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ABSTRACT

In this paper, a convective heat transfer by lamifiae convection in a 2D trapezoidal enclosureasried out
using a control volume based numerical procedume.eAclosure is bounded with parallel heating andabdtic walls,
which are connected by uniformly cooled inclinedksivalls. A humerical study is carried out using trarameters such
as Rayleigh number, Ra (18 Ra 16), length of the heating side(0.4L< ¢ < 0.8L) and orientation of the cavity,(+60°
< ¢ <-60P). The heat transfer and fluid flow are predicteyl streamlines, temperature contours, local andralVéeat
transfer rate. It is seen that heat transfer inges with the increase of Ra, side heating lengthaargle of orientation of
the enclosure. The overall heat transfer rate fairaction of cavity angle. On the basis of applioa$i, the heat transfer is
controlled by choosing appropriate parameters, #verage Nusselt number increases with side lergdximum heat

transfer is found to occur at a horizontal position
KEYWORDS: Cavity Orientation, Heat Transfer, Heating Lengtgtural Convection, Trapezoidal Cavity
INTRODUCTION

Natural convection in enclosures has numerousnerging applications which include cooling of etenic
components in the cabinet, solar Fresnel reflectouslear reactor cooling, energy efficient rooms duildings, solar
water heating, dynamics of lakes, furnace designjd condensers etc. The cooling rate is enhabgefdrefront design
considerations (McGlen et al., 2004). The free eation in trapezoidal enclosures has been extdysiwestigated [2-7].
A control volume based numerical work is carried toupredict free convection flow within a partiallivided trapezoidal
enclosure for two different cases, casel; baffiegsl placed vertically on the insulated horizobtatom wall and case 2;
baffles on inclined insulated top wall (MoukalleddaDarwish 2003and 2004). The computations areechout for two
different thermal boundary conditions such as\edils, heated by uniform temperature and right siole wall and vice-
versa. The effect of different parameters IRaranging between £01¢, Prandtl number 0.7 to 130, baffle height and
location, on the Nusselt number is carried ous ttoted that the Nusselt number decreases iprédsence of baffles with
different positions and height at the bottom whliis noticed that the baffle plate one which iaqad closer to the hot

wall, decrease the maximum Nusselt number in @&paiplal enclosure when the height is increased.
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The effect of baffle plate on free convection imatgent trapezoidal enclosures with summer dayvénter, day
boundary conditions has been studied (Arici andr5af09). The computations have been carried authiee types of
configurations with different position of the ba&fflcase 1: no baffle, case 2: the baffle attachetie adiabatic vertical
wall and case 3: the baffle at the point of intetiee of inclined and vertical walls. It is obsedvéhat there is no
significant effect of the baffle on the distributicf isotherm contours and Nusselt number durirgg shmmer day
boundary conditions for Rayleigh number ranges fidfto10". However, the Nusselt number is reduced; thieesabse
of the presence of baffle during winter day bougdeonditions. It is found that the Nusselt numbethigh for casel
(without divider) as compared to other two casegh(divider), the heat loss from the cavity is lésiscase 2 and to obtain
the constant temperature distribution within theityathe case 3 is ideal. The effect of orientataf the inclined wall on
free convection is studied in a trapezoidal encl®suth two vertical baffles mounted on a horizésiarface (Silva et al.
2012). Further, the effect of different angles o€lined wall, Ra Pr and divider height on temperature contours,
streamlines, local and overall heat transfer ratguimerically investigated by using the finite okl procedureAt higher
Ra (Ra= 10P), it is seen that the three internal vertices feindue to dividers are combined into a single aetl
temperature contours are distorted as the convectiorents are more dominant. It is observed that gradient of
temperature and velocity decreases with increagbeobaffles height. At fixed dividers height, theerall heat transfer

