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Abstract - A solar air heater is a key component in the efficient 

use of solar power. At the absorbing surface, the air heater 
turns the irradiance into heat energy. Flowing air via the duct 

is heated by thermal energy. Solar air heaters are both cost-

effective and simple to build. Agricultural drying, timber 

seasoning, and interior heating can all benefit from the usage 

of a solar air heater. The solar air heater, despite its many 

advantages, has certain drawbacks, such as a poor heat 

transfer coefficient in the air. The heated absorber surface has 

a low heat transmission rate to the surrounding atmosphere. 

Heat transfer coefficient can be improved by increasing the 

surface area or introducing turbulence. In order to do this, the 

heated surface must be equipped with an artificially roughened 

element. The application of artificial roughness is regarded to 
be an excellent strategy for increasing the flow velocity of fluid 

through the solar air heater's duct. Numerous roughness 

geometries used into solar air heaters were studied for heat 

transmission and friction. An effort has been made to evaluate 

the geometry of elements employed as artificial roughness in 

solar air heaters to improve the thermal and thermo hydraulic 

performance of solar air heater ducts in this study. 

Keywords: Friction factor, ribs, artificial roughness, solar air 

heater, Heat transfer rate. 

I. INTRODUCTION 

An absorbing media is used to catch the sun's energy, insolation, 

and utilise it to heat the air in the system. It is possible to heat or 

condition air using solar air heating, a renewable energy heating 

method. Space heating and industrial process heating are the two 

biggest energy use areas in heating regions where solar power is 

most cost-effective, especially in commercial and industrial 

applications[1].All sources of energy may be traced back to solar 

power. For our civilization to thrive, we need more and more 

energy, which is why we're seeing a rise in the need for it[2]. In 

the 21st century, there are several renewable energy technologies 
under use, however many of these are still in development[3]. 

Solar air heaters (SAHs) were a typical heat exchanger in solar 

energy applications[4]. In addition to space heating and process 

heating like washing, desalination, crop drying, and other drying 

operations, air heating is a common solar thermal application 

shows in figure 1.A solar air heater is a device that uses radiant 

energy from a remote source to heat air.  

 

Figure 1: Applications of solar air heater[7], [8] 

Crop drying, space heating, maritime items, and heating a facility 

to maintain a comfortable atmosphere, in particular during the 

winter, are all possible uses for solar air heaters. It will be more 

expensive and more environmentally damaging to use 

conventional energy for this procedure. The use of solar energy 

for air heating will lower the operational costs of the system and 

the use of conventional energy[5], [6].When using a passive solar 

air heating system, hot air is created at various locations and then 

directed to the final destination for use. The use of heat storing 
materials is widespread in active SAH to create hot air during the 

off-peak hours. Passive SAHs, on the other hand, are often used 

during the day. Single-pass and double-pass SAHs can be 

categorized based on the number of air passages, with or without 

heat storage. There is just one path for the air in a single-pass 

solar heater, and it travels either above or below the absorber 

plate, as shown in Fig 2. Figure 3 depicts a double-pass solar 

heater, wherein air flows in two separate passageways, which can 

either be parallel or counter-clockwise. SAHs are primarily made 

up of an air duct and an absorber plate for absorbing sound. 

Thermal insulation with a low thermal conductivity is used to 
decrease heat losses from the bottom and sides. Many scientists 

have built their own experimental test rigs to investigate the 

effects of changes made to the SAH's primary components. As a 

result, the primary goal of this research is to discover the breadth 

of SAHs and examine the various design configurations. 
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Figure 2: Classification of solar air heater[9] 

Figure 3: Modification in solar air heater[10] 

Figure 4: Conventional solar air heater component[11][12] 
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II. LITERATURE REVIEW 

Different Roughness Geometries Used in Solar Air Heater: 

Researchers studied solar air heaters with artificial roughness 

added in the form of tiny diameter wires, machining ribs of 

various shapes, and generating dimple/protrusion in order to 
analyse the absorber plate's heat transfer increase rate. Studies on 

the use of artificial roughness in solar air heaters encompass a 

wide range of shapes to examine heat transmission and friction 

properties.When it comes to corrosion, boiling, freezing, and 

leakage, solar air heaters have a number of benefits over liquid 

heaters. Drying agricultural goods with a solar air heater without 

thermal storage is a common practice. In reality, low-temperature 

drying of agricultural products (50–600 C) is common, and flat 

plate type solar air heaters make this possible. Natural convection 

or forced convection are both options for delivering more hot air 

generated by an air heater. The type of fabrication and the 
environment are also factors to consider[13]–[15]. 

