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R I N G K A S A N

Konstntksi dut perhiturlgm kemtgi.an efle!^
gi padn tenoaongan angin keeepatan rendah di
Ifs &iuraikan seeara gar"is beaar,

Selaniutnya dipaparkmt hasil-hasil pe-
niLaian perforrnanee dnri terouongan angi.n ini.,
terutana mengenai keada.mt aliz,art pada test^
seetion dmt hubungan antata daya input pada
motot, dengan keeepatan aliz,art pada test^see-
ti.on. Keeepaton mryin Bebesar 30 n/det dnpat
diperoleh pada test-seetion, dengan bilangon
Reynolds sebesan 2 x 104 per em nodeL.

A B S T R A C T

A eone'Lse description of the design and
consttuetion of the Lou speed uind-tunnel at
Institut Teknologl Bandt+ng and the eaLculation
of its energA Losses are pz,esented,

Some tests haue been wtdertaken to etsaLu-
ate its perforrnanee, in partieular to eualuate
the flou pattezn at the test-seetion cnd the
pouer input for a speeific lqnge of uind ue-
Loeity at the test-seetion, The ntarirmnn De-
Loeity aehieted at the test-section uas 30 m/
see uith eorcesponding Reynolds nwnbet of
2 x 104 Der an.

*)M""harr1""l 
Englneering Departmentr Bandung Institute of

Technology.
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I. HISTORICAL BACKGROUND

The low-speed wind-tunnel at ITB was built as a closed,
single r,i:turn type and powered by an automotive engine. The
automotive englne drives a generator, which supplles electri-
c i ty  to  a d i rect  current  e lect r ic  motor .  The e lect r ic  motor
drives the four bladed propeller type fan.

The lnit ial design of the lori-speed wind-tunnel at ITB
was actually started in 1959 under the dlrection of the late
Air Marshal Nurtanio (the director of what is now LIPNUR) and
the assis tance of  i r .  0 .  Dl - ran.  I t  was l -ater  assessed that
the wlnd-tunnel would be sultable for education.

In t962, parts of the wlnd-tunnel that have been con-
structed lrere presented to ITB and LAPAN (National Institute
of Aeronautics and Astronautics). It was decided to bulld the
wind-tunnel at ITB for mutual use by ITB and I/.PAN, and adurln-
istered by ITB. Construction of the building to house the
wind-tunneL was started in 1-963, and install-ation of the nain
sect i -ons was star ted in  1954;  the pro ject  was d l rected by i r .
O. Dlran untl l his leave of absence from lTB at the end of
1968. In l-967 the Department of Defence and National Security
(HANKAM) showed interest ln asslsting the project.

The financLal- assistance frorn IIANKAM was realised by the
end of 1968, and was partly used for courpletion of part of the
bulldlng and installation of some additional sections.

Ihe Department of Defence in L969 and Departneqt of Edu-
cation (under "Pelitatt Research Project) ln 1970 provlded
research grants for the completion of the wlnd-tunnel con-
structl-on, and the author succeeded ir. O. Dj-ran to direct the
project. Under these grants, work has been cornpleted on the
lnsta l - la t lon.of  the fan st ra ightener system; the e lect r ic  mo-
to.r, the Ilrst cylinder and the test-section. The. fourth cor-
ner turnlng vanes were made adjustable, and two screens $/ere
installed. Some tests were perforned to evaluate the perform-
ance of, the wlnd-tunnel with particular attentlon to the
productlon of untforrn flow at the test-section. Wlth the con-
pletion of the present work, a reasonably,uniform ve1-ocity of
30 n/sec and a Reynolds nr:mber of 2 x 104 per cm can be ob-
tained at the test-section.

The present article outl ines various aspects of the de-
sign and constructlon cf the wind-tunnel, and reports some
crel-imlnary evaluation of the air f low at the test sectlon.

