Fundamentals of Engineering Review
Fluid Mechanics (Prof. Hayley Shen) Spring 2010

Fluid Properties

Fluid Statics

Fluid Dynamics
Dimensional Analysis
Applications

Fluid Properties (Table)

Density

Specific weight, specific gravity

Viscosity (absolute or dynamics, kinematic)
Bulk modulus

Speed of sound

Surface tension

Vapor pressure

Fluid Statics

Pressure vs. elevation

Manometers

Force over submerged plane and curved surfaces
Buoyancy

Fluid Dynamics

Continuity equation

Linear momentum equation
Angular momentum equation
Energy equation

Bernoulli equation

EGL and HGL

Dimensional Analysis

Buckingham Pi Theorem

Common dimensionless parameters
Dynamic similitude

Applications
Pipe flow-
Reynolds number, Laminar and Turbulent flows, Emtealength, Darcy-Weisbach
equation, Moody chart, hydraulic radius, pump amtihe head.
Open channel flow-
Chezy-Manning equation
EGL (Energy Grade Line) and HGL (Hydraulic Gradiee)



Fluid Properties (Table)

Density

Specific weight, specific gravity

Viscosity (absolute or dynamic, kinematic)
Bulk modulus

Speed of sound

Surface tension

Vapor pressure

SG= ! fuid _ 9 fluid
rH20@4°C 9 H,0@4°C
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Example

Find the terminal velocity of the object.
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Fluid Statics

Pressure vs. elevation

Manometers

Force over submerged plane and curved surfaces
Buoyancy

Tp = Tp =0, X, y:horinzonthaxes Tp =-g, z vertical axis
ix Ty fiz

When used in manometers, the above says that yhuwhen you go up from some
point and+ dh when you go down. Inclined manometers are usednialify the
menisci difference and increase accuracy.

Pabs = Pgage * Parm Absolute pressures are often indicategsaa and gage pressure
aspsig

For plane surfaces, use

Fr = 9. SingA for the total pressure force, where

¢ centroid of the submerged surfagg;the distance between the centroid and the top

of the fluid g along the orientation of the surfaBgA is the

submerged area is the angle of incline of surfade This force 0
is not applied at the centroid. It is below thetoaid. The point =
of application is along the incline of surface alistanceyy PR
below the surface Y
I
- + XC
Yr=Ye YA

For curved surface, separate the pressure foradorizontal and vertical part. The
horizontal part becomes plane surface and thecaéforce becomes weight.

Fh

F,, = Fr = F, on theverticalprojection F, = weightof fluid above= W + F;
Fouoyancy= J1uid” submergeet |f @N Object is submerged in several differdmif, must

calculate the buoyancy in each of them, then ageth@r. When using buoyancy in
problems, FBD is often needed.

Example ki
Find the tension in the cable if the system is =

neutrally buoyant. & water



Fluid Dynamics

Continuity equation

Linear momentum equation

Angular momentum equation (Moment of momentum eaquoat
Energy equation

Bernoulli equation

EGL and HGL

Continuityequatiort1 rd" + rVxdA=0
it cv cs

steadystate: (rAv),, = (rAv),, or m, =m,, incompreshle:Q, =Q,,
Linearmomentunequation:% CVVrd" + CSVrV xdA= Fs

steadystate: M, - M, = F,, whereM, =nmv,
Moment- of - momenturrequation:% o “Vrd' + o' “VrV xadA=t¢,

steadystate:  (r” vm),, - (1" vm), =10

Steadystateenergyequation vith oneinletandoneoutlet:

2 2

-~ p .V ~ PV B
(U +7 +E + gz)outm_ (U +7 +E + gz)in m= Qnetin +Vvshaftin

- V2 - V2 - _ p

(h +E + gz)outm_ (h +E + gz)in m= Qnetin +Vvshaftin’ h=u+—= enthalpy

r
p,Vv

How - Hip =-h +h, H =E+2—g+z, h 3 0 always.

Wshaft = ITUI’L = .@hs
. . p W .
Bernoulliequation.— +2— + z = constanalongastreamline
g 49

Bernoulli equation is a conservation of energy ¢ignalt is never 100% applicable.

