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BBenenue
Ansys Workbench — siistercst oiHOM 13 OCHOBHBIX 000JI0YEK TPOrPAMMHOTO
umkeneproro komruiekca ANSY'S. MuctpymenTapuii Beioopa 3aaayd T00IbOX o6omoukn
Workbench pemaer crienyromme 3agaqn:
1) CraTuueckuii aHaIM3 HA MPOYHOCTH TBEPIOTEIBHBIX KOHCTPYKIIME Static
Structural
2) JlMHAMUYeCKHUil aHAIM3 HA MPOYHOCTh TBEPIOTEIBHBIX KOHCTPYKIUH Transient
Structural
3) Steady State Thermal mist penieHus cTallMOHAPHBIX 3324 PACTIPEACICHUS OIS
TeMIepaTypbl
4) Transient Thermal s perrenus AMHAMHYECKUX 3aa4 paCIpPEAEICHHS OIS
TeMIepaTypbl
5) Fluid Flow (Fluent) perrarens mpon3BOJIbHBIX THAPOJMHAMUYCCKHX 3a/1a
6) Electric perrarens sekTpogHaMU4ecKuX 3aaad. U 1.1.
Mgl paccMoTpuM Ba mpuMepa B pematene Static Structural qis crarnueckoro ananuza
NPOYHOCTH TOPU30HTAIBHO HarpykeHHo! Oanku u Fluid Flow (Fluent) nns onpenencuust
THJIPOAMHAMUYECKUX U TEXHUYCCKHMX TApaMETPOB MOTOKA KUIKOCTH.

Kpome unctpymenrtapus Toolbox unrepdeiic o6omouku Ansys Workbench conepxur
nuneiiky menro(file, view, tools, units, extensions, help), ocHoBHoe mosie mpoekTa Project
Schematic, messages — moste coobrenuii, Properties of Project Schematic — cBoiictsa mosist
MIPOCKTA.

Beenéwm cokpamenus - JIKM, [IKM — Haxkatne neBoil M IpaBoOW KJIIABUIIM MBIIIN
COOTBETCTBEHHO. TexHuueckne TpeOOBaHMs: OlepaTHBHAs cucTeMa, Harnpumep, Windows
2007, 2 — x simepusIii mporieccop 1o 3 I'T'w, oneparuBHas mamsTs 2 1'6.

IMoce otkpeiTust o6omouxu Ansys Workbench moskHo co3aars npoekt. daiin npoekra
Ansys Workbench umeer pacmmpenune (*.wbpj). File(JIKM)— Save as(JIKM). Nwms ¢aitna

— balka, Tum daiina *.wbpj, coxpauuts(JIKM), Hanpumep, Ha auck D(puc.1). ITocne gero
Ha3BaHue npoekTa balka - Workbench nosisnsiercs Han nuHelikoii MeHko.
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Puc.1
JladoparopHasi padora 1. OnpenesieHne CTATHYECKON MPOYHOCTH TOPU3OHTAIBHO
HAIPY’KeHHOMH Kes1e300eTOHHOM 0aJIKH.
ITocTanoBka 3axaun
XKenezobeToHHas TOPU3OHTAIBHO PACTIONOKEHHAS IUTUTA KECTKO 3aMKCHPOBaHA
JIeBOH TOPIIEBOI MIIOCKOCTHIO pasMepamu 300%250*3000 mm® marpyxkeHa c mpaBoii
TOp1LeBOM TI0cKOCTH BepTUKaibHOI cuioit F=25000 N. Ha Beicote 200 mm ot HIKHEH
rpaHu Oalku HaXxoATCs 4 NUIMHIPUUYECKUX apMaTypHBIX CTepKHs AIuHON 2980 mm u
auameTpoM 14 mm pacrnosio’keHHBIX Ha pacctossHuu 50 MM apyr ot Apyra.

50 14 2980
™ ' >
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> »l
300 F=25000N
250 193 3000

Haiitu none HanpspkeHuii U nosne nedopmanuii noj 1eHCTBUEM COCPEIOTOUYCHHON CUJIBI.

1.Bb16op THIIA 32/1aYM HA CTATHYECKHUI AHAJIN3 POYHOCTH.

Ilar 1. Bo Bkiaake Toolbox(JIKM) — VY nepxuBaem HaxkaTyro JIKM Ha Static Structural u
nepeTacKuBaeM Ha 3eNIEHBIN CBOOOIHBIN MpMOYToapHUK Tostst Project Schematic,moka on
npeBpaTUTCS B KpacHbIi, oTiyckaeM JIKM. B mosne Project Schematic mosiBuiack 3arotoska
npoekTa ¢ OyKBOM A, M3MEHsEM Ha3BaHME 3a1a4H [BOMHOE ObicTpoe Haxkatue (JIKM)Static
Structural — Static Structural(balka). Haxxumaem JIKM B cBoGO1HOM TI0JIEe Project



Schematic. B crpoke Engineering Data npiHSTBI 110 YMOJIYaHHIO OCHOBHBIE MaTePHaJIbl
(GeTOH M CTallb), OTMEUYCHA 3€JEHBIM 3HAKOM OK. OcTajbHbIE CTPOKH TPOEKTA
Geometry(reomerpust), Model (mozmens), Setup, Solution, Results coxeprxat cunuii 3HaK
BOIIPOCA TaK KaK HE COBI[aHLI Pnc 2
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Bce 3ameuanus,cBsA3aHHbIE C HEY1aYHBIM BEIOOPOM IapaMEeTPOB B HACTPOIKax MporpamMmm
Engineering Data, Geometry, Model, Setup wiu HenpaBHILHOTO BHIOOPA YCIOBHIA B
MIOCTAaHOBKE 33J1a4M,WJIH HEJJOCTATOYHOr0 00BEMA OTEPAIIMOHHON MaMsTH WIH MaJIOro
OBICTPOJICHCTBHS IIPOIICCCOPa, WM IPUYUHBI HEYIaYHO CTCHEPHUPOBAHHOM ceTKU Mesh
oToOpaxkaroTcsi B okHe coobmiennit Messages. JKemnarenbHo, 4TOOBI 1TOCIE PEIICHUS 3a/1a4u
He OBbLJIO HU OJTHOTO cooOmIeHus B Buae npenynpexaeHus(\Warning), a B ciydae
BO3HUKHOBeHUsI ommOku(Error) pemarens 3a1a4u 0CTaHABIMBACTCSL.

2. Beioop Engineering Data. llarl. /[poitabiM memukom (JIKM) mo ctpoke Engineering
Data B Project Schematic :A Static Structural otkpeiBaem Engineering Data(puc.3).
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Ilar 2. (JIKM) Engineering Data Sours (BepxHsist ieHTa MeHIO) — B oKkHe Engineering
Data Sours Beioupaem (JIKM) nmyukt 9 Generals Materials (steel, concrete) — oxuo
Outline of General Materials no6asnsiem Haxatuem(JIKM)
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Ha 3HaK
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HoMepamu 5,6,8,12,13) - mosiBasieTcs 3HaK KHUTH B 3 ctoso1e Tabaunbi(Puc.4). ar

3.Kpome Toro st BeIOpaHHbIX MaTepuaioB (5-13)

| Unsaved Project - WorkDenc = L] %]
File  Edit “ew Tools Units  Extensions  Help
Jlﬁ H|E| Froject ||@ f2Engineeting Data X
I Filker Engineering Data | Engineering Data Sources
oolbax Engineeting Data Sources * oox * o x
Phrysical Properties 4 B C D ;I Iy
Linear Elastic 1 Data Source / Location Description 1 Termperature (C)
- - ) TIATEPIEl SAMpIES SPECric
Hyperelastic Experimental Data g @ Fluid Materials =] [ for use in a Fluid analysis, z
E H |asti
B Hyperelastic 9 @ General Materials ] I | stesl,concete
[H Chaboche Test Dat:
EE P e e =D " Click here to add & new
Flasticity libr ary =
Creep
Life
Strength
Gasket
o 1 Add Source Description J
Viscoelastic Test Data
Viscoelastic I
Shape Memory Alloy 5 | @& S Cilisersipll
57 Addto AZ: Enginesring Data Eﬂmi: > o X
Damage 3 ¢
3 <
Cohesive Zone S8 Copy =l E
o 3,15
Fracture Criteria [ Add to Favorites v X ="
Al =
Enginesting Data Sources 5 € % 2,15 *
1 Yalue Unik ‘;
Expand Al 5
2 B0 2300 kg m~-3 5.
. Collapse Al & 1 a1
"—‘ T Thermal Expansion Temperature [C
|? Wik 811 Cisknmize. . | = &= - . -l

Puc5

Outline of General Materials B mepom ctosoue Haxxumaem (ITKM) HOMep astemeHTa 5 ist
nemenra(concrete) — Add to Favorites(no6asuts) u T. 1. B HwkHel Tabnuie Properties of
Outline mpuBeneHbI OCHOBHBIE (PU3MUYECKUE CBOMCTBA BRIOpAaHHOTO MaTepuana. bomee

o ipoOHO cBoiicTBa MaTtepuaia yntaeM Tabnuuno(Table of Properties) u rpaduuecku(Chart
of Properties ). Tenepp MoxHO coxpanuTh mpoekT B Engineering Data(File — Save) u
3akpeITh Engineering Data. ITpu atom B Workbench A Static Structural mosiBnsiercst 3enéuniii
ok B ctpoke Engineering Data.



