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!'_ Derivadas Cvp Cig Cngr Crrpr Cnp

Sideslip Derivatives

Ingenieria N
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Estimacion Derivadas

= Contribucion Cy p

= Ala: flecha, diedro
= Vertical
= Fuselgje

= Contribucion Cp

= Ala: flecha, diedro

= Vertical

= Canard/horizontal/V-tail
= Fuselaje

= Contribucion Cy p

= Ala: flecha, diedro
= Vertical
= Fuselaje

= Contribucion CYTﬁ

= Contribucion Cy,,
Derivadas en 1/rad si no se indica lo contrario
Si las derivadas no estan en 1/rad hay que convertirlas

Ingenieria
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Estabilidad Direccional

Criterio Estabilidad Direccional

N aC
CH:Q_S.E Cnﬁz aﬁn Cnﬁ}o Nﬁ}ﬂ
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Estabilidad Lateral

Criterio Estabilidad Lateral

Cgﬁﬁfiﬂ Lﬁﬂio

b + y

ct ¢
L Cl
Q{@;ﬂ_—y o ﬂ“c’“b“ y
] Sfab‘.c 2
{/Ntutrally stable
- 0 +
nt"“’ \
X ue s
\li& ele x[ ﬂr‘
C: !E—Y y
Cf@ B o
Y y

z 2
o o -
- Aeroespacial
— e

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



Lateral-Directional Cy;

Metodo |
Contribucion total
ala vertical
C},ﬁ :Cyﬁw +Cyﬁf +Cyﬁu
fuselaje

Wing contribution

& tan A sin A
Cvoldwina = C12
( YR wing L o AR(AR + 4 cos A)

. (per radian)

AR — alargamiento ala
A — flecha ala

aproximacion =) Cj’ﬁw =-000573T,| E=» 1/rad

Ref: Smetana

Ingenieria .
. "p«-.
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Lateral-Directional Cy;

- Método |
fuselage contribution
_ : Body Reference Area
(CYB){'US - - KI (CLanUS ( Sw )
Ly _ 2k SR So Body Reference Area =(fuselage volume)?/3
Body Vp?7? K; ~ wing-fuselage interference factor

Ref: Smetana

: )4 ; 1.0
1 Jan T
] ky =k L~ o
l | 2T
i AREE 8 d
BN mmmn
I |
Low HIGH
T TN e i ol |
1 . N i Flg A5 0 4 8 12 16 20
: i\ ; / T FINENESS RATIO
.|
| .1!.0 Fig. 3.6 Fuselage apparent mass coefficient.!
e Fig B6
Ingenieria A ﬂ"ﬂ"‘
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C Ref: Smetana
Lo, f

1.0
C _ 2(k2 - k‘] )So J/
Lagogy Vi, 54 * ky - K, e
8 Z
ko - ky = apparent mass factor which is a function of
fineness ratio (length/maximum thickness)
Vi = total body volume Fig A5 ¢ _
0 4 8 12 16 20

Sg = cross sectional area at Xxg FINENESS RATIO

S, = body cross sectional area at any bod

X < 1‘61 fon Y Y Fig. 3.6 Fuselage apparent mass coefficient.!
Lp = body length.

: 1.0

X1 = the body station where the parameter

dS,/dx first reaches its minimum value. =
X5 = body station where flow ceases to be Y ~
potential %f

El CLa del fuselaje se obtiene determinando el punto ©

del fuselaje donde el flujo deja de ser potencial () el

cual se determina en funcion de X;)que es el punto del o

fuselaje donde la variacion del fuselaje alcanza un _ * * @ r0

minimo en la variacion de area, es decir cuando el Fig A6 T

fuselaje deja de aumentar
Figure 7. Body station where flow

becomes viscous.

] Ingenieria l i
H -
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Fig A5

1.0

k- ky .8

Q

L] L

FINENESS  RATIO

-
o

Ref: Smetana (Fig 6)

0 -
n Aeroespacial
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Ref: Smetana (Fig 7) Iy

Ingenieria
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Ingenieria

Ref: Smetana (Fig 23)

Ig B6

“i_iiii' |1|i'iii||i||7Li
[ _ ) Body Reference Area
I (CYB)fUS - = K| (CLa)fUS ( Sw )
I /
1.6
N /
e AN /
LOW N\ :l'l.;l:;
WING
e N .
1.2 /
AN /}
1.0 4—
1.0 0 =1.0
Iw
o . . . Wz
d = maximum body height at wing-body intersection
z,, = distance from body centerline to quarter-chord point of exposed wing
root chord (positive for the quarter-chord point below the body centerline) ,
Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es

—
|
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‘L Lateral-Directional Cv,

Tail contribution.

Método |

Aerodynamic
center

do Sy
Cy,&,v = —ka, {1+ éf Nv ?

06S,/S5 0.4z,
(1 - 9—0:) ny = 0.724 + 3065,/ + + 0.009A4

= |
J——-r——! ————

Fig B5 L

Ref: Pamadi

Aeroespacial Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 12 =



Lateral-Directional (1,

, . Metodo |
Meéetodo Alternativo Calculo completo C; 5 (Smetana)

Ref: Smetana ala-fuselaje No diedro

(cﬁg)TOTal = (Coglw + (Cgly + (ACRB)1 + (ACgB)z + (CLB)w,rgg

4 ¢ 4

ala  vertical ala-vertical
Contribucion ala
CgB
Fig B15
-.0003 Maximum Ordinates
-l )51 On Upper Surface
ﬁ/ A=s L o aclﬁt -.0002
‘Ew 000 — Maximum Ordinates
l”’, :.'gl l////‘,l-#'"' [0!1 Mean Lines ~ atpo0
~0001 ~ Maximum Ordinates ’
rn ower Surfaces g ‘clﬁz-“uz
cn T * T T 27 Fig Bl4 Figure 25, E;:e:d?;r:mq tip shape on C’*B
Aspect Ratio, AR
Figure 26. Values for (CgB/I‘) for various aspect and taper ratios.

Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 13 U=
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Fig B14

l
Hay que convertir a % Como a ( = ) tiene unidades

degz, una vez que

. . C1 . .
se multiplica por el diedro en grados: (Tﬁ) 'y se corrige a radianes

-.0003
Cy 180
€ig\ ., 180 A1
I T A=.5
C -.0002
—8 Azo
r
( per deg2)
=0001
0 2 4 6 8 10
Ref: Smetana Aspect Ratio, AR  Smetana (Fig 26)
Aer 66?@?{?’, Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 14 U¥
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Fig B15

Correccion €1, N funcion de la terminacion de la punta del ala

Maximum Ordinates
On Upper Surface

I:::—_._:? nc|ﬁ= -.0002

Maximum Ordinates

On Mean Lines
ﬁﬂ|ﬁ= 0.0

Maximum Ordinates
On Lower Surfaces
a.l:lﬁ: .0002

Ref: Smetana Smetana (Fig 25)

Ingenieri a )
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Lateral-Directional (L,

Alternative method Método |
(CQB)TOTal = (CﬂB)w + (CRB)V + (ACRB)I + (AC£B)2 + CCLB)W,T=0

A theoretical study for unswept ,elliptical wings with zero dihedral (NASA TR-1269)

k(.71 X + .29) :
- _ 16 (Cpplw, = C [- + .05| per radian
(Cgs)&o cLl e el .05] per radian (J ‘™28 e L AR A ]
. . k = 1.0 for straight wing tips
A — estrechamiento y AR — Alargamiento ala k = 1.5 for round wing tips

Contribucion vertical

Zv zy = distance from the center of pressure of the

(Co_ ), = - a,, — — = -« (Chndly — vertical tall to the airplane's x-axis (positive
'Q'B ¥ v Sw bW v ngv 2’\/ for vertical tail above the x-axls).
Contribucion ubicacion ala
Wing-fuselage Wing-vertical Tail
(6028)1 (ACLB)Z
High Wing -.0006 .00016
_ Mid Wing 0 0
Ref: Smetana Low Wing .0008 -.00016

Ingenieria

. ﬂﬁr
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Contribucién Ala - | Cr,

ala horizontal V-tall

I n 1l Método 11

Cp = Copdwan + Ciplv + () + () +(Cy)

7 PO

vertical canard
Contribucion canard,horizontal y V-tail muy pequefias — despreciable en 12 aproximacion

Estimation of combined wing contribution. <:I Aproximacion subsonic speeds

C C C AC
(Cip)wes = CL (—“9) KynKs + (—‘ﬁ ) 4T [_-’ﬁ Ky + 228 ] {iRany
CL ﬁr.'_."? CL A F F

the dihedral angle I is in deg. <:I Asegurarse que las unidades finales son 1/rad

A is the theoretical wing aspect ratio,

d is the average fuselage diameter at the wing root,
b is the wing span,

zy, 1S vertical distance between the fuselage centerline and wing root quarter chord point,
positive if the wing is below the fuselage centerline.

