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Fluid Mechanics FE Review

I’'m so sorry | had to cancel tonight’s session,

Please look through these notes and review
problems. | will be happy to answer any questions
you have and meet with you individually if you
would like. If there is enough interest, | will be
happy to schedule a makeup session.

Carrie (CJ) McClelland, P.E.

cmcclell@mines.edu

EERC

Fluid Mechanics FE Review

These slides contain some notes, thoughts about what to study,
and some practice problems. The answers to the problems
are given in the last slide.

In the review session, we will be working some of these
problems. Feel free to come to the session, or work the
problems on your own. | am happy to answer your email
questions or those that you bring to the session.

Good luck!
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Fluid Mechanics FE Review

MAJOR TOPICS
Fluid Properties
Fluid Statics

Fluid Dynamics
Fluid Measurements

Dimensional Anaysis

**Most equations and problems taken from Professional

Publications, Inc. FERC Review Course Book

EERC

Fluid Mechanics FE Review

It will be very helpful to memorize the following concepts and equations:

SG \d"P

a
Specificheight, density, and specific gravity s ¢, } ¥ gl - pﬂ”ﬁﬂ

Hydrostatics pressure equation / manometry

PN,

Figo

Force magnitude and location due to hydrostatic pressure for horizontal and

vertical plane walls

Conservation of mass / continuity 21, = Zf»qmj(

Conservation of energy / Bernoulli and Energy Eqn llﬁ\'_ai - P/lf_, 12
Y 23 ' Y 2

L ’L
Darcy Eqn \"L.iM Yo o 1(3\,;—1

Relative roughness equation ZA

Drag equation © N PN

How to use the Moody Diagram

L
Vo

%
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Fluid Mechanics

Properties
R — m mass
Density pP=v volume
Specific Weight Y = pg density x gravity
i i — _Px __ ¥x
Specific Gravity SG TR e
i i = T shear stress
Viscosity B= du/dy velocity gradient
Kinematic w= £ viscosity
. . 4 density
viscosity
=poR, .T Use to find properties — R
Ideal Gas Law P = pRyas R Rgas = m—pi—r
Make sure you know the relationship between density,
specific weight, and specific gravity!
EERC
Properties
Fluids
. Substances in either the liquid or gas phase
. Cannot support shear
[Fiois Pesreencs]
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s soure wa Bofnidndly
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Make sure you use the ideal gas law when calculating properties for gasses!!
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Mass & Weight

1. 10.0 L of an incompressible liquid exert a force of
20 N at the earth’s surface. What force would 2.3 L
of this liquid exert on the surface of the moon? The
gravitational acceleration on the surface of the

moon is 1.67 m/s?
2end

= = m= Ea — 2ot
A) 0.39 N e TR Y| 3 G
. _mM 264\
B)0.78 N 'Qtr}—f:'%—_o,zoq t I
(C)34N \
(D)4.6 N on T ey

C=waa = avR
Ry \(25 I (—L"bL\ (l,Lﬁﬁism\> Q—I\i“‘\k\

Professional Publications. Inc EERC

Fluid Mechanics — Fluid Properties .

Vapor Pressure Dy Pressure at which Used to predict
liquid and vapor are in  cavitation (local
equilibrium pressure < vapor
pressure
—_— m mass
Bulk Modulus p= o Tiae
Speed of Sound ¢, liquid = \[k/p Velocity of propagation  k = Bulk modulus
— of a small wave _
¢, gas = Vkrt keir = 1.4
SPees OF "‘4_7\:1\\?'\
=TSR =V — \
Fuston of Bunw Madylus { which corrlades Yo Compressihil y )
For mpEOL @S —
CrA[kRT [T msv by 2o %)

He raris of speciliy hesls

M (<Y e e \J b e ) :
ombeE € _ Ve wre lo i A
M = = e

5pted of sound

EERC




PPI

Mach Number

2. Ajetaircraftis flying at a speed o f 1700 km/h.
The air temperature is 20°C. The molecular
weight of air is 29 g/mol. What is the Mach
number of the aircraft?

