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Abstract

For centuries now, wind tunnels have been a key element in scientific research in a
number of fields. Experimenting with racecars, airplanes, weather patterns, birds, and various
other areas has been made much easier because of its development. In the racing field, for
example, the information gathered from this testing can mean the difference between winning and
losing a race. Weather simulations can also provide valuable information regarding building
stability and safety. This has become very important when designing buildings today. Valuable
information concerning bird flight has also been collected based on wind tunnel testing. Wind
tunnels have a variety of important uses in the world today.

Wind tunnel that used here is an open loop low speed wind tunnel. The fundamental
principles of this tunnel is moving the air using exhaust fan in the rear side, and plaéing the
cube in the external balance system which used to measure the working force. This experiment is
using 50mm cube of finished wood. From this experiment we can get Drag Force (FD), The
Revnolds Number (Re) and The Coefficient of Drag (CD).
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1. Introduction

Wind tunnel is one of basic apparatus
that important to studying aerodynamics;
however as the advancement of technology
there is another method used to study
aerodynamics, using simulation concerning

aerodynamics force with computers help.

This method is known by Computational
Fluid Dynamics.

Experimental information is very useful
to solve aerodynamic issues that can be
achieved by numerous ways: from the test
flight, fall test, water tunnel, rocket launch,
ballistic
transonic, supersonic, hypersonic wind tunnel

test, and subsonic, nearsonic,
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and every one have their own benefits. By
using wind tunnel as apparatus of an
aerodynamics test can result aerodynamic
characteristics information that accurate
and can avoid from all accidental risks.
The purpose of this study is to search
the working force on an object test
consisting drag force, Reynolds number,
and drag coefficient. The other purpose is
to find out influence shape of an object
test toward the passing air flow and flow
visualization from the object test.

2. Wind Tunnel

Wind tunnel is research tool developed
to assist with studying the effects of air
moving over or around solid objects.

2.1. Wind Tunnel Type

There are two basic wind tunnels. First,
is called open-circuit tunnel ( “Eiffel” or
“NPL” ) it doesn’ t have reverse air
flow, Fig. 1 after the air leaving diffuser,
the air is release straight to free air.

The second type is called closed circuit
or “Prandtl” ,
flow”

“G ttingen” , or ‘“return-
tunnel, Fig. 2, as the last name, air
that exit from diffuser is directing back to
enter the entrance cone. The type of wind
tunnel that will be use here is wind tunnel

open-circuit type.
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Figure 1 Open circuit wind tunnel
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Figure 2 Closed circuit wind tunnel

2.2. Wind Tunnel Classification

Wind tunnel classified by velocity of air
that is produce from the wind tunnel it
self. There are four kind of wind tunnel
base by the classification.

i, Subsonic wind tunnel
very
with the speed in test section about
400 km/h (M = 03).
by wusing the axial fan that can

is using at
low Mach Number operation,

The air moved

increase the dynamic pressure to
handle viscosity losses.

2. High subsonic wind tunnel (04<M<0,75)
or transonic wind tunnel (0,75<M<1,2)
is design with same principle as
subsonic wind tunnel.

3. Supersonic wind tunnel is a wind

tunnel that can produce supersonic

speed (1,2<M<5).

supersonic speed

To produce the
1s use the right
design of convergent divergent nozzle.
4. Hypersonic wind tunnel is design to
produce hypersonic flow (5<M<15)

in test section.

2.3. Part of Wind Tunnel
On a unit wind tunnel there are many

parts, however there are five main parts;
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Settling Chamber

Settling chamber function is to uniform
air flow. Because turbulent flow can
cause the force can not be measure
in the test section. Inside the settling
chamber there is a honeycomb, the
function is to develop or produce the
smooth air flow in test section with
that result the air flow is linier.
Contraction Cone

Contraction cone function is to draw
air that have low speed but large
volume and reduce it become air
that have high speed but small
volume. As the size of contraction
cone getting smaller more high the
air speed.

Test Section

Test section function is to placing
the model of a wing or an airplane
or an object we want to test. When
the air flow base on the speed that
we want. Sensor to measure the
force is an external balance like drag
force and lift force also placed in
test section.

Diffuser

Diffuser function is to slow down air
flow rate that came out from test
section or in closed<circuit tunnel is
to recirculation. Air flow rate slow
down is cause by the shape of diffuser.
Drive Section

Drive section function is to provide
the force can cause the air moving
through tunnel. This force is usually
obtained from a large fan. While the
wind tunnel that need very high

speed and can make air speed more
than speed of sound using pressurized
gases or vacuum cylinders.

