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Piecewise Polynomial Model of the Aerodynamic Coefficients of
the Generic Transport Model and its Equations of Motion

Torbjgrn Cunis', Laurent Burlion?, and Jean-Philippe Condomines®

Abstract

The purpose of this document is to illustrate the piecewise polynomial model which has been derived from wind-
tunnel measurement data of the Generic Transport Model (GTM) using the pwpfit toolbox. For implementation
details and use in MATLAB, please refer to the source code at https://github.com/pwpfit/GTMpw.

PRELIMINARIES

If not stated otherwise, all variables are in SI units. We will refer to the following axis systems of ISO 1151-1:
the body axis system (xt,ys, z¢) aligned with the aircraft’s fuselage; the air-path azxis system (., Ya, z.) defined by
the velocity vector Va; and the normal earth-fized azis system (xg,yg, 2g). The orientation of the body axes with
respect to the normal earth-fixed system is given by the attitude angles ®, 0, ¥ and to the air-path system by
angle of attack a and side-slip 3; the orientation of the air-path axes to the normal earth-fixed system is given by
azimuth x4, inclination v, and bank-angle pa. (Fig. 1.)

(a) Longitudinal axes (8 = ua = 0). (b) Horizontal axes (ya = 0).

Fig. 1: Axis systems with angles and vectors. Projections into the plane are marked by .

I. AERODYNAMIC COEFFICIENTS
The piecewise polynomial models of the aerodynamic coefficients are given
Cl(a, B3,...) ifa<ag
C )= O - 1
o(a:B;) { C2%"a, B,...) else, (1)
where Cg € {Cx, Cy, Cz,C, Cpn, Cy } are polynomials in angle of attack, side-slip, surface deflections, and normalized
body rates; and the boundary is found at
ap = 16.111°. (2)
The polynomials in low and high angle of attack, C2™, CZ**", are sums
CE* = CB(a) + O (. B) + CEE (. 8,€) + OB (0, Bym) + CEE (e, B.C) + OB (. p) + OB (. §) + CEY (a0, )5
3)

Cgost: post( )+Cp0$t(0t ﬂ) +Opost( ﬂ 5) +Cpost(a B 77) +Cypost( 6 C) +Cp0St(Oé p) +Cpost(a q) +Cpost(
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In the following subsections, we present the polynomial terms obtained using the pwpfit toolbox. Coefficients of
absolute value lower than 1072 have been omitted for readability.

A. Domain of low angle of attack

Polynomials in angle of attack:

OFre = —0.039 + 0.244a + 4.4530% — 17.3980°; 5
CPre = —0.017 — 5.241a — 1.8650> + 28.4630°; o
CPre = 0.119 — 1.465a + 8.1300% — 31.9860°; p
Cy, Cbre, OP'¢ are zero by definition.

Polynomials in angle of attack and side-slip:

C¥5 = 0.012 — 0.048« — 1.4330” + 0.03508 4 0.0334 + 5.4810” — 0.1350°3; (8)
CY = —~1.086f — 0.18503 + 0.7340° 8 + 0.2135°; Y
CPT = ~0.033 + 0.204a + 1.73007 + 0.06552 — 9.9300% + 0.073024 + 2.857a % 1o
Cly* = —0.0668 — 0.29803 + 1.1910°B; o
CPe = —0.221a — 3.3040% — 0.02508 — 0.7256% + 13.1920° + 0.199%8 + 0.46203% — 0.0163%; (12)
CP¥ = 0.1168 — 0.022a3 — 0.363023 + 0.0563°. "

Polynomials in angle of attack, side-slip, and aileron deflections:

CLE = 0.0135¢ — 0.012¢% — 0.071a? — 0.148a5€ + 0.063aE?; (14)
CYE = 0.3235 — 0.020¢ — 0.410a3 + 0.0150¢ + 3.1410% 5 + 0.02207¢ — 0.5326% — 0.7035¢; (15)
Chet = —0.08843¢ — 0.0106% — 0.32305% + 0.44603¢ — 0.0950¢>; (16)
Cl® = 0.0135 — 0.070¢ + 0.036a¢ + 0.2860°8 + 0.2300°€ — 0.0475° + 0.0275°¢ — 0.0433¢> + 0.039¢%; (17)
CP¢ = 0.3215% 4 0.0315¢ — 0.096¢% — 0.93105% — 0.471a€; (18)
CP = 0.0675 — 0.05808 4 0.3440% 5 + 0.04307¢ — 0.1108% — 0.0943% + 0.016¢°. (19)
Polynomials in angle of attack, side-slip, and elevator deflections:

C%y = —0.0115 — 0.0117 + 0.012a8 + 0.262an — 0.1617> — 0.778a*n + 0.097a5> — 0.022a6n — 0.012an* + 0.0175% — 0.0707?;

(20)
O = ~0.3234 + 0.41003 — 3.141025 + 0.5325%; o
Cpre =
—0.0333 — 1.087n + 0.148a,3 + 002987 + 0.0198n + 0.020n — 0.120a28 + 1.726077 + 0.036,3% — 0.05503n + 0.194a7? — 0.0188% + 0.6163%n + 0.02487° + 1.5187°;
(22)
Cﬁ;e = —0.0135 — 0.286a2ﬂ + 0.04753; (23)
crre =
—0.1078 — 3.7067 + 0.41208 — 0.144an + 0.06152 + 0.0538y — 0.4819 — 0.136023 + 10.4020%n + 0.4340,3% — 0.04503n + 2.85Tan? + 0.0135° + 1.3763%) + 0.2218n° + 2.544n*;
(24)
Chy = —0.0675 + 0.058a3 — 0.3440%8 + 0.11043%. -
Polynomials in angle of attack, side-slip, and rudder deflections:
CRE = 0.0118 — 0.012a8 + 0.0148% 4 0.0395¢ — 0.054¢* — 0.197af? — 0.141a3¢ + 0.064a¢* — 0.0175%; o)
CUE = —0.0133 + 0.041a8 + 0.080a¢ — 02840 — 0.5950°¢ + 0.089¢%; (27)
CH = 0.0335 — 0.14808 — 0.0248% — 0.0245¢ + 0.022¢* + 0.1200° B + 0.017a8% + 0.08505¢ — 0.0550¢* + 0.0185%;
(28)
CP'® = —0.0168 — 0.081¢ 4 0.191a3 + 0.069a¢ — 1.0120°8 — 0.1210°¢ + 0.0613% + 0.0428°¢ + 0.124¢%; )
Chg = 01075 — 041208 — 0.2655" - 0.1915¢ + 0-156C% + 0.1360°5 + 0.3375" +0.794a5C — 0.260aC” — 0.0135°;
(30)
Cpe” = —0.122¢ + 0.09408 + 0.160a¢ + 0.3930%F — 0.493a”¢ + 0.1084° — 0.0295%¢ + 0.0225¢*. (31)



Polynomials in angle of attack and normalized body p-rate:

Ch = 2.281p — 7.166ap + 39.769p% — 54.5680°p + 689.390ap” + 8193.600p°; (32)
CE'® = —14.046p — 13.4260 + 25.305p% + 175.8100°p + 1247.5000p” — 988 450p°; (33)
CP* = —2.106p — 1.812ap — 135.930p% + 64.789a°p — 296.100ap” + 4450.500p°; (34)

%y Czp'y CP are zero due to lack of GTM measurement data.

Polynomials in angle of attack and normalized body ¢-rate:

CX¥ = 63.167¢ + 0.0760” + 677.0000 + 440 640¢° 4 0.1260* + 1193.1000%§ + 2281 300ag® — 1043 400¢°; (35)

Cya° = 0.091a — 1875.1004 — 0.2030* — 1872.400aq + 4 243 400¢* — 0.283a° — 4745.8000*¢ — 15335 000G — 166 980¢°;
(36)

Cry =

—0.021 — 0.0330 — 2383.5004 + 0.4960% — 199.4200G + 179240042 + 0.9080> + 1574.4000%§ + 7267 1000:§% — 2980 200 000G°;
(37)

Yy, CF°, CP are zero due to lack of GTM measurement data.

