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Summary

The model type of a wind turbine blade was installed in the wind tunnel to
measure the pressure distributions and velocity vectors from NACA4415 to
NACA4424. Measured airfoils were NACA418, NACA4420, NACA4422 and
NACA4423 which varied in 0° , 15" , 30° angle of attack. Reynolds number
of a free stream was 27 X 10°. The results obtained were summarized as

follows.

1. In the NACA4418 airfoil, zero angle of attack did not produce
recirculation zone, 15° did not show the stall ever with recirculation and 30°

created the stall with circulations in two separation points.

2. In the NACA4420 which was the specific section located in the % of
turbine blade showing the maximum lift force, the boundary layer and stall
was similar to that of other NACA series. Separated region of NACA4420
was much narrow than those of other NACA series which meaned that
NACA4420 was optimized in terms of design of airfoil not to create the

separated region.

3. In the NACA4422 which was the geometrical center of the wind turbine

blade, nagative pressure distributions and stall were much bigger than those



of other NACA series. Those gave effect on ever the rear section of the

under surface of the blade.

4. In the NACA4423, the boundary layer in zero angle of attack was
produced in the under surface and not in the upper surface of the blade which
reduced the rotational force of the front section. In addition, 15° angle of

attack created the stable static pressure and velocity profile.

5. Based on the above results, variation in angle of attack turned out to be

the major factor of the pitch control of the blade.
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34 dre nz2 dFd AU A7 e wd duiA A
of Mg AFe P HFAHOZ AAdUAY FH&H o] gl Ant= 2
go] =astgt. olgd 4ge AAstd FPT HIAFL dAAGA A
T Ao gt FAE sha Ak

A Salvete] BAFZE HH % AEE o & AWM FE
23 glon ozt 4 Juxde FFY SAAAH 1HY Fse= o
Aol o] AFE Aoz stAck A fFHvEE AdA A 9
EX7 967%2 dRE AU E Fol d&3ta o] FAA FHEE =
g ZAAA oz AFAHE HAFYE O Ae dAolth ok &
o] Fojux el 4 % AAHUAE FTHEA LS TYANA &F2Y &
A7t kA H T YL FA Aol oldm BFE, FH, 28T FF
& Ao iAol e Ao Yool dFHL Ut ol AFAF
oM $-evete Adwe] uwnz Eewd Qo] dFAHel £33 Il
89 olgo] freEldt A

Zu EYo]uz] E A (Potential wind energy)el #& Hrte= FF 49
&8 001AL 5, 1979, °lF4 F, 1979, °1dY T, 1985)% A 3
A ZTAAL 2A7NYYT AZARFZAUA/IED T4, 1995, FH
%, 19975 EAFHAYG 21 23 AFE, Tu ALAY, nAANH L
23 FE2Ar) 1ol st #HS dFHAT

Aagol TEwd ARrleel Yo AL 30002AAW oA



750-9002 8/kW FF o2 stgsflen, 7HE & (Availability)2 °F 98% ©I
Aoz #gaslm, o8& (Capacity factor)e 25-30%2 HAHo=H iy
ZAwAr e 39 HHAs7 SHAEAWHE 3tetEo] ZHAlgo]l dFHUL
o @A 600kWH ZFHAA/N7 FE3EE EE o A2ES AHYNY
28 71Fo2 199595 gridel QAstd AHE s QUx, Kol
1-2d el 1L5MWHE Z33d717F 483td A8 ol tH(Arthourou, 1996).

