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Abstract
Due to the advancement in the field of technology the aspect of energy production, utilization and harnessing of the same has been drastically optimized. The energy draws out from heat sources is one of a type among all convectional and non-convectional sources of energies. The pattern of heat energy shift through natural convection has a number of applications found in the market .The uses of this kind of energy can be listed as electrical and electronics equipments, nuclear reactors, domestic convection, dry cooling towers, thermo siphons, installed in ground and many more. On the account of functional continuity and longevity aspect the heat generates due to work execution must be radiated out of the machineries. Considering the influence of natural convection heat transfer upon the open ended pipes of upright means, it is of very trivial magnitude, As a matter of fact, the diverse field of solar and nuclear energy connecting with thermal fluid systems has also been greatly impacted by natural convection heat energy flow. Converging to the current event where heat energy shifts between two parallel flat plates excited by means of electrical heating coils on the outer surface of the units to keeping steady heat flux at the boundary. The magnitude pertaining with parameters/edges like thickness, Breadth and length are 5mm, 150mm and 500 mm correspondingly. Since the exterior region maintained insulation, hence the shifting of heat energy is admitted to regulate from interior region towards the adjoined air molecules .The particular wall heat energy flux denoted by the symbol ‘q’ maintained at a magnitude of 2188W/m2.consequent to this a definite analytical as well as observational values adhering with steady state phenomena has been laid out. Keeping the heat flux status same the temp values drawn out analytically on behalf of air and wall units have successfully monitored against the particular experimental values. The outcomes concern with both the approaches match with one another yielding the heat flux magnitude of 2188W/m2.
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Introduction:
Heat transfer through natural convection is an economical method of cooling which is widely accepted by electronic industry in order to dissipate heat from the electronic devices which are entrenched on a small base in order to improve their life span and efficiency. Heat transfer denotes the transmission of heat energy happening from the heated plate to air due to temperature difference between them. Hot bodies can be cooled faster by forced convection than by natural convection. Natural convection occurs when heat transfer takes place because of the variation of density of fluid resulting from the temperature difference. The air in close proximity of the hot bodies is less than the air away from it. Due to difference in density of fluid, a buoyant force is created which enables the lighter hot air to flow in upward direction. Natural convection finds application in number of industries such as nuclear reactors, steam pipe lines in power plants, cooling towers, domestic convectors, and thermo siphons etc. The objective of this investigation is to explore both theoretically and experimentally the natural convection through two heated vertical plates. The test section consists of two vertical plates which are electrically heated on the outer surface, dispelling heat from the inner surface to air. The test section is heated electrically maintaining constant heat flux on the wall. The temperature of air in the vicinity of heated plate increases which results in decrease of density of air near the heated plate. Due to variation of density of air a buoyant force is created which causes the hot air through the two plates to move in upward direction. Natural convection heat transfer experiment is conducted with constant wall heat flux conditions for plates of dimensions 500mm length, 150 mm width and 3 mm thickness. 
Dynamics of fluid flow and heat transfer through vertical pipes and parallel flat plates have been investigated by many researchers. However, the works on heat transfer with existence of rings are not satisfactory in the literature. Mallik and Sastri [1] experimentally studied the natural convection heat flow over staggered discrete plates and observed that natural convection heat flow over discrete vertical plate is more than that over flat plates. Sparrow and Prakash [2] have examined the natural convection from staggered discrete plates and compared the results of staggered discrete vertical plates with parallel flat plates, considering constant wall temperature. They noticed that with increase in spacing, decrease in height of channels results in improvement of heat transfer. Hung and Shiau [3] studied natural convection flow through vertical parallel plates with rectangular ribs theoretically as well as experimentally. They noticed that heat transfer phenomena in the region beyond the ribs is just like the flow in the turbulent flow conditions. They proposed two correlations for predicting Nusselt number in the downstream vicinity of the rib for calculating heat transfer characteristics. Gortysov et al. [4] experimentally investigated the hydrodynamics and heat exchange in vertical channels. They observed that provision of discrete rings in the internal surface results in increase in heat transfer from the vertical walls to air. Experimental investigation by Sparrow and Bahrami [5] imposing three types of boundary conditions on the lateral walls. Dixit et al. [6], [7] and [8] used different optimization techniques for example bacterial colony optimization (BCO), cuckoo search (CS), and group search optimization (GSO) to determine the most favorable weight of the structure. Levy et al. [9] addressed the issue of optimum plate spacing for enhancement of laminar natural convection heat transfer between two plates. Roul and Nayak [10] presented heat flow characteristics through heated vertical tubes.  Nayak et al. [11-13] investigated the improvement of heat transfer in vertical tube owing to the provision of internal rings. They have taken obstacles of rectangular cross section as internal rings in their work. Sahoo et al. [14-17] applied computational techniques to investigate heat transfer and flow dynamics from pin finned vertical plates. Roul and Sahoo [18] explored the two-phase flow dynamics and pressure drops through pipes with variations in cross sectional area which is essential for assessing power of pump to create forced draft. Churchill and Chu [19] developed general correlation equations applying the experimental and theoretical data for the laminar natural convection flow through vertical channels which is driven by buoyancy. Dey et al. [20] observed that the flow dynamics in the close proximity of a fin can significantly improve the heat transfer from a heat sink due to forced convection. The rise in heat transfer is owing to an increase in temperature gradient, as the thickness of the thermal boundary layer decreases because of the presence of fins. Because of the enhancement of temperature gradient, the average Nusselt Number increases on the fin surface. Fluid dynamics and pressure drop predictions through sudden expansions and contractions have been studied using CFD modeling [21-25]. Pradhan et al. [26] investigated the heat flow characteristics through an 180° bend pipe having different cross sections using nano‑enhanced ionic liquids (NEILs).Buonomo and Manca [27] studied natural convection heat transfer through a vertical micro channel subjected toconstant heat flux. They calculated Rayleigh number in terms of wall heat flux in order to evaluate their influence on wall temperature, velocity profile, Nusselt number, and mass flow rate.They perceived that there is an increase in the wall temperature with an enhancement in Knudsen number for higher values of the Rayleigh number. However, they noticed that the wall temperature is minimum for lower values of Rayleigh number for .They also noticed that Nusselt number declines when Kn increases and mass flow rate upsurges when Kn increases.El-Morshedy et al. [28] experimentally explored the heat flow due to natural convection in thin vertical channels having rectangular heated walls. They proposed two correlations for the local Nusselt number for natural convection flows and forced convection flows respectively. The prediction from the correlations was compared with the experimental data which was observed to be fitting well with the experimental data within 5.8% standard deviations.
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Fig. 1.(a) Boundary layer and (b) Velocity and Temperature profileon a vertical plate
                                
