Upwash (¢, > 0) P
as(z) 1 Downwash (¢, < 0) e‘ @d ® : ® I Ce,
0 "‘E{ L =

Fig. 3.7 Schematic diagram of the fuselage flow field in the presence of the wing.
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‘L Estimacion Derivadas

= Contribucion Cp_

= Contribucion C;,_

= Ala

= Canard/horizontal/V-tail
= Fuselaje

= Contribucion Cy_

= Ala

= Canard/horizontal/V-tail
= Fuselaje

Ingenieria

Aeroespacial

Derivadas en 1/rad si no se indica lo contrario
Si las derivadas no estan en 1/rad hay que convertirlas
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0
Estimacion Cp,, CrL = Cpre Asumiendo modelo polar
Cp = Cpo +kC}, no compensada
dCp\ /dC,
o= (=22 )= 2%c,C
cb (dc;.)( dor ) L

k = t/mAe. Coeficiente de resistencia inducida

Coeficiente de Oswald 1.1C,,

dept. aerodinamica = R=a}} +mr*+ash +a
(dep )I:>€ RCL. + (1 RinA |:> |A] + a2A] + ash + a4

a=0.0004, a; =—0.0080, a3 =0.0501, a;=0.8642, M =AL[cosALg

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

Ingenieria

Aeroespacial -9

fme
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C,, of the entire Airplane

N, = W-L= ”_ Cr, = %Se@ Efectividad de las
¢S © ¢ S 7% Superficies de control
q S

XM = O—CM0+CM oz—|—CM5

qc Se S S S .
@ CrLo.  + ——CLO & = Cro, +Cr.. iw 4 de e o (ic+e0) + = a —Cr,, (i — €o,)
WE g q S q S q

Oe. qt St Dey
‘* eson (14 5) + g0 (1- a—a)

CLawB — representa la pendiente de sustentacion del conjunto ala-fuselaje

En 12 hipdtesis solo las superficies aerodinamicas generan sustentacion
En 22 hipotesis se puede estimar la contribucion del fuselaje (CLaf yCMaf )
us us

- Mediante métodos experimentales : analisis software XFLR5
- Mediante métodos empiricos: ecuaciones analiticas funcion de geometria

CL“WB = CLa’W + CLa’f

Ingenieria
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c:Loc,W / CLoc,t and CLoc,C

Calculo de €, para cualquier superficie aerodinamica
Se emplean los métodos ya descritos en Aerodinamica

- Métodos experimentales (XFLR5)
- Métodos analiticos

2w A

2+\/"‘—’€‘l |20 ) 44

k=a,/2n ﬂ=‘\/1—M!.

A2 1s the midchord sweep.

a, The sectional (two-dimensional) lift-curve slope a,

1.05 [
vi- ! (ao)lhcory

a, =

®7e  0.5y90 — 0.5y99
ta =
" 9

Ingenieria

Aeroespacial
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Fig A2
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@
|
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b) Empirical correction factor
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c) Variation of trailing-edge angle ¢g

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

1.0
2 /AP _
; r
_ 2(ky — k1) So
L“Body B V2/3
Fig A5 . _
d 60 4 8 12 16 20

k, - k, is the apparent mass constant which is a
function of fineness ratio (length/maximum thickness)
V, = total body volume

S, = cross sectional area at x,.

xy. = body station where flow ceases to be potential,
this is a function of x;, the body station where the
parameter dS,. /dx first reaches its minimum value.
(This station where the change in area with respect to
x first reaches its lowest value can be estimated from
a sketch of the body.)

S, = body cross sectional area at any body station

[, = body length.

Ingenieria
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FINENESS RATIO

Fig. 3.6 Fuselage apparent mass coefficient.!

1.0
=
X ’ /
=2
)
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X
Fig A6 iy

Figure 7. Body station where flow
becomes viscous.
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FINENESS RATIO

Reduced Mass Factor

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

16

20



Fig A6

xo = body station where flow ceases to be potential,
x; = the body station where the parameter dS, /dx first reaches its minimum value.

Ingenieria

Aeroespacial

1.0+

4+ 4 %
4 6 .8
X1
Body station where flow becomes viscous lh
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i Wing-Fuselage Contribution CLaWB

Estimation of lift-curve slope. The lift-curve slope of the combined wingbody is given by

Se::p
A)

Ciaws = [Kyn + Kwes) + Kew) |Cra.e

Ky — Ratio of nose lift ratio
Kw ) — Ratio of the wing lift in presence of the body
Kpy — Ratio of body lift in presence of the wing to wing-alone lift

Cra S
Ky = L ,N)
CLa,f Sexp
Cr,y — lift-curve slope of the isolated nose,

C.,, — lift-curve slope of the exposed wing — 12 aproximacion C,_, ~ Crg,
Sexp — €Xposed wing area,

1.0

S — reference (wing) area. - = e I N
. Z(kz - kl) SB,max |:> ? (/
L“Body B S ‘
"o a 8 12 16 20
k, - k, is the apparent mass constant FINENESS RATIO
S5 max 1S the maximum cross-sectional area of the fuselage Fig. 3.6 Fuselage apparent mass coefcient.

] Ingenieria 3
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‘L Wing-Fuselage Contribution Cryy

Estimation of lift-curve slope. The lift-curve slope of the combined wingbody is given by

Theoretical Wing Area

e — IN
v o] e
BODY.
EXPOSED -——ﬂrﬂ——‘ E}.’.PGSED—<
WING WING
AREA it A | AREA

b f.maxz b :

Ingenieria
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i Wing-Fuselage Contribution €,
Crowg = [KN ++ KB{W}]CL;:,EEE:E

b m 2 b max
= 0.1?14( f*b”) +0.3325( f; )+0.9974

2

bf,max B A

b fm up;
Kﬁn{w}=[}.?8]{]( f}}m) —|—1,1976( ; )-j—[},(}DSS " BEans

Kw(p

KW{B] ' /F

Kaw) |

bma = Maximum width of the fuselage : ‘
b — wing span. : R

FigA4  bu;e

b
Fig. 3.17  Lift ratios Ky and Kws) (Ref. 1).
[*] Ingenieria . -
u Aeroespacial S
“ ES - Urvwernadit O Sevita *
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Fig A4
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"
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Cy,, of the entire Airplane

