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Mathematical model and computational method
for investigation of a river stream

Churuksaeva V.V., Starchenko A.V.

Tomsk State University, Russia
E-mail: chu.vww@mail.ru, starch@math.tsu.ru

Modeling flow in rivers and coastal areas is a current problem of an environmental hydrodynamics that

includes specific treatment of the free surface. The most general approach is to solve the full 3D equa-
tions, but as long as behavior of the free surface is influenced much more by the horizontal velocities then the
vertical one and because the size of the spatial domain is very large, solving of depth averaged equation is the
main approach in environmental problems.

This paper deals with an unsteady depth averaged flow model based on the RANS approach. Averaged
turbulent stresses appearing in the model are computed from the depth averaged modification of the widely
used model proposed by Launder & Spalding [1]. The staggered structured grid is used to discretize the spatial
domain. The convective flux is discretized with MLU-scheme [2] and MUSCL-scheme. Solution of the dis-
crete system is obtained with a SIMPLE iterative algorithm based on coupled correction of the depth and veloc-
ity fields on each time step.

To investigate the applicability of the model some numerical predictions were carried out. Two of them
are: the open channel flow around bend and side discharge with contaminant into the moving flow. The results
shows that the depth averaged model represents flow patterns near the bend, side inflows, and over complex
bathymetry correctly and could be applied for modelling a river flow.

The work is performed in the framework of the state assignment with the Ministry of education and science
of Russian Federation (No.5.628.2014/K).

Depth-averaged hydrodynamic models are widely used to numerically predict flows in natural basins.

References:

1. Launder B.E., Spalding D.B. The numerical computation of turbulent flows // Computer Methods in
Applied Mechanics and Engineering. 1974. Vol. 2. No. 3. pp. 269-259.

2. Noll B. Evaluation of a bounded high-resolution scheme for combustor flow computations // AIAA
Journal. 1992. Vol. 30. No. 1. pp. 64-68.

MaTeMaTnyeckan Mogesb U YMC/IeHHbIN MeToq ANA pacyeTa
TeYEeHWsA B pyc/e pPexu

Yypykcaesa B.B., CrapuyeHko A.B.

ToMcKmii rocynapcTBeHHbI yHuBepcuTeT, Poccuna
E-mail: chu.vww@mail.ru, starch@math.tsu.ru

IIPUPOTHEIX BotoeMax. /It akTy albHEIX 3a/1at THIPONHAMUKY OKPY KaloINel cpebl, TaKuX Kak IpH-
OpEXHBIE TCUCHHUS B MOPSIX M OKEaHaX, a TAKKe PEeKax, eciIi paccMaTpiBarh NpoOIeMy paciipocTpaHe-
HISI HaBOTHEHHH, HEOOXOIMM VIeT HECTAITMOHAPHOTO MIOBE/ICHIS CBOOOTHOM ITOBEPXHOCTH.
HauGonee oOImuM MOIXOIOM K pacieTy TaKUX TCICHUH SBISETCS PEICHIE OMHEIX TPEXMEPHBIX YpaBHe-
HUH THIPOMHAMHUKH ¢ COOTBETCTBYIOIMMHE YCIOBHSIMHA /Ulsi cBOOOTHOM MOBepXHOCTH. OTHAKO ITOBE/ICHHC
CBOGO/THOH MTOBEPXHOCTH B OCHOBHOM OIIPE/IEISIETCSI TOPU3OHTATLHOM CKOPOCTHIO TEUCHHUS U TOTOMY B HHXKe-
HEPHBIX MPIIOKECHISIX W BEMHCICHUSX, CBI3aHHEIX ¢ HCCIIEIOBAHAEM OKPY KaloImeH cpeabl Takol IOaxXo/ He
SIBJISIETCS OTIPABJaHHBIM M3-3a CYIIIECTBEHHOTO Pa3INIMsI B MacITabax MPOUCXO/SIIHIX IIPOIIECCOB, 4 TaKke
3HAYUTENLHBIX pa3MepOB pacueTHol obnactu. JlaHHBIH Bolpoc noapoOHO obcyxaercs B [1,2]. O630p maure-
PaTyphl TAKKE OKA3BIBAET, YTO IIOJIHBIE YPaBHEHUS WIH pelnarorcs B pamkax LES nonxona [3,4], uin ucnoib-
3YIOTCS JUISL paciera B HeOOIbINOoN o61acTi (HarpuMep, TeIeHHsI B 1a00parOpHOM yCTaHOBKE, Kak B [4,5]).
AJLTEpHATHBHEIA TTOAX0/ TOPa3yMEBaeT MOCTPOCHNE TYPOYICHTHON MOJIENIH /ISl OCPETHEHHBIX TEUe-
HUH Ha OCHOBE KIIACCHYECKUX MOIeseH Ty pOyIeHTHOCTH sl ypaBHeHuH PelfHonbaca. B aToM cirydae renepa-
ST TYPOYIICHTHOCTH 3a CUET TPEHHSI O PyCJIOBOE JTHO VIHTHIBACTCS JIOGABICHUEM HCTOYHHKOBOTO HWICHA.
Cpemu ocpeTHEHHBIX 110 Ty OMHE i hepeHITMaANBLHBIX MOJIeNeit Ty pOyIEHTHOCTH XOPOIIO ce0s 3apEKOMEH/IO-
Baja MoauQuUKaIus k—& MOJIENH, lipeiioxkennas Pou [6].

