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Text: A. He Shapire, The Uynemics and Thermodynemics of Cowpressidle Fluid

¥Flow, Ronald Press, 19533,

Need Alse: Gas Tables, J.H. Keensn aund J, Kaye, Wiley.

He will do both ewercisaes and probleme.

Exevclses: MNot to be turned in., To chech vnderstanding of concepte, raige

questions for further discussien, clarification.

Problema: To be turned in. Will be graded and vatuvned.

One Houwr Quiz: See scheduls,

Grading: Grades will depsznd on tovsl score, S, as follows:

A : g 3 950

B 949 3 § > BOD

¢ 799 3 5 » 650

D/NC 649 » §

Problem Sets - 5 Sets - 100 pts. each S00 £ré
Quiz 100 pte. 00 v
¥insl 200

PRty

Total Posgible § = 1,100
without Bomus -

Bonug Points: You cas esrn up to a maxlsmum of 100 bonus poiats by turning ia

extra problema. Each problem counts 5 pointas. Up to a waximum of 50 bonus

points will be assigned for class participatliom indicating good preparation

and/or thought ~- at discretion of instrucior.

Movies: TIf at all possible, srrange to see wovie dy Bryson on "Waves" and

Coles on “Ome~Dimensional Channel Flow." As many others &8s you &n wanage,

(See schedule sheet attachad.)

Some Useful References:

l o '

2'

3.

H. W, Liepmann and A. Roshko, Elemeuts of Gasdynswmics, Wiley, 1957.
(Standaxd text, continuwm approach emphasizing extexnal flow.)

J. E. A. John, Gas Dynamies, Allyn and Bacon, 1969. (Bare bones
esgentiale 1o easy-to-read form.)

W. G. Vincenti and C. H. Kruger, Jr., Introduction to Physical Gasdynamics,
Wiley, 1965. (Standard reference on molecular approach.)

L. Howorgh (Editor), Modern Developments in Fluid Dynamiéa -~ High Speed

Flow., Two volumes, Duford Prees, 1953, (Monograph on classie snalysea.)
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Dates

Claasg Schedule

Tootn

Sept. 27

Sept. 29

w Oct, 6
Oct., %-13%
Q(.‘.f: Py },.6"" 2 5
Get. 27
Qct. 30

- Wov,
Kov. 10-20
Wov, 22~27
Nav, 29

- Dec. 6
Dec. 8

8

Class ovganization

Eoview foundations
plus control voluma theory

Wave motion
Wesk cowmpressibility wavaes

Isentyopie flow {simple ares change!l
Converging nozsles

Hlouy GQuiz ¥

Shock waves
Supersonic nozzles

Siwple frictiom
Faone line

Simple energy exchangs
Rayieigh line

Combined procesgen

Review and sunmary

SJk
hrslgaments Emphagils

ep. 321 Stoudy

Gp. 2343 Study

Ps. 45-54 Srudy

e S5-69 Useful

pp. 7381 Study

pp. B1-82 Uaeful

84,4 Srudy

E4.5 Iilustrative
84,6, 6.7 Study

6.8, 4.9, Illustrative
£5.1, 5.2 Usaful

55.3 Study

§5.4, 5.5 Tilwatras ive
35,6 Uneful

H5.7 Vaaful

i5.8 Tllustrative
55,9, 3.10 Study

§5.1

PP
PP
PP
e,

PP
PP
PP
PP,

PP
PP

2

159168
169172
173180
181-186

156-196
197-200
201-203
203-213

239240
2463~260

11, pp. LA3-1488tudy
pp. 149-152

Tilluatratrive
Srtudy

Study
Tlivatragive
Study
Tilustrvative
Study
Tllustrative
Study

Tlilustrarive

Study
T1luatragive






Time:

AL 2SR/ 255
Autumn 1078
J.P. Jdobnston
3. . Kiine

ME 251A/25%

SCHEDULE OF FLUID MECHARIES EILMS

Fitms start ab 12:15 po, and vun, o0 the avarage, for 30 mimtes.