Polynomials in angle of attack and normalized body r-rate:

O = 44.1797 + 49.371a# + 2891.7007% 4 92.2220%7 — 5041.500a72 + 10 3577%; (38)
CL'® = 9.6797 + 43.079a7 — 15.89972 + 48.5460°F + 243.490a7* — 1593 1007 (39)
CP™ = —9.6467 — 14.456a7 — 1548.1007 — 53.131a>F + 3188.800* + 4313.4007%; (40)

CY, Che, CP™ are zero due to lack of GTM measurement data.

m7

B. Domain of high angle of attack
Polynomials in angle of attack:

% = 0.019 — 0.130cr + 0.16902 — 0.0220%; (41)
O = —0.365 — 2.711a + 1.647a° — 0.3690°; (42)
CPost = (0.247 — 2.847a + 2.7480% — 1.1050%; (43)
CTost Pt CPost are zero by definition.
Polynomials in angle of attack and side-slip:
C%%" = 0.016c — 0.0230” + 0.0535% — 0.0610/5°; (44)
CYy" = —0.8878 — 0.867a3 + 0.637a” 3 + 0.2135%; (45)
ngst = —0.219 + 0.690a + 0.018 — 0.452a% — 0.068a5 + 0.9395% + 0.0290° + 0.055a2 5 — 0.251a 52, (46)
Cly*" = 0.0148 — 0.277a8 + 0.10303; (47)
CP3t = —0.247 + 1.291a + 0.0363 — 1.9700” — 0.087a,3 — 1.0233” + 0.838a° + 0.0280”3 + 1.5200,3* — 0.016%;
(48)
CPZ" = 0.1508 — 0.279a8 4 0.1290°3 + 0.0563°. (49)
Polynomials in angle of attack, side-slip, and aileron deflections:
CEL" = —0.0683% — 0.0365¢ + 0.032¢ + 0.14003% + 0.0240,3¢ — 0.0950>; (50)
CEY" = 1.0268 — 0.020§ — 2.63508 4 0.026a¢ + 2.152a° 8 — 0.0160°¢ — 0.5323° — 0.7036¢>; (51)
ngst = —0.1128% 4+ 0.061 8¢ — 0.124£2 4 0.093a8% — 0.086a.8¢ + 0.30908; (52)
C{z"st = 0.0786 — 0.046¢ — 0.195a8 + 0.013a€ + 0.15202 3 — 0.04753% 4 0.0275%¢ — 0.0433£2 + 0.039¢3; (53)
CP" = 0.2015% + 0.0418¢ — 0.205¢ — 0.50508% — 0.032a,3¢ — 0.082a>; (54)
CP*" = 0.1308 — 0.237a8 4 0.024a€ 4 0.187a” 8 — 0.017a*¢ — 0.11058° — 0.0948¢” 4 0.016¢°. (55)



Polynomials in angle of attack, side-slip, and elevator deflections:

C};zost —
n
—0.023n — 0.016a8 + 0.123am + 0.07532 — 0.15472 + 0.013023 — 0.126a27n — 0.164a6% — 0.037an? + 0.0178 — 0.0707>;
(56)
CE7t = —1.0268 + 2.63508 — 2.152a° 3 + 0.5326°; (57)
ost
opot =
—0.0138 — 1.307n + 0.058a3 + 1.429am + 0.0323% — 0.260n% — 0.048a%3 — 0.583a%n + 0.026a,3% + 1.188an? — 0.018% + 0.61653%n + 0.02487n2 + 1.518n>;
(58)
CPo*t = —0.0788 4 0.19503 — 0.1520° 3 + 0.0475%; (59)
ost __
Chost =
—3.589n + 2.488an + 0.2684% + 0.0388n + 0.148n2 — 0.44102n — 0.3030,32 4 0.622am? + 0.0135% + 1.3765%n + 0.2218n% + 2.544n3;
(60)
CPost = —0.1308 + 0.237a — 0.187a° 8 + 0.1103°. (61)
Polynomials in angle of attack, side-slip, and rudder deflections:
ng‘gst = 0.016a8 — 0.0975% — 0.0203¢ — 0.040¢? — 0.013a28 + 0.198a6% + 0.068a5¢ + 0.015a(? — 0.01733; (62)
CLP" = —0.0998 — 0.076¢ + 0.333a,3 + 0.221a¢ — 0.2370° B8 — 0.177a°¢ + 0.089¢%; (63)
CH2*" = 0.0138 — 0.058a8 — 0.0475% + 0.0480%8 4 0.101a3> + 0.03108¢ + 0.0450¢> + 0.0183°; (64)
CR*' = —0.0698 — 0.104¢ + 0.118a,3 + 0.165a¢ — 0.079a B — 0.1750°¢ + 0.0615° + 0.0425°¢ + 0.124¢%; (65)
Cﬁft = —0.3168% 4 0.1908¢ + 0.096¢2 + 0.51803% — 0.5590,3¢ — 0.048a¢? — 0.01353; (66)
CP2*" = 0.4518 — 0.304¢ — 1.75503 + 0.791a( + 1.3040° 8 — 0.434a°¢ + 0.1083% — 0.0295°¢ + 0.0225¢>. (67)
Polynomials in angle of attack and normalized body p-rate:
CE7" = 2.714p — 33.368ap + 3086.500p” + 33.1350°p — 10 1460)” + 8193.600p°; (68)
CL*" = 3.365p — 33.3240 + 346.110p” + 26.371a”p + 106.5900)* — 988 4505°; (69)
Cfg“ = 8.850p — 28.449ap — 879.480p% + 20.94202p + 2348.2000p + 4450.500p°; (70)
C}’g’;t, C’é’;“, Cr’:;;t are zero due to lack of GTM measurement data.
Polynomials in angle of attack and normalized body g¢-rate:
ost
opt =
0.038 — 0.176a + 1260.0004 + 0.24502 — 4151.300a + 1750 80042 — 0.0970° + 3226.50002G — 2 378 3000 — 1043 4004°;
(71)
t
opot =
0.050 — 0.411a — 5274.900§ + 0.97702 4 11 599 — 3051 20042 — 0.677a> — 9654.60002G + 10 607 000a:G> — 166 9804°;
(72)
post
Rt =
0.115 — 0.412c — 662.2404 + 0.431a% — 8186.500r§ 4 6 062 80042 — 0.172¢ + 8209.00002G — 7919 900a:¢2 — 2 980 200 00043
(73)
C{'f;t, C’fgm, C’r’l’ZSt are zero due to lack of GTM measurement data.
Polynomials in angle of attack and normalized body r-rate:
CP%% = 2226707 — 676.410a7 + 5458.50072 + 415.860a%F — 14 170a:* + 10 35773, (74)
CPo* = —7.843F 4+ 181.47007 + 14.9637% — 222.03002F + 133.730a#*? — 1593 1007%; (75)
CP% = —27.2607 + 41.59207" — 837.82072 — 29.6730°F + 662.790c:> + 4313.4007>; (76)

t t t
CR2", Ch2™, CP7°" are zero due to lack of GTM measurement data.

me



II. EQUATIONS OF MOTION

We have the aerodynamic forces and moments in body axis

XA . Cx LA 1 bC XA
YA = igSV/f Cyl; MA| = 595‘/[3 CaCum | + [ YA X (%eg — X055 (77)
ZA . Cy, NA ; bC, ZA .
and the resulting forces by rotation into the air-path axis system
X, = (XfA cosa + Zf sina + XF cos ) cos 3 + Y sin B3; (78)
Y, =— (XfAcosa—ﬁ—ZfASina—FXfFCOSOé) Sinﬁ"‘YfACOSﬁ; (79)
Ly = foA sinaJerA COoS « foF sin o (80)

with the thrust XfF = F (engines aligned with the x¢-axis). The resulting forces lead to changes in air speed, side-slip,
air-path inclination, and azimuth by

. 1
Va = — (Xa —mgsinya); (81)
. 1
Ly 82
5 . (82)
1
=~ (Zucosjua + mgcos ) (83)
. 1 :
XA = _mza Sin fiA . (84)

For a symmetric plane (I, = I,,. = 0), the resulting moments in body axis are given as

Li=L —qr (L. —1,) + pqLa; (85)
Mf:MfA—FMfF—pT(Ig;—Iz)— (pZ_TQ) 1oy (86)
Nf:NfA_pQ(Iy_Iw)_qTIzr; (87)

with MF = [,F (engines symmetric to the xs-y-plane and shifted vertically from the origin by [;) and the inertias
I, 1,,1,,1I.,. The changes of angular body rates are then given as

