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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration

A a A a A , a P p p  
~ 

R , r

5 6 5 6 B, b C c C c S , S

B B B a V , v I i T m T, t.
r r  r a O , g  Y y  y y U , u

D, d F, f

E e E a Ye , ye; E , e* X x X x Kh , kh

Zh , zh L~ i.~ L4 q Ts , ts

3 s  Z , z Ch , ch
k1~~i M u  I , i W w  LU u~ Sh , sh

p a Y , y Lj ~~ LU iq Shch , shch

K ~ K , k b ~ I

ii A L , 1 ~~~, y

N M  M , rn B ~
H ~ H N i~, fl 3 3 ~ E , e

3 0  0 0  O , o hi~~a A) ~ Yu , y u

f l n  1 1 $  P , p  N a Ya , y a

*~~~ i n i t i a l l y, a f t e r  vowels , and a f t e r  b. ~~ , e elsewhere .
When written as ~ in Russian , transliterate as y~ 

or ë .

RtJ IA i~ p.WD ~~ 33ISH TRIGONOMETRIC FUNC TIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh sinh~~
cos cos ch cosh arc ch cosh
tg tan th tanh arc th tanh 1
ct g cot cth coth arc cth coth_1
sec sec sch sech arc sch sech 1
cosec csc csch csch arc csch csch

Russian English

rot curl
lg log
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CCNVECT ION IN A CL O S E D  CAV FI Y HEA TED F~ CM IhE SIDE WITH T UE

DE~ FNDENCE OF VISCOSITY OT~ TE~~ EF~ TUFE

Ye. L. Tarunin an~i V. I. Ch crnatynski y

During the theoretical inves~~i -~;at icn ci free thermal conv~ c~ ior , 
-

it is usually assum€d t~ at the pa ramct~~ts ~kich cha racterize t h ~

Fhysical Fro~erties of the fluil ar~ cc nstar~~s. Actually, howev~ r,

these values depend on teirperature and ~resstre. In many cas~s, ti’’~

deEendence of th~ viscosity coetfi cient on temFErature i.s especially

significant. Hig h—viscosit y fluid s — ilycorin , cils, certain

petroleum products , and silicon’~ fluids — 
~xh iL it a strong depcn-ien ce

cf viscosity on temperature . Ev~ n for water , in the temper ature ramie

frcm 10°C to 100°C the )~inena tic visccsit y ccefficient unlerqoes Trere

than a fout—fold char .je.
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The investigation cf the dep-~ndenc€ ot viscosity on temper~~- ur =

entails considerable math em a tical dif ficulties ; therefore ,

thecret ica l investigaticns cf convecticn iith consideration of ‘ hi s

dependence are rar e [1—6]. The precise soluticr of the problem nf

stakie convection in an in finit e vertical flat layer was ob ’-ainc-1 in.

[12. The stability of tlo~ s criginating in a hcrizontal flat layer

heated from below was ccnsi~ ered i n  [2 , 3]. ~~çcrt [4] considered

rovement in a convectiv e cell wi th free boundaries as a model of

Eovement in the Earth ’3 upp€ r mantle. The jtchl€ m of convec ’ion in a

vertical cylindrical container was scivel in [5. The m eth o d  of n~’~~

~as used t c  consider  t h e  p r c b l e m  of convecticn in a perfec t gas in

[6~ .

This reFort gives the Les’llts of the nu~ erical stuly of

convection in horizcntal cylinders w ith squar~ and round cross

Eecticns h~’ated from the side.

