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Visualize questions

Draw diagrams

Annotate diagrams with numbers,
symbols, equations, etc.

Find right equations from the reference
handbook

Skip questions if you cannot quickly find
equations from the reference handbook



Review Outline

Basic fluid properties \./
Capillary force
Manometer ./

Static pressure force /
Bouyant force \/
Continuity equation Vv
Bernoulli equation v~
Mass balance equation v/
Venturi meter

Head loss

Forces on objects v
Fluid rotation /
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DENSITY, SPECIFIC VOLUME, SPECIFIC
WEIGHT, AND SPECIFIC GRAVITY
The definitions of density, specific volume, specific weight,
and specific gravity follow:

o= ;:l]p!ll]tu Am AV

vy = limit AW /AV

AV — 0
Y = limit g<Am/AV = pg
AV — 0 ‘%‘ P fluid ‘/% Y fluid
also SG =y, = p/p,,, where SG = =
Qe =density (also called mass density), P H,0 @4°C g 7H20 @4°C
Am = mass of infinitesimal volume, —
AV = volume of infinitesimal object considered,
@ i = specific weight,
-——'—“—/’
=Pg. @

= weight of an infinitesimal volume,

AW
@SG = specific gravity,
@ 0, = density of water at standard conditions
= 1,000 kg/m’(62.43 Ibm/ft’), and

@Tw = specific weight of water at standard conditions,
= 9,810 N/m’ (62.4 Ibf/ft’), and
= 9,810 kg/(m?es?).
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@ SURFACE TENSION AND CAPILLARITY
Surface tension o is the force per unit contact length

= F/L, where
v © =Erfﬁt&m sion, forcedength,
/ F = surface force at the interface, and
L ~Tength of interface. ™

The capillary rise h 1s approximated by
h = (4o cos B)/(w), where

h = the height of the liquid in the vertical tube,
4] = the surface tension,
B = the angle made by the liquid with the wetted tube
wall,
v  =specific weight of the liquid, and
v = the diameter of the capillary tube.

8. A clean glass tube 1s to be selected in the design of a manometer to measure the pressure of kerosene.
@ Specific gravity of kerosene = (.82 and surface tension of kerosene = 0.025 N/m. If the capillary nise
1s to be limited to 1 mm, the smallest diameter (cm) of the glass tube should be most nearly

£Pa. 135 | @=0 > cos(>= |

OB. 1.50
0C. 175 % _ CPGVCDS@ = LG @ =56 =0.82
OD. 2.00 Yol R
™V = a@ozg,,.) s d=00028
D00 1 (0.8 (9810) < ol = (25 &m
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ﬁTRESSE PRESSURE, AND VISCOSITY
Stress is defined as

(1) = limit AF/AA, where
Ad =0

(1) = surface stress vector at point 1,
AF = force acting on infinitesimal area A4, and
A4 = infinitesimal area at point 1.
1, =—P
1, = W(dv/dy) (one-dimensional; i.c., y), where

T.and T, = the normal and tangential stress components at
point 1,
P = the pressure at point I,

= gbsolute dynamic viscosity of the fluid
Nes/m? [Ibm/Aft-sec)],
dv = differential velocity,
dy = differential distance, normal to boundary.

v = velocity at boundary condition, and
¥ = normal distance, measured from boundary.
@ = kinematic viscosity, m’/s (ft'/sec)
where v = Wp

A .
we f,_af

For a thin Newtonian fluid film and a linear velocity profile,

v(y) = vuld; dvidy = vId, where
v = velocity of plate on film and
& = thickness of fluid film.
For a power law (non-Newtonian) fluid
T,= K (dv/dy)", where
K = consistency index, and
n = power law index.
n < | = pseudo plastic
n > 1 = dilatant

Newtonian Vs

Dilatant:
Newtonian:
Pseudo plastic:

on-Newtonian Bluids
—

AN duldy P
T o du/dy
v dwdy N

Birghusms plastic

A

Shear Thinning

Mestenian

shearing siress, ¢

&

=——Shar thickerang

oy
T dy

L= slope

Ju
C=M3zg

4 AY

7 ij

P i}
Bate of shearing stran, ?"

dy

. ]
g anain, O

T

% e

dy

n > 1 slope increases with
increasing T
(shear thickening)

n < 1 slope decreases with
increasing =
(shear thinning)
Ex) blood, paint, lig-
uid plastic
7
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PROPERTIES OF WATER' (SI METRIC UNITS)

o | 1 (D = U s P

5 B Y g =

= ‘D Ey Eﬁ =1 @

= g " - " Ha- ol

= e . 2 e =z a

5 | &F | . = £ = £ :

=N = > o= = e = S R

E 2 Z g £ 23w 232 =]

= o % a = < 5& 25 E > a
] 9.805 999 8 0.001781 0.000001785 0.61
5 0.807 1000.0 0.001518 0.000001518 0.87
10 0.804 099.7 0.001307 0.000001306 1.23
15 0. 798 099.1 0.001139 0.000001139 1.70
20 0. 789 098.2 0.001002 0.000001003 2.34
25 9.777 997.0 0.000890 0.000000893 3.17
30 0.764 095.7 0.000798 0.000000800 424
40 9.730 9922 0.000653 0.000000658 7.38
50 0.689 088.0 0.000547 0.000000553 12.33
60 0.642 083.2 0.000466 0.000000474 19.92
70 0.589 977.8 0.000404 0.000000413 31.16
80 0.530 071.8 0.000354 0.000000364 47 34
90 0.466 065.3 0.000315 0.000000326 70.10
100 9.399 058.4 0.000282 0.000000294 101.33



Frank

Frank

Frank

Frank

Frank


PROPERTIES OF WATER (ENGLISH UNITS)

Temperature Specific Weight Mass Density Absolute Dynamic Viscosity Kinematic Viscosity Wapor Pressure

CF) A P g S e e "
(Ib/ft) (Ib » sec i) (%107 Ib » sec/ft %) (x 10~ ' /sec) (psi)

