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Abstract

The present study focuses on the entropy generation analysis in a circular duct with internal longitudinal fins of dif-

ferent shape for laminar flow. Three different fin shapes are chosen for the analysis: Thin, triangular and V-shaped fins.

Calculations are performed for various dimensionless lengths and number of fins, dimensionless temperature difference

and fin angle for triangular and V-shaped fins. It is found that the number of fins and dimensionless length of the fins

for both thin fins and triangular fins, and the fin angle for triangular and V-shaped fins have significant effect on both

entropy generation and pumping power. Further, both entropy generation and pumping power also are influenced by

dimensionless temperature difference.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Pipes with internal or external longitudinal fins are

used to enhance heat transfer as a passive method.

The heat transfer across the stream to stream DT and

the frictional DP experienced by each stream represent

two different facets of one single aspect of the heat ex-

changer, namely, its degree of thermodynamic irreversi-

bility [1]. From this point of view, the second law

analysis is used to determine the optimum heat exchan-

ger dimensions. Ducts with longitudinal fins of different

shapes are also widely used in compact heat exchanger
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applications [2–5]. Such geometries are called internally

finned tubes.

Bejan [6] investigated the concept of irreversibility for

heat exchanger design in counter-flow heat exchangers.

He illustrated a design approach for a heat exchanger

by using the second law analysis of thermodynamics.

It was found that the entropy generation unit method

is more useful than the traditional heat exchanger design

technique. In his another study, he obtained the entropy

generation in fundamental convective heat transfer

problems and provided some examples [7].

Sahin [8] made an analytical study of the second law

analysis for laminar viscous flow through a duct sub-

jected to constant wall temperature. It was found that

entropy generation, w, increases with increasing the

dimensionless temperature difference. However, pump-

ing power ratio decreases with increasing temperature
ed.
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Nomenclature

A cross-sectional area of duct (m2)

Cp specific heat capacity (J/kgK)

D diameter of pipe

DH hydraulic diameter (m)

d radius of tube

f friction factor
�h average heat transfer coefficient (W/m2K)

k thermal conductivity (W/mK)

L length of duct (m)

Ld fin length (m)

L* non-dimensional fin length for thin fin, L/d

L�u non-dimensional fin length for triangular

fin, L/d

L�v non-dimensional fin length for V-shaped fin,

L/Lmax

Lmax defined in Eq. (6)

m mass flowrate (kg/s)

n number of fins

Nu average Nusselt number (hDH/k)

p perimeter of duct (m)

P pressure (N/m2)

PPR pumping power to heat transfer ratio

ðADPU= _QÞ

Pr Prandtl number (lCp/K)
_Q total heat flux (W)

Re Reynolds number ðqUDH=lÞ
s entropy (J/kgK)
_Sgen entropy generation (W/K)

St Stanton number �h=ðqUCpÞ
T temperature (K)

T0 inlet fluid temperature (K)

Tw wall temperature of the duct (K)

U fluid bulk velocity (m/s)

x axial distance (m)

DP total pressure drop (N/m2)

DT increase of fluid bulk temperature (K)

l viscosity (Ns/m2)

k non-dimensional axial distance (L/DH)

P1 non-dimensional group ð4Nuk=PrÞ
P2 non-dimensional group ðl2kðfReÞ=ð2q2D2

H

CpTwÞÞ
w non-dimensional entropy generation

q density (kg/m3)

s non-dimensional inlet wall-to-fluid tempera-

ture difference ((T0 � Tw)/Tw)

/ fin angle
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difference. In the case of small value of the dimensionless

temperature difference, the entropy generation due to

viscous friction becomes dominant. For constant wall

temperature condition, a thermodynamic optimization

was performed by Nag and Mukherjee [9]. They ob-

served that the initial temperature difference between

fluid and the wall is an important design criterion. En-

tropy generation for a duct under constant heat flux

boundary conditions was analyzed by Sahin [10]. For

low heat flux boundary condition, it was found that

the entropy generation due to viscous friction is domi-

nant. Hydraulic diameter of the duct is found to be an

effective parameter as a design criterion for second law

analysis on both constant wall heat flux and constant

wall temperature boundary conditions. In both cases,

it is found that circular duct is the most feasible

geometry.

