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FiG. 1. Variance power spectra of wind and potential temperature near the tropopause from GASP
aircraft data. The spectra for meridional wind and temperature are shifted one and two decades to
the right, respectively; lines with slopes —3 and —5/3 are entered at the same relative coordinates
for each variable for comparison. [Reproduced with permission from Nastrom and Gage (1985).]
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Palmer T.N. Towards the probabilistic Earth-system simulator: a vision for the
future of climate and weather prediction. - Quart. J. Roy. Meteorol. Soc., 2012,
v. 138, no. 665, p. 841-861.

Macmra6 Bpemenn: 7(k)J k™*E™*(k), [kK]=m", [E]=a’/c
Mycrs  7(K) XapaKTEPU3yeT BPEMs, 3a KOTOPOE OIUMOKU B CIEKTPAILHOM KOMIIOHEHTE

MOJICJIBHOTO pCICHUS C BOJTHOBBIM YN CJIOM k 3a CYET HEJIMHEHHBIX BSaHMOHeP’ICTBHI\/JI IHOBJIMAIOT

Ha TOYHOCTh BOCITPOM3BEICHUS KOMIIOHEHTHI C BOJHOBBIM YHCIIOM ki2. [lycth Takxe kL
cooTBETCTBYeT (YCIOBHOW) TpaBOW TpaHHUIIC ITMHHOBOJIHOBOHW (KpymHOMAcCIITAaOHOW) dYacTh
CIIEKTpa.

Bompoc: kakoBo BpeMsi 1, 33 KOTOpOE OIIMOKH B KOPOTKOBOJIHOBOM YacTH CIeKTpa (Ha GONBIIHX

BOJIHOBBIX YHCJIax 2Nk|_ , N>>1) nosmusor Ha BocmpomsseneHHe KpymHOMACIITAGHBIX
ITPOLIECCOB?

T(N)=z(2"k ) +7(2" "k ) +...+7(2°k,) = ZT(Z K, )
Ek)Dk® — z(k)=const — T(N)D N

EQ) DK™ o> r()0k® > limT(N)02.77(k )



Earth System Model
R. Loft. The Challenges of ESM Modeling at the Petascale

ESM Vision

Coupled Ocean-Land-Atmosphere Mo ‘

~1 km x ~1 km (cloud-
resolving)

100 levels, whole atmosphere
Unstructured, adaptive grids

ormation Systems Laboratory

~10 km x ~10 km (eddy-
resolving)

100 levels

M Unstructured, adaptive
W grids

Assumption: Com1puting power enhancement
by a factor of 104-10°¢

Mnowagb nosepxHocTn 3emnu: 510 072 000 km?
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TeppuTopus cocrapiisieT 5S4% ot o0mIell MJIOMAII BHYTPEHHIX BOI0€MOB
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dopmMunpoBaHue BHYTPEHHEro KOHBEKTUBHOIO
NOrpaHM4YHOro crnosi Hag NofibiHben NP HaTeKaHuu
XOJI0AHOro Bo3ayxa.
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dddext Tomca

Toms B.A. Some observation on the flow of linear polymer solutions
through straight tubes at large Reynolds numbers. - Proc. 1st Intl. Congr.
on Rheology, v. 11, p. 135-141, North Holland, Amsterdam, 1948.

Ilpy  goGaBjeHMH B  BOAY  NOJMMEPHOM  mnpucaakd  (pacTBop
MOJIMMETHJIMETAKPHJIATA B MOHOXJIOpO€eH30.1¢€) TpeHune MEKITY
TYpOYJ€HTHBIM NOTOKOM U TPYOONPOBOAOM 3HAYUTEIbHO CHUKAETCS.

dddext Tomca odycaaBanBaeTcsa 00pa3soBaHUeM HA TPAHUILE TBEP/0e TeJIo-
KUAKOCTh MOJIEKYJISIPHBIX PacTBOpOB, KOTOpbIe 0CJIA0JISA 0T
TYypOYJEHTHOCTHh IOTOKA. YCTAHOBJIEHO, YTO /J00aBKa MMOJUMMEpPOB 0oJiee
3G (PEeKTUBHO [JENCTBYET NPH BBICOKUX CKOPOCTAX IMMOTOKA, KOIJa ero
TYpOYJIEHTHOCTH NPOSIBJIAECTCS CUJIbHee.

IIpakTHyeckoe npuMeHeHHe: ''cMa3bIBAKT' PpPa3IMYHbBIMHM MPUCAAKAMU
TPyOOnmpoBoabl, ''cMa3biBawT' mNoJUMEpaMH MOPCKHE M pPe4YHbIe Cyaa,
HAMOPHBbIEC KOJOHHBI INIyOOKHUX CKBAYKUH U T.1.

dPpdexr Tomca HaOa0OAACTCH M NPH JABHKEHUHU TBEPAbIX YACTHIl B
KUJAKOCTH (B YACTHOCTH, 32 CUET CTPATU(PUKAUHU IJIOTHOCTH B3BECH).



Polymeric stresses, wall vortices and drag
reduction

Ronald J. Adrian

Arizona State University-Tempe
Mechanical and Aerospace Engineering

“High Reynolds Number Turbulence”, Isaac Newton Institute, Sept. 8-12, 2008
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Near-Wall Vortical Structures

Vortical structures in polymer solutions are:
Weaker

Thicker

Longer

Fewer

DR=61%

As- Swirling strength (the imaginary part of the complex
eigenvalues of the velocity gradient tensor)



Structural changes found in experiments

— Increased spacing and coarsening of streamwise streaks

— Damping of small spatial scales

— Reduced streamwise vorticity

— Enhanced streamwise velocity fluctuations

— Reduced vertical and spanwise velocity fluctuations and
Reynolds stresses

— Parallel shift of mean velocity profile in low Drag Reduction
— Increase in the slope of log-law in high Drag Reduction

Laminar flow

Newtonian i
Turbulent flow

LDR HDR Maximum DR limit
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OcobeHHOCTU TYPOYNEeHTHbIX NpoueccoB B
reopusnyecKkmnx NorpaHUYHbIX CN0AX

Ammocgheprniit nocpanuunwslit cioil H z ~107-10° u
Bepxnuit nozparuunsiit cioit oxkeana  Hyppp ~ 101 - 102
Ipuoonnwuit noeparnuunsiil cioit oxkearna Hyg; ~ 10° - 101

* Crpatudpukauma
e ConHe4yHas paguauus
* Hanwuume obnauHoctn n pasosbie nepexoabl B AMNC

* CunbHO WepoxoBaTtan oporpadryecKku U rmaponoruieckm HeogHopogHas
nosepxHocTb B AlC