1
p=——= (I,L¢+ L. Ny); (88)
. 1
q= TMf; (89)
y
1
F=——— (I,,L¢+ I,Ng). (90)
Here, the normalized body rates have been used with
p L [er p btp
g =gy |t = |4 =2Vx |citg (91)
7 Albr r b=17
and
Pl (o [eR]
C? :7 5 caq| —Va |q (92)
7 A by 7

The change of attitude is finally obtained by rotation into normal earth-fixed axis system:
® = p+ gsin® tan © + r cos P tan O; (93)
O = gcos ® — rsin P; (94)
U = gsin®cos 'O+ rcos®cos 0. (95)



III. LONGITUDINAL MODEL

The longitudinal model is restricted to the x,-z,-plane, assuming 8 = up = xa = 0.

A. Aerodynamic Coefficients

The longitudinal aerodynamic coefficients, C1,, Cp, Cy,, are obtained as

C(L (0‘7 77) = CLa (Oé) + CLn(av 77) Wlth

C (a) [ 0.017 + 5.234a + 1.98502 — 30.060a° if o < 16.634°
Lo 1 0.279 4+ 3.251a — 3.235a2 + 0.708¢%  else ’

Cry(, ) = — 0.000 + 0.003c + 0.5217 — 0.072a* — 0.416an
4 0.0897% + 0.0510> + 0.039a2n — 0.293am? — 0.4797°; (97)
Co(a,n) = Cpala) + Cpy(a,n)  with

Con(ay = | 002901100 + 2.36402 + 3.9480%  if a < 16.634°
Dal®) =13 _0.170 + 1.427a + 0.719a2 — 0.48603 else

Cpy(a,n) =+ 0.008 — 0.012ac 4 0.112n + 0.040a% + 0.183an
—0.0697% — 0.053a> — 0.0430°n — 0.070a> — 0.6287°; (99)

Cm(a,n) = Cmala) + Cupla,n)  with
0.117 — 1.475a + 8.475a% — 32.72903  if o < 16.634°

; (98)

Cmal@) = { 0.144 — 2.4560 + 2.30402 — 0.9500°  else ! (100)
Cunn(a,m) =+ 0.014 + 0.1650 — 1.9687 — 0.410a” + 1.36507
—0.415%% 4+ 0.186a°> — 0.1440°n + 0.948am + 1.3561°. (101)
B. FEquations of motion
The longitudinal equations of motion are given as
. 1 1
Va=— <Fcosa - ipSVAQC’D(oz,n,q) —mg sirwA) , (102)
m
. 1 ) 1 9
Ya = — | F'sina + 5 pSViCL(a,n,q) —mgcosa |, (103)
mVA 2

) 1 1 1 re 1 re
q= T (ltF + ipSCaVKCm(aa m, q) - §pSVAQCZ(a7 7, Q) (xcgf - ng) + §pSVAQCX (Oé, m, q) (chf - ZCg)) ; (104)
Yy

with
O=a+n7. (105)

MATLAB SOURCE CODE
The source code for the aerodynamic coefficients and the equations of motion can be found at:

https://github.com/pwpfit/GTMpw
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APPENDIX
A. Spline-based Longitudinal Coefficients

The purpose of this model is to provide an application example of a spline-based longitudinal aircraft model. It
has neither been designed nor evaluated for engineering purposes. For the longitudinal equations of motion, refer to

Section III-B and note
Cp(a,...)=—-Cx(a,...)cosa — Cyla,...)sina
Cu(e,...)= Cx(a,...)sina —Cz(a,...)cosa
The longitudinal aerodynamic coefficients are obtained as
C@ (a7 m, (j) = CQOt(a) + C@n(a? 77) + C@ﬁ(aa d) 5
where C@ S {CX,CZ7CI‘I1}7 q= CaQ/ (2VA)7 and

C’g(i if @ € (—o0;01),
iface [041 2),
Coala,n) = C’go)t if a € [ag; as),
if o € [az;a3),
[ )