BAstcALL( Pt Cne vk

E(bv\\w‘/\ s tmanawel _?‘_», 465 oS,
(A) 0.979

R; M ol wk.
(8)1.38  spesd Aisonnd cs ik
(C)1.92

R lask “p =\Y

- Sy SRS

(D) 5.28 0= 22T [P Ygo ) (metcazTns K
(

MeNaie
20 Y [l

c= 24y vnls

PJXKCX\ AL . }/\ - %& - 70 V;.\/»wr ( \OOC)rﬁ )KVWWB :‘\ 38

29 S ey (3&2\} e
o
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Fluid Mechanics — Fluid Properties

Surface Tension

= F force
o= L length
Capillary Rise PRcicos /) Distance a liquid will
PAuped rise (or fall) in a “tube”

— v |

=

Professional Publications. Inc
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Surface Tension

3. A2 mm (inside diameter) glass tube is placed in a
container of mercury. An angle of 40° is
measured as illustrated. The density and surface
tension of mercury are 13550 kg/m3and 37.5 x 2 mm
10-2N/m, respectively. How high will the mercury
rise or be depressed in the tube as a result of

capillary action? 49/0,
(K) -4.3 mm (depression)
(B) -1.6 mm (depression) gl
(C) 4.2 mm (r?se) -t 3570
‘ (D) ?.4 mm (rise) et
Plugt leve U wih\
S nE be dL}RSS(&
1’\' LIU—‘GOSYD &— X\mﬂ\ M Aot
S Y

Professional Publications. Inc
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Fluid Mechanics

Stresses and Viscosity

Shear Stress U\&

+ Normal Component: 7o =p = ’;"gj %\x}\ LEE (“}
WS (,y \oc"k"ﬁ
» Tangential Component e
- For a Newtonian fluid: 7 = 8

(v = velocity)

v\ "
- For a pseudoplastic or dilatant fluid: =, =K (d—;)

Absolute Viscosity = y = Ratio of shear stress to rate of shear deformation

Bingham
/ _ pseudoplastic
Newtonian

N .
L _ dilatant

T

dv
dy

Professional Publications. Inc

EERC




PPI

Viscosity

4. Asliding-plate viscometer is used to measure the

viscosity of a Newtonian fluid. Aforce of 25 N is
required to keep the top plate moving at a
constant velocity of 5 m/s. What is the viscosity of

the fluid? Ty o g+ o rs

/\E‘»i/A 5 - /% :V/A
(A) 0.005 N-s/m?
0.04 N-s/m?
(C) 0.2 N-s/m2
(D) 5.0 N-s/m2

stationary plate

Professional Publications. Inc EERC

Fluid Mechanics 9-2a1
Fluid Statics

Gage and Absolute Pressure Hydrostatic Pressure
pabsolute = pgage + patmospheric p= 'Yh + pgh
P, — Py =-v(2,- Z,)

Example (FEIM):
In which fluid is 700 kPa first achieved?

Po =90 kPa +

60 m ethyl alcohol 7.586 kPa/m _
Y »\;\soq\(\&\c[%a,\\

]
0m oil Pz+ B825KPaIM o . Y, Lo
604 kP
5m water s 9.604 kPa/m Py s Pad ng(gm\
5 I i 12.125 kPa/
m cherlnp4" a/m \\4:\’5 *)’l (‘5«3

(A) ethyl alcohol M
(B) il
(C) water
(D) glycerin Ans: D

Professional Publications. Inc EERC
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Fluid Statics

- - > A |
P.L;ﬁ__u\_:?ﬁ Paleteh e Vonae * Pn.\—r‘-;sp\-'rrig_ = Pateos prece P bunm
lvstosTam & PRESSuS P ik
AboHETEY

Stack w B ooa

M Preasure 1o Arobvs MolMAL 4o o surface |

sre #ad f add o Swlbhiach eMoas ey s
1
nartStule  de R oy a¥nes

bogeles shatg
endl £V TheE & dbuine v "oy
_|Ps
Po e
P2 2
hy L
h
1Y 1

Po — Pa = Yaha — 11l

Professional Publications. Inc,
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Fluid Statics

Barometer

\,Q_MQM\JL( B UNCS \f@\u\'l’
[ LCecky T P SSul Lo

Dot vw%\w\ ™ "

Atmospheric Pressure

Pa — Pv = pgh [81]

Professional Publications. Inc,
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Manometry

