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Currently, two basic measures performance models are conventionally defined to
evaluate the performance of the extended surfaces or the fins. First is the fin ef-
ficiency that is defined as the ratio of actual heat transferred by a fin to heat that
would be transferred if the entire fin were at base temperature. Second is the fin
effectiveness that is defined as the ratio of heat flux from the wall with the fin to heat
flux from the wall without the fin. In the present work, a new criterion is proposed
to measure the performance of the fins. The new criterion is defined as the ratio of
exergy of convective heat transferred by the fin to the irreversibility of the fin. The
new criterion named fin ecological coefficient of performance (ECOP)) based on
the Second law of thermodynamics whereas the fin efficiency and fin effectiveness
carried out by the First law of thermodynamics. A code has been developed using
these models to compare the performances of a typical fin with respect to the fin
parameters and cooling fluid. According to the results, it can be concluded that
the ECOP;model is a rational criterion rather than two other models. In addition,
since ECOP; model considers the irreversibility of the control surface so it is a
better measuring performance model in new fin design.

Key words: extended surface, fin efficiency, fin effectiveness, ECOP,
exergy analysis

Introduction

One of the most important problems in the field of heat transfer is good design of
extended surfaces. Extended surfaces that are called fins are used for promoting heat transfer
from a hot surface to the surrounding. In addition, the fins are widely used to increase the heat
transfer rate between a solid and cooling fluid. The major variables that influence the heat and
mass transfer through a fin include, fin geometry, fin material and operating conditions [1].
Commonly fin geometries are classified to annular fins, pin fins, longitudinal or straight fins
[2]. Fin profiles are classified as rectangular, triangular or trapezoidal, convex parabolic, and
concave parabolic, too [3]. Fins optimization is a process to obtain the optimum dimensions
of a fin for a required heat transfer rate, or calculating the maximum heat transfer rate where
the dimensions of the fin are known [4]. Many researchers have been analyzed the effect of
radiation, curvature, thermal conductivity, and heat transfer coefficient [5-7]. The minimiza-
tion of entropy generation to design of fins has been applied by Poulikakos and Bejan [8].
By entropy generation analysis, they have derived the optimum dimensions for different fin

*Corresponding author, e-mail: s.masoud_seyedi@yahoo.com



Seyyedi, S. M., et al.: A New Model to Measure the Performance of ...
510 THERMAL SCIENCE: Year 2019, Vol. 23, No. 2A, pp. 509-523

geometry. Three types of fins been studied by Laor and Kalman [9]. They considered the effect
of the tip condition and fins with convective tips then compared the result with insulated tip
fins. Bahadur and Bar-Cohen [10] analytically derived the correlation for cylindrical spines of
orthotropic material. In other work, a dimensionless closed form solution for cylindrical spines
with orthotropic material is derived by Zubair et al. [11]. Mustafa et al. [12] derived a closed
form analytical solution to study the thermal performance of orthotropic material annular fins
with a contact resistance, too. Medrano et al. [13] compared the performance of five different
commercial heat exchangers experimentally. They concluded that compact heat exchangers
equipped with the fins are the most promising heat exchangers for future applications. As a re-
newable resource, solar stills are simple devices used to produce distilled water from saline wa-
ter and effluents. For example, basin solar stills with rectangular fins in a basin have been used
to produce the distilled water from effluents where the performance of the system was enhanced
[14, 15]. However, the effects of fin configuration on single basin solar stills had been theoret-
ically and experimentally investigated [16]. In 2016, hollow circular and square fins have been
integrated into the basin plate and its performance has been investigated by Rajaseenivasan
and Srithar [17]. Li and Byon [18] parametrically studied the orientation effect of a radial heat
sink with rectangular fins. Almendros-Ibanez et al. [19] studied the prescribed temperature at
the fin tip with constant cross-sectional area. Sadollah ez al. [20] suggested a novel approach
to numerically study the longitudinal fins. Kundu and Lee [21] developed an analytical method
to study the annular step fin that made of porous material under a moving condition. Lee et
al. [22] proposed a correlation for estimating the Nusselt number of natural convection flows
from cylinders equipped with triangular fins. In 2016, hyperbolic annular fins studied under
dehumidifying operating conditions and its thermal performance optimized analytically [1].
According to the previous literatures, performances of all the fins have been evaluated using the
definition of the fin efficiency or the fin effectiveness. In this study, a new model is proposed for
evaluating the performance of the fins based on Second law thermodynamics. Then this model
verify for a typical fin that surrounded by fluid.

