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Abstract - Natural convection heat transfer rates in vertical pipes were measured varying the diameter,
length, and roughness of vertical cylinder. To achieve high Rayleigh number with relatively small test
rig, mass transfer experiments instead of heat transfer were performed based on the analogy. Prandtl number
was 2,014. The length of vertical cylinder was 0.1m, 0.3m, and 0.5m, which correspond to GrL 4.2x10’,
1.1x10°, and 5.5x10°. To each length of vertical cylinder, the heat transfer rates were measured varying
the iameter 0.005m, 0.01m, and 0.03m. The heat transfer rate for a short length pipe(0.1m) agreed with
the prediction from Le Fevre correlation developed for a vertical plate for all diameter. The heat transfer
rate decreases as the diameter and the length of the pipe increases. The heat transfer rate inside of vertical

cylinder is affected by roughness only for a laminar flow regime.
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Fig. 1. Typical limiting current density curve.

Table 1. Dimensionless group for analogy system.
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Table 2. Test matrix for experiments in vertical pipe.

Pr L(m) Ra. G D(m)
0.1 8.5x10" 42x107
2,014 03 2.3x10" L1x10° 0.005, 0.01, 0.03
0.5 1.1x10" 5.3x10°

&)

Fig. 2. Test apparatus.
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Fig. 3. Comparison of rough surface with plane
surface for the copper plate.
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Fig. 4. Comparison test result with correlation.
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g D FH7EE (9.8 m/sY)

Gr.  : Grashof &=

h D REAEAS (Wm' - K)
hm s BEAAEAS (m/s)

L $&sbo]e] o] (m)

D Hulelze] 7 (m)

Nu.  : Nusselt 4= (hL/k)

Nup : Nusselt 4= (hD/k)

Pr : Prandtl = (v/a)

Ra, : Rayleigh 4= (g6ATLYav)
Rap : Rayleigh 4= (g3A 7D av)
R, : 108 B+ AZA7] (um)

Greek symbols

! : RIS (m?s)
B D FaEAAS (1K)
v D SRAAIS (')
p : WE (kg/m’)
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