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With woods state the three laws governing £luid flow. Whal are
these laws in integral forw? What are they for 2 streamtube? What
simplificaticns were used to get the streamtube equationa?

Describe a pressure iterztion methed thab couid be used to get the
presgure and flow distributien throughout a pipe network. Describe
z flow iteraticn method that could be used to get the prepsure and
flow distribution throughour a pipe network. How could pummos and
turhinea be wmodelled in theae iterabion methods?

Describe briefly how a pitot scatic tube works. Describe how it
could be used to get the flow rate in a rectangular croms secbion
duet. Derive the flow speed equation for a pitob static <ube.
assume that high pressure winus low pressurs is known,

Derive “he flow rate eguation for a siphon for Lhe case where tThexe
ig mo head lo=a. Bssume that all geametry is known. When woitld the
aiphon cavicate? How much fluid powsr is im the outlec jet? Derive
the flcw rate equation for the case where there is head losa.

Degoribe how you would get the system demand curve for a heat
exchanger ¢oil. Assume thak all geometry is known. Say you kaow the
cperating point on the demand curve. How would plck a pump for the
system? Bay you had & constant pressure pume. Skebteh the aystem and
pomp curves Lor thiz case. What would they lock like if you had tun
congtant pressure pumps ih geries? Say you had a censtant fleow
punp. Sketch the system and puwp curves for this case. What would
they look like if vou had twe constanc £low purps in parallel?

AL water tank ia mounted on a cart free ko move horizontally throvgh
air. It has & hole in ita =ide near its botbon. A horizontal jet
igsues from this hole and causes the carbk to wmove., Derive the
equarion of moticn for the cart. Aspume thalb all gecmetry ia known.

Dimeuss hriefly the powsr eguaticr for turbomachinss. Zketch the
inlet and outlek swirl flow patkerns for axial and centrifugal
pumgs ., Describe briafly how a Pelton Whesl turbine operates. Sketch
ite power wersus rgm dorve. Discuss thiz curve briefly. Discuss
briafly sealing laws for burbomachines.
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Write brief netes on any 7 of @ of the following: (1) censervacicn
lawa (2) streamtube aquaricns (3} external flows (4} system demand
{B) pump selaction () aeries v parallel zumps (7) turbomachine
awirl {B) metacenter (P} gcaling laws for burbomachines. [id]

Describe bziefly the pressuxe weight method for nydraulic gates.,
Alan deseribe briefly the panel method for hydraulic gates. [1£]

Describe a pressure iteration method and a flew iteraticon method
that ecould ke used to gek the pregsure and flow distzibution
througheout a pipe network. How ocould a turbipe be modelled in a
necwork? How cculd a panp be modelled in a network? [14]

L wvanturi meter can He used to messure flow rate in pipes. Deridve
an eguaticn fer the flew rate. Azaume Chat all geowmebry ia knows.
nlze assume that high pressure minus low preasurs is known. [15]

A water gprinkler can be uged as a turbine. Derive an equation for
its power when it has a known flow zate. Assume that all gsomebry
is known. Bt what rotaticmal speed does the powsy peak? [15]

A water bomber used a pige To pick up & load of wacer as it flies
at a constant speed over the surface of a lake. The diameter of the
pipe and the speed of the bomber are koown. Derive an equation Lor
the extra load on the bomber az it picks up weber. HoW much DOWer
deeg the bomber supply to counteract thia load? [14]

Ceseribe how vou would calculate the terminal apsed of a blunt
object falling through water. Zssune chat all geometry iz Mnown.
Alse asaume chat the weight of the object ig known. [141



Wrire brief actes on any 7 of 3 of the fcllowing: (1) comnssrwvation
laws (2) skreamtube srgquations (3) exbernal flowm (4} systemn demand
{8 pums selection (6} Zeriea ws parallel pumps (71 turbomachine
swirl [8) metacenter [9) =scaling laws for turbomachines. [14d]

Cangervation Laws: Consexvakion of Mass states that the time rate
of changs of mass of a specific group of £1luid particles in a flow
lg rfarc. Conservaticon of ¥Momentun states that the ftime rate of
change of momentum of a group of paztigles wmuat balance with the
ral load acting on it. Conservaltion of Bnerogy states that the sime
rate of change &f energy of a group of particles musr balance with
heal atd work interackions witk itz surrcundings.