5. An open water manometer is used to
measure the pressure in a tank. The
tank ifs half-filled with 50,000 kg of a
liquid chemical that is not miscible in
water. The manometer tube is filled with
liquid chemical. What is the pressure in

the tank relative to the atmospheric tank 400 mm
pressure? g
(B) 1.9 kPa 0m

(C) 2.4 kPa

) 1
(D) 3.4 kPa \/<¢ —
k1 I

A I

Professional Publications. Inc EERC

Manometrv

J
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Fluid Statics

SLES ord SOBMELZGED SaefmcES ¢ Fogier AT & CEMTEL oF Pecsiuec

-1

o WoLwumizs 6F Plewwas Plse ol F- JAZ, 58

== T
" JA&? > i o
Louvobh = CENTCmn 6F DEmssurz TRisM oL 4 = " ' a2.p

EERC

Hydrostatics

6. A6m x 6m x 6m vented cubical tank is half-filled
with water; the remaining space is filled with oil
(SG=0.8). What is the total force on one side of

the tank?
Sy Skx,m < S>Qlﬁ0\ 3
P o\ o (a8 > -
ha Roats n e by \9}_
(A) 690 Y=
B) 900 kN
AN
(C) 950 kN 4’—5 ”
A TN

(D) 1.0 MN Py
Folel Iy RS \olumt dl) NSt

P

I

B= P (3 gy ) = BTN
2P oy ) = 52918

;
Pl o) 4 v (10 fid s o G ) = oo

Professional Publications. Inc EERC
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Fluid Statics Examples ~ Tt st dpody 7!

Example 1 (FEIM): Forces on Submerged Surfaces
The tank shown is filled with water. R=pA 23.8
What is the force that actsona 1 m :
width of the inclined portion? P = 3p9(h1 + ha) (8] 23.100
h 4 |
- The average pressure on the inclined
am section is:
kg m
< =(1)997 = 19.81— (3 m+5m
L el feenfomism
60° —
= A =39122 Pa
\\\ r;
A

The resultant force is

The surface under pressure is a R=Pa.A= (39122 PaX2.31 mX‘I m)

rectangle 1 m at the base and =90372 N
2.31 m tall.

Professional Publications. Inc EERC

Fluid Statics Examples

Example 1 (FEIM): ((onipnee
At what depth does the resultant force 4m
act?
v B 1
=— A
e
\—oc\ew\m\ﬁ>E$ 3m
2 3} A=Dbh
) ek ok bh
7 VNPT Ve Amy
m o 12
oy *\I\A/\*L
/s . 4M _4618m
) sin60°
v
The surface under pressure is a
rectangle 1 m at the base and
2.31 mtall.
Professional Publications, Inc EERC
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Fluid Mechanics

9-2e

Fluid Statics

Center of Pressure

e P9y sina
Y= . [s1] 23.17a
~ _ Pglyy, sina
2= A [81] 23.18a
If the surface is open to the atmosphere, then p, = 0 and
P =D = pgz. sina  [SI] 2319
- Iyz
Yep — Y=Y :ZA 23.20
Zep ~Fe=2" = ‘r”f; 23.21
Professional Publications, Inc EERC
Fluid Statics Examples
a4
Example 1 (FEIM):
At what depth does the resultant force 4m
act?
1
L 4 - /Q\\ —
3m
A=bh
< b’h
J ===
2~ 12
60°
= /e z=2M _4618m
S~. 43 sin60°
. I, _ b’h _ b’
The surface under pressure is a AZ,  12bhZ, 12Z,
rectangle 1 m at the base and 2
__@31m)° 0963 m

2.31 m tall.

Reeptn = (Z; + 2*) sin 60° = (4.618 m + 0.

Professional Publications. Inc

"~ (12)(4.618 m)

0963 m) sin 60° = 4.08 m

EERC
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Fluid Statics Examples

Example 2 (FEIM):
The rectangular gate shown is 3 m R
high and has a frictionless hinge at Tm
the bottom. The fluid has a density of F
1600 kg/m3. The magnitude of the kg m
force F per meter of width to keep the  Pave = P9Z,,,(1600—5)(9.815)(3)(3 m)
gate closed is most nearly m s

=23544 Pa

g
- S: P..h = (23544 Pa)(3 m)= 70662 N/m

im F+F,=R

R is one-third from the bottom (centroid
of a triangle from the NCEES Handbook).
Taking the moments about R,

(A) 0 kN/m _
(B) 24 kN/m 2F=Fy 70667 N
(C) 71 kN/m F_ H(RJ: _ m_236kN/m
(D) 370 kN/m w 3\w 3
Therefore, (B) is correct.
Professional Publications, Inc EERC
Hydrostatics

