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Identify on the formula sheets the block of feormulas for each of
the follewing: (1) 1nsteady Flow in long rpipes (2} choked flow in
long pipes (3) burbulent wake f£lows (4) houndary laver flows (5)
witer wave phenomenz. Write brief notes on each zopic.

n certain journal bearing when unfolded iz 2 by 2. Iks minioim gap
iz % apd irs maximum gap is &. The ghaftr tangential gcpeed due Lo
voration is 280. The viscosity of the bhearing oil is 1/13. Develop
a single point NSEW CFD tempiate for the bearipg and use ik to
patimate P at the center of the bearing. Based on the single poinc
temolate where would the nminimum gap be located on the bearing?
Describe one way ©o measure the viscosity of the bearing &il.

In the foil lab you rested a foil generatedd frem a circle with
known radius and known offsets. Imagine that the wind spesd and
foil angle of attack are both set. What is the theoretical lift and
drag that ¢an be generated by the folli? Eow could lift and drag ke
determined from pressure messursments and the geemerry of the foil?
gkxeteh a velooicy vector plot for flow arpund the foil when it has=
a large angle of attack. Draw streamlines on the plot.

In the shock bube lab a supersonic flow was genereted for a very
ghort peried of time. With words and formllas describe how vou
would get the speed of this flow from a =ingle pressure sensar
measuremnent . How would voa get the pressure at rhe stagnation peint
on a wery &mall blunt object placed in rhe supersenic flow? Would
the flow changs if the end of the tuke was blecked? Explain.

With words and fermalas deacyibe how you weuld get the lift and
drag on a svpersconic half diamond £o0il moving at a set MROH Murber .
How would wou set the 1ift and drag if expansion waves had to be
modelled as inverse ablicue shock wawves? Skebch the flow paktern
areund the foil when it is £flwing at a very large angle of attack.

With words and formulas describe how you would calculate the thrust
of an ideal rocket noszle. How would you estimate the upstosan
chambar MacH Humber? How would you find the nozzle swit area? How
would you get the cthrust if the downgtream cons was ramoved? How
would 2 normal shook wave within the nozezle influence theust?



JOUENAL BEARING QUESTION

T_Tnfglrﬂ converging half of bkearing flat letting the
miniwmm gap be at the hottom, Calculate presswre using
the single point CFD templake

[ [{hg+h} /217 ¢p.-F,) fax - [thpehy) /21 (P-Fpd/ax 1/ ax
o+
[ [{hy+hy) /217 (By=F,) Jay - [thpehy) 72]% (Bp-Bdiny 1 7 ay
= 3p8 (hg-h,} /e

Knowne : Gaps 4, he h, h, h,. Speed 8. Viscosity p and
Pressures PSP.=P,=P=0. Unknown : Fy. Substitution into
the template gives F,=1. Fold pressure back onto bzaring.
This shows that ner load is herizontal. Bet lcad muat be
wvertical. 50 load must bhe rotated 90 degrees.

FOIL LaE CUESTION

The theoretical lift is psr. The theoretlceal drag is 0.
Lift and drag £rom pressure msasuremrents are:

Lift = ® Bac Sin{e-8) Drag = & PAC Cos(8-2)

where @ iz the logal inward pointing normal at points on
the foil and & is the angle of attack of the foil.

SHOCK TUBE LAE QUESTION

spperscnic £low behind the shock which goes down the tubse
crestes anckher shock in front of small stationary blunt
ohject in flow. Let U indicate upstxeam of the main shock
and D indicste deunstream. Alsc let & indicate just
upstream of the abjece shock and E  indicate just
Aownstream while © is the stagnation point on the object.
Dse main shock fixed D frame to get the speed of the
flow. Use object fixed ABC frame to get stafgnation boint
pregsure. Pressure genscr measurement gives M,. Speed of
zound equation gives C,. Mach Number connection gives M.
Tepperature ratioe edquation gives T,. Speed cof sound
equation gives ¢. Mach Numier ecuabtion gives T,. Speed
of supersonic flow is U=U,-T,. Abaclute Mach HNumber is
M,sC, 00, and C,=C,. Normal shogk pressure ratlo equation
gives Fp. Mach Number ¢ommection giwves M. The scagnation
Foint Mach Numbey is ¥=0. The pressure raiid agquation
gives pregssure at the stagnacion point.



