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Abstract

In this research, experiment was carried out in a uniform flow field of a wind tunnel test section of 150mmx150mm size and at tunnel
Reynolds number 2.6x10. In the flow field wooden bodies of different geometric shapes were placed in the test section and the nature of
mean flow profiles above and behind the bodies were studied. From the different profiles formed behind different bodies and uniform
upstream profile, the profile drags due to the respective bodies were calculated by applying momentum equation and were compared with the

published values.

Keywords: Geometric shapes, Drag, Flow behaviour.

Nomenclature

D Drag

P, Upstream Static Pressure

P, Downstream Static Pressure
T, Shear Stress

Pa Density of air

v Free-stream Velocity

u Downstream Velocity

h Elevation

Introduction

For the flow over a solid body, the velocity profile changes mainly due to viscous effect at and near its surface [1]. The resultant force in the
downstream direction is known as the frictional force which is mainly due to fluid viscosity, surface roughness and Reynolds number. But in
the case of flow over a body whose surface is not everywhere parallel to the air flow stream, there is in that direction an additional drag force
resulting from differences of pressure over and behind the surface. This force created due to this pressure difference is known as the pressure
drag. Thus the velocity profile formed behind any object placed in a flow field is due to both surface friction of the body and the pressure
difference between the upstream and downstream section of the body. The sum of these two forces creates the shape of the velocity profile
and so is called the profile drag.

Bodies of different shapes and sizes have different effect on the flow field and these effects are reflected in downstream velocity profiles.
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Calculation of drag force from these velocity profiles is the main objective of this study. In this study drag produced by different geometric
shapes such as circle, semicircle, triangle and square were calculated and were compared with published values. To have the same blockage
effect all the samples were made with the same width of 30mm giving the blockage ratio of 25%. This indicates the negligible effect on the

main flow stream of the test section except the local effect of the sample itself.

The wind tunnel

In the present study experiment was carried out in the 150mmx150mm test section of a closed loop wind tunnel as shown in Figure 1. The
test section in Figure 2 was made of 5Smm Plexy glass sheet to have a clear view of pitot tube position and test samples.

The wind tunnel was powered by a 300 mm diameter axial flow fan running at 2900 rpm. The closed loop wind tunnel provides steady
uniform flow during the experiment. The test section was preceded by an inlet section and a flow straightener with wire screen. Flow from
the contraction cone passes through the flow straightener which broke down any eddies generated in the fan. The flow then passed through
the inlet section where flow development took place before entry to the test section. The test section was followed by a discharge section
which prevented any back pressure effect to the test section. Thus in the existing arrangement of the wind tunnel a steady uniform flow was

ensured during carrying out of the experiment.

Figure 1: Closed loop wind tunnel

Figure 2: Test-section

The measurement system

For the measurement of mean flow velocity at the upstream and downstream locations two pitot tubes with traversing mechanism were
installed on the top surface of the test section. Arrangements were made such that the second pitot tube could be placed in two downstream
locations. In order to record the simultaneous measurement of velocity across the wake formed behind the body a pitot rake as shown in
Figure 3, was placed behind the airfoil. The pitot rake was made by inserting fourteen hyper dermic tubes at 10 mm interval in a

10mmx25mm Plexy glass bar of 150mm length.
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Figure 3: Pitot Rake

ELITE HALL PUBLISHING HOUSE

Variable angle inclined tube manometer is used for recording the data from pitot tubes and multi-tube manometer was used for recording data

from pitot rake.

Experimentations

Before inserting the geometrically shaped bodies in the flow field the upstream and downstream velocity profiles were recorded and were

found to be symmetrical about the duct centreline and coalesce each other indicating fully developed flow zone as shown in Figure 4.

Pitot Position {y-direction)

(mm)

20
-40
-60

-80

i Upstream Velocity Profile
=& Downstream Velocity Profile

5 6 7 8 9 10
Velocity (m/s)

Figure 4: Upstream and Downstream velocity profile

After confirming the congenial condition of the flow field the geometric shaped bodies were placed in the test section in the following

orientation as shown in Table 1.
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Table 1: Orientation of different geometric shapes

Scenario

No.

Visual Scenario

Description

1

Streamlined body  with

concave face at 0° AOA

Circular Shape

Triangular Shape with apex

at Leading Edge (LE)

Triangular Shape with flat

surface at LE

Semi-Circular Shape with

flat face at LE

Semi-Circular Shape with

curved face at LE

Square Shape with flat

surface at LE

> AUVAOO

Square Shape with flat

surface at 45° at LE

Result and Discussion

ELITE HALL PUBLISHING HOUSE

The velocity profiles behind the solid bodies show in general the decrease in velocity behind them indicating the effect of obstruction while

increase in velocity both above and below them indicates the channel effect. But in the case of the bodies like square shape, semicircle shape

with flat face facing the flow where friction decelerate flow suppressing the channel effect, the velocity profiles just over the solid bodies

show different level of instability of the incoming uniform flow velocity. The flow instability varies between + 4.61 %.
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Figure 5: Variation of upper surface velocity of different geometric shapes
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Figure 6: Variation of downstream velocity of different geometric shapes

Drag Comparison of Different Shapes

From the upstream and downstream velocity profiles for different bodies the drag forces are calculated using momentum equation,

In the control volume of Figure 7,

F:Fpl—sz-zFf—D ....................... (2)
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Figure 7: Control volume inside test section

From equation (1) and (2),

D=Pih-Fedh- 2 [1,dl-pV?h- 2 [}
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As tunnel wall shear force is very small comparing with the other terms of equation (3) so 2 [ 1,dl term is neglected. The value of drag force

is calculated from the above equation by using trapezoidal numerical integration on the upstream and downstream velocity profiles for each

body.

The method divides the regions under the f(x) graph into smaller regions which are then considered as a trapezoid [4]. Calculating area for

each region and then summing up the area for the whole region is done.

The trapezoidal method is-

Figure 8: Trapezoidal method

b
[, f(x)dx = 3 v 1w + fib)

The drag forces of different bodies thus obtained and those found in references [2] and [3] are given in Table 2 for comparative study.

Table 2: Drag force obtained in this study and in references [2] and [3]

Drag Comparison of Different Shapes
Shapes Name Maximum
Cq Cq Cq Deviation
(experiment) [2] [3] (%)
. 7.69
Circular Shape 1.5 1.2 1.2
Triangular Shape (Apex at 2.95
upstream)
1.52 1.3 1.5
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9.88
Triangular Shape
(Flat face at upstream)
2.68 2.2 2.0
7.46
Square Shape
(Flat face at upstream) 2.5 2.0 2.2
5.88
Square Shape
(45° at upstream) 1.8 1.6 ———-
Semi-Circular Shape (Flat face 12.8
at upstream) 2.2 - 1.7
Semi-Circular Shape (Curved 12.73
face at upstream) 1.55 - 1.2
Half-body Streamline at 0°AOA | | | | -
0.63 -—-- o
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From the comparison maximum variation of 12.8 % is found. These variations are due to several factors like errors in measurements in each

case, flow condition, correctness of geometric shapes, materials used etc.
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