S Uge M oz $17] olF BA AFa0M FHEF FdAAx
do] Mee S A= 5kWaE Zg FAstel A3 ol &4
¢, 1982).

ey oL SHYE MY THFEoE Adse AT dAZ Erbss
of HZEo ATIAEL 20kWH FHLAHIE skt @A A EF
olt}, o] 0kWH 28 FHEF FHALHA2PL &7 2o d&d TH5
A A9, stdede P44 ¢ dNel g FHEF AF, € Ay A
A, dad 718 a5 o} dAe] Fx A 2 SHAY, 9 A%
T, FAE A Y, FF, FH5AXR & 2R EHl Blade
= NACAUALE A3t 3 o HEdztol na =AU

g/ F¥e FERAE Hosts AL FAVIALAE A% 7IEAARE A
Fae Rolm2 1 F8A4L A9 A7 gloh oL AU FA
FE7rel A3 AT oA vEAFE B F JE F8T FJRE
A, fFE2de ¥y 3o oA Wl xE & zolE FUP
F 7] W&ol ey "Wart rHEppler, 1990).

FAZIAY BAREL FA% H3t Z1AAL €& FAYG = ¢S
3l Bladeft#olet & F glod, oA FFFH KAV 71X FHE



Z1AAI A2 EFAFNAY, ol9 g iy RFNA Bladet ol 7H3
ZHAHA 9¥¢e @gEn d= AL ovidcH(Abbort, 1959). 2=z 7]
Eo EHWAAA P AT EL Blade¥ HAAHAE 1 FoAAR
S50l go. dwtHoz FHEHUE AL TFFH(L/D ratio), 7E %
7% Z21& 2% Blade F7, A&AY tHAY Cemax, &5 2AE
22 Hd 549 JAT L s HAS JrHSharpe, 1990).

2 AFdae e Al 7HEFel de 0kws A£F FaY Hu
BladeZ 20:12 2 ¥BladeE AdAAZsA F el FHAA FEEHLS
setzAr gtk ol A Fa El¥IBladed] A% H EAHE AAY Ao
2 AlgHu, olgd] TG ALY HATY X % HAHE A9
W] ZExAg2 g83n o AT MUEHE FH ¢H7] HHl Bladed
AYA 712 A8E Jduzl vt EHYWiBladed SHIULE NACA4423,
NACA4422, NACA4420, NACA4418 olv, 32z+g& Wi 23dte Zhzte] oW
of sty ¥ MR A H(Stagnation point), J¥ “¢AE =} B A
3l 7 A% (Boundary layer)®} ¥}e] 4 (Separation point), ¥#F(Wake) %

A o= 89 9 (Recirculation region)s-g 7IA33E& SXH oz Yt
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2-1. 2¥AMA

B AT AHEE 283 Y B Bladed A¥ JAL 71ES ATl
22 9], 1990)0 A ©we) FH FxHAN AHA2 FE2d IS uPe=
gk o] AFolM ALgE A AL thg Table 13 & FAHAHY
gl g FAR ALY 4% B 7IgA & Table 29 2

Table 1 Resources of blade

Items Resources
Blade length 350mm
Hub diameter 14.11mm
Material Plastic
Airfoil NACA4424~NACA4415

Table 2% Blade ¢ 93o] NACA4415°|3, Blade 3 B2 <9y
NACA44247} A145HUSE BoFEo £ Blade €3 3l BAL0]9] @y
el Wzte T WE S MYsstd vEHAI PHYPGe] W] o
2 ¥3sia gl

NACA44154 NACA44249 22 4-digit¥4< o9 4 (1), (2), B2
2 gd€d.
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Table 2 Shapes of airfoil section

Station(mm) Chord(mm) Airfoil
0 14.11 HUBCIRCLE

565 14.33 STATO800
11.29 15.86 STAT0900
16.93 20.04 STATI1000
2258 2523 STAT1100
2823 3235 AIRF1200
3387 3H.11 AIRF1300
39.52 3579 NACA4424
73.39 33.93 NACA4423
101.62 3229 NACA4423
129.84 30.71 NACA4422
152.42 29.47 NACA4422
180.65 2183 NACA4421
203.23 26,53 NACA4421
220.16 2557 NACA4420
237.09 2461 NACA4420
254.03 23.65 NACA4419
282.23 22.07 NACA4418
299.19 21.11 NACA4418
304.84 20.77 NACA4417
327.42 19.19 NACA4416
350.0 18.23 NACA4415
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r,=11019¢ )

