ENERGY EQUATION for Non-uniform Flows

Mean Velocity: V=

Q 1
Z_AL VdA

1 (V)
Kinetic Energy Correction Factor: a = —f =] dA
AJ\V

Modified Energy Equation (by using Reynolds Transport Theorem for energy)

a, VS a, V5
D+ B2, =2+ 2y p gy
14 29 14 29
V, and V, are the mean velocities at stations 1 and 2
VW w o eI
yQ g yQ g
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a for Laminar or Turbulent Pipe Flows

. _ 1
For laminar flows: Mean Velocity: V = ZJ VdA

A
Example 7.1 1 To v
V= zf V2nrdr = —=
-\ 2 mry< J, 2
= Vinax |1 — 7"_
0 Kinetic Energy Correction Factor:
-
a = — =
Flow =
' {V _ iy 2nr d 2
V max a = 7'[1’02 JO ﬁ nmr ar =
For uniform flows: a=1
| — For turbulent flows: & = 1.05 — 1.07
o (we often use a = 1 for simplicity)
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Example 7.2 ENERGY EQUATION

A horizontal pipe carries cooling water at 10°C for a thermal Vz Vz
power plant. The head loss in the pipe is P1 +2z4 + 1 + hp _P2 + 7 _|_ 2 + hy + hy
1 29 Y 29
0.02(L/D)V”* , , , ,
hL = 2 W W Wt Wt
g hy=—2=-2 h=—=—
PvQ mg ve myg

where L is the length of the pipe from the reservoir to the

point in question, V is the mean velocity in the pipe, and D is
the diameter of the pipe. If the pipe diameter is 20 cm and the
rate of flow is 0.06 m’/s, what is the pressure in the pipe at . .
L = 2000 m? Assume o, = 1. Darcy-Weisbach equation

f: resistance coefficient or friction factor

L V? :
hy=hs=f ) Z (for pipes)

® + 2 2
D=02m L V
20t /_ [ h =002
Datum —
0 =0.06 m¥/s
«— [ =2000 m
@
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Example 7.3

A pipe 50 cm in diameter carries water (10°C) at a rate of

0.5 m*/s. A pump in the pipe is used to move the water from
an elevation of 30 m to 40 m. The pressure at section 1 is

70 kPa gage, and the pressure at section 2 is 350 kPa gage.
What power in kilowatts and in horsepower must be supplied

to the flow by the pump? Assume h; = 3 m of water and
oy =0y — 1

@

e z

:2:4’0111

P> = 350 kPa gage

(12: 1.0
:l =30m
Py =70 kPa gage
o = 1.0

~ Pipe
D=05m

Head loss in pipe = 3 m

1 hp= 550 Ibf ft/sec
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1W=1Nm/sec

ENERGY EQUATION
P1 “1V12 P2 anzz
—+z + + h,=—+2, + + hy+h
W, W, W, W,
hy=—-Lt=_-2 p=—=—1
yQ mg yQ mg
1 hp =0.746 kW
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Example 7.4

At the maximum rate of power generation, a small hydro-
electric power plant takes a discharge of 14.1 m*/s through

an elevation drop of 61 m. The head loss through the intakes,
penstock, and outlet works is 1.5 m. The combined efhciency
of the turbine and electrical generator is 87%. What is the rate
of power generation?

Elevation = 61 m

N v

Powerhouse

Turbine

]/ Elevation = 0
¥y Y

CE319F, UT Austin (S.A. Kinnas, 2020)

P1

_+Z1+
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ENERGY EQUATION
“1V12 P2 “2V22
+ h,=—+2,+ + h,+h
29 Py TP 2g L
W, W, B W, B W,
hp = —" = —/ ht = —" =/
yQ mg yQ mg

Energy Equation & Examples



Efficiency, n, of a machine

Useful power produced by the machine

Nmachine =

Given Power to the machine

Power provided to the water by the pump

Toumv = Flectrical Power given to motor of pump

Electrical Power produced by the generator of the turbine

Neurbine = Power taken from the water by the turbine
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Photos/Images of some types of
pumps and turbines
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1ACHINES 577

View A4-4

A
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An axial water-jet pump used for the propulsion of a high-speed boat:
A 7-bladed rotor, at the front (in red), is followed by an 11-bladed stator

\Qz,x

Direction of boat movement
>

Drive Shaft

Hull Bottom

.....................

