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Design and Construction of a Low-Speed Closed-Loop Wind Tunnel

Tanawat Sukphanit 49015494
Nonthawat Aumcharoen 49015496
Sukanya Khunjan 49015547

Sayam Saguanrum Advisor

ABSTRACT

The purpose of this thesis is to design and construction a small low-speed closed-loop
wind tunnel for aerodynamic laboratory at our departnient. The wind tunnel has a square testing
section, 0.3 m X0.3 m x 0.6 m. Itis dnven by 6.2 kW three-phase motor, and is able to adjust
wind speed from 0 to 20 m/s. Because of wind generated is low speed, the design is based on
mvicid and incompressible flow.

After construction, the wind tunnel is ﬁnishea within budget 11,000 baht. The tunnel can
perform wind speed as design, more than the maximum speed of the old wind tunnel used the
same motor at 15 m/s. Moreover, the wind tunnel is quieter, and consumes less energy at the
same wind speed. Finally, this wind tunnel will be in service at the Department for learning and
testing some aerodynamic device, as well as, doing further research to develop and improve the

design of small wind tunnels.
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L AeAusInINAANAToL
=} =1 A A Y a
Vo feanusundgnninaanadel
& s =
7 fednszneuanudsaniu
p  fAeamunuwuve®INIA

[] o a Y
D, Aedusugudinanalansedn (Hydraulic diameter) Hudnlsznou

1 d. ) ar dé d? 1o T Y o
s lFunn 9 nsdisIuegiuglsnueanida

Asdimindanaw D,=2./4/= (3.3)
" P L 2ab
asavidadludvasy D, = (3.4)
a+b
A A A 4 9o
(dio A ApuANINAR
P} Vv
a Aeanuning
b AoAINEN?

AsesnuuUNIdanagatIzdessentuy i nindanadauiniiuerd >2 mivel
D, (Hydraulic diameter) Jaei ldiwmindadoulngldusuezaian msgando (loss) a2
.3 LY 9 . ' a . . & o
JusghuanusTaupzvmdUATUEUING 19 1ans8an (Hydraulic diameter) F9a150874 208
T&angas

aumsmidulszansamsgandovesnifanadou

L
K,=f— 3.3)
f -
Dh
Aq ¥ 1 e = 2
qm‘vﬂﬂm1mmﬂ§$ﬂﬂum1mﬁﬂﬂmuﬂﬂ

£ =progiRe J7)-05] 66

s

INAUMT (3.3) D4 (3.6) laaAail

D, = 033 f = 00136 Kf = 0.0264
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322 aWdluwes (Diffuser)

517 3-4 Avlilawes

PN Ly v @ L] P} ] d'w Y a [] LY
anAeslidulssnsunanassaIune AIUNSUANINVTIAANATDY Lazd LS UaY
& A 1 A ad o d a da 3 ¥ A [~ ° £
1nTuanossen SINTUANS (Return duct) ANHawesAad s PieanauSray uazild
') ¥ o Y a — < LI o v o
ﬂ15qmﬂmauaﬂamazﬁ]umuﬂszﬂanﬂm‘lmﬂﬂmi"lﬁawﬂ'nmsﬂmmnu B AUHUIAN 9
Y o A a [} | 1 Sy ¥ 4 @ o Y a o =
yaanilda FeezifailurimSenanated 18 Fuduaunauaniilfinanisduaziiou
[l Y a ] ar = 2 <1 a Y o = &
danaltifanisdisvesiuwae dealdanusSrusnunimisanagemnailuszasnanu
4 . 22
(Surging) Fudlumai limsgapdominiiu
. & & e ot o v g 4
uAmULINATIeININIANsARAIRLA NN IM Ias snuu i ldidluauuaniiwes
AU
o../ v ] ] T 3
A, Tagn lizesnunulvyueglusae 2 89 3.5 s wsaeteszlianisannn
3 o ar =y g Y ] 9 =< T
14 dwSuanvenvesanilmesdess1iog1ties 3 949 4 (MIBIANUEID
N Anaa o

ar ] 4’1 = 9 1 1 =2 1 - 9/ v Gy Y
U. AT IUUDINUNIHUIAA %zegiumq 2 93 3.4m1 ﬂiﬂﬂWﬂﬂguﬂﬂﬂ'ﬂﬂqﬂ
Ap =22 3.7)

