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Abstract:

This study conducts an experimental analysis of heat transfer and pressure drop
in a solar air preheater channel with an aspect ratio (AR) of 3.75:1, featuring
inclined V-shaped baffles (I-VB) on one wall under continuous heat flux
circumstances. The study focuses on the effects of the inclined angles on the heat
transfer coefficient (h), pressure drop (AP) and thermal-hydraulic performance
(THP). The inclined angles (6) explored include 0° 45° and 90°, with attack
angles (o) set at 45°, and Reynolds numbers (Re) varying from 6000 to 24,000.
The experimental results show that the inclined angles significantly affect the
temperature distribution, Nusselt number distribution, friction factor, and
thermal-hydraulic performance. The heat transfer rates in channels with inclined
V-shaped baffles (I-VB) at inclined angles of 0°, 45° and 90° are 13.95-53.46%,
165.29-361.08%, and 175.91-378.34% higher than those in a smooth channel,
respectively. However, the corresponding pressure losses increase by 2.01-2.87,
10.42-13.37, and 15.03-19.91 times for these inclined angles. At all Reynolds
numbers, the inclined V-shaped baffles with an inclined angle (8) of 45°
demonstrate superior thermal-hydraulic performance, reaching a peak value of
1.94 at a lower Reynolds number of 6000.

Keywords: Heat transfer coefficient, Inclination angle, V-shaped baffles,
Thermal-hydraulic performance

1. Introduction

Solar air heaters are devices designed to capture solar energy and convert it into heat for air heating applications.
They typically consist of a flat plate or evacuated tube design, using materials that maximize heat absorption and
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minimize heat loss. Efficiency can be enhanced through various strategies, such as optimizing collector geometry,
using high-performance absorber materials, integrating thermal storage solutions like phase change materials, and
employing advanced control systems. Hybrid systems that integrate solar air heating with photovoltaic technology
enhance energy efficiency. Ongoing research focuses on modeling airflow dynamics, experimental validation, and
evaluating economic and environmental impacts to ensure sustainability and cost-effectiveness [1]. Techniques for
enhancing heat transfer in solar air preheaters are essential for augmenting efficiency and overall performance. These
techniques can be categorized as either active or passive methods [2]. Active methods include forced convection
systems that use fans or pumps to increase airflow, variable-speed fans for optimized energy use, and the
incorporation of nanofluids to boost thermal conductivity. These approaches actively manipulate the heating process,
often requiring additional energy input. In contrast, passive methods rely on design features and materials to enhance
heat transfer without external energy sources. Techniques such as adding fins, ribs, or baffles to increase surface area,
optimizing collector geometry for better airflow, and utilizing high thermal mass materials all contribute to improved
efficiency. Combining both active and passive methods can yield significant benefits, leading to more effective solar
air heating systems.

Roughening surfaces enhances heat transfer by increasing turbulence and disrupting the boundary layer. Techniques
include texturing with laser or chemical etching, using porous materials to increase surface area, and employing 3D
printing for complex geometries that promote mixing. These approaches can significantly improve thermal
performance in various applications [3]. Numerous studies investigated the impact of baffle geometries—specifically
aspect ratio, attack angle, pitch length, and baffle shape—alongside the configuration of baffles (including in-line,
staggered, one-wall and opposing two-walls) on Nusselt number, friction factor and thermal-hydraulic performance.
Changcharoen and Eiamsa-ard [4] reported a study that examines the impact of detached-rib geometry on the thermal
enhancement factor in a rectangular channel. The results indicate that the flow field, temperature distribution, Nusselt
number variations, and friction factor are significantly influenced by the ratios of detached clearance. Ribs with a
detached-clearance ratio of 0.1 at a Reynolds number of 8000 attain optimal thermo-hydraulic performance. Yongsiri
et al. [5] investigated turbulent flow and heat transfer in a channel with inclined detached ribs using the finite volume
method. This study compares heat transfer, pressure loss and thermal performance across various attack angles in
relation to the standard transversely attached rib. Results indicate that at elevated Reynolds numbers, the ribs oriented
at 60° and 120° produce similar heat transfer rates and thermo-hydraulic performance. Luan and Phu [6] employed
experimental data to develop correlations for the Nusselt number and friction factor in a solar air collector with
inclined baffles. The study evaluates the exergy performance of the collector, indicating maximum errors of 6% for
the Nusselt number and 8.3% for the friction factor. The analysis indicates that the maximum collector efficiency
attains 0.7% at a baffle angle of 60° and a Reynolds number of 1500. This inclined angle produces the greatest
turbulent flow and has a reduced friction factor relative to the angles of 60° and 120°. The thermal efficiency, effective
efficiency, and exergy efficiency exhibit nearly identical values, whereas a baffle angle of 0° results in the lowest
efficiency observed.