rate increases with the increase of inclined wadjle

A penalty finite element based method is used t@stigate free convection in a trapezoidal enclsy
Natarajan et al. (2008). The bottom wall is heatgtth constant and sinusoidal variation in tempenatThe results are
depicted in the form of streamlines, temperatumet@ars, local and average Nusselt numberRranging from 18to
10° and Prandtl number 0.07 to 10. It is noticed thatheating of bottom wall by sinusoidal tempemforoduces greater
heat transfer at the center. However, the averagsélt number is lower as compared to the constanferature case and
variations in overall heat transfer are more sigaiit for Pr ranging between 0.07 to 0.7. The analysis of é@®vection
within a trapezoidal enclosure with the same bomndanditions mentioned earlier and inclined siddlsvare heated by
linearly varied temperature have been carried gudmsak et al. (2009). Also, the computations areied out for varying
the orientation of side wall from 4% 60 (trapezoidal cavity) and 8@square cavity). The Nusselt number is found to be
higher for a square enclosure than that of tragle¢@nclosure. Dogan et al. (2009) studied numiyiteat transfer by
convection within the partially opened cavities.eT¢omputations have been carried out for diffeparameters such as
position of the opening and its ratios, tilt angbesl aspect ratios of the cavity. It is found tthe maximum Nusselt
number is obtained for tilt angle of l@nd an opening ratio of 75% with maximum cavitgexs ratio. A control volume
based code is used to study trapezoidal enclofis@rizer for a linear Fresnel reflector by Lai et(2013). It is reported
that the heat loss coefficient is 58% and 47% fsulation and the selective emissivity coating eesigely. The glass
window can reduce 10.8% utmost cavity depth 150 amah the ambient temperature effect is small. Manikuet al.
(2015) have been carried out both an experimenthhamerical study on plate and tube surface akseuf a trapezoidal
cavity with linear Fresnel reflector solar concatdr system. The trapezoidal enclosure absorbdr pldt surface is

observed to be much better than that of trapezeidebsure absorber containing a tube surface.

Recently, Gholizadeh et al. (2016) have carriedeontimerical study on double-diffusive free conigetivithin

the trapezoidal cavity with an actively heated tigide wall. The effect of Grashoff number {16 1¢), Lewis number
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(0.5 to 10),Pr (0.7 to 10) and buoyancy rati-0.2) for aspect ratio 1 on theverall Nusselt number and Sherwc

numbers is studied. It is observétht theNusselt number and mass transfer increag#s raise of Grashoff number.
Whereaghe mass transfer performance is improving by imeeeof Lewis numbe Thenatura convection in a trapezoidal
enclosurefilled with nanoparticles having different condwetiobstacles Is been carriedut (Selimefendigi 2017). The
effect of Rayleigh number, orientation of side w¢the fractional volume afianoparticles, ratiof thermal conductive and
shapes of nanopicles have been investigated. Itfound that the Nusselt numbarcreass linearly with increase of
fractional volume of nanoparticde The overall Nusselt number increain a rangebetweel 13% to 16%, with use of
cylindrical nanoparticles rather thaphericalone. Bondareva et al. (2018) have studiedrdmesieninatural convection in
a trapezoidal cavity. The influence water-basednanofluids, openings, thermophoresis Brownian diffusion effects on
transient natural convection is studiéids reported that the average Nusselt nunabénclined heating warises with the

increase oRaand it is decreasing with increase of other parare.

As seenfrom the literature, thimost of numerical studies deal with the frm@vection incavities of simple
geometries like square, rectangular, cylindricahps, etc. However, thestudy on naturi convection within the
trapezoidal enclosures is limited tnperaturdoundary conditions onlyt is found from the literaturthat no attempt has
been made to study the influencedifferent lengths of heating side and angle ofritations of thetrapezoidal cavity on
natural convectionTherefore it is interesting to fsuethe complete understanding the thermal performainéethe
trapezoidacavity with linear Fresnel reflectc, the enclosures of LEQLight Emitting Diode lighting system, the lowest
power consumptiomuildings and room design for their coolingetc. Thus, the main objective of present studyoi
predict the influence of thaifferent lengths of heated bottcwall, orientations of cavityand Rayleigh number on floof

fluid and average Nusselt numbwithin a trapezoidal cavity.