Heat exchangers that can handle more solar energy are needed 

because of the mechanism of solar energy conversion via heat 

exchange. For improving sheet transmission, the artificial rib 

roughness technique is frequently utilised to disturb the laminar 

sub-layer near the absorbent surface. The several researchers 

used different roughness, which is given below, 

Using tiny diameter wires on absorber surface on one wall, 

Prasad and Mullick[31] investigated how to improve the thermal 

performance of SAHs. The wire rib diameter was 0.84mm, the 

e/D ratio was 0.019, and the p/e ratio was 12.7. At Re =40,000, 
the efficiency rose from 62 percent to 72 percent, according to 

the results. 

Using wires as roughness components on the absorber plate, 

Prasad and Saini[32] investigated the thermal and 

thermohydraulic performance of the absorber plate. Re values 

ranged from 5000 to 50,000 for p/e values of 10, 15, and 20; for 

e/D values of 0.020, 0.0227, and 0.0333. The Nusselt number 

and the Friction factor both climb with increasing e/D, however 

the rate of heat transfer enhancement decreases while the rate of 

friction factor growth is nearly similar. Over a smooth channel, 

the Nusselt number and the friction factor rose by 2.38 and 4.35 

times, respectively. For p/e and e/D, the study found optimal 

values of 10 and 0.027. Research shows that rib height should be 
equal to laminar sublayer thickness. 

Karwa et al. [33] conducted an experimental investigation to 

investigate the influence of chamfered ribs applied transversely 

as artificial roughness for forecasting the thermo-hydraulic 

performance of the roughened SAH ducts (fig. 4). Dimensions 

include duct aspect ratio (e/D) of 0.0414 to 0.0328, electrical 

conductivity coefficient (p/e) of 0.45 to 8.5, and surface 

roughness coefficient (Re) of 3000-20000. With an angle of 15 

degrees, the Stanton number and friction factor increased by 2 

and 3 times, respectively, over the smooth duct. 

The thermal performance of roughened ducts was studied by 
Sahu and Bhagoria[34]. There were three criteria for the 

investigation: Re 3000 to 12,000, P/E from 10 to 30 and e/D 

=0.0338. The Nusselt number peaked at a P/E ratio of 10, after 

which it started to decrease. An absorber plate with a heat 

transfer coefficient of 1.25–1.4 times larger than the smooth plate 

has been roughened. 

 

 

Ref. Different rib roughness Type 
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CFD analysis was used by Yadav and Bhagoria[14] to conduct a 

two-dimensional study on an equilateral triangular section 

transverse rib. Ranges for p/e, e/D and Re were obtained from 

7.14 to 35.71, and 3800 to 18,000. The Nusselt number and 

friction factor improved the most when the p/e was 7.14, Re 

15,000, and e/D was 0.042 compared to the smooth duct. 
The fluid flow properties of inclined circular transverse ribs were 

examined by Gupta et al.[35]. From 3000 to 18,000, the duct 

aspect ratio ranged from 6.8 to 11.5, the e/D ranged from 0.018 

to 0.052, and the p/e was maintained at 10. The study found that 

at =60° and e/D =0.033, the Nusselt number and friction factor 

increased by 1.8 and 2.7 times, respectively, the smooth duct's 

smoothness. 

Square cross-section inclined ribs with a gap were studied by 

Aharwal et al [36][37]. The duct's W/H ratio is 5.84, its p/e value 

is 10, its e/d value is 0.0377, and its angle is 60 degrees. Each of 

the three parameters was adjusted in a range of from 0.5 to 2, 

0.1667 to 0.67, and 3000 to 18,000. Nusselt number and friction 
factor were both increased by 2.59 and 2.87 times over the 

smooth duct. For g/e =1.0 and d/w =0.25, the thermo-hydraulic 

performance parameter was calculated. 

