





















































69
Vortex Dynamo in an Obliquely Rotating Stratified Nanofluid by Small-Scale... EEJP. 2 (2021)

Let us write the external force F, in the complex form

Jo iz
2

Jo in

13;] =i +f?e +c.c. (85)

Then all operators in formulae (81)-(84) act from the left on their eigenfunction:
N i i N - i ~* N i 0y N P i ~*
Dwrye® =" Dyr, (ky,—wy)=e “ Dw,T,¢, Dwrype 2 =" Dy 1, (ky,—wy)=e 72 Dw,,T,,0,,

At = ei(plA(lgo, —w)) = e A;, Ae? = A(EO, —0,) = e A, (86)

where the new notation is introduced
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Here and below, we denote the complex-conjugate quantities by an asterisk. When performing the subsequent

calculations, some of the components in the tensors d 7 become zero. Taking this fact into account, velocity fields of
the zero approximation has the following form:

7 4> i
_Jo 9y _
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A2 Dw, + D22
D ~
R/ S R S, (88)
A1 Dw, + D}
o D o Jo_ D :
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Wy = _?Te +?Te FC.C.= Wy + Wy, T Wy W, (89)
A1DWl +D12 A> DW2 +D22

It is easy to see that the component of the rotation parameter D, also drops out.

C. CALCULATION OF THE REYNOLDS STRESSES
To close the system of equations (31)-(32) that describe the evolution of the large-scale velocity fields W, , it is
necessary to calculate the following correlators:

* * * *

T3l = WOuO = WOI (u()l) +(W01) u()l +w03 (u03) +(W03) u03 (90)

T = ﬁ = Wor (Vm )* +(W01 )* Vor + Wos (V03 )* +(W03 )* Vo o1

Substituting the solutions for the small-scale velocity fields (87)-(89) obtained in Appendix B, into the equations
(90)-(91), we can find the following expression for the correlators:
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Then with the definition of the operators 13WL2 and ;11,2, we can write down the series of useful relations for the

calculation of 7°' and 7%:
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Using these relations, we can obtain the following expressions:
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Substituting (94) in (92)-(93) we can find expressions for the Reynolds stresses in the general form:
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where A,, =|Dw, , Ai» +D?,| . Expressions for [ are:
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If the Prandtl number of the nanofluid is approximately equal to one Pr =1, then the expressions for the
components of the Reynolds stresses are simplified:

~2 o~
- Jo Dok (kg + @2 —Ra =1, )
2k + @2 )((ki +@2)* +2(D; ~Ra)(ki —@2) +(D; ~Ray’ +1, (ki +@:)+2p, D})
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2 2004, 02 oo
Jo Diky (ky + o —Ra—1, )

- ©7)

I NI 2 PN 2 poN2 4, 2 2y
2(ky + o )((ky +@1)" +2(D = Ra)(ky — o) +(Dy = Ra)” +r, (ky +@1)+2p, D7)
Here the values of the coefficients , ~and p, = are taken with Pr=1.
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BUXPOBE TUHAMO B CTPATU®IKOBAHII HAHOPIIUHI, 11O IIOXUJI0 OBEPTAEThCSI
3 APIBHOMACIITABHOIO HECIIIPAJIBHOIO CHJIOKO
Muxaiino W. Konm®, Anarodiii B. Typ¢, Bonogumup B. SInoBcbkmii™?
“ucmumym monoxkpucmanie, Hayionanvna Axademis Hayx Yxpainu
np. Hayxu 60, 61001 Xapxkis, Yxpaina
b Xapriscoxuii nayionarvnuii ynisepcumem iveni B.H. Kapasuna
matioan Ceoboou, 4, 61022, Xapxie, Yrpaina
“Universite Toulouse [UPS], CNRS, Institute of Research for Astrophysics and Planetology
9 avenue du Colonel Roche, BP 44346, 31028 Toulouse Cedex 4, France
B poboti oTpumana BennkoMacmrabHa HECTIHKICTH TIAPOAMHAMIYHOTO « -edekTy B cTparudikoBaHiil HaHOPIIWHI, IO ITOXHIO
obepraeThes, 3 ypaxyBaHHIM edekTiB OpoyHiBchKoi Iudy3il i MOTOKY YacTHHOK IIiJ| Ai€l0 TpajieHTa TeMneparypu (tepmodopesy).
HecrilikicTh BUKJIIMKAETHCS AI€I0 30BHIMIHBOI ApiOHOMACIITaOHOT HEeCHipaidbHOI CHiH, fKa 30yKye npiOHOMAacmTaOHI KOJMBaHHS
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LIBUAKOCTI 3 HYJIOBOIO CIIPANIbHICTIO 1 MasTuM uuciioM PeiiHonbaca. HeniHiiHi piBHSHHS U1 BeIHKOMacTabHUX PyXiB OTpUMaHi 3
BHKOPHCTAHHSM METOIy 0aratoMacirabHUX aCHMITOTHYHUX PO3KIA/IB 32 MAIMM IapaMeTpoM (ducioM Peiinomnsaca). Jocmimkena
nmiHiHAa BeJMKOMacITabHa HECTIMKICTh THIy TiAPOAMHAMIYHOTO « -eeKTy B 3aJeXKHOCTI BiA mapamerpiB obepranHs D,