32 62,42 1.5440 3746 1.931 0.09
40 62.43 1.940 3229 1.664 0.12
50 62.41 1.940 2,735 1.410 0.18
60 62.37 1.938 2359 1.217 0.26
T0 62.30 1.936 2.050 1.059 0.36
80 62.22 1.934 1.799 0.930 0.51
o 62.11 1.931 1.595 0.826 0.70
100 62,000 1.927 1.424 0.739 0.95
110 61.86 1.923 1.284 0.667 1.24
120 6l.71 1.918 1.168 0.609 1.69
130 6l.55 1.913 1.069 0.558 222
140 61.38 1.908 0.981 0.514 2,89
150 6120 1.902 0.905 0476 i
160 6100 1.896 0.838 0.442 4.74
170 60,80 1.890 0.780 0.413 5.99
180 60.58 1.883 0.726 0.385 7.51
150 60.36 1.876 0.678 0.362 934
200 60.12 1.868 0.637 0.341 11.52
212 59.83 1.860 0.593 0319 14.70
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Units and Scales of Pressure

Measure
<

ment

Absolute pressure

N

Gage pressure (_—j‘>

Standard atmospheric pressure

I

1 std atmosphere
101.325 kPa
14.69 psi

10.34 m H,0
760 mm Hg

l

Local
barometer
reading

l

Local atmospheric pressure

____________________ g R

Suction vacuum

(gage |ciressure) 6»—>

Absolute zero (complete vacuum)

. . . AR —————————
R N i i i i i i A A

6894.76 Pa/psi (conversion factor)

L

pabs :+ plocal atm
A\

Absolute pressures are often indicated as psia, and
gage pressure as psig. 10


Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank


Fluid Statics

*Pressure vs. elevation
Manometers

*Force over submerged plane and
curved surfaces

*Buoyancy

THE PRESSURE FIELD IN ASTATIC LIQUID

¢ L Z

The difference in pressure between two different points is
Py—Py=—y(,—z)=—yh=—pgh
For a simple manometer,
P1 =P, + 12—

Absolute pressure = atmospherc pressure + gage pressure
reading

Absolute pressure = atmosphernic pressure — vacuum gage
pressure reading

# Bober, W& A Kemyon, Fluid Marloaies, Wilsy, New Yok, 1980 Dvagnms wprinted by pemmis sion
of William Bober & Richard A Femyon.

11
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/‘P—;O

L’{. S‘!’_TW

b
d:add yh '% i h Pa +Vihy —y2hy; =0

; . ha
Jump across: no change \\&« il hl s o o
T: subtract vh Lo--@ - @ “Pa =Yz — Y14
i“.zf)\ e = pa = V2h,
\—J l

FIGURE 2.10 Simple U-tube manometer.

FA"’ Y|/ll‘( _’Yl'z]”z =0
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1. In the following two cases, which case has higher total force acting

on the side wall?
L(é\) right side case (b) left side case  (c) the same in both cases

f
Lo AL'{’ ‘f

71

f
Heex 3, ‘f

SIS
-2
[
N
=2
N

le— O —»la— O —»
@
N

QO —>e— O —»

13
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2. What is the force at B if the tanks contain stationary oil at SG=0.7?

—

Fo=7
F, =900 N diameter = 30 cm
diameter = 20 cm
— //
A

fe
Qoo _ Fa 4 onx8lg <] — 0 x 980 XS = 17305

( ° Aa
3% 7R -
i \oo) S R= (05@/\)%

14
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3. What is the gage pressure in the inverted jar?
_/_/

'PZ 0 air
OTcm = ‘ Wq‘(b}/
p. 50 cm

il

Y K(-POCW’ =0 :2012(7?&
. 7 (oo P Yl
Q90 m*

15
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FORCES ON SUBMERGED SURFACES AND THE
CENTER OF PRESSURE

*

.0
N @?f 7

4 1
AREA A-+7) dA z

Farces on a submerged plane wall, (s} Submearged plane surfuoe,
[b) Pregaure distribution.

The pressure on a point at a distance Z° below the surface is

p=p,+yL forZ =20

If the tank were open to the atmosphere, the effects of p, could
be ignored.

The coordinates of the center of pressure (CP) are

P.

Q

yt=y,, . sino)i(p A)and

z* =y J,csi.nc: Vip. A), where

= the y-distance from Thq centroid (C) of area (4))to the

center of pressure,
= the z-distance from the[centroid (C) of arca (4] to the
center of pressure,

d I, . = the moment and product of inertia of the area,

= the pressure at the centroid of area (4), and

= the slant distance from the water surface to the
centroid (C) of am@;

i
. 2,Z
! SECTION B-B

If the free surface is open to the atmosphere, then
p,=0and p,=vyZ sino.

y*=1I, . AAZ)and z* @{AZ{,}

The force on a rectangular plate can be computed as
F=[pA,+(p,—p)A,/2]i + V,Y j, where

F = force on the plate,

p, = pressure at the top edge of the plate area,

p, = pressure at the bottom edge of the plate area,
A, = vertical projection of the plate area,

V, = volume of column of fluid above plate, and
Y, = specific weight of the fluid. 16
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Y

Area Moment of Inertia
o
©o12

C.G. = Center of Gravity

C.P. = Center of Pressure

g M fg-rha = Y‘ZQ ) ( Fresswe ot C‘.P.)

£ > F RA = Yh A = FzonpA (Tl fresure tfhree ot € )
= bk

3D @@= EX Tye % Area Momeit of Tnerlra
%é XA Z A )
<o \é»o\x‘ys s +he Ce6.

