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Abstract

The problem of laminar natural convection from a horizontal cylinder with one or more low conductivity fins (baffles) on its outer
was investigated numerically. The aim was to optimize the number, size, and location of the baffle(s) for maximum natural conve
convection, i.e., Nusselt number, over a wide range of Rayleigh number. The percentage reduction in heat transfer per baffle(s)
“cost-efficiency” was also studied. Changes in the thermodynamic efficiency was studied by calculating the entropy generation a
with each baffle configuration. It was found that the proper placement of a single or dual baffles has a significant effect on the he
and entropy generatuion reduction. The optimal single and dual baffle locations is reported for different values of Rayleigh number
height.
 2003 Éditions scientifiques et médicales Elsevier SAS. All rights reserved.
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1. Introduction

Laminar convection from a heated cylinder is an imp
tant problem in heat transfer. It is used to simulate a w
range of engineering applications as well as provide a b
insight into more complex systems of heat transfer. Ac
rate knowledge of the overall natural convection heat tra
fer around circular cylinders is important in many fields,
cluding heat exchangers, hot water and steam pipes, he
refrigerators and electrical conductors. Because of its in
trial importance, this class of heat transfer has been the
ject of many experimental and analytical studies. The p
lem received continuous attention since the early work
Morgan [1] and Churchill and Chu [2]. The most widely re
erenced work in this area is that of Kuehn and Goldstein
which included the first numerical solution of the full e
liptic governing equations. Although more recent work a
more accurate work has been reported in the literature s
then [4–6] the work of Kuehn and Goldstein [3] is still bei
referenced [7,8]. Recent economic and environmental
cerns have raised the interest in methods of reducing o
creasing the natural heat transfer, depending on the app
tion, from a horizontal cylinder. Classical methods such
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the use of insulation materials are becoming a cost as
as an environmental concern. Researchers continue to
for new methods of heat transfer control. The use of por
material to alter the heat transfer characteristics has bee
ported by several researchers including Vafai and Huang
and Al-Nimr and Alkam [10]. The results of using uniform
spaced baffles to reduce natural heat transfer from a cyli
were recently published by the author [11].

Recently, entropy generation (or production) has b
used to gauge the significance of irreversibility rela
to heat transfer, friction, and other non-ideal proces
within thermal systems [12]. The rate of useful ene
lost owing to irreversibility is proportional to the rate
entropy generation. Entropy-generation calculations ca
used to optimize the thermodynamic behavior of ther
systems both on the component level and as comp
systems. Knowledge of the locations and levels of h
entropy generation will help focus the designers’ effo
on the regions or components that contribute most to
irreversibility and thus inefficiency of the system [11,13].

This paper presents the numerical results of using
conductivity baffles on the cylinder’s outer surface in or
to suppress the natural convection currents around
cylinder, which should translate to a lower heat trans
rate. Different numbers of baffles were placed at differ
tangential location in order to find the optimal placem
sevier SAS. All rights reserved.
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n

n

Nomenclature

B number of baffles
D cylinder diameter,= 2ro . . . . . . . . . . . . . . . . . . m
E parameter in computational domain,= πeπξ

g gravity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m·s−2

H non-dimensional baffle height,= hb/ro
h local convection heat transfer

coefficient . . . . . . . . . . . . . . . . . . . . . W·m−2·K−1

hb baffle height . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m
k conduction heat transfer

coefficient . . . . . . . . . . . . . . . . . . . . . W·m−1·K−1

M number of grid points in the tangential direction
N number of grid points in the radial direction
Ns total non-dimensional entropy generation
NuD,s local Nusselt number based on cylinder

diameter
NuD average Nusselt number based on cylinder

diameter
NuD,B average Nusselt number based on cylinder

diameter, cylinder withB baffles
P non-dimensional pressure
p pressure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pa
Pr Prandtl number
R non-dimensional radius
r radius . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m
Ra Rayleigh number based on cylinder radius,

= gβ(To − T∞)r3
o/αν

RaD Rayleigh number based on cylinder diameter,
= gβ(To − T∞)D3/αν

S′′
gen non-dimensional local entropy generation

s′′
gen dimensional local entropy generation per unit

depth, i.e., 2D . . . . . . . . . . . . . . . . . . W·m−2·K−1

T temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . K
U non-dimensional radial velocity
u radial velocity . . . . . . . . . . . . . . . . . . . . . . . . m·s−1

V non-dimensional tangential velocity
v tangential velocity . . . . . . . . . . . . . . . . . . . . m·s−1