3. Testing Procedure

Before testing, first of all paying attention
for prepare in order that the testing is
safe and secure. The step that must do in
aerodynamics testing on cube body is:

1.  Counting the preliminary condition
on the laboratory. Consisting air
temperature, air moisture, air
pressure, and viscosity coefficient.

2. Placing the anemometer on center
of test section.

3. Damper setting to get the speed

that we want.

Turn on the fan.

Read the velocity from anemometer.
Turn off the fan.

Release the anemometer.

0 NG

Placing the strut on the center of
external balance, and tight the
bolt.

9. Leveling on both side of the axis
external balance refer to two
water pass by arranging the load
balance.

10. Descending the pressure bolt of
external balance until touching
the surface of digital scale.

11. Zero setting on the digital scale.

12. Turn on the dynamo motor, wait
until the flow is stable.

13. Read the drag force in the digital
scale. Get five sample data.

14. turn off the fan
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15. Place the cube body to the strut.

16. Repeat step 11 to 15 to measure
drag force on cube body.

17. Repeat step 2 to 16 for 10 different
type of velocity.

4. Experimentation Result

4.1 Experimentation Data

Experimentation data is use to make a
calculation and the result of calculation
later will be used as reference to make
analysis. From this experimentation data
will have 11 wvelocity variations within
range between 10 m/s to 20 m/s on each
velocity are taken 5 data sample that
reads in digital scale. Table 1 give us
information that a different velocity
variations can produce the different amount
of force depends on the level of velocity
that pass through the objects.

Wiotst | Wsinn Weune FO wotat FD st FD cube
292 4.4 257 286452 3039240 0247212
352 5.0 292 0.345312 0.058860 0286452
428 83 e 0.419858 0.078480 0.341388
432 10.0 39.2 0.4826832 0.096 100 0.384552
372 12 48.0 0.561132 0.109872 1451260
65.2 128 524 0639612 0.125568 0514044
732 143 522 0.718092 0137340 1.580752
832 18.0 872 0516132 0156950 0639232
948 18.0 76.8 0.929968 0.¥76580 0.753408
1016 188 82.8 0996538 0.163428 0.812268
108.0 20.0 88.0 1059480 0.186200 (.863280

Table 1 Experimentation Data

42. Experimentation Data Processing

Experimentation data result needs further
processing because the result that reads
on digital scale it is not the final result.
That data will converse into the forces
that actually happen on cube body.

4.2.1. The Measure of Readable Force on
Digital Scale

From Table 1 that is experimentation
data is achieve the average velocity that
accepted by digital scale in gram unit, if
converse into scale of Newton with the
gravity 9.8 m/sZ2 and we will get this
result:

Wiotst | Watrut W cube Fo total Fp strut FOcube
292 40 232 0286452 §.03%240 3247212
352 &0 292 0335312 {.0588€0 0.285452
428 8.0 348 0419868 0.078480 0.341388
49.7 e 382 0482652 1.09810D 0.384352
572 112 480 0.561132 $.108872 04312610
652 128 324 0433612 0.125568 0.314044
732 140 58.2 0.718092 3137340 0380732
832 160 672 0.816182 ¥ 156960 0658232
448 18.0 768 0229988 0.176380 753408
101.6 18.8 828 3.996635 0.104428 1812268
108.0 2090 68.0 1.058480 0.196200 0.863280

Table 2 Readable Data

From the external balance free body
diagram under, can be measure the actual
force that really happens on test object by
taking reference to the center of the cube
body.
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Figure 20 Free Body Diagram

F, = Actual force on test object

F, = Read force from digital scale

L, = Cube body center point distant with
the supporting point
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Ly = Pressure bolt point distant with
supporting point

L; = Balance shaft center point distant
with supporting point

L4 = Balance load point distant with
supporting point

W; = Overall system weight on y axis
W, = Pressure shaft weight

W3 = Balance shaft weight

W, = Balance load weight

Assuming the system on balance condition,
the equation became like this:

Because resetting on the digital scale
after leveling then the weight force because
shaft.
equation became:

pressure is not count and the

ZMQ:O

1
FiLi+ gWoLp=F2 L, + Waz + Wy (1)

Where value of L; = 0.320 m
L, = 0211 m
Actual value of Fp will be on the Table 3

