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ABSTRACT

The influences of modified V-shaped baffle in aaguchannel for heat transfer and thermal perfocman
enhancement are presented numerically in three mEioeal (3D). The V-shaped baffles are modified in
order to comfortable to installation in the squahannel. The plates are used for clamping on bugh t
upper and lower Mshaped baffles resulting the modifiedsWaped baffle like orifice plate called “8haped
orifice tubulators, VOT". The effects of Blockagati®s (BR = 0.05-0.20), flow attack angles£ 20°, 30°
and 45°) and flow directions (Downstream and Wpstream) with a single Pitch Ratio (PR = 1) are
investigated for Reynolds number based on the hbiidrdiameter of the square channel (Dh), Re =2000.
The fully developed periodic flow and heat transfez applied for the computational domain. The SIMP
algorithm and the finite volume method are usetthéncurrent study. The numerical results showtti@tise of
VOT not only increasing heat transfer rate, bub aise up very enlarge pressure loss due to regluo# flow
area of the cross sectional area. In additionptisemum thermal enhancement factors are found draishand
2.5 for BR = 0.10¢ = 30° at the highest Reynolds number eD¥wnstream and Wpstream, respectively.
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1. INTRODUCTION The new designs of turbulators and their parameters
shape, attach angle, height and space have begindstu
The V-shaped baffle or rib turbulators have been usuallyArray of V-shaped baffle were used to insert into the
used in order to increase heat transfer and thermathannel or tube in heat exchanger to increase at he
performance in many heat exchanger systems. Tlseofise transfer rate and efficiencies. The Higher of Blogi
V-shaped turbulators can help to augment heat traraéée ~ Ratio (b/H, BR) of \/baffle give the highest heat transfer
by creating jets of the fluid flow, which impingimepn the  rate but also provide very enlarge pressure loss. T
channel wall leading to extremely increase in tl@rm reduce the pressure loss of the system, the igetisth
performance. The ‘haped turbulators not only increase of pitch spacing or Pitch Ratio (P/H, PR) was régbr
heat transfer rate, but also increase enlargesyreeoss by (Promvongeet al., 2010; 2012). The results showed
depended on the parameters of the turbulatorseftiier  that and heat transfer. Peegal. (2011) studied on both
the parameters; height, spacing, flow attack argfley- experimentally and numerically for convection heatsfer
shaped tablets are important to investigate. Except the in channels with different types of ribs; 90° cantus rib,
parameters, the installation method and applicatioi- 90° interrupted rib, 45° Mhaped continuous rib, 45°-V
shaped turbulatos are necessary factors to study foshaped interrupted rib, 60*8haped continuous rib and 60°
improving the new design of thermal systems. V-shaped interrupted rib. The results indicated ttat45°
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V-shaped continuous ribs have the highest thermaflow direction (V-Downstream and pstream) with a
performance. They also reported the comparison ofsingle Pitch Ratio (PR = 1) are presented numéyica8D.

continuous and interrupted ribs; thesWaped interrupted
ribs give lower heat transfer rate than that frdra V-
shaped continuous ribs, while the 90° ribs hadfigosite
result. Karwa and Chitoshiya (2013) experimentstilydied

of thermehydraulic performance of a solar air heater with

60° V-down discrete rib roughness on the air flow side of

2. MATERIALSAND METHODS

2.1. Flow Description

The VOT configuration is referred form

the absorberplate. The enhancement in the thermafPromvonge et al., 2010; 2012; Boonloi and

efficiency due to the roughness on the absorbee pka
found to be 12.20%, depending on the airflow rate;
higher enhancement is at the lower flow rate wédse a
presented by (Karwa and Chitoshiya, 2013). Siaghl.
(2012) studied on thermohydraulic performance ahise
flow-attackangle in \‘down rib with a gap in a
rectangular duct of solar air heater. They conaude
that the thermal enhancement factor was found to b

highest at the attach angle of 60°. Except from the

results of the previous works, there are found thatuse
of numerical methods can help to study the mechanis
that occurring in the system &e&fs. (Subbarayalu and
Velappan, 2011; Geetha and Moorthy, 2011).

The single Vshaped baffles placed on one wall were
reported by (Boonloi and Jedsadaratanachai, 2a&y
concluded that the single-shaped baffles gave the TEF
around 2.44, 2.29 and 2.37 at higher Re for BR3; 0.
0.3 and 0.4; and PR = 1, 1.5 and 2 are, respegytivel
The discrete Waffles inserted in the circular tube

€

Jedsadaratanachai, 2013; Jedsadaratanachai andbiBoon
2013). A square channel with VOT inserted is preskm

Fig. 1. The air enters the square channel at an inlet
temperature, i, the channel height, H, is set to 0.05 m and
the channel width equal to H, W = H. The Pitch wight
Ratio (P/H, PR) is remain constant, PR = 1. The VOT
Height is defined as the Blockage Ratio (b/H, BR),a is
known as the flow attack angle. The grid systerh 8@656
cells is adopted for the computational domain. tases
study in this study are follows dsble 1.

