig. 10
H ‘mitial fint second thind fourh
L Q p Q X Q L Q p [ . . .
0z]3 O S A 7 - - - - - No of Fins_6, Fin Height 40% of Annulus,
EES T 10027 | 5 T00%2 |8 T | - B — —
E3ES 1005 | & TO0EF |6 TO0e7 | 5 05 | & 1003 -
[0F = [Toown |78 [120%0 |- - - - - - Fin Half Angle_5deg
05 [0 RDE] - - - = - - -
05 [0 105578
Table #4  Ho.offms=4, 40% Increase of M
H | Iniial Shape First second thind Tourh

Nub Nu Hub Nu Hub Nu Nub Nu Nub Nu
(02 [ 46547 | 2081258 | - = - - - - = -
13 | 443008 | 2439362 | - = — = = - = -
T4 | 433057 | 2467152 | 457689 | 2367502 | 0777 | 2379557 | 460704 | 2406867 | 46131 | L3672
15| 429698 | 2721381 | - - - - - = = -

05 | 41150 | 280510 ] -

H initial fimi second third fourth

A Q A Q X Q A Q 3 Q
02]45 10055 | enor - - - - ~ = =
03]45 1.007%4 = = - - = =
0417 1.00817 | 81 10041 | B8 1n0s7 | 8l 100287 [ 81 10048
03|00 1.01302 - - = - - = =
08 |00 1.02378

Tahle #5 Ha, of fins = 6, A% Incresse of Hu

H Initial Shape First second third JR—
Nub Nu Nub Nu Nub Nu Nub Nu —
02 458469 | 2041258 | 528517 | 2097519 | 540301 | 2141975 | 549459 | 2181711 N u 4 . 5 9 6 7 9
0.3 | 443488 | 225062 - - - -

04 [ 432607 | 4663 | 4608 | Zmoe |- - - - 6% increase relative to initial shape
05 | 429898 | 2721381 | -- - - - - -

06 (41150 | 27500 | = - - - - - First Shape with body fitted grid

H inital firt second third Flg 11

Q Q Q Q
0245 100550 [ 1.00 ESEEE 1008 | 100 1027743
03] 45 100%4 | - - - ) =
041382 100710 | B2 10076 |- - - -
05 |m [EVRE - - - - -
04 |00 102378 | - - - - - -
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No of Fins_6,
Fin Half Angle_5deg
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Fin Height_40% of Annulus,
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Nu = 4.79867

4.4% increase relative to first shape

10.7% increase relative to initial shape
Second Shape with body fitted grid

Fig .12

Tahle #% Ho.offins =12 40% Increase of th
H Indtial Shape First second third fourh
Nub Nu Nub Nu Nub Nu Nub Nu Nub Nu
02 [ 354071 [ 2003470 [ 413457 | 1982580 | - = - - -
0.3 | 306934 | 2135297 | - — - - - - — -
0.4 [ 259090 [ 2469073 | 342134 | 2474415 [ 348110 [ 2488617 | 351157 [ 2511167 [ 3A008R | 255624
0.5 [ 3532831 | 3168410 | -- -- - - = - - -
04
H Inidial fimt second thind fourth
Y Q A Q i Q i Q % Q
[FRED 9433 &2 100M5 |- - — - - _
05 | 57 s |- - = - - - = -
04 | 6% 7343 EZ) L00%0 | & LO0%e | 86 L000E | 84 100176
053 1o0#s |- - - = - - = =
Tahle#10  No.of fins = 12, 50% Increase of  Hu
H Initial Shape Firs: second third fourth
Nuh Nu Nub Nu Nuh Nu Nuh Nu Nub Nu
02 [ 35401 | 20002470 | 4.21333 | 20018733 | - — — - . -
05 [ 50920 | 2151202 | - - - — - - - -
04 | 295128 | 2465201 | 3.43186 | 24 69756 | 3.5270 | 2521018 | 3 56520 | 25 50052 | 3.57314 | 2544800
04 [ 335824 | 2538913 | - - - — - - - -
0.5 332851 | 3166410 ] - -- -- - — - - -
H Initial first second third fourth
% Q % [1] % % ] T Q
0.2 | 87 LTk 73 1.00683 | -- - - - - -
03].81 9743 -- -- -- - - - - -
04 [ .77 S74EE B3 1.00412 26 1.00432 EE] 1.00831 22 1.00832
04 | 85 100158 [ -- - -- - - - - -
05 ] .3 100245 | -- - — - - . — -

