
Iran. J. Chem. Chem. Eng. Research Article Vol. 41, No. 9, 2022 

 

3168                                                                                                                                                                Research Article 

Experimental and Numerical Investigation of 

Implementing a Novel Vortex Generator:  

A Perforated Delta Wing Vortex Generator (PDWVG) 

on the Performance of Solar Air Collector 
 

 

Sari, Ali; Sadi, Meisam; Shafiei Sabet, Ghobad*+; Mohammadiun, Mohammad; 

Mohammadiun, Hamid 
Islamic Azad University-Shahrood Branch, Shahrood, I.R. IRAN 

 

 

ABSTRACT: Experiments were carried out for the numerical investigation of heat transfer 

enhancement in a solar air collector using different types of baffles and vortex generators. In this study, 

the vortex generator was implemented to increase the efficiency of the solar air collector. The variations 

in Nusselt number, pressure drop, friction coefficient, and thermal and exergy efficiency in four 

collectors with different baffles arrangement (type A, B, C, D) were investigated. Type A was chosen 

as the optimum collector for implementing the vortex generator on the absorber surface. In the solar 

air collector the effects of using a novel vortex generator - the Perforated Delta Wing Vortex 

Generator (PDWVG), in comparison with a flat one - the Flat Delta Wing Vortex Generator 

(FDWVG), were considered. In order to determine the maximum efficiency of the solar air collector, 

four different pitch ratios of vortex generators were studied. The Nusselt number and pressure drop 

increased with the Reynolds number but the friction coefficient decreased with Reynolds; the experimental 

and numerical results revealed that the thermal and exergy efficiency decreased from a specific 

range. The comparison of PDWVG and FDWVG showed that the presence of holes on the novel vortex 

generator led to reduced pressure drop and increased heat transfer between the airflow and the absorber 

surface. Increasing the number of vortex generator rows had a slight effect on increasing the studied 

parameters. The results showed that collector type A with ep=0.55 of PDWVG improves the energy 

and exergy efficiency 4.43% and 5.29% respectively. 
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INTRODUCTION 

The world has experienced increased greenhouse gas 

emissions and a 65% increase in CO2 from 1990 to 2017. 

Most CO2 emissions are from the energy sector.  

 

 

 

Developed countries have been moving towards renewable 

energy production so as to have lesser negative impact on 

the environment, on climate change and for increased energy 
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security [1]. Developing renewable energy resources to 

replace fossil fuels and moving towards a cleaner energy 

economy is critical.  This move will improve people's health 

and protect the environment, and also have lesser negative 

effects on the economy.  While some researchers claim that 

moving in this direction will have very high economic costs, 

other researchers suggest a green economy because it 

increases employment and career opportunities [2]. Funds 

and labor are the mainstays of economic activity. Given 

the achievement of global socio-economic development, 

the importance of developing new and sustainable energy 

resources has received widespread attention in the United 

Nations Sustainable Development Plan 2030 (UN 2030).[3] 

Performance and saving energy consumption in 

buildings have become important topics in the scientific 

community around the world. Solar energy is one of the 

most popular types of renewable energy, which can be 

used to meet the energy demand of buildings in both active 

and passive ways. Heating buildings using the passive 

method is efficient. In recent years, people have learned to 

change the structure of buildings in order to make greater 

utilization of solar energy [4]. Access to solar energy on 

buildings in urban renewal projects requires structural 

models of which research is ongoing [5]. 

For heating purposes, various advanced methods of 

conserving solar energy are widely used to reduce the 

consumption of fossil fuels in winter [6]. Solar energy can 

be converted to other forms by various mechanisms such 

as photo thermal, photovoltaic and photo biochemical. 

Photo thermal conversion mechanisms are divided into 

passive and active. The passive methods do not require 

external energy source to heat the flow. Heating a building, 

drying crops, and heating water inside a tank are examples 

of passive methods. The active methods of converting 

photo thermal energy heating the flow by using energy 

inputs of the main system. Solar collectors, solar pools, 

solar power plants, heat pumps, etc. are examples of active 

methods [7]. 

