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THE INFLUENCE OF STRIP LOCATION ON
THE PRESSURE DROP AND HEAT TRANSFER
PERFORMANCE OF A SLOTTED FIN

W. Q. Tao
School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an,
People’s Republic of China

Y. P. Cheng and T. S. Lee
Laboratory of Fluid Mechanics, Department of Mechanical Engineering,
National University of Singapore, Singapore

In this article, a numerical study is conducted to predict the air-side heat transfer and press-

ure drop characteristics of slit fin-and-tube heat transfer surfaces. A three-dimensional

steady laminar model is applied, and the heat conduction in the fins is also considered. Five

types of slit fins, named slit 1, slit 2, slit 3, slit 4, and slit 5, are investigated, which have the

same global geometry dimensions and the same numbers of strips on the fin surfaces. The

only difference among the five slit fins lies in the strip arrangement. Slit 1 has all the strips

located in the front part of the fin surface, then, following the order from slit 1 to slit 5, the

strip number in the front part decreases and, correspondingly, the strip number in the rear

part increases, so that all the strips of slit 5 are located in the rear part. Furthermore, slit 1

and slit 5, slit 2 and slit 4, have a symmetrical strip arrangement along the flow direction.

The numerical results show that, following the order from slit 1 and slit 5, the heat transfer

rate increases at first, reaching a maximum value at slit 3, which has the strip arrangement

of ‘‘front coarse and rear dense’’; after that, it begins to decrease, as does the fin efficiency.

Although they have the symmetrical strip arrangement along the flow direction, slit 5 has

7% more Nusselt number than slit 1, and slit 4 also has 7% more Nusselt number than slit

2, which shows that strip arrangement in the rear part is more effective than that in the front

part. Then the difference of heat transfer performance among five slit fins is analyzed from

the viewpoint of thermal resistance, which shows that when the thermal resistances in the

front and rear parts are nearly identical, the optimum enhanced heat transfer fin can be

obtained. This quantitative rule, in conjunction with the previously published qualitative

principle of ‘‘front sparse and rear dense,’’ can give both quantitative and qualitative guides

to the design of efficient slotted fin surfaces. Finally, the influence of fin material on the

performance of enhanced-heat-transfer fins is discussed.
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INTRODUCTION

Plate fin-and-tube heat exchangers, as shown in Figure 1, are widely used in
various engineering fields, such as heating, ventilation, air conditioning, and refriger-
ation (HVAC&R) and air intercoolers. The cooling water or refrigerant usually
flows in the tubes, and the air passes through the passages between the two adjacent
fins. As the air-side thermal resistance often accounts for about 90% of the overall
thermal resistance, it is necessary to reduce it by adopting enhanced-heat-transfer
fins. Generally, there are three types of plate-fin surface: plain plate fins, corrugated
plate fins, and slotted fins. Because of the excellent performance of the slotted fin, it
has gained considerable attention and seen increasing use. According to recent inves-
tigations [1–4], the essence of heat transfer enhancement of the slotted fin is attrib-
uted to the improvement of the synergy between the velocity and the temperature
field.

NOMENCLATURE

A heat transfer area, m2

cp specific heat at constant pressure,

kJ=kg K

De outer tube diameter, m

f friction factor

h heat transfer coefficient, W=m2 K

L fin depth in air flow direction, m

Dp pressure drop, Pa

Q heat transfer rate, W

R thermal resistance, K=W

Re Reynolds number

T temperature, K

DT log-mean temperature

difference, K

u velocity in x direction, m=s

v velocity in y direction, m=s

w velocity in z direction, m=s

C diffusion coefficient ð¼ k=cpÞ
g fin efficiency

k thermal conductivity, W=m K

m dynamic viscosity, kg=m s

q air density, kg=m3

Subscripts

in inlet

m mean

max maximum

min minimum

out outlet

w wall

Figure 1. Schematic diagram of a fin-and-tube heat exchanger.

