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A B S T R A C T   

Renewable energy systems may be turning to be more effectual and inexpensive and contributing 
lion’s share of whole energy utilization in today’s power hungry planet. The efficacious usage of 
solar energy needs a storage appliance which could simplify the storage of surplus energy, and 
finally provide such energy when it desires. One of the efficacious approach of storing thermic 
energy of higher density from renewable source is executed in a varying range of temperature 
positions by phase change materials (PCMs) or nano encapsulated phase change material 
(NEPCM) as their significant role in air-conditioning systems, thermal energy storage, computer 
chipsets, and thermal management of buildings. In view of this, the present investigations aims at 
natural convection flow, heat transfer, and entropy of NEPCM-water suspension in a reverse T- 
shaped porous cavity enshrining two hot corrugated baffles. The thermal control within the cavity 
is maintained by hot corrugated baffles, cooling of bottom and upper walls and managing the side 
walls as adiabatic. The governing equations are well established and converted into dimensionless 
structure and then solved subsequently by Finite Element method (FEM). Simulated outcomes 
might well be validated accurately and the influence of Rayleigh number (104 ≤ Ra≤ 106), 
porosity (0.4≤ ε≤ 0.8), Darcy number (10− 4 ≤ Da≤ 10− 2), NEPCM particle volume fraction 
(0≤ φ≤ 5%), length of the corrugated walls (0.10L≤ b≤ 0.20L), and fusion temperature 
(0.2≤ θf ≤ 0.8) on the heat transfer features, isotherms, heat capacity ratio and streamlines is 
explored efficaciously. The outcomes of this study are that amplifying Raleigh number leads to 
the intensification of streamlines, velocity fields and structural change of phase change zone 
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while decaying of Darcy number exhibits the opposite effect. Strengthening porosity of porous 
medium intensifies the streamlines, horizontal and vertical velocity. Growth of the length of 
baffles yields emaciation of streamlines, flow fields, and enormous rate of heat transfer. Heat 
capacity ratio attains a constant value 0.97 outside melting-solidification zones within the cavity. 
Rise in the fusion temperature results in the expansion and shifting of melting-solidification zone. 
When φ rises from 1% to 2%, Nuave uplifts and yields its minimum enhancement while with rise of 
φ from 1% to 5%, Nuave upgrades and yields its maximum enhancement at fixed Darcy and 
Raleigh numbers.  

Nomenclature 

T Temperature 
ε Porosity of porous medium 
(ρCp) Specific heat capacity 
K Porous medium permeability 
ϒ Angle of inclination 
Cr Heat capacity ratio 
Da Darcy number 
ρ Density 
Ra Rayleigh number 
φ Volume fraction 
a Length of the baffle 
b Height of the baffle 
Pr Prandtl number 
Nu Nusselt number 
μf Dynamic viscosity 
k Thermal conductivity 
Ste Stefan number 
β Thermal expansion coefficient 

Subscripts 
c cold 
loc local 
f base fluid 
h hot 
eff Effective 
ave average  

1. Introduction 

Phase change materials (PCMs) may well be considered as a feasible approach for whittling down the buildings’ energy dissipation. 
It ameliorates building inertia and balances interior climate by releasing and storing the heat in a specific temperature range. Indeed, 
Nano-Encapsulated Phase Change Materials (NEPCMs) suspension may well be an innovational sort of nanofluids [1–4]. In this type of 
suspension, Phase Change Materials (PCMs) could be enshrined inside nano-shells where the core may store/release enormous energy 
during solidification/melting at a particular fusion temperature in the zone contiguous to the hot/cold walls [5,6]. Many researchers 
carried out their works incorporating PCMs into their systems. Salimpour et al. [7] investigated the constructional form of heat sinks 
(HS) filled with PCM. Their findings asserted that there is an optimal values of fins distance and volume fraction in which the efficiency 
of HS would be maximum and increasing fin numbers may result in reducing the performance of HS. Kalbasi [8] introduced a new 
hybrid HS loaded with air and PCM. He found that cooling capability of that HS is superior to PCM-filled one. Kalbasi et al. [9] carried 
out an investigation on finding optimal fins number inside PCM-loaded HSs. They observed in their investigation that amplifying the 
thickness of fin could lessen optimized number of fins. They also observed that enhancement in heat flux contributes to augment the 
optimal fins number. Nariman et al. [10] examined the impact of implementation of PCM to the wall on thermic efficiency of air 
handling unit (AHU). They reported the minimum and maximum heat exchange diminution was almost 5% and 27%, respectively due 
to the implementation of PCM. 

Synthesis of several sorts of NEPCM materials through encapsulation technologies could be utilized as working liquid finds its 
significant role in sensitive devices such as domestic heat pump and air-conditioning systems, advanced detectors, thermal energy 
storage, computer chipsets, thermal management of buildings, and food industry. Several authors have conducted their investigations 
for heat transfer amelioration using NEPCM particles in the forced convection domain. For instance, Seyf et al. [11] investigated the 
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flow octadecane NEPCM particles suspension in a microtube heat sink and found appreciable improvement in heat transfer due to the 
mixing of NEPCM particles. This result was confirmed by Rehman et al. [12] and Joseph and Sajith [13] in their analysis. Ghalambaz 
et al. [14] declared the prime outcome of their study is that decaying of the fusion temperature of NEPCMs lifts up the heat transfer in 
NEPCM-water suspension. 

The ever increasing energy consumption, fuel prices and green-house gases emission may be the chief forces that exert a growing 
need for more efficacious utilization of renewable energy sources. Renewable energy resources as well as relevant chances for energy 
efficacy may be available in every geo-graphical regions. Fast propagation of renewable energy as well as energy efficacy, and 
technological diverseness of energy resources yield vital economic benefits as well as energy security. It diminishes ecological 
contamination for instance air contamination due to fossil fuels burning and improves public health; whittles down premature fa-
talities owing to contamination and could save related health expenditures, climate alteration and global warming. Renewable energy 
in the form electricity production, transportation, water and air heating/cooling, and rural (off-grid) energy services from renewable 
resources such as solar, geothermal resources, wind, hydropower, rain, ocean tides and waves, hydrogen, biomass, and biofuels could 
cause a remarkable decrement in chief energy necessities [15–17]. 

