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Abstract. In this study, a numerical examination of the significance of rotation and changeable gravitational
field on the start of nanofluid convective movement in an anisotropic porous medium layer is shown. A
model that accounts for the impact of Brownian diffusion and thermophoresis is used for nanofluid, while
Darcy’s law is taken for the porous medium. The porous layer is subjected to uniform rotation and changeable
downward gravitational field which fluctuates with the height from the layer by linearly or parabolic. The
higher-order Galerkin technique is applied to obtain the numerical solutions. The outcomes demonstrate that
the rotation parameter Tp, the thermal anisotropy parameter 77 and the gravity variation parameter A slow the
beginning of convective motion, whereas the mechanical anisotropy parameter &, the nanoparticle Rayleigh-
Darcy number R, the modified diffusivity ratio NA.s and the modified nanofluid Lewis number Le,s quick
the start of convective motion. For instance, by rising the gravity variation parameter Afrom zero to 1.4, the
critical nanofluid thermal Rayleigh-Darcy number R and the critical wave numbera_boost maximum

around 133% and 7%, respectively for linear variation of the gravity field, while it were 47% and 2.8% for
parabolic variation of the gravity field. It is also observed that the system is more unstable for the parabolic
variation of the gravity field.

Keywords: Nanofluids, Convective instability, Rotation, Variable gravity, Anisotropic porous medium.

1. Introduction

During the last few years, the analysis of the nanofluid convection in a porous medium has become more and more
attractive because of its numerous applications in the cooling of nuclear arrangements, defense and space, oil and gas
recovery field applications, chemical engineering, and biomedical applications, etc [1-8]. Nield and Kuznetsov [9] were
the first who examined the nanofluid convective movement in a porous matrix by taking the consequences of Brownian
and thermophoresis properties of nanoparticles. They found that nanofluid is unstable than the normal fluid. The impact
of rotation on the arrival of nanofluid convection in a porous matrix was examined by Chand and Rana [10]. The
expansion of the double-diffusive case was prepared by Sharma and Gupta [11]. The impact of the internal heating on
the nanofluid convective motion in a porous matrix was inspected by Yadav et al. [12-15], Nield and Kuznetsov [16] and
Mahajan and Sharma [17] under different situations. They established that the inner heat resource rapids the start of
nanofluid convection. The convective heat transport characteristics of CNT-water nanofluid in a cubic enclosure
alienated with a rotating circular cylinder were studied by Selimefendigil and Oztop [18]. They showed that the average
Nusselt number augmented approximately 18% at the maximum rotational speed as compared to the arrangement with
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motionless cylinder. Hadavand et al. [19] investigated the consequence of the attacking angle of the inclined cavity on
mixed flow and heat transport of H>O-Ag nanofluid numerically. They showed that the Nusselt number diminished
more than 40% with an increase in the angle of attack to 45° and 90°. Very recently, Yadav [20] examined the convective
heat transmit of nanofluids in porous enclosures and observed that the heat transfer enhanced 19.8% for W-Cu
nanofluids as evaluated to the host fluid of water at 5% volumetric fraction of nanoparticles. Some other connected
investigations in various situations were made by Akbarzadeh [21], Akbarzadeh and Mahian [22], Yadav et al. [23-31],
Chand et al. [32-35], Sheikholeslami et al. [36], Selimefendigil and Oztop [37-39], Umavathi et al. [40] and Shivakumara
et al. [41].

It is distinguished that the gravitational field of the earth differs with elevation from its plane in numerous of the big-
scale convective phenomenon that arises in the oceanic, the layer of the earth, and crystal growth [42-46]. In
experimental examinations, we usually disregard this gravity deviation and suppose the gravity field as a steady. But, on
a big scale, it is desirable to consider gravity as a changeable quantity. Alex and Patil [47] inspected the consequence of
the linear variation of gravity strength on the beginning of convection in an anisotropic porous matrix. Govender [48]
investigated the result of rotation in a porous matrix subjected to a linear variation of the gravity field. The analysis was
presented for stationary convection. Mahabaleshwar et al. [49] examined the outcomes of the variable internal heat
source and variable gravity on the start of convection in a porous matrix using only one-term Galerkin method. Very
recently, Yadav [50] investigated the collective result of changeable gravitational force and throughflow on the beginning
of convection in a porous layer and observed that both the throughflow and gravity disparity factors late the beginning of
the convective movement.

