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Chapter 1 INTRODUCTION AND BASIC CONCEPTS

1. Fluids and no-slip condition

e  Fluid: a substance that deforms continuously when subjected to shear stresses

e No-slip condition: no relative motion between fluid and boundary

2. Basic units

Sl unit BG unit
Velocity V m/s ft/s
Acceleration a m/s? ft/s?
Force F N (Kg - m/s?) Ibf
Pressure p Pa (N/m?) 1bf/ft?
Density p Kg/m3 slug/ft3
Internal energy u J/Kg (N-m/kg) BTU/lbm
3. Weight and mass
e 9#°(N)=m(Kg) - g, where g = 9.81 m/s’
e 97(Ibf)= m(slug) - g, where g = 32.2 ft/s
e 1N=1Kgx1m/s
e 1lbf=1slugx1ft/s®
o 15slug=32.21lbm (weighs 32.2 Ib under standard gravity)
4. Properties involving mass or weight of fluid
e Specific weight y = pg (N/m>)
e Specific gravity SG =y /Vwater
5. Viscosity
. du
Newtonian fluid: T = uf = u——
o ewtonian fluid: 7 = pu "y
o T Shear stress (N/m?)
o b= )
o u Coefficient of viscosity (Ns/m?)
o v =u/p Kinematic viscosity (m*/s) v , da
n P o
¢ Non-Newtonian fluid: T « (Z—u) ) T { .
y . : ;
— /
Ex) Couette flow L : II
i y - : //
=y - _ U ~
u) =gy, T=pgs = ey /:/l\ap
Ay

( Fixed plate
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6. Vapor pressure and cavitation

e When the pressure of a liquid falls below the vapor pressure it evaporates, i.e., changes to a gas.

e If the pressure drop is due to fluid velocity, the process is called cavitation.
Cavitation number

_ P~ P
¢ 1/2pV2
e (., < 0implies cavitation
7. Surface tension
e Surface tension force
F,=0-L

e F, =line force with direction normal to the cut
e ¢ =surface tension [N/m]
e L =length of cut through the interface

Chapter 2 PRESSURE AND FLUID STATICS

1. Absolute pressure, Gage pressure, and Vacuum

P> 0
Pa = atmospheric
PA> . pressure =
s L <0 101325 kPa
Pa < Pa
pa = 0 = absolute
zero

® DA > DPaDg = Pa — Da= 8age pressure
® P4 <Da Pvac = —Pg = Pa — P4 = Vacuum pressure
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2. Pressure variation with elevation

e For a static fluid, pressure varies only with elevation z and is constant in horizontal x, y planes.

W _ g% _g%_ _, - _
6x_0'6y_0'6z_ P9 =Y

o If the density of fluid is constant,
o p+ yz = constant (piezometric pressure)

o % + z = constant (piezometric head)

O pPz=o = 0 gage, p = —yz :increase linearly with depth,

decrease linearly with height

3. Pressure measurements (Manometry)

1) U-tube manometer

* p1+VYmbAh—y€=ps D1 =DPam
* Dy =Ymbh—yt gage
= Ywater (SGmAh - SG{))

2) Differential U-tube manometer
o p1+ Yty = Vmbh —yp(£2 — Ah) = p,
o p1—p2 =V =) + (¥m — vr)AR
° (P1/Vf + {)1) - (Pz/Vf + 192) = (Vm/}’f - 1)Ah
difference in piezometric head
o Iffluidisagassys K ¥m 101 — D2 = YmAh
o Iffluid is liquid & pipe horizontal #; = ¥, :

P1— P2 = (}’m - Vf)Ah

74
gl T
AvA
p=-1
i Y
k -+ H—! Patm
Ah
g bbb 113

¥, {manometer liguid)
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4. Hydrostatic forces on plane surfaces

1) Horizontal surfaces

\V4

— horizontal surface with area A

S S RS!
TITTTTttttl 1 p=constant

[ ] F = pA
e Line of action is through centroid of 4, i.e., (xcp,}’cp) =,y

2) Inclined surfaces

(X.¥) = centroid of A}

FIGURE 3.10
(Xep-Veo) = center of pressure

Digeribution of
hypdrosearic pressure on o
Plane surface.

