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THERMODYNAMICS



Preface

ceptually difficult subject for engineering students. The nineteenth century
German physicist Arnold Sommerfeld (1868—1951) seemed to voice the
feelings of many when he made the following comments about thermodynamics?:

T hermodynamics is a very powerful engineering tool, yet it is often a con-

Thermodynamics is a funny subject. The first time you go through the subject,
you don’t understand it at all. The second time you go through it, you think you
understand it, except for one or two points. The third time you go through it,
you know you don’t understand it, but by that time you are so used to the
subject, it doesn’t bother you anymore.



THE LAWS OF THERMODYNAMICS

ZEROTH LAW
TWO OBJECTS THAT ARE IN THERMAL EQUILIBRIUM WITH
A THIRD OBJECT WILL BE IN THERMAL EQUILIBRIUM
WITH EACH OTHER.

FIRST LAW
ENERGY CAN NEITHER BE CREATED NOR DESTROYED,
BUT ONLY CONVERTED FROM ONE FORM TO ANOTHER.

SECOND LAW
NO ENGINE CAN GENERATE WORKWITHOUT NET
REJECTION OF HEAT TO A LOW-TEMPERATURE
RESERVOIR




TABLE 2.2
ENERGY BALANCE
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(Beu/ b) (S (Biu/1b) (SD
Z Z,
Potential energy 7’5— Z,g T;zg- Z,g
_ v & Z vz
etic energy — —
2e.J 2 2g.J 2
| Internal energy u, U, u, %,
Flow work %ﬁ D1 !13;2 P2Y2
Work d W, Wons W,
or — . —ut
o J N J o
Heat Gin in Jout Jour




ENERGY EQUATION

THE FIRST LAW OF THERMODYNAMICS STATES THAT
ENERGY IS NEITHER CREATED NOR DESTROYED...

Combining all types of energy into a single equation
gives:

2,9+ V212 +u, +pv,+wy+qy

= Z,g + V212 + u, + pyv, + Wour + doyr

For constant u and no w or q this equation reduces to
the Bernoulli Equation

z,g+V.2/12 + pv, = 2,9 + V,2/2 + p,v,
z,+V212g + p,lpg = z, + V,2/2g + p,lpg
Note that: u + pv = h

Hence rewriting gives:

(z4 -2,)9 + (V,2-V,2) [ 2 % (hy - hy) + (W - W)
+ (On-Gour) = O

This equation can be adapted to all flow processes by
~ substituting appropriate values.

02-007 (0050)



BOILER

ENERGY EQUATION (STEAM SIDE)

2,0+ V212 + u, + pv, + Wy +q
- 2
= 2,9 + V212 + uy + p,ov, + Woyr + Qoyr

ASSUMPTIONS
No change in elevation Z, =z,
Small change in velocity V,=V,
No work input W =
No work output Wour =0
No heat output from steam dour =0

BOILER EQUATION

u +pvytqy = U, tpyv,
hi+qy = h,

an = hy-h,

Generally

Heatin = Ah

02-009 (0068)



TURBINE
ENERGY EQUATION

2,0+ V22 +u, +pv,+wy+q
= 2,0 + V,212 + U, + p,v, + Woyr + Qoyr

ASSUMPTIONS
No change in elevation Z,=2,
Small change in velocity V,=V,
No work input W,y =
No heat input dn =
No heat output dout =

TURBINE EQUATION

u, + p,v, = U+ pavat woyr
h, = hy +wgyy
Wour = hy-h,
Generally
Woyr = Ah
FOR GAS TURBINE

WouTt = Cp AT

02-008 (0067)



NOZZLE

ENERGY EQUATION

2,9+ V,.2[2 +u, +p,v, + wy +qy
=2Z,0 + V212 + u, + pv, + Wour + qoyr

ASSUMPTIONS
No change in elevation z,=2,
No work input W =
No work ouput Wout =
No heat input Ay =
No heat output dout =
THROTTLE EQUATION
V22 +u+pyvy = V22 +u,+pyy,
V,212+ h, = V,212 + h,
V,2-V,2 = 2(h,-h,)

If initial velocity is negligible

For gas flow:

Generally:

Va2 = \[2(h1 - hy)

Vy, = ‘JZCPAT

Velocity = Function of \JAh

02-010 (0070)




THROTTLE
ENERGY EQUATION

2
2,9 + V%2 + uy + pyvy + Wy + gy

— 2

=2z,g + V,2/2 + u, + p,yv, + Woyr + Qour

ASSUMPTIONS
No change in elevation Z,=2Z,
Small change in velocity V,=V,
No work input wy =0
No work ouput Wour =0
No heat input N =
No heat output dour =0
THROTTLE EQUATION
Up+ pvy = U+ Py,
h, = h,

CONSTANT ENTHALPY PROCESS

The Throttling Process involves acceleration of
the fluid in a constriction (as in a nozzle) followed
by turbulent deceleration with frictional heating
as the flow velocity returns to normal.