7. A gravity dam has the cross section shown. What
is the magnitude of the resultant water force (per
meter of width) acting on the face of the dam?
%r:io“ﬂ v T Volume o) BASSore pasm
o™ e o = Lo et antr e’L woedr Colsmn Ryt fue
(A) 7.85 MN/m K R 4‘:,
(B)123MN/M 7 Zpeay b =L o2 (450l (o)
(C) 14.6 MN/m = 12.3%0° N,
(D) 20.2 MN/m

e N - witdhn

S v _
T”A V‘P%\{ Wio Rvout =
[y a1
i\; =Y tha l&v3 e M
= ooy | 1}(7.1\4@%1%\(1%)4%(’mn\(wm\
- _ . —
= LS X N/, &W
=2 M |
ReSeend s Qi (11 P |
! S TG
— \ o N / B
SIS IR S \aa) 0m l-—-—-zom] = 490560 Py
Professional Publications, Inc EERC
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Buoyancy

Archimedes’ Principle and Buoyancy

» The buoyant force on a submerged or floating object is equal to the
weight of the displaced fluid.

» Abody floating at the interface between two fluids will have buoyant
force equal to the weights of both fluids displaced.

F

buoyant ~ Ywaler\/fj\splaced

EERC

8.

Buoyancy

A 35 cm diameter solid sphere (p =
4500 kg/m3) is suspended by a Fd
cable as shown. Half of the sphere .
is in one fluid (p = 1200 kg/m3) and C%
the other half of the sphere is in
another (p = 1500 kg/m?3). What is
the tension in the cable?

Tyt o, fd digphcad Ly 0000

e buo
(A)297 N 5urny (i bt
(B)593N - s
Use Swls an\ Aension

(D)826 N  ==-o N

Ttk 1T ©

T Pogand Yopane + 542 0 . NG

DT W IN b = 1500 kg/m?

Professional Publications. Inc EERC

= 1200 kg/m3 120 cm

IH’<
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Fluid Dynamics

i #
CorTINUTY @ Mass ig Conseryed i =
- L,

%
For '||’\tar-\?.‘:";,t_', Tele Flds o Gz h,l.\_.—'_. = l\g .\,-—02 = Cic .
Lp s (eﬂ-ﬁ“w\--}—J
Gemsour Swaamond P vl o Pa ! i e i ML U
(might be called the field eqn.) vt g e Rl gy i, = *;_d& B0 Y = *32,
n‘m by o CHERD JC g a )
FeEvrmam's  MNowac® TRe = 11%‘{’ ~¥b Laminar Flw @ e < 2100
(Mesronian Fiwds) ! ¥ Tuwrbuldend Tlaws & RS 4ooo
EERC
Continuity Equation Example
Example (FEIM):
260 mm 8 |130 mm
4m/s —>» ) L
The speed of an incompressible fluid is 4 m/s entering the 260 mm pipe.
The speed in the 130 mm pipe is most nearly
(A)1m/s
(B)2m/s
(C)4 m/s
(D) 16 m/s
Av,=Ayv,
A =44,
m
sov,=4v,= (4{4]- 16 m/s
s
Therefore, (D) is correct.
Professional Publications, Inc EERC
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9.

Bernoulli Equation

The diameter of a water pipe gradually changes
from 5 cm at point Ato 15 cm at point B. Point Ais
5 m lower than point B. The pressure is 700 kPa at
point A and 664 kPa at point B. Friction between
the water and the pipe walls is negligible. What is
the rate of discharge at point B?

%y 12, l; +20 47y
(A) 0.0035 m3/s Lo 1 (z’a 3
(B) 0.0064 m¥s e N S st Tt
.010 m3/s ROGR oGs oty Lomhiniy |

(D)0.018Ms  Guran Duby vyng <3 4

Comdint AW
Ve 0oSs™ mly

Qv n < b olLls 5cm_

Professional Publications. Inc EERC

Bernoulli — Flow from a Jet

PO A TR
10. Aliquid with a specific gravity of 0.9 is stored in a
pressurized, closed storage tank. The tank is
cylindrical with a 10 m diameter. The absolute
pressure in the tank above the liquid is 200 kPa.
What is the initial velocity of a fluid jet when a 5 cm
diameter orifice is opened at point A?

