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. o . s L et . *
Answer six (5) but no more (and =o less) of the folilowing 18 questions. '

?lease answer each questicn on a separate sheet (or sheets). Do not out
the answers to different questions on the same sheet of paper!

3e sure that your name appears on every sheet of paper you turn in.

s

An announcemént will be made when the results are available. Results
should be available within 2 weeks.

Oral Examinations, if required, will be arranged individually.

*The questions are variously in the disciplineé of

guidance and control propulsion ’ structures
fluids thermodynamics bio-engineering
systems . dynamics physics

airplane mechanics
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Question 1.

As the performance analyst for Rockdonnel-Marietta Aircraft, you have
been given the following characteristics for the new commercial transport
vour company is designing:

Tctal take-off mass = 100,000 kg
Fuel mass = 35,000 kg
isic £ Mkg/hr]
Specific Fuel Consumption = .03 N
Span (b) = 30 m
Max thrust = 250,000 N
Span factor (e) = 1.0

oy ) - 1.2
TMAXno flaps

\ Lmax;‘flaps

o

= 1.225

R

sea level

L}
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Pcruise = *

Wing Area = 180 o?

.05

Parasite drag coefficient <CD03

l1.) Find the aspect ratio and wing 1oading.

2.) Find the stall speeds:
a.) with flaps at sea level.
b.) without flaps at cruise altitude.

3.) Fingithe maximum velocity of the aircraft at cruise conditions and
 max weight. : ' .

" 4,) Find the range of the aircraft at maximum velocity cruise.
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Determine the functional form for
the notch [for each of the notches (i) and (ii)]!. Be sure to state all the
parameters needed to define the probdblem.
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Question 3. -

O L2 ¢

LA, |

Ll L

25—
- 2’ ——

A 50 inch long beam is made of 2 sections each 25 inches long and with
.a square cross-section of | inch to a side. Each section is made of a
different isotropic material., The materials both have the same modulus of

10 msi but posess different Poisson's ratios and coefficients of thermal

expansion:

Material 2

Material 1

|}
v = 0.25 L = 0.35
x = 5x1078/°F + = 15x1076/°F

The beam is subject to a constant temperature change of AT.

(a) If the joint between the two sections is joined perfectly and
ideally, at what value of T will buckling occur? ‘

(b) If the joint between the two sections is simply one of frictionless

contact, at what value of _T will buckling occur?

Ignore any eccentricities and imperfections and calculate the

NOTE:
bifurcation load.




Question 4.

Zlectric propulsion has the z:zpa

v g

e =7 ent advantage over other forms of
propulsion that the exit veleccity of the particles that zake up the
propellant is limited only by the cnbecard power supply. However, the
thrust per unit area of an electric propulsion system is limited by thHe
buildup of space charge. Derive the expression for the thrust per unit
.area subject to space charge limitations and discuss means of mitigating
this limitaticen.
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Question 3.

During takeoff roll, the thrust for a transport aircraft is given by
T-To'e'kv where Tp=static thrust, V=airspeed (assume zero wind). The aircraft
drag in a zero lift condition is given Dy DsDO'V2 where Dy is a drag
coefficient. If the takeéoff is aborted, the reverse thrust and braking
action ﬁrovide a constant braking force, B. If the aircraft mass is m,
and the runway length available is S, derive an expression for the maximum
decision speed, V; (raximum speed at which the takeoff can either be continued

or stopped within the available runway). -




Question 6.

A telescope is mounted to an aircrafec through a gimbal arrangement so ‘t
can track target objects and stabilize against aircraft zotion. Consider :ust
one axis of stabilization. You zayv suppose for this exercise that the cenrer
nass of the telescope is cn the gimbal axis and that the line of sight to :n
target Is ia a fixed direction.

