1. The energy equation

2. The mechanical energy equation. Definition of energy loss
and headloss

3. Bernoulli equation in steady-state. Piezometric head
constancy

4. Concepts related to power and efficiency
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1. General equation of conservation of energy*
2. Simplified forms of the energy equation*

3. Average velocity — Coriolis coefficient*

4. Application to a streamline*
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v" Word statement:

Rate of energy _ Rate of energy change
transfer to the system - (increase) in the system

e Intrinsic energy:

- Kinetic energy

- Potential energy
- Internal energy
- Chemical energy
- Nuclear energy

e Energy transfer:

- Heat

- Work } Signs agreement
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v" Formulation:

dQ dw dE
dt  dt dt

e Intrinsic energy:

- Kinetic energy U’ -
- Potential energy } b=e=U+—+gz E,, = J‘J‘J‘V (T +— + g2)dV
- Internal energy 2 - 2

° Transport theorem:

dB,,
dt

. . 2 )
Q-W=L ] o+ L s enav s+ o+ L+ 0,45
dt . 2 N o)

- % ][, pbdv +{f bpUdA
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v' Analysis of the types of heat (Course: Thermal technology in the 3rd year)

e Conduction
e Convection

e Radiation

v' Analysis of the types of work

e Shaft work
e Work done by shear-stresses at the control surface

e Work done by pressure at the control surface:

- Flux work

- Deformation work
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v' Analysis of the types of works

(shear stress by the

— > by ==X surroundings on the system)
— T - :
—_ g
—> i_,' -
— i = i - * Shaft work: Whatt = M@
—> T

b

|l v e Work done by shear stresses:

W, : pump (-)
sthaft { P

: : W, : turbine (+)

Figure 4.1 Analysis of the
types of mechanical work

W shear = -ﬁA UGRdA)

Work done by pressure:

- Flux work: Wix = ﬁA ﬁrpdA

dw,

- Deformation work: T - Wbp =ﬁ UcpdA
t A
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v'  Energy equation

. o 2 2

Q-W = ad p(T + v +gz)dV + | Pp(T + u- +gz)U dA
de JJ ), 2 2

. . . N N N N d U2 U2 _ _

Q= (W ahat + Wnear) — SELC pU dA - )f:fAc pUdA =— j j jv p(T + = +endV+ ﬁAC p(T + — +eUdA

ugs

. . . - _ d - U2 N p U2 N R
Q= (W shatt + W shear ) — ﬁAc pU dA = Emvc P +——+g2)dV + ﬁAC p(T + St gz)U dA

“Integral approach of the General Equation of Energy”
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v Energy equation

2

. . . _ _ d - U2 - p U _ -
Q— (W gttt + W ghear ) — {:}Ac pUdA = am% P+~ +g)dV + ﬁAC p(T + St gz)U dA

v’ Steady-state regime and rigid and fixed control volume:

2

[ [ ° - U . N
Q_ (Wshaft + Wshear) = ﬁAC p(u + % + 7 + gZ)UdA

v' Finite number of inlet and outlet, uniform flow:

2 2

Q— (Wshaft+WShear) = qu(ﬁ+B+U7+gZ)—qu(ﬁ+E+U7+gZ)
P in P

out
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v Average velocities and properties

v" Kinetic energy correction coefficient or Coriolis’ coefficient a

— Ei = [[ p=-dA=p=2—a
. k=) pdA ==

— : ) : JJuan
(1) Ek=a-p—U‘” A=a-qp, Yay o=""A 3
2 U..°A

av

Figure 4.2 Jet injection inside a pipe

v" Finite number of inlets and outlets:

. . . N U 2 . U 2
Q_(Wshaft+wshear)=qu(u+%+a ;V +gZ)—qu(u+§+a%+gZ)
in

out
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v Energy equation in a streamline
(2)

Figure 4.3 Streamline and differential streamtube

. . . 2 2
dQ— (dWshaft+ dwshear) = dqmz(ﬁz +%+U72+ gZz) _dqml(ﬁl +&+ [J21’ + ng)

