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B pa6orax, NOCBAILEHHBIX BUXPEBBIM T€UEHUSIM, OCLUJ/ISALKUN 1apaMeTPOB HUCC/Ief0BaHbl HEJ0CTATOYHO
MOJIHO, He TOKa3aHa MX CBf3b C (pyHAAMeHTa/bHBIM pelieHueM ypaBHeHud Hasbe—-Crokca. Hekoropee
TUIBl BUXPEBBIX CTPYKTYP B JBYMEpHBIX CTALlUOHAPHBIX TeUEHUSX HECHKHUMAaeMOH XXUAKOCTH ONHCAHBI
B [1]. Huxe Henuneitnas cuctema ypaBuenuit HaBbe—CToKCa HCnosib3yeTcs AJis1 pacyera HeCTAlHOHAPHOTO
TeUeHHs B OKPECTHOCTH LHUJWHAPUYECKOIO BUXPS B rase. 3ajada pacCMOTPeHa B IOJYIPOCTPAHCTBE
2 >0, nokasaH OCHUJIUPYIOLUIUH XapaKTep pelleHHs], UCC/Ae0BaHbl OCLUJ/IISLNN TeMIepPaTypsl, JIOTHOCTH
U nasjeHUs. OcoOeHHOCTb MPeIJIOKEHHOI0 MeTOfa COCTOUT B TOM, UTO He HCIOJIb3YIOTCS Pa3HOCTHBIE
CXeMbl U MoOJeJ/b NMPUMEHUMa MpPH BCeX MapaMeTpax TeueHHs, KOTAa ra3 MOXKHO CUHUTATb COBEpLIEHHBIM

(¢cp/cy =~ = const).

Kntouesvie crosa: ypasaenus HaBbe—CroKca, HHUIMHIPUUECKHH BUXPb, OCLMJ/JISLHH apaMeTpoB.

YIK: 532.516.5. PACS: 47.10.ad.

Beenenne

Onmna wu3 wMmopenell TypOyJeHTHOCTH, MpeNJOXKeHHAs
Xondowm u Jlangay, cocrout B chaenytouiem [2]. Perienus
ypaBHeHui#l HaBbe—CroKca CyIIeCTBYIOT M MpPH OOJMBIINX
3HaueHUsX BPeMeHHU f, HO OHU SIBJSIOTCS KBa3HIIEpPHOLHUE-
cKUMHU. To ecThb mocyenoBaTesbHO BO30YK1aeTcs BCe 6O0Jb-
mwe v 0oJibliie BTOPHUYHBIX OCU,I/IJIJIHU,I/II’;I, TaK 4YTO B KOHILE
KOHIIOB pemeHue mpuHuMaeT Bun o(f) = f(wit, ..., wat),
rle 4acTOThl w; CBsi3aHbl WUppaluoHanbHO (v(f) — cKo-
poctb). Ilpu GosiblIMX 71 pellieHHe CTAHOBUTCS HOCTATOYHO
CIOXKHBIM M MOXKET OITMCBHIBATbh XaOTHYEeCKOEe JBHXKEHHE
cpenbl. Momesnb MOATBEPKAAETCSI TEM, UTO pelleHHe JIH-
Heapu30BaHHOU cucTeMbl ypaBHeHHH HaBbe—CTOKCa HOCHUT
ocuunupyromuil xapakrep. OcHoBy TypOy/neHTHOrO Teue-
HUSl COCTABJSIOT BUXPEBblE CTPYKTYPHI (BUXpeBbE TPYOKU
¥ BUXpeBbie KoJiblia). [l0aToMy npeacTaBsieT HHTEPEC U3y-
YeHHe 3TUX CTPYKTYP HA OCHOBE IIOJHBIX HECTALHOHAPHBIX
ypaBHeHuit HaBre—Crokca.

Cuctemoii ypaBHeHu# HaBbe—CToKCca omuceIBaeTcs Te-
YeHHe BSI3KOTO TEIJIONPOBOLHOTO rasa.