YF,
XM

Momento cabeceo

C = (C
— W—L:K—CLD—CLQQ—CL(S 56 Mo Mse
qS ¢ C _ QCS
= 0 —|—CMQCI+CM565B Ms. = q S
qt
OMat — E

planta propulsora T Oy, -
Asumir inicialmente =0 4 %EECM L & St
—— q S c ACt q S
Cm,) = Cr,(Xce—Xna)

CMaWB — representa la pendiente de sustentacion del conjunto ala-fuselaje

+ Ch,,

—(Xce — Xac,)ClL,,

Sy
g(XCG — Xac,)Cls,

En 12 hipdtesis solo las superficies aerodinamicas generan sustentacion
En 22 hipotesis se puede estimar la contribucion del fuselaje (CMOf yCMaf )
us us

Mediante métodos experimentales : analisis software XFLR5
Mediante métodos empiricos: ecuaciones analiticas funcion de geometria

Ingenieria

Aeroespacial
=i, o
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0S5 0 Mise,
qr St Ct
TS T Moy

c Sc Ce c e/ 3, .
%F ECMACC + %?(XCG - XACC)(CLOC + OLac (ZC + 600))

PO + OMACw + ()_(CG - XACw)(OLOw + CLaw ?,w)

—(Xca — Xac,)(CL,, + CL,, (in+ €0,))



CMO,f

for cambered fuselages such as those with leading-edge droop or aft upsweep,

Cro g = 22K Efs:F(oe +igp)dx
mo, f — 36.557 . f\Houw cl.B
k, - k, is the apparent mass constant
ay . IS the wing zero-lift angle relative to the fuselage reference line
i g is the incidence angle of the fuselage camberline relative to the fuselage
reference line.

The parameter i, z is assumed to be negative for nose droop or aft upsweep

1.0 |

Lf b (L2 3| 4als e | nnlih-
ky =k, L~
8 f/ ? —»{ AR |—
(i¢| }g measured at increment center
L s 5 and 1 .
FRP = Fuselage Reference Plane (negative for increment 2 and 11 as shown) —, Body Camber Line —1
-
0 4 8 12 16 20 . - - - =5 i
licide ——
—_—
FINENESS RATIO

Bady Camber Line J
FIg AS Fig.3.6 Fuselage apparent mass coefficient.!
Fig A6y A7

Ingenieria
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Z ] 4 5 6 T 8 9

f

FRP = Fuselage Reference Plane

Y

i
AX |——

(i)} measured at increment center
(negative for increment 2 and 11 as shown)

1o | 11 12 113
—\\'.\Bﬂd}' Camber Line

T T T T

(i Jp

Ingenieria

Aeroespacial -9

fme

Bady Camiber Line J

N

e

Fig. 3.8 Definition of fuselage nose droop and aft upsweep.!
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Fig. 3.7 Schematic diagram of the fuselage flow field in the presence of the wing.
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CMa,f

Método 1

Estimacion para fuselajes o nacelles

2
Ma SwC
ks = empirical factor Fig A8
wr = maximum width of the fuselage or nacelle
[, = length of fuselage or nacelle

Ingenieria

Aeroespacial
=i, o

3.2

2.8

2.4

H
.

2.0
k
! 1.6

1.2

/
7
]

/

7/
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.

e

Fig A8
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Fig A8

3.2

2.8

2.4

1.6

-4

0 20 40 &0

Position of wing 1/4 root
chord on body, %!y

k¢ = empirical factor for fuselage or nacelle contribution to Cy, .
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CMa,f

Method 2: Multhopp modified Munk’s theory
aCn\ = oy de,
(Ea—)f—z—se (1)

Método mas complejo

br — local width/diameter,
lr — fuselage length,

S — reference (wing) area
c - Ireference length (wing mean aerodynamic chord).

Se analiza la contribucion del fuselaje en 3 zonas

1. Zona alejada de la influencia up-wash (segmentos 1-5 ejemplo)
2. Zona bajo influencia up-wash (segmento 6 ejemplo)

3. Zona bajo influencia down-wash (segmentos 7-14 ejemplo)

[*] Ingenieria N
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CMa,f

1. Zona alejada de la influencia up-wash (segmentos 1-5 ejemplo)

La distancia x; se mide desde el borde de ataque
Al punto medio de cada seccidn

/

dCh, r [, de, deu - —
(5) =5 [ (+5)e = = Ll

2. Zona bajo influencia up-wash (segmento 6 ejemplo)

glx

=

do 28¢

d i‘r i ICu =H N W
(_C_m) =T E?:?f(l o€ )dx |:> af |:> . N STOATLS

Ingenieria
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CMa,f

LG oo~ —ole]

-!I.

3 - Zona bajo influencia down-wash (segmentos 7-14 ejemplo)

acm .T[ afu 36 .I'[ df
- L RS 1+ dx = 1-—=
( b ) 252 f( da ) = 115 (] da) 25
[,, is the distance (measured parallel to the root chord) between the trailing edge of the
root chord and the horizontal tail aerodynamic center.

de _ . Ly — Ly
da 444K 4K, K y(cos Aga) ] =) tanAg =tanArr h
o
Here, K,, K, and Ky are wing aspect ratio, wing taper ratio, and horizontal tail location factors
] — A
Ky=—== _1__ 1 10 — 34
Vb

[, »distance measured parallel to the wing root chord, between wing mac quarter chord point
and the quarter chord point of the mac of horizontal tail

hy — height of the horizontal tail mac above or below the plane of wing root chord, measured in
the plane of symmetry and normal to the extended wing root chord and positive for horizontal
tail mac above the plane of the wing root chord

A — taper ratio, A — Aspect Ratio

@
[ |
.

Ingenieria N
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b) Local flow directions at wing and tail
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Fig A9
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C
Fig. 3.9 Variation of fuselage upwash ahead of the wing.! ¢
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Fig A10
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Fig. 3.9 Variation of fuselage upwash ahead of the wing.'
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Cy,, Of the Airplane

. =C + C + C +C
Mg, airplane Macanard Matail Mawing Mafus/nacelles Mainterference
kafZ lp k¢ = empirical factor Fig A8
Mg -~ < . wr = maximum width of the fuselage or nacelle
fus/nacelles SWC

[, = length of fuselage or nacelle

St lt de
CMatail - _ntS Loy 1= @

S 1, de,,
CMacanard Meg™ S C CL“C 1+ E

Xa 2Cy, . . _CL|2q
Cry,, = "1+n L (@ = ) + 22|22 [ 2 - (@) ]

Crgol € mTeAR

C Wy, Wiia, Wrg Width of the fuselage at the wing
= —— (wWg + 2wWpig — 3wrg) leading esge, mid chord, and trailing edge
290 S

Ainterference
Ingenieria . %
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Cy,, Of the Airplane

wlni e

nph)

Segments 1-5 dS/da from curve a
Segment 6 df/da from curve b

14 48 -2/, de
hSegments 7 14a£ TI1|(I da:)

o !

