- The macroscopic approach to I i
. . 20°C
CHAPTER thermodynamics is concerned

INTRODUCTION AND 1 with the average or overall C o
BASIC CONCEPTS behavior.

called

G——— 1 ] anar, classical thermodynamics.

The microscopic approach to thermodynamics,
PE = 10 units ' Potential - - o
O known as statistical thermodynamics,

 Thermodynamics can be defined as
the since of energy and entropy.

 An alternate definition: is the since
that deals with heat and work

= 2.Dimensions and units

is concerned directly with the structure of
matter.

energy

The seven fundamental dimensions
and their units in SI
* Energy cannot be created or - - =
: Dimension Unit
destroyed, but it transforms from . E —
eng
one form. to another. I e )
(conservation of energy 1st law) Energy cannot be created o T second (s)
destroyed; it can only change forms S5 K
(the first law). Temperature elvin (K)
Electric current ampere (A)
N . Amount of light candela (c)
orix - mole (mol
Gf‘ary /n;fem@"‘w/ Amount of matter ( )
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3,8 Kstems and COHfI’O/ An open system (control volume)

, IS a properly selected region in space.
VO/umes It encloses a device that involves mass flow such as
- nozzle, compressor, turbine.
 The system is a quantity of matter  suvrrouxpiNes
we want to study.

BOUNDARY

(a) A control volume with real and (b) A control volume with fixed and

* A closed system refers to a fixed
quantity of matter.

] mass  NO
CLOSED —f——

SYSTEM !

energy YES

* An Isolated system

| |' Mass & Energy
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4.Properties of a system 5.Density and specific gravit

Density p is defined as mass per unit volume.

Any characteristic of a system is called a ove kol
property. Some familiar properties are pressure

V
P, temperature T, volume V, and mass m. Specific volume v is defined as volume per unit mass.

. Intensive properties are those that o W
are independent of the size of o "y
system, such as temperature, : |
pressure, and density. o Specific Gravity (SG) or Relative Density (RD) is the density of a

substance to the density of water at 4°C.

$6 = —F
PH20
. Extensive properties are dependent l
on the size (or extent) of the T
=m i 3m| | Extensive 'y -

system. Mass m, volume V, and | ({1 | i 6.State and equilibrium

total energy E are some examples | 7« 7 || _ _ —

of extensive properties. L }pmpertic‘& * A state is defined as a condition of a

substance that can be described by
certain observable macroscopic

properties. (T, P, p, v etc.) A
% state

>
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Equilibrium state means that

iy

777 V
there are no unbalanced =0,P=0
potentials (or driving forces) |rzs | |72
within the system.
o | State 2 Att=0 After some time After long time
Thermal Equilibrium Chemical Equilibrium
apeg 32°C SPE

Thermal ecI|U|I|br|um means e « Chemical equilibrium means that the chemical

that ther.e 'shoitempehatilie . composition of the system does not change

differential through the system. e e with ime

: er The State Postulate
Mechanical Equilibrium
20 °C 30 °C

According to what is called “state postulate”, the

30°C number of properties required to completely
specify the state of such system is two

Independent, intensive proerties.

 Mechanical equilibrium
means that there is no
change Iin pressure SSEEEDRe

No thermal equilibrium

20 pa
20 pa

20 pa 20 pa

20 pa

0

-+

20 pa

20 pa

.

) | —T}

/.Processes and cycles.

(a) Slow compression (quasi-equilibrium) (b) fast compression (non quasi-equilibrium)

* Any change from one

equilibrium state to another is
called a process.

Phase Equilibrium

. Phase equilibrium means that the mass of each

phase reaches an equilibrium level and stays there.

()
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» The series of states through
which a system passes during a
process is called a path

« A process with identical end
states is called a cycle

*Quasi-static or quasi-equilibrium process.
When the system remains close to an equilibrium
state all the time during the process.

|sothermal process means a
process at constant T.

