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Fluid concept

« Fluid mechanics is a division in applied mechanics related
to the behaviour of liquid or gas which is either in rest or
in motion.

. The study related to a fluid in rest or stationary is
referred to fluid static, otherwise it is referred to as
fluid dynamic.

. Fluid can be defined as a substance which can deform
continuously when being subjected to shear stress at
any magnitude. In other words, it can flow continuously
as a result of shearing action. This includes any liquid or
gas.
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Fluid concept

. Thus, with exception to solids, any other matters can
be categorised as fluid.

- Examples of typical fluid used in engineering
applications are water, oil and air.

Free

Static
surface

deflection

\ Solid / Liquid
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Units and Dimensions

1 Dimensions

Mass  Lengh  Time  Force
M L T F

Types of systems
- M-L-T system
i~ F-L-T system

Force = Mass * Acceleration

Dr. Amir Mobasher
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Units and Dimensions

2" Units
System  /  Quantity | Mass | Length | Time | Force
Standard International (S.I) | kg m sec | N
French System (c.g.s.) gm cm | sec | dyne
British (English) slug ft sec | Ib
Kilogram weight system kg m sec | kgy
N
Units and Dimensions
1- Length (1
1 ft =12inch yard=3 ft m =100 cm
=354 om mile = 1760 yard ' feet, "> inch
e.g. mile = 1760%3%0.3048
1fi =12*2.54 =1609 m 1
=30.48 cm - Im= 93048
1ft =0.3048m 3284t

Dr. Amir Mobasher
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Units and Dimensions

2- Mass (m)

[Vslug = usdkg| ,  1ton=loooly  Ikg = 10003m

3~ Volume (W)

2>

lw = looo litve — 10° cm R lgallon = 3-735 litre
L - Veloity (V)
V= lenath = \_T_' (mlsec) o (Bt /sec)
Eime
5 - Acceleyation (a)
a = Velaty _ JLv _ LT‘z
Eime ot
Dr. Amir Mobasher 7
= JEE
Units and Dimensions
6 - Gravitational accelayation (3)
3 = 4.3) \m]sec.z 9-22.2 ftfsed
F- Force (F)
F = wass x accelavabion _ MLT-Z
N = Ka.m/sec?
dgne = am.cmlsed
Ly = slug. [sect Ky = 1.8 N
e

N = o Ayne lt%:h-nw] UK% = 2-265 zﬂ

Dr. Amir Mobasher




"
Units and Dimensions
8 - Dewnsity (2)

-3
Volume ¥
| am/cm> = 000 K fm> = |44 siugff’tg
Oensity of water
System SI C.9.5. English
Lo oo Kslw \ om fcm’ 19y slug [ 6
= JEE
Units and Dimensions
9 - ‘Sjecific Weight (‘6)
e -3 -2_-2
5: Weisht = E_ = FL = ML T
Vol ¥ -
0iyme \MLTz
¥= 3
Specibic  weight of water
System S1 C.9.5. English
T 4810 Nlw® | 93] dynekn| 624 (o[

Dr. Amir Mobasher
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Units and Dimensions

lo- 5feCiEIC Volume — %

- S\DeCiL‘c Yvavity (%.C».)

S.¢=td = Ayad
/oqu‘EV
Mexcury

9.';/
.6 oc HS = 136
KH'S = 126 \6wal‘€\’

Dr. Amir Mobasher

Units and Dimensions

12 - Pyrescure (P), = Stress (T)

P= T = Force — #9h
ﬁ‘(-Ea.
Pa (Pascal) — Nlm?
Psi = PO\-W\QLS per Square nch
Pof = pounds per Square Ceet
“r Convert f=1 Psi — Psét
- \g’r = 12 inch
2 2
P = | Ly x (12) inch
inch? fe?
1 Poi = Iuy Pof

Dr. Amir Mobasher

M—l L3

_—
=

Relative Lepsity (v.d)

| < 136 ¥ 62:4

M (’no Units)
‘6 waber
13-6 % 4810 o1

English

11

-2 -1_-2
= FL =MmLT

(é‘o fin(.‘v\z)
(Lot

luy €/ e
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Units and Dimensions

1% - Discharge (@)

Saaill

1/14/2013

-
Q= Volume - ¥ _ Veloity xAvea = V.A = VT

Eime

Dr. Amir Mobasher
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Units and Dimensions

\m”&&c = 106 CW'S/SQ‘-
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Commonly used

Quantity dimensions BG (English) Units SI units
Acceleration (a) LT* fi/sec” /s’

Force (F) ForMLT” Ib (slug.ft/sec”) N (kgm/sec’)
Area (A) L’ ig w’

Density (p) ML shug/ft’ ke/m®

Energy, work or

quan%i}tfy of heat FL ft.Ib N.m=Joul (J)
Flowrate (Q) L3T! ft¥/sec (cfs) m’/s

Frequency T! cycle/sec (sec™) Hz (hertz, s
Kinematic viscosity (v) L'T! ft'/sec m’s

Power FLT! ft.lb/sec N.m/s = Watt (W)
Pressure (p) FL* Ib/in® (psi) N/m’ = Pascal (Pa)
Specific weight (7) FL? 1b/fE (pef) N/m?

Velocity (V) LT! ft/sec (fps) m/s

Viscosity (1) FTL* Ib sec/ft* N.s/m’

Volume (¥) I f’ m’

Dr. Amir Mobasher
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Units and Dimensions

4= Mo\mehtuv;) = YNnass *\fﬁlocftj — Fovce x Eime

15 - Eneray (E) = WorK = Torque (T) — Moment

Work — Force sdistance = F.| _ MI2T -

Joule = N.m
Gla )
\6 - No og ‘(E\lolqt"ohs (N) = (Y\) Sfeeri of Rotaction.