However, the availabilities of some renewable energy for example wind and solar have limitations. The renewable energy supply 
faces difficulties due the adverse weather-related conditions. Storage of renewable energy provides its better utilization. In view of 
balancing the production of energy with utilization, it may be wise to keep surplus energy for the long/short term. But, the cost related 
to the storage of over-plus energy would be quite large. In contrast, the storage of thermal energy is less expensive. It is not feasible to 
transport the excess thermal energy to energy grid, but is feasible for surplus electrical energy transport. Batteries or PCMs or NEPCMs 

Fig. 1. (a) The geometry of current paper (b) Sample of utilized mesh.  
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can be utilized for energy storage. Owing to the limitation of batteries’ energy storage capacity, PCMs or NEPCMs is used as an 
alternative. Energy storage is economically favorable as it belittles the energy consumption and cost and acts as substitute for another 
energy source due to their high energy transmission rates (super cooling effect without heat loss). A thermal storage system (featured 
with PCMs or NEPCMs) utilizing renewable energy (like solar energy) finds its usefulness in ice storage for cooling, chilled water 
system, cold storage and hot water chamber storage, battery thermal management, textiles, heat pipes and food packaging. Many 
researchers worked in the related areas [18–20]. 

Natural convection (NC) flow is important in view of its practical applications in cooling of electronic devices for instance solar 
heaters, heat sinks, green buildings etc. [21–26]. Further, thermal characteristics of natural convection of the suspensions of NEPCM 
particles in cavities of various shapes have been investigated by many. For example, Ghalambaz et al. [27] studied NC heat transfer of 
NEPCM suspension in a cavity. They developed an optimum temperature range of fusion temperature responsible for attaining better 
heat transfer performance. The phenomenon of NC heat transfer inside porous media is visualized in solidification of casting, un-
derground spread of pollutants, geothermal systems, float glass manufacturing, air condition devices, electronic cooling, powder 
metallurgy, ceramic industries, food processing and medical aspects, and so on [28–33]. NC in porous medium with Darcy model 
(Poulikakos et al. [34]), steady flow owing to conduction (Beckermann et al. [35]), and hydrothermal features with diverse config-
urations of heater (Dogonchi et al. [36]) were examined. Although PCMs could store/release a raft of energy on phase alteration, they 
may be intrinsically exceedingly weak in the viewpoint of heat transfer. Hence, a raft of scholars has endeavored to ameliorate the heat 
transfer features of PCMs by applying porous media [37]. 

Intensive survey of the literature acknowledges that the study of the phase-change heat transfer of NEPCMs are restricted to forced 
convection domain in micro-channels, ducts, tubes or, cavities (square, cubical, trapezoidal, U-shaped, T-shaped) etc. However, the NC 
heat transfer and entropy of the NEPCMs suspensions in a reverse T-shaped porous cavity emplacing two corrugated hot baffles is 
hardly found in the literature. Such problem has efficacious potentials owing to its ubiquitous applications in the modern world as 
declared earlier in thethermal management of buildings, air-conditioning systems, thermal energy storage, ceramic industries, food 
and float glass manufacturing, air condition devices, management of chemical toxins and waste etc. The novelties of this study may 
well be as:  

• The geometry identifies as a complex porous medium enclosure (reverse T-shaped enclosure emplacing two hot corrugated baffles).  
• Three dimensional conservation equations are solved numerically by Finite Element Method.  
• Flow, heat transfer behavior, and entropy of NEPCMs suspensions inside the above mentioned complex featured enclosure is 

analyzed.  
• Forchheimer-Brinkman extended Darcy model is invoked in the problem. 

To the best of authors’ knowledge, the current study is unique. 

2. Defining the problem with governing equations 

We consider NC of NEPCMs in a reverse T-shaped porous enclosure enclosing two corrugated baffles (See Fig. 1 (a)). The sample of 
used mesh is depicted in Fig. 1(b) and the problem is featured with the following assumptions:  

• The height (b) of these hot baffles could be changeable while the length (a) is presumed to be fixed  
• Porous medium enshrouded in the cavity is characterized by the Forchheimer-Brinkman extended Darcy model.  
• The cavity is designed with adiabatic side walls, cold top and bottom walls, and hot corrugated baffles placed on the side walls.  
• Entropy model is introduced. 

Considering these hypothesises along with the Boussinesq theory, governing equations may be specified as: 
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where equation (1) is the continuity equation representing the conservation of mass, equation (2) is the momentum equation rep-
resenting the conservation of momentum along x-direction, equation (3) indicates the momentum equation representing the con-
servation of momentum along y-direction and equation (4) is the temperature equation representing the conservation of energy, ρb μb 
βb, kb, (ρCp)b are the density, dynamic viscosity, thermal expansion coefficient, thermal conductivity, and specific heat capacity, K is 
the permeability of the porous medium, and ϒ is the angle of inclination. 

Thermo-physical features of NEPCMs could be expressed as: 

keff =(1 − ε)km + εkb (5)  

kb
/

kf =(1+Ncφ) (6)  

ρb
/
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(
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/
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/
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(
βp
/
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)

(9)  

where Nc and Nv are the numbers of thermal conductivity and dynamic viscosity. Further, the following parameter could be specified in 
order to convert equations (1)–(4) to their dimensionless structure: 
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Consequently, we will have the following dimensionless equations: 
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here, Cr named the heat capacity ratio might be characterized as: 
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in which f displays the dimensionless fusion function and Ste represents the Stefan number. We could express the former as [27]: 
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here θf exhibits dimensionless fusion temperature. Boundary conditions for the current problem may well be stated as: 

U,V = 0 on  all  walls θ = 1 on  corrugated  baffles
θ = 0 on  bottom  and  top  horizontal  walls ∂θ/∂n = 0 on  other  walls (16) 

Furthermore, the local and mean Nusselt numbers on the upper cold wall are represented as: 
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kf
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S

∫ s

0
Nuloc.ds (17) 

Entropy generation (En) as one of crucial factors in natural convection problems within enclosures is also analyzed. The local as 
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well as total En might be illustrated as [38–40]: 

Enlocal = (1 + Nvφ)Γ
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And consequently the local and mean Bejan numbers might be determined as: 
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∫
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∫
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(20)  

3. Applied method and validation 

To gain a precise solution of the governing equations, we implement the finite element method (FEM) as one of superior approaches 
to solve equations (11) - (13). In order to be certain of its accuracy, we have compared our results with those of Kahveci [41] that could 
be seen in Table 1. There is excellent agreement between these results. In this validation, the average Nusselt number, Nuave for 
disparate Ra&φ has been explored. It is observed that at fixed Ra, if the inclusion of nanoparticles enhances, Nuave intensifies in both 
the investigations. Further at fixed φ (for specific amount of inclusion of nanoparticles), rise in Ra amplifies Nuave significantly in both 
studies. In each case, the outcomes get well-matched. 

