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What will 1t do for Students

You will get a strong foundation through guided
problem solving

You will know where to start and where to go
from the step-by-step instructions

You will' get immediate feedback so that you can
fix your mistakes

You will finish your homework in a fraction of the
time

You willl improve test scores and grade

You can learn at your own pace at your own time




Manometer

Start at pA,
walk through
manometer
to pB

pA + gammal*H1l + gamma2*H2 - gamma3*H3 = pB




Force on Plane Area

ol Triangle Q@E

[ Show Axes ] [ Show Planfarm ]

[ Find Force ] I Find Location l

Find Area
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A =

Locate Centroid C, draw x.
Find 2™ Moment of Area

o
36

3

Find Force
F = vydAsm 6

Find Location
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Force on Plane Area

‘o) Semicircle

[ Show Sres ] [ Show Planform l

[ Find Force ] | Find Location l

Find Area
]T.i"2
2

Locate Centroid C, draw x.
Find 2™ Moment of Area

I(x)=(Z—2)* = 0100757+
8§ 9

X

Find Force
F = ydAsm 6

Find Location
I(x,)
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Force on Plane Area felp

Force on Composite Plane Areas

Problem-1
The gate of Figure-1 is immersed in a fluid as shown in Figure-2. This gate is analyzed as a
composite area consisting of two flat, rectangular gates.

Figure-1

Figure-2




Force on Plane Area felp

Problem-2
The gate of Figure-3 is immersaed in a fluid. This gate is analyzed as a composite area consisting
of one rectangular gate and a semi-circular gate.

¥

Figure-3




Buoyancy Concept Map




Buoyancy Concept Map - Variables

Displaying all variables in map

[.-'—‘-.c:l:ept Changes [Enter]] ’ Digcard Changes [Ezc) ] [ &dd Other Wanables ] |E‘33i':

KNOWHN variables DESIRED warniables
Check all the vanables you know. Check the one wariable wou need.

[ ] Acceleration-a O Acceleration - a

[] Acceleration Grawvity - g () Acceleration Grawity - g

[ ] Buoyancy Force - F_Buoy ) Buoyancy Farce - F_Buoy

[] Sp.Weight Body - gamma_body O Sp. Weight Body - gamma_hody
[ ] Sp. Weight Fluid - gamma_fluid ) Sp. Weight Fluid - gamma_fluid
[ ] %ol Body - _body O Wal Body-%_body

[ ] %ol Displaced Fluid -%_disp ) val. Displaced Fluid -%_disp

[ ] Weight Body W _hody O WWeight Body - _body

[] Weight Effective - W_eff @ Wigight Effective - W _eff




Bernoulli Egn. Concept Map

Reservar at 1 Reservor at 2

Static/Fitat Loop

Static-Tube at 1 Static-Tube at 2

& -

Bernoulli's Equation

/ x

Pitat-Tube at 1 Pitat-Tube at 2

Cantinwiby

Free Jet at 2
Free Jet at 1




Bernoulli Concept Map - Variables

Disﬁlaying all variables in map

lﬁl'-.n::cept Changes [Enter]] [ Digcard Changes [E=c) l [ Add Other Y ariables l |E‘E'Si':

KNOWN wvariables

Check all the wvanables wau know.

[ ] Altitude-1 - Alt1

[ ] Altitude-2 - Alte

[] Area-1 - Al

[] Area? - A2

[ ] Density - rho

(] Grawity - o

[ ] manometer deflection - H_man
[ ] manometer density - tho_m
[] Prezsure-1 - Fri

[ ] Fressure-2 - Pre

[ ] Total Head -1 -H1

[ ] Total Head-2 - H2

[ ] Yelocity-1 -Yell

[ ] Welocity-2 - Yel2

DESIRED wvariables

Check the one wvariable wou need.

O Altitude-1 - Alt]

O Altitude-2 - Alt2

O Area-1-Al

O Area - A2

) Density - tho

O Gravity - g

() manometer deflection - H_man
) manameter density - tha_m
O Pressure-1-Prl

O Pressure-2 - Pr2

O Total Head -1 - H1

O Taotal Head-2 - H2

O Welacity-1 -Well

O Welacity-2 -Wel2




Bernoulll Concept Map - f7ée/p

P, = pg(z; — z,) + pgh — pmgh




Momentum — Concept Map

Inflow Rate

Irflow Y elocity

[nflows b omentum

Inlet Pressure Hpdrostatic

Inlet Pressure Unifarm

Huydrostatic Pressure Force

Wolume Flow Law Outflow Fate

S

Masz Flowrate Dutflow Welocity

Cutflow Momentun

bl omentum Law

Dutlet Pressure Hydrostatic

Outlet Pressure Uniform




Momentum Concept Map ré/p

Qutlet "
—¥ "o

Velocity Vg
Velocity V; Area Ag

Area Aj Pressure Pn
Pressure F'i

Weight of fluid = W = Wy X + W,y

]