READABLE ACTUAL

FRwotal | FOstrut FG cuse FEC total FG stut D cube

§.288452 | 0.839248 j247212 0.186879288 { 0 023873875 | 0.152003413
£.345312 | 5.63885¢ 0285452 0227690100 | 0.038810813 | 0.186873288
3419868 | G 078480 0341388 0276850463 | 0051747750 | 0225102713
{182832 | G eastn 0384352 0318248663 | 0.064684388 | 0253563975
43551132 | 0109872 8451280 0.362996413 | 0.072448550 | 0.247549563
$539612 | £.1255¢68 0.314044 0421744163 | 0082736400 | 0338947783
718092 | C13TMD 1583732 0473481213 | 0.036338553 | 0382933330
816132 | 0136350 0652232 0.538176600 | 0193493300 | 9434581100
£.22995868 | G 17B88¢G 0733408 0413210838 | 0115432438 | 0435775400
G.U08698 | 0154428 0812268 037198425 | 0.121607213 | 0533389213
1839460 | © 196200 0883280 0.536594825 | 11129369375 | D 568225250

Table 3 Actual Value

1.1.1.  The Calculation of Drag Coefficient
and Reynolds Number

To determine the drag coefficient and
the. first thing that we

amount of air density

Reynolds number,
should know is
using equation:
P

© =RT (2)

With value of P = 92300 kg/s?

R = 287 kg/mo K

T =301 K
That we can get value o = 1.608 kg/m’®
Then determine the air viscosity coefficient
using equation:

3
T 5(To+110]
= ol\To) \ T +110 3

Value of = 1.1173 x 10° kg/ms
Then determine the air flow rate using
equation:
pv*
Q= 2 (4)

From the above calculation is use to

calculate Re and Cd using equation:

pPVL

Re = 7] )
Fd

Cd = qA 6)

A is cube body frontal wide, Length x
Width.
The Value of Re and Cd on each

velocity variations is:
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Variation | Vave. q Re
1

Fo cube Cd cude

1.072886R83

B TF25236 | Z0BR 41368 | 0 153002413
0 185572268
0.225102713
94 DB19353 | B3431 21523 | 0.233362473
110.8204837 | 88813 42662 | 0 207548563
18384 | 1263804215 | 73325 984 0338247763
142 6803763 1 362933350
161 8537254 0433851100
184 9810043 0 496778400
200. 1894813 0.535588213

2139390183 0. 568223230

F332703%5 | 34848 15174

83 2557047 | 58675 32444

1 478264840
1073151518

75123.72684
83208.983%5
BERS3 TR34
92538 33348

26122 BE7E3

1.073541734
1.074216823
11074228237
1070183474
11054125623
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Table 4 Value Re and Cd

1. Analysis

From the Table 4, we can see that the
influence of getting faster the velocity of
an arr flow can increase the drag force.
On the contrary the drag coefficient is
decreasing by the getting faster the velocity
of an air flow. This is caused by the increasing
of Reynolds number when the velocity is
increase. Graphic 1 is relationship between
velocity and Reynolds number, where between
velocity and Reynolds number is linier.

The decreasing of drag coefficient can be
see on Graphic 2, where this decreasing is
cause when the Reynolds number getting
higher an then the boundary layer surrounding
the cube body will be reaching turbulent
state, which is when the boundary layer
entering the turbulent
coefficient will fall.

state the drag

V - Cd Relation Graph
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Graphic 1 Velocity and Drag Coefficient Relation

V-Re Relation Graph
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Graphic 2 Velocity and Reynolds Number Relation

From the experimentation data processing
obtain relationship between Reynolds number
and drag coefficient, drag coefficient have
decreasing trend line tendencies as the
escalation of Reynolds number and this is
same like the theory of low speed wind
tunnel testing.
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Re

that
experimentation of cube body around 5 x
10* to 5 x 10* Reynolds number is CD =
1,072. This value is already approach to

Drag coefficient happen on

reference value (Table 5).
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Table 5 Drag Coefficient of Three Dimensional Bodies

(1)

(2)

3

(4)

at Re = 4 x 10*

Conclusions

From the aerodynamics testing result on a cube
body within length 50mm with velocity
variations 10 m/s to 20 m/s is obtain value of
drag coefficient in range of 1.05 to 1,08.

Value of drag coefficient on the cube body the
trend line tendencies is decreasing because the
increase of Reynolds number,

From the calculation for the velocity variations
between 10 m/s to 20 m/s the Reynolds number
is around 50000 to 95000.

For the Revynolds number value 50000 to 95000
the value of drag coefficient is in range 1.05 to
1.08.
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