@ ZP C_J‘-Z% 17
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Aren & Centroid Ares Moment of 1nertia (Radius of Gyration)* Produet of Inértia
I, =hh'3 k=18
:: ;‘;' 1, =b'hi36 :_-f- fi8 I, =Abhj36=b7R 72
v 1 -k - - Y
e PR R e I, =Abhja=bh /8
Yo z 3
L o= bivd ry =¥/2
I, = bh'i6 r = k18
A b I =3has rl =B 1., =~ Abhi36 =~ h*f72
%= W A k= h e I, = Ab12 =452
.= W3 Iy = b&AT2 :I—ﬁzlﬁ o i /
I, =b'hA2 ry =¥/
W
¥ P I, =B 36 1 wl=hiis I, =[4h(22 - bf36
- = (b g, =lbalb® - ab + a® 6 ry, =" ~ab+a? s = lbh*(2a- B2
Pa—— P I, = b’ f2 ’2"'?" Ty =[An{2a+ 52
b I, -J'nﬁl:l'- -d--a?:lﬁ ry = +ab+a’ s = |bh*(2a+ b)j24
y 1, =B = k2 AT
c A= B I, =b'R12 :_-;. 2 Iy = Abhja=bK (4
| A A N
x.= W2 I, =bh'f3 F=h?f3
Yo= W2 L E j-r-z,-'s
[+—b— x _.,_l”{hzlhz'hﬁz ;'l.rf' Iﬁ:!,ﬂE
A=hia+by2 Pl aab ) 2 o ol +aab+b?)
a z, '—'—ﬂll—:l—‘ P
hi2a+ b) g+ & 2 18{a+ k)
L 3:_.-:r|fl_:l , _nFll.Eﬂ'lf'} I'_I_.l’l a+ b
T 12 . a b
} 1, =ka"bsin a2 72 =(asind)f fi2
A= absini 1. =[absinals? + a*cos 2 rE =6 +atenss |12
a b x.= (b '_am-li':u'z f:-I:F *hain 0 |3 1 v = (asinid )’ 3 1., =ka*bsin® dcost 12
; Yo e wndys 1, = labsindp +a et |3 ry =B+ acoi) 3
* ) |ab cosll )6

[ sinfioost J's

18
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For curved surface, separate the pressure force into horizontal and
vertical part. The horizontal part becomes plane surface and the vertical
force becomes weight.

F, = F = F, on the vertical projection

—
—

F, = weight of fluid above=W +F,

19
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4. The vertical forcgon the section ABC?

Water

20
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5. Horizontal force on section ABC?

Water

21
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6. What is the force on Fg per 1 m into paper required to hold the gate?

A (0 P =(0£+2)m X430

Water 2m - 62> ’Z: P[A‘ zgxqg{p)( )
- = 245254/
1:P S
C (hinge) [3> éé: Eb\/\ - 7‘—274(%/
F° n.A  25x(x D)
21“ Rm =0.033m
—)1 I
05m = G Fo X(o,g ~0.03)
¢ ) " lo. o M
F @ ’ =33 = J:/B)dm
= i 22
?I ]:8 = //458/[}5*
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3.00m

Frictionless’
Hinge

The rectangular homogeneous gate shown above
is 3.00 meters high and has a frictionless hinge
at the bottom. If the fluid on the left side of the
* gate has a mass of 1,600 kilograms per cubic
meter, the magnitude of the force F required per

meter of width to keep the gate closed is most
nearly

(A)  0KN/m
(B) 22KN/m
X(C) 24 kN/m
(D) 220 KN/m

23



ARCHIMEDES PRINCIPLE AND BUOYANCY
1. The buoyant force exerted on a submerged or floating
body is equal to the weight of the fluid displaced by the

body.
v
2. A floating body displaces a weight of fluid equal to its F — g .
own weight; i.e., a floating body is in equilibrium. buoyancy Jluid

The center of buoyancy is located at the centroid of the — X‘b[
displaced fluid volume. - Su b‘me T?Pol

In the case of a body lying at the interface of two immiscible ,K\

| |
submerged

fluids, the buoyant force equals the sum of the weights of the
fluids displaced by the body.

96. A 24 cm long rod floats vertically in water. It has
a 1 em?® croas section and a specific gravity of 0.6, Most

nearly, what length, L, is submerged?
W= Fp

1 W
| (2uem) x(1em)X 5. L9810

- % _ (x4

e

—

4o L=l .


Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank


7. A block-shape canoe has a 0.25 m draft shown empty. If a person of

mass IS to sit inside, will the canoe float (b) sink (c) neutral
water will just reach the brim)?

& 1m

—_—

L

T 0.25m
A 0.5m
|
-‘I’/MCy &0 7 Wtahoe 'l' WFPVSOM
| | — _
| (omnlommeano + (50698 =H

(b5 x 43l
[l
100

25
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ONE-DIMENSIONAL FLOWS

The Continuity Equation

So long as the flow Q is continuous, the continuity equation,
as applied to one-dimensional flows, states that the flow

passing two points (1 and 2) 1n a stream 1s equal at each point, >
A, = AV, Q_AV
(9 Q=Av U
m = pQ = pAv, where &
(é) == g Assuming a Now ol 40 in, the velocity (m/s) through the pipe is most nearly:
VQ = volumetric flow rate, Qﬁ a4 The diameter of the pipe is 0.3 m.
Jm = massflow rate, (Eél:l 54 - — —
—~———— P,
A = cross section of area of flow, Cy 1.4
_ D) 0.047 = AU
v = average flow velocity, and
p = the fluid density. 3 \ S
m
For steady, one-dimensional flow, m is a constant. If, in LPD = = Tr (9 \5 )< \/
addition, the density 1s constant, then () 1s constant. mi n I‘I"

\/:?.L[‘%C

26
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12. Calculate the density at B if the flow_is steady state.
At A, diameter = 10 cm, velocity = 15 m/s, density = 1 kg/m3
At B, diameter = 18 cm, velocity = 6 m/s, density = ? kg/m3

l d:(Ocm ’PA:[ (‘%mz

In \a = 15%
Out
=
ma = ™ME c\zl/silﬁ;:n
QVAAA = @;\/B A PBB; >

[ yeelrdr()=g <6< 416

= — ¥y /3
> f=om

27
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The Field Equation 1s denved when the energy equation 1s
applied to one-dimensional flows. Assuming no friction losses
and that no pump or turbine exists between sections 1 and 2 in
the systf:m

P,, P,= pressure at sections 1 and 2,

v,, v, = average velocity of the fluid at the sections,

z,, Z, = the vertical distance from a datum to the sections
(the potential energy),

Y = the specific weight of the fluid (pg), and

g = the acceleration of gravity.

