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Louvered-fin heat exchanger designed for recovering waste heat from hot buoyant
naturally-induced air

Nat Vorayos* and Tanongkiat Kiatsiriroat

Department of Mechanical Engineering, Facuity of Engineering, Chiang Mai University
50200

Abstract- Heat recovery system is crucial for the effective use of energy where heat
rejection from production processes is unavoidable and must be reused. For the
application of heat exchanger on low-speed hot plume arising from the heat sources in
the production processes, the response of the louvered fins to the low-Reynold’s number
hot gas is yet to be found in the literature. This research work is the investigation on the
effects-of louvered-fin heat exchanger’s design parameters which include fin spacing,
louver pitch, and louver angle on the convective heat transfer between the hot buoyant
naturally-induced air and the louvered fins. The Reynold’s number of the flow is low
and expected to influence the heat characteristic; the j-colburn factor, of the process. In
this work, the heat transfer characteristics of louvered fins subjected to the heated and
low speed air flow with the Reynold’s number (based on the fin pitch) under 500 is
determined both experimentally and numerically using computer simulations. The first
part of the work is conducted on the computational fluid dynamic’s subroutines. In a
good agreement with previous existing investigations, it reveals that Raynold’s number;
the speed, of the incoming naturally-induced fluid into the louvered fins influences flow
configuration such that more flow tends to flow through the louvers instead of the fin
channel when the speed increases. The louver surfaces receive more hot air flow and
result to the increasing of corresponding heat transfer rate. An experiment confirms the
influences obtained from the computational models and further emphasizes an effect of
louver’s inclination angle, fin spacing, and louver pitch. When fin angle increases
toward 30 degree, duct flow though the fin channel deviates into louvers and, hence,
achieve more louver flow pattern and heat transfer. However, the heat transfer rate
decreases as the angle approaches 35-40 degree. The decreasing aspect ratio between
the fin spacing and louver pitch also induces more hot buoyant air into louver-formed
channels increasing the heat transfer rate. It is found out that the louvered pitch ratio of
1 at the louver angle of 30 yields the highest j Colburn factor. The experiment reveals
the conceptual design of the heat exchanger to be used for recovering heat from the low-
speed hot air plume which is, otherwise, rejected into the atmosphere without
effectiveness consumption,

Keywords -Louvered fins, compact heat exchanger, waste heat recovery
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7.1 ABTRACT

Design parametric studies of a louvered-fin compact heat exchanger are carried out where fin pitch
relative to the louver pitch and the angle of the lovers are investigated under the heat transmission from
the hot buoyant plume of which the Reynolds number based on louver pitch is considered to be low.
Experiments were conducted on the 15:1 scaled-up louver fin models. It is found that the highest j
Colburn factor for such low Reynolds number flow emerges when the louver pitch
ratio is 1 and louver angle is 30, respectively.

7.2 INTRODUCTION

Louvered fin compact heat exchangers (Fig.1) are used in a variety of applications including heat
rejection system in automobiles, residential air-conditionings, oil coolers, and radiators. One of the
most important objectives in the investigations regarding to these compact heat exchangers has been
focusing on developing high performance heat exchangers without sacrificing the lightness and small
volume. Achaichia and Cowell [1] were the first to experimentally verify that it is relatively important
to design louvered fins in a way such that the flow is louver directed rather than duct directed (Fig.2a
and b). Their study indicated an increase in heat transfer coefficients as the flow transitioned from
being duct direct to being louver directed. Zhang et al [2] studied the effect of Reynolds number, fin
pitch, louver thickness and louver angle on flow efficiency in multi-louvered fins. Results showed that
flow efficiency was strongly dependent on geometrical parameter, especially at low Reynolds Number.
Flow efficiency increases with Reynolds number and louver angle but it decreases with fin pitch and
thickness ratio. Ralph and Webb [3] used a dye injection technique with 10:1 models in their work. The
geometrical parameters, louver pitch, louver angle and fin pitch were varied to determine their effect on
the flow structure. Tests covered Re of 400-4000 based on louver pitch. It was found that when louver
angle and louver pitch increased the flow efficiency was increased, representing the louvered-directed
flow where heat transfer is increased but if the fin pitch increased the flow efficiency was decrease.