HEAT TRANSFER MODEL
Physical Model

The physical model of a computational domain i2D trapezoidal cavityith inclined side walls of height
top wall of length L and hot bottom wéas shown in FigureIrhe varying bottom wall is heating at constanterature
(Ty), sloping cold walls arsubjected twuniform temperatureTg) and insulated theop wal. The computations have been

investigated foe = 0.4L and 0.8landcavity angleg = + 60 to - 60.

4

Figure 1: Physical System of a Computational Doma
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Mathematical Models and Boundary Conditions

The flow of fluid within the cavity is assumed t@ tNewtonian, incompressible and laminar. The no-sli
boundary conditions are considered for all wallser® are no internal heat generations and theraigtive transfer of
heat. The buoyancy terms are invoked by Boussiappgoximation to couple temperature and flow fi@dsed on these
assumptions and descriptions, the equations gowgrtaminar free convection flow using conservatiafs mass,

momentum and energy in dimensional form are givelow:

ouU oV

—+—=0 1
X oY @)
2 2
Ua—U+V6—U:—a—P+PraU+aU 2
90X Y X X2 av?
2 2
UB_V+V0_V:_6_P+P 6_V+6_V + RaPré (3)
X Y oy aX? oay?
2 2
Uervae:aeJrae @

X Y ax? oY?

The following are the transformation of variablegd to write non-dimensional form of governing dupres.

®)

The control volume based method [20] built in ANSYED software [21] is used to solve the governing
equations (2) to (5) for boundary conditions mamtielow. The physical domain is discretized intbnite number of
control volumes (or cells) and integrates the gowey equations over each control volume. Thereflogesolution domain

is discretized (meshed) by dividing it into quaaheiral cells.

The boundary conditions for physical domain givefigurelare specified as follows;

Top wall; U:V:O,%:O
oY
Bottom hot wall: U=v=0,T-=T, (6)

Right and left cold wallsU =V =0,T =T,

EVALUATION OF STREAMFUNCTION AND NUSSELT NUMBER

Stream Function

The stream functions in fluid flow problems are dise display the motion of the fluid which are dh&d from

the velocity fielddU andV in X and Y directions respectivelBachelor [22] dealt the relationship between tiheaghlines
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vy and velocity components for 2D flows and is gibetow;

= a_l'[/ anadVv = _6_4[/ (7)
oY oX

%y 9%y _oU _av

The single equation is of the form-—— + — 8
Jeed X2 ay? oy oX ®)
Local and Average Nusselt Numbers
The gradients of heat transfer is defined in teofriecal Nusselt number,
Nu = —% (9)
on

Where, ‘n’ is direction to a plane. The averageséltsnumbers for the non-dimensional heating lendthottom
wall are obtained by;
1

N_ub:;jNubdx (10)
0

The integrations of the above equations are peddrusing the trapezoidal rule.

Numerical Technique

The physical domain considered for numerical stisdyiscretized into a finite number of volumesthis study,
the governing equations are integrated over thdralomolume to obtain a set of algebraic expressiorhe solution
method is using the least squares cell-based graéiealuation for the spatial discretization, whéireearly varied
dependent variables are assumed between the n&drs§20]. The central differencing scheme is useapproximate the
diffusion terms of energy and momentum equatioh& donvection-diffusion terms formulation of momentand energy
equations are obtained by using the second ordemdpscheme. PISOP¢essureimplicit with Splitting of Operators)
method developed by Issa [23] is used to solvereliged equations. The iterative solution and theéeu relaxation factors
of 0.3, 0.7 and 1.0 are used for solving the pmessmomentum, and energy equations, respectivehg fesiduals
presented in the governing equations are basetbforergence criterion. The iterations are stoppéen all the residuals

are converged to 10
Numerical Resolution

The physical domain of trapezoidal cavity is mesheith four noded rectangular cells. To predict the
computation accuracy of the present code, the doewection flow of fluid in a trapezoidal enclosuwith bottom wall
heating by Natarajan et al. [12] is considerecthier analysis. Computations are carried out usiGglerkin finite element
method forRaranging from 18- 1, Pr = 0.07 - 10. The suitable grid size is selecteddnyying the computations f&a
= 10, Pr = 0.7. The orientations of uniformly cooled sidalls arep = 30 with vertical. Grid generation is carried out

using Gambit software. The present study is cawigidfor various grid sizes ranging from 21 x 28fox 81for a step of