Ref: Pamadi
AC d\’ 1.2VA sz, (2d
—r—‘ﬁ = —0.0005v/A (E) {3 1/deg (ACyp)., = (E ) ( ) {3 1/deg

573 \ b b

Ingenieria .
Aeroespacial %
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,‘L Contribucion Ala - 11 CL,

Ref: Pamadi

Cig C;p Ci AC
(Cip)wa) = Cy (—— KyxKys + C, +T | LK+ =2 | + (ACg):,
CL AL‘;’E L/ A F F
SUBSONIC SPEEDS -20 0 0 a0 60 80
~00039~ (ay A = | ! A o (b) A=5
| T (), ~)
Cly 0002 S & ~. |a
I /:;//4 _____.--—-""'—-————- +609 (per deg) -.004 \‘i\]
(per deg?) L ) -.006 N
0001 //ﬁ Flg B9 008 ¥
_ -010 ’
Fig B13 R f P d A, (deg)
0 * el. Famaal .
° ’ AS;ECT RATIS, A ’ ' Fig B10
Fig Bll v Fig 812 Aspect Ratio A * T FO?AA:' 10
. . . ‘; 0 2 4 6 8 /
Lo _— . __.__ . 0 \-I:? 1-1-.4 -"La 2.0 /
\\\§\\\\\ (ﬂﬁ) 0 /-——“":—-'f—é [
9 e o . | — | 1.8
e “\\ N\ o o /s
8 \\ \\{‘5 . -.004 / ‘/ S L6 /
K, \ N

, N\

a
NN ~0084— s 1 ¥
A ] / 4 /
P TS A o 12 //,/// 5
o2t 1 ; /ﬁ:/ ‘
1"} R
2 . 5 1 ¥
Fig. 398 Fuselage correction factor K (Ref. 1). $15.599 Amectyatie contcibution:te Cip (Rek 1 McosAs
2
Ingenieria
Fig. 3.97 Compressibility correction factor Ky, (Rel. 1).
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Fig B9

Seleccionar curvas que mas se acergquen

En funcion de estrechamiento (1) y

de la flecha A, /,

Derivadas en 1/deg, por lo que hay que convertirlas

Fig. 3.96 Wing-sweep contribution to (3 (Ref. 1).

Ingenieria

Aeroespacial -9

Ref: Pamadi

SUBSONIC SPEEDS

=20 _'ZIJ_ 20 4E 6‘(‘. _S'D
Um. ]l;a_l?\?]_'_,f_"i_' | ST
0 I : H | I i i II
(Eﬁ) BN
Cl A "DG?JF- — i | \‘_:: T j_d
[ ! I | \L\\JﬂL | l
| | | H
(perdeg)  ~004=—— —— i w_t"‘ L]
1 [ i | |
Sh\an
- 008 ;i __L_. | \4 :
EEEELEN
-010 i i | & |
'ﬂ'c-'l (L!BE:I
=20 0 20 40 &0 20
-Uﬂ'? [ E—— Y . | - R
) A=s 17 i
a ! : | ! | | |
U 1 1| 1
Cy : |
(ff) 002 N
Agjz - A
. -
(per deg) 004 { . 1
|
-._C{]ﬁ.i_.. i . 1 e 11
-'GDE'!L"' | '\g i
s | B
010 - i E}
A i ideg)
=20 Q 20 40 50 SP
CL "‘\':f'z
(per deg) ;
I
-010 ' !
Fig. 3.96 Wing-sweep contribution to Cyq (Ref. 1).
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‘L Fig B9 — Cont. |

SUBSONIC SPEEDS
A,y (deg)
oy 0 20 4 60 .
002 L - |
(a) A = | l !
s 0 '
_’ﬁ> . i |
<CL AG!E -Dﬂi-i— { _j_ : | . ‘
i ‘ l
(per deg)  -.004+ | 5 : | . ~
i | !
-1:][:}6-_ | % :
| !
'-D'ﬂS- | 4
&
-,uan ! \\jg
hc!i (deg) Ref: Pamadi

Aeroespacial
TR T

e
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Fig B9 — Cont. I

-20 g 20 40 60 EEI
GQ?2 ' | : ]
(b} A=.5 1
0024
S /A | A
(perdeg) 0047 ~1 |
.|
- | | |
006 | 3 |
-008 4 - :
8
-010 ' ,
"’"‘c‘rg (deg)
Ref: Pamadi
5—. Aer 5ae§P€9f?f - Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 21 U¥



Fig B9 — Cont. I

-20 4 20 4Q 60 3:]
002 £ : '
(b A=.5 1
g
Ci
_e)
0024
( CL Acs2 r A
(perdeg) 0047 1 |
.|
, o | |
006 | 3 |
-.008 = SR S ; -
| 8
-010 4 ' J
A, (deg)
o2 Ref: Pamadi
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Fig B10

K-

SUBSONIC SPEEDS

£

Fig. 3.97 Compressibility correction factor K, (Ref. 1).

Ingenieria

@ .
[} Aeroespacial
“ ES - Urvwernadit O Sevita *

A{
1.3
/|
Kpa / /
L6
// /
1.4 ",» p
/; /,/
1.2 f.f//<g"/ 3
P .
fgi,_.-—-f"'“?— ;
L% 3 6 8 oK,

MCOSA% Ref: Pamadi
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3
b
0 2 4 .6 8 i.0 [.2 .4 .6
1.G ———, *
9 \ksl\ \\
\ N \ 5.0
| | \\\\\r

Ref: Pamadi Fig. 3.98 Fuselage correction factor K s (Ref. 1).

Ingenieria

; -
Aeroespacial Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 24 U=



i Fig B12
Aspect Ratio A

Fig. 3.99 Aspect ratio contribution to C;5 (Ref. 1).

0 2 4
| i .
c 0
(_'g.
CL "
(per deg)
— |]1}4

Derivadas en 1/deg,

por lo que hay que convertirla

—.008

Ref: Pamadi

-012

° )
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Fig B13

Seleccionar curvas gque mas se acerquen
En funcion de estrechamiento (1) y
de la flecha A, ,

Derivadas en 1/deg, por lo que hay que convertirlas

Fig. 3.100 Contribution of wing dihedral to Cy5 (Ref. 1).

Ref: Pamadi

Ingenieria

o .
[} Aeroespacial
T, ES - Leveetnatid ov Sevita *
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(per deg?)
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E =600 !
| = T I |
-00014— | B —
|
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| , | |
|
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- 0003 , . _
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-.0001 e
| ]
i | )
I | =1
ﬁ L L]
4 & 2 10
ASPECT RATIO, A
- 0003 s s . SR _
(€} A=0 : i |
00024 [ -L———i | | !A“ql
0002 4————t— b - |
ﬁ,h! = i : :::::::3440T B
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Fig B13 — Cont. |

Ref: Pamadi
SUBSONIC SPEEDS
0003
{a) A = | | ‘h"ejrl
! 0
+40°
Ci, -0002 ——
_F_Q +60°
o
(per deg?) I
-.0001 -
Vs
0
0 ~ 4 & B 10

ASPECT RATIO, A

o
) T
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‘L Fig B13 — Cont. Il

-0003
Ci., -.0002
I
(per deg?)
-.0001
0

Ingenieria )
Aeroespacial %

Ref: Pamadi
(b) \ = [
| h:}'l
‘ 0
+40°

|

ﬂr

4/

+60°

4

ASPECT RATIO, A

6
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Fig B13 — Cont. Il

Ref: Pamadi
- D003 | : r T —
(¢) A=0 |
:
: A
- 12
;. -0002 ’ c
3 10 0
———r ] & +4{)
| y
(per deg?) = | +60
- 0001 !
1 o
- |
0
0 P, K 5 8 10

ASPECT RATIO. A

@  Ingenieria

- _ E
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Fig B14

Ingenieria

Aeroespacial

2.2

2.0

1.8

1.e

1.4

1.2

1.0

SUBSONIC SPEEDS

/

/1

/ /

/ /

// /
/ 5
i
N
P .
2 4 6 38 gk

McosAg

Fig. 3.97 Compressibility correction factor Ky, (Ref. 1).
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Fig B15

SUBSONIC SPEEDS
1.8] ‘ ‘
A J
- = 10
1 & COS A i,
KM{-\ 8
1.4

v

2 ////4

,.,A/_.-—--""’" - 2

]
4 b 8 1.0
M COS Aw,z

Cﬁ-h
b e

. Fig.3101 Compressibility correction to wing dihedral effect.!
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Aerodynamic
center