Solar collectors are divided into two types based on 

working fluid, liquid and air [8]. Solar air collectors are 

used for drying agricultural products, wood, biomass 

cultivation, waste biomass, construction materials, etc. [9, 

10]. However, conventional drying techniques also have 

disadvantages such as contamination hazards, low 

efficiency and negative effects on product quality. Solar 

air collectors can also be used to ventilate agricultural 

storage facilities or industrial environments, passive solar 

chimneys, additional greenhouse heating, and many other 

processes that require hot air [11-13]. 

A solar air collector is a device that collects and 

absorbs solar thermal energy. Most current studies have 

focused mainly on improving the thermal performance of 

solar air collectors in their design and use.[14, 15] An 

analytical study of a solar air heating system using 

foundation concrete as a heat storage material in a 

residential building was studied by Choi et al. [16]. The 

heat accumulated in the base concrete during the day can 

be used more effectively at night. By installing insulation 

on concrete, the amount of heat absorbed by the base 

concrete has decreased by 13.2% and the amount of heat 

release has increased by 12%.The results show that 

insulation is very necessary in such models. Yu et al. [17] 

examined the heating system for a residential home by 

combining a hollow wall and a solar air collector. Thermal 

performance was evaluated and the impact of effective 

parameters on the system was analyzed. The results 

showed that this system increased the indoor air temperature 

significantly reducing the need for night heating. 

When the heat transfer characteristics are a function of 

the flow and velocity pattern, it is important to investigate 

the heat transfer improvement between the absorber 

surface and the air flow. The formation of a boundary layer 

on the absorber surface directly affects the heat transfer; 

increasing the boundary layer results in less heat transfer. 

Therefore, in order to increase heat transfer, the boundary 

layer should be turbulent [18]. Increasing heat transfer 

between the absorber surface and the air flow reduces the 

temperature of the solar air collector. This has a positive 

effect on the collector efficiency and reduces heat loss to 

the environment. Materials and dimensions of the absorber 

plate, wind speed, ambient temperature, inlet flow 

characteristics, type and number of glass cover, existing 

soil on the glass, type and thickness of insulation are some 

factors that affect the collector efficiency. In order to 

obtain a higher heat transfer rate between the absorber 

plate and the air flow, various methods of increasing heat 

transfer in solar air collectors, including use of artificial 

roughness and corrugated plates have been studied [19-

22]. The combined effects of baffles and Delta-Winglet 

Vortex Generator (DWLVG) on the performance of solar 

air collector have been investigated by Sari et al. [23]. 

The results show that for solar air collector with six  



3170                                                                                                                                                                Research Article 

baffles and three pairs of DWLVG, the energy and exergy 

efficiency improve 7.4% and 12% on an average basis 

compared to the typical flat plate solar air collector, 

respectively. This improvement in thermal and exergy 

efficiency is due to the implementation of DWLVG 

which produces more turbulence and eliminates the 

vortices generated at the corners of the solar air collector. 

Mathematical models of double-pass counter flow v-

grove collector were developed by Karim et al [24] and 

simulations performed by the MATLAB program. 

According to the parametric study of solar radiation, inlet 

and outlet temperatures, flow rate and collector length 

have a great impact on the efficiency of the solar air 

collector. A flat-plate solar collector with micro-heat 

pipe arrays (MHPA) was studied theoretically and 

experimentally by Zhu et al. [25]. In this study, heat 

transfer and friction coefficient of the collector were 

examined. The effect of weather and operating conditions 

on thermal efficiency, outlet temperature, heat loss, and 

heat transfer were evaluated. The results showed that the 

efficiency increased 69% at a flow rate of 290 m3/h. The 

evaluation of thermal performance of a flat plate solar air 

collector has been presented by Agathokleous et al. [26]. 

Compared to existing commercial models, the use of 

cost-effective materials and simple design methods is the 

most important feature of the proposed collector 

innovation.  

