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Abstract:  

 

Regular wellsprings of energy have been draining at a disturbing rate, which makes 

further feasible satisfaction of prerequisite of energy truly challenging. Hence, heat 

move upgrade innovation assumes a significant part and it has been generally 

applied to numerous applications as in refrigeration, car, process industry and 

sunlight based energy warmer. Convective intensity move can be improved latently 

by changing stream calculation, or by expanding heat move coefficient between the 

intensity moving surface and the intensity transporter liquid. One more 

opportunities for expanding heat move to liquid is to utilize broadened surfaces. 

The utilization of ribs as blades in a pipe expands the intensity move region and 

breaks the laminar sub-layer making neighborhood wall disturbance. The intensity 

move rate is improved however pressure drops is expanded too 

A mathematical examination has been performed to concentrate on the impacts of 

various rib shapes on heat move and liquid stream qualities through dynamically 

roughened rectangular channels for Reynolds number going from 2300 to 14000 

and exposed to uniform intensity motion of 1500 W/m2. Taking into account single-

stage approach, the three-layered coherence, Navier-Stirs up, and energy conditions 

produced for the actual model have been tackled by utilizing the limited volume 

strategy (FVM). The streamlining was completed by utilizing different Rib shapes 

(W-Roundabout area rib channel and W-Square segment rib channel) in-line and 

different angle proportions (Dh=33mm, Viewpoint proportion of conduit W/H=8, 

Relative unpleasantness pitch P/e=10, Relative harshness level e/D=0.03375) to 

arrive at the ideal math of the rib with greatest intensity move rate and thermo-

pressure driven execution boundary (THPP). The most noteworthy THPP was 

gotten for the W-Square area rib at Re =2300 is 1.758. For the W-Square cross 

segment rib channel, the expansion in normal Nusselt number worth is around 

147% more than the smooth channel and contrast and W-Roundabout cross area rib 

channel shows a higher typical Nusselt number around 5.77%. 
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1. Introduction: 

The idea of fake harshness was first applied by Joule (1861) .The Sun powered air warmer 

is one of the essential hardware through which sun based energy is changed over into 

nuclear power. A sun powered air warmer is a sort of intensity exchanger which moves of 

sun based radiation into heat energy. Sun oriented air warmers in light of their 

straightforward planning are modest and most generally utilized as an assortment gadgets 

of sun powered energy.  

A sun oriented air radiator requires little upkeep. Sun powered air radiator is a kind of sun 

based warm framework where air is warmed in a gatherer and either moved 

straightforwardly to the inside space or to a capacity medium. A traditional sun oriented air 

warmer for the most part comprises of a safeguard plate, a back plate, protection beneath 

the back plate, straightforward cover on the uncovered side, and the wind streams between 

the engrossing plate and back plate. The air gets warmed up while the safeguard plate 

retains the intensity. The hot air is drawn through the plates with a blower which is worked 

electrically.The fundamental utilizations of sunlight based air radiator are space warming, 

preparing of lumber, relieving of modern items and these can likewise be really utilized for 

restoring/drying of cement/mud building parts.  

Different uses of sunlight based air radiator are drying of agro and united items, food things, 

for example, organic products, vegetables, chilies, tea-leaves, fish, salt, and so on. The sun 

powered air radiator can be utilized in numerous modern exercises (drying/warming) like 

synthetic, drug, restricted areas of materials and hosieries, tannery, consumable oil, and so 

on. The warm exhibition of traditional sun based air radiator has been viewed as poor as a 

result of the low convective intensity move coefficient from the safeguard plate to the air 

(Duffie and Beckman 1980).  

Customary sun oriented air radiators likewise have unfortunate warm effectiveness 

fundamentally because of high intensity misfortunes and low convective intensity move 

coefficient between the safeguard plate and streaming air stream, prompting higher 

safeguard plate temperature and more noteworthy warm misfortunes. The channel shaped 

by the safeguard and the base plate is the wind stream conduit, where the air is warmed by 

the ingested sun oriented radiation on the safeguard. Among the numerous powerful 

methods for expanding the convective intensity move rate in channel streams, those that 

increment the intensity move surface region and those that increment choppiness inside the 

channel with blades or layered surfaces and surface harshness have been the most famous. 
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Consequently, the surfaces are at some point roughened in the wind stream entry. The 

utilization of fake unpleasantness on a surface is a compelling method to upgrade the pace 

of intensity move to liquid streaming in a channel. 

