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Effect of Horizontal Pitch-to-Diameter Ratio on the Natural-Convection Heat
Transfer of Two Staggered Cylinders
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Abstract: This study measured the natural-convection heat transfer of two vertically staggered cylinders with varying vertical
pitch-to-diameter (PwD) and horizontal pitch-to-diameter (P#/D) ratios. The measured heat-transfer rates for the lower
cylinder agreed well with the existing heat-transfer correlations for a single cylinder. At the smallest Pv/D, the rising plume
from the lower cylinder provides the upper cylinder with a preheated flow, and the heat-transfer rates of the upper cylinder
decrease, but increase very sensitively with Pi/D. However, at the largest PwD, the velocity effect dominates, and the
heat-transfer rates of the upper cylinder are larger than that of a single cylinder, and decrease less sensitively with PA/D.
Even if PW/D is increased, the heat-transfer rate of the upper cylinder is higher than that of the lower cylinder because of
the chimney and side flow effects. This work expanded the flow ranges to turbulent flows. The cupric acid-copper sulfate
(HzSO4-CuS0y) electroplating system was adopted for the measurements of the mass-transfer rates instead of the heat-transfer
experiments based on the analogy concept. The measurements were made by varying Pv/D (1.02-5) and Pi/D (0-2) in both
laminar and turbulent flows. The Rayleigh number ranged from 1.5x10° to 2.5x10', and the Prandtl number was 2,014.
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Table 1 Natural convection heat transfer correlations on single horizontal cylinder

Authors Criteria Correlations
Laminar 10* < Raj, < 10° Nuj,=0.53 Ra})* (1)
McAdams'" -
Turbulent | 10° < Ra; < 10" Nuy,=0.13 Raly’® )
16 Laminar 10' < Raj, <107 Nuj,=0.480 Ra)™ 3)
Morgan
Turbulent | 107 < Raj, <10" Nuy,=0.125 Ra);™® )
1 2
Churchl(lllnand Ray < 10 Nuy =060+ 0.387 Ra%s )
Chu [1+(0.559/ Pr)*/16]3/27
Smith and Wragg"" 10° < Ra,, < 10° Nuy,=0.56 Ra}? (6)
Merk and Prins"® Pr — Nuj,=0.523 Ral)! (7
D
i g
laminar boundary :
layer flow 0°
Fig. 1 Natural convection around cylinder(M) Fig. 2 Two staggered cylinders
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Table 2 Dimensionless groups for analogy systems

Heat transfer Mass transfer
Nusselt h,D Sherwood h,, D
number k number D,
Prandtl v Schmidt v
number a number D,

Rayleigh gBATD? Rayleigh gD?® Ap
number av number D,y p
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1 5 Heo and Chung"®

1 | The lower cylinder, Pr=2014
©  Chae and Chung”

The lower cylinder, Pr=2014
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Fig. 4 Nusselt number of the lower cylinder compared
with correlations for a single cylinder
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Table 3 Test matrix

D (m)
Pr PJD Py/D
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2014
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(a) Pw/D=0 Upper, Lower
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Fig. 7 Plating pattern appeared on the two cylinders, top view, P,/D=1.5 (Turbulent)
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