Wiew -

y
[ ] F = ﬁA
o p=ysinay:pressure at centeroid of A
o y= %fydA : 1 moment of area

e Magnitude of resultant hydrostatic force on plane surface is product of pressure at centeroid of
area and area of surface

e Center of pressure
_ i
o = —
Yep =Y+ 74
Ly -
O Xgp=—2+X
cp _’)7A +

I : moment of inertia with respect to horizontal centeroidal axis
For plane surfaces with symmetry about an axis normal to 0-0, I_xy =0andx,, =X
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5. Hydrostatic forces on curved surfaces

z n Free surface
o
Ay
T R

rﬁl_d_A T = Aictanna laalavr
J = 11 Ulaldlivie UVIUVY
Pl A . .
free surface
o F =-— fo pdA, (dA, = n - 1A : projection of ndA onto plane 1 to x-direction)

o K =- fAy pdA, (dA, =n - jA: projection of ndA onto plane L to y-direction)

o F =-— fA pdA, = yV¥ = weight of fluid above surface A

6. Buoyancy

I <]

s Fp=Fy —Fy1 =pgV

e Fluid weight equivalent to body volume ¥

e Line of action is through centeroid of ¥ = center
of buoyancy

7. Stability

1) Immersed bodies

FIGURE 3,15
Conditions of stability
for immersed bodies.
fa) Stable. {b) Neutral.
¢c) Unstable. {a) & {e)

e Static equilibrium requires: YF, = 0 and M = 0.

e YM = 0requires C = G and the body is neutrally stable
e If Cis above G: stable (righting moment when heeled)

e If G is above C: unstable (heeling moment when heeled)
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2) Floating bodies
e The center of buoyancy generally shifts when the body is rotated

e Metacenter M: The point of intersection of the lines of action of the buoyant force before and
after heel

e GM="0_cg
A4
o GM: metacentric height
o I,, = moment of inertia of waterplane area about centerplane axis
e GM > 0: stable (M is above G)

e GM<O0: unstable (G is above M)

8. Fluids in rigid-body motion
e If no relative motion between fluid particles

m=p(g-o

e For rigid body translation: a = a,i + a,k

o Vp= —p[axi + (g + aZ)E]

dp
[ ] - = =
Ix pax

e a, <0,pincreasein +x

e a, >0,pdecreasein +x

- P _
5, = P9 +a)

e g, >0,pdecreasein+z
e a,<0and|a,| <g,pdecreasein +z but slower than g
e a,<0and|a,| > g,pincreasein +z

* p=pGs+constant = pyuge = PGS
e G=ai+(g+a)?
e §=unit vector in direction normal of Vp

e Forrigid body rotation: a = -rQ?%e,
o Vp=—pgk+prQ?e,
. Z—f=pr02 Z—Z=—pg Z—Z=O

2
o p= grzﬂz — pgz + constant or§+ zZ— Z—g = constant (V = rQ)

_ TZQZ
o z=B"P,

o 0 a + br? : curves of constant pressure (p, : pressure at (r,z)=(0,0))
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Chapter 3 BERNOULLI EQUATION

1. Flow patterns
e Stream line: a line that is everywhere tangent to the velocity vector at a given instant
e Pathline: the actual path traveled by a given fluid particle
e Streakline: the locus of particles which have earlier passed through a particular point

2. Streamline coordinates
e Velocity : V(x,t) = v(x,t)3

e Acceleration:
g ovg\ . [0v, V2 __
94%”5%)”(7% n

v . A .
o a—ts =local ag in § direction
av T .
o a—t" =local a,, in 71 direction
v . . .
o Vg a—: = convective ay due to spatial gradient of V

