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The energy equation will be derived starting from the first law of
thermodynamics which states that for steady flow, the external work
done on ant system plus the thermal energy transferred into or out of
the system 1s equal to the change of energy of the system.

Another definition of the first law of thermodynamics:

It states that the change in the internal energy AU of a closed
system 1s equal to the amount of heat Q supplied fo the system,
minus the amount of work W done by the system on its
surroundings.

In thermodynamics, the internal energy of a system is the

total energy contained within the system. It 1s the energy necessary
to create or prepare the system in any given state, but does not
include the kinetic energy nor the potential energy of the system.



In other words, for steady flow during time At

AE=Q—W
where AE is change of energy of the system, Q is thermal energy or heat transferred

into a system and W is external work done
The total energy E consists of kinetic energy E, potential

energy E; and internal energy E . Thus the total energy of
the system 1s
E=E k + Ep + Eu



E 1s an extensive property of the system. Then
the corresponding intensive property 1s given
by e, which i1s made up of e, e,, and u .

In applying the control volume equation

WNsys _ df dV+f v dA
dt _dt Cvnp Csnp(v )

dE dQ dW_dj dv+f .
dt dt  dt dt), " Csep(v )

AE=Q—-W



E =Ex+E,+E,

Or

dQ dw d Lo
= j (ex + e, +u)p dV+J (ex + e, +u)p (vdA)
Ccv CS

dt dt dt

in which dQ

-, = rate of flow of heat into the system

dW
dt

The kinetic energy per unit mass e, can be written as

—= rate of work done by the system on its surrounding

1 2
—mv
ekzzm %V while e, = %=gz
Substituting these into eq.
dQ dW
” f (—V + gz +u)pdV+j (—v + gz +u)p(vdA)

For convenience of analysis, work W 1s divided into flow work Wy and shaft work

W
W=W, +W,



Flow Work

* Work 1s needed to push the fluid into or out
of the boundaries of a control volume if
mass flow 1s involved. This work 1s called
the tlow work (flow energy). Flow work 1s
necessary for maintaining a continuous flow
through a control volume.



Flow Work

e Consider a fluid element of volume V, pressure P, and
cross-sectional area A as below.

A Flow Element

* The flow immediately upstream will force this fluid
element to enter the control volume, and 1t can be regarded
as an 1maginary piston.



Flow Work

* The force applied on the fluid element by the imaginary
piston 1is: .

Wark = FL = (PA) L = PV
F =PA
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Flow Work with Imaginary Piston

* The work done due to pushing the entire fluid element
across the boundary into the control volume is

W, =FL =PAL = PV

* The work done due to pushing the fluid element out of the
control volume 1s the same as the work needed to push the
fluid element into the control volume.



Flow work

» Another way of looking at the same flow work is given below:

» External work may be done on the fluid system in various
ways.

» It is done when the pressure forces acting on the boundaries
move, in our case, when P, A, and P,A, at the end sections
move through As; and As, respectively. This work is referred
to as flow work. It may be expressed as

Flow work = PA As, — P,A,As,

» The minus sign in the second term indicates that the force and

displacement are in opposite directions o g Mk
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* Since As =v A t, the flow work done by the system on the
surrounding fluid in time can also be presented as

AW, = PAAs, = BAV,Af

afo’1 B
e The rate of flow work (W/t) s RAy,

dw
d;’Z =-hAy,

* In terms of vector dot product, eqn can be written as

% — P(T)

* Then the rate at which flow work is done on the system’s
surroundings 1s obtained by summing eqn 10.11 for all
streams passing the control surface; in general

dw, -
— = P(VA)
dt- CcS

* And similarly



Shaft work

Shaft work 1s defined as any work other than flow
work. It 1s usually in the form of a shaft that either

* Takes energy out of the system (work on a mechanism
like a turbine blade)

* Puts energy into the system (shaft attached to a
mechanism like a pump that does work on the system)

In the latter case, the fluid system 1s doing negative
work on its surrounding.



Rate of change of work dW/dt is the sum of the shaft work rate

dWs/dt and the flow work rate aw _dW;  dw,
dt dt dt

It we substitute for dW/dt into Eq. 10.7 -4V (1. sy ][4+ coupliai) we g

dw, -
a0 _ dW _4 (lv2+gz+u)pdV+_‘- lszrngLu (ﬁdA)
dt dt dt dr =\ 2 2

Putting Eq 10.12 <-ss) into above Eq we obtain

g 2 o e

Replacing summation by integration and introducing p/p

AT -

or

Cf - dgs = jt j(%vz +gz+u)pdV+j(v +gz+u+i}a(\7dﬁ)



dQ_dWS:dI lvz+gz+u V+J lv2+gz+u+£ (ﬁdﬁ)
dt dt dis\2 2 P

* Equation 10.13 1s the basic form of the
energy equation.

* Usually some simplifications are allowed to
be made.



