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KOHAYKTHBHO-JIAMMHAPHON CBOOOIHON KOHBEKIUU
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Pedepar. IlpeacraBieHo npubIMKeHHOE aHATUTUIECKOE PELICHNE 3aJa4l O HECTAI[MIOHAPHOW CBOOOIHON KOHBEKIIMH B KOHIYK-
TUBHO-JIAMUHAPHOM PEKHME HbIOTOHOBCKOM KMAKOCTH B KBaJPaTHOH 00JIaCTH IPY MTHOBEHHOM H3MEHEHHUHU TEMIIepaTyphl O0KO-
BOH CTEHKH M OTCYTCTBHUHM TEIIJIOBBIX IOTOKOB Ha BEPXHEM M HUXKHEM OCHOBAaHUSIX. Y PABHEHUS €CTECTBEHHON KOHBEKIUH B IPU-
ommkennn OGepOeka-byccuHecka JMHEapU30BaHBI 3a CYET IPCHEOpPE)KEHHsS KOHBEKTUBHBIMHU claraeMbIMH. JIJIsl cOKpalieHHs
YHciIa THAPOTEPMUIECKUX ITapaMeTpOB CHCTEMa IPHBOAUTCS K Oe3pa3MepHOMY BHAY BBEIEHHEM MAacIITabOB AJISL 3aBUCHMBIX U
HE3aBHCUMBIX NEPEMEHHBIX. [lepexoa OT KIIaCCHYECKUX MEPEMEHHBIX K MEPEMEHHBIM «BHXPb-(QYHKIHNS TOKa» MO3BOJHI CBECTH
CHCTEMY K HECTallHOHAPHOMY YPaBHEHHUIO TEIUIONPOBOJHOCTH U HECTAI[MOHAPHOMY HEOAHOPOJHOMY OMTapMOHHYECKOMY ypa BHe-
HUIO, IPUYEM IIepPBOE HE 3aBUCHMO OT BTOpOTo. Pemenne B Buae QyHKIUH TOKA MTOIYYEHO NPUMEHECHHEM HHTETPaIbHOIO CHHYC -
npeobpazoBanust Pypbre ¢ KOHEYHBIMH TIpe/ieiaMi K OUTapMOHNYECKOMY YpaBHEHHUIO CHadasa 1o MEePEeMEeHHOHU X, a 3aTeM 110 I1e-
peMeHHOi1 Y. @yHKINS ToKa UMeeT BUA ABOHHOTO psina Dypbe o cuHycaM ¢ Ko puuueHTaMu B HHTerpansHoit popme. Koadou-
IIUEHTHI psifia MPEJCTABIIIOT CO00M MHTErpasibl OT HEM3BECTHBIX (QYHKIMHA. Ha 0OCHOBaHNYM THIIOTE3HI O CHENUATBLHOM BHIE HHTE-
rpanoB KodQQUIHEHTH! BEIYUCISIIOTCS M3 CUCTEMBI JIMHEHHBIX YpaBHEHNUH, OJTy4YeHHONW U3 TPaHMYHBIX YCIOBHH HA YaCTHBIE IIPO-
n3BOHBIE GyHKIMH. MccenoBana 3aBUCUMOCTE CTPYKTYpBI TedeHust oT uncia [Ipanatis. [lorydeHsl kKapThl IMHUN TOKa U U30-
JIMHUHA KOMIIOHEHTOB CKOPOCTH, OIMCHIBAIOIIKE Pa3BUTHE TEUCHUSI ¢ MOMEHTA BO3ZHUKHOBEHHUS JI0 IIEPEX0/ia B CTAllMOHAPHOE CO-
crostnue. [IpuBeneHs! rpad Ky BEKTOPHOTO TIOJIST CKOPOCTEH B pa3InuHOE BPEMs, MINTIOCTPUPYONINE JUHAMUKY TedeHus. JlocTo-
BEPHOCTh THUIIOTE3bl O CIICI[HAJBHOM BHAE HHTEIPAJbHBIX KOI()(QHUIMEHTOB IOATBEPKAACTCS aJEKBATHOCTHIO (U3HUECKOMY
CMBICIIY M COTJIACOBAHHOCTBIO MOIYYEHHBIX PE3YIbTAaTOB C YHCICHHBIM PEIICHUEM 3aJ1auH.