Lyman et al {4] presented a method for evaluating the spatially resolved louver heat transfer
coefficients using various reference temperatures, such as the bulk flow temperature and adiabatic wall
temperature, to define the convective heat transfer coefficients. It was found that larger fin pitches and
higher louver angles were better performance at the lower Reynolds numbers. At high Reynolds
numbers, the performance is highly influenced by how many louvers downstream the heated wakes
influence. Louver geometries in which the louvers are nearly aligned do not provide a good design
from heat transfer perspective, particularly for high Reynolds numbers. The heat transfer coefficients
based on the bulk flow temperature for a particular louver did correlate closely with its local thermal
field indicating the dominant importance of the thermal field approaching a particular louver, The
objectives of previous literature were to design the heat exchanger so that high-performance and low
pressure drop are achieved in which the forced convection heat transfer dominates. In contranst, this
research work used 15:1 scaled-up model of louver fins to study the effects of the geometry in
corresponding to the low Reynolds number flow of hot buoyant air plume which has never been
investigated before.
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Fig.1 Iilustration of the louvered plate fin heat exchanger and parameters of louvered fins geometry
(Springer and Thole)

The objective of this study is to study the effect of the geometrical parameters including the
fin pitch (F;), louver pitch (L;) and louver angle (8) of the louver fins to clarify the better design
parameters for the louvered compact heat exchanger to be used the heat recovery system from hot
buoyant air plume which is normally rejected in food industries.

Duct-directed lowwer gap

flow v | G

()
—N\,\ NN

Louver-direct I | Sonver gip
flow

— N\ N NN
®)

Fig.2 a) Duct-directed flow b) Louver directed-flow through a typical louver array (Springer)

7.3 THEORY AND PRINCIPLE

From the Newton’s law of cooling, the predictive equation for the convective heat flux ¢ [W/m’] is
suggested as )

d =%=h(rw -T,) W

where h is heat transfer coefficient
A is the louver surface area
Ty is louver wall temperature
Treris the free steam temperature used as the reference temperatare
For the low speed external flow application, the free stream temperature is taken as the reference
temperature, and for internal flow applications the bulk flow temperature is taken as the reference
temperature (Lyman et al.)
Q in equation (1) can also be solved by

Q =m'c, (AT, + AT,) @

where AT, and AT are the water inlet and outlet temperature differences.
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Additionally, the convection heat transfer coefficient of air on the side can be represented in a form
of Colbum factor (j) as

2
j= i 3
Ge,
where G is the maximum mass velocity can written as
m' A v
G=" o £ 4)
Aft' Aff

Ay is the minimum cross sectional free flow area
Ap is the test section cross area

74 EXPERIMENTAL APPARATUS

In this investigation, the experiment set up as seen in Fig. 3a) in the investigation consisted of 1000-
watt heater as the heat sources to naturally induce hot air with low speed to rise upward through
louvers fin situated far above. The louver pitch, fin pitch and louver angle can be varied.

Inverter

X\ 2

GI*

Water outlet

L

Water inlet

AL TNNNNNL
PP ARNNNNNE
VPP PARNNNNNE
777NN\

—
(=3
Rl

—
&

Twi ] /‘b \ . T\vo 2

Fig. 3 a) Experimental test set up b) the test section c¢) louver fin design with scale up 15:1 louver
models
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The power of the heater can varied as the voltage input is altered. Air plume’s velocity is measured
using anemometer and pitot tube. The natural convective heat transfer is then achieved by circulating
the cooling water to both sides of each louver blade by using a % hp centrifugal pump as seen in Fig.
3b). Its flow rate is measured by the flow meter and Rota meter. The water inlet and outlet separate in
two ducts as shown in Fig 3c).

In the experiment all of the louver surfaces were attached with thermocouples where surface
temperatures were recorded under the steady-state condition to determine the average louver surface
temperature.

