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The complete system of Navier-Stokes equations
B+ V- V6 - 5divV =0,

(

_A_

%’ +(V-V)V + L69p = oo [ 1V (divw) + $aV],

k %%) +V - Vp+ vpdivV = 2A(dp) + P (19, V).

dvy  Ovy y Ov, 3 2
® (1o, V)=poy(v— 1){ [(3.1‘1 3;;;2)-'_(63'1 33‘;) (3:1'3 &r;)

N § 5?}1 Ovs N Ovy N Ovs 2 N (9?;} 5@*3
4 Ox o 3&‘1 Ors  Or 8.3*3 (9.:* 5
pto= const, 3o =const, § = 1/p — specific volume, p = pT, e =
Bautin S.P. The characteristic Cauchy problem

and its applications in gas dynamics.Nauka, 2009.
TitovS.S.The space-periodic solutions of thecomplete Navier-

Stokes equations //The reports of the Academy of Sciences. 365.
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The one-dimensional initial-boundarz value Eroblem

(& = duy — ud,,
E{ = —UlU, — %5})1. + podu gy,
P = —ups = YPua+ #0(0p)as + por(v = Duz,
) o t=0 = 0°(z),
Ulg—o = u(x),
Pli=o0 = p°(2),
\ U|2=0, 2=7 = 0, tzj;r:lm:g, g — 0, t>20, 0<z<m,

The set of the initial-boundary value problem has
a unique solution in the space Ly, and under

additional hypothesis in the spaces C2+®1+2/2
(z,t) too.

Antontsev S.N., Kazhikhov A.V., Monakhov V.N.
The boundary value problems in the mechanics of the
inhomogeneous liquids. Nauka, 1983.

Kazhikhov A.V. The selected works. Mathematical
Hydrodynamics. Novosibirsk: 2008.




The type of solutions and solution construction

o(t,z) =1+ § Op(t) coskx, u(t,z) = Z k(1) sin kz,
o (2)

pt,x) =14+ po(t) + D pi(t) coskz,
k=1

The initial data:

o0 o0
5(t,$)|g:0=1+z 61 (0) coskx, u(t, x)|i—o =2 ui(0) sin kz,

k=1 k=1

(3)
p(t, 2) =0 = 1+ po(0) + 3 pr(0) coska,
k=1

Forthe representations (2) atxz = Oand x = 7 the conditions
ol adhesion and thermal insulation are fuliilled.
The convergence of views (2) is proved by Titiv S.S. and

Kurmaeva K. V.



The representations (2) are substituted into the system( 1) and
each equation is projected onto its system of basic harmonics.
We obtain the infinite system of ordinary diiferential equations.

>0

2 |
6y(t) = lup(t) + — Z (Magme + kbgme) Ok (D) (t); (4)

| ﬂ

k,m=1

2 «— 1
uy(t) = —= Z mhkgmuk(t)u;.n(t)-|—§€pg(t)—|—

k,m=1

2 |
= Dm0 () pm(t) —polue(t) - (5)

il —
T k,m=1

2 >
—Juﬂ; Z mghmgkﬁ;s(t)um(?f);

k.m=1



py(t) = Z (Mbime — Ykakme) Wi (8) P (8) —y[14+po () fue () —
k ,m=1

—seo O [14po ()] 0¢ () +pe () } —

- (6)
2
— 3 ;ﬂZ_[(lmg—F k?) Qe — Qkfrrfjmng]rsk (t) pm () +
+ poy(y — 1) — Z km mkmpu;b(t)um( );
L ;m=1
Py (1) Z kug (t)pr (t) + Qp:g'y(’y —1 Z k2 (t (7)

m I

A . f =fcos(k$) cos(max) cos(lx)dx; by, . e=[sin(kz) sin(mz) cos(fx)dx.
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Theorems on multiEle freguencies

The first theorem on multiple frequencies.
[I the initial data contains the harmonic with frequency /¢;,

then the solution constains harmonics with the respect to the
spatial variable only with the harmonics ¢4, 2¢,, 3¢, ...