According to the study, only detached or inclined baffles with a small gap ratio have a higher Nusselt number than
attached ribs. As the gap ratio increases, the Nusselt number declines because of decreased turbulence intensity in
the recirculation zone behind the baffle. Similarly, the gap ratio influences the friction factor, as turbulent intensity,
primarily influenced by the size of the recirculation zone, affects both pressure drag and friction. However, the
efficiency value of transverse shapes is lower than that of other shape groups. Kumar et al. [7] conducted an
experimental study examining the heat transfer characteristics and the optimal relative width parameter of a solar air
channel with multiple V-type baffles inclined at 60°. The experiment investigated several parameters, including
Reynolds number, relative width, baffle height, pitch, discrete distance, and gap width. The results indicated that a
relative baffle width of 5.0 led to improved overall thermal performance, affirming that broken multiple V-type
baffles provide enhanced thermo-hydraulic efficiency. Ameur et al. [8] conducted numerical simulations to assess
the performance of a channel heat exchanger featuring V-baffles, utilizing a multidimensional CFD model. The
research focuses on the effectiveness of vortex generators (baffles) in a complex shear-thinning fluid under laminar
flow conditions. The findings indicate that flow rate, baffle orientation and arrangement have a significant impact on
heat exchanger efficiency. The study examines two orientations (+V and —V), as well as staggered and aligned
arrangements of V-shaped baffles. It turns out that staggered +V baffles have better heat transfer rates.

V-shaped baffles enhance heat transfer by promoting turbulence and fluid mixing, creating complex flow patterns

that disrupt boundary layers. While they improve thermal performance, they may also increase pressure drop due to
higher resistance, making optimization crucial. Commonly used in heat exchangers and cooling systems, the design

2/ Volume 14(1), 2016 J. Res. Appl. Mech. Eng.



can be tailored by adjusting the angle and spacing of the baffles to suit specific applications. Table 1 presents the
conditions investigated in the experimental and numerical studies mentioned above.

Table 1: Summarizes the experimental and numerical analyses of notable baffle configurations as documented by
many researchers.

Baffle shapes Parameter ranges Major Finding

Detached-rib [4] c/a=0.1,0.2,0.3 and 0.4 - The SST k-o turbulence model yields more precise

Top wall without heated

—t— o —rie— -

I I 13

Battom wall with canstant temperature condition

4 Outlet Flow

P=05H
Re=8000 to 24,000

forecasts than the Renormalization Group (RNG) k-¢
model.

- Detached ribs with a minimal clearance ratio (c¢/a=0.1)
produce superior Nusselt numbers, friction factors and
thermo-hydraulic performance compared to connected
ribs.

Inclined detached-ribs [5]

T p——

‘VWall with constant temperature

6 =0°to 180°
a=90°
Re=4000 to 24,000

- At higher Reynolds numbers (8000<Re<24,000), angled
ribs with attack angles of 45°, 60°, 75°, 105°, 120°, 135°
and 150° make recirculation zones that are bigger, but
angles of 0°, 15° and 30° and 165° do not.

Inclined baffles [6]

o Inclined baffle
N R €
A G T

6 =0°to 180°
a=90°
Re=9000 to 24,000

- The 60° baffle angle produced the highest efficiencies,
whereas a horizontal baffle produced the lowest.

- Baffle angles of 30° and 150° produced similar
efficiencies, while angles between 60° and 120° were
recommended for optimal performance.

