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Abstract:  
All processes in life are fuelled by energy, which is a fundamental source of power. Large amounts of energy are needed 
to keep the industrial revolution running.  The majority of the world's energy needs are being satisfied by non-renewable 
and restricted conventional energy sources. Conventional sources of energy, in addition to their incapacity to supply 
our ever-increasing energy needs, are environmentally unsustainable. This is done to examine the performance based 
on various mass flow rate of air and sun intensity. The varied percentages of nanomaterial (0.1%, 0.2%, & 0.3%) 
are doped in black paint which increases the absorption of heat. The Reynolds number is changed for the fixed selective 
coating on absorber plate and mass flow rate. In addition, the impacts of entropy generation are explored with respect 
to solar radiation and ambient temperature. Thermophysical properties of nanofluids drastically altered due to size 
dependence of these properties. The heat transmission and thermal efficiency of a solar air heater with a V-shaped rib 
were evaluated statistically. Using a solar air heater with artificial roughness in the form of 30o incline ribs, thermal 
efficiency has been evaluated. On the upper side of the absorber surface, 15 mm and 20 mm pitches of inclined ribs 
were employed to create. The rib pitch values of 20 mm, and heat transmission statistics were studied for the 
comparison. Various geometrical aspects of the solar duct were mathematically calculated with an eye toward 
increasing the maximum heat transfer rate. 
Keywords: Nanomaterial, coating, Air temperature, Black Paint, sun intensity, Energy, Exergy.  
 
INTRODUCTION: 
When using a passive solar air heating system, hot air is created at various sites and then directed to the 
final destination for use. The use of heat storing materials is popular in active SAH to create hot air 
during the off-peak hours. Passive SAHs, on the other hand, are typically utilized throughout the day. 
Single-pass and double-pass SAHs can be classed based on the number of air channels, with or without 
heat storage. There is just one channel for the air in a single-pass solar heater, and it flows either above 
or below the absorber plate, as shown in Figure 1.1. Figure 1.2 displays a double-pass solar heater, wherein 
air flows in two independent passageways, which can either be parallel or counter-clockwise. SAHs are 
typically constructed composed 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 created their own experimental test rigs to study the consequences of adjustments 
made to the SAH's key components. As a result, the fundamental purpose of this research is to find the 
breadth of SAHs and investigate the various design configurations. 

 
Figure 2. 1: Applications of solar air heater[1], [2] 
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Figure 2. 2: Classification of solar air heater[3] 

 

Figure 2. 3: Modification in solar air heater[4] 