KuroueBsble cioBa: ypaBHeHne O6epbeka-byccunecka, OUrapMoHU4ecKkoe ypaBHEHHE, KOHIYKTUBHO-IaMHHApHAs CBOOOJHAST KOH-
BEKLHs, KOHCYHOE HHTErpAIbHOE CHHYC-TIpeoOpazoBanne Pypne

The approximate analytical solution of the internal problem of
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Summary.The approximate analytical solution of a problem about nonstationary free convection in the conductive and laminar mode
of the Newtonian liquid in square area at the instantaneous change of temperature of a sidewall and lack of heat fluxes is submitted on
top and bottom the bases. The equations of free convection in an approximation of Oberbeka-Bussinesk are linearized due to neglect
by convective items. For reduction of number of hydrothermal parameters the system is given to the dimensionless look by introduction
of scales for effect and explanatory variables. Transition from classical variables to the variables "whirlwind-a flow function" allowed
to reduce system to a nonstationary heat conduction equation and a nonstationary nonuniform biharmonic equation, and the first is not
dependent on the second. The decision in the form of a flow function is received by application integral a sine - Fourier transforms
with terminating limits to a biharmonic equation at first on a variable x, and then on a variable y. The flow function has an appearance
of a double series of Fourier on sine with coefficients in an integral form. Coefficients of a row represent integrals from unknown
functions. On the basis of a hypothesis of an express type of integrals coefficients are calculated from the linear equation system
received from boundary conditions on partial derivatives of function. Dependence of structure of a current on Prandtl's number is
investigated. The cards of streamlines and isolines of components of speed describing development of a current from the moment of
emergence before transition to a stationary state are received. The schedules of a field of vectors of speeds in various time illustrating
dynamics of a current are provided. Reliability of a hypothesis of an express type of integral coefficients is confirmed by adequacy to
physical sense and coherence of the received results with the numerical solution of a problem.
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BBenenune

Marematiueckoe MOJEIUPOBAaHUE CBOOO.-
HOMW KOHBEKITHH B OOJIBIITMHCTBE CITydaeB 0a3upyeTcst
Ha ypaBHeHHsAX HaBbe-CTokca B mpHONMKEHHH
ObepbOeka-byccunecka. M3ydeHnio BHYTpPEHHHX
3a7a4 CBOOOIHON KOHBEKIMM IIOCBAIIEHO MHOI'O
paboT, MOCKOJIBKY OHM MMEIOT Ba)KHBIE MPaKTHUE-
CKHE TPUIIOKCHUS, TAKHE KaK XpaHEHHE KPHOTCH-
HBIX )KUAKOCTEH, OXJIaKA€HUE JIEKTPOHUKH, MOJIE-
JUPOBaHUE JBUTaTelIed BHYTPEHHETO CrOpaHMs
u n1p. MccnenoBanuio TedueHus ¥ TEII000MeHa MpH
JTAMHHAPHOWCBOOOTHON KOHBEKITMH MEXKIY BEPTH-
KalbHBIMH TMapajyIebHBIMU  HM30TEPMUUIECKUMU
TUIACTUHAMH C PA3IMYHBIMU TEMIIEPAaTYPaMH METO-
JIOM KOHEUYHBIX OOBEMOB IOCBsIIcHa padorta [1].
B pabore [2] momudukalpeii MeToqa KOHEUHBIX
pa3HoCTel pemaeTcsi KpaeBasi ConpsbKeHHas 3a1a4a
HECTAIlMOHAPHOTO KOHBEKTHBHOTO TEILIONEPEHOCA
B 3aMKHYTOW KBaJpaTHOW MONOCTH. JlamuHapHas
cBOOOHAs KOHBEKLMS BHYTPU MNapajuleienunesaa
C HarpeBOM OOKOBBIX CTCHOK YMCIICHHO HCCIIENIO-
BaHa B pabore [3]. N3yueHuto cBOOOIHON KOHBEK-
UM B KBaJPaTHOI 00JIaCTH ¢ BHYTpEHHEH Iepero-
POAKOH METOJOM KOHEYHOrO 00beMa IMOCBSIICHA
pabora [4]. B pabote [5] KOHEUHO-pa3HOCTHBIM
METOJOM HCCJIENYeTCs] TeUCHHE HAHOXKUAKOCTH
B IIOPUCTOM KBaJpaTHOW KaBepHe. B monmasisto-
meM OOJBIIMHCTBE paboT MPUMEHSETCS! YNUCIICH-
HOE MoJeNHupoBaHue. B cBsA3M ¢ 3TUM BO3HHKAET
HEOOXOAMMOCTh  IOJYYEHHUS  AHAINTHYECKHUX
U TpUOIMKEHHO aHAJUTHYECKHX  pelleHHuH
no100HOro Kilacca 3a1ad.