O CpcAHCHHEIC ITO FJ'IY6I/IH€ THAPOANHAMHUYCCKUC MOJCIIA NTTPOKO HPUMCHAIOTCS UL paciueTa TCUCHHUH B
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B namnoit padore MaTeMaTHIecKas MOJCTE PYCIOBOTO TEUCHHUS CTPOUTCS Ha OCHOBE OCPEIHCHHBIX IO
mryOuHe VpaBHEeHNI PelfHonb/ca s BI3KOM KUAKOCTH
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CKOpocTH W = (U, V); z, (X, ¥) — peabed JTHa, p — IIOTHOCTD, (
JIHE, COOTBETCTBEHHO.

[Ipu 3TOM mpeAmonaraercs, 9To pacupe/IelcHIe TAaBICHAS SBISACTCA THIAPOCTATHICCKUM M XapaKTepH-
CTHKH TIOTOKA cJIab0 MEHSIOTCS 1O DIy OWHE, W Ty OMHA 3HAYMTEIBHO MEHBITIE TOPU30OHTAIBHEIX pa3MepoB 00-
JACTH, W, COOTBETCTBEHHO, OTPaHIMINBacT (HOPMUPOBAHUE TPEXMEPHBIX BUXpeH, ompeersas IBYMepHEIH Xa-
paxrep TypOyICHTHOCTH.

MHOXECTBO TPEITICCTRYIONIX pPaboT, MOCBAINEHHBIX pacueTaM TYPOYISHTHEIX MOTOKOB MEITKOi BOJIEL,
MOKA3EIBACT KIIIOUEBYIO PO JIBYMEPHBIX BUXpeil PH MOACTHPOBAHNY TYPOYICHTHEIX TEUCHIH METKO# BOJTHL,
a TaKkKe BaXHOCTD 38J[aHUs TPAHUIHBIX VCIIOBUY Ha JiHE U cBOOOIHOI noBepxHOCTH [7,8].

OCpeZ[HeHHI)Ie 110 FJ'IY6I/IH€ SHAUCHIA HaHpH)KeHI/II‘/'I _y OIIPCHCIAIOTCS U3 TUIIOTE3hI BYCCI/IHGCKa
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TypOyneHrHas BA3KOCTh ~, U KHHETHIECKAS DHEPIUS TYPOYICHTHOCTH K HAXOJSTCS € HCIOMB30BAHIEM
OCpeTHeHHOH 1o Ty OuHe k—¢ Mozenu [6].
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IIO3BOJISIET MOJICTNPOBAaTh BOBMOXKHBIN cIieHapHil pacpoCcTpaHeHIsI 3arPsI3HSIOIIIX BEIECTB, cOpackiBa-
€MBIX Pa3INIHBIMA IPEIPUAATASIMHA B IOBEPXHOCTHEIE BOJBI PEK, UTO SIBISETCSI HEOOXOMMBIM /TSI IPOTHO3H-
POBaHUS ¥ MOHHTOPHHTA COCTOSIHHIS DKOCHCTEMBI PEKH.

B cmty Toro, 410 B TaHHOH CHTY Il MOACIHPYETCS PacipOCTpaHEHHIE IPIMECH OTHOCHTEILHO HEGOTh-
IO# Macchl (B CpaBHEHUH ¢ MAacCOM TEKyITEH BOJIEL), TOCTYIAIOIEH B PEKY ¢ HU3KOH CKOPOCTEIO, BOIH3H BHI-
Opoca He BO3HUKAET TPEXMEPHBIX TY POYICHTHEIX DD (PEKTOB.