7.5 RESULT

The data were taken for three values of fin-to-louver pitch ratio (Fp/Lp = 0.75, 1, and 1.5) and five
louver angles (6 = 18°, 23°, 30°, 35°, and 40°). Fig. 4 shows the Colburn factor for each louver
position for all louver angle. In Fig.4a, for small ratio of F/L;, the Colburn factor of 23, 30, 35 and 40
of louver fin angle there are close. The Colburn factor at the fist of louver position are larger than other
positions along the louver length showing the high value of convective heat transfer coefficient after
which the flow gains heat and the heat coefficient is lower as one might expected The Colburn factor,
henceforth, becomes uniform throughout the louver length.

Colburr Factor Fp/Lp=0.75
0.35
0.3 5
0,25 4
0.2 5
~ o5
0.1
0.05
[
1 2 3 4 5 6 7 ] ]
position
(2)
Colbura Facter Fp/lLp =
0.35
0.3 -
% ——18
o 02 ]
0,15 - 30
0.1 - wiiee - 35
0.05 1 ——40
0 T 7 T T T T
1 2 3 4 5 8 7 8 g
position
(b)
Colburn Faclor Fp/Lp = 1.5
0.3%
0.3 4
0.25 ——18
0.2 4 —%.—23
o154 30
0.1 4 ]
0.05 —%—40
0
i 2 3 4 S 3 7 8 ]
position
(c)

Fig.4 Colburn factor for each position of all louver angle a) Fp/Lp =0.75b) Fp/Lp=1c) Fp/Lp=1.5
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7.5.1 Effect of fin to louver pitch ratio

The flow must choose whether it will follow the louver direction, the duct direction, or some
intermediate angle between the two directions. Which direction it goes will depend on the hydraulic
resistance (the duct between the louvers in Fig.2) of the flow path in the louver direction relative to that
in the duct direction. As F/L, increased (with L, is fixed and the fin spacing increases), it appears that
this wider fin spacing reduces the hydraulic resistance in the duct direction relative to that in the louver
direction. This reduced hydraulic resistance results in a greater fraction of the flow passing in the duct
direction. As Fy/L, is decreased the duct direction hydraulic resistance increases, forcing more of the
flow in the louver direction. At the smallest fin spacing the hydraulic resistance in the louver direction
is much smaller than in the duct direction, so all of the flow will go in the louver direction. If the flow
is louver direct flow the Colburn factor will increases as shown in Fig.5 the highest average Colburn
factor occur at Fp/L, = 1.

Cotborn Factor (j)
[+ Fpip=075 « Fop=1 Fpap=1.5]
0.10
0.08 - A
E 4 -~ * -
0.06 - L]
— -
0.04 4
0.02
.00 T ¥ T Y
0 10 20 30 40 50
Angle (degree}

Fig. 5 Averaged Colburn factor for all Fp/Lp and 6
7.5.2 Effect of louver angle

Fig.5 shows a relatively clear comparison among the effects of the louver angles ranging between
18° to 30° for all included Fi/L,, where the corresponding Colburn factor increases. It also shows that
when the louver is tilted to 30° and 40°, the Colburn factor is adversely decreased. The results quite
suggested and agree well with the past studied in which the flow is regarded as the louver-directed flow
at small louver angle. For the louver direct flow the louvers have more area to exchange the hot air
more than duct direct flow. The highest Colburn factor is 7.5x107 occuring at Fp/Lp =1 and 30° of
louver angle. And the lowest Colbum factor occur at Fp/Lp = 1 and 8 = 18° where the flow is possibly
duct-directed flow which agrees quite well with the past studies.

7.6 CONCLUSION

The optimized geometrical parameter of the louver fins to obtain the most effective heat transfer with
the low speed hot air is investigated in this work. Heat transfer characteristic of the-louver fins in terms
of j Colburn factor is investigated. Experiments were conducted in 15:1 scaled-up louver model with
varied fin pitch, louver pitch, and louver angle. The Colburn factor has a strong dependent on
geometrical parameter such as, louver pitch, fin pitch, and louver angle especially at low Reynolds
number flow. The highest Colburn factor is 7.5x10°% occur at Fp/L, =1 and 30° of louver angle.
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Louvered-Fin Heat Exchanger
Designed for Recovering Waste Heat
from Hot Buoyant Naturally-Induced Air