464 W. Q. TAO ET AL.
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strips. The louvered fin surface has very high heat transfer coefficient, but its press-
ure drop penalty is sometimes so great that prevents its wide application. For
example, Yun and Lee [5] used a scaled-up model in their experiment and compared
the performance of the plain fin, louvered fin, and three slit fins, and the results
showed that all the slit fins have greater j factor and smaller f factor than those of
the louvered fin. The better performance of the slit fin than the louvered fins is also
demonstrated in the study by Kang et al. [6]

The slit fin was first studied by Nakayama and Xu [7], who presented test
results for three samples, based on which a correlation on heat transfer and friction
factor was developed. They also reported that the heat transfer coefficient can be
78% higher than that of the plain fin at 3-m=s air velocity. Later, Hiroaki et al.
[8] also investigated experimentally three kinds of slit fins with a high density of
strips and an X-shape arrangement. Their results indicated that the heat exchanger
with the slit fin can have one-third less volume than that with the plain fin. Recently,
Wang et al. [9] and Du and Wang [10] did a systematic experimental investigation of
the slit fin with tens of samples, and provided experimental correlations of heat
transfer and friction factor. Besides the investigation of the performance of the whole
fin surface, there is also some research on particular geometry parameters. Yun and
Lee [11] analyzed the effects of various design parameters on the heat transfer and
pressure drop characteristics of the heat exchanger with slit fins, and they also pre-
sented the optimum value of each parameter. Kang and Kim [12] studied the effect of
strip location on the heat transfer and pressure drop; according to their experimental
results, the slit fin with all the strips located in the rear part of the fin surface has
higher heat transfer rate and lower pressure drop than that with all the strips located
in the front part.

Because of the complex geometry configuration, it is very expensive and time-
consuming to perform a comprehensive investigation of the performance of a slit fin
surface by experiment. For example, in order to develop the correlations of heat trans-
fer and friction characteristics, Du and Wang [10] considered 50 slit fins with different
geometry dimensions. However, with the emergence of computers with high speed and
large memory, numerical modeling, once validated by some test data, becomes a cost-
effective and time-saving method to carry out such a parametric study.

Sheui et al. [13] conducted a numerical investigation of the slotted fin with par-
allel strips and wavy strips in early time. By virtue of topological study, they did a
thorough study on the flow. Recently, Qu et al. [3] simulated four types of fins with
the same geometry dimensions as those used in Kang and Kim’s experiments, and
their results agreed well with the experimental results. Furthermore, Qu et al. also
explained why the slit fin with all the strips on the rear part gives better performance
than that with all the strips on the front part, from the viewpoint of the field synergy
principle [1, 2]. They reported that the better performance lies in the better synergy
between the velocity and the temperature gradient. According to this principle,
Cheng et al. [4] designed an efficient slit fin with the strip arrangement of ‘‘front
sparse and rear dense.’’ However, for the engineering application of this principle,
it is required to give some quantitative description of the strip location arrangement.
In this article, the influence of strip arrangement on the heat transfer and friction
performance is analyzed in detail, and apart from the principle of ‘‘front sparse

HEAT TRANSFER PERFORMANCE OF A SLOTTED FIN 465
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viewpoint of thermal resistance. With the method introduced in this article, an
efficient slit fin can be designed more easily, instead through a purely empirical
trial-and-error method. The effect of thermal conductivity on the heat transfer
enhancement is also given and explained.

In the following presentation, the physical model and numerical formulation
for five different types of slit fins is first presented, followed by detailed descriptions
of the numerical treatment. Then, numerical results are provided. In this part, focus
is first put on the reliability of the physical model and the code is developed, then a
comparison among five types of slit fins is conducted and their heat transfer per-
formance is analyzed from the viewpoint of thermal resistance. The influence of
fin material on the heat transfer performance is also addressed. Finally, some con-
clusions are drawn which will be helpful in the design of new enhancement surfaces.