1. Por~ ulaticn of Problem . M ain E :luaticns .

When viscosity varies , in vector fcrm t F e  Eq Udt iOf l s  O~ ~~~~~

c c n v e c t icn a re

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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-0

~~~+ ( vv) v =  —-~~çp+v~v+2(ç’~);+

+ (v~X rot v) + g~Tk, ( 1.1)

(1.2)

div~~~O. (1.3)

Here v — veiccity, T — t o m n ~ r a 4 ur .~ , F — pressure , p0 — th e  an .

density of the fluid , -~ — ~- L ~ acc~ lcration cf the force of grav~~ v ,

and x — t h e  c o e f f i c i e n ts  Cf tlie :~~al exisnsic r an hear con~~u ct ivi~~~,

a n d  — t he  u n i t  v e c t o r , d i r e c t e d  u p w a r d .

C ceff i c ien t s  ~ a nd  x are con 3 id~ r E 1  t c  be constant in e~~i I 1 i t j r ) n F~

(1. 1 ) — ( 1 . 2 )  , w h i l e  t he  k i n e i a t i c  v i scosi t y ccef  f i c ient v is i ~~~ ‘i n s -  1

to be k n o w n  f ro r -  the t e :npe r a t u r .n  f u n c t i c r .. The l i n ear  deper ’L~n c -~ o ’

viscos i ty  cn t e m p e r a t u r E  is c o n s i l E ~r € i  in t i - i s  s t u d y :

v = v o ( I— aT) , (1. 4 k

where  1)
~~ is the mean viscc si ty , which ccrres~~cnd s to thy’ ~i e i n

tevçerature taken as t h e  c c n p u i n - ;  o r i g i n .

‘Iwc pr o bl ems are consi c~~r~a I in t h i n  s t u d y :  a) convect ion in  ~~
infinite horizontal cy lirid r L wi t h a square crcss section ; 

~~~)

convection in a cylinder with a r )und cross sEction.

W e will. f o rmula t .~ the t r c b l e rn of ~ l a n €  c cn v e c t~ ve mo v e’~-~i 4 ~c :

~~~~~~ ~~~~- •-~~~ ~~~~~~~~ ~~ ~~~~~~~
. ~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~~~+ ( vv)v =  —-~-~p+”Av+2 (vv~’);±

+( ~v X rot ;) +g ~Tk, (1.1)

(1.2)

dlv v~~O. (1.3)

Here v — veiccity, T — t : a a p e r a t u r ~~, ~ 
— pressure , Po — the near .

den sity of the flui d , ~ — ~ he acc’~le r a t i on  cf t h e  force of gr~~v~~- y ,

and x — the coefficient- s cf t h e r m a l  e x p a n s i c r  a r - I  heat  c on d u c t i v i ~~’ ,

and T — t h e  un i v e cto r , 1ir .~ct-c 1 u p w a r .

Cceff icients ~ a n d  x are con3id~ rEd tc be constant in e q u a t i o n s

(1. 1)— (1.2), while the hin ci ati r v isc o s i t y cc e f  f i c i ent  v is a ssum~~

to be know r iron : the tempe raturc functicn . The linear dependeri c~ of

viscosity cn temperatur e is considere d in this Etudy:

(1.4)

where v~ is the mean visccsity, which ccrre~~ cnds to the mean

terFerature taken as the ccirpu~ in- ; origin.

Two pr oblems are consi cc r e 1 in thi n study: a) convection in ~~ r

infinite horizontal cy l inde r w i t h  a square crcs~ section ; h)

Convection in a cylind er w ith a round cross section .

We w i l l. f o r m u l a t .~ t h e  I r c h i e m  of p l a n E  c c n v e c t i v e  m ovem~ nt ~c: a

L . ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ - 
~~~~~~~~~~~~~ --
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c a v i t y  w i t h  a squa re c rc  sect ion w i t h  s i de  d ( F i g .  1 ).  A l l  of t h e

boundaries of the regic e ar e assumed to be solid . Constant

temperatur es of ±0/2 are n a i n t a i n E d  cn the ~ertical boun daries , whil e

the horizontal boun dariEs are as su ired tc b e thermally insulat ed .

A ~~ 
- 

-~~ - ~~~~~~~~~~~~~~ ~~ 
-
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F i g .  1.