A, AN L 48981388118 3 9 4 (M1veanidanaaey

1. ﬁmammxgm’émﬁuya (Equivalent cone angle) 3INTUNS

(3.8)

e T

L 2 L/D,

9, : 1411153%1’ uyja (Equivalent cone angle)
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° @ a Qd = a ey 4
fniﬂ114'3&!“15‘“1]53ﬂ?’lﬁﬂ15gﬂé!ﬁ£ﬂlﬁﬂﬂﬂﬂ]!%ﬁﬁ
T a L4 =Y P=1 1 9 LY | PR S
ﬁ'!u‘iji3ﬂﬂllﬂlﬂ\1ﬂﬂﬁ')k"]fﬂﬁi]$LﬂﬂﬂTiq@kﬁﬂﬁi’]ﬁﬁ")uﬂ')ﬂﬂuﬂﬂﬂ1§t1ﬂlulﬂﬂﬂtﬂﬂinﬂu§\1

@eanuuasmsgaudoiianansvenendida

K,=K,+K,, (3.9)
K; Aoduilszansmsgaudeninanudeaniu (Friction loss coefficient)
1
K==t L (3.10)
Ag ) 8siné

° o a =1 ° P Y g ¥ @ o
ﬁ1ﬁiﬂﬁ']ﬂﬁgﬂﬂ?]ﬂﬁ']“lﬁﬂﬂvnuﬂ']u']ﬂlah-!ﬂiﬂlWlﬁuﬂu'lﬂﬂﬂQﬂ‘l%Laﬂﬁﬂiuaﬂﬁﬁi\‘l

madvesaniluses

Y = ar - -
Kex ﬁi’)ﬁllﬂia‘:ﬁTl‘ﬁﬂ1'i’cligmﬂi]’lﬂﬂﬁ%BWﬂﬁWlﬂ (Expansion loss coefficient)

2

Ap'=1

K, =K, (0) =~ (3.11)
AR

K, (6) dvamilaiagilsavaanihdaanilumesuazyu@dosauya (Bquivalent cone angle)

b1
Tastiaumsaaae il

(0.1033-0.023890 for 0<O<15°

0.1709 —0.11700 + 0.032606* +0.0010786°

K o) = — 0-00090760* = 0.000013316° +0.000013456° (3.12)
for 1.5° <9 <5°

—0.09661+0.046720  for 5° <6
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(0.09623 -0.0041520 for 0<0<1.5°
0.1222 - 0.045908 + 0.022030” + 0.0032696°
—0.000614560* —0.000028008° +0.000023376°
for 1.5° <0<5°

—0.01322+0.058660  for 5° <6

K

A

(3.13)

e{square) =

4
nnaunsihduamnsasnnudinlszansmsganfodmSumihdanay (3.12) uagni
@ A o as A a L= = 9 A a = 9 1
dadivdsuandd (3.13) dear e sliyudssauyatissdilimsgaudation uaznudinms
= o 1 1] ]
gadovosaniuestinuily 2 fa 3 v vesvisnay

1NAUNS (3.7) 8 3.13) 1daaail

4,, =2.54 6, =274 K, =020 K.,=00702
Ay, =137 8, =307 K, =024 Ku=00175
Ay =121 0, =074 K, =009 K. ,=00028
Ay, =171 0, =102 - K,, =059 K.,=01015

3.23 yun‘é‘m (Corner)
b
UV | @ a =t 1 d s = ar s
yuideezlidar el SunirmevesauiFondl “u 1na” (Vaoe guide) inaednvazasgll
o 4 ° tY o o o AL P
11 3-5 Faezildaausslznznumiig Tusdousazaansgadsitnaau 1alin1snaanen?
4 1 s Y Q‘{ -7 74 =%
fulszaninmsgaifoudiagd ndudse@nsnsgau@ouudnlSuiinnianis Inaseidlu
é 3 1 4 : o 4 P-¥—-9
il luay vewanua drunmdsdesluain UnziAanms Iadiienis lvauuy 3 @
a d?, d‘ o dy @ a 9 @ dy g7 o ey a‘" =
aduiusnuyde) dulivgiuldhuinayudeazilszneudleduilssdnsnsgande
v . b 4
ABIAIUABATNUNATINUTUFTAMUUASINANNT 1MUY uad IUNAALI ATBANIUITY