According to the studies and reports, implementation 

of vortex generators inside the collector has been less 

discussed. In this study, the combined use of baffle and 

vortex generator on the absorber surface of solar air 

collector was investigated numerically and experimentally. 

 A novel vortex generator, the PDWVG, was implemented 

to increase the solar air collector efficiency. To optimize 

the solar air collector, the use of varying rows of vortex 

generator at different Reynolds numbers was investigated. 

 

EXPERIMENTAL SECTION 

Solar Air Collector Structural Specifications  

The proposed solar air collector is a rectangular 

channel with the following dimensions, in mm:  

1000L×800W×100H and made of galvanized metal 

sheet of 1 mm thicknesses shown in Fig. 1. The baffles 

installed inside the solar air collector are with the same 

size of 700mmL×100mmH and made of polycarbonate 

of 5 mm thickness. Transforming primary solar air 

collector channel to several smaller channels and 

forming a long serpentine path to increase air retention 

time inside the solar air collector are two main purposes 

of implementing baffles. A blower with a 63.5 mm 

outlet diameter is used in order to produce the required 

air passing through the solar air collector. The absorber 

is a metal sheet made of aluminum of 3 mm thickness. 

To reduce long-wave radiation emission and increase 

solar irradiation absorption, the solar collector faced to 

the south west has a tilt angle at 30° and the absorber is 

sprayed with black color. In order to minimize energy 

losses, the solar air collector surfaces must be insulated.  

For this the periphery and bottom of the solar air 

collector is insulated with a 10 mm thick polyethylene 

foam and a 16 mm thick wooden MDF frame. A 6 mm 

thick glass was used as the top cover, for solar 

irradiation to pass through the collector. 

 

Vortex Generator Setup 

Vortex generator is made of galvanized metal sheet 

with dimensions 50×50 mm length and height respectively 

and a thickness of 1 mm. The angle of attack is set to 45⁰. 

The schematic of the solar air collector with vortex 

generator installed on the absorber is presented in Fig. 2.  

 

Measurement Instrument 

The device as shown in Fig. 3 was equipped with 18 

PT100 K-type thermocouples and two ecotec SIC 37 

thermostats for reading the temperatures. The inlet and 

outlet temperatures were measured with two digital 

PT3001 thermometers. The pressure gradients of the inlet 

and outlet pipes were measured with two VSI VM281 

digital pressure meters. A PROVA AVM-301 anemometer 

was used to measure the air velocity at the outlet of the 

solar air collector. The TES 1333 SOLAR POWER 

METER installed at the top of the solar air collector 

measured the sun’s heat flux radiation. The experimental 

study was conducted in Sari, Iran (53.59°Longitude, 

36.69°Latitude).  

 

NUMERICAL STUDY 

A study was conducted to compare the experimental 

data with the numerical results. The following assumptions 

were considered for the investigation: 

- Heat loss from the channel’s walls, the bottom of the solar 

air collector, and the inlet and outlet surfaces were ignored. 
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Fig. 1: Schematics of the Experimental Setup. 

 

 

Fig. 2: Baffle solar air collector with vortex generator. 

 

 

Fig. 3: Location of installation 18 thermocouples at bottom of 

solar air collector. 

- There is not any long-wave radiation emitted from 

absorber to outside of the solar air collector.  

- Errors in the measuring tools on the flow regime were 

ignored. 

Two types of vortex generators were implemented in 

this study as shown in Fig. 4. The first type is Flat Delta 

Wing Vortex Generator (FDWVG) and the second one is 

a Perforated Delta Wing Vortex Generator (PDWVG). 

For numerical analyses the Ansys-fluent V13 software 

was used, which solves governing equations based on the 

Finite Volume Method (FVM). The flow pattern inside the 

solar air collector is turbulent. The realizable 𝑘 − 𝜖 model 

is selected as turbulent model to accurately predict the 

spreading rate of both planar and round jets. The S-2-S 

model was selected to simulate the radiation heat transfer. 