4. Results and discussion 

The present article enlightens the natural convection of NEPCMs in a reverse T-shaped porous enclosure accommodating two hot 
corrugated baffles. The impact of efficacious parameters like porosity of porous medium (ϵ), Darcy number (Da), the length of hot 
corrugated baffles (b), dimensionless fusion temperature (θf), volume fraction of NEPCM nanoparticles (φ), and Rayleigh number (Ra) 
on isotherms, stream functions, velocities, heat capacity ratio, local Bejan number, local and average Nusselt numbers subject to the 
natural convection of NEPCMs in a reverse T-shaped porous enclosure enfolding two hot corrugated baffles. 

At the onset of the discussion, Fig. 2 imparts information regarding the characteristics of stream lines, isotherms and heat capacity 
ratio for different Ra and Da with φ = 5%, b = 0.15L, ε = 0.6 and θf = 0.2. At low Ra(Ra= 104) and high Da(Da = 10− 2), the flow 
pattern (streamlines) is featured with two symmetric and enlarged convective circulations rotating in opposite directions. More 
clearly, the flow pattern gives rise to counter clockwise recirculations covering the region below and above the left hot corrugated 
baffle. Similarly, it develops clockwise recirculations covering the region below and above the right hot corrugated baffle. Indeed, 
suspension of NEPCMs in the proximity of the hot surface gets warmed and therefore this leads to a decrement in the density. The 
induced buoyancy force caused by the difference in the densities causes such suspension to move upward and arrives at the top cold 
surface inside the web. The suspension may be then cooled about the cold surface and shifts downward. This leads to the formation of 
such vertices within the cavity. In either vortex, the streamlines are denser in the region between the corrugated baffle and the top cold 
wall of the reverse T-shaped cavity. In this environment, amplifying Ra leads to the greater buoyancy which in turn augments thermal 
gradient enhancement thereby enhancing the momentum gradient. Therefore, convective heat transfer mechanism dominates over 
conduction process. Consequently, recirculations intensify in strength and extend towards the walls. This gives rise to a growth in flow 
rate contiguous to the walls. Further, in either vortex structure, the developed streamlines enervate in the region between hot 
corrugated baffles and the bottom cold wall of the cavity i.e., in the flange portion of the cavity. Its intensity enfeebles towards cold 
wall in the flange. Such enfeeblement of streamlines is due to dominant conduction mechanism within the flange of the cavity. The 
developed streamlines are represented by the absolute value as |ψmax| = 0.042251. When Ra enhances, the streamlines get intensified 
(vertex strength amplifies) and represented by the absolute value |ψmax| = 1.27876. In fact, amplifying Ra engenders the escalation of 

Table 1 
Comparison of the results of current paper with those of Kahveci [41].  

Ra φ Nuave, 

Kahveci [41] Current paper 

104 0 2.274 2.2677 
0.05 2.421 2.4472 
0.10 2.553 2.6210 

105 0 4.722 4.7208 
0.05 5.066 5.1036 
0.10 5.384 5.4950 

106 0 9.23 9.1322 
0.05 9.962 9.9529 
0.10 10.656 10.7591  
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buoyancy force in the enclosure that elevates the strength of natural convection of NEPCMs. As a consequence, fast motion of the liquid 
within the web portion of the cavity is attained. Interestingly, due to negligible conduction mechanism, there is non-appearance of 
circulations/recirculations in the flange portion. At low Ra(Ra = 104), when Da diminishes, streamlines enfeeble in intensity. Ener-
vated streamlines are represented by |ψmax| = 0.0190114 (when Da declines from 10− 2 to 10− 3) and |ψmax| = 0.00342846 (when Da 
decays from 10− 3 to 10− 4) for Ra = 104. Same flow pattern comprising of two big recirculation regions covering the area below and 
above the corrugated baffles are created within the reverse T-shaped cavity. We can declare here in clearest possible way that 
enervating Da (i.e., diminishing the permeability of the porous medium), significantly encumbers the flow penetration of the fluid with 
NEPCMs suspensions towards the entirety of the enshrouded porous domain within the reverse T-shaped cavity. Consequently, 
encumbrance of recirculations is visualized in the porous matrix. Further, at greater Ra(Ra = 105), when Da declines (from Da =

10− 2 to 10− 3), |ψmax| decays from 1.27876 to 0.283202 (i.e., 77.85% diminution of |ψmax|). When Da peters out further (from Da =

10− 3 to 10− 4), |ψmax| reduces from 0.283202 to 0.0357349 implicating 87.38% diminution of |ψmax|. This indicates that the rate of 
diminution of |ψmax| intensifies as Da enervates. In such case, streamlines get elongated along vertical directions as is visualized. A 
symmetric behavior of streamlines along the centre line is envisaged. Similarly, at extreme Ra(Ra = 106), when Da whittles down 
(from Da = 10− 2 to 10− 3), |ψmax| edges out from 9.87836 to 6.02554 implicating 39% diminution of |ψmax|. When Da falls from Da =

Fig. 2. The behavior of Ψ, θ, and Cr for diverse values of Ra and Da when φ = 5%, b = 0.15L, and ϵ = 0.6, and θf = 0.2.  

Fig. 3. The behavior of U and V for diverse values of Ra and Da when φ = 5%, b = 0.15L, and ϵ = 0.6, and θf = 0.2.  

A.M. Zidan et al.                                                                                                                                                                                                       



Journal of Building Engineering 53 (2022) 104550

8

10− 3 to 10− 4, |ψmax| reduces from 6.02554 to 0.728556 indicating 87.9% diminution of |ψmax|. The phenomenon of highest rate of 
diminution of |ψmax| means highest rate of decaying of intensity of streamlines is visualized more prominent when Da reduces from 
Da = 10− 3 to 10− 4 at Ra = 106 than Ra = 104. The isotherm profiles delineated in Fig. 2 represent the temperature distribution inside 
the cavity for varying values of Da. It is observed that at low Ra(Ra = 104), temperature lines are more concentrated adjacent to the hot 
corrugated baffles and they enfeeble gradually towards web and flange portion of the cavity (because heat energy transfers from hot 
corrugated baffles to cold walls). This is due to the heating of hot corrugated baffles. Such condensed isotherms are due to dominating 
conductive heat transfer in the entirety of the cavity which is due to small velocity and temperature gradients. When Ra lifts up from 
104 to 105, the structure of isotherms change and begins to shift towards the cold wall. This is due to more convective heat transfer that 
is due to more thermal gradient between the hot corrugated baffles and cold walls of the cavity. At extreme Ra(Ra = 106), more 
circulations of NEPCMs educe significantly more heat from the hot corrugated baffles and delivers to the cold walls of the cavity. 
Consequently, adequate heat exchange takes place between hot corrugated baffles and cold walls. This leads to the creation of hot 
wave form isotherms (with significant deviation in structure) shifted well towards the cold walls of the cavity. At fixed Ra(Ra= 104)

