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Abstract 
 
This article deals with effect of desecrate baffles with cut-off on solar air 

heater performance. Heat transfer fluid (HTF) flows through the system is 

air, numerically using computational fluid dynamic (CFD) technique with 

Reynolds from 3000 to 23000. Simulation of the present case was done 

through using ANSYS fluent 2019R1 with a cut-off ratio of 0.533, 0.417, 

0.3, 0.183, and a triangular value of δ=0. The other parameter named attack 

angle (AOA) or (α_a ) with a range (30º to 70º), was considered to find its 

effect on fluid flow, heat transfer, and solar air heaters performance. Results 

are correlated with previous literature studies and those of SAH without 

baffles. 
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1 Introduction 
 

The simplest form of heat exchangers is a rectangular channel with many 

engineering applications in our daily lives, especially throughout the HVAC 

field, where heat energy is transferred from the hot wall to internal airflow.  
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Low heat rates generate low efficiency. Thus, the flow through the 

rectangular duct should be turbulent to enhance heat transfer and thermal 

performance. Using V-shaped constraints to flow turbulent channels, this 

increases the flow disturbance within the channel, thus increasing the 

coefficient of forced convection heat transfer for solar air heaters, increasing 

the local Nu. Many engineering applications require multiple experiments. 

For researchers, the ultimate goal may be to choose an ideal design requiring 

low-cost results and the possibility of evolving parameters affecting the 

system's thermal performance factor. Applications are identified for the 

design of gas-cooled and electronic reactors and energy transfer devices such 

as solar air heaters. The effects of friction on the fluid flow and heat 

transmission properties of previous experimental and theoretical studies 

depend in large part on the pressure value and turbulence values on the 

properties of the engineering shape in the application that overcome 

parameters such as P/e, D/e, α, and Re.  

 

2 Literature Review 
 

For continuous or discreet V-models. Historical and practical literature 

had very few numbers [1]. Direct numerical simulation to study channel flow 

effect transferring full turbulent heat. She concluded that, as the area grew, 

the awakening areas were observed at mean temperature, and Pr depended on 

adjacent wall numbers Re and Pr, comparing marked fields with temperature 

[2].A study of friction with heat transfer features was conducted in a larger 

channel (AR = 1) with a turbulent frame ratio system Reynolds number 5000 

to 25000. PR=2 increases excessive pressure drop and significantly increases 

thermal transmission via the V-shaped barrier, Nu / Nuo=4.99. Reynolds' 

growth is known to increase Nusselt 's number. The flash creates a higher 

heat transfer rate [3]–[5]. Reynolds 3000-21,000 analysed V-pattern broken 

baffle. Under the same conditions, hydraulic thermal performance for 

fractured V patterns was found better than other deflective forms.A 20.38 

and 4.25-fold increase in numbers and f over smooth ducts.  

Compared to the smooth channel, up to 60 ° rectangular ribs can provide 

better heat transfer features. For discrete edges, continuous ribs (Vup, 

Vdown, Vup, and Vdown), the Stanton figure increases by 110,147 percent, 

or 102,137 and 93–134 and 102–142 over the smooth tube. The V-rib’s angle 

attack with 60o was taken to be the best method to enhance the heat transfer 

coefficient and friction ratio than the inclined ribs [6], [7]. Singh et al. [8] 

investigated a separate, rough conduit’s fluid flow characteristics and heat. 

They found a 3.04% and 3.11% increase in optimum value for coefficient of 

heat transfer in comparison with smooth channel.Present article links 

individual ribs with symmetric cavities to develop heat transfer below the 

heat-absorbing plate. Considering the effect of discrete angle attacking V- 

cut-offs, solar heater thermal performance was discussed. 
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3 Roughness Parameters 
 

In the current study, turbulators have been made by employing discrete 

V-ribs with cut-off. 10mm was considered to be the gap size (g). A Pitch (P) 

of 50 mm was used between two ribs. The variation of attack angle was 

between 15º and 75º. Parameters of roughness are specified through the cut-

off ratio of baffles and the attack angle. Table (1) below illustrate the range 

and values of parameters related to dimensionless roughness used in addition 

to Reynolds numbers used in this study as shown below: 

 
Table 1: geometrical characteristics 

S. No. Parameter Range 

1 Gaps Number, Ng 3 

2 Gap relative width,  10/20=0.5 

3 Relative roughness pitch,  50/20=2.5 

4 AOA ,  15-75º 

5 Re 3000-21000 

 

3.1 Description of the Computational Model  
 

Solar air heater was used in present study having a rectangular cross-

sectional area with the absorber flat plate roughened baffles demonstrated in 

Fig. 1.  

