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S

I fl n f i n  P , p A n  N i  Ya,ya J .J .
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e elsewhere.
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sin sin sh sinh arc sh sinhi
cos cos ch cos h arc ch cos h 1tg tan th tanh arc th tanh 1ct g cot ct h coth arc cth coth 1see sec sc h sec h arc sch sec h 1cosec csc each csc h arc csc h esch

Russian English

rot curl
ig log
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VOPi~ S J  1~ STABI LI~ ! OP STu D! CC 1!fCflfl IO V11~flT CAUSED BY IBTERIAL

BZ*! SCDBC !S 
$

1. 3. !aki .ov

The stab ility of steady convect ive •pvea e~ t caused by inter nal

beat scurces was studied earlier in (1 , 2]. TIl E spectra of the

decrenents of the disturtauces and the neu tial ctrves were obtaine d

Ip~ d~ffer.ent val ues of tb Prandtl au.bs s . Thi s report considers the

H fcz . çf tbe disturbancqs Cf cgnvective •ovElent .

3~ Heat sources with volnuetric dens it) Q er€ uniforaly

diatrjkuted in a plane vertical laser Cf ui~cci~ fluid with a width

cf 2h~ The laye r is asavasi to be closed trci atove and below. and

the vertical ~alla which bound it ate .~eld at the sane tei petatures.

statiçuary plane—pa rallel ccnvecti ve •cveucnt ~itIi velocit y and

iLl
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teulexature çrotilqs which are even relative tc the axis of the

charne l,, found frq.a the ordinary equations C f ccnvection wit h

considerat ion of interual beat scurcca £11, oLiqiaa ts is this channel

due t9 internal hpating . It we take h. ha/v, dq~t’t2’, qk~/2, pg ~ h2/2

= 4/pc~~) as the units of distance, tine, veiccity, t ap erature,

and pressure, respectively, the diie*sicnle~s velocit y and

te.~exa ture profiles will he

v,~=1/6~ 1—6x2+5x4), (1)

T0 — 1 - - x ’. (2)

Suall plane ;prial disturbances

~~(x, z, 1) — ç(x)exp (— M +i k z) , (3)

T (x , z,~fl =U(x) exp (—M +ikz), (4)

are iaçosed op ths pain flow, whets f and 6 ar e the a.plit udes of

the o*cillat ions, )~ is th e  decrewert , and k if  the  wave nuaber .

N

Substituting (3) aj *d (4) in tb e ouivect icn equation and

c~ciasideria g the allnsas qf the d ist u &b an ces , we will obtain a

Eys te i Cf linea r ~.o.oge.a.cvs differential esiu a t ions  for dete r aining

iaten *iti•s ~ ‘ (z) and 0 (x) [1]:

— ikOHp +1’ — (5) 
- .

P— ’~O + 1kG (T0~ — v,S) = — (6)
(
~ 

— b~~, H, ~~~ — v~~, G = g~qk~f 2 v’, P ‘/x)

b ith  th e  ho.og.a.o.ua boundary conditious

~~ .— . ~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
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~—~‘— o, 0— 0 at x — ± I . (7)

2. us will as. the Galer kia net bo d to a c ive  boundar y proble l

( 5)— il) . Be will find c~ apd S ii the fcrs 6 f  t h e superi nposition of

the tisic function.

0 ~~ ~~~ (8)

Be will ta ke the imt.naity of the disturtarces in a quiescent

fluid, deter.ined fron the A cusda ry ~ncb1e.

A2,, = — ~~~~ ,~ =~; 0, at X = ± 1, (9)
(1=1, 2,..., N),

as the basic functions ~~ • and the intenS ity ci the tenperatu re

perturbations, deternined by the £101.1

P~1A0, + ~~ = 0, 0, =0 at x = ± 1 (10)
(k= 1 ,2 ,...,M)

as tIll basic funct i~~a 6, (the exp licit fp*u Cf the basic functions

in g ive n in [3), for •*s.pl.).

The requires .nt of the or thogcna lity of the discrepai cies in the

basic functions leads te a spate. ci bcuog.rec~u~ linear algebraic -

squ aticus for coefficients . and b,.

- -
. --
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The coaditioz of the existence of a ucnzerc solution for this

systen deteruines the apectru. of t~e icharacteristic decr•.ents of

disturbances ~. depeadiiç ca the Grasbof nuiter B. the Prandtl nunber

~ aiid the wave nuaber k. The cbaracteristrc d~creaents ) are defined

as the intrinsic values of the nya tes satrii .

The expa i~siop co.t tioLe~~i~~~iE~e co.Icnerts of the latent

vector which correspo nds to characte r istic n u ib er  ). This vector was

fcu td  as fcllqws. The valve of k was substitutec in the

characteristic .qestiop

(U)

where A is the syste. astrix and B is the Jilt iat r ix. One equation

was deleted fro , the systes obtained. For tke best conditionality of

the uatzix obtained, the equa tion with the s in i a u i  sodulus of the

coefficient ii~ the diagcaal tern was sele~tt ed a~ this equation. One

Cf t Ill unkn ou~s (a , •r b,) was assigne d a randcv value (e.g., ~_ 1W ) ,

aid the syate a them obtai ned (with couple r elcients) was solved by

t he a*thod of pr i.ary eleaputs .