Force from pipes, walls, surfaces in contact with the fluid =

Momentum Equation:

M;+ P+ Py +W + F =M,




Momentum Concept Map ré/p

Velocity V,
Velocity Vi Area Ag

Area Aj Pressure F,
Pressure P,

Momentum inflow = J'ﬁ',- = m‘.}’}- = PQ;\-}}




Energy Concept Map

Irlet Welozity Head Inlet Free Surface Inlet Preszure Head

Inlet Yolume Conseryation

Purmp Power

Feynalds Mumber — ] Friction Factaor /

Walume Flow-H ate ajor Loss Energy Equation

tinar Loss \

Turbine Power

Outlet Volume Congeryation

Outlet Welocity Head Outlet Free Surface Outlet Pressure Head




Energy Concept Map fe/p

Inlet velocity head = Hy;
Inlet pressure head = Hp;
Inlet altitude = H;

Major Head Loss = Hyq o
Minor Head Loss = Hyi0r
Pump Head = Hp,
Turbine Heed = Hy,,,,
Outlet velocity head = Hy,,
Outlet pressure head = Hp,
Qutlet altitude = H,,
Energy Equation:

HVE 3 HPE 3 HE s HMajﬂ'l" A HMiﬂﬂTr" + HPum-p . HTu-rb
— Hpﬂ =t H_pﬂ + H{}




Pipe Flow — Iterative Solution

o' Pipe-Flow: Diameter Unknown

=%

Pipe-Flow: Diameter unknown problems

Density | Length of pipe Gravity

Wiscosity Volume flowrate fMajor Head-Loss

Begin calculation with a guessed friction factor = 0.02

Find D Find Velocity

1/5
8fLQ2

2
n Q'Hmajbr
=

Iterate in loop until convergence.
Find Reynolds Number

vV

D

Find Friction Factor

) 0.25
[0.758912-0.9/0g1(Re)] 2

3

Re =

Calculataor

Start




Pipe Flow — Iterative Solution

rﬂﬁiEE-F'luw: Diameter Unknown g@
: Pipe-Flow: Flowrate unknown problems

Density | | Lengthofpipe | | Gravity
Viscosity | | Diameter | Major Head-Loss | '

Begin calculation with a guessed friction factor = 0.02

Find Q Find Velocity

2
t gH ma;er

53172

8fL

Iterate in loop until convergence.
Find Friction Factor Find Reynolds Number

) 0.25
[0.758912— 0.9/0g1g(Re)] 2

i




Dimensional Analysis

o5 Buckingham PI - Theorem

BUCKINGHAM PI-THEOREM

@ MLT O FLT Repeat -1 Repeating Varisbles

= ; Enter
epeat - dimenzionz of
Lezs than or equal to 7 and areater than 3 the repeating

5 vanables.
FRepeat - 3

M4F - Check

How many wariables?

Procedure

Does M appear in AN of the vanables ?
Help

=1 Yex () Mo

Why some

L - Check combinationz
of repeating
vanables do

Doez L appear in AN of the vanables ?
nok wark,

% Yer () Mo

T - Check

Does T appear in AN of the vanables?

(%) Yes () Mo
Fepeat

YOU MEED 3 REFEATING WARIBLES
YOUWILL GET 2 Pl -YARIABLES




Dimensional Analysis héelp

Why Some Combinations of Repeating Variables
Do Not Work

A set of repeating variables cannot be used to non-dimensionalize other variables when
— two or more variables in the set can form non-dimensional groups among themselves.

Example-1
A set of repeating variables contain a length (D ), an angular velocity (@), and a

velocity (V). P

o= [T"]
V:=[LT"]

These three variables can be combined nto a dimensionless group
II=Dw/V

Therefore, the set (D, @, V) 1s unsuitable as a set of repeating variables.

Example-2
A set of repeating variables contain a pressure (p), a density (p). and a veloeity (V).

p:=[ML? T
p:=[ML]
V:=[LT"]
These three variables can be combined into a dimensionless group
M=pV3i/p

Therefore, the set (p. p, V) 1s unsuitable as a set of repeating variables.