Aircre {T
The error angle, the angle between the centerline of the telescope and
the line of sight to the target, is available from a processor operating on

the data recorded by the telescope. A torque motor drives the telescope
relative to the gimbal frame; the torque motor characteristic is

e

Ty =K e -Ky 3,0
where
Ty = torque motor torque
e = applied voltage
éAT = angular rate of the telescope relative to the aircraft

Suppose that the initial control law is simple proportional feedback of
the error angle to voltage applied to the torque motor.

l.) What {s the transfer function from aircraft motion to telescope
error angle?

2.) What is the steady state error angle in response to a constant
aircraft angular rate?

3.) 1f the answer to (2) is nonzero, suggest the form of a controller
such that the steady state error angle due to a constant aircraft
angular rate is zero, and show that the resulting system has this
characteristic.




Question 7.

The xinetic energy efficiency ’K of a supersonic diffuser is defined

as the ratio of the gas kinetic energy obtainable by re-expanding the gas

to ambient pressure to the inlet gas kinetic energy. How is ", related
g g K

to the total pressure loss parameter, 14 = Iocal pressure after di???sef
" Total pressure before diffuser

and to the inlet Mach number?

St
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Question 8.

An astronaut may have the task of tackup attitude controller to
adjust the orientation of a vehicle prior to approach for docking with
a very slowly spinning space staticn. He has 3 pairs of orthogonal,
body-fixed and continuously variable thrusters to control.

1.) Sketch a display for him or her to observe.

2.) From the astronaut viewpoint what is the 'ideal' controlled
element transfer function?

3.) What quantities should be fed back from the vehicle to the -
thruster control, and hcw should they be measured?

irtude state feedback were disconnected?

e

4.) What would happen iI the at
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Question 9.

A twc-dimensicnal wedge shape strut of the following geometry

is to be tested in the supersonic wind tunnel sketched below to determine
aerodynamic heat rates.

‘;a25€v01f
T, 4atm

' T B

@_ ﬂf?"}—

Tud-ar T

4 ~

The test engineers need the following questions answered in order to
design the model. You may use the attached one-dimeénsional flow tables.

1.) What supersonic test section Mach number(s) can be obtained in
this wind tunnel?

2.) What is a reasonable estimate for the longest model which can
be tested without being contaminated by wave reflections from

the walls?

3.) What will be the drag force (per unit span -- or depth iﬁto the paper)
for the largest model which can be tested.

BONUS: For this largest model, will the tunnel be able to "start"?
If not, how can the model be changed to permit the tunmel to “start"?

(Please note: Table on next pagef
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Parameters for Normal Shock Wave Flow
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Problem Y, continuyed,

(Isentropic Flow Charts on Other Side)
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Question 10.
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Two satellites of mass, m and 2m, are connected by a massless vertical
tether of length, d. The center of mass of the two satellites is in circular
orbit at distance, r, from the center of Earth which has gravitational
parameter, H. : '

For the center of mass and each separate mass write an expression in
terms of m, r, d, u for: : : .

l.) wvelocity

2.) angular momentum
3.) kiretic energy
4,) potential energy

5.) total energy

<

Use your result to describe what you could expect to happen as the
tether is wound in.




Question 11.

A 1/4 full, massless cylindrical fuel tank with a radius R twice
the height H is freely floating in zero gravity with the fuel arbitrarily
distributed throughout the tank. Due to a thruster malfunction, an angular
momentum L is imparted to the system about the x axis. This torque also
excites fuel slosh in the tank which results in energy dissipation. Using
energy and conservation considerations, describe the state of the system

after a very long time:
a.) Where will the fluid be located within tﬁe tank?
b.) Wwhat will be the final rotation rate?
¢.) What will be the axis of rotation?

Explain vour reasoning. , -




Question 12.

Assume that the density o of the atmosphere varies with altitude h
according to the foramula:

> = :0 e"’h/b

where P, is the density at sea level (h=0), and b is some constant.
0

An airplane of mass M is flying through this atmosphere at a constant
lift coefficient. .

1.) If the airplane's speed at sea level is Vg, what is its speed as
a function of altitude?

2.) Propulsive power is defined as (thrust) x (flight speed). If the
airplane's lift-to-drag ratio is L/D, what is its level-flight
propulsive power Py ryp; as a function of altitude?