To consider the relevance of nanofluids with variable gravity related to heat transfer problems in space sciences, heat
pipes and geothermal power extraction [51-53], Li et al. [54] calculated the outcomes of gravity and changeable heat
characteristics on nanofluid convective heat transmit. They found that by raising the value of gravitational force, the flow
velocity augmented along the vertical way. This showed that the gravitational force has a huge impact on the
improvement of heat transmitted. Chand et al. [55] considered the inception of nanofluid convection in an anisotropic
porous medium subjected to linear variation of gravity filed by only one term Galerkin process. Recently, Mahajan and
Sharma [56] considered the thermal convection in a magnetic nanofluid with the uneven gravity field. They found that
the variable gravity force delays the arrival of convection.

We are not aware of any examinations on the convection of nanofluids in anisotropic porous media with inconsistent
gravity field and rotation. Such studies may be helpful to address the problems related to contaminant transport in
saturated soils, petroleum drilling, space science, crystals growth, solidification and centrifugal forming of metals and
rotating equipment as discussed above. In view of the importance of such a consideration, the main intent of the current
work is to explore the collective outcome of rotation and the changeable gravity field on the start of nanofluid
convection in an anisotropic porous medium layer. A numerical solution of the governing equations is found by applying
a higher-terms Galerkin method for two types of gravitational field variation: (a) linear (G(z)=—z), and (b)

parabolic (G(z) = —z%). This article is structured as follows: starting with a brief introduction in section 1, we give a

mathematical formulation of the considered problem in section 2. In section 3, the process of the numerical solution is
presented. Section 4 is devoted to the main results and discussion on the onset of convective nanofluid flow in an
anisotropic porous medium layer with a variable gravity field and rotation. Lastly, this article ends with a conclusion and
future scope in section 5.

2. Physical Model and Mathematical Formulation

Consider the nanofluid flooded anisotropic porous layer enclosed by two infinite horizontal parallel plates
z=0andz =%. The layer is subject to the uniform rotation regarding the upright axis at a uniform angular velocity
Q(O, O,Q) and inconsistent gravity ﬁeldg(z)which varies with z and acts in the opposite z -direction. The nanoparticle
flux is assumed to be dying out on the plates and the temperatures at the bottom and top plates are supposed to be &,
and &, (62 < HI), respectively. The physical diagram of the arrangement is shown in Fig. 1. It is considered that the

suspension of nanoparticles into the host fluid is to be diluted and stable. We also believed that Darcy’s law and the
Boussinesq approximation are valid, that the solid matrix and the saturating nanofluid are in local thermal equilibrium.
The appropriate governing equations are [20, 23, 57]:

or

V=0, )
VP = 7ﬂan71q7pnf0 [lfﬂg (‘9760)753(: (C*CO)]g(Z)éz + 250 (qu), (2)
(p<), 2+ (pc), (q~V)}H_V~(1}m'V9), 3)
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Fig. 1. Physical diagram of the considered system.
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Here g(z) = g, [1 + ﬂG(z)] . All notation applied in the above equations is defined in nomenclature. In order to write the
Eq. (3), we neglected the consequences of Brownian movement and thermophoresis because the ratio of the modified
specific heat augmentation and the modified Lewis number are very small for nanofluids [58-60]. The thermal
conductivity tensor ﬁm and the inverse of the permeability tensor K" of the porous medium are defined as:

A A

k,=k, (68 +&8)+k,.ee 5)

mzz "z

A A

K'=K (6,6, +&8 )+K "¢, ()

x

On applying the following replacement: & =6A0+6,, (x,y,z)=h(%,3,2), =k, q4/h, T=eh’T/k,, C =CC, +C,,
P=yu,k PIK,, k =k, / ((pc)nf), A8 =(6,—6,), Egs. (1)-(4) after eliminating the pressure term and taking the vertical

component are (after ignoring the tie superscripts for simplicity):

1 *w O*w
Vzw+Eg—[RanfH€—Ranfl,CH1+/IG(z)]+TDy:O, (7

06 o
Z+(q-V)o=|pV: +—|0,
yootav) [77 wt o ®)

8C 1 2 NAnf 2

—+(q-V)C=—VC+—2LV%,

or TAVIC= Ve ©

Here, V =& ,0/0x+&,0/0y+&,0/0z , V’ =0°[ox* +0° [0y’ +9*[02" , V3, =0°[0ox* +0°[0y* , Le, =k,/(eD;) ,
§=K. /K, ,n=k,/k, Ri.=(pB,), hK.gA0/(usk) , Tp=C2pKQ/ ), R, =(pB), CoK.hg,/(1sk,)
y=(pc) / (s(pc)nf) and NA ; = D,A6/(6.D,C, ). The boundary circumstances in the non-dimension form are:

w=0, 8=1, 0C/0z+NA 06/0z=0, atz=0,
(10)
w=0, =0, 0C/0z+NA,,80/02=0, atz—1.

It is supposed that the basic state to be dormant and of the form:q, =(0,0,0), 6, =6,(z),C, =C,(z). Then, the

basic temperature and concentration fields are:

6,=1-z, (11)
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C,=NA, (z-0.5), (12)
Now, the basic state is perturbed as:
q=q,+4q, 0=6,+6',C=C, +C’, (13)

where q' , 8’ and C’ are the perturbed quantities and supposed to be small. Using the above into Egs. (7)-(9) and
linearizing, we can write the stability equations as:

1 0*w' *w’

A i T T, ?f[Rnfvge' ~R,,V;,C'|[1+ 4G (z)]=0, (14)
06’ o
}/81_ +(q’V)€b+(qbV)H’_[nvnga?]H’, (15)
!
A
‘Z)CT +(a'-V)C, +(qb-v)c’=—Li vzc’Jr—I\LTe S (16)
nf nf

We suppose the perturbed quantities satisfying the relevant boundary conditions as [45]:
(', 8", C')=[ib(2), B(z), C ()], a7

where x and y are the flat wave numbers and o = o, +i0,is the augmentation rate of volatility. Applying Eq. (17) into
Egs. (14)-(16), we get:

EDZ ~@ + T, D [ +|a’R ;6 —a’R,,,C|[1+ 4G (2)| = 0, (18)
2% D~ pa* — yolb =0, (19)
dz
dc, . NA, s 1 ;s
T ey (P g (PP mefC =0 o)

whered / dz = D anda = +/k*> + y* . In the perturbation dimensionless form, the boundary positions converted into:

w=Diw=0,6=0 DC+NA_DI=0 at z=0,1, 1)

3. Process of Solution

The system of linear equations (18)—(20) is cracked numerically by means of the Galerkin process. Therefore, the
variables are considered:

N A~
W:ZAka,H:ZBk k,andC:ZEk o (22)

Here 4,, B,and E, are constant and, w,, ék andék are assumed as:
W, =6, =sinkrz, C,=—NA,, sinkrz. (23)

Using Eq. (23) into Egs. (18)-(20) and utilizing the orthogonal property, we find the following system of algebraic
equations:
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Table 1. The contrast of Rure and ac with A for regular fluid in the nonexistence of internal heating and flow in an isotropic porous
medium for (a) G(z) = z and (b) G(z) = -Z°.
Current study Rionero and Straughan [64]