 
Figure 2. 4: Conventional solar air heater component[5][6] 
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2.1 General Introduction 
Researchers examined solar air heaters with artificial roughness added in the form of small diameter wires, 
machining ribs of various shapes, and generating dimple/protrusion in order to analyze the absorber 
plate's heat transmission increase rate. Studies on the use of artificial roughness in solar air heaters involve 
a wide range of forms to explore heat transfer and friction properties. When it comes to corrosion, boiling, 
freezing, and leaking, solar air heaters have a number of benefits over liquid warmers. Drying agricultural 
commodities with a solar air heater without thermal storage is a widespread approach. In practice, low-
temperature drying of agricultural items (50–600 C) is frequent, and flat plate type solar air heaters make 
this practicable. Natural convection or induced convection are also possibilities for dispersing more hot 
air generated by an air heater. 
Yadav et. al.[7] It was noticed that a solar air heater with roughened absorber surface wires was roughly 8 
to 10 percent more efficient than a solar air heater with smooth wires when compared to another solar 
air heater with smooth wires. An investigation indicated that roughened solar air heaters are not beneficial 
for thermo hydraulic efficiency when the Reynolds number is more than 29000.  
Wang et. al.[8] In order to increase the performance of the solar air collector, S-shaped ribs with gaps were 
added on the absorber surface. Under controlled testing settings, it was able to achieve an increase in 
thermal efficiency of between 13 and 48 percent.  
Anil et. al.[9] created a relationship between the Nusselt number and the absorber surface, as well as 
generated gaps on the ribs of multiple V-shaped artificial roughness on the absorber surface. It was 
determined that the value of the Nusselt number grew by 6.74 times while employing this arrangement, 
but the friction factor also increased by 6.37 times in contrast to when it was utilized with a smooth 
surface.  
Patel et. al.[10] The influence of NACA 0040 profile ribs organized in reverse sequence as a roughness 
element in a solar air heater was evaluated, and the results of the experiment showed that the thermo 
hydraulic performance was 2.53 at a Reynolds number of 6000, which is an increased performance.  
Poongavanam et. al.[11] studies indicated that employing absorber surfaces with shot-blasted V-
corrugations increased heat transmission on solar air heaters, and the Nusselt number obtained was 
higher than that of conventional solar air heaters while the friction factor was somewhat higher.  
Anup kumar et. al.[12] Statistical study of a solar air heater's absorber surface was applied for numerical 
examination. Relative pitch roughness of 8, rib orientation angle of 60o, and twist ratio of 3 were selected 
to offer the maximum gain in thermal and exergetic efficiency over a smooth surface.  
Sahu et. al.[13] This study compared the exergy efficiency of a solar air heater with one with an arc-shaped 
wire roughened absorber surface with that of a similar solar air heater with an absorber surface that was 
smooth, and it found the rough absorber surface to be 56 percent more efficient.  
Singh et al[14] explored SAH utilizing two distinct roughness surfaces, one with many broken transverse 
ribs and the other with square wave shaped ribs, for both CFD and experimental reasons. For square-
shaped rib roughened absorber surfaces, the maximum thermal hydraulic efficiency was more than double 
that of a plane absorber surface, but the pumping power needed was three times that of the plane absorber 
surface. There was a threefold increase in pumping power and absorber surface efficiency while treating 
SAH patients with several fractured ribs. For this test, researchers used ribs with a pitch to height ratio of 
10 and a height to diameter ratio of 0.043.  
Gawande et al.[15] A reverse L-shaped ribbed absorber surface was employed to assess the SAH's 
performance. These measurements were made at a relative roughness pitch of seven, a Reynolds number 
of 3800 to 18000, and at a constant relative roughness height of 0.042. The thermohydraulic performance 
of 1.90 was attained at a high heat transfer rate. R. Kumar et al [16] This triangle solar heater was tested 
utilizing graphene nonmaterial implanted in black paint to evaluate how efficient it was in generating 
heat. At a speed of 1 m/s, the system's maximum efficiency is 48.23%. 
 Manjunath et al[17] created turbulent air flow across the absorber surface by applying spherical rib 
roughness. A variety of Reynolds numbers was gathered, ranging from 4000 to 25000. There were 
spherical ribs ranging from 5 to 25 millimeters in diameter. In comparison to the baseline model, the 
Nusselt number was found to be two times larger. Scientists arrived to the conclusion that the greater 
thermal hydraulic performance offered by disc-shaped ribs. 
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2.2 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[18]–
[20]. 
 
Table 2. 1: Different type of rib roughness 

Ref. Different rib roughness Type 
[6] 

 

Straight 

[6] 

 

V shaped 

[21] 

 

L shaped 

[22][23
] 

 

V shaped 
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[24][25
] 

 

Rectangle 

[26], 
[27] 

 

MESH 

[28] 

 

DIMPLE 

[29] 

 

 

[30] 

 

Triangula
r 

[31] 

 

Wave 

[32] 

 

Circular 
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[33] 

 

Dimple 

[30] 

 

Novel 
design 

[24] 

 

Vshaped 

[34] 

 

V shaped 

[35] 

 

U shaped 

The development of hybrid nanomaterials is still in its beginnings. A vast array of nano materials and 
black paint combinations must be researched in order to produce the optimum results. By harmonizing 
thermophysical properties with synergistic interactions, it is feasible to attain the optimum outcomes. 
With the correct synthesis and characterisation, a broad range of permutations and combinations are 
feasible. The pairing of a high-performing individual entity with a lower-performing counterpart in the 
correct mix may generate fascinating effects. New research possibilities have been opened up due of the 
thermophysical compatibility of the hybrid nanomaterial selective coatings. 
Effect of rib/baffle height on THP 
The ultimate purpose to introduce artificial roughness in the form of ribs or baffles is to interrupt laminar 
sub-layer and induce turbulence in the flow[36]. The rib or baffle height must be chosen in such a way 
that the ribs or baffles are able break the sublayer and should not increase the pressure drop unduly. The 
rib or baffle height is often given in dimensionless form.  To convert height in dimensionless form, it is 
divided by either hydraulic diameter or height of duct.  
,𝐻-𝑟𝑟ℎ.and ,𝐻-𝑟𝑏ℎ. are the symbolic representation provided to relative rib and relative baffle height 
respectively. In Table 1, the optimum values of ,𝐻-𝑟𝑟ℎ.and ,𝐻-𝑟𝑏ℎ. evaluated by researchers in past studies 
have been mentioned. The height of artificial roughness give rise to flow separation as seen in Fig. 3. The 
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flow separation and subsequently reattachment decides the rate of heat transfer[37]. The relative height 
of rib is notably low as comparing with the height of baffles, cited Table 1. The height of baffle is 5-10 
grater that height of rib, see Table 1. It is pretty clear from Fig. 3, that the turbulence is larger near the 
wall of roughness when the height is more but the reattachment of fluid is not correct. This behavior 
leads to decrement in heat transfer while the pumping power need increases dramatically, and 
consequently THPP drops. To increase the THPP, the roughness height must be adjusted optimum with 
relative pitch. 

