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The LB Wind-tunnel

by Larry Bennett
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ABSRTACT:

A small subsonic wind-tunnel has been developed

for further understanding of aerodynamic principles.

This tunnel is small enough to be used on table tops

so the student can get first-hand experience. The

tunnel's working section is a clear plexiglass tube for

easy viewing and provides ample work room. The biggest

advantage of this tunnel is that it can be built in the

average home workshop for approximently $60.00.

INTRODUCTION:

The need for a greater understanding of wind-

tunnels and aerodynamic principles has long been a

desire. Therefore, research and construction of a

small table top wind-tunnel was undertaken to help

fill this desire. As a project to be reviewed by a

review committee and judged on its performance a

challange for quality is present and hopefully will be

fulfilled.



RESEARCH

In the intial stages of the wind-tunnel

project an investigation began into the many possible

types of wind-tunnels which could be built. The re

search turned up four types of subsonic wind-tunnels.

The four types are open circuit, closed circuit, comp

ressed air and whirling arm.

The open circuit is basically a long

tube in which air is either blown or drawn through a

straight or convergent-divergent channel. At some

station in the tunnel an object is mounted. Through

differing techniques data can be obtained on the objects

interactions with the airflow. (fig. 1)

open circuit tunnel

Fig. 1



The closed circuit tunnel is,for the most

part, an open circuit tunnel which has been routed end

to end in order to provide a return airflow. The

theory behind this is to use the exiting airflow's energy

in addition to that provided at the source to create

a faster flow for the same input. (fig. 2)

closed circuit tunnel

Fig. 2

The compressed air tunnel consists of a large

chamber, which is pressurized to varying levels, con

nected to an open circuit tunnel with some s6rt of

door to separate these two parts. When the blockage

between the chamber and tunnel is removed the high

pressure air rushes out through the tunnel to create

a high velocity airflow. (fig.3)



compressed air tunnel

Fig. 3

The last type is the whirling arm. This type

is quite different from the first three. Here, instead

of moving the air past a stationary object, the object

is spun around through stationary air in a large cir

cular room on the end of a support beam. (fig« h)

whirling arm

Fig. if



Since the open circuit tunnel was considered

to be the easiest and cheapest to construct, this was

the type of tunnel design chosen to build.

After studying the many variations of the open

circuit tunnel the National Physic Labratory (N.P.L.)

type was the type the L.B. Tunnel was chosen to be

modeled after. However, the were a few changes made.

The N.P.L. type tunnel originally began some

time before World War I in Great Brittain at the N.P.L.

At that time the tunnel design called for a low con

traction ratio in the effuser (front cone) and a high

expansion ratio in the diffuser (rear cone), (fig. 5)

As the years passed and data was collected the con

traction ratios increased and the expansion ratios

decreased creating higher efficiencies, (fig. 6)

old style

new style

Figs. 3 and 6



The theory of the N.P.L. type tunnel is based

on the venturi and Bernoulli's_princlpe*» -As a mass of

air is drawn into the effuser through a large opening

the size of the tunnel is decreased. As the flow moves

through the tunnel, the velocity must increase to

satisfy the continuity equation. (see Appendix A)

This phenonena creates a smooth high velocity

airflow in the working section along with a reduction

in the static pressure, (fig. 7)

Once the air leaves the working section the

air is expanded and the velocity is lowered to the

maximum velocity for high fan efficiency.

Fig. 7



TUNNEL CONSTRUCTION

WORKING SECTION

The working section (fig. 8) is the part of

the tunnel in which all the measurements are taken on

both the tunnel's output and the effect of the airflow

on the mounted object.

This section was made from a 13 inch section

of 7 inch O.D. tubular plexiglass. Mounted within the

tunnel is the object to be tested, a total pressure

probe, a static pressure port and a transversing total

pressure probe (for drag calculations).

The total pressure probe is basically a pitot

tube used to sense the total pressure of the working

section. It is located in front of the object being

tested and is positioned to point into the wind.