PHYSICAL MODEL

The geometry of five types of slit fins used in air intercoolers is shown in
Figure 2. There are three tube rows along the flow direction, which are arranged
in a staggered way. For all five slit fins, the global geometries are of the same dimen-
sion. Along the flow direction there are 10 lines of strips, which protrude upwind and
downward alternatively, and in the same numbering line the total spanwise length of
the strips is also approximately the same. The only difference among the five slit fins
lies in the strip arrangement on the fin surface. Slit 1 has all the strips located in the
front part of the fin surface. Following the order from slit 1 to slit 5, the strip number
in the front part decreases and, correspondingly, the strip number in the rear part
increases, so that all the strips of slit 5 are located in the rear part. Furthermore, slit
1 and slit 5, slit 2 and slit 4 have symmetrical strip arrangements along the flow direc-
tion. The cooling water goes through inside the tubes, and the air to be cooled flows
along the fin surfaces. The heat is transmitted from the air to the tube wall and the
fin surface, then to the cooling water. Because the heat transfer coefficient between
the cooling water and the inner wall of the tube is quite high, and the tube and the fin
are made of copper, which has high thermal conductivity, the tube is assumed to be
at constant temperature. However, the temperature distribution in the fin surface is
to be calculated, so the problem is conjugated in that both the temperature in the fin
surface and in the fluid are to be determined simultaneously [14]. In the numerical
simulation, the air is assumed to be incompressible and dry with constant physical
properties, and a three-dimensional steady laminar model is adopted. The numerical
simulation is carried out under dry condition, hence there is no any water vapor con-
densation at the tube surface. The detailed geometries of the five slit fins simulated
are presented in Table 1.

MATHEMATICAL FORMULATION

Computational Domain

Figure 3 shows the computational domain for slit 3. Here x is set as the stream-
wise coordinate, y as the spanwise coordinate, and z as the fin pitch direction.

466 W. Q. TAO ET AL.
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Because of the geometry characteristics of symmetry and period, the computational
domain is the region between the centerline of two adjacent tubes in the y direction
and between the middle of two neighboring fins in the z direction. It should be noted

Figure 2. Geometry configuration of five patterns of slit arrangement.

Table 1. Simulation conditions

Tube outside diameter 19.1 mm

Longitudinal tube pitch 25.0 mm

Transverse tube pitch 25.0 mm

Fin thickness 0.3 mm

Fin pitch 2.5 mm

Strip width 2.0 mm

Strip height 1.25 mm

Tube temperature 308 K

Inlet air temperature 403 K

Inlet frontal velocity 2–10.0 m=s

HEAT TRANSFER PERFORMANCE OF A SLOTTED FIN 467
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that in the x direction the computational domain is extended upstream 1.5 times the
streamwise fin length so that a uniform velocity distribution can be assigned at the
inlet. At the same time, the domain is extended downstream 10 times the streamwise
fin length, so the recirculation will not appear in the domain outlet, and the one-way
coordinate assumption can be adopted there.

Governing Equations and Boundary Conditions

The governing equations for continuity, momentum, and energy in the compu-
tational domain can be expressed as follows.

Continuity equation:

q
qxi
ðquiÞ ¼ 0 ð1Þ

Momentum equations:

q
qxi
ðqui ukÞ ¼

q
qxi

m
quk

qxi

� �
� qp

qxk
ð2Þ

Energy equation:

q
qxi
ðqui TÞ ¼ q

qxi
C
qT

qxi

� �
ð3Þ

where C ¼ k=cp:
Because the governing equations are elliptic, boundary conditions are required

for all boundaries of the computational domain. The required conditions are
described for the three regions as follows.

Figure 3. Computational domain of slit 3.

468 W. Q. TAO ET AL.
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8 1. In the upstream extended region (domain inlet)

At the inlet : u ¼ const Tin ¼ const v ¼ w ¼ 0 ð4aÞ

At the upper and lower boundaries :
qu

qz
¼ qv

qz
¼ 0 w ¼ 0

qT

qz
¼ 0 ð4bÞ

At the front and back sides :
qu

qy
¼ qw

qy
¼ 0 v ¼ 0

qT

qy
¼ 0 ð4cÞ

2. In the downstream extended region (domain outlet)

At the upper and lower boundaries:
qu

qz
¼ qv

qz
¼ 0 w ¼ 0

qT

qz
¼ 0 ð5aÞ

At the front and back sides:
qu

qy
¼ qw

qy
¼ 0 v ¼ 0

qT

qy
¼ 0 ð5bÞ

At the outlet boundary: one-way coordinate assumption

3. In the fin coil region
At the upper and lower surfaces:

Velocity at solid: u ¼ v ¼ w ¼ 0 ð6aÞ
Velocity of the fluid in the slits: periodic conditions

Temperature for both solid and fluid: periodic conditions

At the front and back sides:

Fluid region:
qu

qy
¼ qw

qy
¼ 0 v ¼ 0

qT

qy
¼ 0 ð6bÞ

Fin surface region: u ¼ v ¼ w ¼ 0 ð6cÞ
Tube region: u ¼ v ¼ w ¼ 0 Tw ¼ const ð6dÞ

Temperature condition for

both fin and fluid regions:
qT

q y
¼ 0

ð6eÞ

It may be noted that for the overall heat transfer process from the air side to
fluid in the tube, the thermal resistance of the inner fluid side is much less than
that of the air side. In addition, the tube wall is made of copper, which has very high
thermal conductivity. Thus, the assumption of constant tube wall temperature is a
well-accepted practice in the literature even though the air-side local heat transfer
coefficient around the tube periphery may be different.

Numerical Methods

The elliptic equations are solved by the full-field computational method.
Because of the conjugated nature of the problem, the fin surfaces are considered
as a part of the solution domain and will be treated as a special fluid with infinite

HEAT TRANSFER PERFORMANCE OF A SLOTTED FIN 469
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conductivity of the fin and fluid adopt individual values, while the heat capacity
of the fin surface takes the value of the fluid [14, 15]. The circular tube is approxi-
mated by the stepwise method; in order to guarantee its constant temperature, a very
large value of the thermal conductivity is assigned to the tube region. Because of the
complex geometry of slit fins, a special array called LAG is introduced to identify
different regions, including fluid, fin base, tube, and strips. The computational
domain is discretized by nonuniform grids, with the grids in the fin coil region being
finer and those in the extended regions being coarser. Governing equations are dis-
cretized by the finite-volume method [14, 16]. In order to improve the efficiency and
accuracy of the code, the convection term is discretized by the SGSD scheme [17].
The coupling between pressure and velocity is implemented by the CLEAR algor-
ithm [18, 19]. The total grid points are 211� 85� 24, and the grid independence
study has been conducted by Cheng et al. [4]. The convergence criterion for the velo-
city is that the maximum mass residual of the cell divided by the inlet mass flux is less
than 5.0� 10�6, and the criterion for temperature is that the difference between two
heat transfer rates obtained from an iteration and after 50 successive iterations is less
than 1.0� 10�6.

According to heat transfer theory [20, 21], the fin efficiency is defined as

gfin ¼
Qreal

Qideal
ð7Þ

where Qreal is the actual heat transfer rate between the air and the fin surface and
Qideal is the ideal heat transfer rate when the fin temperature is equal to the tube tem-
perature TW. To implement the ideal situation, we just artificially give the fin surface
a very large value of thermal conductivity, say, 1.0� 1030, which leads to the results
of uniform temperature of the fin surface equal to the value of the tube wall.

RESULTS AND DISCUSSION

Parameter Definitions

Some parameters are defined as follows:

Re ¼ qumDe

m
ð8Þ

h ¼ Qreal

A DT g0

ð9aÞ

g0 ¼ ðAtube þ AfingfinÞ=A ’ gfinðAtube=A ’ 0; Afin=A ’ 1Þ ð9bÞ

heff ¼ hgfin ð9cÞ

Nu ¼ heff De

k
ð10Þ

470 W. Q. TAO ET AL.
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Qreal ¼ m
�

cPðTin � ToutÞ ð11Þ

Dp ¼ pin � pout ð12Þ

f ¼ Dp

1=2qu2
m

�De

L
ð13Þ

DT ¼ Tmax � Tmin

log Tmax=Tminð Þ ð14Þ

R ¼ DT

Q
ð15Þ

where um is the mean velocity of the minimum transverse area, De is the outer
tube diameter, Tin and Tout are the bulk temperature of the inlet and outlet of the
fin surface, respectively, and Tmax ¼maxðTin�Tw;Tout�TwÞ, Tmin ¼minðTin�Tw;
Tout�TwÞ, and R is the thermal resistance.

It should be noted that the Nusselt number defined in Eq. (10) is the effective
one, which is proportional to the actual heat transfer rate. For the comparison based
on engineering applications, this effective Nusselt number is more convenient
because it is related directly to the actual heat transfer rate. In the following presen-
tation, this effective Nusselt number will be adopted.

Validation of the Code

The validation of the code has been done in our previous publication (see
Figure 5 of Cheng et al. [4]); for the sake of simplicity it will not be presented here.