Rolling
Moment
IZE ﬁl’m,ﬂ

—¢

a) Low angle of attack

Ref: Pamadi
Aerodynamic
center Rolling
Moment
o % Arm,Z
- T iy -
o
by
b) High angle of attack
B Fig. 3.102 Effect of angle of attack on vertical tail rolling moment arm.
Aeroespacial |
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‘L Contribucion Vertical Cr,

®™The vertical tail contribution =7 cosa — L, sina Método |
=z, y

{CI'S}V - C}'ﬁ,l" (f_?) |:> C k (1 + 30 0 Su
R 1t

do Su\ [ Zycose — 1, sinaf)
(C!ﬁ}‘lf = _kav (1 T @) Ny ( < ) ( b

Ref: Pamadi

0 3.06S,/S 0.4z

dp 1 +cosAgs df,max

el
2r A k
au —
2_,_‘/«4_?1 |+.='_"_é:a)+4 Fig B5
i Aer 5aespac»'al Calculo de Aeronaves © Sergio Esteban Ron e
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‘L Contribucién Vertical CL,-;;

Aerodynamic
center

Roliing

Moment
52_-_’!’__ _1 ﬁl’m,-?;

Cisly = —ka, [ 1 Sy (ZuCGSH—Isma)
(Cigly = —kay +3,8 -

z 1s the rolling moment arm,

1, is distance between the center of gravity and tail aerodynamic center measured along the airplane
reference line,

7, is the distance of the vertical tail aerodynamic center measured normal to the airplane centerline

Ref: Pamadi

o Ingenieria i ..
] Aeroespacial o
— Thi - Urvaraided ou Sevita PO
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Fig B5

12 -

k B

2r, Ref: Pamadi

Fig. 3.75 Empirical parameter k as a function of by /2r, (Ref. 1).

b, vertical tail span measured up to the fuselage centerline
r, es average radius of the fuselage sections underneath the vertical tail

. g
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Contribucion Canard — Horizontal - Vtall OL,S
Método |

Contribucion horizontal & V-tail (misma ecuacion, utilizar proyeccion horizontal V-tail)

Sy by c
C,. = |:> le; |:> Contribucioén de estabilizador
O EhT Sy by d horizontal al efecto de diedro

Contribucién canard

C, C) |:> C; |:> Contribucién del canard
fe fef S E? bef al efecto de diedro
Clg, 7 C C
C C =C (ﬁ) KyrK +( "ﬁ) r[ﬂﬁ.ﬁ: ﬁc’ﬁ] -
C'gﬁ I:> ( J,B)W(BH:> (Cip)w(s) L[ C . Maby Cr /. + T mr + T + (AC8),,
cf
emplear ecuaciones para contribucion ala
Sy, superficie estabilizador horizontal
S. superficie canard
S, superficie alar
b;, envergadura horizontal
_ b. envergadura canard
Ref: Roskam b,, envergadura ala
@ Ingenieria ; e
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fme

‘_L Contribucién Ala (diedro)  Cx,

Wing contribution. _
(Cnﬂ)W — (Cn,B Jrow + (Cnﬁ )A, 14

Effect of wing dihedral. o b2 Contribucion diedro

(Copdrow = —— (Cr — Cpae(y)ydy
Sb Jy

For a rectangular wing with a constant chord ¢, —Asumir aproximacion

M(CrL — Cpa) |:> Diedro en radianes
4

Cp«,; —increase in section drag coefficient (2D) per unit increase in angle of attack

(Cuplrow = —

Usually for steady level flight conditions, C; > Cpg |:> desestabilizante

Strip Theory—ignorando los efectos de la resistencia inducida,
el error aumenta a medida que AR se incrementa

(Cop)r.w = —0.075TCy /rad |:> dihedral angle I' is in radians
Ref: Pamadi

&

Ingenieria )
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Lateral-Directional Cn,

pra

End plates—

] =

R’
@R
T

a) Strip RT on a finite wing

T
E O T %U.]l sin T
Vol

b) T'
b) Equivalent strip R'T’ on a two-dimensional wing

Concept of strip theory (Pamadi)

Ingenieria A
. 4}-«-.
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Contribuciéon Ala (flecha)  Chw,

[

Wing contribution. | Méetodo |
J o (Cuglw = (Cugir.w +(Crgla,w

bseg A

Effect of sweep.

2sin A 2
(Copla.w = ( 57 ) f (Crya +2Cpocos A + Cpg ot)e(yr)yn dys
0

1) the sweep-back has a stabilizing effect on static directional stability and
2) the stabilizing effect increases with angle of attack

(Cnﬁ )A.W 1 tan fl,;-fa, A Al _ sin Ac,f-'-l 1
= — X C'DSﬁch.——— —6Ia —
C: 4rA mA(A+4cosAg ) 2 8cosAes A rad
resolver |:> (C"ﬁ }‘"‘ Y ox ¢? |:> (Capla,w
¢, root chord
c; tip chord
. . Cr — € .
Ac/a1s the wing quarter chord sweep, |:> tan Ay =tan Ayp — ( ) b wing span
2b A g leading edge
A is the wing aspect ratio (theoretical) sweept
%, is the distance between the center of gravity and the wing aerodynamic
center in terms of mean aerodynamic chord of the wing, _
Ref: Pamadi

N ¥, > 0if the center of gravity is aft of the wing aerodynamic center.
Ingenieria
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Lateral-Directional C,

3

Strip theory analysis of win sweep effect (Pamadi)

LQ

A

v Xsin .,
X o COSUSIN
Ly
3
Vo cos Ocos A »
Vocos
° * . Vo cosOco!
VocosOsin A [
v,
Yo of

Vo Psin AV W%ﬁ sinA
NS

—_— —

Ref: Pamadi
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Aeroespacial .
T Uriewridad e Sevia PO

Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 40 *



Contribucién Vertical - | Cn,

Contribucion vertical

Tail contribution.
do p
(Chp,v)ex = kay (1 = E)E) n.Va
Metodo | -
2w A
a“ — aw =
2+‘/"—:fl(l + b ) +4
E S.L
Vo =
Y
do 3.06S,/S 0.4z,
|+ — ) n, =0.724 +0.0094
( | aﬁ)”“ T 1 +cosAgu +dﬁmﬂ

d f.max 15 the maximum fuselage depth,

A the theoretical wing aspect ratio,
A 4 1s the theoretical wing quarter chord sweep,

Xcg Xac,t

lift-curve slope of the vertical tail

Fig B5

2 ] 4 [

by
2r

ay lift-curve slope of the vertical tail —Se puede obtener mediante estudio aerodinamica

Zw 18 the vertical distance (measured parallel to the z axis) from wing root quarter chord point to the fuselage

centerline, positive 1f the wing is below the fuselage centerline.

o Ingenieria i
u Aeroespacial
— Thi - Urieeniaad & Srvis T

Ref: Pamadi

i
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‘L Contribucion Vertical - |1 CN,

2r1 Ref: Pamadi
Fig. 3.75 Empirical parameter k as a function of by /2r; (Ref. 1). . :

e
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/\'V N I i e
208 1NN |
Contribucion Vertical i, Cv, -
"/
[/
Pendiente de sustentacion se puede obtener Fig A19

También mediante métodos tedricos

n

Fig. 3.77 Empirical parameter Ay 5 /Ay as a lunction of by /2r; (Rel.1).

12

ay lift-curve slope of the vertical tail P
2w A Ka pd
. /
2 tan? A TV
2+ \/ “—Fl |+ ———l-) +4 / |
Fig A20 * T
g
Meétodo valido para cualquier superficie aerodinamica i 379 Bt pramet Ky s onton 8,5, (R
/
Se ha de utilizar el effective Aspect Ratio A, ¢ < Horkonal Tl
A B -
bl T Vertical Tall
A (B A HORSONTAL
v () e (55 ) £
Ay Aus) e
. ]
. : Fig A21 =
Ref- Pamadl Fig. 3.78 Empirical parameter Ay(yp)/Avs as a function of 7 /by (Ref.. 1).
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‘L Contribucién Vertical - IV Cn,
= () (1)

Ay /Ay is the ratio of the vertical tail aspect ratio in the presence of the
body to that of the isolated vertical tail

b,, the vertical tail span measured up to the fuselage centerline;

2ry, fuselage average depth in the region of vertical tail

A, vertical tail taper ratio based on vertical tail surface measured up to the fuselage centerline.