A number of numerical and experimental studies on

ducts with longitudinal fins can be found in the literature

from the point of view of flow field and heat transfer

rates. Due to space limitation in this paper only a few

of them are mentioned here. Fabbri [11] made a numer-

ical study by using a finite element code to solve optimi-

zation problem in a duct with longitudinal convective

fins of both symmetrical and asymmetrical position. It

was shown some optimized geometries and found that

under particular conditions, noticeable improvements
in the heat transfer have been observed for optimum fins

with asymmetrical polynomial lateral profiles. In an-

other study, the same author investigated the optimum

internal fins of asymmetric shape in a circular tube

[12,13]. Fins of polynomial shape have been used to en-

hance heat transfer in circular tube configuration. Ifha-

khar and Ghoshdastidar [14] made a numerical study

to solve heat transfer and fluid flow in circular tubes

with internal longitudinal fins having tapered lateral

profiles for laminar flow conditions. Braga and Saboya

[15] performed an experimental study to determine aver-

age heat transfer coefficients and friction factors for tur-

bulent flow through annular ducts with continuous

longitudinal rectangular fins. Average Nusselt number

and friction factor as functions of flow Reynolds num-

ber were obtained. Kumar [16] made a numerical study

to obtain natural convection heat transfer rates and flow

fields in a vertical annulus with longitudinal fins with

various parameters. It was found that the heat transfer

rates increase as the fin ratio and radius ratio increase.

In addition, the heat transfer rates decrease if the aspect

ratio and the fin thickness angle increase. Zeitoun and

Hegazy [17] solved numerically the momentum and the

energy equations to obtain heat transfer augmentation

in laminar flow for internal longitudinal thick fins. Their

study showed that the results obtained for different pipe-

fin geometries show that the fin heights affect greatly the
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flow and the heat transfer characteristics. Reducing the

height of one fin group decreases the friction coefficient

significantly. At the same time Nusselt number decreases

inappreciably so that such reduction is justified. Yu et al.

[18] made an experimental study for internal wave-like

longitudinal fins to investigate heat transfer augmenta-

tion and pressure drop in a double pipe. They used

two cases. In the first case, blocked annular pipe is used,

and the second one is unblocked. They found that wave-

like fins enhance heat transfer significantly with the

blocked case being superior. Campo and Chang [19] per-

formed an analytical study to obtain some correlation

for friction factors and convective coefficients in internal

longitudinal tubular heat exchanger. Empirical correla-

tion equations are applicable for the asymptotic friction

factor and the asymptotic Nusselt numbers as functions

of the number of fins and the relative fin height in the

bundle.

The objective of this paper is to discuss the entropy

generation and the pumping power variations in a circu-

lar duct with longitudinal thin, triangular and V-shaped

fins respectively, for laminar flow and constant wall tem-

perature conditions. To best knowledge of the authors,

this subject has not been addressed in the literature

and the present study is considered as a first attempt

in this context.
Fig. 1. A circular duct with (a) longitudinal thin fins, (b)

triangular longitudinal fins and (c) V-shaped longitudinal fins.
2. The physical models

This study was performed for three different cases: a

circular duct with thin longitudinal fins, a circular duct

with triangular fins and a circular duct with V-shaped

fins respectively, as shown in Fig. 1a–c. The length of

circular duct was considered to be long enough such that

the flow in the duct can be assumed to be hydrodynam-

ically developed. For the geometrical parameters, neces-

sary calculations can be given as follows.

The hydraulic diameter, DH, of the circular duct with

thin longitudinal fins shown in Fig. 1a (for the fin thick-

ness treated as zero), is given by

DH ¼ pd2

pd þ 2nLd

ð1Þ

where d is the diameter of the duct, L is the height of fins

and n is the number of fins.

For the longitudinal triangular fin geometry (Fig.

1b), the hydraulic diameter DH is given as

DH ¼ 4
Ac

P

� �
ð2Þ

where

Ac ¼ pd2 � n½d2/� dðd � LdÞ sin/� ð3Þ

p ¼ 2pd þ 2nL0 � 2n/d ð4Þ
L0 ¼ d2 þ ðd � LdÞ2 � 2dðd � LdÞ cos/
h i1=2

ð5Þ

with the fin angle and L the height of the triangular cross-

section, as shown in Fig. 1b. For the V-shaped longitudi-

nal fins, the hydraulic diameter can be expressed as:

DH ¼ 2d
1þ ð2Ld=pdÞ

; Lmax ¼ 2 sin/ ð6Þ

where L is the height of the fins, as shown in Fig. 1c.