N = vo. of revolqtions/minute (Y-P.m.)

n = no. of veyolutions/ Second (v.e. )

Dr. Amir Mobasher 15
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Units and Dimensions

17 - Anaular Vﬁ!otitj () &l as

w
: 2N (vad/sec) >
&

V = wy (mlsec) or (?t/sec]

W=

1

4
3

13 - Power (P)

-1 -3
P~ Force x Veloity = FLT - ML T
watt = N.m/sec \'P:HorSePower: watt /735

1/14/2013
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Fluids Properties

- Surface tension (o)

Surface tension (o): A liquid’s ability to resist tension
- Capillarity
&

Adhesion > Cohesion Cohesion > Adhesion

Cohesion: Inner force between liquid molecules.
Dr. Amir Mobasher Adhesion: Attraction force between liquids, and a solid sutface.

" JE
Fluids Properties

- Capillarity
—
G‘LTTOL) Cost® = T_(i-'z* \’\*‘6
G
W= 46 Cosl =] T
¥ h
= |B J— ————————————————————
—f 2R —
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Fluids Properties

- Water droplets
G
-'-
v
?o - P{ T
—_—
_’
(P‘. —
b -0 = 2o
\g
or
AP = Le
Dr. Amir Mobasher . E— ' 19
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Fluids Properties

- Viscosity

F
y Voooil
‘ I
F ooV e
F e L T = AL/AY] Newton's eqn of Nistsity
9 ( LAY
F « A y, —
Sheav Viscosity  Velocity
F o \l stress aYG&iQV\t
A E)
tawB= dV Friction force
a3

Dr. Amir Mobasher 20
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Fluids Properties

- Viscosity
- -2
ML'T FLT
W= T3 _ Ko _ N sec = a5
" Yn.Sec mZ
= 3m = dume. sec _ Poise
Cm. Sec Cm?
slug  _ Lb. sec
ft. sec fe?
~ o0-0elf. 5
foise = ol fas watex )
~ 0.0l poiSe
Dr. Amir Mobasher
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Fluids Properties
- Kinematic Viscosity ()

- 2.
Z ML ?
J = (Cm2/5e°) = Stoke
= (m?/sec) o (Be*/sec)
Stoke = Lot w/sec
Uy = 1o % wilsee  — 107 stoke

Dr. Amir Mobasher
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Applications of Viscosity
1- Plate moving with uniform velocity

0. aqainst o horitontal Plane

Resis tance (Fﬁctfmn Force) - TA

F= MY A
3

Dr. Amir Mobasher

Fied Surface (Bearing)

23

Applications of Viscosity
1- Plate moving with uniform velocity

b- between 2 Planes

F= T,ﬂ *Tzﬂ
T=mY
9
T2=MY.
32

Dr. Amir Mobasher
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Bearing
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Applications of Viscosity
1- Plate moving with uniform velocity

C- %aihst an inclined Plane

ak uniborm \eloity = (EF:O)

Wsihg = M%H

Dr. Amir Mobasher

Applications of Viscosity
2- Cylinder moving with uniform velocity

o - Lnner Cu\ind.er Moving \wriionl:all'j

1/14/2013
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Applications of Viscosity
2- Cylinder moving with uniform velocity

b- Lnner Cylnder Moving VerbiCqu andey Jravity

W=M%H

A - 2Ty L

W= M1 _V_... 2maL
V2-Y,

Dr. Amir Mobasher
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Applications of Viscosity
2- Cylinder moving with uniform velocity

’

Bearing

~h NN N e N

C - Ouker Moving and  Ehe imey gikec{

W = ,u..\:l;A
Q:QT\'EL
"3'—'-(1"'(1

W=m Vv aTgl

Ya-Y,

Dr. Amir Mobasher
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Hydrostatic Pressure

Free S‘Meﬂtfe

PG.SquS hja‘.{aStq,bc e1blﬂLtiOh

Presure  Sfecific Pressure
\Netj\nt head

units = Nlm? = Pa 00/9%3_Psf  Lblinch = Psi

' Patm 1 '
n . 10\-3 x.\03 NIMZ
~ . (9 age) (abselute)

.G‘ auﬁ e Pressufe

It is the opressure measured by an  IhSErument , in which

Che abmospheric pressure  is taKen as a datum

Absolute Pressure

lE is the Sum of the atmospheric and gauge Pressure

Po..\as —a pa,tm + Pgaae_ -

15



x5 | +Ve 9aqe | @ o

Pf-‘l dage _
 Datum | Standard Atwmoseheric Pressure
~Ve gege e aage
Pﬂ Pat'm B »
Qb3 "~ Suction, VaCuum, -ve Ressure '
PB abS
Oatum2  Absolute Zero (complete Vacuum)
Q-2
Pr = 20 KPa  (3age)
Pp. = 10132 +20 = |21.3 XPa (absolute)
P% = —Lo KN/Imz
— Lo KN|m° Va Cuum (%auae)
— Lo KN lm® Sullion
' PQ, — \0\;3 — 40
Ty ey
-1 A
v
$ 7 0
f] A //5
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Standard  Values of Paem : ©

NN

Patm = OF m Hg = 0% Bhg = 06 x 3-6 x 1810
= 1033 v Water = 1033 ¥, — 1033 x | x 98lo
— 012 X\03 Nlmz (?a) ~ | X los Nim® = | bar
= b7 Psia = Wixiuy Lo/t (Psd
= | atwmosphere = 34 Fb water
— Zero (Yause ' = 103 Koyl Cin

Pressure measurements

\- Barometer
The barometer meaSures the atmospgheric pressure at
\ts location in alboselute Units
Patm = Barometric Pressure = local atmospheric @ressure