A, is the geometrical aspect ratio of the vertical tail with span and area measured
up to the fuselage centerline

A/ Auepy 18 the ratio of vertical tail aspect ratio in the presence of the horizontal tail and body
to that of the vertical tail in the presence of the body alone

Ky is a factor accounting for the relative size of the horizontal and vertical tails _
Ref: Pamadi
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3L Contribucion Vertical - V. Cn,

Av

<4

16

1.

|

0 1 2 3 4 5 6 T
Fig A19 " Ref: Pamadi
B Fig. 3.77 Empirical parameter Ayg,/Ay as a function of by /2r; (Ref. 1). -~
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‘L Contribucién Vertical - VI Cn,

..s P ———— =
1
K 1 ;
4 ,
j
!
I —
i
'n
0
A : 1.2 1.6 i)

Fig A20 S
Sv
Fig. 3.79 Empirical parameter K as a function §; /Sy (Ref. 1). Ref: Pamadi
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‘L Contribucién Vertical - VIl Ch,

|
Horizontal Tail
!
f = »
Vertical Tail
ac. OF _r
HORIZONTAL
TAIL
{ by
4 : i e
H
. FUSELAGE CENTERLINE
| |
| -
% ;
’ 0 -2 | - ,_'3 1.0 Flg A21
%ﬂ" Ref: Pamadi

Fig. 3.78 Empirical parameter Ay g /Ay as a function of zy5 /by (Ref. 1).
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i Contribucion Vertical - VIII  Cn,

Método I

(Xﬂcv —XCE) cosar + (chv — ch)sm{x
By By b,
Ref: DARCorp

where:

va, Is the ventral fin contribution to the sideforce-coefficient-due-to-sideslip derivative.

- o
E’-“-pf Is the Z-coordinate of the vertical tail aerodynamic center.
.Z,:g Is the Z-coordinate of the airplane center of grawity.
Xaﬁf Is the X-coordinate of the vertical tail aerodynamic center.
X,:g Is the X-coordinate of the airplane center of grawity.
o Is the airplane angle of attack.
b, is the wing span.

Ingenieria
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Contribucion Fuselaje - |

15
o
Contribucién Fuselai Fig B3 = /
ontribucién Fuselaje . P e e RN 7%
Método | EErCEeo R e
I==ccccawr 4
o 1s volume /D Fuselajg (gondola) SRR
s = 13 TS5 p \ W, profundidad . NS s
anchura Nt NN
o SAREEEN
~ 004 [y
VN 008 \\\\
Fuselage contribution. Meétodo II TR
o T 7]
SB.S If . : ‘ /'
(Crg)awy = —KnKpi (T) (-5 deg L /=
o - 17
: 180 1 =
Hay que convertir a 1/rad |:> (Crg)pwy X = == i
f n rad ’A/-i :
Ky is an empirical wing-body interference factor S i) JAEREI
K g ts an empirical factor EEss =
l¢ is the length of the fuselage. A
Ss.s is the projected side area of the fuselage e
S 1s the reference wing area, Fig B4 U EEE ER ]
? T TRef"Pamadi
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Fig B3

1) Identificar ’;—m
f
Xm : Lf 2 , , .
2) Para un m determinar < Mmas proximo
f B,S
Lf 2 : hi 2o
3) Para un =— determinar |— mas proximo
SB,S h;
h . , , .
4) Para un /—1 determinar mas proximo
h; fmax
5) Para un determinar Ky
fmax
--l—-km—-
T—E‘m |
11 h, C@ h, = Spgs: Body Side Area

.
r—

H o
4

ly !
Ingenieria

Aeroespacial -9

Ref: Pamadi

bimert Maximum Body Width
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: f:ii:.;%"“ﬁ 4 / Z
S=coan
1 !
- . . .IG\ E -
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001 \Q.? Stmas _|
P TSRNR
]
) Nt
- N
- N
AN
- A
Fig.3.73 Empirical factor K related to (Coa) sw) (Ref. 1).
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| 2 _— /
B.5 _,.--"'"'f'
ﬂ,azjs”‘-‘f/;fﬁf B, 7 774
_—_— "#4‘_,; Jﬁi"’#':ii Y, ..3/.! I,Ef.dfﬁ:/I:
) | ;fﬁf’ﬂ:;ﬁ*:ﬂf:; 3 < 1
f -7 e
; G. R -f;i;jﬁ == ﬁf 7 /]/
" 20— 1
| 4 E
— %-L .1{3 4 5 6 7 8 !
. ly——— 7 T (¥ |
0 ; %
Sp,s: Body Side Area ol
bsmezt Maximum Body Width = -_==)— T ]
Ky
—4+ 003
Sa.s [ !
(Cnﬁ)B(W) =—KnvKn (‘%—‘) ("ﬁ') /deg {' 004
,j E L 003
" |
; 006
Ref: Pamadi | |
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T
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i
T
i)

Num Reynolds del fuselaje ot
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n
y
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(Caplawy = —Kn K (-—::.—"—) ('i,[') /deg

Ref: Pamadi
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Fig. 3.74 Variation of K g with fuselage Reynolds number.
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i Contribucién Fuselaje - Il Chn,

The value of Kg, an empirical constant, can be obtained from the fol lowing
graph as a functlon of fineness ratio and c.g. location. The distance from
the nose to the c.g. 1s d; Sg is the body side area. The other variables are
shown below.

A value of (CnB)fus can be obtained from Perkins and Hage by use of

4

Método 111 3

| e
-.96 Kg S L h W b/h a4
(__5_) (__I_)) (_l) 172 (;2_) 173 ’Q // 2

Crgltus = 573 5. 5, %, : —
. R
/—/ h h

P

v

.1

B6 . —3 21 >

J A .6 .8 1.0
d/1y
Figure 27. Empirical constant as a function
Ref- Smetana of fineness ratio and c.g. location.
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Fig B6

T

-.96 Kg S fLp M1 i,. W24
(Cngdtus = — 573 5 (E;'?) G G

-3

d es la distancia desde efmorrd al Xcg

-

*ﬁ!h—kﬁbj}

u S—

Ref: Smetana (Fig 27)
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Lateral-Directional CYTﬁ

For a propeller-driven airplane:

The airplane thrust sideforce-coefficient-due-to-sideslip-derivative is given by:

T 2 dCN
—N o L —
: 4 PP Pmp[ do

jpmp

T S

W

where:

Para aviones jet ==y Aproximacion CYTB ~ 0

15 the number of propellers per airplane.

15 the moment arm of the propeller normal
force to the airplane center of gravity.

15 the propeller diameter.

Is the change in propeller normal force
coefficient with angle of attack.

15 the wing area.

15 the wing span.

Para aviones con hélice =) Muy compleja estimacion == AproximaciénCYTB ~0

Ingenieria
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Propulsive Derivatives CYTB

For propeller driven airplanes:

where:
dC K
[—N — (CND: ) 1+ 08 2N 1 Ky 15 the first intermediate calculation parameter.
da prop P K =807 80.7 . .
[(C.ﬁ’a} —‘ 15 the second intermediate calculation parameter.
PR N =807

The first intermediate calculation parameter is given by

W W W —> Geometria de la helice
Ky = 262(5] + 262[5] + 135[—]
where:
The propeller blade radius

% is the propeller blade width-to-radius ratio at 30% radius.

J03R prop R - Dp?‘ﬂp
w . . : : : prop —
- is the propeller blade width-to-radius ratio at 60% radius. 2
R )06 Rprop

~ D diameter of pro
= is the propeller blade width-to-radius ratio at 90% radius. prop prop
Ingenieria "'W‘
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Propulsive Derivatives CYTB

For propeller driven airplanes:

The second intermediate calculation parameter is obtained from Figure 8.130 in Airplane Design Part VI and
Is a function of the number of propeller blades and the nominal propeller blade angle at 75% radius.

I3
G - o, =propeller normal {
O =
h‘n='80.7
Pree
COPIED 37T~ —=
REF.9 ) P
: COUNTER
ROTATION — _l/ ( 5131_1915 5
i yl LAy AT]OA‘
:> [(C"')P]x":';" NO. OF // /\‘ Pre
* |PLADES ]
K 7 =80.7 V7 N |
/)(
2 6 L~ | )//
///// ———
4 —
A 3///
2
Fig A17 L
0 10 20 30 “«© 50 6

NOMINAL BLADE ANGLE AT .75 RADIUS, £ (deg)
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(me

6
& = = 1l rmal force
AT =t o o
Kn=807 1
COVIED T~ /¢
FROM - | /
REFD //Jf
) COUNTER
e} —~ /f/ lg&'ﬁxon7
[(CNc)P] Ky =807 [NO ‘OF p ‘N’//
3 :
. FS —
// L
6 //
(o), e
*'p K =807 3 /./
2
0 - !
0 10 20 30 4 50 60

NOMINAL BLADE ANGLE AT .75 RADIUS, £ (deg)
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Lateral-Directional CNTﬁ

For a propeller-driven airplane:
The airplane thrust yawing-moment-coefficient-due-to-sideslip-derivative is given by

where:
f'-.-rﬁqp 15 the number of propellers per airplane.
T 2 dCN Epmp Is the moment arm of the prnpeller normal
INPFGP'JPFDP mep [E] force to the airplane center of gravity.
Fo
CHT = — prep Dprﬂp 15 the propeller diameter.
B S
wa dC Is the change in propeller normal force
— coefficient with angle of attack.
da prop
Sy is the wing area.
by is the wing span.