The average heat transfer coefficients can be presented for different environments as per the details given below:
									(1)
The subscript f specifies the fluid properties in the dimensionless groups. The fluid temperature is evaluated by:
										(2)
The Rayleigh number is defined as the product of Grashof number and Prandtl number:
Ra = Gr.Pr										(3)
The characteristic length taken in the determination of Grashof and Nusselt number depends on the geometry considered in the problem. The plate height(L) is considered as the characteristic dimension for flat vertical plates and the diameter (D) is taken as the characteristic dimensionfor horizontal cylinders. The equations used to determine the heat transfer for vertical flat plates can also be considered for vertical cylinders when the boundary layer thickness is not very large in comparison to the diameter of cylinder.
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Fig. 2 Heated vertical parallel plates

As a matter of fact, a vertical cylinder is generally treated as vertical flat plates under the following conditions.
	(4)
In Eq. 4, D is taken as the cylinder diameter. For determination of Nusselt number the following equation is considered.
	(5)
Churchill and Chu [19] have provided more relevant equations which are appropriate over extensive ranges of Rayleigh numbers:
(6)
	(7)
Eq. (7) can also be considered for constant heat flux boundary conditions. The fluid properties is taken corresponding to the fluid temperature in the above equations. A large number of experimental works have been reported in the literature for natural convection heat flow from flat vertical and inclined plates to fluid for constant heat flux boundary conditions. In these experimentations, the results have been presented in terms of modified Grashof number, Gr*.
	(8)
Here, the unit of wall heat flux, qw is taken as watt/m2. For laminar flow conditions, the local Nusselt number is calculated from the relation.
	(9)
Similarly, for turbulent flow conditions, the local Nusselt numberiscalculated using the relation given below.
	(10)
The local Nusselt number is calculated using the relation given below.
	(11)
Substituting the value of Grashof number in Eq. (11),we have,
	(12)
For the case of laminar and turbulent flow conditions, m is taken as 1/4 and 1/3 respectively.
Churchill and Chu [19] have proposed that Eq. (12) can be modified as per the details given below so that it can be applied for the case of constant heat flux conditions.
	(13)
Where, 
	(14)
In Eq. (14), the average Nusselt number is expressed in terms of wall heat flux conditions. Temperature difference is taken at the mid-point of the plate i.e. at x = L/2.
Theoretical Aspects:
Natural convection heat flow happens owing to the movement of fluid because of density differences produced by the heating processes. The force of buoyancy causes the movement of fluid in the upward direction as the density of fluid in the proximity of the heated plate is decreased due to heat transfer from the hot surface to the air. The buoyant force has an important role to play in natural convection flow. Fig. 1 shows the boundary layer and profiles of velocity and temperature over a heated vertical flat plate. In this boundary layer, the inertia force as well as the buoyant and viscous forces are predominant. It is observed from fig. 1 that the velocity happens to be zero at the wallowing to no slip boundary condition and it increases to attain maximum value and there after it declines to zero towards the side of the boundary layer as the air is at rest away from the wall. Conversion from laminar to turbulent boundary layer commences after certain distance away from the leading edge which depends on the temperature of the wall and fluid properties. In the transitional region turbulent eddies are formed. Farther up the vertical plate, fully turbulent boundary layer may be formed.
The velocity of flow in natural convection is very less in comparison to the velocity of flow in forced convection. Consequently, the value of the convection heat transfer coefficient is lower, generally by one order of magnitude. Grashof number, which is defined as the ratio of the buoyancy force to the viscous force in the free convection flow conditions has the same role which is played by the Reynolds number in forced convection. The factor that decides the conversion from laminar to turbulent flow is Grashof number. To analyze the heat-transfer problem, we must first obtain the differential equations of motion for the boundary layer. Uniform wall heat flux produces a natural convective flow with the fluid entering at the bottom and leaving at the top of the heated flat plate. The difference in the density of fluid which is caused because of the temperature gradients produces the buoyant forces which is responsible for causing the motion of fluid. The following assumptions have been considered for the computational analysis of natural convection flow of heat from the heated vertical flat plate. 
1. Fluid properties except density are considered to be constant.
2. Density variations are significant only in the gravity term which is responsible for producing the buoyant force.
3. The flow is considered to be steady, laminar, incompressible and inviscid. 
The governing equations for 2-D, steady, in viscid flow is given below.
Continuity:
				(15)	

Momentum:
						(16)   

						(17)

Energy:
		(18)



Results and Discussion:
Utilized theoretically to explore via excited plates maintained upright and parallel ,In exact two upright parallel plates, excited by means of heating coils using electric energy accomplished at the outer  region to ensure steady heat surge status at the  boundary. The dimensions considered for the plates are 500mm,150mm,5mm for the designationof length, breadth and thickness respectively. Again here the outside boundary is kept conduction restrict and consequently permitting the surge of heat energy commencing at inside region is the ambient and heat flux equal heat energy surge The heat flux at the wall is maintained at = 2188 W/m2. The temperature of the wall is measured experimentally using thermocouples at different locations on the inner face of the vertical plate. The theoretical result for wall temperature and experimental data for heat flux of 2188 W/m2are compared with each other as demonstrated in the Figure 3.It is observed from fig. 3 that the wall temperature goes on increasing along the length of the plate from bottom to top for uniform heat flux conditions at the wall. It is also evident from fig. 3 that the theoretical result matches vary thoroughly with the experimental result. The deviation of the theoretical result from the experimental result is observed to be within 10 %.
[image: ]













[image: ]Fig. 3 Theoretical and experimental wall temperature (heat flux 2188 W/m2)















