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Jlagoukuna M.E. 12 TTosemenxo FO.A.12, Uxan Xaowsup'?

UTIM um. M.B. Kemnsima PAHY, MOTH?

Annomayua: s ypaBHeHUH ra30BON IUHAMUKHU B SMIEPOBBIX MEPEMEHHBIX CO3/1a-
HO CEMEeNCTBO [IBYXCJIOHMHBIX II0 BPEMEHHU IOJHOCTHI0 KOHCEPBATHBHBIX Pa3HOCTHBIX
cxem (ITKPC) ¢ BpemeHHbIMU BeCAMU, [IEPEMEHHBIMY [0 IIPOCTPAHCTBY. 3HAYUTEIHHOE
BHUMAaHWE B paboTe yIeIeHO MPUMEHEHWI0 CIOCODOB KOHCTPYUPOBAHUS PETYJISIPU30-
BAHHBIX TIOTOKOB MACChI, UMITY/JIbCA U BHYTPEHHEH SHEPTHUH, COXPAHSIIOIINX CBONCTBA
IMTKPC manmoro Kiacca Ha Kiaccuaeckoii 3amaqe Coma, aHaan3y uxX aMIIUTy,Ibl 1 BO3-
MOXKHOCTH MX HCIOJIb30BaHHUsl Ha HEPABHOMEPHBIX ceTKax. [JocTpoeHHast cxema nMeer
TOYHOCTbH BTOPOIO IOPSIKA U PEAJTU3YETCS C IOMOIIBIO IPOCTHIX UTEPAIMOHHBIX IIPO-
neccos. PazpaboranHas nporpaMMa MMEeT J0CTATOYHO BbICOKYHO TOYHOCTDb JIA2Ke Ha,
KPYIHBIX CeTKaX. BBIMOJHEHO TECTHpOBaHME KJIACCHUIECKON 3amaun — 3amaun Coma
JJIsT TIOATBEP K ICHUS 3(PPEKTUBHOCTH PA3paOOTAHHON CXEeMbI M METOI0B.

Karouesvie c06a: TOTHOCTHIO KOHCEPBATUBHBIE PA3HOCTHBIE CXEMbI, METO] OTIOPHBIX
OIIEPATOPOB, Ta30Bas AuHAMUKA, 3agada Cofa.

1. ITosrHOCTBIO KOHCEpBaTuBHAsA MNP PEPEHINATILHO PA3HOCTHAS CXe-
Ma

Ha puc. 1 npejicraBiiena cOOTBETCTBYIOIIASA PA3HOCTHAS CETKA, IJI€ W — Y3JIbl PA3HOCT-
HOIT ceTKH, a ) — sgueiiku. K y31am w Oy1emM OTHOCUTH TEPMOJIMHAMUIECKUE BETUIUHBL: p,
g, P u BHyTpenHio0 3HEPIUio ' = pe, CKOPOCTH U, 00bEM ¥ U IPUY3TOBYIO MACCY M = pu,
a 00béMm V — Kk gueitkam ().
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S (@) = —1 So(w) = +1
Pwuc. 1. Paznocraas cerka.
P12 +he—12 R + hioq m,
OueBuaHo, 910 v, = hy = 1/ 5 2 _ 1 21 ., Va=h, pwzv—w:pk.
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Beimuiem mosiHoCThIO KOHCepBaTuBHYIO [2| pasHocrayio cxemy (ITKPC) B nepemen-
HBIX Dilaepa:

my = —vDINp[i}, (1)
(mu); = —vGRAD,n~ —vDITp (i} - up) (2)
1 —u —~u —rv
(me)r = —3 > (#~VDIV,i™)q — vDINp(fizp + X7) (3)
Q(w)
ﬁQ aQN
(m=)e = —v(u™, GRAD,7™) — I/DIND(;IBTD) (4)

3/1echb BCe BEUYUHBI 0003HAYUM CJIEIYIONINM 00Pa30M:

ji = pii, jig=cjii=Fi, E=ps, p~=p%) ,=-const (5)
~ 1 ~ ~ o~ ~
MD - 5 Z(pwuw)(o.ma Up = MD -V GRANDp ) (6)
w()
1
75 - Pg(‘ZO.S) - ’U;DIVU<pNu(¢“)), PQ = 5 Z Pw; wu = const; (7)
w(§2)
Xp = {XoplXip},  Xop = —keGRANDE, Xip = —kpGRANDE; (8)
1
Po =5 D (Ban)V, iy = Myp — vEGRAN(p7e), g = const.  (9)
w(§2)

Ha croax o Bpemenn t ut =t + 7 (7 > 0 — 1mar mo BpeMeHH) BBeJIeHbI PA3HOCTHBIE
MPOW3BOHBIE IO BPEMEHH W MPOCTPAHCTBEHHO-TOUETHBIE BPEMEHHBIE WHTPEMOIATHH:

Ut:a—a’ a® = da+ (1 - 6)a.
T

31ech MHTEPIOISIMOHHBIR BeC 0 MOXKET CBS3BIBATHCA € Y3JaMH MPOCTPAHCTBEHHOMN

Vi
Vin+ym’ v
BeCa 110 BpEMEHH. TaKI/IM 06pa30M, OTMETHUM, 4YTO IO HpOI/ISBOﬂbHOﬁ I/IHTepHOﬂHHI/IeIU/I 110
BPEMEHU CETOYHLIX (PYHKIUH ¢ U G MEXKIY CJA0SAME { | t OyJeM MOHUMAaTh HEKOTOpbIe
WHTEPIOJIAINOHHBIE BEJIMYUHDBL @, HAIPUMED, JJd CKOPOCTHU IoJjaraeM u~ = u®. B Bhi-
pazxenun A, 7, ecyn y3ea w = 0w — TPAHIIHBIH, TO JT0OABIEHO CJIaraeMoe Tsw Ha TPAHUIIE
€O 3HAKOBOI pyHKIMEH Ssw, B 3aBUCUMOCTH OT HAIIPABJICHUS I'PAHUIHON HOPMAJIH.

Hasee 11s1 KOHTHHYATBHBIX oleparuii BekropHoro ananusa div @, grad P, div (- @)
BBEJIEHBI UX PA3HOCTHBIEC AHAJIOTHU:

CeTKH w, HAIPUMeEp, 110 3aKOHY: § = — IMOCTOSTHHBIE UHTEPIOJIATUOHHBIE

DINpjip = % > Sa(w)pp(Q), DINp: (Q) — (w), (10)
Qw)

DITp(jip - iip) = = 3 Sa(@)un(@)ip(Q),  DITp: () = (), (11)
Q(w)
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GRANp P = 2 AP, AgP = = 3 So(@)P., GRANp : () = (2),
1
GRAD,m = ~A;m, Ao = 3 | So (W) + Ssuta, - GRAD, : () = (w),

1
DIVyii =~ E(Q:) Sa(w)uy, DIV, : (w) — ().

2. Bamaga Cona

w()

w(Q)

(12)
(13)

(14)

JI1g TecTUpOBaHUS MTOCTPOEHHOM CXEMbI BBITIOJTHEHBI PACUYETHI KJIACCHYECKO 3aja4un
Coma (Sod problem) o pacnaje TPOM3BOJIHLHOIO pas3pbiBa. B Tabauie 1 mpegcraBieHbl
HAayYaJbHBIE YCJIOBH STOH 3a/@4M. 3a CHCTEMY €JIUHUI] U3MEPEHHs B pacuerax NpPUHITA
CU. llokazarens ammadbatel v = 1.4.

Tab6uauna 1. Havanbusie ycnosus B 3agade Coma

Jlesast obacTh

[IpaBas obracTsb

p

u

P

p

u

P

1.0

0.0

1.0

0.125

0.0

0.1

Ha puc. 2 nokazansr npoduan mioraoctu 3a1a4qu Comga B moment T = 2.0 c.

0.9

0.8

0.7

0.6

MnoTHoCTH

0.5

0.4

0.3

0.2

0.1

® PasHoMepHas ceTka ¢ 400 y3namu
X HepaBHOMepHas ceTka ¢ 240 yanamm

AHanUTUYecKoe pelleHne

Puc. 2. IIpoduns miroraocru B moment 1 = 2.0 c.

Ha puc. 2 Hapsity ¢ aHAJUTHIECKAM DellleHneM (CHHsIs JTUHUA ), TPUBOJATCS THCIEH-
Hble DEIeHNs Ha PABHOMEDHOW ceTKe (KPACHBIl MYHKTUP) ¥ HAa HEPABHOMEDPHOI ceTKe

(3es18HAs TIpEPBIBUCTAST JTMHUSA ).
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Application of viscous-filled nodal completely
sonservative difference schemes to the gas dynamics
equations in Euler variables on the Soda problem

M.E. Ladonkina'?, Yu.A. Poveschenko'?, H. Zhang'?

Keldysh Institute of Applied Mathematics of RAS?,
Moscow Institute of Physics and Technology?

Abstract: For the equations of gas dynamics in Euler variables, a family of two-
layer time-dependent completely conservative difference schemes (CCDS) with time
weights defined in space is created. Considerable attention is paid to the application
of methods of constructing regularized flows of mass, momentum and internal energy
preserving the properties of CCDS of this class on the classical Sod problem, to the
analysis of their amplitude and the possibility of their use on non-uniform meshes.
The constructed scheme has second-order accuracy and is realized by simple iterative
processes. Methods and programs based on the constructed scheme for shock wave
tube problems are developed. The developed program has high accuracy, even with
large meshes. Testing of the classical Soda problem is performed to confirm the
effectiveness of the developed scheme and methods.

Keywords: Completely conservative difference scheme, method of reference operators,
gas dynamics, Sod problem.
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