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Abstract

Some examples of exact solutions of the system of equations of flows of the incom-
pressible fluid are obtained . Their properties are discussed.

1 Introduction

The Navier-Stokes system of equations describing the motion of three-dimensional flows of an
incompressible fluid has the form

aatﬁ(ﬁ )+ (UF ) - VYU t) — pAU(F, t) + VP(F,t) = 0,

(V-U(Ft)) =0, (1)

where U(7,t) = (U(7,t), V(F,t), W(7,t)) are the components of velocity, P(7,t) is the pressure,
and p is the fluid viscosity. Given system of equations has numerous applications in various
branch of modern mathematics, physics and technics, but until recently there are a lot of unsolved
problems connected with it. Here we propose a new approach to constructing solutions to the
system (1), based on the representation functions and their derivatives in parametric form, and
then it will be shown how it can be used to obtain new solutions to the system under consideration
in both cases =0 and p # 0.

In this communication we study the properties of the system (1) from geometric point of view.

Theorem 1 The 14-dim space D in local coordinates x; = [x,y,2,t,1, p,m,u,v,w,p,&, x,n]
endowed with the Riemann metrics of the form

ds* = 2dxdu + 2 dydv + 2 dzdw + (—~Uu — Vo — Ww) dt* + 2 dtdp+
+ (up Uy = 0UV +op Uy — wUW + wp U, — u (U)* — uP — Up) dn’ + 2 dndé+

+(—uUV +up Vo +opVy —wVW + wpV — v (V) = 0P — Vp) dp* + 2 dpdx+
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+ (—uUW +up Wy —oVW +op W, +wp W, —w (W)* — wP — Wp) dm® +2dmdn,  (2)

with the components depending from the functions U, V,W, P has components of the Ricci-tensor
R4y = 0 on solutions of the system (1).

The metric belongs to the class of the Riemann spaces with vanishing scalar Invariants and
part of its geodesics with respect to the coordinates n, p, m, &, x, n are determined by the equations

ij=0, p=0, =0 §=0,%=0,it=0.
and have the form
n(s)=a;s+ by, p(s)=ags+ by, m(s)=ass+bs, &(s)=a,s+ by,

X(8) = a5 s+ bs, n(s) = ass+ bg.
The equations to the coordinates [x,y, z, t| take the form

2

2
d—x(s)—l/Q U <dt(s)> +1/2 a;*u aaU—l/Q a2 (U))*=1/2 a1*P—1/2 a,°UV+1/2 02> 0 V-
T

ds? ds H Ox

—1/2 a32UW + 1/2 a32u ;UW = O,

d2

d 2 0 )
—y(s)=1/2V | — ~1/2a,2 1/2 a2 —U+1/2 a2 —V —1/2 a2 (V)*—=1/2 a,2P—
d82y(3) / V(dst(s)> /2a;7UV+1/2 a, uayU—l— /2 az uayV /2 a2" (V) =1/2ayp

)
—1/2a3*VW +1/2 a5*p aT,W =0,

2 d .\ B, 0
@z(s) —1/2W (dst(s)> —1/2a,2UW +1/2 a;*p @U —1/2a* VW +1/2 as’u iv—i-
0
+1/2 as’p 5. W —1/2 as®> (W)* —1/2 ag*P = 0,
2
d2
Pt(s) —1/2Ua;* —1/2Vay*> —1/2Wa3* = 0,
s
and the coordinates [u, v, w, p| satisfy the linear system of ODE with respect to the u’ = [u, v, w, p]
with the coefficients depended on the (z,y, z,t) and looks as

d2

Eu(s) = Aju(s) + By v(s) + Crw(s) + E; p(s),

where

0 0? 0 0? 0
_ 2 . 2, O 217 Y 1 2 O 217 Y i
A =1/2a3 <U> W —1/2a;°1 xQU + a;“U xU 1/2 a5 xQV +1/2as”U a:w

—1/2 as® a—2W+1/2a2 9y V+1/2 it(s) 28U+1/2a2UaV+1/2a28P
5K G2 * \ox ds Ox * 7 G

B —aQVgV—1/2a2 a—QU—Uza? 8—2v+1/2a2ﬁp+1/2a2 Iy W+
LT on ! Maxﬁy Quaxay * x 7\ oz

2



2

0x 0y

d 29 , (0 0

o
1/2 a5’V —W —1/2 a3?
+1/2 ag V@a:W /2 a3 O

2

H 0x0z

2

+1/2 agng +1/2 it(s) 2 2W +1/2 ay? Qv W+1/2 aQQVgW —1/2as”u Lv
Ox ds Ox Ox ox 0x0z