Place: Room 300

}Ont. g Fulerian and Lagrangian Description fn Fluild Kechanics
)
Get. 16 Surface Tepsion in Fluld Mechanics
fet. 23 Prossure Fietds and Fluld Accelerstion.
Oct. 3% Flow Visualization
Hov., © Haves 1n Fluids
Moy, 13 Channel Flow of a Compressible Fluid
Nov, 20 Vorticity, Parts 1 and 2 (longsr than average {ilm)
Nov., 27 Deformation of Continuous Hedia
Dec, 4 Bneological Behavior of Fluids
NOTE: A paperback book which discusses all these, and other Films of The

NCEMF series ts available., 1t is entitled, "1llustrated Experiments
in Fluid Mechanics,” A. Shapiro, Editor; M.1.7. Press, (Price §7.50).

If there 1y enough Interest, we could place a group order later in the
quarter,
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THE STANFORD UNIVERSITY HONOR CODE

A. The Honor Code is an undertaking of B. The faculty on its part manifests its

the students, individually and collec-

tively:

(1) that they will not give or receive aid
in examinations; that they will not
give or receive unpermltted aid in
class work, in the preparation of

* reports, or in any other work that is
to be used by the instructor as the
basis of grading;

that they will do their share and

take an active part in seeing to it

that others as well as themselves
uphold the spirit and letter of the

Honor Code.

confidence in the honor of its students
by refraining from proctoring examina-
tions and from takmg unusual and un-
reasonable precautions to prevent the
forms of dishonesty mentioned above.
The faculty will also avoid, as far as
practicable, academic procedures that
create temptations to violate the Honor
Code.

While the faculty alone has the rlght
and obligation to set academic require-
ments, the students and faculty will
work together to establish optimal con-
ditions for honorable academic work.

I acknowledge and accept the Honor Code.

(Slgned) RLre

/

Altpa

Interpretations and applzcatzo[of the Honor Code
appear on the back cover of this examination book.
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Open Book & MNotes

£y

1o An lmpace tube fn 5 wind tunﬁa. with adr av 70°F reade 20 poisn. 1t o

wall static tep ar  the same tﬂ 1, whore the £low etresulines ava
seralght, reads 4 pela, vhat ia the Mach mumber in the twunel at vhis
gection? What 43 the change in H&ah aumber 1f the temperature vises (o
0 g@ﬁ“ﬁ?? Qg vt ’Po ) f‘) Nt '10\_1, (=T RPN

2. & rockst wmotor iz to be f»@tﬁd on 2 hovisonial thrust stand. The duegd

sein vumher ab the woszls exdt 48 5. The test 48 o be rus 2t szn L
The araes of the vozsz ﬁh&@a is 2 %, The sragnation preseurs
perature In tha combusticn chembay ﬂn a8t ohead of the nozele are Py
peta  and T, = J000°R. You cen sssume the combumstion gagar act 1
perfzct gos wicth K = .40 and a mol waighﬁ of 100, Pind:

G

E

\

{a} The mase £low race. . -

(b) The pressuve, touperature, asd velocit ¥ in the exit plane of the we

{e¢) The forece the he nozzle exertn on the test stand., Define direc OB of
force by a sketeh. You can neglect forcen of comuector hosss snd lae
£iows which are at lovw veloelty.

3. Aly enters a duct of round evoss secitem mg M ow O, @@q

B, 108 psia. The frictiea faeror i 4F =
the walls at & vare such that E“j~” o, 03260
ACe)  that will maidntain conges ¥

4
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1. Alr flows steadily through a pipe of constant cress-sectional arvea and al
a certaln section has propevties p, 0 psia, T o= 1240°F, and U = 1,000 fps.
x 3

a. Make clear plots, choogsing appropriate gscales, of the Fanono and Rayleigh
lines corvesponding to peint x  on the P-y, T-v, and T-s diagraws.
Find from these dlagrams the pressure, temperature, and veloclty down-~
stream of a pormal shock occurring at condition x.

b. (ompare your zesulis wjth the corresponding results found from the
shock tables.

¢ Suppose that a blast wave, which might have been initiated by an explosion,
i traveliog through alr at standard agmospheric conditions with a speed of
280,000 fps.

Batimace the chapges in pressure (atm), tempevature (°F), stapnation pres-
sure (atm), stagnation rewpersture (°F), and veloclty (f/sec) produced by the
wave wlth respect to an observer who 1s stationary with respect to the undisturbed
aiv. (Assume alr acts as s perfect gas with conatant specific heats for sim-
piicicy).
. . v , 2
5. A convergling-diverging nca&l@ is desigmned such thag the inlt area iz 10 in
and the throar avea is 2 fw

The nozezle length 1s 10 inches, The nozzle {s designed to produce a lincar
increase In Mach auomber fron inlet to exic.

