Volumetric for ideal gas
9.1-4 FREE CONVECTION - PHYSICAL CONSIDERATIONS » thermal B = 1 (op 1 1 1
expansion P or |~ | K ﬂ - ? K
coefficient 2
T +T,
properiesat T, = i g=98 |:1772::| v :% ’B | 5
: gBIL-T.|L
Grashof number Gr, = P = w (9.]2)
14 viscous force
fluid at rest
SIAGRANT e e e
quiscent
bi T. ,
ambient Slow due to GrL >> Rgi free convection NuL = f (GrL,Pr )
buoyancy forces
GVL = Re,_ combined convection NuL = f (ReL,GrL,Pr )
T, > T,
GrL << Rei forced convection NuL = f (ReL,Pr )
L
Free convection on a vertical surface
T,>T,
X
bounday layer
thickness 3
T -T_ )L
8(x) PN (oA Rayleigh number RaL = GrLPr = gﬂ( s °°) (9.25)
(x)= ,«(7] av
T, laminar ;
u() Critical Rayleigh number
quiscent T -T g
Sfluid Rax’c = 109 Ra‘ = GrXPr = gﬂ( 2 M)x (923)
i (4%
T,
turbulent
y
X Laminar free convection on a vertical surface (Ra,_ <10° ):
1/4 ”
, . "= h (T -T
velocity | y = f (7])2—‘/ Gr. (9-15) similarity X{erj (9-13) 9. »( s m)
X * parameter x\ 4
0.3 NM = hx X
X k
02 06
v Pr=0.01
01
‘0.4 Nu = .g(Pr) (9.19)
% & 1012 14 16 18 20 22 24| " 5% Pr=0.01
n
0.7
06 % 5 1012 1r,4 16 18 20 22 (P ) 0.75P7'1/2 (9 20)
" V)= Iz '
5, 08 5 (0.609+1.221 Pr'"” +1.238 Pr)
& |
9 Y
il =
= 0.3 3
- | ” —_
~ 02 ] q = h(T:_Tw)
I
0.1 R
0 7 /4
o 1 2 3 5 6 7 — -L 4( Gr,
_,V(er)m Nup = & 3( 4LJ -g(Pr) = 3N"‘L (9.21)
=7
(a)
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