Nat VORAYOS

Department of Mechanical Engineering,
Faculty of Engineering,

Chiang Mai University

Simple problem from SME industries

120-140°C Buoyant hot-air plume

Food processing: Japanese biscuit baking machines
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i Presentation Overviews

= Introduction
= Research Objectives
= Methodology

= Results & Discussions
a Preliminary Design
o Parametric Study
o Concept Adjustment

& Conclusion
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’ Introduction: Choice of H/X

Vartety of louvered-fin compact heat exchangers
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| Research Objectives

= To study the design parameters
influencing the heat transfer between
the louvered fins and hot buoyant
naturally-induced air in cooling mode

= To preliminarily design the heat
exchanger to effectively recover
waste heat from hot buoyant
naturally-induced air

= To determine the feasibility of
constructing the heat exchanger
suitable for retrieve heat from hot
buoyant naturally-induced air
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' Methodology

= Initiative to the industry
a H/X preliminarily designed for hot
buoyant air plume
Parametric Study: Experiments:
o fin and louver angles, fin pitch, and
louver pitch
= Adjustment of Design: Modeling
using commercial computational
fluid dynamic software

a influences of the relevant design
parametric on flow structure and the
heat transfer
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Initiative in the industry: testing results
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I Experimental Setup
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| Experiment Results and Discussions
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] Experiment Discussions
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Modification of H/X
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z Simulation Discussions
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- Conclusion

= Parametric study of louvered
compact HX; Fp/Lp, ReLp, and
9, for cooling hot buoyant air

« Preliminary design of in
expensive and simple HX
(using automobile condenser) is
implemented in industries

» Possible more improvement;
introducing tilt angle
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THERMAL CHARACTERISTICS OF LOUVERED FINS
AT LOW REYNOLDS NUMBER FLOW

Wanwiwa LUKNONGBU ABTRACT Design parametric studies of a louvered-fin compact
Nat VORAYOS heat exchanger are carried out where fin pitch relative to the louver
Tanongkiat KIATSIRTROAT pitch and the angle of the lovers are investigated under the heat

transmission from the hot buoyant plume of which the Reynolds
Faculty of Engineering number based on louver pitch is considered to be low. Experiments

Department of Mechanical Engineering were conducted on the 15:1 scaled-up louver fin models. It is found
Chaing Mai University, Thailand  that the highest j Colburn factor for such low Reynolds number flow
50200 emerges when the louver pitch ratio is 1 and louver angle is 30,

respectively.

1. INTRODUCTION

Louvered fin compact heat exchangers
(Fig.1) are used in a variety of applications
including heat rejection system in automobiles,
residential air-conditionings, oil coolers, and
radiators. One of the most important objectives
in the investigations regarding to these compact
heat exchangers has been focusing on
developing high performance heat exchangers
without sacrificing the lightness and small
volume. Achaichia and Cowell [1] were the first
to experimentally verify that it is relatively
important to design louvered fins in a way such
that the flow is louver directed rather than duct
directed (Fig.2a and b). Their study indicated an
increase in heat transfer coefficients as the flow
transitioned from being duct direct to being
louver directed. Zhang et al [2] studied the effect
of Reynolds number, fin pitch, louver thickness
and louver angle on flow efficiency in multi-
Jouvered fins. Results showed that flow
efficiency was strongly dependent on
geometrical parameter, especially at low
Reynolds Number. Flow efficiency increases
with Reynolds number and louver angle but it
decreases with fin pitch and thickness ratio.
Ralph and Webb [3] used a dye injection
technique with 10:1 models in their work. The
geometrical parameters, louver pitch, louver
angle and fin pitch were varied to determine
their effect on the flow structure. Tests covered
Re of 400-4000 based on louver pitch. It was
found that when louver angle and louver pitch
increased the flow efficiency was increased,
representing the louvered-directed flow where
heat transfer is increased but if the fin pitch
increased the flow efficiency was decrease.

