a) Drooped Leading Fdge
{b) Upper Surface Leading Edge Flap

§ 0 Lower Surface Leading Edge Flap

(d) Fap Hinged About Leading Edge Radius

‘Flap in Stored Position

f'm%\

Aeimm Azds
of Curwator
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Operate Below 250 KEAS
(e) 747 Variable Camber Leading Edge Krueger Flap

Figure 9.5 Various LE flap devices
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Fig. 12.3 Drag polar.
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i Outline

= Introduccion — éDonde estamos?

= ¢Que hay que hacer?

= Polar del Avion.

s Fuerzas y Coeficientes Aerodinamicos.
= Calculo de los coeficientes de la polar.

= Reduccion de la resistencia aerodinamica.

= Bibliografia.
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i Introduccion — ¢Donde estamos?

= Se han presentado metodologias para:
= Definir del dimensionado inicial:
«  Rubber engine sizing.
» Fixed Engine sizing.
= Seleccion del T/W y la W/S en diferentes segmentos de vuelo generando un
“boceto” conceptuaYdeI avion.
= Dimensionado de derivas mediante estimacion muy burda: Tail volume coefficient.

= Dicho “boceto” (creible) se ha obtenido asumiendo estimaciones burdas de
las caracteristicas aerodinamicas, de pesos, y caracteristicas propulsivas.

= Una vez que el boceto/disefo inicial se ha establecido se pueden estudiar las
caracteristicas del avion para ver si cumplen las especificaciones de la mision

= Para ello necesitamos unas pautas

= Estudios comparativos para determinar la mejor combinacion de T/W (P/W) y W/S
y alargamiento (AR), para cumplir los requisitos de actuaciones de los diferentes
segmentos con minimo peso y coste.
C Estudl?)de la estabilidad para mejorar los disenos iniciales de las derivas (horizontal y
vertica
= Necesitamos herramientas mas precisas para determinar valores que hasta
ahora nos hemos basado en estimaciones burdas para refinar el diseno:

= Herramientas Aerodinamicas:
« Estudio de la Polar del avion

Ingamieria ) P
Aeroespacial Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 3 U=
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Aerodinamica — Estudio Preliminar

¢Que hacer?

= Seleccion preliminar de los perfiles para las
superficies sustentadoras.

= Aviones semejantes

= Definir la precision en los modelos de polares mas
exactos.

= Determinacion inicial de las caracteristicas iniciales
aerodinamicas.

= Definicion de parametros adimensionales:
= Optimizacion del ala: AR, e, 2

= Interaccion con diferentes areas de Ingenieria:
= Sustentacion requerida: pesos (Estructura)

= Generacion de parametros aerodinamicos (Estabilidad y
Actuaciones/Porpulsion)

= Geometria: Disefo y sistemas

ingeniariz
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i Aerodinamica - I

= LO que se espera:

= Polar parabolica de coeficientes constantes:

= CD del avion
Configuracion limpia
Vuelo de subida
Vuelos de crucero
Configuracion sucia
Despegue y aterrizaje
Superficies Hipersustentadoras, tren de aterrizaje...

= Caracteristicas aerodinamicas de los perfiles:

« Estimar C

CLOI CLOU CMO, CMq, . .

Ala, canard, deriva horizontal y vertical, cola en V...
= Correccion para alas finitas

= Como conseguirlo...

(] Ingeniariz )
= Aemeingfﬂ Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 5
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i Aerodindmica - II

= CD del avion

= Configuracion limpia: Tren retraido, flaps recogidos
= Vuelo de subida
= Vuelos de crucero y alcance

= Configuracion sucia: flaps y tren de aterrizaje desplegados
=« Despegue y aterrizaje
= Como consequirlo:
= Modelo de polar parabdlica de coeficientes constantes

. i . ) 1
Cp = Cp,+KC} ;K = 1
mTAE
= Component Buildup Method
UNCAMBERED G CAMBERED Y(C, FF, wet
« (CDO)whsom'c = e S"_.fQCS 2 + CDmisc + CDL&P

D
|

[
|
1
b4

CAMBER DRAG
AT ZERO LIFT

rig. 123 Drag pidlculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es




i Aerodinamica - III

= Caracteristicas aerodinamicas de los perfiles:

= Estimar C.

= CLmax:
configuracion limpia — métodos graficos transparencias de clase: ejemplo clase
configuracion sucia: tinel de viento virtual: ejemplo practico de clase
XFLR5 o similares

= Métodos graficos
. CLOI CLou CMo, CMoc

= Ala, canard, deriva horizontal y vertical, colaen V...
= Correccion para alas finitas

— TE Flap Aaga)

[]
ﬁc!max

CL _ 2r A (Se:r;posed -
o 2 + J4 + A:-Izﬁﬂ (1 + tan? jﬂ\;num,t) Sfre_f
=l
o alpha Gstall

Figure 9.8 Construction of section lift curves for TE flaps.
Ingamiaria
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Tareas rev 3.0

i Aerodinamica — Estudio Avanzado

= 19 - Conversion de 2D a 3D

= 1 - Calcular las caracteristicas del ala en 2D
= 2 - Calcular la correccidon de 2D a 3D: del ala
= 3 - Calcular como se ven afectados por HLD (High Lift Devices)

= 20 - Calculo de la polar
=« 1 — Calcular la polar simplificada
= Configuracion limpia
= Configuracion sucia
= 2 — Calcular la polar corregida:
= 39 - Evaluar requisitos asociados a las areas de trabajo
= Actuaciones
= Estructuras
« Estabilidad

Inganiariz . .
Aemefﬂ?ff?j Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 8§ U=
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Tareas rev 3.0

Aerodinamica — II

ingeniariz

studio Aerodinamico mas detallado:

= Seleccion depurada de los perfiles para superficies
sustentadoras.
= Requisitos estabilidad.
= Requisitos actuaciones.

= Estudio comparativo de XFLR5 (usar todo el potencial)
= Comparacion 3 perfiles (2D)
Comparacion 3 planta alares (3D)
Posible comparacion de diferentes plantas con diferentes perfiles
Eleccion de la configuracion elegida en funcion de parametros
Eficiencia (E)
Coeficiente de Oswald (e)
Resistencia ...
Comparativa configuracion de cola y perfiles (dpto. estabilidad)
Calculo de sustentacidon maxima
Métodos mixtos, XFLR5 + métodos clasicos

Estudio del avidn por partes
Superficies aerodinamicas

Estudio del avidn al completo
Superficies aerodinamicas + fuselaje+...

Aeroespacial

o ot Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 9 U=
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Tareas rev 3.0

Aerodinamica — III

= Estudio Aerodinamico mas detallado:

= Estudio de la polar del avion para las diferentes
configuraciones:
= Depuracion de polar (dept de Disefio y sistemas)
Configuracion limpia:
Subida,
Crucero,
Descenso
Configuracion sucia:
despegue,
aterrizaje
= Modelo de Polar
Polar parabdlica No compensada

Polar parabolica Compensada

2
2 C = Cp . +KC; .
CD = CDmi'n. + K (GL o CL':-rui'ﬂ.—(ira_g) DO Dm'”'l L'nnn—d-r'a.g
= CDnn'.'n. + KC%.,.”,;R_‘!T.“Q + KC% - 2KCL CLluin—d'r'a_q‘ kl - K
- CDO + lef‘ - szL kz — 2KCL CLmin—dra.g
:nqpnim'b ) " P
eroespacia, Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 10 U=
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i Aerodinamica — IV

Estudio Aerodinamico mas detallado:

= Polar parabdlica No compensada

= Analisis de las actuaciones
Despegue y aterrizaje, subida, crucero, espera, descenso
= Definir nim Reynolds de analisis (simplificado)
No es factible definir polar para todo el rango de velocidades

= Polar parabdlica Compensada
= Mejora actuaciones Crucero.
= Analisis de Empuje (Potencia) necesaria vs. disponible

= Evaluar requisitos asociados a las areas de trabajo
= Actuaciones:
Despegue, crucero: C .
» Estructuras:
Estimado un nuevo W, -> W,/S -> calculo de nueva S,
= Estabilidad:

Trimado (aumento o disminucion de S,)
Modificacion geometria alar o perfil

ingeniariz
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Tareas rev 3.0

Aerodinamica — V

= Estudio Aerodinamico mas detallado:

= Estudio de resistencia de trimado

= Incluir Cyirimado
Coordinar con departamento de Estabilidad y Actuaciones

Métodos Clasicos
= Composite Build-Up Methods
= Métodos modernos

= XFLR5:
XFLR5 no proporciona resistencia parasitaria de cuerpos sin perfil

Analisis Mixto
= Analisis Mixto Composite Build-UP + XFLR5
Estimacion de resistencia parasitaria

= Estudio comparativo de diferentes resistencias para diferentes
configuraciones de fuselaje

= Comparacion con métodos clasicos

ingeniariz

Aemef‘f?ffff Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 12 U=



Material Docente - Aerodinamica

%2Fwebapps%2Fblackboard%2Fexecute%2Flauncher%3Ftype%%3DCourse%26id%3D_17077_1%26url%3D 'i",.,7| e =
eisDic., Qmmmm., mmm&__,; m%mm 6 Rescarch - LeTex po..

(" Blackboard Learn

ACTIVADO

& Calculo de
Aeronaves-
Grado en Desarrollar contenido ¥ || Evaluaciones ¥ | Herramientas ¥
Ingenieria
Aeroespacial

% 1-Grupo 1 »

ADMINISTRACION DE
CURSOS

Panel de control

= Ingemiaria — "3[ iﬁﬁg
B, ferespacal | Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 13 £



i Polar del avion - I

= La polar del avion (relacion L/D) es muy importante para estimar
correctamente las actuaciones y comprobar que se cumplen las
especificaciones iniciales del RFP.

= La polar depende de la variacion:

Ingerniariz

NUmero de Mach
Numero de Reynolds
Configuracion del avion: no hay una sola polar sino varias segun el segmento en
el que se encuentre el avion.
= Conf. Sucia: despegue, aterrizaje
= Conf. limpia: subida, crucero

La construccion de la polar se construye contabilizando las distintas partes
por separado y sumandolas luego con factores de correccion.
Br

MACH NUMBER 50.60 70
CL 75

6
80

ak
Co=Cp(Cudr) T

0 02 .04 06 .08
)

Fig. S-6. Effect of compressibility on the
drag polar

o )
B, Aercespacial Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 14
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Calculo de los coeficientes de la polar

La mayoria de los métodos se refieren a
geometrias mas o menos clasicas:

= Alas con flecha inferiores a 40°
= Alargamientos mayores a 4.

Metodologia rapida:

= estimacion gréfica del Cp, y de la
eficiencia aerodinamica e (Oswald
efficiency) para polares parabdlicas
simples:

Cp =Cp, —I—KC%

Para la estimacion del parametro de la
eficiencia aerodinamica es necesario el
considerar las contribuciones de la
estela de torbellinos y de los perfiles a
variacion de la pendiente de la curva de
empuje ?//ft curve slope) como veremos
mas adelante.

También hay que considerar los efectos
dle cl:ompresibilidad, principalmente en
el ala:

= Variacion de la resistencia de un perfil y
del ala en funcion de My C,.

ingeniariz
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i Polar del avion - II

= Cada segmento de vuelo define unas ¢, UNCAMBERED €,  CAMBERED
caracteristicas de polar diferentes en
funcion de la relacion L/D a las que se
vuela.

= En crucero se suele aproximar con una
polar parabolica de coeficientes constantes
= Alas sin curvatura

= Minima resistencia o.=0
CDo = CDmin

CD:CDO—FKC%(:K:—

= Alas con curvatura
= Minima resistencia o>0

CAMBER DRAG

AT ZERO LIFT
CDo ¥ CDmin
9 Fig. 12.3 Drag polar.
CD - CDmin + K (CL _ CL'm.i'n—d'l"ag)
2 2
= CDm’i’n + KCLmin—drag + KCL —_ 2KCLCLvan—dr’ag
= Op, +k1C? — kO,
, Cp. = Cp. . + KC? .
= En la mayoria de los textos se asume que 0 e Emin—draq
la sustentacion procede unicamente del ki = K
ala, lo que se conoce como polar no ka = 2KC.Cy

min—drag

equilibrada, ya que tanto las derivas
como el fuselaje influyen en la sustentacion

Ingerniariz
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CAMBERED

Cp UNCAMBERED Cr

C
Lyvan
Drag

- CDm'iﬂ + Kc%mi'n—dra

4 - K ’
b CAMBER DRAG
ke = 2KCL, ... ire, AT ZERO LIFT

Fig. 12.3 Drag polar.
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i Polar del avidn - III

= Aproximacién de los coeficientes en , o M
s . . 0.7 | .
funcion del Mach de divergencia My, u-0m
- M=080
. M=081
0.6 M = 0.82
Cp=0Cp (C}_’,, M) ; - M=084
= 05
Cp = Cp, +k1C2 — ksCy !
CDO:CDO(M)1kl:kl(M)sk2:k2(M} "
Normalizacidn con respecto a los valores propios
o.z.owl - IO.OI15 ‘ 01;20
018 - % - CDo 0.045 [
0.14 - —_:j:; [
0.2 ) F 0,70 o
,, p 0.035 | 085 —
E 0.10 - / I
E J'f ] L 060 — ——
% - ; % 0,030 1 .
< / S 050
E 0.08 — 7 £ 002 _
° F’I" 045 __
nmﬂ.so 0.10 0.I5ﬂ- n.\lw n.lm o_;au 0.90 P
Magh Number ) 0,30 U.-IW U.Iﬁﬂ O.IBO IJ.:W D.I!D 0,90

Mach Number
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i Polar del avion - IV

Para aviones con perfiles de velocidad por debajo M<0.7 se observa que los
coeficientes son practicamente constantes.

Para aviones con regimenes de vuelo M>0.7, el aumento de valor de los
coeficientes es exponencial:

= Se haran estimaciones normalizando los valores presentes para aviones (Boeing 767)

« Cavcar A. and Cavcar M., “"Approximate solutions of range for constant altitude — constant high
subsonic speed flight of transport aircraft”

= Métodos mas elaborados:
= Roskam, “Methods for estimating drag polar for subsonic airplanes”, (1973)

0.16

[~ - cDo|
. . . ——ki
Normalizacion con respecto a los valores propios — o#1l-a-e |
0.12
A
Cp=Cp(Cr,M) ém !
3 £
Cp = CDO -+ kl(J% — koC'L E:—"“ j
0ZCDO(M),klzkl(M),kQZkz(M) 500 . -— .-
0.04 'r‘
A
’ A J'_,o
002 R 05
0.00 It kT pinll

@
|
T—

0.30 0.40 0.50 0.60 0.70 0.80
Mach Number
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‘L Polar del avion - V

= Aproximacion de los coeficientes en funcion del Mach de divergencia Mpp

Ingamic

Cpy = Cp, (M), k1 = ki (M), ks = ko (M)

0.16
— 4 - CDo
[ | —— K1
014 + |= - k2
.42 4
A
& !
E 0.10 - /
§ {
3 [
2 0.08 ;F
= /
o i
o I
0.06 - [ ] !
s - A
I 'y
0.04 + h
A .
[ & *__Jf
0.02 + Y o
R L T T e t-—-:;?"f'
_ A= e e e e PO &«
0.00 : - —_— —_— f— : :
0.30 0.40 0.50 0.60 0.70 0.80 0.90
Mach Mumber

Aervespacran

== EEl Uneeiiar Ondlls
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i Polar del avion - VI

Aproximacion Nicolai (Nicolai, Leland M. and Carichner, Grant, “Fundamentals of Aircraft

and Airship Design, Volume I, Aircraft Design”, AIAA, Reston, Va, 2010)

Cp=0Cp

™ein

—+ K’C‘% -+ K” (CL - CLm,-in—d'r'a.g)z

T T T T T & 1T 4]

D e

LMN-1 Airfoil
R, = 300,000

Section Drag

0.01 002 Cy .I3 0.04
L1 1]

Ll v Ll

|
4 6 8 10 12 14 16 18

o Degrees

Micolsi-02 06-18.09

o
|
Ty,

Ingamiaria
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TE1 Uneweiscian el ¥

0.03

0.02

0.01

R, =300,000

\ 5|°pe = K” =0.0133

0.1 0.2 0.3 04 0.5 0.6
_ 2
(C = Cymin)

0.7

0.8

0.9

1.0

Nicolai-03 06-18-09

Aproximacion Ala
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Polar del avion - VII

0.9 Cjpmax

LMN-1 Airfoil
R. =300,000

Section Drag

o Degrees

Nicolai-02 06-18-09

(] Ingerniar _ i
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Polar del avion - VIII

0.03

0.02

Slope = K” =0.0133

Cd
22 " 2
CD = CD'm.in + K CL + K (CL - CLrni'n—drag)
0.01 R, = 300,000
0 | | | | | | | | |

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

(CI - Clmln)z Nicolai-03 06-18-09
Aeroespacial

TE1 Uneweiscian el ¥
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i Polar del avion - X

CL

10 P v
ek : P
0.6 ’/ 0.5 /

0.4 / a4

0.2

2
cD / Alpha
0.0
00z 004 0408 0.08 -y .0 .0 w.0

Cp = Cp, + k. CF + kuCy,
Ajuste polindbmico
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i Polar del avidn - XI
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i Coeficiente de Sustentacion - C,

= La sustentacion, y por consiguiente el coeficiente de
sustentacion es funcidn de ., Y €l angulo de ataque (a):

CL = CL[] —|—CLQC¢

= La pendiente de la curva de empuje se ve modificado con el
alargamiento, siendo el valor teérico para toda ala con
alargamlento 0o =21

= Dicha pendiente tiene que ser corregida para el alargamiento
de cada ala por lo que deja de ser el tedrico 2. EFFECT OF CAMBER

= Métodos analiticos para determinar C_, en funcion de: «

A
- Alargamiento (AR). Clune g
= Area expuesta del ala (Seyp)- Y
= Mach (M)
= Factor de sustentacion del fuselaje.
= Flecha (A).