0

FLUID MEASUREMENTS
The Pitot Tube — From the stagnation pressure equation for
an incompressible fluid,

= /(EX.()}{H] _F'.x) - JEg(;h - p\c)f’T, where

v = the velocity of the fluid,

p, = the stagnation pressure, and

p, = the static pressure of the fluid at the elevation where
the measurement is taken.

L : -

V2 E}
. 2

2 V=0
l

-
Dy 0
S= *

For a compressible fluid, use the above incompressible fluid
equation if the Mach number < 0.3.

+ Vemnard, J K., Elementary Fluid Mechanics, 6th ed., J.K. Vennard, 1954.28
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8. The velocity at A is 1 m/s. What is velocity at B if the flow is
Incompressible and frictionless (no energy loss)?

l?:l%?kPa)

\é}:[ms \/o—
Ae L»
Water
2 [T 7777 7777 /
fﬁ-t ,XA_-{- ‘('}77 Mercury, SG= @
25

000\

[ >
7000P), +QM> _ f’i B 0= 9
9%l0  2x9¢] 180 2x¢¥]

" 3100 F,
0+ 98lox05m — é;/oy?f Nl )

CQrc Y)

|3.6:98(0
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9. The pipe centerline pressure just below the menometer (static tube) is
19k Pa (gage). How high will the liquid rise in the manometej tube?
-

A{é\/

h

%:5 m/s

EEEE— @

density £ 897 kg/m?3

P, — hx (gqr]%) (181%) = O
n c ¢

| Gooof
> = 2.16 ",
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10. A Pitot/static tube inserted in a water flow as shown reads a static
pressure 50 mm(Hg) and a st_agLatian pressure 55 mm (Hg). What is
the water velocity? - Dy

sehe itk $G7B4

H@\Z";‘" l’—;:é“""‘""”j
Q ——» ° :ﬁ.ﬂ
A B
0
_Y_\'— 24 A - Zol
2 rEnm /3 (X8I0
Somn 13698 Ve - ,‘_@/—
1909 T ‘p_xq,@] Q1o

VA =15 % 31
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38. A perfect venturi with a throat dismeter of 1.8 em
is placed horizontally in & pipe with a 5 em inside di-
ameter. Eight kg of water flow through the pipe each
second. What is most nearly the difference between the
pipe and venturi throat static pressures?

(A) 30 kPa
(B) 490 kPa P’P — ?
EG} 640 kPa L > .

D) 970 kPa

r

Venturi Meters

0= CoA, : ‘/gg[%+zl_%—zz),whcrc
| _

C,= the coefficient of velocity, and
T = Pg.

The above E:quatlc-n is for incompressible fluids.

dl=5cm d2=1.8cm

- L&Y Mass rate = 8 kg/sec
\ — — 27
\/A(L—l/v({%j)—\/g (%H(WQJ Ve, _&+_22+4\
L L : @z y 29 /" y 29
S — % x \/a X7 T (e 2 2
Z?CR (Oooﬁz.x\/;\ iz )
S =40 Vs o o G0 9
>SUs\a=T
£ _ (ooox\/exiiv@fs) Ha
sec
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14. A venture meter is used to measure flow velocity. Given the
manometer reading as shown below, what is the velocity at section A?

100k Pa

70k Pa

2

° @ e Diameter =5 cm
A B
Diameter =
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Orifices The cross-sectional area at the vena contracta 4, 1s

characterized by a coefficient of contraction C_and given by _ »
. Submerged Orifice operating under steady-flow conditions:

C A Jomers
] D, ™
) ) ) ) Q= 4y, = Q-CvA-jzg(kl ~ )
where C, the coefficient of the meter (orifice coefficient), is _ CA gl — 1)
given by '
in which the product of C and C, is defined as the coefficient
C = GG of discharge of the orifice.
2 2
J1 - C(4/4)
¢ GRIFICES AND THEIR NOMINAL CORFFICIENTS Orifice Discharging Freely into Atmosphere
L]
SHART | mounpED | sHORT TUBE BORDA _ AE." _ 7
o —_— _ h
| = 1 ,
[+ 0.61 0.98 0.80 0.51 ___—_F—r\
g | o062 1,00 1,00 052 Aol Az
Gy 0.58 0.88 0.80 0.88
_ _ _ _ Q = C4, /2gh
1_:Dr mﬂ:tmprcsmb]c flow through a horizontal orifice meter in which 4 is measured from the liquid surface to the centroig 4
installation of the orifice opening.

0 = Cy [2(p, - Py)
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EGL: Energy Grade Line

2
V
Py

y 29

(total head line)

HGL: Hydraulic Grade Line

Ly,

4

(piezometric head line)

HGL and EGL EGL
=== it 2
Large 2_g because
smaller pipe here
Steeper EGL and HGL
because greater /1
per length of pipe
Head loss
at outlet
4 EGL and HGL
v
) — Dg =____FDN,
/T 4 VAR
( S -
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Example EGL & HGL
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STEADY, INCOMPRESSIBLE FLOW IN CONDUITS

AND PIPES
The energy equation for incompressible flow is
L N S
Py M P |
|ﬂl‘g‘l'Z|‘|'2‘g—.':.:"g‘l'Zz‘l' +1¢IJ,-
{sz = the head loss, considered a friction effect, and all
_——

remaining terms are defined

If the cross-sectional area and the elevation of the pipe are the
same at both sections (1 and 2), thenz, =z, and v, = v,.

The pressure drop p, — p,is given by the following:

Pi—P>=Yh, = pgh,
The Darcy-Weisbach equation is

L v
hy _fD 2" where

fiRe, e/D), the Maody or Darcy friction factor,
= diameter of the pipe,

= length over which the pressure drop occurs,

= roughness factor for the pipe, and all other symbols
are defined as before.