I n t r od u c i n g  t h e  c ur r e n t  fu n c t i o n

15
~y ’ Y d j ’

we will writ e the equations of free convecticn in d imensionless f o r m :

as a~ I— . .  = — 7 [TL~~ +

- d~ j l 2 oT ÔAII d2 T ~)Idj

~X lx - (fly dy + ô~~iy 3x Oy ±

-, 
(02 T 

~~~ 
f 3 t )

~ 
d2.~ \] or .— — 

( I C , ).

&~i OT $ OT I . --r- 
~~~~~ 

— . -

~~~~

- = -
~~
- .~ T. ( 1. i )

We selected d , ~~~~~~ ~~~~~~~~ 0~~~ r esr~~ctiv ely , as the units of dis~~~’ic’~,

time , the current functicn and tem Feratu re.

The equa tions contain ~hre .~- limen sionless Fara meters — t h e

Grashcf and Pranltl rumh ers G ar~1 F , a n i  a lso  t i e  viscos it y

heterogeneity param€ t~ r ~:

L :~~~~~~~ -~~ -- 
. -- TT TT~~iYT T.
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G = ~~~~~- , P -~~~- , -
~~=i~4 . ((.8)

p a ra m e t er  y is r e la t~~d to t~~e v a l u e  cf t h ?  ~i s c c si ty  d r p  p by  h ’ —

r a t i c

= ( 1.9)
~mIn

The b c u n d a r y  c cn d i l - i cn s  a r e :

at x = O :~~~~=~~ - = O, T~~= _ + ;

a t  x = l :  ~=~~~- = ~ O, Ts=. -f- +; (1.1(1)

at y = o , y~~ l: ‘~=~~- O .  -~~~~ O.

This  p r o b l e m  was scived by th e f i n i ~~e d i ft e r on c e s  m e t h o d ;  m n .

e x [ li c i t  s y s t e m  w i t h  t h e  s uh s t i t u t icn of  t h e  c en t r a l  d i f f e r ~~nce~ f r

the spatial derivatives was used . T h e  p r o c e d u r e  of th e  sol u t i o n  w a n

d e E c r ik e d  e a r l i e r  V~, 9 .  TEe tim e inter v al varied , cal cula ted Frorr

t h e  f o r m u l a :

(1.11)

wh e re ~p .,, is the m a x i m u m  a bso l u t e  v a l u e  of t h e  c u r re nt  f u n c 4~~n ’~n n~

t h e  nodes  of t h e  n e t w o r k .

- 
_

_ i 
~~~~~~~~~~~ 
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- 
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The c o m p u t a t i o n s  w er e  c o n d u c t e d  on an  ?~raga ts computer or. 1~~
y 11

and 21x2 1 networks. TI - c v a l u e s  at  t i e  P t a n d t l  r u r b e r  w e r e  1’ = 1 ~r-1 P

= 5. The viscosity heteroyer~~i t y  ~‘ara niet~~rs selecte~i wer e ~ 1, ,  o . ,

C.75, 1 .0, 1.25 an d  1 .637  ( t h e  l a s t  v a l 1~e c c r re  ~ r i c s  to a ~~ i — f o l d

change in viscosity: p = 10). The m aximum val~ € of th e (;rashof ~~~~~~~~

is G 50.10g .

l~ow we will cons i i~ r the fcr rulaticn cf the ~i~ obleni for a

hcrizc rtal cylinder wi h radius F. T i c  I -wi nc~~uies are h”~ t ~~

according to the cosine law , ~c t h a t  th e  j n a~~i~~uu tempe ratur~ ~

c c r r es~~cn d s  to  an ~ l’~ ~ = C°, and the mi nim u n ~ 
— to the v a l ’~c’ ~

1800 . In  cylindrical cccrdi. na t e~ and 1i’~on .s  icr . I cs-i f o r i , , t h e

€quaticns of p l a n e  c on v e c t i  ‘ie m v -~ n e r t a re :

$ I ( & ~ $ iNi ‘3~ / OTst n ~ OT
‘it + 

~~~~~~~~~~~~~~~~~ 

— 
-Thi

- 

~rV) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— ~ -cos~

— T~ 2 ur o~ - 2 dT o~ f (33~j I O4~
~~~ Or~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-— 
(32~~~ ((32 7’ 