Mean line ;

yc=—;—”2—<2px—x2) (x<p)

= m _ — 2 > 3
Y= 1= )2 ((1-2p+2px—%°] (x29) (3

o 7] o} A t = Hd|F7
m = mean line ordinate®] Hdjgk

p = ordinate AWlgto] HE AAPF HA

NACA44152] 7% t = 0.15, m = 0.04, p = 0.4°]™, NACA44242] B¢t
= 024, m = 0.04, p = 0.4°]t}. Table 3, Table 4, Fig. 12 o] gE ¥
Aoz HE ALG dijolnt

Blade®] 9ol AAA ¥ 3x €32 Bladed AL HIEHZHS
BEXo ddole ¥ gsA FdAHY, o] gE AL 7€y A7
A3 g ol g3dt. A FolM vEHZAS] EXE Fig. 20 HeplUTh

oj el MANAHE AR Py, vEHZHLE A8t HAT Bladed
Y4-& Fig. 3o Jepdigict.

Fig. 45 473 Fo HAZTZORE A3 43P ¥ CADERICE
233 o= 3249 Blade¥3 A TAMAQA A HAF 5 A= 1€
olt}, o] agelME d¥dWoltt uEYAFTE FASA Hestes Aol
o2l ¢}, Az g Bladed FAE 7 &4 ol T & A=E A



Table 3 NACA4415 (Stations and ordinates given in

percent of airfoil chord)

Station Upper surface Station Lower surface
0 0 0.00 0.00
1.25 3.07 1.25 -1.79
25 4.17 25 -2.48
5.0 574 50 -3.27
75 6.91 75 -3.71
10 7.84 10 -3.98
15 9.27 15 -4.18
20 10.25 20 -4.15
25 10.92 25 -398
30 11.25 30 -3.75
40 11.25 40 -325
50 10.53 50 -2.72
60 9.30 60 -2.14
70 763 70 -1.55
80 555 80 -1.03
90 3.08 90 -0.57
9% 1.67 9% -0.36
100 0.16 100 -0.16




Table 4 NACAA4424 (Stations and ordinates given in

percent of airfoil chord)

Station Upper surface Station Lower surface
0.000 0.000 0.000 0.000
0.530 3.964 1.970 -3.472
1.536 5624 3.464 -4.656
3.775 7942 6.225 -6.066
6.153 9.651 8.847 -6.931
8.611 11.012 11.389 -7512
13.674 13.045 16.326 -8.169
18.858 14.416 21.142 -8.416
24.111 15.287 25.889 -8.411
29.401 16.738 30.599 -8.238
40.000 15.606 40.000 -7.606
50.235 14.474 49.765 ~6.698
60.405 12.674 59.595 ~5.562
70.487 10.312 69.513 -4.312
80.464 7.447 79.536 ~3.003
90.320 4.099 89.680 -1.655
95.196 2.240 94.804 -0.964
100.000 0.000 100.000 0.000
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NACA4415

NACA4424

Fig. 1 Airfoils of NACA4415 and NACA4424
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Twisted Angle[Degree]

15

10

1 2 3 4 5
Radial Distance/Blade Radius

Fig. 2 Twisted angle of blade radius

Fig. 3 Distribution of airfoil and twisted angle
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Fig. 4 Shape of blade

2-2. Blade A =23

YA oz A8 Bladed A& A CNCZIAE ol &% 7tE 2
w3 Fz8 Fx¢ SLA (Stereo lithography apparatus)& ol8&% Wio]
Jde] AHgE 3 Atk @AE CNC7HEel 9 A8 oy, Azdrrt
Eax, AzA7|zEe] 71 @ye] Jenz B dAFiAE SLAE o83 3xY
HE& o] &3

}&& SLAE ol 8% AFAAI.