Ingenieria
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!'_ Derivadas  “Pu’CLu. Cmy

Speed Derivatives
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i Estimacion Derivadas

= Contribucion Cp,
= Contribucion €,

= 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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u

Estimacion Cp,_

dCp aCp
Y Rt
ou aM

The derivative 3Cp/dM represents the variation of drag coefficient with Mach
number when the angle of attack is held constant.

At low subsonic speeds (M <0.5), the drag coefficient is practically constant ==) dCp/IM = 0.
CDu ~ 0

As the flight Mach number approaches the critical Mach number M_,. the drag coefficient
starts rising

It assumes a peak value in the transonic Mach number range and starts decreasing as Mach
number becomes supersonic.

It tends to assume a steady value at high supersonic or hypersonic Mach numbers.
Therefore, if the flight Mach number exceeds 0.5, the derivative Cp, should not be ignored

T

[*] Ingenieria N
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u

Estimacion Cp,

dC aC
R ¥ Wt
au d M

At low subsonic speeds (M < 0.5), the hft-curve slope Cr, essentially remains

constant so that dC;, /oM = 0.

For C, of the form
Cp, +(CLl _Jo

CL =
(1 — M?)
then
_ G _Ujac _ G M?
LT T Ear Mgy B ME)
U, a
Aeroespacial Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es

At low subsonic speeds (M <0.5), the lift curve slope is practically constant ==) 3¢, /oM = 0.
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Cm

u

Estimacion Cy,
dCy, Y C

YoM

At low subsonic speeds (M <0.5), the drag coefficient is practically constant

Or equivalenty

aCm
Co, = Migyr

with 5C
—aﬁm(AM) —_— - AgaCACLL
AX,c, is the aft shift in airplane acrodynamic center for a change in Mach number,

therefore
IXac,

oM

—variacion del centro aerodinamico con cambio de Mach

Cmu = - Nllc:].‘1

0Xacy
oM

axacA
oM

~ 0 para M < 0.5, hay que tenerla en cuenta para M > 0.5

Ingenieria N
Aeroespacial %
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Derivadas ~ “?a*“ta. “Mq

Pitch Rate Derivatives

. .ﬁ:r
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i Estimacion Derivadas

= Contribucion Cp,

= Contribucion Cy,

n Wlng
= Horizontal/V-tail/canard

= Contribucion Cu,

= Wing
= Horizontal/V-tail/canard

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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Pitch Rate Derivatives Cp,

The airplane drag-coefficient-due-to-pitch-rate derivative is negligible

CquO

Ingenieria
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Pitch Rate Derivatives CL,

The airplane lift-coefficient-due-to-pitch-rate derivative is

Ingenieria

Aeroespacial

wing V-tail

L} L}

Cr =C +C + +
L'f_? I@'w L‘?h I@vee L

be
horizontal canard
where:
Cr Is the wing contribution to the airplane
Ty lift-coefficient-due-to-pitch-rate derivative.
Cr Is the horizontal tail contribution to the airplane
£ lift-coefficient-due-to-pitch-rate derivative.

C; Is the VW-Tail contribution to the airplane
fvee  |ift-coefficient-due-to-pitch-rate derivative.

is the canard contribution to the airplane
c lit-coefficient-due-to-pitch-rate derivative.




Contribucion Ala CL,

Wing contribution Método 1
AR,, = wing aspect ratio
- ARy +2co8Mpyq,, = B compressibility sweep correction factor
Ly, = AR, B+ ZCDSACMW Ly, @M=0 Ac/4,, — is the wing quarter chord angle.

CLg w@M=0 - wing contribution to airplane lift-coefficient-due-to-pitch-rate derivative at Mach equals zero

B= 1‘,";1— M2 CDS(ACMW )2

1 N Z(Xacw _Xr:g)

Jw @M =0 &y clean W power J| 2 Cop
where
. y C 15 the wing lift curve slope without any flap effects.
18 Aproximacion — AC; ~ 0 Law clean

wfpower 15 the increment of wing fuselage lift curve slope due to

ACT
u“:fpﬂwgr power.

is the X-coordinate of the wing aerodynamic center.

is the X-coordinate of the airplane center of gravity.

Ingenieria
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Contribucion Ala CL,

The contribution of the wing-body combination Método 2

Se':-'e S,B,maxIE
o )(CLQ)E +<ch}B( = ! )

(Crgdws = [Kwp + KB‘[W}](

c, mean aerodynamic chords of the exposed wing

¢ mean aerodynamic chords of the total (theoretical) wing
(CLq) and (CLq)B — contributions of the exposed wing and isolated body :
e -

§=—
Velocidades subsénicas E=p  (Cry)e = (5 +26)(Cro)e = Ce

X = (rﬂ'f']t? - —Ic‘g,#f

(x4c)e — distance of exposed wing aerodynamic center from the leading edge of the root chord
Xeg,, = distance of the center of gravity from the leading edge of the exposed wing root chord.

(x4c)e @nd Xcg,, are measured parallel to the exposed wing root chord.