U. GENEML FEATURES OF THE WIND-TUNNEL DESIGN

.A schematic .diagran of the low-speed wlnd-tunnel at ITB
i-s shom in figure 1. The main components of the wlnd-tunnel
are the test -sect ion,  the f i rs t  d i f fuser ,  the f i rs t  cy l inder ,
the.second corner ,  the fan st ra ightener system, the becond
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Figure 1. Schematic Diagram, Wind-Tunnel. H
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diffuser, the second corner, the thlrd corner, the settl l irg
chanber with air-exchanger, honeycombs and screens, and the
entrance cone. Each corner section is provlded with turning
vanes.

The cross section of most parts of the wlnd-tunnel is
octagonal-. The tunnel walls are bullt from steel platlng
strengthened by steel frames. The entire tunnel is placed in-
door,  and has a p lanview dlmension of  12.95 m long by 5.24 n
wide.

a. The Test-Section

The test -sect ion has an octagonal  cross sect lon,  hr i th
an average dLmenslon of 1 m wlde and 1 m hlgh, or an equl-
valent  d lameter  of  1.03 m. The length of  the test -sect ion
ls 1.30 m, and was nade sllghtly tapered (the downstream
equi-valent diameter is 10 nun wider than the upstream equl-
valent diameter) to maintaln. constant pressure along the
test-sect lon.  The test -sect ion l -s  prov ided wi th g lass
wi.ndows for viewing the model. The test-section ls also
equlpped wlth a turntable to mount the model whlch can be
'adjusted manually. At present, due to the l lmitatlon l-m-
posed by the powerplant  and the e lect r ic  motor  set  up,  a
maxlmum velocity of 30 m/sec can be obtained at the test-
sec t i on .

b. Poner Losses

To calculate the power losses throughout the tunnel
components, the method of Wattendorf (see ref. 1-) was ap-
plied. The calcul-ation was performed by R. Ramelan (2) to
design the propeller fan and later verif led by Marzwan
Agus (3). The calculation procedure was to break down the
tunnel  in to (1)  cy l indr ica l  sect ions,  (2)  corners,  (3)  ex-
panding sections and (4) contracting sections, and to cal-
culate the loss for  each.

The loss of energy ln each section is usual-1-y written
as a drop in  s tat ic  pressure,  Ap,  or  as coef f ic ient  of
loss, K, which is the ratio between Ap and the dynamic
head q.  Wattendorf  refers these loca1 losses to the je t
dynamic pressure, defining the coefficient of l-oss as:

K o = - K q
qo

test-sect ion,  and l (  =

the energy loss at each

energy. As an indica-

Where subscript o refers to the

]P-. I^f i th the above deflnlt ion,
l, QIJ"
sec t ion  may be  re fe r red  to  the  je t

i

I

4p. . -s.
9 9 o
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tion of ponrer losses in the tunnel, the energy ratio was
defined as the ratio of the jet energy at the test-section
to the sunnation of circuit l-osses. Followlng this proce-
dure, power losses hrere cornputed for varlous velocities
at  the test -sect ion.

For cyllndrical section, the power loss can be ex-
p ressed  as :

,  A o r
r .  = 1 (=\ l - ) -^'o " \D/ \A

Where:  L -  the length of  the sect ion

D - the dianeter or equivalent diameter

Do -  the d iameter  of  the test  sect ion

Ao -  the area of  the test -sect lon

l  -  coef f ic ient  of  f r lc t ion.

The friction coefficient can be evaluated fol-lowlng
von Karmanrs formula:

4=z losR/ t r - -0 .8
t /A

Since ), is dependent on Reynolds number, the Latter shoul-d
f i rs t  be 'assumed.  Note that  th is  value of  ) ,  is  va1ld for
smooth cyllndri 'cal sections. Neglecting roughness effecr,
this formula was used for estimatlng power losses in the
cyl indr ica l  sect ions inc luding the test -sect ion.  For  d l -
vergent sections, Ko is the summatlon of wall fr ictlon and
expansion losses.  Here:

ro = (--l--= + 0.6 tan *(r -
8  ta "  ($  

- - -  - - "  2 ' -

Where: u - the divergence angle between

D1 - smaller diameter

D2 - larger dl-ameter.