-_4h

Wo/Ws=1.0 to 6.0
Ps/Hp=10

aa=90°
Gw/Hp=1.0
Re=3000 to 8000

- The augmentation of heat transfer is markedly affected
by the ratio of baffle width to base width (Wp/Ws), with
discontinuous numerous V-type baffles leading to
substantial increases in Nusselt number.

- In comparison to a solar air channel devoid of baffles,

i \_‘/ 3;\ HBM

O . L
W 0> 0> 0>

channels featuring broken multiple V-type baffles exhibit
elevated values of both Nusselt number and friction factor,
which can be ascribed to alterations in fluid flow
characteristics that promote reattachment flow, and the
formation of jet streams.

V-shaped baffles [8] aligned and staggered - Inserting +V baffles (oriented against the flow) improves

arrangement fluid interaction and thermal exchange compared to —V
h/L=0.033 baftles, but this results in higher pressure drops.
e/L=0.008 - Staggered baffle arrangements significantly improve heat
Re=0.1 to 300 transfer compared to aligned arrangements.

Table 1 summarizes experimental studies on important baffle arrangements by a variety of researchers. V-shaped
baffles and transverse baffles each offer distinct advantages in heat transfer enhancement. V-shaped baffles generate
more turbulence and promote complex flow patterns, leading to improved thermal performance, while transverse
baffles are simpler to design and typically result in lower pressure drops. The choice between them depends on factors
such as fluid properties, flow rates, and the specific application's thermal requirements. Additionally, inclined baffles
and V-shaped baffles typically provide better performance than transverse baffles in thermal applications. However,
there has been little research on optimizing the baffles' inclined angle to increase their effectiveness [2, 9].

This study presents an experimental investigation into the performance of a solar air preheater channel incorporating
a heated plate with inclined V-baffles as roughness elements. The Reynolds number was varied between 6000 and
24000. The Nusselt number and friction factor were analyzed as functions of roughness parameters, including the
inclined angle, to evaluate the thermal efficiency of the system and identify the advantages of this particular roughness
geometry.
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2. Operational Procedure

An experimental method was utilized to collect data on Nusselt number (Nu) and friction factor (f) for a solar air
channel with inclined V-shaped baffle roughness, focusing on the effects of inclined angles on Nu, f and THP.

The experimental investigation encompasses the establishment and configuration of an indoor testing facility. The
configuration has been verified by comparing the experimental data acquired without a baffle wall against established
standard data. Once validated, extensive experiments were carried out on the inclined V-shaped baffle to collect raw
data on heated wall temperatures, air flow rates, inlet and outlet air temperatures, and pressure drop across the channel
under stable conditions.

2.1 Experimental procedure and experimental setup
An experimental setup was conceived and constructed to examine the impact of the inclined V-shaped baffle

turbulence promoter on Nusselt numbers (Nu) and friction factors (f) of the air stream. Figure 1 displays a schematic
diagram alongside a photographic representation of the arrangement.
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Fig. 1. Schematic and photo of the experimental setup with the inclined V-shaped baffle.

The configuration comprised a rectangular acrylic channel linked to a centrifugal blower through a circular PVC pipe.
The rectangular channel had a width of 150 mm and a height of 40 mm, resulting in a width-to-height ratio of 3.75.
The system comprised inlet and exit sections, which were divided by test sections. The upper wall of the test section
consisted of a polyamide sheet heated plate, uniformly heated by an electric heater, ensuring consistent heat flux
across the entire bottom wall. The air mass flow rate through the solar air heater was determined using a calibrated
orifice meter linked to a pressure differential transmitter sensor. The temperature was assessed at multiple sites
utilizing calibrated thermochromic liquid crystal sheets, which were integrated with image processing to visualize
the temperature distribution. The wall temperature at various locations was measured using calibrated RTD Pt100
sensors connected to a data acquisition system, which provided input and output temperatures in degrees Celsius with
an accuracy of 0.1 °C. Image processing techniques were also employed to visualize the temperature distribution.
The air mass flow rate via the duct was quantified using an orifice meter linked to a differential pressure transmitter.
The pressure drop across the test section was recorded with a differential pressure transmitter that had a least count
0f 0.001 in of water. Data were recorded under steady-state conditions, defined as the point at which the plate and air
temperatures exhibited negligible variation for approximately 30 minutes. Each test run reached steady state in about
3 hours. To minimize the percentage error in temperature measurements, the minimum heat flux was chosen to raise
the air temperature by approximately 10-15 °C. The greatest variation of the non-dimensional parameters was
recorded to be 4.8% for the Reynolds number, 4.2% for the Nusselt number, and 3.5% for the friction factor.

