Midterm 3 review. Weeks 8-11

Viscous flow

Types of drags:

Pressure drag: Mostly affect bluff bodies. It causes high pressure upstream and low pressure
downstream, this is due to flow separation. Acts perpendicular to the surface

Flow separation: Where the streamlines can no longer follow the curvature of the of the body.
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Skin friction drag: Is produced by the friction of the air molecules with the surface which creates a shear
stress at the surface. This acts in a direction tangential to it.
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Boundary layer: Is the region of fluid that is affected by viscosity. At this region, the fluid velocity is
retarded, and right at the surface, the flow velocity is zero. The B.L has an impact on viscous forces, as
well as pressure forces. As you get farther away from the surface the velocity increases, until you reach

Yhe edge of the B.L where the velocity equals the local flow veI\Ofity. The BL thickness grows as the flow
moves over the body. At
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The shear stress at the wall is given by t= p(dV/dy)y=0

where W is the viscosity of the gas, which varies with T

For air at standard sea-level tz&perature ]
H= 1.7894*107-5 kg/(mf)(s) =3.7373 x 10-7 slug/(ft)(s) — 4.»3‘9“’1’\

Viscosity can be calculated /2
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Reynolds number: Non dimensional parameter. Describes the behavior of viscosity. High Reynolds
number indicates low viscosity, and low Reynolds number indicates high viscosity.

- %_“u OII —
=

4

Types of flow —————
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Laminar flow: Streamlines are smooth and regular, and a fluid element moves smoothly along a
streamline.
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Turbulent flow: The streamlines break up and a fluid element moves in a random, irregular fashion

Boundary layer thickness
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Total skin friction coefficient C 6, - 0O b? ‘(

Laminar shear stress is less than the turbulent shear stress. Therefore, the skin friction is higher for
turbulent flow. Turbulent boundary layer is thicker and grows faster.

In reality, the flow always starts out from the leading edge as laminar, and then at the transition point
the boundary layer becomes completely turbulent where the boundary layer grows at a faster rate.

This point where transition occurs is called the critical point, which corresponds to a critical Reynolds

number
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Airfoil nomenclature

NACA Airfoils

-4-digit series:

1 digit: max camber

24 :Jocation of max camber

3 and 4" thickness of airfoil

-5-digit series:

18t digit: design lift coefficient, multiplied by 3/20

2"d digit: max camber, divided by 20

3" digit: 0 refers to normal camber, 1 refers to reflex camber
4™ and 5™ : thickness

There is also a 6 " digit series



NACA charts

-Angle of attack

-Cl (does not depend on Re unless we want to know Cl max)

-Cl with flaps

-ao0: lift curve slope for Cl vs alpha. It’s value is 2pi or 0.11

-AlphalL=0. This is the angle where the lift equals zero. It equals zero degrees for a symmetric airfoil. QZL - 0
-Stall: corresponds to the point where we have a max Cl and you get a dramatic loss of lift.

-Pitching moment coefficient about the quarter cord Cmc/4 L = ) y, S ¢ C w8 X
-Drag polar (Cl vs Cd) a

Cd sdall
-Pitching moment coefficient about the aerodynamic center Cmac

-Cdmin
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For a 2D infinite airfoil (Cl,Cd,Cm) and a 3D finite wing (CL,CD,CM), the lift and drag coefficient are
different.

This is because for an airfoil section, the end effects are removed when testing in a wing tunnel.

For a 3 D wing these end effects produce a downward component called downwash. This causes an
induced drag, which increases the total drag and reduces the lift.

Downwash causes the relative wind in the proximity of the airfoil section to be inclined slightly
downward through a small angle called the induced angle of attack . This in turn reduces the angle of
attack felt by the local airfoil section to a value smaller than the geometric angle of attack. This smaller
angle of attack is called the effective angle of attack. The effective angle of attack for a 3D wing is
equivalent to the geometric angle of attack for a 2D airfoil.
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Induced AcA= S &
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(in radians)

Induced AocA _ 63 . C(_

(in degrees) ﬁé—ﬁ
¢ T
CDi= —

AR 9

If we have an elliptical wing(ideal case)then e=1

Where e is the span efficiency factor
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To find total drag:

oo-G:co

Dtote 609 5 Lc4 -PCDI>

Where Cd is the profile drag. Cd for a 2D case
For lift coefficie_M 3 0

CL= Q("L’ d(-"") r
For the 3D lift curve slope UL\-

a= Qo > mjﬂ_c,,w
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Compressible floW Ce