The parameter x will be positive if the aerodynamic center of the exposed wing (x,.). is aft of the

center of gravity (tac), H

Keg f;:l Root Chord of Exposed Wing

E‘I-ﬂ.l" }E
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Wing-Fuselage Contribution Ci,

Método 2

& f' S malg
(c;_q)wg:[ me;,]( )(CLQ)E +<ch}3( B sl )
b mgx ? b max
= 0.1714( f*b ) +0.3325( = )+0*9974

bfmax b ¢ max - e
K sows =0.?3m( f}}a") +1,1975( f; )-j-[},(}DSS . EpSS
16 Kw(e) / |
- 1//
o N /
Kw (s = =d /.

bmax — Maximum width of the fuselage . i Koo

b — wing span. .. 1 -
»
FigA4  bime

b

Fig. 3.17  Lift ratios Kgw) and Kwis (Ref. 1).
I
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Fig A4

/.1:’7 Metodo 2

1.8 -4 "

1 /
—
1.6 = KW[H‘J zl

1.4 #ﬂé‘ //

1.2 =% —

Kwm ol

or

I{B{W}

Kpw)

™ -
"
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Contribucion Ala CL,

The contribution of the wing-body combination Método 2

Se':-'e S,B,maxIE
o )(CLQ)E +<ch}B( = ! )

(Crgdws = [Kwp + KB‘[W}](

c, mean aerodynamic chords of the exposed wing

¢ mean aerodynamic chords of the total (theoretical) wing
(CLq) and (CLq)B — contributions of the exposed wing and isolated body :
e -

§=—
Velocidades subsénicas E=p  (Cry)e = (5 +26)(Cro)e = Ce

X = (rﬂ'f']t? - —Ic‘g,#f

(x4c)e — distance of exposed wing aerodynamic center from the leading edge of the root chord
Xeg,, = distance of the center of gravity from the leading edge of the exposed wing root chord.

(x4c)e @nd Xcg,, are measured parallel to the exposed wing root chord.

The parameter x will be positive if the aerodynamic center of the exposed wing (x,.). is aft of the

center of gravity (tac), H

Keg f;:l Root Chord of Exposed Wing

E‘I-ﬂ.l" }E
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Contribucion Ala CL,

The body contribution Método 2

SE' f' S mﬂlg
(Crglws =[Kw B}+KB[W}]( )(CLq)e B,SE f)

y2?
( ;_,:,) (CLHM( )

SB max

'S max
(Cra)p = 2(k2 — kl)( E'f_,’,r: )
Vp
k, - ky is the apparent mass constant

SBmax 1S the maximum cross-sectional area of the fuselage,
lr total length of the fuselage

Vg volume of the fuselage. 1.0

(CLq)B = 4(ky — ky) (1 - x—) =)

Iy

0 4 8 12 16 20
FINENESS RATIO

Fig A5 Fig. 3.6 Fuselage apparent mass coefficient.!
ﬁgﬁaaespacfal
=l o
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Contribucion Horizontal CL,

Tail contribution

B Crp, = horizontal tail lift curve slope.
CL% - QCL;I o TV = n, — horizontal tail dynamic pressure ratio.

V,, = horizontal tail volume coefficient.

Vi = (Each _Er:g)S—h

Sy

Xqc, — X-location of horizontal tail aerodynamic center in terms of wing mean geometric chord
X4 — X-location of the airplane center of gravity in terms of the wing mean geometric chord.

S;, — horizontal tail area.
Sy — Wing area.

Ingenieria
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Contribucion V-Talil Cy,

V-Tail contribution

_ Clyee, V-tail lift curve slope.
Cigm - zclvee&, TheeV vee ':D Nyee — V-tail dynamic pressure ratio.

V.. — V-tail volume coefficient.

s vy v Svee
Viee = (xacwe _xr:g) <

W

Xqc,,, — X-location of V-tail aerodynamic center in terms of wing mean geometric chord

X4 — X-location of the airplane center of gravity in terms of the wing mean geometric chord.

Syee — V-tail tail area.
Sy — wing area.

Ingenieria
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Contribucion Canard Cy,

Canard contribution

— canard lift curve slope
Cﬂg - _ZCL: Y :D 77 — canard dynamic pressure ratio.

&
V. - canard volume coefficient.

'Tf_ff: — (Eﬂcc + "fcg) E—C
W

Xqc, — X-location of canard aerodynamic center in terms of wing mean geometric chord
x4 — X-location of the airplane center of gravity in terms of the wing mean geometric chord.

S; — canard area.
Sy — wing area.

Ingenieria
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Pitch Moment Derivatives Cm,

The airplane pitching-moment-coefficient-due-to-pitch-rate derivative is

wing V-tail

L} L}

Cry =y +Cy +Cy 4G

"aw h Hvee el
horizontal canard
wherea:
Gy Is the wing contribution to the airplane pitching-
T moment-coefficient-due-to-pitch-rate derivative.
Gy Is the hornizontal tail contribution to the airplane
T pitching-moment-coefficient-due-to-pitch-rate derivative.
C,, 15 the V-Tail contribution to the airplane pitching-
Fvee moment-coefiicient-due-to-pitch-rate derivative.
Cmq Is the canard contribution to the airplane pitching-
c moment-coefiicient-due-to-pitch-rate denvative.

Ingenieria
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Contribucion Ala Cn,

Wing contribution Método 1

)

{
AR;, tan® Agyy

AR, B+06cosA .y

3
_|__
b

- by —
Two TOw@MEDL RS tan® AL,
—+3

ARW+6CDSAGMW J

N

AR,, = Wing aspect ratio
=) B — compressibility sweep correction factor
Ac/4,, — is the wing quarter chord angle.

Cm @M=0 — wing contribution to airplane pitch-moment- coefficient-due-to-pitch-rate derivative at Mach=00
vy =

B= x,"lll— M2 CDS(ACMW )2

Ingenieria
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Contribucion Ala Cn,

Wing contribution

Ci =—

gy @M=0 — fg@woKWq{}:w @M=0

- (, @2D

Claw@M=0

Aproximacion f;q,, =~ ~1

For surfaces with small gap effects 1.00
For surfaces with large gap effects 0.85
1@ Aproximacion - AC; ~ 0
Awfpower
Ingenieria
Aeroespa_cfal &

Método 1

2
cos Ag /4. [X]-2AC (e, —
¢!y L[wa dcyy ~ Cg
Povwer

wherea:

I5 the wing airfoil gap correction factor.
fgﬂp‘w g gap
K, 15 the correction constant for the wing contribution to pitch damping.
cf'aw.@ . is the wing sectional lift curve slope at zero-Mach.
g'lﬂ_.-4“r is the wing quarter chord sweep angle.
X is the first intermediate calculation parameter.
AC; 15 the increment of wing fuselage lit curve slope due to power.