2.2 Range of parameters

The dimensions of the solar air heater are as follows: length of 3500 mm, height of 40 mm, and width of 150 mm.
The hydraulic diameter, calculated as Dy=4A4./P, is 63.16 mm. The 10 mm thick wall is constructed from acrylic, with
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a constant heat flux applied in the range of 250-400 W/m?. The baffle parameters are defined by the pitch length (P),
baffle height (e), angle of attack (), and inclined angles (6). The inclined V-shaped baffle (I-VB) is illustrated in
Figure 2 and Table 1 presents the range of these parameters.

- R

Inclined angle ( ) of 90°

v W =Channel width (mm)
a=45
Z ) L = Channel length (mm)

Air flow

—

e f =Thickness of baffle (mm)
= Height of baffle (mm)
Inclined angle (&) of 45° P = Pitch length (mm)
a = Attack angle (°)

Air flow &= Inclined angle (°)

—

e
(7]
Inclined angle (&) of 0°

L

Fig. 2. Images of inclined V-shaped baffle at various inclined angles.

Table 2: Flow and baffle roughness parameters.
Inclined V-shaped baffle

Material used for baffling
Thickness of the baffle (¢)
Height of the baffle (e)

PLA plastic
1.0 mm
12.0 mm (e/H=0.3)

Pitch length (P) 60 mm (P/H=1.5)

Attack angles (@) 45°

Inclined angles (6) 0°, 45°, 90°
Solar air heater channel

Aspect ratio (4R) 3.75

Height of the channel (H) 40 mm

Width of the channel (W) 150 mm

Length of the channel (L) 900 mm
Working conditions

Working fluid Air

Reynolds number (Re) 6000-24,000

Prandtl number (Pr) 0.7

3. Data reduction

The data collected were utilized to compute Nu, f and THP. Below are the relevant formulas for computing these
parameters, along with some intermediate calculations. One important formula is for the weighted average plate air
temperature:

3.1 Airflow within the solar air heater channel

The mass flow rate (m,) was determined from the pressure drop data via the calibrated orifice meter utilizing the
subsequent formula:

12
m, = Cy 4, [W] (1
1-(d,/d,)

The discharge coefficient (Cy) of the orifice meter was determined to be 0.624, following calibration with a hot-wire
anemometer. The air velocity (V) is determined using the mass flow rate and can be expressed through the following
equation:
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y = 2)

3.2 Hydraulic diameter

The hydraulic diameter (Dy) is characterized by the subsequent equation:

p, =34 3)

3.3 Reynolds number

The following formula is used to get the Reynolds number assigned to the airflow in the test channel:

Re="Dh “
14

3.4 Thermo-physical properties of gas

In order to determine the thermophysical parameters of the gas at atmospheric pressure, the correlations that Duffie
and Beckman [10] created were utilized in the calculation process.

293
=1.204| == Q)
o ( T j
0.735
u=181x10%[ (©)
293
0.0155
C =1006 I @)
P 293
0.86
k=0.0275 [ij (®
293

3.5 Temperature measured

The mean temperature of the plate is determined by averaging all temperatures recorded by the thermochromic liquid
crystal sheets (TLCs). The TLC were positioned on the interior bottom wall to track temperature variations on the
channel wall surfaces. A high-resolution camera captured changes in the color of the temperature-indicating liquid
crystal (TLC), and image processing software assessed the temperature of the channel wall surfaces. The TLC were
calibrated using a digital image processing tool under controlled experimental settings, resulting in homogeneous
illumination and a constant camera viewing angle [11-12].