TemrepatypHoi crparudikauii Ra i koHueHTpauii HaHOYacTHHOK R,.. OTpumaHuii HOBHI edekT reHeparii BEJMKOMACIITaOHUX

BUXPOBHUX CTPYKTyp B HaHOpimuHi npu Ra =0, nop's3anuii 3i 30UIbLICHHSAM KOHIEHTpaLil HAHOYACTUHOK. MaKCHMalbHUH
IHKPEMEHT HECTIMKOCTI OCSTa€eThes IPU KyTax Haxuiny 6~ /5 s uncen [pannrias Pr=35, a aust uncen Hpauarmis Pr=1 npu
KyTax Haxuwity @ = 7 /2 . BcTaHOBICHO, 10 3MiHA YaCTOTH MAPaMETPUYHOTO BIUIMBY JO3BOJIMTH KOHTPOIIOBATH i Bi/ICIiAKOBYBAaTH
Ipolec TreHepalii BeNMKOMAcIITaOHMX BHXPOBHX CTPYKTYp. Iloka3aHo, L0 LHMPKYJISIPHO MOJIAPU30BaHi BUXOpH benbTpami
BUHMKAIOTh B HAHODIAMHI B pe3ysibTaTi PO3BHTKY HOBOI BEIHKOMAcCIITaOHOI HecTiiikocTi. B poGoTi mOCHiKyeThes pexum
HACHYCHHS BEJIMKOMAacmITaOHOI HECTIHKOCTI B cTpaTH(iKOBaHIH HAHOPIOWHI, IO TOXHJIO OOEPTAETHCA 3 30BHIMIHBOIO
IpiOHOMAcIITaOHOIO HECHIPANbHOIO CHJIOK. Y CTallioHApHOMY peXuMi Oylla OTpUMaHa JHHAMIYHA CHCTEMa pIBHSHB Ui
BEJIMKOMACIITaOHUX 30ypeHs 1o mBHAKOCTI. OTpHMaHi 4YHCeNbHI pIilIeHHS i€l CHCTEeMH PIBHSHb, SIKi ITOKAa3yIOTh iCHYBaHHS
JIOKQJII30BAaHUX BUXPOBHX CTPYKTYp y BUIIIANI HeNiHIHHMX XBWIb benbrpami i kinkiB. [Ipodink mBHAKOCTI KiHKa Mae TEHIEHIIIO
OyTH IIOCTIHHUM TIPU BEJIMKUX 3HAYCHHSX Z.

KJIOYOBI CJIOBA: crpatudikoBaHa HaHOpiJHHA, BeIHMKOMAaclITabHa HecTiikicTs, cumna Kopiomica, GaratomaciiraOHi
ACHMITOTHYHI PO3KIagaHHs, & -3(eKT, JOKali30BaHi BUXPOBI CTPYKTYpH



