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FIN-TUBE HEAT EXCHANGER PERFORMANCE
FOR DIFFERENT LOUVER ANGLES

To choose the proper design for a heat exchangengmeering industry and to
evaluate the finned surface performance it is ingudrto calculate fin efficiency.
The heat transfer conditions, in tube-fin heat exglers, can be modified for in-
stance by changing the fin shapes. The angle etlomclination affects the fluid
flow direction and it has the effect on the heahsfer and temperature changes.
In the paper, the heat transfer is estimated nwaiéyifor fins with and without
louvers to choose the optimal louver angle in teradiator. Numerical analyses
are carried out to examine finned tube heat exatraagd to determine the per-
formance of the radiator for eight different louargles. Solutions are obtained
by means of ANSYS program. The tube material ig Kepd as well as the heat
exchanger fin and tube pitches (spacing) and tle¢ &ir velocity.

Keywords: car radiator, louver inclination, efficiency, hesnsfer

1. Introduction

The heat exchangers used in cars are based ofiriudegigns. To improve
air side heat transfer and to reduce the air $idartal resistance, the fins are
used. There are various fin patterns such as mgakanfins, louvered fins, off-
set strip fins, perforated fins and wavy fins.dhde seen that it is very impor-
tant for engineers and researchers to find outofftanum shapes of the lou-
vered fin to reach the working objectives suchh&srhal performance, radiator
dimensions (envelope), weight, durability, heansfar rate or pressure drop.
The optimizations of the louver angle are perforragderimentally or numeri-
cally, many times in combination with other fin pareters. Most studies as-
sumed a single louver angle for all the louvershien heat exchanger and ana-
lysed the louvered fins without tube-fin interaatio

Considering that an automotive radiator is an irtgur part of the car
cooling system, the louvered fin heat exchangeften the subject of research.

Wang and Chi presented the airside performancénedrid-tube heat ex-
changers with plain fin configurations. Dependimgtbe number of tube rows,
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it was found that the heat transfer characteristiese strongly related to the fin
pitch [10]. Saboya and Saboya determined averagefar coefficients for plate
fin and elliptic tube exchangers. Mass transfereexpents were performed
using the naphthalene sublimation technique. Thewed that the performance
advantage of the elliptical tube arrangements tedgiffom the higher fin effi-
ciency [6]. Lyman et al. conducted experiments muenber of large-scale lou-
ver models with varied fin pitch and louver angleeina range of Reynolds
numbers [3]. Nuntaphan et al. analysed the effééhaination angle on the
louver finned tube heat exchanger in natural cotwecondition. At an incli-
nation angle such as 30-4% considerable increase of heat transfer perform-
ance was seen [5]. Vorayos and Kiatsiriroat focusedhe effects of the lou-
vered fin heat exchanger's design parameters, wihiclide the louver pitch
and louver angle, on the convective heat tran3iee.louver angles were set to
different values and they showed that the heastesrtharacteristic dropped as
the angle went beyond 3(8]. Wais analysed the heat transferred from the
tube/fins to the moving air in a single raw heatle@nger. It was shown that the
fin shapes modified the heat transfer conditiongtgnging the distribution of
fluid mass in the channel [9]. Vaisi et al. invgatied experimentally air-side
heat transfer and pressure drop characteristiddowf over louvered fins in
compact heat exchangers (using flat plates) [7ih&et al. focused on the ap-
plications of Computational Fluid Dynamics (CFD) tine field of heat ex-
changers. It was found that CFD has been employethé following areas of
study in various types of heat ex-changers [1]. éeal. presented the numeri-
cal method to efficiently predict heat transfer pivaena of a louver fin radiator
[2].

Analysing the papers, it is seen that the perfooeart a heat exchanger in
automotive applications depends on the fin/tubeedsions. The radiator char-
acteristics are determined by different variableshsas tube shape, tube thick-
ness, fin material, fin thickness, number of logydouver pitch, louver height
and louver angle. Any change in geometrical pararsempacts the flow char-
acteristics and as a consequence effects therbhaatdr. The heat amount trans-
ferred to the air depends strongly on the air ffmiterns in the heat exchanger.

