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ME106 Fluid Mechanics NAME :vkuﬂw‘
2nd Test, S06 Prof S. Morris

1. (40) Find the difference To — Too between the stagnation and atmospheric temperatures for an
aircraft moving at speed V = 200 m/s. The specific heat ¢, = 1kJ /kg-K.

oV

RE d&:\m‘] l‘t‘a,qwl‘t% Sfrﬂaw.i_h;f ‘: - o B b

Y i 21 B SHet Sven o dirent
‘&V + EPT-CD' Cpfn - fﬁelgfém <
‘ / correef) Caa M, oul Mese ap
ak W ot [724 a\ljebm_

z | —42.' Srgn
> XTQ—T;D £ - l 4’/5-( j
2Cp

\i\; ici:a&b ¥ ble - % = *ﬁzg = WEK. '
& Ji i)ﬁbx.ﬁlllj)
\}'E‘ o \ it ~2 iF |MCMR\I o hwahe
~& iF incomtdr By tonfusim:
of kI wth?
(

=2 fadr 10”)
e, bael 1 tnclp E;;*C“““"
0F war of C““QC‘J"}AW“
2 wmts

PLEASE PRINT YOUR NAME ON THIS PAGE

e eec——

2506-1

Cross  ouT (ALL) BLANIK
’I?_AGC/S WHEN GRADIN G-




e B ™MD

THE™M  THRT P,
R ow THe outtinr CF THG
At 73 IR YN h m‘.) WIWON T F A%

2. (70) In a hydraulic buffer, the force F applied to the buffer piston is balanced by the pressure force
exerted on the piston by the fluid. In the figure, the axes are taken to be fixed in the piston. Fluid
moves towards the stationary piston with speed V,, and then leaves the cylinder as a free jet. The flow
is quasi-steady, incompressible, and effectively inviscid.

_ Gap, total area A;
Free jet

Cylinder area A, Stationary piston

Free jet

Atmosphere

(a) By using the incompressible form of the Bernoulli equation along a clearly identified streamline,
find the pressure p; acting at face 1 of the control volume in terms of atmospheric pressure pq, p, Vj
and the unknown velocity V; in the free jet.

(b) By balancing mass and momentum on the contents of the control volume shown in the figure, and
by using the result from part (a), find F in terms of p, A., V;, and A;.
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3. (90) As shown in the figure, an ideal gas flows isentropically from a large reservoir through a
converging-diverging nozzle having fixed exit area A,. Atmospheric pressure p; is only slightly below
the stagnation pressure po, so that the flow at the exit is subsonic, but compressible. The flow is
isentropic, and one-dimensional.

Por To A,

(a) Assuming that the flow is subsonic within the throat, find the relation giving the mass flow rate 7
in terms of the specific heat ratio v, stagnation sound speed co, stagnation density po, pressure ratio

p2/po, and A..
(b) Find the relation giving the ratio of the pressure p, within the throat to the stagnation pressure po
as an implicit function of 1, 7, po, ¢o and the throat area A;.

(c) What is the smallest value of py/po attainable by reducing A, with m fixed?
(d) Find (A¢/A.)? as a function of p2/po and v for the case identified in part (c).

(e) What happens to 7 if A is reduced, with pg and p; fixed, so that A;/A. is made less than the value
derived in part (d)? Your answer must include the simplest equation that could be used to calculate

7n correctly in this case.
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