Finite Control Volume Analysis||

Energy Equation
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First law of thermodynamics: The heat Q,, added to a system plus

the work 7 done on the system equal s the change in total energy
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Simplify the Energy Equation
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But ¥ is often Not uniform over control surface!

Energy Equation: steady, one-
dimensional, constant density
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Energy Equation: Kinetic Energy
Term
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Energy Equation: steady, one-
dimensi onal, constant density
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Pump Head
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Thermal Components of the

Energy Equation
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Example: Energy Equation
(energy loss)

An irrigation pump lifts 50 L/s of water from areservoir and
dischargesit into afarmer’ sirrigation channel. The pump

supplies atotal head of 10 m. How much mechanical energy
islost?
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Example: Energy Equation
(pressure at pump outlet)

Thetotal pipe length is 50 m and is 20 cm in diameter. The
pipe length to the pump is 12 m. What is the pressure in the
pipe at the pump outlet? Y ou may assume (for now) that the

only losses are frictional lossesin the pipeline.
hp=10m
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Example: Energy Equation
(pressure at pump outlet)

» How do we get the velocity in the pipe?
0=VA  A=nd¥4

V = 40l(md?)
V = 4(0.05 m¥/s)/[r x0.2 m)?] = 1.6 m/s
» How do we get the frictional |osses?

Expect |losses to be proportional to length of the pipe
hy = (6 m)(12 m)/(50 m) =1.44 m
» What about a?

a

* For auniform velocity distribution ¢is1
* For laminar flow _gis2

Kinetic Energy Correction Term:

()
e isafunction of the velocity distribution in
the pipe.

* For turbulent flow 1.01 < 2<1.10
— Often neglected in calculations because it is so
closeto 1
Example: Energy Equation Example: Energy Equation
(pressure at pump outlet) (Hydraulic Grade Line- HGL)
Ple o Pus va, Ve, « Wewould like to know if there are any
h,=144m v e places in the pipeline where the pressure is
" am SoLss too high (pipe burst
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or too low (water
might boail - cavitation).
* Plot the pressure as piezometric head

(height water would rise to in a manometer)
* How?




Example: Energy Equation
(Hydraulic Grade Line - HGL)
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Energy Grade Line Hydraulic Grade Line
EGL (or TEL) and HGL
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Pressure head (w.r.t.
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EGL (or TEL) and HGL

The energy grade line may never be horizontal or slope
upward (in direction of flow) unless energy is added
(Jpump)

The decreasein total energy represents the head loss or
energy dissipation per unit weight

EGL and HGL are coincident and lieat the free surface
for water at rest (reservoir)

Whenever the HGL falls below the point in the system for
which it is plotted, the local pressures are lowey than the

reference pressure

Example HGL and EGL
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Bernoulli vs. Control Volume
Conservation of Energy
V 2
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Control surface to control surface
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Y 28y 2¢g
Point to point along streamline

Has aterm for frictional |osses
Based on average velocity

Requires kinetic energy

No frictional losses correction factor

Includes shaft work

Power and Efficiencies

Example: Hydroplant

Water power = ?
total losses = ?

efficiency of turbine=?
efficiency of generator = ?

Hydropower
P=yQH,
P,,. = (9806N Im*)(5m*/s)(50m) = 2.45M W
2.100M W
Crotal = Wé 0.857

Popr. = (0.116MNm )(180 rev 2z rad 1""“) = 2.187MW

rev  60s
_2a87uW _
wwrbime 245M W = 0.893
@g»@m@mfaw- = M = 0.96

2.187Mw
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 Control Volume equation
» Simplifications

— steady

— constant density

— hydrostatic pressure distribution across control
surface (¢s normal to streamlines)

» Direction of flow matters (in vs. out)
» Wedon't know how to predict head loss

Momentum, and M ass

» Most problems in fluids require the use of
more than one conservation law to obtain a
solution

 Often asimplifying assumption is required
to obtain a solution

— neglect energy losses (_to heat ) over a short
distance with no flow expansion

— neglect shear forces on the solid surface over a
short distance

Head Loss due to Sudden Expansion:
Conservation of Energy

2

Pin +7/ /@(m 7 im_ +V p@mtf +/thz ot @W/ +y+h

pm =p@mtz Va Vz

= out i g h Zio = 2,
2 2
- Pin, = Pow Vw: V@mtz o -
h, = 7 + 2¢ What 1Sp,, = P ?

Head L oss due to Sudden Expansion:
Conservation of Momentum
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Head Loss dueto

Sudden Expansion
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Discharge into areservoir?__K, =1

Head Loss. Minor Losses

» Head (or energy) loss due to:
outlets, inlets, bends, elbows, valves, pipe
size changes

* Losses dueto expansions are

Summary

» Control volumes should be drawn so that the
surfaces are either tangent (no flow) or
normal (flow) to streamlines.

* |In order to solve a problem the flow
surfaces need to be at locations where all
but 1 or 2 of the energy terms are known

» When possible choose a frame of reference
so the flows are steady

grester  than
|osses due to contractions
» Losses can be minimized by gradual
transitions
* Lossesare expressed in the form p
where K istheloss coefficient 4, = K, 2¢
Summary

 Control volume equation: Required to make
the switch from Lagrangian to Eulerian

» Any conservative property can be evaluated
using the control volume equation

— mass, energy, momentum, concentrations of
species

« Many problems require the use of several
conservation laws to obtain a solution




Exercise:

5.91,5.104, 5.106, 5.108, 5.115

Temperature Rise over

Taughanock Falls
» Drop of 50 meters

 Find the temperature rise
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