* [eHepauusa TypbyneHTHOCTHK 3a cueT 06pyLwIeHnAa BeTpoBbiX BoOJIH B BIMCO

OueHb 60nbwMe yncna PeiHonbAaca

AtrmocdepHbI norpaHuYHbIN cnot - Re ~ 10°
BepxHuii cnot okeaHa - Re™ 106-107
MpuaoHHbIN cnoit okeaHa - Re™ 10°-10°
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MoaeaupoBaHue THHAMUKHA MOTPAHUYHOIO CJI1051 aTMOC(epbl

(1) BocnpousBeneHue mecTpoii KapTHHBI aTMOC(EPHBLIX IBHKEHHMH HaJ peajbHOMH
NOACTUIAKLIEH IOBEPXHOCTHI) MNPH CPABHUTEJIBLHO OJHOPOAHBLIX MpoHeccax B
cBoOoaHOM aTMochepe;

(2) M3yvyeHHMe MPOIECCOB B3aMMOAEHCTBUA eATEJbHOIO CJIOSI CYIIM M BEPXHETro CJI0S
oKeaHa ¢ arMocdepoit;

(3) omeHka BO3MOKHOCTEi HANpPAaBJIEHHBIX BO3JAEHCTBHII C IEeJbI0 yYMEHbIIEHHS
PUCKOB, CBSI3AHHBIX C ONACHBLIMM SIBJCHUSAMM, M JOCTHKEHUS HKOHOMHUYECKOIO
dpdexTa (paccesiHne TyYMaHOB, O00pb0a ¢ 3aMOpPO3KAMHM M 3aCyXOM, H3MEHEHHE
TypOyJIEHTHOI'0 PeKHMA, B YACTHOCTH, CHIZKEHHE CONPOTUBJICHUSA U AP.);

(4) pa3paboTka cxeM mapaMeTpPH3alHMH I THAPOAMHAMHYECKHX MojeJieil mMporuo3a
IOroAbl M KJIHMATA.



P. Viterbo et al. The representation of soil moisture freezing and
Its Impact on the stable boundary layer. — Q.J.R. Meteorol. Soc.,
1999, v. 125, p. 2401-2426.

O B «0aIHOMEPHBIX» cXeMaxX NmapaMeTpu3aluy NMPHU3EeMHOI0 CJO0sI

arMocdepsl peau3yercsd MNOJOKUTEJAbHAss O00paTHast CBA3b
MEXKAY TeMIEpPAaTypoOd MNOACTHJIAIOIINEN TMOBEPXHOCTH H
YCTOUYUBOH cTpaTuuranuen MOIPAHUYHOIO cJI0v1
arMocdepsbl, Hanbdo/Iee CUILHO NMPOSBJISIOIIASICH NPH 00JbIIHX
yucjgax Puyapacona.

Ilpoumecc mnpoMep3aHus MNOYBBI — BaKHBIM  MEXaHHU3M
PeryJupoOBaHUsA CE30HHOI0 X0Ja TeMIeparypbl (3UMMOU
NPENnsATCTBYET  YpPEe3MEPHOMY  YCHJICHHI0  YCTOMYMBOCTH
MOrPAHUYHOIO CJIOS).
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Figure 15. History of monthly biases (thick solid and dashed lines) and standard deviations {thin solid and

dashed lines) with respect to observations of the daytime (72-hour: solid lines) and night-time (60-hour: dashed

lines) operational 2 m temperature forecasts, averaged over all available SYNOP stations in the European area of
30°N to 72°N and 22°W {0 42°E.



B EBpomneiickoM mneHTpe cpeaHecpouyHbix mnporuo3oB mnoroasl (ELCIIII) mnocaexnue 20 Jjet
HCIOJIb30BAJICH MOAXO0/, ¢ MOMOIIBLI KOTOPOr0 HCKYCCTBEHHO 3aBbIIIAJIACH CTeNeHb TYPOYJEHTHOIO
nepeMelIMBaHus B MOTPAHUYHOM CJIoe aTMOcC(epsl B YCIAOBHAX €r0 YCTOMYMBOW cTpaTU(PUKALUAU
[Sandu et al, 2013], 4T0o0BI y4YecTh BKJAJA TOACETOYHBIX TMPOLECCOB, O00YCJIOBIEHHBIX
HEOAHOPOAHOCTHI)  NOACTIWIAKINEH  NMOBEPXHOCTH, TIPABUTANUOHHBIMM  BOJHAMHM  WJIHU
Me30MACIITA0HOH W3MEHYMBOCTHIO, He pa3pemiaeMbIX SIBHO MNPOrHOCTHYeCKOM Moaeabro. C
NMOMOINBI0 TAaKOr0 MOAX0AA YIAAJ0Ch YJAYYIIMTh KAa4eCTBO BOCIHPOU3BEICHUS TeEMIIEPATypbl
MOACTIWIAKIIEH MOBEPXHOCTH M CHHONITHYECKHUX 00Pa30BaHM M.

AHaJu3 pe3yabTaToB psija 10-THeBHbIX MPOrHOCTHYECKUX IKCIIEPUMEHTOB, npoBeaeHHbIX B ELCIITI
¢ moxeabio 1511191 (ropuzoHTaILHOrO paspemieHus 0K010 50 KM U BePTHKAJIbHOIO — 91 ypoBeHb)
st 3umMHero (saBapb 2011 r.) u gderHero (mioab 2010 1) ce3onoB, moka3aa [Sandu et al., 2013], uro
OTKa3 OT MCKYCCTBEHHOI'0 3aBbIIICHUNA CTeleHU TYpPOYJICHTHOIO O0OMEHAa B YCTOMYHUBO
CTPATUPUUMPOBAHHOM MOIPAHUYHOM CJI0¢ arMocdepbl NPUBOAUT K YIYYIICHUIO KavyecTBa
BOCIIPOM3BEACHUST HU3KOYPOBECHHBIX CTPYMHBIX TEYEHUH M CYTOYHOIO X042 TeMIEpPaTypbl
MOBEPXHOCTH M BJMseT (B HEKOTOPBIX CJy4Yasix — HEraTMHBHO) Ha XapPaKTePUCTUKH
KPYIIHOMACHITA0OHBIX TEYCHUHM — HUHTEHCHUBHOCTH CHHONTHYECKUX OOPa30BAHMM U aAMILIATYAY
CTALMOHAPHBIX IUIAHETAPHBLIX BOJH. CyIIEeCTBEHHYH PoJib 31eCh MIPAKT KakK BbIOOP
TYPOYJICHTHOT0 3aMbIKAHUS, TAK U, HANIPpUMeEP, MapaMeTpU3alusa oporpadpuueckoro COnpoTUuBJICHUA
WM ONMCaHMe B3auMoAecTBUA aTMOc(epbl U CyIIH.