Greek symbols

α thermal diffusivity . . . . . . . . . . . . . . . . . . . m2·s−1

β coefficient of thermal expansion . . . . . . . . . K−1

ε measure of convergence of numerical results
η independent parameter in computational domai

representing tangential direction
θ angle (degree)
ν kinematic viscosity . . . . . . . . . . . . . . . . . . m2·s−1

ξ independent parameter in computational domai
representing radial direction

ρ density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . kg·m-3

φ non-dimensional temperature
ψ stream function
ω vorticity function

Subscripts

D value based on cylinder diameter
o value at cylinder surface
∞ free stream value
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of the baffles. Constructal theory [14] suggests that th
is an “optimal distribution of imperfection”, i.e., the baffle
in this case, that leads to global optimization of the sys
performance, i.e., natural convection heat transfer in
current case. The theory focuses on the degree(s) of free
that a system contains based on geometric considera
It is such a manipulation of the baffle(s) geometric degr
of freedom that this paper addresses in order to optim
the global thermal behavior of the cylinder under differ
thermal conditions.

The fluid under consideration is Air. The numerical s
lution of the elliptic momentum and energy equations w
performed using the stream function-vorticity method o
stretched grid. The computed velocity and temperature fi
were used to compute the local and global entropy gen
tion. This detailed study included varying the Rayleigh nu
ber from 103 to 105, number of baffles from 0 to 11, th
non-dimensional baffle height from 0.1 to 1.5, and the cy
der diameter from 10−3 to 10 meters. This range of value
was based on the experience gained from a previous w
using only uniformly spaced baffles [11]. Due to symme
the computations were carried on half the physical dom
making use of the vertical symmetry plane passing thro
.

the center of the cylinder. The number of baffles reporte
that on one half of the cylinder. No baffles were located
the symmetry plan.

2. Mathematical analysis

The steady-state equations for 2D laminar natural c
vection over a cylinder, including the Boussinesq appro
mation, are given by:

1

r

∂(ru)

∂r
+ 1

r

∂v

∂θ
= 0 (1)

u
∂u

∂r
+ v

r

∂u

∂θ
− v2

r

= 1

ρ

[
ρgβ(T − T∞)sin(θ)− ∂p

∂r

]

+ ν

[
∂2u

∂r2
+ 1

r

∂u

∂r
− u

r2
+ 1

r2

∂2u

∂θ2
− 2

r2

∂v

∂θ

]
(2)

u
∂v + v ∂v + uv
∂r r ∂θ r
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Fig. 1. Schematic of the problem, showing a case with non-uniform b
distribution.

= 1

ρ

[
ρgβ(T − T∞)cos(θ)− 1

r

∂p

∂θ

]

+ ν

[
∂2v

∂r2
+ 1

r

∂v

∂r
− v

r2
+ 1

r2

∂2v

∂θ2
+ 2

r2

∂u

∂θ

]
(3)

u
∂T

∂r
+ v

r

∂T

∂θ
= α∇2T (4)

where,

∇2 ≡
[

∂2

∂r2 + 1

r

∂

∂r
+ 1

r2

∂2

∂θ2

]

Eqs. (1)–(4) are subject to the following boundary con
tions:

(1) On the cylinder surface, i.e.,r = ro; u = v = 0 and
T = To.

(2) Far-stream from the cylinder, i.e.,r → ∞; ∂v/∂r = 0.
As for the temperature, and following the work of Kue
and Goldstein [3] and Abu-Hijleh et al. [8], the fa
stream boundary condition is divided into an inflo
(θ � 150 degrees) and an outflow (θ > 150 degrees
regions, Fig. 1. The far-stream temperature bound
conditions areT = T∞ and ∂T /∂r = 0 for the inflow
and outflow regions, respectively.

(3) Plane of symmetry;θ = 0 andθ = 180 degrees;v = 0
and∂u/∂θ = ∂T /∂θ = 0.

(4) On the baffle surface;u = v = 0. Since the baffles ar
assumed to be very thin and of very low conductiv
there will be no heat conduction along the baffles. Th
the temperature at any point along the baffle will
the average temperature of the fluid just above and
below the baffle, i.e.,Tij = (Tij+1+Tij−1)/2, see Fig. 2.