density of isotherms decays with fall of Da. In this situation, decrease in Da leads to less circulations of NEPCMs (slow fluid movement) 
thereby yielding dominant conductive heat transfer from corrugated hot baffles towards the cold walls of the reverse T-shaped cavity. 
Exactly same trend of encumbrance of density of isotherms is attained with decaying Da at other fixed values of Ra(Ra = 105,106). At 
low Ra(Ra = 104), there is an observation of two Cr profiles/fields inside the cavity. One Cr profile/field lies in the web while other one 
lies in the flange of the cavity. Heat capacity ratio (Cr) could achieve the value of 0.97 outside the fusion area of two Cr profiles. 
However, fusion region varies in the upper Cr profiles for any Da and Ra = 105 and Ra = 106. The red zone in either Cr profile/field 
depicts the phase change region where nano encapsulated particles undergo phase change within their capsules and subsequently their 
phase change approaches to the cold boundary. However, at extreme Ra(Ra = 106), phase change area gets squeezed (though varies) 
in Cr field lying above hot corrugated baffles. 

Fig. 3 demonstrates the variation of horizontal and vertical velocities in the form of relevant recirculations for different Ra andDa 
with φ = 5%, b = 0.15L, ε = 0.6, and θf = 0.2. At low Ra(Ra= 104) and high Da(Da = 10− 2), the flow pattern for horizontal velocity 
(U) comprises of intensified four vertices in the region above the hot corrugated baffles (because of dominant convective heat transfer 
mechanism) and four vertices of feeble intensity in the region below the hot corrugated baffles (because of insignificant convective 
heat transfer mechanism). In these multiple recirculations, the recirculations adjacent to the hot baffles are more intensified (due to 
more convective heat transfer) than the recirculations generated towards in the web portion (due to comparatively less convective heat 
transfer). Such two pairs of recirculations swirl in opposite directions inside the cavity. When Ra enhances from Ra = 104 to Ra = 105 

and Ra = 105 to Ra = 106, but at same value of Da(Da = 10− 2), U augments significantly. Quantitatively, 
|Umax|

Ra=104
= 0.443989 < |Umax|

Ra=105
= 10.0887 < |Umax|

Ra=106
= 88.9644 at Da = 10− 2.The region behind such escalation is 

that growth of Ra leads to greater buoyancy which in turn produces intensified recirculations and therefore horizontal velocity up-
grades. Appearance of multi-recirculations of sporadic structure is due to the presence of two hot corrugated baffles. Further, two very 
feeble vertices are created in the flange portion which is due to negligible convective heat transfer compared to that in the region above 
the corrugated baffles. When Da peters out, the intensity of horizontal velocity contours/recirculations decay for anyRa. At low 
Ra(Ra = 104), when Da falls from 10− 2 to10− 3, |Umax| whittles down from 0.443989 to 0.231888 with 47.77%.diminution in it. When 
Da peters out from 10− 3 to10− 4, |Umax| decreases from 0.231888 to 0.0624644 with 73%reduction in it. With gradual fall ofDa, the rate 
of reduction of |Umax| grows substantially. In such descending scenario, the patterns of recirculations are exactly same for any value of 
Ra(Ra = 104,105,106). At high Ra(Ra = 105), when Da decays from10− 2 to10− 3, |Umax| downgrades from 10.08887 to 3.08509 with 
69% decrement in it. When Da reduces from 10− 3 to10− 4, |Umax| reduces from 3.08509 to 0.638934 with 79% decrement of it. It is seen 
that at extreme Ra, when Da downgrades, the rate of encumbrance augments. However, the rate of enfeeblement of |Umax| is higher at 
Ra = 104 than that at Ra = 105. When Da belittles from 10− 2 to 10− 3, |Umax| decays from 88.9644 to 61.3507 with 31.04% rate of 
enfeeblement. When Da decreases from 10− 3 to 10− 4, |Umax| reduces from 61.3507 to 9.97754 with 83.74% enfeeblement. It is 
observed that at extreme Ra(Ra = 106), |Umax| enfeebles with reduction ofDa. However, the rate of enfeeblement of |Umax| is very high 
(sharp encumbrance) with diminution of Da at Ra = 106 than at Ra = 104,105. At low Ra(Ra= 104) and high Da(Da = 10− 2), the flow 
pattern of vertical velocity (V) contains multi-recirculations of sporadic structure due to the presence of two hot baffles of corrugated 
feature. In the flow pattern of vertical velocity, there is a very big vertex created in the central region of the cavity. It resembles with 
dumb-bell shape extending from bottom cold walls of the flange and passes through the gap between two baffles and ends at the upper 
cold wall of the web. It is intensified in the region above the baffles compared to its intensity in the region below the baffles. In 
addition, two other vertices (each one on either side of the central vertex) are formed. Here the two recirculations are in opposite 
directions. The vertex formed on the left region of the cavity is due to heat transportation from left hot corrugated baffle to the top left 
cold wall of the web. Exactly similar process is followed for the right side vertex above the corrugated baffle. This is due to heat 
transportation from the right hot corrugated baffle and the top cold wall of the web. Furthermore, two secondary vertices of very weak 
intensity i.e., low intensity vertical velocity distributions are formed in the lower portion of the flange (due to dominant convection 
heat transfer). Interestingly, two very small vertices are formed in two valleys (one in the first upward valley of right corrugated baffle 
and other in the first upward valley of the left corrugated baffle) are formed. When Ra enhances from Ra = 104 to Ra = 105, vertical 
velocity upgrades in its absolute value from |Vmax| = 0.523082 to 17.2749 with 96.97% upgradation. In this case three counters are 
formed in the region above the corrugated baffles and below the top cold wall of the cavity. No vertices are formed in the region below 
the corrugated wall. WhenRa upgrades from 105 to106, vertical velocity escalates significantly from 17.2749 to 160.934 with 83.16% 
enhancement. Here the flow pattern remains same as in previous case. Therefore, rise in Ra leads to intensification of vertical ve-
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locities. However, the rate of enhancement decreases whenRa gradually intensifies. Evidently, whenRa grows from104 to105, the rate 
of enhancement (96.97%) of |Vmax| is more than the rate of enhancement (83.16%) of|Vmax| whenRa grows from105 to106. When Da 
diminishes from10− 2 to10− 3 atRa = 104, vertical velocity, V edges out from |Vmax| = 0.523082 to 0.215621 with 58%diminution. 
When Da decays from10− 3 to10− 4 atRa = 104, V whittles down from |Vmax| = 0.215621 to 0.0511869 with 76%diminution which 
more prominent than the previous case. The flow pattern of Vat Ra = 104 and Da = 10− 2 possesses small vertices in more number of 
upward valleys of the corrugated baffles. At highRa(Ra = 105), when Da enfeebles from 10− 2 to10− 3, V whittles down (|Vmax| =