Fin analysis

The simplest fin geometry has a constant cross-sectional area. Since the cross-sec-
tional area does not vary with the axial co-ordinate, so the temperature profile differential equa-
tion becomes easy to integrate. The solution of this
Concave parabolic fin basic heat transfer problem can be found in references
[23-30]. Figure 1 shows the longitudinal fins having
rectangular, trapezoidal, triangular, and concave par-
abolic profiles, with length, L, and the pin fins with
Triangular fin diameter, D.

The differential equation for a fin with the
constant cross-sectional area is [23]:

Rectangular fin

Trapezoidal fin

&6 N
—-m0=0 1
Pin fins dx2 " ( )
where
O=T-T, and m’ =hP/kA ()

Figure 1. Schematic view of longitudinal ~ Where 4 is the cross-sectional of the fin and P is the
fin having different profiles perimeter of the fin. One boundary condition is:
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0=6,=T,-T atx=0 3)

The other boundary condition depends on the physical situation. Several cases may
be considered.

Casel: The fin is very long and the temperature at the end of the fin is considered
equal to the temperature of surrounding fluid.

Case2: The fin is of finite length and loses heat by convection from its end.

Case 3: The end of the fin is insulated so that at d7/dx=0atx=L

The general solution for eq. (1) can be written:

0=Ce™ +Ce™ 4)
In this work, Case 3 is considered. For Case 3 boundary conditions are:

0=0, at x=0

5
%20 at x=L ©)
dx

Therefore the solution is:
9 o™ ¢™  cosh [m(L-x)]

6, l+e™ 1+ coshmL

(6)

All of the heat lost by the fin must be conducted into the base at x = 0. Therefore, the
heat loss from the fin can be obtained by:

dTr
gy = _kAEl (7
In case 3 it is: =0
1 1
Gy = _kAgBm(H P T ) =~ hPkA G tanh mL ®)

Fin efficiency

Two basic measures of fin performance are particularly useful in a fin design. The first
is called the efficiency, 7, that is defined [24]:

actual heat transferred by a fin

T = heat that would be transferred if the entire fin were at base temperature ©)
The fin efficiency is:
_ hPkA G, tanhmL  tanhmL (10)

T hPLO, mL
Fin effectiveness
A second measure of fin performance is called the effectiveness, ¢, that is defined [30]:
heat flux from the wall with the fin

g = , (11)
heat flux from the wall without the fin

This can be easily computed from the efficiency:

surface area of the fin
& =11, ] (12)
cross-sectional area of the fin

The fin effectiveness for Case 3 is:
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6 = 9withfin nf'AthO =7 A.t’ n PL  tanhmL
T = sy T T T
qu(hOth fin hAbHO Ab A th (1 3)
\ kP

It should be mentioned that for a proper fin, the fin efficiency is less than one, whereas
fin effectiveness must be greater than one.

Entropy generation
The Gouy-Stodola relation for a control volume is [31]:
i-7s (14)

gen
which means that the irreversibility rate of a process is the product of the entropy generation
rate for all systems participating in the process and the temperature of the environment. Extend-
ed of eq. (14) is:

i =T{chsc s —Z%} (15)

our

The fin entropy generation rate is [8]:

§ = 9595 i FU,

gen 0 7;
7’ [H;J (16)

0

In this expression #is the temperature difference between the base of the fin and free
stream, i. e., 03 = Ty — T... For more details, see [8, 32].

Exergy analysis

Exergy is one of the important concepts of the Second law of thermodynamics, which
is the maximum useful work that we can obtain from flow of matter or energy [33]. For a heat
transfer rate, Q,, or/and a temperature at the control surface where the heat transfer is taking
place 7, the maximum rate of conversion of thermal energy to work is [31]:

W = =QOr (17)

where
r=1-=2 (18)
where 7 is called dimensionless exegetic temperature. If the heat flux O, (heat transfer rate per

area) distribution at the various temperatures, 7, is known, the associated thermal exergy flux
can be determined from [31]:

E° :g[T;T‘)JQAdA (19)

where A4 is the heat transfer area.

