
AME 321 Midterm 1

Problem 1. (35 points) The plane in the �gure is making a coordinated 360 degree turn
(no slip, no skid). The speed of the plane is constant,V = 400 kts. The radius of the turn
is R = 2 NM. Assume level 
ight. Weight of the plane is W = 200 000 lbs.

a) In the �gure, draw the forces acting on the airplane:

lift is acting perpendicular to wingspan plane; weight is directed vertically down:

b) What is the necessary bank angle� ?

The 
ight is assumed to be a level one, so the forces are balanced as follows:

vertical direction: W = L v ) W = L cos�

horizontal direction: Lh = Fr ) L sin� =
W
g

V 2

R

whereg is gravitational acceleration. Thus, tan� = V 2=(gR) = 1 :1736) � = 49:57� .

Conversion: V = 400 kts = 400 � 0:5151 = 206:04 m/s = 675.124 fps;R = 2 NM
= 2 � 1852 = 3704 m = 12 152.231 ft;W = 200 000 lbs = 2� 105 � 4:448 =889 600 N.

c) What total lift force do the wings have to produce?

The lift is L = W=cos� = 1 371 738.728 N = 308 395.187 lbs.
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d) Which force allows the plane to make this turn?

The horizontal component of the lift force,Lh.

e) What is the \g-factor" in this case?

The load factor, or \g-factor" = L=W = 1=cos� = 1:542.

f) How long does it take the airplane to complete the 360 degreeturn?

The time is t = 2�R=V = 112:756 seconds, wherec = 2�R is the length of the circle
with radius R.

Problem 2. (35 points) Consider the airplane 
ying straight and level (trimmed) at 6000
ft with a velocity of 110 kts. The wing has a constant chord and has ailerons (of constant
chord) over the entire span of the wings. The airfoil of the wing(and ailerons) is symmetric.
The mass moment of inertia about the longitudinal axis isI x = 4000 kg-m2. The wing span
of the airplane isb = 16 m. The planform area of one wing isS = 8 m2. The width of the
fuselage isw = b=8 = 2 m.

Now, from this trimmed position the pilot suddenly de
ects the ailerons by 10 degrees.
The slope of the lift curve (for a section of the �nite wing) with respect to aileron de
ection
angle � is dCL =d� = 0:08 per degree.

What is the moment and the instantaneous angular acceleration about the longitudinal
axis caused by de
ecting the ailerons by 10 degrees?

Note: before plugging in numbers, �rst write down the equati ons!
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Answer:
the increment of lift coe�cient is � CL = ( dCL =d� ) � � � , then the increment of lift is

� L = � CL � �V 2S=2. This resultant force is applied at the middle of each wing, i.e. at the
point \ fuselage half + wing half " = b=16 + 7b=32 = 9b=32.

The moment due to this force applied to both wings is

� M = 2� L � 9b=32 = 2 � 0:8 � 1:03� (56:66)2=2 � 8 � 9=32� 16 = 95 213:99 N� m

Also, � M = I x � •� ) •� = � M=I x = 23:81 rad/s2.

Problem 3. (30 points) Explain the following (be brief and concise, use sketches, equa-
tions, if applicable)

a) irrotational 
ow

b) lift and drag (direction?)

c) calibrated airspeed

d) true airspeed

e) D'Alembert's paradox

f) pitch, yaw, roll

g) longitudinal static stability

h) aspect ratio of a wing

i) when is Bernoulli equation valid?

j) camber

For answers see the book and class notes.
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