Comparison of Nusselt Numbers among Five Slit Fins

In Figure 4 we compare the Nusselt numbers of five slit fins under different
Reynolds numbers ranging from 2.8� 103 to 1.35� 104, and corresponding frontal
velocities ranging from 2 to 10 m=s. As expected, the increase of Nusselt numbers
of the five slit fins becomes mild with increasing Reynolds numbers. It is interesting
to note that slit 1, with all the strips located in the front part, has the poorest
heat transfer performance, and following the order from slit 1 to slit 5, the Nusselt
numbers increase at first, then, after reaching a maximum at slit 3, they begin to
decrease. However, it should be noted that slit 5, with all the strips located in the rear
part, still has a higher heat transfer rate than slit 1. The above numerically predicted
results are in agreement with the experimental data provided by Kang and Kim [12]
and the numerical results obtained by Qu et al. [3]. In the range of Reynolds num-
bers studied, the Nusselt numbers of slit 5 are about 7% higher than those of slit 1,
and a similar phenomenon also appears for slit 2 and slit 4. Although they have
symmetric strip arrangements on the fin surface, slit 4 also has 7% higher Nusslet
numbers than slit 2. From the analysis presented above, we can see that strip

HEAT TRANSFER PERFORMANCE OF A SLOTTED FIN 471
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arrangement in the rear part is more effective than that in the front part. However,
how can we find the optimum strip arrangement as slit 3, which can have 6% higher
Nusselt number than slit 4? This is the major issue that is of concern in the present
article and is discussed in the following presentation.

Comparison of Fin Efficiency

According to Eq. (7), we can get the fin efficiency of the five slit fins; the results
are shown in Figure 5. The fin efficiency decreases with increase of the Reynolds
number or frontal velocity. This is consistent with the common understanding of
heat transfer theory [20, 21]. Similar to the heat transfer performance, following
the order from slit 1 to slit 5, the fin efficiency increases at first, then, after reaching
a maximum value at slit 3, it begins to decrease. Therefore, we know that for slit fins

Figure 5. Comparison of fin efficiency among five slit arrangements.

Figure 4. Comparison of Nu among five slit arrangements.

472 W. Q. TAO ET AL.
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some extent to the fin efficiency.

Comparison of Friction Factors

The variation of friction factors of the five slit fins with Reynolds number
is shown in Figure 6, from which we can see that at low Reynolds number the
differences in the friction factors are quite large, but when the Reynolds number
increases, the differences are reduced. Because most strips of slit 1 and slit 2 lie in
the inlet region, they can interrupt the fluid flow greatly, hence their friction effects
are greater than those of slit 3, slit 4, and slit 5, for which most strips are located on
the rear part, and this phenomenon is more obvious at high Reynolds numbers.
However, under all the Reynolds numbers, slit 3 always has the lowest friction fac-
tor, and because its overall Nusselt number is also always the highest, slit 3 has the
best overall performance.

Comparison of Front and Rear Thermal Resistances

For convenience, we divide the slit fins into two types equally along the flow
direction. In order to investigate further the difference in heat transfer performance
among the five slit fins, the thermal resistances in the front part and rear part are
calculated according to Eq. (15); the results are shown in Figure 7. Following the order
from slit 1 to slit 5, the number of strips on the front surface decreases, hence the
corresponding thermal resistance increases. Similarly, following the same order
from slit 1 to slit 5, because more strips are arranged on the rear part, the heat
transfer performance increases there, so the thermal resistance in the rear part
decreases. The overall heat transfer performance depends on the combination of the
two thermal resistances, in the front part and the rear part. It is noticeable that the
front and rear thermal resistances of slit 3 are almost identical, which can account

Figure 6. Comparison of friction factors among five slit arrangements.

HEAT TRANSFER PERFORMANCE OF A SLOTTED FIN 473
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for its highest Nusselt number among the five slit fins as follows. This discovery can be
understood from heat transfer theory as follows.