Lyman et al [4] presented a method for
evaluating the spatially resolved louver heat
transfer coefficients using various reference
temperatures, such as the bulk flow temperature
and adiabatic wall temperature, to define the

convective heat transfer coecfficients. It was
found that larger fin pitches and higher louver
angles were beiter performance at the lower
Reynolds numbers. At high Reynolds numbers,
the performance is highly influenced by how
many louvers downstream the heated wakes
influence. Louver geometfrics in which the
louvers are nearly aligned do not provide a good
design from heat transfer perspective,
particularly for high Reynolds numbers. The
heat transfer coefficients based on the bulk flow
temperature for a particular louver did correlate
closely with its local thermal field indicating the
dominant importance of the thermal field
approaching a particular louver. The objectives
of previous literature were to design the heat
exchanger so that high-performance and low
pressure drop are achieved in which the forced
convection heat transfer dominates. In contranst,
this research work used 15:1 scaled-up model of
louver fins to study the effects of the geometry
in corresponding to the low Reynolds number
flow of hot buoyant air plume which has never
been investigated before.

Air Flaw
Louvered Fing

T e, P, T
= o S, Ty, T

|
C Teen _///'//""""“\-\“‘nl\\ et
) 4

il

Louwss Fitch, e

Fig.1 Illustration of the louvered plate fin heat
exchanger and parameters of louvered fins
geometry (Springer and Thole)
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The objective of this study is to study
the effect of the geometrical parameters
including the fin pitch (F), louver pitch (L;) and
louver angle (8) of the louver fins to clarify the
better design parameters for the louvered
compact heat exchanger to be used the heat
recovery system from hot buoyant air plume
which is normally rejected in food industries.

Duct-directed Jowver gep
flow N

(a)
— NN NAUN

Louver-direct I duct

=N\ N\ N\
(b)

Fig.2 a) Duct-directed flow b) Louver directed-
flow through a typical louver array (Springer)

2. THEORY AND PRINCIPLE
From the Newton’s law of cooling, the
predictive equation for the convective heat flux q
[W/m’] is suggested as
q :%=h(Tw _Tref) (1)
where h is heat transfer coefficient
A is the louver surface area
T, is louver wall temperature
T,.ris the free steam temperature used as
the reference temperature
For the low speed external flow application,
the free stream temperature is taken as the
reference temperature, and for internal flow
applications the bulk flow temperature is taken
as the reference temperature (Lyman et al.}
Q in equation (1) can also be solved by

Q =m'c, (AT, + AT,) (2)

where AT, and AT, are the water inlet and outlet
temperature differences.

Additicnally, the convection heat transfer
coefficient of air on the side can be represented
in a form of Colburn factor (j) as

. hPr%
= Ge

p

(3)

where G is the maximum mass velocity can

! A vV
writtenas G = Ma _ Py
Ag Ay
4)

Ay is the minimum cross sectional free flow
area
Ap is the test section cross area

3. EXPERIMENTAL APPARATUS

In this investigation, the experiment set up as
seen in Fig. 3a) in the investigation consisted of
1000-watt heater as the heat sources to naturally
induce hot air with low speed to rise upward
through louvers fin situated far above. The
louver pitch, fin pitch and louver angle can be
varied.

<

Water outlet

oL

Water inlet

S TNNNNN

S TNNNNN
VPV SARNNNNNE
A TNNNNC

@
—

T\\‘o 1

T\\'i 1 / 7. E T\\'o 2

T\\'i! .: .
/*
(c)
Fig. 3 a) Experimental test set up b) the test

section c} louver fin design with scale up 15:1
louver models

] v
swanASoatiuauysel aunsluannlasunmdoudmimbanufoufisnnemaiouaseiiedesssurianduinld



The power of the heater can varied as the
voltage input is altered. Air plume’s velocity is
measured using anemometer and pitot tube. The
natural convective heat transfer is then achieved
by circulating the cooling water to both sides of
each louver blade by using a ‘% hp centrifugal
pump as seen in Fig. 3b). Its flow rate is
measured by the flow meter and Rota meter. The
water inlet and outlet separate in two ducts as
shown in Fig 3¢}.

In the experiment all of the louver surfaces
were attached with thermocouples where surface
temperatures were recorded under the steady-
state condition to determine the average louver
surface temperature.

