
AERODINÀMICA I MECÀNICA DE VOL
EXAM PARTIAL A Friday 7th of November 2014

Formulario T8: Stability and Control 

1. STATIC STABILITY AND CONTROL 

a. Longitudinal stability 

Total pitching moment about the center of gravity: 
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b. Longitudinal control 
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Change in pitching moment acting on the plane 
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Pitching moment equation: 
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c. Directional stability

Contribution of Aircraft components to directional 
stability: Vertical tail 
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d. Directional control
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f. Lateral control 
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2. AIRCRAFT DYNAMICS 
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1 Landing performances
There is only one correct option for each question. Each correct answer adds 0.5 points. Each wrong answer sub-
tracts 0.125 points. In the case that the total sum is negative, the total punctuation of this exercise will be zero.

A jet-powered executive aircraft, approximately modeled after the Cessna Citation 3 is considered. For convenience,
we will designate our hypothetical jet as the CC3, having the following characteristics:

• wingspan: b = 16.23m, wing area: S = 30m2, Oswald efficiency factor e = 0.81

• take-off weight: m = 8996kg

• fuel on board at take-off: 1119gal(=3048kg) of aviation gasoline

• power plant: two turbofan engines of 3650lb thrust each at sea level (1lb thrust = 0.454 ∗ 9.81N)

• drag coefficient during ground roll (spoilers applied): CD = 0.2

• consider g = 9.81m/s2

• maximum lift coefficient, with flaps fully employed at touchdown:CL = 2.5

• lift coefficient during ground roll (spoilers applied): CL = 0.25

• the runway has a friction coefficient µ = 0.02 with no brakes applied, and µ = 0.4 when the brakes are applied

• we recall that the distance needed to accelerate or decelerate from a velocity V1 to a velocity V2 can be written as:

d =

∫ V2

V1

V
dV
dt

dV and we also recall that
∫
f ′(x)

f(x)
dx = ln(f(x)) (1)

We want to calculate the landing ground roll distance at sea level and at Denver for the CC3. At landing we consider that,
no thrust reversal is used, and that the spoilers are employed. The fuel tanks are essentially empty, so neglect the weight
of any fuel carried by the airplane.

1. the touchdown velocities, at sea level (ρ = 1.225kg/m3) and at Denver (mile high city: altitude of 1655m, ρ =
1.04kg/m3) and considering that VTD = 1.15Vstall are

2 VTD,SL = 13.08m/s, VTD,Den = 14.20m/s 2 VTD,SL = 50.41m/s, VTD,Den = 54.70m/s

2 VTD,SL = 40.99m/s, VTD,Den = 44.48m/s 2 VTD,SL = 35.64m/s, VTD,Den = 38.68m/s

2 VTD,SL = 16.09m/s, VTD,Den = 17.47m/s

2. we can write: dVdt = A0 +A2V
2 where

2 A0 = −µg, A2 = − 1
2mρCDS 2 A0 = µg, A2 = 1

2mρCDS

2 A0 = −µg − T
m , A2 = 1

2mρ(CD − µCL) 2 A0 = µg, A2 = 1
2mρ(CD − µCL)S

2 A0 = −µg, A2 = − 1
2mρ(CD − µCL)S

3. the landing ground roll distance at sea level is:

2 1509m 2 304m 2 201m 2 22m 2 1364m

4. the landing ground roll distance at Denver is:

2 358m 2 237m 2 26m 2 1777m 2 1606m



2 Performances
There is only one correct option for each question. Only two significant digits have been considered in the numeri-
cal results. Each correct answer adds 0.25 points. Each wrong answer subtracts 0.25/3 points. In the case that the
total sum is negative, the total punctuation of this exercise will be zero.