The static pressure port is basically a hole

located somewhere along the working section wall to

sense the working section static pressure. This port

must be perpendicular to the airflow. There can be

more than one of these ports located elsewhere along

the wall to achieve an average static pressure.

The transversing total pressure probe is used

to move up and down behind the object to sense the

pressure defect. This can be used to calculate momen-

tium loss which is an indication of drag, (see Appendix A)



The location of the transversing total pressure probe

is approximately 12$ of the chord length of the object

behind the object.

All of these probes can be seen in figure 8.

total pressure probe

transversing total pressure probe

H>static pressure port

Fig. 8

J



MANOMETER

The manometer (fig. 9) is the pressure reading

instrument of the tunnel. It operates on the basic U

tube principle. Filling the manometer with a fluid,

such as water in which the specific gravity is known,

pressure differential is indicated when two different

pressures are applied at each end. The higher pressure

causes the water level to lower on its side and rise

on the low pressure side^until an equilibrium condition

is reached. The differential height of water is an

indication of the pressure differential.

All pressures taken from the tunnel are

reference to static pressure and used to indicate •

such things as velocity and force, (see Appendix A)

The manometer is constructed from 1/8 inch

glass tube, 1/5 inch brass tube, 1 inch brass tube,

1/8 inch surgical tubing, scrap wood and graph paper.
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EPPUSER

The effuser's job is to smoothly narrow down

the tunnel area from the intake to the working section,

creating as little turbulence as possible. Thus, the

pressure energy is changed to kinetic energy (velocity).

To accomplish this, without creating a great deal of

turbulence, the contraction ratio of the L.B. Tunnel

is approximately !j.:l (A,/A ) over a length of 1$
J. O

inches. Some of the tunnels around are larger and

some are smaller, (fig. 10)

DIPPUSER

The diffuser*s job is to recieve the air from

the working section and convert it's kinetic energy into

pressure energy. This allows the fan to move a slower

moving air mass to create a suction at the effuser.

The diffuser must have a narrow taper to keep

the air from separating from the walls and creating

reverse flow regions which destroy the pressure grad

ients and laminar flow. To achieve this smooth flow

the conical angle of the diffuser should be 5° to 6 •

Due to the material availability the angle

on the L.B. Tunnel is up around 7.*J-°. However, this

value proved to be quite adequate for the speeds

incountered. (fig- 11)

1. Pankhurst, R. C. and Holder, Wind-Tunnel Technique,.
Sir Isaac Pitman & Sons Ltd. London, 1952 p. 73
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The effuser and diffuser are made from ^060

inch A.B.S. plastic. They were cut from a l\XQ sheet

and rolled into a conical shape. The butted edges are

held together by a 2 inch strip of plastic spanning

the length of the cone.

SOURCE

The source consists of a Skill Saw Motor and

circular fan. The motor was used due to its high rpm

and availability. The gear reduction"was taken out to

increase the motors rpm from its normal rpnu The fan

is a 12 inch circular CCW rotating rimmed fan.

The source is moved as far into the diffuser

as possible to reduce the pressure losses around the

rim of the fan and tunnel wall. (fig. IX)
J

BASE

The base of the tunnel was cut from 3/lj. inch

partical board to support the wind-tunnel structure.

The base for the motor (oddly enough) is a hubcap

off of a truck. These materials were chosen for their

availability and cost effectiveness, (fig. 13)
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Pig. 12

n m
3

Pig. 13
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OVERALL

The finished product turned out to be 8I4. inches

long, II4. inches high, 12 inches wide, produces a velocity

of 63 miles/hour and has a tunnel Reynolds number of

3.4X 105. (^g Hi- )

CONCLUSION

The need for a greater understanding of wind-

tunnels and aerodynamic principles was fulfilled.