\ & NI
[

An altemative formulation employed by chemical engineers is

2
— LVE - zﬁnnﬁng Lv
h..l" - (4Jf;~'nnr:[ng )D_zg - D—g
Fanning friction factor, frumng = %
A chart that gives f versus Re for various values of /D, known

as a Moody or Stanton diagram, is available at the end of this
section.

Friction Factor for Laminar Flow

The equation for Q in terms of the pressure drop Apis the
Hagen-Poiseuille equation. This relation is valid only for flow
in the laminar region.

nR*Ap, wD*Ap,
Q=" = 128uL

Flow in Noncircular Conduits
Analysis of flow in conduits having a noncircular cross section

uses the hydraulic radius Ry, or the hydraulic diameter Dy, as
follows

R, — cross-scctionalarea _ Dy 37
H wetted perimeter 4
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Moody Diagram

Material e (ft)
0.0 Riveted steel 0.003-0.03
) Concrete 0.001-0.01
0,09 Cast iron 000085
Galvanized iron 0.0005
0.08 _ | Commercial steel or wrought iron 0.00015
Drawn tubing 0.000005
.07 1] N
. % 004
008 H'u SHEl R 0.03
NEEINSUA
0.05 ol A L =
a4 "1. ¥ . M — i 002
f=— > adak :‘:: 4 SR S S S S AR S Y
Re 004 ] % :; :} '1._____‘ N PULLY RCUGH
.IL'I. L_E e B ] 5 | |. J 0010 e
Ny ]
— \ RALNS e [~ 0008 N\
n:_ -1 \"l,ﬁ‘ ey ]|
& AN =|- o008 U
003 = et | I
o \ “\ l=|=.|. A o004 O
= <
s \ ma %) o
E } --.______L--? L
5 | =5 T o =
= : =au <
L 002 r - = 00010 %
g L~ y 00008
=TT ' I EET o0
[
3 0.0004
—_— T
E { S [ N 0.0002
e b == Suni=tinY asec
‘I. :"\::"1 Tty
0.010 . 0.00000
0.009 "":F"“u-___
- —
0,008 | . 0,00001
102 2 34 & 10# 2 3 5 105 2 3 B ne 2 3 5 107 2 108

REYNOLDS NUMBER, Re

Dvp.
m

0.9-9.0
03-3.0
025
0.15
0.046
0.0015
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13. Calculate the frictional head loss per 10 m.of 30cm-diameter
concrete pipe (¢ = 0.5mm). The fluid is stand air at 15°C and velocitye4_

([Ze , > ~—10m—

YB OQ"W'
M 2ty

|\ 0(00[6
by x S0

(GO

[ X1 °

| 2
Q)'%w/% 0.0

o™ @L'V) 09"

Z
hi=d 55 =025 s

(O'o
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Minor Losses in Pipe Fittings, Contractions, and
Expansions

Head losses also occur as the fluid flows through pipe
fittings (i.e., elbows, valves, couplings, etc.) and sudden pipe
contractions and expansions.

2 2
4 Vi _ B Va
T+E|+E—T+ZQ+E+}If‘l‘hﬁﬁmng
n Vi _p v

2
I siing = Co— ;g’ and ;—g = 1 velocity head
Specific fittings have characteristic values of C, which will
be provided in the problem statement. A generally accepted
nominal value for head loss in well-streamlined gradual
contractions 18

B guing = 004 V¥ 28

=3 >

The head loss at either an entrance or exit of a pipe from or to
a reservoir is also given by the 5, equation. Values for C
for various cases are shown as follows.

| =
V—= V— W V—
SHARP EXIT PROTRUDING SHARP ROUND
C=1.0 PIPE ENTRANCE ENTRAMNCE ENTRAMCE
C=08 C=058 C=041

P i ﬂp
7A+_+Z ‘}(pump B+_+Z +h +hf f'ttln9+1 turbine l

PUMP POWER EQUATION Turbine:
W = Qj@’l] = (Jpgh/7, where .

—  volumetric flow (m’/s or cfs),
head (m or ft) the fluid has to be lifted,

efficiency, and
= power (watts or ft-Ibfisec).

40


Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank

Frank


The drag force F,on objects immersed in a large body of
flowing fluid or objects moving through a stagnant fluid 1s

Fy, = Cp szA, where
the drag coefficient,

the velocity (m/s) of the flowing fluid or moving
object, and

the projected area (m?) of blunt objects such as
spheres, ellipsoids, disks, and plates, cylinders,
ellipses, and air foils with axes perpendicular to the
flow.

For flat plates placed parallel with the flow
C,= 1.33/Re™(10°<Re < 5 x 107
Cp=0.031/Re"7 (10°< Re < 10%)

The charactenistic length in the Reynolds Number (Re) 1s the
length of the plate parallel with the flow. For blunt objects, the
charactenistic length 1s the largest linear dimension (diameter
of cylinder, sphere, disk, etc.) which is perpendicular to the
flow.

67. The drag coefficient for a car with a frontal area of 27 fi? is 0.32. Assuming the density of air to be
2 4x10°3 slugs/ft3, the drag force (Ib) on this car when driven at 60 mph against a head wind of 20

mph 1s most nearly
OA. 37

1 B. 83
OC. 148
O D. 185

41
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DRAG COEFFICIENT FOR SPFHERES, DISES, AND CY LINDERS

24

/"““‘E-““m

1 |
NG 7
"
\ i
Ty h.'\,"'.'.
b b
10,000 - -
I
~ ) wumr%#
- ' “:h X TR S
ST oo ST
% ]
| <+ e
5 Y iy | —DISEKS T
N i
E 100 h
s . H
E g \:'“q b= CYLINDERS O
S BUbE '
g 1} ™ 'ﬁ:?."_';
= o
- ’..K\
L b 3 H—t= o
1o .'q“'--_;‘_--_ ""E:_---._.-. ---=_I-':.ll £ |
= -
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. 1\-" -
[nl s n}] (ol w) ] ool [ | 1. i 1 [ ] 00 000 Pl el n] 0 a0y a0
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Pipe Bends, Enlargements, and Contractions

The force exerted by a flowing fluid on a bend, enlargement,
or contraction in a pipe line may be computed using the
impulse-momentum principle.