10 elements presented in table 1. The comparispmienN_UWith that of Natarajan et al. [12] at Ra =10 is seen that
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the Nufor 21 x 21 is about 7.32 and it increases as titig refined and reaches almost a constant valu&86 for a
grid size of 61 x 61. This value remains sensilypstant for grid of sizes 71 x 71 and 81 x 81. Herfor further
calculations a grid of 61 x 61 is considered. Fartthe comparison of the average Nusselt numbadifierent Rayleigh
number is presented in Table 2. It is observed filoentable 2 that there is good agreement betwedardjan et al. [12]

and present study with the maximum discrepancess than 1.0 %.

Table 1: Grid Independence Study Results wittRa = 10

Grid size | Nu[Present] | Nu [12]
21x21 7.32
31x31 7.35
41x41 7.51
51 x 51 7.72 7.85
61 x 61 7.86
71x71 7.85
81 x 81 7.86

Table 2: Comparison of Nu with the Values of [12] for Full Length Heated of Bttom Wall

= Ra
N 10° | 10° | 10°

Natarajan et al. [12] 4.19 5.3 7.8
Present study 422 5.3 7.86

3]

OT]UT

RESULTS AND DISCUSSIONS

Effect of Ra: Constant Temperature at Bottom Wall

The contours of streamlines and isotherm have leempared with Gaussian quadrature based finite exlem
procedure [12] and are in good agreement. In tesgnt study, a finite volume method gave smoothtisois at interior
points and corners of the domain. The fluid floeldi of the enclosure is displayed in form of stria@s and temperature
as isotherm contours.
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STREAMIINES ISOTHEEMS STREAMILINES ISOTHERMS
0,001

(a¥ = 04L (b) £ =08L
Figure 2: Streamlines and Isotherm Contours for Vaious Ra

Figure 2 shows the streamlines and isotherm cosittarre = 0.4L ande = 0.8L of heating bottom wall for
Rayleigh number ranges from®1® 1 atg= 0°. Owing to cooling of enclosure symmetrically oe ihclined side walls,
the streamlines and isotherm contours are symraétaicout the vertical centre line. The vertical syatric boundary
conditions results a two re-circulating cells, am¢he left halve and another in the right halvetaf trapezoidal cavity for
values of theRa considered. Therefore, the magnitude of the stiimamin the both left and right half of the encloes
about vertical symmetry is identical but the sen$eotation is different. As the fluid rises frorhet middle of the
horizontal bottom hot wall, the cells ascend witle wertical symmetry line, then strikes the topabdiic wall through
which it flows horizontally towards the respect@d vertical walls and it flows down along theesicbld walls as it cools
down. As predicted, due to symmetrically cooledliimed walls, the fluid flow rising from central gaof the bottom
heating wall and flows down the inclined wall cadid®y top adiabatic wall two similar cells with clagise and counter-
clockwise circulations within the cavity. It is abyged from figure 2 that the shape of the bifurdatgeamline contours