3. Coznanue reomerpuu (Geometry) 3agaum. llar 1. Beigensiem kypcopom B Workbench A
Static Structural 3 ctpoxy Geometry — (ITKM) — New Geometry(Puc.6), coznaéres u
otkpsiBaercs daitn DM A: balka — Design Modeler. Uatepdec Design Modeler conepskut

BEPXHIOKO JInHEeHKy MeHio file,. .., manens uHCTpyMEHTOB, nepeBo onepanuii(Tree Outline),
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& Flud Flow (Fluent) ocke!
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[ Static Structural Add Hote

Puc.6
neranuzanus aevicteusi(Details View), sun moxenu(View Model) Puc.7. Llar 2. JIuneiika
mento(Units — Millimeter ) — BeiOupaem equHUILY H3MEPEHUS] KOOPIUHATHON CUCTEMBI
muametp. Ilar 3(coznaém 6eronnyro Oanky). Juneiika merto Create — Primitives —
Parallelepiped(Puc.8). B nepese Tree Outline mosiBsiercst Parallelepipedl, mepexonum k
neranu3aiu Details View, nauano koopaunat (-125,0,0) B MunmimMerpax. Pazmepsr

napayenenunena 250%¥300*3000. Coxpansiem (JIKM)Generate(Puc.9).
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ot B3 Conversion

Cperation Add Material

Crigin Definition Coordinates
FD3, Origin X Coordinate | -125 mm
FD4, Origin ¥ Coordinate |0 mm
FDS, Origin Z Coordinate |0 mm

s 1 Defiition Compenerts
FDB, Axis 1 % Companent | 250 mm
FD7, Avis 1 ¥ Component |0 mm

FD8, Avis 1 Z Component |0 mm

£xis 2 Definition Componerts

FD10, Axis 2 ¥ Companent |300 mm
FD11, Axis 2 Z Component |0 mm
Asis 3 Definition Componerts
FD12, Axis 3 % Component |0 mm
FD13, Axis 3 ¥ Component |0 mm
FD14, Axis 3 Z Component | 3000 mm
- - h |
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IMocne vero B Tree Outline mosiBnsiercs 3enéusiii 3nak ok st Parallelepipedl, cosmana 1
yacTtb, 1 Teno (Puc. 10). Iar 3. Yaanaem u3 napamienenunena 4 HUIMHIPHYECKUE 00IaCTH
o 2980 MM u auameropom 14 mm. (JTKM)Create — Primitives— Cylinder —

& balka

= Bi¥Plane
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B b & Prism
= 7@ ot By Pyramid
Bas
lop
[Crigin Definition Coordinates
FO3, Origin % Coordinate |0 mm v
FD4, Origin ¥ Coordinate |0 mm ‘/L‘
FDS, Origin Z Coardinate |0 mm (L — L) 2 X
s Definiion Components sooo
|| et vogeing | Hodsl view [Print Preview |
[

&) Ready [ o Selection [Milimeter Degrlo [0 2
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Generate (Puc.11). Ilepexomum k aeranusanuu Details View, koopauHaTel HAYaIbHOM U
koneuHoit Touku ocu Cylinderl1(-25,200,0) — (0,0,2980), paauyc mumuaapa 7mm(Puc.12). B
ctpoke Operation Betoupaem Cut Material — Generate(Puc.12). Ananorn4gao, co3aaém u
ynanseM emé 3 munHapruaeckue oonactu ¢ napamerpamu Cylinder2(-75,200,0) —
(0,0,2980), paguyc nuauaapa 7MM. B crpoke Operation Beioupaem Cut Material > Generate.
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FD3, Origin ¥ Coordinate |25
FD4, Origin ¥ Coordinate 200 mm
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FD7, Axis Y Companent |0 mm

el
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A ThiniSi rface? o =l
Skekching Modeling Maded view [Print Preview

| @ Dynamic rotation [Ma selection [Milimeter Degrlo [0 4

Puc.12
Cylinder3(25,200,0) — (0,0,2980), paguyc nunusaapa 7MM. B crpoke Operation Beioupaem
Cut Material > Generate. Cylinder4(75,200,0) — (0,0,2980), paxuyc nuausapa 7mM. B
crpoke Operation Beioupaem Cut Material > Generate(Puc.13).

10
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Ha nannowm sramne o6pazoBanocs 1 Teno, 1 yacte. Jlanee Ha nmanenu

, 6o Haxkxumas (JIKM) na
koopauHaTHbie ocu X,Y,Z Model View, Bpariiast KOJeco MBIIIKH, MOKHO U3MEHHUTh
OpPHUEHTAIUIO U pa3Mepbl TeOMETPUUECKON MOJIeNH, 1oJIyuyuM pe3yabTat(Puc.14).

B1X|

urctpymenToB(JIKM)Boiaensiem oobpémuOe Tenmo(Puc.15) — Model View(kypcopom HaBoumM
Ha teno,(JTKM) — Tree Outline(Solid(JIKM)) — Generate. ITocine 3Toro co3aana 6eToHHast

npsMoyrosbHas 6ainka ¢ 4 nnunaapuieckuMu otepetusiMu(Puc. 16). Iar 4. Co3naém 4

apMaTypHBIX IIWIHHAPa co cBoiictBamu Operation — Add Frozen( mist Toro , 4To0bI BMECTE €
Oankoit monyunts 5 pasnmuunbix Ten). Cylinder5(-25,200,0) —(0,0,2980), paauyc munuHapa

7vm. B ctpoke Operation Beioupaem Add Frozen — Generate. Cylinder6(-75,200,0) >

(0,0,2980), paguyc nuauaapa 7MM. B crpoke Operation Betoupaem Add Frozen — Generate.
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3eJIEHBIM OK, a B [0JIC TEOMETPUH KPacHBIM IIBETOM BhIJIeIeHa cama IIocKocTh(Puc.36).
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Hlar 7. 3aganue rpaHUYHBIX yclIOBUNA. DUKCUpPYEM JIEBYIO I'PaHb
opyca(3amemisem).(JIKM)Static Structural(A5)(ITKM) — Insert — Fixed Support(Puc.38).
[Tepexoaum B okHO aetanu3aiu. Beioupaem Scoping Method — Named Selection, Named
Selection — left(Puc.39).

Illar 8. Harpyxxaem npaByto rpanb Opyca right mosoBHHO# 10 YCIIOBHIO 331241
cocpenoroueHHoi cumoit F=12500N. (JIKM)Static Structural(A5)(ITKM) — Insert—
Force(Puc.40). Ilepexomum B 0Ko aeTanu3aiuu. Beioupaem Scoping Method — Named
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File Edit View Unts Tooks Help
@ F| isdve - ?/shawemors FE E & [~ Wworkshiees in
EAYTE- - VERRR(SSEAAQAEAR D 8 |0
5 chow Vertices  giQwireframe | Dshowmesh i I Random Colors ) Annotation Freferences
Wedge Coloring » £~ fiv A= A A+ A Pl [ 1] hicken arnotations
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Ilar 9. 3anyckaem pemrarens. (JIKM)Static Structural (A5)(ITKM) — Solve. Uepes
HCEKOTOPOC BPEMs, KOTOPOC 3aBUCUT OT MECTOZA N KAY€CTBA CCTKHU, PCIICHUC 3alICBIBACTCA B
¢aitn(Puc.42).
Ilar 10. Beibupaem rpaduueckoe penieHue 3a1auu 1noJie - AaBICHHUs U CMELICHHUS.
(JIKM)Solution (A6) (ITKM) — Insert — Stress — Intensity(JIKM)(Puc.43).
(JIKM)Solution (A6) (ITKM) — Insert— Deformation — Total (JIKM).
(JIKM)Solution (A6) (ITKM) — Insert— Evaluate All Results (JIKM)(Puc.44).
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AHaJIN3 NOJYYCHHBIX PeLIeHH i
1) BOmu3m apMaTypHBIX CTep)KHEH OETOH Cl1ab0 HarpyKeH, MaKCHMaJIbHOE HaMPSKEHNE

7.310" ITa (Puc.45).9T0 MaKCHMANLHOE HATIPSUKEHHE B 3a/a4e MEHbIIIE IPOYHOCTH
CTPYKTYpHOIA cTamu Ha pacTskerne 2.510° [7a . MakcuManbHOE HanpsKEHHE B
6etone 2.510" I1a MeHbIIe , 4eM MaKCHMaNbHas HPOYHOCTH GETOHA Ha

cxartne 4.110" ITa (Puc.45)cmorpum 3H4enns GeTona B Engineering Data.

2) MaxkcuManbHoe cMelieHHe 0aiKu (TpaBoi rpaHu),KaK BUIHO U3 puc.47, paBHO
1.3cm.