Para aviones jet =y Aproximacion CNTB ~ 0

Para aviones con hélice =) Muy compleja estimacion =) Aproximacion Chp, =0

Ingenieria -
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Lateral-Directional CNTﬁ

For a propeller-driven airplane:

The moment arm of the propeller normal force to the airplane center of gravity is given

Epmp — (Xr:g _Xpmp )':DS Yr — (K: o Ypmp
A< AV,
>
Jet B
where: . ﬁ
B~ B b
XEU is the X-coordinate of airplane center of gravity.
Xp‘ﬂp is the X-coordinate of the propeller. N, N *
Fpmp is the Y-coordinate of the propeller. )ﬂ Ip\ X;
v
¥ is the Y-coordinate of airplane center of grawity. _ [ —
g jﬂ' ﬁ%\
Dr is the thrust line inclination angle. P
Y i

)Siﬂ rr

|
|
A\uﬁg

Para aviones jet ==y Aproximacion CNTB ~0

Para aviones con hélice =) Muy compleja estimacion =) Aproximacion Chp, =0
%)
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Propulsive Derivatives CNTB

For propeller driven airplanes:

where:
dC K
[—N — (CND: ) 1+ 08 2N 1 Ky 15 the first intermediate calculation parameter.
da prop P K =807 80.7 . .
[(C.ﬁ’a} —‘ 15 the second intermediate calculation parameter.
PR N =807

The first intermediate calculation parameter is given by

fme

W W W —> Geometria de la helice
Ky = 262(5] + 262[5] + 135[—]
where:
The propeller blade radius

% is the propeller blade width-to-radius ratio at 30% radius.

J03R prop R - Dp?‘ﬂp
w . . : : : prop —
- is the propeller blade width-to-radius ratio at 60% radius. 2
R )06 Rprop

~ D diameter of pro
= is the propeller blade width-to-radius ratio at 90% radius. prop prop
Ingenieria "'W‘
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Propulsive Derivatives CNTB

For propeller driven airplanes:

The second intermediate calculation parameter is obtained from Figure 8.130 in Airplane Design Part VI and
Is a function of the number of propeller blades and the nominal propeller blade angle at 75% radius.

I3
G - o, =propeller normal {
O =
h‘n='80.7
Pree
COPIED 37T~ —=
REF.9 ) P
: COUNTER
ROTATION — _l/ ( 5131_1915 5
i yl LAy AT]OA‘
:> [(C"')P]x":';" NO. OF // /\‘ Pre
* |PLADES ]
K 7 =80.7 V7 N |
/)(
2 6 L~ | )//
///// ———
4 —
A 3///
2
Fig A17 L
0 10 20 30 “«© 50 6

NOMINAL BLADE ANGLE AT .75 RADIUS, £ (deg)
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& = = 1l rmal force
AT =t o o
Kn=807 1
COVIED T~ /¢
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REFD //Jf
) COUNTER
e} —~ /f/ lg&'ﬁxon7
[(CNc)P] Ky =807 [NO ‘OF p ‘N’//
3 :
. FS —
// L
6 //
(o), e
*'p K =807 3 /./
2
0 - !
0 10 20 30 4 50 60
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i Lateral-Directional Cy,.

= Asumir que Crpg = 0

Ingenieria .
Aeroe*_.spaqu!* Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es



—
|
T

!'_ Derivadas CYp; CLp : CNp

Roll Rate Derivatives
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Estimacion Derivadas

= Contribucion Cy,

= Ala: flecha, diedro

= Vertical

= Contribucion CL,

= Ala: flecha, diedro

= Vertical
= Fuselaje

= Horizontal/Canard/V-tall
= Contribucion Cn,

= Ala: flecha, diedro

= Vertical
= Fuselaje
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i Lateral-Directional Cy,

Método | |:> Sélo considera la contribucion del ala Ref: Pamadi
wing contribution (Cyp)w K — 1 = ay P (Cra)e 4r = ea
I —ay: TAe
Cy |
(Cyp)w =K (——p) Cp +(AC,,)r/rad
CL/ci=o.m

B = \/l — M?cos* Ay

(C_m.p) _ (A+ B cos Aj)(AB 4 cos Ays) (C},,,) :>
C; = O,M Ct =0. M=0

Cy ~ (AB+dcos A u)A+cosA) \ Cp A=A,

A, the exposed wing aspect ratio.

Leading Edge Swaep=0 Leading Edge Sweap=30
M M H 1 H H H

Leading Edge Sweep=60
1.6

c_‘,,J) |
((;L‘ el E> Datos experimentales E>

0.8,
2

0.4,
2 3 4 5 3 4 5
Aspect Ratio Aspect Ratio

Fig. 424 The parameter (C,, /C)c, =o,s-0 at supersonic speeds.”
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Ref: Pamadi

i Lateral-Directional Cy, Método |

Leading Edge Sweep=0 Leading Edge Sweep=30

1 —

0.6

0.4

G 02PN
e :
4] SEETRRT R

-0.2

—_— A= -0.4

———— A=05
—— A =1.0

@)
CL C,=0M=0

Aspect Ratio Aspect Ratio

Fig.4.24 The parameter (C,, /CL)c,=o,u=0 at supersonic speeds.’
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‘L Lateral-Directional Cy, Método |

wing contribution (Cyp)w Ref: Pamadi

C,
(Cyplw = K( ff‘) CL + (ACy,)r/rad
CL Cr=0,M

i 4E 1 ﬁcl) k
(ACyp)r = 331“F[1 - s F](C!p}r=ﬂ,CL=u/rad <:| (Cipdr=0.¢c, =0 = (___k ! ) P
C,=0
z=12z,c08 ¢ — I, sinc
aﬂ

I' is the wing dihedral in deg B = 1= M, =

¥ 4

a, 1s the sectional or two-dimensional lift-curve slope of the wing at low subsonic speeds

Leading Edge Swaep=0 Leading Edge Sweap=30
- M H 1 M H H

Leading Edge Sweep=60
1.6

ﬁclp) .
—— [ > Datos experimentales |:: >
( k CL=0 p

0.8,
2

0.4,
2 3 4 5 3 4 5
Aspect Ratio Aspect Ratio

Fig. 424 The parameter (C,, /CL)c, =o,s—0 at supersonic speeds.”
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Lateral-Directional Cy,
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Taper Ratio=0
_'D.1 T '
015 - _-_—_'_"'/——’
~0.2 | o]
—DBEE e R
_D_a ___,_,__ = ..-‘F ............
-0.35 . :
0 20 40
Taper Ratio =0.5
-0.1 - ,
R
02k S
O
~0.4F e T - ........
~0.5 ; .
20 40 60
A, deg

ks

Método |

Ref: Pamadi

Taper Ratio = 0.25
-0.15 :
Z__________..-—-
02l :
_U.ES' ---------------- e -
—03p et T T
~0.351 - R STTT LT
-0.4 .
20 40 60
Taper Ratio=1.0
-0.1 ,
—02F e e
=0.3¢ _______,—-—:*"""F'F'_':-'i
_G.d Foo ,_-.- LR _,..""'F-_‘: .............
0.5 i .
0 20 40 60
A, deg

Fig. 4.25 The parameter (3C;, / k)¢, — at subsonic speeds.”
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Ref: DarCorp
Método II |:> Considera la contribucion del ala y del vertical

i Lateral-Directional Cy, Método I

The airplane sideforce-coefficient-due-to-roll-rate derivative is primarily influenced by the vertical tail

. (Zeg =2 )
Cy, =20y (Ecxcv - Zr:g) cosc— (Xacv - Xcg) s (Zacv - Zr:g) +3sinl",|1-4 i . R sinl”,, C;p @Ty =0
P By b, W =10
where:
C,Ilj i5 the ue_rtin::al_ tail n:_nnt_ributin:nn to the sideforce-coefficient-
v due-to-sideslip derivative.
zﬂﬂv is the Z-coordinate of the vertical tail aerodynamic center.
zsg is the Z-coordinate of the airplane center of gravity.
3:,..;4“_. is the Z-coordinate of the wing root chord.
va is the ¥-coordinate of the vertical tail aesrodynamic center.
Xcg is the X-coordinate of the airplane center of gravity.
o is the airplane angle of attack.
b, is the wing span.
Ly is the wing dihedral angle.
G, @T,, =0 is the roll damping derivative at zero lit and withour dihedral.
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i Lateral-Directional Cy, Método I

Ref: DarCorp

The roll damping derivative of the wing without dihedral and at zero lift is found from:

| BC,
CEF@FW=D=E .
Cr=10 @y =0

The roll damping parameter at zero lift is found from Figure 10.35 in Airplane Design Part VI and is a function
of the wing aspect ratio, the Prandtl-Glauert transformation factor, the sectional lift curve slope obtained

through the Prandtl-Glauert transformation factor, the wing quarter chord sweep angle, and the taper ratio:

6, =%
[ k}? ]@G D = f(ARw ?ﬁrk’ﬁcmw ?’q‘w) |:> _ﬁué
i =

AR,, »wing aspect ratio.