inside the enclosure is similar to that of the tavi

Figure 2(a) shows the streamlines and temperatméours for different Rayleigh number. Ra = 1, the
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magnitude of the streamlines are very low (jes 0.001 - 0.03) because of the conduction doméhbé&at transfer within
the enclosure. In the conduction dominating sthiere is no significant variation in isotherm cam®with respect tiRa
and the significant convection currents may beatgtl closer tdRa = 1¢f. The magnitudes of circulations are greater
nearer to hot walls or middle of the enclosures thibecause of no-slip boundaries at all wallthefcavity. The eyes of
the both cells are concentrating nearer to hobbotvall. The isotherm contours are smooth curves tiee heating wall
and symmetric with the vertical center line. As Reincreases to 0the values of streamlines start increasing tcafd
isotherm contours are raising. The isotherm contmg which at top& = 0.1) reaches to middle of the cavity. Ra
increases to fathe convection currents caused by buoyancy farmeases to a greater magnitude (seen in figuap).2(
As magnitudes of circulations rises with an inceca$ Rayleigh number, the isotherms are compresseder to cold
walls just above the top half of the cavity onlys A result, the nucleus of circulations is setflestt above the center half
of the enclosure. There is significant developmerihe formation of the thermal boundary layer adj# to vertical cold
and bottom hot wall. ARa= 1, the convection currents dominating more thaRat 10. Due to greater convection
currents, the compression of the isotherm contumeased further inside the cavity in the downwdirgction and it
reaches almost 95% of the height of the cavity. §nadients in temperature are smaller in isotheamd higher
stratification zones of isotherm contours is saevedtical line (symmetry) because of fluid flowsgagnant near the walls.

Therefore, the thermal boundary layer becomes #niand spreads through the inclined hot and colts whthe cavity.
Effect of Rayleigh Numbers: Different Lengths of Hd Bottom Wall

Comparative study between figures 2(a) and (b) shihwat as¢’ increases from 0.4L to 0.8L, the magnitude of
the central core of streamlines are increasingisstierms are raising within the cavity to a greatdent. As ¢’ increases
from 0.4L to 0.8L, the central core of streamlirigsbigger in size, due to the larger distance betweold walls.
Consequently, @&a= 10 and 16, the values of the streamlines is almost doubtkthe core of streamlines is placed just
above the midpoint of the vertical symmetry, sigimifj the enhancement in the intensity of circulasidore = 0.8L than
that ofe = 0.4L. In addition, at higher Rayleigh numbeRa& 1¢ and 16), the isotherm contour® € 0.3) are moving
nearer to the inclined cold walls and still contngly and this is more far = 0.4L. For higher Ra and = 0.4L, the
isotherm contouf > 0.3 is symmetric about a vertical symmetric limel & spreads the entire span of heating wall. The
order of isotherms at the vertical line of symmetecreases, further 0> 0.4. Fore = 0.4, the thermal boundary layer
formation near the cold walls and hot wall is tlénithan that ot = 0.3due to the significant increase of the Nussel

number with increase in heating length
Effect of Rayleigh Numbers: Cavity Angles

The streamlines and isotherm contours for vari@itg angles at Rayleigh numbRa= 1 is depicted in figure
3. The effect of cavity orientation for a step angf 30 in clockwise (negative sign) and anti-clockwiseditive sign)

direction from the horizontal positios € 0°) of the bottom heating wall is studied.
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STREAMIINES ISOTHERMS STREAMIINES ISOTHERMS

(@) e=04L (b) e=08L
Figure 3: Streamlines and IsothermContours for Different Orientation s of the Cavity at Ra = 10°

The streamlines and isotheifor heating side lengtls = 04L atRa= 1 is shown in figure (a). Atg= (°, the
fluid is raising from the center dieated bottom wall and it is bifurcated at theinsulatedwall forming two symmetrical
cells of the same magnitudgloreover, foran inclined enclosurthis symmetry is destroyed completas the buoyancy
force starts acting both in x- anddirections.When the cavity is revolvingither in the clockwiser counter-clockwise
direction,the fluid moves vertically upward directi. The maximum heat is transferradher the fluid moving along the
nearest top cold wall. The flow is retardin the top as it moves upward directigmesumably due not easy path for

turning in a sharp corner. Howevélie cavity angle < 45° the stagnation area of fluid flow increasing and it decreases

| Impact Factor(JCC): 3.9074- This article can be downloaded from www.impactjournals.us |