The local and average Nusselt numbers, based on cyl
diameter, are calculated as:

NuD,s = Dh(θ) ;

k

r

NuD = 1

π

D

k

π∫
0

h(θ)dθ = −D

π

π∫
0

∂T (ro, θ)/∂r

To − T∞
∂θ (5)

The following non-dimensional groups are introduced:

R ≡ r

ro
, U ≡ uro

α
, V ≡ vro

α
,

φ ≡ T − T∞
To − T∞

, P ≡ p − p∞
ρα2/r2

o
(6)

Using the steam function—vorticity formulation, the no
dimensional form of Eqs. (1)–(4) is given by:

ω = ∇2ψ (7)

U
∂ω

∂R
+ V

R

∂ω

∂θ

= Pr∇2ω + Ra Pr

[
sinθ

∂φ

∂R
+ cos(θ)

R

∂φ

∂θ

]
(8)

U
∂φ

∂R
+ V

R

∂φ

∂θ
= ∇2φ (9)

where,

U ≡ 1

R

∂ψ

∂θ
, V ≡ −∂ψ

∂R
, Ra = gβr3

o(To − T∞)

αν
,

RaD = gβD3(To − T∞)

αν
, Pr = ν

α
(10)

The new non-dimensional boundary conditions for Eqs. (
(9) are given by:

(1) On the cylinder surface, i.e.,R = 1.0; ψ = ∂ψ/∂R = 0,
ω = ∂2ψ/∂R2, andφ = 1.0.

(2) Far-stream form the cylinder, i.e.,R → ∞; ∂2ψ/∂R2 =
0 andω = (1/R2)(∂2ψ/∂θ2). For the non-dimensiona
temperature,φ = 0 and∂φ/∂R = 0, for the inflow and
outflow regions, respectively.

(3) Plane of symmetry;ψ = ω = ∂φ/∂θ = 0.
(4) On the baffle surface;ψ = 0, ω = (1/R2)(∂2ψ/∂θ2),

andφij = (φij+1 + φij−1)/2.

The reduction in the convection heat transfer from
cylinder due to the addition of the baffle(s) is presented
terms of the normalized Nusselt number (NUD,B) and the
percentage baffle “cost-efficiency” (ηBc), as per Eqs. (11
and (12) below. The first term shows the relative reductio
the Nusselt number while the second shows the percen
relative reduction in the Nusselt number per unit len
of baffle(s) used. The percentage baffle “cost-efficien
should not be confused with the standard definition of
efficiency or effectiveness. This parameter gives an i
about the economic return of using the baffle(s).

NUD,B = NuD,B

NuD,o
(11)

ηBc(%) = 1− NUD,B ∗ 100 (12)

B ∗H
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Fig. 2. Schematic of the computational grid in the physical (left) and computational (right) domains, showing a case with uniform baffle distribu.
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In order to accurately resolve the boundary layer aro
cylinder, a grid with small radial spacing is required.
is not practical to use this small spacing as we move
the far-stream boundary. Thus a stretched grid in the ra
direction is needed [15]. This will result in unequally spac
nodes and would require the use of more complicated an
less accurate finite difference formulas. To overcome
problem, the unequally spaced grid in the physical dom
(R, θ) is transformed into an equally spaced grid in
computational domain(ξ, η) [15], Fig. 2. The two domains
are related as follows:

R = eπξ , θ = πη (13)

Eqs. (7)–(9) along with the corresponding boundary co
tions need to be transformed into the computational dom
In the new computational domain, the current problem
given by:

ω = 1

E2

[
∂2ψ

∂ξ2
+ ∂2ψ

∂η2

]
(14)

∂2ω

∂ξ2 + ∂2ω

∂η2 = 1

Pr

[
∂ψ

∂η

∂ω

∂ξ
− ∂ψ

∂ξ

∂ω

∂η

]

− ERa

[
sin(πη)

∂φ

∂ξ
+ cos(πη)

∂φ

∂η

]
(15)

∂2φ

∂ξ2 + ∂2φ

∂η2 =
[
∂ψ

∂η

∂φ

∂ξ
− ∂ψ

∂ξ

∂φ

∂η

]
(16)

where,

E = πeπξ (17)

The transformed boundary conditions are given by:

(1) On the cylinder surface, i.e.,ξ = 0; ψ = ∂ψ/∂ξ = 0,
ω = (1/π2)(∂2ψ/∂ξ2), andφ = 1.0.

(2) Far-stream form the cylinder, i.e.,ξ → ∞; ∂2ψ/∂ξ2 =
0 andω = (1/E2)(∂2ψ/∂η2). For the non-dimensiona
temperatureφ = 0 and∂φ/∂ξ = 0, for the inflow and
outflow regions, respectively.