= Eficiencia aerodinamica del perfil (E).
= Método diferentes para subsonico y supersonico

FERO-LIFT ﬁi’-‘]’-‘
[+ Ingeiariz . ANGLE i
— Aemefefffff Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 26 U=



C,, paraalasen 3D -1

EFFECT OF CAMBER
CL Cy

Clmax

EFFECT OF ASPECT RATIO

ASPECT RATIO

'
ZERO-LIFT e
ANGLE
Fig. 12.4 Wing lift curve.
w Ingenieria = )
u __Aemespacraf
- o —" u....-.-..-n-q.**"
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THEORETICAL
[op— 4

TYPICAL UNSWEPT
HIGH ASPECT RATIO WINGS

THIN AIRFOIL
THICK AIRFOIL

TYPICAL SWEPT WINGS

HIGH ASPECT RATIO
LOW ASPECT RATIO

L] L] L

0 5 1.0 1.5 2.0 2.5 3.0

MACH NUMBER

Fig. 12.5 Lift curve slope vs Mach number.



C,, para alas en 3D - II

EFFECT OF CAMBER EFFECT OF ASPECT RATIO
Cp A CyL
- B T | ASPECT RATIO
(» ]
¥
| 6
3
1
,/4
) ,
+ "
ZERO-LIFT 1“;,%{‘
ANGLE

Fig. 12.4 Wing lift curve,
) ﬁeroespaciar .
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C,, para alas en 3D - III

Ingoniariz =

__Aeraespaciaf

THEORETICAL SUPERSONIC 2.D
THEORETICAL

CL CI. ’ 2x 4

TYPICAL UNSWEPT
HIGH ASPECT RATIO WINGS

THIN AIRFOIL
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LOW ASPECT RATIO
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Fig. 12.5 Lift curve slope vs Mach number.
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C_, para alas en 3D - II

C_, se necesita en el diseno conceptual del avion en tres etapas
prlmordlales
1. Correcta seleccion del angulo de incidencia de las alas.

= En aviones de transporte es primordial que durante crucero el suelo este
nivelado.

= El angulo de incidencia influye en el angulo de ataque del fuselaje durante
despegue y aterrizaje.
Altura Tren de aterrizaje.
Envergadura del fuselaje detras del ala.

> Método para obtener la resistencia debido a la sustentacion para
aviones con requisitos elevados en las actuaciones.

3. Analisis mas detallado de la estabilidad longitudinal del avidn:
= Balance fuerzas y momentos

C_, disminuye con alargamiento.

= Al disminuir el alargamiento, la habilidad del aire para escapar por las alas
previene la entrada en perdlda incluso a angulos de ataque elevados.

C_, disminuye con el aumento de flecha, y los efectos son similares.
Perfiles actuales tiene un 90-100% eficiencia aerodinamica del perfil (n)
Influencia con el Mach

Alargamiento del ala al incluir wingletsy endplates.
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i Estimacion c_, - subsonica

Correccion 2D — 3D

h es la altura del “endplate”
b es la envergadura del ala
h Flecha del ala en la cuerda donde el perfil
endplate = A o~ A(1+1.9= tiene el maximo espesor ,
P =/ fective ( b) Sexposed € la parte de area de la S,.f

. A que ve el flujo (que no esta cubierta por
winglet = Aeffective = 1.24 el fuselaje). iiNo confundir con la superficie

\ mojada S, !!
2 A erpose
2+ \/4 + &8 fan® Am’*) ref F=107 (1 + 3)

Pendiente sustentacion 2D n? (1 + a2

C
n= 27rl/aﬁ / Factor de sustentacion del fuselaje
0 0 d — didmetro del fuselaje
Eficiencia aerodinamica del perfil B5=1-M b - envergadura

(M) (F) <1~ 0.98
Sref
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CLoc,W / CLoc,t and CLoc,C

Correccion 2D — 3D Método alternativo
2r A

2+J—?1(l+ﬂ)+4

=41- !
k=a,/2n
A2 1s the midchord sweep.

a, The sectional (two-dimensional) lift-curve slope a,
1.05 [
VA M? (aa)thcory

P 0.5y90 — 0.5y9
ta =
n= 9

a, =

] (a, )theory

(c)

;—\./-P% *br:
9% C
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(b)
7.2 / ]
|
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a) Theoretical sectional lift-curve slope
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WING THICKNESS RATIO, tc

a) Theoretical sectional lift-curve slope
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Fig A2
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b) Empirical correction factor
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| } Prs
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1
M
bre
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16
- '—'[:3-;’;1
—M_
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Thickness Ratio

c) Variation of trailing-edge angle ¢1¢

Fig. 3.13 Sectional (two-dimensional) lifi-curve slope of wings, continued.!
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i Winglets - I

Superficies al final de las alas disefadas para mejorar la eficiencia de las alas fijas.
= Reduccién de la resistencia hasta un 20%

= También tienen una componente estética
= Su principal objetivo es modificar la estela del ala de manera que resulte beneficiosa.

= De igual forma, los winglets pueden mejorar

= Aumentan el alargamiento efectivo de un ala con menos area alar:

« El aumentar la envergadura reduce la resistencia inducida pero aumenta la resistencia
parasitaria, y ademas requiere aumentar el refuerzo estructural y el peso de las alas.
« El uso de winglets aumenta la sustentacién generada en las puntas, reduce la resistencia inducida en
puntas causadas por los vortices:
Mejora el L/D
Aumenta la eficiencia de consumo de combustible aumentando el alcance
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i Winglets — Design - I

Aspectos a tener en cuenta a la hora de decidir la geometria de los

winglets:
. Perfil
3 Distribucion de cuerda
. Altura
- Torsion
. Flecha Typieal winglat section T
=  ToeAngle r & Vpper mirtace
Iy
Winglet i, deg A =,
Lower, ract
Lower, tip
Dihedral

Figure 4.35 Winglet geometry.
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i Winglets

lang lll Ul.llllllllllll‘

KC-135 winglet
B 737-800 blended winglet

B 747-400 tip plus winglet MD-11 Extended winglet

Raked Wings
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Reduccidon Resistencia Inducida

reduccién %
= Raked tips: reduccion 5.5 %
= KC-135 winglet: reduccion 4.5 %
= Blended winglet: reduccion 4 %
= Tip plus winglet: reducciéon 3.5%
= MD-11 extended winglet: reduccion 3.5%

¢Cémo lo aplico? ) Cp = Cp, + KC}

|

]
#®
= *
25
= 3
5 'y
b
= ] o
=
§ 3
=
. -]
E 2 # HC-135 winglet
% © MD-11 safended wingiel
E & T47-400 twp plus wingled

1 & TI7-BOD blended wingled

W TET-400 raked 1ap
0
0 s 4 & 8 10 12 14 16 I8

Percentage increase m honzontal and vertical span

éarlwemi onal Blended
wingtip winglet
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Otras influencias del ¢,

= Hay que considerar otros aspectos de la generacion
de sustentacion

= Efectos no lineales de la sustentacion

= En alas con una flecha elevada, o alargamiento, el aire se
escapa alrededor del borde de entrada de la flecha o en las
puntas generando voértices bastante fuertes que crean
sustentacion adicional que varia proporcionalmente con el
cuadrado del angulo de ataque.

= Muy dificil de estimar.
= Maxima sustentacion (configuracion limpia)
= Solo valida para configuraciones moderadas de alargamiento

C Low — = 0. 90{ COSA0?25C

= Correccion para alargamiento bajo y elevado
= Maxima sustentacion con superficies hipersustentadoras
= Incremento de sustentacion.

ingeniariz
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i Calculo del C ., - I

El C,,,.x determinara por lo general el area del ala.
= Esto a su vez tendra una gran influencia en la resistencia del segmento de crucero.
= Lo que a su vez tendra una gran influencia en el peso de despegue necesario para poder
completar la mision de disefio.
= El coeficiente de sustentacion maximo es uno de los parametros mas criticos para la
determinacion del peso del avion, pero paraddjicamente:
= La estimacion del C,,,., es uno de los métodos menos fiables de todos los que se emplean
en los calculos para el disefio conceptual de aeronaves.
= Ni siquiera ensayos en tineles de viento pueden predecir de forma precisa las caracteristicas
de los valores de coeficiente de sustentaciéon maximo.
= La forma del borde de ataque es uno de los parametros determinantes ya que un
ala con estrechamiento relativamente bajo, y un borde de ataque relativamente afilado
tendra un aumento en la sustentacion debido a la generacion de vortices en el borde de
entrada.

Introduccion a los perfiles NACA

} AY (PERCENT OF CHORID)

- Table 12.1 AY for common airfoils

B Airfoil type ayY
NACA 4 digit 26 t/c
\ © NACA 5 digit 26 t/c
NACA 64 series 21.3t/¢
e e NACA 65 series 19.3 t/c
Fig. 12.7 Airfoil leading edge sharpness parameter. Biconvex 11.8 t/'_c

Aeroespacial

Spaca Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 42 U=



_} a¥ (PERCENT OF CHORD)

Fig. 12.7

Airfoil leading edge sharpness parameter.

Table 12.1 AY for common airfoils

Airfoil type

AY

NACA 4 digit
NACA § digit
NACA 64 series
NACA 65 serics

26 t/c
26 t/c
213 t/c
19.3 t/¢
11.8 t/c
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Superficies Hipersustentadoras (HLD) - I

= Siempre hay incompatibilidades en el disefio de las alas cuando se consideran todos los

diferentes segmentos:
=« Idealmente durante crucero la curvatura del ala tendria que ser lo mas pequeiia posible para poder
operar a una carga alar (W/S) elevada.
= Mientras que para despegue y aterrizajes ala tiene que generar mucha sustentacion lo que implica
elevadas curvaturas. (W/S) reducida
= Para llegar a un compromiso entre los diferentes segmentos se utilizan superficies hipersustentadoras
que aumentan la cuerda efectiva.

= El aumento en sustentacion es del orden del 60-80 %.

p— C E c’

=

ﬂ SLOTTED FOWLER FLAP \

Plain Flap or Aileron

Split Flap .

<
> -
External Airfoil Flap (Fowler) = .o~
SPLIT FLAP \ DOUBLESLOTTED FLAP
S——

TRIPLESLOTTED FLAP “

S -
\

Double-Slotted Flap X\

Slotted Flap = x iF : .::.-_-._.
" Bocing 747 — Triplo-Slottad Flaps Extandad -q;. (’—} .

SLOTTED FLAP

Fig. 12.16 Flap types.

Figure 9.1 Typical TE highift devices.

n
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Superficies Hipersustentadoras - II

Superficies hipersustentadoras: o '
= Prevenir que el avion alcance valores no aceptables de :
velocidad durante despegue, acercamiento y aterrizaje. (0 Droopedleedng e
¢Como funcionan? — Aunque no todas al mismo tiempo
= Aumentan la curvatura del perfil. (5) Uper Surfoce Loading dgeFop
= Control de la capa limite mejorando la distribucién de r
presiones, re-energizando o eliminado las capas limite de baja <
1 (c) Lower Surface Leading Edge Fap

energia.
= Aumento efectivo del area total del ala: C
« Extendiendo la cuerda del perfil.
Aleta hipersustentadora — Flaps & Slats

= Flaps de borde de salida - Flaps:
= Aumentan la curvatura y mejoran el flujo en el borde de salida.
=« Tienden a promover entrada en perdida del borde de ataque
= Flaps de borde de entrada - S/ats:
=« Posponen o eliminan la entrada en perdida del borde de ataque
= No aporta beneficio a la curvatura. .

HINGED NOSE

(d) Flap Hinged About Leading Edge Radius

er Flap in Stored Position

mg

Krueger Fiap Ouring
"
FAne

Mirimum Agehus
of curvavre
(12}

Futly Extended Position
(Operate Below 250 KEAS

(e) 747 Variable (amber Leading Edge Krueger Flap

Figure 9.5 Various LE flap devices.

KRUEGER FLAP

FIXED SLOT

Fig. 7-26. Leading-edge high-1ift devices.

Fig. 7-25h. Triple slotted flap (Boeing 727)
Ingenieriz
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Superficies Hipersustentadoras — II - cont
TE HLD Complejos

Fig. 7=25h. Triple slotted flap (Beceing 727)

-y S
clalo
= & T (5]

Lo
(] 8]

FLAPS UP

R T
= e el Te] (8]

' isy
TAKEQFF

® fixed points

Fig. 7-25f. Double slotted flap with four- Alolols s
-
bar motion (Douglas DC-8) olo

ao
= (=]

LANDING

Fig. 7-25g. Double slotted flaps with in-
dividual adjustment of flap segments and
drooped alleron (GAF N-22 Nomad)
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Superficies Hipersustentadoras - III

Efectos HLD

[
Ry
CL & CL Gy K ‘(—\\
% /_,J—'—"_'_\ Separated Reglons
/ —% \
H —
e a Astall Cp + CMac - .
oL
Figure 9.2 Characteristics of TE flaps.
— TEFlap Aagta))
l gpﬂl’! ~a
’l‘
Slot
CL Closed
A300 Leading Edge Slats Extended /
-5 0 5 10 15 20 25

Alpha (deg)

alpha

Astall

Figure 9.4 Characteristics of slots and slafs.

Figure 9.8 Construction of section lift curves for TE flaps.
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Superficies Hipersustentadoras - IV
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Superficies Hipersustentadoras - V Efoctos HLD

Table 9.3 Typical High-Lift Device Data

A=35deg.AR=5.76.A=0.54
Airfoil section: 10% symmeirical
Arrangement

Plain wing

20% full-span split flap, &f= 60

20% full-span slat

20% full-span LE fiap

c:,.,.,, stall
090 16

145 1046
1.38 236
1.49 265

20% full-span split fiap + 20% full-span LEflap  2.01  19.7

A=0degAR=40.A=10
Re=10°
Airfoil section: NACA 0010

Arrangement Ciore | O
Plain wing 0.80 13
30% full-span split filap, 8f= 40 deg 1.52 10
20% full-span slat 1.36 24
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Table 9.2 Summary of Maximum Lift Ceefficient Obtained with Various
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Superficies Hipersustentadoras - VI
. Efectos HLD

2 20 ¢
CL EFFECT OF | S

\)
L.E.DEVICE o ‘
I | LOW-SPEED

OPERATIONAL
REGION

SPLIT FLAP

,-ll-‘ _{,‘ PLAIN FLAP
L]

X

i SINGLE SLOTTED FLAP
" < \W
45

-

N

JOH Vas

501 \ DOUBLE SLOTTED FLAP

T.E. FLAPS

DEFLECTED FOWLER FLAP

— - \
3 \
INCREASING
AEROOYNAMIC

EFFECTIVENESS
AND
MECHANICAL
COMPLEXITY

26 25 30
Fig. 7-23. Lift curves with and without ' AG

high-1lift devices.

fig. 7-24. Trends in performance of
trailing-edge flaps.
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Superficies Hipersustentadoras - VII
Efectos HLD

C

PLAIN FLAP

/'\ SLOTTED FLAP

PLAIN FLAP (

SPLIT FLAP

o
NONEXTENDING FLAPS ( w \

SLOTTED FLAP

4
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Superficies Hipersustentadoras - VIII

Efectos HLD
F i
"

-

SLOTTED FOWLER FLAP \

\f‘eg..