SUPEREONIC FOIL QUESTTON

Let 1 indicate npstresm of the foll and 2 irsiicate below
the folil. Let 3 indicate top of the foil at froat and 4
indicare top of the foil to the rear. Lift and Drag ares

Lift- = PECEC':'E'E'E - E‘3|:3CGSB! - P‘C,-_CDEE-";
Drag = P,5ine, - B0,8ing, - PLC.Sins,

For region 2 ¢bligue shock plot giwves B. Cbhligque shook
pressure ratbin sguation gives P,. For region 3 expansion
wave vlot gives M;. Isentropic presgure ratic eguation
gives P,. For region 4 expansion wave plot gives M,.
Ieenkropic pressare ratio equation then gives By.
Geometry gives angles &, & @, and chords ¢, C; C,. AL a
large angle of attach a bow shock would form ahead of the
foil: flow Delingd it would be =zubscnis. To model
expansion wave as an intwverse obligue shock we would use
kx=F+8 instead of x=f—2 in the tanf/tanx eguation.

FOCKET NOZZLE QUESTION

Ler U indicate rhe upstream corbustion chamber and D
inpdicare the nozzle exit. et T indicare the nozzle
rhroat. Enowng: B Ty Pp Ay =0 Mp=1. Thrust for an ideal

rocket mozzle is W, Mass flow rate is

f = {E,ET,] A, +vKRT,
Isentroplc eguations commect point F to point T and gives
B, and T,. Isentropic pressure ratic equation gives .
Isentropic kemperature rakio equation gives T,. Speed ol
sound ecuation giwves C,. Mach Hunker eruation gives .

To get the upstream Mach Nunker ocne can uwge the fact that
the mass flow iz constent thrsughour che nozzle:

# = [B,/RT,] &M, vKRT,

Everything is known in this eguation excspt IM;. To geb
the nozzle exit ares we dan uUsSE

B = [Fp¢RT,] &M, VKRT,

Everything is known in thic equation except Ag. T
thrus: without a cone dowmstream ©f the throst is

]-am-r + [ P'E'_FI.'] Fap

A normal shock wirhin the sezzle would cause the flow to
go subsenic and this reduces U, and rhus thrust T,



FLUIDS I1 QUIZ

Do you agree or disagree with esch of the following
atatementa® Briefly explain your answer.

A turbulent wake flow can be solved analytically.
Disagree! A turbulent wake flow is too vomplicated to
enlve analytically: CFD is the only option. In
irrotaticnal flow each fluid particle spins on its own
internal axle. Disagres! Viscoaity makes particles spin.
In irrotational flow viscosity i# zero. Boundary layer
theory can be used to estimate wake dray. Digagrae!
Boundary laysr theory is used to estimate wall drag not
wake drag. In hydrodynamic lubrication devices viscous
forces are insignificant relative to inertia forces.
Disagrese! Because vwelocity gradients are very large
across amall gaps viecous forces are wvery strong.
procegses within shock waves are isentropic. Disagree!l
Isentropic means adiabatic and fricticnless. Mechanical
ensrgy is dissipated by friction inside shock waves. Alzo
rhare 18 significant heat conduction within them.

Lngwer any 4 of the following 5 questions. In sach case
1i=t the things that you would assume to be knewn.

With words and formulas describe how you would calculate
the 1ift and drag on a V zhaped flat plate supersomnic
foil. You would assume you know My By Ty upstream of
the Foil. You would also assume you know the gecmetry of
the foil and its angle of attack. There would be two
ohligue shock waves on the bottom of the foil and two
gxpansion waves on the top of the foll. To get across an
chlicue shock wave you use upstream M and plate ahgle to
get EPEIQWEoblique ghock plot &. You would then caloulate
the normal mach numbers ¥ either side of the shock. N
upstream gives the pressure downstream of the shook while
N dewnstream gives M downstream. To get across an
expansion wave you use upstream ¥ and plate angle Lo get
downatream M from expansicn wave plot B. The isentraopic
prescure ratio emuation then gives P downztream. ¥nowing
the pressurz on each flat section of the plate we
maltiply by chorxd to get load on it, We then break each
load down 1lnto vertircal and horizontal components bo get
1ift and drag. Pressures on the top of the foil give
negative lift and negative drag. Pressures on Ehe bottom
of the foil give positive lift and positive drag.