. \ _
Patm = Otandavd Vvalue = tol-3 xwo Pa ey s g

UU‘MQYCM:S Bavometer h

X \t measures t\ne C{tYYIOSP%eﬁC

PYESSMQ |\ ﬁbSo(q’rﬁ UniCS
x When a Eube Plled. with Mey Cury 1S inyertedl in o (€sewory
Plled with Mexcury | the Mercury diops until its height is

balanced. oy Che atwmospheric Pressure

Extw\ = KH*S \“



®

©- Aneroid Baromeker

It measures the diffrence between the atmosgheric Pressure

Scal
and an evacuated cylinder M ale
| ,‘
—
EvaCugqteg
Cylindery

Elastic Patm

Aiﬂ?\wagm

2 - P\’eSS ure 9aunges
Dourdon 3auge

lt measures the Pressuve velative o Che Pfressure

ourfounding the  9qauge

P%“ae = Pi’h — Youl

\i ?ih = Pout > Rend;hg = O

3'— PiQZO\mete[ p\ngL-

& measures Bstive gauqe [ressures of low  magnitudes

A~ Piﬁ'&o m< befs OLOE"S Ylot’ WOYK eo‘( hejatf\{e PVPSSurfS

b b 'S impmcti Ca‘ 0 mesaure targe Presswe

(, We need o\ vy \on% tube)



Pressure head @

Piezometey

PTQSSU.(Q \necmL is tChe \Mi‘gkt
0?’ A Co\ub’hh 02 ﬁuici Chalt will

Proatqce Che ANen inkensity og Pressure

M = ...g_- = PYESSL&YQ head.

When o Piezomeber is inSerted in a Eube the height
o wWhich the flud vwises is the Pressure head.

4 - Manometers s el i
& measures Hluid pressures by using o Wovont Hluids

Which may Y2 heavier or lighter Chan Che Bluidl Concerned

A- Simgle_manometer g
LY ;
P\ = P"}_ x& - g a \)2
1
Pl = PH+6£h1 g -]\“*
b)) o)/ . *
Pq_ = ?c{_t’ﬂ'\ T D,m"‘i‘ ("-)t}é \6’”‘7“&?
> F:

= P“{.tm + b'ml\z - b,.f"n IPHY
| (‘l'):‘ygl

Differential manometers are used
e When only the difference between two pressures are desired

U-tube manometer 1s used
e When there is a big pressure difference
e A heavy liquid such as mercury 1s used

Inverted U-tube manometer 1s used

e When there 1s a small pressure difference
e A light liguid such as o1l is used.

19



b- O weré.htia( mahoh::etﬁr

——— 0T . i

P = P, T
P\ = Pﬂ 1 6@‘\3 |
L.

o
=
A

>

Pg_ = PB -+ 62‘\2_ + b’n,h\ GE/IEW]//’{ _
B 7 U
C- Inverted U Etube Manometer -
P - P, %, Im<h
B % ’III’#
= P tgh-Toh 4 0L e
\ /
P2 = Pg - Tph, “2{.. e__l
GL.- M'C‘(Omanometer - fg

Aa.S
X P - - - -f
BRSNS s RN
\ \ J —

. \

(L -__]_:_h C“Y\QOL Eu bﬁ Mano me,t_e_r ‘\\““\\\\\“s
A A = LOL-
A = el

q
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Poscal's law @

The intensity of Pressure at any Point in a Fluid at

Yest, is the Same in all directions
Consider o Eviangulay erigw, of Very small Size

>F =0
Ps,ats onbd — B .4z

, /d_} L -
Ps + Lidzl < =

L AZ >~ 0O
PS PZ

21



_ Ihtﬁnsftj of Pressure  means Yate Oe C‘/\ange of - .

Press: | - L d.f
essure in a Certain divection ( ox %_P%)
Vaviation of Pressuce z
B dx)
Fﬂ (2 fe (d2)
'
FS(G‘LXJ

CO-hS_io(',eY A ﬁqie{ €‘€€nt OQ Size GLX(}L ang(_ umt ‘e al
ok the OStatic Pressure at the Center of the element—P

S F—;( s Pﬁ (GL%) - PC (0147.) — O ) ( ‘)
2 Fz = F% (GLX) — ?9 (GL)() — W =0 (2)
b= P-af 4 _ P
A = ..._?._)S , R=Pg aai g_Li__X
PB";P-Qf_ AZ Po= P+ 2P d2
oz Z 0z <

)M — AV + of M)M:o

oX 2

; N {eu(e dges ho Varq in hOY;zﬁh tQ‘ G‘-!feCtlo :

22



Pascal's application
|- hydraulic press

- ForceF l '

R
2- hydraulic jack 1 Flunger T
3- hydraulic lift . mea=A _ 4o | area=a
4- hydraulic crane - —*
Py

j -Working principle of hydraulic press

By applying a small force F on the plunger a larger load can be lifted
by the ram

23



CG = Cenkter 02 Gm\litj
CP = Ceﬂte( OQ P’(QSSQYQ

F—\ = A'{’EQ o?' immerseof. Sureﬂiﬁ (_L Co the F“ﬁe)

= V! distance g‘(ﬁm C.G. o the Free Surea Q (F. S.)
= inclined Aistonce @rom C.¢. to the @Tee %ureQCQ (F. Q)

R sl 7
|

To_ determine  the tesultant hadvostatic Porce

‘ = \6 ‘33“\& A'A S ::}"\ — dsind

. S AF = ¥oin QS ‘j A
- §9da = AT (First moment of Avea about point o)
F _— ¥ Sine A Y

[5G

Forces on Plane Surfaces @

24



—E; aLeter\mme, Che line oe aCtion . @

The "M O en(': OLM oL.xe to Che eanQ about O S
dM = dFY ‘
= (\6 351h X OLH) ‘j

SOUV\: D/Sihokiy 320(.9
N SOLM = F jc.p

j 3 CMQ ey o ((Seﬁoni Moment of Area. about Poink 0)

(F) Resultant ) J:;’\;- W
- =

A 2oL cg ) ‘y_.i (AR

25






oo pb i gl 0K A i 1 ey
A Bl Cg. JV JuA Fasdh jg duly

3- GFas

OV ) Ol yr e allasily ¢ 5 g0 JW) Jais
Gl Cg JNEF @ jy dudy;
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F-:: \O/A h \.\‘
A = IC-S
AS "