| 58 Krishne Gowda. B. M, M. S. Rajagopal, Aswatha & K. N. Seetharamu |

with increase of cavity angle till it reaches’9@s the cavity starts rotating clockwise directiftom the horizontal

position, the right cell starts moving towards thp sharp corner and extending downward direct@msequently, the
lower vertex gets distorting from hot wall to opftesadiabatic wall along with lower cold wall witlighest magnitude.
The isotherm contours are also altered in accoraiiih the flow fields and moves towards the tofsagalls as shown in

figure 3 for both ¢ = 3¢ and 66) cavity angles. It is observed from the figure)3(aat the vertices exhibit similar
behavior irrespective of the sense of rotatiorhefénclosure. Also, it is noticed that the ovenadignitude of streamlines
to horizontal § = 0°) heating bottom wall is higher than that of theesttwo angles/ = 3¢’ and 66) considered for the
study.

Figure 3(b) illustrates, the streamlines and iswtheontours for heating side length= 0.8L for cavity angles
= 0°, ¢= 30 andg= 60 . It is evident that the similar behavior is obsehfor both streamlines and isotherm contours that
of £=04L. However, the magnitude of the vertices increagits increase of heating side length. &t= 0.4L with
horizontal bottom heating wall, the two lowest fsim contourd = 0.1 and 0.2) are opened at the top and this ées b
reduced t& = 0.1 for another two cavity angles consideredtfier study. This is enhancedda= 0.3 at angleg= (°, ¢=
30° and reduced t6 = 0.2 atyp= 60 for side heating length= 0.8L .

Rate of Heat Transfer: Local and Average Nusselt Nmbers

Figure 4 and 5 display the effect of the Rayleigimber on local heat transfer for both horizontatdoo hot and
right side cold walls & = 08L . The variations of local Nusselt number along vitth bottom hot wall are depicted in
figure 4(a) and are symmetric about lines of symynétie to similar (symmetric) boundary conditioiss found that the
local heat transfer at 10% on either side of th#dpo wall and 15% at the beginning and end of tbdadm hot wall
remains unchanged f&ta= 10° and 1d. The initiation of the convection may take plat®a> 5 x 1G. Further, the local
heat transfer is increasing with the increaseRafas a significant convection mode heat transfedomiinating. The
isotherm contours are compressed from cornerseotélvity towards the vertical center line and valagthe streamlines

are increasing. The rate of heat transfer is latéhne center of the cavity due to a larger distenem cold walls.

30 10
—a— Ra=10°
325 3
2 2
z . z
=15 1=
2 g
Z 10 \Z
B B
a3 13
[] T T T T D T T T T T T T
02 04 06 0.8 02 0.4 0.6 0.8
Distance, X Distance, ¥

{a) Bottom Hot Wall, £= 0.5L and ¢= 0" {(b) Right Side Cold Wall, £= 0.5L and ¢= 0"

Figure 4: Variations of Nu for Different Ra

NAAS Rating: 2.73- Articles can be sent to editor @ mpactjournals.us




The Influence of Heating Side Length and Cavity Orientations on 59
Free Convection in a Trapezoidal Enclosure

The variation of Nu at different Ra along with thight side cold wall is illustrated in figure 4(b)s evident of
conduction dominated heat transfeiRat= 10°, theNu decreases monotonically along the cold side walhigherRa, it
is observed that thu at the beginning is decreasing, increasing anthatgrreasing. This is because of the temperature
contours are largely compressed near the centrabpthe side cold wall, due to stronger recirtiola and lesser thermal
gradients. The heat transfer decreases in trerndeatorners because of flow is retarded as it takess. In addition
isotherm contours are deformed towards, side wallsay from top corners formed by adiabatic top wetid
discontinuities at bottom corners due to heatindgpatom wall by constant temperature. The local félisnumbers are

similar in trend but it decreases with decreasing.i

N —=— ¢=+60" —y— ¢=-30°
104 —— =+30" —— d=-60"
—h— ¢= (0 —o— P=+60"