" ) 10 m .
(A) 11.3 m/s | |
(](§B§)§ 122 2;2 p = 200 kPa
> . | ] S -
20 (D) 2?@.9 m/s , s 4
U = Lol ¥ 0= aus ;
Vo % AE_: R
T’(’«\/ZZC:*EB~ X 7}6 L Jm
sl for Vi TN 18k mls L
0.5 m-L—LA
| & < /* Z
Professional Publications. Inc cere
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Flow in Pipes — Fluid Dynamics and Friction

Steady, Incompressible Flow

w
C 3
el LY oo aTiesd |

B ""—.l ) 1.-_,_; _\:;‘. : i lonn due o
-},-«-:_;'12,_}/4'.;—“ +By A & Cd¥ags
| d . n‘ . L E v
frtetn J o h Fikag = Pt Lo J Wi
s T L / e
i T?. & a J Titing
& s In-?: :_B- EW ) Y s a Rnchin of Be aad r’J& : £ % surface roug hne il
et o Bl A )
Lisstpupg  Fibos - §= /Rf’_ g b= — [LYL—
T [ - o fuwm £
TogRuLanT Flow - UWse Mpony T e T il
) ; 5 el )
Srootn £ By dramuliclly  Steoti Tipes L4 e [\/_‘I"_,,f. T <loo, oo
P i
Can Men use Haotans SqQag ow Al TORBULENT E__dw-‘
| rLa | g Emshi]
-— ==|.8 7 + =
L I H-":J‘jl_ke_ [J-rJ l
EERC
For a Newtonian fluid:
vD
Re=—£  [s]]
I
vD
Re = —
14
D = hydraulic diameter=4R,
v = kinematic viscosity
pu = dynamic viscosity
For a pseudoplastic or dilatant fluid:
2—nn
Ve
Re' = — -
- Tl
K gn—1
4n
Professional Publications. Inc EERC
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Fluid Dynamics and Friction

11. A steel pipe with an inside diameter of 25 mm is
20 m long and carries water at a rate of 4.5 m3/h.
Assuming the specific roughness of the pipe is
0.00005 m, the water has an absolute viscosity of
1.00 x 10-3 Pa-s and a density of 1000 kg/m3,
what is the friction factor?

- waAﬂﬂdA\ o fnd v
AR AT

(A) 0.023

(B) 0.030 ~Eak R € Ragndd's Ny mbser™
@9026 TRe = ai—F = L,,L\ngq
(D)0.028 o <o oS

i/b = 6.0
=\t Maoc“a dl’c«cor:«m Yo U\P(‘wu\(lm(xﬂ

(Tn Wy bpdon [ n AT ﬂb\ﬂr\ £v( anSwis At ua fuir |, T M"”a') dﬁaﬂ‘"’\ \S5
et ek prelroe )

Professional Publications. Inc EERC

Fluid Mechanics

Head Loss in Conduits and Pipes

Minor Losses in Fittings, Contractions, and Expansions
» Bernoulli equation + loss due to fittings in the line and contractions
or expansions in the flow area

3 2
v 2 V.
%"'ﬁ"’zl = p?‘)+ﬁ+}:2+h;+hl‘_ﬁtnng
[us]  24.30b
v?
hi fitting = C (E) 24.31

Entrance and Exit Losses
* When entering or exiting a pipe, there will be pressure head loss
described by the following loss coefficients:

sharp exit protruding sharp rounded
c=1.0 pipe exit entrance entrance
Cc=08 C=05 C=0.1
— V= e v — vV—=

EERC
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Non-Circular Conduits, Open Channel Flow,
and Partially Full Pipes

R
X . s g area i delous 4 \ " Y .
Rydraadic Radius P«q P ——— Efu_iJh'-t-”-Jl -B\sanc«ftf] Ty 4Ry
) itk e A PR et b L
(= = 7| 1
el T 5 F R T PR _ ™, ‘ i
v = Ve | VT‘;I =y S (ST vmrs ) V= “1“"‘“"*\35 ':’.mj.sl--_nlsi
: Conllili, g
I - TR 7 v
= 3 # ¢ ; :
A\ M .-'l ﬁ” 2% LS d-\‘"h;) &= ‘Slu?-e o Chonael
Pz, P FuL Tire S
[+ K P o ] \ u
Ve O FH® '\:i_;‘l"s 5 il (oa) = Hazea-wiliawms,
A LMP ¢ RS g0 S A, [Rusghness Coekl

EERC

Hydraulic Radius

12. Whatis the hydraulic radius of the trapezoidal

irrigation canal shown?
LS ek arta of flond

R v pecimeber
(A)1.63 m G 22 e
(B)2.00 m e
(D) 4.00 m
~3m 5m 3m_,
— )

Professional Publications. Inc EERC
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Hydraulic Grade Line and Energy Grade Line

Pump Power

Hyoepule tadsce Lwe £ EMNECRY  Gipde Lc
Chrtar™y, L mtaly

4"——(:)=§3: v

. Hydraulic grade line (HGL) and energy grade line
(EGL) for a piping system.