Water-jet used for the propulsion
of a high-speed boat
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A TURRBRINEG

nner for the - { f .
wrden power X ? =
Brazil.

v of Voith Hydro
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Wind turbine farm
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Ocean current (or tidal) turbine
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A ducted marine turbine tested inside CAEE’s Flume

Check: https://twitter.com/spyroskinnas
For more info, photos, movies of the
experiment performed by students in
CE358 (Ocean Engineering) class
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Steam turbine
(rotor part)
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Hoover Dam Power Plant (17 turbines/generators capable of
producing 2GWs=2,000 MWs of electrical power)

Upstream
pool

A hydro-electric power plant

Fig. 14.22 of Textbook

Francis turbine used
to extract energy
from the water

Power house

--=.Generator

Turbine
runner
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Outlet

— -
— Downstream
(draft tube) —s pool

Adjustable vanes
" (wicket gate)

Turbine runner
== i
(Francis wheel)

Runner
vane
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https://en.wikipedia.org/wiki/File:Hoover_Dam_generators.jpg

Example 7.5 ENERGY EQUATION

A pipe 30 cm in diameter carries water (10°C, 250 kPa) ata  p, a1V12 Do a, V22
rate of 0.707 m’/s. The pipe contracts to a diameter of 20 cm. 7 tz+ 29 + hy = 7 +2z;+ + he+hy

The head loss through the contraction is given by

2
h, =01
L zg

where V), is the velocity in the 20 cm pipe. What horizontal
force is required to hold the transition in place? Assume the

kinetic energy correction factor is 1.0 at both the inlet and exit.
e Oy — 0Oy = 1.0

e by =0.1(V3/(2g))

—_— | —

H,0 Q = 0.707 m¥s

|
® @

D;=03m D,=02m
py = 250 kPa gage  p, = unknown
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EGL (Energy Grade Line) and HGL (Hydraulic Grade Line) ENERGY EQUATION

P1 a,Vy D2 a,Vs
EGL = EGL S =4z + + h, =—+2z,+ + he+h
G1+ hp Gz‘l‘ ht+hL v Z4 Zg p Y Z9y Zg t L
al? p i i W, W
EGLIB-I-Z-I-— HGL =—+z h :%:% hy = t_ ¢t
v 29 Y P yQ " g yQ g
2
HGL = EGL — & L V2 .
29 hy = hy = D 29 (for pipes)
i A 1 < L >
;o EGL, = EGL, + h,
HGL h,
EGL, = EGL, — h,
EGL,=z, :
D
L LAl b
= |
[ / T
Piezometer
z; Stagnation tube
, Datum
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EGL and HGL for pump ENERGY EQUATION

_ - P1 a, Vi n _ b2 V3 h o+ R

EGL1+ hp—EGLz‘l‘ ht‘l‘hL 7"‘ + Zg + p—7+ + Zg + t+ L
D aV? p h. — %_ % h Wt W
EGL=;+Z+Z HGL=;+Z P %0 g t= %0 mg
LV? :

— h, = f — — (for pipes)

h, = hs D 2g
EGL

Abrupt rise in \K EGL; + h, = EGL,
EGL equal _
to hp \ N hp \ T

—
T
—_—

CE319F, UT Austin (S.A. Kinnas, 2020) Energy Equation & Examples 18



EGL and HGL for turbine ENERGY EQUATION

_ - P1 a, Vi n _ b2 V3 h o+ R
EGL1+ hp—EGLz‘l‘ ht‘l‘hL 7"‘ + Zg + p—7+ + Zg + t+ L
p aV? D h. — Vo _ M hy = We _ We
EGL=;+Z+Z HGL—;+Z P yQ g yQ g
L V? :
h, = h. = f — — (for pipes)
L ! D 2g
HGL and EGL

EGL]_ — EGLZ + ht

EGLZ — EGLl - h't

/1, head given
up to turbine

DATUM

Gradual expansion of conduit allows
kinetic energy to be converted to pressure
head with much smaller /4, at the outlet;
hence, the HGL approaches the EGL.
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EGL and HGL between reservoirs ENERGY EQUATION

