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Civil ENGINEERING — FLUID MECHANICS

Pressure (P):

If F be the normal force acting on a surface of area A in contact with liquid, then
pressure exerted by liquid on this surface is: P=F/A

Units : N/m? or Pascal (S.1.) and Dyne/cm? (C.G.S.)

Dimension : [P] = [F] _ [MLT ]

(Al L]
Atmospheric pressure: Its value on the surface of the earth at sea level is nearly

1.013 x10° N /m? or Pascal in S.I. other practical units of pressure are atmosphere,
bar and torr (mm of Hg)

=[ML™T ]

latm =1.01 x10° Pa =1.01bar =760 torr
dF

e Fluid Pressure at a Point: p ~ A
Density (p ):
) ) ] . . o 'Am dm
In a fluid, at a point, density p is defined as;.p = Im — =—
* p yp P A\IIHO AV dv

In case of homogenous isotropic substance, it has no directional properties, so is a
scalar.

It has dimensions [ML ] and S.l. unit’kg/m?® while C.G.S. unit g/cc with
1g/cc=103kg/m?

Density of body = Density of substance

Density of body

Relative density or specific gravity which is defined as : RD = -
Density of water

If m, massof liquid of density p, and m, mass of density p, are mixed, then as
m=m,+m, and V=(m,/p,)+(m,/p,) [AsV=m/p]
= m_ m; +m, _oxm,

Vool p)+My/ py)  Xmil py)
If m, =m,, p=-221P2 _ Harmonic mean
PLT P

If v, volume of liquid of density p, and V, volume of liquid of density p, are

mixed, thenas: m = p,V, + p,V, and V =V, +V, [As p=m/V]

If V, =V, =V p=(p, +p,)/2 = Arithmetic Mean
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Civil ENGINEERING - FLUID MECHANICS

e With rise in temperature due to thermal expansion of a given body, volume will
increase while mass will remain unchanged, so density will decrease, i.e.,
p_MIV) VoV,

=—0 As V =V, +A0
po MIVg) V. Vod+A0) [ oft+7A6)]

or

Po -
= ~ 5, (1—yAG
P @+ A0) Po(l—yA0)

e With increase in pressure due to decrease in volume, density will increase, i.e.,

p_mIV) _V, sy
Py (M/Vg) V v

e By definition of bulk-modulus: B =—Vo£ e, V=V, S PR
AV ‘" B

-1
A A
p=po(1—?pj = po(1+?p)

Specific Weight (w ):
e Itis defined as the weight per unit.volume.
Weight  -m.g

e Specific weight = = =
Volume . Velume

Specific Gravity or Relative Density (s):
e It is the ratio of specific-weight of fluid to the specific weight of a standard fluid.
Standard fluid is water in case of liquid and H; or air in case of gas.
r_P9_P
Yw Pu9  Pu
Where;. y,, = Specific weight of water, and p,, = Density of water specific.

S =

Specifie.\/olume (v ):
e Specific volume of liquid is defined as volume per unit mass. It is also defined as the
reciprocal of specific density.

- vV 1
e Specific volume =—=—
m p

dp/dt _ v(dm/dt) _ v Av p _

Inertial force per unit area = A . vip
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Viscous force per unit area: F/a=""

Reynold’s number: N, =

Inertial force per unit area

r

Viscous force per unit area nv/r 7

_Vip _ver

Civil ENGINEERING - FLUID MECHANICS

Pascal’s Law: p, = p, = p,; where, p,, p,and p, are the pressure at point x,y,z respectively.

Hydrostatic Law:
6_p =
0z

* Iopdp: pgjohdz

pgor dp=pg dz

p

e p=pghand h= E; where, h is known as pressure head.

Pressure Energy

It is the energy possessed by a
liquid by virtue of its pressure. It
is the measure of work done in
pushing the liquid against
pressure without imparting any
velocity to it.

Pressure energy of the liquid PV

Pressure energy per unit mass of
the liquid P/ p

Pressure energy per-unit volume
of the liquid P

Potential energy.

It is the energy possessed by
liquid by virtue of its height or
position above ‘the surface of
earth or. any “reference level
taken as zero level.

Potential energy of the liquid
mgh

Potential energy per unit mass of
the liquid gh

Potential energy per unit volume
of the liquid pgh

Kinetic energy

It is the energy possessed by a
liquid by virtue of its motion or
velocity.

