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AE

331 ' ' Homework # 1 Due: Sept. 28,

Discuss in a few paragraphs:

(1) How the coefficient of viscosity might be measured.
(ii) The temperature dependence of the viscosity coefficient
for a liguid as opposed to a gas. o
(iii) At an altitude of 250,000 ft., if a vehicle having a
: typical dimension L=50ft, were travelling-at 1000 fps,
would continuum theory be applicable? :

Consider a flow in which the vel ocity components in the x and
y directions are respectively,

u=Ax, v= -AY
(i) If at t=0, x=x_ and y=y_, determine the Lagrangian
formulas for x=x(x_,y _, t) and y=y(x _,y_,t). Determine.
the rate of change of u for a partic?e 8assing through

a point (x,.y,) at t=t Dby using both the Eulerian
and Lagrangian approaches.

(ii) Determine the shape of the streamlines associated with
the above flow. Draw a sketch of this flow field.

Consider a flow in which the velobity'components in the radial
and tangential directions (r,8) are respectively

: . R?
up= U cos g (iﬁ-— 1) , r< R

0
Show that the streamline equation is given as

, R=?
u.= U sin § ( ey + 1)

1 ar _ %

r -dp u
3]

and prove that the circle r=R is in fact a streamline. Draw
a gualitative sketch of the flow field. ‘

Particles are dropping from rest off the edge of a table

1970

continuously. Express the velocity distribution by the Eulerian

representation.
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Ciran iy

consider a flow in which the velocity components in the X and
y directions are respectively, : ' ’

u=AX, | ~v= ~hY

(i) If at t=0, X=X and v=Y determine the Lagrangian
formulas for x=x(xX_,Y ,%¢) and y=y (X .Y ,t) . Determine
the rate of change of™u for a partic?e Passing through
a point (X:'Ya) at t=t1 by using both the Eulerian
and Lagrangian approaches.

(id) Determine the shape of thé streamlines sssociatéd with
the above. flow. Draw a sketch of this flow fieldfor y>o.
U= Qm
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AE-331
‘Homework #2

Fall 1970

Derive the particle momentum equation

Dg .
PO = " grad pﬁEF
by considering the forces acting on a moving rectangular
volume element, of dimensions Ax, Ay, Az, having fixed mass.
Consider the limit as the dimensions of the volume element
vanish. ‘ '

The velocity components in a two-dimensional X,y coordinate
system are, respectively,

-

u = Xy ., v = - y2/2

a) Determine the components of acceleration, in the x and yb
directions, of a particle passing through the point x=1, y=2.

b) Determine the streamline eqguation, and the path line eqguation
for a particle at X=X when t=0.

For the abové problem as well as problems (2)'and‘(3) in
homework #1, use both the Eulerian and Lagrangian methods to

show that all of these are incompressible flows.

Prove that if J = alx,y) for a two-dimensional flow that

3(x_.y,)
DJ .
(a) bt - J div q
. - . - Dx _ 4dx . . L
(Hint: Prove first that == = —— = u in the Eulerian description
' . Dt - dt
of motion.) _ & :
and  (0) | L gy = [g-n as
_ - J, Dbt _ fﬁl_ =

S
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AE~331
Quiz #2

Fall 1970

The velocity components in a two-dimensional x,y coordinate
system are, respectively,

u = Xy v o= - y3/2 .

a) Determine the components of acceleration, in the x and y
directions, of a particle passing through the point x=1, y=2.

b) Determine the streamline equation, and the path line equation
for a particle at X=X | when t=0. ‘

c) Use. both the Eulerian and Lagrangian methods to 'show that
1 this is an incompressible flow. ' '
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1.

AE-331
Homework‘#B

Fall 1970

From the basic differential relations of equilibrium
thermcdynamics, prove the Maxwell relationships.