3) U3 Puc.45 BumHO, 9TO HANPSHKEHHUE B QpMATYPHBIX CTEPXKHAX HEOJHOPOIHO TI0
CEUCHMIO CTEPIKHS, MAKCUMAJIbHOE HAMPsKEHHUE PUXOANUTCS Ha IOBEPXHOCTb.
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OTcroza 04eBHU/ICH BBIBOJI, YTO ApMATyPHYIO CTalbh HY)KHO 3aKaJISATh, YIPOUHIThH
MIPEKIIE BCETO Y MOBEPXHOCTH.
3aBUCHMOCTH pellieHUsl 0T KaUecTBAa MapaMeTPoOB CeTKHU

Hcnonb3yeM cieayroline HaCTPOUKY CETKU He U3MEeHss ycioBue 3amaun. B Tree Outline
BoeiessieM (JIKM) Mesh. B okHe jerann3anuy ycTaHaBIMBaeM IapaMeTphl CETKH.
Sizing — Relevance center —» Medium. Smoothing— Medium, Span Angle Center —
Medium, Element Mid Side Nodes — Dropped./lanHyt0 ONIHIO PpEKOMEHAYIOT MPU pacuéTe
cTpouTenbHbIX KOHCTPYKIUi B ANSY'S, HO mpH 3TOM ONIIUKM TPYAHO CTEHEPHUPOBATD
HEMPEPBIBHYIO CETKY MKy TesiaMu. | TaBHast ujes 3akimoyaercs B cieayromem Element
Size— 0,014m. T.e. XxapakTepHbIii pa3Mep CETKH CBA3aH(PaBeH) ¢ MUHUMAJIbHBIM pa3MepOM

3agaun(auamMeTp apMartypsl). s yBenndeHus moApoOHOCTEH BOIU3U CTEpKHEH BhIOMpaeM
Hactpoiiky Use Automatic Inflation — Program Controlled , Inflation Option — Smooth
Transition, Maximum Layers — 5(urcio o6o04ek ceTkr BOKpyT crepkuei). Graph Ratio

=1,2 — ¢ HapacTaomuM paaunycom obonouek(Puc.48).
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| Fle Edit view Units Tools Help

| @ =8| sohe - /chowEnos TE O WE » 6] - [FPworksheet  ix

AR L REREER (S-S ARAEA QR ne 8 o O

| B show vertices §Bwireframe | Tshonvesh A B Random Colars <) Annotation Preferences

| WMEdge Coloring ~ £~ A~ A~ A~ A~ A H [[FThicken motations

Mesh ~FUpdaste | @fMesh - L Mesh Control v | ||\ etic Graph
sh' L

Defaults =

Physics Prefe, .. |Mechamcal
Relevance |U

aupnp
o I

=I|Sizing
Use Advance. .. | OFF
Relevance C... [Medium
Element Size | 1,4e-002 m
Initial Size Seed |Full Assembly
Smoothing Medium
Transition Fast
Span Angle .., | Medium
Minimum Edg... |4,3982e-002 m
Inflation
Use Aukamati. .. | Program Controlled
Inflation Option | Smaath Transition
Transition... | 0,272
Maximum ... |5
Growth Rate 1,2
Inflation Alga...|Fre
View Advanc... ko
Patch Ci ing Options
Patch Inds dent Options LI Y Geometry APrint Preview A Report Previgw

\ \QQI 3 Messages \Nu Selection |Metr\c (m, kg, M, 5, %, &) Degrees

Puc.48
OTuéTIIMBO BUJHO, YTO JIMHUU CeTKU Puc.48 HempephIBHO MepexosT OT OETOHHON OaIKu K
apMaTypHBIM CTEPXKHSIM W CTYIIAIOTCS MTAYTHHON BOJIM3M CTep)kHEH. Pemenne mosst
HanpsDKeHUH 3a1a4M puBeeHsl Ha Puc.49. V nnockoctu ¢ukcanuu ciea 6€ToH
MIOJIBEPIKEH JIOMOJTHUTEIHLHOMY HAMPSHKEHIO B BEPXHEH YaCcTH — PACTSHKEHUIO, a B HIDKHEH
4acTU — CKAaTHIO, Kak BUIHO 13 Puc.49. Jlnuna pacnpocTpaHeHus: NOBBILIEHHOTO
HaIpsDKEHUs B 0€TOHE paBHA MApUOIMHKEHHO YTPOSHHHOMN BBICOTE OETOHHON OalKy.
N3BecTHO, 4TO MPU MPOJOJIBLHOM OCEBOM C3KaTUHU 00pasiia 0eToHa MPOYHOCTH 00pasia
IPAaKTUYECKH HE 3aBHCUT OT BBICOTBI 00pa3lia , €CIM OHA MPEBBIIIACT yY€TBEPEHHBIN pa3Mep
ocHOBaHHUA . T.e. Mbl OJTYYHITH OXO0XKUHN pe3ynbTat. [ 1yOrHa AecTBUS BBICOKOTO
HaMpsHKeHUs Y PUKCUPOBAHHOMN MATOCKOCTH OaKi 00YCIIOBIIEHA IEHCTBUEM CHJI TPEHHS CO
CTOPOHBI CTEHKH Ha OaJIKy U MO MOPAAKY BEIUYHHBI ONPEAEISeTCS pPa3MepoM
OCHOBaHUI(BBICOTHI OAJIKH).
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E
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™ A : balka - Mechanical [ANSYS Multiphysics =12 %]

| Fie Edit view Units Tools Help

J Q@ -t ‘ “fisolve - ?/ShowErrors HE & @] - @ cksheet  dn

2P R- A& S[-AQa@ARAE A E D |O-
J " show Vertices éﬁiW\reFrame |D§;ShowMesh Ao B Random Colors /5 Annotation Preferences

J Wl Edge Coloring ~ A+ A~ A~ A~ A~ A |H ||~|Thicken Annatations

|Resul 12 ¢auto Seale) ~ @ B-6- 5 W | [@iProbe | Display i Bodies -

o
= A: balka
Stress Inkensity

: Type: Stress Inkensity
(=] Unit: Pa

ol Time: 1
20.02,2017 1524

o

1,2526e8 Max
1,1137e8
9, 74697
8357187
| =) 6,9674e7
59,5776e?
4,1879e7
Z,7951e7
1,408487
1,8592e5 Min
" Genmetry APrint Preview »Renort Preview /- ]

"

Jnnimatwon »’i”mﬂll | Q 10 Frames » 2 Sec(Auto) - | 4§ | Q | Pdhh 3 Cycles
~. Tabular Dati Graph

| |T° 3 Messages |Nm Selection ‘MEEI’IE (m, kg, M, 5, ¥, &) Degrees 2

Puc.49

=
=
o
T
o
&
o
B
2
@
=
o
E]
=
=

3agaum 11l CAaMOCTOSITEIbHOM padoThl 1
1) XKenezo00eToHHAs TOPU30HTAIBHO PACIIONIOKEHHAS IUTUTA KECTKO 3aHUKCUPOBaHA
JIeBOM TOPIIEBOI MIIOCKOCTHIO pasMepamu 300%250*3000 mm® marpyxkeHa c mpaBoii
TOpIIeBOH TTOCKOCTH BepTHKaIbHOH crutoit F=25000 N. PaBHas BbicOTa 4 MIUITMHIPUICCKIX
apMaTypHBIX CTep)KHEW OT HI)KHEH rpaHu OajKu sBJsieTcs mapamerpoMm 3agadn h . CtepxHu
JumHo 2980 mm u guamerpom 14 mm pacnosnoskeHsl Ha paccTostHuM 50 MM 1pyr oT apyra
U Ha PACCTOSHUU 25 MM OT CTEHOK OaJIKH .

50 14 2980
ia ' >
4 |ddoo
ey
> >,
300 F=20000N
250 193 3000

Haiitu BbicoTy h , Ipy KOTOPO¥! MoJIe HANPSHKEHHA OyIeT JOMYCTHMBIM IO/ ACHCTBHEM
HanOOJIbIIeH COCPEJOTOUCHHON CHUIIBI(HAWTH TaK)Ke MAaKCHUMAJIbHYIO JIOMYCTUMYIO CUITY TIPH
ontumansHoM h).

2)PaccMOTpuUM UTMHHYIO O€TOHHYIO 0aJIKy — IITUTY, TOPU30HTAIBHO 3alEMIEHHYIO B CTEHKE,
UMEIONIYIO OOJIBIIIOE YUCIIO CTepkHeN auamerpoM d =14mMmu3 cTpyKTYHPOBAHHOM CTaH
nmuHo# 2980 mm, paBHomepHO (Ha pacctostauu | =50mm apyr ot apyra) pacmoiokeHHbIX
Ha PaBHOW BBICOTE OT HIDKHEW rpanu mwinThl h . [Tnuta umeer Beicoty 300mm u mmpuny 3m
.OnpenenuTh ONTHMaIbHOE 3HaYCHHUE N, IPU KOTOPOM M0JIe HANPSDKEHUH B CTEPIKHAX U
OeroHe OyzeT nomycTUMbIM. HalTi Takke MakCUMaJIbHYIO JJONYCTHMYO JIMHEHHYI0(Ha 1 m)
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CUJIOBYIO Harpy3ky F Ha mpOTHBOMNOJIOKHYIO IPaHb IUTUTHI U HAMPABICHHYIO BEPTHUKAIHHO
BHU3.

Yka3zaHue: 3a7jaua SKBUBAJICHTHA CIICAYIOIIEH
300 50 14 2980

»
»

A\

O A

\ 4
M

h—d/2 3000

Jluteparypa
1) Kpusuos A.B. 3uakomctBo ¢ CAE — cucreMoii aHain3a T€UCHHI KHUIKOCTH M ra3a

ANSY'S Fluent. Camapckuii rocyJapcTBEHHbII a9pOKOCMUYECKUI YHUBEPCHUTET.
Camapa 2013.

JlabopaTopnasi paGora 2. OnpeneJieHne ceKTpa TypOy/1eHTHON KMHETHYeCKOH IHepIruu
TOPU30HTAJIBHOI0 PA3BUTOI0 MNOTOKA KMIAKOCTH 32 MEPHOAUYECKON CTPYKTYPOH
IHocTanoBka 3axaun
JIByMEpHBIi MOTOK >KUIKOCTH JIBMDXKETCSI MKy IByMs MapajyieIbHbIMA O€CKOHEYHO
IUPOKUMHU TOPU3OHTATBHBIMH TUIOCKOCTAMU 1iuHOM 100M. PaccTosaue mexmy
IIIOCKOCTSIMU 8M. BXoiHast CKOpPOCTh MOTOKA SM/C Ipu aTMOC(EPHOM JIaBICHUH U
temneparypoii 20 C. Ha BbIxojie cucteMsl 3a/1aH0 U30bITOYHOE JaBieHue 1 atmocdepa.
[Torox BoJBI BCTpeUaeT Mperpaay u3 8 ropu30HTAIBHBIX JUIMHHBIX CTEPKHEH,
pacmosoKeHHBIX Hornepék noroka. Juamerp crepkueit 40cMm, paccTosHuE MEXy HUMU 1 M.
Onpenenuts 1ose pacnpeneaeHus: CKOpOCTH KUAKUX YaCTHIL B IOTOKE U MOJIE
pacnpenenenns KUHETHYeCKOM TypOyJIEeHTHOM 3Hepruu.