IHocTanoBKa 3a1a4M U BHIBOJ OCHOBHBIX
YPaBHEHUI

PaccmaTtpuBaeTcsi  miockas — KBajpaTHas
o0nacth (pucyHok 1), 3amojHEHHAs MOJIHOCTHIO
BSI3KOM HECXKHMMAaEeMOM JKHAKOCThIO. B HauaabHBIN
MOMEHT BPEMEHH KHUJIKOCTh HAXOIUTCS B COCTOS-
HUU MTOKOS C TeMIiepaTypoii to. 3aTem TemmnepaTypa
JIEBOH CTEHKH MTHOBEHHO MPUHUMAET 3HaueHwue i,

, TpUYeM TEIJIOBOM IOTOK 4Yepe3 BEPXHIOK
U HWXKHIOK CTeHKY oTcyrctByeT (=0. Temmepa-
Typa IPAaBOH CTEHKHU IOAJEPKHUBAETCS IMOCTOSH-
HOH, paBHOM TeMIIepaType )KUJIKOCTH B HAYaJIbHOM
MoMeHT Bpemenu (t, >1;).

B BbIOpaHHOH cHCTeME KOOPIMHAT ypaB-
Hennst O0OepOeka-byccuHecka MpUHUMAKOT clie-
VIO BUIT:
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Figure 2. Design diagram
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XapakTepHoe BpeMs BSI3KOT'0 3aTyXaHHs
JlaBJICHHUE, BPEMs U CKOPOCTh BBIYUCIIMM U3 ypaB-
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O0e3pa3MepeHHoe ypaBHeH#HE (3) MpUMeT BUIT
a1 (62T . aZTj ©)
00 Pr\ox? oavy?)
rae Pr — uucno [panarns.
B HadanbHBII MOMEHT BpPEMEHHU KUIKOCTb
HaXOJWMJIACh B COCTOSHUHU TOKOA M MMella BCIOILY
OJIMHAKOBYIO Temmeparypy 1,, mo3Tomy Hadajb-

HBIE YCJIOBHA IS (PYHKIMU TOKaW TEMIIEPATyPHI
AMEIOT BU;

d(X,Y,0)=0, (10)
t(x,y,0) =t, , cnenoBarensHO
by _:0 -0, (11)

h %o

T(X,Y,0)=

Ilockonpky TemmepaTypa JIEBOM CTEHKHU
CKayKOM U3MEHSETCs 10 TeMIeparypsl th, a Tem-
neparypa IpaBoil,He H3MeHsAeTCs, I'paHUYHBIC
yCIIOBUSI  Ha TEMIIEpaTypy HUMEIOT BUJ
t(0,y,7)=t,, t,y,7) =t,, wm

o _1T@Y.0)= _:Ozo (12)

h 0 h 0

T(0,Y,0) =

VYcaoBus HENIPOTEKaHUA U IIpUIUIIaHUA
KUIKOCTU BBIPpAXKAIOTCA YPAaBHCHUAMHU

®(0,Y,0) = d(1,Y,0) =

(13)
= d(X,0,0) = d(X,1,0) =0,
am(0,Y,0) _ od(L,Y,0) _
ox X (14)
_0D(X,0,8) _ a(X.1,6) _
oY oY

B nepeMeHHBIX «BHXPb-(DYHKIIUS TOKa» HC-
xonHas cuctema (1)—(4) ceoautes K HecTaloHap-
HOMY YPaBHEHHIO TETUIONPOBOHOCTH (9) 1 HecTa-
[IMOHAPHOMY  HEOJHOPOJHOMY  OHWTrapMOHHYE-
ckoMy ypaBuenuto (8) ¢ magaimpHbiMu (10)—(11)
U KpaeBbIMH ycioBusiMu (12)—(14).

Pemenue 3agaun

HecomnpsbkenHnblit xapakrep cuctembl (8)—
(14) mo3BoJIsIeT NOCIEAOBATENBHO PELIaTh TEII0-
By10 — (9), (11), (12), u runponuaamudeckyro — (8),
(10), (13), (14) 3amaumn.