4 s o v o
Tulsuloumuausdluaadinaionuiagis oy

i,

[x]

i = 0200

51/ 3-5 Snuazveuaulng
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o ar Hq Yo ar a A
dmSuaumsnlydnnumdulssandmsgyiohe

K, =010+, 2 (.14)
‘ (loglo Re, )2.58
yuEoR hifdFums nassfinsqasdvdesas 100 vesanugadie Ke >1.00
Siimseemuuudanliums nanaes I8aumnmelszana 0.1 nierleonindy
anaums (.14) leeadail
K,, =0.1545 K = 01563 K, = 0.1563 K,, = 0.1595

324 AzunIIHUING (Safety screen)

i Wiiteflostuiaguenziuluiavesluanessemsilditannudomelg 1 3 &
wlsndnildfudulsmamdulszinimsqaudede 4. unuanultswwesauaziay
58 TunadAsuisnaMThdate Re, = pVd, [u danemuiusurameivosaiie
fo k., dozia du o lunsddluiaging 13 nsdiluatanauiaz 2.1 nsdifiuae

mesh

=y
QY

1 as «a Q( o g
’CﬁJﬂﬁﬁ'lﬂWﬁiJ"lJﬁ%ﬁ‘VIﬁﬂ'ﬁE‘Iﬂgiﬁﬂ%ﬂ\‘iﬂguﬂiﬁuiﬂﬂ

2
O
Km - KmeshKRno-s +—S2 (3.15)
5
K d?l 1 Qr o=y
mesh WAIUDYNVFUAVDIAIN
K resh 1% 1.3 dwmsvualanay
Kesh 1% 2.1 dwmSvalamas?
ﬂ 1w s 9
s dumdmnlsz@nsanumguvesazinss mldann

o, =(1-5,) (3.16)
2

ﬂs :(1—dwpw) (3‘17)

o, = b (3.18)

w

m
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Y Y

3‘1]7‘1 3-6 SnHAUTAI 9 waalSumsina (Honeycombs or Turbulence screen)

d A 1oy [} o
v AeAnduriuguinalsvesndn
w = % s 1 T
w Aosanuniiede 1 ¥83BAINIT
v 2 '
Re, AusoTuaadn > 400 wld K, =1.0

AU (3.15) B4 (3.18) 1@adat]
o, =002 B. =098 p, =5
K, =10 il B NG K, =0.0260

325 fmlsumsina (Honeycombs or Turbulence screen)
ar @ Yt = 9 o A w 1 Qs o
L‘ﬂ‘uﬁ'Q‘IJi‘]Jfﬂ5‘l‘ﬁﬁiﬂﬂﬂ')'\ﬂﬁ?ﬂﬁﬂﬂﬂu?ﬂﬂﬂﬁﬂ ANHUSUUUAN 6 "Uﬁ]x‘iﬁ')ﬂiﬂﬁﬂ‘ﬂﬂ!g
M3 Inaudanegala 3-6

= a

'L <. -1 T W =1 o [ ar
avisd Tuaadyuegiunuveuyedrd drquaza11u3Iveen1s 1na d1miuaasy
ar L 4 (=Y d‘ <y 1 a’s =y Q(
anpazns Iauaazsianuaadlugilesimdulszinsilszuia 032,022,020 vingil n @
o o 3 A v g E 9 =2 Y v
waz A Mua1ey veasuieanulsendanaiwisalévasaunu 1a dadiney lumunzay
WSV Tmmnmmmﬂ‘lﬁium51wm1mmusamm“uaamu"hJ luglueraundssiinig