%:fpﬂ‘l-'l’é'?‘
o is the X-location of wing aerodynamic center in terms of wing mean
w geometric chord.
. is the X-location of the airplane center of gravity in terms of wing
£ mean geometric chord.
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Contribucion Ala Cn,

The intermediate calculation parameter, X, is given by Método 1
_ _ 2 1y _
L1, AR tan® Ay ) ARy, {Q(Iﬁww = +E(Iacw - Isg)}
8 24{4R,, +6cos Ay, | AR, +2c08A 4

K,, The correction constant for the wing contribution to pitch damping is obtained from
Figure 10.40 in Airplane Design Part VI and is a function of the wing aspect ratio:

 —

0

0 2 u 6 8 10 12
ASPECT RATIO ~ A
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Contribucion Ala Cn,
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Contribucion Ala Cn,

The contribution of the wing-body combination Método 2
A Spoa (16\°
(Crgdws = [Kwgy + Keenl = = | Cugle +(Cpy)p == S rad
S\ ¢ 7 S ¢

c, mean aerodynamic chords of the exposed wing
¢ mean aerodynamic chords of the total (theoretical) wing
lr fuselage length

(CMq)e and (C,,)g — contributions of the exposed wing and isolated body

£l

. , . +
Velocidades subsonicas ==y (Cwg)e = |:.:gl —
il

F

:|(Cmq)e,M=I]2

£ =
A(0.58 + 2&2 1
(Crglem=02 = —0.7C, cnsﬁcﬁ[ (0-35 5°) + ( 1 )+ _] :> ¢

X
-E
Cs 24C4 8 X = (-rﬂf‘}f — Aeg le

(x4c)e — distance of exposed wing aerodynamic center from the leading edge of the root chord
Xeg,, = distance of the center of gravity from the leading edge of the exposed wing root chord.

(x4c)e @nd Xcg,, Are measured parallel to the exposed wing root chord.

The parameter x will be positive if the aerodynamic center of the exposed wing (x,.). is aft of the
center of gravity

] Ingenieria A
) , _ us
B, Aeroespacial Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 54 U=



fme

Contribucion Ala Cn,

The contribution of the wing-body combination Método 2

+3

4

(Cmq)e — | (Cmq)e,Mzi].Z

3
] =A3 tﬂnzﬂﬁq Cr = ;9— f3=.r‘j.tB+6CGSI\LCI;4

ca=A4+6cosAy cs=A+2co8A

B = \/1 - MECGSE ﬂ-cﬁt

A = A, the aspect ratio of the exposed wing and
C,, is the sectional or two-dimensional lift-curve slope of the wing

Ingenieria
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Wing-Fuselage Contribution Cm,

Método 2

(Crg)ws = | + Kl < | = ) (Cougle + (Cpy)p——e| < rad
S\ 9 S ¢
bfmax ? bfmax
= 0.1714( ! ) + 0.3325( : ) +0.9974

2

b m b max * (1
K 5w =0.?3m( f}}a") +1,1975( f; )-j-[},(}DSS . EpSS
14 KW(B] - //
L 1//
o ] /
K =g = /.
bmax — Maximum width of the fuselage . i Koo
b — wing span. .. 1 -
,/
FigA4  bime

b

Fig. 3.17  Lift ratios K and Kws (Ref. 1).

&
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Fig A4

/.1:’7 Metodo 2

1.8 -4 "

1 /
—
1.6 = KW[H‘J zl

1.4 #ﬂé‘ //

1.2 =% —

Kwm ol

or

I{B{W}

Kpw)

™ -
"
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Contribucion Ala Cy,
q Método 2

The body contribution S, /e’ 1S 1.\ 2
(Crg)we = [Kwigy + Kpow)]— S (E) (Ciug)e + @ B:Sm (?{) /rad

1= X £ — Vg cl 7 m
{leﬁ‘)ﬂ = Z(C:im)g[l: . 1} E](r 1 - ]}] :> (Ci:'i&)ﬂ — (Cmaf)ﬂ( i )

[ — Xml — VBI SB,maxff
¥ A = Xe Vv Vg 1 i
ml — cl = 7 gl — R
Ilf ul!f SB,maJ[ff X = VE Sﬂ (I)I dx

xm = x4 — the distance of the moment reference point from the Ieadlng edge of the fuselage,
x, is the axial location where the fluid flow over the fuselage ceases to be potential.

k, - k4 is the apparent mass constant

SBmax 1S the maximum cross-sectional area of the fuselage,

l; total length of the fuselage 1.0
Vs volume of the fuselage. Lol k
ky -k, i
) I
2(k; — k o dSp(x
(Cmr;rjﬂ - ( 2 1) H( ) _I)dx :> 6 :
0 4 8 12 16 20

FINENESS RATIO
Fig A5 _
Fig. 3.6 Fuselage apparent mass coefficient.!
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Contribucion Horizontal Cu,

Tail contribution C, =20, n¥
4k Mo

Crp, = horizontal tail lift curve slope.

c, =-2C I, TV (fa% — Xpp ) = n, — horizontal tail dynamic pressure ratio.

Mgy

V,, = horizontal tail volume coefficient

Vi = (Each _Er:g)S—h

Sy

Xqc, — X-location of horizontal tail aerodynamic center in terms of wing mean geometric chord
X4 — X-location of the airplane center of gravity in terms of the wing mean geometric chord.

S;, — horizontal tail area.
Sy — Wing area.

Ingenieria
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Contribucion V-Talil Cu,

V-Tail contribution

_ C — V-tail lift curve slope.
c, =-2C Ve (%, — 7 J ey e T | |
dyee Lyeeg 'Tvee” vee \ Facyee ~ Yo Nvyee — V-tail dynamic pressure ratio.

V.. — V-tail volume coefficient.

% = =\ Syee
Viee = (xacwe _xr:g) <

W

Xqc,,, — X-location of V-tail aerodynamic center in terms of wing mean geometric chord

X4 — X-location of the airplane center of gravity in terms of the wing mean geometric chord.

Syee — V-tail tail area.
Sy — wing area.

Ingenieria

Aeroespacial Célculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 60



Contribucion Canard Cn,

Canard contribution

— i _ C,. - canard lift curve slope
Cc,. =-2C, nv (.x + ¥ ) =) _ |
g Log Me” 0\ Facy T Fog n. — canard dynamic pressure ratio.

V.. - canard volume coefficient.

I_/‘—f :(Eﬂcc +E’~"§)§—C
W

Xqc, — X-location of canard aerodynamic center in terms of wing mean geometric chord
x4 — X-location of the airplane center of gravity in terms of the wing mean geometric chord.