The inlet conditions ave helium with k = 1.66 at 100 vsia, 55%0°R.

3
o, el
™ . 1
\ o _y’y/
l‘IQ.“\”.r e E
g *""‘*\.hm“%, Hwﬁ,.wf 5
u.nymn‘-_m"-“&’"
Y P i
A, = 10 th 12 dn" o= A
R4 ,5 ;
P - (OO PS':\ M,xr’-" s s t T g
o >,
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[P h¢ ¢o 2 ey g o, i
Lf@" i \'\‘\m..m -
i .
3 2 5" 3} § " AL

4. Compute the index pressures.

n, For operation at design Mach Bumber compu e: (L) the mass flow rate;
{i11) the exit Mach number,

¢. Plot the ares, pressure, and temperature as functions of x for design
Hach number.

d. Kospiog the same enil aves, sslevlare pxd  for operarion at 0.5 lbwm/sec.

Semsd
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Appendix B 471

Mollier Chart for Steam ITEM B 16

Modified and greatly reduced from Keenan and Keye's Thermodynamic Properties of Steam,
published (1936) by John Wiley and Sons, Inc. Reproduced by permission of the publishers.
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Exevcises

September 29 - Qctobar &

Text 1.1, 1.3, 1.4

Also for a perfece ges with constant specific heats derive the equation of
state for p = p (p, 8). Start from firstg princlples, and 1iast all agsumptions

using this equation, examine under what condition the equation
p/pk = conmtant

~ can be corvect,

Solutions will be'postedAMmﬂéay, October 9 on the board outside Room $01H,

p=7(6s)
749(}- f)

Guoewn pri.&x o tonal qud fw pwbék

!

‘ d;c@{wlf %M |
F%é;ﬂ. « Cowols ééFV' k%&wfmvu%J ,kuz&wd Cp, Cys an. er*4& 10M?$&hma o,
&mf PN Ukmumaﬁu ( Mg, iAJh&mLL) )gb&muﬁlh]IuM{&o# |
ds = du 4 pde dihofis prre®T @é{, o
. T N ,
/(zﬂm,z};g” = g;ff
jﬁﬂ%\% Co 6('7'44. fi dp - e,,.;:t'F x?:’/
£ = P |
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g ‘ $. J. Kiine
Problem Set No. 1 ME 255 . Autumn 1978/79

DVE Fitde, OUT(D

1. In an experiment to determine drag, & circular cy lnder of diameter d

was immersed in 2 steady-two-dimensional, lncompressible flow.

Measurements of velocity and pressure were made at the boundaries of the
control surface shown. The pressure was found to be uniform over the grtire
control surface. The x~component of weloeity st the contyel surface boundary
was approximately as indicated by the sketch.

From the wmeasured data, calculnte the drag foree per ualt of lengih of
&
the »‘L‘}’liﬂd(’il . )

Y Y Yy
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2. Water Lesues from a nozzle which is connected te a 90° elbow. & fienible
hose connects the eibow to the rest of the plping. The elbow and nozzle ave
held (v place by twe forces, zs shown. The flexible connectlon cannot take

any cestralaing force.

'\ﬂ) The following data are glven:
2 e 3
Jet avea = Aj = (3,25 in ", Yiow rate = ¢ = 0,06 ft” /sec.
2

Cross-sectional area of elbow = 1,00 in’.

X






8)
b)

Find the pressure at the entrance of the elbow.

Find the forces Ex and Fy.

For parts (a) and (b) neglect all losses and assume steady-sntate conditivns.

¢

) ),

a)

b)

Steam 18 accelersted by & nozgle in an dsentroplce process.
velority is 50 ft/sec.
nozzle decreases linearly from 30 in®
nozzle length 18 18 4in.

F
. % 7
r T ey

s )

f e
i

..\nmmmmgg‘;myz

S
T

i

The inleg
The inlet stgte da 400°F%, 25 psia. The area of the
at the inlet to 10 in at the axlt. The
The back pressure is e psia.

23,/
Using the eteam tables, compute the wass {low rat@ awd plot the
velocity and density slong the na&zla. ’

Compute the mass flow rate and plot the velocity and densivy along
the nozzle, ascuming the steam to be a perfect gas with k « 1,33
and R = 85,58 lbf fﬂ/lbm °R.
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