40 face cells were determined for a surface cluster to 

reduce calculation time and achieve acceptable accuracy 

for the simulation.  

 

Energy and exergy efficiency 

The collector thermal efficiency is defined as the ratio 

of the heat absorbed by the air to the solar irradiation on 

the collector surface. It is evaluated as follows [27-29]: 

ηe =
ṁaircpair

(Tout − Tin)

AcI
 × 100%                                (1) 

In this equation, is the mass flow rate, 𝑇𝑖𝑛 and 𝑇𝑜𝑢𝑡  are 

the average temperatures of the air at the inlet and outlet of 

the collector. 𝐴𝑐is the aperture area of the collector and 𝐼 

is the effective solar irradiation over the surface of the 

collector.  

The exergy efficiency of a solar collector system can 

be calculated in terms of the net output exergy of the 

system or exergy destructions of the system. The exergy 

efficiency of a solar air collector was evaluated in terms of 

the net output exergy of the system. The second law (or 

exergy) efficiency is calculated as follows [30, 31]: 

ηex =
Ėxout

Ėxin

=                                                                       (2) 

ṁ [(Cp(Tf,out − Tf,in)) − Te (Cp ln (
Tf,out

Tf,in
− R ln

Pout

Pin
))]

AcI [1 −
3

4
(

Te

Ts
) +

1

3
(

Te

Ts
)

4

]
 

Here 𝑇𝑠 and 𝑇𝑒 are the temperatures of the sun and 

environment respectively. 
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Fig. 4: a) FDWVG b) PDWVG. 

 

To compare the energy efficiency with the exergy 

efficiency, we would say that the numerators of both 

fractions are the same, the difference being the 

denominator of the fractions. The denominator of the 

energy efficiency formula is the inlet energy and the 

denominator of the exergy efficiency formula is the inlet 

exergy. Inlet energy is always greater than the inlet exergy, 

which is a fraction of the inlet energy. Thus here the exergy 

efficiency is higher than the energy efficiency. 

 

Exergy destruction is generally due to irreversibility 

(due to the temperature difference, or sudden expansion), 

within a component system and is an internal phenomenon 

which can be derived as follows: 

AcI [1 −
3

4
(

Te

Ts

) +
1

3
(

Te

Ts

)
4

] − ṁCp(Tf,out − Tf,in) +     (3) 

ṁCpTe  ln
Tf,out

Tf,in

− ṁRTe ln
Pout

Pin

= Ėxdest 

The performance evaluation criteria (PEC) is applied 

to evaluate the solar air collector performance at different 

states, and the specific formula is: 

PEC =
(Nu Nu0⁄ )

(f f0⁄ )1 3⁄
                                                                 (4) 

Where 𝑓 is the friction factor, 𝑁𝑢 is the Nusselt 

number and the subscript 0 represents the typical solar air 

collector (case 1). 

 

Boundary Conditions and Material Properties 

The air is treated as an incompressible flow. The 

density is treated with Boussinesq approximation. Table 1 

presents the boundary conditions and material properties. 

 

Independence of numerical results from mesh 

In order to indicate the independence of the numerical 

results from the mesh number, the average Nusselt number 

of the absorber was compared for five meshes at different 

Reynolds number. According to figure 5, the meshes with 

a density of 480,000 onwards have a constant value, so in 

order to save the cost of calculations, this mesh was chosen 

as the numerical model. 

 

Validation of Numerical Model 

For the validation of the numerical results with 

experimental data, several tests were done. The 

temperatures and velocities measured in the experimental 

tests, were converted to non-dimensional values and 

compared with the numerical data of the simulation. Figure 

6 presents the average Nusselt number of the absorber at 

different Reynolds number and compares numerical and 

experimental outputs. The results show that the numerical 

results and the experimental data have about 8 % 

difference and are in a good agreement. 