 
Fig.3. Effect of roughness height on flow[37] 
2.2 Effect of rib/baffle pitch on THPP 
It may be concluded from prior discussion that the relative roughness height in combination with relative 
roughness pitch, dominantly impacts the THPP. The spacing between two subsequent ribs/baffles has 
been defined as pitch. The pitch likewise relative roughness height also has been described in terms of 
dimensionless form. To make the value dimensionless, pitch value is commonly divided by height of 
rib/baffle (,𝑃-𝑟𝑟𝑝.=,,𝑃-𝑟𝑖𝑏.-,𝑒-𝑟𝑖𝑏.).. The relative roughness pitch (,𝑃-𝑟𝑟𝑝.&,𝑃-𝑟𝑏𝑝.) depends on height of 
rib/baffle. The relative roughness pitch should not be low as well should not be excessive. The explanation 
is that the ribs/baffles are placed too closely at lower value of pitch and thus reattachment zones are not 
produced. Due to this heat transfer is lowered while pressure drop increases. Owing to this behaviour, 
THPP reduced dramatically. For increasing value of relative roughness pitch, the number of reattachment 
zones decreased and consequently, heat transmission lowers albeit pressure drop has also dropped. The 
decrease in the heat transfer, lowers down the THPP. Table 1, represent the optimal value of relative 
roughness pitch in both the circumstances i.e. when ribs and baffles have been applied.  
 
Table 1 Artificial roughness relative height used for ribs and baffles 

Ribs  Baffles 
SK Sharma and VR 
Kalamkar[38] 

Hrrh= 0.055 
 Prrp = 10 

F. Chabane et al[39] Hrbh=0.5 
 Prbp = 5 
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AZ Aghaie et.al [40] Hrrh= 0.05 − 0.75 
 Prrp = 1 − 2 

 A Kumar and MH 
Kim[41] 

Hrbh=0.6 
 Prbp = 8 

D. Jin et al.[42] Hrrh= 0.043 
 Prrp = 10 

S Sharma et al.[43] Hrbh=0.5 
 Prbp = 10 

Jain et.al [44] Hrrh= 0.043 
 Prrp = 10 

P.T Sarvanakumar et 
al.[45] 

