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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

zﬂ Block Italice Transliteration Block Italic Transliteration
j | | A a A a s Pp P p R, r
1 E = B 6 B, b Cec & 8, 8
Ba B v, v T 1 T m ;
% E i r G, g Yy y y Uy
A a a 2 D, d ® o ® ¢ roY
] E e E ¢ Ye, ye; E, e¥* X x X x Kh, kh
= Wow X x Zh, zh Uu U y Ts, ts
' 3 3 3 Z,'% Y 4 Yy y Ch, ch
é U u H u D W w W w Sh, sh
Hn A g Y, ¥ Wow W Shch, shch
| | H w K «x K, k b v D s 4
! Jin n a By H & N w Y, ¥
T M « M, m b b b » ;
H H H x N, n 33 9 E, e
i 8] 0O o 05 o K w0 D » Yu, yu
n n n PP A A A a Ya, ya

%*ye initially, after vowels, and after », b; & elsewhere.
When written as € in Russian, transliterate as yé& or €.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English
|

sin sin sh sinh arc sh sinh:i

cos cos i ch cosh arc ch cosh__1

tg tan : th tanh arc th tanh_1

ctg cot cth coth arc cth cot:h._l

sec sec sch sech arc sch sech_1

cosec csce csch ¢sch arc csch ¢sch

Russian English

| rot curl
E | 1g log
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FORM QF INSTABILITNY OF STEADY CONVECRIVE NOVEMEST CAUSED BY INTERNAL
HEAT SCURCES

A. A. Yakimov

The stability of steady convective mpovesent caused by internal
heat scurces was studied earlier im [1, 2]. The spectra of the
decrements of the disturlzmces and tle peutial curves were obtained
fcr different values of the Prandt]l sumbes. 1his report considers the

fcrs ¢f the disturbances cf convective sovesent.

1. Heat sources with vclumetric demsity Q zre uniforaly
distrjtuted in a plane vertical layer cf wisccus fluid with a width
c¢f 2hy the layer is assumed to be clos¢d frcm aktove 'and below, and
the vertical walls which :bound it are leld at the same temperatures.

Statignary plane-parallel ccanvective mcvemcnt with velocity anad
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tesperature profiles which are ever relative tc the axis of the
charnel, focund from the ordinary eguatiocns cf ccnvection with
consideration of internzl heat scurces [1]), originate im this channel
due to imternal heating. If we take b, A%y, gPgh'/2v, gh®/2, pgph2/2

(@ = @/pC,z) as the units cf distaece, tise, velccity, temperature,

and pressure, respectively, the disepsicnless velocity and

teasferature profiles will ke

R

Vp=1/60(1 — 6.7 +5x%), (1) H
Ty b—at. @

Ssall plane spraal disturltances

¥ (%, 2, 1) =@(x)exp(—At+ikz), (3)
T (x, 2,t) =0(x)exp(—At+ikz), 4)

are imposed op the sain flow, where @ and é are¢ the amplitudes of

the oscillations, A\ is the decremert, ard k is the wave number.

Subst ituting (3) amd (4) in the cenvecticn equation and
censidering the smallness of tbhe disturbances, we will obtain a
systes cf linear hosogenecus differemtial eguations for determining
intensities @ (x) and 6(x) [1]:

A'¢ — ikGHy + V' = — Mg, ()

P-140 - ikG (Top — v,0) = — A0 (6)
(89 = 9" — ke, Hp = v,Ap — v} 9, G = ghgh’/24*, P = v]y)

with the homogeneous boundary conditions

BO——
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ot x==*I. (7

¢p=¢ =0, 6=0

2. We wvill use the Galerkin method to sclve boundary probles
(5)-(¥). We will £ind ¢) apd 0 in the fcrm ¢f the superimposition of

the tasic functioas

b=

§

M ]

9= a9, h = 2 b0,. (8) E‘
k=1 p g

Se will take the iptensity of the disturtarces in a guiescent : ﬁ
I

fluid, determined from the¢ Ekcurdaxry grckles ‘
E

A, =—unlp, =% =0 at x=+1, 9)
i=12....N),

as the basic functions ¢, o and the intensity cf the temperature

perturtations, deteraime¢d by the pigklen

P-180, 4 %9, =0, 0,=0 at x= + | (10)
(k=12,...,M)

as the rasic functioms 0, (the explicit fcts cf the basic fuactioms

is given in [3], for exzesgle).

