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Abstract

The objectives of this research were to build the open-circuit wind tunnel with a low speed that had a
dimension of 18 inches wide, 65 inches long, and 18 inches high and to study the lift force of a wing of an airplane
model by a sensor that installed in a wind tunnel. It was measured from force sensors installed inside the wind
tunnel. The sensor system consisted of a strain gauge load cell that controlled force measurement and transformed
the data using the Aduno program. As a result, the wind tunnel could do the test speed from 2 to 6 meters per
second with the average total error of force measurement of 0.01 %. The result of the lift force that acted on the
wing model showed that the lift force depended on the speed of the air flow through and the attack angle of the
wing model. The range of the lift force form the highest to the least was NACA6409 9%, NACA4418, and NACA0021
respectively. Due to the NACA6409 9%, its wing had large curvature and less thickness compared to other types.
For this reason, the pressure on the wing was less than pressure at the bottom of the wing. This resulted in the

maximum lifting force applied to the wing. For the NACA 0021, the wing had the highest thickness and no curvature.
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These caused no difference in the pressure above and under the wing which resulted in the lift force that least

done to the wing.

Keywords: Lift Force, Wing Model, Wind Tunnel, Strain Gauge Load Cell Sensor
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Figure 1 Schematic of the open circuit wind tunnel with low speed
(a) Cross-sectional of wind tunnel (B) Side view of wind tunnel
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Where Ny = Reynold Number

v = Average velocity (m/s)
D = Dimeter (m)

p = Density (kg/ m®)
u = Viscosity (N.s/m?)
v = Absolute viscosity (m?/s)
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Table 1 The series detail of wing models

Figure Series of Camber Ratio Wing’s
wing (%) of thickness
models camber (%)
(part)
4(a) NACA0021 0 0 21
4(b) NACA4418 a4 0.4 18
4(c) NACA6409 9% 6 0.4 9
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Figure 6 Measuring the lift force that is act on the wing model
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Table 2 The detail of component size of wind tunnel.

Component of wind tunnel Size Unit
Open circuit wind tunnel 18 x 65 Inch
Component of open circuit wind tunnel
S1: Contraction 22 x 18 Inch
S2: Test Chamber 8x13 Inch
S3: Diffuser 11 x 20 Inch
S4: Drive Section 11x 10 Inch
Connection of each part of open circuit wind tunnel
Connection between the front of contraction 18 x 18 Inch
Connection between the bottom of contraction and the front of test chamber 8x8 Inch
Connection between the bottom of test chamber and the front of diffuser 8x8 Inch
Connection between the bottom of diffuser and the front of drive section 11x 11 Inch
Connection between the bottom of drive section 11x 11 inch
Velocity 2-6 m/s
Generator
Size 8 Inch
Paddle 3 Paddle
Motor 1400 KW
Battery 300 mA
Mass for calibrate 300 g
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(Laminar Flow)(Figure 8) wazlsidonldoza3aniunis asns
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nenUsznoukazndeudnelding (Table 2)
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melu Mmsvenuutuavadsdineandendsl (Table 3)
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Table 3 Design and build the component of open circuit wind tunnel with low speed

Component Schematics Build the component

1. Contraction

2. Test Chamber

3. Diffuser

4. Drive Section
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installing the sensor to measuring the life force that is ace on the wing model
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nadeuiuareanld vonanidiuarsliiinisianes
wiolduruduiuemilnefiuusutunuivardaiadim
Wuwesildinussnvesdniadesiudasailodidoya
RIpIEERPT

3) dauamiAunsaen (uduiienne
1waaaﬂmﬂﬁauﬂﬁﬁamu%ﬂmmﬂﬁluaaaﬂm*tfu%ﬁ
dnuwazlUsUsiu (Turbulence) Lagazunsaann1guan
glusdauseld uenaniidwihnisinsessenislude
WanaIn

4) druduiadou druillaadiely
mmaaamﬁgﬂuﬁmamiu ABC8040 ¥u7A 8 {17 WUy 3
Tuite Tngvuinvesmnuiiiaugeaniianusnainiliie
10.8 wasAe Ui (Taaudmdaainiieanaindiu
Fuindou) wagAIUANAISIANMEARUINTALaeS
(Controller) WeiyuAYDIANUIEIAUVBINTNAGDULSS
snvesdnludmuiiRnuannsaliunnuauield
nageuLsIenldRIus 2-6 wAsAeIud uonandld
donldTaaauanes aum 2212-1400 KV dldsuiy