12.2749 to 3.36248) with 72%diminution. When Da enervates from 10− 3 to10− 4, V-velocity peters out (|Vmax| = 3.36248 to 0.535651) 
with 84% reduction. Therefore, the rate of diminution (84%) of |Vmax| is prominent when Da falls from 10− 3 to10− 4. At extreme 
Ra(Ra = 106), when Da decreases from10− 2 to10− 3, V diminishes (|Vmax| = 160.934 to 93.6986) with 41% reduction. When Da be-
littles from 10− 3 to10− 4, V downgrades (|Vmax| =93.6986to 10.497) with 88.8% diminution. It is seen that the rate of diminution 
(88.8%) of |Vmax| is significant when Da falls from 10− 3 to10− 4. Overall comparison of diminution of |Vmax| indicates that the rate of 
diminution of |Vmax| is fastest when Da whittles down at extremeRa. It is observed that when Da decays, a few and small size vertices are 
generated in upper and lower valleys of the corrugated baffles. 

Fig. 4 narrates the behavior of streamlines, isotherms and heat capacity ratio for diverse values of Ra and ε with φ = 5%, b = 0.15L,
Da = 10− 2 and θf = 0.2. At fixed porosity of porous medium (for instance, ε = 0.4) and at low Ra(Ra = 104), streamlines are rep-
resented by their absolute value |ψmax| = 0.0289011. The pattern of the streamlines comprises of four recirculations (two above and 
two below the corrugated walls). The vertices above the corrugated baffles are of greater intensity and oppositely directed while the 
vertices below the corrugated baffles are of feeble intensity. More intensified vertices are due to the dominant convection mechanism 
of NEPCMs suspension between hot corrugated baffles and the top cold walls of the web. When Ra enhances, buoyancy force boosts up 
the movement of hot NEPCMs suspensions thereby elevates the convective heat transfer process. Consequently, streamlines intensify. 
In fact, the NEPCMs may be suspended inside the fluid and circulate with it in the enclosure. This suspension could absorb the heat and 
expand, and therefore produces the buoyancy force which tends the liquid to shift upward in the web. When the suspension approaches 
the cold surface, it misses some of its energy and gets contracted. The resulted suspension becomes hefty and therefore may move 
downward. Because of this mechanism, two symmetric and oppositely directed recirculations are produced in the region between hot 
corrugated baffles and the top cold walls of the web. Their intensities gradually diminish from hot baffles towards the cold walls. Such 
streamlines are represented by their absolute value|ψmax| = 0.846964. It is now seen that when Ra grows from 104 to105, |ψmax| es-
calates from 0.0289011 to 0.846964 with 28.31% augmentation. WhenRa further rises from105 to106, the amplification of streamlines 
are represented by the absolute value with 72.46% augmentation. It is visualized that the rate of augmentation of streamlines upgrades 
as Ra enhances. When the porosity (ε) of the porous medium upsurges from 0.4 to 0.6, streamlines get strengthened by their absolute 
value|ψmax| = 0.042251. The rate of increment of streamlines is 46.19%. In such environment, the previous four vertices are merged 
into two big symmetric and oppositely directed vertices extending from lower to upper cold walls via the region between two hot 
corrugated baffles. Interestingly, the lower branch is of feeble intensity than that of upper branch of the recirculations. This is because 
of the dominant convective heat transfer mechanism in the upper region due to more movement of hot fluid by natural convection 
compared to that in the lower region. When ε grows from 0.6 to 0.8, streamlines get further intensified and are represented by their 
absolute value |ψmax| = 0.0530777 with 25.62% augmentation. This implicates that as ε enhances, the streamlines intensifies (|ψmax|

grows), but the rate of intensification reduces. At extreme ε, the two big vertices get separated into four small vertices where two 
vertices of significantly large intensity are in the upper region and the remaining two vertices of lower intensity are in the lower region 
of the flange. This is because of the emplacement of the hot corrugated baffles and the heat exchange between lower and upper cold 
walls under the influence of porosity of the entire porous medium. At low ε (ε = 0.4), dense temperature lines appear near the hot 
corrugated baffles and gradually fade away towards the cold walls of the web. Shape of isotherms is due to the corrugation of hot 

Fig. 4. The behavior of Ψ, θ, and Cr for diverse values of Ra and ϵwhen φ = 5%, b = 0.15L, and Da = 10− 2, and θf = 0.2.  
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baffles. When Ra grows from 104 to 105, dense isotherms near the hot corrugated baffles (due to the dominant conductive heat transfer 
imparting greater heat exchange in these regions of the cavity) get structural modification and shift towards the cold walls (due to 
dominant convective heat transfer) of the cavity. When Ra grows from 105 to 106 (i.e., at extremeRa) and at ε = 0.4, huge circulations 
of NEPCMs draw enormous heat from hot baffles and release to the region contiguous to the cold walls indicating ample heat exchange 
there. Such phenomenon of greater heat exchange is responsible for the appearance of isotherms characterized with high structural 
change and greater shift towards the cold walls of the cavity. At Ra = 104, there is no variation of phase change area and attainment of 
constant value of Cr(Cr= 0.97) in the entirety of the cavity with rise inε. When Ra amplifies, phase change area attains structural 
change and varies from the central region towards the side cold walls of the cavity. This takes place in the upper region of the cavity. 
However, there is low appearance of phase change area in the lower part of the cavity. With further rise in Ra (at extremeRa), phase 
change area attains structural change but with feeble intensity in the web. Further, there is appearance of more phase change area 
compared to the previous case in the flange. Remarkably, Cr attains the constant value 0.97 in the entirety of the cavity at any ε and Ra. 