 

2. Literature review: 

A. Lanjewar, J.L. Bhagoria, R.M. Sarviya [1] fake harshness as ribs is a helpful strategy 

for improving warm execution of sunlight based air radiators. This paper presents the 

exploratory examination of intensity move and grinding factor qualities of a rectangular 

pipe roughened with W-molded ribs organized at a tendency regarding the stream heading 

on its underside on one expansive wall. W ribs have been tried both pointing in downstream 

W-down and upstream W-up to the stream. The scope of boundaries for this study has been 

settled based on commonsense contemplations of the framework and working 

circumstances. 

The channel has a width to level proportion (W/H) of 8.0, relative unpleasantness pitch 

(P/E) of 10, relative unpleasantness level (e/Dh) of 0.03375 and approach of stream (a) of 

300-750. The wind stream rate relates to Reynolds number between 2300-14000. The 

intensity move and grating element results have been contrasted and those for smooth 

conduit under comparative stream and warm limit condition and thermo-water driven 
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execution has been examined. Thermo-pressure driven execution correlation for various 

approach of stream shows that W-down plan with approach of stream as 600 gives best 

thermo-water driven execution. Furthermore heat move and grinding factor connections 

have been created.form of repeated ribs has been found to be a convenient method to 

enhance the rate of heat transfer. Ribs of various shapes and orientations have been 

employed and the performance of such system has been investigated. Artificial roughness 

have been used to enhance the heat transfer coefficient by creating turbulence in the flow.  

However, it would also result in an increase in friction losses and hence greater pumping 

power requirements for air through the duct. In order to keep the friction losses at a low 

level, the turbulence must be created only in the region very close to the duct surface, i.e. 

in the laminar sub-layer. The utilization of fake harshness as fine wires or ribs of various 

calculations on the intensity move surface has been prescribed to improve the intensity 

move coefficient by a few specialists utilizing exploratory and computational liquid 

elements (CFD) approaches.  

The motivation behind this work is to examine heat move qualities of a 3D rectangular 

channel of a sun based air warmer gave two unique shapes square and x segmented cross 

over rib harshness by embracing CFD approach. In this work, the CFD code, ANSYS 

Familiar v14.5 is utilized to foresee the intensity move. The upper wall is exposed to a 

uniform intensity transition condition while the lower wall is protected. The ribs are given 

on the underside of the safeguard plate while different sides of the conduit are kept 

smooth.The motivation behind this work is to examine heat move qualities of a 3D 

rectangular pipe of a sun oriented air radiator furnished with semi-roundabout segmented 

cross over rib harshness by taking on CFD approach. In this work, the CFD code, ANSYS 

Familiar v14.5 is utilized to foresee the intensity move. 

The upper wall is exposed to a uniform intensity motion condition while the lower wall is 

protected. The ribs are given on the underside of the safeguard plate though different sides 

of the pipe are kept smooth. The aftereffects of the present CFD investigation have been 

contrasted and accessible trial results.The main aim of the present CFD analysis is: To 

investigate the effect of roughness height, roughness pitch, relative roughness pitch and 

relative roughness height on heat transfer.  

A lot of studies have been reported in the literature on artificially roughened surfaces for 

heat transfer enhancement but most of the studies were carried out with two opposite or all 

the four walls roughened for high Reynolds number range in the area of gas turbine airfoil 
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cooling system, gas cooled nuclear reactors, cooling of electronic equipment, shipping 

machineries, combustion chamber liners, missiles, re- entry vehicles, ship hulls and piping 

networks etc.  