— 
1 ~ T 1 (32 T

r2 d~ J \ ~~r 2 r h r  — 
r~~cfl~ 

—

— 
4 (f- . I (~‘~d \ (  u I T  I ( 3 Th
r 2 ,r ‘~ ()D j  ~~~~~~~~~~ ~~~ ~~~ 

) . ( 1.1_ )

( ( .13)
or I r ’ - .~ 1)r ~~ OT ) i 

~- r \ ~~r ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
. ~~ I . 14 )

Here the Prand ’- l ard Gra~~hcf niurl-ers w e r e  c~et e r mi n ~’I f r o m  1’~

near viscos ity 1’ o :

~~~~~~ ~~~ g~ARl 
(1.15)

— — — —  — — -— - — — — — - — — - — — W . e  — -. - — -~~~~.-‘ .  ~~~~~~ ~~
- . ~~— * t . ..a-

‘~~~: 2~~~~~- ~~~~~~~~~~~~~~~~~



-

~~~ 

- - -

EC’ 1225 P~
(
~F ~

The current function wa s intr ouu cEd in :he usual m a n n e r :

i o~-t’~~= — — ~~~- V~~~~y .  (1.1(i )

~~, ~ 2/i.’o. ~~o and  0 are t h e  c ri t s of dis tanc e , t ime , c u r r e n t ~u n c t i e~~,

a n d  te e rat  ure . I~ s h o u l d  ~~ p o i n t e d  out  t h a t  t h e  ~ot al  t e m u e r~ t u n e

d i ff er e n c e  in t h i s  ~r o b l~~am is ~~t ) , ~h i c b  c a u ~:~~s the sense n~ r - ~ me~

~ to  c h a n g e  s o m e w h a t ;  t h e  v a l u e  ~ = 0 .8 10 r c ~ c cr r e s p on ]~; to  -t

t e n — f c l d  d r o ç  in  v i s c o s i t y .

The b c u n d a r y  c o n d i t i c n ~ of t h e  ~r o~ l e r n  ~r~~-:

a t  r = 1:  ~~= O , ~~~= O ,  T = c os ~~. (1 .17)

The  m e t i ~od of ~~~~ ~~~ u~-e -i - c  solve  n : o~~l€ m s  ( 1 . 1 2 ) —  ( 1 .  17) .

n e t w o r k  w h i c h  was  u n i f o r m  ~i-~h ~esrect t ’ t i e  radius ari l a r ~il~

t e n  s teps  on t h e  r a d i u s  ~ n d 1~ s t a t s  cr  t h e  a n g l e  w a s  u3o - l i~

r a i n  c a l c u l at i on s .  A ne~~w c r k  w h i c h  w a  i r r e c u l a r  ov er t h e  r i d i  u s

( t h i c k e n i n g  a t  t he  e l g o )  ~as  u~~-~d in  sc;~-~ c~ t h e  c al c u l a t ier s .  ~~~

c rd er  of a p p r o x i m a t ion ci t h e  pn t i cr s  a n d  i c u r i a r y  c on d i ~~ior - s w a s

e q u a l  to  0 ( h 2 )  , w h er e  h i-~ ~~ o t o x i n - u r n  l i3 t  a n c e  b e t w e e n  th~ n o d  ~ n of

t h e  n e t w o r K . S y m i n ~~tn i . c a l  f f e r . r ~c~~s were u sEd ~c r~~u l a c~ ’ t he

derivatives. The in1~ t errn i narry o~ c e r t a i n  ~x~~r c s sion s  i~ ~~he

d i f f e r e n t i a l  ~~iua t  i o n s  a t  r —40 wa ~ r e v c  i 1 -~ 1 l y  the l’H~~nital ‘ h i 1

(see f E ) ,  whe re  t h e  p r o c e d u r e  f o r  t i - c s c l u t i c r  is a l s o  l es c r ih e - - 1)

The t i n - c i nt e r v a l  was  ;~~l e c t .~d wi~ Ii consi  l e r a t i c n  of  s 4 ib i~ i~~y ,  ~~~~ i

~~~~~~~~~~~~~~~~~~
-
~~~~~

-
~~~~~~~:: ~~~~~, -

- 
~~~~~~~~~~~~ - ~~~~~~~ 

-

~~~~~~~ ~~
‘ 

_

~~~~~~~~~~~~~~~~~
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equal to:

4 1  
~~ 

m.ix~~~~~~~ 
(1.18)

T h e  t~h r e e — p o i n t  f o r i m m l . a  f e r  f i r - d i n g  t h e  l i ne  ~e r j : o n d i cu l a r  ~o ~h -o

tcu rd ary of the t e m p e r a t u r e  ~ua diont. w a s  is~~d t c  c a l c u lat e  t h c

t h e r m a l  f l u x .