Sandu I., Beljaars A., Bechtold P., Mauritsen T., Balsamo G. Why is it so difficult to represent stably
stratified conditions in numerical weather prediction (NWP) models? — J. Adv. Model. Earth Syst.,
2013, v. 5, p. 117-133.



Representation of the Subgrid-Scale Turbulent Transport

iIn Convective PBLs at Gray-Zone Resolutions

Hyeyum (Hailey) Shin' and Song-You Hong?

'"National Center for Atmospheric Research, Boulder, CO, USA
2Korea Institute of Atmospheric Prediction Systems, Seoul, South Korea

With acknowledgement to

Jimy Dudhia, Peggy LeMone, Sang-Hun Park (MMM/NCAR),
Sungsu Park (CGD/NCAR), Yign Noh (YonSei Univ.)



NWP models and GCMs: A ~ O(10-100 km)

grid (4A)
mean state@: o ?
ot 0z

Resolvable | Subgrid-Scale
Scale (RS) | (SGS)

e.g., turbulent energy
spectrum in CBL

» K

100 km 10 km

A >> I: Totally subgrid-scale (SGS) = Entirely parameterized.



At higher resolutions: A ~ O(0.1-1 km)

RS SGS

|
~ O(1km) in
Convective PBL

A ~ I: Partly resolved, and partly parameterized.

“GRAY ZONE”



FROM “The theoretical view”

Two traditional modeling methods of turbulent flows
according to the ratio A/l

Larger Smaller
A>>] A~ A <<]
NWPIGCMs LES

Turbulence is parameterized None of them Large turbulent eddies are
by PBL scheme. resolved.



Synoptic variations
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CnexT CKOpPOCTH BETpPa B NDH3eMHOM caoe atMocdepn [no Bam aep
l;(oaeny {1957), n — wacrora, S,(n) — cuexTPaABHEAR DAOTHOCTH.

Energy range
_ lesoscale processe
Inertial range

(k) E(k) =g ? k™ a(z;, t) = alz;, t) + a'(x;, t) + a” (x4, t)

2vk’E(k)
a(xi,t) = /G'(xZ — z)a(x], t)dx!

TN\, k
T(%) K \ a(x;, t) = a(x;,t) +a (v, t)

Dissipation range



Tpu moaxoaa K YMCJIEHHOMY MOACJIUPOBAHUIO TYPOYJIEHTHOCTH

1. TIpsiMoe unciIeHHOE MO/IeIMPOBaHue (B AaHIVIOA3BIYHOI tuTepaTtype — direct numerical simulation, DNS).
YncjieHHO PelalTCa CUCTEMbI aJredpanyecKMx ypaBHEHHMH, C BBICOKOH TOYHOCTHIO ANNMPOKCMMHUPYIOLIHE HCXOJAHYIO
cucremy aupdepenuunanbubix ypaBHeHuii Hasbe-Crokca.  IJ1oT MeTOoh TpedyeT AeTAJBHOIO MPOCTPAHCTBEHHO-
BPEMEHHOI0 pa3pelieHusi H, CJIeJ0BATeJbHO, BeleT K 0OJbIIMM BbIYUCIANTENbHbIM 3aTpaTraMm. Iloatomy DNS penxo
NPUMEHSIeTCH B NMPAKTHYECKHMX 32/1a4aX W Yalle BCero CJAYKHT HMHCTPYMEHTOM VI IOJy4eHHMs O0O0JIbIIMX MAacCCHBOB
JAHHBIX 0 TYPOYJIEHTHBIX MOTOKAX NMPOCTOH CTPYKTYPHI.

2. Bmuxpepaspemarimee moaeauposanue (Large Eddy Simulation, LES).

OcHOBOIi BUXpepa3peliaiiero MoaeTHPOBaHHs TYPOYJIEHTHBIX MOTOKOB ¢ 0Y€Hb 00IbIINMH YncaamMu PeitHosbaca

(Re >> 1) siBasieTcsi MOATBEpP:KAaeMasi IKCIEPUMEHTAJIBLHO THIOTE3a 0 He3aBHCHMOCTH CTATHCTHYECKHX XaPAKTEPHCTHK
KPYINHOMACIITAOHBIX TYPOYJEHTHBIX JIBHKEHHH OT MOJIEKYJSIpHO# Bsi3kocTH. CONIAacHO 3TOMY HPEANOJI0KEHHUIO0,
BO3MOKHO IOCTPOEHHE YHCJIEHHOl MOJe/H, SIBHO ONHCHIBAIOIIEH HECTAIMOHAPHYI0 THHAMHKY TOJbKO OTHOCHTEILHO
KPYIHBIX BHXpeil (BHXpeil, BHOCSAIIMX OCHOBHOH BKJIAaaA B JHEPrUi0 TYPOYJEHTHOr0 IOTOKA M ONpeIesIOmnX
B3anMo/leiicTBHE TYPOYJIEHTHOCTH CO CPeIHHM ABH:KeHHeM). Biusinue MejaKoMacmTa0Hoi TypOyJeHTHOCTH YYUTHIBAETCS
MPH MOMOIIH TYPOYJIEHTHBIX 3aMbIKAHHUIHA.

3. PemeHnue cucteM ypaBHeHmii, ocpenHeHHbIX o Peiinoanacy (Reynolds averaged Numerical Simulation, RANS). B nannom
cjayyae Moje]b BOCHPOHM3BOAMT TOJbKO CpelHHE 3HAYEHHs] CKOPOCTH (M, MPU HEOOXOAUMOCTH, CKAJISPHBIX BeJIHYHUH,
HanpuMep TeMIlepaTyphbl, BJAKHOCTH BO31yXa, KOHIEHTPALMHU MPUMECH), a BJIUsAHHE BeeX (UIyKTyaluil yYuThIBaeTCs NMPH
noMoiu TypoyiaeHTHbIX 3ambikaHuii. [lox ocpennennem B RANS moHuMaercsi ocpeaHeHne M0 aHCaMO0JI10 cocTosiHuii. B
CIJIy MpeANnoJaraeMoi 3proAu4HOCTH U B CJIy4Yae HAJTHYHUS CTATHCTUYECKH OJHOPOIAHBIX HampasJjeHuii mogean RANS
MOIYT ObITh HE TOJHbKO TPEXMEPHBIMHU, HO U JIBYMEPHbLIMU U OXHOMepHbIMU. [lociienHue, Kak NPaBUI0, HCIOJL3YIOTCHA B
KayecTBe OJIOKOB, NapaMeTpPHU3yIOIIUX TYypPOYJIeHTHOCTh B Tre0()M3MYEeCKHX TMOTPAHHUYHBIX CJ0AX B IO0AJIbHBIX,
PErMOHAJLHBIX U Me30MaCIITA0HBIX MOJeJAX aTMOCc(epbl U OKeaHa.