. G s
Pore Bower | Paw = —— T hochead a3l Ly puwmp Fo Ao e d
f V
fo e
x ctf;.ﬁ:.,m;u.

Exprens n wals ( [N -\J s hnr&&‘ts:;.,_\g_(- (530 j 'U=-L'S\“,-

EERC

Multi-path Pipelines

_2%‘ ’ 3 Mool PRiccplES
O ="\ : — 0 \
_“I J—r -JE I~E—Q 1\ Wead Loty jn aackh bveands 1% ‘1‘?_'-*-“—-"\ : l’";n 5 b'lf.’&
1 ‘ 2 2
| [ - . ~ Le W
| | @_ | ~Ea .= S
L% | p Ba 29
- | d
2.

N Head =95 befioegin Ame 2 dumeMons 1S SGwe @
ead lse  tn epel  brasedd

BY Maas Must e fonseruedl | Therefore FThe fetal Hao

oo lfdus-'\s Pt Gar o ¥or Qon ek ta eachk brancly,

Q= o : o Moo o Mia s Kool S
! T Q’*"'_‘B i_@ ar‘blth =4 By VL s '_I.h“ "'—r, 4;‘ Eb .hﬂl
. B R s o e
THis SmpLiFies T, RV = By L B Vi + Pe Ty
EERC
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Multi-path pipelines
13. The Darcy friction factor for both of the pipes < %.-4-
shown is 0.024. The total flow rate is 300 m3/h.
What is the flow rate through the 250 mm pipe?

Wr Caow  fov el }pLS\ \X

RIVREERCRLIE
\" ‘\'\ = > L " L.2.4

(A) 0.04 m¥/s o &“‘ AR N DN N

(B) 0.05 m3/s >y, 21,01 vy

(C) 006 m3

(D) 0.03 23;2 SIS ’a\m»%'ttq\-\h.l_: BV H RV D vz 9tmin)y (L2l D)

Ga=V, A2 = O.0kwds
325 m, 150 mm diameter

0)
Qg 300 m¥h
_)
N ok 1onor 2
5 g\ Lo -
( 650 m, 250 mm diameter
Professional Publications. Inc FERC

Implulse-Momentum

TrpoLse - Mameriru~ ~

besues T DRAW Ty !

-
Y .
V Jin Whred Your  Silanis |

Be sure to familiarize yourself with how this equation works for bends,
enlargements, contractions, jet propulsion, fixed blades, moving blades,
and impulse turbines.

EERC
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Impulse-Momentum

Z F =0Qapava —Qipvi (S]] 24380 Fgwe247 Forces ono Pipe Bend v
A
. 7%
Pipe Bends, Enlargements, and 2 v
Contractions
—Fy = ppAacosa — p1 A i p‘A‘: i En = defilection
1 - angle
+ Qp(vacosa —vy) 81 24.3% — ’
3 F = force exarted by
Fy = (p242 + Qpva) sina + mauiag  [5]] 24400 the bend on the fluid
S Fe=—Fy+ DAy — prAjcosa
S F,=F, —pA;sina
vz
P2A;
VaSina Pifating
a a
-
VaC0S a P2A; COS a
Professional Publications. Inc. FERC
Fluid Mechanics 9-6a
Impulse-Momentum Principle
Z F =0Qapava —Qipvi (S]] 24380 Fgue247 Forces ono Pipe Bend v
A
. 7%
Pipe Bends, Enlargements, and 2 v
Contractions
—F; = pyAscosa — p1A; v Py — iEu= deflection
1 - angle
+ Qp(vacosa —vy) 81 24.3% — ’
3 F = force exarted by
Fy = (p242 + Qpva) sina + mauiag  [5]] 24400 the bend on the fluid
S Fe=—Fy+ DAy — prAjcosa
S F,=F, —pA;sina
vz
P2A;
VaSina Pifating
a a
-
VaC0S a P2A; COS a
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Fluid Mechanics 9-6b1

Impulse-Momentum Principle

Example (FEIM):

Water at 15.5°C, 275 kPa, and 997 kg/m3 enters 2 0.3 m x 0.2 m
reducing elbow at 3 m/s and is turned through 30°. The elevation of the
water is increased by 1 m. What is the resultant force exerted on the
water by the elbow? Ignore the weight of the water.