@ dA=Z=aYol o3 BladeEH 3x%U CADHEE Y ¥, °l&
A 2993t BUARRE APE AU

_13_



@ 2493ty YAHdE H{BE SLAZ A$d F #HolMBE& BHERY F
Aol FALGERE)SIE FHol FAHE FoolA BAGHE IS o83
Ag ARANPoZA 2YEE Ao

@ dolAFe APHE T 2PEL AAFE AAd7t 2dF do
Elo] oj& AFozZ FAHA

@ dolMtFe] B T ZHEL AL ol &3t FEHA

® A8y 2YEL AAUE AAT Fo =PEY RUXEE XHIE
dvtg 3t

4r

2-3. 3& Pitot Tube? ¥ % (Calibration)

224l SR ¥ 3L 3T HAEHE AHE3AUT ol & AR HAA@M =
3% JE#S B TFH(Calibration chart)e] 83tnz RBAYFAE F3}7]
AT FRHEANL Q)% ZrH(Senoco T, 1973)

A@4)e 3F AETE EFAANA AMA3 ZxgE WUHRATIH ¢ojsd
¥ P, P, Pc & FAl0l EEHERAAMY AJHPHA FHPIS &3
o BARE 47 A% FRAAAFH |

_ P,— P,
$0)=1p, - P)F(P.—P)

_ Py
€ 6)= P, Py +(P,— P)

P,— P,
5 s( [V )= T (4)
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olge FAYAFE FUSEE HFZ 3t FYZol dF P, Pb, P,
P, Pa & ZA3std R8T F, Tl TEF 54 FAHAAA o #
E4Yel 3% AEFL Yol Jd9 FUZol ddtd Py, Py, P & FAHT
o}, old), B¢t Pa%t At Pz 3F MERY HIdZ AT HEHJEHAA
Z2A P}t o] Z2AHAE ol gt FxAAFA WFHAF £(0) FLAF
£4(0), AGAF £(6)8 AL

Fig. 55 ¥%zte] wisgto]l g FxeAFe] A E AT 353 JE89
BARZdoln)

1.5

1.0 b et e B ST rrrrs ]
Q)

0.5

O R
—’——‘/

-

£©)

-05

1.0

-10.0 -7.5 -50 25 0.0 25 50 75 10.0

Angle[Degree]

Fig. 5 Calibration chart of 3-hole pitot tube

Fig. 58} BAEE o] &37] HAalMe £(0), £§4(6), £(6) AT %

Lol

el AFE Gohdlolol BTk o] YL Astel TUYFE 282 A
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#3 BAAYE AHE o835+ Curve fitting 31 AL 4F a, b, c&
gew 2o,

ZdAF £406)
a = 0.3632x107

b = 0.2530x107®

c = 0.2950
AdAT £4(0)

-06352x107

a

b = -03920%1072

it

c = 09985
oo 2RE FFAFE AG), AYAFE AG)H Zo] yehdrt
(0.362x 10°3x%) + (0.2530xX10%x) + 0.2950 = y (5)
(-0.6532 X 103x%) - (0.3920x10x) + 09985 = y (6)
g WRAS £(0)s 1RYFE AHsE Aol BFHnz 13435
71&€718% FAh

2822 A(4)% Curve fittingdtdd 73 34& o] 43td A S5
8 2 A4S AN £ Aok o] A A BHst o 2ok

- 16 -



@ 49 =AAMAN P, Py, P & AETh

@ P. Py, P2 didatel BaAsel nAZANAN £(0)RE FEHR
2 o= 3E Pitot tubed] 71&olW ZE 8§ FETh

@ MA@l Uehd FLAFAOE FE Pe=£u(0) X [(Po-Py)+(Pa-PI] 2
B4e ANY 4 A3, oW £40)E £(O)E B B 02 NG o
Asko] Tk,

@ 9ee @Al et AFATHOZ FE PeP(£(0)XP)Z A
e ANY 5 AL, oW £(0)E £(0)F T R 98 HE W
sa] ok

® @oIA P Adtstgonz P=ipVol V={2 f 2¥H FE
VE AN & Utk

® oA B Pa2 HE ANE £E VE ol gt xo yBFel £x4
Boz uyolzd oue ZEE BAEE T 2L 0% SAAYIA
NEgo] Aol YhIES JAARS Wl ZE 0§ T Wl ©
o2 £EAES 089 AME dehdn.