FeuauALE) (Speed Control) 30A sy
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WURLADSS Lipo 11.1V 35S - 3000 mA tHuasastunis
AIUANNISYINIIUTsluin
IINNITeRNKUULarUsENRURlLsAausTUULTUA
ginanustaudiilaseadrandndiviiainezasanla
annsadananginssuvesdniaiesdusiaesumed
anelnaruanduenaunsidfidnearnisinad

sussunsuigdmuiRuvesglusAan (Figure 8)

Figure 8 Streamline of Airflow into test section

wananidalailudszandldivauniseinu

! N

81N1ANAANENS IAENISIAAILSIgnANTEiAuTn

wwinsdudianssudulasiigneanwuukazingaly

U

Tuglusdauszuudaviinnnudausles
3.2 HaMINITHRUITIB UL UL
nsfndaduesiaustenasfndatuusugiu
azAsanuarindmUiRnuretglusAanunaauEnin

=

ilesosfutiminuesglusday (Figure 9) laUsznou
glusAaunu Figure 7 neuihlufnwinsindussenues
Yniedesdu lhnisvaaeuainuansaveudugesi
senuuuielnsuimnudugiteuiiailuldy
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5
e
L .

Figure 9 The sensor to measure the lift force

e nduwesTausseniinszvhfudn
i3osdushanaiu adiiitldraite faAnazeonuss
nafinsgidelduires Tnsdeyaazgniuiinuazgnuvas
Foyardudygralnihdsludwesaneulnsaasiie
TUsunsu lefinisudasteyaudrozgnluda PLX-DAQ
diesuAuAzLanIAwesaLa TeazuansAusIEnTingzsi
futnesesdusiaedlumbevesiiafu uaziindomng
fnauiesannuseeniindu luiinnssdiufuusene
goanafideuiioy dmsuiiuresildinanusan
aunsadrvuinanusauld 2-6 WasAe g uazinng

dwmiuaeufisuduwes TnAuswnannsInusnaves
178 200-600 n3u Tneeiitaldnnisaeuiiieuduees
wudnflauuilugiuaziiisins (Table 4) @115
iluldauls Tasfianu aanatadoutadssanegi
0.01 %

Table 4 Cerebrating the sensor to measure the lift

force.

Mass Round to test Average %
(9) 1t ond 31 () Error
200 200.12 199.89  199.95 199.95 0.025%
300 299.90 300.01 300.04 299.98 0.006%
400  400.11  400.02  400.20 400.11 0.027%
500 500.10 499.98 500.03 500.03 0.006%
600 600.19 600.01 599.94 600.04 0.006%

Average Error 0.01

14
2 m/s e B ' NACA6409 9%
15 M 2ms ; NACA4418
_ERY Y N =
10 M 4 m/s
5 m/'s :
_
Z B :
e H
B 6 m/'s !
v | .
u] . .
P H |
o 5 i |
L - !
e — 5
- . Il nacro021 i
2 |
- i |
o Li== 7 |
0 10 20 30 0 10 20 30 0 10 20 30 |

Attack Angle (degree)

Figure 10 The relationship angle of attack and lift force that is ace on the wing model

(a) NACA0021 (b) NACA4418 (c) NACA6409 9%
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Table 5 The lift force of wing models at attack angle and velocity are different.