3.6 Coefficient of heat transfer
The heat transfer coefficient (%) for the heated test portion was estimated using the following procedure.

he— 92 ©9)

The useful heat gained by the air (Q) is calculated as follows:

0=mG, (7, -1) (o
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3.7 Nusselt number

The Nusselt number (Nu) was subsequently calculated utilizing the heat transfer coefficient (%), hydraulic diameter
(Dn), and thermal conductivity (k) as illustrated in the equation below:

Nu:hfh (11)

3.8 Friction factor

The friction factor (f) was determined using the pressure drop in the test section and the air velocity (V) traversing it,
applying the fundamental equation defined by Darcy-Weisbach [13].

f= AP (12)
© (1D, )[p(VZ/Z)}
3.9 Thermal efficiency

The study of the Nusselt number (Nu) and friction factor (f) indicates that the Nusselt number in the inclined
V-shaped baffle channel is significantly enhanced with an increase in the friction factor. It is crucial to choose a
geometry that both maximizes the Nusselt number (Nu) and minimizes the friction factor (f) to the greatest extent
possible.

A parameter known as thermo-hydraulic performance (THP) is defined to concurrently evaluate heat transfer and
pressure losses. The value of this parameter establishes a relationship between the Nusselt number (Nu) and the
inclined angles (#) of the V-shaped baffles per unit pumping power. It compares this relationship to the heat transfer
characteristics in a fully developed turbulent flow within the channel, considering both scenarios with and without
baffle walls, as detailed in Equation (13) [14-16].

(Nu/NuS) (13)
(f/fs )0.33

4. Validation of experimental data

The calculated values of Nu and f from experimental data for a test channel devoid of baffles have been compared
with the corresponding data derived from the Dittus-Boelter equation for the Nusselt number, as presented in Equation
(14), and the modified Blasius equation for the friction factor, as detailed in Equation (15).

4.1 Dittus-Boelter equation

The Dittus-Boelter equation provides the Nusselt number for a smooth channel as follows:

Nu, =0.023Re"* Pr** (14)

4.2 Modified Blasius equation

The friction factor for a smooth channel can be determined using the modified Blasius equation, expressed as follows:

£, =0.085Re™"* (15)
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5. Results and Discussion

An experimental investigation was conducted to investigate the influence of Reynolds number and inclined angles
on the Nusselt number and friction factor in a solar air channel equipped with inclined V-shaped baffles that create
surface roughness. The results for the channel with inclined V-shaped baffles were compared to those from a smooth
surface under similar working conditions, in order to evaluate the enhancements in Nu and f.

5.1 Validation of the experimental apparatus

Prior to the extensive data collection on rectangular ducts including inclined V-shaped baffles, a validity assessment
was conducted. The experimental Nusselt number and friction factor for a smooth channel were ascertained.

Applying the Dittus—Boelter equation, values were computed and compared to the experimental Nusselt number [13—
14]. Likewise, the experimentally obtained friction factor values were contrasted with results from the modified
Blasius equation [13, 17]. Figure 3 depicts the contrast between the experimental data and the Nusselt numbers and
friction factors obtained from the fundamental equations, respectively.

90 ‘ ‘ ‘ ‘ ‘ ‘ ‘ , 0,08 e
t Q@  Present work E Q@  Present work
80 [ —--- Dittus Boelter equation [13,14] B 0.07 |~~~ Blasius equation [13,17] ]
70 F ]
[ ] 0.06 ]
S [ ]
= 60f 1~
= f R £ 005 ]
o ] 3
S sk @ ] 5
g ¢ - ] RS
= | P4 ] o 04 @ ]
g . ] g e
4 f ] S ~¢.
3 ¢ i £ -2,
2 g i £ 003} B GETR S
3 30 F ///’O ] & Q-
“ : //e ] 0.02
i g 1 '
Wk ] 0.01 f ]
0' L L L L L L L ] 000 Lt it
3000 6000 9000 12000 15000 18000 21000 24000 27000 3000 6000 9000 12000 15000 18000 21000 24000 27000
Reynolds number, Re Reynolds number, Re

Fig. 3. Comparison of experimental and predicted Nusselt number (Nu) and friction factor (f) data
for a smooth channel.