Streamtube Bguations: Fox &ll ¢onservation laws strsamtubse flows
are assumed te be zteady and be unifeorm at sach inlek and outlet.
For cenzarvacion of mass density is vcually assumed to be constant .
For conservation of momentum applications grawvity and friction
forcss are usually insignificant because geomstry is small. For
conservabion of anavgy Elows are usually taken to be adiakatiec and
FfrimEion iz modelled as head loga. With these simplificationzs the
streamcube sguabiong are: '

{Chygyr - [CAly = © Wta F=po
M { Vg -Uyed =T M (Vo= Vi) =F, M {Wgap-Wpy) =T,

External Flewz : %all drag i= moet important for a long slendex
body like & submarine. Wake drag iz most important Eor blunt
bodies, Wave drag iz usually most important for ships and high
spesd aircraft. Flow induged vibrations are important for slender
atrusctures in flows. Important numbersz are:

e = UR/¥ Fr = /gl gt = DFUT M = Ufa

gystem Pemand : This consizts of two components: pressuxe/gzavily
head and kead losses. On a head dewmand ve flow curve circumstances
determine the typical operating point cocn it.



HaX+TQ 0 =0Ch
X=4A (Pfog + 2) Y = (fL/D + DK}/ {2gh%

pump Selesction : Qne first calculates the specific speed based on
the system cperating peoint. This is a nondimersional number which
does rnot hawe pump size in it: H VG / 2%, This allows one bo pick
the appropriate type of pump. MeXt one scans pump catalogs of the
type indicated by specific speed and picke the szize of pump that
will mes: the system demand at the operating point while the pumz
iz operating at ika best efficiency point (BEP} or bhast operabing
point {BOT). Finally to prevenc cavitation the pump is located in
the system at a point where it bas the Net Positive Suction Eead or
MESH recormended by the manufacturer.

WESH = B/pg + UD/f2g - BJ/og

Series vs Zarzllel Pumps : Pumps in geries are used Lo get wmore
pressure while pumps in parallel are used to get more flow.

Turkomachine Swirl : Swirl iz’ rhe onivy compenent of fluid motion
hat has & mement arm sround the sxzis of rotation or shaft. 3o it
is the only one that can contxibmte to shaft power. The shaft power
equation is:

P = Tw=AlpQ Ra V)

The swirl or tangential component of flwid velocity is W.

Metacenter @ The wmertacenter M ocours &t the incersecticn of Cwo
lines. One passes chrough the center of gravity or G and the center
of buovancy or B of a floating bedy when it is not rotated: the
other iz a wertical lirme through E when the beody is rotated.
Inspecticn of a sketch of these linea shows that if M iz above G
gravity and buovancy generate a restoring wowent whereas if M is
below ¢ gravity and buovancy generatre an overturaing moment. One
finds the lopation of M. by finding the shift in the center of
bucvancy generated during rotaticn amd noting that this shift could
reaylt frow 5 rotation aboill an imaginary pednt which turns out to
ke the metacenter. The ilmporbapt equaticns are:



My = My = ¥ 5 ¥ = DAV {odav) fv
Me = | ¥ réwdr & = BM & (zedda) /B

My = T T rd wAr G = BM - BG

goaling Laws for Turbomachines : Laws show how preasure and head
and £low and power are changed when the size or speed of
geowetricaily aimilar wachines cperating at the same BOP are
changed. The laws are:

Cp = B/ Filogey! Oy o gl / [H'L4) =0/ D]

Cp = 050y = B/ [pWDF] =P / [ piC?)