G|
’s:(lﬂlulﬁf]"llElﬂﬁl’lﬂ'illﬂ'l‘i'lﬂﬁuﬂﬂﬂ'lﬁﬂﬂa" 5 "Ui’)\iﬂ'!'iﬁﬂllﬁﬂi"m

4 = Qs Qr
aumsmiduilszanimsgandevesdisums lnanldnn

K,= /1,,(—]1+3J(—1—J +[—1——1J (3.19)
D, By B,

ey o Lt ' Y o A & 1 a o AqYoe ¥
2, lunsainausd Tuaadiaminnd 275 deemilsdennuiGsuvesdndngn g
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0.4
0.375(1)3] Re*' for Re, <275

A, = g (3.20)
0.214(%}0.4 for Re, > 275

h

[ o a
D, Aeiduruguanaelaasedn

L, feanunuedlsuns lua
3
NNAUMS (3.19) 94 (3.20) 1@adatl

K, =03 @wsuvenaufifianwennilu 6 mih veudurugudnate)

3.2.6 wemTa (Nozze)
q ¥ A o a 3 1 9 9  ar 4 A -~ [
dluailnsal 1iuans 1au gadansneumadmindanaaet arusinniigaazag
finsinanvetuamfatazazanadses q audwnis anuSiasemudnziisnioonazas
P { 2 a - 3 o Y o o qPa
TuALR IS AN BN M MNTLBE195 15 1989aI15 3015 Iva lunthdad liiians
¥
Tvauuuend (Separation flow) I51@nsaaluan lunsdii 18 Tasmsvitldmivvesus-msa

igauaz 1 msgudoiusaFasy Idanlszinuiesas 3 vesmsgandasu

4
aunsmidnlssaninngadsusiuamsa

L
K, =032f — 3.21)
st
f A = @ a ' £
av AsAuNagUsdallszna uAI T EAN U S M I19NIUY11AT N B AV
Usaga
L P9 a
n ABA NG TIVBIUBAILA
D A gy ¢ LY
st ABAUHTUFUINA NUBIN UL IRANAT DL
AN (3.19) laandail
Soe =0.0138 L, =0801a35 D,, =051ua3 K, =0.0070
v =0.0135 L, =0.65ma3 D, =031a3 K, =00093



A131971 3-2 AT UAAINNIGYAELTIN

16

fasdes | adeum
fulssdnd VB4 YUY | Mg
Fui Fudu Msgauds anusy | Tuaas (un3)
1 nihdanagaou 0.0264 900 19.62 1.211
2 AT ared 0.0990 900 19.62 4542
3 nggﬂ’l 0.1545 149.39 19.62 1.176
4 ey 0.0327 149.39 19.62 0.249
5 agm"éym 0.1563 79.66 19.62 0.634
6 usalFa 0.0070 189.28 19.62 0.068
7 Auilnfide 0.0054 189.28 19.62 0.052
8 AZUNIHINY 0.0260 189.28 19.62 0.250
9 Tuanef 0.0140 189.28 19.62 0.135
10 Aoy 0.0448 79.66 19.62 0.181
11 agm?iym 0.1563 79.66 19.62 0.634
12 A a3 0.1080 27.12 19.62 0.149
13 UHIATBIMS 118 0.3035 27.12 19.62 0.419
14 agm%‘ym 0.1595 27.12 19.62 0.220
15 UHNATEEAS b1 A 0.3063 27.12 19.62 0423
16 UoHITa 0.0093 900 19.62 0.429
PR 10.780
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1. Yfudyungiianng Tusdauuwu@a e nusmmiudy
2. deamsanuisrauludni 05 20 wnsdasSurii
3. n‘ﬁ'aﬁﬂmuﬂa1mﬁwamﬁﬁ§'ﬁnsz'ﬁwda’i’ﬂq
4.2 dhulsznenvesglusdan
1. nihdanamey (Test section)
2. alfuwes (Diffuser) -
3. s (Nozzle)
4, 1;1115?&3 (Corner)
5. Tuanes (Blower)
. #lsums lua (Honeycombs or Turbulence screen)

O

atanuTianians Iva (Turning vane or Guide vane)
3/

uilnflide (Butterfly throttle valve)

e oR

@0
)