Hecrauuonapusle ypaBHenuss HaBbe—CToKca npepacras-
JSIT co00H napaboJIMuecKylo CHUCTEMY, KOI(PPULHUEHTDI
NpPU CTapUIMX MPOU3BOAHBIX 3aBHUCAT OT HEHU3BECTHBIX
GyHKUHMH (Ianee UCIONB3YOTCS 3HIEPOBLl IEPEMEHHBIE):

(1dp _
;E + Vo= 0,
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PaccmatpuBaeTcsi BO3AYX, €r0 KO3((HUIHUEHTHl BA3KO-
CTH M TeIJIONPOBOAHOCTH 3aBHCAT OT TeMIepaTyphl MO
crenennomy 3akoHy (u = po(T/T9)%70, A= Xo(T/Ty)° 7,
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To = const — TeMmmnepaTypa B HauaJbHbIH MOMEHT BpeMe-
HH), Cy — TeMI0eMKOCTb MPH MOCTOSTHHOM 00beMe, a IaB-
JIeHHe, TeMIlepaTypa M IJIOTHOCTb CBSI3aHBl YpaBHEHHEM
MenpneneeBa—Kinanelipona p = pﬁi, rne M — wmoJssipHas
Macca.

3amagya pelmraetcss B LUJIMHIPHUECKOH CHCTeMe KOOp-
ovHaT r,2,¢ (puc. 1). BciaencTBre CHMMETPHUH TeUeHHS
pellleHHe He 3aBHUCHUT OT ¢.

AR
Y,

Puc. 1. Cxema TedyeHus

HayanbHbie yCJIOBHSA TaKOBBI:

Q,(t=0) = Q,(t=0) =0,

Q,(t=0)=Q,, z2>0, r<n,
QZ(tZO):_QO’ 2<0v r<r07
Q,(t=0)=0, r >,

@(0) = $(0) = 4(0) = 0.
Ha IIJIOCKOCTH 2 = 0 BbITIOJIHAETCA y(IJIOBI/Ie HpI/IJII/IHaHI/IH

Uy = 0.

ITocTanoBKka 3aJadu

Cucremy (1) MOXKHO MpeACTaBUTH B BHIE

daqy;
- vAQ; + [,
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do _

at ~ 7

dp 4 1+h 1 ¢,

%—SVA<,0+ 5 Aw—<7+Qe>Ah+/‘2, (2)

dh v

E—ETZA/?—(V— D +h)p+[5,

= (x,t,wj-, %), Q=roty, w=—1Inp, p=divo,
A

h:T—l, V=%’ 77:;’ ’lzbl:w’ ¢2=SO’ Q/}3=h’

i=1,2,3; [=2,3, m=1,2,3;

p, T, p, A\ — TUIOTHOCTb, TEMIIEpPATypa, BA3KOCTb W Tell-

JIONPOBOJHOCTh COOTBETCTBeHHO; A — omnepartop Jlansaca,
Pr — umceno Ilpanaras (Pr = uoCy/Ag, tne C, — Ttem-
JIOEMKOCTb IpPHU TNOCTOAHHOM [HAaBJ€HWU; [JisA T'da30B 4YHUCJIO
[paunrast mopsinka enuMHHIE, As Bosayxa Pr = 0.716),
4 — TmoKasaTesqb anuabatel; fij, fo, f3 — HeJuHelHBIe
4JIeHbl OTHOCHTEJIbHO MepBbiX npousBonHbix [3]. C dusnue-
CKOH TOYKH 3PEHHSs 3aJada MOXKeT MOJEJHPOBaTh TEUeHHe
B OKPECTHOCTH CMepua, eCjid MpeHeOpeub BJIMSHHEM KOH-
BEKLUHU.