(3) Plane of symmetry; i.e.,η = 0 andη = 1; ψ = ω =
∂φ/∂η = 0.
(4) On the baffle surface;ψ = 0,ω = (1/E2)(∂2ψ/∂η2),
andφij = (φij+1 + φij−1)/2.

The system of elliptic PDEs given by Eqs. (14)–(1
along with the corresponding boundary conditions w
discretized using the finite difference method. The resul
system of algebraic equations was solved using the hy
scheme [16]. Such a method proved to be numerically st
for convection–diffusion problems. The finite differen
form of the equations was checked for consistency w
the original PDEs [16]. The iterative solution procedu
was carried out until the error in all solution variabl
(ψ,ω,φ) became less than a predefined error level(ε).
Other predefined parameters needed for the solution me
included the placement of the far-stream boundary cond
(R∞) and the number of grid points in both radial a
tangential directions,N and M, respectively. Extensiv
testing was carried out in order to determine the effec
each of these parameters on the solution. This was do
insure that the solution obtained was independent of and
tainted by the predefined value of each of these parame
The testing included varying the value ofε from 10−3 to
10−6, R∞ from 5 to 50,N from 100 to 200, andM from 60
to 144.

In the previous work of uniformly spaced baffles [11], t
number of grid points was varied in the radial(N = 133–
141) and tangential(M = 117–120) directions in order to
insure that all baffles coincided with one of the grid’s rad
lines and that the baffle’s end coincided with one of
grid’s tangential lines, see Fig. 2. The need for the baffle
coincide with the grid was also observed in this study bu
a different fashion. In order to avoid any changes that m
result from using different grids for different combinatio
of number baffle(s) and baffle height, a fixed size grid w
used for all combinations in this study(N = 160× M =
120). In this study the baffle’s tangential location was var
in 15 degrees increments between 15–165 degrees.
usingM = 120 insured that the tangential grid resoluti
was suitable for all tangential baffle locations. The hard
part was adjusting the radial grid resolution to insure t
the baffle’s end coincided with one of the radial grid poin



B. A/K Abu-Hijleh / International Journal of Thermal Sciences 42 (2003) 1061–1071 1065
Fig. 3. Comparison of the local Nusselt number for the case of a cylinder without baffles.
,

en
sed
the
ith
rid
lt
e
ood
ber
by

oh
lts

ion:

ra-
en

ted

se
ts
and
s on
s of
fter
the
orm

a
m-

if-
ca-
15
and

ainst
tion

the

en-
en-
igh
py
ters
f

In this study the nominal baffle heights(H) used were: 0.1
0.25, 0.5, 1.0, and 1.5. The combination ofN = 160 and
R∞ = 13.0 resulted in a difference of less than 1% betwe
the actual baffle height and the nominal baffle height u
in the current study. The actual height being that of
baffle used in the calculation with its end coinciding w
the closest radial grid point while using a fixed radial g
resolution(N = 160). The accuracy of the local Nusse
number calculations,NuD,s(θ), is another measure of th
accuracy of the numerical code. Fig. 3 shows very g
agreement between the profiles of the local Nusselt num
calculated by the current code and the data reported
Kuehn and Goldstein [3], Wang et al. [5], and Sait
et al. [6], for the case of cylinder with no baffles. The resu
reported herein are based on the following combinat
N = 160,M = 120,R∞ = 13.0, andε = 10−5.

The non-dimensional form of the local entropy gene
tion equation in 2D cylindrical coordinates can be writt
as [12]:

S′′
gen= 1

(φ + T )2

[(
∂φ

∂R

)2

+
(

1

R

∂φ

∂θ

)2]

+ σ

(φ + T )

{
2

[(
∂U

∂R

)2

+ 1

R2

(
∂V

∂θ
+ U

)2]

+
[

1

R

∂U

∂θ
+ R

∂

∂R

(
V

R

)]2}
(18)

where

T = T∞
To − T∞

, σ = α2µ

r2
ok(To − T∞)

and

S′′
gen= s′′

genr
2
o

(19)

k

The total non-dimensional entropy generation is calcula
by integratingS′′

gen over the entire flow filed:

Ns =
R∞∫
1

π∫
0

S′′
gen(R, θ)dθ dR (20)

The range ofNs is very large, thus the logarithm to ba
ten is usually used, log(Ns) [12]. There are two componen
in the entropy generation equation: the conduction part
the viscous dissipation part, the first and second term
the right-hand side of Eq. (18), respectively. The value
the local and total entropy generation were calculated a
the velocity and temperature profiles were obtained from
numerical iterations. Thus there was no need to transf
Eq. (18) into the computational domain.