Perienune TemioBo# 3a1a4u U3BECTHO

o (_1\P
T(x,Y,9)=1—X+32ﬂx
”p:l p
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xsin[ (1- X))z p]exp(— ﬁPFr) 0).
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K cucreme (10), (12), (15), (16) npumerum
MHTETpajbHOE CHHYC-TIpeoOpazoBanne Dypbe
C KOHEYHBIMU TIpeaenamu [8] mo mepeMenHoi X:

L =T [D(X,Y,0)]=
- jcp(x Y, 0)sin(AX)dX =@, (1,Y,6) (16)
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0O0603HaunM yepes

_ 0, (410) U5, (£0.0)
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PeruB ypaBHenue (23) ¢ HaYaIbHBIM YCIIO-
BUeM (24), omy4duM [Tt K300paKeHUsL:

[

®,, :exp[—e(/12+,u2)l|./12 Jlruz ACOSAA, —
0
—AB, + 1cos uC — uD — (25)
Ty exp[—z(/l2 + yZ)JdZ.

Bripaxkenue ans GYHKIUM TOKa MOTYYHM
MIOCJIE/I0BATEILHBIM IPUMEHEHUEM O0PaTHBIX TIpe-
obpazoBannii ypne:

@(X,Y,9)=4ii®w (A s 0) %
n=lm=1 (26)
xsin(4,X)sin(z,Y),
rae A, =zn u y, =7xm.
B pemenne (26) BXOJAT MHTErpallbl OT He-

u3BecTHBIX GyHkuuit (18) u (22), 715t BEIYUCICHUS
KOTOPBIX MPEANOI0KHIM, YTO CIIPABEJIUBO:

J A (u.2)expl2(2” + u")]dz =
’ , (27)
= A(11,6) [ explz(A° + )]z,

Ilpy JaHHOM JIOMYLICHHH, BBIPAKCHUE
JUTSL ©300paXKeHHSI TPUMET BUJT
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{exp(-0 ”Pf ) —exp[-0(2 + 1)}

(7°p® = 2%)[x*p* = Pr(A® + )]
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Wnrterpansl tumna (27) B KaXIbIH MOMEHT
BpEMEHH @ MPEACTABISAIOT CO0O0H MOCTOSIHHBIC
Y HaxOJATCS MyTEM PEIICHHUsI CUCTEMbI JTMHEHHBIX
YPaBHEHUH, MOIYYEHHONW U3 TPAHUYHOIO YCIOBUS
Ha YacTHbIC MPou3BoAHbIe QyHKIMH (14):

AHaJIu3 pe3yJbTaToB

Ha pucynkax 2-5 w#300pakeHBl KapThl
(yHKIMK TOKA, KOMIIOHEHTBI CKOPOCTH V, H V,

U ToJs ckopocted mus uncna Ilpamnrms Pr=1
B pasnoe Bpems: a) #=0.001, 6) £#=0.01, B)
6=0.1,r) 6=1.

0001125
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Pucynox 2. KapTsl pyHKIIMH TOKa

Figure 2. Flow function map
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Pucynok 3. KapTbl KOMIOHEHTHI ckopocTu V,

Figure 3.Velocity component V, maps
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Figure 4. Velocity component v, maps

TeueHne HauMHAETCS BO3JIE€ HArpeToOu
CTeHKH (pUCYHOK 5 a) W pacmpocTpaHseTcs
K XOJIOAHOW(PUCYHOK 5 O U B).

IIpu nmepexone B cTalMOHapHOE COCTOSHHE
(pucyHoK 5 r) o0pa3zyercsi eIMHCTBEHHBIH BHXPB,
3aKpPYYEHHBIM IO YaCOBOW CTPEJIKE C HEMOABIX-
HOM TOYKOH B IIGHTPE 00JIaCTH.
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Figure 5. Field of velocities

Jl0CTOBEPHOCTH THIIOTE3BI O CIEIHATEHOM
BUJE HWHTETPAIbHBIX KOI(D(UIIMESHTOB MOITBEP-
JKTAaeTCS aJeKBAaTHOCTHIO (PU3UUECKOMY CMBICTY
U COINIACOBAHHOCTBIO NOJIYUCHHBIX PE3yJIbTaToB
C TIpeICTaBIICHHBIM peIIeHrneM 3a1a4u [9].
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