For  corner  sect ions wi th guide vanes:

opposi te wal ls

ot. o3

"a; 4

n4
"o
-
D -

Ko =  (o . i o  +  a '55 ;  
l n )

( loe R)  - ' " "

which is partly empirical.
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In the contrac.tlon cone the pressure drop ls

Lc
K o = 0 , 9 2  l ; ;

Where: I - mean value of frlctlon coefflclent
Lc - length of the contractlon sectlon
Do - dlameter of the test:sectlon.

Losses in the honeycomb are computed by uslng the
fol-lowtng relatlonshlp : 4

Do
r o=KoT

Where: Do - dLameter of the test-sectton
D - diameter of the settl lng chamber
K = 0.2 for honeycombs with hexagonal nesh and

length to diameter ratLo equal to 3.0.
Tabl-e I shows prlnclpal dlmenslons of varlous sectlons.

Table 1

Prlnclpal Dlmenslons of Varlous Sectlons

given by:

t

t

Sect ion Dlameter Length
DLvergence

Angle

Test-sect ion D6  =  1 .03  n  Lo  =  1 .03  m

Flrst  Dl f fuser = 1 . 0 3 m  L  = 3 . 0 0 m
=  1 . 4 2  m

D1
D2

Flrst Cyllnder D  = 1 . 4 3 r n  L  = 1 . 1 0 m

Second Cornbr D  = 1 . 4 3 n

S e c o n d C y l l n d e r  D  = 1 . 4 3 n  L  = 1 . 9 0 n

Second Diffuser = 1 . 4 0 m  L  = 6 . 0 0 s r
=  2 . 3 0  n

t an  0  =  0 .075D1
D2 t

it
tl

Thlrd Corner D  =  2 . 3 0  m

Fourth Corner D  =  2 . 3 0  m

S e t t l i n g C h a n b e r  D  = 2 . 3 0 n  L  = 3 . 2 5 r n

Contracti.on Cone D1 = 2.30 n
D6  =  1 .03  n

L  =  1 . 8 0  m
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Losses  fo r  var ious  ve loc i t ies  a re  tabu la ted  in  tab le
2. This result can be employed to estimate the amount
of power requi-red to drive the fan. I t  should be kept
in mind that the above definit ion of the energy rat io
excludes the losses occuri-ng at the fan nacel le and
straightener system which should be taken into account in
estimating the power required to drive the fan. The above
def in i t ion  o f  the  energy  ra t io  a lso  exc ludes  the  e f f i c ien-
cy  o f  the  e lec t r i c  motor  d r iv ing  the  fan .

Tab le  2

Losses at wind-tunnel components for various velocit ies

Test -sec t ion  ve loc i ty
( m / s e c )