Lcal Nusselt Mumber, Mu

0.2 04 0.6 08
Distance. ¥
Figure 5: Variations of Nu for Right Side Cold Wall (Filled), Left (un-filled) £=0.8L andRa = 1C¢°

Figure 5 depicts the variation iNu with distance for different cavity angle at Ra 6 &nd £= 0.8L The
streamline and isotherm contours have similar gamden the cavity rotates in clockwise directiomw@bteft corner and
anti-clockwise direction about right corner or withtspect to centre of bottom wall. As the cavitiates in anti-clockwise
(-ve) direction about left bottom cornwr, cold watlthe right side moves to top and left cold wakt the bottom and it is
vice-versa in the clockwise (+ve) direction. ltngresting to find from the figure 5 that the lodsat tranfer is of similar
trend for left or right side cold walls irrespediof the sense of rotations of the cavity. Therfthie authors considered the
variations of parameters in anti-clock wise dires for further analysis.. The variationsNm for a sense of rotations of

heating wall has not been dealt, due to fact thettends are identical.

The distribution of average Nusselt number at mot eold side walls versus Rayleigh numbers issttated in
figures 6 and 7. Figure 6 shows the variations\Nof and logarithmidRa for £ = 04L and 0.8L at bottom heating wall for
cavity angleg = @, 30 and 66. It is found that theNu is high at all the points foe = 08L as compared to= 04L . It is

noted that the magnitude dlu for & = 08L is more compared 0= 04L . This is because the amount of heat supplied
increases with increase ef for temperature boundary conditions. At higiRa, the values of the streamlines of 0.8L

are higher as compared de& 04L . Fore = 04L lower values € < 0.2) of the isotherm contours is opened and

compressed towards the cold walls at horizontaitiposof heating wall. Further, it is reduced do= 0.1for¢ = 3¢ and
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60°, signifing that the heat transfer reduces with any cavity e@mghe than horizontal position Therefore, theNu is

higher at horizontal position compared to any othelination of the cavity

14 :
. —a— p=p0"
=12 —e— =307
5 —h— ="
= —c— ¢ =30"
= o = = 60"
=
{E ]
44 T L
103 104 103 106

Eavleigh Number, Ra
Figure 6: Variations of Nu for Bottom Hot Wall; £= 0.8L (Filled) and& = 0.4L (Un-filled)
At higherRayleigh numbersRe > 10%, it is observed from the figure 2 that the towipg of isotherm contou
for £ =08L is greater{ < 0.2) than that ce = 04L . Consequently, thu increases with increase of lencof heating

side. From the log-log plot oNu versusRa (not shown), it is found that heat transbgr conduction is dminant for

£=04L atRa< 1¢". However, this is reduced Ra< 5 x 10 for&e = 0.8L .

-
|

Average Musselt Number, Ne

[ =

A

Average Nussell Number, MNe

L=

3l

103 104 10% 108 103 104 10% 108
Rayleigh Number, Ra Rayleigh Number, Ra
(a) Right Side Cold Wall (b) Left Side Cold Wall

Figure 7: Variations of Nu VersusRa for Side Walls

Figures 7(a) and (b) depicts the variatiol Nu versus logarithmic values &afor right and leftcold walls at
different cavity anglesThe cavity is rotating in ar-clockwise direction about left bottom cor for a step of 3dfrom the

horizontal position of théottom heating wall. The fluirisesfrom vertically from the heating wall and maximureat is
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transferred to the top side cold wall as it moviem@ Consequently, the isotherm contours follow thiid flow and it
extends parallel to top cold wall. As the angletted orientation is increased, the right top cellvemtowards the top
corner. The magnitude and size of the streamlifeesed at below is increased with increas¢ ahd has extend it to cold

wall. On the contrary, the magnitude is decreasimg) size becomes smaller and smaller. Therefohasinoted from the

figure 7 that theNu rising with an increase o#/ at all the points along the side walls. At thp side (right) cold, theNu

increases and it decreases in bottom side of tldeveall with an increase of cavity angl¢' .