Closed tank with 2 Huids

a4 Bt Sy U -= 2 .. LE o
}J&S'ch *fﬁ-d}“]’z‘_}‘u‘dﬁh&&gs\up‘ﬁu\‘j%}m\_6_1{3_,“_;\

. = £.A
Fo= % hA
F, = %A,
Ftota| = Fo + FL+F2
A, = _Les
A9, S5 ) J g 2300 o Figg et 01 18y
b, = F2 5 st Z Sotdrisinrmbids s

InC\fheoL ‘ Our Face with 2 elui‘is (CloseoL tch)

M= (W\h, +P)A

F, = ¥,8h,

9, = E_ by
Sihol

A, = Tcq h,
AY,

28



SQ ecial Case

Gate Sub"]ec_teot co 7 eluio(—s
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- 2- Pressure distribution (7
(For_rectangular Surfaces only|
el o Y
F=1%h hb

Closed tank with +ve ressure
Fl = (7“\! T P) \“2‘3

Fo = L0, )bt

h
=)
¥h, ¥h, +P
Closed tank it -Ve pressure
= (Fh = P)h, b
F = L (¢h,)h,b hy
4 " *»-

30



Pl \6‘11 +b/z.\"7.
P = B+ 8N,




(e te %u\sjecteot to 2 g\uio‘.S

ey
for _ ﬂ‘(?& __i.
hea = £
eq : >
o= YA
A | = Ic'3\
A, 9
9 =
eof Avea 2
\‘\eqr — P'l' \61\\\
: Y2
F, = YA h,
Az = f_?
Az 9,
F = F| - Fz_
Fd = F2

= et Z

(Vine oe aCtion))
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Forces on Curved Surfaces

(F-8.)

L winde Py L Hl-r i ol el -

Curved Surfaec. é.) _

o;dewicf;;\é el OIS 130 ccb.asfglsg_sjaﬁkiﬂs;ﬁ
UUL..J\ B rd O_ﬁé Curved Surface J! & <& > ¢ P~ R ara Ly
' Rl g

Fy iy &5 0y Fy 80 45 0 (oS » IR hast [ o2

FH (Hoﬁ ZontG\\ CGmPOant)

& Curved Surface J! ki) o5 35 gl e 3 le & Fyy LAY a8

r — fg.é*"’ijﬂsf""f
i F= YA N l

w\\e‘(e 3. A = b Y

33



@
Jazl) &) ghas\
‘ kil AL - J.au:i} J.af) (S Fomd GLG Curved Surface JV b -
dai ) ALY e s ges LBY) A5 L a\d

By \Vertical Component)

d-b-c-w; Curved Surface J! ov y st LV O35 8 35le s Fy i J1 A5 M
Free Surface J! s

Jaedl &) ghd
(F.s) A B 5 Curved Surface J dai Jduly Jol bdst oo
l
: A 4k g 0SS Y1 b 25 Free Surface J!
| -
l
|

' - uﬂﬁt&ﬁaggemhh:é

A Curved Surface B & Jeig A dhi |4l blia -~
B« A J Free Surface I

AB (C.8.)J1 om y3at JLN 03y o8 35bs & Fy il 1 48 01 0 S5,
AB (F.S.) JV s dbinss

c\ P\\

B Inflection point <>Aal 4dad; 2 > ¢ 4 :é'
A e ‘ N1 aas; A dad ‘ 2 -

) (F.S.) J & C B 3 A GLG\.EL...J\F__,_

\ a (F.S) J & C ey dbd g B aba UL;.L.J'\:,ELE_A AS
1,200 03V G G, e dsle 24 1S L0 S
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Fy slad)

k}m: i, Fy ;5 C.S. J1G L os

b ey Ldy Fy 5 C.S. J1 it Jud oS 5

3 Pl sl ¥ W3 L i S
Fy=vV ¢33 ;X Curved Surface J

Curved J' 8 ¢ sfl'; > S \e.}-" Bl i O3 33156 (g 8 0 3l T

5

¥ &y Free Surface J' 5> 5 Surface

Fy Jae bi

" Free Surface J'y Curved Surface J! op yyas! et (& S 0 3 Fy 38 j3
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Fluid Masses Subjected to
Linear Acceleration

uniform acceleration “a” doaus doxs - s sU) & Plo Jsi 13) o

moves as a solid body 8.4>15 du> & U1 & ey ure o) dmy W @

A o U (g di ol gz g Plad! Ol o B 3 - U 9 Y QWL @

(no shear stresses)
Aot il Bl (S Static fluid JV o # ey (S8 W1 0da G

Assume the Ckccele'(ation (C’«) in a aiven direcEion
and. its Components Oy , O

new Pree Surface origim‘ bree surface

O . & 3w Free Surface Jiy & 1 |8 Free Surface J' om &' 51

36




Z
—
a,
OT?S}n
o = T «
0 3

baaalt OF a5 I3ty BY oY1 3 piey baiiall OF gz Aslall ads

L

(e d)) Aot 081 3 g LS U4

e \e QK:O = _cif_ — 0
oX

(uniform velocity) &k & pus & s LI O gf ax L3 s 5 4 g pis A 3
LUE 2B L s 05553 BV oY § banll 3 i dr o Y

é—g- = "‘-g: (5'-‘5-“2)

azw:-*ibw&f 2y T-:-’T) Sl s L.ji; tank 3 £ 131 -
Ll LB Bt mdaw (g el 1) ol 31 Aol s.sp_)'cal_ajb 33y haazll OB
a, L2 e 1) 2

Oz
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L=
Oy = & Cos ¢ (1) = Ly g, 08 4
QZ — AL Slh CF A "’(-VE) = J‘—":i azu‘sjj
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H: Z< \'\ Case (@) No lfﬁ“id 1S Sf’mf’d
\(: Z = "\ CaSe @ _ liﬂq;g( at Che POM’C oQ Sfi‘“:ng

Itz 7 h water is  splled = 3 cases
HOU\/ tO get (a’()max oY h\ax \weig%& oe tlr\e Container

to makKe the ‘fclu{c[ at  the 6(’”_\@3_ Po_i_n_ﬁ

It ay L/2
= gt @& 2
7 € A ™o
bond < ax
AdTaz L )2
— dec L\mq;(
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When s \{3uio( seilled !