8m v=5m/C 0.5m

A A
> O
., o
., o
., o
., o

., o}

., o
@)

15m Im 100m
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1.0trkpseiBaem 06010uky ANSYS WORKBENCH u coxpansiem Oynyroniuii mpoexT
nox umeneM Fluent. Toolbox — (JIKM)Fluid Flow(Fluent) — ¢ naxxatoii(JIKM)
nepeTacKuBaeM B CBOOOIHBIH 3€IEHBIN MPSIMOYTOJIbHKK Ha mojie Project Schematic, moka
L[BET MPSMOYTOJIbHUKA HE U3MEHUTCS Ha KpacHbIH, oTiiyckaeMm(JIKM). [TomyTHo myist
npoekta A Fluid Flow(Fluent) ycranasauaem ums Fluent (Puc.1). B okHe cBolicTB
Properties of Schematic B crpoke ¢ Homepom 22 Analysis Type yka3biBaeM pa3MepHOCTb
noroka 2D(Puc.1).
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Puc.1
2. Co3nanne reomerpuu noroka. llar 1. 3anyckaem cuctemy 3 MepHOro
mozenupoBanus Design Modeler(Puc.2). Ilar 2. B otkpeiBiieMcst uatepdeiice DM
BbIOMpaeM enuHuIly usmepenus.(JIKM)Units — Meter (JIKM)Puc.3

7N Fiuent - workbench = |
Fie View Tooks Units  Extensions  Help
] =10 | ﬂl Praject |
] mport... ‘ <y Recornect @] Refresh Project # Updats Praject
Tao i natic : TR X
B Anahysis Systems =5 a B |~
[ Design Assessment 1 Froperty Yalue
Electric hd i o =
[ Explicit Dynamics 1 5 13 Surface Bodies
[& Fluid Flow - Blow Molding (Fol, 2@ s id Ling Bodies
(G4 Fluid Flow - Extrusion (Palyflas 3@ reeh W= (=T i rameters
[ Fluid Flow (CFx) 4 @. - Impart Geometry b Lrameter Key DS
= etup
g Fluid Flow (Fluent) : By Ducate tributes
(G Fluid Flow (Polyflow) 5 | Soution = P Y
{8 Harmonic Response 6 @ Results Transfer Data Fromflew b |—— Yl ] :
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Hydrodynamic Diffraction - Trarsfer Data To New 3 |
[ Hydrodynamic Time Respanse - preralroperties ]
5 1C Engine G
1 Linear Bucking [#] Refresh alysis Type x|
B3 Linear Bucking (Samcef) | Reset & Associativity
[E6) Magnetostatic B rename port Coordinate Systems [=]
Modsl S port Wark Points 0
MW:' (Séfgﬁf) o ader Mode Saves Updated File [&]
iy Random vibration Quick Help oart Using Instances
il Response Spectrum add hote ot D Update &
[ Rigid Dynamics
5 Shatic Structural 29 Compare Parts On Update Mo ¥
& state Strucrsl (sancsf) o | 30 Enclosure and Symmetry Processing
’—‘ 31 Decompose Disjoint Gometry —
el )/ e o= Bl ] I = Mized Impart Resalution . vl
o Ready (51 5how Progress | [, Show Z Messages L;

Puc.2
Design Modeler cokpaménano DM nmeer 0OCHOBHBIE YacTH CBEPXY BHH3: BEPXHSISI
JWHEHKa MEHIO, TTaHeJIb HHCTPYMEHTOB, fAepeBo mpoekta (Tree Outline), okao

neranm3aun(Details View), cipaBa pacmnonokeH rpaguueckuii BU3yaln3aTop MpoeKTa
Model View(Puc.3) .

lar 3. Co3gaém scku3 moaenu. Heooxoanmo BeiOpath miuockocts XY, Tree
Outline - XY Plain(JIKM), pa3BepHyTh pab0uyt0 IIOCKOCTB K TTOJIE30BATEIIO C

MTOMOUIBIO 3HAKA HA MEHEIN HHCTPYMEHTOB o2 (JIKM). OtkpsiBaem Pengaktop
pucosanus Sketching(JIKM). Co3znaém prCcyHOK, COOTBAE€TCTBYIOIIHIA YCIOBUIO 33/1auH.
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Fluent - DesignModeler =12 x|
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e L mEER o
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Ilar 4. Beioupaem npsmoyronsauk(JIKM)Draw — Rectangle(JIKM). Pucyewm B mosne
CUMMETPHUYHBIN MPSMOYTOJIFHUK OTHOCUTEIHHO Hayalla KOOPIUHAT IO PUCYHKY K 3ajiaJe.
(JIKM) Dimensions — Vertical na pucynke(JIKM)Bbiaensem ocb OX 1 BEpXHIOKO
iockocTh(JIKM) — o6pasyercs cTpenka ¢ kapangamom(Puc.4) — (JIKM)
— pa3MepHOH CTpesike npucBanBacTcs HanmeHoBanue V1 u 3enéubiii 1Bet(Puc.5).
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ITepexomum k okHy neranu3aiu Details View — V1 = 4m. Ananoruyto BeicTaBiseM V2 =
4m,H3=85m, H4=15m.

Hlar 5. Pucyem 8 nummaapos Ha ocu OY ¢ Y koopaunatamu rieHTpoB 0.5m;1.5m; 2.5m;
3.5M cuMMeTpUYHO BBIIIE U HIKE TOPU3OHTANBHOM ocH U paanycoM 0.1m. Beibupaem X
KOODPJIMHATHI IEHTPOB OKpYKHOCTEeH H=5m(Tak kak ux HEOOXOJMMO 33/aTh HEHYJIEBBIMH ),

OI[HOBpeMeHHO cMCIIacM ITOJIOKCHUEC HJIOCKOCTCﬁ OTHOCHUTCIIBHO KOOpl[I/IHaTHOfl CHUCTCMBI
H3=80m, H4=20m

O A: Fluent - DesignModeler _ 1= x|

| Fie Create Concept Took Units View Help

JaHE @] Dunde Gredo [[seleca [ ;] Te- | B0 ) T @ |- | )
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~/Generate @@ Share Topology  [FE[Parameters H [RExtrude  glaRevolve @ Sweep g SkinjLoft
@ hinysurface @ Blend ~ § chamfer W slice
| @pont B conversion

7
=[Details of Sketch1 PS
Sketch Sketehl
Sketch Visibilky | Show Sketch
Show Constraints? | Mo
28
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Ht s0m
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Ri7 0zm e
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Tres Gutline. Details Yiew Modsl View -
—
| @ Drag to scrall view [t Sketch [Meter Degree 0 0 2
Puc.6

lar 6. Co3gaéM MOBEpXHOCTh HA OCHOBAHUM CO3JJaHHOTO 3cKu3a. B nmuneiike mento Concept
BBIOpATh co3anue nmoBepxHoctH 1o 3cku3y(JIKM). Iepexonum B okao Modeling, Beibupaem

T T S | e Poce | @ oo | =
File Create | Concept Tools Units View Help
21 [ B * Lhes From Points Jsetect: [¥; Ty ([ [ 00 W | - | 0
5 & @ 3 LinesFrom Sketehes [ @le |02 || H- - 4 4 A- A A- A =
I [ Lines From Edges
xvPlane Fl

A, 30 Curve

-/ Generate

ers “ Rextrude  ghRevolve Bpsweep g SkinjLoft
I 7y Surf

B Siice.

Surfaces FromFaces
Cross Section

" Line

£ Tangent Line

£ Line by 2 Tangents
A Polyline

[=3Polygon

[ Rectangle
hRectangle by 3 Points
g&Povd

& Circle

A ACircle by 3 Tangents
= Arc by Tangsrt

¢ Arc by 3 Paints

Hi-

W
Hodiy
.
Dimensions 000 30,00 ) X
Constraints ?
Settings
— WModel View [Print Preview
& Ready [fo Selection Meter Degre= 0 [0

Puc.7
Tree Outline — Surfacekl. Beigensem KOHTYpBI BceX 00BEKTOB Ha YepTeKe 4 JTMHUU
IpSMOYOJIbHHKA U 8 OKpY:KHOCTEH(BCE BpeMs yaepkuBath Haxkaroi Ctrl mpu mobasieHnn
HOBO# jeTanu KoHTypa ).IlepexoaumM BOKHO aeTanu3aiiiiy, BeIOupaeM HanmpoTuB Base
Object — Apply(JIKM). B pesynsTarte Tekyiee coctossure okoH Tree Outline, neramuzarum
u Model View kak Ha Puc.8.
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SE
| Fie Create Concept Took Units View Help

[ [ || Durte Gredo |Jseeas [*y - | R) [0 R0 | - |
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P Paint B Conversion
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/&8l A: Fluent

3 HiPlane

iy o ZXPlane
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© e, Sketcht
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Fo, B Surface Body

sketching Madeling
Tree Outline | Details View Model vigw | Print Preview

| & Ready [1 Body: Area = 798,99 m2 Meter Degree [0 [0 2

Puc.8
Ilar 7. [Tocie okOHYAHHUS TOCTPOCHHS MOJIEITH MOXHO 3akpbiTh design Modeler 1
BepHyThcst B Workbench. Ilpu atom crpoka DM Geometry aktuBu3upoBaHa 3eJIEHBIM OK, &
Mesh roros k Hadary pabotsl — 2 3enénbie ctpenku(Puc.9). UToObl OTKPBITH CETKOTCHEPATOP
JOCTaTOYHO MBaKAbl KIUKHYTh(JIKM)Mesh. Tlpu aTom co3naHHas HamMu paHee
reoMeTprYecKasi MOJIesIb aBTOMAaTUYECKH 3arpyKaeTcsi B CETKOreHepaTop.