S; — canard area.
Sy — wing area.

Ingenieria
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!'_ Derivadas ‘P’ Ciar Cms

Angle of Attack Rate Derivatives
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i Estimacion Derivadas

= Contribucion Cp,
= Contribucion ¢,

= Contribucion €y,

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

Angle of Attack Rate Derivatives se suelen despreciar en 12 aproximacion

Ingenieria
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Angle of Attack Rate Derivatives Cp_

The airplane drag-coefficient-due-to-angle-of-attack-rate derivative is normally neglected:

CD' ~ 0

a

Ingenieria N
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Angle of Attack Rate Derivatives C;,

Método 1

The airplane lift-coefficient-due-angle-of-attack-rate derivative is determined from

V-tail B
C =2C [
ﬁ Ly, Ly, Tk
CL& = CL&PI + CL&VEE + CL&IC
horizontal canard
. _ 9 _ dep,
horizontal CL&h = CLhanthE
. — dEvee
V-tail CLCfvee — ZCLveearlveereeW
canard B _ de€,
CL-C - 2CLcocnc CE

where:

is the horizontal tail lift curve slope.
is the horizontal tail dynamic pressure ratio.

is the horizontal tail volume coefficient.

is the downwash gradient at the horizontal tail.
is the W-Tall lift curve slope.
is the V-Tail dynamic pressure ratio.

is the V-Tail volume coefficient.

is the downwash gradient at the V-Tail.
is the lift curve slope of the canard.
is the canard dynamic pressure ratio.

is the volume coefficient of the canard.

is the upwash gradient at the canard.

tail, V-Tail, and canard are the only important contributions to this derivative

Ingenieria

Aeroespacial

fme

Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es 65



Angle of Attack Rate Derivatives C;,

Método 1
2 > —= S
Vh - (fm’:h Bl fcg) j—i Vyee = (Eﬂﬂvee B fﬁg ) S§€€ Ve = (Iﬂﬁc + xﬂ’g) i
W

V,, — canard volume coefficient V,, — canard volume coefficient V., — canard volume coefficient

Xqc, — X-location of horizontal tail aerodynamic center in terms of wing mean geometric chord
Xqc,,, — X-location of V-tail aerodynamic center in terms of wing mean geometric chord

Xqc, = X—location of canard aerodynamic center in terms of wing mean geometric chord

X4 — X-location of the airplane center of gravity in terms of the wing mean geometric chord.

S; — canard area.
Syee — V—tail area.
S. — canard area.
Sy — Wing area.
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Angle of Attack Rate Derivatives

The contribution of the wing-body combination Método 2

Ao
(Cré)ws = [Kwp) + KB[W]]( ;;

S mﬂﬁj
)(CL&)e +{(Cra)n H’S_ Jr/:t':eu:i
¢

c, mean aerodynamic chords of the exposed wing

¢ mean aerodynamic chords of the total (theoretical) wing

lr fuselage length

(CLa> and (CLd )B - contributions of the exposed wing and isolated body

) (Crade +3C(g)/rad

Xac
Velocidades subsénicas =) (Cra)e = l.S(L

L

—mTA,
28

Crlg) = ( )(&0013 = 0.0122 7% +0.0317 1> + 0.0186 T — 0.0004)

T = fpA.. ‘3:. l__MZ’
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Angle of Attack Rate Derivatives

The body contribution Método 2

. Seffe . Sﬂ,ma‘.‘ijf
(Cra)ws = [Kwp) + meal( < )(C‘L@)E < /rad
V’Efﬁ
‘ v (C ) — (CLw}F( )
)= i B
@ (CLH)B(SE.max‘I,J") :>

SB max
k, — k, is the apparent mass constant
SBmax 1S the maximum cross-sectional area of the fuselage,
lr total length of the fuselage

Vs volume of the fuselage.

(Crodp = 2tk — i])( 5211121)

B

1.0

(CLy), = 4(ky — k) (L> —

SB,max lf

0 4 8 12 16 20
FINENESS RATIO

Fig A5 Fig.3.6 Fuselage apparent mass coefficient.!
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Angle of Attack Rate Derivatives Cy,,

Método 1
The airplane pitching-moment-coefficient-due-angle-of-attack-rate derivative is determined from
V-tail
horizontal canard

The equation above is based on the assumption that the contribution of the horizontal
tail, V-Tail, and canard are the only important contributions to this derivative

— _ — dEh
horizontal =) Cmy, = —Cth (xach — xcg) —> Cth = ZCLha”th%

h
de
= vee
: _ v _ ¥ C,. =2C Voee ——
V-tail :> Cm&vee = CLdvee (xacvee xcg) :> Léyoe Lyee, veeYvee da
_ de,
canard = — _ - - = C, =20, 1V
[*] Ingenieria ;
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Angle of Attack Rate Derivatives Cy,,
Método 1

The equation above is based on the assumption that the contribution of the horizontal
tail, V-Tail, and canard are the only important contributions to this derivative

% e _ R
Vh= (fach B fcg) j—i Fyee = (E-’Evee ~Xeg ) S§€€ Ve = (Iﬂﬂc + Iﬂ‘g) i
W

V,, — canard volume coefficient V,, — canard volume coefficient V.. — canard volume coefficient

Xqc, — X-location of horizontal tail aerodynamic center in terms of wing mean geometric chord
Xac,,, — X-location of V-tail aerodynamic center in terms of wing mean geometric chord

Xqc, — X—location of canard aerodynamic center in terms of wing mean geometric chord

X4 — X-location of the airplane center of gravity in terms of the wing mean geometric chord.
S, — canard area.

Syee — V—tail area.