' 1 5 18 26Z J20

1 .  Tes t -Sec t i on

2 .  F i r s t  D i f f use r

3 .  F i r s t  Co rne r

4.  F i rs t  Cyl inder

5.  Second Corner

6.  Second Di f fuser

7.  Second Cyl inder

8.  Thi rd Corner

9.  Fourth Corner

10.  Honeycombs

11 .  Sc reens

12.  Fourth cy l inder

13.  Contract ion Cone

r K o

1 / I  K o

307" Leakage

Energy, Ratio

Jet  Energy,  HP

Energy Loss,  HI

Measured Input
Electr ic  Motor  HP

Energy Loss/ Input
HP

0 . 0 1 4 7  0 . 0 1 4 5

0 . 0 4 6 8  0 . 0 4 6 4

0 . 0 3 9 4  0 . 0 3 9 1

0 . 0 0 0 2  0 . 0 0 0 2

0 . 0 3 9 4  0 . 0 3 9 1

0 . 0 1 5 9  0 . 0 1 5 9

0.0004 0 .0004

0.0425 0 .0425

o.0425 0 .0425

0 . 0 0 8 0  0 . 0 0 8 0

0 . 0 0 7 0  0 . 0 0 7 0

0 . 0 0 0 6  0 . 0 0 0 6

0 . 0 0 6 5  0 . 0 0 6 4

0 . 2 6 3 9  0 . 2 6 2 6

3 . 7 9  3 . 8 0

1 . 1 4  1 . 1 4

2 . 6 5  2 . 6 6

2 , 2  3 . 8 1 -

0 . 8 3  1 . 0 3

3 . 3 8  5  . 0 0

0 " 0 1 4 3  0 . 0 1 3 9

0 . 0 4 s 9  0 . 0 4 s 1

0 . 0 3 8 8  0 . 0 3 8 6

0 . 0 0 0 2  0 . 0 0 0 2

0 . 0 3 8 8  0 . 0 3 8 6

0 . 0 1 5 8  0 . 0 1 5 7

0 . 0 0 0 4  0 . 0 0 0 4

0.0424 0 .0423

0.0424 0 .0423

0 . 0 0 8 0  0 . 0 0 8 0

0 . 0 0 7 0  0 . 0 0 7 0

0 . 0 0 0 6  0 . 0 0 0 6

0 . 0 0 6 3  0 . 0 0 6 2

0 . 2 6 0 9  0 . 2 5 8 9

3 . 8 3  S . ' 8 0

1  . 1 5  1 . 1 6
I

2 . 6 8  2 . 7 0

5 . 2 2  7  . 9 5

1  . 9 5  2 . 9 5

6  . 8 s  9  . 7 8

0 . 0 1 3 6

o . 0 4 4 4

0 . 0 3 8 3

0 . 0 0 0 2

0 . 0 3 8 3

0.0r -56

0.0004

0.042L

o.042L

0 . 0 0 8 0

0 . 0 0 7 0

0 . 0 0 0 6

0 . 0 0 6 0

0 . 2 5 6 6

3 . 9 0

L . T 7

2 . 7 3

i r .  s t
4 . 2 3

L 2 . 2 0

0 . 3 4 7o . 2 4 6  0 . 2 0 6  0 . 2 8 5  0 . 3 0 2
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Fan-FLou Straightener System

The fan ls located dorilnstream of the second corner,
following the conmonly accepted practice. This cholce of
the location of the fan was dictated by the following fac-
tors:  1)  the fan develops i ts  h ighest  ef f ic iency i f  i t  ts
located in  a st ream of  fa i r ly  h igh veloc l ty ,  2)  l ts  cost
is at least partially proportional to its diameter squared
and 3) if the fan is to be driven by a motor outside the
tunnel the corner location offers a short shaft length
( 1 )  .

The fan of the present wind-tunnel ls similar to a
propeller of an airplane, and has four blades. Although
the wlnd-tunnel fan seems simLlar to the propel-ler of an
airplane, 1t operates under peculiar eondition that place
lt in a class by ltself, since the wind-tunnel fan is pre-
vented by the law of continuity for lncompresslble fluid
from produclng an increase of veloclty in the slip stream.
The fan-flow straightener system employs a fan with
straightenet vanes behlnd lt, without installatlon of pre-
rotat lon vanes.  For  s impl ic l ty  of  construct lon,  the ' fan
blades as well as the stralghtener vanes are bullt as fix-
ed p i tched b lades.

fan ueaLqn

The fan dlameter l-s 1.40 ro, and the fan section has
an area of  L.54 m2.  The fan boss d lameter  is  0:84 m,
whlch ls slmllar to the dlaneter of the nacell-e. The num-
ber of the fan blades ls four, whlLe there are seven
straightener vanes. Table 3 shows the design calculation
resul ts .  The design fan t ip  speed wi l l  be 125 n/sec,
which is well below the maximum allowable speed of 500 m/
sec,  a f lgure suggested to avold excessive compressib i l i ty
e f f ec t s .