Prandtl Glauert Compressibility Correction WM oo
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Compressibility correetion for lift coefficient
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Critical Mach number and Critical Pressure Coefficient

Critical Mach number: The freestream Mach number at which the flow around the airfoil first reaches
sonic conditions (M=1)

Critical Pressure Coefficient: Pressure coefficient on the airfoil that correspond to M=1. This is the most
negative value, corresponds to the highest velocity on the airfoil.
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5./ Consider a wing in a high-speed wind tunnel. At a point on the wing, the velocity is 850 ft/s. If the test-
section fl ow is at a velocity of 780 ft/s, with a pressure and temperature of 1 atm and605°R,
respectively, calculate the pressure coeffi cient at the point
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»s = If the test-section fl ow velocity in Prob. 5.11 is reduced t¢g/100 ft/s what will the pressure coeffi cient
become at the same point on the wing?
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5.2 Consider an infinite wing witha N

of 3 ft. The wing is at an angTéli’i&'

Gk NACA IRIZ =38, =5 V= |00k
oV o | — 7—’ \z(* )
j.e.C cowle /
oo\e | OLlZic &t
10;:::“ i Wax fackyess
& bMC
| demagted e
0 D b) ) . y L \
anh LD, P v NEED TO (HEUC AlRColL DATA, N
3 Q \
- . 3
N Dﬁ\lm (& I \ . (‘ \?.: - 2-.3}6“ ‘D':} 1b- ,c-" \
F“[’S‘— ] (st Puﬂvd Nowber: Ve = Tron KJ~$\VAﬁ O-L . Ualum ‘z P"-: 3.3313:1D T';;' /
1’?}6‘|’.£°F ¢|m 03
_ By . .10%
Ao = 2 5B-10 2 10" &5 |O
| {TE o =
N\
: i 2 ‘ at ] 8 [
N s
16 [ %;:' ‘
| | am
;:MEE Ce= 0.6Y H X 1 g"' .. :
!, . 2
3 ? 3 .00#
, § s e L1111
: 004
§ o M H Ca=0.06%
0% JaL TN A t=ietat
-0t . - i —
E .
ol =\ . -t
¢ S
¥ e
5.) L2 . 2 | 3“ O‘guf!._ :?a':f:'ﬁ
| H R RiEssEs aif
ot N 020¢ simuloted split fiap el 60*
H - 786 FHH stoncors gt
11 SlEslElstatat
-8 205 -24 -las“' :lm 04; o'm,‘gag" 24 » B .’u -2 -8 L[’.;:‘" ,['”I ‘4“1'3;:'4‘.[%1'.?.0 2 18
NACA 1412 Wing Section [ NACA 1412 Wing Section (Continued)




(Ul |
=\&
31
A
&
N
\ _
o\ © r
i ,mulr 1 /m.
v = N o
MN »M_..l r N
—= 00 o N
N (YR v
" Nl ~ Va)
P NJ fa)
_L W hv. \)
.mw. N . ™M
) . .
N - A +
- .lbs % Pa)
mn N H £
™ 3 ] o
.L pr o) A q OyllU.
—\ ” .Mc l-”
I L
§ I I
\._W N IC u/u. ~
I i ()
~N
Vﬁ J oc J
K S > 3
|../1_u wv Ll ]
A ] q- '“- ﬂUlv
| 0
q Ve
// S / < mV
\ \ r“/, = //
rw /r/ V// M,lh / hV \
\




S Fom ot do Flght S Bditen,  Awderon
NAQA ydls in a ‘mj‘« Sful, sulosonic wiad el
C, mawd o5 O0fF5
M&c\m o bes is 01
Bl ..
i‘ M adn ombes 1 01 203 7 Consioler wQresss bim'y.
. Eq. SHD
e
©° T
= Co T G -M,
= 0954 |-00*
G- = 0.o10
‘?‘ Look oJ' ol cb.\l olaJ‘a. ir |
A1l HHH
gé:u:f .
%‘: i
L
E\ (From He  same book )
Gessna Cadinal ,  with Wing o = b2 (]
Aspect rabio = 1.3\
Spon ebbingy Pocks = 0L
Wesht = 4Y00 [N)
Flying  ab  standod  sea lonl  ondifions, v = 151 [&]




Bad induced  drag.
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