- A

1

2 | W Geometry v 4
3 ‘ Mesh ] 4
4 a Setup =
5 % Solution T a4
6 @ Results '

Fluent

Puc.9
3. Cozpanue cerku. lar 1. Heo6xo1uMo rpaHuiibl MOJIENH, Ha KOTOpBIE OyIyT HAIOKEHbI

pa3nuyHble TPaHUYHBIE ycloBHs. Ha maHene MHCTpYMEHTOB BBIOMpae QUIBTp 1.5 st

BbIIeTIeHNS TMHUH. B okae Geometry BeigernsieM jeByro rpanuity oomactu(Puc.10).
i

File Edit View Units Tools Help “ = | feeneratemesh tl ml [ ~ (Frworksheet  in
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[ocne naxarus (JIKM) rpanuna cranoButcs 3enénoil. lanee neooxoaumo Haxats(IIKM), B

30



KOHTEKCTHOM MeHI0 BeIOpath myHKT Create Named Selection(JIKM)Puc.11.
[ Fi 4 :Fluent -Meshing [aNs¥SICEMCFD] TS ey T

File Edit Wiew Units Tools Help “ = | feeneratemesh tl ml )~ (FPworksheet  in
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Puc.11
Beectu Ha3Banue rpanuisl — Bxo(Inlet). Hazanue He 10KHO conepkaTh MPOOEIOB, MOKET

COJIepKaTh JIATUHCKUE OYKBbI, LU(PHI ¥ JOJDKHO HauMHaThes ¢ OykBbI(Puc.12). HaxaTs ok.
ﬂ
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Puc.12
ITocne yero HauMeHOBaHKE BXOHOM TrpaHuIlbl 3aBepiieHo. B Outlet — Named
Selected — Inlet otmeueHo 3enéHbIM 3HAKOM OK, TIpH BbiaeneHuu Inlet B okHe
reomerpur((Geometry) crpeskoii ykazaHa rpaHuiia U €€ Ha3BaHHUE.

AT TR (i) | O SBR[ o

File Edit View Urits Tools Help H 4% | </ Generste Mesh T mi )~ WPvorkshest dx

S @ YRR O S AR AR Engs o|0-
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Puc.13
Ilar 2. AxanoruuasiM 00pa3om co3aaéM Beixoaayio rpanuiy Outlet(Puc.14). Co3gaém
TUIOCKOCTh SYmmetry — HYKHsISI U BEPXHSIsI CTOPOHBI IpsiMoyrosibHuka(Puc. 15).
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B Geometry
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2k Coordinate Systems
- B Mesh
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i outle
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-l|Scope
Scaping Method [Geometry Sel...
Geometry |2 Edges
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visible Yes I ~
Prugr,amr Cantrolled Inflation |Exclude 0,00 40,00 {m) £
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Total Selection 2 Edges Geometry Print Preview A Report Preview /. ]
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T T v .8 o Messages [o Selection [Metric tm, ko, N, s, ¥, A) Degrees

Puc.15
lar 3. ITocne 3amanus TpaHUI] HEOOXOAUMO 3a7aTh MapaMeTPhl CETKU U TOCTPOUTh e€. [l
9TOro BhIOMpaeM B JiepeBe npoekTa nyHKT Mesh. B okHe neranuzanuu ycraHaBiBaeM
snauenue Relevance Center — Fine(kauectBennast cetka). Smoothing — High (Beicokoe
crmaxuBanue). Span Angle Center — Fine. Advanced — Element Mid Side Nodes — Program
Controlled. OcranbHble HACTPONKH 3JIEMEHTOB CETKH OCTABHUM IO YMOJTYAHHIO.
Ilar 4. Bomu3u crepkHel mapamMeTpsl CETKH JTIOJDKHBI OBITh 0COOCHHO TT0IpoOHEI. B nepese
ceTkoreneparopa Beioupaem nmynkt Mesh(ITKM) — Insert — Sizing(Puc.16). B mosne

Geometry ¢punbTpoM L= BbIOMpaeM 8 JIMHUI OKPY)KHOCTEH, BEPXHIOIO U HIXKHIOIO
TUTOCKOCTH THAPOJTMHAMUYECKOH TpyObl. B okHe meranmzanuu

aust Sizing BeiOupaem mapamerpst Element Size — 0,01m. Growth Rate 1,05 — maOXHTENB
pocra siaeek. Scope — Scoping Method(Geometry Selection), Geometry(Apply(JIKM))
Puc.17.

Ilar 5. 'enepupyem cetky.Outline —Mesh(ITKM) — Generate Mesh. B pe3ysbrare
CETKOT'€HepaTop co3AaéT CeTKy Hanboee MoApoOHyI0 Y OECKOHEUHBIX CTEPIKHEMH,
CO3JAI0NIMX HaberarmeMy OTOKY MEPHOIUYECKYIO0 CTPYKTYpY npenstcTBuid (Puc.18).
[Tocne sToro cerkoreneparop MoxHO 3akpbITh U BepHyThcss B WORKBENCH. Coxpanenue
CETKHU Npou30iaAET mpu 3ToM aBToMatnuecku. B okne WORKBENCH M0)kHO OIOTHUTEIBHO
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4. IloctanoBka pacuéTHoii Moxeau u eé pemenue. Illar 1. B Workbench asaxxasr HaxkaTh

(JIKM) o ctpoke Setup. 3arpyxaercs nporpamma Fluent. Berauciienus npoBoaum ¢
nBoiHOM TouHOCTRIO Double Precision. BeeocranbHble mapaMeTpsl HACTPORKH HYXKHO
OCTaBHUTh [0 YMOJIYAHHIO U HaXKaTh OK Js 3ammycka Fluent(Puc.19).

Fluent Launcher {Setting Edit Only) =13 x|

ANSYS

Fluent Launcher

Dimerzion Dptic
LOElD] [¥r
30 L\g
PrqRur in double-precizion mode.
Display Dptions ¢+ |Unzelect ta wn in zsingle-precision mode.
v Display Mesh After Beading " Parallel
¥ Embed Graphics Windows
W ‘workbench Color Scheme
[~ Do not show this panel again
[ Show bore Options
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B okne Fluent mb1 BuuM 3arpy’k€HHYIO CETKY IIPOEKTa, OKHA TEKCTOBBIX COOOLICHUHN O
BBINIOJTHEHUH 33aHHBIX KOMaH/I, JIepeBa MPOeKTa U MaHeIn HHCTpyMeHTOB. Ha nanenu
General(o0riee) coOpaHbl MUHCTPYMEHTBI JUIs Ha4alibHOM HacTpoiiku 3agaun(Puc.20).

@& A:Fluent Fluent@RUSSIAL [2d, dp, pbns, RSM] [ANSYS CFD]
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Ilar 1. [TpoBepka kayecTBa moctpoeHHou ceTku. Haxkare Ha nmanenu General knonky Check.

& fbsalute
" Density-Based " Relative
Time 2D Space:
= Steady £ Planar
" Transient & Axisymmetric
& Axisymmetric Swirl
I Gravicy Units...
Help

1: Mesh -

Mesh Feh 22,2017
AMSYS Fluent 15,0 (2d, dp, phins, RSM)

y-coordinate: min (m) = -4.000008e+80, |~

Uolume statistics:
minimum volume (m3): 2.266277e-05
magimum volume (m3): 6.822124e+006
total volume (m3): 7.997491e+02
Face area statistics:
minimum face area (m2): 3.584279e-83
maximum face area (m2): 2_79719%e+00
Checking mesh
Done.

T y

[IpoBepka ompenensieT rabapuThl CETKH, MUHUMAIbHBIC 1 MaKCUMAIbHBIE 00BEMBI STUEEK U

ILTOIIAeH UX rpaHeI"{. Ecnu B ceTke ecTh OH_II/I6KI/I, TO BBIBOIATCS COOTBCTCTBYIOIIIUC

coO0IIeHus ¢ TpUIMHON ommOKu. Ecin ommOok HeT, COOOIIeHNe BHITIISANT Kak Ha Puc.21.
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Domain Extents:

Z-coordinate: min {(m)
y-coordinate: min (m)

-2.0800000e+01,
—-4.000000e+008,

Uplume statistics:

minimum
maximum
total
Face area
minimum
maximum

volume {m3): 2.200277e-05
volume {m3): 6.822124e+00
volume {m3}: ?.99?#91E+Bﬂ
statistics:

face area (m2): 3.5804279e-03
face area (m2): 2.797193e+80

Checking mesh. ... ceeiineiieeniannannan
Done.

Puc. 21

Illar 2. Beibop cucrembl ypaBHeHHH tst 3aaa4n. [lepexoaum Bo Briaaky Models(JIKM) —
Viscous-Laminar (JIKM — 2 pa3a) — Reynolds Stress (5 eqn) cucrema ruipoAiHaAMHYECKUAX

ypaBHeHuil PeliHonbaca. OctanbHble mapameTpsl He u3MenseM. Haxarte ok(Puc.22).