The behavior of U and V for diverse Ra and ε with φ = 5%, b = 0.15L,Da = 10− 2 and θf = 0.2 is manifested in Fig. 5. At low 
Ra(Ra= 104) and low ε (ε = 0.4), the flow pattern is represented by multi-recirculations (eight vertices) of horizontal velocity (U) in 
an indication of four vertices (of greater intensity) in the region between two baffles and upper cold walls and the remaining four 
vertices (of insignificant intensity) in the region between hot baffles and the bottom cold wall of the flange. The upper four U-vertices 
clearly indicates that two uppermost vertices are of feeble intensity (because of dissipation of heat to upper cold walls) while two 
vertices adjacent to the baffles are of greater intensity (because of greater heat propagation from hot corrugated baffles). Such U- 
recirculations are estimated as |Umax| = 0.299382. The reason of such multi-recirculations is due to the emplacement and the 
corrugation of hot baffles. When Ra is raised to 105, flow pattern of U containing four vertices in the region above hot corrugated 
baffles is attained. However, there are no U-contours in the region below the hot corrugated baffles. The intensity of U-recirculations 
has been enhanced significantly with 21.41% enhancement. When Ra is hiked from 105 to106, the U escalates and is represented by 
|Umax| = 62.66 with very high percentage of escalation. Overall, it is clear that U of fluid enhances with amplification ofRa. Further, 
when ε increases from 0.4 to 0.6, U upgrades in the manner |Umax|

ε=0.4
= 0.299382 < |Umax|

ε=0.6
= 0.443989 atRa = 104. When ε 

enhances further from 0.6 to 0.8, U lifts up in the fashion|Umax|
ε=0.6

= 0.443989 < |Umax|
ε=0.8

= 0.555101 atRa = 104. It is obvious that 
amplifying ε yields the intensified U with equivalent flow pattern at any Ra (low/high/extreme). However, the rate of enhancement is 
the highest at extreme Ra. Let us discuss the V-profiles for different ε andRa. At low Ra and lowε, vertical velocity (V) profiles contain 
three circulations of varying intensity. The flow pattern comprises one central vertex covering the region below and above the hot 
corrugated baffles and passes through the gap between the two baffles. Apart from this, two sidewise vertices extending from the feet of 
the corrugated baffles to upper cold wall via side cold wall. The varying V within the cavity is estimated as|Vmax| = 0.361503. As Ra 
enhances from 104 to105, V grows from |Vmax| = 0.361503 to 11.7337. In the associated flow pattern of V, all the three vertices are 
confined to the region above the baffles. When Ra enhances further from 105 to106, V escalates from |Vmax| = 11.7337 to 112.818. It is 
noticed here that three recirculations cover the gap between two baffles and the region between two baffles and the upper cold wall via 
side cold walls. The appearance of the vertices only in the web is due to the dominant convective heat transfer mechanism. Therefore, it 

Fig. 5. The behavior of U and V for diverse values of Ra and ϵ when φ = 5%, b = 0.15L, and Da = 10− 2, and θf = 0.2.  
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is well understood from the figures that amplifyingRa contributes augmentation of V at anyε within the cavity. However, when ε rises 
from 0.4 to 0.6, V rises (slowly) from |Vmax| = 0.361503 to 0.523082. When ε rises from 0.6 to 0.8, V improves (even more slowly) from 
|Vmax| = 0.523082to 0.659064. It is clearly understood that when ε amplifies, vertical velocity elevates marginally at low Ra, but 
elevates prominently at high as well as extreme Ra. 

The streamlines, isotherms, heat capacity ratio behavior for diverse Rayleigh number (Ra) and length of the hot corrugated wall 
with φ = 5%, b = 0.15L, Da = 10− 2, and θf = 0.2 is revealed in Fig. 6. With low Ra(Ra= 104) and low length of corrugated baffle(b =

0.1L), streamlines of varying intensity (featured with four vertices: two below and two above the corrugated baffles) are created and 
estimated as |ψmax| = 0.0558192. Streamlines above the baffles are of greater intensity than that below the baffles (due to more 
convective heat transfer in the region above the baffles). When Ra grows, the free convection upsurges due to which streamlines 
formed convenient to escalate efficaciously and are estimated as|ψmax| = 1.42439. When Ra grows from 104 to105, streamlines 
strengthen in intensity in the manner |ψmax|

Ra=104
= 0.0558192 < |ψmax|

Ra=105
= 1.42439 atb = 0.1L. When b enhances, a complex 

behavior of flow structure is attained. In this case, the flow pattern is modified with two symmetric and oppositely directed big 
recirculations of feeble intensity covering the regions below and above the hot corrugated baffles. Specifically, |ψmax| reduces from 
0.558192 to 0.042251 (when b increases from 0.10L to 0.15L) and from 0.04225 to 0.0330398 (when b grows from 0.15L to 0.20L) 
with equivalent flow pattern (streamlines). Such trend of enfeeblement prevails even at highRa. But in this case there are only two 
streamline counters existing in the region above hot corrugated baffles. When b grows, the intensity of isotherms upgrades. Because of 
growingb, heat conduction mechanism dominates over convection process. More heat gets transferred from the hot corrugated baffles 
to the cold walls of the reverse T-shaped cavity. Isotherms depicting the temperature distribution are crowded near hot corrugated 
baffles than that adjacent to lower as well as upper cold walls. In fact, significantly more heat conduction takes place in the region 
contiguous to the hot corrugated baffles. Therefore, hot isothermal layers with more complex structure are visible near hot corrugated 
walls. However, at high Ra, isotherms produced with structural change and well shift towards the cold side walls and due to signif-
icantly greater heat exchange there inside the cavity. At fixed b (for instance, at b = 0.1L), rise in Ra leads to the variation of phase 
change area (where the intensity gradually fades away) in the Cr profile lying in the web. However, the variation is subtle in the Cr 
profile produced in the flange. It is remarkable to note that Cr attains a constant value as 0.97 outside the fusion region in all cir-
cumstances in the entirety of the cavity. 

Fig. 7 delineates the variations of U and V or varied estimations Ra and b with φ = 5%, ϵ = 0.6, Da = 10− 2, and θf = 0.2. At low 
Ra(Ra= 104) and lowb(b = 0.1L), horizontal velocities are represented by |Umax| = 0.0547227. The flow pattern comprises of eight 
vertices out of which four bigger vertices appear in the region above the corrugated baffles and the remaining four smaller vertices 
appear in the region below the corrugated baffles. The recirculations in the region above the baffles are more intensified than the lower 
baffles. When Ra enhances, U uplifts and represented by |Umax| = 11.4697. The equivalent flow pattern of U is obtained. No vertices 
appear in the region below the baffles. This is due to very insignificant convective heat transfer in this region. When b rises from 0.10L 
to0.15L, the flow pattern attain the similar structure and contains eight vertices following the relation |Umax|

b=0.10L
= 0.547227 >

|Umax|
b=0.15L

= 0.44398 forRa = 104. When b enhances further from 0.15L to 0.20L, U emaciates following the equivalent flow pattern 

Fig. 6. The behavior of Ψ, θ, and Cr for diverse values of Ra and b when φ = 5%, ϵ = 0.6, and Da = 10− 2, and θf = 0.2.  
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with|Umax|
b=0.15L