Kinetic energy of the liquid
mv?/2

Kinetic energy per unit mass of
the liquid v*/2

Kinetic energy per unit volume
of the liquid p v?/2

Quantities that Satisfy a Balance Equation

Quantit | mass | X momentum | y momentum z Energy Species
y momentum
) m mu mv mw E + mV?/2 m®*
b 1 u v w e+ V°/2 w

In this table, u, v, and w are the x, y and z velocity components, E is the total
thermodynamic internal energy, e is the thermodynamic internal energy per unit mass,
and m® is the mass of a chemical species, K, W is the mass fraction of species K.
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g p Civil ENGINEERING - FLUID MECHANICS
The other energy term, mV</2, is the kinetic energy.
e Storage=22 - o(me) _ o(pAxAyAzg) _ o(p9) AYAZ .
ot ot ot .

o Inflow=pug| Ay Az +quo|yAx Az +pwe| Ay AX :
o Outflow=pug| AyAz +p V§0|y+AyAX Az +pwe| Ay AX
e Source=S, AX Ay Az
* ap(D_f_pu(DmAx_'quo|x_{_'vay+Ay_'OV¢|y +pW¢| z+Az_pW¢| z =S E
ot AX Ay Az v .

. 8p(0+8pU(/)+5pV(0+8pW¢:S* E
ot OX oy 0z 7 :

. Lim

[ ] S = S ]
7 AXAyAz -0 .

The Mass Balance Equations: :
%, 0PY :
ot 0ox .
8_p+8pu+6pv+8pW:O :
ot X oy 0z -
a_p + ui a_p + % =0 E
ot OX; OX; .
% yo, A @+6—W +u6—’0+va—p+waﬁzo E
ot oX oy oz OX oy 0z .
DY o¥ oY oY oY DY oY oY .
—=—+U—+V—+W—  OF —=—+U, — .
Dt ot X oy 0z Dt ot oX; .
%'Fp a_u+g+@ — % p%_ %'FpA:O E
Dt ox oy oz Dt OX; D .
Ea_u_'_@_'_@:() E%:O .
oxX oy oz OX; .
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Civil ENGINEERING - FLUID MECHANICS

° — —_t+— —
Pt ot ox e
op op
—+pU;—=S
* P TP T

Momentum Balance Equation:

o 0o,; 00, 00y; oo
Net j—direction sourceterm= + + +oB. =—+ B

) X Ox,  OX b, )
opu;, Opuu. Oo;
o PPN 9% g o138
ot OX; OX; :
e For a Newtonian fluid, the stress, jj, is given by the following equation:
du  ou, | 2
c=—PO 4+l —+ —L |+ (k== )AS
Glj ij /u|: an axi (K 3 ,Ll) ij
opu; Opuu; o ou. Ou; 2 :
. + = | -P& +pu —+—L |+ (x—= p)AS, |+ pB; =1...3
a o o i H ok Tt g8 TR
opu; Opuu; . ou;
. 'Ou1+ puY; P +i 7 %4——] +£[(K—g,u)A}rij ]=1...3
ot OX; OX; 0% oX;  OX; OX; 3
. (’3pu+6puu+6,ovuJrawu:pB

ot ox oy o i

° _@4_22 (a_uj+i @+a_u +g|: (6_W+a_uj}+g|:(l(_g )A:|
ox o\ ) Tyl Ty )| e | Mk Ta )| x|V 3

Energy Balance’Eqguation:

e This directional heat flux is given the symbol q;: g, = —kg—T
Xi
Net xDirectionheat qx|X+AX - qx|X AYAZ =— OIX|X+AX - le|X
UnitVolume AXAyAz AX

Limit Net xDirectionheatsource g,
AX—0 UnitVolume OX
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Civil ENGINEERING - FLUID MECHANICS

8qx aqy aqx _%

e HeatRate=-—- - =
ox oy OX OX;
e Body-force work rate = p(uBy + vBy + WB;) =pu;B;
e The work term on each face is given by the following equation:
y-face surface force work = (uoy + voyy + woy)Ax Az =uiciy Ax Az
oo, +vo, +Wo ou.o .
e Net yFace Surface Force Work = oy, Y ) =¥
oy oy
uoc, Ouoc, duoc, OUo;
e Net Surface Force Work = 0 + Y +a A ‘
OX oy oz OX;
e Energy balance equation:

op(e+V?12) N opu;(e+V?/2) __ouf, U,
ot OX. OX: OX

i 1 ]

+ pu; B,

Substitutions for Stresses and Heat Flux:

Using only the Fourier Law heat transfer, the source term involving the heat flux in the energy
balance equation:

aq; 0 oT o oTw o0 o o ,0T 0,607
o ——=—— | -k—|=—K—=—Kk—+—Kk—+—k—
OX OX,; OX, )-.OX. OX, OX OX oy oy oz oz
: ou :
° aﬁ apu'e_ika_-l—_}_ _P5| + u %.}._J +(K'—E,U)A5I- %
ot ox, _Lox. ox ! ox;  0X " ox;
aui auj
[ ] U_: "~
oX;  OX;
: . ou, .
° %+M:ik£_PA+ﬂ 8U|+ J aul+(K‘—glu)A2
ot O oX;  OX i OX ) OX, 3

Dissipation to avoid confusion with the general quantity in a balance equation:

+
ox, OX

j i

OX..