9. AazunsIlsNy (Safety screen)
10. una TihaauguTuaned
4.3 gilnsalin
1. 1n¥eaSannudramnnilusia (Anemometer)
2. a1 Tvm (Pitot tube)

4.4 YUaNvanUUY

e
D
Pon
-
~3
=



>4 (=1 d‘ >4 w
A-1 MIIANISINEAIBIIAN 1T IauDVUWA (Anemometer)
inseeianniiauuuuluia (Anemometer)  1fuginssiianuslauuuudinea
ansadannudanldnateniioe wu wasdeduii (m/s), Alawasdedalus (k/hr), Wa

aou (f/min), uazhlaven (knots)

4' a v o o
AVINN N-1 uﬁﬂ‘u1ﬂﬂ”ﬁu’38"uaﬂﬂ1s'Jﬂﬂ:]]ﬂ!ﬁjau

1 a3 6o R 36 A Tawssaoe 1y

3.2808  WaeieuIn

g 1 o‘;
22369 ludgosalng

1 Alaasaesd lug 0.53996 uoa (luanzadesalig)

0.62137 ludaasalg
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o Ve es 4
Auvistiniide

=1 a .
A5 (LU T/IUTN)

g luniddanaden

1 2 3 4 5 1 2 3 4 5
1 21 2 28 | 21 2.9 1 23 24 22 21 2.0
2 28 26 3.7 3.0 3.3 2 2.8 26 27 2.5 2.3
3 6.2 6.2 6.2 56 6.0 3 6.6 6.73 6.8 6.6 6.0
4 10.3 9.7 11.2 9.4 10.1 4 10.3 | 10.7 | 10.8 9.4 10.1
5 152 | 143 | 15.5 | 141 149 5 15.5 | 153 | 15.5 | 15.1 14.9
6 185 | 175 19 17.7 | 18.7 6 183 | 175} 189 | 176 | 185
7 214 | 206 | 19.8 | 20.1 | 19.6 7 20.8 | 206 | 209 | 192 | 19.0
ﬂ?\iﬁ 1 ﬂ%\‘]'ﬁ 4
A5 (AT AUIR) A5 3 (s Al
dunnisiinfide dumisiunthdanaaey dunmisTlniide _ swmishuulivianagey
1 2 3 4 ] 1 2 3 4 2
1 2.3 22 2.1 21 2.0 1 Vil | 2.3 2.4 21 2.0
2 27 2.6 Y ~- 26 2.1 2 2.9 2.7 26 2.7 24
3 6.2 6.2 6.0 5.6 56 3 7.0 6.1 6.5 6.2 6.1
4 103 | 10.7 | 11.0 9.4 10.1 4 104 | 11.1 | 10.0 94 10.1
5 152 | 14.2 | 14.5 | 141 14.9 5 15.1 1451 14.9 | 145 | 141
6 18.0 | 17.5 | 18.9 | 17.5 | 18.0 6 18.3 | 18.1 18.0 | 17.5 | 17.9
7 209 | 20.0 { 206 | 20.1 | 21.0 7 20.7 | 206 | 20.5 | 191 19.0
ﬂ%\?ﬁ 2 ﬂ%\?ﬁ 5
ATME T (RS AUTT) A (uas i)
dunmisnfide aumidlunthdanaaeu Sunnisilnfide gunnichuidanaaeu
1 2 3 4 5 1 2 3 4 5
1 2.5 2.2 2.6 22 2.0 1 2.4 23 26 . 2.0 >2.2
2 26 2.5 2.7 2.3 2.1 2 2.8 2.3 25 2.2 2.4
3 6.6 6.2 6.7 5.6 5.6 3 6.9 6.1 6.5 5.8 54
4 10.5 | 10.1 11.0 9.4 10.1 4 105 | 101 | 1.0 9.4 10.1
5 152 1 141 | 145 | 141 147 5 152 | 141 | 145 | 141 14.7
6 1851 175 | 189 | 17.5 | 18.0 6 +185 1 1751 189 | 175 | 18.0
7 20.9 21 206 | 200 | 21.0 7 20.2 {2061] 205 | 195 | 19.8
ﬂ%\?ﬁ 3 ﬂ%\l"/d; 6
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D =mgtané (6.2)
P i L (6.3)
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2. Aandeuihan Blower) Taotfunaugwadiinfidonindumisd 1 famud
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4. MdR1dmdumardudssAniusadumuaunsd 6.1 89 6.3)
afsufieufudnnasguvesingnsananie 0.47
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4 1. ) Q‘, %
M3197 6-1 HamsnaapIMsmaul ssansuswinu