DOUBLE SLOTTED FLAP \

EXTENDING FLAPS N
TRIPLE SLOTTED FLAP

r'd
A——
Sy
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Superficies Hipersustentadoras - IX
Efectos HLD

CL ar_ o~

LEADING EDGE SLOT

p y y \
/ LEADING EDGE FLAP
d SLOTTED LEADING EDGE
FLAP (SLAT)

a é o~

LEADING EDGE SLOT KRUGER FLAP

CLEAN
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Superficies Hipersustentadoras - X
Efectos HLD

LEADING EDGE SLOT
, i \

/'\ SLAT LEADING EDGE FLAP
7 Lk 5L
CLEAN d \

SLOTTED LEADING EDGE
FLAP (SLAT)

@ ( o~

LEADING EDGE FLAP OR SLAT KRUGER FLAP
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Superficies Hipersustentadoras - XI

CL

CLEAN

WING STRAKE (LEX)

Dryden Flight Research Center EC89-0096-149 Photographed 1990
@/ F-18 HARV flow-visualization smoke marks vortex flows
along the leading edge extension. NASA photo B

Historic Photographs { Historische Fotografien
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Efectos HLD

WING STRAKE
OR LEADING
EDGE EXTENSION
(LEX)

WING IN
TOP VIEW

VORTEX
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(] 3/12/13 10:53 Estimacion del CLmax Ig Anénimo  Publicada 0 1

¥ 1-Grupo 1 » @ 21/11/13 1:01 Pautas estimacién entrada en pérdida XFLRS [ Anénimo Publicada 1 1
(] 15/11/13 0:19 Limitaciones del uso de XFLR5 para estimar caracteristicas aerodindamicas de aviones E Andénimo Publicada 1 1

ADMINISTRACION DE | Acciones de secuencia  Recopilar | Eliminar|

Panel de control Mostranda 1 de 6 de 6 &l |—|Ecﬁtar T

ACEPTAR

@ Ingemigriz = ) iﬁﬁ‘
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i Calculo C ., - I

= En una primera iteracion se pueden emplear métodos empiricos :

= ESs necesario primero determinar C, vs. o para el ala basica.
= Después corregir para diferentes superficies hipersustentadoras.

= Necesario determinar Aogy, ACimax Y AQsTALL

= Primer paso es obtener ag, Cimax Y 2staL del perfil:

= Datos experimentales
NACA Report 824 - Summary of airfoil data.
Theory of Wing Sections, by Abbott.

= Datos empiricos
= Una vez calculado para el perfil basico extender para HLD

~— TE Flap Aagta)

ﬂc[ma!

Ce

Boeing 737 Triple-Slotted Fowler Flaps

=l

i alpha Ostall

Figure 9.8 Construction of section lift curves for TE flaps.
ingamieria
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TE Flap Aaogia)

- -3

CE:rnax Ctmax

Boeing 737 Triple-Slotted Fowler Flaps

a ia
oL ilpha stall

Figure 9.8 Construction of section lift curves for TE flaps.
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i Calculo C, ., - Datos Experimentales - I

Low-Speed Data an Airfoil Sections, Re=9x 10°[1]

Table F.1
o

Airfoil (deg) Cmg
00n& 0 0

oong 0 0

1408 0.8 -0.023
1410 -1.0 -0.020
1412 1.1 -0.025
2412 2. -0.047
2415 -2.0 -0.049
2418 -2.3 -0.050
241 -1.8 -0.040
2424 -1.8 =0.040
4412 -3.8 -0.093
4415 —4.3 -0.093
4418 -3.8 -0.088
4421 -38 -0.085
4424 —3.8 -0.082
2302 -1.4 -0.014
23015 -1.0 -0.007
23018 -1.2 -0.005
23021 -1.2 0

23024 -0.8 0

63006 0 0.005
009 0 0

63206 -1.2 -0.037
209 -4 -0.032
-210 -1.2 -0.035
63,012 0 0

212 -2.0 -0.035
-412 -2.8 -0.075
63,-015 0 0

215 10 —0.030
-415 -2.8 -0.049
-615 -36 -0.108
63,018 0 0

218 -1.4 -0.033
-418 2.7 —0.064
-618 5.8 -0.097

Ingariariz = )
Aemespac:a[ "

Ce,
(per deg)

0.108
0.109
0.109
0.108
0.108
0.105
0.106
0.103
0.103
0.098
0.105
0,109
0.105
0.103
0.100
0.107
0.107
0.104
0.103
0.097
0.112
0.111
0.112
0.110
0.113
0.116
0.114
0.117
0.117
0.114
0.118
0.117
0.118
0.118
0.118
0.118

NACA Report 824 Summary of airfoil data

a.c.
0.230
0.250
0.250
0.247
0.232
0.247
0.244
0.241
0.241
0231
0.247
0.243
0.242
0238
0.239
0.247
0.243
0243
0.238
0.231
0.258
0.258
0.254
0.262
0.261
0.265
0.263
0.271
0.271
02487
0.262
0.266
0.271
0.271
n.272
0.267

(per 359)

9.0
134
140
14.3
152
148
164
140
16.0
160
140
150
140
160
160
180
180
160
150
120
100
110
105
120
145
14.0
145
19,
14.5
150
150
150
155
145
160
16.0

c‘l’ﬂl!

092
132
1.35
1.50
1.58
168
1.63
1.47
1.47
129
1.67
1.64
1.53
147
1.38
1.79
172
1.40
1.50
1.40
087
115
1.06
1.4
1.56
1.45
1.63
0
1.47
1.40
1.68
1.67
1.54
185
1.57
1.59

T
0.7
6.0
10.8
9.6
12.8
1.4
1.17
1.0
B8
10.0
8.6
1.2
8.0
7.0

Airfoil
63,021
221

-421
43.4-420
63,4-420 5.5
63(420)-422
63(4201-517
H4-006
009
64-108
-110
64-206
-208
-209
210
64,-012
-112

212

412
64,015
215
415
645018
218
-418
418
64,021
221

-421
45-004
-009
63-206
-209
210
45-410
65,-012
212

(4411
(deg)

0
-1.3
-2.3
-2.2
-2.4
-3.2
-3.0

0

0

]
-1.0
-1.0
-1.2
-1.5
-1.6

-028
-1.2
-2.6

-1.6
2.3
0

-1.3

=29

-38

+0.005

-1.2

-2.8
i}
0

-1.86

-1.2

-1.6

-25
0

-1.0

Cm,

0
—0.035
—0.062
—0.059
—0.037
—0.065
—0.084

—0.015
—0.020
—0.040
-0.039
—0.040
—0.040

—0.017
—0.027
—0.065

—0.030
0.070
0.004

—-0.027

—0.065

-0.005

—0.029

—0.029

—0.068
0
1]

—0.041

-0.031

—0.034

—0.047
0

—0.032

C.,

(per deg)

0118
018
0120
0109
0im
o1z
0108
0109
0110
0110
0110
0110
0113
ooy
0110
01
0113
0113
011z
0112
012
0115
0m
0113
0114
0114
0110
oy
0120
0105
0107
0.1C5
0106
01ca
0112
0110
n.ica

a.c.
0.273
0.269
0.275
0.245
0.245
0271
0.264
0.256
0.262
0.235
0.261
0.253
0.257
0.241
0.258
0262
0247
0.242
0.267
0267
0265
0.244
0.266
0271
0273
0273
0274
027
0276
0.258
0.244
0.257
0.259
0262
0242
0.241
0.241

Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es

(narﬁsg)

17.0
15.0
16.0
14.0
16.0
140
15.0

20
11.0
10.0
13.0
12.0
10.5
13.0
14.0
14.5
14.0
150
15.0
13.0
150
150
17.0
16.0
14.0
16.0
140
13.0
13.0
120
11.0
12.0
12.0
13.0
140
140
140

G,
1.38
1.44
1.48
1.42
1.3
1.36
1.60
0.8
1.17
1.1
1.4
1.03
123
1.40
1.45
1.45
1.50
1.55
1.67
1.48
1.57
1.65
1.30
1.53
1.57
1.58
1.30
1.32
1.42
ne2
1.08
1.03
1.30
1.40
1.52
1.36
1.47

mox

&

(deg)

2.0
9.2
67
1.6
6.0
6.0
8.0
72
100
100
10,0
8.0
88
8.9
10.8
11.0
122
11.0
8.0
13.0
10,0
8.0
120
10.0
8.0
5.6
10.3
6.8
6.4
16
0.8
6.0
10,0
9.6
80
100
9.4

(coniinuad)
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Airfoil

L4 5] ce',. ey,
212 46 14  -0033 D108 | 0269 14D 150 = 9.6 Airfoil (deg)  Cm, | (perdeg) o.c. | (perdso) e
412 30  -0070 011 0.265 155 166 | 108 63A210 -15 0040 | 0103 0257 140 | 1.43 | 100
65,015 i 0 0111 0257 15.0 142 112 644010 0 0 0110 0253 120 | 1.23 | 100
215 -12  -0032 02 0269 155 153 100 644210 15 | —0040 0105 | 0281 130 1.4 | 100
415 26 | 0060 0111 0248 160 161 7 18410 -30  —0.080 0100 D254 150 | 1.1 | 100
415 5 26 | -0051 011 | 0264 200 160 7.0 64,4212 20  —0040 0100 0282 140 1.8 | 110
65215114 | —07  -0019 0112 0.265 150 144 105 64,215 20 0040 | 0095 0252 150 | 150 120
65(216)-415,; | =30 -0.057 0.106 0.267 180 160 6.0 g = angle of afiock at which liff curve censes to be linear [incipient stall).
453018 0 0 0.7100 0.242 17.0 144 10.0 Mode: Cwo is about the merodynomic center (o.c.).
418 s 30  -0081 0112 0.266 200 158 | 44
418 —40  -0J00 010 0273 200 160 4%
65-018 0 D D100 0.267 160 137 100
218 12 _0030 0700 0.263 180 148 B4
418 94 | —pps9 | 0110 | 0265 180 154 49 _
418 o 28 D055 0115 | 0267 | 180 150 60 ey —
418 —20 | —pj02 | 0113 | 0276 180 164 | 52 & Naximem Lamber
418 . 42 0078 0104 0265 200 151 5. I,f
65021 i 0 D112 | 0.267 185 140 74 £ MemOnteripe
221 13 -0029 0115 0274 205 146 60 -
421 98 0066 0N 0272 220 156 50
A7 . 98 _0052 0116 0272 200 143 54 chard
65(421)-420 | 24 0041 0116 | 0276 20.0 152 | 47 Locanef '
66008 i 0 0000 0252 90 080 @ 65 - Hmum -
009 0 0 D103 0.259 100 105 100
66204 16  -p038 0108 0257 105 100 70 ) o )
200 10 | -0034 0107 | 0257 no 117 | oo Figure F-1  Airfoil terminciogy.
210 13 -0035 0110 0261 1o 127 1040
66012 0 0 0106  0.258 140 125 | 112
212 -12  -0032 0702 0259 150 146 114
66-015 0 D005 0105 0265 155 135 | 120
215 1.3 0031 0106 | Z40 160 150 114
415 96 0069 0]06 0260 170 160 100
66(215)-016 0 0 0005 0.260 140 133 100
216 20  -0044 0114 0262 160 155 @ 848
216 os 12 _opo30 0100 0257 160 146 70
418 24 | _DD8 0100 | 0.265 180 160 | 40
634010 i 0005 0105 | 0.254 130 120 | 1040

0  ipmma—— = NACA Report 824 - Summary of airfoil data
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Company
AAl

AAl

Aamioochi
Aaminoch
AemAnochi
AamAncch
Aer0 Commandes
ham
hanymnman
AamyEnnman
hamyeonmant
Alrbaa

Ay

]

Bada

Bed

Beach

Beach

Beech

Company
Schleschar
Schleschar
Schleichar
SHnpaty

SNy

Sinpstny

Sknoon
Stoodand-Hamilkan
Stoddard-Hamitkan
Supanmaring
SwEringes

Companies
Datos Experimentales - III
Aircrafi Airfoil (Root)
RE-2 Monaar NACA 4415
Shadow 200400 NACA 4415
ME. 339 NACA 644114
MC. 202205 NACA 230748
MC. 72 BHCOmeay
SF-240 NACA 64-212
Shtke S00/600/720 NACA 23072
L-139/3R50 WACA 644012
Gozomer Condar Lissoman 7749
Hallos Balky 54078
Pamfinoar Liaback LAZ57 3A
#3008 18%
Wiszan N&CA D010 mod
CF-106 Armw NALA D003.6 mid
BO-4/&T NACA 64-415
BL-5 NACA 64-213
Bonanzo/ighining NACA 230145
King Ak NACA 23074.5
CILgan Alr NACA 23078
Aircraft Airfoil (Root)

AW 24 Dalf 089153
ASW 28 Dalf DUFF-144
Ka-& Rmonaagiar NACA 53-618
T4 Falcan Goedtingan 535 mog
T4 SKylaek 2 NACA 53620
T&7 Firafty NACA 23015
Resan Clork
Glosalr NAGA GA[W)-2
Gloetar NASA GA[W)-2
Spifina WACA 2213
Quean Alr &00 NALA 23018

| Metin Y | NACA 654215

il o M

Ingamiariz —

Aeroespacial
< &

S———© TN T—

Company
Biedl

Bedl

Bedl

Bedl
Bedanco
Boaing
Boaing
Boaing
Boaing
Boaing
Boaing
Boaing
Bragual
BAE

Cacwng
Cianeno
Caoenn
Caoeno
Ciaenn
Carmir
Carmvalr
Carraalr
DigHavllkand
Dougio
Diouglos
Douglas
Dougloz
Dougloa
Diouglon
Fainciiid
Fard
Genami Alpmics
Genem| Axpmics
Genan| Dynomice
@rumeman
@rumsman
Brumman
Grumman
Grumman

Aircrafi
P-39 AkCobr
P-ES Arcomet
P-6:3 Kingcobr
]
Cilabna
B-17
B-29
FOTRATTAT AT 5T
Condar
C-17
F-15 Engla
F-18
41
AN-3 Harmar

1501521 721801822046

208 Canmwan
310273
T-3r

Ciation Lay
B-58 Hugtiar
F-102

F-10¢& Desio Do
[OH-106 Comet
B SipnmaR
0C-3

D4

-4
DC-8/DC-wnC-10
C-55E-1 Skyrockel
A-10 Thunderoolt |1
Trimoioe

-1 Pragafor
Re-s

F-111

ST 6HLU-1 6 AlDoiraes
E-2 Howlaye

A-s Ininuder

F-14 Tomcat

FOF Cougar

Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es

Airfoil (Root)
MACA D015

| MACA 46014

HACH &4-114

| MACA &4A011

MACA 4412
HACA 0018
Eoeing 117 (22%)

Eoeing airfalle (12%-15%)

laback LO-174

| DLBA 142

MACA SAADDG.A
HACA &5A005 mod
HACA 83A414
Hawkar 10

HACA 2412
HACAZIDTT
MACAH 2412

| MACA 23018

HACH 23074

| MACA 0003.44

Defia Dogger
NACA DOD4-85 mad
MACA A3AT 16 mod
MACA 0O0B-1.1-25

| HACA 2215

MACA 23014
MACA 23074
DSMA

MACA 63010
HACASTIG
Goattingan 284
£

Pragigtor B

| HACH &4-210.68

HACA 23T

NACA 83AZ14

MACA &4ADDT mod
HACA &BAAZ0T A5 mod
HACA &AAD10

bl u}"‘
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Company
Gulfaiream
Hawiker

Hiavker

Hughas

Hughea

Hughea

Loored

Loghar
Locifeed
Locihesd
Locknead
incknesd
Locinesd
Lookmesd
Locifeed
Locineed
Lockhead Maorlin
Lockhoad Marlin
McDonnell Douglne
McDonngll
Mezzamchmif
Mozzarchmif
Meszanchmif
Meszanchmit
Moongy

Moarin Amesican
Morin Amesican
Morin Amesican
Morin Amescan
Morih Amercan
Norihmg
Moriog
Morinmg
Moriniop
Morinop
Moo Griememan
Hilatue

Pl

Ingamiariz = )

Leraespacial

Aircraf

GGG
Hurricang
Typhoan

H-1 (Long Wing)
H-1 (short wing)
H-4& Harules
23-60

(unly of Mich)Teal
P-80 shooling Siox
P34 Lightnang
F-4

P-3 Orlon/Elecir
LL-2AR5

C-130

L-1011 Trizhar
F-117 Kigrihawk
F-14

Palecot

F-4 Pnoniom
F-101 Voooao

Br 109

B 110/161/162
Me 209

Me 243

Gl

P51B0D Muchang
B-25 Miizhall
F-B4F

F-1003D

T-37 Sabrallnar (~A0/60)
B-2 Spirt

F-ETigar

F-20 Thpershok
T-38 Talon

Tocit Bae

RE-4A Gloool Homa
RC-12

PC-& Turoo Porer

Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es

Airfoil (Root)
NACA 0012 mod
Cloek YH (19%)

NACA 2319

N&CA 22014 5

NACA 2418

NACH £34{4200-321
RA&CA 64109

NACA GIRATE

NACA £5-213

NACA 23074

MA&CA 65-213
NACADD14-1.0
NACA S44409

NACA S44318
Lockhead ol {12.4%)
5 Miode upper, 2 kower
NACA S4h204

L8 ol

NACA D006 4-64 mod
NA&CA S5ADOT mod
NACA 291 14.2
NACA 201 18.5
NACA 201 14

Mo 1.82514-1.1-30
NACA &3-215

WA&CA 45-100

N&CA 23007

e CA D00 -6d mid
WA&CA S4A00T

RACA &2 2
Momdan eupescrilical
NA&CA S54004.8
NACA 540048
NACA S5AD0L.8
Clork ¥ mod
NASALRM 1015
MASA LS(11-0417
NACA £4-514

Company
Plioiuz
Plimiug
Alioie
Plpar
Plpar
Plpar
Plpar
Plpar
Plpar
Plpar
Plpar
Plpar
Plpar
Plpar
Plpar

Pife

Pitta
Repubsc
Repubic
Repuba;
Rufm
Rufom
Rufon
Rufon
Rufon
Ruion
Rufon
Ruion
Ayan

Ryan

Ryan

Ryan

Ryan

Ryon
Schempp-Hirn
Schemgp-Hirn
Schielchar
Schiglchar
Schiglcner

Aircraft
PC-7 T Troines
PC-38 Tw/in Poenar
PC-R
J-3 Cul
L-14
P-22 Tripooar
PA-24 Comanche
PA-28 Chesniee
431 CTIEyanNe
P-32 SOrmiogo
PA-34 SEneco
PA-38 Tamorawk
PA-40 Armpaha
P-4 Masu
PA-48 Enfoicer
5100
E1E
F-B4F Thundarsieak
F-10& Thundeanchied
P-47 Thunderbalk
Yomviggan
Profeus
warazg
Pond Baces
Rophar
Gloonl Fivar
Spoce Ship Ons
Winiite Knighi
Ah-34 Faedea
AA-58
SUpEMEONIC Firatea
Spirtk af 51, Lowla
favion
-4 Gloool Howk
Pt 1
amibue 3
ASW 200
AGW 22
AGW 23

Airfoil (Foaot)

| MACH 848415

MACH 44-514
PILT 58825
IS4 350

| USk 358

LS54 356
MACRALAZ 1 5
MACH 85-415

| Mok 438415

MACH 85-415

| NACA 65415

MASA GAW)-1
NACA 84215
NACA 23015

| NACA 45-100

HACA M-5
Symmeincol

| MNAGA &AAD10

MACA 45A005.5
Severaky 5-3
moncz 11 146MS
MACA 4414

| Mok 4414

Aoncz

| RONCZ RAW1 7B

Foncz

| pulon

Hafbalg

MACA 10%; hybnd
HACA 001 2-64
Symmednical 3%
Chark

| MACA A4715R

MASALRN 1015
wWartmann FX &7%-170
Gostingan 681

| Wwarimann FX 62-131 (14.4)

Wartmarn FX 5-02-194
Warmann FX 41-148
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i Ejemplo de Base de Datos

= UIUC Airfoil Data Site
= http://www.ae.uiuc.edu/m-selig/ads.html

= Michael Selig
Department of Aerospace Engineering
University of Illinois at Urbana-Champaign, Urbana, Illinois 61801

= Software y bases de datos sobre informacion de perfiles.