= 0.44398 > |Umax|
b=0.20L

= 0.334344 forRa = 104. At high Ra (Ra = 105), U enfeebles due to rise in b and follows 
the exactly same flow pattern with all four vertices lying in the region above the hot corrugated baffles. It is well observed that the rate 
of emaciation of U is prominent at high Ra(Ra= 105) than that at low Ra(Ra = 104). At fixed b (for exampleb = 0.10L), rise in Ra lifts 
up V from |Vmax| = 0.624691 to 17.6607 with little deviation in the structure of the streamlines. This is because of intensive convective 
heat transfer in the upper region (above baffles) inside the reverse T-shaped cavity. Further, at fixed Ra (for example at Ra = 104), the 
rise in b whittles down V inside the cavity. The flow pattern of V gets slightly changed whenb grows from 0.10L to 0.15L and 0.20L. The 
flow pattern comprises extra two vertices in the region below the hot corrugated baffles at b = 0.15L and b = 0.20L. At highRa(Ra =

105), when b increases, V diminishes. In particular, when b rises from 0.10L to 0.15L, V peters out in the manner |Vmax|
b=0.10L

=

17.6607 > |Vmax|
b=0.15L

= 17.2749 forRa = 105. When b rises from 0.15L to 0.20L, |Vmax| decays from 12.2749 to 12.5897 exhibiting 
prominent rate of diminution. The equivalent flow pattern comprising three vertices appears in the region above the hot baffles (see 
Fig. 8). 

Owing to the present investigation of a steady state problem and the circulations of the NEPCM suspension within the cavity, they 
witness cold and hot zones there. When NEPCM nanomaterials intrude a zone of higher temperature than their fusion temperature they 
execute phase alteration to a molten mood by substantial absorption of latent heat. When these molten nanomaterials go into the 
colder zone than their fusion temperature, they start releasing latent heat and perform phase alteration to a solidus mood. Hence, 
regions of phase change are there owing to the circulation of nanomaterials. The variation of Cr for diverse Ra and θf when b = 0.15L 
andφ = 5%. When Ra amplifies, the phase change zone varies and gradually decays towards the side cold wall. At high Ra(Ra = 105), 
the phase change area becomes feeble in the region above the baffles. However, the existence of phase change area is discontinuous in 
the region adjacent to the bottom cold wall of the cavity. Indeed, the latent heat is responsible for the deflection of the Cr from 0.97. So, 
the phase change zones are the areas wherein the nanoparticles’ core may witness a phase alteration and identify as melting- 
solidification areas. The NEPCM particles release/absorb the latent heat while reaching the solidification/melting zone. At Ra =

Fig. 7. The behavior of U and V for diverse values of Ra and b when φ = 5%, ϵ = 0.6, and Da = 10− 2, and θf = 0.2.  
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104, when θf rises from 0.2 to 0.4, the melting-solidification zone may extend and move away from the cold wall towards the region 
between two hot baffles. When θf rises from 0.4 to 0.6, the melting-solidification zone/phase change area shifts further towards the gap 
between hot baffles. About this time, the phase change area below the baffles raised up towards the gap between the baffles. When θf 

hikes from 0.6 to 0.8, the phase change area below and above the hot corrugated baffles shift towards the gap between the baffles. The 
phase change area varies and become maximum at the central portion and then gradually diminishes towards the cold walls of the 
cavity. Exactly equivalent pattern of Cr fields and with slightly greater magnitude of phase change area are attained in the web and 
flange of the cavity. At high Ra(Ra= 106) andθf = 0.2, phase change area becomes feeble and gets depressed at the central portion of 
the Cr fields. When θf rises from 0.2 to 0.4, the phase change area gets well depressed at the central part of Cr fields lying above the hot 
baffles. For both θf = 0.2 and 0.4, Cr fields are equivalent to erstwhile profiles forRa = 105. When θf rises from 0.4 to 0.6 and 0.6 to 

Fig. 8. Cr for diverse values of θfand Ra when b = 0.15L and φ = 5%.  
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0.8, lower and upper Cr fields merge together and give rise to two vertical Cr fields (symmetric and opposite facing) of great phase 
change area. However, for a fixedθf , the development of the phase alteration area may be attributed to the temperature-fixed area 
around isotherms related to fusion temperature. 

Fig. 9 demonstrates the variation of local Bejan number (Beloc) for varied estimations of Da, ϵ, and Ra when b = 0.15L andφ = 5%. 
At ε = 0.6,Ra = 105, when Da declines from 10− 2 to10− 3, Beloc grows efficaciously. Further, at fixed ε = 0.6,Da = 10− 3, when Ra 
rises, Beloc profiles reduce equivalently to the previous Beloc profile forDa = 10− 2&Ra = 106. When Da falls from 10− 3 to10− 4, Beloc 
becomes large indicated by red patch covering the entire cavity except the very small region between two baffles enshrining the 
leastBeloc. At Da = 10− 4, when Ra rises from 105 to106, larger values of Beloc are attained in the lower part of the cavity covering the 
region between two consecutive valleys of the baffles. The region above the baffles comprise multiple low Beloc (highlighted with green 
patch) and least Beloc profiles (highlighted with three blue patches). When ε = 0.8 and Ra amplifies from 105 to106, Beloc enervates for 
anyDa. On the other hand, when Da diminishes, Beloc intensifies effectively while that grows marginally at high Raleigh number. 

The variation of Nuloc. for varied estimations of Da, ϵ, and Ra when b = 0.15L&φ = 2% is manifested in Fig. 10. The first figure of 

Fig. 9. Belocal for varied values of Ra, Da, and ϵ when b = 0.15L and φ = 5%.  
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first row enlightens the Nuloc profiles for different ε(ε= 0.4,0.6, 0.8) against S at fixed low Ra(Ra= 104) andDa(Da = 10− 2). It is seen 
that rise in ε yields encumbrance of Nuloc in the entirety of the reverse T-shaped cavity. At fixed ε (for example, at ε = 0.4), as S 
growsNuloc decays and attains a minimum at certain S(S= B) and then grows until the cold wall (S = C). The other values of ε yields the 
equivalent Nuloc profiles with different values ofS. At low Ra, decrease in Da does not change in Nuloc profiles for different ε against S. 
From Fig. 10 it is inferred that rise in Ra strengthens Nuloc profiles for any Da againstS. The augmentation is prominent at extreme Ra. 
In fact, dense isotherms close to the hot corrugated baffles and well escalated fluid velocity in this area caused by augmented buoyancy 
will intensify the local Nusselt number. For any Ra andDa, increase in ε downgrades Nuloc in the entirety of the cavity. However, the 
enfeeblement is prominent at least Da for anyRa. Elaborately, at high Ra(Ra = 105), when Da declines Nuloc edges out for each ε against 
S. Exactly equivalent trend is attained for extreme Ra. The attainment of valley shaped Nuloc profiles (due to the corrugation of the 
baffles emplaced inside the cavity) implicates that the magnitude of the coefficient of heat transfer is significantly more at the hot 
corrugated baffles than at the cold walls. 

