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Increasing requirements to environmental protection acutely put before enterprises of a petroleum
industry of republic a problem of a decreasing to a minimum of number of emergencies at a
mining and piping of oil.
The storage pit oil is useful hydrocarbon raw, though has undergone severe structural changes. Its
high layer has hardened and does not yield to extraction. For picking up condensed medium the
thermo - mechanical way of a dilution the oil in a complex with a mobile installation is
suggested.
In the report the problem of distribution turbulent non-isothermal, circular jet of a liquid in
storage oil is considered.

Mathematical model of process
The circular jet of a liquid with initial temperature T,, speed U, and flow rate G, develops in
high-viscosity medium (reservoir of storage pit oil). The ejection velocity is subsonic,
temperature of the jet is high (T,=373K) and allows to preheat high-viscosity medium. For
simplicity of the analysis it is supposed, that the liquid of jet has the same physico-chemical
property, as well as storage oil, rheological characteristics fits model of a Newtonian liquid. The
storage pit oil has temperature (T,=303K) higher then its chill points, that allows ignoring a
melting heat of high-viscosity medium. In process of development of the jet in the reservoir its
speed damps and heat introduced by a hot jet preheats high-viscosity medium and invokes a
decrease of its viscosity, thereby involves storage oil in motion. The thermal properties of the
storage oil are considered as functions from temperature and are obtained by laboratory
researches.
The motion of jet is considered turbulent and process of heating of storage oil is stationary.
The non-isothermal flow of fluid in storage oil is described by the system equations of Navier-
Stokes, mean on Reynolds:
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The equation of heat transfer with allowance for dissipations of a kinetic energy of motion can be
written as:
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motion in heat.

The thermal properties of a liquid were found by results of laboratory researches of storage oil in
temperature interval 303K <7 <373K and were generalized by the way of empirical
dependencies:

p=185%* exp(—

L j +821,5 (kg/m’);



1 =5511*exp(—0,1487 *T)+0,005853 (kg/(m*s)); (5)

A =0,042 *exp(—0,006695*T) + 0,124 (Wt/(kg*grad);
The thermal capacity ¢, of the liquid in temperature range 303K <7 <373K small changes and
remains to a constant ¢, =0,23 kG/(kg*grad). It is known that in engineering calculations the

model of turbulence will widely be used and allows receiving the enough reliable data.
Therefore coefficient of turbulent dynamic viscosity sz, is determined on the basis of (k—¢)-

model of turbulence intended for low Reynold's numbers Re:
Hy = Cyp ?f )7 (6)

The differential equations of a kinetic energy of turbulence and speed of the energy dissipation
are of the form
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where f,,g, - wall functions:
2
fe=l—0,22exp(—%} g, = exp(=0,5y:) )

The (k —¢&)- model constants are C; =1,35,C, = 1,8, Cﬂ =0,09,0, =13.

The laminar and turbulent Prandtle numbers Pr, Pr; were taken equal to 0,9. For convenience of
solution of the heat transfer equation is written concerning excess temperature
0=(T-T w)/ (T v — T w), where T, -temperature of oil in a box of storage.

The boundary conditions of the problem have the form
z=0: 0<r<l;u=f(r); v=0; k :k(r);é?:g(r); gzg(r)

z=0:1<rst;r:v:k:g:O;-%zBiofH; (10)
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Boundary conditions on high bound (z=0) for axial components of speed, kinetic energy of
turbulence and speed of the energy dissipation, excess temperature in an input cross-section of jet
(10) corresponds to developed flow of a round turbulent jet. And outside of area of inflowing of
jet are imposed conditions on a free surface (equaling to zero point of shearing stress and tangent
components of speed). On the lower firm surface (z=L) the conditions of adherence and
thermoexchange with environment are established. On the left border (r=0)- condition of
symmetry of flow, on the right border (=Ry,) - condition of adherence and thermoexchange with
environment

The system of equations with the boundary conditions is solved by the numerical method in
variable stream function and vortex intensity.



