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A. F. LYUBYUK

ON A HYDRODYNAMIC FORECAST OF THE
BARIC AND KINEMATIC FIELDS (SHORT-
RANGE WEATHER FORECAST)

(Presented by Academician V. V. Shuleikin, 27 V 1958)

We shall proceed from the basic system of equations of hydromechanics and
thermodynamics of an ideal fluid under the assumption of an adiabatic process.

Let T,p denote the temperature and pressure of atmospheric air; u,v,w the

velocity components; g the acceleration due to gravity; [ = 2wsin ¢ the Coriolis

parameter, where w is the angular velocity of the earth’ s rotation and ¢ is

the latitude of the place. In the local problem we shall assume [ = const. In

addition, let T = T — T,,, where T is a constant quantity (for example, 273°);
T/
Y= —;
Ty

c
@ =RI)In La +gz; 2= -LRT,,
Do c

v

where p, = 1000 mb and R is the gas constant; A is the thermal equivalent of
work.

We write the system of equations of our problem in the form

u, — W+ Q, = —(9Q, +uu, +vu, +wu,) = F,
v+ lu+Q, = —(Q, +uwv, +vv, +wv,) = F,
w, +Q, = —[9(Q, — g) +vw, +vw, +ww,] = F;, (1)

1 1

AR AR
ﬂt+?u(um +Uy+wz) = c

I u, + v, +w,) — (ud, +vd, +wd,) = F;. (2)

v

Let us denote the initial values at ¢ = 0 by
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0 0 0 0 0
u=u, v=v, w=w, @Q@=0Q, V=1

System (1) can be reduced to an integro-differential one by solving it with respect
to u,v,w, @), expressing them through F;. Denote these solutions, satisfying
the initial conditions, for the homogeneous system of differential equations by
Uy, 1, Wy, Qq, and for the inhomogeneous system (1) with zero initial values by

Uy, Vg, Wy, Qg
(U =1ty + Uy, V=0 + 0y, W=1wy +wy, @ =0Q; + Q).
Both the homogeneous and the inhomogeneous systems are solved by the oper-

ational method using the Laplace-Carson and Fourier transforms analogously
to (2,

For the homogeneous system (1), at z = 0 the condition w = 0 gives Q,, = 0,
and, for example, for @; then

1 400 e} 00 4 , L,
- [T (e ) warar.
—00 0 —00 k=1

where

o o0 o0
1 ——02, :uz+vy+wz,
20 0o 0 0

oY = —5Q+1(v, —u,), @Y =Puw.. (6)
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(3) shows that, in order to compute the pressure field @, it is not enough
to have initial pressure data for one time; it is also necessary to have the
components of the initial velocities. However, one can obtain a solution
that would depend only on the initial ) and its time derivatives.

Indeed, if from the homogeneous system (1) all unknowns except @ are elimi-
nated, then for ); we obtain

9 (1 02 192 o 2 2 o
T (LS A (L P N\ g, =0, wherea=2 4+ 9
[8752 (02 o )” <c2 o 322)] @ =0, where A =5 52 522

(7)

The solution of (7) is carried out by the method used earlier. We obtain
1 9 ?
o= [ ff | St (e (2))
4 2 R, 02 R1 c
Q10 (i R\? Q Ir R\?
A A I D B (71) tt —_A J = a2 — (J)
+c2R18t0 R, c + Q R, "°\ R, c +

1! l R\?
+ %“ AQt R—l/ JO(er t2—<?1) )dT de’ dy' dz', (8)
R,/c

0 0
where one should take Q(x,y, —z) = Q(x,y, 2).

According to (8), to predict the pressure field it is necessary to have data on the
pressure and its three time derivatives; in other words, to have pressure data for
four times. Solution (8) indicates the propagation of damped oscillations with
the speed of sound, which is in agreement with (5).

If it is assumed that - ~ 0 (which is equivalent to 8p/8t ~ 0), then (8) can be
written as follows:

o} =c?2+$ /:o//?é2 [1—JO<Z§>] da’ dy dz'— / //AQt (l};:) drda’ dy’ d2’.
9)

In this case the history of the development of synoptic processes is sufficiently
illuminated by data on the pressure field and its time derivative, or, in other
words, by pressure data for two times. Solution (9) (for dp/0t = 0) was obtained
by another method by S. L. Sobolev (5).
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The nonhomogeneous system of equations (1) is solved in a completely analogous
way. In particular, we find for @,

L (e e (2)) -
— (Fy, + Fy, + F3,) (Blflgtjo(ll;\/(t_T)Z _ (B(.’;l)j) +
+[PE A UBy ~ P g ( i \/ (=72 - (R)) -
—l2F3Z/tTJ (g T2 (B;l) ) dTl}dex’ dy’ dz'.
R, /c 1

(10)

1
Under the conditions — ~ 0, ¥ ~ 0, in the geostrophic approximation, when
c

we obtain:

@~ Mz/ // (@, @y) Rat ((tRl )) drdx’ dy’ d='+
2ﬂ/ /// 8Q.Q) (M) drdatdy az.

(11)

Here

2 o D(A, B)
A =—+—-- and (A,B)=—"—"1
Yy (4, B) D(z,y)

On the right-hand side of (11), the functions @) enter for the variable ¢. Therefore
the equality Q@ = @, + @5, upon insertion of (11) into it, is an integro-differential
equation with respect to ). Its solution can be carried out numerically “step

0
by step,” taking @@ = @ at each step (a similar path was proposed by I. A. Kibel
for another system (4)).

The solution of the nonlinear system (1), (2) can, under known conditions, also
be performed without reduction to an integro-differential one; for this purpose it

sovietrxiv.org/items/ru-195801.40915 Machine Translation


https://sovietrxiv.org/items/ru-195801.40915

is reduced to a sequence of recurrent systems (1'37). The first system coincides
with the homogeneous (1); the second with the nonhomogeneous (1) is obtained
by replacing the functions on the right-hand sides by their initial values.

The solution (10) for the half-space is easily obtained, as for @, under the
assumption @Q,|, o ~ 0. Precisely, from w|,_, = 0 it follows from (1) that

¥
Q.=97 el (12)

Then, in reducing to the integro-differential system, in (12) ¥ at z = 0 should
be regarded as a known function of z, y, t, and in the solution (10) only an extra
term will appear. The solution is then carried out “step by step.” The changes
in ¥ are determined from (2).
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