Hrbh=0.0422 
 Prbp = 10 

Y.M Patel et.al [46] Hrrh= 0.043 − 0.87 
 Prrp = 5 − 13.33 

B.Sahin et.al [47] Hrbh=0.25-0.38 
 Prbp = − 

 
2.2 Effect of rib/baffle shape on THPP 
The shape of rib/baffle has also play crucial function in the enhancement of THPP apart from relative 
height and relative pitch. The shape and magnitude of vortices varies upon the surface over which the 
fluid is flowing. In the approaching part, author has tried to summarize the common shapes of roughness 
elements that has been employed as rib as well as baffles.  
2.2.1 Transverse  
The ribs are first inserted in transversely as reported in past research. The Prasad and Mullick[48] has 
installed tiny diameter wire in the transverse direction. The effectiveness of SAH was enhanced by14% 
when relative rib height (,𝐻-𝑟𝑟ℎ.) and Relative rib pitch (,𝑃-𝑟𝑟𝑝.) was retained at 0.019 and 12.7 
respectively at 𝑅𝑒=5000. Prasad and Saini[49], carried out the same work further and produced 
correlations for Stanton number and average friction factor by altering (,𝐻-𝑟𝑟ℎ.) and (,𝑃-𝑟𝑟𝑝.) as 0.020-
0.033 and 10-20 respectively. The results demonstrated that Nu and f were strongly reliant upon (,𝐻-𝑟𝑟ℎ.) 
and (,𝑃-𝑟𝑟𝑝.). The Nu and f increased with the growth of ,𝐻-𝑟𝑟𝑝..But, Nu reduced and f increased with 
the growth of ,𝐻-𝑟𝑟ℎ..Gupta et al. [50] has performed studies to see the effect of 𝑅𝑒, duct aspect ratio, 
relative roughness height ,𝐻-𝑟𝑟ℎ. and relative rib height (,𝐻-𝑟𝑟ℎ.). The relevant range of these parameters 
were taken as 3000-18000, 6.8-11.5, 0.018-0.052 and 10 respectively. The largest enhancement in Stanton 
number was seen at Re=12000.  Sahu and Bhagoria [51] performed experimental research on 900 broken 
transverse ribs. The pitch of rib was modified from 10-30 mm while rib height and duct aspect ratio was 
kept fixed at 1.5 mm and 8 correspondingly. The 𝑅𝑒 was varied in the range of 3000-12000. The results 
have showed that the greatest value Nu was found at Re=5000 and Pitch=20 mm.  The heat transfer has 
been seen increasing with addition of transverse ribs. The researchers in the same time has been trying to 
implement baffles of equal shape across the SAH.  
Similar to ribs, baffles are likewise inserted in the same way. Ho-Ming Yeh and Wen Hsen Chou[52] have 
completed studies to estimate collector efficiency utilizing fins and baffles. The studies concluded that 
baffles increased the turbulence as well as the heat transmitting regions. The density and location of 
baffles improved both pressure drop and collector efficiency. M.A.Al-Nimr and R.A.Damesh[53], 
provided a mathematical model that explained the dynamic thermal behaviour of baffled SAH. The 
validation of mathematical model has been done by completing experiments. The intensity of solar light 
and fluid temperature were the factors evaluated for experimentation work. The conclusion of the 
investigation resulted in three design characteristics that regulated the performance of baffles SAH.   
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Fig.3. Cross sections of transverse ribs/baffles (a) Circular (b) Square (c) Triangular (d) Forward chamfer 
(e) Quarter circular  
2.2.2 Inclined transverse  
The studies on transfer ribs further extended to tilted the ribs. Gupta et al.[54] has employed inclined 
ribs and angle of inclination has been kept fixed at ,60-0. while ,H-rrh.has varied from 0.023 to 0.5 and 
,P-rrh.=10. Inclined ribs has depicted in Fig. 4. An enhancement of 1.16-1.25 in thermal efficiency of 
roughened SAH over smooth SAH has been discovered. Aharwal et.al.[55], has evaluated influence of 
slanted ribs with gaps on the performance of SAH, Fig. 5. The values of ,H-rrh. and ,P-rrh. have been kept 
fixed at 0.0377 and 10 respectively while the relative rib gap width and relative position of gap has been 
altered. The value of 𝑁𝑢 and 𝑓 for roughed SAH have been determined 2.59 and 2.87 time more than 
smooth SAH. In the next experimental work, Aharwal et.al.[56] instead of relative rib gap width and 
relative position of gap, has adjusted other parameters also. The parameters were angle of attack, ,H-rrh. 
and ,P-rrh.. The operational range were taken as ,H-rrh.=0.018−0.0377, ,P-rrh.=4−10 and angle of attack 
,30-0.−,90-0.. The maximum augmentation in 𝑁𝑢 and 𝑓 for roughed SAH have increased to 2.83 and 
3.63 respectively.  
Similar to inclined ribs, P. Dutta and A. Hossain[57], have evaluated the influence of inclined solid and 
perforated baffles on the performance of SAH, see Fig, 6.  The influence of shape, position and 
orientation of baffles have been examined and results revealed that 𝑁𝑢 of roughened SAH was found to 
be raised by 4.8 time than smooth SAH. The 𝑓 of roughened SAH has likewise risen to maximum 11 
times than smooth SAH. P. Promvonge et al.[58], quantitatively examined the influence of ,45-0. tilted 
baffles on the performance of SAH. The operating parameter was ,H-rbh. and ranged from 0.1-0.5. The 
results have been compared with the performance of SAH with transverse baffles. The value of 𝑁𝑢 has 
greatly increase when comparing with transverse baffles case 

 
Fig.4 Inclined continuous ribs[54] 
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Fig. 5 inclined ribs with gaps[55] 
 

 
Fig. 6 Inclined baffles[57] 
 