cncreMa YypaBHEHIIIT HaBbe-LUTOKCA

(9uz- 8u1;uj 8[) 1 8211,1- . < -
— e T + + F7, AJIsi BA3KOI HECKIMAEMOIT JKITKOCTIH
ot Ox; dx; [ReOx;0x; '
IIpsivoe YncjaieHHoe MoIe IIpoBaHIIe
QUVL'
Yl 0, (Direct Numerical Simulation, DNS)
Log

F(a(x,t)) =a(x,t) = / G(x — ', Ap)a(x', t)dx'

R3 PIILTPANIA IO IPOCTPAHCTBY
da(x,t) da(x,t) da(x,t) da(x,t) CBOANT HCXOTHYIO CHCTEMY K
‘ Bt p ; p = ‘ CIICTeMe C MEHBIIIINM KO/ITINMIYeCTBOM
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cTelleHell CB00oabl

Buxpepaszpemawiuiee mogaeanpoBanne (Large Eddy Simulation, LES)
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Glazunov A.V., Dymnikov V.P., Lykossov V.N. Mathematical modelling of spatial spectra
of atmospheric turbulence. — Russian Journal of Numerical Analysis and Mathematical
Modelling, 2010, v. 25, no. 5, p. 431-451.

C nomombio Buxpepaspemamwmeii (LES) momeanm ucciaenoBana (¢ TOYKH
3peHUs]  BOCHPOU3BEACHUSA  CHEKTPAJbHBLIX CBOWCTB) TepMUYeECKasd
koHuBekuusa Prnes-benapa B 1BoAKO-IepUOAMYECKOM KaHAJIe ¢ TBePAbIMHU
CTEHKAMHU KaK aHAJOT MHOTOMACIITA0HOU aTMOCEepHOH TYPOYJIEeHTHOCTH.

boJibIIoe OTHOIEHUE €r0 NOPM3OHTAJBHOI0 pa3Mepa K BEPTHUKAIbHOMY
(26:26:1) odecmeynsio CYIIeCTBOBAHHE KBa3UJABYMEPHBIX
KPYNHOMACIHITA0OHBIX KOMIIOHEHT TEYEeHHUs, a Ppa3Mep PaBHOMEPHOU
PACYETHOM CETKHM B HECKOJBKO 1eCATKOB MWIJIMOHOB Y3JI0B IO3BOJIMJI
SIBHO BOCHPOM3BECTH [UHAMHUKY MEJIKOMACIITAOHOM TpPeXMEpPHOH
TYPOYJEHTHOU COCTABJISIOLICH.

JlekoMmo3unusa u3y4aeMoro TYPOYJEHTHOI0 TeYeHUs Ha O0OapoTPOIHYIO
(oCpelHEHHYI0 N0 BEePTUKAJIM) U OAPOKJIMHHYK KOMIIOHEHThI MO3BOJINJIA
NPeNJI0KUTh CXeMY NMPeo0pPa30BAaHUN KMHETHYECKON JHEPruM B U3yUyaeMou
cucreMe, OOBSICHAIIIYI0  HEKOTOpPbIe  CIEKTpajbHbie  CBOWMCTBA
HaOoaaumencss arMmocepHoil TypOyJeHTHOCTH.



1 Typéyrenmnas xonsexuus Praes-Benapa
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boabmioe oTHOIIEHTIE
TOPI30HTAJILHOIO Pa3sMepa pacueTHOIl
00/IaCTH K BepPTHKAJILHOMY
odvecrieunBaeT (L /L;) cylmecTBOBaHIIe
KBa3IIBYMePHBIX MO/I.

ITIar ceTKHN 10CcTAaTOYeH /LIS
BOCIIPOII3Be/IeHI Sl HHePHIIOHHOIO
HHTepBaJIa TpexXMepPHOoil
TYPOYI€eHTHOCTIL.

1/3 ﬂomeHuuaanaﬂ me/vlnepamypa Ha z /8
f* T L‘; /W* T (L /aH) Jlns konBexTuBHOro AIIC ¢ H~100 Br/m? L;~1

AHOMAJIHH € TOPH30HTAJBHBIM MacmTadoM~10 kM,
— ’ / f* XapaKTepHbIM BpeMeHeM ~ 15 gac.
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Simple model of katabatic flow with suspended snow particles
(ldea: Kodama et al., 1985)

du . 0 ou
—=(A%—-0C)sIna+ f(v—-V. )+ ,

gr - Ao ge)sina vy, )+ v

dv . 0O oV

— =A% -0C)sInB—-—TFf(u—-u. )+ ,

gr - Admge)sinf—tu-u) + v

dg . . 0 089
—+S|(u=u)sina+(v—=Vv._ )sIn B |=Pr ,
dt |(U-ug)sina +(v—v,)sin j oz oz
dC oC o o0C
——W.—=S¢c—v—,

v=v(RIi.), w,>0.



CTaHI/IOHapHaH AHAJINTHYCCRAA MOICJIb CRKIIOHOBOI'O TCYCHUA C
B3BCIICHHLBIMU YaCTHUIIAaMHU CHEI'a

2

(19— gcz)sinmv‘;—‘zJ -0,
/

d°g

dz?
2
W, oc +Sm~'v d S’
OZ dz

u—0, 6—->0,C—->0 npuz—ox,
u=0, =6, C=C, mpuz=0.

—Susina +Prtv =0,

=0,




CTaHI/IOHapHaH AHAJINTHYCCRAA MOICJIb CRKIIOHOBOI'O TCYCHUA C
B3BCIICHHLBIMU YaCTHUIIAaMHU CHEI'a

C(z)=Ce ™",

0(z)=c e +| ¢ cos(z/d)+ (6 —c,).|——sin(z/d) |e .
: ” DU\ S Py

f=ce" + (90—ce)cos(z/d)+cu,/%sin(z/d) e,

1d - 1C — ,C - '
ASsinfa’ T w T (LdddfyT T @+ 4d]/dY)Prtyf

S

i </4Pr1v2 SmY  gCdcsing  gCd:Ssin‘a



CpaBHeHue peimneHui 3aaauu IHIpaHaTaa 1Js1 CKOPOCTH BeTpa
C Yy4eToM (CIUIOIIHAS JJUHUSA) U 0e3 ydeTa (MYHKTHP) NPUMeCH
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JiBymepHas 3agada (Pycaes, 2011): 3xcnepuMeHT 0€3 YaCTHII.
IHoast pyHKIMM TOKA (BepPX) M OTKJIOHEHUS MOTEHIIMAJIBLHON TeMIepaTypbl (HU3)
HA MOMEHT MOJeJIbHOI0 BpeMeHH 6 yac.
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/IBymepHnas 3agaua (Pycaes, 2011): 3xcnepuMeHT ¢ YaCTHIAMMU.
IHouas pyHKIUHU TOKA (BepPX), OTKIOHCHUS MOTCHUUAJIBLHON TeMIIePaTypPbl