The mean absolute errors between the experimental results and those derived from Equation (13) and Equation (14)
were 3.62% for the Nusselt number and 2.47% for the friction factor. These results demonstrate a high degree of
accuracy in the experimental measurements.

5.2 Heat transfer

The influence of inclined angles (#) on the Nusselt number (Nu) and friction factor (f) in a solar air channel (SAC) is
examined. The results were compared with those derived from a smooth surface devoid of baffles under analogous
experimental settings.

For the specified parameters, including e/H=0.3, P/H=1.5, and a=45°, the data for the Nusselt number as a function
of inclined angle () is presented for various Reynolds numbers (Re) in Figure 4.

In comparison to the smooth channel, the configurations featuring inclined V-shaped baffles (I-VB) at different angles
(6=0°, 45° and 90°) demonstrate heat transfer enhancements ranging from approximately 13.95-53.46%, 165.29-
361.08%, and 175.91-378.34%, respectively. Notably, the I-VBs with the highest-inclined angle (£=90°) exhibit the
highest efficiency for heat transfer augmentation, producing Nusselt numbers that surpass those at =0° and 45° by
142.13-211.71%, and 3.74-5.81%, respectively. In the range studied, angles 8=0°, 45° and 90° resulted in Nu/Nus
values of approximately 1.14-1.53,2.65-4.61, and 2.76-4.78 times, respectively, depending on the Reynolds number
(Re).
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Fig. 4. Impact of the inclined angle of V-shaped baffles on the Nusselt number across different Reynolds numbers.

5.3 Nusselt number and wall temperature field

Figure (5) and (6) show the Temperature contours and the Nusselt number contours for inclined baffles with inclined
angles (6) varying from 0° to 90°, maintaining ¢/H=0.3, P/H=1.5, and o=45°, at a Reynolds number of 6000.
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[-VB, a=45°, 6=45°
Fig. 5. Depiction of local Nusselt number gradients and flow patterns within a test channel.

When 6=0°, the flow characteristics resemble those of a smooth channel. This indicates that the characteristics of the
flow under these conditions are consistent with the expected patterns seen in unobstructed channel flow. The influence
of the attack angle of inclined V-shaped baffles (6=45° and 90°) becomes more pronounced with increasing Reynolds
numbers, mainly as a result of the generation of recirculation or rotating eddies. This effect increases fluid mixing
between the core and tube surface regions due to turbulent fluctuations and baffle element eddy motion. It can be
observed that raising the inclined angle (6) from 0° decreases the gap height between the baffle and the channel wall,
resulting in the generation of secondary stream flow that enhances the Nusselt numbers (Nu), as depicted in Figure
(5). However, the Nusselt number continues to increase only up to an angle of 90°. Inclined V-shaped baffles (6=45°)
generate powerful secondary stream jets in the gap beneath the baffle along the surface wall, promoting turbulent
mixing as these jets reattach and merge with the main flow. As illustrated in Figure (5) and (6), the temperature
distribution will influence the Nusselt number distribution in an opposing manner. Areas with elevated heat transfer
will show an increase in the Nusselt number alongside a reduction in temperature.

J. Res. Appl. Mech. Eng. 2026, Volume 14(1)/ 9



C ) C ) C )

Main flow Main flow

Reatachment flow

R —P S o o s TH Pt
e S s o/
Eddymotion Jet flow Eaty moton Edd,\x'nonon Redrculation zone
I-VB, a=45°, 6=0° I-VB, a=45°, ¢-45° I-VB, a=45° 6=90°

I-VB, a=45°, 6=45°

Fig. 6. Depiction of local wall temperature gradients and flow patterns within a test channel.