Vx=Vcos(a+86) x—direction velocity

Vy=Vsin(a+8) y-direction velocity (7
2-4. AEEXR U Uy

B dFo] Algd T A3 FFoln AP thE Table 59 2l
o] £% 9] Test section®] 71 dA AZ¥ Bladegs A3 A b 3F ¥

_17_
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EWS 4UAA 2ZHAttack of angle)g& W2 3t Blade 599}

¥XE ZA3sH

Table 5 Specification of wind tunnel

Item Specification
Type Open type
Range of wind velocity 05 ~ 30 m/s
Test section 400(D) X 400(H) X 1200(L) m/m
Distribution of wind velocity | Less than 1.0% at mean velocity
Contraction ratio 70
Motor power 10 HP

Yz §FNN 28 22 Y HY(Leading edge)? ol FA,
Jyuwe B BAse AARH e, TF L ALBIAFO2 By
ol 4 it
qYFERY AAA YL AT AZHY Aol YAME 99 A
& 223 nastelol ain, B3 el EAMkE FflME A

i

(Pressure surface)Z 9] A& o] &3] F83lth AL ool AdFdE =
Eo|3d g Eo|jpYgoe] AZF Pl Ly oo} stz QYPZ FAHOR

4 Z 93k (x—direction) 22 WZ o] 3mm< +H& Smm7tAoR 177, 7%

rirt

o 428 (y-direction)o 2 FUF HAA FHE FIYT TAHSE 1670
Btso] NERS ZAHHoZ AUt olv L Fig. 63 Zol AFT
dol Fdol HX3A At

AYe FH5L 10m/s2 2339 dAgdAed, old FYL 0.15mmAg,

_18_



£e 6.15mmAgeltt. E& ZFEFHAMA F719 UE p=1206kg/m’, T3
NAF v=1468X10° m¥/sPo2 EF9 #Holx=FE < 27 x 10°|th
T3, A dFo] 7 RE EAF FE59 #Fe] sbe 07,15, 30°

(Hub 713&)9] Al Z=ol gate d9& Pt

Measuring Point & Blade Position ( Attack Angle 15°)

O—O

S & O —2 - . >
P 9

sesssssses

&—d . b g b

. N b &
4 3 p
F: N b d 4 b—a b by b D
p—4 ¥ Y4 P
b . . N p. . . b & -
9 p—

9 4 p—9 9 A 4 9 A vV
d b & b - g b R 4 b
4 P P T =i 4
q A 4 Ay 4 9 o9 T P
d b h

—s - P—4 4 4

Oo— OO0V 00—V~ 0O—Vv—Vv O— 00—V

—&

Fig. 6 Blade position at 15° angle of attack

and measuring points

33 HEdel o AYe Sde Fo AHrt Aoz, ARH Y
ST Fagel A eAee WA L AREM SEPL A7 AR
AgFe WA Yastn AR ol ofx A¥ARE UL
gz e, AR 2 HEY JEARE FAMES st zZzaY
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Tecplot(1993)& ©] &3] 43Ut
o] Z2 YL 3F WEHY RAAYPS AT FEF} FHIAL o83

Z} 2R QAN AgH £EXEE FYFESF e FEOE Hoflh
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m. 2343 2 323

B AdT7E 98399 §53E 3T JEHE o83t FA3AU. ol
@ A7 e P 249 HuiolMe HYE ¥} £EE¥E Y
F qlon gusAE 3399 9 A ot Aok 2, 2%
2 oo LY FF(Main stream)] FFL FAIYE Ao Atgwd.