02-011 (0069)



PUMP
(GENERAL EQUATION)

ENERGY EQUATION (ACROSS PUMP)

2
2,9+ V42 + uy + pyvy + Wy + gy

- 2

= 2,0 + V42 + u, + pyvy, + W+ Qoyr

ASSUMPTIONS
No change in elevation zZ,=2,
Small change in velocity V,=V,
No work output Wour =
No heat input dn =
No heat output dout =

TURBINE EQUATION

u, +pvytwy = u,tpyyv,
h,+wy = h,

Generally
Workin = Ah

02-013 (0072)



PUMP

ENERGY EQUATION

2,9+ V.22 +u, +pv, +wy +qy
- 2
= 2,0 + V22 + uy + pov, + Wour + Qoyr

ASSUMPTIONS
No change in elevation z, =z,
Small change in velocity V,=V,

Little change in internal energy u, =u,
Little change in specific volume v,=v,=v

No work output Wour =0
No heat input qn=0
No heat output dour =0

TURBINE EQUATION

PVt wy = PV
Win = (pz2-Py)V
Win = (P2-P)/p
Generally
Workin = Ap/p

02-014 (0073)



HEAT EXCHANGER

Energy Equation
z,g+VZi2+uy+pvy+w, +q,

— 2
= Zy g+ V224 Uy +pyvy + W+ Gy

Assumptions

No change in elevation z,=2,

Small change in velocity V,=V,

No work input w,, =0

No work output W,=0
Equation for hot fluid

Uy + PyVy + Oy = Uy + PV, + Oy

hy - hy = Qg (J/Kg)

Mhot (h1 - hz)hot = I\’Ihot qout (JIS)
Equation for cold fluid

Up+ PV + Gy = Uy PV, + Gy

Qout = h2 - h1 (JIKg)

Meoid Ain = Mcoalhz - hy)eo (JIs)

Miot (Ng = Ro)iot = Megia (2 = hy)eog

02-002



RESULTANT FORCE

F = ma
F = pQAV
Fy = pQAVy
Fy = pQAVy
FZ = pQAV;
Flat Plate V, =0




MOMENTUM EQUATION
(CHANGE IN FLOW CREATES FORCE)

Euler's Equation
dp = -pVdV

Force equals Pressure X Area
Adp = -pVAdV

If pVA = M is constant
Adp = -MdV

Integrating between (1) and (2)
2 2
Afdp = -Mfdv
1 1
Alp, - py) = -M(V, - V)

If there is an external residual force acting in
x-direction

A(p2 - p1) # 'M(V2 - V-|)
Force is the difference between the above terms
F=-Alp, - py) - MV, - V,)

F

P1A - PA - MV, - V,)




WORK AND POWER

Ug
v F n FR
— » (o
| A ——
Force on blade F = pQAV (N)
Work on blade W = Force x Distance

Power to blade P

Now since AV = (V - U)

FAX
PQAVAX (Nm)
Work / Time

FAX / At

FU

pQAV U (J/s)

Powertoblade P = pQ(V - U)U







Vi
————-  (\/, - ;) relative to blade

— (V, - V,) relative to blade

V, = Ve - (V1 "VB)

Figure 2 Jet impinging upon a curved moving plate



FIRST LAW OF THERMODYNAMICS
(CONSERVATION OF ENERGY)

Energy can neither be created nor destroyed -

but only converted from one form to another.

Therefore
dE = 6Q - W

where
dE = small changeinE
dQ = small amountof Q
oW = small amount of W

For a-system absorbing heat and doing work

dE = oQ - W

01-002




SECOND LAW OF
THERMODYNAMICS
(CONVERSION OF ENERGY)

No engine can generate work without net

rejection of heat to a low-temperature reservoir.

If the cold reservoir could be at absolute zero (no
molecular motion and hence no internal energy) then
the efficiency of the carnot cycle would be 100% and

all the heat would be converted into work.

The second law thus defines a portion of heat which
is unavailable for conversion into work under

ambient conditions.

03-011
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Figure 3 Heat and work flow in a heat engine
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Figure 4 Carnot cycle
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Figure 5 Available and unavailable energy