For the heat transfer process from the air to the fin, along the flow direction
two thermal resistances can be considered; one is between the air and the front
part of the fin, and the other is between the air and the rear part of the fin. The
two thermal resistances are connected in parallel, and they will determine the air-side
thermal resistances. As we know from heat transfer theory [20], for an overall heat
transfer process composed of several sections in series, the thermal resistances are
serially connected, and among them one or two resistances may be the major ones.
The most important thermal resistance should be first reduced in order to enhance
the heat transfer. Once the most important thermal resistance is significantly
reduced, the overall heat transfer will be greatly enhanced. For example, for the
heat transfer from air to refrigerant, the thermal resistances include from air side
to fin, from fin to tube, from tube outside to tube inside, and from tube inside to
refrigerant. For the above-mentioned case, the air-side resistance and refrigerant-
side resistance are larger than the conduction resistance in the fin and tube wall.
And the air-side thermal resistance should first be reduced. The thermal resistance
reduction of the first major one may cause the thermal resistance of the second
major one to be in a relatively important position. When the two major thermal
resistances are almost the same, the overall heat transfer performance will reach
a nearly optimum situation. The so-called double enhanced tube for phase-change
heat transfer is a typical application example of the above analysis [22]. This analy-
sis can also be applied to each individual section when the thermal resistance of the
section is composed of several parts connected in parallel. For slit 1, the main ther-
mal resistance lies in the rear part, while for slit 5 the thermal resistance in the
front part predominates (see Figure 7). Among the five strip arrangements, only
slit 3 almost attains a balance of the thermal resistances in the front part and
the rear part, hence it has the best heat transfer performance. This gives us a
new guideline: Only when the thermal resistances in the front part and rear part

Figure 7. Comparison of front and rear thermal resistance among five slit arrangements.

474 W. Q. TAO ET AL.
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8 are nearly identical can the optimum fin be obtained. For the plain fin, because the

main thermal resistance is located in the rear part, more strips should be arranged
there to reduce the thermal resistance effectively. Hence the strip arrangement should
abide by the rule of ‘‘front coarse and rear dense.’’ With increase of strips in the rear
part, the difference in thermal resistances between the front part and the rear part of
the fin will be changed. The control of the degree of ‘‘coarse’’ and ‘‘dense’’ in the front
and rear parts should be such that the two parts of thermal resistance are nearly the
same. With this guideline, the design of an efficient fin need not be carried out only
through trial and error; instead, we can obtain the nearly optimum fin when the ther-
mal resistances between the front part and rear part are approaching each other.

Comparison of Ratios of Heat Transfer Rate
Between Front Part and Overall Fin

Figure 8 shows the comparison of heat transfer ratio in the front part with the
overall heat transfer rate. Because the temperature difference between the bulk air
and the fin surface decreases along the flow direction, the heat transfer rate also
decreases, so most of the heat transfer occurs in the front part. With increasing
Reynolds number, the heat transfer ratio decreases. Following the order from slit
1 to slit 5, as fewer strips are arranged in the front part and more strips are put in
the rear part, the heat transfer ratio also decreases, as shown in Figure 8. For slit
5, with the most strips in the rear part, the heat transfer rate is almost equal to that
in the rear part at high Reynolds number.

Comparison of Ratios of Pressure Drop
Between Front Part and Overall Fin

Figure 9 shows the pressure drop ratio in the front part to the total pressure
drop. Unlike the heat transfer ratio above, the pressure drop ratio does not change

Figure 8. Comparison of ratios of front heat transfer rate and total heat transfer rate.
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with increasing Reynolds number for all five slit fins. It is obvious that the more
strips are in the front part, the higher will be pressure drop ratio. For slit 3, with
the best overall performance, the pressure drop in the front part accounts for about
54% of the total pressure drop.

Influence of Fin Material on Fin Performance

The fin material has great influence on the heat transfer performance of the
fins, especially for enhanced-heat-transfer fins. Here we investigate two types of fins
of different materials; one is made of copper, whose thermal conductivity is
398 W=m K, and the other is made of an alloy with thermal conductivity of
18 W=m K, which is often used in some special fields, such as chemical processing.
As we know, from the tube wall to the air there are two thermal resistances in series:
One is the thermal resistance caused by the heat conduction in the fin, which depends
on the fin geometry and thermal conductivity; the second is the convective resistance
from the fin surface to the air, which is strongly dependent on the frontal velocity.
Heat transfer enhancement is focused mostly on how to reduce the convective ther-
mal resistance, and the conduction resistance is usually ignored. When the thermal
conductivity of the fin is low, the conduction resistance can prevail in the overall heat
transmission. Furthermore, after a slit fin is adopted, although the convective ther-
mal resistance can be reduced greatly, the conduction resistance will definitely
increase, so the slit fin may have only a small enhancement effect compared to the
original plain fin, an effect that can be seen clearly in Figure 10. For a fin made
of copper, the Nusselt numbers of the slit fin can be 60–100% higher than those
of a plain fin; however, for a fin made of alloy, the Nusselt numbers of the slit fin
can only be 10–20% higher than those of a plain fin.