Type of Lift Force (N)
wing AOT 0° AOT 10° AOT 20° AOT 30°
models Velocity (m/s) Velocity (m/s) Velocity (m/s) Velocity (m/s)
2 3 4 5 6 2 3 4 5 6 2 3 4 5 6 2 3 4 5 6
NACA4418 0.0 0.0 0.1 0.1 0.2 0.3 0.4 0.8 1.2 1.5 0.8 0.9 1.4 2.1 25 1.6 1.8 2.1 33 3.6
2 7 2 9 5 1 3 9 9 9 7 9 9 9 9 5 9
NACA0021 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.4 0.1 0.2 0.32 0.6 0.7 0.39 0.4 0.5 0.8 1.0
1 2 4 5 6 4 9 5 2 8 5 6 3 9 5 8 8 4
NACA6409 0.1 0.2 0.3 0.3 0.4 0.6 0.8 1.2 1.8 2.0 1.3 1.4 231 2.7 3.2 1.73 2.0 2.4 3.1 35
9% 5 4 0 8 5 5 2 9 4 5 4 9 2 5 8 4 2 5

° ~ < ¢ &
210 Table 4 NITNINTADULN Y ULTUIDIUUIL
gouiisulnen1sifiniianssay 100 AU nelSuduainiia
200 n5u Tdwisieaauiauluaude 600 nSu Favinnns
ADULIBUIIUIU 3 ASILATINANRAY Fanudndia1ves
A Ay o P P
AnuAaamaauntey arusarluldaule
3.3 HAYa9IN15IALSIENVaIUNLATaITY
mMsinuseenvealniasasdudiassiuananeany
4 3 3Uukuy fnsanteulalunisinuseen 2 Usens
1own nsnaaauLseenvaslndladianuiiiauunnsneiu
Tnganusiauildlunsnaaevazdsuamvasanuisiay
TlvaddinufuRnuaus 2-6 wasaaiuii laeusu
WinASITuASIay 1 waskedund wazUsenisiass
negouTeenvesUnlledyulsneananuanaiulay
yuNUTuLienaaoutueg e nI1e 0-30 BIAT ALNY
A v X a o ' a
maenldyslugitdinsgmnyunagsdund 30 s audn
dunnvzngldtnazdinnuiithamiongavein Jaay
danaliasesduineinissravau (Stall) wiesannlydl
wsegnen [20] dwmdunistuiinArtduazUsuAivesyy
Ugneliuauasiay 10 991 Nan1SANYILARIAY Figure
10 FIANUFIVBINT VUL FRDYUIAYBIUTILNTINTZYN
futneseadusnassiinlanvuinvasanusikazuuin
a | o = a s < A o &
VDIUTANANIU FIN15ATIRERUUsTIAURDUlYRall
a a o < ' a
Woauledl 1 wseeniumla1utsa nudnwsaenvesdn
vasesdunystumuvuinadutslrauiiluaniuln
LAS090ULIRYUIAVRIANULS I ANUINTULTIBNT
1nsenulniASesfudianiuuInIunle [34]
a N @ a 1 o a zi
AsanyuUsnzvesUnivemanviniu Tneiiansand
YUIAVDIAMUFWILA 2-6 WATADIUT TIvwInvesyy
Tayunflanuindveansmianuaaiindunanliinie
YUIAVRIANUS TN UL TIenveaUneTasTuiuT U
[18] 10 Figure 10 farsaiiulsdmauluyisnsingyu

Jengania 10 9961 o ALEIT 2 345 U8y 6 WWAT
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Aodulfinrudidunuin Figure 10(@) 1 ugduuy
NACA0021 @u1sainauinaasissenta 0.04 0.09 0.15
0.32 uaz 0.48 J2du AUy (Table 5) azuituladnd
eveIrNILEITos Mwnvesuseeniiinlddadesun
qudlng 0 awilvlditunsindiae fvuiannanai
Yeufian Figure 10(b) LYUIUUUY NACA 4418 Lile
fsandiyuusnzemaivinfuaunsa Trvuinyeauss
anle 0.310.430.89 1.29 way 1.59 916U AUaIAU
(Table 5) §sunnd1vdin NACAC021 Fevilfinnuga
toeiigainalduazdnalifunswdiaalddauinnin
Wi yunvasnniesfianfdadaussendid
Tna 0 19Uy Figure 10 (0) JULUU NACA6409 9%
11150 vuNInveILssanla 0.65 0.82 1.29 1.84 uay
2.44 Ty s (Table 5) Fnnninguuuuduuas
anunsadaunnnisiiinduveusionld arnuualduves
nsiisdudiovunnvesmudiamiiuiu