Cucrema (2) samucaHa B 0e3pa3MepHOM BHIE, Xapak-
TepHasl LIMHA [y = 1y/Cy, XapakTepHoe BpeMs fy = vo/cf,
Vo = po/po. BesnunHa v ecTh KHHEMaTH4YeCKas BS3KOCTb,
C — CKOpOCTb 3ByKa, HHAeKC «0» COOTBETCTBYET COCTOSI-
HHUIO B Ha4yaJ/JIbHbIH MOMEHT BPEMEHHU.

[TepBoe ypaBHeHHe cuUcTeMbl (2) eCThb pe3y/abTaT MpH-
MeHeHHUsl olepallu rot K ypaBHEHHIO NBHXKeHHs. Bropoe
ypaBHeHHe — 3TO YypaBHEHHe HeNpepBIBHOCTH. TpeThbe
ypaBHEHUE I0JIy4eHO NpUMeHeHHeM onepauuu div K ypas-
HeHUI0 nBrkeHusi. UeTBeproe ypaBHEeHHe MPEACTaBJISIET
CO00H 3aKOH COXPaHEHUS! IHepruu.

BripaxeHnue IJisi CKOPOCTH TaKOBO [4]:

1 J o(r+r',t) - r+ Q(r+r',t) x r

U(r’t)z_ﬂ r3

Takum o6pa3oM, rpaHUYHOE YCJIOBHE Ha MJOCKOCTH 2 =0
BEITIOJIHSIETCS, €CJIH

Qi(ra Z, t) = _Ql(ra —Z, t)a

av.

o(r,z,t)=(r,—2z,1).

Merton, pemeHus 3amxaqyu

Kak ckasaHo, cucrema (2) siBjisieTcsi mapabo/in4ecKoH.
Jns ee pelueHMsl UCIIOJb30BAaH MeTO[ IlapaMeTpHKca, pa-
Hee paspaboTaHHBIA 151 JIMHEHHOH napaboJiMuecKod CH-
creMbl. CyTh MpeN/NOXKEeHHOTO0 MeToa COCTOUT B TOM, UTO
CUCTeMa CBOAMUTCA K CHCTeMe HHTerpajbHBIX YypaBHEHHH
tuna BosbTeppa U 3aTeM HCHOJb3yeTcs HTepalUMoOHHASA
nporenypa. OHa MmoxeT OBITH pasmeseHa Ha [Ba JTama.
Ha nepeom 3Tane Mber HaxoauM NpUOJMKEHHOE (DyHIAMEH-
TaJIbHOE pELleHHe, TaK Ha3blBaeMbll mapamerpukc [9, 6].
Bropo# atan — HaxoxAeHHe PYyHAAMEHTAJIbHOIO pelleHHUs .
Henunefinble ysieHbl B NpaBodl 4acT cuUcTeMbl (2) yUUTBhI-
BAIOTCSl HA BTOPOM 3Tarlle, IIpU IOCTPOEHUU (hyHIaMeHTa/lb-
Horo peuieHusi. Eciu n-g urepauus u3BecTHa, TOrAa Ha-
xoxaenue (n+1)-i urepaunn CBOAUTCS K PELIEHHIO CHCTE-
MBI, B KOTOPOH KO3(DPULHUEHTHI MPH CTAPIIUX TPOU3BOIHBIX
3aBUCAT OT (PYHKIMH, COOTBETCTBYIOLIUX 71-H HTEepaLHH.
B kavectBe mnepBoil uTepauuu OepeTcs pelleHHe JHHe-
apU30BAaHHOU CUCTeMBbl, MpPeNCTaBHUMOE B aHAJUTHYECKOM

Bufe. Torna Ko3(@HULUUEHTH, OTHOCAIIMECS K ONepaTopy
Jlannaca, usBecTHel. TakuM 06pasoM MoJydaeTcs CUCTEMa
JIMHEHHBIX ypaBHEHUH C [epeMeHHBbIMH KO3(p{ulHeHTa-
mu. Kpome Toro, Mbl mpeamnosiaraeM, 4to Ko3((HULIHUEHTH
IPU CTApIUIUX IPOM3BOAHBIX 3aBUCAT HCKJIOUYUTEJ]BHO OT
BPEeMEeHH, KOOPAMHATHl PAaCCMaTPUBAIOTCS KaK MapaMeTphl.
O603HaunM 3TOT mapameTp 4yepes y.