B — Prandtl-Glauert transformation factor.
k — ratio of the incompressible sectional lift curve slope of the wing to 2x = i
A¢/a,, — Wing quarter chord sweep angle. FI S A33 W -
A, — Wing taper ratio. g # :

20 0 20 40
Ae (deg) Ae (deg)

Figure 21.11  C,_ for straight wings (data from [6])

. . . / 2
The Prandtl-Glauert transformation factor is defined as &= v1- M

fgﬂp ]

: : : : : : M= : .

ratio of incompressible sectional lift curve slope with 2r k= ks ;“’ @ |:> Aproximacion k =1
i
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Flg A33 Método |1

Ref. DarCorp
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~L Fig A33

[3 : EQN.(10.53)
X: E&N.(10.54)

Método |1

Ref: DarCorp

]
X
-5 ?.mﬂ
@ieo EE-‘" ] Ny
[resam— T ay
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g Fig A33
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Lateral-Directional C1,

Ref: Pamadi
Contribucién total ala horizontal V-talil

1l | )]

C!p = (C!;?)W + (_C!p )y T (Clp)h + (Clp)c + (Clp)v

4

vertical
Contribucion canard,horizontal y V-tail muy pequenas — despreciable en 12 aproximacion

ee

canard

wing contribution

-3

(Ciphw = [a,(y) + CpJe(y)y* dy Strip theory

sk? [
Aproximacion
For an untwisted rectangular wing with a constant chord and an identical airfoil section along the span,

ao Cy, 2D (Cip)w = —¢(a, +Cp)

Strip theory ignores the induced drag effects and the mutual interference between
adjacent wing sections — aproximacion no valida para AR pequefios

] Ingenieria .
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i Contribucion Ala - | C'r

P
| Ref: Pamadi
Aproximacion para AR normales
Y 73
ot () () [ (02, | =
Cipdw = | —— — || = d 5(:
( EF)W ( k C.=0 »8 (Cfp)l"=ﬁ S j r:img __,ﬁ
2n
(Crpr

22
P (1 —=2¢sinD" + 37" sin® [")/rad 7 ===
Cor—s ( z sinl" + 32" sin®I[')/ra |:> b

z,, 1S the vertical distance between the center of gravity and the wing root chord,
positive for center of gravity above the root chord.

Taper Ratio =0.5

-0.1 .
o
_0.2 .............. : e
ﬂf‘c—'ﬁ _{]_31_.._ e _.. =7 J'H",'.-'
BCp LT
& E> Datos experimentales 04b i T
Cr=0 - |
0.5 ; i
Fig A22 0 20 40 60
A, deg
@ f&;emena iaf -
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Fig A22
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Fig. 4.25 The parameter (3C,, / k)¢, =o at subsonic speeds.’
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i Contribucion Ala - 11 C'r,

Ref: Pamadi & Roskam
Aproximacion para AR normales

(), () 5/
(Ciplw (k c.=0 \B/J \(Cip)r=o rad+( Ip)dmg 5.

% )
AC (EPCDLC ac,. \ —o12s[c c
0 s AR s CNEL S
P Ly
(Cip)
. Cp; : : : : :
= C> Is the wing drag-due-to-lift roll damping parameter. IZ> Fig. C13
L s.
Cy,, - Is the wing lift coefficient without any flap effects.
Ay, - IS the lift coefficient due to flap deflection.
Cpy,, - Is the wing zero-lift drag coefficient.
Cp - Is the flap profile and interference drag coefficient.
Oftap
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F|g . C13 Ref: Pamadi & Roskam

drag-due-to-lift roll damping parameter — En funcion de A,/
-“

— —

e [\ A
70

Q) =3 \ COPIED FROM RYEERE9D
S

CL2
(perrad) .2 l N

AFNLS .

— ""'-.._____\h‘-i;

0 2 4A 6 8 10
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i Contribucion Vertical CL,

Ref: Pamaudi
\[(72— 12y
(C”’"’=|2(E)( b )

7 =12,C08 @ — I, sinc :> a angulo de ataque de trimado
asumir que el estudio se realiza para a = 0

Tail contribution

Cyﬁ, 4

z,, 1S the vertical distance between the aerodynamic center of the vertical tail and
the center of gravity measured perpendicular to the fuselage centerline,

L, is the corresponding horizontal distance measured parallel to the fuselage
centerline

do Sy

Copyv=—ka,|1+— |n,—

- ﬁ‘ aﬁ S
Ingenieria ) T
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Contribucion (Canard/Horizontal/V-tail) CLp
Método |

Contribucion horizontal & V-tail y canard (misma ecuacion, utilizar proyeccion horizontal V-tail)

o Canard
S1.s. superficie lifting surface Horizontal

2
G :_(Cj ) S1.5. [ Bs, :> S\ superficie alar V-talil
Prs Plls 8y \ by b, s envergadura lifting surface
b,, envergadura ala

El subindice |.s. se substituye por el de la superficie que se esté evaluando

El valor de (Clp) es el que se obtiene para cada una de las distintas superficies

ls.
aerodinamicas utilizando las mismas ecuaciones para el calculo de la contribucion del ala

C ﬁC‘p E (C:'p)l"
( 'p )E.S. :> (Ciplw = ( k )EL=0 (ﬁ) ((Cfp)l"=ﬁ)/md+ |:(&ij )r:img l.g.

Ref: Roskam

@
[ |
.

emplear ecuaciones para contribucion ala

Ingenieria N -
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Contribucion Horizontal CLp

Contribucion horizontal I.s.— h Método |

W

(), )& .

ch

C
(Aq ) - %Lt 01250,
P ldrag i {_’,‘E L “h

g

2
¢ _ l(C; ) S1s. [ bs
p; 2 Pl SW b

(ACl ) - 1s the horizontal tail lift coefficient.
PJdragy,

Cy, - Is the horizontal tail lift coefficient.

Cp,, - Is the horizontal tail zero-lift drag coefficient. Ref- Roskam

Ingenieria
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Contribucion V-tall CLp

Contribucién V-tail I.s. —» vee Método |

S . (b, Y
qp; :%(CEP)I.S. Sjw {Ei ]
BC k (Cip)

(Cfp) :> (Cipw = (_Ip)m::} (E) ((C;;;:g)/ rad J{(AL ! )d””ﬂgl.s.
(Cﬁp)

oy
AC ) - L 2 _0.125C
|:( 'p dmg} 2 Lyee Loyee
vee I?EE

(ACl ) - I1s the V-Tall drag-due-to-lift roll damping parameter.
P dragyee

Cpo,,, - Is the V-Tall lift coefficient.
Cp, _ - Is the V-Tall zero-lift drag coefficient. Ref: Roskam

vee

Ingenieria
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Contribucion Canard CLp

Contribucién Canard L.s.— ¢ Método |

2
¢ _ l(C; ) S1s. [ bs
p; 2 Pl SW b

W

- (552), L ) (2 ) [+ (01,
(Cfp) :> Crlw ( c,—o \B/ \(Cip)r=o ad (ALD)WE .5,

()

C
(Aq ) - %Lt _o0a25¢),
P Jdrag - Ci L e

(ACl ) - i1s the canard drag-due-to-lift roll damping parameter.
P/ drag,

Cy, - is the canard lift coefficient.
Cpy,- Is the canard zero-lift drag coefficient. Ref: Roskam