AYLe Aol 015mmAgq, F¢ol 6.15mmAq, F&°] 10m/s, HolE2F
= o 272000014 AYEAR, SARAZ FEH 270mm(NACA4418),
210mm(NACA4420), 150mm(NACA4422), 90mm(NACA4423)Q1 @A oA &
Me) Fzte 07, 15 , 30" 2 WSAJRAN 2AFA FE5HL 2A
gt 53], ¥ ZRH 210mm MM FEFL FALHE HNLGAY
WEH EAAE UehiEe J¥oz @il o %A g FEol
o},

Test sectionoll A€ g7/49 43 SHH FAE AA = Fig. 691A
velych aga, 229 AL diRe ¥EE JIEeR FAHEE
gyl Ztxgl ¢zte] AGEA AP0 , 157, 30" )H} A F=
gtk olAL Eis AW GgeZ 23 AL FEWUE da e
Fa de ¥ Aot

Z2AHo 47 Adol stdry}, aglxn MR Fo] §e olfE
Aol AAZo BN FuH FHo HAX UL}y F o2, Fig. 7
o4 Fig. 307tA A&gdde] $3 A3 HoA qY {FFFY 54E0
F43 ¥gstes AL 2y 2 AHY BHIHE ¢ 5 Aok

_21_



Fig. 7914 Fig. 127421 3 BA 270mm<] @ e ¥ F9 YL
¥ 9 &£eEHE BoFa Utk F9 FEFEG APl §43 doiA=
24 & utz]o] & (Separation theory)(Abbort, 1959)°1 A4 <AF 3= utet 2ol
Aega ol A Ye NHez Agdo. ogd HHY F& A
g9 5 Jehdy g9 zeole 1 AxE AL E 5 Utk

Fig. 7, 8, 95 4z ¥l & AYLEY ¥E Yepda ded &
=7t 00 dlA 30" 2 F7M85E dEree] #e] XS 4 + Utk
E3] ol2ig AL 30" oM FzEAn 2 BxE EBoPE RAFEH o
B 999 7t @MY LANA ANGFstdol & HFoz AsVIS
o] FEEAYL 2AY o i FFe Frl wE {FEEHL] T

Foltt. £3] g/ A4d A,FaF AcBIYE n¥ B AN
dtg] g o] ol§3} AAHY FARE FFFA FALE ¥ FAAM XY
=g weige #gez B F AUtk oz Ee HFAL Wiy
AolA A& (Stall)ol AL BAFH ol AcBIdo] #&L Fig
10, 11, 129 £ERFA H&stA @#F9 5 den, ¢z 00 2 Fig
10011 £ER¥HE AePdg S B8 4+ ot O Fig. 791 3¢
Exolx Ade] #AEHE ¢ it FAF (Boundary layer)e dA
o2 ol&fld F & Rolth 53 £xFdM FF B SEWEHY A
717t A AL FEFEC] E &A% ¥ FAE A U RE
veRdTt

Fig. 1181 4Zto] 157 Q1 Wold & 9y FdFoM £x¥EEo] Z4: %
arle WErt age AL BFY F Udsd, oA BAZHAM Acd
gojo] BN YLL RAFETh Y oy AcVIFE Fig. 129

P



o}zte] 30° ¢ WolMBRT 2 FAs g3 AVIE ANH oz Fop =J
&xE e ary FEse AR 94 FEFIHAM wAH= AeR
Bol ofARA = Aol AP e Aoz Atgdrt. ol Hl & Fig. 12
oo £xgel Wi o Aol B/ AGFAMNH BEAH, o= 7
Azol G/l AW HANE Eu YolA A&o] LAY Ao AgdT §
3 o] AxdME SE¥E Wo] AZtAZ vehvda glEdH Fig 99
AYEEE Jebd 2golH A8 F Ae vieh 2ol gl 27 H
q4& & + A