Table 3

Nusselt number values for circular duct with longitudinal

triangular fins [3]

n L* = 0.2 0.4 0.6 0.7 0.8

Nusselt numbers for 2/ = 3�
4 4.58 6.03 11.72 18.02 19.29

8 4.73 6.85 20.01 43.26 43.60

12 4.75 6.42 17.82 64.58 76.17

16 4.71 5.82 13.15 63.21 112.11

20 4.64 5.37 9.95 46.17 131.9

24 4.58 5.07 8.02 30.86 117.5

fRe for 2/ = 3�
4 19.20 29.35 51.73 69.56 77.24

8 22.56 48.16 118.4 174.2 194.2

12 25.78 66.13 198.3 326.3 376.7

16 28.50 80.36 277.4 523.5 638.1

20 30.61 90.66 348.0 759.4 990.2

24 32.26 98.15 407.3 1021.8 1440.5

Nusselt numbers for 2/ = 6�
4 4.58 4 4.58 4 4.58

8 4.71 8 4.71 8 4.71

12 4.73 12 4.73 12 4.73

16 4.67 16 4.67 16 4.67

20 4.6 20 4.6 20 4.6

24 4.54 24 4.54 24 4.54

fRe for 2/ = 6�
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3. Analysis

Water is considered as a working fluid in the analysis.

Thermophysical properties of the fluid are assumed con-

stant and they are listed in Table 1. The mean Nusselt

number and (fRe) values were obtained from the exper-

imental studies available in the literature for different

geometrical parameters [3] and they are tabulated in Ta-

bles 2–4. For given geometries, the Nusselt number does

not depend on the thermal conductivity of the fin mate-

rial since it is associated to an ideal isothermal fin, that

is, its efficiency was considered as 100% [13,3]. The inlet

temperature T0 is assumed to be uniform at the inlet of

the duct. No-slip condition is applied along the duct wall

and fin surfaces for the flow and laminar fully developed

flow regime is also assumed. Using these assumptions,

the heat transfer for an incompressible flow in an infin-

itesimal control volume of thickness dx in the duct can

be written as

d _Q ¼ _mCp dT ¼ �hpðT w � T Þdx ð7Þ

where the mass flow rate is given by

_m ¼ qUA ð8Þ

The entropy generation for this control volume can be

written as
Table 1

Thermo physical properties of water [18]

Water

Cp (J/kgK) 4182

Pr 7

Tw (K) 293

l (Ns/m2) 9.93 · 10�4

q (kg/m3) 998.2

Table 2

Nusselt number values for circular duct with longitudinal thin

fins [3]

n L* = 0.2 0.4 0.6 0.7 0.8 0.9 1.0

Nusselt number values

4 4.58 6.05 11.82 15.34 19.30 – 19.08

8 4.74 6.98 21.10 34.27 42.58 – 40.68

12 4.77 6.65 20.52 40.92 72.27 – 68.80

16 4.74 6.09 16.22 34.45 106.50 105 103.4

20 4.68 5.64 12.73 26.07 138.35 147.20 144.6

24 4.62 5.32 10.41 19.83 156.92 195.40 192.4

fRe

4 19.13 29.04 50.31 59.31 73.43 – 77.26

8 22.39 47.02 110.81 137.35 170.47 – 175.96

12 25.55 64.22 179.77 233.09 303.16 – 314.99

16 28.20 77.86 246.08 336.15 469.92 491.04 495.24

20 30.33 88.04 305.47 439.13 668.23 708.29 716.79

24 32.01 95.57 356.04 537.09 894.15 965.09 980.77

4 19.29 29.74 53.25 71.91 81.41

8 22.77 49.38 126.9 193.0 223.4

12 26.09 68.25 219.2 388.5 479.4

16 28.86 82.79 311.8 665.5 903.8

20 31.02 93.25 392.7 1013.3 1560.9

24 32.65 100.6 456.8 1402.2 2502.2
d _Sgen ¼ _mds� d _Q
T w

ð9Þ

where for an incompressible fluid,

ds ¼ Cp
dT
T

ð10Þ

Substituting Eqs. (7) and (10) into Eq. (9), the total

entropy generation recasts as,

d _Sgen ¼ _mCp
T w � T
TT w

dT ð11Þ

Integrating Eq. (7) over the finite length of duct of

Ld, the bulk temperature variation of the fluid and the

total heat transfer along the duct can be obtained [20],

respectively, as:

T ¼ T w � ðT w � T 0Þ exp � 4�h

qUDHCp
X

� �
ð12Þ

_Q ¼ _mCpðT w � T 0Þ 1� exp � 4�hLd

qUDHCp

� �� �
ð13Þ

A non-dimensional total entropy generation can be de-

fined based on the flow stream capacity rate ð _mCpÞ as



Fig. 2. The effect of fin numbers on (a) entropy generation and

(b) pumping power ratio (thin fins, L* = 0.4 and s = 0.01).