G(Z) A R“f)c aCZ Rnf,c acz
0 39.478  9.872 39.478 9.870
Case: (@) 1 77.080  10.208 77.020 10.209
1.5 132.020 12.313 132.020 12.314
1.8 189.908 17.198 189.908 17.198
1.9 212.281 19.475 212.280 19.470
0 39.478  9.872 39.478 9.870
Case: (b) 0.2 41832 9.872 41.832 9.874
) 0.4 44455 9.885 44.455 9.887
0.6 47.389 9916 47.389 9.915
0.8 50.682  9.960 50. 682 9.961
1 54.390  10.036 54.390 10.034

Table 2. Evaluation of Rutc and a. for various estimates of Tp and A at Rnp=1, NAnx=3, Lenr=10, § = 0.7 and = 0.6 for cases
(a) G(z) = -zand (b) G(z) = -2

T 2 For case: (a) For case: (b) 1 For case: (a) For case: (b)
b Rnf,c dc Rnf,c dc Rnf,c dc Rnf,c dc
0 10.6548 3.6016 10.6548 3.6016 34.4864 3.7474 21.0921 3.6840
50 401.8922  9.5127  401.8922  9.5127 675.0247  9.6467  521.3187  9.5922
100 742.6340 11.2986  742.6340 11.2986 1233.9449 11.4651 957.4229  11.3979
150 0 1073.0340 12.4994 1073.0340 12.4994 0.8 1775.7040 12.6911 1380.1940 12.6140
200 1398.0630 13.4292 1398.0630 13.4292 2308.5196 13.6416 1796.0262 13.5564
250 1719.6551 14.1983 1719.6551 14.1983 2835.6024 14.4283 2207.4138 14.3361
300 2038.8041 14.8596 2038.8041 14.8596 3358.6057 15.1049 2615.6400 15.0067
0 19.7815 3.6643 15.2951 3.6378 61.0022 3.9138 28.4308 3.7496
50 506.8780  9.5387  455.1926  9.5315 971.6283 10.0613  603.9730  9.7292
100 931.7775 11.3269  838.6328  11.3202 1763.2230 12.0001 1105.2746 11.5757
150 0.4 1343.7868 12.5305 1210.4305 12.5236 1.2 2529.3116 13.3105 1590.9850 12.8210
200 1749.0926 13.4628 1576.1765 13.4557 3282.0683 14.3272 2068.5684 13.7865
250 2150.1059 14.2341 1938.0486 14.2268 4026.2665 15.1690 2540.9419 14.5857
300 2548.0669 14.8974 2297.1663 14.8898 4764.3688 15.8932  3009.6077 15.2730
F,4,+G,B,+H,E, =0,
J A, +K,;B,=0L,B, (24)
M A, +N,B,+0,E,=0P,E,.
Here, F,, = <Dw Di, [ —a’w o, + T, D > < 0,1+ ﬂG(z)D, i —< @R, W.C,[1+ 16z )D
o =(~6.08,), K, =(Db,Db, —na éé> L, <éé> o =(~CiDC,), ]k7<NA (DC,D, —a*C 6, [Le, >
0, _<(Dc DC,~a'CC,)[Le, ), P,=(CC.), where(yz>:fYZdz.
0

The above Eq. (24) is a generalized eigenvalue problem and solved in Matlab. Applying the QZ process, EIG function,
Newton’s technique and golden search procedure, the condition for the onset of natural convection are achieved in
tenures of the critical nanofluid Rayleigh-Darcy numberR _, the critical wave number a_and the critical value of the

nf,c ?

frequency of oscillation g, , .

4. Results and Discussion

In this part, the significance of consistent rotation and changeable gravitational field on the start of convective
movement in an anisotropic porous layer saturated by nanofluid is presented via diagrams and tables. The results are
obtained for two verities of gravitational field disparity: (a) linear, G(z) = —z and (b) nonlinear, G(z) = —z” using the 7-
terms Galerkin method for diverse values of control parameters. Based on the earlier investigations and existing data [61-
63], the control parameters such asR, ,Le, and NAHr are fixed in the range of 1~10, 1~100 and1~10,

respectively. These ranges of the control parameters satisfy most of the nanofluids. For a choice of parametric values
taken, it is found that o, is for all time zero viewing that the instability of the considered problem is stationary.
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Fig. 2. Deviation of Rutc and ac with Tp for different values of A at Rop=1, NAnx=3, Lenr=10, § = 0.7 and = 0.6 for cases
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Table 3. Evaluation of Rufc and ac for various estimates of Tp and Rop at 41 =0.5, NAx=3, Lexr=10, { = 0.7 and = 0.6 for cases
(a) G(z) = zand (b) G(z) = -2°.