. p)
. yu 1aY wsedaden | usedm | Suilsedng ﬂ;ﬂTﬂmﬂﬁaP
AN . . . o } damaufua
(@3r) | 150 1uand (i) (eu) TERL R
WIATFIU

2 53000 0.515 0.018 3.191 2.691

2.8 1 53000 0.515 0.009 1.595 1.125

15 53000 0.515 0.013 2393 1.923

3 69000 0.516 0.027 2.743 2273

3.7 3 69000 0.516 0.027 2743 2273

3 69000 - 0.516 0.027 2743 2273

4 120000 0.516 0.036 1.303 0.833

6.2 3 120000 0.516 0.027 0.977 0.507

4 120000 0.516 0.036 1.303 0.833

5 210000 0.517 0.045 0.500 0.030

11.2 5.5 210000 0.517 0.050 0.550 0.080

5 210000 0.517 0.045 0.500 0.030

9 290000 0.521 0.082 0.472 0.002

15.5 10 290000 0.523 0.091 0.526 0.056

9 290000 0.521 0.082 0472 0.002

14 350000 0.531 0.128 0.511 0.041

18.7 14 350000 0.531 0.128 0.511 0.041

15 350000 0.533 0.138 0.549 0.079

17 400000 0.539 0.157 0.478 0.008

21.4 17 400000 0.539 0.157 0.478 0.008

17 400000 0.539 0.157 0.478 0.008
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, ANGIVBY . . . <
awdszaen | | oy ANVAU Y | AINAY L | dulseani
, AMWNUS sEaUN , , AU
g Tuaday ’ AN | UANAN mygayde
(mmm)
wihdanage In 0.01 0.11 0.11 21.00 0.000444
Out 0.01 0.11 0.11 21.00 0.000444
Ui 1 In 0.025 0.29 0.17 8.56 0.004020
Out 0.026 0.30 0.01 8.56 0.000268
iR 2 In 0.025 0.29 -0.01 6.25 0.000502
Out 0.024 027 -0.01 6.25 0.000502
winafiinay In 0.027 0.31 0.03 9.63 0.000634
Out 0.024 027 -0.03 9.63 0.000634
uReIT 3 In 0.004 0.05 -0.23 6.25 0.010052
out 0.007 0.08 0.03 6.25 0.001507
dnlfumsva in 0.011 0.13 0.05 3.65 0.005904
71
out 0.01 0.11 -0.01 3.65 0.001476
dnlfumslna in 0.011 0.13 0.01 3.65 0.001476
A2
out 0.009 0.10 -0.02 3.65 0.002952
uaalFa in 0.009 0.10 -0.02 3.65 0.002952
out 0.01 0.11 0.11 21.00 0.000444
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(Design and construction of low-speed closed-loop wind tunnel)
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\bstract

The purpose of this thesis is to study of a design and construction of low-speed closed-loop wind tunnel when using device to .
;enerate a wind for experimental object that effect to aerodynamics force, such Drag force, Lift force, Normal force, and Axial force. Then a
vind tunnel that has a square by 0.3 m wide by 0.3 m high and 0.6 m length. The motor supply using to generate a wind has 6.2 kW that can
djust for velocity as 0-30 m/s. For a principle and hypothesis that use for support is incompressible flow and steady flow. The main problem
hat effective with design and construction is loss. The loss, which occurs from fiiction so that effective to reduce velocity, to reduce of
teady flow, and the noise which occurs from friction between wind and wall. Characteristic of its which have a circulation of wind caused
f velocity increased. For advantage of low-speed closed-loop wind tunnel are 1. Equipment for study fluid mechanics and aerodynamics 2.
Jse to experiment about aerodynamics force for wind-turbine, model of car, component of aircraft include another which effect to

erodynamics force.
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