IIpuMeHeHUe MeTOa K MOCTaBJEHHOH 3ajaue,
BTOpas urepaunus

YpaBHenust cuctembl (2) s €Q; caabo 3aBHCAT OT
caenytomux Tpex. [losToMy oHM paccMaTprBalOTCs OTHENb-
HO. B JiHeliHOM cJlydae OHU CBOASATCH K Mapabo/inyecKuM
C TIOCTOSIHHBIMH KO3()(PHULHEHTaMH.

Ha nepBoii utepauuu njs 3aBUXpEeHHOCTH UMeeM 3aa-
gy Komn

a0
57 =4,

Q,(t=0) = Q,(t =0) =0,
0,(t=0)=1.

3Has (hyHHaMeHTa/NbHOE pellleHHe 3a1aun Koy, moyyaem
BblpaXKeHHe [/ 3aBUXPEHHOCTH

_ b (e Py
Q(x. f) — JQ(f, 0)e de.

HJIn

1 00
1 1
Qu(r, 2, 1) = ﬁe*(r2+22)/4tJ J (/AL [2_/”] y
00
X (6221/% — 6_221/%) rdrdz.

YpaBHeHMe A/ 3aBUXPEHHOCTH HA BTOPOH HTepaluu
UMeeT BUJL

o o9, du; I ow oh
N R B T Lty |
ot O, VRN gy, T T i G gy
(3)
rae A — uJjeH, comepXalluii mepBble M BTOPbIE MPOM3-

BOJIHbIE BSI3KOCTH W KHHeMaTHuecKoi BsiskocTH. [To Halum
OLeHKaM, BKJaJ 3TOro 4yjeHa HeCcylLleCTBEeHeH U B pacueTax
He YUHUTBIBAJICS.

CorslacHO Hauya/jbHBIM YCJOBUSIM, B HYJE€BOH MOMEHT
BpeMeHHM OTJIMYHA OT HYJS TOJbKO KoMmmoHeHTa (2,. Kak
nokasbiBaetr ypaBHeHue (3), npu ¢ >0 3a cuer useHa
ngc—”; Ha BTOPOH HMTEPALMHU MOABJAETCS KOMIOHEHTa (14,
3Has 3HayeHHe (2, BBIYMCJSIEM CKOPOCThb. Mcmosb3ys BEHI-
YUCJEHHYIO CKOPOCTb, HIIEM TeMIepaTypy M IJOTHOCTb
Ha BTOpOIjI uTepauru, AJjs 3TOro y4uTbiBaem HeJIMHeHHble
4JjeHbl U (PyHOAMeHTaJ/J bHOE pelleHHe.

@ypre-006pasbl a;; QyHIAMEHTaNbHOIO PelIeHHs JIMHe-
apuU30BaHHOU cucTeMbl ypaBHeHHMH Habbe—CToKca uMeOT
BHUJ [6]

a = bjl(k)eal(k)(z—T)’

ajp = bjg(k)e"2(k)”_T) cos(w(k)(t — 1)),

aj3 = b (R)e” W=D sin(w(k)(t — 7)), j=1,2,3.
0<k<k:, kiml, o1(k)<0, o9(k)<O.

Pemenwue npu k > k, He uMeeT (PU3NYECKOTO CMBICJIA.
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KpuBasi w(k) umeer nBe BeTBH. MbI Opajid BeTBb,
COOTBETCTBYIOIIYIO MEHBIINM 3HAYeHHAM KO3(D(HIHEHTOB
3aTyxaHusl i, 09.