* [sobaric process means a
process at constant pressure

*|Isochoric (iIsometric) process

means a process at constant
volume

« Steady-flow process

20 pa 20 pa

20 pa () ie—T}

20 pa 20 pa

(a) Slow compression (quasi-equilibrium)

P P

(AN

A
\

T=c

{(Pv=c)

v

Pure substance Ideal gas

|/

v

1

Steady means no change with the time.
Uniform means no change with the location over a

specific region.

CREATED BY ENG AHMAD SABR| ; +974 5572 4426

8. lemperature and the zeroth
law of thermodynamics.

* The zeroth law of thermodynamics states that: If
two bodies are in thermal equilibrium with the third
body, they are also in thermal equilibrium with

each other.

e & K oF R

f i Boiling
Temperature scales 10000 ({37315 21200 ({67167 poim
of water
at | atm

0.01H{273.16  32.02 [{491.69 11iPle

point
of water
-273.15 {0 -459.67 [0 Absolute

@ @ Zero
0
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9.Pressure

Pressure is defined as the normal force exerted by
a fluid per unit area.

1bar =10’ Pa=0.1MPa =100kPa
latm=101,325Pa=101.325kPa=1.01325

bars =14.696 psi

Absolute pressure, is measured relative to
absolute vacuum (i.e., absolute zero pressure.)

Gauge pressure, is measured relative to

atmospheric pressure
Pgage =Pabs_Patm
Pvac = Fatm 'Pabs

Absolute Absolute

vacuum abs vacuum
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Variation of Pressure with Depth
Pressure at a Point |

Pabs = atm+pgh
Pgage = pgh - yh

Pressure Variation in horizontal planes

Pascals’ law. the pressure applied to a confined
fluid increases the pressure throughout by the

same amount.
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10.The Manometer

11.Barometer and the
Atmospheric Pressure

* The atmospheric pressure
is measured by a device
called a barometer; thus the
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barometric pressure.
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EXAMPLE 1- 4

During a heating process, the temperature of a system rises by 10°C. Express

Expressing Temperature Rise in Different Units

this rise in temperature in K, °F, and R.

SOLUTION

S !
_Z\_T(Q> p— |O°C
AT Ck) = AT(c) =10 K
AT(R )Y = 18 T (k) =1-8 % (o
— 180 @
ATCEY) = AT (RY =18 E
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EXAMPLE 1-5 Absolute Pressure of a Vacuum Chamber

A vacuum gage connected to a chamber reads 5.8 psi at a location where
the atmospheric pressure is 14.5 psi. Determine the absolute pressure in the
WA

chamber. 7 T
Woslss
SOLUTION
Yo = S5- 95¢
VaC

n
N
+
—)
C~
(I
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EXAMPLE 1-9 Measuring Pressure with a Manometer

EXAMPLE 1-6 Measuring Atmospheric Pressure with a
Barometer A manometer is used to measure the pressure of a gas in a tank. The fluid
Determine the atmospheric pressure at a location where the barometric read- used has a specific gravity of 0.85, and the manometer column height is
ing is 740 mmHg and the gravitational acceleration is g = 9.805 m/s2. 55 cm, as shown in Fig. 1-56. If 'thg local atmospheric pressure is 96 kPa,
Assume the temperature of mercury to be 10°C, at which its density is determine the absolute pressure within the tank.
13,570 kg/m3. = SOLUTION
SOLUTION P =9kPa
SG— = 0:85 IR
P=9
h_ — ':F Ho MM h=55cm
= 55 Cw B
@ @
y = lSSiO H—:I/M\S . 9 6 K/Pq SG=0.85M
iy M= -
‘j = 8 .80 5 M/S 2 9\?
xS = oo
H20o
_ _ — o935 ¥ lowo
P _ _pj )’\_, SDF = <S.G ‘E\—\?_o
M
C{% — 8 506 ‘8{\/\3
\4%3 @ @
_ 135 %e *J %5 *+ oY pP-P
S
0 P = 8S3h + Y5y
= 86o *3-8 % 055 X, + I K P4
% " ¥ —

98 5 Kfq
oo 6 K74

Il
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EXAMPLE 1-10 Measuring Pressure with a Multifluid Manometer The !asic barometer can be used to measure the height of a building.