It can be also noticed that the articles generalfjjard the louvered fins at-
tached to the flat tubes. Because the circular &meshe simplest and cheapest
there are still in use for different car modelspiesthe wake region behind the
tube that reduces the heat transfer on downstremredions. Also, automotive
companies often realize their own Cost Improventerdcess to reduce the
manufacturing cost keeping suitable heat transgfquirements. The optimum
heat transfer rate can be obtained by changingdabmetrical parameters of the
fin. Numerical investigations are carried out t@lgse the heat transfer charac-
teristics of a louvered fin. Studies found in lgemre focus on flat tube heat
exchangers. Hence, the objective of this work iexamine the effect of louver
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angles on the heat transfer in a circular tube éeehanger applied in the auto-
motive industry.

The paper focuses on the conventional automotsi@tar, tubular fin heat
exchanger, for which the manufacturing cost is peeacomparing to other
tube designs (elliptical or flat tubes). The papersents the heat transfer calcu-
lations and the influence of louver angles on teat ltransfer performance. The
power of the car radiator segment is also estimdtied contact resistance at the
interface between the tube and the fin is assumdxd thegligible. A computa-
tional fluid dynamics program is used for the asmy These calculations are
compared to the result received for the fin withioutvers.

2. Optimization function

The goal function is defined as the amount of teatsferred to the pass-
ing air:
] O

Q=M Cur (TOUT _TIN) 1)

The optimization problem can be resolved by finding maximum value
of the function:

o o
Q= Myr Car (TOUT _TIN) - max (2)

The temperature at the outlet sectiopy] is found numerically for differ-
ent louvered angles. The air temperature valugatuated in the outlet section
according to the formula:
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3. Fin heat exchanger description

The car radiator, on which the investigation isriear out, is a cross flow
type compact heat exchanger, with water flowingdiegubes, and air flowing
over the tubes and fins. The car radiator consitsvo tube rows. The three
dimensional view of the small part of analyzed hesthanger and its con-
figuration is shown in Figure 1. The radiator cleaeaistic dimensions are writ-
ten in Table 1. The geometry of the heat exchaisgpresented in Figure 2 and
Figure 3.
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The flow and heat transfer phenomena in a roune h@at exchanger with
and without louvered fins are analysed numericallize three-dimensional
computational domain with louvers is shown in Fegdr The fin thickness is
0.081 mm. The louver pitch is assumed to be theesasthe louver length since
the louver is formed from cutting the fin materighe similar model is built for
the fins without louvers keeping the same fin pitthe computational domain
is extended both upstream and downstream to migirhie influence of the
potential back flow. The heat transfer along a &rudepends on the flow field
surrounding a particular louver and the thermddfi®ue to the symmetry, only
few segments are modelled.

Table 1. Radiator dimensions

Tube Symbo Value
Transversal tube pitch P 18.60 mm
Longitudinal tube pitch ] 12.00 mm
External tube diameter 1d 7.00 mm
Tube thickness tr 0.35 mm
Fin Symbo Value

Fin pitch ¢3 1.05 mm
Fin thickness d 0.081 mm
Fin width We 23.00 mm
Louvel Symbo Value
Louver angle a 0°, 20, 25, 3¢, 3%, 40, 45°, 50
Louver thickness o 0.081 mm
Louver length l 6.00 mm
Louver width w 1.00 mm
Louved distance d. 1.00 mm

Considering the computer resources, the mesh gteuis defined in a way
that the solution process can give stable restite. mesh structure contains
tetrahedral mesh elements in the air volume andtexkal elements in the
tubes. The computational domain consists of ovenillion elements. Surface
mesh element sizes are controlled to obtain finehmeements close to the
louvers. The mesh grows in size outward from theafd louver to the tubes
and extended domains. The simultaneous heat traosteirs through the air
and the finned surface. The property values oduaidl the fin/tube solid material
(aluminium) are given in Table 2.

Boundary conditions for all the boundaries are #gecfor the computa-
tional domain. The flow is assumed to be three dsianal and steady. At the
entrance of the domain, the inlet air temperatsraken as 25°C and the uni-
form inlet velocity of the air is 15 m/s that givear velocity of 54 km/h. The
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turbulent inlet intensity is set to 5%. The intdrhdbe temperature is constant
and equals 90°C. The relative average static presstassumed to be 0 Pa at
the outlet. The heat transfer direction is congddrom tube/fins to the passing
air. The SST model is used for calculations thaokis reliability and preci-
sion. RMS residual level is defined as*1The CFD computations are obtained
for eight models (louver angles 0°, 20°, 25°, &55, 40°, 45°, 50°).

