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Natural Convection in the Annulus between a Horizontal Conducting

Tube and a Cylinder with Spacers
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ABSTRACTS

Natural convection in the annulus between a horizontal conducting tube and a
cylinder with spacers has been studied by 2-dimensional numerical method with finite
difference techniques.

The effects of Rayleigh number, conductivities of conducting tube and spacer, and
position of spacers were studied analytically.

In case of vertical spacers, the maximum local Nusselt number appears at §~1 50°
in a conducting tube and §~30° in an outer cylinder. The local Nusselt numbers show
positive values on the lower spacer, but negative values on the surface of the upper
spacer. |

In case of horizontal spacers, the flow over the spacer is more active than that of
under the spacer as the Rayleigh number increases. The maximum local Nusselt
appeares at 8 = 180° in a conducting tube and at 8 = 0° in an outer cylinder.

The local Nusselt numbers show positive values on the upward surface, but negative

‘values on the downward surface of spacer. As the dimensionless conductivity in-

creases, the mean Nusselt number remarkably increases at Ky / K¢ <48 and show al-
most even at K / Kf2 48.

The mean Nusselt number of a conducting tube with vertical spacers is 5.12 per-
cent less and with horizontal spacers is 11.33 percent less than that of a conducting
tube without spacer at Ra=10%, Pr=0.7 and K, / K¢ = 48.

NOMENCLATURE

g gravitational acceleration
h heat transfer coefficient
Bi : Biot number, h; D; / K, K thermal conductivity
D : tube diameter L : dimensionless width of gap, (r ;)
¥ HEAERAE R Nu : Nusselt number, hD [/ k
x* FEE : WonKBW THRKRE Pr : Prandtl number, v /a
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R : radial coordinate
Ra : Rayleigh number, gﬁD oAT/ vy

r : dimensionless radial coordmate, R/
_ Dio
U : radial velocity
u : dimensionless radial velocity, UD;/
e

V : angular velocity

v . dimensionless
VDiO/a

angular  velocity,

. vorticity

W

w : dimensionless vorticity, WD, /a

Q thermal diffusivity

B thermal coefficient of volumetric
expansion

AT : temperature difference, (T Ty)

6, : tube wall thickness

6 : angular coordinate

" absolute viscosity

v . kinematic viscosity, u/p

p . density

¢ : dimensionless temperature, (T-T )/
AT

¥ : stream function

Y dimensionless stream function, ¥ /o

¢ Ar/Ae
Subscripts

: inner tube bulk fluid
f . annulus fluid
i . inner tube inside surface
io : inner tube outside surface
o : outer cylinder inside surface
S . spacer
w . tube wall
Superscript

- © mean value
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