 

NUMERICAL RESULTS AND DISCUSSION 

Numerical analysis was implemented to evaluate the 

performance of the solar air collector, and a series of 

simulation results presented. The effect of installing 

baffles and vortex generator on the temperature 

distribution, the pressure drop, flow patterns and thermal 

and exergy efficiency of the collector were investigated. 

In this section, four types of baffle are considered and 

simulated at first. The effects of these baffles on the 

Nusselt number, friction coefficient, pressure drop and 

both thermal and exergy efficiency of the solar air collector 

were first investigated and the optimum baffle type was 

selected for the job. Implementation of the vortex 

generator was the second stage where too all the above 

parameters were investigated as in the first stage. The 

optimum collector type will be introduced at the end of this 

section. 
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Table 1: Boundary condition and material properties. 

Boundary Type Properties 

Absorber 

DWLVG, DWVG 

Wall 

T= Periphery temperature 

ϵc = 0.1 

γ = 0.95 

Glass cover 
Opaque Wall 

T= Periphery temperature 

ρ = 2500 kg/m3 

Cp = 800
J

kg
. K 

λ = 0.75
W

m. k
 

ϵg = 0.9 

α = 0.8 

Baffles Wall Adiabatic 

Channel Wall Adiabatic 

Inlet Inlet velocity  

Outlet Pressure outlet  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Comparison of different meshes density. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Validation of numerical results and experimental Data. 

 

Effect of different types of baffles on solar air collector 

performance 

Fig. 7 shows four different types of baffle discussed in 

this section. The inlet and outlet ducts of the collector were 

designed to ensure air flow circulation inside the collector 

with maximum heat transfer taking place. The mass flow 

rate varies from 2.6 to 26 m3/h and the Reynolds number 

is in the range of 4400 – 22000. 

The variation of average Nusselt number of absorber 

and glass in terms of Reynolds number is shown in figure 

8. One can observe that baffle type A yields the highest 

average Nusselt number in the absorber and glass cover. 

The Nusselt number increases together with the Reynolds 

number. As a result, the highest energy absorption and 

highest energy loss occurs in type A. 

The variation in the friction factor coefficient and 

pressure drop in terms of mass flow rate for different types 

of collector is presented in figure 9. It can be seen that, the 

collector type B has the highest friction factor coefficient 

and pressure drop. As the flow rate increases, the friction 

factor coefficient decreases. The pressure drop also 

increases with increasing mass flow rate. 

Fig. 10 presents the variation of energy and exergy 

efficiency of the collectors versus Reynolds number. It 

shows that collector type A has a higher thermal and 

exergy efficiency. As the Reynolds number increases, the 

absorber temperature decreases. The increase in the 

velocity of airflow has two simultaneous effects: first, 

airflow absorbs more heat from the absorber and causes 

the absorber temperature to decrease; the second is the 

increase in heat transfer from the solar air collector to the 

periphery. For higher Reynolds number, the second effect 

becomes more dominant and the efficiency decreases.  

This means we have an extremum velocity in which the  
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Fig. 7: Types of under investigation baffles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Variation of average Nusselt number of absorber and 

glass at different Reynolds number. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9: Variation of friction coefficient and pressure drop at 

different Reynolds number. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: Variation of energy and exergy efficiency versus 

Reynolds number of different types of baffles. 

 

efficiency would be at the maximum value.  Based on the 

analysis on the dimensionless parameters of the problem, 

collector type A has the highest energy absorption and the 

highest efficiency, therefore it is considered as the 

optimum collector. 

 

Effect of installing Vortex Generators 

The results showed that the baffle type A has a higher 

efficiency and energy absorption than other types (cases) 

and it was therefore selected for use in the vortex 

generators. The changes in average Nusselt number, 

friction factor coefficient, pressure drop and collector 

efficiency were investigated. Figure 11 presents the 

implementation of three rows of FDWVG on the absorber. 
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Fig. 11: Implementing three rows (ep=1.30) of FDWVG on absorber. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Variation of average Nusselt number of absorber and 

glass at different Reynolds number. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13: Variation of friction coefficient and pressure drop at 

different Reynolds number. 