= The Incomplete Guide to Airfoil Usage

= http://www.ae.uiuc.edu/m-selig/ads/aircraft.html

= David Lednicer
Analytical Methods, Inc.
2133 152nd Ave NE
Redmond, WA 98052

dave@amiwest.com

NACA Report 824 - Summary of airfoil data

Ingamiariaz =
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_____________________________________________________________ :
i Identify and prioritize wing design requirements
1
1
Wi D Si ! (Performance, stability, producibility, operational requirements, cost, flight safety) !

Ingamiaria

Aeroespacial _

L

F 3

Select number of wings

I}

Select wing vertical location

Select/Design high lift device

1§

Select/Determine sweep and dihedral angles (A, I')

Select or design wing airfoil section

Determine other wing parameters (AR, A, Ly, 0y)

Calculate Lift, Drag, and Pitching moment

Requirements Satisfied?

| Optimization

Calculate b, MAC, C,, C;

Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es

64



Coeficiente de sustentacion vs. Angulo de ataque

The maximum lift coefficient (Ciyax)
The stall angle (o)

The ideal lift coefficient (C, )

The angle of attack corresponding to ideal lift coefficient (o)

L

The Lift coefficient at zero angle of attack (C}D) G 4
The zero lift angle of attack (o) N
The lift curve slope (C}a )
dC t
C, =—L=1.87(1+0.8-2=x)
c, T da ¢
i I 1
I I
I |
C, | l
I I
I I
| I
I I
/ | | :
COlg
[+ lﬁgqnim'ia . [ :'g-?
= eroespacial, Célculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 65 U=
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Variaciones de Pitch Moment

A
Cm /4
_|_
S >

Figure 5.13. The variations of pitching moment coefficient versus angle of attack

A

Cm ac

G

Figure 5.14. The variations of pitching moment coefficient versus lift coefficient

Ingamiariz =
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‘L Variaciones de Resistencia

Minimum drag coefficient

iIngarigriz — i i )
-49@%@_‘:‘?‘[* Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es
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Criterios de Seleccidon de los Perfiles - I

The airfoil with the highest maximum lift coefficient (C, ).

1.
2. The aurtoil with the proper ideal or design lift coetticient (C; or C; ).

3. The aurfoil with the lowest minimum drag coefficient (C, ).

4. The airfoil with the highest lift-to-drag ratio ((Cy/Cg)max)-

5. The airfoil with the highest lift curve slope (C )

6. The airfoil with the lowest (closest to zero; negative or positive) pitching moment
coefficient (C,,).

7. The proper stall quality in the stall region (the variation must be gentile, not sharp).

8. The airfoil must be structurally reinforceable. The airfoil should not that much thin that
spars cannot be placed inside.

9. The airfoil must be such that the cross section 1s manufacturable.

10. The cost requirements must be considered.

11. Other design requirements must be considered. For instance, if the fuel tank has been
designated to be places inside the wing inboard section, the airfoill must allow the
sufficient space for this purpose.

Ingamiaria -

. Fm
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Criterios de Seleccion de los Perfiles - II

As a guidance: the typical values for the airfoil maximum thickness-to-chord ratio of majority of
aircraft are about 6% to 18%.

1- For a low speed aircraft with a high lift requirement (such as cargo aircraft), the typical
wing (1/¢)max 15 about 15% - 18%.

2- For a high speed aircraft with a low lift requirement (such as high subsonic passenger
aircraft), the typical wing (t/c)max 15 about 9% - 12%.

3- For the supersonic aircraft, the typical wing (t/c)max 1s about 3% - 9%.

Introduccion a los perfiles NACA

iIngarigriz — ) i )
SAeroespacial Célculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 69



Pasos para la seleccion de perfil - 1

1. Determine the average aircraft weight (W) in cruising flight:
W; is the initial aircraft weight at the beginning of cruise

W, +W . . . :
. F7 Wre is the final aircraft weight at the end of cruise.

2. Calculate the aircraft ideal cruise lift coefficient (C;_ ). In a cruising flight. the aircraft

weight is equal to the lift force (equation 5.1). so:

2 . o . . . . . - . .
2w, where V. is the aircraft cruise speed. p is the air density at cruising altitude. and S is the

Cp =—2= .
PV:-S  wing planform area.

L:Wj%pVESCI_ =mg (5.1)
| R , ,

D=T= 3 PV -SCp =nT . (jet engine) (5.2)
1 nipF . .

D=T= 5 PV SCp = % (prop-driven engine) (5.3)

c

The wvariable *n” ranges between 0.6 to 0.9.
only a partial engine throttle is used in a cruising flight and maximum engine power or engine thrust is not emploved

For the airfoil mnitial design. it 15 suggested to use 0.75.
o jnqggnim: - [ T
B Aeroespacial 70 U#
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Pasos para la seleccion de perfil - II

3. Calculate the wing cruise lift coefficient (C;_ ).

- The wing is solely responsible for the generation of the lift.

- Other aircraft components also contribute to the total lift; negatively, or positively; (20%)
- Thus the relation between aircraft cruise lift coefficient and wing cruise lift coefficient is a
function of aircraft configuration.

C oL Estimacion preliminar

4. Calculate the wing airfoil ideal lift coefficient (C, ).

- The wing is a three-dimensional body, while an airfoil is a two-dimensional section.

- If the wing chord is constant, with no sweep angle, no dihedral, and the wing span is assumed
to be infinity; theoretically; the wing lift coefficient would be the same as wing airfoil lift
coefficient.

- However, at this moment, the wing has not been designed yet, we have to resort to an
approximate relationship. In reality, the span is limited, and in most cases, wing has sweep
angle, and non-constant chord, so the wing lift coefficient will be slightly less than airfoil lift

C, =— Estimacion preliminar

iIngarigriz —
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Pasos para la seleccion de perfil - II1

5. Calculate the aircraft maximum lift coetficient (C;_):

_ 2’”2'_0
Lo ;—_}D VEE 51

(___1
where V, i1s the aircraft stall speed. p, is the air density at sea level. and Wrp 1s the
aircraft maximum take-off weight.

6. Calculate the wing maximum lift coefficient (C, ). With the same logic that was

described 1n step 3. the following relationship is recommended.

c, = Sm
0,95
7. Calculate the wing airfoil gross maximum lift coefficient (C; ).
C
C, _
w09

where the wing airfoil “gress™ maximum lift coefficient is the airfoil maximum lift coefficient in
which the effect of high lift device (e.g. flap) is included.

[ Ingemieriz — P
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Pasos para la seleccion de perfil - IV

8. Select/Design the high lift device (type. geometry, and maximum deflection).

Se va a explicar a posterior

9. Determine the high lift device (HLD) contribution to the wing maximum lift coefficient AC;

10. Calculate the wing airfoil “»er” maximum lift coefficient (C, )

C_=C_ -AC,

max T g s

11. Identify airfoil section alternatives that deliver the desired Cj; (step 4) and Cjey (step 10).

- The horizontal axis represents the airfoil ideal lift coefficient while the vertical axis the airfoil
maximum lift coefficient.

- Every black circle represents one NACA airfoil section

- Bibliografia adicional

I

nii

4

Abbott I. H. and Von Donehoff A. F.. Theory of Wing Sections. Dover, 1959
4. Anderson J. D., Fundamentals of Aerodynamics, McGraw-Hill, Fifth edition. 2010

o ' .
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C Ii and C Imax

Ensenanza Virtual

FAQ Aerodynamics
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Pasos para la seleccion de perfil - V

12. If the wing 1s designed for a high subsonic passenger aircraft, select the thinnest airfoil

(the lowest (t/C)max).

Reduce the critical Mach number (Mcr) and drag-divergent Mach number (Mdd).
This allow the aircraft fly closer to Mach one before the drag rise is encountered.
Thinner airfoil will have a higher Mcr than a thicker airfoil

A

Wing zero- 0.03
lift and
wave drag

coefficient
0.02

Mach number

Figure 5.24. Variation of wing zero-lift and wave drag coefficient versus Mach number
R for various airfoil thickness ratio.
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Pasos para la seleccion de perfil - VI

Tabla comparativa entre perfiles

Design Weight | Airfoil 1 | Airfoil 2 | Airfoil 3 | Airfoil 4 | Airfoil 5
objectives
Cdmiu 25%
Cro 15%
Ol 15
(N 10
(Cr/Ca)max 10%
Ciy 5%
Stall quality | 20%
Summation 100% 64 76 93 68 68
NACA C_dmin Cmo alpha stall alphaZL | Cl/Cd max C_L max CLo Stall qual Claplha
4415 0,00559 | -0,1049 19,4 -4,1 173 1,9806 0,4882 |moderate- 0,1175
4418 0,00585 | -0,1036 19,2 -4,1 171,3488 1,9308 0,4892 |moderate- 0,1185
4412 0,00524 | -0,1055 19,3 -4,1 167,6032 2,022 0,4846 |moderate 0,1108
a4 0,00616 | -0,1017 19,2 -4,1 163,664 1,895 0,4857 |docile-mod 0,1118
63_3 215 0,0042 -0,1228 21 -4,56 167,93 1,9981 0,5446 |moderate 0,1103
633618 | 0,00433 | -0,121 20,6 -4,5 179,0716 1,9032 0,5489 |docile 0,1124
64 3618 | 000431 | -0,1218 22,4 -45 187,4848 1,9062 0,5468 |docile + 0,1099
653618 | 00038 | -0,1245 23,6 -4,7 195,4118 1,8796 0,5489 |docile ++ 0,1135
12 0,00509 0 20,4 0 126,6477 1,8816 0 Sharp 0,1132
Ingamiaria i
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Pasos para la seleccion de perfil - VII

= Ejemplo

Select a NACA airfoil section for the wing for a jet non-maneuverable GA aircraft with the following
characteristics:

Mo = 4000 kg. S =30 m’. V. =250 knot (at 3000 m). V, = 65 knot (sea level)

The high lift device (split flap) will provide AC; = 0.8 when deflected.

Ideal lift coefficient: Maximum lift coefficient:
2w 2x4000x9.81 2W. .
C, == o XS o176 ¢, ——te o XA g
PVIS  0.9%(250%0.514) x30 PSS 1225x(65%0.514) x30
C 0.176 C
C, = Le _ — 0185 C, = Lo :1'909:2_01
v 0.95 0.95 v 0.95 0.95
C 2.01
C.. 0185 c, = == 29033
C, =—=-= ~0.205=0.2 g 09 0.9
’ 0.9 0.9
C, =C —AC, =2.233-0.8=1.433
TILAE MW gy o A g7 0
SAeroespacial Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 77 1033



Pasos para la seleccion de perfil - VII

Ci=02, Cippp=143 EZp =} & ) 633218, 64-210, 66,-212, 66,215, 65;-218
No | NACA C dmin Cmo | 0 (deg) | o (deg) | (CyCa)max | Stall quality
Flapup | 8= 60°
1 633-218 0.005 -0.028 |12 -12 100 Docile
2 64-210 0.004 -0.040 |12 -13 75 Moderate
3 66:-212 0.0032 | -0.030 |12 -13 36 Sharp
4 66,-215 0.0035 | -0.028 | 14 -13.5 36 Sharp
5 65;-218 0.0045 | -0.028 | 16 -13 111 Moderate
Aémefefff?j. Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es
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Pasos para la seleccion de perfil - VIII

1- The NACA airfoil section 66,-212 yields the highest maximum speed. since it has the
lowest Cgmin (0.0032).

2- The NACA airfoil section 655-218 vyields the lowest stall speed. since it has the highest stall
angle (16 degrees).

3- The NACA airfoil section 65;-218 yields the highest endurance. since it has the highest

(CyCq)max (111).

4- The NACA 635-218 yields the safest flight. due to its docile stall quality.

5- The NACA airfoil sections 633-218. 66,-215. and 653-218 deliver the lowest control
problem in flight, due to the lowest Cp, (-0.028).

- Since the aircraft is a non-maneuverable GA aircraft, the stall quality cannot be sharp;

- NACA airfoil sections 661-212 and 662-215 are not acceptable.

- If the safety is the highest requirement, the best airfoil is NACA 632-218.

- If the low cost is the most important requirement, NACA 64-210 with the lowest Cdmin is the
best.

- If the aircraft performance (stall speed, endurance or maximum speed) are of greatest
important design requirement, the NACA airfoil section 653-218, 653-218, or 661-212 are the
best respectively.

- This may be performed by using a comparison table incorporating the weighted design
requirements.

Ingamiariaz =

-49@%@3&[* Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 79



Pasos para la seleccion de perfil - IX

Wing Incidence

1. The wing must be able to generate the desired lift coefficient during cruising flight.

2. The wing must produce minimum drag during cruising flight.
3. The wing setting angle must be such that the wing angle of attack could be safely varied (in fact

increased) during take-off operation.
4. The wing setting angle must be such that the fuselage generates minimum drag during cruising

flight (i.e. the fuselage angle of attack must be zero in cruise).

1
1
I
/ o
()‘.'SET
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Herramientas — XFOIL & XFLR5
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Aemequgif Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 81 U=

El XFOIL, predecesor del XFLR5, software libre y permite el analisis y
diseno de perfiles alares subsonicos.