Ans: 13118 N
Professional Publications, Inc EERC

Fluid Mechanics O-7a

Impulse-Momentum Principle

Initial Jet Velocity: v =1/2gh 2441

Jet Propulsion: F =ri(va —vy)
= m(ve — 0)
= Qpvy
= voAapva
= -4217‘*'3

= Asp (V/zﬂ_h)g

= 2gphA,
= 2vhAs 24.47

Professional Publications. Inc EERC
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Fluid Mechanics

9-7b1

Impulse-Momentum Principle

Fixed Blades
Figure 24.9 Open Jet on o Stationary Blode

v
0 a = actual deflection angle

vy
vy m J F,
__ 33— ull
|

E F ! force exerted
L | by the blade
| on the fluid

—F, = Qp(vacosa —vy) [S]] 4430

Fy = Qpvasina [ST] 24 44n

Professional Publications. Inc
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Fluid Mechanics

9-7b2

Impulse-Momentum Principle

Moving Blades
Figure 24.10 Open Jet on 0 Moving Blade

(relative to blade)

v
! i‘\a = actual deflection
angle

— J» <

vi—V
(relative to blade)

£l NF

—Fz = —Qp(vi — v)(1 — cosa) 8] 24 450
Fy=Qp(vi —v) sina 8] 24460

Professional Publications. Inc
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Fluid Mechanics 9-7c

Impulse-Momentum Principle

Impulse Turbine
Figure 2411 Imputse Trbine Fgure 2412 Tubine Power

vz P
o = actual o= 180"

nozzle

: vy, i deflectiom angle
I a < 180°
A
bucket or blade

Vet Vigt Vo
2

tangental blada velocity: v = ﬂ%}”

P =Qplvi —v)(1 —cosa)v [S] .40
The maximum power possible is the kinetic energy in the flow.
Qpvi Qi
Poax = 5 [81] 2440 Poax = 3 [Us]  2M44%
: q

The maximum power transferred to the turbine is the component in the direction of

2
the flow. Pax =Qp (‘—') (1—cosa) [S]  M48
4 FERC

Impulse-Momentum

14. Water is flowing at 50 m/s through a 15 cm
diameter pipe. The pipe makes a 90 degree
bend, as shown. What is the reaction on the
water in the z-direction at the bend?
Nl R st Tued Ao o i mokon

(A) -44 kN V2 @ Py Q)Y
(B)-33 kN SE- 6 (eun Yo .
(C) 14 kN

)4 EE; g“"’\'%(%(.\gﬁ\lﬁ(SQ""!S‘D"JS\:LJL[D?/\J

¥ 4

Professional Publications. Inc EERC
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__Flow and Pressure Measurement

?F"G‘I'_TJEE TUSED To MEASURE FLow] VELooiTY

! iy ~ = -
II“?"":-_PS L 9’“5 fpu p,\]
oy
P St ?‘i‘(AS\_l_n'z_ 1 ﬂ“s; Shagneadior, pressurne
Ve catled (mpaed WesSore
& Wendrt
VENTRL, FoRipe B MeTEes i = A
Je T SDEHLE TRy [Ch \ F7w 2 .
(e Seakuiqey o Hof Bosls GL_— ——— |_\'I ll\-,.fl_; * 31] T 3:‘-1\' f"u—)
| =5 TETE \ly z :
Lor variskte descriphans ) \\ 't[t {"%?jl /
'
T iy } — pi
Q. X7 N B P o (ws)
o Vg P YE— 9 T & b
Vi (ame ) a
LAy,
Orifices
| = [P - L3 A it
acA Y (7= 5-=a) (v:s)
Q- [m . v
C.}’\"IJI__,;- MR, - ——g 2, {S.J.\}
S o
:‘)_'\-‘\-\_"!f)'\l_v\.q_rr\nzg Or{%-'(_:_fh

= CA-fag (h,-h,)

EERC

Fluid Mechanics
Fluid Measurements

Pitot Tube — measures flow velocity

Figure 251 Frint Tube

+ The static pressure of the fluid at the depth of the pitot tube (py) must be
known. For incompressible fluids and compressible fluids with M < 0.3,

e 1#"’“’%;’*) AL

Professional Publications. Inc
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Flow and Pressure Measurement

15. The density of air flowing in a duct is 1.15 kg/m3.
A pitot tube is placed in the duct as shown. The
static pressure in the duct is measured with a wall
tap and pressure gage. Use the gage readings to
determine the velocity of the air.

(A) 42’m/s

(B) 102 m/s
(C) 110 m/s
(D) 150 m/s

wSC Cormaa from mana on
Pretons 6 de

Vad
= d.7ms

Professional Publications. Inc
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Fluid Mechanics

Fluid Measurements

Venturi Meters — measures the flow rate in a pipe system
* The changes in pressure and elevation determine the flow rate. In
this diagram, z, = z,, so there is no change in height.