L]

Fa=p,A,

}\ :r =1 v Fi=p,A; l:i
Ay F, F V.
pAd,—p,A,cos o — Fx= 0Op (v,cos 0L—v,)
F — W—p,4,sin o = Op (v,sin ol — 0), where
F=the force exerted by the bend on the fluid (the force
exerted by the fluid on the bend is equal in magnitude and

opposite in sign), F_and F, are the x-component and
y-component of the force,

F>0 push object to right
F<0 push object to left

Deflectors and Blades
Fixed Blade

. Vg

F OM BLADE ¥

~ F,= 0p(v,c0s 0. v,)
F,= 0p(v,sin 0.~ 0)

Moving Blade

. FIMAL DIRECTION OF

JET RELATIVE TO BLADE —7/’ Vi—v P Er;:l;:_“m

—F, = 0p(vy,—Vy,) o
=— 0Op(v,— v)(1 —cos o)
F:p = thvzy_ VL.J
= + Op(v,— V) sin o, where

v = the velocity of the blade.
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15. A horizontal nozzle sends out a water jet at 10 m/s towards the
vertical plate as shown. If the nozzle diameter is 1 cm, find the force F
required to hold the plate stationary.

N

44



16. The cart is originally locked. Incompressible airflow passes through
the fixture as shown. Which way will the cart go if the wheels are
released?

(a) to the left (b) to the right (c) motionless

Al
V1

A2

e

Al1>A2

O O
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2. Water flows at a steady rate through the horizontal shown. The following
data apply the figure. (a) What is V;? (b) What is the horizontal thrust on the

Z —
—

V,=6m/s

2) D,=0.2m

flange AB? V,=?
p,=120kPa  (3)D3=0.1m
pl <
@ & e
) free jet

—~—d) \

Vl—;ij

V=3m/s (1) 5

D,=0.5m

ﬁ,\ =
|~ frec jet

\ J -
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DIMENSIONAL HOMOGENEITY AND » Dimensional equation:
DIMENSIONAL ANALYSIS D— fd v
Equations that are in a form that do not depend on the = f(dVop.n)
fundamental units of measurement are called dimensionally
homogeneous equations. A special form of the dimensionally
homogeneous equation is one that nvolves only dimensionless Buckingham’s Pi Theorem:

groups of terms.
- -1 - - -1 - -3 - —17-1
Buckingham’s Theorem: The number of independent D=MLT™.d=1.V=LT""p=ML™ p = MLTT

dimensionless groups th;at may be ﬁﬂ}plﬂjﬁq to describe a Thus.
phenomenon known to involve n variables is equal to the
number (n — F), where 7 is the number of basic dimensions n=5(D.d. V. p.u)
(i.e., M, L, T) needed to express the variables dimensionally.
r=3WM.L.T)
~ k = n —r = 2 P1 parameters

F 0
I, =—— |lor ——|=C
1™ syip? Loua D
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SIMILITUDE

In order to use a model to simulate the conditions of the
prototype, the model must be geomerrically, kinematically,

Dimensionless parameters

and dynamically similar to the prototype system.

To obtain dynamic simularity between two flow pictures, all
independent force ratios that can be written must be the same
in both the model and the prototype. Thus, dynamic similarity
between two flow pictures (when all possible forces are
acting) is expressed in the five simultaneous equations below.

T S R S
B RCICRCTERCTERETE

2

.pv .

_|PV¥
L P, P .
.v.fp vip| -
—| =|="| =[Rel, =[Re],
L P m
[v? v’
—\ =|—| =|Fr|, =|Fr|,
o] o
[ 2 2
vl et fea), ~fcal.
L Y odp Yo dm
vl [pw?i| _ -
5 - _[WE];:- —[WE:]M

F, = inertia force,

F, = pressure force,

F, = viscous force,

F. = gravity force,

F. = elastic force,

F = surface tension force,
Re = Reynolds number,
We = Weber number,

Ca = Cauchy number,

Fr = Froude number,

I = charactenstic length,
= velocity,

= density,

= surface tension,

= bulk modulus,

= dynamic viscosity,
= pressure, and

= acceleration of gravity.
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Prototype

water —» 9 Model

water —» 1

Example
If a flow rate of 0.2m*/s is measured over a 9 tol scale model of a weir, what flow rate

can be expected on the prototype?

If the model force is at 1000N, what will be the force on the prototype?

49



3. We wish to determine the wind force on a water tower when a wind normal to the
centerline of the water tower is 60 km/h. To do this we examine in a water tunnel a
geometrically similar model reduced by 1/20 scale. (a) What should the water tunnel
veoclity be if Reynolds number is used for dynamic similarity?

(b) If the force on the model is measured at 100 N, what is the projected force on
the prototype

(c) What is the expected ratio of torque about the base of the tower? i.e. prototype
torque /model torque

Prototype

Wind —» 20 Model

50



17. Ignore the mass and friction of the sprinklers, which one spins
faster? The sprinkler nozzle diameters are identical. The velocity of the
jet are also identical.