The methodologies of this study; boundary
conditions, assumptions, verification and mathecaéti
foundations are referred from (Promvongeal., 2010;
2012; Boonloi and Jedsadaratanachai, 2013;
Jedsadaratanachai and Boonloi, 2013).

2.2. Boundary Conditions, Assumptions and
Mathematical Foundations

The boundary conditions for current model are as

were presented by (Jedsadaratanachai and Boonlofollows:

2013). They also concluded the flow structure by .

using \:baffle and summarized that the TEF were
around 2.44, 2.29 and 2.37 with BR = 0.3, 0.3 ardd 0
and PR =1, 1.5 and 2 are, respectively.

The applications of \shaped turbulators which placed
on the walls of the channel have been found that th
problems from the installation methods and mainteaa
Therefore, the modifications of-$haped turbulators are
investigated to improve the-shaped turbulators design
for comfortable and suitable to apply with indwesriand
types of work with remain the flow structure andate
transfer characteristic similar ass¥iaped turbulators.

As above, the new idea that combined between

orifice plate and Vshaped turbulators are introduced
called “V- shaped orifice turbulators, VOT”. The thin
plates which clamping the two edges of theshaped
turbulators help to keep constant configuration tiod
turbulators and also reduce the gap between wadistze
turbulators. The VOT insert in the square channigh w
inline arrangement due to the clamping plate fixkd
configurations of VOT. The effects of the blockagéos
(BR = 0.05), flow attack anglex(= 20°, 30° and 45°) and
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The periodic boundaries are used in the numerical
domain

e The tested fluid is air with a temperature of 300 K

(Pr = 0.7) and enter to the inlet with constant snas

flow rate

The inlet and outlet velocity profiles must be itilead:

e The physical properties of the air have been
assumed to remain constant at average bulk
temperature

e Impermeable boundary and no-slip wall
conditions have been implemented over the
square channels as well as the VOT
The constant temperature of the square channel
wall is maintained at 310 K while the VOT is
assumed at adiabatic wall conditions

The computational domain is following assumptions:

Steady three-dimensional fluid flow and heat transf
The flow is laminar and incompressible
Constant fluid properties

Body forces and viscous dissipation are ignored
Negligible radiation heat transfer

JMSS
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/V-Shaped orifice
4 -

. V-Shaped orifice
Computational Domain

Fig. 1. Square channel geometry and computational dormigaridic flow for VOT

Table 1. Cases study Promvonge et al. (2010; 2012; Boonloi and
a BR Re Flow direction  Jedsadaratanachai, 2013; Jedsadaratanachai antbiBoon
2013), based on the above assumptions, the flow in

20° 0.05-0.20 100-2000 -Bownstream . . S
30° 0.05-0.20 100-2000 Downstream circular tube is governed by_ the continuity, thevide:
Stokes and the energy equations.
V-Upstream Apart from the energy equation discretized by the
45° 0.05-0.20 100-2000 -WYownstream  QUICK scheme, the governing equations were
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discretized by the Second Order Upwind (SOU) scheme

decoupling with the SIMPLE algorithm and solved by
using a finite volume approach (Patankar, 1980 Th

3. RESULTS AND DISCUSSION

3.1. Flow Configurations

solutions were considered to be converged when the

normalized residual values were less tharn® ¥or all
variables but less than T@nly for the energy equation.

As the main idea, the remaining of the flow
structure as Mshaped turbulators is very important to

Four parameters of interest in the present work areinvestigate. The flow configurations of the VOT are

the Reynolds number, friction factor, Nusselt numbe

presented in terms of streamlines in transversagsla

and thermal enhancement factor. The Reynoldsand streamlines impinging jets on the channel wadls

number is defined as Equation 1:
Re=puD/u (1)

The friction factor, f is computed by pressure drop
Ap across the length of the periodic channel, L asP
Equation 2:

(2)

Fig. 2-5.

Figure 2a and b shows the streamlines in transverse
planes for VOT at Re = 500, BR = 0.20 amé¢ 30° for
(@) V-Downstream and (b) Wpstream, respectively,
while the Fig. 3 present the details for each plane in
similar cases. As seen, the flow structures in loaikes
provide similar as “haped baffle (Boonloi and
Jedsadaratanachai, 2013). The four main vortexsflow
appear, though the testing channel as plane Al+#b a
B1-B5, respectively, for \Downstream and V
Upstream, but different in rotating direction. Tberes

The heat transfer is measured by the local Nusselof the vortex flows are changed depending on the

numberwhich can be written as Equation 3:

(3)

The average Nusselt number can be obtained by

Equation 4:

1
Nu _XjNuXaA (4)

The Thermal Enhancement Factor (TEF) is definedchannel

position of the VOT. The 5th plane, the configuras of
the vortex flows on both case s are seen similatsas
plane due to the fully developed periodic concéatt t
use for the computational domain.
In addition, the Vdownstream and MJpstream give
the counter-rotating flows with common-flow-downdan
common-flow-up, respectively, as shownFig. 4a and
b, when considering at the lower part of the plane.