 

Number of VGs varies from 1 to 7 with pitch ratio (ep) of 

1.96, 1.30, 0.78, and 0.55. The height ratio of the VGs are 

0.5 and the angle of attack is set to 45°. The mass flow rate 

varies from 2.6 to 26 𝑚3 ℎ⁄ , ambient temperature is 318 K 

and solar radiation is 920 𝑊/𝑚2. 

 

Effect of FDWVG  

The effect of pitch ratios of FDWVG on the heat 

transfer enhancement on the absorber is shown in figure 

12. The Nusselt number tends to grow with the reduction 

of pitch ratio ep due to higher turbulence intensity 

imported to the flow between vortex generators. The effect 

of pitch ratio is not significant on the Nusselt number in 

the glass cover. It was observed that the Nusselt number 

rises with increasing Reynolds number. . 

The variation of the pressure drop and friction factor 

coefficient versus mass flow rate for FDWVG at different 

pitch ratio is presented in figure 13. When raising the mass 

flow rate the friction factor tends to decrease whereas 

pressure drop tends to increase. It was also found that 

pressure drop and friction factor tend to increase with 

reduction of pitch ep. 

The variation of energy and exergy efficiency of 

collector type A with Reynolds number for four FDWVG 

pitch ratio is presented in figure 14. It was observed that 

the efficiency increased with the Reynolds number. It was 

also found that efficiency of the collector grew with 

decreasing of the pitch ratio ep. 

 

Effect of PDWVG implementation 

The variation of average Nusselt number with Reynolds 

number in the absorber and glass cover of collector type A 

with different pitch ratio ep is shown in Fig. 15. In 

implementing the novel vortex generators PDWVG when 

compared to the FDWVG, the Nusselt number in the absorber 

was increased while slightly decreasing in the glass cover. 

Hence, it increased the energy absorption and decreased the 

heat losses of the collector. Similar to the previous case 

FDWVG, the Nusselt number increases with reduction of the 

pitch ratio of PDWVG. 

Fig. 16 depicts the variation of friction factor 

coefficient and pressure drop versus mass flow rate for 

collector type A with different pitch ratio ep of PDWVG. 

As expected, absorber with perforated delta wing vortex  
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Fig. 14: Variation of energy and exergy efficiency versus 

Reynolds number of different number of FDWVG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15: Variation of average Nusselt number of absorber and 

glass at different Reynolds number. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16: Variation of friction coefficient and pressure drop at 

different Reynolds number. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17: Variation of energy and exergy efficiency versus 

Reynolds number of different number of PDWVG. 

 

generator experienced around 6% lower pressure drop than 

in the case of FDWVG.  

The variation of energy and exergy efficiency of the 

collector with Reynolds number for different perforated 

vortex generator pitch ratio is shown in figure 17. It can be 

observed that there is more energy absorption and less heat 

loss. It was also found that the pressure drop decreases. 

Furthermore, the outlet temperature increased compared to 

the previous (FDWVG) case. Therefore, energy and 

exergy efficiency was increased. 

 

Comparing the performance of different cases 

The comparison between energy and exergy efficiency 

of the collector type A, versus Reynolds number and VG 

pitch ratio ep=0.55 for the cases of FDWVG and PDWVG 

is presented in figure 18. It is evident that the effect of the 

output temperature and Reynolds number on efficiency of 

collectors are significant especially at the lowest VG pitch 

ratio. The collector type A without vortex generators was 

taken as the reference collector, it having the lowest energy 

and exergy efficiency. 

The increase of energy and exergy efficiency of collector 

type A with vortex generator pitch ratio ep=0.55 for the cases 

FDWVG and PDWVG based on the reference collector is 

presented in figure 19. As observed the collector type A with 

PDWVG with pitch ratio ep=0.55 yields a higher energy and 

exergy efficiency e equal to 22.1% and 25.6% respectively. 