2 1

‘g . d Q d Wshaft d Wshear
Specific properties: q=—- Wo = W =
dq,, dq,, dq,,

- U, U/
q_(wshaft+wshear)=(u2_u1)+[g_2_%)+[72_71]+(g22_gzl)
2 1

U2 U2
(ﬁl-i-&-'— 21 +gZIJ+q_(Wshaft+Wshear)=(ﬁ2+&+ 22 +gz2j
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2. The mechanical energy equation. Definition of

v The mechanical energy equation

p p U 2 U 2
q_(wshaft+Wshear)=(ﬁ2_ﬁ1)+[_2__lj+[ 2 — 1 ]-l_(gZZ_ng)
P P 2 2
. e 2 2dp (U, U/
_(vvshaft-l-vvshear)_|:(l'12_ul)-l-j1 pdv_q:|_JA1 ?= 2 - 2 +(gZ2_gZI)

2dp U22 U12 Mechanical energy equation
= (W gt + W ghear) _J; ? —(ghy) = > +87Z, |- > + 87, for a steady-state flow along

a streamline

/ | |
/ | ! — )
e
Work to machinery Work by Mechanical  Change of specific mechanical
or shear stresses pressure energy loss energy of the fluid

forces

2
(gh,) = [(ﬁ2 - ﬁl) + J'pdv _ q} Mechanical energy loss
1
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2. The mechanical energy equation. Definition of

v' Mechanical energy equation. Incompressible flow

2 2

U U
&'l'Tl"'ng _(Wshaft +Wshear)=p_2+72+g22 +ghL

p

(gh,)= |_(ﬁ2 _ﬁl)_qJ|
——
\

Gain of internal Heat given to the
energy + surroundings
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v Bernoulli equation in steady-state regime

2d U’ U’
_(Wshaft -I-Vvshear)__"1 Fp_(ghL) =( ; +gZ2]_(Tl+gZIJ

v Flow without any heat transfer (neither addition nor extraction)

ﬁ v" Flow without any friction (inviscid fluid)
v Flow without shaft work between (1) and (2)

2
dp 1 ) ’ “"Bernoulli equation in a
—+ (U, -U,; )+g(z,-2,)=0 compressible fluid” (steady-state
R regime) valid for a streamline.

e Incompressible fluid

2
p
z+—+— =Cte
& 2

P

Gustavo A. Esteban - 2016



v'Alternative forms of Bernoulli equation

gz+p+U2=Cte yz+p+1pU2=Cte=pT z+p+2=Cte=hT
o 2 2 Y, 28 \
NN
v Energy heads dlag fam {Elevation} {Pressure} Velocity} {Total}
head head head head
Energy Grade Line (EGL)
‘:U12/2g

Piezometric line or
Hydraulic grade line (HGL)

z, Streamline !

Reference plane (z=0)

Figure 4.4 Energy heads diagram
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v' Piezometric head constancy

ACI‘OSS
gl &+Zl=&+zz=&+z3=Cte
1 Sweamube Y Y Y
1
/ ps/Y
- . . Py v P /'Y
Figure 4.5 Piezometric head constancy (5) X 2
® (2)° X
(1
A o Z3
z, Zy
! e (z=0) v

Figure 4.6 Manometers connected to a pipe
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v"  Generalization to a streamtube of:

e Bernoulli equation

2
Y U, %) U,
Z+—+0,—=2Z,+—=+0d,——=hy

Y 2g Y 2g

,sec tion

e Steady-state mechanical energy equation

p U’ p U,
1 1 2 2
Z,+—+0Q, +H, =z, +—=+a, +H, +h,

Y 2g Y 2,

Net head of Net head of
the pump the turbine Headloss
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v" Power of a finite stream

dA

Streamtube

Figure 4.8 Streamtube
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2
hT=z+B+U—
Yy 2g

a

E=y Z+B+OLUaV
Y 2g

] = YQhT section




v' Dissipated power

Eiost = YQhL

v Power of a pump

‘Wp =vQH,

v" Power of a turbine

W =YQHt
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v’ Efficiencies

Power absorbed

Shaft power
(Pshaft)

from the electrical J——— motor

net

Power extracted from

nmotor T]pump

Shaft power
(Pshaft)

the fluid _alternator
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nturbine

nturbine—generator

Power given to
fluid

Generated electric

_:[ power

N = ‘Wp‘ _ YQH,
P Pshaft Pshaft
1,] — Pshaft
motor
Pelectric
n - Pshaft - Pshaft
turbine .
W, YQHt

n alternator

P

€

_ lectric

P

shaft