To ensure, the checking of the longitudinal vortex
flows or streamlines impinging jets on the square
walls is presented ifrig. 5a and b,

as the ratio of the heat transfer coefficient of anrespectively, for lower wall and sidewall of theusge

augmented surface, h to that of a smooth surfazeath
an equal pumping power and given by Equation 5:

TEF=
hO

_ Nu

PP

= (Nu/Nu,)/ (F /1,3 (5)

0lpp

where, Ny and f, stand for Nusselt number and friction
factor for the smooth channel, respectively.

2.3. Verification of the Smooth Square Channel

The validations on both Nusselt number and friction
factor are compared between the present predietich
the exact solution under similar operating condiio
The result is found to be in excellent agreemerth wi
exact solution values obtained from the open litee
(Incropera and Dewitt, 2006) for both the Nu ante$s
than £0.42% deviation.
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channel at VDownstream case, Re = 500, BR = 0.20
anda = 30°. There are found that the VOT can create
the impinging jet flows similar as -ghaped
turbulators and the impinging regimes give the bkigh
heat transfer rate in comparison with other ardas T
means that the use of the VOT can induce the flow
configurations related as-$haped turbulators.

3.2. Heat Etransfer Ceharacteristic

Due to the relationship between flow
configurations and heat transfer characteristite t
impinging jets of the fluid flow lead to the incigag
heat transfer rate &3g. 5. The heat transfer behaviors
with different flow direction, YDownstream and V
Upstream are depicted Fig. 6a and b, respectively,
in the form of Nux contours of the square channel
walls at Re = 500, BR = 0.20 and= 30°.
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V-Downstream

(@) (b)

Fig. 2. Streamlines in transverse planes for VOT (a) V-bstream and (b) V-Upstream at Re = 500, BR = Orlbe= 30°

Fig. 3. Details of streamlines in transverse planes fol (&) V-Downstream and (b) V-Upstream at Re = BR= 0.20 and = 30°

A2
V—Dgwnstrem

Common-flow-down
@) (b)

Common-flow-up

Fig. 4. Flow descriptions in transverse planes for VOT™M#&)ownstream and (b) V-Upstream at Re = 500, BIR2§ andx = 30°
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m oo u il

Nusselt number 5 10 15 20 25 30 35 40 45 £

(b)

Fig. 5. Flow descriptions in impingment jet on the wabis YOT (a) lower wall and (b) sidewall at Re = 58R = 0.20a = 30°
and V-pointing downstream

g

Nssck number

5
L

mEEEBES

y/H

Fig. 6. Nux contours for VOT (a) V-Downstream and (b) Vdthgam at Re = 500, BR = 0.20 ame 30°
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Temperature: 298 299 300 301 302 303 304 305 306 307 308 309

(b)

Fig. 7. Contours temperature in transverse planes for {&pV-Downstream and (b) V-Upstream at Re = 5007820 anax = 30°

There are seen that the differences in rotating3.3. Performance Eevaluation
direction, resulting the dissimilarity of the heat
transfer behaviors. The -Downstream case, the
higher heat transfer regimes are found at the uppe
and lower walls of the square channel while the V
Upstream case provides the higher heat transferatat

The performance evaluations of the VOT are
presented in terms of the variations of NugNiif,
and TEF asFig. 8-10, respectively. In general, the
uses f VOT provide the higher heat transfer ratéd an
. " . also increase the pressure loss than the smooth
the sidewall regions. The heat transfer behavioalbf channel with no VOT. The increasing BR and Re lead

ranges studied are seem to be likely. :
L to the rise of Nu/Ngand f/, values for all cases.
The uses of the VOT can produce good mixing of the The Nu/Ng vallfles, theB 20° gives the highest heat

temperature between the middle of the channel @ad n 5qfer rate at the highest Reynolds number and BR
the walls ag=ig. 7. The similar results are found on both o.0..nq4 7.5 times over the smooth channel. In range
V-Downstream and V-upstream cases, respectively, agtydied, the Nu/NuO values are found to be abori51-
Fig. 7aand b. ~ times depended on BR, Re amd Effect of flow
Except from the above results, there are noticesgirectional on heat transfer are also presentegignab.
that the regimes behind of the VOT, the mixingld t  The \-Upstream cases, perform higher heat transfer rate
fluid flow performs not good in both cases cauding  than the VDownstream cases. The heat transfer rates for
vortex flows cannot impinge this region lead to the V-Upstream are around 1-13.5 times higher than the
lowest heat transfer rate behind the VOT regimes. smooth channel. This means that théJpstream gives
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The reasons of this may be that the optimum lodojial

range of vortex flows which creating from 20°Upstream

is the best range for impinging jets of the flua@i.
The increasing Re, BR arudlead to the rising f4f
values asFig. 9. The \WUpstream cases show the and V-Upstream, respectively.

higher friction factor than MDownstream, especially,
o = 45° that gives the highest friction factor ardun

400 times higher than the smooth channel. In range
studied, the fff value are found around 1-230 and 1-
400 times over the smooth channel for V-Downstream

10
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Fig. 9. (a) The variations of the §/fvith BR for V-downstream and (b) the variationghud f/f, with Re at various flow directions
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Fig. 10. () The variations of the TEF with BR for V-dowrestm and (b) the variations of the TEF with Reagibus flow directions
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