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Abstract

The louvered fin heat exchanger is a very widely used method to increase the
compact heat transfer coefficient on the air-side of condensers by adding fins and
initiating new boundary layer growth and increasing surface area. The governing
equations of such application are the Navier Steckes equation and energy equation. A
two-dimensional, turbulent, compressible flow is simulated and solved. The solution
gives the distributions of velocity and temperature (which is represented by Nusselt
number). Laminar and turbulent flow were studied experimentally and only turbulent
flow was studied theoretically, for a range of Re , 230 to 8100 with constant inlet
temperature of 21C'with two angles of louver fin27 and 35 . The ideal geometry for
heat transfer performance was determined to be dependent on Reynolds number. At
lower Reynolds number the optimal geometry was found to bed = 27° and at high
Reynolds number the ideal geometry was determined to bé = 35°, Fp/Lp = 0.587
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Introduction superior heat transfer performance.

Compact heat exchangers with Heat exchangers have become widely
louvered rather than continuous fins used in many products notably
on the airside are used extensively in residential space-conditioning, finned-
the trucking industry because of their tube condenser heat exchangers.
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Louvered fins typicaly have a
higher overall heat transfer as
compared with continuous fins for use
in compact heat exchangers. Unlike
continuous fins, louvered fins produce
increased heat transfer because of the
new start of the boundary layer
formation on each louver surface. The
flow is noticeably deflected by the
growing displacement boundary layer
as it passes each louver. The flow in
these geometries is duct-directed, and
at higher Reynolds numbersThe flow
becomes more louver-directed it tends
to follow the louvers rather than
remain in the ducts. [1]. Figure (1) and
(2) shows the actual displacement of
the flow [2]. The largest errors occur
a the end of the louver, where the
more duct-directed flow tends to push
the dye streak line back downstream as
the boundary layer grows. Louvered
fins enhance air-side heat transfer
primarily  through  boundary-layer
restarting. Vortex shedding may aso
cause a small heat transfer increase
above some critical Reynolds numbers
.The degree to which the flow is
aigned with the louvers, flow
efficiency, and depends on Reynolds
number, louver angle, the ratio of fin
pitch to louver pitch. It was observed
that as air passes through the louvers,
the flow results in two distinct flow
directions to be classified It was
observed that as air passes through the
louvers, the flow results in two distinct
flow directions to be classified: axial
(or duct) directed flow and louver
directed flow. Louver directed flow
occurs when the flow is aligned
pardlel to the louvers. Thus, in a
strongly louver directed flow; the
individual louvers essentialy act as
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small flat plates aligned parallel to the
flow. [3] The purpose of the current
research isto carry out experimentally

and theoretically studied to high light
the effect of louver angle on the
performance of thislouvered flows.

2. Experimental facility and Related
Equations:

A schematic of the open-loop test rig
used for this study is shown in Figure
3. The test rig consisted of four
sections: centrifugal fan, inlet nozzle
with a screen at the entrance, and a
louver test section. The quantity of air
flow across the duct is controlled by
adjusting the fan using the selector
switch. Each of the inlet nozzles with a
screen at the entrance of sgquare pipe
(15*10) cm with length of (2) m. The
next section of the test facility
consisted of the louver test section
containing the louver array. The width
of the test section was 14.5 cm while
the height depended on the fin pitch
for the various models. The number of
fin rows is 4. The number of louversin
the stream wise direction remained 13
for al of the models tested The louver
thickness and louver pitch (louver
length) remained constant for all
models. The louver angle and fin pitch
were varied. Details of the important
geometric parameters of each model
are seen in table 1.1t can be noted from

Table 1 that the louver pitch (L ;) and

the louver thickness (t) are constant for
al of the models while the fin pitch
and the louver angle vary. The first
case solved using this model consisted
of applying a heat flux boundary
condition to a single louver at louver
position 6 at afin row in the vertica
center of the flow path. The second
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case consisted of adding additional
Heat flux boundary conditions on the
two vertically adjacent fin rows around
the same louver position as the first
case. Heat transfer predictions on the
original louver were again obtained.
Then, the measurement was obtained
for a fully heated louver array. Heat
transfer predictions with the second set
of boundary conditions differed from
the solution based on a single heated
louver. This series of tests indicated
that heating adjacent rows in the
experimental facility was necessary to
effectively smulate the heat transfer in
an infinite stack of fin rows. The
dimensionless parameters which have
appeared as coefficients in these
equations and in this investigation can
now be listed and given a physical
interpretation.
1.The heat transfer coefficient is
given by the following equation:

[4]

h = L
DT 1)

Where
q isthe surface heat flux (W/m?)

AT is the temperature difference
between the local surface temperature
and areference temperature. (C)

Colburn factor, j. The Colburn factor
is a non-dimensional heat transfer
coefficient and is defined as: [5]

2

j=h_pre )
G, C
Where:

h isthe heat transfer coefficient
Pr isthe Prandtl number

of air evaluated at the film temperature

And

G; isthe maximum mass velocity [6].