 
Fig. 7 Inclined baffles at 450[58] 
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 2.2.3. Arc Shape 
Researchers has observed that the inclined transverse ribs and baffles have resulted in greater performance 
then transverse ribs and baffles. One of the likely factors for the performance boost was the production 
of cross flow. Researchers further restructured the inclined shape into arc shape.MK Sahu and RK Prasad 
[58], quantitatively examined the performance of SAH when arc shape ribs have been added on backside 
of SAH. The MATLAB software has been used to solve the mathematical model. The angle of 
attack=0.333-0.666, ,H-rrh.=0.0213−0.0422 and ,P-rrh.=10 were the parameters of investigation. The 
thermal efficiency of the roughened SAH was determined at 79.84%. AP Singh et al.[59], has carried out 
experimental investigation on thermo-hydraulic performance of SAH containing numerous arc shape 
ribs. The operating parameters with range were Reynolds number 2200-22000, ,H-rrh.=0.018−0.045, ,P-
rrh.=4-16, arc angle ,30-0.−,75-0. and relative roughness width 1-7. The maximum THP was found to be 
3.4.  NK Pandey et al.[60], has experimentally evaluated the performance of SAH in terms heat 
transmission and friction factor features utilizing numerous arc shape ribs with gaps, Fig. 10. The 
investigation has comprised of following parameters: Re=2100-21000, ,H-rrh.=0.016−0.044, ,P-rrh.=4-
16, arc angle ,30-0.−,75-0., relative roughness width= 1-7, gap distance(relative)=0.25-0.85 and gap 
width(relative)=0.5-2. The maximal augmentation in 𝑁𝑢 and 𝑓 found to be 5.85 and 4.96 respectively.  
Inline to arc form ribs, various researches on arc shape baffles have been documented. N Koolnapadol et 
al.[61], has researched the behaviour of SAH having arc shape baffles turbulators(ASB) on heat absorption 
surface. The, P-rbh. has varied from 4-8 and thermochromics liquid crystal has been utilized to explore 
the contours of temperature and 𝑁𝑢. The heat transfers of SAH with baffles was found to be improved 
by 127% in-comparison to smooth SAH. P. Saravanakumar et al.[62], has incorporated arc shape ribs 
with baffles and fins and evaluated the thermohydraulic performance of SAH, see Fig. 11. The analytical 
approach has been carried out by considering width and length of baffles, Reynolds number and number 
of fins. The thermal efficiency of SAH with fins, ribs and baffles has been found raised by 28.3% in-
comparison with SAH with ribs.  

 
Fig.8 Arc shape ribs[58] 

 
Fig. 9 Multiple arc rib[59] 
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Fig.10 Multiple arc ribs with gaps [60] 

 
Fig.11 Arc shape ribs integrated with baffles[62]  
2.2.4. S- Shape 
K. Kumar et al.[63], performed experimental analysis on the performance of SAH having S shape ribs. 
The tested operating parameters were: Re=2400-20000, ,H-rrh.=0.022−0.054, ,P-rrh.=4-16, angle of 
attack ,30-0.−,75-0. and relative width 1-4. The greatest enhancement in THP was determined to be 3.34. 
The gap within the ribs has offered greater results, as noted in proceedings section. Owing to this, D. 
Wang et al. [64] has carried out experimental analysis of the performance of SAH roughened with S-shape 
ribs with gap. The operational parameters were: Re from 2000-20000, ,H-rrh.=0.023−0.036, ,P-rrh.=20-
30, relative roughness width 3-5, relative gap 1-2. The maximal augmentation of 𝑁𝑢 and 𝑓 was found to 
be 5.42 and 5.87 when compared with smooth SAH. In the literature, no research has been discovered 
that incorporated S shape baffles. But, S. Sharma et al.[43], has published the performance evaluation of 
SAH with sine wave type baffles which has resemblance of S shape. The numerical research was conducted 
by considering following parameters: 𝑅𝑒=4000-16000, angle of attack= ,0-0.−,45-0. whereas, ,P-rbh. was 
kept fixed at 10. The greatest THP attained was 1.6.  

 
Fig. 12 S shape ribs[63] 

 
Fig. 13 S shape ribs with gaps[64] 
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Fig. 14 Sine wave baffles[43] 
 