To R For case: (a) For case: (b) R For case: (a) For case: (b)
P Rufe dc Rufe dc P Rufe dc Rufe dc

0 48.6720 3.9101 42.5399 3.9083 -3.4664 3.4640 -9.7017 3.4024
50 563.4751  9.5886  492.5650  9.5816 519.1123  9.5187  448.2017  9.5015
100 1015.5836 11.3678 887.8249  11.3584 971.8565 11.3234  844.0985 11.3076
150 0  1454.1179 12.5689 1271.2304 12.5577 2 1410.6868 12.5352 1227.8003 12.5192
200 1885.5595 13.5005 1648.4423 13.4880 1842.3093 13.4729 1605.1930 13.4564
250 2312.4496 14.2719 2021.6797 14.2582 2269.3247 14.2482 1978.5557 14.2311
300 2736.0989 14.9355 2392.0873 14.9208 2693.0674 14.9147 2349.0568 14.8970

0 22.7799 3.6821 16.6226 3.6482 -30.0719  3.2627  -36.4350  3.1806
50 541.2976  9.5538  470.3878  9.5418 496.9191  9.4833  426.0065  9.4609
100 993.7216  11.3457 865.9635 11.3330 949.9882 11.3011 822.2298 11.2820
150 1 1432.4033 12.5520 1249.5164 12.5385 3 1388.9686 12.5182 1206.0821 12.4998
200 1863.9350 13.4867 1626.8183 13.4722 1820.6823 13.4590 1583.5663 13.4405
250 2290.8876 14.2600 2000.1182 14.2447 2247.7608 14.2364 1956.9922 14.2176
300 2714.5835 14.9251 2370.5725 14.9089 2671.5506 14.9042 2327.5404 14.8851

Table 4. Evaluation of Rufc and ac for various estimates of Tp and N Ay at Ryp=1, Lexr=10, § = 0.7, 1= 0.5 and 7 = 0.6 for cases

(a) G(z) =z and (b) G(2) = -2

For case: (a) For case: (b) For case: (a) For case: (b)

To NAxs Rufe dc Rufe dc NAur Rufe dc Rufe dc

0 31.4493 3.7574 25.3062 3.7339 14.0710 3.6080 7.8937 3.5641
50 548.6910  9.5655  477.7811  9.5551 533.9034  9.5421  462.9934  9.5284
100 1001.0093 11.3531 873.2510 11.3415 986.4336  11.3383  858.6756  11.3246
150 2 1439.6417 12.5577 1256.7546 12.5449 4 1425.1647 12.5464 1242.2779 12.5320
200 1871.1433 13.4913 1634.0264 13.4775 1856.7265 13.4821 1619.6100 13.4669
250 2298.0750 14.2640 2007.3055 14.2492 2283.7000 14.2561 1992.9309 14.2402
300 2721.7553 14.9285 2377.7441 14.9129 2707.4115 14.9216 2363.4007 14.9049

0 22.7799 3.6821 16.6226 3.6482 5.3223 3.5352 -0.8811 3.4821
50 541.2976 ~ 9.5538  470.3878  9.5418 526.5083  9.5304  455.5980  9.5150
100 993.7216  11.3457 865.9635 11.3330 979.1452 11.3309  851.3872  11.3161
150 3 1432.4033 12.5520 1249.5164 12.5385 5 1417.9259 12.5408 1235.0392 12.5256
200 1863.9350 13.4867 1626.8183 13.4722 1849.5180 13.4775 1612.4016 13.4616
250 2290.8876 14.2600 2000.1182 14.2447 2276.5124 14.2522 1985.7433 14.2356
300 2714.5835 14.9251 2370.5725 14.9089 2700.2395 149181 2356.2287 14.9010