Multiple v-ribs with Re 2000-20,000, e/D 0.019-0.043, p/e 6-12, 

30°-75°, and W/w from 1-10 were studied by Hans et al. [35]. 

Increasing the W/w to 6 results in maximum heat transmission, 

which is lower on both sides, according to the experiment. The 

increase in Nusselt number and friction factor was 6 and 5 times 

greater than in a smooth duct. 

Arch-shaped wires were examined by Saini and Saini [38] as 

possible rib components. e/D ranged from 0.02130.0422 to 

0.03333-0.6666, while e/90 ranged from 0.3333-0.6666 for the 

Nusselt number and friction factor. As a result, the friction factor 

of 1.75 times was achieved using the values e/D =0.0422 and /90 

=0.3333. 
The arc shaped dimple roughness was employed by Yadav et al. 

[39] for parameter ranges of Re between 3600 and 18,100, p/e 

between 12 and 24, e/D between 0.015 and 0.03 and between 45° 

and 75°. In the case of e/D =0.03, p/e =12, and =60°, the greatest 

increase in the Nusselt number and friction factor was 

determined to be 2.89 times and 2.93 times, respectively. 

Multiple arc ribs with a gap were employed as roughness in 

absorber plates by Pandey et al. [40][38]. From 0.016 to 0.044, 

from 1 to 7, to 30 to 75 degrees, d/x from 0.25-0.85, and g/e to 

0.5, the P/e, e/D, W/w, d/x, and g/e values varied from 4 to 16. 

At p/e =8, W/w = 5, g/e = 1, d/x =0.65 and e/d =0.044 at Re 

=21,000, pumping power was raised by 4.96 times. 
Arc shape wire ribs organised in a's' shape on the heat 

transmission and friction factor features of SAH were studied by 

Kumar et al. [41]. Re 2400-20,000, p/e 4-16, e/D 0.022-0.054, 

W/w 1-4, and from 30°-75° were included in the study.At W/w = 

3, p/e = 8, and =60°, the maximum increases in Nu and friction 

factor are found to be 4.64 and 2.71 times higher, respectively, 

than in the smooth duct. 

Figure 5: Comparison of solar air heater efficiency[4] 
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III. CONCLUSIONS 

Several research, both experimental and analytical, have 

been conducted in the current work. Because of the rapid 

depletion of nonrenewable energy resources as a 

consequence of increased consumption, it is now vital to 

look into alternative energy sources, with solar energy 

emerging as the most promising among them. One of the 

most efficient ways to use solar energy is to heat your home 

with it. Following a thorough literature analysis, the 

following conclusions have been drawn: 

 By interrupting the laminar sub layer, artificial 

roughness may be employed to improve the thermal and 

thermohydraulic performance of conventional SAH. 

The friction factor penalty is negligible since the 

laminar sublayer is merely disrupted. 

 Various roughness characteristics, such as relative rib 
pitch, relative rib height, relative rib width, attack angle, 

etc., have been investigated for the thermal and fluid 

flow properties of various rib roughness geometries. 

Temperature-optimized rib pitch, height, breadth, and 

attack angle have been reported to be 10, 0.043 percent, 

and 60 degrees for the majority of rib designs. 

 Because secondary flow cells emerge in their course, 

ribs that are inclined have better thermohydraulic 

performance. V-shape ribs generate additional flow 

cells, enhancing thermohydraulic performance even 

more. 
 When a roughened duct has a gap in the rib, the 

thermohydraulic performance increases significantly. 

As a result of the gap, the Nusselt number increased by 

1.1–1.3 times, while the pumping power was reduced 

by 1–1.4 times. 

 The maximum heat transfer and pumping power 

augmentation was 6.74 and 6.37 times for multiple v-

ribs with gaps, followed by 6 and 5 times for multiple 

v-ribs with gaps. 

 In terms of thermohydraulic issues, the arc arrangement 

has fewer pressure losses than the v-arrangement, which 

might be due to curved secondary flow, and hence 
improved thermohydraulic performance. 
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