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Abstract — The effects of top and bottom lids on the natural convection heat transfer phenomena inside
vertical cylinders were investigated experimentally for Ray, from 9.26x10° to 7.74x10". Using the concept
of analogy between heat and mass transfer, a cupric acid-copper sulfate electroplating system was employed
as mass transfer experiments replacing heat transfer experiments. The natural convection heat transfer
of both-open cylinders in laminar and turbulent flows was in good agreement with the existing heat transfer
correlations developed for vertical plates. The effects of top and bottom lids on the heat transfer rates
were very similar to the studies of Krysa et al. and Sedahmed et al. and Chung et al. With the copper lids,
the bottom-closed cavity showed the highest heat transfer rates and then followed both-closed, top-closed,
both-open ones in both laminar and turbulent flows. However with the acryl lids, the similar trends were
observed except that the heat transfer rates for both-open were higher than top-closed one. The use of the
copper lids increased the heat transfer rates compared to the acryl lids due to the hydrodynamic interaction
of the flows developed for the different heated faces. This study extended the ranges of flow conditions
of the existing literatures and proposed the empirical correlations.
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Table 1. Natural convection mass transfer correlations proposed by previous studies [1-4].

Authors Geometry Correlations
Somerscales & Kassemi [1] Active bottom-closed Sh = 0.232(D,/ H)"""' S Ra3 4)
Active bottom-closed Sh, = 0.559 Ray2" (5)
Krysa et al. [3] -
Inactive bottom-closed Sh = 0.480 Ra%*™ 6)
Active bottom-closed Shy, = 0.257 Ra7™ @)
Sedahmed et al. [4] »
Active top-closed Shy, = 0.187Ray2" ®)

Laminar Turbulent

Inactive bottom-closed

Sh = 0.84 Ra}>?

)

Sh = 0.35 Ra%™

(10)

Chung et al. [2]
Inactive both-closed

Sh = 0.77 Ra%**

(1n

Sh ;= 0.34Ra’%?!

(12)

Inactive top-closed

Sh = 0.61Ra3™

(13)

Sh.yy= 0.30 Ray™

(14
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Table 2. Dimensionless group for analogy system.
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Table 3. Test matrix for various geometrical cavities with active lids.
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Fig. 7. Active vs. Inactive lids for each geometrical cavity.
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Table 4. The empirical correlations based on the results.
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