Ingenieria
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Lateral-Directional Cn,

o ala Ref: Pamadi
Contribucion total ﬁ

Cr.tp = (Cu,ﬂ)ﬁ" + ':Cnp)v

¢

: N vertical
wing contribution

_4 b .
(Coplw = @f [ao(y)et — Cpg,ile(y)y® dy Strip theory
0

Aproximacion
For an untwisted rectangular wing with a constant chord and an identical airfoil section along the span,

(Cnp)ﬁ-" - _é(CL - Cﬂa)/rad

Strip theory ignores the induced drag effects and the mutual interference between
adjacent wing sections — aproximacion no valida para AR pequefios

] Ingenieria .
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‘L Contribucion Ala - | Cn,

Ref: Pamadi
wing contribution Aproximacion mas precisa (velocidades subsonicas)
(Cop)w = Ciptana(K — 1) + K Cp frad
Cr CL=0M
l — Uy Ayy = €dy)
K 2 l —ﬂwg : (CLH)F
ty =
TAe€
:,; Pendiente de sustentacion del ala expuesta
(Cra)e En 12 aproximacion (Cy,,) =~ Cy,, del ala
Coeficiente de Oswald 1.1C,, \

dept. aerodinamica e = ' R=a)} +amr’>+ash +a
(dep ) B =T a-mnA T 1+ a2h] + ashy + ag

a1=0.0004, g, =—0.0080, a;=0.0501, a;=0.8642, M=ALf cos Arg

A is the aspect ratio, A is the taper ratio, and A g is the leading-edge sweep of the wing.

fme
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i Contribucion Ala - 1 Cn,

wing contribution Ref: Pamadi
Aproximacion mas precisa (velocidades subsonicas)

Co
(Copyw = Ciptana(K — 1) + K( ”) Cp frad
CL Cr=0M

(Cnp) B ( A +4dcos A{-r_u )[AB + 0.5(AB 4+ cos ﬁfﬂ)taﬂz ﬁcm] y (Cnp) /Iad
Cr /e, —om \AB+dcosAys/| A+0.5(A+cos Agatan® Ay G5 ) omitat

B— \/ 1 — M?cos? Acjy A is the exposed aspect ratio (A,)

2
( Cup ) _[A+6(A +cos Ay (EER 4 Bt
CL CL=M=0 6(1‘1 -+ 4 cos ﬁ.:f.fq.}

Ingenieria N
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‘_L Contribucion Ala - 111 Cn,

Ref: Pamadi
wing contribution

I:> X = (Xgc)e — Xcgle |:> ~SM (margen estético)

(x4c ). 18 the distance of the exposed wing aerodynamic center from the leading Edge of the root chord,
¥eg le 18 the distance of the center of gravity from the leading edge of the exposed wing root chord.
Bﬂth (Xac)e and x., ;. are measured parallel to the exposed wing root chord.

The parameter ¥ will be positive if the aerodynamic center of the exposed wing
(xac)e 15 aft of the center of gravity

{ﬁm‘]ﬂ j'g

Kep ;;‘FI Root Chord of Exposed Wing

I::{'r‘}f

Ingenieria
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P
Ref: Pamadi

i Contribucion Vertical C'n

Vertical contribution

2 T 4w
(Ciplv = _(E)G” Cos & + Z, sino.r)(z bz )Cyﬁ,v/rad

7 =12,C08 @ — I, sinc :> a angulo de ataque de trimado
asumir que el estudio se realiza para a = 0

z,, 1S the vertical distance between the aerodynamic center of the vertical tail and
the center of gravity measured perpendicular to the fuselage centerline,

L, is the corresponding horizontal distance measured parallel to the fuselage
centerline

do S,

C\' vV =— _kal-‘ I+ — Ny—
Ingenieria N =
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Derivadas Cy.C..,Cy.
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Estimacion Derivadas

= Contribucion Cy,

= Ala: flecha, diedro
= Vertical
= Fuselaje

= Contribucion C;

= Ala: flecha, diedro

= Vertical

= Fuselgje

= Horizontal/Canard/V-tall
= Contribucion Cy_

= Ala: flecha, diedro
= Vertical
= Fuselaje

Ingenieria .
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| ateral-Directional Cy.

ala Ref: Pamadi/Roskam

[}
Cy, = (Cyr)w + (Cyr)v

¢

vertical

Total contribution

wing contribution: The wing contribution is normally negligible, as indicated by TN-1669

(Cyr)w = 0.143 C; — 0.05 |:> Aproximacion alas rectangulares y flecha zero

tail contribution

p a0 h)
(Cydv = _EUI' cos o« + Z, sine)Cyg v /rad <:I Cygv = (1 + ég) (—U)
068,/S 0.4z 21 A
(1 - 9?—) Ny = 0.724 + 3065,/ + Y +0.0094 Gy =ay =
3B 1 +cosAgs  dmax 2+‘/ 2 (|+m!m-¢)+4

1

] Ingenieria .
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Contribucion Ala Cr,

Total contribution ala Ref: Pamadi/Roskam

]

¢, =(C,), +(C,),

¢

vertical

r

Wing contribution .

8 2
(Crw = 57/ a,(y)ac(y)y*dy

For an untwisted rectangular wing of constant chord and constant airfoil section all along the span,

Aproximacion

C
(Ciw = ?’-’

Strip theory ignores the induced drag effects and the mutual interference between
adjacent wing sections — aproximacion no valida para AR pequefios

Ingenieria N
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Contribucion Ala

Wing contribution

qrw =\ Ly ciean

Ingenieria

Aeroespacial

Cr

Wing twist Ref: DarCorp

diedro flap

where:

Oy
Lo clean

is the wing lift coefficient without any flap effects.

is the slope of the rolling moment coefficient due to roll rate at zero lift.
is the dihedral contribution to the rolling-moment-coefficient-
due-to-yaw-rate derivative.

is the wing dihedral angle.

is the increment in the rolling-moment-coefficient-due-to-yaw- rate
derivative due to wing twist.

is the wing twist angle.

is the effect of symmetric flap deflection on the rolling-
moment-coefficient-due-to-yaw-rate derivative.

is the change in airplane angle of attack due to flap deflection.

is the flap deflection angle.

r
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Contribucion Ala Cr,

r
The slope of the rolling-moment-due-to-roll-rate at zero-lift Ret. Pamadi
er :> (C},-) B Num (C[,)
Cr J@Cr=g Cr/)e,—om DenXCr /e _oum=o
My
N - A(1 — B?) (AB + 2c¢o0s AEH) (wm1 Am)
um =
2B(AB +2cos Agss) AB +4cos Ay 8
A+ 2cos A, tan® A,
o1+ (L) ()
A+ 4 cos ﬁch 3
Fig A23
ACy, 1 TASIn A,z 5 S s
= rad v
r 12J\A+4cos Ay SR
. . B ] s
A = A,, the exposed wing aspect ratio. foA A4 |
// 1/ i/ // i e
C VAVAW, | .
! * e
—') :> Vi L e
CL CL =0 /// /] / | !"!/ / !
M =10 //// | ;”z‘// T
N7 Vo7/s] 2 H 6 i0
7 I, i | |
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Contribucion Ala Ref: DarCorp CLT

The increment in the rolling-moment-coefficient-due-to-yaw-rate due to wing twist is determined from Figure
10.42 in Airplane Design Part VI and is a function of wing aspect ratio and wing taper ratio

l

ROOT-SECTION
ZERO-LIFT LINE__ ||
W e —rie
% / i
N TIP-SECTION =
ZERO-LIFT LINE

I

2 4 é & 10

NOTE: T I T I I
‘Ct, per radian Reproduced from Reference §
~016 Ep in degrees
_n--/
X | 1 “
> .4 T
w 012 /'/i e
‘r
.&CI 1 K // | 2 '—“‘-———-‘//
, Fig A34 £ -
= f{4R,, A : @
- W W e //

&t

ASPECT RATIO, A

The effect of symmetric flap deflection on the rolling-moment-coefficient-due-to-yaw-rate derivative is
obtained from Figure 10.43 in Airplane Design Partt VI and is a function of wing aspect ratio, wing taper
ratio, inboard and outboard flap locations in terms of wing half span, and wing span:

ASPECT RATIO, A
D 1 2 3 4 6 8 10

Reproduced from Reference 9
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Fig A34

Ref: DarCorp

'

NOTE: | I I I i
AC; per ndian Reproduced from Reference §
-016= '
Et in degrees
A " / -‘/4
> 4 a8 i
012+ /A
AC 2
E = f{ARy, Ay) €t / 0 —
¢
i
rad-deg T7 i
ROQT-SECTION
_ /—ZERO-LIFT LINE !
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fme