Bl =l8] x|
Fie Mesh Defie Solve Adapt Surface Display Report Parallel Wiew Help
= e [ i IZ] S = H
dE-d-me|staas]@iAnE-0-|l - 2AATE
1: Mesh -
Meshing Models
Mesh Generation Models x
Solution Setup
& Yiscous Model x|
General
el adel Madel Canstants
Materials Heat Exchanger - Off | € Inviscid Cmu =
Phases Speries - OFf " Laminar )
Cell Zone Conditions Discrete Phase - OFf | (' spalart-limaras (1 eqr) .
Boundary Canditions Solidfication & Meltine | =~ "0
- psion (2 eqn) ;
Mesh Intetfaces Acoustics - OFF  komega (2 eqn) e
Dymaric Mesh (~ Transition kek-omega (3 ean) 144
Reference Values " Transition SST (4 eqn) ——
Solution @ Reynolds Stress (5 eqn) i
Solution Methads " Scale-Adaptive Simulation (5A5) .92
;ﬂ:‘i‘g;‘scmw‘s Reynolds-Stress Model ci-ps Feb 22,2017
Salution Iritislization @ Linsar Pressure-Strain ILB (kalb kL, Gi [T, ETD
Caleulation Activities 4 " Quadratic Pressure-Strain =
Run Calculstion (" Stress-Omega =
Resuls ek e - -2.0080888e+61,
Slratph\(s and Animations 1% wal B¢ from k Equation - -4_pA0AR6e+00,
ot [¥ wall Reflection Effects
Reports el 266277e-05
lear-wall Treatment: 822124e+08
€ Standard Wall Functions -907491e+02
 Scalable Wall Functions
€ Non-Equillbrium Wall Functions : 3.504279e-03
€ Enhanced Wall Treatment : 2.797193e+00
of | concel | _reb -
™

Puc.22

Ilar 3. J/Io6aBssiem B IpoeKT HOBOE pabouee Teno. Bkiaaka Materials HaxxarTs KHOIIKY

Create/Edit — Fluent Data Base — Water -Liquid —C

opy(Puc.23) — Close — Close
x|

% A:Fluent Fluent@RUSSIAL [2d, pbns, RSI =1=1
o Mzl GRD B:id M!‘E‘Ipt SLFE 3 Fluent Database Materials 1 | m—
= HE o
B |5 - o BT o acerils 5] 5| =] Material Type =]
N e iyl-silylidene thzcchsly =] [Fud -
Meshing water-vapor iny!-sillidene thzechsihy Order Materials b
Mesh Generation inyl-trichlorosiane {sicl3chzch)
h = I inylidene-chloride (ch2ecl2) 1 Name
Salution Sekup ETCEE] ITIE) r-liquid (hzo <) " chemical Formula
General hza (ha :
e ood-volatles {wood_vol) =
Matetials » E_I

Phases
Cell Zone Conditic

Copy Materials from case, . | | Delete
e | e

Boundary Conditi ropettics
Mesh Interfaces Density (kafm3) F p—— -
Dynamic Mesh Density (kgfm3) [t =/ view...
Reference Values I' I -
Solution i) I eeaa
Viscosity (kajm-s
Solution Methads [e -
 (Specific Heat) (fkg-k)
Solution Contrals [eonstant = e |
Monitors [ I erTs
Solution Initalizst
Calculation Activit
Thermal Conductivity {w/m-k)
Run Calculation v )|c0ﬂstaﬂt [T
Results Iu.s
Graphics and Anin
Plots Viscosity (kafmi-s) |cmtant j Ve
Reports
Iu.umuna

fe,, | | Edit. | | Save Cup%( Close Help
Done. I
Al I O

Puc.23

[Tocne yero Bo Briaake Materials B paznene sxuaxoctu(Fluid) nosiBunocs HoBoe
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BemectBo Water — Liquid.

Iar 3. Heo6xoaumo yka3aTh HOBOE pabodee Teso s pacuéTHoi moaenu. [lepexoaum Bo
Bkianky Cell Zone Conditions — Edit — Material Name(Water — Liquid) — OK(Puc.24).
Ilar 4. Hacrpoiika rpann4nbix ycinosuil. [lepexonum Bo Bkiaaky Boundary Condition
(rpanuunsie ycnosus). B moae Boundary Condition oto6pakarorcst HMEHa BCeX TPaHHUIL B
3anade. Beioupaem Inlet— Type(Velocity — Inlet) — Edit. B okue Velocity — Inlet
BBICTABJISIEM BEJIMUMHY CKOPOCTH MOTOKa SM/c, TypOyneHTHas nHTeHcuBHOCTH(Turbulent

Intensity - 5%), Specification Method —Intensity and Hydraulic Diameter. . Turbulent
Viscosity Rate -10. Haxxare OK(Pwuc.25).

2 A:Fluent Fluent@RUSSIAL [2d, dp, pbns, RSM] [
Fie Mesh Define Solve Adapt Suface Display Report Paralel View Help

8E-d-melsraaslanm-0- |« |- AT

1: Mesh b
Meshing Models
Mesh Generation Models ‘
Solution Setup

Muliphase - OFf - Foepy—vr— x|

=181

General Eneray - OFF
locke] Model Constants
. R adistion - Off —
Materials Heat Exchanger - OFf | © Inviscid Crnu
Fhases Species - Off " Laminar 0.09
cel Zdune Cumatmns DisretePhse - OfF | € cpalart liaras ¢ ean) X [T
Boundary Canditions clidiication & Meltine | ¢~ - cnglon (2 o)
Mech Inerfaces Acoustics - OFF € eomega (2 eqn) Ci'iss“”"
Dynamic Mesh  Transition k-k-omega (3 eqn) ’
Reference values € Transition 55T (4 eqn)
C2-Epsion
Solution = Reynolds Stress (5 eqn)
salution Methods  Scale-Adaptive Smulation (545) | | | 1'%
Salutian Contrels p
“oluson Reeymolds-Stress Model s Feh 22,2017
Salution Initislization % Linear Pressure-Strain I 18 t15.0 (2d, dp, phns, RSM)
Caleulation Activities |4l | ¥ Quadatic Pressure-Strain =
Run Calcuation © Stress-Omega =

Restllts Edit..

Reynolds-Stress Options = -2.000000e+01,
gl:ﬁt:h'cs and Anmations [# tall B from k Equation - -4.080000e+08,
Ropats Help [ wall Reflection Effects

-266277e-05
jear-wall Treatment .822124e+00
-997491e+02

% Standard Yal Functions
" Scalable Wall Functions
" Non-Equilibrium Wall Functions

: 3.504279e-863
" Erhanced Wall Trestment

1 2.797193e+08

Puc.24

& A:Fluent Fluent@RUSSIAL [2d, pbns, RSM] [ANS'
Fiz Mesh Define Sobve Adapt Swface Display Report Parallel Wiew Help

alE-d-sesdRas @ inE-0- W @ [ ATE

Meshing Boundary Conditions 1: Mesh -
Mesh Generation s ’
] i

Solution Setup inlet R ¥elocity Inlet

General interior-surface_body Zone Mame

Models et
symmetry
zl;terld‘s well-surface_body
isses

coll 7o condtions Womencut | Thermal | Radiation | Species | DPM | Mukiphase | Ubs |
Soundsry Condtions)

Yelocity Specification Method
b —— Y 5P [Magricude, Normal ta Boundary
Dynamic Mesh
Reference Values

| inlet

Reference Frame IAbSDME

Solution Velacity Magritude (mfs) I5
o etk Supersaricilnitial Gauge Pressure (pascal) [

Solution Contrals

Manizors e

Solution Initialization urbulence

Jeonstant

Jeanstant

Calculation Activities Specification Method IIntEns\ty and Viscosity Ratio
Run Caleulation Phiase Type

Results rixture | [velacty-intet - Turbulent Intensity (%) [5 —

Graphics and Animations

Plots Edi... Copy... | Profiles Turbulent Yiscosity Ratio ,—1:3

Reports

Parameters... | Operating Conditions. Reynolds-Stress Specffication Method [y or Tubulent Intensity
Display Mesh... | Feriodic Conditions ..
oK Cancel | Help
— Lo | [Gol] [ |
e
Done .
4 I »

Puc.25
AHaIOrMYHO HACTPOUTH TPAHUYHOE ycioBHe Beixoaa Outlet.
Type — pressure — outlet (BbIxo ¢ 3a1aHueM JaBICHUN)
Momentum
Gauge Pressure (ctatnueckoe n30bTouHOe naBienue) — 100000
JIro6oe 3Haucnue aaBnerus Bo Fluent 3agaéres ot yposus omopaoro(Operation Pressure),
Kotopoe no ymomnuanuto pasro 1 atm(Puc.26). TypOynenTHas uarencuBHocTh(Turbulent

Intensity - 5%), Specification Method — Intensity and Hydraulic Diameter. Turbulent
Viscosity Rate -10. Haxarts OK.
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Ilar 5. Heo6xomumo asist rpanuiiel Symmetry mpuMeHUTh COOTBETCTBYIOIIUHN THIT
rpann4HbIX ycnoBuil. Boundary Condition — Symmetry, Type — Symmetry (Puc.27).
Haxate OK.

Ilar 6. [Tepexoa Kk HACTPOMKE CCHUIOYHBIX MTAPAMETPOB OCYIIECTBISIETCS HAXKATHEM
kuonku Operation Condition. B oTkpeIBIIEMCst OKHE HY)KHO BBECTH HYJICBOE CCHUIIOYHOEC
nasnenue(Puc.28).