The maximum mass velocity is defined

as

G = m_
A

m - represents the flow rate through

the entire flow facility
And

Ay Isthe free flow area of each louver

model.
The free flow areais calculated by:

A, = A, - ntw e (4)
Where;

An. represents the inlet area to the

test section.

n; isthe number of louver rows.

t ;isthe thickness of each louver.

w ;is the span wise width of each

louver

General Governing Equations
Airflow is governed by the

equations in Cartesian coordinates for

the velocity field of Navier-Stockes

equations in two dimensions and the

continuity equation, for the

temperature field is the energy

equation [7]. These equations are as

follows:

Continuity equation,
i ru+ i rv=0
X Ty (5)

X- Momentum equation (x-direction)

1

——1ruu+ iruv=
Tx Ty
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y- Momentum equatior{y-direction)

iI’UV+ iI’VV=
fix y
1 1\ 1 1\
ﬂX_(mW)-‘— V(m'ﬂ_y)JrS’
....(6)
Energy equation ..(7
—_— G— — (G—
ﬂx ( )t Ty ( ﬂy)
(e el *S
iy
..(8)
Su= gt ( My ““)*J (M )+
rg(T- T, )sin(@)
.9
SV:'ﬂy ‘ﬂx ( My g ﬂu) 7(n5ﬁ ﬂv)"
rogb(T- Tef)cos(q)
...... (10)
Where
I t
r—r - o t—-
R R,
...(12)
w in equation for turbulent flow
is equal to M the value of
Mt is
My =m+m (12)
The (k-€) model takes the
following forms for two-
dimensional steady flow:
Turbulence energy, k
T—E{ruk+%rVk—%(C§$) %@WHG Gret+G,
...(13)
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Dissipation rate

1 1 T, -%,. 97,79
— +— = (G )+—(G)+
‘ﬂxIrue ‘ﬂyme ﬂx(Qﬂx) ‘ﬂy(Gé‘ﬂy)

eZ

k ...(14)
The General Transport Equation

The transport equations for
continuity, momentum, energy, and
the turbulence scales k ande, which
are mentioned in chapter three, all
have the general form [8]

CIE(GS +Gg) - Cor

1 1 1 1

D)+ (r )=

1}((f )+‘E/(r ) 1}((G )i (GW)*S
...(15)

Wheref isthe dependent variable
and S is the source term which has
different expressions for different
transport equations. The convection
and diffusion terms for al the
transport equations are identical with
G  representing the  diffusion
coefficient for scalar variables and the
viscosity mfor Vector variables

Two-Dimensional Discretisation
Equation

The discretisation equation in
two-dimensions based on the genera
differential equation (5) is

aefE+a7J°w+aqu+85fs- (ap' %)fp'*'Sn:O
(16)
We obtain the distribution of the
property @ in a given two-dimensional
situation by writing discretised
equations of the form above at each
grid node of the subdivided domain.
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8. The Pressure and Veocity
Corrections

The momentum equations can be
solved only when the pressure field is
given or is somehow estimated. Unless
the correct pressure field is employed,
the resulting velocity field will not
satisfy the continuity equation. Such
an imperfect velocity field based on a
guessed pressure field P* will be
denoted by u*and v*. Discretised
momentum equations (7), (8) are
solved using the guessed pressure field
to yield guessed velocity components
u*and v*, asfollows;

(8, S)Uw =8 3w +(Ru- Ry)A, +5,
.. (17)
(ag- ss)v*s =34 anbv* nb +

(R's- R p)Ag+ Sy
... (18)
In these equations, the velocity
components and pressure have been
given the superscript *.
9. Result and discussion
The results have been obtained
numerically and experimentaly. The
numerical results show two -
dimensional, turbulent, heat transfer
coefficient and Colburn factor in
heated louvered with geometry angle
of louver 27° and 35'. The fluid enters
to the duct in left side through heated
louver fin.
The numerical results were taken at air
inlet temperature 21.5C. Figure 5 and
6 shows the comparison between
Nusselt number and colburn factor for
each front and back heat transfer
coefficient in five louver fin positions
it can be seen in this high heat transfer
coefficients are shows in louverl for
all Reynolds number because the cool

inlet ar that passed between the
entrance louvers impinged on the front
side of louver 1, increasing the thermal
driving potential at this position and
increasing the heat  transfer
coefficients. Figures 7and 8 show
experimentally the Nusselt number
due to bulk temperature data for 6 =
27° and varied Reynolds number 135,
1350, 2700 and Fp/Lp = 0.587.

Figures 9and, 10 show experimentally
the Nusselt number due to bulk

temperature data for 6 = 35° and

varied Reynolds number 135, 1350,

2700 and Fp/Lp = 0.587.

Conclusions

Heat transfer performance was
determined to be dependent on
Reynolds number. High heat transfer
at the leading edge that decreased over
the length of the louver with the
increasing boundary layer thickness.
The Colburn factor for all Reynolds
numbers had the same trends for other
louver models.

Heat transfer coefficient at front side
for al Reynolds numbers are greater
than the heat transfer coefficients on
the back side,

1. louver 1 are notably higher
than for the other louvers in
the array

2. Heat transfer coefficient at
front side for al Reynolds
numbers are greater than the
heat transfer coefficients on
the back side,

3. louver 1 are notably higher
than for the other louvers in
the array

the optimal geometry was found to be
0 = 27° and at high Reynolds number
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e

Figure (1) Measurement of the dye streak deflection
shows boundary layer growth [2]

Figure (2) Louvered fin geometry, the two main directions of
flow (duct-directed and louver directed)[3]
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Figure (3) Schematic diagram of thetest rig

Figure (4) Test Section
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Figure(6) Colburn factor predicted based on the bulk flow temperature

Asreferencefor Re=8100 and q=27
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Figure (8) Colburn factor measuremeni based on the bulk flon temperature
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Figure (10) Colburn factor measuremeni based on the bulk flow temperature
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