Th e c a l c u l a t ions w e r e  i f a l e  f o r  t h e  f o l 1 c w i r ~ value s of the

p a r am e t e r s .  Th e  va l ue of t h e  Frn~~1t l n u m b e r  w a s  f i x ed :  P 5; ~~~~~~~~

value cf the Grashof nu i~1-er varia -1 up to ~ = 1~~.103 ; t h e

hetercgeneity p ar a m et~~r w~~t a s s ig n e d  two valuer : ~ = 0 and y = 0.P2~ .

2, R e s u l t s  of C a l c u l a t i cn s .

The m a i n  r e s u l t s  a r e  s h o w n  in.  F l -j u t e s  1 — 1 2  an d  Tab les  la  an ~ 1~~,

where the i n teg r a l .  ci~atact’~ri.~~~rs ot c on v e c t i c n  are g i v e n  for  the

calculated values of t he ~a r a n - e~-ers . ~ll of the integral

characteristics of the conv ective prccc-ss were considered under

stable conditions. Stabl e ccnv ecticn ccnd iticn s ware achieved iv 4h
~

transitional process of att enu at ing cscillaticrs inalogous to ~~~

case cf hon -o~jeneou s visc csify [fl.

F i g u r e s  2 — 3  g i v e  th e  l ep e i . i e n c e s  ( the  ~r a r d t l  n u m h e r  p = ~) ef
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the intensity of convective mov ement t,~ anc t l e  d imensionless herj~~

flux N cn the Grashcf numb er when, the visccsity is const an t (~ =

and there is a t e n — f o l d  d r c ~ (-y = 1.f137 fot the square ani ‘y =
f o r  t h e  c y l i n d e r ) . F i g u r e s  2a a n d  3a wcce c l o t te d  for  a c a v i t y  w i t h

s q u a r e  cross sect ion, ar - I 2 k  a n d  3k — for a rourd cylinder . ~s we c- i r~

see , the  i n t e n s i t y  of m c v e t n e n t  a n i  h eat  t r a n s f e r  in crease s n m e w h a ~ as

a r e s u l t  of  t h e  h e t e r o g e n e i t y  cf  t i - c  v i s c c s it y .

L ~~~~~~~~~~~~~ 
---.-,- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
v — -- -

- 
-~~~~~~~~~ - ~~~~~~~~~~~~ “~~~“~~~~-- - — — f l  ~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ — - - - - - - -
~~ -— - ~~~~~~~ _ _ _
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Fig. 2a
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Fig. 3a.

C

Fig. 3k.
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It shculd be noted ti- at due tc the asyam€t ry of the tem p er3 tu rr ”

field , the precision of the com~uta~ icn of the Feat fluxes ~~~~ . an.1 “_.

turns out to be different at ~ ~ 0 (roe Tables la and ib) . ri~~ur— 2

5hc~ s the value of N dep end ing cn G , equal tc 4P- ,. + ?L)/2. The

ccnvergenc e of dependences ~~(G) at large ~r~ shct numbers obvi ou sly

indicates an increase in th c er r cr cf the ditfer ence syste m con -air ’ d

to t h e  case ~ = 0, when the nu nfter of non lir.ear terms in the ‘ ‘

Cf rcv€me nt is muc h s m a l l e r .
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tCC = 1225 p~~;F i t ~

Table la. K E Y :  (1 )  ~~- t w c r k .