The second theorem on multiple frequencies.
[f the initial data comprise the harmonic with frequencies /¢,
(s, ...,3,,theninthe solution there are harmonics with respect

to the spatial variable only with the Irequencies that are multiples
ol d: d, 2d, 3d, ...

#

Where d is the greatest common divisor.

1 he thorems are proved for the infinite system (4) - (7).
Zamyslov V.E. The standing waves as the solution ol the

complete Navier-Stokes equations in the one-dimensional
case //Computational technologies. 2013. T. 18.

The theorems are reproved by Titov S.S., Kurmaeva K. V.



The redistribution of the initial perturbation
for the other harmonics

{,=d=5

Appearance the frequency

(o= 10,0y = 15, (5 = 20, ...




The theorem on the multiple frequencies

in the three-dimensional case

The type of solution

O(t,zy1,x9,23) = 1+ 0o(t) + 01(t,x1) + 62(t,x2) + 03(¢,23),
u(t,zy,z9,x3) = ui(t,z) + us(t, z9) + us(t, x3),
v(t,z1,T9,23) = vi(t, 21) + va(t, z9) + v3(t, x3),
w(t,zy,z9,23) = wi(t,zy) +wy(t,xzs) + ws(t,z3),
p(t,zy, 20, 23) = 1+ po(t) + pr(t, z1) + pa(t, z2) + p3(t,x3)

Pogodin Yu.A., Suchkov V.A., Yanenko N.N. The travelling
waves in gas dynamics equations //Dokl. T. CXIX, No. 4.1957.

Sidorov A.E, Shapeev V.P, Yanenko N.N.The method of the

differential relations and its applications in gas dynamics. Nauka,

1984.
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The solution is constructed in the following form:

0(t,1,22,23) = 1+ 0y(t) + E& (t,z;),

3 =l
(t ‘El:'*r?}‘r'}) — Z u,}( )
J=1
3
v(t, 1, 22,23) = 3 vj(t, xj), (2)
j=1
3
w(t,z1,22,23) =Z (t, ),

p(t1$11$21$3) =1 +p[}(t) + Z pj(t,iﬂj)
Jj=1

Z | figa(H)cos(ke)) + fipa(t) sin(ka;) |
f:0,u,v, w, P; theﬁr‘blmdexz—l 23 o

the number of the spatial variable;
the second index — the harmonic [requency. 15



The result of the projecting the first equation of thesystem (1)
1 -4

OEEDS k{ — g () S1p2(t) + urpo(t) Suj (£) —

k=1

— Vo1 (t) Sak2(t) + Vaga(t) bok1 (£) — wapr (8)d3x0(t) + wsra(t)ds3 () +

+ 0151 () urga(t) — O1p2(t)ur s (8) 61k1 () + Sk () vara(t) — dara(t)vary (2)+
+03k1 (t)wak2(t) — d3k2(t)wsp (f)};

11 (t) = [1 4 6o()urea(t) + 5 Ly [ akmetiapa (£)O1ma(t)+

k=1 m=1
—I_bkmﬁul k2 (t) '51?’”,1 (t) + Qe 511%1 ( )HImZ( ) — bkmﬁ f514%:2 (t)ulml (t)] ;

lealt) = —[1+ 8O} wra (8) + 5 2 3 m | buuekass (£) S (£)—
k=1m=1

_bﬁrﬂwr,ulkZ(t)fglmZ(t) — b:rn,ﬁkglkl (t)ulf.rnl t) + bk{‘?:rnglkE( )ulwﬂ(t)];
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01 (8) = [1 4 b0 ()]Cvara(t) + 5 Z Z [ et Vg1 (£) Oama () +

k=1 m=1
—I_bkmEJUZR:Z(t) 52“”':,1 (t) + akmﬂEZkl( )UﬂwrZ( ) — bkmi’ﬁﬂkZ(t)UZmI (t)]u

bialt) = —[1+ 8o (0)]loann (1) + & 2 Z [ mekv2k1 () O2m1 () —

k=1m=1
— bkfﬂﬁﬂ 2k1 (t) '[E'-Q:rn,l (t) — bﬂ'r,fk f52@}:1 ( )UETH,I ( ) + bkf:rn, 523‘:2 (t)UZTH,Q (t)] :

