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Overall effectiveness

The overall effectiveness for a finned surface is defined as the ratio of the total heat
transfer from the finned surface to the heat transfer from the same surface if there

were no fins,

(5 = Qllllul,ﬁn — M Aunsin + Nein Arn) (T — To)
finoveral Q tetal, no fin hﬂ“” fin {Th B T,,.;}

When determining the rate of heat transfer from a finned surface, we must consider
the unfinned portion of the surface as well as the fins. Therefore, the rate of heat

transfer for a surface containing n fins can be expressed as,

Qluldl. fin — Q'.Jn[in L Qﬁn
= "r“-:!".:lnf'.n {Tb - Tﬂﬁ-j T Tfin "r?‘;:]'ﬁn {Th - Tx}
= Ill.]'{“:]"..1n1'|n - ﬂf‘.n‘qﬁn}(Tb - Tﬂﬁ-j

We can also define an overall effectiveness for a finned surface as the ratio of the
total heat transfer from the finned surface to the heat transfer from the same

surface if there were no fins,
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where Anofin is the area of the surface when there are no fins, Arin is the total surface
area of all the fins on the surface, and Aunfin is the area of the un-finned portion of
the surface. Note that the overall fin effectiveness depends on the fin density
(number of fins per unit length) as well as the effectiveness of the individual fins.
The overall effectiveness is a better measure of the performance of a finned surface
than the effectiveness of the individual fins.

The variation of heat transfer from

a fin relative to that from an
infinitely long fin
al .Q_'r = tanh al
Glj*gfiﬂ
0.1 0.100
0.2 0.197
0.5 0.462
1.0 0.762
1.5 0.905
2.0 0.964
2.5 0.987
3.0 0.995
4.0 0.999
5.0 1.000
a = \VhplkA,.,
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Proper Length of a Fin

To get a sense of the proper length of a fin, we compare heat transfer from a fin of
finite length to heat transfer from an infinitely long fin under the same conditions.

The ratio of these two heat transfers is,

Hear transfer OV hpkA, (T, — T.) tanh al

o . — = tanh al
ratno: Q 1o fin NhpkA (T, — Ts)

Because of the gradual temperature drop along the fin, the region near the fin tip
makes little or no contribution to heat transfer.

Using a hand calculator, the values of tanh aL are evaluated for some values of aL
and the results are given in the Table. There for a fin whose length is L= a/5 can be
considered to be an infinitely long fin. We also observe that reducing the fin
length by half in that case (from aL=5 to aL=2.5) causes a drop of just 1 percent
In heat transfer. We certainly would not hesitate sacrificing 1 percent in heat
transfer performance in return for 50 percent reduction in the size and possibly the
cost of the fin. In practice, a fin length that corresponds to about alL_=1 will transfer
76.2 percent of the heat that can be transferred by an infinitely long fin.

Q=hAfin(To- Tw)=hAin AT
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Example:1 Heat Transfer from Finned Steam Pipe

Steam in a heating system flows through tubes whose outer diameter is
D, = 3 cm and whose walls are maintained at a temperature of 120°C. Circu-
lar aluminum fins (k = 180 W/m - °C) of outer diameter D, = 6 cm and con-
stant thickness t = 2 mm are attached to the tube, as shown in Fig. 3-48. The
space between the fins is 3 mm, and thus there are 200 fins per meter length
of the tube. Heat is transferred to the surrounding air at T, = 25°C, with a com-
bined heat transfer coefficient of h = 60 W/m?2 - °C. Determine the increase in
heat transfer from the tube per meter of its length as a result of adding fins.

Solution:

For finned tube of Length 1m = 1000mm

1000
(2+3)

Number of fins per 1m = = 200 fins

Analysis In the case of no fins, heat transfer from the tube per meter of its
length is determined from Newton’s law of cooling to be

Ao fin = ™D,L = w(0.03 m)(1 m) = 0.0942 m?
Qno fin — hAno ﬁn(Tb - T.)
= (60 W/m? - °C)(0.0942 mz)(l20 - 25)°C
=537TW

The efficiency of the circular fins attached to a circular tube is plotted in Fig.
3-43. Noting that L = }(D, — D;) = (0.06 — 0.03) = 0.015 m in this case,
we have
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r (003 + % X 0.002) m
Niin = 095

r, + 1
2 = =9
ry 0.015m 20
60 Wim__¢ = 0.207

h
iy JE—co 1 >
(L +31) |3y = 0015+ 3 X 0.002) m X {He5N/m - °C)(0.002 m)

Agn = 2T(rF — rd) + 2mryt
= 27[(0.03 m)> — (0.015 m)*] + 2m7(0.03 m)(0.002 m)

= 0.00462 m?
Qﬁn = TII"mQﬁn. max T'ﬁnhAﬁn (T, — T)
= 0.95(60 W/m?2 - °C)(0.00462 m?)(120 — 25)°C
=250W

Heat transfer from the unfinned portion of the tube is

Ayurn = ™D,S = w(0.03 m)(0.003 m) = 0.000283 m?>

Qunﬁn = hAunﬁn(Tb - Tx)
= (60 W/m? - °C)(0.000283 m?)(120 — 25)°C
= 1.60W

Noting that there are 200 fins and thus 200 interfin spacings per meter length
of the tube, the total heat transfer from the finned tube becomes
n(Qgn + Ountin) = 200(25.0 + 1.6) W = 5320 W

Qluml, fin —
Therefore, the increase in heat transfer from the tube per meter of its length as

a result of the addition of fins is
Qincrease = Qlom], fin ~ Qno fin 5320 — 537 = 4783 W (Pel‘ m tube leng[h)

Discussion The overall effectiveness of the finned tube is

Qlolal. fin 5320 w
=S37w 29

Efin, overall — -
Qlolal, no fin

That is, the rate of heat transfer from the steam tube increases by a factor of
almost 10 as a result of adding fins. This explains the widespread use of finned

surfaces.
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H.W

Q: A hot surface at 100°C is to be cooled by attach-

ing 3-cm-long, 0.25-cm-diameter aluminum pin fins (kK =
237 W/m - °C) to it, with a center-to-center distam;,_e of 0.6 cm.
The temperature of the surrounding medium is 30°C, and the
heat transfer coefficient on the surfaces is 35 W/m? - °C.
Determine the rate of heat transfer from the surface for a
I-m X 1-m section of the plate. Also determine the overall

effectivenegs of the fins. Ans. Q=174kW , &g =71

AScm

0.6
cm

) 0.25
CImn

A
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