The requirement of the orthogcnality cf tte discrepancies in the

tasic functions leads to a systes cf bcrogereocuvs linear algebraic

equaticns for coefficiests ¢, and 0,.
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The ccandition of the existence of a ncpzerc solution for this
systes detersines the spectrum of the characteristic decrements cf
disturtances )\ dependin¢ ca the Grashof nuster N, the Prandtl number
F ard the vave number k. The characteristic decrements A are defined
as the intripsic values of the s)stea satrii.

a, anel b,

the expansion co.ﬁtio‘c=131=?"“c cosjcnerts of the latent
vector which corresponds te characteristic nusker A. This vector vas
fcund as fcllous. The valwe of )\ vwas sulstitutec in the
characteristic eguation

|A—AE| =0, (11)
shere A is the systea satrix and E is the urit satrix. One equation
vas deleted from the systes cbtained. Pcr tte best conditionality of
the matrix obtained, the equation sith the asinisum modulus of the
coefficient in the diagecmal ters was selected as this eguation. One
cf thé ucknouns (a, or 04,) sas assigaed a randcr value (e.g., "-1%),
and the systea thus obtaiped (with cosplex elements) was solved by

the method of primary elemerts.

3. The norsal disturbarces Y (x, z, t) and T(x, z, t) with a
certain amplitude a, which remains arbitrary wien staying within the
bcurds of the linear theory of statility, 2re #cded to the main flow

and distort it. We will pilct fhe current lires and isotheras of the

disturbted total maovemeat.
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At an arbitrary fixzed poimt ir tisme t,, the equation of the

currest line of disturbed scveneat is
Yo(x) +ag(x, 2, to) =C,,
vhere 4!., (x) is the curremt fuaction of the frimary flow, and C, is a

certair comstant.

§f disturbances fw:, 2, t) are deternired from formula (3), the
current line equation assuwmes the fcllcuiag fcxs:
$o(X) + a,9 (x) % = C,. (12)
Facter ¢ aaly attects the inteassity cf the disturbances;

therefcre, we can set t, = .0 without aftecting continuity.

Considering the cosplex fcra cf 7(:) ard ¢, equation (12) can

e 1esritten as:

Po(%) + @, {9, (x) cos kz — ¢, (X) sin kz] = A,, (13)
where

9, (X) = Re g (x), 9,(x) = Im ¢ (x),

ard a; and A, are meal ccastants.

the isolines ere plotted as fcllows, 1be ccrresponding values of

3 are found from eguaticn (13) for a givem value of A, and a fixed

value cf x. Breaking doan tte change igtervel x into a sufficiently |
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lJarge rumber of paxts, se will obtaim the current line for the
selected value of 4,. Varyipg A, vwith a certain spacing, wve will find
the family of equidistaat eurremt limes. Tie¢ equation for the
isctheras
To(x) + a, |9, (x) cos kz — 8, (x) sin kz| = B,, (14)
is foerd analogously, where
0, (x) = Ref (x), 0,(x) =Im0(x),

and the fasily of isotheras of the disturde¢é mcvement is plotted.

4. The results of the rumerical calculeticps are given belcw.
1he intrinsic values of the systes satrix were found using the QR
algcrithes realized on Aragats and F-220M ccaputers of the Computer
Cegtex cf the Perm! State Uriversity [4]. Six tc fifteen functicns of
€ach type were taken in exgersions (8). The latent vector, isolines

aad isotherms were found ¢y ap M-2208 ccmputer.

Figure 1 shows the newtral curve for tle Prandtl number P = 10
flctted from the materials in [2]). As this study establishes, at
sufficiently large values ef the Prardtl custexr, the neutral curve
ccnsists of two bramches. Tle short-wave branch corresponds to
tydrcdynamic distuxbances drifting slcwly alcpg the channel. The
long-wave Ltranch corresjcgds tc heat wave distvrbances, the phase

velccjty of which is clcse to the saximum flcw velocity!l.
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Fcetngte: tPcr comparisop, the brokea lime in Pig. 1 shows the
| reutral curve for P = 0 taken from [1), vhich cltaracterizes the |
? develgpsent of hydrxodynamic disturtamces alcne. End footnote f
1
r :
E | It is interesting .to trace the foram of the cisturtances corresponding 13
4 tc toth branches. {
I
|
o
|
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Bigure 2 shows the current lines and isotierms of the total
copvective movement plqtted for pcint A (see Fig. 1), which lies on
tte hydrcdynamic branch of the neutral curve (k = 3; G = 2180).
Figure 3 ccrresponds to pciprt E, which is 1lccated on the thermal
kranch (k = 0.8; 6 = 230). Fcr convepig¢rce «f illustratiom, the

vertical scale in this figwre is cne<fgurth cf the full scale.




—

IGC = 1233 PAGE 9
Fig. 2. KEY: (1) Current limes. (2) Isotl¢ras. |
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The values of the cursemt function indicated in the figures are

incredased 103 times, and the temperature values - ten times. When
ccepacing the figures ore should remember ttat ccnstant a, used in
formulae (13) and (14) was 2.5 times larger fcr gpcint A than for
fcint B wvhen pletting the isclines.

These figures shos that in koth cases, instability develops inm
the fg¢rm of two vortex chains which alternate cn the interfaces of
the convective floys. Thus, althcuch hydrocdjrasic disturbances and
rising heat flux disturtapnces are related tc twc different modes of
the instability spectrus, there is no essertial difference in their
fcre. However, the differeyce is tbhat heat saves have a relatively

bigh phase velocity ccmpareé tc hydrodyramic disturbances.
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