= Creado por Mark Drela como una herramienta de diseno para el proyecto
Daedalus en el MIT (Massachusetts Institute of Technology) alla por la década de
los 80

= Programado en FORTRAN (ultima version data de 2001): muy utilizado

XFLR5 is an analysis tool for airfoils, wings and planes operating at
low Reynolds Numbers

= ElI XFLR5 sucesor natural del XFOIL: programado en C++
= http://www.xflr5.com/xflr5.htm

DEMO




Herramientas — XFOIL & XFLR5 - 2

= Empleo de herramientas

= Estudios 2D:
= Seleccion del Perfil (Direct Foil Design)
= Refinado del perfil
= Modificacién del perfil
= Estudio 2D (XFOIL Direct Analysis)
= Estudio 3D

= Definicidn geometria y perfiles: ala, HTP y VTP

= Definicidén de condiciones de vuelo
LLT: Lifting Line Theory
VLM1: viscoso y no Vviscoso
= Wing and Plane Design
Polar Type: Fixed Speed, Fixed Lift, Fixed aoa, Fixed beta Range
Analysis: LLT, VLM1 (no sideslip), VLM2, 3DPanels
Inertia
Ref. Dimensions: Wing planform, projected wing planform, user defined
Aero Data: Densidad, viscosidad, Ground Effect

= Analizar los distintos métodos de analisis
= Recomendaciones iniciales

« LLT: determinacion de Clmax y Polar
= VLM1: determinacion de polar (no resultados buenos)

"] Inganiaria .
X Aemefeic_:ﬂ_ Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es
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:L XFLR5 — Estudio 2D

B firs v6.11

| _ - N __ .- |
File View Fail Splines Options 2 I )J-Kt(
L O ¥t e o
P B f;ev\x Sé& 3 i d

. [ s o0

Foil direct design J X
y Hame Thickness (%) at (%) Cambar (%) at (%) Pointa TE Flap {°} TE XHinge TE YHinge Show Points Centerline Style -f
|1 spline foil 9.03 20.00 0.00 43.00 158 0.00 0.00 0.00 I
NACR 0012-64 1z.00 40.00 -0.06 0.00 200 a.00 0.00 0.00 X
:3 NACR 0012-64 (Flap 30) 1z2.00 40.00 -0.06 0.00 202 30.00 75.00
|2 Waca 0012-84 (Flap m30) 1z.00 40.00 -0.08 0.00 202 -30.00 75.00 50.00
NACR 0012-6¢ (flap) 1z2.00 40.00 -0.06 0.00 200 0.00 0.00 0.00
|6 NaCR OD12-84 (flap30) 1z.00 40.00 -0.08 0.00 202 30.00 75.00 50.00
. St. CYR 24 (Bartel 35-IIIC) 12 34 28.57 7.44 34.98 100 0.00 a.00 0.00 X
| St. CYR 24 (Flap 15md) 1z.35 29.37 7.44 3s.23 104 0.00 0.00 0.00 x
St. CYR 24 (Flap 30) 12_36 28._97 744 34.98 104 30.00 75.00 50.00 X
:m St. C¥R 24 (Flap 40) 1z.38 28.97 7.44 34.98 100 0.00 0.00 0.00 X
%1155:. CYR 24 (Flap 45) 1z.38 28.97 744 34.98 103 45.00 75.00 50.00 X
|1z St. C¥R 24 (Flap m30) 12.38 28.97 7.44 34.38 104 -30.00 75.00 50.00

Demo™
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:L XFLR5 — Estudio 2D

B 5611 Sma]  [oe o5

File View Foil Design Analysis Polars Operating Points Graphs Options 1

o 1
|_| 7 I L . | |maca 001264 + [T1_Ren.100_Mo.00_ns.0 |

Analysis settings
o
Seguence
Start=

End=
A=
| Viscous | Init BL

| Store Opp

Analyze

Palar properties

Type = 0 (Fixed speed)
Reynolds number = 100.000
Mach nurber = 0,00

NCrit = 8,00

Forced top trans. = 1,00
Forced bottom trans. = 1,00

Number of data points = 106

Graph Curve Settings

V] Curve : Alpha
Points

Style

Width

Color

X =0499132, ¥ = 264735 Deme*

(] ingeniariz
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Flying Wing flap up 2°

Wing Span
xyProj. Span
Wing Area
xyProj. Area
Plane Mass
Wing Load
Root Chord
MAC

TipTwist
Aspect Ratio
Taper Ratio
Root-Tip Sweep
Mesh elements

2260.000
2000.000
0.445
0.420
0.910
2.167 kg/m*
300.000 mm
215.791 mm
0.000°
11.475
3.750
27.769°
1122

Plane analysis

Animate

CL

CD

Efficiency

CL/CD

Cm

Cl

Cn

X CP

X_C6

Flap 1 Moment
Flap 2 Moment =
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Aeroespacial

= Plane Edior

Plane Description

Flying Wing flap_up_2°

Description:

Flane Inertia

Main Wing
Main wing

Tilt Angle=

X=
I=

Tilt Angle= 0,00

Wing Area = 0.45 m?
Wing Span = 2260.00 mm
Elev. Area = m?2

Elev. Lever Arm =

Body

Warning:

Induding the body in the analysis is not recommended.

Check the guidelines for explanations.
[ Body Define Impart

W= 0.0a0

= 0,00

\Wing 2
[ Biplane
Define x= 0,00
Import Z= 0,00
Tilt Angle= 0,00
Fin
[T Fin
Define 50,00
Two-sided Fin 0,00
Double Fin 0,00

Tilt Angle= 0,00

Fin Area =
TailVolume =

Total Panels =

Cancel

mm

mm

mm

mm

mm

o
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ING-DESIGN

I:l Description:

V] Symetric @ Right Side

!InsErt before section 1 |Ir|sErt after section 1‘ !DE\ELE section Ll

;- ¥ (mm) chord (mm}) | offset (mm) dihedral twist (®) foil X-panels X-diat Y-panels Y-dist
300,000 0,000 0,0 0,00 MH 45 Flsp Up 2° 11 Cosine 15 -Sine
3 1.000,000 120,000 500,000 30,0 0,00 MH 45 Flsp Up 2° 11 Cosine
3 1.01a,000 110,000 510,000 80,0 0,00 NACA 0007 Free Transitiomns 11 Cosine
| 4 1.130,000 80,000 650,000 0,00 NACA 0007 Free Transitions

Wing Span 2260.00 mm
Area 0.95 m?
Projected Span 2000.00 mm
Projected Area 0,92 m2
Mean Geom. Chord 196.95 mm
Mean Aero Chord 215.79 mm
Aspect ratio 11.48
Taper Ratio 3.75
Root to Tip Sweep P Al
Mumber of Flaps [1]
Number of VLM Panels 550
Number of 30 Panels 1122
[¥] Axes V| Panels
Surfaces Qutline
| Foil Mames | Masses
"z B =¥ [Z ]
Bl L] [ LB
Xy Y K I 3
| Reset ‘ | Pick Center |
Clip Flane {J
| Reset Mesh ‘ | Other = |
| Save and Close ‘ | Cancel |
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v Analysis Definition - xflr5 v6.32 et EAnalysis Definition - xilr5 v6.32 ?
| i - -proj_ar
Auto Analysis Name T2-VLM1-proj_area Auto Analysis Name |[T2-VLM1-proj_area
i Inertia i i
Rolelype analysis b s GEig] e Bl Polar Type Analysis Inertia Ref. dimensions Aero data Extra drag
Inertia properties —— Analysis Methods
v U I inerti
se plane inertia () LLT (Wing only)
Plane Mass = 0.910] kg (®) Horseshoe vortex (VLM1) (No sideslip)
X_CoG = 248,862 mm () Ring vortex (VLM2)
Z_CoG = 3,155 mm O 3D Panels
Options
Viscous
[ Tilt. Geom.
Ignore Body Panels
E Analysis Definition - xfIr5 v6.32 ? X
Auto Analysis Name T2-VILM1-proj area
Polar Type Analysis Inertia Ref. dimensions Aero data Extra drag
() Type 1 (Fixed Speed) Free Stream Speed = 15,00 m/s
(® Type 2 (Fixed Lift) o= 0,00 °
() Type 4 (Fixed aoa) B= °
O Type 5 (Beta range)
ANALYSIS DEFINITION
Tip Re.sqrt(Cl) = 31 000
Root Re.sqrt(Cl) = 117 000
= Vinf.sqrt(Cl) = 5.89 m/s
< Analysis Definition - xflr5 v6.32
e Analy ition - xfirS v6.32 ? X
Auto Analysis Name T2-VILM1-proj area R
— ~——Name T2-VLM1-proj_area
Polar Type Analysis  Inertia Ref. dimensions Aero data Extra dra
L ¥ 0 Polar Type Analysis Inertia Ref. dimensions Aero data Extra drag
Air Data Ground Effect
Extra drag Extra area (m?) Extra drag coef.
Unit @ International O Imperial D Ground Effect
1 Extra 0 0.000 0.00000
p= 1,225 ka/m3 Height = 0,00 mm
v 1,5e-05 m2/s 2 Extra 1 0.000 0.00000
3 Extra 2 0.000 0.00000
4 Extra 3 0.000 0.00000
From Altitude and Temperature < >
D = 1/2 rho V2 (S (CD_induced+CD_Visc) + S_BExtral.CD_Extral + ... + S_ExtraN.Cd_ExtraN)
[+ Ingewiaria = )
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E Analysis Definition - xflr5 v6.32

Polar Type  Analysis  Inertia
O Type 1 (Fixed Speed)

(® Type 2 (Fixed Lift)

O Type 4 (Fixed aoa)

O Type 5 (Beta range)

OK

+| Auto Analysis Name T2-VLM1-proj_area

Ref.

?
dimensions Aero data Extra drag
Free Stream Speed = 15,00 m/fs
o= 0,00 °
B = 0,00| @
Wing Loading = 2.167 kg/m?
Tip Re.sgrt(Cl) = 31 000

Root Re.sgqrt(Cl) = 117 000
Vinf.sgrt(Cl) = 5.89 m/s

Cancel
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E Analysis Definition - xflr5 v6.32

v

Auto Analysis Name T2-VLM1-proj_area

Polar Type  Analysis  Inertia

Analysis Methods

O LLT (Wing only)
@ Horseshoe vortex (VLM1) (No sideslip)
(O Ring vortex (VLM2)
O 3D Panels

v

Options

Viscous
Tilt. Geom.
[gnore Body Panels

OK

Ref. dimensions

Aero data

Cancel

Extra drag

(meo
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5 Analysis Definition - xflr5 v6.32 ?
+| Auto Analysis Name T2-VLM1-proj_area
Polar Type Analysis Inertia Ref. dimensions Aero data Extra drag
Inertia properties
+/| Use plane inertia
Plane Mass = 0,910 kg
X_CoG = 248,862 mm
Z_CoG = 3,155 mm
OK Cancel
aﬁe’_".ﬁ?iﬁf"ff?f* Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es
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E Analysis Definition - xflr5 v6.32 ? X
~/| Auto Analysis Name T2-VLM1i-proj_area
Polar Type Analysis Inertia Ref. dimensions Aero data Extra drag
Air Data Ground Effect
Unit (®) International () Imperial Ground Effect
p= 1,225| kg/m3 Height = 0,00 mm
V= 1,5e-05| m?2/s
From Altitude and Temperature
OK Cancel
aﬁe’_".ﬁ?iﬁf"ff?f* Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 92 lﬁ‘



E O Analysis Definition - xflr5 v6.32 ? X

~/| Auto Analysis Name T2-VLM1i-proj_area

Polar Type Analysis Inertia Ref. dimensions Aero data Extra drag

Extra drag Extra area (m*) Extra drag coef.
1 Extra 0O 0.000 0.00000
2 Extra 1 0.000 0.00000
3 Extra 2 0.000 0.00000
4 Extra 3 0.000 0.00000
£ >

D =1/2rho V2 ( S (CD_induced+CD_Visc) + S_BExtral.CD_Bxtral + ... + S_BExtraN.Cd_ExtraN)

0K Cancel
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i XFLR5 — Estudio 3D

xfir5 v6.11 = = | &= % y
o
N = | . €
[_\ & = _l_ St | - —|- | |FDA-1V0.0_CR_We_HTP_VTP_v1 Final Design v |T1-20.5 m/s-LLT_We_HTP_YTP_h3000 ~| o0 - -
Plane analysis X
—
Analysis settings
V| Sequence )
@
Start= -10,000 *®
End= 25,000 °
&= 0,500 °
V| Init LLT V| Store OpPoint
‘ Analyze
Variables Scales Axis and Grids Fonts and BackGround
YAxis V8.
CL Alpha
D Beta
CD_viscous L
CD_induced co
v €D_viscous Polar properties
Cm CD_induced - Fixed speed -
Cm_viscous cY 30 mis
Cm_induced Cm E
al Crm viscous Using plane inertia
y Mass = 0.000 kg
Cn ] Cm_induced o x o
Cn_viscous Cl Cok.z = 0m
Alpha Cr_induced Cn
iCL/CD Cn_viscous Analysis type = i
| Restore ‘ | Cancel
-100.
Curve settings
Curve
Points
Style
Width
Color
—
=7.38124, ¥ = 206,865 Demo™ [
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| Body Edition

| (S

Description:

Flat Panels @ Bsplines
X Hoop
Degree |3 S ‘ ‘3 2
Panels 19 11
Panel bunch i
(] ingeniariz

1 Aeroespacial
T

TE1 Uneveiacsan Omella

Frame Pasitions

x (mm) NPanels
1 -100.000
3 -983_600
3 -6.700
41 54.300
5 24z2.000
€ €36.000
7 €60.000

Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es

[N

Current Frame Definition

y (mm) oz (mm) NPanels
0.000 3.500

11_000 0_300

13.000 -13.800

11.000 -25.700
0.000 -26.800

2 ] T Y] [ Z ]
2

Xy - E7 xj4¥
Clip Plane | J
V| Axes Panels | Light
V| surfaces V] Qutiine Masses
|. Reset Scales | ‘ Pick Center

Other v
Save and Close | ‘ Cancel
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|| caze2 V24.6 VLM1_novisc.txt: Bloc de nota
e —