“: pa 7 "\ . L;qu;ot 'S gf:“GOl - -
o || A, 7 ay 3 CasSes

ma¥

0 3> N o Gses

CaSe 3 Ean b — Ay _
JtAaz

How to aet the Volume of opilled wat ey ?
COY CaSe @ ,@

VO‘HME 5(’;”90( = VO‘UW\Q OE X% ¢ ther motfon —_— Vo\ume o£ vy \Deeofe motfc

#592\\&1 = [._l.. LY — L L] b

2

Vg‘qme S(’me@L = \(O‘U‘nﬂe oe wq‘lff Eeeafﬁ ‘mot{Oh — VOLAW&E oe watf( ag‘ct‘r rmtior

sglled = [LH ~ L x (k)|

40



-Ca Se Oe C{OSEc;{, 'ton k , (zihGL P’(E’SSU\ Ye at (\) ahd (2)

tahe‘: A X — \/

Z
Jtaz
h
Canf= 3 L0
X
AYQO\ 0£ Y AY€0\ oe a\y H

0
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Apply the basic hydrostatics equation to determine the pressure
variation in the horizontal and vertical directions and the slope of
the surface of constant pressure for any body fluid in rigid body
motion.

luidk Masses Subjected Eo linear Acceleration
Po
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Buoyancy & Floatation

Archimedes principle

Any weight, floating or submerged in a liquid, is acted upon by a
buoyant force equal to the weight of the liquid displaced, and acts
through the center of gravity of the displaced liquid.

.| Weight of floating body = Weight of liquid displaced
X\D ¥b _ XVJ V_SQS:
Sa¥tod = VtFh -

" L\Sa‘u = 9.9 A (m Lhis emm,sle) \\\\\ \\\\ S*L

Center of Gravity (G) = Centroid of the whole body
Center of Buoyancy (B) = Centroid of the displaced liquid

Rotational stability of floating bodies

Uﬁtig\\'c posilion Righting Couf{g Overturning
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®

* When the body is slightly rotated through a small angle 6 the

shape of the displaced volume gets different with an increase of
volume towards one side.

* When the body is upright, point G and B lie on the same vertical
— NOo moment '

— the centroid of the displaced volume B changes to B’
* Let a vertical through B intersect the centerline at M

* The line of action of the buoyant force (acting through B") forms

a righting couple to return the body to its original position.
— the body is stable when point M is above G

* The point (M) 1s called the metacenter.

GM - BM — BG

CM = MmetaCentryic hei‘gkt

- +Ve Stalble

ungbable

Ly Moment of inertia  around

7% TR o?— Yotalion

X'LSLA\Q = SU\DMQTSQOL VOIHWIQ

9

BG = distance between B and G Olan
B — ol hsub

-i- — T Kin Chis €Xam‘ﬂie)

A, sl " s reegie ] g g iy Y L el e L N
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s
Center of Buoyancy @

o [t 1s the point of application of the force of buoyancy on the body.
e It is always the center of gravity of the volume of fluid displaced.

Types of equilibrium of Floating bodies
1.Stable equilibrium,
2.Unstable equilibrium and
3.Neutral equilibrium.

Stable Equilibrium

e It occurs when a body 1s tilted slightly by some external force, and then it
returns back to its original position due to the weight and the upthrust.

e The position of metacentre M is higher than the center of gravity G.

Unstable Equilibrium

e [t occurs when a body does not return to its original position trom the
slightly displaced angular position.

e The position of metacentre M 1s lower than G.

Neutral Equilibrium

e It occurs when a body, when given a small angular displacement,
occupies a new position and remains at rest.

e The position of metacentre M coincides with G.

8 25 S ae (5 ) 9 e an )l

Metacentre

e The metacentre i1s the point of intersection of the axis of the body passing
through the center of gravity (G) with the original centre of buoyancy (B)
and a vertical line passing through the centre of buoyancy (B') of the tilted
position of the body.

e The position of metacentre (M) remains practically constant for the small
angle of t1lt 0.

Metacentric Height:
e It 1s the distance between the centre of gravity of a floating body and

the metacentre.
e GM=BM-BG

48




3

Fundamentals of Fluid Flow

Tvypes of fluid flow

1- Steady and unsteady tlow
a- Steady tlow

It occurs when velocity, acceleration,.. etc doesn't change with time

AV —
e =0

b- Unsteady tlow
It occurs when velocity or acceleration,.. etc changes with time

e.g. flow 1n a pipe whose valve 1s opening or closing

2-Uniform and Non-uniform flow

a- Uniform tlow

It occurs when velocity and cross-section remains constant over a
given length

= 0 Az

) A, J~ s
L Vi= V2

AV - o , A
AL L

b- Non-uniform flow

[t occurs when velocity or cross-section changes over a given length

AN a-A - o w Av
H ?’:O ) IE Tlé O A, 3 - GeV,
| A——F A, %A,
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3- Laminar and turbulent tlow
a- Laminar tlow

It occurs when fluid particles 1n parallel paths and do not intersect

e.g. flow through capillary tubes, ground Stream lines
water, and blood 1n veins. :::;:éf_:—_
R. <2000 e —

b- Turblent flow
It occurs when fluid particles move in random motion

e.g. Nearly 1n all tlow 1 pipes

R, > 4000

4- Rotational and lrrotational flow
a- Rotational flow
It occurs when fluid particles have a

rotation about an axis

b- Irrotational flow

It occurs when fluid particles don’t have a rotation about an axis

S- Compressible and incompressible flow

a- Compressible flow
It occurs when the density of the fluid changes from point to point

e.g. Flow of gases through orifices and nozzles

b- Incompressible flow
It occurs when the density 1s constant for fluid flow

e.g. Liquid are generally considered flowing incompressibly
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6- One, two three dimensional flow @
a- One dimensional flow

It occurs when the velocity i1s a function of time and one co-ordinate.
v="1(x,t) 94
e.g. Flow through a straight