2.2.4. V Shape  
The influence of V shape ribs was researched by several scholars. JC Chan et al.[65], has performed 
experiment on rectangular channel employing nine configuration of ribs. The configurations have 
displayed in Fig. 15 and findings revealed that the largest augmentation in heat transport has attained by 
using V shaped ribs. R Maithani and JS Saini [66], performed experiments on SAH utilizing V ribs having 
symmetrical spacing, see Fig. 16. The THP has determined by maintaining ,P-rrh. and ,𝐻-rrh. and angle 
of attack fixed at 10, 0.0433 and 600 correspondingly. The relative gap width (g/e) and number of gaps 
(Ng) were altered and range of variations was kept identical 1-5. The greatest THP was reached at g/e=4 
and Ng=3.D Jin et al.[67], has undertaken numerical investigation by inserting inline and stagger V ribs 
on absorber plate. The 3D analysis has been performed by adjusting following parameters: 𝑅𝑒, stagger 
distance; ,P-rrh., ,𝐻-rrh.and attack angle. The results revealed that staggered V ribs has resulted in highest 
augmentation of 𝑁𝑢 in-comparison to inline V ribs. Corresponding to maximum 𝑁𝑢, staggered V ribs 
have likewise resulted in maximum THP and the values of THP was 2.43. S. Chamoli and NS Thakur[68], 
have completed studies to evaluate the heat transmission and friction factor properties of SAH roughened 
with V-down perforated baffles, Fig 18. The experiments were performed by taking following parameters:  
Re=3800-19000, ,P-rbh.=1-4, ,𝐻-rbh.=0.285−0.6 and open area ratio12-44%. The remarkable 
improvement in the 𝑁𝑢 and 𝑓 have been reported. SK Jain et al. [69], have installed distinct V shaped 
perforated baffles on SAH and the THP, Fig 19. The effect of Re=4000-18000, ,P-rbh.=6, ,𝐻-
rbh.=0.3−0.6, open area ratio 23% and angle of attack 600 have been examined. The highest 
augmentation of THP was seen at ,𝐻-rbh.=0.4 and the values was 2.4. A. Kumar et al.[70], has undertaken 
experiments on SAH with numerous V-down pattern perforated baffles placed an angle of 600, Fig. 20. 
The THP of SAH has determined by adjusting Re from 4000-9000, ,P-rbh.=10, ,𝐻-rbh.=0.5, relative hole 
position 0.44 and open area ratio at 12%. The studies have indicated that V perforated baffles had greatest 
THP relative to all other forms and maximum value attained was 3.41.  

 
Fig. 15 V shaped ribs[65] 
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Fig. 16 V ribs with gap[66] 

 
Fig. 17 Multiple inline and Staggered V ribs[67] 

 
Fig. 18 Single V perforated baffles[68] 

 
Fig. 19 V discrete perforated baffles[69] 
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Fig. 20 V perforated baffles[70] 
 
2.2.5 Other types of ribs and baffles  
Apart from these ribs/baffle shapes, numerous more shapes have also been used by researchers. These 
shape have resulted in higher performance of SAH. The author has endeavored to incorporate several of 
these rib/baffle shapes in the present analysis. The shapes have been employed either rib or baffle, 
however none of these shapes typically utilized as rib and baffles.  The other rib shapes are Dimple[71], L 
shape[72], Mesh[73], Metal grid[74], NACA[46], Twisted[75], U[76], W[77], [78] etc.  
RP Saini and J Verma[71], have completed studies on SAH employing dimple shape ribs, Fig. 21. The 
heat transmission and friction factor characteristics have been examined by adjusting 𝑅𝑒 from 2000 to 
12000, ,P-rrh.=8-12 and ,𝐻-rrh.=0.018−0.037. The greatest value of 𝑁𝑢 has obtained at ,P-rrh.=10 and 
,𝐻-rrh.=0.037 whereas, minimum value of 𝑓 has obtained at ,P-rrh.=10 and ,𝐻-rrh.=0.0289. V. B. 
Gawande et.al[72], has completed both numerical and experimental research to access thermal 
performance of SAH roughened with L shape ribs, Fig. 22. The studies have been carried out by keeping 
,𝐻-rrh.=0.042 fixed, although other parameters i.e. 𝑅𝑒 and ,P-rrh. have varied and respective variation 
ranges were 3800-18000, 7.14-17.86. The THP has dramatically increased and has reached at value of 1.9. 
RP Saini and JS Saini[73], have undertaken studies on rectangular channel by using metal mesh ribs. The 
heat transmission and friction factor characteristics were examined by altering ,𝐻-rrh., Re, relative 
longway and shortway length of mesh. The range of parameters were: ,𝐻-rrh.=0.012−0.039, Re=1900-
13000, relative longway length= 25-71.87 and shortway length=15.62-46.87. The maximum increment in 
𝑁𝑢 and 𝑓 were 4 and 5 respectively,  
 SV Karmare and AN Tikekar[74], have utilized metal grit ribs on the absorber plate to enhance the 
thermal performance of SAH. The studies have been conducted by altering relative length of grits(l/s), 
𝑅𝑒,,P-rrh. and ,𝐻-rrh. while the aspect ratio of duct is kept at 10:1. The ranges of variable parameters 
were: l/s=1.72-1, Re=4000-17000, ,P-rrh.=12.5−36 and ,𝐻-rrh.=0.035−0.044. The largest enhancement 
in performance has noticed at l/s=1.72, ,P-rrh.=17.5 and ,𝐻-rrh.=0.044. YM Patel et al.[46], has performed 
studies to investigate the performance of SAH by putting NACA0040 shape ribs in reverse order. The 
operating parameters with operating range were: Re=6000-18000, ,P-rrh.=5−13.33 and ,𝐻-
rrh.=0.043−0.087. The maximum THP has found to be 2.53.  A. Lanjewar et al.[78], has carried out 
experimental research to boost the performance of SAH roughened with discrete W shape ribs. The value 
of ,P-rrh. been kept fixed at 10 while the other variables have altered. The other parameters with the 
ranges were: Re=3000-15000, ,H-rrh.=0.0168−0.0388 and angle of attack 300-750. The maximal 
augmentation of 𝑁𝑢 and 𝑓 has been observed 2.16 and 2.75 respectively.  
Baffle of other odd shapes have been employed in literature. The baffles of Curved perforated[79], Plus 
shape[80], Wave like[81], Z shape[82] etc.  
EL Said[79], has used several curved baffles to boost performance of double pass SAH. The numerical 
experiments have been carried out on CFDRC program by adjusting diameter of hole, inclination angle 
of baffles and mass flow rate of air. The thermal efficiency greatly enhanced with the usage of curved 
perforated baffles and obtained value of 77%. A. Khanlari et al.[80], has carried out experimental and 
numerical analysis to study the effect of the plus shape baffles on the performance of SAH. The 
investigations were performed by considering following configuration: Single pass collector without Single 
baffle (PPSCB), parallel pass solar collector with double baffles(PPSCDB) and the performance has been 
compared with parallel pass solar collector without baffles(PPSC). The influence of mass flow rate in 
addition to shape has also been investigated. The results revealed that the PPSCDB configuration has 
resulted in maximum thermal efficiency at greater mass flow rate. JJ Fluk and k. Dutkowski[81], have 
employed three wavelike baffles sheets on the absorber surface to boost thermal efficiency of SAH.  The 
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studies were conducted by considering three instances i.e. 1. Without baffles 2. Baffles arranged 
continually 3. Placing middle sheet in reverse order. The maximum thermal efficiency of 73.8% has been 
reached in 2nd situations i,e. without sheet reversing. P. Sriromreun et al.[82], has numerically and 
experimentally evaluated the effect of zigzag baffles( Z shaped) put in sequence over the absorber plate on 
the performance of SAH. The operational settings and the ranges were: Re=4400-20400, ,P-rbh.=1.5−3, 
,𝐻-rbh.=0.1−0.3 and baffles were arranged at 450 angle. The results showed the presence of Z shaped 
baffles has improved the performance of SAH,  
 