2

0x0z

) o)
C; = as*W—W +1/2a,°U—W —1/2 a;*p W+

ox ox

0
U+1/2a,° <&CU> W —1/2a3?

B, =1/2 a,@?ﬁv +1/2 aﬂQU +1/2 aﬁﬁW,

ox ox ox
and
d2
@v(s) = Ay u(s) + By v(s) + Cow(s) + Eg p(s),
d2
@w(s) = Asu(s) + By v(s) + Csw(s) + Es p(s),
d2
@p(s) = A u(s)+ Byv(s) + C, w(s) + E; p(s),
where 9 P 9
- 20 20 20
B 0 d i)
o 2 2 2 Y 2 2~ . _
C4 =1/2a3° (W) +1/20a, <8tU>W+1/2a2 VW +1/2as atP+1/2 <d8t(s)> 8tw+
+ QWQW+1/2 UW +1/2 2UQW—1/2 2, & U—1/2as” i W—
@ o “ T “H 552 “H 552

2

) ) )
. 2, - PA Ve 2 2
V2a nga VA 1/2a Vg W 1/2as (aﬂ)”’

2

B4 =1/2a;" <8U) V+1/2 aﬁgP +1/2a% (V) = 1/2 0% 8?(91/1/ +1/2 aJQU;V—i—

ot ot
+1/2 it(s) 2 QV +1/2 a5? Qv W+1/2a QVQW +1/2a,2UV —1/2 a;? a—2U+
ds ot * \ ot T ! 1 ooy
+1/2 as>VW + a 2vgv —1/2a5? a—QW
3 2V 5 3 M@tay )
A, = a12UﬁU+1/2 a12gP—1/2 as’p : V41/2 a2 (U)*+1/2 a32U9W—1/2 as’u : W+
! ot ot dtox ot dtox
+1/2 a*UV + 1/2 a5* <§;U> W +1/2 ay? (3}) V+1/2 a22U§tV +1/2 ag?UW+

d o) , O



2 On the metrics with vanishing scalar Invariants

For the metric (2), all scalar invariants constructed from the Riemann tensor and its covariant
derivatives are equal to zero. This circumstance forces us to use invariants of another type - the
Cartan invariants

Proposition 1
K:=R{"1i a j b}*R{"j c i d}* m~{a}*m~{b}*m~{c}*m~{d}
S:=R{a b}*R{c d} n{"a}*n{ b}*n{c}*n{"d}

As example

0 0 0
K = (U(m,y,z,t))2 %U(Qi,y, z,t)—i-(aZ:W(ﬁc,y,z,t)) (W(:c,y,z,t))2+(U(:U,y,z,t))2 $W(a:,y, Zat>+

+QiV@w¢JOOW%%&@PHU@ﬂJJW5?“%%%ﬂ+&iU@ﬂﬂig@WL%%QV_

-2 (;ZW(x,y, z,t)) U(z,y, 2z, )W (z,y, z,t) — 2 (iU(x,y,z,t)) Uz, y,z, )W (x,y,z,t)—

—2 (;UV@, Y, z, t)> U(x’ Y, =, t)W('I7 Y, % t)

Another way to study the properties of the NS system is to use the differential parameters of
Beltrami

Proposition 2 If f(z°) and h(x%) are the functions of coordinates of the space then the functions
defined as

Of Of _Of Oh

— Y I — Y ~

Al(f) g a$2 8xj’ A1<f7 h) g 81’1 axju
iy O°f of
Balf) = 0" 5 = Tl

In the case
.f:w<x7y7Z7tan7p7m7uvvaw’p7€?X7n)

from the Laplace-Beltrami equation
A) =0

in particular we find the equation

0? 0? 0?
— <8§2F15> uP(z,y,z,t) — <8p2F15> W(zx,y,z,t)w — (WF15> Ulz,y,z,t)u—

— a—2F15 V(z,y,z,t)p — a—2]715 Ulx,y,z,t)p — a—2F15 v(V(z,y,2,t)° —
aX27 7y7 ) p a§27 7y7 Y p 8X27 7y7 Y

- a—2F15 V(z,y,z,t)v — a—21715 w(U(z,y, 2, ) — a—2}7’15 w (W (z,y, z,t)° —
8p27 7y7 Y 8527 7y7 Y an27 7y7 Y
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2

52 0?2 0
— <8 2F15> wP(z,y,z,t) — ((‘?n?Fl5> Wi(z,y,z,t)p — <8X2F15> vP(z,y,z,t)+

- o F15 |w aV(yc z,t)+ a—2F15 v gU(w z,t)— a—2F15 vU(z,y, 2, 6)V(x,y, 2, t)+
a 27 lL[/a 7y7 Y 8527 :uay 7y’ 9 8527 7y7 ) 7y7 Y

2

82 6 0 0 0
2

0? 0
_F1 — _F1
(8)(2 5) uU(x,y, 2, t)V(x,y, z,t) <6’£2 5) wU (z,y, 2z, )W (z,y, 2, t)+

+ 6)—2F15 v gV(w z,t) — a—2F15 wV(z,y, 2z, )W (z,y, 2, t)—
8 2° May ’y7 Y aX27 7y’ Y 7y’ Y