[Oll;OéQ%
Conla,n) = Cg% if € [ag; a3),
an if a € [agz; a3),
ng if « € [aug; 00);
08% if G € (—00;d),
OS% if § € [d; G2),
Cogla,d) = C%) if G € [Ga3 ds),
Cg% if ¢ € [d3;d3),
OO if G € [ga; 00);
with
ay = 5°, ag = 15°, ag = 25°, g = 45°%;
¢1 = —0.200°, G2 = —0.075°, gz = 0.075°, 44 = 0.200°;
and

U (@) = —0.025 — 0.0020 + 0.827a;
CQ(@) —0.204 + 2.778 — 7.4930%;
cg(a) =0.217 — 1.218a + 1.6280%;

@ (@) = 0.022 — 0.110c 4 0.1140%;

() =

o —0.052 4 0.024c + 0.063a%;

D (q

—0.028 — 4.949« + 0.837a2;
0.155 — 8.239a + 14.537a%;

o) =

() =

c;?g<a> —0.815 — 0.298cr — 1.648a2;
(a) =
(a) =

(@) = —0.467 — 2.158a + 0.7860>;
(@) = —1.052 — 0.996a + 0.2540>;

(106)
(107)

(108)

(109)

(110)

(111)



CW (@) = 0.157 — 1.7240r + 1.8060% + 11.9690/°;
0(2) (o) = 0.565 — 10.419a 4 59.27702 — 118.3200°;
) (o) = 7.543 — 64.304cr + 174.30002 — 160.3700°;
<4> ) () = —0.866 + 1.176a — 1.87502 + 0.681a°;
C<5> ) (@) = —1.053 + 1.752a — 2.210a* 4 0.561a%;

(o, 1) = —0.0101 4 0.195an — 0.0827° 4 0.628a2n + 0.213an? — 0.0367°;
(e, ) = 0.0117 — 0.009an — 0.060n* + 0.165a*n — 0.043an? — 0.0367>;
O (e, ) = 0.060n — 0.17501 — 0.043n* + 00870y — 0.106an* — 0.0367°;
(ar,m)
(e, m)

O (a,m) = 0.027n — 0.079a7 — 0.0567% + 0.042a%n — 007607 — 0.036n>;

O (o, ) = —0.2817 + 0.586an — 0.1337° — 0.305a%7 + 0.021a7 — 0.0361°;
cgg a,m) = —0.5951 4 0.058an + 0.039%% 4 0.045a°n + 0.023an? + 1.142n3;
O3 (o, ) = —0.6267 + 0.461an + 0.012° — 0.452a%7 + 0.332017 + 1.1421%;

(ar,m)
(e, m)
O5) (a,m) = —0.6317 + 0.299am + 0.0517° + 0.2240%n + 0.183a7” + 1.142n;
(a,m)
(e, m)

cg;’ a,n) = —0.666n + 0.516an — 0.337n% — 0.0840°n + 1.074an? + 1.14273;
O3 (o) = —1.1167 + 1.625an + 0.3121° — 0.768a%7 + 0247y + 1.1421%;
Cil(e,m) = —1.879n — 0.047an — 0.2277% — 0.845a°n + 0.378an? + 1.409n°;
CE)(a,m) = —2.006n + 1.410am — 0.260n* — 0.807an + 0.756an” + 1.4097°;
C3)(a,m) = —1.916n — 0.071an — 0.704n* + 3.530a°n + 2.449an” + 1.409°;
Ci)(a,m) = —1.612n + 0.765an + 0.802n* + 0.017an — 1.002an* + 1.4097°;
C)(a,m) = —1.555n + 0.535am — 0.777n* + 0.219¢°n + 1.009an” + 1.4097°;
as well as

O (a,G) = —0.003 — 1.7764 — 0.010a — 276.480¢®) — 2.319Ga — 0.0050%;

O (a, G) = 0.001 + 0.6894 + 0.004a: + 120.0804) + 1.492ax — 0.0050%;

O% (a, G) = 0.001 + 1.338¢ + 0.003a + 232.3504®) + 0.558Ga — 0.0050%;

O (, G) = 0.001 + 1.897G + 0.004a + 144.9004) — 0.699Gax — 0.0050;
O%) (a, G) = 0.001 + 2.271G — 0.009a — 7.0404®) + 2.981Gax — 0.0050%;