Fi 9 A35 Ref: DarCorp
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AC
NOTE: A ac I,
AC;  per radian NOTE: = -
t ol K & A 5
5 in degrees ( St) 8 ¢ 8*) g [— § si) ‘
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i Contribucion Vertical C'r

Tail contribution

(Cp )y = %(zu cOS & + 7, sin@)(z, cos & — I, sina)Cyg y

a angulo de ataque de trimado asumir que el estudio se realiza para a = 0

z,, 1S the vertical distance between the aerodynamic center of the vertical tail and
the center of gravity measured perpendicular to the fuselage centerline,
L, is the corresponding horizontal distance measured parallel to the fuselage

do S,
C ; A _kau ]. - -
yB.V ( + aﬁ)nu S

Ingenieria
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Contribucion Ala Cn,

Total contribution ala Ref: Pamadi/Roskam

]

Cnr = (Cnr)w + (Cnr)v

¢

vertical

Wing contribution )

(Cordw = <52 fD” Cpac(y)y”dy all along the span,

Aproximacion
(Cordw = —5Cn

Strip theory ignores the induced drag effects and the mutual interference between
adjacent wing sections — aproximacion no valida para AR pequefios

] Ingenieria =
: 1
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Contribucion Ala - 11

Wing contribution

F

ig A24

SUBSONIC SPEED!
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Fig. 4.29a The parameter (C,, /C})y for subsonic speeds.”

Ingenieria

Aeroespacial
=i, o

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

Cn

>

Pamadi/Roskam

Fig A25

ASPECT RATIO, A

H
{nl-’_‘* =0 l"m
- [3 (deg)
| —t 0
c, 40
C, 50
s
-8B
(per rad)
60
-1.2 -
¥ ASPECT RATIO, A
4 1] 1
mg- 0.2 !"\n
¥ (deg) T
1 o
3 -
C, 40
S A ] B
o,
-8
(per rad)
_—_
L
12 ASPECT RATIO, A
H
(] =
() 2=04 IA,,.
< den) T
| 0
& 20
Pt /]
. T
-8
(per rad)
s S —

T In the wing mean serodynamic chord.

Fig. 4.29b The parameter (C,, /Cpo)w for subsonic lpmlu._’

~1.2
MOTE: ¥ It the distance from the c.g. to the a.c., positive for the a.c. aft of the cg.

103 U¥



SUBSUNIL SPEELYY

1

- A.;;q. (deg) _E: 0
Fig A24 AL
| 0T
s ogn 40| —
SM (Margen estatico) = 0.0 |:> TAPER / ] ] |
RATIC /£ 4 s ",_/7(
N ok /
OP- : / | "\GM i_‘ ,
X S | (deg) G
., o C, /C.? 60
==z funcion del SM (Margen estatico) e '\_ﬁ___ﬁ
C =
50 |
/7 +40
L .- 0 ——T"
SM (Margen estético) = 0.2 I:> TAPER —
A
l'g/ NOTE: E is distance If'rom the c.g. to the a.c., positive for the a.c. aft of the ¢.z.
¢ is the mean aerodynamic chord. !
- 0 N ﬁcf# Ti ~
C, J'r':[.2 {deg) E_ Qi
(pe’r'tad) %
'\\\
SM (Margen estatico) = 0.4 I:> // \| T —
VAN
/ 240
TAPER / | o |
RATI
yARN
Ref: Pamadi hof i . 3 4 5 6 7 9 10
_ LR | | | ASPECT RATIO, A
[*] Ingenieria ) Cn'f Ci_z {per rad) '..pr
B, Aeroespacial | Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 104 U=



Ingenieria

Aeroespacial
i s

3 Urvweriaed or Sevia

B
Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 105 U=



Fig A25 - |

SM (Margen estatico) =0
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NOTE: X is the distance from the ¢c.g. to the a.c., positive for the a.c. aft of the c.g.
Ref: Pamadi ¢ is the wing mean aerodynamic chord.
o roeen Fig. 4.29b The parameter (C,, /Cpo)w for subsonic speeds.
B, Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 106

=

us



Fig A25 - |

SM (Margen estatico) = 0.2
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NOTE: X is the distance from the ¢c.g. to the a.c., positive for the a.c. aft of the c.g.
Ref: Pamadi ¢ is the wing mean aerodynamic chord.

Fig. 4.29b The parameter (C,, /Cpo)w for subsonic speeds.
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Fig A25 - |

SM (Margen estatico) = 0.4 ASPECT RATIO, A

4 & 8 10
-“F*—F—-+—'——A
A
(deg)
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NOTE: X is the distance from the ¢c.g. to the a.c., positive for the a.c. aft of the c.g.
Ref: Pamadi ¢ is the wing mean aerodynamic chord.

Fig. 4.29b The parameter (C,, /Cpo)w for subsonic speeds.
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Contribucion Vertical Cn,

Tail contribution Ref: Pamadi/Roskam

2 : |
(Cnr}'lf' = E(lu COS & + Z, 81n ﬂ)zc).ﬁ‘v per radia
a angulo de ataque de trimado asumir que el estudio se realiza para a = 0

z,, 1S the vertical distance between the aerodynamic center of the vertical tail and
the center of gravity measured perpendicular to the fuselage centerline,

L, is the corresponding horizontal distance measured parallel to the fuselage
centerline

L, =X, —-X Zy = Zge, —Zg

acy; cg g

Ingenieria
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Derivadas CY CL CNB
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Estimacion Derivadas

= Contribucion CYB

= Vertical
= Contribucion CLB

= Vertical
= Contribucion CNB

= Vertical

. T
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[

‘_L Contribucion Vertical Cy.

Tail contribution

Sy [, cos o+ z,8ina
(C;r,é)‘-*’ =2ﬂuﬂ'ﬁ(?b)[ b ’ :|

a angulo de ataque de trimado asumir que el estudio se realiza para a = 0

z,, 1S the vertical distance between the aerodynamic center of the vertical tail and
the center of gravity measured perpendicular to the fuselage centerline,

L, is the corresponding horizontal distance measured parallel to the fuselage
centerline ly = X4, — X Zy = Zye, —Z

CE CE
0g = 0get + 0gr[ + 05 wa
where « is the angle of attack in degrees and I' is the dihedral angle in degrees.
0pe gives the variation of the sidewash with angle of attack, =)  Fig A26
opr represents the influence of dihedral angle I' on the sidewash, |:> Fig A27

og,wp represents the influence of the wing-body interference effect on the sidewash. |:> Fig A28
Ref: Pamadi

[*] Ingenieria =
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B, Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 112 U=



taper ratio=0.25 taper ratio=0.5
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Ref: Pamadi 22y
Ingenieria Fig. 4.30 The parameter o, (per deg) at subsonic speeds.
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Ref: Pamadi

Ingenieria

Aeroespacial
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Fig. 431 The parameter oar at subsonic speeds,
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Aspect Ratip=2

Ref: Pamadi

Ingenieria

Aeroespacial
Thi - Urversided oe Sevite PO

Fig. 4.32 The parameter (o) at subsonic speeds.
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‘L Contribucion Vertical ¢y, Cy,

Z,€08 & — [, sina

] S\ cos o+ z,8ina
b ma (Cpy = 2auaﬂ(?)[ ; ]

{,cos o + 7, SiII{H:|

(Cplv = (Cy,é)v[

(Copdv = —(c}.,m[ :

a angulo de ataque de trimado asumir que el estudio se realiza para a = 0

Z,, 1S the vertical distance between the aerodynamic center of the vertical tail and
the center of gravity measured perpendicular to the fuselage centerline,
L, is the corresponding horizontal distance measured parallel to the fuselage

centerline Ly = X —Xgo Zy = Zge, —ZLeg

] Ingenieria =
. %
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Lateral-directional acceleration derivatives (' Y

(Cyp)v = 23,0 (fg)[‘ cowats sina]

a, is the lift-curve slope of the vertical tail

r
0p = Opgalx +°'ﬁl"(5? 3) + op.wa
a is the angle of attack in degrees
I" is the dihedral angle in degrees.

0. gives the variation of the sidewash with angle of attack,
ogr represents the influence of dihedral angle I on the sidewash,
o, we represents the influence of the wing-body interference effect on the sidewash.

Fig A27 Aspect Ratio=2
Fig A26 : : : e T ‘f" ) (TS
taper ratio=0.25 I oSN SOV SUURTON ROUNTIION SO U SO S
0.05 , T T
: 06 07 08 09 1
Aspect Ralio=2
: I ¥ ! ! T_
° Rk g.l 0?2 073 nf4 o.'s OTB OT'I OTB 09
B Aeroespacial
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