Table 2. Physical properties of air and tube/finarial

Air Symbo Value

Density P AR 1.185 kg/m
Molar mass Myr 28.96 kg/kmol
Specific heat capacity fon 1004.4 J/(kg K)
Thermal conductivity kiR 0.0261 W/(m K)
Dynamic viscosity H AR 1.83117kg/(ms
Aluminium Symbo Value

Density 0 waT 1.185 kg/rﬁ
Molar mass Myat 28.96 kg/kmol
Specific heat capacity AT 1004.4 J/(kg K)
Thermal conductivity K mat 0.0261 W/(m K)

4. Results and conclusion

The plane parallel to the fin surface, located leetwupper and lower fins
are introduced to illustrate the air temperature &locity field in the space be-
tween the fins (Fig. 4).

Tour plane

Fig. 4. Velocity and temperature plang, plane

Analyzing the velocity fields, the wake zone cambéiced between tubes.
The air temperature in the wake zone (between }ubdsigh, but there is not
any advantage for the amount of heat transferréde@ir because the velocity
of the air is almost zero. It can be seen thatehgerature and velocity profiles
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have the same trend for other louver angles. Ta thie radiator goal function,
the mean air temperature at the outlet sectiomlutated at the cross section,
Tour plan, presented in Figure 4. Detailed resultsaaitten in Table 3.

Table 3. Radiator heat transfer characteristics

Model name | Louver anglea mé;‘/g*' T,?CU:T' 8\/ (%
Model 0 No louver 0.174| 4508 3.84 100.0
Model 20 20° 0.174 49.67 431 112.p
Model 25 25° 0.174 50.16 4.40 1146
Model 30 30° 0.174 50.27 4.42 115.0
Model 35 35° 0.174 50.49 4.4% 116.0
Model 40 40° 0.174 51.05 4.55 118.p
Model 45 45° 0.174 51.48 4.63 120.p
Model 50 50° 0.174 51.24 4.59 119.4

It can be seen that, the heat output from the t@ad@depends on the louver
angles and for circular tubes he maximum value lmameached at 45In the
study, the air flow and temperature fields as \aslthe heat transfer are exam-
ined for a louvered car radiator. The three dinmmai models are built to opti-
mize the heat transfer process. The tube materiapt fixed as well as the heat
exchanger fin and tube pitches (spacing). Appliatherical studies enable to
optimize the fin geometry and can be used as @nnaltive activity for more
costly experimental studies. The paper subjeat gé¢sent the flow and thermal
effects of the louver angle on the heat transfertlie circular tube heat ex-
changer.
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SPRAWNOSC OZEBROWANEGO WYMIENNIKA CIEPLA DLA
ROZNYCH K ATOW USTAWIENIA ZALUZJI

Streszczenie

W celu wiaciwego doboru wymiennika ciepta i prawidtowego dhkeaia kryteriow pracy
niezkedne jest oszacowanie sprawoiozastosowanegozebrowania. Warunki wymiany ciepta
mog ulec zmianie mgidzy innymi poprzez zmodyfikowanie ksztatieber. Modyfikujc kat
pochyleniazaluzji ozebrowania mana spowodowazmiare kierunku pedkosci przeptywajcego
powietrza i wptyn¢ na wymiag ciepta. W pracy przeanalizowanodtovymienianego ciepta w
chtodnicy samochodowej dlgmiu réznych katow nachyleniazaluzji w celu okrélenia potae-
nia optymalnego, dla ktérego #iboddawanego cieptatizie najwiksza. Przeprowadzano anali-
zy numeryczne w celu zbadaniaebrowanej rury wymiennika ciepta oraz aby ékiewydaj-
nos¢ grzejnika dla émiu ré&znych latéw zaluzji. Obliczenia wykonano za pompprogramu
ANSYS. Badania wykonano dla tego samego materialy seber wymiennika ciepta oraz dla
stalej podziatkizeber oraz mdkosci powietrza wlotowego.
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