Table 4

Nusselt number values for circular duct with longitudinal V-

shaped fins [3]

/ L�1 ¼ L=Lmax Nu fRe

30 0.2 4.359 16.353

0.4 4.386 17.059

0.6 4.400 17.776

0.8 4.403 18.203

40 0.2 4.385 16.799

0.4 4.472 18.567

0.6 4.535 20.497

0.8 4.521 21.731

50 0.2 4.426 17.444

0.4 4.681 21.034

0.6 4.895 25.735

0.8 4.887 29.046

60 0.2 4.496 18.154

0.4 5.071 24.351

0.6 5.994 34.527

0.8 6.376 43.552

65 0.4 5.341 26.022

0.6 7.209 39.903

0.8 8.703 54.368

67.5 0.4 5.501 26.724

0.6 7.990 42.620

0.8 10.885 60.129

70 0.4 5.647 27.328

0.6 8.856 45.009

0.8 13.981 65.356

72.5 0.4 5.768 27.810

0.6 9.771 46.607

0.8 17.218 69.095

75 0.4 5.872 28.072

0.6 10.469 47.342

0.8 18.01 70.942

77.5 0.6 10.787 47.078

0.8 16.353 69.702

80 0.6 10.477 46.070

0.8 13.967 65.779
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W ¼
_Sgen

_mCp
¼

_Sgen

ð _Q=DT Þ
ð14Þ

On integrating Eq. (11) over the fluid control volume

and using Eqs. (12) and (13), the non-dimensional total

entropy generation is obtained as

W ¼ ln
1þ se�4Stk

1þ s

� �
þ sð1� e�4StkÞ ð15Þ

where s is the non-dimensional temperature difference

s ¼ T 0 � T w

T w

ð16Þ
k is the non-dimensional length of duct

k ¼ Ld

DH

ð17Þ

St is the Stanton number

St ¼
�h

qUCp
¼ Nu

RePr
ð18Þ

Eq. (15) can be modified and written as a function of the

Reynolds number and the other non-dimensional

parameters as

W ¼ ln
1þ se�P1=Re

1þ s

� �
þ sð1� e�P1=ReÞ ð19Þ

where

P1 ¼ 4
Nu
Pr

k ð20Þ
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The pumping power to heat transfer ratio (PPR) can

be expressed as

PPR ¼ ADPU
_Q

ð21Þ

where DP is the total pressure drop which is obtained

integrating the value of infinitesimal pressure drop dP

and is related to the friction factor beside other param-

eters as

dP ¼ � fqU
2

2DH

dx ð22Þ

Using Eqs. (13) and (23), the pumping power to heat

transfer ratio is obtained as

PPR ¼ P2

Re=s
1� eð�P1=ReÞ

ð23Þ

where

P2 ¼
l2kðfReÞ

2q2D2
HCpT w

ð24Þ
Fig. 3. The effect of fin length on (a) entropy generation and

(b) pumping power ratio (thin fins, n = 8 and s = 0.01).
4. Results and discussion

Second law analysis has been carried out for three

different duct configuration, namely, circular duct with

longitudinal thin fins, longitudinal triangular fins and

longitudinal V-shaped fins for laminar flow and under

constant wall temperature conditions. Water was used

as a working fluid (Pr = 7). In the following, the results

for each geometry are presented separately. Calculations

were performed for different dimensionless temperature

difference, s, and various Reynolds numbers.