(cepeauHa) ¥ MacCOBO KOHIEHTPAUU YACTHI[ (HM3) HA MOMEHT MOAEJIbHOI0
BpeMeHH 6 yac.
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Viroulet S. et al. I\/Iultiple solutions for granular flow over a smooth two-
dimensional B “J. FIUTd MECH. (2017); vVol. 815, 1. 77-116 -

) iy
& WK

095052

)
i

1092528399, on 26

FiIGurE 1. Snapshots of an experiment showing the time evolution of the jet to the steady
state. As the oncoming material flows over the top of the bump i1t is able to detach from
the base and follow ballistic trajectories. before landing and coming into contact with the
chute once again. The experiment is performed at a constant slope angle & — 39° with
pictures taken at approximate times 7 —0.3; 0.6; 0.9 and 4.0 s. Note that the images have
been slightly rotated to maximise space. The bump height of 4.75 cm acts as a scale. The
time-dependent evolution is shown in supplementary movie 1. which is available online.
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CrpykTypa TYpOyJI€HTHOr0O Te4eHUS:
peXuM CHJIbHON YCTOMYHUBOCTH

Innasynos A.B., Moptuxkos E.B., JIsikocos B.H.
CynepkoMIbHOTEPHbIE TEXHOJIOTUH
MaTEeMATUH4YeCKOIr0 MOACJTUPOBAHUS
reoguzuveckoi TypOyaeHTHOCTU. — Tpyasl
koH$epenuuu BIIM-2017, r. HoBocubupck

ITepemexkaromasicss TYPOYJIEHTHOCTH NPH
CIJILHOI YCTONYIBOCTI

DopMmupoBaHIie BTIOPHYHBIX CTPYKTYP B
cTpATI(PUIIPOBAHHOMI KIIKOCTIL:

— OTBETCTBEHHBI 32 MOIePRAHIIE
TYPOYJIEHTHOCTH TIPH YHC/IAX
Puuapacona, npeBbIMIAIIINX [OPOroBoe
3HAYEHIIe

— MollepevYHbI pa3Mep BAINKOB

VBeJMYNBAETCS PN YCHJICHIIN s

crparmpurANII — TONMOTHATEILHOe R R CRB e

OorpaHITYeHIIe HA pa3sMep

BBIYHC/HITE/IHHOI 00/1acTH

H3zonoseepxnocmu éepmurkaisHo
KOMNOHEHINbL CKOpOCHU

L — namunaprananodoodnacms meyeHun
T — mypoynenmmnaa nodobnacms
meueHun



DNS. YUucnennoe moaeiMpoBaHue IBUKEHUS JIEIAHOT0 KIS

Pe3yabTarhl pacuyera CWJIbl CONPOTHBJIEHUS
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Mopgean TypOyJIeHTHBIX TeueHui, paspadoranubie B UBM PAH u HUBII MI'Y

Bo3mokHOCTH

OTianYuTeIbLHbIC
0COOCHHOCTH
(BBIYHCIUTEIbHbIE

IIporpammHuasn
peajm3anus M
napaJjuiejibHble

METOAbI U BbIYUCJIUTCIBbHBIC

napaMeTpu3anmm)

TEXHOJOIrHHU

DNS Meton MopnenupoBanue Te4eHU B 00J1aCTAX CII0KHOM C++
MOIPYKEHHOH KOH(pUrypauuu, B TOM YHCJIe ¢ MOABHKHOMN MPI
rpaHMIbI. rpaHuIen. OpenMP
KoncepBaruBHbIE CUDA
KOHEHO- Pemienue MoeIbHBIX 32124 ISl HCCJIE0BAHNS

(pyHIaMEHTAJBHBIX CBOCTB TYPOYJEHTHOCTH.
Pa3HOCTHBIE

LES cXeMbI BbIcOKOoro MojaeaupoBanue cTpaTu@uIupoOBAHHBIX FORTRAN
nopsAKA TypOyJIEHTHBIX Te4eHHU NP o4YeHb Ooabmux ynciaax | MPI
TOYHOCTH. PeliHosibICa HA JOCTATOYHO I'PYOBIX CeTKaX 0e3
. HE00X0IMMOCTH MMOAOOPA MAPAMETPOB.

HOACCROSHAR N3yuyenne TypOyJIeHTHOCTH U KPYIHBIX
MOACIE opranu3oBaHHbIx cTPyKTYyp B IICA.

BT [T MopeaupoBanue u udy4eHue TypOyJIeHTHOCTH B
e TOPOACKOM cpene.

nepeHoca

Tpaccepos. 3agauyu nepeHoca npumecei.

™ A R 1 I\



UccienoBanue nMpoueccoB B3auMOACCTBUS aTMOC(PEPHOT0 MOrPAHUIHOTO
CJIOSI YMEPEHHBIX M BBICOKHUX HIMPOT C AeATEJbHBIM CJI0€M CYIIH U
BoJOeMaMHU:. pa3padoTka nmapaMeTpusanuii AJjas Mmoaejaed 3eMHOM CHCTEMbI
(rpant PH® Ne 17-17-01210, maii 2017 1. — nexadops 2019 1)

Teopernueckue u IKCIIEPUMEHTAJIbHbIE PA0OTHI M0 U3YyUYEHUIO:

* TYypOYJEHTHOU JUHAMMUKH U CTPYKTYPbI ATMOC(HEPHOIro MOrPAHUYHOIO
CJIOA  HAJA TEPMHYECKH U  oporpapu4yecKd  HEOJAHOPOIAHOU
MOACTUJIAKOIIEH TOBEPXHOCTHIO;

° B3aUMOJCHCTBUA TYPOYJEHTHOCTM UM B3BCIUIEHHbLIX YacTul (B
YACTHOCTH, CHEXKHbIX) B aTMOC(PrepHOM MNOIPAHUYHOM  CJI0€
(oOpasoBanue ABYX(pa3HBIX CTPATH(PUUUPOBAHHBLIX TYPOYJEHTHBIX
TE€YEeHHM);

°* TePMHUYECKOr0 PpeXuMa, JUHAMHMKH TMAPHUKOBBIX Ta30B H
JHEProMaccoOOMeHa B CHCTEMe «IOrPAHUYHBIA CJIOM aTMochepbl —
HesATeJJbHOM CJIOU CYIIN/BOM0EM).