The knowledge gained was well worth the time and energy

spent in research and construction.
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APPENDIX A

Continuity equation

tr\ - r^nss T=v_ov*-> p.ryr€-

/» =. Oe-rs&iTy

V - VfeL-OcvTy

Pressures to velocity and force
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Drag calculations by momentium loss

FD =i ^vft ~«^©V Q>

/3S£vJI*s£ *r^>A~Vn^e (T €>TCl°rlt>V ST>»Te)

F*-ir^X\VVB)



Item

Base

Constaint Equip,

Effuser & Diffuser

Working Section

Pressure Tubing

Manifold & Mounts

Velocity Probes

Pressure Pts.

Manometer Brass

Model

Manometer Rack

Manometers

Source

Glue

Speed Control

Golf Balls

20

Cost Analysis

I Material Cost

96"X12"X3A" particalboard $2.00

springs, clamps, wire, chain $0.00

/ffX8' sheet .060" ABS plastic $20.00

7" OD tubular plexiglass $0.00

1/8" surgical tubing $5.00

3/8" brass tubing $0.70

1/8" brass tubing $0.35

1/8" copper tubing $0.50

1" brass tubing $3.**0

fiberglass & balsawood $0.75

1/2" round & 12"X11"X1AM pine $0.00

1/8" glass tubing $0.00

Skill Saw motor & 12"ccw fan $1.25

T.H.F. Solvent $0.00

Knight Motor Speed Control $0.00

(2) golf balls ?2i22_.

TOTAL $33.95
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EXPERIMENT #1

TITLE: The Effect of Dimples on Golf Balls in Drag Reduction.

THEORY: The theory of dimples on golf balls is they reduce

.the drag by creating a turbulent boundary layer around

the golf ball. The turbulent boundary layer can with

stand a higher pressure gradient.than the laminar

boundary of the smooth ball. Thus, the air will not

separtate (causing drag) until a later point on the

surface..

smooth ball dimpled ball
(laminar boundary layer) (turbulent boundary layer)

OBJECTIVE: To measure the pressure variation behind the golf

ball by means of a transversing pitot tube and calculate

drag force. Then, compare the values for the drag at

equal speeds on a smooth and dimpled golf ball.

Therefore, the effect of dimples can be analyzed.

EQUIPMENT: wind-tunnel
two golf balls, one smooth, one dimpled
transversing pressure probe
manometers

computer
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CALCULATIONS:

Drag force is the sum of the momentum loss from A to

B over the area behind the golf ball.

r

F=£m*vA -m^v. A B

assume mA=mB (steady state)
;.F=^mA(vA-ve)

m=eva

let a (area) be for a unit depth of one
.*.a=heightx1=h
.*.F=l,ev^i(v,,-va)

P^ =Pa -lev
Pr -Ps =£ev =P diff
/.v=V2(Pd.ff)/e

:.F=l/J2(P<Mi)/jt h(s/2(P<Mf)// ->/2(pd.K)//)
For experiment: h=1/8!f or .010if2 ft.

e..r(assume« e*=e#) =.00237 lb. secyft*

Use computer to calculate summation of drag.

C = —2?£S = Drag Coef.
d % e V2
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SUMMARY: The effect of dimples is evident even at the slower

velocities of my wind-tunnel.

At the slower speeds the effect was minimal. However,

as the speed goes up the increase in drag occures at a

slower rate than that of a smooth ball.

I can now see why at the normal speeds of a golf ball

the effect of dimples is an important factor.

note: It was stated in Shape And Flow; The Fluid Dynamics
of Drag, that for a normal swing causing a normal
golf ball to travel 200 yds. will only propel" a
smooth ball 50 yds.
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EXPERIMENT # 2

TITLE: Lift and Drag Calculations of a Simple Airfoil.

THEORY: By measuring the pressure distributions on the top

and bottom of an airfoil a net lifting and drag force

can be calculated from the resultant forces vertical

and horizontal components.

OBJECTIVE: To take the pressure readings from the wind-tunnel

and calculate lift and drag. To accomplish this a

;' careful examination of the airfoils geometry must be

under taken.