Fig. 4Theoretical and experimental fluid temperature (heat flux 2188 W/m2)
Similarly, the temperature of air at the top of the vertical plates is measured experimentally and theoretically. The temperature of air at the middle of the two parallel plates is found to be minimum and it increases towards the wall in the lateral direction. The fluid temperature is observed to be maximum near the wall. The theoretical result for fluid temperature measured radically at the exit of plate is compared with experimental result for the heat flux 2188 W/m2 as illustrated in the Fig. 4. It is evident from figure that the theoretical result closely matches with the experimental data. The deviation of the theoretical result from the experimental result is observed to be within 10%.
Air temperature at the middle of the two parallel plates was observed to be minimum at the top and it increases gradually towards the walls. The temperature of air very near the plates is found to be maximum.
Conclusions:
The natural convection heat transfer through two heated vertical flat plates has been investigated theoretically as well as experimentally. The major conclusions drawn from the investigation can be enumerated as follows.
i) [bookmark: _Hlk90476337]The wall temperature rise along the length of the plates from bottom to top to maintain a uniform heat flux conditions at the wall.
ii) The temperature of air at the middle of the two parallel plates is found to be minimum and it increases radially towards the wall. The fluid temperature is found to be maximum near the wall.
iii) The theoretical results are found to be very close to the experimental result with  error.