HeonHopoaHsie nanamadThl

Roof level wind
Background pollution

Bonoémbl, OKpyKEHHDbIE
JIeCaMM, JIECHbIE MOJISHbI —
3aMKHYTbI€ OTKPbIThIE
NMPOCTPAHCTBA

Recirculating air

Direct plume

Topoackue yauusbi —
KAHbOHbI

I'panunus! “jaec-mosie”,
nodepekbs — OJHA psIMast
WM 00paTHasi CTylleHbKA

e YcioBUSI HPUMEHMMOCTH TeopuHu moao0usi Monuna — O0yxoBa He BbINOJIHEHBI
o AnaguTH4yeckue QyTHPUHT-MOAEIN I MEeTOAA TYPOYJIEHTHBIX MYJIbCALMIA He pa3padoTaHbI

« Merton TensioBoro 0ajianca J1aéT TOJBKO JOKAJIbHBIH MOTOK TEIJIA, HE pelpe3eHTaTUBHbII
1JId JaHamadgTa B ejaom



IHorpaHUYHBIA CJIOU HAT 03€POM

JNorapndommnyeckum criou _|

¥k
B A .

mem™  OCTaTOYHbIN NOrapUdMUYECKMiA CrON

o e 2l BHYTPEHHW1
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HoBbIn norapnoMmnyecknin crom

- Methane-generating Archaea




@ N (6)

Ii1azyHoB n
CrenaHeHKo,
H3BecTHus
PAH, cep.
dAun0O, 2015

TypOyaeHTHBIII MOTOK reHepHpyeTCcsl BCIIOMOraTe/ibHOIi Henepuoanueckas pacuernas obaacts (6),
MoJeJ b0 () € IBOSIKONepHOANYeCKHMI IPAHHYHbIMI BKUIIOMaomas “o3epo”: zg, = 104 m,
YCJIOBHSAMH 1 € 32IaHHBIM MacCHBOM 00beKTOB Ha Tot=Tb: BC

NOBEPXHOCTH. 3HAUeHHs Zy, H D cooTBeTCTBYIOT THIHYHBIM
3HAUEHHSIM /JIs1 JIECHOIl PACTHTEIbHOCTH.

IIIar cetku A =0.5m , 1024 x 512 x 128 y3s10B, Bpemsi unTerpupoBanusi: 1 gac, At = 0.025 cexynn
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HexkoTopble XapaKTepHCTHKII OVIIEHTHOCTII, OCPeTHeHHBICe 110 Beell ITomaxi “osepa”
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O IPUMEHUMOCTHU TEOPUU NOJOBUS 1S YCTONUYUBO
CTPATUOUIIUPOBAHHOI'O ATMOC®EPHOI'O IOT'PAHUYHOI'O
CJIOS HAJL IOBEPXHOCTSIMU CJIOKHOM CTPYKTYPbBI

*****

™, A.A. Penuna™™, B.M. Crenanenko

*****

™, . Mammapeaa™

“Unemumym ¢pusuxu ammocgepol um. A.M. Obyxoea PAH
“Hayuno-uccreoosamenvckuil eviyucaumensivitl yeump MI'Y umenu M.B. Jlomonocosa
“* Unemumym evruuciumensnou mamemamuku um. I M. Mapuyka PAH
““*Department of Physics, University of Helsinki, Finland

(M3Bectusi PAH. ®u3uka armochepnl 1 okeana, 2018, 1. 54, Ne 5)




NUCCJEJOBAHUS CTPYKTYPBI ATMOC®EPHOH
TYPBYJIEHTHOCTHU BHYTPHU JIECA U HAJ1 JIECHOM
PACTUTEJIBHOCTbBIO

Yder mpoueccoB B Ouocdepe npu MOJACITUPOBAHUM
NI00AJILHEIX U3MEHEHUN KIIUMaTa

Pacuer niepeHoca a’po30JIEU U Ia30BbIX IPUMECEN
[IporHo3 HeOIaronpUATHBIX NOTOAHBIX SIBICHUN

Pa3paboTKka aHAIUTHUYECCKUX M YHCJICHHBIX MOJACIICH
AUHAMMKH aTMOC(EPHOro MOrpaHUuIHOro CJI0s

Pa3BuTrne BETPOIHEPIrETUKHU



Wsmepenns: Hyytiala, 01.09.15-03.03.16

125 M u’ vl WI tl
D=11m
h=18 m
67 m uvwt
33,6 m U
23 m Uu*LHT




IHOTOKOBO-TPAAMEHTHOE COOTHOLIEHHUE B
YCTOUYMBOM AIIC HAJL HOBEPXHOCTBIO C
KPYIIHBIMU DJIEMEHTAMMU HIEPOXOBATOCTHA

d(U) k(z — D)

¢m(€) — dz . ~ a()’) + Ciné

<U>- cpeonssn ckopocms 6empa 6 nanpagienuu medeHus

k(z-D) .
f - 1 - napaviemp ycmoudueocmu

A— macwmab onunvr OOyxo6a Ha svlcome usmeperul
w, = |7|Y? = dunamuueckasn ckopocmu na évicome uzmepeHuii Z
H — evicoma AIIC

D — evicoma svimecnenus
y=(z—-D)/H
a(y) = const = 1

Cm = 5 - ko3 PuumeHT, onpeaeaseMblii SMIUPUUECKU



SMEAR I (Station for Measuring Ecosystem-Atmosphere Relations)

YHuBepcuteT XenbCuHkM (XbtoTnana, PuHnsHans)

5
4t
3
2

(’f‘)m (E)

= 23 1'\1
f(&) =084+4.7¢




I'MIIOTE3A

Hosriu MacuTao TypOYyJICHTHOCTUIIPH HEUTPATBbHOUN
CTpaTU(UKALIMHU, ONPEACIISIEMbINA PEIbE(DOM:

k(z — D)->IY = k(z — D)/a(y)

;A Ip
P'm(§) =—r ”
P'm(E) ~ 1+ Cp’