The collector type A without vortex generator has the lowest 

values. The maximum enhancement of energy and exergy 

efficiency is 3.61% and 5.33% respectively. It was also seen 

that the rate of energy and exergy efficiency of the collector 

type A with pitch ratio ep=0.55 of PDWVG increased 4.43% 

and 5.29% respectively based on the reference collector at 

Reynolds number 22000. 
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Table 2: Energy and exergy analysis of the tested solar air heaters. 

Solar Air 

Collector 

Reynolds 

Number 

Exergy input rate 

(�̇�𝑥𝑖𝑛) (𝑊) 

Exergy output rate 

(�̇�𝑥𝑜𝑢𝑡) (𝑊) 
Irreversibility rate (�̇�𝑥𝑑𝑒𝑠𝑡) (𝑊) 

Energy 

Efficiency 

Exergy 

Efficiency 

Type A 

4400 583.360 57.325 526.035 6.686 9.827 

11000 583.360 110.180 473.180 13.439 18.887 

22000 583.360 108.527 474.833 17.653 18.604 

Type A 

ep=0.55 of 

FDWVG 

4400 583.360 60.947 522.413 7.269 10.448 

11000 583.360 121.382 461.978 15.130 20.807 

22000 583.360 133.771 449.589 21.475 22.931 

Type A 

ep=0.55 of 

PDWVG 

4400 583.360 62.135 521.225 7.398 10.651 

11000 583.360 124.355 459.005 15.452 21.317 

22000 583.360 139.428 443.932 22.086 23.901 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 18: Energy and exergy efficiency of different collectors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19: Rates of energy and exergy efficiency increasment. 

 

The highest exergy destruction is 526 W occurring for 

reference collector at Reynolds number 4400. Table 2 

presents the comparison of different parameters of these 

three cases. 

When comparing these three types of collector, we see 

that the collector type A with the pitch ratio ep=0.55 of 

PDWVG uses the available energy better than the other two. 

The ratio of Nusselt number on constant Reynolds 

number is presented as 𝑢/𝑁𝑢𝑠. Here, 𝑁𝑢 is the Nusselt 

number for rough case of absorber and 𝑁𝑢𝑠 are the values 

for reference collector. The effect of FDWVG and 

PDWVG with the pitch ratio ep=1.30 on heat transfer 

enhancement is shown in figure 20. It can be seen that 

FDWVG yields a higher Nusselt number ratio due to more 

heat absorption of the collector. The maximum 

enhancement for PDWVG is 18.7% and for the case of 

FDWVG it is 19.4%. The numerical results and the 

experimental data have about 5 % difference and are in a 

good agreement. It can be seen that the Nusselt ratio 

decreases with Reynolds. 

The PEC was implemented to compare the 

performance of different cases. The collectors with pitch 

ratio ep=0.55 of FDWVG and PDWVG were compared at 

different Reynolds numbers based on reference collector 

and is shown in figure 21. Where the PEC is greater than 

1, the performance of the specified collector is better than 

the reference. As the Reynolds number increases so does 

the PEC. The implementation of vortex generator causes 

an increase in the performance of collectors. 

The results of the present study, specifically the energy 

and exergy efficiency of collector type A were compared 

with other studies. In Ali et al. [23] three types of solar air 

collector were tested. The type with three pairs of 

DWLVG and six baffles improved the thermal and exergy 
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Fig. 20: Comparison the ratio of Nusselt number at different 

Reynolds number. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 21: Comparison of PEC at different Reynolds number. 

 

efficiency 7.4% and 12% respectively when compared to 

the flat plate solar air collector. Esen [27] introduced a 

double-flow collector which gave the highest energy and 

exergy efficiency. This type of solar air collector improves 

the thermal and exergy efficiency 7% and 27.14% 

respectively. In the present study, collector type A with 

ep=0.55 of PDWVG improves the energy and exergy 

efficiency 4.43% and 5.29% respectively compared to the 

collector type A without vortex generator. 

