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CAD CAE cuctembl

CAD - computer aided design. Cuctema aBToOMaTU3UPOBAHHOIO
npoekTupoBaHua (CAMNP)

CAE - Computer-aided engineering. Obuwiee Ha3BaHMe ANA NPOrpPamm u
NPOrpaMmmHbIX MAaKeToB, NPeAHa3HAYEeHHbIX ANA pelleHUsa PasnnNYHbIX
MHXEHEPHbIX 3a4a4: PAacY4ETOB, aHaAN3a U CUMYNALNUKN PU3NYECKNX
npoueccoB. PacyéTHaA 4yacTb NAaKeTOB Yalle BCEro OCHOBAHA HA YNCIEHHbIX
MeToAax pelenHna gunpdpepeHumnanbHbIX YpaBHEHUM



COMSOL Multyphysics

COMSOL Multiphysics — 310 nakeT nporpammHoro obecneyeHus ana
aHaNM3a MeTo40M KOHEYHbIX 3/IEMEHTOB, peLllaTens U MoaeMpoBaHmNA Ans

PA3/INYHBIX PUINYECKUX N UHKEHEPHbIX MPUIOKEHNN, OCOOEHHO CBA3AHHbIX
ABNEHUN U MYNBTUPU3UKM.
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MoaenmpoBaHue pu3nyecKkmnx NpoLLeccos

[Mpumep: npouecc OCTbiBaHMA YalKN Kode

MOXHO paccmoTpeTb bonee CNoXKHYI Moaenb
YpaBHeHMe Tenn1onpoBOAHOCTH;

TennoBoe nsnyvyeHue;

KoHBeKUuuA



3HaMeHUTble YpaBHEeHUA:

cuctema andpdepeHuUmnanbHbIX YPaBHEHUN B YaCTHbIX
NPOWN3BOAHbIX, ONMUCbIBAIOLLLAA ABUKEHME BA3KOM
HbIOTOHOBCKOM *KUAKOCTU. YpaBHeHNA HaBbe — CTOKCa
ABNAIOTCA OAHUMM U3 BaXKHENLLNX B TMAPOANHAMUKE U
NPMMEHAOTCA B MaTEMATUYECKOM MOAENNPOBAHUM MHOTUX
NPUPOAHbIX ABIEHUN U TEXHUUYECKUX 3a4au.

YpaBHeHne HaBbe-CTOKCa

YpaBHeHWe Tenn1onpoBOAHOCTH

3aKOH ynpyrocTu

https://www.youtube.com/watch?v=QPW5s_nwBRw

https://ru.wikipedia.org/wiki/%D0%A3%D1%80%D0%B0%D0%
B2%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F %D0%BC%D0
%B5%D0%BB%D0%BA%D0%BE%D0%B9_ %D0%B2%D0%BE%D0
%B4%D1%8B



YacTHble cnyyau ypaBHEHUS TENnonpoBOAHOCTH
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YpasHeHue ®Pypbe — OTCYTCTBYIOT BHYTPEHHUE UCTOYHMKN TeNnoTbl, g =0
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YpasHeHue lNyaccoHa — craumoHapHaa 3agada

ar , -
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Vaks cp

YpasHenue Jlannaca — craymoHapHas 3agaqa, BHyTPeHHUE UCTOYHUKK
orcytcTeytoT, g =0

— =g =0; | V=0




YpaBHeHWe HaBbe-CToOKcCa



MoaenmpoBaHue pu3nyecKkmnx NpoLLeccos

MH)‘KeHep — 3TO TOT, KTO ymeeT U B aKCNnepnmeHT U NOCHUTATb



YrcneHHble meToabl pelweHnsa anpdepeHumnanbHbIX YPaBHEHUN

[1na 60nbLLINMHCTBA 33434 HEBO3MOMKHO MONYYMUTb aHANUTUYECKOE pelleHue (B
BMAe ypaBHeHUA). [ToaTomy pa3paboTaHbl YNCEHHbIE MeTOAbl, KOTOPbIE
NO3BONAIOT NONYYUTL peLleHna B Buae Tabaumubl yncen.



