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Lesson Outcomes

1. Airfoil Chart Review
2. Definitions
- Wing Geometry
- Aspect Ratio
3. Wing (3-D) vs. Airfoll (2-D)
4. Induced Drag

5. Span Efficiency Factor (e)
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What impact does it have on aircraft?
What can be done to minimize the impact?
How does it change our calculations of Cl, Cd Cm?
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Wings vs. Airfoils

Airfoils (2 - D Flow): C»Cq Cy

Wings (3— D Flow): CL,CD,CM
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£2310| 3D Flow
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S35t LIl 715 (Finite Wing Geometry)

A - wina sweep anale C,: r_oot chord length
J SWEER Al A A ¢, : tip chord length
A.ZSC
Cr
T Leading Edge
(;[ Wing root Wing tip
Trailing Edge
b : wing span(& 12 0l) A : taper ratio=C,/ C,
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=7l 7|St — Aspect Ratio (72| £H|)

Aspect Ratio (AR):

- A Ht AR 2Fe| Hi

- 20 VHE STt Y EE
> St 7| HAH (X)) o

=

= b*c (planform Area)
Y Note: AR=Db/c for rectangular wings.

Low aspect ratio Moderate aspect ratio High aspect ratio
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Low AR Typical Values

Fighters: 2-5
Transports: 6-10
Gliders: 10-15




=7l 7|5t - Sweep Angle

Sweep Angle(Z & =)
- =0AM2 &b 2 A (Wave Drag) = 1t
- HI' & OF& A (Yawing, Rolling)2 & & Al = ;7P

- L, e M 2ZA > MED| Q20| D5H|HS ok
FE2= dAH =UHOtot=0l OI=E A2 “OI M=0A
AAMS0| Mot O S H A

- ol 2 & OF : Variable Sweep Wing 2 2HSIHRS 2 AHE??)
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=270 FEfO E FSEcle] Y HE|

ELLIPTICAL WING RECTANGULAR WING EH_|T|__IE_9_| O:|7_|I-|7|, Xd_%_jl
) > 259 Mg
- Wing Tip Stall &4
- Twist Angle M 5|0
SER

_

MODERATE TAPER WING HIGH TAPER WING

POINTED TIP WING SWEEPBACK WING
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=71 7|5t - Dihedral Angle(&&t2}) / High Wing vs Low Wing

% 2|9 IR M (Rolling 28) S SIHAIDIE g

- High Wing

— Dihedral Angle (AHBH2})

Straight
Dihedral
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Anhedral angle®& (21 C-171 22 &4}
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L& 25 (Wingtip Vortex)

Downwash
TOP SURFACE
(relative low pressure) Front
< )] view

(relative high pressure)
BOTTOM SURFACE

Miazatga
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L2 2% (Wingtip Vortex) — A=
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» Z27HE 25 (Wingtip Vortex) — Al
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Lj2|=& (Downwash)

<+ GHE tF 21
= HUHE 7O 25 E/ Fo| 550 o3l gk KT FE-> Downwash
= DownwashOf Q|8 L7l = SS0| OfZHE 7|20 X|= T4t BhAl
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Voo

g
Relative wind
(free stream)
Tip vortex

OO0 00

g e . - -
The wing-tip

Local flow in

it Wi vortex which trails
r C | 4 r g

dOWI’lS[l’t"dl’n causes
downwash, w
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2-D Wing(airfoil) Lift& Drag

Flow around 2-D wing (airfoil)
| (lift)
A

Chord line

\2
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* Li2|S 5 (Downwash) &Ad
= LE|= 50 sl daE =40 [IHE FHEEE CrA| dA2|H FE2

2 7|209X= 24 2
= 7|20 g HIH 48 T ARF0 Bdst §22 €8 4&20| |0

o
O0|& F =2 H(Induced Drag)0|2} gt

Local flow

direction Parallel to

chord line
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- Wing Lift Coefficient

Airfoil

CL=C (@ - )

- we can find (with a little algebra)
the 3-D lift slope:

G
NP
1+ ( | AFlg j
Notice the slope is decreased for the wing e
and the zero lift angle of attack is unit : /deg
unchanged '
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Tvpes of Drag:

Total S Profile Drag + Induced Drag + Wave Drag
Drag — (viscous) (due to lift) (supersonic)

Skin Friction Pressure
Drag Drag

- Skin Friction Drag: “Drag due to shear stress”
- Pressure Drag: “Drag due to separation”

- Induced Drag: “Drag due to |ift”

- Wave Drag: “Drag due to Shock Wave”
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Etd el f£&3 (Induced Drag)

Induced Drag:
D, =L sine = Coi=C.L sIne

Since £ i1s generally small,

Coi = CL g (for ginradians)

It can be shown that for elliptical lift distributions(Z=£/2 & E) )

C.
g =
TAR
2
l.e.,,| Cpo, = CLe = CL Co C
mTAR wTAR
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The Supermarine Spitfire and Republic P-47 Thunderbolt Fighter
Aircraft of World War 1l Both Had Elliptical Wing Planforms

(National Air and Space Museum)
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(Induced Drag)
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A ==(Span Efficiency Factor, e)

ml
100

e <1 for non-elliptical planforms

(typically 0.85<e<0.95)
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Why Tapered Wing?

52 8B o EHRE

Elliptical Wing2| && :
- A HE OHAS
- HIZEOHO128 SOt

Tapered Wing:
- Elliptical Wing& & 2 Al
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SE ¥8 A2 WY - A%
** Winglets, Drooped Tips, Wingtip Stores
= 3y °}a"'ﬂ N4 Folte+ TEa Wz H e oy

o] A& #]3
/ Winglets Dmows

\ = 224
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Wingtip Stores
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3
= YA = dvp23 (skin friction drag) + 43

n _?'-E__ 3]-?:]

Total Drag Profile Drag Induced Drag
(from 2-D chart)

Co  Total
Induced Drag

% Pressure Drag

CL
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=0 SA 25

oo '—E-|'7H II_-IX-” oled = GiAGH 1=
A

ot = g MatH(profile drag) + 8 =& 3 (induced drag)

Ll

2 ototd = gHOPEZE (skin friction) + &2t & (pressure drag)

QEH : LIHo| Y| o3t &

=LL

Total Drag

Profile Drag Induced Drag
(from 2-D chart)
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Lt XX &= J2=(C, vs C,)

C D Total

Airfoil Chart ~—_

Induced Drag

\4
\7‘#4 / Pressure Drag
\ \ \

Skin Friction Drag
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Lol 42 U &2 ARo| A

Find 3-D lift curve
slope (c,a from NACA chart)

Find 3-D lift coefficient
(a -, from NACA chart)

Find induced drag coeff.
(AL

Find total drag coeff.
(cy from NACA chart)




= &= A 5 Al Al 2
¢ Flying Wing Aircraft
« 3r) 9] gk o] NACA2412 d|o] E Y o) u] ) WAL 25012, I
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=l 2 2 ©E Al AL M - i
c,,, =(1.24-0)/(10- (-2))=0.103/ deg
R=D 50",

S 250
C 0.103
dC e |a - = " i
( : Lj Clo = 7B73¢ 573(0.103)  0852/deg : Lift curve 3d
a 3D l+7a 1+ 3 14
AR (3.14)(0.9)(10)

From NACA 2412 chart> ¢, =, _,=-2deg, ¢,=.85 ¢, =0.0078
C.=C., (x-a,_,)=0.0852(6-(-2))=0.6816

2 2
C,=¢C,+ C =0.0078 + 0.6816 =0.
eAR (3.14)(0.9)(10)
Atsea level, p, =0.002377 s]!tu39

L=C,qS=C, %pVZS = (0.6816)(%)(0.002377)(2802)(250) ~15,8781b

D=C,qS=C, %pVZS = (0.0242)(%)(0.002377)(2802)(250) =563.7 Ib
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