4.1 Numerical model and code validation

For the validation of present numerical model and code, first test computations are made for regular fluid in the
absence of rotation and flow in an isotropic porous layer, i.e. R, =T, =0, { =n=1, and outcomes are contrasted

with the previous outcomes that were presented by Rionero and Straughan [64] in Table 1. The comparison shows that
the current numerical results are in superior conformity with the previously published outcomes. So, we are quite
confident about the numerical outcomes of the current numerical code.

4.2 Significance of rotation and variable gravity field on the start of convection

Figure 2 shows the consequence of rotation parameter T}, and gravity variation parameter AonR , anda, for cases ()
G(z)=—zand (b) G(z) = —z*. The outcomes are also given in Table 2. From these, it is found that R boosts with both
T, and 4. Hence, both parameters T;, and A delay the start of convective activity. The critical nanofluid thermal
Rayleigh-Darcy numberR ;. improves upon improving A for the reason that; an increase in the estimate of Asupplies a

lower in the gravitational force. Since the disturbance in the arrangement returns as the gravity force decreases and this
shows to delay the start of the convective movement. The rotation parameter T, has a stabilizing effect because rotation

restrains the vertical movement and thus convection, by limiting the movement to the horizontal plane. The like result
for rotation was also presented by Malashetty and Swamy [65].

4.3 Effect of nanoparticle parameters on the start of convection

The influences of the nanoparticle parameters such asR, , NA ; and Le, on the stability of the scheme are offered in

Figs. 3, 4, and 5, respectively. The results are also presented in Tables 3, 4 and 5. From these, it is found that R .
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diminishes on increasingR, , NA  andLe . Therefore, these factors have a destabilizing effect on the scheme. This
happened because an augment in the values of R, ,NA ;andLe,directs enhancing in the Brownian diffusion and

thermophoresis of nanoparticles which carries the power of disorder in the arrangement. From these plots, it is also
noted that the dimension of the convection cells augments on increasing R, NA ; and Le, .

Table 5. Evaluation of Rutc and ac for various estimates of Tp and Lenr at Ryp=1, NAw=3,¢ = 0.7, 1= 0.5 and 7 = 0.6 for cases

(a) G(2) = -zand (b) G(z) = 2.

For case: (a) For case: (b) For case: (a) For case: (b)

To Leur Rnf,c dc Rnf,c dc Lear Rnf,c dc Rnf,c dc

0 38.8407 3.8411 32.7064 3.8294 25.0848 3.7046 18.9324 3.6737
50 554.7227  9.5782  483.8127  9.5697 543.2157  9.5573  472.3059  9.5458
100 1006.9254 11.3612  879.1669  11.3508 995.6080 11.3479 867.8498 11.3356
150 3 1445.5037 12.5638 1262.6164 12.5519 9 1434.2748 12.5537 1251.3878 12.5404
200 1876.9723 13.4964 1639.8552 13.4832 1865.7975 13.4881 1628.6808 13.4738
250 2303.8811 14.2683 2013.1114 14.2541 2292.7438 14.2612 2001.9744 14.2460
300 2727.5443 14.9323 2383.5330 14.9172 2716.4350 149261 2372.4240 14.9101

0 31.9785 3.7726 25.8375 3.7512 18.1593 3.6375 11.9907 3.5975
50 548.9695  9.5678  478.0597  9.5577 537.4612  9.5468  466.5513  9.5337
100 1001.2668 11.3545  873.5085  11.3432 989.9489 11.3412  862.1908  11.3280
150 6 1439.8893 12.5588 1257.0022 12.5462 12 1428.6602 12.5487 1245.7733 12.5346
200 1871.3849 13.4922 1634.2680 13.4785 1860.2100 13.4839 1623.0934 13.4690
250 2298.3125 14.2648 2007.5429 14.2501 2287.1751 14.2577 1996.4058 14.2420
300 2721.9897 14.9292 2377.9785 14.9136 2710.8804 14.9230 2366.8694 14.9065

