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Natural Convection Heat Transfer Past an Outer Rectangular Corner

Soon-Cheol Shin, Keun-Shik Chang and Seung-Soo Kim
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Abstract

Laminar natural convection heat transfer past an outer rectangular corner was experimentally
investigated by using Mach-Zehnder interferometer. The present geometry represents the case
when the plume from a vertical flat plate and that from a horizontal one merge into a single
plume. The temperature distribution and the local heat flux were measured in the range of Gra-
shof number 8x10*<Grru<<1. 25X 108, The effect of the geometric aspect ratio was also consid-
ered. Correlation for the average Nusselt number vs. Grashof number was obtained by using a
newly determined characteristic length. To determine the interaction of the plumes, the present
results were compared with the similarity solutions available from the isolated vertical and isolated

horizontal flat plates.
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Table 1 Experiments and theories on heated horiz-
ontal and vertical plates

Vertical plate

(1) Lorenz(1881) : Theory
Nuw=0.548(Gro.Pr)V* for air

(2) Schmidt and Beckmann(1930) : Similarity sol-
ution

Nur=9. 516{(Gr.Pr)1"*
(8) Gryzagoridis(1971) : Experiment
Nur=0, 555(Grr.Pr)V* 10<GrLPr<10°

Horizontal plate

(1) Rotem and Claassen(1969) : Similarity solution
Nur=0. 639(Gr.P?)Y's Pr=0.72

(2) Pera and Gebhart{1973) : Perturbation method
Nuv=20.646(Gr.Pr)''s Pr=0.72

(3) Goldstein and Lau(1983) : Finite difference
method
Nur=0. 621(GriPr)s 40<GriPr<8x10°

(4) Al-Arabi and El-Riedy(1976) : Experiment
Nur=0. 70(GrL.Pr)V* 2x10°<GriPr<4 X107

Rectangular plate in air
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Fig. 2 Interferograms
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(a) In normal direction to the vertical plate
d/Lv=1/14(D), 3/14(2), 5/14(3), 7/14(4),
9/14(5), 11/14(6), 13/14(D)
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(b) In normal direction to the horizontal plate
d/Lg=1/14(1), 3/14(2), 5/14(3), 7/14(4)

Fig. 3 Comparison of present temperature distribution with similarity solution(r=1, Griz=171000)
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(2) In normal direction to the vertical plate (b) In normal direction to the horizontal plate
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Fig. 4 Comparison of present temperature distribution with similarity solution(r=0.5, G7.x=146000)
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Fig. 5 Comparison of present temperature distribution with similarity solution(r=2, G7.x=925000)
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