I'unore3a:C,, 011 mypOyieHmHubiX meyeHul Hao PasHbiMu Munamu
nosepxuocmeil He  A6lemcs @yHryueu napamempos,
OnpedeNsIouUX aspOOUHAMUYECKUE CEOUCMEA SMUX NOGEPXHOCMEl,
u 6 npedenax HudicHeu uacmu ycmouuusozo AlIC coxpansem
NOCMOSIHHOE 3HAYeHUe.
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KOPPEKIIUSI I'PAJJMEHTA CPEJHEW CKOPOCTHU BETPA
BBJIW3U BEPXHEHN T'PAHULIBI ATIC

t@I/U ~ A =2/H?,  Fy(@/F| _ ~1-z/H)

d(U)
17 = <U*/ﬁ>

1P ~ 1212|V2 /U,

g _ lnb _
¢ =17 C;l? -, ~ CBA3aH C IIOTOKaMM Ha IMOBEPXHOCTH, OTBEYAET 32 KPYITHBIC BUXPH C

pa3MepamMu, CPABHUMBIMHU C BBICOTOM Z.
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l“z = m- Y4YUTBIBACT JIOKAJIbHBIC 3HAYCHUA ITOTOKOB INIABYUYCCTH W HMMIIYJIbCA,
met o () ~
CBSI3aH C MEJIKOMACIITA0HOW CIABHUTOBOM TypOYJIE€HTHOCTbIO, CT€HEPHPOBAHHOW Ha

BBICOTE U3MEPEHUI.
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JIMarHo3 v YMcJeHHOe MOJAEJTUMPOBAHNE TUMHAMUKH MOTPAHUYHOIO CJIOA aTMOC(ephI U

COCTOSTHHMSI HA3eMHBIX IKOCHCTeM APKTHKH B YCJIOBHSIX AaHTPONOTeHHO HATPY3KH
(rpant PO®U Ne 18-05-60126; uronn 2018 . — maii 2021 1)

OcHOBHBIE 321244 NIPOEKTA:

* CO31aHME HOBBIX BbIYHCJIUTEJbHBIX TEXHOJOTMH MHOIOMacIITA0HOIO
MOJEJHUPOBAHUA TYPOYJEHTHbIX TeYeHHWl M TIepeHoca Tra30BbIX H
MEJIKOAMCIEPCHBIX NMpHMeceid B TOPOACKON cpele M B NMOTPAHUYHOM CJI0€
atMocgepbl HA/I TOPOIOM H €r0 OKPEeCTHOCTSIMH;

° JUATHO3 HAKOIUICHUSl NpPUMeCeH, COoAepkKalluX TsXKeJble MeTa/LIbl, B
PACTUTEJBHOM NOKPOBE TEPPUTOPHUM, NMPWIETaAOIIUX K TOPOAy, HA OCHOBE
naHHbIX HaOaOneHud (HaabiM, HOpUIIbCK) M YUCJIEHHOT0 MOACJITUPOBAHNSA;

°* HA OCHOBE JaHHbIX IMCTAHIUOHHOIO 30HAMPOBAHMS, HATYPHbIX HAOIIOACHUH
U pPe3yJIbTaTOB YMCJICHHOI0 MOJACJUPOBAHUA OLICHKA BJIUAHUA YPOAHU3AIUU
Ha 3BOJIONUI0 CHEKHO-JIEASHOI0 TOKPOBA OKPYKAKIIMX TEPPUTOPHUN,
JIeIOBbIA U OMOTeOXMMHUYECKUN PEeKUM TEPMOKAPCTOBBIX 03€P;

* pa3padoTKa HOBBIX (PM3HYECKH OOOCHOBAHHBIX MapaMeTPHM3allMH TemJio- M
BJarooOMeHa B MOXOBOM IIOKpOBe, JMHAMHUYECKOH M TepMHYECKO
IIEPOXOBATOCTH M TEIJIOBOr0 OajiaHca Pa3IMYHBLIX THIOB NOACTHJIAIOIIEH
MOBEPXHOCTH, BKJIKOYASI TOPOJICKYIO Cpexny.



(BapeH6bnatT, NonuubiH, 1974)
ds

Long term

wSs=wsS=-K - K =kl/,z suspension
dz ‘ (<20 pm)
Wind
—
Short term

suspension
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Saltation , /.~
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Reptation = ;
cre%p Modified saltation
(>500 pm) (70-100 pm)
Figure 1.1. Schematic of the different modes of acolian transport. Reprinted from Nickling and McKenna Neuman
(2009), with kind permission from Springer Science+Business Media B.V.
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Ca0ii ~10'-103 m. Tlepenoc u TypOyaenTHas nuddy3un
MeJIKOJHCIepCcHBIX npuMeceii. IIpHMeHHMBI HOAX0ABI 1151

IHacCHBHBIX TpaccCepos.

Croli paBHOBecHSI MeKAY TYpOYyJeHTHBIM IepeMellIHBaHHeM
H IPAaBHTAIIHOHHBIM ocefaHHeM ~ 1-10 m. B3Becn
BO31eHCTBYeT Ha TYpPOy/JIeHTHOCTH B OCHOBHOM 32 CUeT
H3MeHeHHSsI CYMMAPHOH NIJIOTHOCTH ABYX(a3HOH *KHIAKOCTH.
Hy:xHo0 ;11 y9HTBHIBATH Typ0odopes (MErpanuio
HHEPIHOHHBIX YACTHI B HEOTHOPOIHOM TypOy/JI€eHTHOM I10.1€e),
3¢ peKTHI HHEPIHH YacTHI?

Ilapamerpuszanuu s LES: 1) noaceTrounas cTOXacTHKA ¢
Yy4eTOM HHEePIHH YacTHII, 2) 00paTHOe BJIHSHHE aHCAMOJIS
JacTHI Ha pa3peniaeMylo H IOJCEeTOYHY IO TYpOyJIeHTHOCTh
(BO3MOKHO OCpeJTHEHHE HAa MacIITA0AX IIara CeTKH).

Cuoii canprannn ~102 m. HemocpeacrsenHoe Bo3aeiicTene
HHAHBHIYAJIbHOH THHAMHKH 9YaCTHI HA TYpPOy/JIeHTHOCTD B
JHeproHecyleM HHTepBaJie. BaskHasi po.Ib MoJIeRY.ISIPHOMH
Bs3KocTH. CTooIkHOBeHHst YacTHH. IIpobiemsbr ¢
npeAcTaABJIeHHEM YACTHIBI KaK MAaTePHAJIbHOH TOUYKH
(YpaBHeHHe IBHKeHH; CHJIbI, CBSI3aHHbIE ¢ BpallleHHeM H
CABHIOM CKOPOCTH Ha MacIITade pazMepa YaCcTHIBI; ...}

ITapamerpu3anun 1 LES: 1) o6men yacTHnamMu Ha
MOBEPXHOCTH € Y4eTOM AHHAMHYE€CKOI0 BOB/Ie4YeHHs,
MHOTOKPATHBIX OTPasKeHHI, BHIONBAHHS HOBBIX YaCTHII
CcTapbIMH (3MIHpHYECKHE 3aBHCHMOCTH, CJIy4aHHbIe
Nnpouecchl ¢ 3aaHHBIMH (PyHKIHSIMH pacipeaejeHus1); 2)
BO3eHCTBHE CJI05I CAJIGTAIIHHE HA BHEIIHH I NOTOK 3a cU4eT
H3MeHeHHSsI THHAMHYeCKOH H TepMHYeCKOH IepoX0BATOCTH
nosepxnocTu ( 7,= 2, +a U /g ?)
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LES. Ilepenoc B3Becell TA/ReJIbIX YACTHIL B IPH3€MHOM CJI0€
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Scales of urban climate studies
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Figure 1.1 Time and space scales of various atmospheric phenomena.