Table 6. Evaluation of Rutc and a. for various estimates of Tp and £ at Rup=1, NAw=3, Le , =10, A= 0.5 and 7 = 0.6 for cases

(a) G(z) =z and (b) G(2) = -2

T ¢ For case: (a) For case: (b) 3 For case: (a) For case: (b)
Rnf,c dc Rnf,c dc Rnf,c dc Rnf,c dc

0 39.8937 4.3113 31.6943 4.2823 19.5957 3.5442 13.8110 3.5092
50 551.2450  9.6040  479.0855  9.5919 539.6381  9.5454  468.9368  9.5333
100 1003.2285 11.3758  874.2757 11.3632 992.1366  11.3406 864.5776  11.3280
150 0.4 1441.7125 12.5744 1257.6557 12.5608 0.8 1430.8514 12.5483 1248.1595 12.5347
200 1873.1259 13.5047 1634.8542 13.4902 1862.4030 13.4837 1625.4788 13.4692
250 2299.9974 14.2753 2008.0833 14.2599 2289.3691 14.2575 1998.7906 14.2421
300 2723.6334 14.9384 2378.4852 14.9222 2713.0750 14.9228 2369.2536 14.9067

0 26.8382 3.8471 20.2021 3.8145 14.8725 3.3238 9.6343 3.2874
50 543.5095  9.5650  472.3218  9.5530 537.3141  9.5335  466.9047  9.5215
100 995.8348 11.3524  867.8111  11.3398 989.9173  11.3335  862.6372  11.3209
150 0.6 1434.4723 12.5570 1251.3253 12.5434 1.0 1428.6787 12.5431 1246.2598 12.5295
200 1865.9776  13.4907 1628.6042 13.4762 1860.2581 13.4795 1623.6035 13.4650
250 2292.9121 14.2634 2001.8884 14.2481 2287.2432  14.2539 1996.9318 14.2386
300 2716.5947 14.9280 2372.3309 149118 2710.9632 14.9197 2367.4071 14.9036

Table 7. Evaluation of Rutc and a. for various estimates of Tp and 77 atRnp=1, NAwx=3,Le =10 ,4=0.5and § = 0.7 for cases

(a) G(2) = -zand (b) G(z) = 2.

T 7 For case: (a) For case: (b) n For case: (a) For case: (b)
Rnf,c dc Rnf,c dc Rnf,c dc Rnf,c dc

0 18.7904 3.8858 13.6264 3.8222 26.5736 3.5442 19.4898 3.5290
50 385.4329 10.5490 334.8446  10.5331 693.1651 8.9091 602.4667  8.8999
100 696.1002 12.5396 606.4914  12.5244 1285.5858 10.5708 1120.4281 10.5601
150 0.4 9954726 13.8777 868.2458 13.8620 0.8 1862.2354 11.6910 1624.6051 11.6791
200 1288.9830 14.9137 1124.8717 14.8973 2430.6614 12.5595 2121.5973 12.5464
250 1578.7433 15.7706 1378.2183 15.7535 2993.8154 13.2782 2613.9840 13.2642
300 1865.8381 16.5073  1629.2349  16.4895 3553.2177 13.8965 3103.0937 13.8816

0 22.7799 3.6821 16.6226 3.6482 30.2418 3.4414 22.2741 3.4397
50 541.2976  9.5538  470.3878  9.5418 842.4995  8.4417  732.3532  8.4349
100 993.7216  11.3457  865.9635  11.3330 1573.7882 10.0081 1371.7103  9.9990
150 0.6 1432.4033 12.5520 1249.5164 12.5385 1.0 2287.5463 11.0654 1995.7589 11.0548
200 1863.9350 13.4867 1626.8183 13.4722 2992.1449 11.8855 2611.8095 11.8736
250 2290.8876 14.2600 2000.1182 14.2447 3690.8659 12.5645 3222.7282 12.5516
300 2714.5835 149251 2370.5725 14.9089 4385.4020 13.1486 3829.9928 13.1348
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Fig. 6. Deviation of Rutc and ac with Tp for different values of ¢ at Rop=1, NAx=3, Le =10, 1= 0.5 and 7 = 0.6 for cases
(a) G(z) = -zand (b) G(z) = -2°.
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(a) G(z) = -zand (b) G(z) =-2°.
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4.4 Influence of mechanical anisotropy parameter on the launch of convection