 
Fig.21 Dimple shape ribs[71] 
 

 
Fig.22 L shape ribs[72] 
 

 
Fig.23 Mesh ribs[73] 
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Fig.24 Metal grits ribs[74] 

 
Fig.25 NACA ribs[46] 

 
Fig. 26 Twisted tape[75] 

 
Fig. 27 U shape rib[76] 
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Fig. 28  Discrete W rib[77] 
 

 
Fig. 29 W shape rib[78] 

 
Fig. 30 Curved perforated baffles[79] 
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Fig. 31 Plus shape baffles[80]  

 
Fig. 32 Wave like baffles[81] 

 
Fig. 33 Z shape baffles[82] 
 
2.4 Effect of rib/baffle orientation on THPP 
It is pretty obvious from prior discussion that the rib/baffle form with relative height and pitch have 
substantial effect on the THP. The rib/baffle inclination is another essential component that likewise has 
dominating effect on the 𝑁𝑢 and 𝑓. The development of vortices depends upon the rib/baffle positioning 
against the flow. The size pf vortices have been modest and smaller in quantity when ribs/baffles have 
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been placed parallel to flow[36] . The inclination of ribs/baffles against the flow give birth to the secondary 
flow[83]. This secondary flow along the along the ribs/baffles get integrated with the primary flow and 
consequently, heat transfer improved. However, this secondary flow some time deceases the THP because 
of increased pumping power requirement[84]. The various experimental and numerical research have 
documented in literature proposing that how to select optimum inclination angle with optimum 
rib/baffle height and pitch[85]–[88].  The primary findings for various ribs and baffles have been given in 
Table 2.  