3. Results

The effect of baffles on the natural heat transfer from
horizontal isothermal cylinder was studied for several co
binations of uniformly space baffle(B = 1,2,3,5,11) as
well as a single and dual baffle(s) configuration with d
ferent baffle(s) tangential locations. The tangential lo
tion of the single or dual baffle(s) was changed from
to 165 degrees in 15 degrees increments, see Figs. 1
2. The uniform spacing cases served as a reference ag
which the effectiveness of the variable tangential loca
will be measured. Other parameters changed included
non-dimensional baffle height(H = 0.1,0.25,0.5,1.0,1.5)
and Rayleigh number(Ra = 103,104,105). Eq. (18) intro-
duces a new parameter in the calculation of entropy g
eration. The cylinder size has a direct effect on the
tropy generation even for the same values of Rayle
number, number of baffles, and baffle height. Entro
generation was calculated for several cylinder diame
(D = 10−3,10−2,0.1,1.0,10.0 m) at every combination o
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Fig. 4. Change in the normalized Nusselt number using uniformly sp
baffles.

Rayleigh number, number of baffles, baffle tangential lo
tion, and baffle height.

Fig. 4 shows the change in the normalized Nus
number as a function of number of uniformly spaced baf
and baffle height for different values of Rayleigh numb
There was up to 74% reduction in the value of normali
Nusselt number, depending on the number and heigh
baffles as well as the Rayleigh number. At low Rayle
number, there seems to be an optimal number of ba
for a given baffle height beyond which further increases
the number of baffles had little effect on the normaliz
Nusselt number. Such data can be used to optimize
Fig. 5. Change in the normalized Nusselt number using a single baf
different tangential locations.

thermal insulation design of baffle equipped cylinders.
the Rayleigh number increased, the optimal numbe
baffles increased. ForRaD = 105, the normalized Nusse
number continued to decrease as the number of ba
increased. Thus, there was no optimal number of baffles
RaD = 105, at least not for the number of baffles conside
in this study. In all cases, the minimum normalized Nus
number was achieved atB = 11. This value will be used in
the following figures to asses the effectiveness of varying
tangential location of a single or dual baffle(s) configurati
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Fig. 5 shows the change in the normalized Nusselt n
ber when using a single baffle as a function of the baffl
tangential location. The minimum normalized Nusselt nu
ber achieved using uniform baffles is shown at tangen
locationθ = 180 degrees. From this figure it can be no
that the optimal tangential location of a single baffle is
tween 90–120 degrees, depending on the baffle heigh
Rayleigh number. At these tangential locations, the baffl
most effective as it strongly dampens the buoyancy dr
convection currents over the cylinder surface. It is interes
to note that at low Rayleigh number, a properly placed ba
reduces the normalized Nusselt number by 50% comp
to the use of 11 baffles(RaD = 103 andH � 0.5). The ef-
fectiveness of a single baffle is less at higher Rayleigh n
l

Table 1
Optimal tangential location of a single baffle from minimumNUD,B

Rayleigh number(RaD) Baffle height(H)

H = 0.10 H = 0.25 H = 0.50 H = 1.00 H = 1.50

103 120 120 120 105 90
104 120 120 105 105 90
105 135 120 105 105 90

Fig. 6. Streamlines (right) and isotherms (left) comparing selective cases of maximum number of uniform baffles(B = 11) with the corresponding optima
single baffle(B = 1).
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Fig. 7. Change in the normalized Nusselt number using two baffles,
fixed at the optimal position and the second at different tangential locat

bers. At lowRaD the convection currents are weak and
presence of a single baffle is enough to result in a signifi
reduction in the convection currents. This is not the cas
highRaD. Fig. 6 shows the streamlines and isotherms for
case of uniformly spaced baffles(B = 11) and an optimally
positioned single baffle for the different values of Rayle
number studied. Table 1 shows the optimal tangential lo
tion of a single baffle for all combinations of Rayleigh nu
ber and baffle height.