4. RESULT

The data were taken for three valies of fin-
to-louver pitch ratio (Fp/Lp = 0.75, 1, and 1.5)
and five louver angles (6 = 18°, 23°, 30°, 35°,
and 40°). Fig. 4 shows the Colburn factor for
each louver position for all louver angle. In
Fig.4a, for small ratio of F,/L, the Colbumn
factor of 23, 30, 35 and 40 of louver fin angle
there are close. The Colburn factor at the fist of
louver position are larger than other positions
along the louver length showing the high value
of convective heat tfransfer coefficient after
which the flow gains heat and the heat
coefficient is lower as one might expected. The
Colburn factor, henceforth, becomes uniform
throughout the louver length.

Colburn Facter Fp/lp=0.75

0.35
034 .
%
0.25 |
0.2 —— 18
~ois v 23
- \‘Q&L.“:._/ 30
0.05 o e S i
0 Y

position

(a)

Colburn Factor Fp/lp=1
0.35
G.3 7
0.25 - 18
— 027 23
0.15 1 30
0.1 35
0.05 —x—40
0 T T T T T
1 2 3 4 5 [ 7 8 9
position
(®)
Colburn Factor Fp/Lp=1.5
0.35
0.3
0.25 —— 18
D24 w. 23
T 0151 2
0.1 .. 35
0.05 —u—40
0 T r
1 2 3 4 5 ] 7 g 9
position
(c)

Fig.4 Colburn factor for each position of all
louver angle &) Fp/Lp = 0.75b) Fp/Lp =1 ¢)
Fp/Lp=1.5

4.1 Effect of fin to louver pitch ratio

The flow must choose whether it will follow
the louver direction, the duct direction, or some
intermediate angle between the two directions.
Which direction it goes will depend on the
hydraulic resistance (the duct between the
louvers in Fig.2) of the flow path in the louver
direction relative to that in the duct direction.
As Fy/L, increased (with L, is fixed and the fin
spacing increases), it appears that this wider fin
spacing reduces the hydraulic resistance in the
duct direction relative to that in the louver
direction. This reduced hydraulic resistance
results in a greater fraction of the flow passing in
the duct direction. As F /L, is decreased the
duct direction hydraulic resistance increases,
forcing more of the flow in the louver direction.
At the smallest fin spacing the hydraulic
resistance in the louver direction is much smaller
than in the duct direction, so all of the flow will
go in the louver direction. If the flow is louver
direct flow the Colburn factor will increases as
shown in Fig.5 the highest average Colburn
factor occur at F/L, = 1.
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Colbom Factor (j}
[+ Foilp=0.75 + FpiLp=1 Frilp=15]
0.10
0.08 .
-2 - * -
0.06 - ) -
a— *
0.04 -
.02 A
0.00 . :
(8] 10 20 30 40 50
Angle {degree)

Fig. 5 Averaged Colburn factor for all Fp/Lp and
6

4.2 Effect of louver angle

Fig.5 shows a relatively clear comparison
among the effects of the louver angles ranging
between 18° to 30° for all included F,/L, where
the corresponding Colburn factor increases. It
also shows that when the louver is tilted to 30°
and 40°, the Colburn factor is adversely
decreased. The results quite suggested and agree
well with the past studied in which the flow is
regarded as the louver-directed flow at small
louver angle. For the louver direct flow the
louvers have more area to exchange the hot air
more than duct direct flow. The highest Colburn
factor is 7.5x10" occuring at Fp/Lp =1 and 30°
of louver angle. And the lowest Colbum factor
occur at Fp/Lp = 1 and 6 = 18° where the flow
is possibly duct-directed flow which agrees quite
well with the past studies.

5. CONCLUSION

The optimized geometrical parameter of the
louver fins to obtain the most effective heat
transfer with the low speed hot air is investigated
in this work. Heat transfer characteristic of the
louver fins in terms of j Colburn factor is
investigated. Experiments were conducted in
15:1 scaled-up louver model with varied fin
pitch, louver pitch, and louver angle. The
Colburn factor has a strong dependent on
geometrical parameter such as, louver pitch, fin
pitch, and louver angle especially at low

Reynolds number flow. The highest Colburn
factor is 7.5x107 occur at Fp/L, =1 and 30° of
louver angle.
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