S. — canard area.

S, — Wing area.
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Angle of Attack Rate Derivatives C,

The contribution of the wing-body combination Método 2

(Cma)w.a-—[ﬂ'w{m+ffﬂtwa]( _q)(cm)e % / rad

c, mean aerodynamic chords of the exposed wing

¢ mean aerodynamic chords of the total (theoretical) wing

lr fuselage length

(CMa) and (CMa )B - contributions of the exposed wing and isolated body

Velocidades subsénicas == _—.. (Cha). (l‘g “" )‘/ rad

i 81 ae
(Cﬂif})g = (22)( ) (Cj'_u')g + Cm,;,(g)/l‘ﬂd
* i. 5({ ) (Cra)e +3C(g)/rad

Calculo de Aeronaves © Sergio Esteban Roncero, sesteban@us.es
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Angle of Attack Rate Derivatives C,

The contribution of the wing-body combination Método 2

Velocidades subsénicas == (Cng)e =(Chrg), + (Ir_‘f,.’e) /ra q
Ef

/ 8]‘ o
(C:n&-)g = (?2)( ) (Cra)e + Cm{,(g)/rad
‘ Xel — Xmi Vg
. = (Coi)s = [1 o vg,](sﬂ,m;f)
= 1.5 ) (Cra)e +3C1(g)/rad .

Cr
Vp
= (Cier
( )B (SB,mafo)

I .Im x . I{T V . VB l .IFJr
ml — cl — 7 Bl — _—
Jlf Ef SB,maxff Xy = VE Sﬁ' (I)x dx
xm = x4 — the distance of the moment reference point from the Ieadlng edge of the fuselage,
X, is the axial location where the fluid flow over the fuselage ceases to be potential.
k, - k, is the apparent mass constant
Ssmax 1S the maximum cross-sectional area of the fuselage,
lr total length of the fuselage

Vs volume of the fuselage.
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Derivadas Cr,, . Cr,, Cuy, Cuyp, Cr, Cuirp,

Propulsive Derivatives

. .ﬁ:r.
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‘L Propulsive Derivatives Cr,

The airplane steady state thrust coefficient is defined as:

rfef CDS(?T + ‘I)
@15y

CT;:1 =

Steady State Flight

CT,C1 — CD1

Ingenieria N
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‘L Propulsive Derivatives Cr,

Airplanes with pure jets Iy
1
= 24 I, + B -2
Te, [?1 S, ]( thriist ~'1 Ehrmf) Ty .
Modelo propulsivo - RFP U, — airplane steady state flight speed.

B 9 Amurse = A coefficient in thrust vs. speed quadratic equation.
1= Agryst U7 + By st U1 + Chipaast — Benruse — B coefficient in thrust vs. speed quadratic equation.
Cinruse — C coefficient in thrust vs. speed quadratic equation.

Airplanes with variable pitch propeller driven engines

Cr, =-3Cr,

i 1

Airplanes with fixed pitch propeller driven engines

1
CT:::H = [E}(ZAPGWEFLTI t Bpawer) - 2Cj"xl

Modelo propulsivo - RFP _ _
U, — airplane steady state flight speed.

) Apower — A coefficient in power versus speed quadratic equation.
P = Apc:wer Uy + Bpower U + Cpower B,,wer — B coefficient in power versus speed quadratic equation.

p
Cpower — C coefficient in power versus speed quadratic equation.
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‘L Propulsive Derivatives Cy,.

The airplane steady state thrust pitching moment coefficient for a jet airplane is given by:

'S, _ _Tamfi dT
" %Swgw

Trim condiitions

%Crm = Cong + Cim, =0

1
CmTl B mq
where:
T il 15 the available installed thrust.
dr I5 the perpendicular distance from thrustline to the airplane center of gravity.
a1 15 the steady state dynamic pressure.
Sy is the wing area.
Cw I5 the wing mean geometric chord.
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Fig A16

Thrust—line

— Fp Note: The left nacelle has been
tilted up for clarity only!

Figure 3.26 Steady State Thrust Forces and Pitching Moment in Stability Axes
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‘L Propulsive Derivatives Cy,.

The airplane steady state thrust pitching moment coefficient for a propeller airplane is given by:

__T . {i - T 4
C, =AC +AC =) AC = avall”T - Aproximacion — AC ~ 0
i "N prop "Tprop "Torop G S,¢, "Tprop
550
For propeller :> Lavail = SHE (1 — Kjoss )??p 0
1

A1+ A, + A, S,
=— |
3 (1+4,)% VAR,

The perpendicular distance from the thrust line to the airplane center of gravity is found from

wing mean geometric chord =) ¢y

dr Z(ZT—ZCg)CDS(I)T-i—(XT —Xcg)sm(I)T e
AprOXimaCién — ¢T ~ ( Zr is the Z-coordinate of the thrust vector origin.
. o 7 is the Z-coordinate of the airplane center of gravity.
Trim condiitions “
D 15 the thrust line inclinetion angle.
ZCm o CmT1 T le o O Xr is the X-coordinate of the thrust vector origin.
—_ X Is the X-coordinate of the airplane center of gravity.
CmT1 le cg P grawvity

Ingenieria
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‘L Propulsive Derivatives Cy,,

The airplane thrust-pitching-moment-coefficient-due-to-speed derivative is defined as the
variation of airplane pitching moment coefficient due to thrust with dimensionless speed:

where:
Cm = — cj_T CT dr is the perpendicular distance from the thrust line to the airplane center of gravity.
Tu Cip u Ty is the wing mean geometric chord.
Cfx is the airplane thrust-coefficient-due-to-speed derivative

Ingenieria N .‘"Pq."‘
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i Propulsive Derivatives Cr,

The airplane steady state thrust coefficient is defined as:

CTxa ~ 0

Ingenieria N
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‘L Propulsive Derivatives Cy,.

The airplane thrust-pitching-moment-coefficient-due-to-angle-of-attack derivative is defined as

The airplane thust-pitching-moment-coefficient-due-to-angle-of-attack derivative is defined as

where:
ﬁ dcm dﬂm . o -
C = — CL A —— is the power effect on longitudinal stability.
mor Jdc & dC
& LJjp L)r
CLEE is the airplane lift curve slope including any flap effects.

Para aviones jet ==y Aproximacion Cyy, =0

Para aviones con hélice = Muy compleja estimacion &=y Aproximacion Cy,, =~ 0

Ingenieria
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i Propulsive Derivatives Cy,.

For propeller driven airplanes:

where:
dC dc
Cm — A CL Al —2 is the power effect on longitudinal stability.
Toy ch'L . o dCr T
CL,;{ 15 the airplane lift curve slope including any flap effects.

where:
B dC
dc_ﬂ T dCL T [—m} s the effect of thrustline offset on longitudinal stability.
dCy J1
{dcm} . . R
— is the effect of propeller or inlet normal force on longitudinal stability.
dCy J
2 Zy 2 [dCy _ ey
N QmepdT { d’j’c ] Jc 4 fmﬂow Npmpzpmprmp[ da ] [1 det
= ¥ prop = m prop
S, ¢ dC [ ] -
w bW L dCL 1% 'SWCW CL."I
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i Propulsive Derivatives Cy,.

