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Abstract - The natural convection heat transfers of a helical coil in a duct were measured experimentally varying
the inclination. To achieve high Rayleigh number, mass transfer experiments instead of heat transfer experiments
were performed based upon the analogy. The Rap was fixed to 4.55x10°. The turn numbers were 1~ 10. the
pitch to diameter ratio were 1.3~ 5, and the inclination of the helical coil 0°~90°. The measured Nup for a
single turn of the helical coil was very close to that from McAdams heat transfer correlation for a horizontal
cylinder. The heat transfers of the helical coil were varied by the pith, number of turns, and duct height in
a complex manner showing the velocity, chimney, and pre-heating effects. The results of the study contributes
to the phenomenological analyses of the natural convection heat transfer of a compact heat exchanger.

Key words : Helical coil, Duct, Natural convection, Heat transfer, Inclination, Analogy, Electroplating system,
Heat exchanger, Compact nuclear system.
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Fig. 1. Inclined helical coil.
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Co Cupric ion concentration in the bulk
[mol/m3]

D Diameter of the helical coil [m]

D, Diffusivity [m/s*]

g Gravitational acceleration, 9.8 [m/s’]

H Height of the helical coil [m]

hy, Heat transfer coefficient [W/m’K]

hn Mass transfer coefficient [m/s]

k Thermal conductivity [W/mK]

L Total length of the helical coil [m]

N Number of turns of the helical coil

Nup Nusselt number based on the diameter
[hyD/k]

P Pitch of the helical coil [m]

Pr Prandtl number [v/a]

R Winding radius of the helical coil [m]

Rap  Rayleigh number based on the diameter [g
BATD?/av]

Sh Sherwood number [h,D/D,]
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T Temperature [K]
tn Transference number
Uy Uncertainty of x

Greek symbols

Thermal diffusivity [m?%s]

Volume expansion coefficient [1/K]
Angular position of cylinder ( °)
Viscosity [kg/m-'s]

Kinematic viscosity [m2/s]

Density [kg/m’]
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