









































Dimensional Analysis Similitudeand Modeling

Simple method of predicting physical phenomena

for instance Fo f f V y g
collect these 5 parameters into a smaller number

non dimensional terms so that I can conduct

my
experiments faster and cheaper

Dimensionless
groups are called the Items

if I have N numberof IT turns

IT f T Tz Tz In 1

General Dimensions

in fluid mechanics M L T or F L T issufficient
to represent flow properties
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T p Dimensionally homogenous

Beekinghantthesree

If a flow phenomenon dependson k physical

parameters that involve R basic dimensions

M L T or FL T ther there exists only
K R independent IT turns that can beformed

from these physical parameters

Sleeps 1 Identify k parameters

2 Express k parameters in terms of M L Tor

3 Identity R value
F 4T
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4 Select th outof k parameters

combined R parameters mustcontain all
basic dimensions

each parameter must be dimensionally
independent

5 Select one additional parameter and use

RHI parameters to form IT terms
6 Repeat step 5 K R 1 times
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Example Consider the drag force Fp on an object
with a characteristic length of f moving slowly
at velocity all through air The drag fore also
depends on Cy g
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4 select 3 parameters

g f v
5 IT Fois l V
6 IT ly g l V

IT Fo ga l
MLT

2 Miya L3b LT y

M L f pitta III3altbe 2 c

lta OI 3atbtc O 2 c

D.atlt3tb 2 Oc

2b
2tTiFo g f v

2

tT gpF
LM
4533432












































Tito gift the

Teke ITfxnlR

III knife
Fo f Yesi

y j
s t












































Common Non Dimensional Numbers in Fluid Mechanics

Reynolds Number ftp.inetiafocevisavsforce

gya
Pressure feeEuler Number BI
inertiaforce

Froude Number Is
pgp

inertial
gravitational force

Weber Number 91ft inotiafacesurfacetension force

Mach Number f inertial
compressibility face

Strouhal Number wud localinotiate
convectiveinertiaforce

Drag Coefficient i TI
gvyz
idagfo.ae
inertia

Lift Gefficint Egg littleinertia












































2

For a turbulent flow in a pipe thepressure
drop Dp is a function of the pipe diameter D
velocity of the flow thelength ofthepipeCD
thefluid densityg and viscosity y the relative
roughness EID Find a suitablesetof IT turns
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SimilidModeling
Geometric similarity i

Tty F T E

17 FIT
kinematic Similarity velocitiesacceleration

Dynamic Sinity force

MoNing Predict forces liftdrug exe by
the flow on cars wings ships

Flow around the full scale body prototype



and he f l ate by p I type
it Hai as'd in

test a scaled down model in a wind tunnel

tin'sthin B'm Itai

IT IT M prediction equation

II PL IT
m

BH Blm

Iya

tatty requirements

A tag scale of a vehicle is tobe tested in two
tunnels One in a wind tunnelsecond in a water

tunnel Determinethe maximum velocity ofwaterand air

in the tunnels if the maximum speed of the

prototype is 120 mph
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Example A model with a scaleof 114 is to betested
to determine the velocity of discharge from a pinhole
crack on the side of a pressured larkThevelocity
is a function of the pressure in the tank wall
thickness diameter of the pinhole crack andthe
viscosity of the fluid in the tale Taketheviscosity
stateFind the prediction equation and similarity
requirements

b Find the velocity scale
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Idents
340 IT tons
4 37 General Dimensions

10.2g

l 5 steps for obtaining ITlens

0 22 Reynolds Number

1 20 Eder
2 02 Froude

2 43 Weber

Mh I



3 33 Mach

4 22 Stwhal

027 Drag Geffert

549 Lift Coefficient

2 57 Geometric similarity

4 14 Kirenate similarly

5 05 Dynamic similarity

j 9 Modeling

8 50 Prete similarly reinvent

9 22 Pedrohm
equate