I

\

uniform diameter pipe

IR

\

The flow 1s never truly 1 dimensional, because viscosity causes the

fluid velocity to be zero at the boundaries.

b- Two dimensional flow

It occurs when the velocity 1s a function of time and two co-ordinates

v=1(xy,1)

e.g. Flow in the main stream of a wide river

c- Three dimensional flow
[t occurs when the velocity is a function of time and three co-ordinates
v=1(X,v, z, t)

e.2. Flow 1n a converging or diverging pipe
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7- Stream lines and streamtubes

a- Streamlines

e The tangent at any point gives the

¢ Streamlines are imaginary curves drawn /‘5- ,
to show the direction of fluid flow /

velocity direction e —

b- Streamtubes

e A stream tube is a fluid mass '

bounded by a group of streamlines

8- Ideal and Real Fluids
a- Ideal Fluids

e It is a fluid that has no viscosity, and incompressible
e Shear resistance 1s considered zero

o Ideal fluid does not exist in nature

e.g. Water and air are assumed 1deal

b- Real Fluids
e It 1s a fluid that has viscosity, and compressible
e |t offers resistance to its flow

e.g. All fluids in nature
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9- Viscous and inviscid flow
a- Viscous flow
e |t occurs for fluids that have viscosity which offers shear

resistance to the flow

e A part of the total energy 1s lost in flow

b- Inviscid flow
e It occurs for fluids that have no viscosity
e No shear resistance to the flow

e The total energy remains constant.

10- Mean velocity and Discharge

a- Mean velocity

It 1s the average velocity passing a

given section

\/meqn = %

b- Discharge

It 1s the rate of Volume of liquid passing a given cross-section

Q) - }gé_ _ AV
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Higher Technological Institute
Civil Engineering Department
Subject: Fluid Mechanics

Dr. Amir M. Mobasher

Sheet (1) - Units and Dimensions

Q1: Using dimensional analysis, put down the dimensions and wunits in the
engineering systems {pound (Ib), foot (ft), second (s)} and {kilogram (kg),
meter (m), second (s)} for the following engineering quantities:

e Density (p), specific weight (y), surface tension (o), pressure
intensity (p), dynamic viscosity (), kinematic viscosity (v), energy
per unit weight, power, liner momentum, angular momentum, shear
stress (1).

Q2: Show that the following terms are dimensionless:

v.y p.v.Yy UV p Lwv?
v’ u " Jgy'pv? 'hgd

Q3: Find the dimensions for the following terms:

5 dp =
,P-V ,y.y,&, ;,p.Q.v,y.Q.L

)

2
8

< I|'T

Q4: Convert the following terms:

e y=1000 kg/m’ to Tb/ft’

e =981 m/sec’ to ft/sec’

e p=7kg/lm’ to N/m*

e v=710 dyne/cm’ to Ib/ft, N/m’

o 1 =4640.84 poise to Ib.sec/ft’, Pa.sec
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Sheet (2) — Fluid Properties

Q1: What is the diameter of a spherical water drop if the inside pressure is 15
N/m’ and the surface tension is 0.074 N/m.

Q2: The pressure within a bubble of soapy water of 0.05 cm diameter is 5.75
gm/cm’ greater than that of the atmosphere. Calculate the surface tension in
the soapy water in S.I. units.

Q3: Calculate the capillary effect in millimeters in a glass tube of 4 mm diam.,
when immersed in (i) water and (i1) in mercury. The temperature of liquid is
20° C and the values of surface tension of water and mercury at this
temperature in contact with air are 0.0075 kg/m and 0.052 kg/m
respectively. The contact angle for water = 0 and for mercury = 130°.

Q4: To what height will water rise in a glass tube if its diameter is (¢ = 0.072
N/m)
a) 1.50 cm b) 2.0 mm

Q5: The space between a square smooth flat plate (50 x 50) cm’, and a smooth
inclined plane (1:100) 1s filled with an oil film (S.G. = 0.9) of 0.01 cm
thickness. Determine the kinematic viscosity in stokes if the plate is 2.3 kg.
The velocity of the plate =9 cm/sec.




Q6: For the shown figure, Calculate the friction force if the plate area is (2m x3m)
and the viscosity is 0.07 poise.

Fi ‘i..- TN TN TN NN NNYY
oSmm| ZIZI C, ZZZ
T S S V
ol e —
Lt T_Tt"f_‘: \\2m /s
s @t
2.5 mm _— - —
/ fi’/fff/fff{’fffff!fﬂ'

Q7: A piston 11.96 cm diameter and 14 cm long works in a cylinder 12 cm
diameter. A lubricating oil which fills the space between them has a
viscosity 0.65 poise. Calculate the speed at which the piston will move

through the cylinder when an axial load of 0.86 kg is applied. Neglect the
inertia of the piston.

9
e
T 30
Wem| 430, REIN7
.: 1 :.:-
£ 4 [ T
F

= 036 ngt

Q8: A piece of pipe 30 cm long weighting 1.5 kg and having internal diameter of
5.125 cm 1is slipped over a vertical shaft 5.0 cm in diameter and allowed to
fall under its own weight. Calculate the maximum velocity attained by the

felling pipe if a film of oil having viscosity equals 0.5 Ib.s/ft* is maintained
between the pipe and the shaft.

. 5cm

e 51425 Cm L

21




Q9: A cylinder of 0.12 m radius rotates concentrically inside of a fixed cylinder of
0.122 m radius. Both cylinders are 0.30 m long. Determine the viscosity of
the liquid which fills the space between the cylinders if a torque of 1 N.m is
required to maintain an angular velocity of 2 rad/s.

!
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0Q10: The thrust of a shaft is taken by a collar bearing provided with a forced
lubrication system. The lubrication system maintains a film of oil of
uniform thickness between the surface of the collar and the bearing. The
external and internal diameters of collar are 16 and 12 cms. respectively.
The thickness of oil film is 0.02 cms. and coefficient of viscosity is 0.91
poise. Find the horse-power lost in overcoming friction when the shaft is

rotated at a speed of 350 r.p.m.
Z w
Sh“et‘\% 0,212

Crm
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Sheet (3) — Hydrostatic Pressure

A
]

Q1: A tank full of water as shown below. Find the maximum pressure, and h.