Dazeribe briefiy the presaure weight mechod for hydroulic gates.,
Also describe priefly the panel method for hydraulic gates. [12]

The pressure weight method for hydraulic gates starkts by
surrounding the gate with vertical and horizemtal lines. The fluid
within these lines iz oonsidered fromen to the gate. Then tiwe
heorizental end  wvertical pressure forces on the lines  ars
rpalonlated. Forme balaneces give the horisontal and vertical foroes
o the gate. If the gate has a pivot force times moment arm gives
the momsnt about the pivet, The preassure depth law P=ggh gives Lhe
pregswre at points on surfaces. The weight squation H=pgV gives
weights of bhodies of fluid., OGeomebzy glves centroids and moment
arma. The panel method for hydwsulic gates starts by subdividing
the gate surface intoc a finite number of facebs or penels. The
pregeure depth law gives rthe pressure at the centroid of each
panel. Pressure rcimes panel avea givea the force st cthe ceatroid.
The panel unit inward norwal allows one to break the force into
components. A surmation gives the tetal force on the gate in each
divecticn. If the gate has a pivot a summation of sach forcs times
ite moment arm gives the tetel moment about Ehe pivet.

Degeribe @ pressuce iteration methed and a flow ikeration method
that could be vaed to get the pressure and flow distwibution
throughout a pips network. How could a tugbine be modelled in a
network? Zow could a oump be medelled in a network? [14]



In & pressuzre iteration method ane would first assums predsure at
gzrh node in che network where it is not known. Then for each node
one would aszgume pressures ax Rhe surrounding nodes Lo be fixed.
Mext for each pipe comneated to the nede one balances head loss
with piezemetric or pressure/gravity head: heze pumps are created
az negacive head logges while turthinee are treated as positive head
losseg. Thia allows ua to ®aloulate the flow im each plpe and ics
direction. Cne then calculates the sum of the flows inbo the nede
Ereating flows in ap positive and flows out as negative, If the
I0=0 then the nede acts like & sink and the pressure there iz too
low and must be increased a bit. If the 0«0 then the node acts
like a oource and the pressure there is too high snd musr be
lewared a bit. Each node in the network is treated the same way.
one sweeps through the network nodes again and again wntil the O
for each node ia agpproximately zero.

Tn a Flow iterabion method ons assumes a discribution of £low which
gatisfies TMa¢ at each node in the networik., The flow iteration
method modifies flows throughout the network in a way which
maintains BY=0 at each nade. In the method one identifiss pipe
leops in the network. Then for each loop one calculates the sum of
the hesd loszes as one mowves around it in & ¢clockwise sense, I£
flow in a pipe ig clockwise head losz is taken to be positive
wheress if fFlow iz counteralockwise head losg ig taken to be
negative. For a loop if the Ehy>0 then there iz too much clockwise
flow: so flows smwat be reduced a kit in a clockwiss senge. This
decreames nlockwise flows and increases counterclockwise Tflows. 1E
the Ih <0 then there is not encugh cleckwise flow: so flows muat be
inoreszed a bit in a clockwime aense. This incveases olockwias
flows and decreszes oounterclockwise Fflews. Bach loop in bie
network iz treated the sawe way. Cne swseps through the network
loops again and again uatil the Ih for eack locp is approximately
zero, Bpecial peevdo loops are used to connect reserveirs.

A venturi meber can be used to measure flow rate in pipes. Derive
an equazion £or the flow rate, Asswme that 211 gecmetry is known,
Alse agsume that high pressure minus low presgure is koowm. [15]

B wenturi meter uses the facr that when flow specds up as 1L pasoee
through a constrictior pressure deepd. This presaure drep can be
meaaured and conservation of wmasz and energy allows one to derive
an equation for the flow rate down the pipe. Cne assumses that the
fluid iz incompressible and thak berause the meter is short
fricticn losses are insignificant. To simplify one can alsc assums
that the pipe iz horizomtal. FThis allows us to ignore graviky.
Copaervabion of mass givas

() - (pCRIg = D fh = Ch



This gives for an incompressible fluid
Cw = Cour Boyr /P
Conservaticn of energy glvea witi =gy equal to 2y
Doy = Ty
/2y + Bfegloy = (C/2g + B/pghy

Subetituties of O into this gives an eguation for Oy in terms of
the pressure drop By minug Pugr.