JIMCKpeTHBIM aHaNOT ypaBHEHUN MOJEIH CTPOHUTCSI METOJIOM KOHEYHHIX OOBEMOB Ha PasHECEHHOU IO
IIPOCTPAHCTBY MPSIMOYTOJILHOM ceTKe:

I ry6GuHa A ompesensieTcs B NEHTPax sSUeek, 4 KOMIIOHEHTEI CKOPOCTH i — Ha IpaHAnax.
JUIst anpoKCHMAaIiK KOHBEKTUBHBIX YIEHOB Hcronb3yiores cxeMsl MLU [9] u MUSCL. B cwiy Toro, 4ro
XapaKTEPUCTUKH TEICHNS MaJIO H3MEHSIOTCS ¢ TEIEHIEM BPEMEHH, /UL [OI0OHON 3a/1a9u [IPEeIIOITHTENLHES
HCTIONE30BaTh HESIBHBIM METO/T,

JUIst HaxOKJICHHsI PEIIeHHs] IUCKPeTHOM cucreMbl Ha ocHoBe SIMPLE-anropurma [larankapa u Crod-
JIMHTa OBUT IOCTPOCH UTEPAITMOHHEIM alrfOPUTM COBMECTHOTO PEIICHHS YPaBHEHUH HEPa3pHIBHOCTH U JIBIIKC-
HISL, O3BOJISTONIH MTONYIUTH KOPPEKTHBIE YACICHHBIC PEITICHHUS JUTs ToJTeii CKOPOCTH U Ty OWHBL

C HOMOTIBHIO JTAHHOTO MeToza OBLTN IPOBEACHBI PACIETH HEKOTOPHIX TECTOBLIX CIICHAPHER, WILTIOCT PUPY -
IOIMAX Pa3INIHEIC PEXXAMBI TCICHISI, BINSHAC Ha HETO TPEHUS U penbeda aHa.

B xauecTBe BaIMIAIMA MaTEMaTHIECKOI MOJIETH W THCICHHOTO METO/IA IIPHBEACHO CPaBHEHHUE IOy UeH-
HEIX PE3YILTaTOB ¢ DKCIIEPUMEHTaTLHBIMHA JJAHHBIME, a TAaKKe pacueTaMu, IpuBeaeHHbIMH B [ 10]. CpaBnenue
IIO3BOJISIET CYUTH O TOM, HACKONBKO THIIOTE3a METKOH BOIBI IPEMEHIMA TSI IIOTOOHBIX CIIy1acB.

CEKLMA MOJENMPOBAHWE W AHANTN3 PETMOHATBHOTO COCTOAHWA NOLACTUNAIOLLEN COAEPYXAHMUE »
MOBEPXHOCTW W EE TWAPONOMMYECKO0 PEXUMA
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HEKOTOPbIE PE3YJIbTATbI

OJHAM H3 caMBIX PacIpOCTPaHEHHBIX IPHIOKEHUHN ABYMEPHOI MOAEIN MENKOi BOJIBI SIBISICTCS pacieT
TEUCHISI B OTKPHITHIX KaHaaX. Pe3koe M3MeHEHNE HAIPaBICHHS TEICHISI MOXKET BBI3LIBATH IPOSIBICHHE TPEX-
MEPHOTO XapakTepa Ty POYJICHTHOCTH, YTO MOXET YXVAIIHATH JTOCTOBEPHOCTE THCICHHOTO IIPOTHO3a ¢ UCIIOND-
30BaHHUEM OCPETHEHHBIX VPaBHEHHIH.

B xagecTBe pacaeTHOM 00IacTH UCHOMB30BAJICS KaHAN ¢ IIOBOPOTOM IO IIPSIMBIM YINIoM. BxosHoit yuaa-
cToK uMmeer mupuny 0.86 w 1 poBHoe jiHO. Cpazy nepes; NOBOPOTOM VPOBEHL JiHa oHuxkaercst Ha 0.013 .
BerxonHo#t yuactox mMeer mupuHy 0.72 m 1 poBHOe nHO. Cpenusd miyOuHa Boasl £ = 0.175 u, BenndnHa
IIPOOTBHON KOMIIOHEHTEI cKopocTH ~ 0.2 m/c.

Ha pucynke 1 npuBeieHO cpaBHEHHE MOy Y€HHBIX PE3YIILTATOB ¢ pacueToM u3 [10], r7ie aBTopL uccieny -
10T TEICHHE B OTKPHITOM KaHAJIE ¢ IPUMEHEHHEM aHATOTHIHON MOJICIH.

(@ (6)

PucyHok 1. TeueHue B KaHane ¢ NOBOPOTOM, NPOAONbHAA KOMIMOHEHTa cKopocTH &, (a) — pacyet us [10], (6) — pacueT no pac-
CMaTpu1BaEeMOI MOZENN.

W3 pucyHKa BEAHO, 9TO MOJIEITE YCIEITHO 0OHAPY KUBACT IUPKYIISIIMOHHYTO 30HY 38 IIOBOPOTOM.