B cucreme, B KOTOpOH COXpaHEHBI BBHICIIHE MPOU3-
BOAHBIE U CaMM (DYHKIHH, PaCCMOTPUM 7-10 HUTepalHUIo,
BBINOJIHUM NpeoOpa3oBanre Pypbe U NPOHU3BENEM 3aMEHY
hyHKUHH

!

@' =e Hhw, T =e P35, KW =e hbip,

t

B]-=Jvf(x,7)d¢.
0
[Tpu sTOM KOHBEKTHBHBIE UJeHBI BblNafaoT. [lanee mwTpux
omycKaeTcs. 3JeChb THUJbAa o3HauaeT Pypbe-o6pas co-
OTBeTCTBYyIOIIEH (QyHKUMH. MMeeM c/enymolyl0 CHCTEMY
0ObIKHOBEHHBIX AU((epeHINaNbHbIX YPaBHEHNUH!

(da® _
a7
d&(ﬂ) 4 2 (n—1) o —~
T — CR2e T (14 A D)3
dt 3
k2 l+h_ ~
——(1+ h(ﬂ—l))w(ﬂ—l)_w(ﬂ) +(y - l)h(ﬂ),
v
%(tn) _ _%erw(”_l)(l + h(n—l))S/llE(n) .

— (y= D +A=D)p®,
L= h(n—l)(y’ 1), w1 — w(n—l)(y’ 1), (4)

BEPXHHH HHIEKC 03HA4YaeT MOPSIOK UTEPALUU.

[lycts  Aj(y,t;k,7) — dyHnamenrasbHoe pelieHue
cuctembl (4). ITlapamerpukc Y;; HaxoIMM C TOMOIIbIO
o6partHoro npeobpasoBanus Pypbe

Y;'].(x_gv tygv’r)z

\

L h(v—)
——— | ™Y Ay, t R, T) dR
(V2m)p J R T

dyHnnameHTanbHoe pelenre I';(x,t; &, 7) HileM B BUIe

F,’j(X, t;‘fvT) = Yij(x_é.a t;‘fvT) +
t

+Jdor J Yin(x =y, t,y,0)Fyi(y, 0, &, 1) dy.
T Rn

[lpencraBum Tpu mMOC/AEOHHUX YpaBHEeHHs cucTeMbl (2)
B BHJE

Ou; _
ot
3nech a??) — [J1aBHAsl 4acTb omneparopa AuddepeHuunpo-

BaHusi (COOTBETCTBYET BTOPHIM MPOM3BOAHBIM 110 KOOPIH-
Haram);

Fri(y,0:67) =Y K\ (y, 076, 7),
n

ai(/(')) (x,t,Dy)u; + (15]-1)()5, t,Dy)u;.

Y KWy, 056 7) =

= | av [ K@ oin K i m)
T Rn
1
Kr(nj) = Knj,
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Knj(y,0:&,7) =
= {am(y,0,Dy) — ai (&, 7, D)) } Yy (y — €, 036, 7) +
+ aEﬂl‘;(y’ O-‘Dy)Y‘H(y - év g, gv T)'

OcHOBHbBIE pe3yJbTaThl

[Tpy BBIYUHC/IEHHHM KPATHBIX HHTETPasioB HCIOJNb30BaH
meton KopoGosa [7]. PesysibraThl pacueToB mpencTaBJ/eHbl
Ha puc. 2-8. BupHo, uTo napaMeTpsl Te4eHHUs OCLMJINPY-
I0T Y 3aTYXaloT CO BPeMeHeM.

~15-1073F

—2.0-1073

Puc. 2. 3aBACUMOCTb ¢-KOMIIOHEHTB BeKTopa £ OT

pammyca
T
1.28
—— t=5,z=5
1.20 —— t=1,z=5
1.12
1.04
0‘96rm/
2 6 10 14 r

Puc. 3. 3aBUCUMOCTb TeMIepaTypbl OT pajuyca IpH

Pa3MUYHBIX 3HAUYEHUSAX BPEMEHHU

—— r=0,01,z=5

1.0¢
09 \j\'}D—oﬂ’D/D/D/J

08 I I I

Puc. 4. 3aBUCHMOCTb TeMIepaTyphl OT BpeMeHH BOJIHU3H
OCH IMJMHIpA
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P
1.20
—— 1 5
1.15 —— t=1, 1
1.10
1.05