p ~j  I ~ I “
~ I ‘~ J N + J N~ ~! CeYKI ~~

20 000 0 6.84 31.07 2.Q62 2.862 2.862 15x 15
1.0 7 043 33.28 2.919 2.940 2.9-3
0.5 S.91 31.95 2.875 2.881 . 2.878

• 2.() 7.808 55.8 3.189 3.259 3.22
so ooo 0.5 8.96 52.69 3.83k4 3.93 1 3.88

1.0 9.12 595 3.925 3.953 .3.94
2.0 9.78 81.3 4 .092 4.304 -1.20

20 000 1.631 1 2.429 20.35 4.980 5.224 5.10 I Sv  IS

10(x$) . 2.031 14.48 4.068 4.285 4 .18
5 000 1.66 10. 1 3.298 3.445 3.37

2 500 - . 1.32 6.7 2.614 2.708 2.69

I 000 . 

- 

0.89 3.8 1.969 1.955 1.96
16000 . 2.10 18.3 4.65 4.94 4.80

32 000 . 2.78 25.4 567 5.95 5~~l
10000 , . 2.01 J 14.1 3.99 I 4 ,~4 4,i i  20x 20
20 000 - 1 5  2.42 I~ .7 -t .Ps2~~5.t55 5,07 IS IS

• 1.2 5 2. 105 188 4 .971 5.01)6 502 -

1.00 2.39 17 .9 4 .953 5.011 L98 -

- 0.7.S 2.38 17 .15 4 .938 4.971 4.95 -

• 050 2.37 I 16.5 4 .~r29 4.941 4.935
I I I

~~ Itii ,. A .. . . ~~~ -t  —-n  — 
__

~~~
__ _ _ _ . .~~~
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~ CC = 122~ PAGE 15

Table lb.

1~.,~ ~~ 
(i~~0.825)

(1
~ ~0 ~

—O.B2S N~ ~ —0

500 2.15 2.31 8.66 7.85 7.64 ~~~

1000 2.68 2.87 10.85 9.84 9.61 1031

2500 3.54 3.85 f 14.79 13.02 13. 1

5000 4.21 4.58 18.23 16.31 16.75 17.5

7500 4.68 5.04 20.92 18.38 19.28 19.65

10000 5.02 5.33 22.93 
- 

20.02 21.29 2 1.48

12 500 5.31 5.56 24.26 21 .~ 7 22.95 22.92

15000 5.58 I 5.85 25.74 22.63 I 24.2$ 24.1 W
—

~

- - - - ~~~~~~- - ~~~~~~~~~~~~~~~~~~~~ -~ ~~~~~~ -
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The increase in t h €  i n t e ns i t y  of m cv ’~a E n t  w h e n  v i s c- s i~~v 1 - t ’

cn temperature is illustra ted in Fig . 4 , it which t h ~ mi. x i m u ’n

veiccity v,~, is shown in dcVerienc e or. the k~ tercqeneity p~ ramet ’-r ‘v

in the case cf a r e q i c n  w i t h  d ~- - i u a r E  cross s e c t i o n.  I n  t h e  t a r  ~~
- e’

~ in q u e s t i o n , t h i s  d e r e n d e r . c e  (G = ~~~~~~~~ P = 1 and P = 5) i

l i n e a r .

F i g .  4.
i~r_

5) $  A - . O f ( ’

~: ~~

/0 

0 ‘0 ‘ 5

- — -- -~~ ~ - —  - ~~~~~~~~~~~~~~~~~ ~~~~~
- - - —

~~~
--,~~ - - -~~ - 
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We will point ou t  t~ia t  the int~~gra ~ charicterist ics of $-hr

c o n ve c t i v e  process v~i r y  l ee s  w i t h  t h e  i r c r € ~~s€ ii -y t h a n  t i - c  local

c h a r a ct e r i st i c s .  I n  t h ~ c i s c  o~ a r~~q i c n  w i t L  a s j u a r e  c ross  s~~~~ i on ,

~y ~r o c .~~s m y t }.  re~- ’ i 1t~ f cr  P 5 ar i d ~ = 2 C .  lO~ we oht ~~in  ‘~~

f c ] l c w ~~ ij  a i  r r o x i m a t ~ ‘i€r ~ ] ‘-t , c-~~; ( C  .< ,~~ 1 . 6 ) :

1V( O)( 1 + O.02i), 
(2. 1)

= ‘~,, (O (1 + o.O’2~ ).