Ilar 7. BelnmosHeHNE HHUITHATH3AUNA PACYETHON MOCIIM(aHAJIOT 3a/IaHHs Ha4aIbHOM
UTEPALMU TIPU YUCICHHOM PEIICHUH 3a7]a91 METOJIOM CXKAThIX OTOOpasKeHUH).
[Tepexoaum Bo BKiIaaky Solution Initialization . Beibupaem mMeTo1 cranaapTHOR
WNuunnmanusammu — Standard Initialization, 8 mote Compute from Beioupaetcst BXoHas

rpaHuIa 001acTH(T.€. PEIICHHE OCYIIECTBIIIETCS MO MOTOKY). Ha manenn Ha)kumMaeM KHOIIKY
Initialize(Puc.29).

. A:Fluent Fluent@RUSSIAL [2d, pbns, RSM] [ANSYS CFD] ==
Fie Mesh Define Solve Adapt Suiface Display Report Parallel View Help

W d wesraaseim-0 ]l e | fATE

s Boundary Conditions 1: Staled Residuals -

Solution Setup inlet
seneral interior-surface_body [N IEEIEdi ] E
Modelsl Syrometry Zone Name
;4:;:2: J wall-surface_body I autlet

Womentun | thermal | radetion | speces| oPm | motiphase| uos |

Dynamic Mesh Gauge Pressure (pascal) I 100000 Jeonstant =
Reference Walues

Salutian Backflow Direction Specification Method |Nwma‘ to Boundary =l
Solution Methods

) I Average Pressure Specification
Salution Contrels I~ Target Mass Flow Rate
Monitars

Solution Initialization Turbulence

Calulation Activiies Specification Method [1ntensity and Viscasity Ratia |
Run Calculation Phase

N
= Backflow Turbulert Intensity (%) 5
Results rixture [r -

Graphics and Animations

Plats Edit... cop Backflow Turbulent Viscosity Ratio ,10— ﬂ

Reports

Parameters... | Ope Reynolds-Stress Specification Method IK or Turbulent Inkensity j
Display Mesh. . | perl
— ok | cancel| Help

Help

Done .

I I ’

Puc.26

% A:Fluent Fluent@RUSSIAL [2d, pbns, RSM] [ANSYS CFD]
File Mesh Define Solve Adapt Swface Display Report Parallel Wiew Help

DR E RV A =R R
Meshing Boundary Conditions Li Mesh

IMesh Generation Zone
Solution Setup inlet

General interior-surface_body

Models outlet

Matetials wiall-surface_body

Phases

el zone Condtions L

Soun ions]
Mesh Interfaces

Dynamic Mesh @ Symmetry x|

Reference Yalues
Solution

Solution Methods
Salution Contrals

Manitars Ok Cancel Help

Salution Initialization
Calculation Activities \

Zone Mame
I symmetry

Run Calculation Fhiase. Type 5] x-coordinate
Results ixture | Jsmmetry =l |7 y-coordinate
Graphics and Animations Volume statist
Plots Edit... Copy... | Frofies... | ninimum volu
Reports Parameters... | Operating Condtions... | maximum volu
total volu

Display Mesh... | pericdic conditions. . | Fara awraa cfatb

Puc.27
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A Operating Conditions

Pressure Gravity
Operating Pressure {pascal) [T Gravity
I 0
Reference Pressure Location

x (n1} i}

¥imd [

Zim) [

x|

(4 | Cancell

Help |

Puc.28

USSIAL [2d, pbns, RSM] [ANSYS CFD]

File Mesh Defins Solve Adapt Surfacs Display Report Parallsl

view Help

@E-d-m6|Shaas

Meshing
Mesh Generation

Solution Setup

" Hybrid Initialization
{+ Standard Initialization

Compute fram

[EEAEEERIL

inlet

E

General
Models teference Frame
Materials %' Relative to Cell Zone
Phases " fbsolute
Cell Zone Conditions
Boundary Conditions Initial Values
S
Mesh Interfaces Gauge Pressure (pascal) —|
Dynamic Mesh
Reference Values I °
Solution % welocity (mis)
Solution Methods I 5
Solution Controls
Manitors ¥ Welocity (myfs)
= 0
Caloulation Activities I
Run Caleulation Turbulent Kinetic Energy (mz/s2)
Results In.u9374999
Graphics and Animations
Plots Turbulent Dissipation Rate (mz/s3)
Reports I 76,72301
Initialize: I Reset Patih .
Feset DEM Sources | Reset Statistics |

Puc.29

[Tpu sTOM BO BCeit pacu€THOE 001acTH HauaIbHbIE MApaMETPHI B sTYCMKaX paBHBI TapaMeTpam
Ha BXOJI€ CUCTEMBI.

[ na6of 2 aFluent Fluent@RUSSIAL [2d, pbns, RSM] [ANSYS CFD]
© @aiin Fle Mesh Define Solve Adapt Suface Display Report Parallel View Help

—iBix|

NE|ez-d-me|slaaz|@imE-0- -« || 2ANE

P44 06
Meshing
) EE—

Solution Setup

z General

Models

Materials

Phases

o Cell Zone Conditions
Boundary Condtions

Dynamic Mesh

Reference Valuss
solution

Solution Hethods
= Salution Controls

Run Calculation

checkcase.. | | Preview st votione. |

Number of Iterations  Repotting Interval
1000 ﬂ 1 =

Profile Lipdats Interval

@ Calculation complete,

Monitars
Solution
" Calculation Activities
= 2 i}
Results

Graphics and Animati
B Flots
Reports

s

|

1! Scaled Residuals >

Sraled

Residuals

Feb 22,2017
ANSYS Fluent 15.0 (2d, plins, RSM)

vu-stress—rg
vu-stress-rg-aux
uy-stress
uy-stress-ap
uy-stress-s
uy-stress—q
uu-stress-rg
uy-stress-rg-aux

TIE

{pncosanne - I |deropnypes N W O 4 & @@ & F- A=

Cp. 35 Pasa i I Ha cr Kon SAN MCTR BAT 3AW awwicond (0K

Puc.30
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Ilar 8. Haunnaem nnunuanusanuio peuienus. [lepexonum Bo Bkiaaky Run Calculation,
Beibupaem unciio ureparuii Number of Iterations 1000 1 HaskuMaeM KHOIIKY
Calculation(seruuncisats )(Puc.30). Ha rpadmkax ykasaHbl TEKYIIUE HEBSI3KM OCHOBHBIX
napametpoB pacuéra (Residuals), kommuuecTBo uTeparmii MOKET OBITH MEHBIIIE 33]aBAEMOTO
B Ta0JMIIe, €CITM HEBSA3KH PAcYETOB HE MPEBHILAIOT 3HaueHus (1o ymomdanuio) 0,001. Takoe
pelleHrEe CYUTACTCS COMICIIUMCS TIPH MOSBJIICHUH HAIMKMCH B OKHE coobmienuit (Solution is
converged). B koHIie HEOOXOMMO HAXAaTh OK.

Ilar 9. ITpocMotp pe3ynbraToB pacuéra. [lepexomum Bo Bkiaaaky Graphics and Animations
(rpaduxa u anumarust) — Contours(2 JIKM) —)Opti_(l)ﬂrLS — Field(moctaButh ramouky).

Fie Mesh Define Solve Adapt Suface Display Report Parallel View Help

PN b ZT B —
5 W e aa s arr- O N o] RATE
. N 1: Contours of Turbulert Yisc v
Meshing Graphics and Animations |1: Contours of Turbuiert visc
Saldtion Setup Mesh Options Contours of
General ¥ Filled el -]
Models [ node values
Pathlines velocity Magnitude a
it P e g abalRange Lm — 8
ases uto Range
Cell Zone Conditions I” clptoRange I [ | 0
Boundary Conditions I Draw prafiles
Mesh Interfaces Set Lip... I Draw Mesh Surfaces HEE!
Dynamic Mesh =
Reference Yalues o rterior-surface _body
Selutian N Levels Setup et
= 2| ymmetry
Solution Methods EI j llaurface. body
Solution Contrals Solution Animation Flayback,
Monitars
Solution Iritidlization Srfizea i FEE D New Surface +
Calculation Activities I Match —==
Run Calculation iz T EHE
s -
Results Set Up... lp-surf g
Grapl ions| fexhaust-fan
an
Reports optians... | stene.. | wews... | luid [l
Lights... | Colormap... | Annotate... Diply | [Conpute| | chse heb |
T
Hel
ﬂl Error: Ho keyframes present.
Error Object: #f
| I v

Puc.31
Contours of — Velocity, Velocity Magnitude. Haxars Display. 13 Puc.32 suano, 4ro

Options Contours of - - g = A E Moz
¥ Filled |Valocity.‘. j =l =1
¥ Mode Values : Contours of Welocity Magn =
[% Global Range IVEIUclty Magnitude =l
¥ futo Range Pl (mis) e (s 1050t
I~ | cip to Range: Io I 1101534 Loz
I~ Draw Profilss —
™ Draw Mesh S =EE] s2m
3eem
et *ieeem
nterior-surface_body ssem
Levels Setup utlet soxem
sswm
|20 = = | fymmetry esesm
hd x| pall-surface_body caterm
2z%-m
23eem
215eem
SurFace Mame Patte;dn . e — Zem
k] 1aem
I surface Types === ey
s g S5
fmeem
lip-surf
fexhaust-fan
oy =] |contours of Yelocity Magnitude (mis) Feb 22,2017
AMNSYS Fluent 15.0 (2d, dp, pbns, RSM)
Display | Compute | Closs Help | uu-stress-g l:
Puc.32

[Toste ckOpPOCTH OJHOPOIHO IO BCEH UTMHE THAPOIMHAMUIECKON TPYOBI, TOKATHHO U3MEHSCh
BOJIM3H TIOTIEPEYHON MePHOANYECKON CTPKYTYphl. PaccMoTpuM pactpeneneHue
MOJICKYJISIPHBIX CBOMCTB BJIOJIb TOPU30HTAIBHOM ocu. Contours of — Properties , Molecular
Viscosity. Haxars Display.