References:
[1] Malik, S.K. and Sastri, V. M. K., “Experimental investigation of natural convection heat transfer over an array of staggered discrete vertical plates”, Journal of Energy Heat and Mass transfer, Vol. 18 (1996), pp. 127-133.
[2] Sparrow, E. M. and Prakash, C., “Enhancement of natural convection heat transfer by a staggered array of discrete vertical plates”,ASME Journal of Heat Transfer, Vol. 102 (1980),  pp. 215-220.
[3] [bookmark: _Hlk96292407]Hung, Y. H. and Shiau, W. M., “Local steady state natural convection heat transfer in vertical parallel plates with a two dimensional rectangular rib”,Int. J. Heat Mass Transfer, Vol. 31, No.6 (1988),pp. 1279-1288.
[4] Gortyshov, Y. F., Popov, I.A., Olympiev, V. V. and Kostylev, B.B., “Study of natural convection hydrodynamics and heat exchange invertical openended channels,” ASME Journal of Heat Transfer, Vol. 110 (1996), pp. 1111-1128.
[5] Sparrow, E. M. and Bahrami, P. A.,“Experiments in natural convection from vertical parallel plates with either open or closed edges”, ASME Journal of Heat Transfer, Vol. 102 (1980),   pp. 221-227.
[6] [bookmark: _Ref68180568]Dixit, A.K., Roul, M.K., Panda, B.C.,“Designing an Efficient Mathematical Model for Different Thermal Insulation Material using Group Search Optimization”, International Journal of Intelligent Engineering and Systems. 10(1):28-37 (2017). http://dx.doi.org/10.22266/ijies2017.0228.04
[7] [bookmark: _Ref68180592]Dixit, A.K., Roul, M.K., Panda, B.C.,“Mathematical Model Using Soft Computing Techniques for Different Thermal Insulation Materials”, Journal of Intelligent Systems. 28(5):821–833 (2019). https://doi.org/10.1515/jisys-2017-0103
[8] [bookmark: _Ref68180600]Dixit, A.K., Roul, M.K., Panda, B.C.,“Numerical Techniques for Different Thermal Insulation Materials”, International Journal of Optimization in Civil Engineering. 8(1):29-42 (2018). http://ijoce.iust.ac.ir/article-1-323-en.html
[9] Levy, E. K., Eichen, P.A., Cintani, W. R. andShaw, R. R., “Optimum plate spacing for laminar natural convection heat transfer from parallel vertical isothermal flat plates: experimental verification”, ASME J. Heat Transfer, Vol. 97, 1975, pp. 474-476.
[10] Roul, M.K., and Nayak, R.C., “Experimental Investigation of Natural Convection Heat Transfer through Heated Vertical Tubes”, International Journal of Engineering Research and Applications, Vol. 2 (2012) pp.1088–1096
[11] Nayak R.C., Roul M.K., and Sarangi S.K., “Experimental Investigation of Natural Convection Heat Transfer in Heated Vertical Tubes with discrete rings”, Experimental Techniques, Vol.41 (2017), pp.585–603
[12] Nayak R.C., Roul M.K., and Sarangi S.K., “Experimental Investigation of Natural Convection Heat Transfer in Heated Vertical Tubes”, International Journal of Applied Engineering Research, Vol. 12 (2017), pp.2538–2550
[13] Nayak, R.C., Roul, M.K., and Sarangi, S.K., “Natural convection heat transfer in heated vertical tubes with internal rings”, Archives of Thermodynamics, Vol. 39 (2018), pp. 85-111 
[14] Sahoo, L.K., Roul, M.K. and Swain, R.K., “CFD analysis of steady laminar natural convection heat transfer from a pin finned isothermal vertical plate”, Heat Transfer—Asian Research, Vol. 46 (2017), pp. 840–862
[15] Sahoo, L.K., Roul, M.K., Swain, R.K., “Natural Convection Heat Transfer Augmentation Factor with Square Conductive Pin Fin Arrays”, Journal of Applied Mechanics and Technical physics, Vol. 58 (2017), pp. 1115–1122 