CIZ,III.IT = ['"."’2 {P]N_PCIU'T':I ,-‘ll.r-"] i'rTlxl' {ACIUTI'IHU\I}I
The flow rate iz

Q2 = Cour Bour A = whif4

& water gprinkler can be used as a turbine. Derive ar squation for
ta power waen it has a kncwn flow rate. Assume that all geomebry
iz koown. At what rotational spmesd does the power peak? [15]

The power equaticn for any turkine is
Fu Tw=A4(p0 R ¥}

For a epwinkler only the tangential component of {luid apeed has a
moment 2rm about the vertical or spin axiz. dne can assume that ik
the axisz the tangential speed V, 1 zero, To simplify we will azsume
here that the sprinkler nozzle is aligned perpendicular to bhe
radial divection. In this caze the exit tangential speed iz

V, = /A Cosd - R = ¥, - R

wheze 0O iy che flow rate, A ig fhe nozzle area, 9 is the nozzle



angle relacive to the horizental, R is the distance out from the
axls to the nozzle and w is the aprinkler rotablon rate.
fubstitution inkto the power equaticn gives

P = pQ R {V, - Ru
Peak power cocurs whexe €B/dw ia zerc. This gives
o = V,/[2R]

which iz half the maximum or no load speed of the turbine.

& water bomber wses a pipe to pick up & load of waker ag it Zlies
at & congtant spead over the surface of a lake. The diameter of the
pipe and the speed of the bomber are known. Periwve an aguation for
the extra lmad on the bomber as it picks up water. How much power
does the bomber supply to counceract this losd? [14)

We man asgume that the water tank chbosrd the bomber is large and
cpen to atmosghers. We can also assume that once the water gets
in=a the tank its momentun relative zo the bomber iz =zere. In
addition we car assume that the pipe ls short so that gravity and
fristien loases are insignificant relative to kinetic head., Thiz
means that there iz ne resistance to water moving into the pipe.
Conzervation of Energy i thisg caze gives for a constant dismeter
pipe Cgyp = O . When the water geta into the tank its C is zero. In
a bomper frame of refsrence Conservation of Momencum gives

M {Uyp-Unt = F, = -&,

where 17 ia welorcity in the dizectien of flight. Becaume € j8 zero
ingide the tank Uy, i2 zerc. For a bomber meving from lefr to right
with speed 9 Uy=-5. Svbstitution inte mowentum gives

Conzervation of Maze at the pipe entrange showa that



W=pa8h=ps a4
Manipulation gives for the force on the homber
R =-p 81043
The power ngedsd ko overcome this force ig
pP=F 5= protjag

The bonbex picka up water mass at the rate M. This means its weight
inoreases at the rate git. The bomber would alsc have to supply bhe

extza lift neceazary to support this wedght.

Tescribe how you would calculzbe the terminal apeed of & blunk
object falling through water. Rasume that all gecmetry is lknoun.
Blso azsume that the weight of the object iz known. [14]

For a blunt body terminal speed ccours when drag balances all other
forces acting on the body. Under water thesge would be weight and
buoyancy. 8o the force balanes givee:

D=%-8
Experimental data gives fox blunt bodiec
D = Oy A pU/2

where C, iz a drag cosfficient, A i# the profile area of the hody
az saeen from the front apd U iz the flow or terminal speed. The
drag coefficient depends mainly on body shape. Manipulation gives:

U = ¥iD/ [Cppd]