Archive Edicion  Formate Ver Ayuda
Kf1rs v6.10.03 ~
wing name FDA-1 V0.0
wing polar name T1-24.6 m/5-VLM1-Inviscid
Freestream speed : 24.600 m/s I
alpha CL coi DV cD cY Cl cm cn cni qinf XCP
-10.000 -0.061914 0.001503 0. 000000 0.001503 0. 000000 0. 000000 0.563211 -0.000000 -0.000000 24,6000 4.5481
-9.500 -0.016841 0.001897 0. 000000 0.001897 0. 000000 0. 000000 0.345125 -0,000000 -0.000000 24,6000 10.3535
-9.000 0.028268 0.002430 0. 000000 0.002430 0. 000000 0. 000000 0.126511 -0,000000 -0.000000 24,6000 -2.3754
-8, 500 0.073402 0.003103 0. 000000 0.003103 0. 000000 0.000000 -0.092564 -0,000000 -0.000000 24,6000 0.5459
-8.000 0.118550 0.003917 0. 000000 0.003917 0. 000000 0.000000 -0,312035 -0,000000 -0.000000 24,6000 1.2422
-7.500 0.163702 0.004871 0. 000000 0.004871 0. 000000 0.000000 -0.531833 -0,000000 -0.000000 24,6000 1.5543
-7.000 0.208847 0. 005966 0. 000000 0.005966 0. 000000 0.000000 -0.751892 -0,000000 -0.000000 24,6000 1.7313
-6, 500 0.253974 0.007201 0. 000000 0.007201 0. 000000 0.000000 -0.972146 -0,000000 -0.000000 24,6000 1.8454
-6.000 0.299072 0.008576 0. 000000 0.008576 0. 000000 0.000000 -1.192526 -0,000000 -0.000000 24,6000 1.9251
-5.500 0.3441320 0.010092 0. 000000 0.010092 0. 000000 0.000000 -1.412967 -0,000000 -0.000000 24,6000 1.9840
-5.000 0.389138 0.011747 0. 000000 0.011747 0. 000000 0.000000 -1.633400 -0,000000 -0.000000 24,6000 2.02932
-4.500 0.434084 0.013541 0. 000000 0.013541 0. 000000 0.000000 -1.853758 -0.000000 -0.000000 24,6000 2.0654
-4.000 0.478959 0.015474 0. 000000 0.015474 0. 000000 0.000000 -2.073975 -0.000000 -0.000000 24,6000 2.0949
-3.500 0.523751 0.017544 0. 000000 0.017544 0. 000000 0.000000 -2.293983 -0.000000 -0.000000 24,6000 2.1195
-3.000 0.568449 0.019752 0. 000000 0.019752 0. 000000 0.000000 -2.513716 -0.000000 -0.000000 24,6000 2.1404
-2.500 0.613044 0.022096 0. 000000 0.022096 0. 000000 0.000000 -2.733105 -0.000000 -0.000000 24,6000 2.1584
-2.000 0.657524 0.024574 0. 000000 0.024574 0. 000000 0.000000 -2.95208&6 -0.000000 -0.000000 24,6000 2.1743
-1.500 0.701879 0.027187 0. 000000 0.027187 0. 000000 0.000000 -3.170590 -0.000000 -0.000000 24,6000 2.1883
-1.000 0.746098 0.029932 0. 000000 0.029932 0. 000000 0.000000 -3.3E88551 -0.000000 -0.000000 24,6000 2.2009
-0.500 0.790171 0.032809 0. 000000 0.032809 0. 000000 0.000000 -3.605904 -0.000000 -0.000000 24,6000 2.2124
0.000 0.834088 0.035816 0. 000000 0.035816 0. 000000 0.000000 -3.822580 -0.000000 -0.000000 24,6000 2.2229
0. 500 0.B77839 0.038951 0. 000000 0.038951 0. 000000 0.000000 -4.038516 -0.000000 -0.000000 24,6000 2.2326
1.000 0.921412 0.042213 0. 000000 0.042213 0.000000 -0.000000 -4.253645 -0.000000 -0.000000 24,6000 2.2417
1.500 0.964799 0.045600 0. 000000 0.045600 0.000000 -0.000000 -4.467901 -0.000000 -0.000000 24,6000 2.2502
2.000 1.007990 0.049111 0. 000000 0.049111 0.000000 -0.000000 -4.681219 0.000000 -0.000000 24,6000 2.2582 A
2.500 1.050973 0.052742 0. 000000 0.052742 0.000000 -0.000000 -4.893534 0.000000 -0.000000 24,6000 2.2659 3
3.000 1.093740 0.056493 0. 000000 0.056493 0. 000000 0.000000 -5.104781 0.000000 -0.000000 24,6000 2.2733
3.500 1.136282 0.060362 0. 000000 0.060362 0. 000000 0.000000 -5.314897 0.000000 -0.000000 24,6000 2.2804
4.000 1.178587 0.064345 0. 000000 0.064345 0. 000000 0.000000 -5.523817 0.000000 -0.000000 24,6000 2.2872
4.500 1.220648 0.068441 0. 000000 0.068441 0. 000000 0.000000 -5.731477 0.000000 -0.000000 24,6000 2.2939
5.000 1.262454 0.072647 0. 000000 0.072647 0. 000000 0.000000 -5.937814 0.000000 -0.000000 24,6000 2.3005
5.500 1.303996 0.076961 0. 000000 0.076961 0. 000000 0.000000 -6.142766 0.000000 -0.000000 24,6000 2.3069
6. 000 1.345266 0.081380 0. 000000 0.081380 0. 000000 0.000000 -6.346270 0. 000000 -0.000000 24,6000 2.3132
6. 500 1.386255 0. 085902 0. 000000 0.085902 0. 000000 0.000000 -6.548263 0. 000000 -0.000000 24,6000 2.3195
7.000 1.426953 0.090524 0. 000000 0.090524 0. 000000 0.000000 -6.748685 0. 000000 -0.000000 24,6000 2.3257
7.500 1.467353 0.095242 0. 000000 0.095242 0. 000000 0.000000 -6.947474 0. 000000 -0.000000 24,6000 2.3319
&.000 1.507445 0.100056 0. 000000 0.100056 0. 000000 0.000000 -7.144571 0. 000000 -0.000000 24,6000 2.3380
8. 500 1.547221 0.104960 0. 000000 0.104960 0. 000000 0.000000 -7.339913 0. 000000 -0.000000 24,6000 2.3442
9. 000 1.586674 0.109952 0. 000000 0.109952 0. 000000 0.000000 -7.533444 0. 000000 -0.000000 24,6000 2.3503
9. 500 1.625795 0.115030 0. 000000 0.115030 0. 000000 0.000000 -7.725102 0. 000000 -0.000000 24,6000 2.3565
10.000 1.664577 0.120190 0. 000000 0.120190 0. 000000 0.000000 -7.914830 0. 000000 -0.000000 24,6000 2.3626
10,500 1.703011 0.125428 0. 000000 0.125428 0. 000000 0.000000 -8,102571 0. 000000 -0.000000 24,6000 2.3689
11.000 1.741091 0.130742 0. 000000 0.120742 0. 000000 0.000000 -B,288266 0.000000 -0.000000 24,6000 2.3751
11.500 1.778809 0.136127 0. 000000 0.136127 0. 000000 0.000000 -B.471860 0.000000 -0.000000 24,6000 2.3814
12.000 1.816158 0.141582 0. 000000 0.141582 0. 000000 0.000000 -B.653296 0.000000 -0.000000 24,6000 2.3878
12.500 1.853132 0.147101 0. 000000 0.147101 0. 000000 0.000000 -B8.832520 0.000000 -0.000000 24,6000 2.3942
13.000 1.889722 0.152682 0. 000000 0.152682 0. 000000 0.000000 -9.009476 0.000000 -0.000000 24,6000 2.4007
13.500 1.925924 0.158320 0. 000000 0.158320 0. 000000 0.000000 -9.184110 0.000000 -0.000000 24,6000 2.4072
14.000 1.961730 0.164013 0. 000000 0.164013 0. 000000 0.000000 -9.356371 0.000000 -0.000000 24,6000 2.4139
14.500 1.997135 0.169757 0. 000000 0.169757 0. 000000 0.000000 -9.526204 0.000000 -0.000000 24,6000 2.42086
15.000 2.032132 0.175547 0. 000000 0.175547 0. 000000 0.000000 -9.693558 0.000000 -0.000000 24,6000 2.4273
15.500 2.066717 0.181380 0. 000000 0.181380 0. 000000 0.000000 -9.B538383 0.000000 -0.000000 24,6000 2.4342
16.000 2.100883 0.187252 0. 000000 0.187252 0. 000000 0.000000 -10.020628 0.000000 -0.000000 24,6000 2.4412
16. 500 2.134624 0.193160 0. 000000 0.193160 0. 000000 0.000000 -10.180244 0.000000 -0.000000 24,6000 2.4482
17.000 2.167937 0.199099 0. 000000 0.199099 0. 000000 0.000000 -10.337181 0.000000 -0.000000 24,6000 2.4553
17.500 2.200817 0.205065 0. 000000 0.205065 0. 000000 0.000000 -10.491393 0.000000 -0.000000 24,6000 2.4626
18.000 2.233257 0.211054 0. 000000 0.211054 0. 000000 0.000000 -10.642833 0.000000 -0.000000 24,6000 2.4699
18. 500 2.265255 0.217063 0. 000000 0.217063 0. 000000 0.000000 -10.791453 0.000000 -0.000000 24,6000 2.4773
19.000 2.296806 0.223087 0. 000000 0.223087 0. 000000 0.000000 -10.937209 0.000000 -0.000000 24,6000 2.4848
19. 500 2.327906 0.229123 0. 000000 0.229123 0. 000000 0.000000 -11.080057 0.000000 -0.000000 24,6000 2.4924
20.000 2.358551 0.235165 0. 000000 0.235165 0. 000000 0.000000 -11.219953 0.000000 -0.000000 24,6000 2.5002 -
F] b
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i Metodos Virtuales - II Dirob/'s

Figure 28.- Vista dal ala definitiva con diedro an XFLRS

. rd hexagonol con XFLAS
Superficie Ci, Cr, Cr .. i, (deg) K e Cong
I VIM | 0350324 5 [ [-] 10,0317 1,00 -0,1109
Wing
I UT | 0443353 | 55673 191 26,5 00321 | 0391853 | [
CANARD | 0442032 | £,5785 | 1,802643 | 26 | 00321 | 09918 | 01748

5

Figura 30.- Modeledo del estobilizodor horizontal an XFLAS

Coeficiente Ciy C, Cron o, K e Cong
Valor 0 443 1.62 225 | 0.0399 | 0.9650 0
Jﬁwﬂiﬂa’fa i [ %?{‘
/ . . . ;
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i Métodos Virtuales - I

DirobAs

Proyecto D- I_E

ingeniariz
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!_h Célculo C, .. - VII

Wing Lift Coefficient with TE HLD

Sw = Total Wing Area

Figure 9.24 Schematic showing flapped wing area.

[+ Ingemiariz = ) 5
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i Célculo C,,..., - VIII

= Incremento de la sustentacion

Angulo de la linea de rotacién
de la superficie hipersustentadora

(High Lift Device)

Table 12.2 Approximate lift contributions of high-lift devices

High-lift device AC,
Flaps
Plain and split 0.9
Slotted 1.3
Fowler 1.3 ¢ /e
LEADING Double slotted .5 ¢c'/¢
EIM:GE i x i
DEVICES Triple slotted .9 c'fc
Leading edge devices
Fixed slot 0.2
Leading edge flap 0.3
Kruger flap 0.3
Slat 0.4c'ic

Fig. 12,19 “Flapped'" wing area.

Ingamiaria
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Coeficiente de Resistencia - Cj - I

'e— PROFILE DRAG VORTEX DRAG
La resistencia esta compuesta por: non-ell. load elliptic_wing
= Friccion de placa plana
= Profile (ACp,)
= Aspereza
= Protuberancias

= Interferencias
= Tren de aterrizaje.
=« Godndolas
= Protuberancias.

= Efectos 3-D
»« Efectos de compresibilidad (ACpyy)
»« Inducido (C %/(nARe))
= Las dos componentes mas importantes de la resistencia
aerodinamica son la friccion y la inducida. L1

= Se suele simplificar la obtencidn de la resistencia 3 01 02 03 -O‘T 05
utilizando tan solo estimaciones para la resistencia de DRAG COEFFICIEN

LIFT COEFFICIENT

friccion y la inducida. . Fig. 11-2. Drag buildup by analysis
Flav—plate triction [ (w=wing; £ = fuselage; e = engine instal-
Profile (ACp,) —] lation; v = vertical tailplane; h = hori-
Roughness F zontal tailplane)
Excrescences -
Interference —
Three—dimensional effects ]
Compressibility {ACps) [ ]
Induced (G, 2/rAR) SRR
L L J

0 20 40 60
% of total cruise drag
Figure 4.34 Typical drag buildup for jet transport.
Ingeniariz — R,
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Coeficiente de Resistencia - C, - II

= Hipdtesis simplificada:
= Polar parabdlica de coeficientes constantes.

= Cada segmento de vuelo define unas caracteristicas de polar diferentes en funcion de la
relacion L/D a las que se vuela.

= En crucero se suele aproximar con una polar parabdlica de coeﬁmenteq constantes:

CAMB!

AMBERED G

= Alas sin curvatura
=« Minima resistencia a.=0
CDo = CDmin

= Alas con curvatura B o
=« Minima resistencia o>0 Fie. 123 Drag poter.
CDo * CDmin

CD — C Dinin + K (CL o Cerain—dr-u.g)z CDO = C Dmin + KC
C mm+KCL m_dmg—l-KC%—zKCLCL k1 K
- CDO + k]_CL _— kch k2 — QKCLCLmin—drag

rrsz‘ﬂ,—d'r'ag

min—drag

= En la mayoria de los textos se asume que la sustentacion procede inicamente del
ala, lo que se conoce como polar no equilibrada, ya que tanto las derivas como el
fuseIaJe influyen en la sustentacion

Ingerniariz -
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B, Aervespacidl Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 102 U=



fme

Coeficiente de Resistencia - Cj - III

= La eficiencia aerodinamica o “Oswald Efficiency”, lo que hace es reducir efectivamente el
alargamiento del ala lo que incrementa la resistencia inducida por la sustentacion

L — 1 =) Straight-wing aircraft: e = 1.78 (1 — 0.045A4%%%) — 0.64
T Ae Swept-wing aircraft: e = 4.61 (1 _ 0_045A0.68) (cos ALE)0'15 _ 31
(ALe > 30°)
. CAMBERED

A — alargamiento del ala

CAMBER DRAG
AT ZERO LIFT

Fig. 12.3 Drag polar.

B _ e
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Pendiente de la
sustentacion

i Oswald Efficiency - e

ol Aspect Ratio
nat : 1AY + aAf + azh +aq
ay = 0.0004, as = —0.0080, a3z = 0.0501, ay = 0.8642
0.85
estrechamiento
06}
A1
Uo7 02 03 04 08 06 07 08 05 N
Flecha del borde
de ataque
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i Estimacion Cp, — I

La resistencia de friccion (parasite drag) se conoce como la resistencia en la que la
sustentacion es cero.

= Para alas sin curvatura, equivale al valor minimo de la resistencia

= Vamos a presentar dos métodos para estimar la resistencia parasitaria (Cp,):
= Equivalent Skin-Friction Method.
= Component Buildup Method.
= Equivalent Skin-Friction Method
= Esta basado en el principio que un avion correctamente disefiado en crucero subsonico

tendra solo resistencia parasitaria: g
. . .z . . wet
= asociada a la friccién de la superficie. Cpn, =Cp,
= Una pequeia componente de resistencia debida a la presion de separacion. ref

= Este lleva al concepto de un coeficiente de friccion equivalente (C;.) que incluye ambos
componentes (friccion de superficie + resistencia debida a la separacién)

o UNCAMBERED L CAMBERED Table 12.3 Equivalent skin friction coefficients
- . Sﬂ:t - -
Co, = C"'EI Cp-subsonic

Bomber and civil transport 0.0030

Cupy Mlilitary cargo (high upsweep fuselage) (0035
Drag Air Force Mghter 0.0035
Mavy fighter 0.0040

Clean supersonic cruise aircraft L0025

Light aireraft — single engine 0.0055

Light aircraft = twin engine 00045

Y ZERO LIFT Prop seaplane 0,065

Jet seaplane (0040

Fig. 12.3 Drag polar. = — e I

° I _ e
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i Estimacion Cp, — II

= El Component Buildup Method estima la resistencia parasitaria subsonica
de cada uno de los componentes de un avion utilizando el calculo de:

= Coeficiente de resistencia de friccion de la placa plana (Cq.)

= Componente “form factor” (FF) que estima la resistencia de presion debido a la
separacion viscosa.

= Se incluye un factor de interferencia "Q" que tiene en cuenta los efectos de como
los diferentes elementos del avion interfieren entre ellos cuando esta unidos.

= Cpmisc S€ refiere a la resistencia parasitaria asociada a flaps, trenes de aterrizaje,
porciones del fuselaje que con flecha hacia arriba.

= C gp Se refiere a Leakeges (perdidas aerodinamicas) y Protuberances
(protuberancias)

Form Factor
Factor de interferencia

\ /‘ Miscelaneos

X (Cf, FF.Qe-Sue
(CDO subsonic — tc + CD + CDL&P

misc
/ re_f

Leakages and protuberances

Coeficiente de friccion

@ ingamiaria )
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i Estimacion Cp, — III

El coeficiente de resistencia (C;) de tai m«wtfl;}f Y
friccion de placa plana depende de: -

= NuUmero de Reynolds.

= Mach.

= Aspereza de la superficie oo S
Puede ser turbulento o laminar todo oo e
¥ que la mayoria de los aviones tiene c,. 5. DR et

lujo turbulento virtualmente para ey
toda la superficie mOJada RN
Tlplcamente un avion correctamente 7+ v s 2 & b8 ,:"z a
disenado puede tener "=

- fluJo Iam|nar de un 10 200/0 Sobre |as T'ableg..‘irTypicjll Total Skin Friction Coefficient Values for Different Air-

plane Configurations
alas y las derivas (vertical y horizontal) ——— o
ane Lo ration " at W umbers
= Flujo turbulento en el 100% del Aplane Tt =
fuselaje Propeier driven; retraciabl gear 00045-0.007
Aviones modernos disefiados con febsrre el subramey 0.0030-0.0035
compuestos pueden tener:

= flujo laminar de un 50% sobre las Table 124 Skin roughness value 60~

alas y las derivas (vertical y horizontal) Surface )

u FIUJO Iamlnar 20 350/0 del fI.ISE|a| . (Slamgtx;lﬂag:]:&aint on aluminum ;;gi:gz
P!:-:::ziumiﬁll sheet metal :]gg * Ilg: i
g:i?tfr:ﬁ‘:zf::l :::::posit: D:]T i 10°°
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i Estimacion Cy, — IV

. El Flat Plate skin friction coefficient:

. Laminar 1.32 Vl
laminar = Cy = 3,_8 Re = P
= Turbulento Re H

0.455
(log,o Re)*?® (1 + 0.144042)"%

turbulent = Cf =

=  Caracteristica de la superficie afectan al niUmero de
Reynolds.

=  Es necesario calcular R« para superficies que no sean
suaves:

1.053

oy

subsonic = Reytorr = 38.21 (

transonic or supersonic = Reyiorr = 44.62 (I

=k es el skin roughness coefficient
= | esdistancia en feet

= El mas bajo de los dos nimeros de Reynolds (actual y
cutoff) debera ser empleado para el calculo del C;
turbulento.

0.455

turbulent = C'y =
7™ logyy Re)T™ (1 + 0.144M2)° 5

=  Cuando se obtienen los C; para laminar y turbulento se
tiene que hacer una medfla ponderada en funcion de los
porcentajes de flujo laminar que se cree que se obtendran

Cf = 150/0Cf, lam + 750/0Cf, turb

Ingamiaria

Aeroespacial

(meo

. Travuition Turbulent boundary layer
Laminar boundary hWQF-
——

0.01 \'\\
I R
=] Turty,
S. %ﬁ‘\' ".‘f'o.iss'.h-""‘h‘vl-.—q
c g log,, #)-25a
1 . B
LA (%
%m*
e
N
0.001 .
104 2 4 6 B8 j19% 2 4 6 8 108 2 4

R;'E

L

Table 4.3 Typical Total Skin Friction Coefficient Values for Ditferent Air-
plane Configurations

Airplane Configuration Cr Range at Low Mach Numbers
Propeller driven, fixed gear 0.008-0.010
Propeller driven, retractable gear 0.0045-0.007
Jet propelled, engines pod-mounted 0.0035-0.0045
Jet propelled, engines internal 0.0030-0.0035

Table 12.4 Skin roughness value (k)

Surface L
Camouflage paint on aluminum 31.33%10 z
Smooth paint 2.08 = ID_ .
Production sheet metal 1.33 % ID_ )
Polished sheet metal 0,50 10 .
Smooth molded composite 0.17 =10

.
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i Estimacion Cy, — V

Form Factor (FF Ubicacion del maximo
- tor (FF) (x) =) grosor del perfil con

respecto a la cuerda

pr = [ 98 (1) 4100 (;)j L ]

Flecha en el maximo espesor

Wing, tail, strut, and pylon

Fuselage and smooth canopy

. [1+_+@] S

400

| = longitud caracteristica
=) d = diametro
A..x = max cross sectional area
l

Nacelle and smooth external store

0.35

PPo1e7s S f=g=—

s Correcciones:

= Una deriva horizontal con una linea de bisela tiene un 10% adicional FF
debido al espacio que produce la linea de bisela.