 

CONCLUSIONS  

The combined effect of using baffles and vortex 

generator was investigated numerically and 

experimentally. A novel vortex generator PDWVG was 

implemented to improve thermal and exergy efficiency of 

solar air collector. The numerical results were verified with 

the experimental data. The main results can be listed as 

follows: 

● The increase in the velocity of airflow has two 

simultaneous effects: first, the airflow absorbs more heat 

from the absorber and causes the absorber temperature to 

decrease; and second is the increase in heat transfer from 

solar air collector to periphery. For higher Reynolds 

number, the effect of the second effect becomes more 

dominant and the efficiency decreases in this case. This 

means that we have an extremum velocity in which the 

efficiency would be at the maximum value. 

● Increasing vortex generator rows from 1 to 7 has a 

significant effect on increasing Nusselt number in the 

absorber and slight effect on increasing Nusselt number in 

the glass cover. 

● Increasing the Reynolds number also increases the 

collector efficiency to an optimal level before a gradual 

decrease in efficiency is seen. 

● Implementing novel vortex generator PDWVG in 

comparison with FDWVG increases the Nusselt number in 

the absorber and decreases in the glass cover slightly. This 

means it increases energy absorption and reduces heat 

losses of the collector. 

● The holes on PDWVG cause the pressure drop to be 

less than in the case with FDWVG. 

● The output temperature and Reynolds number have 

a significant impact on the efficiency of collectors. The 

highest energy and exergy efficiency is for collector type 

A with ep=0.55 of PDWVG. 

● The collector type A with ep=0.55 of PDWVG gave 

the highest values for energy and exergy efficiency which 

are equal to 22.1% and 25.6% respectively. The rates of 

energy and exergy efficiency of the collector type A with 

ep=0.55 of PDWVG increased by 4.43% and 5.29% 

respectively compared to the reference collector. 

 

NOMENCLATURE 

𝐴𝑐            Aperture area of the collector, m2 

𝐶𝑝  Specific heat capacity of top glass cover, J/(kg.K) 

𝐶𝑝𝑎𝑖𝑟
                     Specific heat capacity of air, J/(kg.K) 

𝐷ℎ        Hydraulic Diameter 

�̇�                Energy rate, W 

𝐸�̇�                Exergy rate, W 

�̇�𝑥𝑑𝑒𝑠𝑡       Rate of irreversibility or exergy destruction, W 

ep                     Vortex Generator pitch ratio 

𝑓             Friction factor coefficient 

𝐼            Effective solar irradiation over the  

                                             surface of the collector, W/m2 
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l         Characteristics of length of collector 

ṁair                                              Mass flow rate of air  

Nu           Nusselt Number, Nu = hl/k 

Nus      Nusselt Number of reference collector  

Nur             Ratio of Nusselt Number, Nu/Nus 

P                     Fluid pressure, N/m2 

R                   Universal gas constant, J/kg.K 

Re                Reynolds Number, Re=uDh /   

s               Entropy, J/kg.K 

T                              Periphery temperature 

u         Velocity component in corresponding direction, m/s 

x           Characteristic of length, m 

 

Greek Letters 

α               Transparent cover transmittance 

β               Coefficient of thermal expansion 

γ                      Absorb plate absorption rate 

ϵ       Rate of dissipation of turbulent kinetic energy 

ϵc              Emissivity of heat absorber plate  

ϵg                     Emissivity of top glass cover 

ηe                                    Thermal efficiency 

ηex                                                    Exergy efficiency 

λ                             Thermal conductivity coefficient of  

                     glass cover, W/m.K 

μ                         Dynamic viscosity, kg/m.s 

ρ                                           Density, kg/m3 

 

Subscripts 

e                                             Environment 

FDWVG          Flat Delta-Wing Vortex Generator 

FVM                Finite Volume Method 

f                  Fluid 

in                   Inlet 

out                Outlet 

PDWVG          Plat Delta-Wing Vortex Generator 

PEC              Performance Evaluation Criteria  

s                    Sun 

sol                              Solar 

SAC         Solar Air Collector 

VG           Vortex Generator 
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