2
1% . . .
o Ef = convective a,, due to curvature 1 : centrifugal acceleration

o R :the radius of curvature of the streamline

3. Bernoulli equation
e Euler equation: pa = V(p +yz)
e Along streamline

vi P
— +—+ gz = constant
2 p
or
2 2
Vs1 , P1 Vs2 P2
—+—+ =—+—+gz
2 P 1 2 9z;

e Across streamline
vi P
—dn +—+ gz = constant
R p

e Assumptions
o Inviscid flow
o Steady flow
o Incompressible flow
o Flow along a streamline
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4. Applications of Bernoulli equation

1) Stagnation tube

143 15
* mitp=p2tp

. V1=\/%(P2—P1)=\/%Vl=\/291

zy =23, 0 =yd,V, =0,p, =y + d)

2) Pitot tube

vZ 15
o Bty =242
Y 2g Y 2g

V1=0,h=E+Z
Y

Vo =2g(hy — hy) ®

=

Static pressure tap

h; — h, from manometer or pressure gage . \_

l

3) Simplified continuity equation

Volume flow rate: Q = VA

Mass flow rate: h = pQ = pVA

Conservation of mass: p;V; 41 = p,V,4A,

For incompressible flow (p=constant): V;A; = V,A4, or Q; = Q,

4) Flow rate measurement

Stagnation pressura tap

@

e [f the flow is horizontal (z; = z;), steady, inviscid, and incompressible, p; + %pr =p, + %sz2

If velocity profiles are uniform at sections (1) and (2), Q = V,4; = V,4,

. f 2(p1-p2)
Flow rateis, Q = 4, m

Ex) Venturi meter

Venturi
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Chapter 4 FLUIDS KINEMATICS

1. Velocity and description Methods
e lagrangian: keep track of individual fluids particles

V, = upl +v,j + wpk

e Eulerian: focus attention on a fixed point in space
V=V(xt)=ui+vj+wk

2. Acceleration and material derivatives
e Llagrangian:

dV,

4 ~
a_p=—?=axl+ay]+azk
duy, dvy, _dw,

a, =— Q, =— a, =
*dt Yoodt 7 dt
e FEulerian:

DV av S
g=—;=a—?+(K-V)K:axl+ay]+azk

where,

0 0 .
V= ai + @j + % k : gradient operator

_Du du 4 du ou ou

=T " Hoax T Vay Tz

_Dv_6v+ 6v+ 6v+ dv

YT D "o "o T Vay T az

_ Dw _ ow 4 ow ow ow

2=t T " Hax " Vay " Vs

6_K
at
. (Z . V)K = convective acceleration. Spatial gradients of velocity

= |local or temporal acceleration. Velocity changes with respect to time at a given point.

e Material (substantial) derivative

D_0 2,2
Dt ot “ox ' Vay "oz
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3. Flow classification
e One-, Two-, and Three-dimensional flow
e Steady vs. Unsteady flow
e Incompressible and Compressible flow
e Viscous and Inciscid flow
e Rotational vs. Irrotational flow
e Laminar vs. Trubulent viscous flow
e Internal vs. External flow
e Separated vs. Unseparated flow

4. Reynolds Transport Theorem (RTT)

% =—| [pd¥+ BpVg - ndA
dt ot Joy cs = =
Special Cases:
e Non-deforming CV moving at constant velocity: % = fcv% (Bp)d¥ + fcs ﬁp& -ndA
o Fixedov: 2= [ [2(gp)+ V- (Bpy)|a¥
d

Pl

e Uniform flow across discrete CS (steady or unsteady):

fCS BpV -ndA = Y.csfpV - EdA(—inlet,+outlet)

e Steady flow:

5. Continuity equation

dM—O—af dV+f Ve - ndA
dt ~ ot CVp Csp—Rﬂ

Simplifications:

a
e Steady flow: _Efcv pd¥ =0
e V =constant over discrete dA (flow sections): fCS pV -ndA =Y pV-A

e Incompressible fluid (p = constant): fcs pV-A=— %fcv d¥ (conservation of volume)
e Steady One-dimensional flow in a conduit: Y,cspV - A = 0, —p; V141 + p,V,A, = 0, forp =
const Q; = Q,
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