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Answer s exam AE1101 November 2010

English:
Question 1
Answers
a. Vertical force results in tension (A, D) and congsien (B, C)
b. Horizontal force results in tension (A) and threr@Force Elements (B,C, D)
C. A diagonal bar from point 2 to point 4 is possibtegase of the vertical force
A remains in tension; D will be in compression &dnd C will be ZFE. In
case of the horizontal force, nothing will change
d. A web plate when air- or liquid tightness is regdirwhen even shear

distribution is favorable, etc.

Points:a=4;b=4;¢c=4;d=3

Dutch:
Vraag 1
Antwoorden
a. Vertikale kracht geeft trekkracht in A en D, enkktachtin B en C
b. Horizontale kracht geeft trekkracht in A en geeackiten in B, C en D
C. Een diagonale staaf van punt 2 naar punt 4 is mkgeij de vertikale kracht
wordt A op trek belast, D op druk en B en C zijielast; bij de horizontale
kracht vindt er geen verandering plaats.
d. Een lijfplaat kan gebruikt worden als lucht- of eistofdichtheid een vereiste

is, als een gelijkmatige schuifbelasting beteeis,.

Punten:a=4;b=4;c=4;d=3



Opgave 2
Points: a=4 b=3 ¢c=3 d=4 e=3 =3
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- Altitude limit — pressurized cabin (maximum pressdifferential on fuselage
structure)

- Design diving speed y/ Maximum operating speedy¥. The airplane is
designed to withstand particular flight loads & 8peed. (Positive and negative
gusts of 25 ft/s should be consideres) V

- Design diving Mach number p¥ Maximum operating Mach numben. The
aircraft is designed to remain controllable uphis speed. (undesirable flying
gualities, associated with buffeting effect canusabove this Mach number).

(Note: the difference betweem\and Myo, or Mp and Myo, is a safety margin. MO
stands for maximum operating)

3a
Free body diagram Kinetic diagram




3b

> Fu %d—\t/ =T cosa,; -D-W siny

> Fy :%vd—{ =L-Wcosy+T sin,

3c

Horizontal flight: The aircraft remains at a comgtaltitude ¢ = 0; dy/dt = 0)

Steady flight: Flight in which the forces and morseacting on the aircraft do not vary in
time, neither in magnitude, nor in direction (dV#l0)

Symmetric flight: flight in which both the angle sideslip is zero and the plane of
symmetry of the aircraft is perpendicular to thettle§3 = 0 and the aircraft is not turning)

dv d
—=0; y=0, —==0;0,=0
dt 4 dt '

> Fu W 0=T cos0-D-W sin0
g

D Fy WV =L-WcosorT sin
9

L=W
T=D
3d

The ratio V/F represents airspeed [m/s] dividedugy flow [N/s] or [kg/s]. Hence:

-2 8]

In other words, it is the distance that can be figeer unit of fuel. Clearly this must be
maximized to obtain the maximum range.
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n, and ¢ can be assumed to be constaatfasction of airspee:

(over the range of cruising speeds) for propeileraft

Rnaxj(xj = Dmin: &W = &
F max CL min CD max

3f
d (C,
dc | C,
c, a-c, ifi%
dc, _
- =0
CD
dC, _C,
dc, C,
C, =C,, +kC?
C, +kC?
2kC, =2 =
L
C
c o= S o /0.0275:0_78
k 0.0456
39
L=W
ve W21 [45000 2 1575 ms
SpC, 28.8 1.2250.78
3h
C, =0.0275+ 0.04567 = 0.0275 0.0486 0°78 0.055
V_n71_n7C 1_ 0.35 078 1

- =104 [m/N]
F c.D c C,W 0.10810°09.810.055 45000

3i
(The numbers in the figure are not correct, itr/antended to show qualitatively the

shape of the figure)
20
power }
required, . . weight 20kN
kW altitude  Om (1S.A)
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Problem 4

The following data are given:

3
Tp = 3000-K Ay = 0.08-m
pg = 15-am Pe = 1.am
J
= 378 ——
B=378 kg X v =126
a)
VC
Since the mach number at the exit is given by . M, = — the speed at the exit is known when
a
€

M, and a, are available. With a, = ,,*;‘ 7-R-Tg is becomes clear that we have to calculate the
exit temperature first.

Apply the isentropic relations:

L
L7-1
Pe ( Te f , ) . -
—_ N | With this relation we find the temperature in the exit:
Po { ‘o,
-1
. ¥
[ Pe
T, =Tyl — = T, =17157K
(Po)
= [*RT, =  2,=90396>

S

To find the mach number at the exit we anniv the total nressure eauation:

: -,
X | ——
. e ; K

Po_( y-1._ 27" gipo\ 2
——={I+‘—-——~M€ or. M= || — -1} = M, =24
Pa . 2 } J {pe/} ¥-1
Hence the flow speed at exit becomes © V, == M3, Ve = 21692 =

$

b)
The mass flow is givenby: m= p AV = p AV, {index t = throat)

With supersonic speed in the exit the mach number at the throat is : My=1



The temparature in the throat is found by applying:

T T,
0 y—1_ 2
—=t1+l M o e T, = 26549 K
1-—— M,
The speed of sound in the throat becomes: a3 = \; v RT => a =1124
and the flow speed:
Vi=Mpa V= 11245 f:—l L
: o . PO _( y-1_ "
Finally the density in the throat is found from: — = (1 +——M )
pt . - .
o Po
Where p is given by: po=— == P = 1.340 _1;‘_%
R-To n13
Now : Po kg
Py = : = Py = 0838 —
..._...{ m
- . 1‘\ *{__
1+ i:’._l M, ;

A ;

And the massflow becomes:  massflow = PriArVy massflow = 754 ke
5
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