Figure 25.2 Venturi Mater with Differentiol Manometer

v

—

> ::::F;
2

/er

C, A [
Q= —; VZQ(i—j+;[—P—'_‘,—;2)

- (®) ’

Professional Publications. Inc
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Fluid Mechanics

Fluid Measurements

Orifices
Figre 25.3 Orifice Meter with Differentiol Manomeater

( |

contracta

{a) orifice meter {b} orifice plate

Q= C_A\/Qg (‘”—1 - % = 22) (US] 25.17b
! !

Professional Publications. Inc
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Orifice Flow

16. Water flows out of a tank at 12.5 m/s from an
orifice located 9m below the surface. The cross-
sectional area of the orifice is 0.002 m2, and the
coefficient of discharge is 0.85. What is the
diameter D, at the vena contracta? . it o contmeto N
A Neng Conddta T ¢ A‘?U“
ez ¢ <« toc®f . 4, ::\\Sd/\c.(zK(_

(A)4.2cm B
(B)4.5cm ¥ <t ]
(C)4.7 cm ik k)
degm
D) 48¢ oy~ 0.14) J ‘
\“-———————’,’
fetomE 0002m2 ——>
Ay 0.00l8m —_—
d= HFem rﬁ"b\x

Professional Publications. Inc
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Similitude

(’-‘lcw.e.h'{L SGN;\.a_rHuI CMedel te hrae S :Cny\‘\’\ﬁ L e {\.'u"de_

ipermarc  Dipal ""-"-‘Ha b Flow Reqimen st tedel b preferty pe are Hhe Stee
Framic  Selachy o Rares of 8 tyoes ofF fces ale egueh o
By e A ¥ ) iu

one ol b po A Ayt

Mey o F -['ul‘lquns) S rmoddan e sl ef uaklons  ore Belie Lol Lo
wreded 7 B iobuinge

r PI? L2 z

£ P e - -, 4 L
|—’| “_.Z -l .'2.'3_ ;'T-RE I U C!I = Ca |I"\'(-="\'\‘Itm
L de ke e FTReT e s TTeT R 3 TURTTRAT
e EHE L R g o o Ehud
T A '.I LR | 3 [q_' E 3 We = P

F“.--.r].-.,_-\..; o Surfce dengien,
1.\.-.4;(.'-43

In other words... Dimensionless parameters must be equal between the model and prototype
(Each dimensionless parameter is a ratio of different types of forces being exerted on the fluid)

For example: e
For completely submerged models/prototypes and pipe flow, the Reynoﬁs numbers must be equal
» For Weirs, dams, ships, and open channels, the Froude numbers must be equal

R v
EERC
Similitude — Dimensionless Parameters
inertial force VD
Reynolds number = 1€rtal force Re =
viscous force M
Froude number = inertial force Ere= VS
gravity force g
Mach fitmber= inertial force M=
compressibility force c
: : _Vvarp
W obernidtibet= inertial force We = =
surface tension force
s [40]
centrifugal force cp =4
= ————————— V
Strouhal number il Toroe
Ap
g _ pressure force Tesw
Pressure coefficient= = e i m b
dra
oy drag force Cpms V;BA
Drag coefficient = T eetial forte 1p
Professional Publications. Inc EERC
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Similitude

17. Anuclear submarine is capable of a top
underwater speed of 65 km/h. How fast would a
1/20 scale model of the submarine have to be
moved through a testing pool filled with seawater
for the forces on the submarine and model to be
dimensionally similar?

Sbrand L % Re i = R

(A) 0.90 m/s LY\ rpvA

(B) 18 m/s U (4 >\> An s

(C) 180 m/s Pom=P

(D) 360 m/s D Vnedeh = Bl Imlg

Professional Publications, Inc EERC

Drag
- .41 f i = 4 : 5 ot
Th™ 2 C"_\ l.\-\}-'}"\.r : = Lming r :{M , S_hl:_ :?ld‘_ Lfﬁlf?g_(n,i".

Typically these problems will be “plug and chug”

Drag Coefficients for Spheres and Circular Flat Disks
figo 24 14 Drog Codfficens i Sphows md Ol A Dsks

200
100
50

.,

,
Stoke's law /) 5

_ 24
0 2 G =iy
sphare

ooz

M PR TR P T PR T PR T
G102 o5 1 2 & 10 20 50 100 A0 500 1000 LU ms 108
Re
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