MeTtopn dunepa
« Paccmotpum gupdepeHuymansHoe ypasHeHue: y'=dy/dt=f(y,t) c

HavyanbHbiM ycnosuem y(t0)=y0. Toraa 3Ha4eHne Nnpon3Bo4AHOW B
Ha4yanbHou To4ke y0 u t0 byaet pasHo f(y0,t0).

* [lpn manom nameHeHumn dt MOXXHO 3aMEHUTb UCXOAHYIO
NPOU3BOAHYIO Ha BblpaxeHne B npupaiwleHusx. dy/dt=Ay/At=(y1-
y0)/(t1-t0)=f(y0,t0).

« Beepsa obosHavyeHme t1-t0=h, MOXHO 3anucarb: y1=y0+f(y0,t0)*h

o vi+l=yi+f(yi,ti)*h — BbIparkeHne Ans YNCNEHHOTro UHTETPUPOBAHMUA
meToaa diinepa. y(1) yn)=y1

Ay y(t)

tgd=y’|ly0,t0
y(t0)=y 5 0 10)

AT
At t

to t1 3




MeTtopa dnnepa

Cambl1 NPOCTON METO/A, peLleHus ay.

Ol [fe ¥, fxew) | Wf(x. )
0 [0 1 -2 -0,2

1. [.OA 0,8 -1,59 -0,159
2 |02 0,641 -1,242 -0,1242
3 |03 0,5168 | -0,944 -0,0944
4 |04 0,42244 | -0,685 -0,0685
> |05 0,35395 | -0,458 -0,0458
6 |06 0,30816 | -0,256 -0,0256
4l 8. % 4 0,28253 | -0,075 -0,0075
8 |08 0,27502 | 0,09 0,009

9 (09 0,28402 | 0,242 0,0242
10 | 1 0,30821 | 0,3836 0,03836




MeToa KOHeYHbIX 3/1eMeHTOB

16

21

23

18 26

O6nacTb NOMCKA NCKOMOW
GYHKUNN AEennTca Ha
3N1eMEHTbI, KOTopble
MOXHO 33a4aTb B BMUAe

NOINMHOMaA.
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Ctaguun noctpoeHna mogenm 8 COMSOL

Co3paem wabsoH

OTKpbiBaem reomeTpuio
[Noakntoyaem PU3NKY
YcTaHaBAMBaemM rpaHuUYHbIE YC/10BUA
[eHepUupyem ceTKy

Pewaem

AHanusnpyem pelieHune
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Geometry  Materials  Physics  Mesh

Select Study

4 ~do General Studies
|7 Stationary
|- Time Dependent

4 ~cv Preset Studies for Selected Physics Interfaces
[t Thermal Perturbation, Eigenfrequency
[f Thermal Perturbation, Frequency Domain

b ~go More Studies

~db Empty Study

Added study:
[= Stationary

Added physics interfaces:
) Heat Transfer in Solids (ht)

e Physics
Help Q Cancel EJ/Done

Untitled.mph - COMSOL Multiphysics

Study  Results Developer

Stationary

The Stationary study is used when field variables do not change over time.

Examples: In electromagnetics, it is used to compute static electric or
magnetic fields, as well as direct currents. In heat transfer, it is used to
compute the temperature field at thermal equilibrium. In solid mechanics,
it is used to compute deformations, stresses, and strains at static
equilibrium., In fluid flow it is used to compute the steady flow and
pressure fields. In chemical species transport, it is used to compute steady-
state chemical composition in steady flows. In chemical reactions, it is
used to compute the chemical composition at equilibrium of a reacting
system.

It is also possible to compute several solutions, such as a number of load
cases, or to track the nonlinear response to a slowly varying load.
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[Sep 20, 2022 9:28 PM)] Finalized geometry is empty.
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COMSOL Multiphysics 5.6.0.341
[Sep 20, 2022 9:28 PM] Finalized geometry is empty.
[Sep 20, 2022 9:35 PM] Finalized geometry has 1 domain, 4 boundaries, and 4 vertices.
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[Sep 20, 2022 8:28 PM] Finalized geometry is empty.
[Sep 20, 2022 9:35 PM] Finalized geometry has 1 domain, 4 boundaries, and 4 vertices,
[Sep 20, 2022 10:15 PM] Complete mesh consists of 190 domain elements and 40 boundary elements.
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