For propeller driven airplanes:

where:

NPWP is the number of propellers.

mep is the propeller diameter.
dj; dr is the prependicular distance from the thrust
dC line to the airplane center of gravity location.

- Sy is the wing area.

Cw is the wing mean geometric chord.

dr,

JC is an intermediate calculation parameter.

L

The perpendicular distance from the thrust line to the airplane center of gravity is found from

dy :(ZT—ZCE)CDS(DT—I—(XT —Xcg)sjn(DT where:
Zr is the Z-coordinate of the thrust vector origin.
zcg is the Z-coordinate of the airplane center of gravity.
D is the thrust line inclinetion angle.
Xr is the X-coordinate of the thrust vector origin.
is the X-coordinate of the airplane center of gravity.
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i Propulsive Derivatives Cy,.

For propeller driven airplanes:

where:
— SHP__; s the power setting (total aircraft installed thrust).
ch 3 55USHPSEE \jl,ﬂ r . o .
- — | CL 2 is the air density at altitude.
VA
dCL 2 ZW 3 Wosppesy 15 the airplane weight at current flight condition.
| current DZ
| brop S is the wing area.
\I SW D is the propeller diameter
prop ’
Cll is the airplane steady state lift coefficient.

Ingenieria
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Iﬁﬂﬂ@w NPWP ZP’"C’P mep[ det ]pmp [1_ do ]

SWEWCLH
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i Propulsive Derivatives Cy,.

For propeller driven airplanes:

Ef N I  p? aCy 1— dey
inflow Y prop* prop = prop
4 da de
dCy ) \_ prop
dc; |, SwewCr,,
where:
fmﬂmt‘ is the propeller inflow factor.
‘h"lp‘ﬂp is the number of propellers.
/ is the moment arm of the propeller normal force to the airplane center
prep of gravity.
Dprﬂp is the propeller diameter.
dC s
— Is the change in propeller normal force coefficient with angle of attack.
de
< prop
de,, is the propeller upwash gradient for propellers in front of the wing or
dot the propeller downwash gradient for propellers behind the wing.
Sy is the wing area.
Ty is the wing mean geometric chord.
CLQ is the airplane lift curve slope including any flap effects.
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i Propulsive Derivatives Cy,.

For propeller driven airplanes:
Aproximacion = fi, riow = 1

ﬁnﬂaw = f(rs'et G, mep )
where:

is the propeller efficiency.

n
| 55077, SHP,; P
1.689L}

rs*et -

] is the steady state flight speed.

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

Lorop = (Xcg — X prop )CIDS(DT — (If:g —Yorop )sin(I)T

where:

XEU is the X-coordinate of airplane center of gravity.

Xﬁ?ﬂp is the X-coordinate of the propeller.

Fpmp is the Y-coordinate of the propeller.

F}Jg is the Y-coordinate of airplane center of grawity.
Dr 15 the thrust line inclination angle.

Ingenieria i R
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SHPF._;  is the power setting (total airplane installed power).




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

i Propulsive Derivatives Cy,.

For propeller driven airplanes:

W W W Geometria de la hélice
KN:%ZE +262§ + 135 —
where: The propeller blade radius
% is the propeller blade width-to-radius ratio at 30% radius.
J03R prop Dp?‘ﬂp
w _ _ o | Rprop =
- is the propeller blade width-to-radius ratio at 60% radius. 2
R )06 Rprop
= is the propeller blade width-to-radius ratio at 90% radius. Dprop dlameter Of Prop
RJ09R prep
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i Propulsive Derivatives Cy,.

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/ ( ingu 5
i yl LAy AT]OA‘
:> [(C"')P]x":';" NO. OF // /\‘ Pre
. |PLADES ]
K37 =80.7 V7 N |
./)(
2 6 P )//
///// ———
4 —
1 3///
2
Fig A17 L
0 10 20 30 “«© 50 6

NOMINAL BLADE ANGLE AT .75 RADIUS, 8 (deg)
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Kn= 80.7 1
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‘L Propulsive Derivatives Cy,.

For propeller in front of the wing, the propeller upwash gradient is obtained from Figure 8.67
in Airplane Design Part VI. It is a function of the X-location of the propeller relative to the
wing root quarter chord point and the wing aspect ratio

7T dC de

o N / D bl P

(dcm] ) 4 fzf‘zﬂow prop¥prop pmp[ deo ]pmp da
N

SWEWCLH

- 0 L T L]
F|g A18.o 1.6 1.2 8 4 0 4 -8
DISTANCE FORWARD OF ROOT QUARTER-CHORD POINT IN ROOT CHORDS
Fig. 16.11 Upwash estimation (subsonic only). (Ref. 37)
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DISTANCE FORWARD OF ROOT QUARTER<CHORD POINT IN ROOT CHORDS
Fig. 16.11 Upwash estimation (subsonic only). (Ref. 37)
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i Propulsive Derivatives Cy,.

For propeller driven airplanes:

For propeller behind the wing, the propeller downwash gradient is computed with the same
method used to calculate horizontal tail downwash gradient with appropriate substitution

h where:
=Z —Z.
L prop r 4W hy, is the Z-location of the propeller relative to the wing root chord.
Ep?‘qc:' Is the Z-coordinate of the propeller.
EF'I = Xp?‘r:‘p o Xf?,_,-’rilw 3:,,;4 Is the Z-coordinate of the wing root chord quater chord point.
"H_.'
Iy, Is the X-location of the propeller relative to the wing aerodynamic center.
Xz = X, + X + 0.25c. i _coordi
CJMW apexy MIEC 4 W Xprﬂf.:- Is the X-coordinate of the propeller.
Is the X-coordinate of the wing mean geometnc chord quarter chord point.
where: Ymec,, = Ymgey taﬂALEW
th:-exw Is the X-coordinate of the wing apex.
where:
Xmgcy is the X-location of the wing mean geometric
chord leading edge relative to the wing apex. Vg Is the Y-distance between wing mean geometric chord and fuselage center line.
is the wing mean gecemetric chord. Asg,,  isthe wing leading edge sweep angle.
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