Free Convection External

External Free Convection (immersed)
TS +T.
2

Properties at T, =

Nu, = 7 =C*Ra; (9.24)

_ 3
Ra, =Gr, Pr= ST -T)L
v

(9.25)

hL For Laminar Flow C=.59 n=.25 for 104 < RaL < 109
For Turbulent Flow C=.1 n=1/3 for 109 < RLZL < 1013

The Vertical Plate for T,= Constant

1/6
Nu, =10825+— -387Ra,
[1+(0.492/Pr)
174
Nu, =0.68+——LOT0Ra
[1+(0.492/Pr)°""]
35

For vertical cylinders if — > T
Gr,

For inclined plates ¢ ——> g cos @ for 8 < 60°

2
]8/27 } For all Ra (9.26)

For Ra, <10° (9.27)

A

P
Nu, =0.54Ra,’* For 10* < Ra, <107 (9.30)

Horizontal Plates with L. =

Nu, =0.15Ra,””> For 10" < Ra, <10" (9.31)

Nu, =0.27Ra)’* For 10’ < Ra, <10" (9.32)

Upper surface of hot plate or lower surface of
cold plate.

Lower surface of hot plate or upper surface of cold
plate.




Free Convection Continued

Horizontal Cylinder

hD .,

NI/lD =7 = C*RCZD (9.33)

Ra C n

107" 5107 0.675 0.058

107 =102 1.02 | 0.148

10> > 10* 0.85 0.188

10* > 10’ 0.48 0.25

107 > 10" 0.125 0.333
— 0.387Ra'/® ’ R <10°
Nu,, = 0.60+[1+(0 559/ Pr) T (9.34) For Ra,, <

Spheres

. 0589Ra}’ 05, Pr=07
[1+(0.469/Pr)°'°1*°




Free Convection continued

Plate Channels
T'S,L + Too
2

N

= isoflux at T =

Properties for isothermal at 7' =

B 3
Nug = ql/A [ij (9.37) Isothermal definition Ra, =gﬁ(TS—T'°)S(9.38)
T.-T. \k va

K o

3/4

1 S -35 . :

Nug =—Ra | — §1—exp| ——— (9.36) symmetrically heated isothermal plates
24 L Ra (S/L)

3.8
EQ. 9.36 was developed for air as working fluid and rage is 107" < ZRaL <10°

Nug ) = %RqY (%) For fully developed flow (i.e. % —0)(9.39)

— 1 S o S
Nu =—Ra_| — |For fully developed flow with insulated surface (9.40) (— — 0)
S(fd) 12 s L L

" "4
Isoflux definition - Nitg , =| —2—— ) (9.41) Rag = MA@.@)
’ T,-T. \k kva

K =

Nutg ;) = 0. 144[Ray (S / L)]"* (9.43)

Nug ;) = 0.204[Ra; (S/L)]"* (9.44) For asymmetric isoflux with one surface insulated.

¢ ., G

Nu, =
* | (Ra,S/L)’ (RaS/L)"*

-1/2
} (9.45) Ra, (orRa:)% <10

-1/2
Nug = *Cl T 2 o (9.46) Ras(orRa:)i >100
| (RayS/L) (RagS/L) L




Free

Convection Enclosures

Ra,

Nl/tL :7

Rectangular Cavity

va

hL

_ g;B(Tl _Tz)L3

T +T,

Properties evaluated at 7 = ——2

critical value for

RaL (1708 Conduction h=k/L
RaL >1 708 Convection

=.069Ra;”’ P’ for 3+10° < Ra, <7%10° (9.49)

Vertical Rectangular cavity

H ~03 10 <
Nu, = O.42Ra}‘/4 Pr'mz(zj For| 1<pr<2*10* (9.52)

10* < Ra, <10’

For Ra < 1000 conduction Nu=1. For Ra >1000 use correlations

H
" 028 -1/4 2<2-<10
Nu, =022 PORaL ) H ) g L (9.50)
0.2+Pr L Pr <10°
10° < Ra, <10"
0.29 H
Pr#R 1< —<2
Nu, = O.lS(ﬁj For L 9.51)
0.2+Pr 107 <Pr<10’
*
10° < Ra, *Pr
0.2+Pr

For Larger Aspect Ratios

LT
L

10S£
L

<40

Nu, =0.046Ra,” For | 1<pr <20

10° < Ra, <10°

(9.53)

For inclined Cavities ™0 and higher H/L>12 sec Eq. 9.54-9.57 on pg 590

Table 9.4 Critical Angle for inclined rectangular surface

H/L

1

3 6

12 >12

T

2517

5317 601

6711 70M




Free Convection Continued

Concentric Cylinders Properties eval. At T = T+1,
" 2
2Lk,
g=——"—(T;-T,) eq.(9.58)
In(r, /1)
k Pr 1/4 0.7 <Pr <6000
P =0386 ———— | Ra’* Eq.(959) | Ra <10’
k 0.861+Pr

. [In(D,/D)T"

Rac - L3(Di_3/5+D0_3/5)5 a
, _ 2nG, /)"
c (r_3/5 i 7”_3/5)5/3 Eq. (9.60) (Length scale for Rqa, )
i o

k
1f —- <1 Then k,, =k
k g

Concentric spheres Properties eval. At T = L+1,
m 2
g= My (1, —T,) Bq 061) | 0-7SPr<4000
d/r)-1/r,)
Ra <10
k 1/4
o4 T Ra"™  (9.62)
k 0.861+Pr

4/3
r. I
= i_o (9.63)

e T A3, -~ .
c 2/ (7; 7/5+r 7/5)5/3

o

k.
IfTSl Then keﬁp :k