From Figure 10 we can also see that the fin material has more influence on the
slit fin than on the plain fin. For example, the Nusselt number of a plain fin made of
alloy can be 50% less than that of a plain fin made of copper, while the Nusselt

Figure 9. Comparison of ratios of front pressure drop and total pressure drop.
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number of a slit fin made of alloy is about 70% less than that of a slit fin made of
copper. But, as expected, the fin materials does not influence the pressure drop,
which is dependent only on the fin-tube geometry and fluid velocity. The predicted
results of the friction factor for a plain fin and a slit fin are shown in Figure 11. In the
whole Reynolds number range, the friction of the slit fin is about 40% higher than
that of the plain fin.

The heat transfer performance of fins made of different materials can be attrib-
uted to the fin efficiency. From Figure 12, we can see that the fin efficiency of fins
made of alloy is much lower than that of fins made of copper. It is very interesting
to note that the slit fin made of copper has a higher fin efficiency than that of a plain
fin made of copper at low Reynolds number, which can be explained as follows:

Figure 10. Nu of plain fins and slit fins with different fin materials.

Figure 11. Computational results of f factor against Re.
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In the low-Reynolds-number region, the convective thermal resistance prevails and
the slit fin has better convective heat transfer, leading to a higher heat transfer rate
under the same temperature difference between the tube wall and the air, thus the fin
efficiency of the slit fin is a bit higher than that of the plain fin. With an increase in
frontal velocity, however, the convective thermal resistance decreases greatly while
the conduction thermal resistance remains the same, hence the latter prevails. The
existence of the strips on the slit-fin surface leads to an increase of the conduction
thermal resistance of the fin, leading to a lower heat transfer rate, hence, the fin
efficiency of the slit fin is lower than that of the plain fin when the Reynolds number
is high. For the fins made of alloy, the conduction thermal resistance is always domi-
nant, according to the above analysis, and the slit fin always has lower fin efficiency
than the plain fin.

Finally, we would like to address one more issue. As can be seen from Eqs. (1)–(3),
a steady-state model is adopted here. A question may arise as to whether the steady-
state model is appropriate for the complicated geometry studied in this articles
because vortex shedding may be formed and hence a transient model is required.
This question has been answered in [23], where both a steady model and a transient
model are used to simulate the plain fin-and-tube heat exchanger at Re ¼ 5,000.
Those results showed that there is less than 1% difference in the average Nusselt
number between the two models. Thus, in order to save computing resources, the
steady model is adopted in this article.

CONCLUSIONS

In this article, the air-side heat transfer and pressure drop of five types of slit
fins were investigated numerically with a three-dimensional laminar model, and the
influence of the strip arrangement on the performance of slit fins was studied in
detail. Then the numerical results were analyzed from the viewpoint of thermal
resistance. The major conclusions are summarized as follows.

Figure 12. Fin efficiencies of plain fins and slit fins with different fin materials.
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8 1. For the case of fixed strip number, when the strip density in the front part

decreases and that in the rear part increases, the Nusselt number increases at first,
then, after reaching a maximum, it begins to decrease, as does the fin efficiency.

2. The slit fin has the best heat transfer performance only when the thermal resis-
tances in the front part and rear part are almost identical, which can be used
as a second guideline to direct the design of enhanced-heat-transfer fins in con-
junction with the principle of ‘‘front sparse and rear dense.’’

3. For five slit fins with different strip arrangements, the ratio of heat transfer rate in
the front part to the overall heat transfer rate decreases with increasing Reynolds
number, while the corresponding pressure drop ratio remains almost constant.

4. The fin thermal conductivity has a greater influence on the heat transfer perform-
ance of the slit fin than on that of the plain fin.
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