2
EGL: line conne(:tingB +\2/—+ Z (total head line)
g 49

HGL: line connectingB +z (piezometric head line)
g

Example (Venturi meter)
Which is true?
the pressure at B is increased

the velocity at B is decreased —fomle o diffuser
the potential energy at C is decreased  —= >E/\J/
the flow energy at B is decreased B I

the kinetic energy at B is reduced

agrwnhE



Example (Stationary vane)

F, = rQ(v,cosa, - v,cosa,) F, = rQ(v;sina, - v,sina,)

v, » \, if horizontal andif notsince

theelevationchangds smallsothetwo velocitiesareabout thesame. vl=tg
Exampe (Pitot-static tube) —
o h2
_P, _P_p, V h!
h= = as o —
g 9 9 29

v=,29(h,- h)

Dimensional Analysis

Buckingham Pi Theorem

Common dimensionless parameters
Dynamic similitude

B, = f(By.Bs,....B,) 1= F (02,0500 )
r= 2 if there are two fundamental dimensions8in... B, ;
r= 3 if there are three fundamental dimensionBjn..B, .

To find the non-dimensiongd ’s:
1. Choose 2 (or 3, depending on how many fundamenterkions are in the

problem) repeating variables, s&y, B, .

2. Use the repeating variables to fopm = B,(B,)" (B,) .

3. Force the powers &, L, T in Bl(Ba)i (Bb)j to be zero and solve for the two (or
three) unknown powers | .

4. Repeat forp,...p,., .
Common dimensionless parameters: Reynolds numbmrde number, Weber number,

Dynamics similitude (for laboratory modeling purpysf p;,0,,03,...0,., are
parameters in prototype, amt,, 0 om:Pmss---P(n-rym iN the model case, when
P1=PimiP2 =Pamss-Pnr = Pen-rym then we have dynamic similitude between the two.
This is what we must do in scaling models. We makeg... 0, ,)m b€ equal to

P,...P,  ONe by one respectively, so that the resulpng = p; and may be used to
extract the prototype information we need.

Example
Combine torque, discharge, blade size in lengthsitheof fluid in a dimensionless
parameter.

2 3
p= [aQch/,d — (T_lg )a(l—?)b Lc(L_n;)d — ma+d L2a+3b+c-3d-|—-2a-b



a+d=0 c=a o 1 D
2a+3pb+c-3d=0 d=-a p=(Q “Dr )2, aisarbitrary,p:—2
-2a-b=0 b=-2a rQ
Example

If a flow rate of 02m®/ s is measured over a 9 tol scale model of a weiat fibow rate
can be expected on the prototype?
Flow over a weir is an openchannel flow. Use Fromdi@ber for modeling.

2. 2y I YAE;
V_mz_p _p= _p=3 &z—p2:243
Img 1p9  Vm \lm Qm  vilf
If the model force is at 1000N, what will be thede on the prototype?

2,2
F rvel
22 - 22 » 22)p=3292=729
% R L Fn  (rvi19)

Example on EGL and HGL




Applications

Pipe flow-
Reynolds number, Laminar and Turbulent flows, Emtealength, Darcy-Weisbach
equation, Moody chart, hydraulic radius, pump amtihe head.

Open channel flow-
Chezy-Manning equation

_/VD _VD
m n
R, <2100 Laminar, R, > 4000Turbulent, entrancéength:|_ /D = 006R,(laminar) |/ D = 44R_"®(turbulent)
2
Darcy- Weisbachpipefriction equation h, = f I—D;— f= (;j(laminar) in generalf from Moodychart.
g

2
: . v :
Minor lossequation:h, = K g’ K, =loss coeitient
g

The steady state energy equation for pipeflow is

hin = hout + h|- pipe + h|- minor

There are three types of questions: solve for lheagb or power requirement
(straightforward), solve for discharge, solve fggegpdiameter. The latter two requires
iteration. Must assume a solution, solve for anated solution, iterate until no more
change can be obtained.

flow cross- section

wettedperimeter

2/3c1/2
v=ﬁ(SIunits) Q=VA whereR, =
n

\Y

Jan

is subcritical and greater than 1 correspond teuiical case.

The Froude numbefF, = determines the type of flow. When it is less thahe flow

Example 20m elevation _ . :_@1 elevation
Find the energy required, in KW, by the 85% effitie ®?L '(‘“:)“‘)"“‘ iron pipe

pump if Q = 002m* /s and the minor loss B |
coefficient at the pipe entrance is 1.

V=9= 707m/s Re=£=4.2*105 £=0.0043 f =003
A 2 /72 D 2 2

WP:£ V_2+&+22_ (V_1+&+Zl)+f|_v_+cv_ = 44k\WN
h 29 g 29 g D2g 29

h=085v,»v,»0,p,=p,=0
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A sample final exam

12



13



14



15



16



17



18



19



20