The finite-difference analogies of the differential equations are obtained by a method of a
controlling volume in a difference grid with irregular steps. The grid step in a direction of the OZ
axis is crowded near to the input site of jet and bottom of the reservoir. And the grid step on the
OR axis is crowded near to border of mixing zone of jet with a liquid of environment and near to
a firm lateral wall. In calculations the difference grid (91x61) have been used.

The equations for intensity vortex, heat transfer, kinetic energy of turbulence and speed of the
energy dissipation were approximated by a hybrid circuit and calculated by the method of a
Gauss - Zeydel. The equation of stream function is resolved by the method of overrelaxation.

In the report the detailed data on verification of model and technique of calculation are resulted.
The report is illustrated by predicted data at different values of regime parameters. The obtained
data describe actual phenomena observed in experience.
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YucseHHOe MOIeTMPOBAHNE PA3BUTHS HEM30TEPMHUYECKOM
TypOyJICHTHOI CTPpyH B aMO0apHOii He(pTH.
Kanobacoaes Y.K., Epunn LI.A., AiicaeB C.Y.
Ka3zaxcknii HanMOHAJIBHBIN YHUBEPCUTET UM. ajIb-Dapadu

BBenenue. Bce Bo3pacraromme TpeGoBaHUS K 3alIUTE OKPYKAIOIICH CPEeIbl OCTPO CTABAT
nepes; MPEeaupUATHSAMH HEPTSHON MPOMBIIUICHHOCTH pPECyONIMKH 3ajady CHIDKEHHUS [0
MUHUMYMa YHUCJIa aBapHil pHU 100bIY€ U TPAHCIIOPTUPOBKE HEPTH.

AmbapHast HeTh ABISETCSA IOJIE3HBIM YITIEBOJOPOJHBIM CBHIPbEM, XOTS M NpeTeprerna
CEPbE3HBIE CTPYKTYpPHBIE M3MEHEHUs. BepxXHuil cioil 3aTBeplen M He MOJAACTCS H3JICYEHUIO.
st c6opa KOHIEHCHPOBAHHOM Cpelbl MPeIoKEeH TEPMOMEXaHMYECKHH CIIOCO0 pazKIKEHHS
amOapHOU He(pTH B KOMIUIEKCE C TIEPEABMYKHONU YCTAaHOBKOM.

B JOKJIaze paccmarpuBaercs 3aja4ya  pacrIpoCTpaHEHUE TypOyJIeHTHOH
HEU30TEPMUYECKON, KPYTIION CTPYH KHJIKOCTH B aMOapHO# HE(TH.

Martemaruyeckass Mojaeab mnpounecca. Kpyrias crpysd XKHAKOCTH C HadallbHOMU
temneparypoir T,, ckopocteto U, u pacxogom G, pa3BHBaeTcsi B BBICOKOBSI3KON cpene
(pe3epByap ambapHoit HeTH). CKOPOCTh HCTEUEHUS — JO3BYKOBAsI, TEMIIEpATypa CTPYH BbICOKast
(Te=373K) u mo3BOJIsIET TMOAOTPEBaTh BBICOKOBA3KYIO cpemny. Jlims mpocToThl aHanmm3a
MPEIONaraeTcs, YTo KHUIKOCTh CTPYH UMEET TaKylo ke (PU3MKO-XUMHUYECKYI0 CBOMCTBY, KaK M
ambapHasi He(Th, PEOJOTHUECKHE CBOWCTBA KOTOPOH, YIOBJIETBOPSET MOJEIb HBIOTOHOBCKOM
xunkoctd. AmOapnas Hedtp umeer Temmeparypy (T,=303K), uyTp Bblmie ee Temmeparypsl
3aCTBIBAHMS, YTO MO3BOJISIET HE YUUTHIBATh TEIUIOTY IJIABJICHUS BBICOKOBS3KOM cpenbl. 1o mepe
pa3BUTUSL CTPyH B pE3EpByape €€ CKOPOCTb 3aTyXaeT, TEIUI0, BHOCHUMOE TOpsiued CTpyeil,
MTOAOTPEBAET BBICOKOBSI3KYIO CPEYy U BBI3bIBAET CHUIKEHHUE €€ BA3KOCTH, TEM CaMbIM BOBJIEKAET
amOapHyro HepTh B JABIKEHHE. Temnodusndyeckue CBOMCTBa aMOapHON HEPTH CUUTAIOTCS
(GYHKIMAMHU OT TEMIIEPATYPhl M HAXOASTCS MyTEM J1a00paTOPHBIX UCCIIETOBAHHM.