3.) The airplane starts at sea level (h=0) at time t#0, and flies
at a constant propulsive power P. What is its altitude as a
function of time? Wwhat is its ceiling at this power level?

G
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~Questien 13.

Answer ail Zive
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a.) For what value of k dces the zatrix equation

1 2 -2 \\
0 1 < | X =
8 -3 4,

have no solution?

;2
b.) Solve 3—%
dec~
dv , .
e (0) = 1. Find Ymax®

at which y(t) = Ymax®

c.) Find a vector which is orthegena

l
-4 and -
\ 2
x
- r’ 2 -X —
d.) 1integrate [ x~ e dx=
0

P

2

1)

+ 4y = 0 subject to initial conditions v(0) ='1,

the maximum value of y(t), and the time(s)

e.) Find the first 5 terms of the Tavlor series expansion of

- - X
f(x) = cos[QYE-i)] xabouc x = §.




Question lé4. .

.
LR Ed

A uniform slender beam of length L, with bending stiffness EI and
weight per unit length "y" rests on a rigid horizontal table. A small

portion of the beam, length a, a-% L, extends past the table's edge.

L-a v—s)(é—-/n_j

J7TT7777 7777777 777777777777777777777 7, ~ == Beas.

- I
fab/e, © > £

Assume: - the table is rigid
- no friction between the table and the beam, except sufficient

friction at the corner to keep the beam on the table
- infinitesimal deflections

a.) Sketch the deflection curve of the beam.

b.)-'HhiEEI:?fha?fbtce distribution between the beam and the
. o 5 - : 4

- A gurface? .
?c.)&i;}ﬁa jg‘igtjéﬁbt modelled here might be important and how might

by_change’ the solution?
R SR ~
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Question 15.

An incompressible, inviscid flow with density o is introduced into a
diffuser having an adjustable exit height h,. The inlet flow has a 907
2

. . o . ) - - . .
low velocity region which covers 107 of the inlet cross-sectional area
(see sketch).

l.) %what is the maximum pressure rise (p,-p,) which can be obtained
, P27Py7 ¥
from this diffuser?: ’

(28

.) What is the corresponding exit height h,?

3.) Sketch the exit velocity profile for this case.

| - |
::IOJ h, | o L?Z
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Question 17i'

An inventor claims to have a tlow device which takes 2 kg/
N/m¢) and

temperature, say 300k, at a pressure of four atmospheres (~4xl0
yields 1 kg/s of air at atmosphere pressure at 400 k and one kg/s of air at

atmosphere pressure and 200k.

>Is this possible?

a.)
b.) Why or why not?
} —~e-  2kq/S | 3cCk , Kfatmospheres
[ Raad | .
Ika/s <= — - kg /s -
200K - - o0 K
| armeoSphere W Device 7 Latwm o!p‘vere

air_at room

4
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Questicn 18.

The force exerted on a charge q by an "electric field" which is measured

by observer (:) to be E is gE. The force due to a magnetic field B is

q; x B, where v is the particle velocity as seen by Ehe same observer (E).
For non-relativistic speeds, 3 is independent of the motion of the
reference frame; so is q in all cases. What is the electric field as

seen by an observer (2) moving at velocity V with respect to the observer (1




Question 18.

The cylinder shown in the sketch has a velocity of 8,00? m/s; it is
orbiting where the molecular number density is n = 8.33 x 10 5/m3, the
ambient gas is predominantly O and the ambient temperature is 855K. The
cylinder requires 150 watts/mé of power to overcome deceleration due to
drag. Assuming equal values for normal (o) and tangential (1) accommodation
coefficients estimate:

a) The fraction of the power that is used to overcome tangential drag.
b) The value of T.
c¢) The drag coefficient on the frontal surface.

d) The net kinetic energy transferred per second to the frontal surface.

ke 6 m ‘ |

T— | u=9m/s
I | IR
L Te = 300K

m.28.33 30"’
TS

o0
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