 
Fig. 33. Effect of rib/baffle orientation[36] 
 
Table 2. Major findings reported for various ribs and baffles 
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Shape  Investigator Parameters 
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fic

ie
nc
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(%

)  
Forward 
chamfer 

R.Kumar et al.[89] Hrrh= 0.024 −
1.5 
 Prrp = 12 

2.88 2.64  

NACA0040  YM Patel et al.[46] Hrrh= 0.065 
 Prrp = 5 

  1.69-2.53 

S Shape K. Kumar et al.[63] Hrrh= 0.022 −
0.054 
 Prrp = 4 − 16 

4.64 2.71 3.34 

S Shape with 
Gaps 

D. Wang et al. [64] Hrrh = 0.023 −
0.036, Prrh=20-30 

5.24 5.87  

Square  I.Singh and J.Singh [90] Hrrh= 0.043 
 Prrp = 4 − 30 

  1.43 

Circular Y. Mahanand and J.R. 
Senapati [91] 

Hrrh= 0.042 
 Prrp

= 7.14 − 17.86 

  1.88 

Triangular Yadva and Bhagoria [92] Hrrh= 0.021 −
0.41 
 Prrp

= 7.14 − 35.71 

  2.06 

V Shape J.C Han et al.[65] Hrrh= 0.0625 
 Prrp = 10 

4.5 12  

Multiple V ribs 
with gaps 

R. Maithani et al. [66] Hrrh= 0.043 
 Prrp = 10 

2.59 2.87  
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Multiple V ribs D Jin. et al.[67] Hrrh= 0.022 −
0.087 
 Prrp = 6 − 20 

  2.5 

Baffles 
Arc N. Koolnapadol et al. 

[61] 
    

Curved 
Perforated 

Emad MS El Said[79] θ = 70 − 270   77% 

Plus shape A. Khanlari et al. [80] PPSCDB   75.11 
Sine wave  S. Sharma et al. [43] Hrbh= 0.5 

 Prbp = 10 
2 10 1.6 

Transverse F. Chabane et al. [39] Hrbh=0.5 
 Prbp = 5 

  88% 

V perforated SK Jain et.al [69] Hrbh= 0.3 − 0.6 
 Prbp = 6 

4.24 14.73 2.24 

Multi V  
perforated 

A. Kumar et al.[70] Hrbh= 0.5 
 Prbp = 10 

  3.41 

Wave like JJ Fluk et al. [93]    73.8% 
Z Shape  P. Sriromreun et al. [82] Prbh = 1.5 − 3 

 Hrbh

= 0.1 − 0.3 

   

 
Table 3. Correlation formed for various ribs/baffles   

Rib shape Correlations Major 
Findings 

Transverse[49] 
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ηth=75% 
ηeff=68% 
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Ribs and 
baffles [62] ηeff = 0.00000676 Re3.4221 (

LB

L
)

0.1328

(
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)

−0.3316

× (N0)0.1137
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ηth=81.9% 
ηeff=28%  

Wave like  
baffles [93] 

- ηth=75% 
 

Rectangular 
and V 
baffles[106] 

 ηth=27% 
greater than 
no baffle 
case 
 

 
4. CONCLUSION 
In the present work, a comprehensive evaluation on the performance enhancing strategies of solar air 
heaters are offered. Numerous active and passive strategies have been documented by researchers to 
increase the performance of SAHs using numerical and experimental study. The passive techniques have 
been accepted largely because of convenience in the installation and utilization. Providing ribs and baffles 
beneath the heat-absorbing surface of SAH are the best passive approaches documented in the broad 
literature. The height of ribs have remained suitably high so the viscous laminar layer can break apart. 
The heat transmission has discovered increased by inserting ribs of nominal height on the surface due of 
turbulence caused by ribs. However, the friction factor also increased but overall performance of SAH 
also enhanced. To further boost the heat transfer, researchers have inserted several ribs on the surface i.e. 
increased the number of ribs. The boost in the number ribs had shown to be an excellent idea as the rate 
of heat transfer increased. The instant significant of putting many ribs has also resulted in the 
amplification of friction factor. The investigations have been further extended to find the thermal, 
effective and exergy efficiencies of SAH with thermo-hydraulic performance. The rationale for estimating 
these efficiencies is that the quantity of the heat loss, beneficial heat gain and matching friction losses. 
To compute thermal and effective efficiency, the researchers have employed correlations. These 
correlations have been feed into the numerical codes and the ideal set of parameters within the whole 
range of researched parameters in that particular study. The exergy losses have also been computed and 
discussed among numerous studies.  
In the equivalent pursuit, researchers have employed baffles for the heat transfer augmentations. The 
usage of baffles has considerably boosted the heat transmission because the turbulence created by baffles. 
However, the friction factor has increased several folds too. Nevertheless, the thermo-hydraulic 
performance was been increased in comparison to the ribs. The thermal efficiency has also increased, but 
effective efficiency has dropped due to increasing friction losses. To alleviate the worries of increasing 
friction factor, the perforated baffles have been adopted. The perforation in the baffles has minimized 
the friction factor and boosted the effective efficiency. The researchers have also used gaps in baffles, 
combination of ribs and baffles, putting baffles in staggered manner in such a way that to encourage the 
reattachment zones.  
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