Table 3: Power Law Correlations BetweenNu and Ra for both Bottom Hot and Side Cold Walls

£ ¢ Bottom Heating Wall Right Side Cold Wall
Corrolation R? Corrolation R?

60° | Nu= 2476Ra0113 | 0.997 | Nu= 1134ra0141 | 0.997
0.8L | 30° | Nu=1155Ra9131 | 0.998 | Nu= 1155Ra0131 | 0.998
0° | Nu= 2164Ra0124 | 0.995 | Nyu= 0977Ra0135 | 0.998
0° | Nu= 0930Ra0108 | 0.998 | Nyu= 0930Ra0108 | 0.998
04L | 30° | Nu= 2037Ra0099 | 0.996 | Nu= 094020119 | 0.998
60° | Nu= 0856Ra0137 | 0.998 | Nu= 0856Ra9137 | 0.998

The log-log plot is drawn and data is collected for more B points. The power law correlations are obtained
and presented in the Table 3 for both hot bottom and siglet cold walls of the trapezoidal cavity. The convection is
initiated, fromRa> 10" for £ = 04L and whereas it is from Ra5 x 1G for & = 0.8L .

CONCLUSIONS

In the present study the influence of length of heatiall, wavity angle and the characteristics of heat transfer on
free convection within the trapezoidal cavity has beensiiyated in detail. The finite volume based computational
procedure is used to get smooth solutions in the form e&mstines and temperature contours when bottom wall is
subjected to uniform temperature with various cavity anglesRayleigh numbers. The following observations areemad

during the present investigations:

« Fore = 04L, the heat transfer by conduction dominating mode is vbddbrRa> 10* and whereas, it reduces

to Ra>5 x 10 fore = 0.8L .

e In the convection dominating mode of heat transféy, monotonically increases with increase of the Rayleigh

number for both heating and cold side walls irrespectiverajth of heating wall.
» The overall rate heat transfer increases with increaBageigh number and length of heating wall.

» At higherRa,the size and values of the upper cell decreases dimmmation and extends along the upper cold

walls of lower cell as the cavity angle increases.

« Highest Nusselt number is obtained, when heating wall is @zdmal ¢ = ) position compared to other

different cavity angles due to symmetric boundary conditions.
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Due to symmetric boundary conditions, the magnitude aapeshof streamlines are identical for the same angle

of rotation of the cavity irrespective of sense of rotation.

It is dealt in the literature that the detailed computations odélland overall heat transfer rates on a free
convection within a trapezoidal enclosure for various canmitlinations and heating length of bottom wall have
not been studied.

It is very important to show free convection within theitsgwo pursue for a complete knowledge of average
Nusselt number for many science and engineering systeafsas design of solar Fresnel reflectors, solar water

heating systems, cooling of electronic components, coolinguclear reactors, energy efficient rooms and

buildings etc.
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APPENDICES
Table 4
Nomenclature

heat capacity, J/kg K X,y Cartesian coordinates
acceleration due to gravity, nf/ s Greek Symbols
cavity height, m o | thermal diffusivity, m/s

thermal conductivity, W/ m K £ | volume coefficient of thermal expansion, 1/K
cavity width, m v | kinematic viscosity, i s
local Nusselt number p | fluid density, kg/ m
pressure, Pa w | stream function
dimensionless pressurép -p. )82 | pa? 6 | dimensionless temperaturél' =T, )/(Th —Tm)

inclination angle of the heated wall from

Prandtl numberV / a ¢ | the horizontal®
regression coefficient Superscripts
Rayleigh numbergBATL® /(var) average

temperature differencel, — T Subscripts

temperature, K c| cold
dimensionless fluid velocitieg)L/a, vL/a | h | hot

sionless volume flow rate through the oper

¥ 1U dy oo | ambient value

X=.

X, Y | dimensionless cartesian coordinatek, y/L
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