F i ; u r ~-s 5 — 1 ’  i l l  u. ;~~r .i ’- . ~~~~ ~~ : u c t ur ’~ cf i rc v ea e nt  -in -i ‘-he

t e m F e r a t u r e  f i e l . i  -i~ - I j t f~~:-n ’ v a L t : .~~ o~ t i -~ p a r a m et e r s .  As  i~c~ car

see , at s u f f i c ie n t l y  l a i~~~ v i l u r ~ c~ t i e  ~a~~le i c h  n u m b e r  ~ a = G A P ,

w h i c h  c c rr e s~~o nd s  to ~ i. n u r ” s  E — ’  .i~ :d r c u~- e~ 1 1 — 1 2 , t h e  v e l oc i ty  a n - ~

t c e r .i~~ur~ i~o ur . . i a r y  ld~~~r s  i ’e  w ’~ 1 i — d e v ~~1c~~ed in  t h e  f l o w .

N a t u r a l l y ,  ‘he ~ f fec ’-  o f  t h e  h e t  o~~€- r i c i t  y c 1 v iscosit y in c re a ~~~s

w i t h  t h e  in c rea s~ i n  ~~~r .i~~~ t ’ r  ~~. ~~~~~ ‘f f c c t is  ‘~v i d e nt , f i r st ,

t h e  fa ce  t h a t  f l o w  sy r n~n~~t r~ in cr e . i s~~s it  y C.  ‘the f l o w  r at e s  on ~

ho ’ w a l i  in c Le a ~~~, -s r--d  ~1~~y [r ~~~’- L ?  1 f!e1~~s ~ a r - I T o r iq i n a~~e~~. T~~i~

asy~~m € t r y  is e v id e nt , i t  r i~~’ - i c u l i r , trr - ’,m ~~ e sI’if in t r i o i~~o +hn r r r ~-- ,

t h e  c u r r e n t l ines  a n ]  the v c r t c x  r(rter~~. ‘I~ c’ isotherm c o r rr ’s7r n  1:

tc  t h e  mea n ‘e m I - ~ r a t u i r t ~ ( 1 = 0 )  ~~i i  ~t s  ow ~~i ,i  t I e  cold f l u  i~i.

~~~ w i l l  p o i n t  mi~ t i -  i t  ~~~c ~ c r n ~ o~ ~ovenen shown i n  F~~’~ n c ~

9 — 1 2  q u a l i t a t i v e l y a . j r~~ w i t h  ~~F E  1 , l t # e t f l ~~ ~iv~~r ~.n ~ x p - ~ri !n’-n t ~~1
t

L .~~~~~~~~~~~~~~~~~~~~~~~~~ --
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T h u s , the r~ nul t~ cf t~~ c alcu lat ic-t s ind ic ate that t hc~

depend ence of viscosity on t .  U€t.~tur~ causEs a rnc)r.~ or less

~i q n i f i c a n t  c h an .j e in t h e  loca l  c r a ct ~-r i s ti cs  of con v ec t~~v~ ~~~~~~

~s for th e ~nteyral ch a ract Eris ~~i~~s 
— 

~~~ u~~x inum va l ue of the

current func tion and th€ dim ~ nsion 1css Leat flux — he m ; ‘- -~ r r r ~~ r c ’ ~

ty the mean viscosity, ~h € y  ch a n ~~ w i t h  con~~i - e r ~~~i~m o’~ ~ i-e

tEmperatur e dependence Cf v~ scC~~i~~ i n rel at iv e ly narrod limi,~~~.

The a u~ihor s ar .~ gr a~~e tu ]  t c  .; . ‘. ~~~r s i u r . i a :~d Ye .  1.

Zhu )h cvi tskiy for their ccn s~’ an ’- a ’- ’-€nt io n tc the work ~&nd 
t t ~~~j L

ass i s t a n c e.
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