Jlist Goree eTaIBPHOTO CPaBHEHHS IOy UCHHBIX YHCICHHBIX PACIETOB M MCCIICIOBAHNSI BIVSIHHSI pacieTr-
HOIt CeTKH Ha PEINeHIE, PACCMOTPHM H3MEHEHHE IIPOIOIBHOM CKOPOCTH M KHHETHIECKOH SHEPTHH Ty POYICHT-
HOCTH B IIONICPETHOM CEUCHHH KaHana ¢ x = 1.8 ., Ij1e oOpasyercst ooacThb IMUPKYISITHOHHOTO TEICHHSL.
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PucyHok 2. KuHeTuueckasn sHeprua TypbyneHTHOCTM 1 NpofofibHas KOMMOHEHTa CKOPOCTH B cedeHum x = 1.8 .

[Ipemioxennas MOJIENb U TUCICHHEI METO[ TAKXKE MOTYT OBITH UCTIONB30BAHbI IIPH PEIICHAN 3191
pacueTa pacrpocTpaHeHHsT GOKOBOTO BBHIOpOca B ABMKY Iuitest HoTok. Ha ocHOBE aHHEIX O IyOHMHE PEKH U
CKOPOCTH TEIECHISI OBUI IIPOBE/ICH pacyeT IO KOHITCHT PaIliH.
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PucyHok 3. KoHueHTpaums npumecy npu 6okoBoM BeIGpoce B NOTOK (CoLHas iuHuA — pacyeT no cxeMme MUSCL, nyH-
KTUpHaA — no cxeMe MLU).
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[IpuBe/icHHBIC pe3yIIBTaTH IS O KOHIICHTPAITMN Ka9eCTBEHHO COMIACYIOTCS ¢ pacueTaMu u3 [6].

[IpoBesieHHOE TECTHPOBAHUE IOKA3LIBALT, UTO BHIOOP OCPETHSHHBIX 110 DIy OMHE Y PaBHEHUM U COOTBETCT-
ByIoMIeit Mojteny Ty pOYISHTHOCTH MO3BOJIAET Oy YUTH PE3YIBTATEL, XOPOITIO COMNIACYIOMHECS ¢ SKCIIEPUMEH-
TaTBLHBIMHA JJAaHHBIME JULS CITY YaeB TSUSHHS ¢ PE3KUM N3MEHEHHEM HaIlpaBICHHS IIOTOKA, 4 TAKKe IPH MOJICITH-
POBaHME BEIOpOCA B JIBIKYIMYIOcA cTpyto. O6a 3THX BHJIA TCUCHUS XapaKTepHBI IS JIBHKCHUS BOIBL B Py Clie
PEKH, ITO MO3BOIACT IPUMEHUTE IPEJICTABICHHBIN ITOX0 K MOJICTHPOBAHHIO PEYHOTO TEICHHS.

Paboma evinonnena ¢ pavixax 2ocyoapemeennozo 3adanus Munobprayxu PO No 5.628.2014/K.
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Numerical study of water-atmosphere gas exchange
for a boreal lake

'Guseva S.P., “Stepanenko V.M.

' Lomonosov Moscow State University, Geography Faculty, Russia

? Lomonosov Moscow State University (Research Computing Center), Russia
E-mail: gussonlost@gmail.com, stepanen@srcc.msu.ru

Web: www.geogr.msu.ru, www.srcc.msu.su

the Intergovernmental Panel on Climate Change, methane is the second greenhouse gas in its contribu-

tion to modern global warming. Though lakes occupy only 1,3 — 1.8% of a terrestrial surface, methane
emission from lakes (by different estimates) - 1s about 25% of the total flux of natural biogenic sources. Taking
into account this fact, it is obviously important to consider contribution of lakes to regional empirical estimates
of methane fluxes, as well as to develop specific models of methane emissions from lakes, in particular, for
their subsequent inclusion in climatic models.

For the quantitative and qualitative description of methane emission it is necessary to have detailed under-
standing of the mechanisms of regulation of this process and to predict it in the future. As the main research tool
we use the lake numerical model LAKE (Stepanenko et al., 2011).

In this work the LAKE model was applied to the small thermokarst lake Seida (Republic of Komi). An
attempt to consider the physical processes occurring in the lake was made and thus to obtain a satisfactory
agreement with observations. Another important direction of this research was the review and realization in the
model of various parametrizations of gas exchange at the air-water interface, which govern the magnitude of
methane diffusive flux. The most incertain element of this parameterization is the gas transfer velocity, £, that is
determined by a complex of insufficienly understood physical processes. These processes characterize a state
of the atmospheric surface layer above the water and the top thin layer of the lake.

S ince preindustrial era atmospheric methane concentration has increased about 1.5 times. According to
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