2s) _fap\ [as\ _fap
3V o \OT |73V )3T |,

28} - (oY 28y - _[av
3P )p \3T )" {ap |7 T\oT J

also show in general that

%R = vy %B ; verify this for a perfect gés
\°P/s °P Jp - A

Prove that for a calorically perfect gas
. o1 :
e= Aexp(s/cv)p‘ “s A= constant

Find the velocity potential, if one exists, of the veleocity
field whose components are :

(a) u=2xy, v=x2+l
(b) u=3xy, v=xd+l

(e) u=x2my2+x, v= - (2xy+y)

An airfoil is travelling through sea level air at 100 mph, What

ig the pressure at the stagnation point? What is the static

pressure at a point on the airfoil where the velodty of the air
relative to the airfoil is 200 fps. (Inviscid, Adiabatic, Homentropic
Flow) .

Consider a one-dimensional unsteady homentropic flow. A piston

starts at t=0 to move with a constant velocity Uy in a closed
tube of length L. The initial state of the gas in the tube was
undisturbed with known properties., (Linearized theory applies)
How long will it take for the wave generated by the motion of the
piston to reflect off the end wall and hit the piston? What is
Pressure at the piston after the wave reflects off the piston?
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AE 331

* HOMEWORK # 4

1. Consider a "quasi"-one - dimensional flow in a converging- -
diverging channel with a subsonic entrance (Steady with zero

viscosity)
. l"i.‘,kw,‘\‘( K ) § /
NS 9 LM”’*"@ " y M.‘ §
—] o en, R ) T v .
V> M. _,____—} T M‘"“;:M { » P
l > w Mn@*ﬂw.rm:uu »WNN'W’(N;‘,,_%%.‘ . \ — .‘“5
. - 1 ) ; M
f o AT" 1 S~ 1 2
© AN
1 b =D p=
Al 1.5 A4 2 G@
A2=4.25'

Given: At the entrance the stagnation pressure is'po=lSQ psi

(i) Determine p. for a subsonic isentropic exit with
“sonic conditions (M=1) at the throat.

(ii) Determine for a supersonic isentropic exit.
2 _ :

(iii} Determine P, (behind the shock) for a normal shock that
© is standing at the exit. '

(iv) If Pp= 90 psi, what will the ultimate flow look like?

Perir
(v) Determlne the final P, for a shock located at A4*2'

(vi) Determlne M 149 psi.

THROAT T Pg=

2 Given a channel, with exit area A =4 and exit Mach number
M =5, p =200, T ~500

p_ \ v Ve
. (o] . : _V,M‘ .

v,
oo v AT WA T

'.M;mu; PR RN
T s iy,

O arT”

et

1. Determine the exit pressure.
2., Determine -the exit Mach number if T 1is raised to 700.

3. Determine the exit Mach number if Ag is reduced by %

(p, and T _ are the original values.) -






3. Consider a jet engine

. - ’/w"{
—_ 2 g S ——— e
Ps 00 e, %
: i
M = =4 I
o MENT - e i St A v IR ST, M-Mmm‘h"":"“:'\-q‘-_,, ) !%
Pl - = 'ww"*l« v
Ap=l A,
‘ ) . =l
Apnr=> S N
A 3

EXIT

1. Determine the Mach No. upstream of the shock.
. 2, Determine the Mach exit pressure.






Pl
AE 331
- QUIZ #4

1. Con51der a "qud51"—one ~dimensional flow

O e,

in a converging-

dlverglng channel with a subsonic entrance (steady with -

“zero viscosity).

e, _— _ zfﬁ
e }‘,‘;\ o \L R \\P"MJ m_;
R S AR > P
| ? | \‘.’l\"\ . 2 :
‘ A _=1" Rt '
O T B
'Alél's A4=2  ‘GQ,,
,A2=4.25'
Given:

(i)

(ii) Determine tho final p2 for a shock located at A4 2!
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(Mén)

At the entrance the stagnation pressure is p0=

Ax’/,?

4 le'o(y

g»l }g;t"’. | V/ % (M T .(3&/OTL

150 psi

LT pn=90 Psi, what will the ultimate Ilow 100K Likes.
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