 
Fig. 1: schematic for solar air heater 

 

A channel was classified into 3 sub-sections as illustrate in fig.1: entry, 

test, and exit sections respectively. The heat transfer fluid (HTF) studied with 

dry air at 1 atm operational pressure.  
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Selected turbulence model used steady flow, radiation heat transfer, and 

red viscous dissipation, in addition to constant air properties.  

 

3.2 Mesh Generation  
 

In this study, ANSYS Workbench was used as a meshing tool. A local 

inflation control method was used to capture boundary layer formation at the 

lower wall of the channel. Fig.2 shows meshed geometry where the first 

layer height has been given and twenty layers of inflation were given to help 

capture the boundary layer, thus forming prisms or wedge elements. The 

remainder of the geometric model has maximum face size and maximum 

tetrahedral size proximity and curvature controlled meshed elements, 

forming a tetrahedral. The relevance centre was set to a high quality to size 

the mesh away from the heated section as shown in Fig.2. 

 

3.3 Grid Independency Validation  
 

As a solution refinement method, grid independence test is employed. 

Through this method, cells easily added wherever mesh required that. It also 

permits the flow field characteristics to be resolved effectively. The created 

mesh would be ideal for the flow solution if the adaption were used correctly 

since the more cells can be determined wherever needed. Also, there is no 

need to generate the mesh again when examining the effect of mesh 

refinement on the solution. ANSYS software was used to mesh the domain. 

Tetrahedral elements of different sizes were employed for discretising the 

computational domain. Prism layers were added for resolving the flow near 

the wall in an accurate way.The grid independence was conducted by 

simulating the channel with or without cut-off and discrete baffles at Re = 

20000.The number of elements, ranging from 3.23E+06 to 2.70E+08, were 

compared with the average surface Nu and a maximum difference of 0.02% 

for .The final mesh numbers are shown in Table 2. To create a balance 

between the convergence speed and calculation, a 2.05E+07 cell grid was 

selected. 
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Table 2: Show element numbers for different geometries verifying grid 

independency validation 

Geometry mesh number  

rectangular channel with baffles 

  

3.23E+06 152.8119 

4.50E+06 159.8239 

6.58E+06 167.6956 

9.90E+06 175.0547 

1.40E+07 181.5224 

2.05E+07 183.9807 

2.70E+08 184.015 

 

 
Fig.2: meshing domain 

 

3.4 Governing Equations 
 

Two-dimension governing equations for continuity, momentum, and 

energy solved by tensor modelling to find solution for present problem of air 

fluid flow in an artificial rough SAH [9], shown below: 

Mass conservation   

                (1) 

Momentum 

          (2) 

Energy  

             (3) 
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The average Nu, 

                (4) 

(h) represents heat transfer coefficient. This can be achieved right after the 

heated wall completes the ANSYS Fluent process. 

The f: 

                 (5) 

 where ΔP represents a pressure drop along the SAH channel. Whenever 

the ΔP is increased, a greater pumping force is required. The system that 

supplies a minimum pressure drop with a greater increase in heat transfer is 

considered an optimal one.  

A Thermo-Hydraulic Performance Parameter (THPP) can improve SAH 

performance by using an artificial roughness component [10].This constitutes 

the fluid thermal and dynamic ratio given by the following equation: 

              (6) 

 

3.5 Boundary Conditions 
 

The computational model consists of rectangular sections with three 

parts, namely inlet, test, and exit sections, respectively. A (0.5 mm) thickness 

was used for absorber surface. Table 3 displays the working fluid as well as 

absorber plate characteristics. Conditions of the applied boundary are 

calculated as follows: 

1. At the inlet section, v=0 , u=Uo, and T=To 

2. At the outlet,  

3. Top side have (y=H), v=0, u=0, and =1000 W/m
2
. 

 

Table 3: Working fluid and absorber plate thermophysical properties [11] 

Properties Aluminium air 

 
871 1005.3 

 
2724 1.213 

k (W/mK) 201.7 0.0246 

 - 1.7955E-05 
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3.6 Validation of CFD Model 
 