Fig. 11 reveals Nuloc variation for different b&Ra withε = 0.6&φ = 5%. It is visualized that at low Ra(Ra = 104), strengthening b 
upgrades Nuloc effectively againstS throughout the cavity. Therefore, baffle length has greatest influence on heat transfer from hot 
baffles to cold walls. However, at fixed b (specifically at b = 0.10L), Nuloc decays initially with rise inS and attains least value at certain 
S(S= B) and then grows monotonically with further rise inS until the cold walls of the cavity. Exactly similar trend of Nuloc is the result 
for rise inb againstS at highRa(Ra = 105). However, when Ra rises, Nuloc amplifies for anyb againstS in the entirety of the cavity. This is 
due to better circulation of the flow and creation of less crowded isotherm contours in the cavity. 

The variation of Nuave for varied estimations of Da, ϵ, and Rain the entire flow domain is addressed in Fig. 12. At moderate 
Ra(Ra= 105) (when conduction dominates), decrease in Da leads to evanescence of Nuave againstε. When Da falls from 10− 2 to10− 3, 
Nuave evanesces sharply. When Da falls from 10− 3 to10− 4, Nuave peters out marginally. In other words, heat transfer variation is subtle 
between Da = 10− 3 and Da = 10− 4 (as conduction is the dominant heat transfer mode at low Da). At each Da (for instance, at Da =

Fig. 9. (continued). 
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10− 2), Nuave enervates with growth of ε until the cold wall of the cavity. Therefore, it is clear that whenever the porosity of the porous 
medium upgrades, rate of heat transportation from the hot baffles towards the cold walls emaciates. When Ra amplifies (when inertial 
forces strengthen), Nuave lifts up (heat transfer rate enhances) for any Da againstε in the entirety of the reverse T-shaped cavity. In high 
Ra, the contribution of convection has significant role on the determining the heat transfer value and therefore, remain essential effect 
on heat transfer exchange between hot baffles and cold walls of the reverse T-shaped cavity. Here the flow strength is adequately strong 
and the vertices of high strength are developed. Such phenomenon causes an augmentation of rate of heat transfer. At extremeRa(Ra =

106), the enfeeblement of Da yields the diminution of Nuave for anyε. When Da decreases from 10− 2 to10− 3, the rate of encumbrance is 
low and when it decreases from 10− 3 to10− 4, the rate of diminution becomes high irrespective the value of ε. The comparison of Nuave 

for Ra = 105 and Ra = 106 evokes the result that Nuave|
Da=10− 2 

for Ra = 106 is greater than Nuave|
Da=10− 2 

forRa = 105. Exactly the same 
relation can be established for other values of (see Fig. 13) Da. 

Table 2 conveys the variation of Nuave for varied considerations ofφ. When φ is least, Nuave yields the least value i.e., Nuave|
φ=1%
min =

12.6814. When φ rises from 1% to 2%, Nuave uplifts. This is estimated as the minimum increment of Nuavewith amplifying solid volume 
fraction at Da = 10− 3 and Ra = 106. When φ rises from 1% to 5%, Nuave attains largest value and is obtained asNuave|

φ=5%
max = 12.9436. 

This is estimated as the maximum increment of Nuave with amplifying solid volume fraction at Da = 10− 3 and Ra = 106. It is concluded 
from the discussion that as φ grows, Nuave intensifies significantly a fixedDa = 10− 3&Ra = 106. In other words, the Nu is enhanced 
significantly with substantial addition of nanoparticles. 

Fig. 10. Nulocfor varied values of Ra, Da, and ϵ when b = 0.15L and φ = 2%.  
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5. Conclusions 

NEPCMs are utilized in the present study for the purpose of emaciation of energy consumption of buildings, amelioration of 
building inertia and stabilization of indoor climate. The use of NEPCM maintains the thermal management of buildings in more 
efficient way due to better heat transfer rate. Thermal and entropy inspections of a NEPCMs suspension in a reverse T-shaped porous 
cavity emplacing two hot corrugated baffles were carried out in this study. The FEM has been implemented to solve the non- 
dimensional governing equations. Some comparisons with a published paper available in the literature were carried out, and the 
results were discovered in plausible agreement. The influence of effective parameters like porosity of porous medium, Darcy number, 
the length of hot corrugated baffles, dimensionless fusion temperature, volume fraction of NEPCM nanoparticles, and Rayleigh number 
on flow and heat transfer throughout the reverse T-shaped baffled cavity was explored. The relevant and observed outcomes can be 
briefed as follows:  

• When Raleigh number (Ra) amplifies, intensification of streamlines (due to significantly greater buoyancy force), escalation of 
velocity fields (horizontal as well vertical), and structural change of phase change zone are attained while decaying of Darcy 
number (Da) exhibits opposite effect.  

• Heat capacity ratio could attain a value 0.97 outside the melting-solidification zones within the cavity.  
• Incremented porosity (ε) of the porous medium strengthens the streamlines, horizontal velocity for any Ra while it elevates vertical 

velocity marginally at lowRa, but prominently at high as well as extreme Ra.  
• Rise in the length of the baffles (b) leads to emaciation of streamlines, flow fields, and enormous heat transfer from the hot baffles 

towards the cold walls. 

Fig. 11. Nulocfor diverse values of b and Ra when ϵ = 0.6 and φ = 5%.  

Fig. 12. Nuave. for diverse values of Ra, ϵ, and Da.  

A.M. Zidan et al.                                                                                                                                                                                                       



Journal of Building Engineering 53 (2022) 104550

18

• When the fusion temperature (θf ) rises, the expansion and shifting of melting-solidification zone takes place. However, at fixedθf , 
the development and shifting of the melting-solidification area is attributed to the temperature-fixed area around isotherms related 
to fusion temperature.  

• When Ra rises, Nuloc amplifies for any b against S in the entirety of the cavity due to better circulation of the flow and creation of less 
crowded isotherm contours in the cavity.  

• Heat transfer rate augments due to the growth of ε, Ra, b while it evanesces with encumbrance of Da.  
• When φ rises from 1% to 2%, Nuave uplifts and yields the minimum increment of Nuave while with rise of φ from 1% to 5%, Nuave 

upgrades and yields the maximum increment of Nuave at fixed Da&Ra. 
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