Several investigators have attempted to design an artificially roughened rectangular duct 

which can enhance the heat transfer with minimum pumping losses with two or four 

roughened surfaces. Artificial roughness in the form of fine wires of different shapes and 

in various arrangements has been used to create turbulence near the wall or to break the 

boundary layer. Various researchers have investigated the effects of rib shapes on the heat 

transfer and friction in a rectangular channel with two or four roughened surfaces 

Authors  Computational methodology Difference between 

experimental and 

simulation results 

Arulanandam et al. [8]  CFD code: TASC flow  

turbulence: Mesh: uniform 

Close agreement 

observed 

Ammari [9] CFD code: Fluent 6.1   

turbulence model: SST k~ 

Mesh: rectangular, non-

uniform 

Good agreement 

observed 

Chaube et al [11] CFD code: Fluent 6.1   

turbulence model: SST k~ 

Mesh: rectangular, non-

uniform 

Good agreement observed 

Wang et al [12], 

Varol and Oztop [13] 

CFD code: CFDRC ACE+  

Turbulence model:  

Mesh: non-uniform 

Good agreement observed 

Kumar and Saini [14] CFD code: Fluent 6.3.26 

Turbulence model: RNG k~ 

Mesh: non-uniform 

Good agreement observed 

 

3. Objectives: 

Utilizing ribs or depression on the inward surface of intensity exchangers have been one of the 

Incessant aloof ways to deal with break the laminar sub-layer and make neighborhood wall 

tempestuous because of stream detachment and reattachement between progressive grooves, 

which decrease the warm obstruction and to further develop heat move rate. 

The principal objective of the persent studies are: 
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To explore the tempestuous stream and constrained convective intensity move charactirstics in 

a sunlight based air warmer with ribbed and exposed to uniform intensity transition on top 

sides. 

To break down mathematically and to concentrate on the impacts of various ribs shape ("w" 

shape groove square cross-area and "w" shape groove roundabout cross-segment), organized 

in-line on the warm and liquid stream charecteristics in tempestuous move through dynamically 

ribbed rectangular sun powered air radiator. 

 

4. Conclusions: 

In this work, a rectangular channel gave cross over rib (W-Roundabout segment rib and W-

Square area rib) steady intensity motion equivalent of 1500 W/m2 has been completed 

through Familiar 14.5. The point of the examination comprises into figure out the ideal 

state of rib at various Reynolds number, somewhere in the range of 2300 and 14,000, to 

guarantee most extreme intensity move rate and thermo-water driven execution boundary 

(THPP). 

 

5. References: 

(1) A. Lanjewar, J.L. Bhagoria, R.M. Sarviya, Experimental study of augmented heat 

transfer and friction in solar air heater with different orientations of W-Rib roughness. 

Experimental Thermal and Fluid Science 35 (2011) 986-995. 

(2) Atul Lanjewar, J.L. Bhagoria, R.M. Sarviya, Heat transfer and friction in solar air 

heater duct with W-shaped rib roughness on absorber plate, Energy 36 (2011) 4531-

4541.  

(3) S.W. Ahn, The effect of roughness type on friction factors and heat transfer in 

roughened rectangular duct, Int. Commun. Heat Mass Transf. 28 (7) (2001) 933-942. 

(4) P.R. Chandra, M.L. Fontenot, J.C. Han, Effect of rib profiles on turbulent channel 

flow heat transfer, AIAA J. Thermophys. Heat Transf. 12 (1) (1998) 116-118. 

(5) T.M. Liou, J.J. Hwang, Effect of ridge shapes on turbulent heat transfer and friction 

in rectangular channel, Int. J. Heat Mass Transf. 36 (4) (1993) 931-940. 

(6) Varun, R.P. Saini, S.K. Singal, A review on roughness geometry used in solar air 

https://scienxt.com/


Volume-2|| Issue-1||2024|| Jan-Apr                                                                                                                SJMIP 

Vineet et al.,                       Scienxt Journal of Manufacturing and Industrial Production 

 

 

Scienxt Center of Excellence (P) Ltd                                                                                           SJMIP||26 

heaters, Sol. Energy 81 (2007) 1340-1350. 

(7) D. Gupta, S.C. Solanki, J.S. Saini, Thermo-hydraulic performance of solar air heaters 

with roughened absorber plates, Sol. Energy 61 (1) (1997) 33-42. 

 

 

 

 

https://scienxt.com/