Figure 6 and Table 6 show the result of § on the stability of the arrangement. It is noted thatR ; reduced on rising ¢ .

For this reason, the impact of increasing ¢ fasts the start of convective motion. This is because increasing ¢ directs to

larger horizontal permeability which fasts the movement of the fluid in the horizontal ways and hence lower values of
R . are preferred for the beginning of convection with increasing § . Additional, the dimension of the convection cells

augments on rising ¢ . This is because the small resistance to horizontal flow also guides to an extension of the
horizontal wavelength.

4.5 Outcome of thermal anisotropy parameter on the start of convection
The influence of the thermal anisotropy parameter 77 on the stability of the arrangement is presented in Fig. 7 and
Table 7. From these, it is found thatR ; enhances on increase in the value of7, whilea, decreases on increasing7 .

This shows that77has a stabilizing result on the stability of the arrangement. This is because the horizontal thermal
diffusivity augments with 77 .

5. Conclusion and Future Scope

In this paper, the significance of the consistent rotation and downward inconsistent gravity force on the arrival of
nanofluid convection in an anisotropic porous matrix numerically were presented. The investigation was demonstrated

for two cases of gravity force deviation: (a) linear (G(z) = —z) and (b) nonlinear (G(z) = —z*) . These allow us to draw
the following conclusions:

- Effect of increasing T, , 7 and A delay the onset of convective motion, while ¢ , R

np ?

NA andLe,is found to quick the
onset of convection.

- For example, by rising A from zero to 1.4, theR ; and thea_ boost maximum around 133% and 7%, respectively for
linear variation of a gravity field, while these were 47% and 2.8% for parabolic variation of gravity field.

- The dimension of the convective cells decreases on raising T, and A, while¢ ,7, R

np ?

NA and Le increase the
dimension of the convection cells.

- It is also observed that the arrangement is more unstable for case (b).

The present work can be extended for non-Newtonian nanofluids with or without rotation and magnetic field with
different boundary conditions. An extension can also be made for variable thermophysical properties of nanofluids with
a volumetric fraction of nanoparticles.
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Nomenclature

a dimensionless wave number B,  thermal expansion coefficient (1/K)
C concentration of nanoparticles U viscosity (Kg/ (ms))
D, Brownian diffusion coefficient (mz / 5) p density (Kg / m3)

D, thermophoresis diffusion coefficient (m2 / s) £ porosity of the porous medium

é unit vector (pc)  volumetric heat capacity (J / (K m’ ))

g (Z ) variable gravity o growth rate of instability
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G (Z ) the functional values for the variable gravity A gravity variation parameter
2 reference gravity (m/ sz) '3 mechanical anisotropy parameter
h dimensional nanofluid layer height () 7 thermal anisotropy parameter
F permeability tensor of the porous medium (mz) T time(s)

~ effective thermal conductivity tensor of porous

k, medium W/ (m.K) o temperature (X)
Le modified nanofluid Lewis number Superscripts
NA ; modified diffusivity ratio ' perturbed quantities
P pressure (Pa) Subscripts
q velocity vector (m/s) 0  reference value
R nanofluid thermal Rayleigh-Darcy number B basic state
R, nanoparticle Rayleigh-Darcy number c critical
T, rotation parameter m effective porous medium
(x,y,z)  space co-ordinates () nf  nanofluid
Greek symbols np nanoparticle
B nanoparticle concentration expansion coefficient
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