Fin ecological coefficient of performance

exergy rate corresponding to convective heat transfer of fin

ECOP, = (20)

irreversibility rate of fin
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t T
[ nP(T-T.)[ 120 |dx
o T 21
ECOP, =——=2 ; 2D
I ]BSgen

ECOP, =
22
T 93G5 I FU, (22)
T,
. 1+ &+
VhPkAG, tanh mL + hPT, L + hPT,T, b Arctan b2a — Arctan T2a
ECOP, = (23)
T 936, i FU,
T
I,
where
a= % 1 (24)
T, 2coshmlL
pe1--1 (25)
4a
-1
c= 26
T a (26)
The numerator and denominator of ECOP are divided by G, as a dimensionless analysis:
2
qB Uoo
G =1,——= 27
V= 27)
For a pin fin with boundary condition in Case 3, the final result for ECOP:
ECOP, = M (28)
' G, +G;
where
4 1 I’

(29)

1

" % mLtanhmL PRe,

—4( 1, 1 r
G=—| |7 (30)
n \ T, ) tanh*mL S°Re,




Seyyedi, S. M., et al.: A New Model to Measure the Performance of ...

514 THERMAL SCIENCE: Year 2019, Vol. 23, No. 2A, pp. 509-523
o 8% 1 r J
* n\ T, JmLtanh®mL f'Re, s Y (€2))]
(costhJ -
1+ oty L
J = Arctan| —22 |- Arctan| ——24 (32)
b b
T 2
G, A4 ! r (33)
n\ T, )(1+ B)mLtanh mL Re,
3
T
G, =1 BC Re,Re, and B=L*0N (34)
2 qp
where
L Re
[[=—_=_"1 35
D Re, (35)
2
=25 36
B 3 (36)
ﬂ 0.5
mL =2Nu"* (;J r (37

In this analysis, the Nusselt number and the drag coefficient have been evaluated from
the results developed for a single cylinder in cross flow by giving equations [8, 32, 34].

Nu = 0.683Re)*Pr'? and C, =5.484Re,** for 40<Re, <4-10’ (38)

The details of proven for ECOP is given in Appendix A.

. —rcoraros Results and discussion
g s o Eop =10 In order to compare the fin efficiency and
.. \‘*»XM% e the ECOP of the fin, a code was developed in
E ] - %mm MATLAB and these parameters were plot-
5 T o i ted with respect to Reynolds number. Figure 2
S s iz = shows these results for a pin fin. In this figure
- S6oe ;e%@%%ﬂ{ S88sg the fin efficiency and ECOP of the fin are plotted
08 = with respect to Reynolds number at two values

y s of slenderness ratio.

RS The figure shows both the fin efficiency
s mm mm mn @ ww @w aw and ECOP decrease with increasing of Reyn-
Re, olds number in a fixed slenderness ratio. For
Figure 2. The fin efficiency and ecological each Reynolds number, the value of fin ECOP
coefficient of performance with respect to is more than fin efficiency. In addition, in a fixed

Reynolds number

Reynolds number by increasing the slenderness
ratio ESCOP;, decreases. This means that by in-

creasing the fin’s L/D the fin irreversibility increased, too. In the calculations, the values of tab. 1
have been considered as constants.
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Table 1. The values of constants [24]
Parameter 05 Uy T Te Vv P A M Pr I
(unit) [ [ms] K] [K] | [m*7] | [kgm?] | [Wm'K']| [-] | [-] [-]
Value 0.1 0.2 298.15 | 300.15 | 15.7E-6 1.17 0.026 100 | 0.707 |8 and 10

Figure 3 shows the fin effectiveness and ECOP of the fin with respect to Reynolds
number for two different values of slenderness ratio.

8.85 ; 13
" —B5— ECOP 2 Cosog
a L 125
§ 8.8 —o—g ﬂé SPOeS0ve0c0bocccbocond
2 T 12
é 875 kY —H— ECOP
1] 2 115 —e—g
£ 87 &
2 O6doeg, 2 omn
&
< 865 S
o 0606 S
o Soo04q S 105
o 86 b
10
8.55
9.5
85 9
8.45 ERETOOSSEEEoaE Pttty 8.5 mooo;
8.4 8
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000
(a) Re, (b) Re,

Figure 3. The fin effectiveness and ecological of performance with respect to Reynolds number at;
(a)I'=2.2and T,,=500.15K, (b) I'=3.2 and 7, =500.15 K

As it is seen, the deference  Table 2. Air properties [24]
between the fin effectiveness S ——
and ECOP of the fin increases (unit)
as slenderness ratio increases Value | 500.15 | 37.9E-6 | 0.704 0.04 0.68
from 2.2 to 3.2. In addition,
increasing Reynolds number had no effect on fin effectiveness. In these figures, the absolute
temperature of free stream has been considered equal to 500.15 K. Air properties at 500.15 K
read from the table of air properties as listed in tab. 2.