3. The nor.al disturbatcea 4’iz. i, t) a n d T ( x , z, t) with a

cextajn aiplitude a , whic h rena is s atbit r a r) wtcn staying within the

Izcurd* of the linear theory of stability, are e~~ded to the •ain flow

and djstort it. W. will pict th. current h iss and isotheras of the

disturbe d total .ev.neat.

______ ~~~~~~~~~~~~~~~~L~ L - -  - .. - 5 - -  .“ —
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At an ar bitrary fixed point ii tine ~~. the equation of the

cuzient line of d~atur hed aevesest is

~po(x) +a~ (x, z, 1,) =C,,

where~~0(z) is the Current function •f the £Ei~ 8rY flow, and C, is a

certaji constant.

Li disturbances 
~
(z, 2, t) are deteraired iron foraula (3), the

cur ren t line equation am uses the tclicwiag icr.:

(12)

lacte r e~” ~sLy atfiats the i.te.aity Cf th. disturbances;

tbere~(cte , we can 51St t 1 a .0 without sHeeting continuity.

Gonsidering t~. copplex fcr. cf ~~4z) aid C ,, equation (12) can

be reuiitten as:

‘~,(x)+a1~~,(x) cos kz —~ ,(x) sJnhz) =A 1, (13)
where

,,(x) =Re~~(x), ~,(x) — 1m,(x),

aid a, and A , are zeal constants.

Tbe isolines are plotted as fcl1ost~ lbs octresponding values of

x are fouqd iron squatice 413) for a given value of A , and a fixed

value ci z. Breaking doss tLe change ipterval z into a sufficiently
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large ruaber of pasts, ~ will obtain the current line for the

selected value of 4 ,. Yarjipg A , with a cer tain spacing, we will find

the fa.ily of equidistant current 1ias~. Tke Equation for the

imctI~erus

T.(x)+a , L O ,(x) cos k z — O ~(x) sI;i kzI B~, (14)

is found analogously, shere

O,(x ) =R e O ( x ) ,  O~(x) = t m0(x),

aid ti. fa nil~ of is.tker.a of the diat.rheE •cveaent is plotted.

4. The results of the runerical calc-uletic~s are given below.

The intrinsic values of the syntea at r ix  we r e  found using the QR

algcrith . realized on Aiagats and E—22QP1 crcrputers of the Coaputer

• Ce;ter Cf the Peru’ State University (4]. ~ix tc fifteen functions of

each type were taken i~ exp ans ions ($) .~ The latent vector, isolines

and ilotheras were found c; a~ N—2206 ccmputex .

Figure 1 shows the neutral curve for tie Prandtl nu aber P = 10

~lcttld fro, the aate-tials in [2]. As this study establishes, at

sufficiently large values .1 t~e Piardt] nuaber, the neu tral curve

• ccisi~ ts of two branches. lie shor t—wave b r a n c h  correspond s to

ty dzcd y na a ic disturbances dr i f t i ng  slcwll a l cv c  the channel. The

bu g— w ave branch correajc;ds tc heat wave distribances, the phase

veiccity of which is clcs. to the raziani flcw velocity’.

~~~~~~5-— —5-- ~~~ 
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1 :
loctni te: ‘Pcr cou~paniac~. the brokes line in Pig. 1 shown the I
~eutra l curve for P ~ 0 taken ftc. [1), w h i c h  ciar acterizes the

develqp.ent of hydsodynanic disturla~ces alcne. End footnote

It is inte resting to trace the for, of the cisturtances corresponding

tc both branches.
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Eigure 2 sko~s the current lines and isotierms of the total

coqvectiv• ioveae~t plqtted for pcint A (see Zig. 1), which lies on

t te hydrcdyna.ic branch of the nEuttal curv~ (k = 3; C = 2180).

Piqure 3 ccrresponds to pciut B, which is Iccated on the ther.al

branch (k = 0.8; G = 230). Pox con ve!i!xce cf illustration, the

vertical scale in this figure is one-’fqur~&1i cf the full scale.
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P~q. 2. ~!T: (1) Current lines. (2) isotifrIs .
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The values of the curlen t function iscicated in the f igures are

increased 103 tines, and the tenperature va lues  — ten ti.es. When

ccn~asing the figures ore should re.e.ber tbat ccnstant a1 used in

tor,ulae (13) and (14) was 2.5 tiacs larger fcr Ecint A than for

icint B when plotting the h olm es.

These figures show that in both cases, instability develops in

the fqra of two vortex chains whic h alternate cn the inter faces of

the c9nvective floys. Thus, althcugh hydrod )ralic disturbances and

rj rising beat flux disturta;ces are related tc t~ c different aod*s of

the instability spectru., there is no essential difference in their

fcra. Howe ver, the differq~ce is that heat waves have a relatively

high phase velocity ccnpax~~ to byd rcdyramic disturbances.
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