(a) left one (b) right one (c) the same

m 1im 2m 1m im

51



Additional Problems
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UID MECHANICS AND FLUID MACHINERY
shlem 40

sphere, 10 cmin diameter, flonts in 20°C water with

Lot ity vohume submerged. The density of water at
" s 998 lgr/m®. The mass of the sphere is most
nrly

(A) 0.20 ky,
(1) 0.26 kg
(C) 030 ky,
(D) 2.6 kg

lution
o buoyant foree i equad to the weight of Lhe sphere
W xs [y =2 my
Panear VY

u submerged volime iy

fﬁeﬁ

v W,’g Vnpllum

<i> (u)”’
(;) ((’:) (0.1 m)*
T.2618 x 10 m?
" = PusteeV
: (mm kg )(() 2618 % 107 m")
#0200 Ky (0.26 kyr)

o answaer is 13,

slem 41

ectangilar pito 0.5 mowide is loeated inon fresh widkor
Kk at o slope of 45°C, as shown. “The pgate is Ningged
g bhe top edgge and s held in place by a foree 2
hotton edpe.

frosh
watar

Neglecting the weight of the gate and any friction
the hinge, the force &' is most nenrly

(A) 21 kN

(13) 32 kN

() 36 kN

(D) a3 kN

Solution

-

Pl A

.
Lwwror =

lar
: (mnn F::') («nu )((; 5 ) sin 5

% (0.5 m)(3 m)
- G763 N
i m
2

Yy ™ 5

0.5 m

Tho loeation of this force iy

Ly
Yep == i A b Yo
- -hlx'
= da_ 1 Yoy
Weghlt

(ll'),) (0.5 m)(3 m)?
(6.5 m)(0.5 m)(3 m)
= B.6154 m
>_: Miiuge =
Hm) = (3 m)
(li7lHlN)(lI 154 m -

3
= 36418 N (36 kN)

6.5 m

1';vnlm ('.'/c:p

o 5 m)

Tha answor is .

0

Problem 42
Water  Hows  steadily  through  the  contraction
shown,

Dy = Sem

PR
maercury (SG = 13.58)

Phe velocity at section L is most nearly

(A) L0 m/s
() Ldm/s
(C) l 8 m/s
(D) 22m/s

Solntwn FGOQ Y b 63

Hernoullis equation is

2 ), vl
L = T M
Moyt 29 My 29
.
)y =27
l)l 4 10 em\? i
v ==
1= U-; : Hem y
=4dvy

Substituting into Bernoulli’s equation,

p-pa LBV — v} _lavi
T g R N

m 2 = hg(puy — pw)

ILﬂ"G%I%
Pl P
L (""‘. 1)!1
24 M
o it
«y Prig
v} [ 2HE )
" \,/(m) (2 1)

rm@mm

- S/} (1358 - 1)(0.06 m)
)

=0.9936 m/s (1.0 m/s)

The nnswer is A.

Prafessional Publications, Inc.

Problem 43

Water flows in an inelined constant-dimneter pipe. At
point I, py = 235 kPa, and the elevation is z; = 20 in.
At point 2, pa = 200 kP, and za = 22 m. The friction
hend loss between the two sections is most nenrly

(A) 0.80 m
(B) 1L2m
(C) 1.6m
(D) LYm

Pase b5

Solution
3
) vy V :
4 ’.l‘ "ll:’{,‘{ k- fza ’l/. 1
Mmoo 2 (Y
vy = Vg
m -
h e e e
Iy a y §Ty

(235 kP 200 kP'n) \llll)() klll )

i Ty
(umu __) (o )

20 m — 22 m

= L5668 m (1.6 m)

T'he answer is C,

Problem 44

Water at 32°C flows nt 2 m/y in a pipe having an in-
side dinmeter of 3 e, The viseosity of the water is
769 % 1070 Nea/m?, nndd the deosity is 995 kg/m?®, 1f
the relntive ronghness of the pipe i 0.002, the friction

factor is most nearly
P

(A) 0.025
(1B) 0.030
(©) 0.035
(D) 0.040

Solution
The kinemntic viscoyity is

769 % 10 0 =2

s e

p 905 I,“'
m?!

= 0778 x 107" m*/s

The Reynolds number is

u I 0.03 m
Re = L = —(— 3 ) : )
v

0.773 x 10-9 —

m*

=T7620  [turbulent lluw]

FWM +4€ Mvo# t/JhJ tam -F:: 0.0254¢
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/ A river has a continuous water flow of 10 m?/s be-
= tween two bridges that are 1000 m apart. At bridge A, 5_
upstream, the river has a cross-sectional area of 150 me
while at bridge B, downstream, the river has a cross-
sectional area of 100 m?. The increase in water velocity
between the two bridges is most nearly

[A) 0.033 m/s Vg-Vg = %‘ O (F‘“ae_62>
A

(B) 0.067 m/s Psg
(C) 0.075 m/s \0 \©
D) 0.130 m/s T AL
(D) 0.130 m/ el
= ~0.033 |
2 Water flows at 20°C through 10 m of 8 mm inside
2 diameter smooth glass pipe at 2.0 m/s. The friction fac-
tor for glass is 0.0180. The head loss caused by friction
18 most nearly o 1
b :
Rep 65% b= £135 = oolf md

\&® 0

‘:L}-,S"im ¢

3 A centrifugal pump lifts groundwater 100 m verti-
. cally to a surface storage tank at a rate of 0.25 m?/s.
The purnp has a 75% efficiency. The power required to
drive this pump is most nearly I7
&rh -

X{A) 330 kW R(?Q 65 W =

(B) 350 kW
(C) 480 kW o X oD
(D) 500 kW = gt
& 75
=327 kw
4’ A capillary tube 3.8 mm in diameter is placed in a

bt.ake,r of 40°C distilled water. The surface tension is
0.0696 N/m, and the angle made by the water with the
wetted tube wall is negligible. The specific weight of
* water at thig temperature is 9.730 kN/m3. The height
to which the water will rise in the tube is most nearly

(A) 1.2 mm PGL)C 69”, L= 4o o 9.

(B) 3.6 mm / r
X(C) 7.5 mm o
(D) 9.2 mun = o, Dfﬁéx w50
Q730 x 3.8
..o.oo)gh, Tiooo
= .5 mm

A reservour with a water sucface at an elevation of
200 m drains through a 1 m inside diameter pipe with
the outlet at an elevation of 180 m. The pipe outlet
empties to atmospheric pressure. The total head losses
in the pipe and fittings are I8 m. Assume a steady,
incompressible flow of 4.92 m?/s.