The shaded area represents the characteristic domain of boundary layer

features (modified after Smagorinsky, 1974).
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Figure 1. Various scales linking urban environments to the environmental system
(modified after Oke (Oke 1987): urban canopy layer (UCL) and urban
boundary layer (UBL)).
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MoTuBauusa

O hekT ropoacKkoro ocTpoBa Tenna nsydeH Ans yMepeHHbIX LWAPOT, HO He Ans APKTUKM

Long-wave radiation

Latent heat
C T TSI A S

Rural Su:‘)urbar Commercial Downtown Urban Park Suburban Rural
Residential Residential Residential ~ Farmland

KAtoueBble BOMPOCHI:

1) CywiecTBYIOT NN OoCTpOBa Tenrna B APKTUKe?
2) Kakasi X UHTEHCUBHOCTb (BErIMYMHA TEPMUYECKOUN aHOMarnun)?

3) KakoBO nx BNusiHne Ha ooWecTBO N 3KOCUCTEMbI?



IlepeHoc npuMmecen B ropoacKoi cpeae

M. Pavageau, M. Schatzmann | Atmospheric Environment 33 (1999) 3961-3971

Re ~ 18 000
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Fig. 1. Side view of the two-dimensional urban model (flow direction from left to right).
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Re ~2*107, z,=0.025 m H=30 m Re =18 000, ycrioBue npununaHus Ha
CTeHKax, BA3KUUN noacrion
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IlepeHoc Ts1oKeIBbIX YACTHL B TOPOACKOM KAHbOHE

Carbon spherical particles (p,= 2000 kg/m>, d=0-100 um ), U=0.5m/s, H=30m, W
=30 m, L =30 m, air kinematic viscosity = 1.3*10 > m?/s, Reg,,, ~2*107, Re, < 100,
particle falling terminal velocity U,/U<1 (less than mean air velocity inside cavity) .

LES periodic domain

Ncrounmxn npnMecn (9actimbl ¢ pasmepavu d= 0 — 100 pm )

LES + marpanxkeBa croxacTuueckas MoJIceTOUHAST Mo/ie b
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Mosses

® "Mosses dominate the surface cover in high northern latitudes
and have the potential to play a key role in modifying the
thermal and hydrologic regime of Arctic soils. These
modifications in turn feed back to influence surface energy
exchanges and hence may affect regional climate. However,
mosses are poorly represented in models of the land surface."”
(Beringer et al., J.Climate, 2001)

® Parameterizations of mosses are included in NCAR Land
surface model (Beringer et al., 2001), MetOffice's JULES
(Chadburn et al., 2015), ORCHIDEE (Drud et al., 2017)

[+ ] .. )
All of them treat mosses as an additional soil layer of ~5 cm,
with decreased heat and moisture transfer coefficients

© o . .
Species diversity of mosses is not taken into account

INM RAS-MSU terrestrial model



Mauvianckast E.E. MogeaupoBaHnue mpoueccoB B3auMoaencTBUA aTMochepbl 1 Kpuochepbl

MIY

MHoronetHaa mepanota B mogenn OLUA BM PAH (gien

T2 (moss 8cm) — T2 (moss 1cm), JJA

60E 70E BOE 90E 100E 110E 120E 130E 140E 150E 160E 170E

-0.8 -0.6 -0.4 -0.2 0 0.2 04 06 0.8 1

«JlomoHocoBckme uteHna-2009», 23 anpensa 2009



Laboratory studies of moss transfer properties

1422 MAA K e al /Energy and BulMings 158 (2018) 1417-1428
Energy and Buildings 158 (2018) 1417-1428 Reynolds number, e [-]
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Effects of convection heat transfer on Sunagoke moss green r¢
A laboratory study "

M. Amir A. K.*!, Yasuo Katoh®*, Hiroshi Katsurayama?, «

Makoto Koganei®, Makoto Mizunuma ¢

4 Yamaguchi University, Department of Systems Design and Engineering, Tokiwadai 2-18-1, Ube City, Yamaguchi, 755-8611, Japan - o

b Yamaguchi University, Department of Architectural Design and Engineering, Tokiwadai 2-18-1, Ube City, Yamaguchi, 755-8611, Japan Wind velocity, U, jmh)

<Yamaguchi Prefectural Industrial Technology Institute, Promotion of Industry-Academia-G pia 4-1-1, Ube City, Yamag

Japan Fig S Ratio of Grashof number and square of Reynolds number. Irradiance strength is denoted by color; the moss-free house is dotted, the moss covered house dashed if

dry, solid if moist.

7 O I — -
Heat transfer coefficient in the moss ~ T o A
layer increases 5 times with increase of I i
the wind speed. The same mgnitude, . _.-==7 om L
but of decrease, is observed in Bowen [l TTIEED -

ratio. r- A T :

Wind velocay, U, fmis]

Fig & G ion heat transfer coeffi for each model house in different wind velocity and irradiance. Irradiance strength is denoted by color; the maoss-free house is
marked by triangle, the moss cvered house is marked by square if dry, circle if moist Average data are presented with dashed lines according to wind velocity for each
model howse.

INM RAS-MSU terrestrial model



Fluid dynamics in porous media?

Convection in Porous Media
Third Edition

Donald A. Nield

University of Auckland
Audkland, New Zealand

and

Adrian Bejan

Duke University
Durham, North Carolina, USA

Figure 6.9. Compilation of experimental, analytical, and numerical results of Nusselt
number versus Rayleigh number for convective heattransfer in a horizontal layer heated

@ Springer from below {Cheng, 1978, with permission from Academic Press).

Numerous analytical and experimental results for free and forced convection in

porous media from literature are available. b "
INM RAS-MSU terrestrial model



A plan for targeted experiments
Nadym neighourhood

Objective: validation of new models
for roughness and heat transfer
IN MOosses
Tentative plan of measurements:

® Temperature, humidity, wind

speed at = 2 levels in surface air
layer

o .
eddy covariance measurements of
heat and moisture fluxes

i) o
radiation fluxes
i)

surface temperature and soill
° temperature at different depths

heat flux and temperature
measurements inside moss layer

INM RAS-MSU terrestrial model