031 (1) = [1 4 do(t)[Cwsea(t) + 5 Z Z [ Aemew3k1 (1) O3m2(t) +

k=1 m=1
—I_bk:rn,f,’w3 k2 (t) f:5-3:'1";1 (t) + Qe {5-3 k1 ( ) W3m?2 (t) bﬁ‘mf" I[E'-31ﬁ'2 rLU3:*1":1 ]

302(t) = —[1+ do(t) w3 () + %;;1 wi [ mekw3k1 () O3m1 () -

1
— bkfﬁ’n, W32 (t) 63?’”2 (t) — bfm,i’k 53 k1 (t) W3m1 (t) + bkt‘,’m 53 R‘Q w3m 2 ]



The theorem on themultiple frequencies. /magine you are given three

sets o} positive integers and their greatest divisors:

dy = HO/(ly,....,0L); d2 = HOH(my,...,mu); ds = HOHd(ng,...,nx).
Let at t = 0 the initial data contain a finite number ol harmonics.
Moreover, the harmonics that depend on x1 have a frequency fo, ....01;
dependent on xo — the [requency o] the my, ..., mu; depend on xs
— Jrequency o} the ny, ..., ny. Then the solution o} the injinite system

of the ordinary differential equations, all coefficients fi;(t) Jor which
the second index l is not a multiple of d;, will be identical to zeros.

The theorem says that the solution presented in (2) and containing at the
initial moment of time only a finite number of harmonics, for¢ > 0 can be
harmonics from z; only with the frequencies that are multiples of

d;,1=1,2,3.

The frequencydivision in the following areas: dividing in the initial
conditions ol the spatial variables received that the decision ol the
irequencies of the harmonics were also divided with respect to spatial
variables.
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The meanin' of the theorem




Remark 1. The theorem is valid for the system of gas dynamics equations,
which is obtained from the system (1), if it is put to the pug = 3¢9 = 0.
Remark 2. From the theorem it lfollows that the solutions of the form (2)
do not have the property of «doubling the frequency», which is sometimes
suggested in the viscous continuum.

Landau LL.D., Lilshitz E. M. Theoretical physics. Volume VI. Hydrodynamics.

Nauka, 1988.

*

Remark 3. As a natural phenomenon the well-known fact is that the excitation
of the harmonics with the certain irequencies over time are fixed and the new
harmonics, the frequencies of which are fully consistent with this theorem
and the similartheorems in the one-dimensional case.

Aldoshina [, Pritts R. Musical acoustics. « Composer», 2006.

Remark 4. The authors of the theorem presented here do not know the
papers in which, for at least for formal solutions of specific nonlinear partial
differential equations the fact corresponding to theorems on multiple irequencies
would be proved.
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The mapping if ug # 0, 3¢9 # 0 with case pug = 0, 3¢9 = 0

po 7 0, 3¢9 # O




Ho — [], ) — 0




Conclusion

Using infinite trigonometric series we constructed the non-stationary
Solutions of the comlete system of Navier—Stokes equations
approximately.

The theorems on the multiple frequencies have been proved and thus
the fact the fact of the redistribution of the initial perturbations irom one
harmonic to another has been establisheal and the mathematical substantiation
of the rules for the formation of overtones is given.

The algebraic structure of the set of irequencies of the harmonics arising
in the solution is established depending on the frequencies of the harmonics
including in the initial conditions.
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The corresponding computational methods confirmed that
the approximate solutions constructed in the case of relatively
small initial data transier the one-dimensional flows of the
compressible viscous heat-conducting gas with enough
accuracy.

@The examples of sulliciently nontrivial solutions are given.

he proposed approach make it possible to obtain the solutions
at sulfficiently large intervals of time, including when the flow is
practically stabilized in this case to homogeneous quiescence
rest. The calculations have shown that the time stabilization
of the llow —about 1/ py.
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Thank you for your attention !

E-mail: SBautin@usurt.ru
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