[16] Sahoo, L.K., Roul, M.K. and Swain, R.K., “CFD analysis of natural convection heat transfer augmentation from square conductive horizontal and inclined pin fin arrays”, International Journal of Ambient Energy, Vol. 39 (2018), pp. 840–851
[17] Sahoo, L.K., Roul, M.K. and Swain, R.K., “CFD analysis of heat transfer in hexagonal subchannels of super-fast reactor in upward flow”, Heat Transfer—Asian Research, Vol. 46 (8) (2017), pp. 1399-1412
[18] Roul, M.K., Sahoo, L.K., “CFD modeling of pressure drop caused by two-phase flow of oil/water emulsions through sudden expansions”, International Journal of Engineering Research and Applications, Vol. 2 (6) (2012), pp. 1047-1054.
[19] Churchill, S. W. and Chu, H. H. S., “Correlating equations for laminar and turbulent free convection from a vertical plate, International Journal of Heat and Mass Transfer, Vol. 18, Issue 11(1975), pp. 1323-1329
[20] Dey, S. and Chakrborty, D., “Enhancement of convective cooling using oscillating fins”, International Communications in Heat and Mass Transfer, Vol. 36 (2009), pp. 508–512.
[21] Roul, M.K. and Sahoo, L.K., “CFD modeling of pressure drop caused by two-phase flow of oil/water emulsions through sudden expansions”, International Journal of Engineering Research and Applications, Vol. 2, Issue 6 (2012), pp.1047-1054
[22] Patra, S. K., Roul, M. K., Satapathy, P. K., and Barik, A. K. (2021). "Fluid Dynamics and Pressure Drop Prediction of Two-Phase Flow Through Sudden Contractions." ASME. J. Fluids Eng. September 2021; 143(9): 091401. 
[23] Roul, M.K. and Dash, S.K. (2009), “Pressure Drop Caused by Two-phase Flow of Oil/Water Emulsions Through Sudden Expansions and Contractions: A Computational Approach”, International Journal of Numerical Methods for Heat & Fluid Flow, Vol. 19, No. 5, pp. 665-688.
[24] Roul, M.K. and Dash, S.K. (2011), “Two-phase pressure drop caused by sudden flow area contraction/expansion in small circular pipes”, International Journal for Numerical Methods in Fluids, Vol. 66, No. 11, pp. 1420–1446.
[25] Roul, M.K. and Dash, S.K. (2012), “Single-phase and Two-phase Flow through Thin and Thick Orifices in Horizontal Pipes”, ASME Journal of Fluids Engineering, Vol. 134, pp. 091301-1 to 091301-14.
[26] Pradhan, H.K., Sahoo, A.K., Roul, M.K., Awad, M.M. and Barik, A.K., “Heat transfer characteristics of an 180° bend pipe of different cross sections using nano‑enhanced ionic liquids (NEILs)”, SN Applied Sciences (2020) 2:1127
[27] Buonomo, B. and Manca, O.,“Natural convection slip flow in a vertical microchannel heated at uniform heat flux”, International Journal of Thermal Sciences, Vol. 49 (2010), pp. 1333-1344.
[28] El-Morshedy, S. E., Alyan, A. and Shouman, L.,“Experimental investigation of natural convection heat transfer in narrow vertical rectangular channel heated from both sides”,Experimental Thermal and Fluid Science, Vol. 36 (2012) pp. 72–77.
image2.emf
0 5 10 15 20 25

0

20

40

60

80

100

120

140

160

 

 

Fluid Temperature in 

0

C

Radial Distance in mm

 Heat Flux=2188 W/m

2

 (Theoritical)

 Heat Flux=2188 W/m

2

 (Experimental)


image1.emf
0.0 0.1 0.2 0.3 0.4 0.5

120

130

140

150

160

170

 

 

Wall Temperature in 

0

C

Distance in m

 Heat Flux=2188 W/m

2

 (Theoritical)

 Heat Flux=2188 W/m

2

 (Experimental)


