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ABSTRACT 

This paper deals with an experimental study of the air flow over a flat square 
sharp-edged plate, at various Reynolds numbers and angles of attack. 

The investigation includes surface flow visualization, and mean pressure 
measurements. It is carried out at Reynolds numbers ranging between 0.5 x 105 

and 3.7 x 105 and at angles of attack between 20° and 50°. 

The effects of Reynolds number on the critical angle, the normal force, and the 
drop in the normal force are investigated. It is revealed that the change in Reynolds 
number hardly influences the normal force on the plate for the same angle of 
attack. 
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numbers considered. On the other hand at (X = 32°, 
the flow regime was strictly supercritical for all 
Reynolds numbers considered as shown in Figures 2 
and 3. 

3.2. Pressure Measurements 

Mean pressures were measured on the suction and 
pressure sides of the plate. The purpose of that was 

u"'" 

two-fold; to examine the variation of the mean pres
sure over both sides of the plate with regard to the 
change in Rec , and to calculate the normal force 
coefficient at different Rec • 

3.2.1. Sub critical Regime 

The local mean pressure coefficient (Cp) was 
measured over the suction and pressure sides of the 

Figure 2. Surfltce Flow Visualization on Suction Side for (l = 2tr. 

u"" 

Rec = 2.6 x 10 5 

Figure 3. Surface Flow Visualization on Suction Side for (l = 32°. 
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plate at a = 25°, 28°, and 29° at all Rec considered in not seem to have a significant effect on the basic 
this investigation. A representative case for the mean behavior of the pressure curves. The surface flow 
pressure variation over the suction side of the plate pictures of the suction side at a 28°, shown in 
at a = 28° is shown in Figure 4. The curves are plotted Figure 2, indicate that the basic flow features, 
at different spanwise stations (y/s) where s is the namely, the two foci, and the node remain visible as 
half-span length and y is the coordinate in the cross Rec is changed. The foci, however, seem to become 
wise direction measured from the midpoint of the more distinguished (suggesting more vortex circula
leading edge (see Figure 1). The pressure curves tion), and move closer to the leading edge as Re c is 
peak (signifying maximum suction) at about 40% increased. 
from the leading edge at y/s = 0.0, 0.27, and 0.54. 
Towards the side edge of the plate, the pressure The mean pressure coefficient was measured over 
curves seem to show a more uniform distribution as the pressure side of the plate at a = 25° and 28° for 
indicated by the pressure curves at y/s = 0.81 and all Rec considered in this investigation. The chordwise 
0.89. It is also observed that the variation in Rec does distribution of pressure at a = 28°, Figure 5, shows a 
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Figure 4. Chordwise Pressure Distribution, a = 2ff>, Suction Side. 
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Figure 8. Chord wise Pressure Distribution, a = 32°, Suction Side. 
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Figure 9. Chordwise Pressure Distribution, (l = 35°, Suction Side. 
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suction level is almost uniform over the suction side The chord wise pressure distribution on the pres
for different Rec• This uniformity of suction was sure side at different angles of attack shows a similar 
observed by Stahl and Mahmood [12]. The influence trend to that observed in the subcritical regime with 
of Rec , however, is more pronounced at a = 32° the maximum pressure occurring at the leading edge. 
than at a = 35°. Such influence does not seem to A representative case for the pressure distribution 
have a specific trend. on the pressure side is shown in Figure 10 for a = 32°. 
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Figure 10. Chord wise Pressure Distribution, (l 32°, Pressure Side. 
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The variation in Ree does not seem to change the 
basic behavior in the pressure distribution. However, 
as Ree was increased, the pressure lines collapsed on 
each other. 

The average mean-pressure coefficient Cp over 
the suction side in the supercritical regime, Figure 6, 
shows that suction level does not significantly change 
with Ree' The change in the angle of attack does not 
seem to influence the level of average suction. The 
same behavior is observed over the pressure side, see 
Figure 7. 

The normal force coefficient, Cn on the plate was 
computed from the average mean-pressure coeffi
cient on both sides of the plate and is plotted against 
Ree, Figure 11. It is observed that Cn does not seem 
to vary with Ree for a particular angle of attack. The 
variation of Cn with the angle of attack is more sig
nificant in the subcritical regime than it is in the 
supercritical regime, which is in agreement with the 
results reported by Hoerner [3]. 

The drop in the normal force (ACn%) versus 
Reynolds number (Ree) is shown in Figure 12. The 
drop seems to increase with Ree over the Reynolds 
number range 0.5 x 105 to 2.6 X 105 

• Beyond this 
range a slight decrease in the normal force drop 
seems to occur. Such decrease is estimated from the 
reduced data to be of the order of 6%, which lies 
within the experimental error of the experiment. To 
establish an evidence for the real trend in the normal 
force drop beyond Ree = 2.6 x 105

, greater values of 
Ree will have to be tested. 
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Figure 11. Normal Force Coefficient versus Reynolds 

Number for Square Flat Plate. 
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Figure 12. Percentage Drop in Normal Force versus 

Reynolds Number for Square Flat Plate. 


4. CONCLUSIONS 

The experimental investigation of the flow over a 
square sharp-edged plate conducted at different 
Reynolds numbers and different angles of attack 
reveals that the normal force on the plate is hardly 
influenced by the change in Reynolds number for the 
same angle of attack. However, for a fixed Reynolds 
number, the normal forces seems to be more influ
enced by the change in the angle of attack in the sub
critical regime than it is in the supercritical regime. 

As the angle of attack is changed between (l 28° 
and (l = 32° the drop in the normal force is observed 
to increase with the increase in Reynolds number in 
the range 0.5 x 105 to 2.6 X 105

• 

The critical angle of attack was observed to be 
about 30° for all Reynolds numbers considered. 
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