4.1. Circular duct with longitudinal thin fins

The effect of thin fins on the dimensionless entropy

generation, w, and pumping power ratio, PPR, for dif-

ferent Reynolds numbers and dimensionless inlet wall-

to-fluid temperature difference, s = 0.01, is presented in

Fig. 2a and b. As it is seen from Fig. 2a, the dimension-
Fig. 4. The effect of dimensionless temperature on (a) entropy

generation and (b) pumping power ratio (thin fins, n = 8 and

L* = 0.4).
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less entropy generation decreases exponentially as the

Reynolds number increases for a fixed dimensionless

fin length of L* = 0.4. For a fixed value of Reynolds

number, as the number of fins increase then the dimen-

sionless entropy generation increases. Examining Fig. 2a

reveals that, as the number of fins are increased from 4

to 12, the dimensionless entropy generation maintained

at the same value for lower Reynolds number of about

Re < 250. The pumping power to heat transfer ratio var-

iation is indicated in Fig. 2b. As Reynolds number is in-

creased, the contribution due to heat transfer decreases

and that of viscous friction increases. Therefore, for

low Reynolds number viscous frictional contribution

can be neglected. As the number of fins is increased then

PPR increases yielding a maximum for n = 12. This can

be attributed to the Nu number variation with the num-

ber of fins, n, that affects the heat transfer directly.

The effect of the length of thin fins on the dimension-

less entropy generation, w, and the pumping power to
Fig. 5. The effect of fin numbers on (a) entropy generation and

(b) pumping power ratio (triangular fin, L* = 0.4, s = 0.01 and

2/ = 3�).
heat transfer ratio (PPR) is given in Fig. 3a and b,

respectively. In this case, the number of fins is fixed to

n = 8 and the dimensionless temperature difference is

chosen as s = 0.01. It is clear that, for a fixed Reynolds

number the non-dimensional entropy generation in-

creases as the length of fin is increased, but for a chosen

fin length value, say L* = 0.4, the non-dimensional en-

tropy generation decreases as Reynolds number is in-

creased, as indicated in Fig. 3a. As the length of fins is

increased to maximum value, which becomes equal to

radius of the duct the viscous friction increases and gives

extremely high w values compared to shorter fin lengths.

This in turn yields higher non-dimensional entropy gen-

eration. In Fig. 3b pumping power ratio variation for

different Reynolds numbers is given. As seen from this

figure the pumping power ratio value increases as the

dimensionless length of fin is increased. For a fixed

value, L* the pumping power ratio increases especially
Fig. 6. The effect of fin length on (a) entropy generation and

(b) pumping power ratio (triangular fin, n = 8, s = 0.01 and

2/ = 3�).
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for higher Reynolds number as Reynolds number is

increased.

Fig. 4a and b show the effect of dimensionless tem-

perature difference on the dimensionless entropy genera-

tion, w, and the pumping power to heat transfer ratio for

a fixed fin number n = 8 and a fixed length of the thin fin

L* = 0.4. As seen from Fig. 4a, the dimensionless entro-

py generation increases with respect to increasing the

dimensionless temperature difference s. As the Reynolds

number is increased, the non-dimensional entropy gen-

eration decreases but pumping power to heat transfer

ratio decreases as seen in Fig. 4a and b. Furthermore,

with the increase of dimensionless temperature differ-

ence, s, PPR values decrease as seen in Fig. 4b.

4.2. Circular duct with triangular longitudinal fins

In this section, the effect of triangular fins on the en-

tropy generation and pumping power is analyzed with
Fig. 7. The effect of dimensionless temperature on (a) entropy

generation and (b) pumping power ratio (triangular fins, n = 8

and L* = 0.4).
respect to the geometrical parameters. Fig. 5a shows

the effect of the number of triangular fins on the non-

dimensional entropy generation. The trend is similar to

that obtained for thin fins, namely, as the fin number in-

creases, the dimensionless entropy generation, w, is not
affected significantly for higher triangular fin numbers

(n > 12) but the pumping power ratio value increase sig-

nificantly as observed in Fig. 5b. Figs. 6a and b show the

effect of the dimensionless length of triangular fins on

the non-dimensional entropy generation and the pump-

ing power to heat transfer ratio for fixed triangular fin

angle of 2/ = 3�. As can be seen from Fig. 6a, when

the length of the triangular fins is increased, the w values

increase. As the Reynolds number is increased then w
values decrease showing a similar trend to that obtained

for thin fins. Again, higher pumping power ratio values

are obtained for higher non-dimensionless fin length

(L*) values. As the Reynolds number increases, the

pumping power ratio values increase significantly.
Fig. 8. The effect of fin angle on (a) entropy generation and

(b) pumping power ratio (triangular fins, n = 16 and L* = 0.6).
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The effect of the dimensionless temperature difference

on the non-dimensional entropy generation and the

pumping power ratio is given in Fig. 7a and b for

n = 8 and L* = 0.4. As the non-dimensional temperature

difference values increase then the non-dimensional en-

tropy generation values increase, while as the Reynolds

number increases then the non-dimensional entropy gen-

eration values decreases as seen in Fig. 7a. On the other

hand pumping power ratio values are high for lower

non-dimensional temperature differences.