The Stz.aightener Vanes

It has been shown (1) ttrat satisfactory anti-twist
or stralghtener vanes can be made by uslng the NASA syu-
metrical airfoils set with their chords parallel to the
tunnel centerline provlded that the amount of twist to be
removed is small compared to the axial velocity. The lim-
i t ing twist  ls  that  requi red to s ta11 the vanes,  i .e .  e =
or/u = tan T (where T = angle of twist in the sl-ip-stream
and ut = angular velocity ln the slip-stream at radlus r)
must correspond to an angle less than ostall of a symnet-

rical section at lnfinite aspect ratlo including multi-
plane interference. The straightener vanes wi'th constant
thickness along the radius were designed, wlth thickness

h"
U

e ,
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ratio of 0.15. Table 3 also shows the dlmension of the
stralghtener vanes. The detatl of the design was reported
l"n references 2 and 3.

Tabl-e 3
* \

Fan Blade & Straightener Vanes Deslgn Specif icat ion '

Ratio of radial dlstance
from the fan axls to the

fan radius

Design
Variables

0 . 80 . 70 . 6 0 . 9 1 . 0

nf - fan efficlency

L/D - 1lft to drag ratlo

0 - advance angle

Cs - chord of etralghtener

t s

** \
vanes (m) '

thlcknese of
stralghtener vanes

**)
(m)

sllpstrean rotatlonal
veloclty (radlsec)

tangentLal relative
veloclty (n/sec)

relatlve resultant
veloclty

angle of attack

local chord length
of fan blade (m)

geometrlc hellx angle
of fan blade

V1

vR

0o

c

I

0  . 9 5 3

44.8

300 20 '

0  . 3 8 2

0  . 0 7 5

L5.02

49.6

5 7  . 5

1 "

0 . 1 9 5

31"  20 '

o .952  0 .951

52 .s  s4 .5

2 6 " 1 7 t  2 3 0 1 0 f

0 . 4 4 6 . 0 . 5 0 6

0 . 0 7 5  0 . 0 7 5

1 1 . 0 4  8 . 4 5

5 8 . 9  6 7  . 9

6 5  . 6  7 3 . 8

2"  20  481

0  . 1 5 8  0 . 1 2 5

2 g o t 7 t  2 5 0 5 8 t

0 .950  0 .949

60 .2  63 .  s

2 0 0 3 9 r  1 g o 4 1 l

0 . 5 7 3  0 . 6 3 6

0 . 0 7 5  0 . 0 7 5

6 . 6 7  5 . 4 L

7 7  . 0  8 5  . 9

8 2 . 4  9 0 . 8

3 " 3 0  r  4 "

0 . 1 0 3  0 . 0 9 3

24"9.t 22" 4l

I
l
I

* )  
f to r  t . f .

* * ' l ' f r om re f .

2

3
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T The naeelLe

Following a recormendation ln ref. 1, the nacelle dl-
@eter behind the fan was chosen to be 0.5 tirnes the dia.ur-
eter  of  the fan,  i .e .  0.84 m; the nacel le  has a length of
1.40.  The return passage where the nacel le  is  located has
a d i f fus ion angle of  7" ,

Corner uqnes, honeycombs and sev,eens

The corner vanes were made from woodl the turnlng an-
gl-e of the fourth corner vanes can be adjusted: The hon-
eycourbs were located upstre.am of the fourth corner vanes,
with grid size of 14 cm equivalent dLameter and 40 cm
1ong. Two screens of Bauze wire 36 grids p"r 

"*2 
were

installed downstream of the honevcomb.