JIBU>kKeHHe CTpyd CUYHMTAeTcs TypOyJEHTHBIM W MpOLECC HarpeBa amOapHOW HepTH -
CTallMOHAPHBIM.

HeunzorepMuyeckoe ABMKEHHE >KUIAKOCTH B aMOapHON He(TH OMUCHIBACTCA CHCTEMOI
ypaBuenuu HaBne-CTokca, ocpeiHeHHOM 110 PeitHonbacy, v, UMeromiei BuI;
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YpaBHEeHHE TIEpPEeHOCa TeIjia ¢ yYeTOM TUCCHUMAIMA KMHETUYECKOW SHEPTUH JBUKCHUS
MOKHO 3aIucaTh B BUJE:
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JABMOKCHUS B TCILIIO.



Tennopuzndeckre cBoOCTBa XKUIKOCTH ObLIM HAWICHBI 1O pe3yibTaTaM J1abopaTOPHBIX
uccrnenoBanuii amOGapHoii Hedptu B uHTepBane Temneparypsl 303K <7 < 373K u 060011eHbI B
BUJIC SMITUPUYECKUX 3aBHCUMOCTEH:

p=185%* exp(—

1 =5,511*exp(—0,1487*T)+0,005853 (kr/(m*c)); (5)
A = 0,042 * exp(—0,006695 * T') + 0,124 (Br/(M*rpan);

TenaoeMKoCTh KUIKOCTH C

T j +821,5 (xr/n);

p, B HMHTepBanme temmepatypel 303K <7 <373K wmano

MCHSIETCS K OCTACTCs OCTOSIHHOM ¢, =0,23 KIDK/(Kr*rpaj).

N3BecTHO, uYTO B HHXKEHEPHBIX 3a/ladyaX IIUPOKO HCIHONb3yeTcss (k—&)- Momenb
TypOyJIEHTHOCTH U MO3BOJISET MOJYYHTh JOCTATOUHBIC HAJIC)KHBIEC TAHHBIC.

B ato0ii cBA3M KOAQPULMEHT TypOyJEeHTHOM TUHAMUYECKOM BA3KOCTH 4/, HAaXOAMTCS Ha
ocHOBe (k —&)- Monenu TypOyJEHTHOCTH, IpeJHA3HAYEHHOM i1 HU3KUX uucen PeliHonbaca
Re:

2
My = C u p? f u (6)

Juddepennunanbabie ypaBHEHHS KHHETHYECKOW SHEPTHH TYPOYJIEHTHOCTH U CKOPOCTH €e

TVICCUIIALIUY UMEIOT BUJ:
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rae f,,g, - IPUCTEHOYHbIE (GYHKIMH, PaBHbIC:
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Re
f, = 1—0,226xp£— 36t ], g, =exp(=0,5y) 9)

Koncrants! (k — ¢) - mogenu pasusl C; =1,35,C, =1,8,C = 0,09,0, =13.

Jlamunapnoe u TypOynenTHoe umcna [Ipanartna Pr, Pr, O6buin B3saThl, paBHbie 0,9. s
ynoOcTBa peIJ_IeHI/IH ypaBHEHHE MEpeHoca Telsa 3alMChIBAETCS OTHOCUTENIBHO H30BITOYHOMN
TemnepaTypsl 6 = T T / (T ), rae T, - TeMneparypa HeTH B JIoxke amOapa.