1.00
0.95 |- M

090 I I I I
0

10 12 14 r

Puc. 5. 3aBUCHMOCTD IUIOTHOCTH OT Pajnyca MpH pasiud-
HbIX 3HAYEHHSX KOOPAHHATH 2

—— r=0,01,z=5

0.8 |

Puc. 6. 3aBUCUMOCTb IJIOTHOCTH OT BPeMEHU BOJIM3U OCH
LMJIMHAPA

—— r=1,z=5

2 6 10 14 t

Puc. 7. 3aBUCUMOCTb [aBJIeHHs OT pajuWyca Npu (PUKCH-
POBaHHBIX 3HAYEHUSX BPEMEHH W KOOPOMHATH 2

[Ipu manbix BpeMeHax mapaMeTpbl (MIOTHOCTb, TeMIle-
paTtypa, JaB/eHre) MakCHMaJibHbl BOJIH3H OCH, B [IPOTHBO-
TNOJIOXKHOCTb CTAllMOHAPHOMY CJ1ydalo.

. ACTPOHOMUHUH. 2012. Ne 1

p
2.0
1.8 —— r=0,01,z=5
1.6
1.4
1.2
10 1 1 1 1 \AD/D/{
08 W
06 I I I
0 5 10 15 t
Puc. 8. 3aBUCUMOCTb [aBJIeHHS] OT BpeMeHU BOJM3H OCH
LUJIMHADA
3akarouyeHne
HccnenoBana 3BOJIIONUSA  [UJIHUHAPHUYECKOrO  BHXPS

B BfI3KOM TeIJIONPOBOOHOM ra3e. [losyueHbl pe3ysnbTaThl
IJisI TeMIIepaTypbl, IJOTHOCTH W YIJIOBOH CKOPOCTH Ha
BTOpOH utepauuu. Mcnonbayemas npouenypa HaxoxIeHUs
(yHIaMeHTaJbHOTO pellleHUs1 ypaBHeHHH Harbe—Crokca
M0Ka3blBAET, YTO CAMO 3TO pElIeHUe HMEeT OCLHUJJIUPYIO-
LUK xapakKTep.

Hns nunHeliHOM mapabosnyecKod CHCTeMbl CXOAMMOCTh
UTepaLnOHHON MpoLenypel noKkasaHa [b]. B namem ciayuae
HeJIMHEeHHOU CHCTeMBl MOKAa3aTb CXONHUMOCTb [0CJeN0Ba-
TeJIbHBIX UTEepalfil 3aTPyAHHUTeNbHO. Hallu oneHKH moKa-
3bIBAIOT, UTO TPEThSl UTEPALHs] He BHOCHUT CYLIECTBEHHBIX
U3MEeHEeHHUH 10 CpaBHEHHWIO CO BTOPOH, YTO TMO3BOJSET
cresiaTb TPEAINOJOXKEHHE O CXOAUMOCTH HTEPALUOHHOH
NPOLELYPHI.
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Oscillations of the flow parameters in the vicinity of a cylindrical vortex
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University, Moscow 119991, Russia.
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In modern literature, the oscillations of parameters are investigated insulliciently, their connection with
the fundamental solution of the Navier-Stokes equations isn’t shown. Some types ol vortex structures in
two-dimensional steady incompressible flow described in [1]. In this paper, nonlinear system of the Navier—Stokes
equations is used for calculation the unsteady flow around a cylindrical vortex in the gas.
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A vortex in a halfspace z >0 was considered and shown that the solution is oscillatory. The oscillations
of temperature, density and pressure were studied. The distinctive feature of the method is that no
finite-difference schemes are used.

Keywords: Navier-Stokes equations, cylindrical vortex, oscillation of parameters.
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