III. SOME PEREORMANCE EVALUATION

3. L. Seop.e ond )bjeetiues

Havlng completed most parts of the deslgn and construc-
tion, evaluation should be made on the extent to which design
speelflcation are met ln order to obtain further information
regarding future modlflcations and improvements. Since access
to elaborate instrumentations ls l1mited, the evaluation pro-
cedure lnvolves the use of modest lnstrumentation, such as
pitot tube and multiple manometer. The main objectives i.n
per forming the tests were:
1.  to  evaluate the unl formi ty  of  f low in the test -sect ion.
2. to evaluate the performance of the wind-tunnel, in partic-

ular to determine the relationship between power and ve-
l oc i t y .

Sone modifications r,rere also performed to obtain a reasonable
degree of f low unifonnity.

- . *
3.2. Test Proeedure and fnstzamentation

The present investigation requires only the use of pitot
tube, f luid rnultiple Danometer (which was built at the mecha-
nical engineer:ing workshop) and thermometer. The control desk
of the wind-tunnel a11ows adjustnent of the voltage and cur-
rent of the direct current motor. The automotive engine is
controlled separateJ-y to vary the horse-power supplied to the
electric Dotor. These adjustments were made to vary the wind-
speed at  the test -sect ion.

Dur ing the course of  the ser ies of  tests,  some modi f ica-
tions were made. The turning vanes of the fourth corner v/ere
made adjustable,  and were adjusted to obta in the desi red 'de-
gree of f low unifornity at the test-section. In addition two

I
I
$

f
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screens were installed ln succession in the settlLng chamber
of the honeycomb.

3.3.  Resul ts  cnd Diseussion

Several readings were perfornred to investl-gate the veloc-
ity f luctuations at the test-sectj-on. Results from these tests
indicate that the l"nstallation of Ehe screens has improved the
average velocity variation of the flow at the test-sectlon
from more than 2% (without the screen, wlth adjustnent of the
turnlng vanes at the fourth corner), to less than 1%. A typi-
ca1 velocity distribution at the test-sectlon ls shollrt ln f lg-
ure 2, which was obtalned for electrlc motor horse-power of
14.5 HP and speed of 93b rpn; the correspo+ding average fl-olt
velocity at the test-sectlon was 30 rn/sec. It was al-so ob-
served, that the veloclty possesses an unsteadiness of 27",

Flgure 3 shows veloclty dlstributlon at a second station.
The second statlon ls located at 20 cm downstream of the first
sectlon, whlch ls l-ocated halfway along the test-section. At
the second statlon, the average veloclty varlatlon has ln-
creased to 0.761,  as compared to 0.5% at  the f l rs t  s tat ion.
Veloclty dlstrlbutlon at these sectlons suggests the presence
of some secondary flow.

Table 4 shows varlation of-statlc presdure along the
test-sect lon.  The indlcated decreabe of  s tat ic  pressure of
less than 1% between extreme ends of the test-section can be
considered satlsfactory. The amount of pressure drop al_ong

Table 4

Varlation of Statlc Pressure Along the Test-Section
(ln lnches of water)

Dlstance from
lnlet section (crn)

n=900
nP=3.38

n=l-000
HP=4.77

n=1100
IIP=6 .31-

n=1200
HP=9.L2

n=1300
HP=11.73

I

F
I'

0

10

20

30

40

50

60

70

0 . 8 9 5

0 . 9 1 5

0 .915

0 . 9 1 5

0 . 9 1 5

0 . 9 1 5

0 . 8 9 5

0 . 8 9 5

1 .005

1 . 0 1 0

1 . 0 1 0

l_ .015

1 . 0 1 5

L.025

1 . 0 0 5

1 .005

L . 2 3 5

I . 2 4 5

L , 2 4 5

L . 2 4 5

r , 2 4 5

L . 2 3 5

1 , 2 3 0

L . 2 2 5

1  . 6 1 5

1 . 6 1 0

1  . 6 1 5

t ,620

1 . 5 0 5

1 . 5 9 5

L . 5 7  5

L . 5 7 5

t . 9 2 0

L , 9 2 5

1 . 9 4 5

r_ .965

1 . 9 5 5

1 . 9 6 0

1 . 9 5 0

1 . 9 5 5
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Figure 2. Velocity Contour at the Test Sectlon measured at
the center of the Test Sectlon. Average veJ.oclty =
30.15 m/sec wi th s tandard deviar ion of  = 0.457. .
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Figure 3.  Veloc i ty  Contour
st ream of  the
30 .13  m/sec  w i th