Figure 4 represents ECOP of the fin with respect to Reynolds number for three differ-
ent values of property group, M, and three different values of dimensionless temperature, /3, at
a fixed slenderness ratio /"= 0.

T.[K] | v[m?s']| plkgm?]| 2 [Wm'K']| Pr[-]

a r=10 —%— M=80 a @& r=10 —*—f=03
o} —5— M=100 O 096 —5—B=05[
g 108 —o— M=120] 2% = p_o9
5 0.94
* !
v\iﬁg& 0.92 -
0.95 1%&5!f s %
09 Sag - - 0.88 Sy
“E‘fJBBBBSBB boose. H S
0.86
0.85 \K“v\,&z BBE;B%tEB ;33'3 Pooe,
“*% s =S 0.84 S84
o %w%&% 0.82 o
o ‘%
) 0.8
075 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000
Re, Re,

Figure 4. Fin ECOP with respect to Reynolds number at; (a) different values of M and I"= 10,
(b) different values of # and I"'=10
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The figure shows that the ECOP of the fin decreases with increasing of Reynolds
number for each property group. Fin ECOP increases, or fin irreversibility decreases, with in-
creasing of property group for each value of the Reynolds number. In addition, the figure shows
that the ECOP of the fin decreases with increasing of Reynolds number for each dimensionless
temperature. Also, ECOP of fin increases or fin irreversibility decreases with increasing of di-
mensionless temperature for each value of the Reynolds number. Figure 5 shows a comparison
between the values of ECOP in two values of the Reynolds number and three values of velocity
of free stream.

0.88 ‘ : The figure shows that the values of ECOP,
& 0a7s] %gzgé related to Rep = 2000 are more than that of the
N [ . |mmu-10] Rep=3000. For example, the value of ECOP;
087 f almost 3.2% decreases as the Reynolds number
0.865r1 | R, increases from 2000 to 3000 for U, = 0.6 m/s.
osek| [ ] Finally the velocity of free stream has no special
08551 effects on fin irreversibility.
0.85( 1 Conclusion
0.845[ H : : In this work, a new criterion for evaluation
0.84 1 ’2_‘ — of performance of the fins is introduced that is
1-Re, = 2000 2 Re, = 3000 called ECOP,. The other criteria are fin efficien-

. . . cy and fin effectiveness that based on the First
Figure 5. Fin ECOP at two different values of law of thermodynamics whereas the ECOP; is
Reynolds number and three different values of 1
velocity of free stream based on the Second law of thermodynamics.

The fin efficiency is less than one, whereas the
fin effectiveness must be more than one. The ECOP can be less or more than one. Increasing the
value of fin ECOP or decreasing the fin irreversibility can be the goal of the designer. Here, the
ECOP/ has been calculated and plotted with respect to Reynolds number for a pin fin. For future
works, it can be evaluated for other geometries of the fins under various boundary conditions.

Appendix A: Derivation of ECOP for a pin fin
In Case 3, we have, see eqgs. (1)-(6):

Xl il cosh| m(L—x
ﬁz esz 32L: [ ( )] (A.1)
6, l+e™ 1+e™ coshmlL
The ECOP; is defined:

ECOPf _ exergy rate corresponding to convective heat transfer of fin (A2)

irreversibility rate of fin

L L ; ,
e f”P(T—YZo)(l—?jdx IhP(T—Y;)dx—thJ;dehpy;%dx
ECOP, =——=2 _ 0 0 0
’ 1 Tasgen
7l %% BU