PesynpTar mokasan Ha Puc.33. HeonHOpOAHOCTH MOJIEKYISIPHON BA3KOCTH PACTIOIOKEHBI
OJIHOPOJTHO ¥ M30TPOITHO TI0 BceMy 00bEMY, OoJiee TOAPOOHO U B MEHBIIIUX MacITabax y
MPETSITCTBUS C IEPUOAMUECKOM CTYKTYpOil, Tak KaK UMEHHO TaM CeTKa MOCTpoeHa Hanboee
noapoOHo. [ToaToMy paznuyure B pa3mepe HEOTHOPOJAHOCTEH OOBIICHSIETCS 0COOEHHOCTSIMU
MOCTPOCHUS CETKU. A (pU3NYecKoe TOJIE MOJEKYISIPHOU BI3KOCTH MOJHOCTHIO

OJTHOPOJHO. JIefiCTBUTEIEHO, MOJIEKYISIpHAS BI3KOCTh OTPEACISIETCS ITTMHONH CBOOOIHOTO
mpoOera MOJIEKYJIbI BOJIBI, YTO HAMHOTO MEHBIIIE TuaMeTpa cTepkHs 40CM WM pacCTOSTHUS
Mexy crepkHsIMH. [103TOMy €€ cBoiicTBa HE MOTYT 3aBUCETh OT MEXaHUYECKOTO
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l 1.0e40

1m0em
1m0
100e4{0
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1m0

1e{0
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140
10
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Puc.33.

IIPENATCTBUS TAKUX Pa3MEPOB.
Teneps paccMOTpUM M10JIe TYpOYJICHTHONH KUHETHUYECKOM SHEPTruu B0k oToka. Contours of
Turbulence , Turbulence Kinetic Energy . Haxars Display.

23re1
T o1
T 5301

+ eI
125204

Contours of Turhiulent Kinetic Energy (k) im2is2y  Feb 22, 2017
AMSYS Fluent 15.0 (2d, dp, pbns, RSM)
Puc.34
MBI BUUM, 4TO C HEOOIBIITUM PA3THUYUEM 00JIACTH ¢ MAKCUMATBLHOUW TYpOYIeHTHOM
SHEPrUeu HaxXOASATCs 3a MPENATCTBUSIMH 10 MOTOKY, T.€. MOPOXKIAIOTCS MPETSTCTBUIMH.
OnHako, KHHETHYECKasi DHEPrusl TypOyJEHTHBIX BUXPEH MOPsIIKaA JHAMETPa MPENATCTBH
MEPEXOUT B OCPETHEHHYIO SHEPTUI0 CPETHETO IBUKEHUSI U MEJIKOE€ BUXPEBOE IBMHKECHUE
noaasisieTcst notokoM(Prc.34).
[Tone koadurmenTa TypOyICHTHON BI3KOCTH JOKAIBHO Y MIEPUOTAIECKOTO

MpensITCATBUSA oKa3zaHo Ha Puc.35 u no Bceit aymHe moaenu Ha Puc.36.
Contours of Turbulence , Turbulence Viscosity Ratio. Haxxars Display.

Ha Puc.35 BuaHO, 9TO 067aCTH TypOYJICHTHON BSI3KOCTH, TTOPOKTAEMBIC TIPETISITCATBHEM,
TOK€ MOTYT OBITh MTOJIaBIIEHBI CPETHUM TTOTOKOM, TaK MPOUCXOoauT 3a 1,2,3,4,6,7 cTexHIMU.
OnmHako BpeMs KU3HU WJIH JTMHA TYPOYJIICHTHOTO clieia Topa3ao OobIIe yeM y
COOTBETCTBYIOIIUX O0yacTedt 11 TypOyJIeHTHOM KHHeTUYeCKo# sHeprueil. Kpome Toro mo
CJIely TEHEpUPYIOTCSA U OTPBIBAIOTCS 1O TOTOKY METKHE WHTEHCUBHBIE 00IaCTH BS3KOCTH,
KOTOpBIE YBEJIIMUMBAIOT JUIMHY BA3KOIO CJI€fa, paccachiBasich B HEM. Takue BUXpHU

00pa3yrTCs B MIAXMATHOM MOPSAKE 32 CAMMETPUYHBIM MPEMSTCTBUEM M HOCST Ha3BaHUE
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Contours of Turhulent Viscosity Ratio Feb 22 2017
AMEYS Fluent 15.0 (2d, dp, pbns, RESM)
Puc.35

Z.4ie+d
Ze+m
172e+0
132+
10e+03
S e+ 2
JeSee2
102x+00

Contours of Turbulent Viscosity Ratio Feb 22,2017
ANSYS Fluent 15.0 (2d, dp, pbns, RSM)

Puc.36
nopoxku Kapmana. Kpome Toro,cTeHKH MOJIENH TakKe SBISIOTCS CBOEOOPa3HBIM
TeHepaToOpOM BA3KOW TypOyJIEHTHOCTH aHAJIOTHYHO § paccMaTprBaeMbIM CTepkHsAM. Kak
BUIHO U3 Puc. 36, HikHuM § ciie1 0COOEHHO MHTEHCUBHBBIN OT CTEPIKHS JI0 KOHI[A ITOTOKA
6maronaps 6JIM3KOMY B3aMMOJICHCTBHIO ¢ HIDKHEH miactuHol. Hakonen, Ha Puc. 36
5 u 8 cien nepeKkphIBAOT MOJHOE CEYEHHE MTOTOKA U 32 YTPOCHHBIM MOIMEPEUHbIM MacITadoM
coOeraronuii MOTOK BOJBI MOKHO CUMTATh IMOJHOCTHIO PA3BUTHIM TypOYJIEHTHBIM MOTOKOM
OTHOCHUTEJIbHO BEJIMYMHBI TYPOYJIEHTHOH BS3KOCTH.

WHTepecHo Taxke OTMETUTD 110JI€ AMHAMUYECKOTO faBiaeHus Puc.37. OHO MONMHOCTBIO
OJHOPOJHO A0 npensaTcTBhs. Ho sBiseTcs CHIIbHO HEOTHOPOIHBIM NIOCIIE TEPHUOINYECKOU
CTPYKTYpbI. JIerko oObsICHUTH OOSICHUTD CBETIIbIE 3€IEHBIE IEPUOIUUECKHE 00JIaCTH MEXIY
CTEpKHIMH. 3/1eCh pabOTaeT ypaBHEHNE HEPA3PBIBHOCTH SV, = S,V, - YMEHBINACTCS CEUCHHUE

2
— YBEJIMYMBAETCSI CKOPOCTH BOJBI M TUHAMUYECKOE JIaBJICHUE 110 popMyIie P = ’DVT 2).

Ho 3a npensitcTBUEM U3 pssia CTEPAKHEN BCsl IEpHOUYECKasi 3aKOHOMEPHOCTh Tepsiercs !
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Contours of Dynamic Pressure (pascal) Feb 22 2017
ARSYS Fluent 15.0 (2d, dp, pbns, RS
Puc. 37

Ms1 pukcupyem cirydaifHO BBITSHYTHIC SI3BIKU M CIIS/IBI KaK ¢ OOJIBIINM TaK

U C HU3KUM JMHAMUYECKUM JaBJIEHHEM. 3eIEHbIE OBAIbHBIE 3aMKHYThIE 00JACTH MOXKHO
CBSA3aTh C KPYIHBIMU BUXPSAMU. A ClydalHbIE clie/ibl ITMHON B 10 — KM pa3 IpeBBIIIAIOIINE
TUAMETP CTEPIKHEH MOXKHO CBA3ATh TOJIBKO C TYpOYJIEHTHO BSI3KOCThIO. JlpyruMu cioBaMu
JTMHAMHUYECKOE JIaBJICHUE HE MOXKET OBITh OIMMCAHO TakoW mpocTor (hopmysoii (1), HO 3aBUCUT
OT JIOKAQJIbHBIX CBOWMCTB TypOYJICHUTHOMN BS3KOCTH.

3agaHus 1J1s1 CaMOCTOATEIbHOM padoThbl 2

JIByMEpHBII MOTOK JKUKOCTH JIBMXKETCSI MEXKTY IBYMS MapajlIeIbHBIMA OECKOHEYHO
HIMPOKHUMH TOPU30HTAIBHBIMU TUIOCKOCTSMHU JUIMHOM 100M. PaccTossHue Mexny
IIOCKOCTIMU 8M. BXo/iHast CKOpOCTh moToKa SM/C pu aTMOC(EPHOM JaBICHUU U
temneparypoii 20 C. Ha BbIxoze cuctemsl 331aH0 H30bITOUHOE AaBieHne 1 aTMocdepa.
[ToTok BoJbI BcTpeuaeT nperpaay u3 8§ ropu30HTAIBHBIX JUIMHHBIX CTEPXKHEH,
PacIoI0KEHHBIX MONEPEK MOTOKA B IIaXMAaTHOM nopsake. Jnamerp crepxkueit 40cm,
paccTosiHue Mex1y HUMU 1 M. OnipesienuTh 1oJie pacrpeeaeHusi CKOPOCTH KHUIKUX YacTHULl B
MOTOKE U TOJIe paclpe/ieieHus] KUHETHYECKOW TypOyJIeHTHOM SHepruu.

8Mm 17m . 0.5m

)

A A

O)

v

Y

\ 4

15m 2M 100m
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