['paHUYHbIC YCIOBUS 331241 UMCIOT BH/L:
npuz=0: 0<r<1; u= f(r); v=0; k:k( )'G—g(r); gzg(r)
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npuz=0: 1<r<R,;r=v=k=5=0; -—— = Bio,0; (10)
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I'panuunble ycnoBus Ha BepxHeil rpanuie (z=0) 1Jii OCEBOH KOMIIOHEHTHI CKOPOCTH,
KUHETHUYCCKOW DSHEPIHMH TYpPOYJICHTHOCTH U CKOPOCTH €€ JHUCCHUIALNU, H30BITOYHOM

TeMIepaTypbl BO BXOJHOM ceuyeHUH cTpyd (10) COOTBETCTBYIOT Pa3BUTOMY TEUEHMIO KPYIJIOH



TypOyJIEeHTHOH CTpyH, a BHE OOJacTH BTEKAaHUS CTPYH CTaBATCS YCIOBHS Ha CBOOOJHOM
MOBEPXHOCTU (PAaBEHCTBO HYJIO KacaTeIbHOTO HANpsOKEHUS W KacaTeIbHOW KOMIIOHEHTHI
ckopoctv). Ha HmxHell TBepaoll NOBEpXHOCTH (z=L) craBATCA YyCIOBUS MPWIMIAHUSA U
TEIJI000MEH C OKpy»karomieil cpenoir. Ha neBoit rpanune (r=0) — ycCOBHS CHUMMETPUYHOCTH
TEYeHHs, a Ha mpaBoil rpanuue (r=R,) — yciaoBus mpuiaunaHus ¥ TEII000MEH C OKPYXKarolei
cpenoi.

Cucrema ypaBaenuii (1) - (9) ¢ rpaanusiMu yenoBusimu (10), (11) perraercss YuciIeHHBIM
METOJIOM B MEPEMEHHBIX (PYHKIIMS TOKA U HANPSKEHHOCTh BUXPSL.

KoneuHo-pa3HocTHbIe aHaOru Au((depeHIraNbHbIX YPaBHEHUH MOJYyYeHBI METOJIOM
KOHTPOJIBHOTO 00beMa B Pa3HOCTHOW CeTKe ¢ HepaBHOMepHbIMH miaramu. lllar cetku B
HanpasieHuu ocu OZ crymaercst BOJIM3M BXOAHOTO ydacTKa CTPyH W JIHA pe3epByapa, a Imar
ceTku 1o ocu OR — BOJIM3U rpaHUIbl 30HBI CMEIICHUS CTPYH C JKUJKOCTBHIO OKPYXKAIOIIeH cpebl
1 BOJIM3M TBEepAOH OOKOBOI cTeHKH. B pacderax Obliia MCTIOIB30BaHA pa3HOCTHAs ceTka (91x61).

VYpaBHeHHs] 171 HANpsOHKEHHOCTH BHUXpSA, MEpeHoca Teria, KUHETUYECKOW HHEpruu
TypOYJIEHTHOCTH M CKOPOCTH €€ JUCCHUIAIKM ObUTH anmpOKCUMUPOBAHBI THOPUIHON CXEMOU H
paccUuThIBAINCh MeTOJoM [aycca-3elimens. YpaBHeHHE (DYHKIIMUM TOKa PEIICHO METOJ0M
BEPXHEU peJlaKCalyu.

B noknane nmpuBoxadrcs mnoApoOHble AaHHbIE MO Bepu(UKALMM MOJECIU U METOAMKH
pacuera. Jlokmaj NPOWJLIIOCTPUPOBAH PACYCTHBIMU JAHHBIMU TPU Pa3IUYHBIX 3HAYEHUSIX
PEKUMHBIX MapameTpoB. [lonyueHHble TaHHBIE ONMUCHIBAIOT peaibHbIE SBJIECHUS, HAOII0JaeMbIe B
OTIBITaX.