(A.3)
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L

u

0 cosh mL

hP(T - T, )dx = _L[hPedx - 'L[hPeB {M} dx

—msinh| m(L—x i
= 1 = hPO, { [ )]I = hP6, [%}””LJ —JhPkAG, tanhmL ~ (A.4)
0

coshmlL coshmL

L
i = [ hPTydx = hPT,L (A.5)
0
L T de de
1, = |hPT, 2dx = hPT,T,| — = yhPT,T, where =|— A.6
3 _([ o T o 0.([ T y 00 y '([ T ( )
T-7T cosh|m(L—x
o0 1o, cohlml=9)] . (A7)
6, T,-T, cosh(mL)
Tz_l 4
2 =F(x)=>T=T|1+2F(x) (A.8)
3 T,
I,
1 L
=— A9
Tsozl;l—‘r@?eLr)_‘r (Lx) ( )
T, 2coshmL
where u=¢""" = du=-me"" Vdx = du=-mudx = dx:ﬂ
mu
—du
1 T 1 ¢ 6, 1
:>y=—J‘ 1 J. du where a=-2——
7;01_'_6’73 1 u+l m1;0u+a(u +1) T, 2coshmL
T, 2coshmL u
1§ du 1§ du
:yz_mTaj 1 - mTa'[ :
20y +—u+1 © O(u+lj (1_1
a 2a 4d*
1 5 1
where v=u+— = dvo=du and b =1-—
a 4a’
L 1L
>y=— ! duz —EArctan(gj where ¢ = !
mTay V' +b b b mT a
12
em(L—x)_"_L

=y = Arctan| —— 24
b b

0
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1 1
1+ &+
= y =—| Arctan b2a — Arctan TZa (A.10)

1 mL 1
¢ 1+ ? e+ ?
=1, = hPT,T, —| Arctan 4 |- Arctan 4 (A.11)
b b b
. 1+ &+
\hPkAO, tanh mL — hPT,L + hPT,T, 5 Arctan b2a — Arctan TZa
ECOP, =
T 95 FDTU (A.12)

The numerator and denominator of ECOP are divided by G, as a dimensionless analysis:

2
9 U (A.13)
kuTiT,

©

G, =1,

The term mL can be simplified:

1/2 1/2 1/2 1/2 1/2
P i hnzD L= o 4N“2’1 L= 2] (L
kA knD* / 4 kD kD k) \D

1 1/2 (A.14)
= mL=2Nu" (Zj r
where Reynolds number, slenderness ratio and Nusselt Number are:

ReD:M:M (A.15)

U v
Re, = LY=L _U.L (A.16)

U v
r-L_Re (A17)

D Re,
NuzP (A.18)
A
For a pin fin with boundary condition in Case 3, the final result for ECOP is:

Ecop, = 4+ %+G (A.19)

G, +G;
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where
/ D’
. ThPiA g, tanh mL hnDk e 6, tanhmL
G=—= ; = ; (A.20)
GO qB Uoo T qB Uco
* ko, " kUi,
dTr
=—kA— A21
Iy . L) (A.21)
For Case 3 it is:
— kO — L TG mtanhmL (A.22)
+872mL 1+e+2mL 4 :

[ 7D
hkT 6, tanhmL kvT, ) 16hkD oI

- 2
U % 11::6 D nitanhim 2nU, 6, kD’ (mL) tanhmL

=G =

G- 16 JhkD vT.L® 16 (Nul)k (5)3T_w
: 27'c(mL)2 tanhmlL U kD@,  2m(mL) tanhmL kRe, 6,
3
-2 P (3
2 0B (mL)" tanh mL k D
T 2
=G :i -3 ;qu(£)
n\ 6, ) mL tanhmL D
4 1 I’
—~G=2 (A.23)
n mL tanhmL pRe,
G, =2 “hPLL _ hPLLIE, (A.24)
GO T qIZ?Uoo quw
" kvIi,
—hnDKLVI|T, B —-16DhVT,T.L

& " 12D i tanh? mLU B 70kD*U, (mLY tanh® mL
B o
16

3
PR e MR EANT A
V4 (mL) tanh® mL k D
G, =2 L L
n\6
4
T

L
B] T, tanh’ mLReD D

( % j > (A.25)
T, )tanh™ mL ,BReD
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1 i
¢ 1+— e+ —
hPT 1, 5 Arctan 2a | _ Arctan 2a
. kvhPT,T> %J
G === = (A.26)
’ GO qz Uoo q; Uw
KT,
1+ &+
where J = Arctan % — Arctan| ——24
2 € 2 ¢
o kvhnDTT; ZJ _16[7;J2 T LUhDgJ
3~ ~ 1 a 2 2 4
P % D' nr tank® mLU. n\ 6, ) (mLytanh’mL kD'U,
A 1 ) 1 -1
where a=———— and b’=1-—  and c¢=
T, 2coshmlL 4a mT a
: Eo(Nu) -7
16( T, 1, mI ab
=G =—| = ) 2 4
n\ 6, ) (mL) tanh"mL kDU, L
2 L“Nu&ii
L M(LYn_ kab
3 2 2
0, ) T. (mL) tanh’mL D4mL(Uw L
v
16(7,) T, 1 Ao (LY -J
ST E S TN T 1A
6, ) T, (mL)tanh°mL k& D) abmL

