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FIGURE 2.7
Wing contribution to the pitching moment.
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Aft tail contribution to the pitching moment.

My - *’Qt [L{: @5 (K g, =€)+ Dy S0 (< €]
~Zeg [ Dy s Colpy =€) = 1y Sin (d,, -6)]
+ Mg
_'_.Nol’es : 0 b @FL—L‘@’) s Srall D Sin(deaC) Kep€

Coslelpp, -¢) ¥

2 Co> D
;) ZC?’ L<L lf: >MS‘M‘U‘(}.

11) a ,Sqme;\'n‘c M'fél-rﬂ, Ts  chaken #bm.t "‘5"‘"1(‘7»
'.'/’) Cmﬂge =0 => Mact =0 .




Cry. = Mg S NS,
3 %‘,K\ICLSZ i_yvcz. St
' !
- - C"'L»Vl VH - uwhou ()
Sed
'\fH = Tl Volume  vadbs = f‘:
- S C

€ 15 wualy  axpressed  ad & = & +€, dir
Whawve é"( = %—.i

€, = AOWNRSI’: ang\e MZuwahgle a)‘_’aﬁ‘u/c

D G ox oy ((Fao<y - (-6 te, ) @)
We @) in () b gbo ¢

= C X Whery
= Cmcc“, - (mot + Ma((; W
Cmp(:_ = ”? VH C},dt Cé‘o’)"'h}—’(’t)
awnd -
\Cmo{lj = - \7 \IH CLAU C l 6'0( )J




Nofz :

as LGMOW

. uswd(? < 0 |
CM& Mo re hlﬁm/ﬁ\lé ‘\]ﬂ (E Is Thowado
b- or s‘t_ [s \\h(/‘u_Md_
ov G, (s n‘am_
T
. \ﬁljﬁck -Fxed Nadral  Poinl
To tal b{t’ch(ncr}_ mement coed fyoient , C""cc} ,}
e ¢ ’
W\C?’ ™M~ mL_ W\!r
. = CM '{—C_‘Md °<w~
thow
: [i% ? Cmo, ¥ Cm“} v 7 (L"(tVH (€ +¢,m 6;: j/
' Has bz be grwbvn lun zow oy SFhilly prd T
}C"'o( = Co( Cxcy-xu)+c - NV dcted)
) Hes 5 be  less  Mawm  Zewr 'T'pr Sf?'vbfh“f}/"ﬁ
No{’e . ,
/ Cwu dt}uhdls ©h abw@(xynamfg chava bl d &
ana( 9umo/f'/u‘c charpfetssha ||
Oushon - How Ao W hnd the limil of Ht
awm:)'r\at OLJ?MT 2
et GOy =0 <42 7’£n¢l Do foi* contod YC? ﬁf
Cmo( }0 M

%G calliol




ke hentnd /781:’)[' o aurplany  owrlynamic water,

Thak 15
CMO{ ’}a)_ —
Xcg - NP
= Anp 7 Xacy = My 40V He (1€,
C‘L"(w‘ C“o(w—




Fuselage Qgiﬁﬂﬁﬂiﬁ”

Multhopp's  Metfed

k, — k, [*
~ ™2 | 2 + i
C,,,o/ 36557 ), wi(ag, + i) dx (2.29)
which can be approximated as
by = kS
=2 _1% wilay, + i) Ax (2.30)

™ 36.58¢ <%

where k, — k, = the correction factor for the body fineness ratio
§ = the wing reference area
¢ = the wing mean aerodynamic chord
wy = the average width of the fuselage sections
@, = the wing zero-lift angle relative to the fuselage reference line
ir = the incidence of the fuselage camber line relative to the fuselage
reference line at the center of each fuselage increment. The
incidence angle is defined as negative for nose droop and aft
upsweep. ‘
Ax = the length of the fuselage increments

Fuselage is divided
into increments

I
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Fuselage
Fuselage
e T
Ty
Z Fuselage camber line
FIGURE 2.11
Procedure for calculating C,,, due to the fuselage.
FIGURE 2.12
(1): k, — k, versus l;/d.
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where § = the wing reference area and = the wing mean aerodynamic chord.

The fuselage again can be divided into segments and the local angle of attack
of each section, which is composed of the geometric angle of attack of the section
plus the local induced angle due to the wing upwash or downwash for each segment,
can be estimated. The change in local flow angle with angle of attack, de,/da,
varies along the fuselage and can be estimated from Figure 2.13. For locations
ahead of the wing, the upwash field creates large local angles of attack; therefore,
d¢,/0a > 1. On the other hand, a station behind the wing is in the downwash
region of the wing vortex system and the local angle of attack is reduced. For the
region behind the wing, d,/d« is assumed to vary linearly from 0 to (1 ~ de/da)
at the tail. The region between the wing’s leading edge and trailing edge is assumed
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to be unaffected by the wing’s flow field, d¢,/da = 0. Figure 2.14 is a sketch
showing the application of Equation (2.32).




Stick Fixed Neutral Point

The total pitching moment for the airplane can now be obtained by summing the
wing, fuselage, and tail contributions:

Cu, = Cmy + Cn,2 (2.33)
where Coy = Coy T C"'"/ + 9VuC, (8o + b — i) (2.34)
C. =C. (’i} - f_—) +C, = mVuCo (1 ~ 9ﬁ> (2.35)

] a\ C c a b da

Notice that the expression for Gy, depends upon the center of gravity position as
_ well as the aerodynamic characteristics of the airplane. The center of gravity of an
airplane varies during the course of its operation; therefore, it is important to know
if there are any limits to the center of gravity travel. To ensure that the airplane
possesses static longitudinal stability, we would like to know at what point
Ca, = 0. Setting C,,_equal to 0 and solving for the center of gravity position yields

C C
Xnp | Xac ma, L, ds)
AN _ Zac . __ S 4 VY, — - .
i I C., K HC,_a (1 da (2.36)

In obtaining equation 2.36, we have ignored the influence of center of gravity
movement on V. We call this location the stick fixed neutral point. If the airplane’s

Cm og aft of xog > %wp FIGURE 2.15
neutral point The influence of center of gravity
position on longitudinal static

) stability.

cg at the neutral point
Xeg = XNP

cg forward
-} of neutral point

Xeg < XNP