Fig. 13914 Fig. 187hA1& @ Bl A 210mme! @¥el 3 F99

Ag R £59 BEolth of APL B o Aol AFsE PEO
2 Fuds Hudle §% 5S4 dESE wued oRe A

Aol FHH AAZTAY ¥t Alolold LASE Aol b Atk
Ae BANE ¢ & Aed old@® AU AsE AAY FHL el
gadoz Washs AP EASE AEZ B F 7 BEo e
@A BedA 270mmed AHAN 2 golut e ARTE o Ao
M 7 2A Aol dEhbe AL wuE ug Frze Adetn @
% gtk

$4 AR Tl BY, T AFHE oW 20mm A M Awst A
Age v $A FAZ WA L A5 WAAA i FASTE
Ae VAY 5 glon 2 Arloe hag Aolst AsE F & AUtk E
@ AAMY olEolN ENZE Fe VAW & Atd Yol T @
o stHem ojfsn ik A& T+ Aed oRe AAMHe HWF &

$43 Y AuFeld ARE Re & 5+ WA AF



&R ¥E Jepd Fig. 16, 17, 189] oM E 1 ddE E70 Rl
270mm AFF FAFES ¢ F A 284, Fig. 17904 =27 e
270mm AFB g FA 22 e AL & F Aed ARLE FA
2z 3 ute] 7o) Reynolds #olm, dzte] 15° 714 Wsstdie oy F
e &Mool H27) HES, & g 7ol AAHA FEF HHY oYL
2 AAHASE ¢ F UA ok olHdHL FZo] 307 A BeolME
a AAZY FA ddHez A dede e BY 44 ola¥
lch. oMY <Fzto] wWzsivigt: X PR fEo FWse ol A
ojofst= olf & o] A Mol gl FAA dEAQA JHUS FAstA 44
oY + Ut

Fig. 19¢14 Fig. 247t & 270 HEolA 150mm @d 9] J R S=8
¥olt}, o] dde i rsaAQd FdNe AF3e FEoln AFH
oz oo mxdolzt ¥A HedAM 210mmyt 270mmd AHRG 2
FHYAL dulgy BAAA MAFAYL {FEFAHUA ZAAGA R
AP A W=a] olde] NP & 4L dvdn ¥ FE gloey 23]
FALR q8e gI@ctn AlrdEd o] 4 5P 54X ojde A
#ot ALY Ae RAFH Fig. 2104 @A HE uieh o] HJo-HIY
o] Aol FEYFoz LA REHo Utk olAL 2xUHA 7E7E
e 97 g49 B4 3Ze] oled F#E YEd Rem HAY &
3 3gte] AviE oA AAERY BEAN A& FFol g A, o
G g/ g Faysx P Qe AL #FY F U

o] g &xwE & Yebd Fig. 24014 Rd FAZFe 2L 34 F
GR7AA FEH Ude A& & F ded, AL FFe FHLE Feoe
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Static Pressure Contour ( Attack Angle 0°)
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Fig. 7 Static pressure contours for the NACA4418 airfoil

at 0° angle of attack



Static Pressure Contour { Attack Angle 15°)
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Fig. 8 Static pressure contours for the NACA4418 airfoil

at 15° angle of attack




Static Pressure Contour ( Attack Angle 30°)

Fig. 9 Static pressure contours for the NACA4418 airfoil

at 30° angle of attack
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Fig. 10 Velocity vectors for the NACA4418 airfoil

at 0° angle of attack




Velocity Vector ( Attack Angle 15°)
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Fig. 11 Velocity vectors for the NACA4418 airfoil

at 15° angle of attack
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Fig. 12 Velocity vectors for the NACA4418 airfoil

at 30° angle of attack
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Static Pressure Contour ( Attack Angle 0°)
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Fig. 10 Static pressure contours for the NACA4420 airfoil

at 0° angle of attack
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Static Pressure Contour ( Attack Angle 15°)
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Fig. 11 Static pressure contours for the NACA4420 airfoil

at 15" angle of attack
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Static Pressure Contour ( Attack Angle 30°)
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Fig. 15 Static pressure contours for the NACA4420 airfoil

at 30° angle of attack




AT T I N T T A T A O N A

Velocity Vector ( Attack Angle 0°)