The water in a tank is pressurized by air, and the pressure is measured by a If the barometric readings at the top and at the bottom of a building are 675
multifluid manometer as shown in Fig. 1-59. The tank is located on a moun-
tain at an altitude of 1400 m where the atmospheric pressure is 85.6 kPa.
Determine the air pressure in the tank if h = 0.1 m, h, = 0.2 m, and

and 695 mmHg, respectively, determine the height of the building.

Take the densities of air and mercury to be 1.18 kg/m’ and 13,600 kg/m’,

h, = 0.35 m. Take the densities of water, oil, and mercury to be 1000 kg/m?, respectively.
850 kg/m3, and 13,600 kg/m?3, respectively.
SOLUTION 0 = @3 )
/\ oil op AP
ro \Oof*d_ ?2 .
* ) e 5 ? A B =[13800 * 3-8 x 0-675
¢ agy B9k ag dk Jo ool O * )
Water 1
M'[)@ZJUP}L%wejDUP Ul | q 0
¥ S 7h J ; é l{_ *‘E>— ‘ ‘@L — %O‘O 6 K) X
#gWM@JM’=L\*M. ) s
IE q&]{LA Yor ]GJ)C{_ 2 I !
:o//,'oﬂ/%d)&gye MGLU’><E \/ﬁ _ (533\1,>
rercury cﬂﬁbM bo’f:{__

N !ﬂ—?j 2 T N Im T Gw

H2o ol L 3, 4 = §2.42 kPa
P Bm-poh—Pah ok (W) - B -hep
- "% qQ\ vV~

9 OooO . - '
- 85‘6@— <' rote *'/""@B 8 % %1 % h :<3’Z'7‘2 ~5"'°6>”“°°=

— <65o F981 ¥ 02 ¥ l/,Cz)c;)
= ju st oF
(13650 #9811+ 035 £ Vo ) h = 231 M The s |

+ T botdeps

= V30 KP4
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Chapter 1

1. (1-4C) An office worker claims that a cup of cold coffee on his table warmed up to 80°C by picking up
energy from the surrounding air, which is at 25°C. Is there any truth to his claim? Does this process

violate any thermodynamic laws?
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2. (1-50) The water in a tank is pressurized by air, and the pressure is measured by a multifluid
manometer as shown in the Figure below. Determine the gage pressure of air in the tank if h1 =0.2 m, h;

= 0.3 m, and hs = 0.4 m. Take the densities of water, oil, and mercury to be 1000 kg/m?3, 850 kg/m?3, and
13,600 kg/m?, respectively.

Oil

T

Air

Nl 4

=]
)

o

-
"o
S
-
>

Water -l_
J M
Mercury
-
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QU;'*Z’
1-71 Freshwater and seawater flowing in parallel horizontal pipelines are

connected to each other by a double U-tube manometer, as shown in Fig. P1-76.
Determine the pressure difference between the two pipelines. Take the density

of sea-water at that location to be p = 1035 kg/m?. Can the air column be
ignored in the analysis? Air

fresh T I

40 cm

v;ter i T 540 em l Sea
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= 339 kP9
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1-103 A gasoline line is connected to a pressure gage through a double-U
manometer, as shown in Fig. P1-112 on the next page. If the reading of the

pressure gage is 370 kPa, determine the gage pressure of the gasoline line.

0il SG=0.79

e " dhy + B3R )
_ e, = (P
P"b— . H3 &5 & Imﬁqé 3q5°ll.ﬂ.(
-SZ;L:_ > T PUO = © 49 # lees =9, %3

_ . _ 13.6 ¥ lpoo =136
g PR w
_P - S*C'))" 'Pug) = O'—i* looo = _-T-—O°

37 — <|oc90 ¥ 9. 81+ 0'”‘54;}’/)

+ <4ﬁo%fj~81#0*5*\(oo\
— (13600 *6-8!4@0\\*‘4)

g
o

+ (Foor9.8/%0224) = 35u.6 ks
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