at the Test Sectlon, 20 cm down-
center Section. Average velocity

standaril deviation of 0,70%.
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the test-section bhoul-d be taken into consideratlon.for cor-
rectlng drag measurement. The three dlmenslonal. extent of the
flow should be investlgated further by using a yaw probe.

The variation of electric motor horse-power to wlnd-speed
at the test-section is shown in flgure 4, which also describes
calculated estimation as tabulated in table 2. Discrepancy
with calculated estimation ls considerable. This discrepancy
should be subject to further work, but soue remarks are in
o rde r .

Part of this dlscrepancy may be due to inaccuraci-es in
esti"mating the energy ratlo, which also lndlcates the discrep-
ancies between estimated loss-factor and true l-oss-factor at
wind-tunnel- components. Losses occuring at the corner sectlon
wtth stationary turning vanes can be larger than estimated if
the vanes r{ere improperly positloned during installation.
Ilowever most of this dlscrepancy is believed to be due to un-
favourable flow entering the fan (since the entrance nacelle
upstream of the fan is not smooth), lower efficlency of the
fan at  of f  design condi t ion and losses in  the e lect r ic  motor .

The performance of the present propeller fan shoul-d be
evaluated before performing any rnodification to increase the
capabil lt ies of the fan. Originally lt raas designed to obtain
a veloc i ty  of '40 m/sec in  the test -sect ion (2) .  However at
present only a maxlmum velocity of 30 m/sec was obtained.

This situation is believed to be partly due to the l imi-
tations imposed by the combustion engine and the generator,
and partly due to the off design fJ-ow situations upstream of
the fan. The power plant set up was assembled by using second
hand engine, generator and el-ectric motor. Although each of
them has been repaired and reconditioned, their capabll it ies,
are sti l l  l irnited. The comlustion engine ernployed in the
present set up is a 1948 model of truck engine made by Chrys-
1er  corporat ion.  The e lect r ic  motor  ls  capable of  del iver ing
no more than 28 HP to the fan shaft. The propeller fan was
designed by a staff member at the Mechanical Engineering De-
partment (2) and manufactured local-J-y.

IV. CONCLUSIONS AND RECOMMENDATIONS

The fol lowing conclusions can be drawn:

1. The development of the low-speed wind-tunnel at ITB has
reached a stage where a reasonably uniform velocity for
educational purposes can nord be obtained at the test-sec-
t ion .  The rnean ve loc i ty  a t  the  tes t -sec t ion  was less  than
12, while unsteadiness has been reduced to about 2%. The
frequency of the unsteadiness was about 30 cycles per min-
u te  a t  tes t -sec t ion  ve loc i - tv  o f  26  m/sec .
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The maximr:m velocity obtained at the empty test-sectlon
with the present power plant was 30 n/sec;
The statlc pressure varlation along the tunnel was wlthln
2% of tt.e mean statlc pressure.

following are reconmended for future work:

Several tests shoul-d be made to evaluate the perfomance
of the propeller fan and to perform some nodlficatlon.
Further t.est should be conducted to evaluate and reduce
secondary flow effects. Partlcular attention should be
focussed on the flow along fan-straightener vanes systeu.
Effort should be made to reduce flow unsteadiness at the
test-sectlons, posslbly by lntroducing additlonal honey-
combs at the expense of additlonal porder losses.
Turbulence and boundary layer measurement should also be
performed in the near future.
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