= Un fuselaje rectangular tiene incremento de entre un 30-40% en el FF.
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i Estimacion Cp, — VI

= El factor de interferencia (Q) sirve para calcular la resistencia
parasitaria debida a la mutua interferencia entre los diferentes
componentes

= Gondola en el fuselaje o la ala ~ Q=1.5
= Sila géndola esta separada a menos de 1 diametro de la géndola ~ Q =1.3
« Sila géndola esta separada mas de 1 diametro de la géndola ~ Q =1.0
= Alas:
= Ala con misiles en las puntas Q=1.25
= Ala alta, media, o baja sin esquinas (con carenados adecuados) Q=1.0
= Alas con esquinas (sin carenas adecuadas) Q=1.1 ~1.4

= Fuselaje ~ 1.00 para la mayoria de casos
= Colas
= Q=1.03 para colas en V.

= Q=1.08 para colas en H.
= Q=1.04-1.05 para colas convencionales.
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Estimacion Cp, — VII

= Resistencias Miscelaneas:
= Correccion para fuselajes con upsweep
Drag-Area Maxima seccion de area

Del fuselaje
—— )= 3.83u2-
/ {u IS IN RADIANS)
D 3.83u25 A . C D 1 rig. 12.24 Fuselage upsweep.
— = 3.83Uu Do = .
Qupsweep e ’ Qupsweep Sref

[(D/q)/Frontal area] = Multiplicado por Syna/Se  EN fE 211111

D/q . Sfrontﬂ.l
Frontal Area  S,qf

:CDU

Table 12.5 Landing gear component drags

D/q
Frontal area (Ft*)

= Tren de aterrizaje

Regular wheel and tire 0.25
Second wheel and tire in tandem 0.15
Streamlined wheel and tire 0.18
Wheel and tire with fairing 0.13
Streamline strut (1/6<t/c<1/3) 0.05
Round strut or wire 0.30
Flat spring gear leg 1.40
Fork, bogey, irregular fitting 1.0-1.4

% —Para tener en cuenta interferencias mutuas entre los diferentes miembros
_ ﬁemespaciar
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$ Estimacion C, ... Despegue - III

0.03

Ome40xXpro

0 10 20 30 40 50
Tralling Edge Flap Deflection (deg)

Figure 10.5 Drag of landing gear.
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Estimacion C, .., Despegue - IV

2
Cp,...=ACp,... - Sref—Tabla En f t | | | |
Sref Table 10.4 I.-::ndlng zaar Drag Coeficients
Reference

Aircraft Area (ft%) AL pog Londing Gear Configuration®

Fighters

AT 375 0.028 Two-wheal MLG, Two ane-wheel MLG

F-104 194 0.035 Qma-whiesal MLG, Two one-wihaegd MLG

F-14A1E J0d 0.0325 Ona-whieal MLG, hwo one-whaed MLG

F-22 g4d 0.014 Qma-whiesal MLG, Two one-wihaegd MLG

U-235 1000 0.0045 Ona dual-anesal MLG, iorge 1l whesl,
and two wingtp pogos

Large fransports

L-1011 3454 0.028-0.0205 Two-wheel NLG, two four-whaed frucks
MLG

C-BA 4200 0.0257-0021 | Four-wheal NLG, four Tour-wheal frucks
MLG

B-747 5500 0.028-0014 Twio-whaal MLG, foUr four-vheal ucks
MLG

B-526 4000 0.024-0.0155 | Quaorcycka wilh wingtip geor, four

. dudl-wheel MLG
5_‘ %f?espac:a[ 113 IE‘

="l Unimhar u.-.



@
|
—

Estimacion C, .., Despegue - V

Medium transporis

P-3 1300 0.020 Two-wheel NLG, two two-wheel MLG
L-1049 Connie 1650 0.024 Two-wheel NLG, two two-wheel MLG
B 727 16350 0.017 Two-wheel NLG, fwo iwo-wheel MLG
DC-8 2771 0.012 Two-wheel NLG, two four-wheel frucks
MLG
C-141A 3228 0.0165-0.012 Two-wheel NLG, iwo four-wheel frucks
MLG
S-3A 298 0.023 Two-wheel NLG, iwo one-wheel MLG
Gulfstream | 615 0.015 Two-wheel NLG, fwo one-wheel MLG
Fokker F-27 754 0.024 One-wheel NLG, two dual-wheel MLG
Cessna 172 226 0.006" One-wheel NLG, two one-wheel MLG
Cessna 177 174 0.006° One-wheel NLG, two one-wheel MLG
Cardinal RG 174 0.011 One-wheel NLG, two one-wheel MLG

“Abbreviationg: NLG. noge landing gear: MLG. main landing gear.
“Fixed landing gear with wheel fairings.
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i Estimacio

D/
3 i 300 Gallon tank
L B on wing
25 =
] 300 Gallon tank
- .20 on fuselage

20 =
1 150 Gallon tank
1 on wing
- 150 Gallon tank
f o M on fuselage

1555
--

10 o .10
"
-
T 05

5
0 T T T T T T 1 T T T T L]
4 5 6 7 8 9 1.0
Mach number
Fig. 12.23 External stores (fuel tanks) drag.
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VII - cont

6-500 b Bomb cluster
(not including rack drag)

6-250 b Bomb cluster
(not including rack drag)

2000 Ib Bomb on fuselage

2000 1b Bomb on wing

bl s ioa s loa g aogof gogonguli g gy

.05
Aim-9 missile and
__/_ pylon
g eSS peen Sewn B M Suow S S D mens s s sces s s
4 5 6 il 8 9 1.0 1.1 1.2
Mach number
Fig. 12.24 Bomb and missile drag.
D/q
fi2 m?
1.5 = Multiple bomb cluster rack
-
-
*+= .10
1.0 =
-
-
5 -
: Fuselage stores pylon
o 4 Wing stores pylon
0 Ll L] L] ] ] L] L] ] L] L} L) 1
B 6 T 8 9 1.0 1.1

Mach number

Fig. 12.25 Pylon and bomb rack drag.
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i Estimacion Cy, — VIII

= Resistencia Leakage and protuberances

= Antenas, puertas, bordes, carenado de superficies de control, defectos de
construccion...
= Dicha resistencia es debido a la tendencia del avion a “inhalar” a través de
los orificios y espacios en las zonas de alta presion y “exhalar” aire en las
zonas de baja presion.
= Muy dificil de estimar y se suele aproximar con:
= Incremento del 2-5% de la resistencia parasitaria en aviones jet y bombarderos.
= Incremento del 5-10% de la resistencia parasitaria para aviones de piston.
= Incremento del 5-10% de la resistencia parasitaria para aviones de combate.

Z C c’ c'Qc'Swetc
O/OCDO E> (CDO)subsonic - ( ! F;j"ef ) + CDmi.sc + CDL&P

Ingamieria ) P
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i Estimacion C,, — IX
Drag to Flap deflection

= Resistencia Flaps
= La resistencia asociada a los flaps afecta tanto a la resistencia parasita

como a la inducida.
ACDOfIap Fflap (Cf) (Sféﬂppcd) (5f!ap 10)

d f1ap = In degrees

::' Fflap = 0.0144 = plain flaps
‘—(\(& T’ Ffiap = 0.0074 = slotted flaps

Slotied fowler flap Cf — ChOl‘d lel'lgth Of ﬂap

alll— -
Split flap \ Double slotted flap \

LEADING
- EDGE
xa. > DEVICES

Slotted flap Triple slotted flap “

\

Fig. 12.17 Flap types.

Fig. 12.19 “*Flapped'* wing area.
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i Estimacion Cy, — X

Drag to Flap deflection

S WF
u-’
o 0.25
tlc=0.12
021
2.0
Split and Plain Flaps 0.20 030
Lo 0.15 0.15
k; %,
1.0 0.10 0.10 tic=030,0.12,021
k2
- 0.8 Plain Flaps 0.05 Slotted
(all tig) Flaps
0 0 0 o
0 0.1 0.2 0.3 04 0 0.1 0.2 0.3 0.4 0 20 40 60 80 100 0 20 40 60 80 100
¢lc celc 6 (deg) 6 (deg)

Figure 9.26 Factor k; fo calculate drag increment due to flaps Figure 9.27 Factor k; to calculate drag increment due fo flaps.

(data from [13]).
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Estimacion Cp, — XI

t/lc=03 30

2.5

2.0

Split and Plain Flaps

2.0

1.5 k,
k; 1.5

1.0
1.0
0.5 0.5
0 0
0 0.1 0.2 03 04 0 0.1 0.2 0.3 0.4

cl/c ¢sl/c

Figure 9.26 Factor k; to calculate drag increment due fo flaps
(data from [13]).
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Estimacion Cp, — XII

0.25

0.20
0.15 0.15
k>
0.10 0.10 t'c=030,012 021
k2
ik 0.05 Slotted
Flaps
0 0
0 20 40 60 80 100 0 20 40 o0 80 100
6 (deg) 5 (deg)

Figure 9.27 Factor k; 1o calculate drag increment due to flaps.
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* Estimacion Cp, — XIII

Cog

LEAKS &
PROTUBERANCES

MISCELLANEOUS

WAVE  DRAG

—

> - v e ————————
l'?ﬁM & INTERFERENCE

e ST

SKIN FRICTION DRAG

0 f— +1—+ —

Mpp 10 1.2 MACH NUMBER
|

Fig. 12.30 Complete parasite drag vs Mach number.

Ingenit
Aelvespava Célculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 121



]
|
T

ingeniariz

Aeroespacial

i Pautas Estimacion Polar

Todos los grupos deben de calcular el CDO del avidn completo mediante el composite
build up method (CBM).

En el CBM hay que incluir la parte de CD0O miscelaneos (sin olvidar el upsweep) y la
parte del leaks and protuberances.

A la hora de usar el CBM hay que asegurarse que se usa la superficie de referencia que
se va a emplear en actuaciones

Una vez obtenido el CDO con los métodos de CBM se pasa a calcular la polar con XFLR5
empleando solo el VLM

Si la superficie empleada para el XFLR5 no es la misma que la de referencia, los
resultados de XFLR5 (CDO, K1 y K2) hay que corregirlos con la relacion de superficies

Para obtener la polar completa del avion se empleara los valores de CDO, K1 y K2
obtenidos en XFLR5 (correctamente corregidos con la misma superficie de referencia
empleada en el CBM) y se completara el CDO obtenido en XFLR5 con el mismo valor del
CDO obtenido en el CBM, menos la componente de aquellas superficies que estuvieran
analizadas en XFLR5. Por ejemplo, si XFLR5 se ha analizado con el ala y el estabilizador
horizontal, a ese valor de CDO obtenido en XFLR5, se le anade el CDO del CBM menos la
contribucion del ala y del estabilizador horizontal.

El CL optimo de vuelo [(CD0O/K)”™1/2] se ha de calcular teniendo en cuenta el CDO del
avion completo (no solo lo que produce el XFLR5)

7 ﬁ‘;’f
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Eficiencia Aerodinamica - I

CD = CDmi'n + I( (CL _ CLmiﬂ d'r‘ag').z
= Op,., +KC} , ... +KC}—2KCy
== CDO + klcf — kC,

§

ceedC,, 2777

Cr

min drag

1 [,
CpkC? V%
o L _ @ - T _ Clo 1
Cp Cp F L P O kC 2. 2/kCp,
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Eficiencia Aerodinamica - II

p_br__ G B Clow
" Cp  Cp, +kC3 " Cp+kCp,  2(kCp)

E
1 /\\
;'Jlf/ 10
£ \
g i
(=] [/ -
I o\
° , Y § &
..“"*--Em qu”.___.-' //;‘F 5
.................. aanag =
linimum Drag t ﬁf”"/ <
P Crucero
e ;‘Ei i Despegue
- ' B T Aterrizaje
Airspeed
’ 0 L] 1 15 2 25 c
L
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i Reduccion de la Resistencia

Las dos componentes mas importantes de la

resistencia son la resistencia de friccion y la </
inducida, por ello es muy importante el @?:_\
esfuerzo que se hace para disminuirlas. p—
= Control del flujo laminar: 7 A—
= Efecto en las actuaciones 77 mar oA
- o~
= Aletas de borde marginal (LEX — leading edge /==
extension):
= Reducen la resistencia inducida, lo que
aumenta la eficiencia aerodinamica y un e 1117 Lonig o St

momento flector

Boundary layer thins and becomes fuller acrass slot
4 Suction slot

30

H =

BT

s Prenun k:,_ \:'_ ":J_ - Outer ski

* ol- Turbulent — —_— . —

% wing A
Inner skin

| | | | 1 | Figure 449 Laminar flow control by suction through thin siots transverse to the
°o 2 a 6 8 10 12 flow.

Range, thousands of nautical miles

Figure 4.50 Performance gains from laminar flow control. (R. E. Kosin,
"Laminar Flow Control by Suction as Applied to X-21A Airplane”, AIAA Journal of
Aircraft, 1965,

™ O ) Sz
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Apéndice

Diapositivas extra
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i Winglets — Design - 11

= Perfil (airfoil)
= Tiene que generar suficiente sustentacion mientras mantiene un resistencia reducid
= No puede entrar en pérdida antes que el ala a vuelos a baja velocidad.

= La geometria final viene dictada por las caracteristicas aerodinamicas del perfil
seleccionado.

= NUmero de Reynolds bajo (1E5 a 1E6) definido por cuerdas estrechas

= Distribucion de cuerda — dimensionado (chord distribution)
= Demasiado pequefios el perfil necesitara un coeficiente de sustentacion elevado
= Demasiado elevado

= Carga alar del winglet elevada y puede causar que la seccidn exterior del ala entre en
pérdida de forma prematura
= Una distribucidon de cuerdas que favorece una distribucion eliptica ayuda a distribuir
la carga alar para un mayor numero de regimenes de vuelo

A =57 deg
b/20,
b/10

Taper=> A=0.3
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i Winglets — Design - III

= Altura (height)

= Determinada por la relacion optima entre la resistencia inducida y resistencia
parasitaria.

= Torsion/Flecha (twist/sweep)
= Tanto la torsidon como flecha tiene similares efectos en el winglet y para decidir cual
es la configuracion mas adecuada hay que tener en cuenta la carga alar para cada
configuracion.
= Toe Angle - El angulo de montado en la base controla:
= La distribucion alar del winglet.
= Efectos de la distribucion de la carga alar en el ala principal.

= Cada angulo sélo es optimo para una condicion de vuelo por lo que hay que llegar a
un compromiso oy

Typical winglet section Section A—A

Upper surface
A
T
Winglet i, deg Spm, A = ¢
U -4
Lowsr, oot _7 L
Lower, tip _1
O.GS:,—-]
_?_;i;‘_—t--—
0.
A0et Span = 0.23¢
57 o e
€

Figure 4.35 Winglet geometry.
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Winglets - II

A
13- 12
10
8
6
4
i 10% = &b
‘.‘ ‘., -
i
~
Tip extension
11— 5%
1.0 1 L
1.00 1.04 1.08 1.12
“.—,..-/M,. wihout

Figure 4.39 Comparison of tip extension and winglet when added to an un-

130 UF.

twisted wing.
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i Winglets — Resultados - 1

= Reducciones de hasta el 20%

= Winglets son solo necesarios para aquellas configuraciones en las que
la resistencia inducida sea mas elevada de lo normal.

= Muy recomendada para configuraciones canard
= Caso tipo: Boeing BBJ
= Consumo combustible reduccion 4%
= Alcance incrementeado 200 nm (BBJ)
= Reduccidn de la marca custica en un 6.5 % en aeropuertos
= Reduccién del 4% en emisiones NOX (vuelo de 2,000-nmi).
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i Winglets — Resultados - II

Small Version

Delta cp distribution

11% drag reduction

(7% when compared to an
extended wing)

Delta cp distribution

8% drag reduction

(4% when compared to an
extended wing)
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i Winglets — Resultados - III

Large Version

Delta cp distribution

22% drag reduction

(14% when compared to an
extended wing)

12% drag reduction

(4% when compared to an
extended wing)
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i Winglets

lang lll Ul.llllllllllll‘

KC-135 winglet
B 737-800 blended winglet

B 747-400 tip plus winglet MD-11 Extended winglet

Raked Wings

Ingamiariaz =

o
X Aemeigmx?ﬂaj* Célculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es 134




Reduccidon Resistencia Inducida

reduccién %
= Raked tips: reduccion 5.5 %
= KC-135 winglet: reduccion 4.5 %
= Blended winglet: reduccion 4 %
= Tip plus winglet: reducciéon 3.5%
= MD-11 extended winglet: reduccion 3.5%

¢Cémo lo aplico? ) Cp = Cp, + KC}

|

]
#®
= *
25
= 3
5 'y
b
= ] o
=
§ 3
=
. -]
E 2 # HC-135 winglet
% © MD-11 safended wingiel
E & T47-400 twp plus wingled

1 & TI7-BOD blended wingled

W TET-400 raked 1ap
0
0 s 4 & 8 10 12 14 16 I8

Percentage increase m honzontal and vertical span

éarlwemi onal Blended
wingtip winglet
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Raked, Wingtips, Extended, Blended ?