A turbine is installed at the pipe outlet. The chosen

turbine has an efficiency of 85% and does not add any

head loss to the system. The expected power output of o
the turbine is most nearly !

. 4, u
(A) v PR e E P \/l o d

( ) mo kW T \‘ “ 5
(D) 120 kW ¥ Seom ‘), ° \%o By
h‘tﬂ‘:‘g&'ue:lm ‘\

Problems 10 and 11 are based on the following informa- L}:sz‘ﬁfo
tion, X 2% .35

A cirenlar sewer with a 1.5 m inside diameter is designed 492051\0
for a flow rate of 15 m?/s when flowing full. Assume

that the Manning roughness coeflicient and Darcy fric-

tion factor are constant with depth of How.

The flow rate when the depth of fow is 0.50 m is

most nearly
: >oge \bol (o Gy il
(A) 1711\‘)/:. ¥ P 3*3- %:[_‘Eig
v(li, 3.4 m'/s %
(C) 5.0 m:‘/s - il 2 1;)(/5
i =0.23 > Q=0
(D) 7:5mY/s E—Eut\ —345

The velocity of low when the depth of flow is 0.50 m

is most nearly i
(A) 2.8 m/s PDSQ H)D i =
B) m/s )UK i —_—
) o O e e T
v(D) 6.6 m/s o

An open tank contains 8.0 m of waler beneath

1.5 m of kerosene. Kerosene has a specific weight of

8.0 kN/m®. The pressure at the kerosene/water inter-

face is most nearly
(A) 3.5 kPa L kEm P:Y[:h
(B) 50 kPa m o
(C) 80 kPa e h&m

X (D) 12 kPa Faag 2l -2 kR

- 12000 P

Water flows through a 30.0 cm inside diameter pipe
at an initial velocity of 1.9 m/min. The pipe diameter
subsequently reduces to 15.0 cm before disc harging into
an open channel. The discharge velocity is most nearly
(A) 3.8 m/min rgae ° 63 AV = AV o
x(l?) vl.5‘m/m?n :RCSD)XI.CF%U';)X\L ‘
(C) 8.6 m/min
(D) 9.3 m/min L= ‘7
=6 hin
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Comeept : Fx3=Fpx L ; g ) N
JET F P é 6 .
- Fp RGP FLOW ——= s bt b
JET AREA=0.01 m* "\ ‘ Be (\awsd-V \
- = > e
(s Puge 631 po= W S JET SPEED = 30 m/s PLATE ” : ¢ (Vs
-~ o .
= |boo ~9Q.8( % [5x St A horizontal jet of water (density = 1,000 =304 D'Dl x looo % CD"?"’}
P kilograms per cubic meter) is deflected A
: A /2 il .
Frictionless = A3S 4, perpendicularly to the original jet dfream by n A =-q kA LOn Pude)
Hinge | plate with an area of 0.500 square meter as =000
i = =335 X 3X shown above. The magnitude of force . required
The rectangular homogeneous gate shown above FP P to hold the plate is most nearly Fe ’F! il kA) & 'ELG‘ P(q.t-e >
is 3.00 meters high and has a frictionless hinge =Nob32 N
at the bottom. If the fluid on the left side of the (A) 45kN
gate has a mass of 1,600 kilograms per cubic —;, Y"X*.-_ Sin o (1&2 F‘ ' (,5’ &Y A (B) B88kN
meter, the magnitude of the force I required per s "—PT— . m.}‘) (C) 45.0 kN
meter of width to keep the gate closed is most . & | X‘I!’ (D) 88.0kN
nearly ; . _ 1hooxq.RIx 75~ x$3nq0
(A) 0 kN/m f 0632
(B) 22 kN/m il
%(C) 24 kN/m =AROM
(D) 220 kN/m L= Ii5-0.5= | m
A concrete sanitary sewer is 400 feet long and | /
4 2354%¢ 13.. T : e o
Which of the following statements is true of F'X 3= '7 0632 2| > e 30 inches in diameter. It ﬂng full wnth9ut Lol % Lol 307
K0Sy’ ~33.5 k4 surcharge between a manhole (invert elevation r; ' ,
visesaiy { A 101.00) and a lift station (invert elevation e = AT ‘A‘-D?z
100.00). If the Manniag roughness coefTicient is PT e

(A) 1tis the ratio of inertial to viscous force, 0.013 and is assumed to be constant with depth

; R
(B) 1t always has a large effect on the value of ' (7°ﬂe b ) : Z£= ,I/ %, 1 of flow, the capacity of the sewer is most nearly |_;4,\‘] R%GI— A (_%‘1@. 6’7)

the friction factor. ANA = :
©) Itis the ratio of the st (R A wy me 1 e
X (C) It is the ratio of the shear stress to the rate 7 A B) 98ecfs - 2 ) (—*) TM(3 R =2.56 o
of sheur defonmation, & b 4 _LNL__L——.—“E’ v(C) 20.5 efs N w.0(3 Y e
(D) Itis usually low when turbulent forces M= oV vute of sLaw ﬂ/""ﬁ"‘”m (D) 32.6cfs
predominate, T:'é A
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Question 1415

A water supply system draws water from a river at an elevation of 800 fect and delivers it to a holding reservour at
an olevation of 820 feet. The pipeline that delivers water to the reservoir is 1,000 feet long and is 10-inch-diameter
cast iron. Minor losses and entrance/exit losses are negligible. A single purp is used. Pump characteristics arc

shown in the figure below.
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[4[. If (riction losses are calculated using the Darcy
* equation with a friction factor £ = 0.02, the head
loss in the 1,000-foot force main for a flow rate

of 1,500 gpm is most nearly

(A)  4.15 fect
(B) 11.63 fect
v(C) 13.96 feet
(D) 20.00 feet
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1,000 ¢.» 6.2 20-30V* 47
1,500 14.0 45
2,000 24.9
2,500 39.0 34
3,000 52.6 28

If friction losses are calculated using the Darcy
cquation with a friction factor £ = 0.02, the
pumping rate ol the pump is most nearly
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