ENERGY PRINCIPLE

First Law of Thermodynamics

For a given system

dE
=Q-W
dt =Q-

Where:

Q =Heat transferred to the system (poistive sign)

W =Work transferred out of the system (negative sign)

E = Energy of the system (Kinetic Energy,Potential Energy,Chemical Energy,Electrical Energy)

E=U+KE+PE
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ENERGY PRINCIPLE

Derivation of Energy Equation

Using the Reynolds transport theorem which is

dz:ys =%ijbde +stbpv o dA

Bys = (E)gs = (Mu+me, +meg ), b=e=y+ e, +€p

Q-W =% ijede " stepv e dA
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ENERGY PRINCIPLE

Q-W :%j(u+e,< +ep)de+I(u +e, +e,)pV edA

2 2

G -W =%ij(u+V7+gz>de+cjs<u+V7+gz>pv-dA

he Work W =W, +W,

/., = Shaft Work

/., = Flow Work
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ENERGY PRINCIPLE

Flow Work

Control
surface

System at
time t + Ar

System at time ¢

The flow of work done by the system at station (2) is given by

W, =F xAl, =(p,A,)xV,At
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ENERGY PRINCIPLE

The flow of work by the system at station (1) is given by

Wi, = F x Al = (p,Ay) xV,At

Wfl =(p,A)xV, =pV e A

In general form, the work done by the system
for a constant velocity

Cs
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ENERGY PRINCIPLE

In general form, the work done by the system for a variable velocity

Shaft Work

Consider Egn.

. . 2 2
Q-W =%ij(u +V7+gz)de+CJ;(u +V7+gz)pVodA

2 2

Q—WS —V\./f =%ij(u +V7+gz)de+cjs(u +V7+gz)pV o dA

08/1.2/2010 Dr. Munzer Ebaid 6



ENERGY PRINCIPLE

. . 2 2
Q-W, —stg(pvodA)=:—tcjv(u +V7+gz)de+J;(u +V7+gz)pv o dA

. . 2 2
g-w, -4 [+ +92)p0Q+ [+ +g2)pV edA+ [E(pV edA)
dtCV 2 CSs 2 CSIO

Q—W :ij(u +£+gz)de+j(u +B)+£+gz)pv e dA
) dtcv 2 Cs P 2

he term enthalpy = h = (u + EJ
Yo,

V2
—+
2

. . d &
Q-W, :acjv (u+ 9z) pdQ +st(h +-+g2)pV e dA
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ENERGY PRINCIPLE

Steady Flow Energy Eguation

For steady flow, the flow accumulation equal zero
and if the velocity distribution is constant, then

the Eqn. CRVERE FIRETIRLI OIREESPA hecomes

t
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ENERGY PRINCIPLE

The coefficients (¢,, «,) are called kinetic energy correction factor and can be
evaluated as follows :

a =1 Velocity is uniform

a >1 Velocity is non —uniform
a =2 Laminar Flow

a =1.05 Turbulent Flow
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ENERGY PRINCIPLE

Pump — Turbine Combination

rbine are connected together,
Is equal to

When a compressor and
the resultant shaft work

Substituting for the above expression in Eqn. below

7 2 7 2
i(Q —V\'/s)+(pl+gzl+u1+ozlvl]=(pz+gz2 +u, +a, VZ)
m o, 2 o, 2

and divide by (g), we have
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ENERGY PRINCIPLE

Rearranging, we have

7 2 7 2
V \%
&+zl+aIL = &+gzz+azi +h oo
Mech. part Mech. part

P9 29 29
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ENERGY PRINCIPLE

Pump Head =h, = Vr:]/—;

Pump Efficiency = 7, = —ve)
(\NP )actual

(\NT )actual

urbine Efficiency =n, = ————

(Wr)
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ENERGY PRINCIPLE

Application of the Energy Equation, Momentum anc
Continuity Principles in Combination

Abrupt Expansion

=

Zone of separation
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ENERGY PRINCIPLE

i=i=H=\D,
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