Raked wingtips are a feature on some Boeing airliners,
where the tip of the wing has a higher degree of sweep,
than the rest of the wing.

The stated purpose of this additional feature is to improve
fuel efficiency, climb performance and to shorten takeoff
field length.

It does this in much the same way that winglets do, by
increasing the effective aspect ratio of the wing and
interrupting harmful wingtip vortices.

This decreases the amount of lift-induced drag experienced

by the aircraft. In testing by Boeing and NASA, raked

wingtips have been shown to reduce drag by as much as

5.5%, as opposed to improvements of 3.5% to 4.5% from 6

conventional winglets.[11]

An increase in wingspan is generally more effective than a 5
winglet of the same length, but may present difficulties in
ground handling.

& HC-135 winght

Percentage of drag reduction at average cruise

B 767400 raked tip

0 2 4 &

Percentage increase in horizontal and vertical span
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Calculo C, .., — Métodos Empiricos - I

= Una vez elegidos oy, Cax Y asta . del perfil se requiere elegir:

= Configuracion del Flap de Borde de Salida (TE):
Plain
Single-slotted flap
Fowler flap
Split flap
= La relacion ente flap y la cuerda: flap-to-chord ratio ¢/c

= Deflexion del flap: &
Nicolai, L.M. Carichner, G.E. Fundamentals of Aircraft and Airship Design: Vol 1, 2010

1.0

0.9

0.8

0.7
K}

0.6

2

mo

coooooo
EEE= S

0.4

o 20 40
Flap Deflection, &; (deg)

g
]

Figure 9.9 MNonlinear comection for plain TE faps (adapted [10])
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Calculo C, .., — Métodos Empiricos - II
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Section Lift Coefficient

= Configuracion del Flap de Borde de Salida (TE): Plain TE Flap

Calculo del cambio en Aay, para una deflexion de flap

dC, 1
Aoy, =— —0,K;
oL d(sf . re*f
C.,  =section lift curve slope (per radian)
K} = correction for nonlinear effects, Fig. 9.9

dC,/d &= change in C, for a change in & Fig. 9.10

1.0 6 215
A
0.08
§08
0.9 = g_'m
_I_=l 5 t/c
0.8 E
(]
0.7 2 2
"3
0.6 glc -
o)
i g 3
0.5 039
030
040
0.4 — 2
o 20 40 60 80 0 0.1 0.2 0.3 0.4 0.5
Flap Deflection, &; (deg) cflc
Figure 9.9 Nonlinear correction for plain TE flaps (adapfed [10]). Figure 9.10 Variation of dC,/dé, with flap chord ratio (adapted [10]).
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Section Lift Coefficient

‘_L Plain TE Flap - I

1.0

0.9

0.8

0.7

Kt

0.6 clc
0.10
it

0.5 0.25
030
%

0.4 . i .

0 20 40 60 80

Flap Deflection, & (deg)

N Figure 9.9 Nonlinear correction for plain Tk flaps (adapted [ 10]).
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Section Lift Coefficient

‘_h Plain TE Flap - II

e
—a
an

ettt
SRR R

E t/c
©
©
: z
g 3
&
=
O
5 3

2 _.

0 0.1 0.2 0.3 0.4 0.5

cs/c

. Figure 9.10 Variation of dC,/dé& with flap chord ratio (adapted [10]).
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Calculo C, .., — Métodos Empiricos - III

Section Lift Coefficient

= Configuracion del Flap de Borde de Salida (TE): Single-Slotted Flap

0 10 20 30 40 50 60 70 80
Flap Deflection (deg)

Figure 9.11 Section lift effectiveness parameter for single-slotted flaps
(adapted [10]).
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Single-Slotted TE Flap - I

Section Lift Coefficient

0 10 20 30 40 50 60 70 80
Flap Deflection (deg)

Figure 9.11 Section lift effectiveness parameter for single-slotted flaps
- (adapted [10]).
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Calculo C, .., — Métodos Empiricos - IV

= Configuracion del Flap de Borde de Salida (TE): Fowler Flap

Mismo método que para single-slotted flap

= Configuracion del Flap de Borde de Salida (TE): Split Flap
:

1.8 - ﬁl
022 A ¢/

0.20
0.18
0.16
0.14
012

0.10

(ACe) cyec=02

0.1 0.2 0.3 0.4
i/

0 20 40 60
Flap Deflection, & (deg)

Ingamiaris . Figure 9.12 Empirical constants for split flap analysis (adapted [107]).
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Split TE Flap - I

1.8 t/c |
022 N/
0.20 b g Vg
0.18
0.16
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0.10
l‘
E 1.4
I
=
9 1.2
K
1.0
0.8
0.6
0.1 0.2 0.3 04

s/ C

0 20 40 60
Flap Deflection, 8¢ (deg)

ingemieria— ) Figure 9.12 Empirical constants for split flap analysis (adapted [10]).
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Calculo C, .., — Métodos Empiricos - V

Section Lift Coefficient

= El uso de TE flaps empeora la separacion, por lo que o,
disminuye: Aoccra L

Ad.;. (deg)

i
0]

8¢

Figure 9.13 Decrease in stall angle with flap deflection (data from [2]).
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EFFECT OF CAMBER EFFECT OF ASPECT RATIO
€y Cp

- Correcciones 2D a 3D R ASPECT RATIO

C
Lmax =

» Célculo de las caracter(sticas clel ala bésica (sin HLD)
» Correccién C;, 2D -> 3D

CL — 2r A ) (Se:rposed) (F)

i Calculo C, .., — basico - I

A 8
6
3
1

° S
z+\/4+A2ﬁ2 (1 -+ o2 dee) N Sres |
s Cdlculo de caracteristicas bésicas Fig. 124 Wing litt curve.
= Alas con bajo alargamiento (AR)
= Depende de la forma del ala (Cr. )
max ba,.se
CLma—w = (CLmaz)ba:SB + ACLmGa: ACLmam
a&tﬂ.ll = (aCL'm.ua: )ba.se + AaCLrnu:c (aCLmaw )bﬂ:SE
AaCLmaw
= Alas con alto alargamiento (AR) c
= Depende del perfil seleccionado ( f‘::;")
C
CLma.m = mez C Clma'm
Clmam Cla
C [
Qstall = =+ agr + Aag,, oL
Clﬂ. AaCLdeB

Ingenieria

@ . -
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i Calculo C ., - II

= Construir la curva C, vs. a utilizando:
= El uso de TE flaps empeora la separacion, por lo que agry disminuye
= Aoy Y Aogra POr lo que se puede determinar AC,.,

TE Flap Aaga)

Boeing 737 Triple-Slotted Fowler Flaps

a Qstall
oL alpha stal

Figure 9.8 Construction of section lift curves for TE flaps.
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i Calculo C,,., - III

Wing Lift Coefficient
= Para determinar C_,, se distingue entre :

= Alas con alto alargamiento (AR) : A 4
=« Depende del perfil seleccionado > (C’l + 1) cos AL

= Alas con bajo alargamiento (AR) —> A< 4
= Depende de la forma del ala (C1+1)cosArg

1.5 A = leading edge sweep
C

1.0 2

c1l cI c
0.5 ]
0

0 0.2 0.4 0.6 0.8 1.0
A Taper Ratio

... Figure 9.14 Taper ratio comrection factors (adapfed [10]).
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Calculo C, ., — High Aspect Ratio - I

Wing Lift Coefficient
= Obtener CLmax Y Ogra L Para el ala basica Angulo de ataque para sustentacion nula

marxr

Cr,
Cloias = —C.! Clinas Qstall = ﬁ--l— Aacy,

12
" Airfoil maximum lift
16 -
coefficient at M=0.2
5 8 (C’ I !’ C ) } Mach = 0.2
2 max ‘max 14
_}; 6 0.2 Mach <06 @ 13 py s
g . (Gt ) LRy
ﬁ Cemax
2 a{_'l'—ma:t 0.8
~
0 @ 0.6
0 10 20 30 40 50 60
Wing Sweep, A g (deg) o
0 10 20 30 40 50 60
Figure 9.16 Angle-of-attack increment for subsonic maximum liff of high-AR Wing Sweep, A g (deg)
wings (adapted [10]).
/— TEFlap Aagan Figure 9.15 Subsonic maximum lift of high-AR wings (adapted [10]).
A232 tanZ A Sref
2+ \/ 44 £ (1 4 B2 Lpnas )
U(Z;L alpha Ostall
@ Figure 9.8 Construction of section lift curves for TE flaps. :"?i‘
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Calculo C, ., — High Aspect Ratio - I

Wing Lift Coefficient

= Obtener C,., Y asta Para el ala basica

Airfoil maximum lift coefficient at M=0.2
TE Flap Aaga 6

Mach = 0.2

L 1.4
iﬂclmax

1.2

CLmax
— 1.0
Cemax

0.8

0.6

0.4

0 10 20 30 40 50 60
Astall
alpha Wing Sweep, A (deg)

OG0 S-ortimacHOn ol SECHON T CUNER. IoF [E TIoR. Figure 9.15 Subsonic maximun lift of high-AR wings (adapted [10]).
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Calculo C, ., — High Aspect Ratio - I

Wing Lift Coefficient

= Obtener C,., Y asta Para el ala basica

= Igual de importante es el angulo al que se obtiene la maxima sustentacion:

= Los dos primeros términos representan el angulo de ataque si la pendiente de la curva tuviera
propiedades lineales hasta llegar a la zona de entrada en pérdida

Correccion de los efectos no
Lineales del flujo de

vortices 2 ||~ bag
10 CL !9\.}
v
+ Aacham |

a
0.2 <Mach 0.6

AUC " (deg)
o

Angulo de ataque
Propiedades lineales del ala para sustentacion nula )

—TEFlap Aag)

et . 0

0 10 20 30 40 50 60

8Ce, 0y Wing Sweep, A g (deg)

Figure 9.16 Angle-of-attack increment for subsonic maximum lift of high-AR
wings (adapted [10]).

2rA Se:r osed
(r)= (1 ()
2+\/4+ 1 _I_ tan Ammm,t) T'Ef

Ce

Boeing 737 Triple-Slotted Fowler laps

/L

q Qstall
oL alpha stal

’82

Figure 9.8 Construction of section lift curves for TE flaps. P
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‘.—L Calculo C, .., — High Aspect Ratio - II

Wing Lift Coefficient
Mach =0.2 Airfoil maximum lift

1.4 coefficient at M=0.2

b .5"1-“

Cemax

0.8
0.6 3

0.4
0 10 20 30 40 50 60

Wing Sweep, (deg)
Leading Edge Sharpness parameter:Ay h"E

Figure 9.15 Subsonic maximum lift of high-AR wings (adapfed [10]).
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Calculo C, ., — High Aspect Ratio - III

Wing Lift Coefficient
12

0.2 < Mach<0.6

""“Clmax (deq)

2 _“f" | Correccion de los efectos no
Lineales del flujo de
vortices

0 10 20 30 40 50 60

Wing Sweep, A g (deg)
Leading Edge Sharpness parameter: Ay

Figure 9.16 Angle-ofattack increment for subsonic maximum lift of high-AR
inpa wings (adapted [10]).
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Leading Edge Sharpness parameter : Ay
Wing Lift Coefficient

5
ab
?.
Pt (’}:Qd’ o
4 e —— % h“-l
0.15%
¢ 6.0% c %ﬁ B,
.{3} e
@h‘& o vale?,
Q
'y
3 = A
T
Q
-
¥
3
-
'a‘ 2 d\qe'
dge
1 Uouﬂewe
/7 .
o £
0 0.04 0.08 0.12 0.16 0.20
Thickness Ratio, t/c

Figure 9.17 Variation of LE sharpness parameter with airfoil thickness
ratio (adapted [10]).
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Calculo C, .., — High Aspect Ratio - IV

Wing Lift Coefficient

- CLma,:c C
@ s Ima=  Unflapped section maximum lift coefficient

— TEFap Aagy)
. ¥ |

.
| BCemax

Ngiall = S4—

QpL alpha Astall

Figure 9.8 Construction of section lift curves for TE flaps.
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Calculo C, ., — Low Aspect Ratio - I

Clma: = (Clm.:x )bﬁE + ﬂ'CLmax

Wing Lift Coefficient

= Obtener C,,., Y asra Para el ala basice
Olgall = +

1.6
0,
1.4 W
g \2 3= 1. Upper Limit of 0-2
8
710
£
v}
~ 08 0
Borderline
Low Aspect Ratio Aspect
0.6 Ratlo
-0.2
0.4
0 04 08 12 1.6 20 24 28 32 36 a 2 4 6 8 10 12 14
lC1+1)‘?3—Rl:osl\LE (C;+ 1) ARtan A

Figure 9.18 Subsonic maximum liff of low-AR wings (adapted [10]).

50 20
40
H Upper Limit of
_a o L:W-Aspect-ﬂaﬂo
|- Range
j s
g 20 |
S— /
v :
; Borderline
Low Aspect Ratio Aspect
10 P ; Ratio
i
L
& / -10
0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 36

€1+ 1) % cos ALg

Figure 9.19 Subsonic maximumHift increment for low-AR wings
(adapted [10]).

AR cos A g [1+4A2]

2 4 6 8 10 12
(C2+ 1) AR tan A\

Figure 9.20 Angle-of-affack for subsonic maximum [iff of low-AR wings. Figure 9.21
P
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Angle-of-attack increment for subsonic maximum lift of
low-AR wings.
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Calculo C, .., — Low Aspect Ratio - I

S Wing Lift Coefficient

18 . 2 1.0 Upper Limit of

L]
5 R Low-Aspect-Ratlo
— Ranae
= 1.0
—
=
0.8 ‘ﬂ? = Ijs— r-
Borderline
Low Aspect Ratlo Aspect
0.6 Ratlo
0.4
0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6
[C1+1]%EESJ\LE &= 1M

- Figure 9.18 Subsonic maximum liff of low-AR wings (adapted [10]).
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Calculo C, .., — Low Aspect Ratio - II

Ingamiari

Wing Lift Coefficient
0.4

0.2

2 4 6 8 10 12 14
{Cz + 1) AR tan AI.E

Figure 9.19 Subsonic maximumHift increment for low-AR wings
(adapted [10]).
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Calculo C .., — Low Aspect Ratio - III

Wing Lift Coefficient

50

Low-Aspect-Ratio

Borderline
Aspect

Low Aspect Rati
= . Ratio

0 0.4 0.8 y P . 1.6 2.0 2.4 2.8 3.2 3.6
€1+ 1) 28 cos A § =1 M

B

- Figure 9.20 Angle-ofaftack for subsonic maximum lift of low-AR wings.
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Calculo C, .., — Low Aspect Ratio - IV

Wing Lift Coefficient

20

cos Ae [1+422]

\

o 2 i 6 8 10 12 14
(C2+ 1) ARtan A g

Figure 9.21 Angle-of-attack increment for subsonic maximum lift of
low-AR wings.
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Calculo C, ..., - IV
LmaX Wing Lift Coefficient with TE HLD

= Construir la curva C, vs. a para el ala finita teniendo en cuenta

geometria:
= Superficie con flap
= Correccion por flecha

—TEFlap Aaga
¥ ]

Ce

Boeing 737 Triple-Slotted Fowler Flaps

i/

oL alpha

Figure 9.8 Construction of secfion lift curves for TE flaps. S'Iﬁ-' K.
1.0 — A
Sw

0.9

Ostall

)

Ka = (1 - 0.08 cos’Mgjq) cos™* Aa

0.5

1] 10 20 30 40 50 60
Ac/a (deg)

Figure 9.23 Planform correction factors for TE flaps (adapted [10]).

Aeroespacia .

== EEl Uneeiiar Ondlls

Calculo de Aeronaves © 2014 Sergio Esteban Roncero, sesteban@us.es

.;'.
$
G 4
LE Flap or Slot
Bag T
[ - —I}
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Figure 9.22 Construction of wing lift curves for mechanical highift devices.

A

N Sy = Total Wing Area

&

Figure 9.24 Schematic showing flapped wing area.
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Wing Lift Coefficient with TE HLD

‘_h Célculo C,,,, - V

CL
ACLmax
Ay o [
Basic Wing
LE Flap or Slot
foa] _ Bdstan
ag O Astall a

e Figure 9.22 Construction of wing lift curves for mechanical high-ift devices.
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Calculo C ., - VI

1.0

Wing Lift Coefficient with TE HLD

0.9

0.7
Ka = (1 - 0.08 cos*Acsa) cos®* Aesa

0.5

0 10 20 30 40 50 60
Ac/a (deg)

Figure 9.23 Planform correction factors for TE flaps (adapted [10]).
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