SAH model having length of 2000 mm without baffles was used through 

utilizing a three-dimensional domain. For the smooth wall of SAH, various 

turbulence models have been examined, namely SST k-ω, Realizable (k-ε), 

RNG (k-ε), Standard (k-ε), and (k-ω). Computation efforts have large effect 

on solution domain with a three-dimensional length tube. Gained (Nu) for 

smooth pipe had been compared with a smooth wall as proposed by Dittus-

Boelter correlations. Fig. 3 shows a comparison of Nu variation with that of 

Reynolds number using several turbulence models as well as the obtained 

results from correlations for a smooth wall. It has been discovered that a fair 

agreement between used correlations and k-ε model leading to accurate 

numerical results. (k-ε) model with RNG leads to an absolute error of 2.82% 

in Nu which was predicted from correlation. When fluid flow and heat 

transfer simulated, the RNG (k-ε) model with enhanced wall treatment was 

selected relative to results that match smooth pipe empirical correlation. 

 

 

Fig. 3: Variation of  versus Re for different turbulence models of smooth 

SAH empirical correlation results. 

 

3.7 Validation of Numerical Data 
 

The numerical results of Nuss and fss for a smooth channel had been 

validated with experimental results [12] and that outcomes calculated from 

Dittus-Bolter as in eq. 1, and modified Blasius, eq.2, correlations 

respectively[13].  
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These comparisons are shown in fig. 4, which explains the fine 

agreement between numerical, and the outcomes from the analytic and 

experimental results from the literature.  The Nu and f average deviation 

values are ±1.4% and ±1.03%, respectively. 

 
Fig. 4: (A) Numerical versus experimental and Dittus-Bolter correlation of Nuss, (B) 

Experimental versus predicted data of fss. 

 

4 Results and Discussion 
 

SAH with duct geometry had a rectangular cross-sectional was used here 

in this study with constant heat flux q" = 1000 (W/m2) used to heat the 

absorber upper plate, and duct entering air with uniform velocity and 

temperature, and the lower side of the duct assumed adiabatic. the RNG (k-ε) 

model is chose to find the values of turbulent variables depending on the 

previous topics. The results had been determined for (10-6) to ensure 

convergence criteria. The effect of pitch (P/e) and the height (e/D) ratios 

were studied as a major parameter effect on the Thermohydraulic 

performance (THPP), and Nu with f varied with attack angle. To discover 

heat transfer augmentation, the comparison had been performed with that 

duct without baffles for the same boundary conditions.  

 

4.1 Heat Transfer and Fluid Flow 
 

Fig.5 displays numerical results for the effect of attack angle on Nu for 

different Reynolds numbers with Hb/H=0.67, Pb/H=1.67, gw/Hb=10/10,  

Dd/Lv =0.67. Nu rises with Reynolds number for different AOA because of 

turbulent intensity, which enhances heat transfer at an AOA 60º compared 

with other angles, as shown in figs. 5, and 6. The absorber plate with inclined 

baffles will generate secondary flow. Because of the attack angle of baffles 

from the sidewalls, the air flows along with the baffle near the leading edge 

and exit neatly the trailing tip.  
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The generated secondary flow produces a swirl and the rotating as a 

secondary stream.  Using a long-angled baffle V-pattern helps to form dual 

secondary flows in comparison to the case of a single baffled angle leading 

even with greater Nu values. The detached implementation of the deflector in 

model V permits in releasing the secondary flow that is combined with the 

main flow through the discrete, as indicated in fig. 6. This leads to its 

acceleration, which activates the delay of the flow of the boundary layer 

outside the wall leading to an increase in the number of Nusselt through the 

region of the discrete width behind the deflector. For an AOA of 60 ° and 30 

° as shown in fig.7, it obviously shows minimum and maximum rates of the 

Nu for the Model V discrete air duct. 

 
Fig.5: Effect of angle of attack on Nu 

for =0.67, =1.67, =10/10, =0.67. 

 
Fig. 6: Effect of AOA on Nu. 
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               Fig. 7: effect of Re on f, with  

                        
 

           
                        Fig. 8: AOA Effect on friction factor 
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Increasing the Nu through roughness increases the coefficient of friction 

and leads to an increase in the power of needing a pump. Friction coefficient 

depends on the Reynolds number with varies AOA values in addition to store 

values of other parameters are shown in Fig.7. 

