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Abstract: Natural convection heat transfers on inclined flat plates were measured for Grashof numbers of
8.06x10" and 3.45x10° by using a copper sulfate electroplating system. The inclinations of the plates were
varied from upward-facing horizontal to downward-facing horizontal. Test results for the downward-facing plate
agree well with the existing theory that the Nusselt number can be calculated by replacing gravitational
acceleration, g with g cos@ in the heat transfer correlation for the vertical plate. The natural convection flows
for the upward-facing plate follow two distinct flow regimes: boundary layer regime and flow separation
regime. The copper plating pattern for the upward-facing plates clearly reveals the flow separation points.
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Fig. 1 Buoyancy-driven flow on an inclined plate(7)
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Table 1 Natural convection correlations

Author Inclination Range of Gr, Correlations
E. J. Le Fevre 0° Gr<10’ Nu, = 0.67(Grpr)"® )
Fouad 0° Gr>10° Nu;=0.31 ( GI‘PF)O'QS )
Nu, =0.16[(GrPr)"/*— (Gr Pr)"?
Gr<10’ “z : ) (1/4 P ?3)
+0.56 (Gr Prcos)
-90° ~ 0° 7 P
. Nu, =0.13[(GrPr)"? = (Grpr)?]
Gr>10 14 “
+0.56( G’r(Prcosﬁ)

Fujii and Imura 0° ~ +90° 10°<Racos 6<10° Nu, =0.56( GrPrcost) /! )
10%Ra Nu, =0.16(GrPr)"/? (©6)

-90°
10°<Ra Nu, =0.13(GrPr)"? ()
+90° 10*<Ra<10" Nu, =0.58(GrPr)'® ®
10° < Racos < GrPr Nu, = 0.54(GrPrcost ) ! ©

Al-Arabi and Sakr -90° ~0° )
GrPr < Ra < 10" Nuy = (0.140.050/7)(GrPr)'? (10)
Gr<10’ Nuy = 0.6(GrPrcosf)"? 1
Vliet -90°~ 0° Ra<10'
Gr>10° Nu; = 0.3(GrPrcos)"* (12)
Fussey and Gr<10’ Nu, = 0.592( GrPreos)"? (13)
0° ~+90°

Warneford Gr>10° Nu, = 0.889( Gr Prcos)"?% (14)
10'<Ra< 10’ Nu, =0.54(GrPr)! (1s)

-90°
McAdams 10'<Ra<10" Nu, =0.15(GrPr)"/? (16)
+90° 10°<Ra<10" Nu, =0.27(GrPr)/* (17)

¥ (UF horizontal=-90°, DF horizontal=+90°, 0°=Vertical)
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Table 2 Dimensionless group for analogy systems

Heat transfer system Mass transfer system
Prandtl v Schmidt v
number o number D
Nusselt hy, L Sherwood h,,L
number Tk number D
Rayleigh gBATL® gL’ Np
number av Dv p

Table 3 Test matrix

() H@m) | Pr GrL Flow
0.1 2094 | 8.06x10" | Laminar
-90°~90°
0.35 2094 | 3.45x10° | Turbulent

CuSO4 0.1M, H,SO4 1.5M

O—h

Cathode Anode

Fig. 3 The experimental apparatus and system circuit
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Fig. 4 Visualization of flow separation from upward and downward facing plate(0.1m).
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