Let’s consider the following information on a given acrobatic single-engine turbojet:

• Its parabolic drag polar can be described with the following coefficients: CD0 = 2.2 · 10−2 and k = 1.8 · 10−2

• Due to the fact of being an acrobatic aeroplane, the aerofoil is symmetric, and the next expression can be used for
CL: CL = 7.5 · 10−2 ·α (where α is expressed in degrees). This expression can be used up to a maximum value of
α equal to 20◦

• The aeroplane total mass is 900 kg. This mass can be considered constant along the exercise

• The wing area is S=12 m2

• The gravity must be assumed as a constant, equal to g0 = 10m/s2

• The typical flight altitudes along the exercise are not so high. We assume here, and through the entire exercise, that
the atmospheric density is constant and equal to ρ0 = 1.21 kg/m3

• The flight can be assumed as a symmetric one along the exercise. The Thrust’s angle of attack can be also neglected

Firstly, the aeroplane performs a looping manoeuvre (consider t = 0 corresponding to the lower point of the trajectory,
point 1) reaching a load factor equal to 0 at the higher point (point 3). The aeroplane’s centre of gravity describes a
circumference with a constant velocity. When the aeroplane completes the looping, the pilot changes appropriately the
angle of attack, and the aeroplane continues flying with an horizontal trajectory. The aerodynamic velocity, V , is constant
and equal to 50m/s all along the looping as well as along the horizontal trajectory. You are asked to compute:

1 

2 4 

3 

5 



a. The value of CLopt:

2 0.79 2 0.90 2 1.11 2 1.26

b. The value of αopt:

2 15.81◦ 2 14.74◦ 2 12.06◦ 2 9.88◦

c. The value of VB :

2 33.49 m/s 2 10.59 m/s 2 26.40 m/s 2 8.35 m/s

d. The value of VS :

2 6.27 m/s 2 9.09 m/s 2 28.75 m/s 2 19.84 m/s

e. The value of the dimensionless drag, D̂, at point 2:

2 1.74 2 1.34 2 2.68 2 1.00

f. The radius R of the looping:

2 336.47 m 2 500.00 m 2 250.00 m 2 220.90 m

g. The value of the aerodynamic efficiency, E, at point 4:

2 19.76 2 11.34 2 9.38 2 18.76

h. Time required to perform the looping:

2 22.24 s 2 72.00 s 2 29.53 s 2 31.42 s

i. The maximum load factor, nmax, during the entire manoeuvre:

2 2.83 2 1.66 2 2 2 3

j. The thrust, T , at point 5:

2 705.34 N 2 176.34 N 2 119.91 N 2 479.63 N

k. The angle of attack, α, at point 5:

2 2.23◦ 2 2.57◦ 2 6.61◦ 2 4.99◦

l. The control parameter/s:

2 π and α 2 α 2 π 2 0



3 Test
Note that there is only one correct option for each ques-
tion. Each correct answer adds 0.25 points. Each wrong
answer subtracts 0.25/4 points

1. A glider is gliding with constant angle of attack along
its path. We can also assume the hypothesis of ”small
angles”. Under these conditions, the following has to
be fulfilled:

a. none of the other answers is correct

b. V must remain constant

c. CL = CLopt

d. D̂ = cte

e. α = αmax

2. Consider a glider performing a symmetric, rectilin-
ear and stationary flight with ẋe=80 m/s, Vd =2 m/s.
There is a constant, tail, atmospheric wind of 80 m/s
(~Vw = 80~ie). Comparing this scenario with the stag-
nant condition in which VW = 0, the glider will
reach:

a. double range, double endurance

b. same range, double endurance

c. half the range, half endurance

d. none of the other answers is correct

e. double range, same endurance

3. Consider a glider performing a symmetric, rectilinear
and stationary flight. There is a constant wind with
both up and head components: ~Vw = −60~ie − 2~ke.
By knowing that ~Vg = 0, we can deduce that the
aerodynamic efficiency at which the glider is flying
is equal to:

a. 30

b. 15

c. 60

d. none of the other answers is correct

e. 20

4. Consider a turbojet, performing a symmetrical, hori-
zontal, rectilinear and stationary flight, which is fly-
ing with T > TB . For that T , V̂S = V̂2. Additionally,
we also know CLmax/CLopt = 4. Therefore, we can
assume:

a. V̂1 = V̂2

b. V̂1 = 0.5

c. V̂1 = 2

d. V̂1 = 4

e. V̂1 = 16

5. Consider a simple turbojet (x=0.7), performing a sym-
metrical, horizontal, rectilinear and stationary flight,
and additionally fulfilling the following relationship:
T̂11max = 1. Therefore:

a. the theoretical ceiling is at the tropopause and
reaches its maximum possible velocity at the
tropopause.