2 0
2F15> u:ua ('x?wa’t)_

2

0? 0 0
<8n2F]5> uU(z,y, z, )W (z,y, z,t) + <(9712F15) e %W(x,y, z,t)—

2 2 2
<86n2 F15> oV (z,y, z, )W (z,y, z,t)+ ( 2F15> v aayW(x, Y, z,t)—

0 8 0

0 0 0 0?
-2 F15) ¢ —2 F15) _c5—2 F15 ) _cg — 2 _Fi15—
<8n 5) cr ((95 5) cs <8 5) o ody )

0? 0? 0?
_F15 -2 _F15 -2
Opot d oudx g owoz

where _F15 = _F15((z,y, z,t,u,v,w,p, &, x,n)) and the relation of the form

-2

_F15 =0,

(U<x)y7Z7t)_W(xay7Z7t))P(I7y7z7t>/,u = (iU(I,y,Z,t)) U(x7y7 Z7t)_W(m)y7Z7t)g

8xV(x,y,z,t)—

—W(z,y, z, t)2

axU(l', y,z,t) — W(z,y, z,t)

FW s+ (5

ox aZV(x,y,z,t)> U(x,y,z,t)+

0
(g0 Ulee) 3)
when
V(T y, 2,t,m, pym,u, v, 0, p, &, X, n) = Al(,y, 2,t,p)e 178X,

With the help of the condition (3) we find as particular case the system of equations
1.

62 82 62 2
<02¢($ Y, <, t)) @gb(xvya Z,t) - <a$az¢(x7yazat)> —f'F(I',Z,t - 07

o é(x,y, 2, t)+ > o(z,y, 2, t)+ g(b(x z,t) o —o(z,y, 2, t) + o o(z,y, z,t) | —
drotor Y ST g 19, O\ Y 2 DT g P Y & o3 N ST e, PN Y

0 3 0?
- (axﬁﬁ(xayazat)) <8$282¢<x’y7 Z,t) Oz 3¢($ Y, =, t))

o o o
i (bl 042 5ol 0+ ol ) -

020720z 0z



o ot
—p <W¢(x7y, z,t) + Wﬁb(%%z’ﬂ) =0,

which has solutions depending from the Heat equation

2. Ulx,y,z,t) = y—x+at — tté((z, t) sin(t—1)7
V(z,y, z,t) = y—2x+ yt — tK(z,g (sin(t™) + COS(t_l))’
W(z,y,z,t) = —2?,
and

9, 0? 22Kz, t)

3 Lagrange variables?

(Dryuma V.S. sedov-110@mi.ras.ru, 2017, http://www.mi.ras.ru/index.php?c=conf, 2017, p.14-
16),

In Lagrange description of liquid flows the NS equations are

0 0? 0 0? 0
a—P(a,b,c,t) (8 5X(a,b,c t)) % X(a,b,c,t) — <8 5Y (a,b,c t)) % Y(a,b,c,t)—

a

0? 0
(atQZ(a,b, c,t)) aaZ(a b,c,t) =0,

2

0 0? 0 0 0
%P(a, b,c,t) = — <at2X(a, b, c, t)) abX(a b,c,t) — <8t2 (a,b,c, t)) (%Y(a b,c,t)—

0? 0
— <3t2Z(a b, c t)) %Z(a,b,c,t) =0,

2

—X(a,b,c,t) — (thY(a b, c t)) ({)acY(a, b,c,t)—

C

0 0? 0
%P(a,b, e t) = — <8t2X(a b, c t)) 5
0? 0
_ <8t2Z(a b, c, t)) %Z(a,b, ¢, t) =0, (4)
%X(a, b,c,t) %Y(a,b, ¢, t) %Z(a, b,c,t)
%X(a, b, c,t) %Y(a, b, c,t) %Z(a,b7 o,t) | =1,

%X(a, b,c,t) %Y(a, b, c,t) %Z(a, b, c,t)
or

0 0 0 0 0
((aaX(a, b, c, t)) %Y(a, b,c,t) — (abX(a,b, c, t)) %Y(a, b, c, t)) %Z(a, b,c,t)+

+ <_ (aaX<a7 b7 07 t)) %Y(G, b7 Ca t) + (aCX(a, b, C, t)) %Y(G, b, C, t)) %Z(a, b’ C7 t)—|—



0 0 0 0 0
+ ((aCY(a,b, c, t)) %X(a, b,c,t) — (aCX(a, b, c, t)) %Y<a7b7 c, t)) %Z(au b,c,t)—=1=0. (5)

The example solution of (4) and (5) is

X(a,b,c,t) = Btsin(a)sin(b), Y(a,b,c,t) = At cos(a) cos(b),

C 02

—9 CP(a,b,e,t) = —12
BAt? (cos(2a) — cos(2b)) (a;b,¢:1) B2 A25 (— cos(2a) + cos(2D))”

OPEN QUESTION!!!:
How to represent the system (4) and (5) in geometric form by help the metrics (2)?

Z(a,b,c,t) = +K(t).