5.4 Friction factor

Plots of friction factor ratio (f/f;) versus Reynold number (Re) at various inclined angles () are presented in Figure
(7). In all scenarios, an increase in the Reynolds number (Re) resulted in higher (f/f;) ratios, attributed to increased
turbulence and wall shear stress, which in turn led to greater flow resistance. Across the examined range, inclined V-
shaped baffles demonstrated friction losses that were 2.01 t019.91 times higher than those observed in a smooth
channel for Re values between 6,000 and 24,000.
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Fig. 7. Impact of the inclined angle of V-shaped baffles on the friction factor across different Reynolds numbers.

At a given Re, higher @ values corresponded to increased flow obstruction, turbulence, and wall shear stress, which
contributed to greater flow resistance and subsequently higher friction factor ratio (f/x) values. Conversely, a decrease
in @ had the opposite effect, as reduced flow obstruction resulted in lower turbulence and wall shear stress, leading
to decreased flow resistance. Across the studied range, inclined V-shaped baffles at =0°,45° and 90° yielded friction
factor ratios (f/fs) of 2.01-2.87, 10.43-13.38, and 15.04-19.91 times, respectively, depending on Re, and & values.
Notably, =90° resulted in friction factor ratio (f/f;) values that were 578.95-647.94% and 44.06-48.82% higher than
those at 0° and 45°, respectively. The maximum friction factor ratio (f/fs) value reached approximately 19.91 with the
inclined V-shaped baffles at =90°, ¢/H=0.3, P/H=1.5, a=45°, and Re=24,000.
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5.5 Thermo-hydraulic performance

Figure 8 illustrates the effect of the inclined angle of V-shaped baffles on thermo-hydraulic performance across
different Reynolds numbers. At low Reynolds numbers (Re=6000 and 9000), the thermo-hydraulic performances for
all configurations are comparable and exceed one. In contrast, at higher Reynolds numbers (Re=12,000 and 24,000),
the influence of the inclined attack angle becomes pronounced. Significantly, the inclined ribs at angles of #=45° and
90° demonstrate similar thermo-hydraulic performances (greater than one) throughout the entire range analyzed. In
contrast, baffles with smaller inclined angles (6=0°) yield thermal performance factors below one. These findings
indicate that energy savings can be realized by utilizing inclined detached ribs with angles of 45° and 90°.

At inclined angles (6) of 0°, 45° and 90°, the thermo-hydraulic performance (THP) values varied from approximately
0.91 to 1.28, 1.21 to 1.94, and 1.12 to 1.76, respectively, depending on the Reynolds number (Re) and the inclined
angle (6). Notably, a 8 of 45° resulted in THP values that were 5.26%, and 26.79% higher than those for 6 values of
0° and 90°, respectively. The peak THP of 1.94 was recorded at =45°, ¢/H=0.3, P/H=1.5, and o= 45° under the
lowest Reynolds number conditions.

3.2 e

28 ]
[ - 1-VB, 6=0°
-8 [-VB, 6=45°

24r @ VB, 0=90° ]
20 f ]
1.6 | ]

12 f ]

08 ]

Thermo-hydraulic performance, THP

04f ]

00 Ll
3000 6000 9000 12000 15000 18000 21000 24000 27000

Reynolds number, Re

Fig. 8. Impact of the inclined angle of V-shaped baffles on the thermo-hydraulic performance
across different Reynolds numbers.

6. Empirical correlations

The thermal performance for determining optimal parameters for inclined V-shaped baffles can be accurately
predicted using relevant correlations. Least-squares regression provides an effective approach for data correlation.
This study revealed that the Nusselt number (Nu) was influenced by the Reynolds number (Re), Prandtl number (Pr),
and inclined angle (8), but the friction factor (f) was determined to be independent of the Prandtl number (Pr). The
empirical correlations are outlined in Equations (16) to (17):

Nu=0.3836Re™ ¥ Pr'* (15+0

)0.3565

(16)

0.6701

f=2.0461Re™*" (15+6) (17)

Figure 9 compares the experimental correlations for the Nusselt number (Nu) and the friction factor (f) with the values
predicted by Equations (16) and (17). The predicted values for Nu and f differ from the experimental measurements
by approximately 2.42% to 8.12%.
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Fig. 9. The correlation between expected and experimental values for the Nusselt number (Nu) and friction factor
() for inclined V-shaped baftles.