EQUIPMENT: wind-tunnel
airfoil with pressure points
transversing probe
manometers
computer



CALCULATIONS:

pt. 1 drag=F xcos 330 lift=F xsin 330

pt.:Z drag=F xcos 300° lift=F xsin 300(

pt. 3 drag=F xsin 12 lift=F xcos 12'

pt> k drag=F xcos 275 lift=F xsin 275

lift=F xcos 0°

lift=F xsin 265*

lift=F xcos 0°

pt. 5 drag=F xsin 0°

pt. 6 drag=F xcos 265°

pt. 7 drag=F xsin 0°

pt. 8 drag=F xcos 235 lift=F xsin 255

total drag= sum 1-8
total lift= sum 1-8

(C1) (Lift) (Lift Coef.)

C,- Drag-, = Drag Coef,
a % e V*'

If the airfoil is at an angle of attack other than 0 we

must divide the resultant forces up into their horizontal

and vertical components and add them to correct for angle

of attack.



o
o

>
l-

»
»-

3

0)
CD

C
H

P
<

O
>

,o
'T

J
,T

d
'i

d
H

d
,T

3
h

d
,T

J
'.

CO
<

>
d

»
o

>
0

0
-v

3
C

T
A

J
I-

p
-V

*
to

-*

« o

1
1

1
1

1
1

1
•
•
•
•
•
•
•
•

-*
to

0>
V

>
J

-P
"

CJ
N

-*
o

>
•

V
jJ

.
O

O
v
O

->
3

»
o

X
co

<
'-

d
>

d
O

->
J-

s3
-«

0
V

jl
C

T
v^

O
-O

-n
3

*>
3

"<
1

C
T\

C
J\

C
Tn

->
3

II
II

II
II

S
II

II

n
o

o
V

JI
V

JI
V

JI
V

JI
O

V
JI

V
JI

V
JI

V
JI

V
JI

V
JI

V
JI

V
JI

V
JI

-
1

»
O

O
O

V
jl

V
jl

O
O

N
J
l

O
*

V
jl

r
o

-
»

Vo
w

—
0

4
H

CO
•t

f^
•?

1
1/

-
o

O
n

O
•*

H
>1

3
Co

H
o

*
o

co
co

o
q

-

CO
CO

C
L

O
CO

3
1

1
•

V
jJ

.
-»

CO
H

O
)

H
>

d

1
O

1
1

1
1

-
*

-
»

O
v
o

->
a

o
O

0)
0

c
t-

C
O

*1
.

.
•
•
•
•
•
•
•
•
•
•
•
•
•

•
.

.
.
.
•
•
•
«

.
O

*
V

Jl
M

,^
d

0)
V

{
»-

J
CO

o
-s

]
V

J1
-P

*
V

jl
C7

N
0

>
O

N
CT

N
0>

C7
NV

J1
C

Tn
Vs

JI
->

3
»

o
.
o

O
O

to
V

^
V

jl
O

o
O

o
r
o

-
*

co
h

c
o

*
d

co

V
^
O

O
O

O
O

O
O

O
O

V
jl

O
V

T
lV

J
l

V
J
IO

O
V

J
IV

J
IV

J
I

O
V

/l
-n

3
{o

o
c
t"

"
-^

*
i

0)
r
f

H
«

<
J

B
CO

CO
C

1
<

+
P

H
d

-0
)

^
JO

(f
t
^
H

0)
CD

O
H

CD
<

+
£

m
>

0)
\
0

>
<D

H
.
.
•
•
•
•
.
.
.
.
.
.
*

.

1
1

1
1

1
1

•
•
•
•
•
•
•
•

1

o

v
ji

v
ji

v
ji

-p
-v

>
i

ro
to

c
tn

o
n

c
tn

o
n

c
tn

o
n

V
s/

i
V

J
lV

J
lO

O
O

O
V

J
lO

V
n

O
O

O
O

V
J
l

o
o

-
J
-
J

-*
v
ji

v
j>

r
o

v
>

iv
>

iv
^
o

N
V

«
O

O
O

V
ji

O
V

J
iO

O
0

>
C

N
O

O
*

N
J1

to
-p

*

A
f
t

c
r

c
+

3
P

*
^
-^

0
)

o
^
o

CO
(J

C
y
H

'
t
f

H
\*

U
O

V
>

J
—

0q
O

w
»i

O
EJ

CD
0

^
j

;
.