Fig. 7 shows the change in the normalized Nus
number when using two baffles as a function of the sec
baffle’s tangential location. The first baffle is fixed at t
optimal location listed in Table 1. The minimum normaliz
Nusselt number achieved using uniform baffles is show
Fig. 8. Change in the baffle cost-efficiency using two baffles, one fixe
the optimal position and the second at different tangential locations.

tangential locationθ = 180◦ while the minimum normalized
Nusselt number achieved using a single baffle is show
tangential locationθ = 195◦. From this figure it can be
noted that the optimal tangential location of the sec
baffle is between 45–60◦, depending on the baffle height an
Rayleigh number. It is clear that an improper placemen
the second baffle may not lead to any further reductio
the normalized Nusselt number or even be counterprodu
in causing a slight increase inNUD,B from the case of an
optimized single baffle. This clearly shows the importa
of proper baffle placement based on the overall change
the flow field. This also raises the issue of baffle percen
“cost-efficiency” (ηBc). Fig. 8 shows change inηBc when
using two baffles as a function of the second baffl



B. A/K Abu-Hijleh / International Journal of Thermal Sciences 42 (2003) 1061–1071 1069
Fig. 9. Streamlines (right) and isotherms (left) at different baffle heights for the configurations of optimal two baffle tangential placement(B = 2).
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nal
tangential location. As in Fig. 7,ηBc achieved using uniform
baffles is shown at tangential locationθ = 180◦ while
ηBc achieved using a single baffle is shown at tangen
locationθ = 195◦. From this figure it is clear that a proper
placed single baffle has the maximum “cost-efficiency” a
only a properly placed second baffle can have a “c
efficiency” close to that of the single baffle. The “co
efficiency” is highest for baffle heights in the range of 0.2
0.50. This baffle height spans most of the buoyancy der
convection thermal boundary that forms around the cylin
thus having the most tempering effect on the heat tran
from the cylinder. This can be seen from Fig. 9 wh
includes selective streamlines and isotherms for diffe
baffles’ locations and heights atRaD = 104.

Fig. 10 shows sample graphs of the non-dimensio
entropy generation, log(Ns), at different combinations o
Rayleigh number and cylinder diameter. The value atθ =
0◦ corresponds to the entropy generation of a smo
cylinder, B = 0. The trend in log(Ns) is very similar
to that of NUD,B which suggests that entropy generat
is dominated by thermal rather than viscous effects.
dominance of thermal versus viscous entropy generatio
natural convection heat transfer from a horizontal cylin
was detailed in a previous work by the author [17]. T
change in the cylinder diameter only lowered the va
of entropy generation but had little effect on the tre
This suggests that using baffles also results in a m
thermodynamically efficient system. The effect of usin
single baffle at different tangential locations can be see
Fig. 11. It is interesting to note that an optimized baffle
more effective in reducing the entropy generation at lar
cylinder diameters. This can be traced to the parameter(σ )

in the viscous entropy generation component in Eq. (18)
second term on the right. This term is inversely proportio
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Fig. 10. Samples of the change in non-dimensional entropy generation using uniformly spaced baffles.
onal
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Fig. 11. Samples of the cylinder diameter effect on the non-dimensi
entropy generation using a single baffle at different tangential location
Fig. 12. Change in the normalized Nusselt number (top) and
non-dimensional entropy generation (bottom) atRaD = 104 using two baf-
fles, one fixed at the optimal position and the second at different tange
locations.
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to the cylinder radius while the thermal entropy genera
component is not affected by the cylinder radius. T
indicates that using baffles on large diameter cylinder
more effective in reducing entropy generation and t
enhancing the thermodynamic efficiency of the syst
Fig. 12 shows sample entropy generation curves when u
two baffles. The trend of log(Ns) is that of NUD,B which
confirms that the entropy generation is mainly due to ther
effects.

4. Conclusions

The problem of natural heat transfer from an isother
horizontal cylinder with different configurations of low co
ductivity baffles was studied numerically. Changes in
average Nusselt number at different combinations of n
ber of baffles, baffle height, baffle tangential location, a
Rayleigh number were reported. The local velocity and te
perature data were used to calculate the local and globa
tropy generation. Selective results of the changes in the
entropy generation due to the presence of the baffles a
difference cylinder diameters were presented and discu
The results indicate that proper positioning of one or t
baffles can reduce the heat transfer from the cylinder b
much as 70% compared to using 11 uniformly spaced
fles. This optimization of baffle placement has great des
and economic implications. Baffles with a non-dimensio
height of 0.25–0.50 had the highest “cost-efficiency”. E
tropy generation was greatly reduced by the use of baf
which leads to more thermodynamically efficient syste
The baffles were more effective at reducing entropy ge
ation when used on large diameter cylinders. Entropy g
eration was mainly due to thermal rather than viscous
fects.
-
l
t
.
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