P1 a Vi | azVs
EGL1+ hp:EGLz‘l‘ ht‘l‘hL < —++z + +hp=_+ + +ht+hL
14 29 14 29
' ' w, W,
peL=P42+ Y heL=P4. hp= L= =2 = b=
_y+Z+2g _)/ yQ g yQ g
LV? :
h, = h. = f — — (for pipes)
k ! D 2g
HGL‘;nd EGL EGL
A4 2
—_ 2 V
Large? because & + 2_1 — & + h
2g
HGL smaller pipe here 4 g 14
\\ﬁ Steeper EGL and HGL
2 because greater /1,
per length of pipe V12
~ - = he
N Head loss Zg
£ So || EGL and HGL
1 Ny K
- 2152,
V,=0
—\:L — . — J _.{_’, ) p2=p
/1 ( T N 17 M2
DATUM

n
Z =\
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EGL and HGL for nozzle ENERGY EQUATION

P1 “1V12 b2 anzz
EGL1—|— hp:EGL2-|— ht+hL - 7+Zl+ Zg +hp:7+22+ Zg +ht+hL
p aVz . p h = % = _Wp ht - Wt = Wt
EGL=;+Z+Z HGL—;+Z P yQ g yQ mg
L V? :
h, = h. = f — — (for pipes)
L ! D 2g

—_—
—
—_—

-

\ s 2

diameter of conduit decreases,
causing V to increase.

=
\
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Example 7.6

A pump draws water (50°F) from a reservoir, where the water
surface elevation is 520 ft, and forces the water through a pipe
5000 ft long and 1 ft in diameter. This pipe then discharges the
water into a reservoir with water surface elevation of 620 ft. The
flow rate is 7.85 cfs, and the head loss in the pipe is given by

w =00 5)(V)
T AD /N 2¢
Determine the head supplied by the pump, h,, and the power
supplied to the flow, and draw the HGL and EGL for the

system. Assume that the pipe is horizontal and is 510 ft in
elevation.

z, = 520 ft (1) =L

Pipe, D=1ft
——— L= 5000 ft ———

CE319F, UT Austin (S.A. Kinnas, 2020)

ENERGY EQUATION

EGLl + hp - EGLZ + ht +hL

= 1(2)z,=6201t

Energy Equation & Examples

:B-l-Z-l-— HGL =
14 29

W P2 V3

2 +hp—y+ 2+ 29
Lo L V?
L= =7 pag

22



| A Cen19E
o Jmproved Sody oy of 6}%” é Textboo k. (s preseqted iy class) @igff}::zq,m

érjiray equahou betweew Dawd @): EGly—E6Ly = AP“K"'—“E. 9 620-520= f--"?'?,lﬂ--ﬁ 55

.

: Head. Loss iwtpipe:
52044 .= 5204124.19= 62119 ﬁ - V f;,_= 4.-%.!.- =744

| Hlncl Less -:,{'
Hgl=€eL- i‘l-; =m.c+ﬁ+ 1 outlet =a¢=%‘f= Lssft
T :‘EZ _P Lol
v= {0 /s o s elevation
D= 14t , L= s ooo Jt
§::. o,01 ., HZD
EG’L' - L .__Y,_ -
ho=§ = ¥ =Rt
5204t -~- -
Q&Vf‘l‘fﬂﬂ _ m %
— T —— 3 )
il =¥ L= Soco it o 1 hp= 550 Ibf ft/sec

k. By W, =yQh,=62.4 (Ibf/ft?) * 7.85 (ft3/sec)*179.19 (ft)/550=159.59 hp
Evergy equation is showu graphically Hhrough the EFL/HeL dugraa:
EGLy= EGL +hp— ho-he or 620=520+17219 - F264—1.55 (check -}L‘s!)

Nete: We @ssume He pop is very chlose Ho e tawk cu Hhe begt,co Hat He head lises
) eu the pipe cpuutn'i'l"*a it wifh the puwmp swve t.a.Mﬂ'l"'l.'.,d.-.
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