The value of friction coefficient increases with the increase of AOA and 

reaches the highest value, identical with the attack angle 60º, and declines 

with an increase in the attack angle further. To dwell in detail on the effect of 

the AOA angle on the coefficient of friction, fig. 7 was reduced as shown in 

Fig. 8. With increasing angle of attack, the coefficient of friction increases 

reaches a maximum value for AOA of 60 ° and then decreases as the AOA 

increased. Minimum and maximum friction coefficient values were obtained, 

corresponding to AOA values of 30 and 60 ° compared to the square channel. 

 

4.2 Thermo Hydraulic Performance 
 

The overall thermal performance parameter has been defined as, 

                                                                               (13) 

A rectangular channel's overall thermal performance parameter with 

different attack angle values for (Re) varies from 3000 to 21,000, as shown in 

the figure. 9. It increases by increasing the attack angle to about 60o. Then it 

declines at all Reynolds number values with further increase in attack angle. 

For this reason, η maximally reached an attack angle of about 60º.To 

elaborate on the effect of AOA on eq.13.  

 

 
Fig.9: AOA effect on thermal performance with Re. 
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      Fig. 10: AOA effect on thermal performance 

       
Thermal performance (η) increases with increasing AOA, reaches a 

maximum value, corresponding to an AOA of 60 °, and decreases with an 

additional increase in AOA. The highest and minimum thermal 

characteristics (η) values were obtained which correspond to the values of 

the (AOA = 30°) and (AOA = 60°), respectively as presented in fig. 10. The 

thermal characteristic data (η) estimated for the shape for the model of the 

discrete model V are compared with the data determined for discrete v-

pattern baffles [14], continuous V-pattern baffle [15], and the current study.  

It can be observed from Fig. 11, the present findings are the most excellent 

thermal performance among all the examined shapes. Fig. 12 confirm the 

behaviour of the temperature distribution along the duct and that for airflow 

moving as main and secondary flows near the baffles. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 11: Comparison of various baffle rectangular channels. 
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1. For =30º 

 
2. For =40º. 

 
3. For =50º. 

           
4. For =60º 
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5. For =70º 

 
Fig. 12: Comparison of velocity, temperature, pressure distribution along the 

channel. 

 

5 Conclusions  
 

The results related to f, Nu and thermal performance presented by a cut-

off ratio (δ⁄w) for V-baffles have been investigated. As expected, the Nu 

increases considering the number of Reynolds due to higher in turbulent 

intensity that mostly leads to enhanced heat transfer. AOA of 60º showed the 

greatest heat transfer enhancement. The heat transfer rate increases versus 

AOA, and reaches an excellent value related to AOA of 60º justified by 

separation of flow at that angle. The AOA 60º baffle shows higher heat 

transfer and improvement with about three-time for a smooth channel. The 

value of (f) reaches its minimum and maximum corresponding to AOA of 

30º and 60º as compared to (f) values for rectangular channel of baffle 

shapes’, which proves the proportionality of Nu with f. Thermal performance 

proportional with attack angle, which saturates at 60º angle and then 

decreases versus angles beyond this value, at all Reynolds number values. 

The results showed reasonable agreement in comparison with the results 

obtained from previous researches. V-baffles shapes showed superior values 

in comparison to other channels. 

   

Nomenclatures  
 

AOA Heated plate surface area (m2) 

Angle of Attack. (o) 

  Air specific heat (J/kg.K) 

  Discrete distance (m) 

  The Relatively discrete distance (m) 

  The hydraulic channel diameter (m) 

f Friction factor 

fb Rough baffle friction factor.  
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fs Without baffle channel friction factor  

gw Discrete width (m) 

 /Hb 

The Relatively discrete-width. 

ht Convection heat transfer coefficient (W/m2K) 

H Channel height (m) 

Hb Baffle height (m) 

Hb/ H The Relatively baffle-height. 

Ka Air thermal conductivity (W/m.K) 

  Test section length of  (m) 

  Baffle V pattern length of (m) 

  Air mass flow rate (kg/s) 

Nu Nusselt number 

Nurs Baffle channel Nusselt number. 

Nuss Channel without baffle Nusselt number. 

Pb Baffle channel pitch (m) 

Pb/H The Relatively pitch-ratio 

Qu Useful heat gain (W) 

Re Reynolds number. 

Tf Air mean temperature (K) 

Tin Air inlet temperature (K) 

Tout Air outlet temperature (K) 

  

SAH Air plate temperature (K) 

Solar Air Heater. 

u "x-component" air velocity (m/s) 

v "y-component" air velocity (m/s) 

W Channel width (m). 
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