b. the theoretical ceiling is at the troposphere and
reaches its maximum possible velocity at the
troposphere.

c. the theoretical ceiling is at the stratosphere and
reaches its maximum possible velocity at the
troposphere.

d. the theoretical ceiling is at the tropopause and
reaches its maximum possible velocity at the
troposphere.

e. none of the other answers is correct

6. ν is the angle between:

a. T and the plane xh − yh
b. T and the plane xb − zb
c. T and the axis xw
d. T and the plane xe − ze
e. none of the other answers is correct

7. Consider a glider performing a symmetric, rectilinear
and stationary flight. Due to the small flight level, we
can assume that ρ = cte. If the glider is flying with
V = VB = cte, then:

a. the glider will reach maximum endurance

b. the glider will reach maximum range

c. the glider is flying with constant aerodynamics
velocity (not with constant angle of attack), and
therefore neither the maximum range nor the
maximum endurance can be reached

d. none of the other answers is correct

e. the dimensionless velocity, V̂ , will change along
the flight

8. An airplane flights with a zero angle of attack as well
as non-symmetric conditions (β 6= 0) all along its
trajectory. We can assume:

a. Lwb,11 = 1

b. none of the other answers is correct

c. Lwb,33 = 1

d. Lwb,22 = 1

e. Lwb,11 = 0

9. The following eigenvalues are obtained for a longitu-
dinal mode of a given aircraft: λi,j = −0.002±0.05j

a. this mode is the short-period oscillation mode,
with τ = 0.002s and ζ = 0.4

b. this mode is the phugoid mode, with τ = 500s
and ζ = 0.04

c. this mode is the short-period oscillation mode,
with τ = 500s and ζ = 0.04

d. this mode is the phugoid mode, with τ = 0.002s
and ζ = 0.4

e. none of the other answers is correct



The CM,CG versus CL curve for a general aviation
airplane with the landing gear and flaps in their re-
tracted position can be seen in Figure 1. Use Figure 1
and the following information to answer the follow-
ing 4 questions (10 to 13)
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Figure 1: CM,CG versus CL curve for xCG = 0.25 (ex-
pressed as a fraction of the wing chord)

10. Where is the stick fixed neutral point located?

a. xN = −0.5
b. xN = 0.5

c. xN = 0

d. xN = 0.25

e. xN = −0.25

11. If the airplane weighs 1134kg and is flying at 45.7m/s
at sea level (ρ = 1.225kg/m3, g = 9.81m/s−2), what
is the CL required for trim?

a. CL,trim = 0.06

b. CL,trim = 0.08

c. CL,trim = 0.8

d. CL,trim = 0.6

e. CL,trim = 0.3

12. If the airplane weighs 1134kg and is flying at 45.7m/s
at sea level (ρ = 1.225kg/m3, g = 9.81m/s−2)), what
is the elevator angle required for trim?

a. δe, trim ≈ −1.3 deg
b. δe, trim ≈ −2.6 deg
c. δe, trim ≈ 1.5 deg

d. δe, trim ≈ 2.1 deg

e. δe, trim ≈ 0 deg

13. Estimate the elevator control power dCM,CG

dδe
.