Tables for 12 fins 10 %, 20%, 30%, 40%, & 50%
Increase in Nusselt number

Table #6 Ho. of fins = 12, 10%: Inerease of  Hu
H Initial Shape First second third
Nuh THu THuh Hu Nuh Hu Nub | Nu
02 | 3540071 | 2005470 | -- - - - - [
03 | 308451 | 214385 | - - - _
04 | 259145 | 24 BRA55 | 542825 | 24 73547 | -- - - [-- |
0.5 | 332851 | 3188410 [ -- - - — —- [ |
H Imitial fimi second third
A Q * Q X Q S Q
0.2 .87 89455 - - - . - .
1] 67 7647 - --- - -
0.4 15 S7506 K& IEE S - - [ - |
0.5 3 1005 | - —- - - - = |
Table #7 Mo of fins = 12, 20% Increase of  Mu
H Initial Shape First second | third | ‘
Nuh Nu Nuh Nu Nub | Nu | Nub [ Nu |
02 [ 354071 | 200370 426815 | 2043854 | Co ion
03 [ 3083207 | 214485 | -- - —-
04 [ 293128 | 2485791 | 34075 | 24685153 | 5358884 | 256057 | Co lation
05 [ 332851 [31&s410 | -- - - . - | - - |
H Initial fit second third
i Q i Q [ @ i 9
02 B7 EELES] Zl 100534 | -- [ -- |-
03 Ell ELED - --
0.4 ki B A 100178 a7 [10Z100 T-- B
0.5 3 100245 | -- -- - . - =
Tahle #8  Ho.of fins = 12, 30% Increase of  Hu
H Initial Shape First second third fourth
Nuh Nu Nuh Nu Nuh Nu Nuh Nu Nuh Nu
02 | 354071 [ 2007 [ - -- — - - - - -
0.3 | 309381 | 21 52522 | 381366 | 2266351 | -- -- - - - =
0.4 | 299108 | 24 68220 | 349254 [ 2505631 [ 351008 | 2502564 | 357835 | 2544457 | 359481 | 2553300
0.5 | 333851 [ 3148410 [ - -- — - - - - -
H Initial fimt second third fourth
A Q A Q A Q A Q s Q
0.2 ] .87 F9453 -- - - - = = - -
03 ].87 B7519 T2 100812 | - - - = = -
04 | 6% B7545 83 100856 | .7 1.00738 83 10015 [ &84 1.005R4
04
0513 100245 | -- — — - - . = =

March-April

No of Fins_12, Fin Height_40% of Annulus,
Fin Half Angle_5deg

Nu = 2.99128

Initial Shape with Body Fitted Grid
Fig. 13

No of Fins_12, Fin Height_40% of Annulus,
Fin Half Angle_5deg
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Nu = 3.40756

13.9% increase relative to initial shape
First Shape with body fitted grid
Fig. 14
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No of Fins_12, Fin Height_40% of Annulus,
Fin Half Angle_5deg

Nu = 3.59884

5.6% increase relative to first shape
20% increase relative to initial shape
Second Shape with body fitted grid
Fig. 15
8. DISCUSSION
A computational procedure based on body fitted generation,
steady conjugate gradient method and grid redistribution

scheme has been employed to examine the shape design of a
finned double pipe for optimal thermal performance. The

iterative scheme is presented in fig. 9 .

The results for six fins with 10% , 20% , 30% ,
40% and 50% increase in Nusselt number have been
tabulated in the tables 1 to 5.

It has been noted that the results for 10% and 20%
increase have been successfully achieved as shown in the

table. 1 and table. 2 . The results for 30% , 40% and
50% increase in thermal performance could not be
achieved as depicted in table. 3 to table. 5 .

We can see from the table. 1 that 10% increase of the
Nu is achieved after second iteration, when the fin height
H is 30% of the original height, the basic Nusselt
number Nu is 4.43486 and specified Nusselt number
w.r.t. initial shape is 22.39262 , the heat conduction
parameter | is increased from 0.45 to 0.94 and Q
the quantity of heat transferred drops from 1.00794 to
0.99740 . Similarly, table. 2 shows that 20%
increase of the NU is achieved after first iteration, when
the fin height H is 30% of the original height, the
basic Nusselt number Nu is 4.43486 and specified
Nusselt number w.r.t. initial shape is 22.39262 , the heat

conduction parameter | is increased from 0.45 to 0.52
and Q the quantity of heat transferred increases from

ISSN 1013-5316;CODEN: SINTE 8 1985

1.00794 t0 1.09513 .

Fig. 10 presents the initial shape with body fitted grids,
when the number of finsis 6 , fin height is 40% of the
annulus and the fin angle is 5 degrees. Fig. 11 and fig.
12 respectively depict the shape of fin with an increase of

6% and 10.7% to the thermal performance as
compared to the shape of initial fin as shown in fig.10.

Table 6 to table 10 contains the results when the
number of fins is 12 . Table 7 shows that Nusselt
number increases by 20% when the fin height is 20%

as well as 40% of the original height. Fig. 13 shows the
initial shape with body fitted grids when the number of fins

is 12 . Fig. 14 and fig. 15 respectively depict the shape

of fin with an increase of 13.9% and 20% to the
thermal performance as compared to the shape of initial fin

as shown in fig. 13 .

9. CONCLUSION
e It shows that model woks properly.

e Clearly Fig.10 to Fig.15 and table. 1 to table. 10
show the efficiency and successful computer
implementation of the optimal design process.

e The above results are due to successful body-fitted grid
generation.

e Conjugate gradient method performed excellently in the
current problem.
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