9, 1 Y
)[R S
1 ad -1 Jad -1 T, 2coshmL
whereab =a 1—4—2=a = =
a

2a 2 2

-16(T ) T ’
=G :ﬁ = —O%Nuqul (ij 2J
n \ 6, ) T, (mL) tanh"mL k D o 1 2
mL el I
[7; ZCosthJ

32(1, ) 7 1 ’
=G, :i(i] —03—2NuiReZ' (_j J
n \6;) T, (mL) tanh’mL & D 6, 1 2 B
T, coshmL

2 2
-8(T | T
=G, :_8[_°°J _O;ZReL‘ (i} J -
n\ 6, ) T, mLtanh"mL D 6 1 )
T, coshmL
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(.Y 1 r J
=G =—|_~ 2 2 (A.27)
n \ 6, ) mLtanh"'mL B~ Re, s Y
-1
(costhJ
9595
‘ 9
I [H ; ] T.6,k 1.0,k
G, T oY o750 (A.28)
Ig%—“’ 4, LU, 1+ % TU, 1+ % ® kD*@,mtan hmL
kvTiT, ’ T )4
-G _AT kvL _ 4T r v
nT, i UL

nT,
Uw[l+%jkD2mLtanth w[1+;9fJD2mLtanth ”

0

3

2
T : Re; (%)
Tl (1 + ?BJ mL tanh mL

0

=G, = 45 ! - A2
* nT (1+p)xmLtanhmL Re, (A.29)
7, oY
‘T TkvF, Tko(1 1 pkv'Ty U, LU,D
G == 12) b _ 020(_6.0 UiDLj:_p_‘:OLLCD (A.30)
7 9% Y, s s 4 v U
" kUTT,
3
=G :%BCDReDReL where B :pklj % (A.31)
U
where dimensionless temperature is defined:
b,
=— A.32
B T (A.32)
Also, for simplicity property group is defined [8]:
(k)]/z
A (A33)

- Prl/é

In this analysis, the Nusselt number and the drag coefficient have been evaluated from
the results developed for a single cylinder in cross flow [8, 32, 34]:

Nu = 0.683Re)*Pr'® and C, =5.484Re,** for 40 <Re, <4-10° (A.34)

Equation (A.14) is a general form that used for pin fins. Using egs. (A.17), (A.33), and
(A.34), the eq. (A.14) can be rewritten:



Seyyedi, S. M., et al.: A New Model to Measure the Performance of ...

522 THERMAL SCIENCE: Year 2019, Vol. 23, No. 2A, pp. 509-523
1/2 1/2 1/2
AR Nay L AL
mL=2Nu"| = | —=2|0.683Re)*Pr’ | | = | —=1.6529Re};Pr'°|=| —
k) D k) D k) D
L
= mL =1.6529R> = (A.35)
M

Nomenclature
A — area, [m?] Sen  — entropy generation rate, [WK ']
A,  — area for the case without fin, [m?] N — specific entropy, [Jkg'K™']
Ay — area for the case with fin, [m?] T.  — absolute temperature of free stream, [K]
Cp, — drag coefficient, [-] T,  — absolute temperature of environment, [K]
D — pin diameter, [m] U, - velocity of free stream, [ms™]
Fp  — net drag force, [N]
h — convective heat transfer coefficient, Greek symbols

[Wm2K] r — slenderness ratio, [—]
I — irreversibility rate, [J] g — fin effectiveness, [-]
k — thermal conductivity of pin material, ny - fin Efficiency, [-]

[Wm K] 0 — dimensionless temperature, [—]
L — fin length, [m] 0  — base stream temperature difference, [K]
i — mass-flow rate, [Kgs™'] A — thermal conductivity of fluid, [Wm'K™']
Nu - Nusselt number, [-] p - density of fluid, [kgm™]
P — perimeter, [m] 0 — kinematic viscosity, [m?s™]
Pr  — Prandtl number, [] Acronvm
Re - Reynolds number, [-] Y ) )
gs  — base heat flux, [Wm™] ECOP — ecological coefficient of performance

Oconv — convective heat transfer rate, [W]
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