Another significant parameter in this case is the value

of triangular fin angle, 2/. Fig. 8a and b show the effect

of angle 2/ on the dimensionless entropy generation, w,
and pumping power to heat transfer ratio, PPR. As it is

seen, with the increase of angle of triangle fin dimension-

less entropy generation is decreased due to increase of

viscous friction. For a fixed fin angle as Reynolds num-

ber is increased w values decrease dramatically after

Re = 500 value. On the other hand, with the increase
Fig. 9. The effect of fin angle on (a) entropy generation and (b)

pumping power ratio (V-shaped fin, L/Lmax = 0.6 and s = 0.01).
of angle of triangular fin, pumping power to heat trans-

fer ratio increases because hydraulic diameter of the duct

becomes smaller, namely cross-section of the duct be-

comes smaller, Fig. 8b. As cross-section duct is de-

creased PPR value increases as indicated in Ref. [20].

4.3. Circular duct with longitudinal V-shaped longitudinal

fins

The main affecting parameters on this configuration

are the angle of fins with respect to horizontal surface,

as indicated in Fig. 1c. In order to evaluate the results

the dimensionless fin length L�
1 ¼ L=Lmax is introduced.

Fig. 9a shows the effect of the fin angle on the non-

dimensional entropy generation. For higher fin angle

values dimensionless entropy generation values become

higher. Similar to the configurations discussed above,
Fig. 10. The effect of fin length on (a) entropy generation and

(b) pumping power ratio (V-shaped fin, / = 70� and s = 0.01).
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as the Reynolds number is increased, the dimensionless

entropy generation values decrease.

As the angle of fin is increased pumping power to

heat transfer ratio values decrease (Fig. 9b). For a fixed

fin angle pumping power ratio increases with increase of

Reynolds number. As seen in the figure pumping power

ratio values for angle of 80� and 60� are approaching

each other. Because mean Nusselt number values for this

two angle case are closer to each other as indicated in

Table 4.

Fig. 10a and b are given to show the effect of dimen-

sionless fin length on dimensionless entropy generation

and pumping power ratio. In these figures, the value of

fin angle is fixed at / = 70�. Similar trend is observed

as explained for previous configurations. That is, as

the fin length is increased dimensionless entropy genera-

tion values increase (Fig. 10a). As the dimensionless
Fig. 11. The effect of dimensionless temperature difference on

(a) entropy generation and (b) pumping power ratio (V-shaped

fin, / = 50� and L/Lmax = 0.4).
length of fin is increased, pumping power ratio values

decrease (Fig. 10b). For a fixed L* value pumping power

ratio increases with increase of Reynolds number.

The effect of dimensionless temperature difference on

dimensionless entropy generation and pumping power

ratio is given in Fig. 11a and b. Similar effects are ob-

served as indicated in the previous two configurations.
5. Conclusions

An entropy generation analysis through a circular

duct with three different shaped longitudinal fins for

laminar flow was conducted. The following conclusions

can be drawn from the present study:

1. In general, as the Reynolds number is increased, the

entropy generation decreases and the pumping power

to heat transfer ratio increases in all the cases consid-

ered. However, as the inlet to wall temperature differ-

ence increases, the entropy generation increases and

the pumping power to heat transfer ratio decreases

in all the cases considered.

2. As the number of thin or triangular fins is increased,

the dimensionless entropy generation increases. For

higher values of the Reynolds number, the entropy

generation for thin fins becomes superior to that cor-

responding to triangular fins. However, pumping

power ratio values for thin fins is higher than that

for triangular fins.

3. For all the cases considered, as the length of the fins

is increased, the dimensionless entropy generation

and the pumping power to heat transfer ratio

increase and they depend on dimensionless fin length

values.

4. As the fin angle is increased, both the entropy gener-

ation and the pumping power to heat transfer ratio

increase in the case of triangular fins. For the case

of V-shaped fins, the increase of the fin angle causes

the increase in both the entropy generation and the

pumping power to heat transfer ratio.

5. It is not convenient which shape of the fins is prefer-

able because various demanding in engineering appli-

cations. Further, an optimization may be useful but

it is out of the scope of this paper.

6. It can be said that entropy generation analyses

becomes more superior to traditional CFD analyses

and this trend is gradually growing especially in the

design of thermodynamics systems.
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