4 1 AV

10 ft

:I—B 2

=

— -

Q2: A tank full of water and oil (S.G = 0.80), as shown. Find the pressure at the
oil/water interface and the bottom of the tank.

09m il

21m Water




[N

Q3: For the shown figure, find the pressure (P1) if the pressure

(abs)?

i

&,

f2
G2

Air

al S.9 = 0.8 -

water

HS S.9.=13.¢

1 5m

\m
0.2

Q4: If the pressure at point (B) = 300 KPa as shown in figure, find the followings:
b) The pressure at point (A)?

a) The height (h)

Air 180 K'Pa

== o
Water h
\SR‘QE ”*

<\‘H3 N 0-3
‘\% N D
8 A

QS5: For the shown figure, find the height (h)?

—( 1

(P2) = 60 KPa

L1

2
(Z} 0.20 kgs/ecm

Fr= -E3 cn
of g C
Air
cil (0.8
i
. i_"""
I
i ;
E water
? 2.10m
¢ n
P
T
ASG=l2E
77 777 ——Z 77/




Q6: For the shown figure, where is the maximum pressure (Pp or Pgc)?

-- = ! HKQ

R e X 7
‘E;E*z. - s\ﬁ\:‘z\b\i\\g ;.‘ "
C

7

Q7: For the shown figure, what is the difference in pressure between points 1,2?

2.9. = 0-15

NASAIRR AN

N

N N
R \
j:u cm N

watey ~

N
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8: Pressure gage B i1s to measure the pressure at point A in a water flow. If the
gag ) p p
pressure at B is 9 t/m”, estimate the pressure at A.

-
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Q9: For the shown figure, what is the difference in pressure between points A, B?

. 5'5. = 0-°|2

wateyr
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Q10: For the shown figure, what 1s the pressure at gauge dial P,?

{Ngage
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Q11: For the shown figure, what is the pressure of air “Pyi)”?




Q12: For the configuration shown, Calculate the weight of the piston if the gage
pressure is 70 KPa.

lw P
"F g yaqe
Piston by
oil
5*ﬁ; 10'36

Q13: For the shown hydraulic press, find the force (F) required to keep the system in
equilibrium.

60cCmv F 4o
. + zé)_}_-hhje

2o0cmm

— e — — — —— S — ov— — —

—= d=7.5crm Gilef S-G= -80
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Sheet (4) — Hydrostatic Forces on Surfaces

Q1: A wvertical triangular gate with water on one side is shown in the figure.
Calculate the total resultant force acting on the gate, and locate the center of
pressure.

Q2: In the shown figure, the gate holding back the oil is 80 cm high by 120 cm long.
If it 1s held in place only along the bottom edge. What is the necessary resisting
moment at that edge.

Wall

. 040 m
Oil
S.G.=0.90

08m

10



Q3: In the shown figure, the gate holding back the water is 6 ft wide. If it is held in
place only along the bottom edge. What is the necessary resisting moment at

that edge.
Wall

13 f Gate 6 ft wide

T

8 ft

N}

6ft

Q4: (A) Find the magnitude and line of action of force on each side of the gate.
(B) Find the resultant force due to the liquid on both sides of the gate.
(C) Determine F to open the gate if it is uniform and weighs 6000 Ib.

T/ 6l Gate 6 ft wide
BRER L

Q5: Gate AB in the shown figure, calculate force F on the gate and its acting
position X. If the gate is: (a) semi-circle 1.2 radius (b) rectangle 1.2 x 0.8

lt—--§ mT—»
-
$.4= 0.82 _,L

11



Q6: Find the value of “P” which make the gate in the shown figure just rotate
clockwise, the gate is 0.80 m wide.

P
?
V=
Air
Water
2.0m
N
‘*_ 0,%111
0.6 m
1 |
f ]Q.SG nj

Q7: Determine the value and location of the horizontal and vertical components of
the force due to water acting on curved surface per 3 meter length.

Q8: Determine the horizontal and vertical components of the force acting on radial
gate ABC in the shown figure and their lines of action. What F is required to
open the gate. Take the weight of the gate W = 2000 kg acting on Im from O?

Gate 2 m wide

12



Q9: A cylinder barrier (0.30 m) long and (0.60 m) diameter as shown in figure.
Determine the magnitude of horizontal and vertical components of the force
due to water pressure exerted against the wall.

o.\
39 =0§

wvater

Q10: Compute the horizontal and vertical components of the hydrostatic force on
the hemispherical dome at the bottom of the shown tank.

i <

Water
10 ft

2 ft

-1

Q11: The hemispherical dome in the figure weighs 30 kN, is filled with water, and is
attached to the floor by six equally spaced bolts. What is the force on each bolt
required to hold the dome down.

13
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Sheet (5) — Accelerated Fluid Mass

Q1: Calculate the total forces on the sides and bottom of the container shown in
Figure 1 while at rest and when being accelerated vertically upward at 3 m/s’.
The container is 2.0 m wide. Repeat your calculations for a downward
acceleration of 6 m/s”.

/
=
~ watcr
— 600
L 3.0m =
* g
Figure 1
Q2: For the shown container in Figure 2, determine the pressure at points A, B, and
Cif:
e The container moves vertically with a constant linear acceleration of
9.81 m/s’.
e The container moves horizontally with a constant linear acceleration of
9.81 m/s’.

ol
i

water

10m 03m

. B

C
| 1.3 m l

Figure 2

Q3: A tank containing water moves horizontally with a constant linear acceleration
of 3.5 m/s”. The tank is 2.5 m long, 2.5 m high and the depth of water when the
tank is at rest is 2.0 m. Calculate:

a) The angle of the water surface to the horizontal.
b) The volume of spilled water when the acceleration is increased by 25%.
¢) The force acting on each side if (ax =12 m/s?).