O3 (e, §) = —0.008 — 25.814G + 0.138a + 2806.4004®) + 22.164Gar + 0.0040%;
O3 (e, §) = —0.010 — 32.148G + 0.019a + 1120.8004®) — 11.921Gar + 0.0040%;
O3 (e, §) = —0.014 — 36.128G + 0.0290 + 507.0604®) — 3.943Gcr + 0.0040%;
O3 (e, §) = —0.010 — 40.109G + 0.019 + 1120.8004 + 4.0364cx + 0.004a%;
O3 (ar, §) = —0.008 — 46.443G + 0.138a + 2806.4004®) — 30.049Gcr + 0.0040*;

(v, ) = 0.008 — 41.631G — 0.013a 4 300.3504® — 10.716Gcx — 0.081a;

(v, G) = 0.009 — 40.2684 + 0.009a + 632.5104>) — 4.284Gcr — 0.0810/2;
C®) (@, §) = 0.009 — 40.445§ + 0.012c + 674.850¢2 — 2.169Gx — 0.081a2;

(v, §) = 0.009 — 39.9164 + 0.009 + 381.400G% — 0.193Gar — 0.081a%;

(a, §) = —0.001 — 35.258G + 0.008a — 208.640G + 0.192Gar — 0.081a%;



NOMENCLATURE

e = Angle of attack (rad);

ag =  Low-angle of attack boundary (°);

8 =  Side-slip angle (rad);

YA = Air-path inclination angle (rad);

¢ = Rudder deflection (rad), negative if leading to positive yaw moment;
n = Elevator deflection (rad), negative if leading to positive pitch moment;
LA = Air-path bank angle (rad);

13 = Aileron deflection (rad), negative if leading to positive roll moment;
0 = Air density (0 = 1.200kgm™3);

XA = Air-path azimuth angle (rad);

() = Pitch angle (rad);

) = Bank angle (rad);

\ Azimuth angle (rad);

b Reference aerodynamic span (b = 2.088m);

ca Aerodynamic mean chord (cy = 0.280m);

g =  Standard gravitational acceleration (g ~ 9.810ms~2);
Ly

m

p

q

r

Engine vertical displacement, positive along zg-axis (Iy = 0.100 m);
Aircraft mass (m = 26.190kg);

Roll rate (rads™!);

Pitch rate (rads™1);

= Yaw rate (rads™1);

Tegs Zeg =  Longitudinal position center of gravity (z.; = —1.450m, 2.,z = —0.300m);

xgg;f, Zeg = Longitudinal position reference center of gravity (xf:egf = —1.460 m, zégf = —0.290m);
C = Aerodynamic coefficient moment body x¢-axis (-);

Cu = Aerodynamic coefficient moment body ys-axis (-);

Cy = Aerodynamic coefficient moment body z¢-axis (+);

Cp = Aerodynamic drag coefficient, force negative air-path z,-axis (-);
Cy = Aerodynamic lift coefficient, force negative air-path z,-axis (-);
Cx = Aerodynamic coefficient force body z¢-axis (+);

Cy = Aerodynamic coefficient force body y¢-axis (-);

Cy = Aerodynamic coefficient force body z¢-axis (+);

D = Drag force, positive along negative air-path X,-axis (L = —X2, N);
F = Thrust force (N), positive along body zs-axis;

L = Lift force, positive along negative air-path Z,-axis (L = —Z2, N);
L¢ = Roll moment (N m), mathematically positive around zs-axis;

M = Pitch moment (Nm), mathematically positive around ys-axis;

N = Yaw moment (N m), mathematically positive around zs-axis;

S =  Wing area (S = 0.550m?);

Va,Va = Aircraft speed and velocity relative to air (Va = ||Valy, ms™!);
XA = Resulting force along air-path z,-axis (N);

XA = Aerodynamic force along body z¢-axis (N);

XF = Thrust force along body x¢-axis (N);

YA = Resulting force along air-path y,-axis (N);

vA = Aerodynamic force along body y-axis (N);

5 =  Resulting force along air-path z,-axis (N);

zZh = Aerodynamic force along body z-axis (N);

(-)Post = Domain of high angle of attack;

()P =  Domain of low angle of attack;

T, Ya,Za =  Air-path axis system;

e, Y, 2t = Body axis system;

Zg,Ye,Ze =  Normal earth-fixed axis system,;
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