with words and formilas describe hew you would calculate
the thrust of an ideal rocket nozzie., You would aasume
the follewing are known: Py Ty Py My=0 My=1 Ay. You would
also assume processes isentropie throughout nezzle. For
an ideal nozzle the thrust is MJ,. The surrounding
prassure iz Pp: go AP ia zero. The mams flow rate M is
fi+Bs0r. The density gp i Py/RTr. The apeed U; is “kRTy. The
igentropi¢ ratios with known By Ty My My give Pr and Ty.
The isentropic pressure ratio squation with known By M,
Pp gives Mp. The temperature ratio equation with known Ty
M, M, gives Tp. The speed O ia VkRT,. The speed U, is
“Mp. So thrust WU, ¢an now he caldulated.

With words and formulas describe how you would calculate
the mass flow rate through a valve in a high pressure gas
line. You would assume that the ratio of high pressure By
to low pressure By, across the valwve 1s laxge emcugh to
make flow through it choked. You would assume that the
valve has & minimum area or throat and the following are
known: By Ty My=0 Mi=1 A;. The mams flow rate is ppdgUr.
The dengity pr iz Pp/RTy. The speed U, is vkRT;. The
izentropic ratlos with known Py Ty My Mp give Bp and Tr.
So the mzss flow rate can now be calculated.

With words and formulas describe how you weould get the
preseure and temperature at the stagnation point on a
blunt chject moving faster than the speed of sound. Iou
would assume that Py Ty My Me=0 are known. The normal
shork pressure ratio equation would allow you to get By
jugt behind the shock. The normal shock mach numper
equation would give My just behind the shock. The
izentropic pressure ratico eguation with My and M; known
would then give the stagmation presaure P, while the
temperature ratlic egquation with T M, and ¥; known would
give the stagnation tempezrature Tg.

With words and formulas describe how you wounld calculate
che spead of the ghock wave generated by an explosion in
air. You would azsume the explosion takes place in
initially calm air. In a shack reference frame the air
would approach the shock at the speed of the shock. You
would assume you know P, and T, for the air and B; for
the gas ball. The normal shock equationm with Py and B,
known would give M. The sound speed in air C, would be
VirY,. The shock speed U, would be C, times M,. '
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FLUIDS . IT 34913

QUIZ #2 2007

&) Comsider o cirele with radive R=lm and offsets n=0 and
m=(. 1) Map 4 points on 1:12'& éﬂrcle te a Joukowsky foll plane.
The foil is moving through STP air at speed 5 equal to 500m/s
and angle of attach 9 equal to 10 degrees. 2) Estimate
pregsurs at 4 paintagﬂnczhe foil. 3) Use thif €5 estimate the
1ift on the foil. 4} Thiz 1lift iz net realistic. Why?
Desczibe how you would get a mors reaésgc estimake of 1ilt,
B) Imagine that you know the pressmre ratic across & shock
wave generated by an explosion in still air. 1) With words
ané formulas describe how W{ Ex}uld get the speed of the
cuperscnic flow pehind the shock wave. 2} With womds and
formulas describe how you would get the Ff éat{rc at zhe
stagnation point on a small blunt object placed in the
flow. 2) With werds éln{'\fcﬁrmulas desorite choked flow. 4)
Desoribe fwo situationg where Zﬁqﬁ}:d flow ig important.

] Answer TRUE or FALSE to each of the following and
briefly explain gach snswer: 1) Comgerwaticn Laws are QDES.
(2} Shoak waves camnah ooc water, (1) Lubrication f£low
is high Reyrolds Rumbec f\:z &ddles in a flow make ik
Eppear Tore denss 1c:call; & potential wverktex is a
robational flow, Expansion shock waves are Imposaible.
(7} The wave equatian govezng creeping ilows. (U) Beundary
layers ocour in ideal flows. {%) A single Mach wave cannot be

heard. (200 Capiliacy flow is flow of am inwiscid fluid.
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