->
3

co
m

,
o

ty
1

CD
c
ti

e+
CD

H
0)

*
-*

•
C

D
b

1
I
I
I

i
i

—
•

i
—

-
r
o

—
•

—
•

•
V

Jl
-*

o
O

v
O

*
W

O
3

f
f
i
w

•
-O

->
3

-O
-n

3
\J

1
-»

V
J
I^

0
-O

^
}
-n

3
-<

]-
v
3

-O
V

r
o

to
V

A

1

l\
;
-
p

-
\j

iv
O

-
»

O
O

V
J
>

o
*

-
o

H
l

o H
V

jl
V

ji
V

jl
V

J
lO

V
^
O

V
jl

V
/l

V
J
lV

X
lV

J
iV

J
lV

J
I

I

V
ji

V
J
lO

O
V

J
iO

o
o

to
-
s
iv

ji
M

,
O

o 5
"J

"
1

1
1

1
1

1
1

-»
to

V
>

l
5

•
V

Jl
—

-
*

_
.

•
•
•
•
•
•
•
•

O
v
o

*
O

1

-
o

v
ji

r
o

v
ji

-
o

-
o

-
o

-
N

a
-
o

-
v
J
-
^
-
o

^
'O

-
»

-
»

-
*

v
o

v
ji

v
ji

v
ic

r
>

O
*

-v
3

C
o

O H r
o

v
ji

o
v
ji

o
>

s
^
v
ji

v
n

v
ji

v
ji

\j
iv

ji
v
iv

/i
v
ji

•
•

o
o

r
o

o

-
V

T
O

O
V

J
lO

O
O

V
J
l

to
^
o

v
ji

v
>

jv
*

^
3

H o
rv

>
'c

o

..
(

in
.1

t
r

I
I

I
I

1
C

D

i
-*

to
i

-»
—

-
»

-
»

•
V

*
-
*

-
*

CO
•
•
•
•
•
.
.
.

O
v
O

*
o

->
3

-<
]
-v

3
O

-<
]
O

O
V

J
I-

O
-<

1
^
0

^
<

3
*

,<
]
^

v
ji

u
iv

n
o

v
j
i

o
o

o
\j

}
\n

\j
\\

j]
\n

\j
)

.
.

v
ji

o
t
o

-
o

o
o

o
c
tn

O
*

-n
3

a
s

o
o

o
O

O
V

J
iV

J
lO

O
O

>
J
1

to
"
N

3
V

J
l

^
O

o

U
>

V
jJ

V
>

iV
Jl

o
-
O

>
—

•

r
o



28

SUMMARY:

The comparison of drag values obtained in both the

component and transversing probe methods was very interesting.

Five of the eight values compare quite well. However, the

other three differ by quite a margin. After careful examin

ation of the component method I feel the error(s) exist in

this method. These errors stem from:

1. tunnel blockage; When ever the angle of attack
was large in the + or - direction blockage
would cause the motor to load down. This
was evident due to the velocity loss.
Thus, the pressures of the tunnel could
vary with angle of attack.

2. end effect; Due to the wing tips, which exist on
the end of the airfoil, vortices are created
which effect the pressures on the top of the
airfoil.

3. profile smoothness; The smoothness of the pressure
points on the airfoil would have a large
effect on the pressure readings.

if. airfoil geometry; The difficulty in measuring
the angles the pressure points form with the
airfoil chord make, the accuracy of these
measurements questionable.

To help reduce these errors I would enlarge the working

section or reduce the size of the airfoil to help eliminate

tunnel blockage. Also, the pressure points would be moved

closer to the middle of the airfoil to help eliminate the

end effect.
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