Roulufl 2 useenfuyuuznzainiAvasdn
wuiussenuesdniedosdundsiunuuinave Nz ng
omavestinadosdusisendlefivupessudaniiniu
wseendfinszvifudniedesdusiasnfinunniugie
[34] farsanvuinnussauiilnaiudndivindu Tne
ﬁmamwﬁmummaaguﬂwzmmﬂf?}y’uwi 0-3083A1 9
uaveinuslaanuimilmuindvesnsniian
Quﬁw‘uyu ﬂﬁ?’ﬂﬁ’j’]Lﬁaﬁgmﬂ%%z‘uaﬂmmﬂL‘ﬁiJMﬂ%ULLN
snvostniadesduiindudae [21] 910 Figure 10 Win
RATUIANUAIRUS TE NI UUE g0 INARULTIEN YD
Ynipdesdusiassraziivuinvesninuiy 6 wasee
Fun7t Tl 0 10 20 A 30 oA MNAIRY Figure 10 (a)
sULUU NACA 0021 uinwesusieniuuliunsifiniu
ogsseioslaeinvuinvesussongsgnld 0.06 0.48
0.79 uay 1.04 I3du (Table 5) Figure 10 (b) JUkUY

NACAG418 1ilovuinvessmivdsuluunlifuvosussen
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routrafinduogienings dunaiulddnainns s
mm*i'fw,ﬁugjﬁj?umﬂﬂﬁwgﬂuuuﬁu 1ApTATUIAYDILT
gnlagegn 0.251.59 259 uag 3.69 H1du (Table 5)
Fig.10 () 3Uuwuu NACA6409 9% dleypuasulunuin
Turrsiufuruinvosussonifiugelunazazasily
pouvhedanalsnnnnsmifuualiuunnsiaainguuuy
u 9 Taganunsaiavuinveanseenligegn 0.45 2.05
3.25 WAy 3.55 §2su ARy (Table 5) uananiid
wuBninflm 30 8sen AusaBNBsTNFULUY NACAGA18
2901 ULUU NACA6409 9% anuainsizlnguuwuy
NACA6409 9% fvuraureninilevsnziuenniaiidl
muafigannyinliAanisduvesdnluvasiduees
SrdainistasliiAnaunaiandeutuld Feili
yunvesusaendtinldidtosnin (221 a1nnsdeuly
Tums@nwinaduainsnesurefendnnisvesuudyad

PNUANNSN (2)

4. aAUTIINANTSINY
31nNN1988NkuUkazasgluiRanssuula
yinmsausaun 18x65 i iethluvssgndldity
PUNEAIUBINIANAAERS LaeauidelavinnisAnu
miaaﬂLLUULLaza%aqimﬁmmL%W?ﬁzwL%ﬁmmiﬂ
afemnudianldvaus 2-6 wnsredundt dufutan
waniivnadefeesasanlafioliaunsadiuiianiens
”L‘masuaqmmﬂLLazﬁmsmxﬁuamﬂmaﬁﬁﬁwmmaau an
weddlgfinisoenuuunazindaduresiausaioldtn
wseendinszvhudnedesdusiaedlaeldlnanwadidu
Gugeslunisianisuazuysnadeyasanuiiie
TWsunsudna annuamsnagoutuilimsuinade
fidanasausieniennuidieniaitudneissdumn
anudaunnTuavinldusenanniu ﬁ”’aﬁgﬂimmzmm
Thvesdniedesdufiuanssiuiddmaisnnuiuas
AuFueInIATiiauLAna1afusEnI i ednuaz
sugwesUnilvdamaisuuavesusseniiunnszyiiiu
Ynip3eaduse [22] awnsaeduiedeaunisnisiva

3 a a
VDILUITYARAUAUNITY 2)

1 1
P, +§p\/f + 0y, = P, +§p\/§ +py, ()
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Where P = Pressure (N/ mz)
velocity (m/s)
p = Density (kg/ m®)

v o=

Wanas9vaInnusMiiadudinadaninusuinseyiniu

Iniedesdudsmarhlifnussonviniu F aunisi (3)
1
F= (Ap)AzE,o(V2 ~v2)A 3)

Where A = Area (mz)
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w3l wsednslubnALiNsENIRTIenAuL Sl
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