— —r — T — @ — — —f — — —

—m e —w Tw e T T T T T

— e - — e e e s — —&

—_ e W e e e Te TR T T

— —- " P — — — — — —

— e e e T e T T T T

—— e W — —T — 8 — s —W —w —e W T

— e —w — =P —f TP Tee T T e T TR T T
— - —W P W e —P —p T T TR TR T W e
MAGEE
— - —_ —r - —~ -  —r
— e e M TR TS TR W W e e e e T
— e e . e W e —w — 8 — — —P — & — —
— T Tw Tjm Te T TR TR TR T T Te T

—e e TR e TYe TR T T T e

—. e T Tm e e e T Te Te

i

i

A

v
&

[
o2}

Velocity vectors for the NACA4420 airfoil

at 0° angle of attack




R

N TR I

U I I

Velocity Vector ( Attack Angle 15°)

- e — — e — — % B s — — 8 — — — — —&
—e e T TR TR T TR TR TR TR TR TR TR TR e
— P P T —8 — — — % - W —w — —w —w
. e - e e T TR T T T e T TR T e T
— B e = =~ — — — — —P B T e — —
—_ e - e e M TP e TR T T T e T T
— —B —W W — —W e — B TP . — - — T —
- e = —P =P =T TP T T T e e e Tta Tm
—_— e om e P e —a — e e A W Tm —m e
—_ - - . \\\\-b ~
—_— e » -~ ~ - -
T e TR ta vt Ya s ™ta A T TR P e e T
= —w —u om e el s e [ . e e e
e T Te Twm Tm e e tee TR T e TR TR T T
e TR Te TR Te T T Te TR TR TR T T —e T
e Te TR Te Te Tew Ta e e T e e T e e

BN

L4

/

{

b

Fig.

Velocity vectors for the NACA4420 airfoil

at 15° angle of attack




Velocity Vector ( Attack Angle 30

— -

S

— —e

'

- e

— > —

—w e

— —

443

e T

RN R A
R SN N T T T T SO T T A O I
SR ER R NE NN B
Py v
RN B B BRI
LSRN N BB B

i

T Tw

VYL b

|

' T T T O T T O N A I I
I

e

i S 8

I I B N
{

‘B

' RN
'
VRN R 4
A
A

e e

AT A N
I A RO LA N B SN AN A I I
A A A A

I I S L AN AN B B R Y I

—
—
—
e

[+
S’

A A A A A A
SR A A A A

1
)

!
|

/
/

!

Fig. 18 Velocity vectors for the NACA4420 airfoil

at 30° angle of attack
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Static Pressure Contour { Attack Angle 0°)
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Fig. 19 Static pressure contours for the NACA4422 airfoil

at 0° angle of attack




Static Pressure Contour { Attack Angle 15°)
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Fig. 20 Static pressure contours for the NACA4422 airfoil

at 15° angle of attack




Static Pressure Contour ( Attack Angle 30°)

Fig. 21 Static pressure contours for the NACA4422 airfoil

at 30° angle of attack
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Fig. 22 Velocity vectors for the NACA4422

at 0" angle of attack
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angle of attack
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Static Pressure Contour ( Attack Angle 0°)
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Fig. 25 Static pressure contours for the NACA4423 airfoil

at 0° angle of attack




Static Pressure Contour ( Attack Angle 15°)
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Fig. 26 Static pressure contours for the NACA4423 airfoil

at 15° angle of attack



Static Pressure Contour ( Attack Angle 30°)
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Fig. 27 Static pressure contours for the NACA4423 airfoil

at 30° angle of attack
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Fig. 28 Velocity vectors for the NACA4423 airfoil

at 0° angle of attack
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Velocity Vector ( Attack Angle 15°)
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Fig.

29 Velocity vectors for the NACA4423 airfoil

at 15° angle of attack
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Fig. 30 Velocity vectors for the NACA4423 airfoil

at 30° angle of attack
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