7. Comparison with related works

Figure 10 shows a comparison of the thermo-hydraulic performance (THP) of inclined V-shaped baffles (I-VB) at
angles of 6=45° (mid-angle) and 90° (maximum angle) against results from other investigations on alternative baffle
configurations. These encompass detached rib [4], inclined detached-ribs [5], inclined baffle [6], sine wave baffles
[18], broken multiple V-type baffle [7], alternate axis twisted baffles [11], notched baffles [19], delta-wing perforated
V-type baffles [20], as well as W-shaped rib [21].

5.0 T T T T T T
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A, 45F —»— Inclined detached-ribs [5] ]
m —eo— Sine wave baffles [18]
~ —©— Broken multiple V-type baffle [7]

~ 4.0 F —— Alternate axis twisted baffles [11] ]
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Fig. 10. Compares the thermo-hydraulic performance (THP) from earlier research.

The benchmarking indicates that the I-VB (6=45° and 90°) demonstrate the highest thermo-hydraulic performance
(THP) values. The thermo-hydraulic performance (THP) of the inclined V-shaped baffle (I-VB) is comparable to that
of the sine wave baffles [18], delta-wing perforated V-type baffles [20], W-shaped rib [21], alternate axis twisted
baffles [11], higher than that of the detached rib [4], inclined detached-ribs [5], inclined baffle [6] as well as the
notched baffles [19], but lower than the thermo-hydraulic performance (7HP) of the broken multiple V-type baffle

[7].
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8. Conclusions

The impact of inclined V-shaped baffles at different inclined angles (6=0°, 45° and 90°) on heat transfer, friction
factor, and thermo-hydraulic performance has been studied experimentally for Reynolds numbers between 6,000 and
24,000. The experimental findings reveal that:

(1) At elevated Reynolds numbers (Re=6,000 to 24,000), inclined V-shaped baffles with inclined angles (6) of
45° and 90° create larger recirculation zones, whereas inclined V-shaped baffle with smaller inclined angles (6=0°)
do not.

(2) The inclined V-shaped baffles that promote recirculation demonstrate elevated Nusselt numbers and friction
factors compared to those that do not.

(3) The inclined V-shaped baffles demonstrate superior Nusselt numbers (Nu) and friction factors (f) when
compared to a solar air channel that is missing baffles. Changes in fluid flow characteristics occur as a result of the
baffle roughness, leading to phenomena such as flow separation, reattachment, and the generation of secondary flow
jets.

(4) Among the tested inclined V-shaped baffles, those with §=90° achieve a heat transfer rate that is 2.76-4.78
times greater than that of the smooth channel, outperforming the other configurations.

(5) The inclined V-shaped baffles that facilitate recirculation exhibit higher Nusselt numbers and friction factors
than their counterparts.
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Nomenclature

aspect ratio

cross section area, m?

heat transfer surface area, m>

total height of clearance and rib, m
discharge coefficient for the orifice meter
specific heat of fluid, J/kg-K
hydraulic diameter, m

diameter of orifice, m

diameter of orifice tube, m

height of clearance, m

thickness of rib, m

baffle height, m

friction factor

friction factor for a smooth channel
gap width, m

channel height, m

mglf\.s\mmm&gggga g;}:;

h rib height, m

h convective heat transfer coefficient, W/m?-K
I-VB inclined V-shaped baffle

k thermal conductivity of fluid, W/m-K
L length of test section, m

Ma mass flow rate, kg/s

Nu Nusselt number

Nus Nusselt number for a smooth channel
P pitch length, m

PVC Polyvinyl Chloride

Pr Prandtl number

AP pressure drop, Pa

@] heat gained of air, W

Re Reynolds number
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bulk air temperature, K

T inlet air temperature, K

T, outlet air temperature, K

SAC solar air channel

THP thermal-hydraulic performance

TLC thermochromic liquid crystal

t thickness of baffle, m

vV air velocity, m/s

w baffle width, m

w channel width, m

a attack angle, degree

0 inclined angle, degree

p fluid density, kg/m?

v kinematic viscosity, m?/s
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