14



Q4: A tank containing water moves horizontally with a constant linear acceleration
of 3.27 m/s>. The tank is opened at point C as shown in Figure 3. Determine
the pressure at points A and B.

-+ C

E

= ax = 3.27 m/s?

3|

w

e A
140 m | 150 m -

Figure 3

Q5: An open cylindrical tank 2.0 m high and 1.0 m diameter contains 1.5 m of
water. If the cylinder rotates about its geometric axis, find the constant angular
velocity that can be applied when:

a) The water just starts spilling over.
b) The point at the center of the base is just uncovered and the percentage
of water left in the tank in this case.

Q6: An open cylindrical tank 1.9 m high and 0.9 m diameter contains 1.45 m of oil
(S.G =0.9). If the cylinder rotates about its geometric axis,
a) What constant angular velocity can be attained without spilling the oil?

b) What are the pressure at the center and corner points of the tank bottom
when (o = 0.5 rad/s).

Q7: An open cylindrical tank 2.0 m high and 1.0 m diameter is full of water. If the
cylinder is rotated with an angular velocity of 2.5 rev/s, how much of the
bottom of the tank is uncovered?

0Q8: A closed cylindrical container, 0.4 m diameter and 0.8 m high, two third of its
height is filled with oil (S.G = 0.85). The container is rotated about its vertical
axis. Determine the speed of rotation when:
a) The oil just starts touching the lid.
b) The point at the center of the base is just clear of oil.
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Q9: A closed cylindrical tank with the air space subjected to a pressure of 14.8 psi.

A
]

The tank is 1.9 m high and 0.9 m diameter, contains 1.45 m of oil (S.G = 0.9).

If the cylinder rotates about its geometric axis,
a)  When the angular velocity is 10 rad/s, what are the pressure in bar at

the center and corner points of the tank bottom.
b) At what speed must the tank be rotated in order that the center of the

bottom has zero depth?

Q10: A closed cylindrical tank 2 ft diameter is completely filled with water. If the
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tank is rotated at 1200 rpm, what increase in pressure would occur at the top of
the tank at that case?
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Sheet (6) — Buoyancy & Floatation

Q1: Will a beam of S.G. = 0.65 and length 1500 mm long with a cross section 136

Q3:

mm wide and 96 mm height float in stable equilibrium in water with two sides
horizontal?

A floating body 100 m wide and 150 m long has a gross weight of 60,000 ton.
Its center of gravity is 0.5 m above the water surface. Find the metacentric
height and the restoring couple when the body is given a tilt as shown 0.5m.

A ship displacing 1000 ton has a horizontal cross-section at water-line as shown
in the figure, its center of bouyancy is 6 ft below water surface and its center of
gravity is 1 ft below the water surface. Determine its metacentric height for
rolling (about y-axis) and for pitching (about x-axis).

v/
1 - =1
Zo —_—— 20 Z
3 ! il M
Lo ]
¥ 33 " ! \fe
X b X s?tl K —— ]jEFh—x
20kt . A ‘l"w’ 100 ten
\-_1'__ 24; Elevaktion
Y *
Pla

Q4: An empty tank rectangular in plan (with all sides closed) is 12.5m long, and
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its cross section 0.70 m width x 0.60 m height. If the sheet metal weights
363 N/m®> of the surface, and the tank is allowed to float in fresh water
(Specific weight 9.81 KN/m’) with the 0.60m wedge vertical. Show,
whether the tank is stable or not?



Q5: A cylindrical buoy 1.8 m diam., 1.2 m high and weighing 10 KN is in sea
water of density 1025 kg/m’. Its center of gravity is 0.45 m from the bottom.
If a load of 2 KN is placed on the top; find the maximum height of the C.G.
of this load above the bottom if the buoy is to remain in stable equilibrium.

Q6: A spherical Buoy 3,5 (floating ball) has a 0.50 m in diameter, weights
500 N, andis anchored to the seafloor with a cable. Although the buoy
normally floats on the surface, at certain times the water depth increases so
that the buoy is completely immersed. What is the tension on the cable?

Q7: A wooden cylinder 60 cm in diameter, S.G. = 0.50 has a concrete cylinder 60
cm long of the same diameter, S.G. = 2.50, attached to one end. Determine
the length of wooden cylinder for the system to float in stable equilibrium
with its axis vertical.

Q8: A right solid cone with apex angle equal to 60° is of density k relative to that
of the liquid in which it floats with apex downwards. Determine what range
of k is compatible with stable equilibrium.

Q9: A cylindrical buoy i1s 5 feet diameter and 6 feet high. It weighs 1500 Ib and
its C.G. 1s 2.5 feet above the base and is on the axis. Show that the buoy will
not float with its axis vertical in sea water. If one end of a vertical chain is
fastened to the centre of the base, find the tension in the chain in order that
the buoy may just float with its axis vertical.
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Sheet (7) — Fundamentals of Fluid Flow

Q1: An inclined pipe carrying water gradually changes from 10 cm at A to 40 cm at
B which is 5.00 m vertically above A. If the pressure at A and B are
respectively 0.70 kg/cm2 and 0.5 kg/cm2 and the discharge is 150 liters/sec.
Determine a) the direction of flow b) the head loss between the sections.

Q2: A cylindrical tank contains air, oil, and water as shown. A pressure of 6 Ib/in2 is
maintained on the oil surface. What is the velocity of the water leaving the 1.0-
inch diameter pipe (neglect the kinetic energy of the fluids in the tank above
elevation A).

@ 6 Eb;l'”z

Air 0]

Q3: The losses in the shown figure equals 3(V*/2g)ft, when H is 20 ft. What is the
discharge passing in the pipe? Draw the TEL and the HGL.

H=201t

Q4: To what height will water rise in tubes A and B? (P =25 Kpa, Q = 60)

Inl ) TEL

T e
P;z_- -2 _.,,__T,______,
¥
? R S W —:—— water { ];5 m
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