a. dCM,CG

dδe
≈ 0.395/ deg

b. dCM,CG

dδe
≈ −0.355/ deg

c. dCM,CG

dδe
≈ 0.0410/ deg

d. dCM,CG

dδe
≈ −0.0375/deg

e. dCM,CG

dδe
≈ −0.250/ deg

14. The term R1,33 (term 3-3 of the matrix R1) is:

a. −sin(δ3)
b. sin(δ3)

c. none of the other answers is correct

d. cos(δ3)

e. 0

15. Consider an airplane with the following non-parabolic
drag polar: CD = CD0 + kCL

4, being CD0 = 10−2

and k = 3 · 10−2. Which one is the value of CLopt:

a. 3

b. 1

c. 1/
√
3

d.
√
3

e. none of the other answers is correct

16. In order to change the value of αe without an elevator,
the best way is:

a. to modify dCM,CG

dαa
by changing the aircraft ve-

locity

b. to modify dCM,CG

dαa
by shifting the position of

the aircraft center of gravity

c. to modify CM,0 by shifting the position of the
aircraft center of gravity

d. to modify CM,0 by changing the aircraft veloc-
ity

e. none of the other answers is correct

17. Which one of the following statements is correct?

a. inherent instability can never be tolerated for an
aircraft with no flight control system

b. a statically unstable system will be for sure dy-
namically unstable as well

c. none of the other answers is correct

d. a statically stable system will be for sure dy-
namically stable as well

e. mild instability in closed loop systems can be
tolerated



18. For a given aircraft, CM,0 = 0.05 and dCM,CG

dδe
=

−0.01/deg. During landing, the center of gravity of
the airplane is located at 0.1 and dCM,CG

dCL
= −0.25.

Can the airplane be trimmed during landing (withCL =
1)? Consider that −22o ≤ δe ≤ 22o

a. none of the other answers is correct

b. it can be trimmed and δe,trim = −15o

c. it can be trimmed and δe,trim = −20o

d. it can be trimmed and δe,trim = 20o

e. it can be trimmed and δe,trim = 15o

19. Consider a turbojet, performing a symmetrical, hori-
zontal, rectilinear and stationary flight, which is fly-
ing with D̂ = 3. Therefore, the Thrust value is:

a. T=3

b. none of the other answers is correct

c. T =
√
3Em/W

d. T = 3W/Em

e. T =
√
3

20. While decreasing it flight altitude, a glider is also in-
creasing its:

a. Vd

b. VS

c. minimum γd

d. none of the other answers is correct

e. VB
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Examen final  

 
(Tiempo: 1h 30’. No se permite la consulta de ningún documento) 

 

TEORÍA (50% de la puntuación) 

 
Marque la casilla que considere correcta en cada pregunta.  

Sólo hay 1 posible respuesta correcta por cada pregunta. 

Las preguntas correctas sumarán 1 punto. Las incorrectas restarán 0.25 puntos. 
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1) Si al aplicar unas cargas cíclicas sabemos 

que se cumple σm = σr, podemos afirmar que: 
A. R=1/2 

B. R=1/3 

C. R=1/4 
D. R=0 

E. Ninguna de las anteriores. 

 

2) Una pieza metálica tiene una grieta en la 
superficie de 0.5 mm de longitud y un radio en la 

punta de grieta de 0.0025 mm. Hemos aplicado 

una tensión de tracción de 500 MPa y la pieza se 
ha roto como consecuencia de la grieta. Con todo 

lo cual, podemos afirmar que para ese metal: 

A. E > 100 GPa 
B. E = 100 GPa 

C. E < 100 GPa 

D. E  >  50 GPa  

E. Con la información de que disponemos no 
podemos responder a la pregunta.  

 

3) La reacción que determina una transformación 
peritéctica (durante el enfriamiento) es: 

A.  +   →   

B.   →   +   

C. L +   →    

D. L  →   +   
E. Ninguna de las anteriores. 
 

4) Sabemos que la concentración de C en el 

punto eutéctico del diagrama Fe-C es 4.3%. De 
una mezcla con composición 4% en C que se 

encuentra a una T dada, podemos asegurar que: 

A. Tendrá fase cementita de composición 6.7% 

en C.  
B. Tendrá ferrita proeutéctica de composición 

0.022% en C. 