]

ou, 2
. ‘PD:A{ ] '+(I<—§/1)A2
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Civil ENGINEERING - FLUID MECHANICS

. O OpUe_ 0T byl
ot OX: oX;, OX

The temperature gradient in the Fourier law conduction term may also be written as a gradient
of enthalpy or internal energy:

ar 1 1[18 |1
X, c, X, c Ky p’° OX.

aT 10oh 1-TB, oP

LR e DK g, L ATh o) L
ot ox, o ¢, X X; C, prox

oph opuh _ & k oh o 0|1-TB, | 0P (DP
ot ox  oxc, o O ox| e, |ox "ot

¢ [9PT OT] 0\ OT g, 57 DR
ot OX. oX; OX; Dt
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: g p Civil ENGINEERING — FLUID MECHANICS .
. General Balance Equations :
E 0 C r® s@ E
: 1 1] o 0 :
: UsweEu e 0P 0 o o v o aw of 2. g :
: ox oxMax Taytax Tar ax x| 3T :
. V=uy=U; | 1 B 0P 0 ou o0 o 9 ow 0 2 .
. ——t_—pu_—t+—pu_—+_—pu—+—|(k—— u)A|+pB, .
: dy Ox oy oy oy oz oy oy 3 .
: WS =us | 1w | P 6 a0 v 0 6_w+2[(K_z )A} 5 :
: a eyt ata el 3T :
. e 1| klc
: ' Pty + LT p L P :
. 5Xi C,| Ky Yo 8Xi .
: h 1| Koo :
. o\1-T oP<. DP .
: b, + Pe + :
. ox;| pc, [ox Dt .
: T Cp k DP E
a D, + [ T— .
: o + BT 5 :
. T C k .
. ! <1>D+TﬂP A .
: K+ :
. w 1 | pD wix r E
. Momentum equation :
. opd; dpu,; :iﬂ%Jrs(j):_EJriﬂ%jLs*m
. ot O%; ox, " OX ox; Ox,  OX .
. General Momentum Equations .
E ® cl 1@ S*(@) E
. 1 1] 0 0 :
E U=lx =t 1 H 2 a_U+£ @4_2 @4_2[(,(_3 )A:|+ B .
: xox Tyt ax Tt ox T ox HIZ T P5 :
. v=uy=u; (1] n o ou & N 0 ow 0 2 .
: t—p—t—p—+_—p—+_—|(k—— p)A |+ pB, .
- oxoy oy oy ez’ oy oy 3 :
: E e B I 1 PN :
: A A A A N I :
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Bernoulli’s Equation:
This equation has four variables: velocity (v), elevation (z), pressure (p), and density (p). It also
has a constant (g), which is the acceleration due to gravity. Here is Bernoulli’s equation:

2 P
— + gz +— = constant
2 P

e P +pgh+%pv2 = constant

2
« B +h+ ;— = constant; P is called pressure head, h is called gravitational head and
9 ~d

Y

2

;— is called velocity head.
g

Factors that influence head loss due to friction are:

Length of the pipe (7)

Effective diameter of the pipe (D;,)

Velocity of the water in the pipe (v)

Acceleration of gravity (g)

Friction from the surface roughness of the pipe (1)

e The head loss due to the pipe s estimated by the following equation:

[v?
Iill;r",.'vrm_;l':1-:v' = Am

e To estimate the total head loss in a piping system, one adds the head loss from the fittings

and the pipe:
h‘f,torﬂ! = Z hf,minﬂ-r' + th,mﬂjor

e Note that the summation symbol ( ¥ ) means to add up the losses from all the different
sources. A less compact-way to write this equation is:

h‘f,tﬂt‘rﬂ = hf,minarl + hf,minor: + hf,minﬂ-rﬁ + e
hf,mrz_;l'or'l + hf,mrz_;l'pr! + hf,mrz_;l'orﬂ + -
Combining Bernoulli’s Equation With Head Loss:

vy 2 Vi
& 1+Zl :E+2;+Zz+hf,rom:

+
¥ 2g ¥
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Relation between coefficient of viscosity and temperature:

AeCp/T

Andrade formulan = ———

Stoke's Law: F =6znrv

Terminal Velocity:

e Weight of the body (W) = mg = (volume x density) x g= %nﬁpg

e Upward thrust (T) = weight of the fluid displaced
= (volume x density) of the fluid x g = %ﬂfsog

e Viscous force (F) = 6xnrv

e When the body attains terminal velocity the net force acting on-the body is zero.
e W-T-F=0or F=W-T

. 67r77rV=%7rr3pg—%7rr309 =%7z1’3(,0—0)g

2 —
e Terminal velocity VZSM
7

e Terminal velocity depend on the radius of the sphere so if radius is made n - fold,
terminal velocity will become n? times.

e Greater the density of solid greater will be the terminal velocity
e Greater the density and viscosity of the fluid lesser will be the terminal velocity.

e If p> othen terminal velocity will be positive and hence the spherical body will attain
constant veloeity in.downward direction.

e If p < o-then terminal velocity will be negative and hence the spherical body will attain
constant velocity in upward direction.

Poiseuille’s Formula:

4 4
o« Vo Pr or V = KPr
77 7L
4
o V= wr ; Where K =% is the constant of proportionality.

87l
Buoyant Force:
e Buoyant force = Weight of fluid displaced by body
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Civil ENGINEERING - FLUID MECHANICS

e Buoyant force on cylinder =Weight of fluid displaced by cylinder
e V. =Value of immersed part of solid

S

® Fg =P X 9xVolume of fluid displaced
®  Fg= Pyaer X 9xVolume of cylinder immersed inside the water

e F=mg
» Fo=p,g 0’ (+w=mg =pvg)
e V, plg=V,p,g
T T
pwg Zd 2X = pcylinderg Zd 2h
* pr = pcylinderh

Relation between B, G and M:

e GM = \|7 —BG ; where | = Least moment of inertia.of plane of body at water surface, G =

Centre of gravity, B = Centre of buoyancy, and M = Metacentre.
_ bd® | bd*

L o= ] =
“T Y12

e I=min(l,l,),

e V =hdx
Energy Equations:

e Fne=Fy+Fp+Fy+ Fc+ Fjwhere Gravity force Fy, Pressure force Fp, Viscous force Fy ,
Compressibility force F. ,;and Turbulent force F,

e If fluid is incompressible, then F. =0
. Fa =F, +F +F +FiThis is known as Reynolds equation of motion.

e If fluid is incompressible and turbulence is negligible, then
F.=0,F =0 F,=F +F, +F,; This equation is called as Navier-Stokes equation.

e If fluid flow is-considered ideal then, viscous effect will also be negligible. Then
Fw = F, + F,; This equation is known as Euler’s equation.

d
e Euler’s equation can be written as: a +gdz+vdv=0
yo,
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Dimensional analysis:
Quantity Symbol Dimensions
Mass m M
Length I L
Time t T
Temperature T )
Velocity u LT *
Acceleration a LT
Momentum/Impulse mv MLT *
Force F MLT .
Energy - Work w ML °T
g Power P ML 2T 3 E
Moment of Force M ML °T
Angular momentum - ML °T *
Angle n ML OoT?
Angular Velocity ® T
Angular acceleration o T*
Area A L*
Volume \% L3
First Moment of Area Ar L*
Second Moment of Area I L*
Density p ML 3
Specific heat- Cp L°T*0™
. Constant Pressure .
E Elastic Modulus E ML 1T E
E Flexural Rigidity El ML 3T 2 E
E Shear Modulus G ML T ? E
E Torsional rigidity GJ ML °T i
g Stiffness K MT 2 E
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g r U Civil ENGINEERING - FLUID MECHANICS
Angular stiffness M ML T
Flexibiity 1/k M T2
Vorticity Tt
Circulation - LT
Viscosity mn ML T
Kinematic Viscosity T LT
Diffusivity LTt
Friction coefficient f/n MOoLOT?
Restitution coefficient MOLOT®
Specific heat- C, L1260t

Constant volume

Boundary layer:

e  Reynolds number =2 % (Re), =YX
7 v
“,
. Displacement Thickness (6 *): o* = J(l—Uj dy
0
: s U u
o Momentum Thickness (0): 8 =I —(1——) dy
oU U
e Energy Thickness (596~ [* 41— % |g
nergy Thickness ( ): —JO ol o7 y
o Boundary Conditions for the Velocity Profile: Boundary conditions are as
0 @ Aty=0u=0~0; ) Aty=su=U, X0
dy dy
Turbulent flow;
. ) da du
e  Shear stressin turbulent flow: r=7,+7, = y—+n—
dy ~dy
. Turbulent shear stress by Reynold: T=pu'v’
2
e  Shear stress in turbulent flow due to Prndtle : 7 = pl? [g—uj
y
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