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Thermodynamic introduction (Gl sl Kl desia)

Thermodynamics is a science and, more importantly, an engineering tool used to
describe processes that involve changes in temperature, transformation of energy,
and the relationships between heat and work. It is used to describe the
performance of propulsion systems, power generation systems, and refrigerators,

and to describe fluid flow, combustion, and many other phenomena.( 4l Sulual

ﬂu\dgjaﬂjcﬁ)\ﬂ\&;)d@&\)ﬁajé&:d#ﬂ\aw\m}eﬁuﬂ@ﬂﬁ\jccﬂhwehi}”}‘rdcgﬁ
G Caa gy ¢ ladlill A8l ol 5 dadail g adall dadail olol Coia b Adladind o Jaall s 3 el (8l ¢

AV Al e apaell 5 (31 a5 il sadl)

Thermodynamics is the science of energy (8l ale & &) jall Sualuall),

Thermodynamics = Therme + Dynamis
(Heat) (Power)

« Thermodynamics is the study of the effects of work, heat, and energy on a
system(e oUaill e &8l 55 ,) all s Jadll U1l & 4l all Saalinall)
« Thermodynamics is only concerned with macroscopic (large-scale) changes
and observations(® (Uil dau 5) dsiball cilaadlall § < il Jadh dgine 4y ) jall Spalisall),
Thermodynamics outline (3 s Kuliuall Lalais)
« System, Surrounding, State(s 4l ¢ sl ¢ saill),

« Path Property, Reversible and Irreversible Process(e sl ali dlee ¢ jludll dpals
e & 5n s, Y).

» Thermodynamic Work, Heat, Temperature, Thermal Equilibrium(s Jel
Lﬁ‘)‘)ﬂ\oj\)ﬂ\GBJ\JJ\K.AJASBJ\)AJ\6@)\#\‘;&.}4&3}‘)_

« Zeroth Law, First Law and Second Law of Thermodynamics(s izl o5
Ayl Al Sgaiaall 8 ) 8 5 531 08 ),
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System & Surroundings(fusa 5 Al
The system is the part of the universe we wish to focus our attention on. In the

world of chemistry, the system is the chemical reaction. For example( o« ¢ 3> s Uil

i asl el o oUaill ¢ cloasl alle b ade Uall 38 55 3 i ¢ oSU):

2H, + O, ---> 2H,0
The surroundings are everything else; the rest of the universe. For example, say
the above reaction is happening in gas phase; then the walls of the container are
part of the surroundings( Jedl ¢ o sl ¢ Qi) dae e 0581 A8y AT o 25 US (& Ansad) Glaliall
nnall haliall (e 12 3 Aglall Gl pan (S50 ¢ gl skl 3 Gaang o3le),
Boundary is real / imaginary surface that separates the system from

surroundings(iasa) Ll e alaill Jeabs oot 5/ GRia gl (A 353al))

SURROUNDINGS

SYSTEM .

T T BOUNDARY

Types of thermodynamic systems( k) ¢
Al sl ASalil)

Open

(a)

Closed

v ¥

(b)

Open Closed Isolated isointud

(c)
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« An open system may exchange both energy and matter with its
surroundings(4amae g aldl 5 d8all = giaal) HUaill Jalisy ),

« A closed system may exchange energy but not matter with its
surroundings(® 4hauss g pex ¥ 815 a8l Gl sUatl) Jolsy ),

* An isolated system may exchange neither energy nor matter with its

surroundings(® “ause g salall Y 5 481 Y J 5 jaall alail) Jaly 38),

Properties of System(aUaill jailas)

Any characteristic of a system is known as its property( sl iwals gl i

Intensive: independent on mass of system (sl S e Jiua i),

-e.g. Temperature, t, refractive index, n, density, p, state of matter
(- el da 0 Jidt ¢ i) debea () ¢ A8USH ¢ salal) s )
Extensive: dependent on mass of system(pUsill &€ e iy ;gaill ol 5,).

- e.g. pressure (p), amount of substance, mol, energy, E enthalpy, H entropy, S,
Gibbs energy, G, heat capacity, C,, Helmholtz energy, A, internal energy, E,
mass, m, volume, V.( - sl sl i sisall ¢ &8l ¢ Jgall ¢ salall 43S ¢ (g) bl JUd) Jus e E <
sl H S ¢ pun il G iy jall daddl ‘Cp ik« Helmholtz (A ¢ adaial a8 (F oo 2l .
cexallcaV)

Specific: Extensive properties per unit mass(4ks s y J<! daul 5 pailad 12354),

-e.g. Sp. Vol (v=V/m)(=a1), Sp. Enthalpy( sl ssisall) (h=H/m), specific heat
capacity( &e sl i, all i), .

State & Equilibrium(c)sill s asall)
Set of properties to completely describe the condition of the system is known as its
state. (Lealtas Llas aldad) Alls Caas 3l paibadll de sane iyl )

|

m=2kg

m=2kg T;=25°C
T;=25°C Vi=3m?
Vi=1m?

STATE 1 STATE 2
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EQUILIBRIUM : State of Balance(oJ)s al @) si)
Thermal Equilibrium(s_ls o)\s) :

- NO Temperature Gradient throughout the system Mechanical Equilibrium

(- SlSaall () 5l allai plail gaan 3 dn y0i 5 ) pn A 2 a8 V)
- NO Pressure Gradient throughout the system(pai slasi gaea & hicall 7 jxi a0 YY),
Phase Equilibrium(as_ i o5 5) :
- System having more than 1 phase(-saals s e (e iSH 45 alaill),
- Mass of each phase is in equilibrium(- o) s & 4s je JSAUK),

Chemical Equilibrium(- o)) s 4 8 4s je JSAIK)
- Chemical composition is constant(- <t Sbasl cus i)
Path & Process(dlalls )

Any change a system undergoes from one equilibrium state to another is known as
PROCESS. (Gsleall auls 5 531 (W ¢ 58 s (30 ollaill Al pumdy i (6 a2 )
Series of states through which system passes during the process is known as its

PATH. (sl asleal) £l alail) LeIDA (e ey A Y Al Ca el PATH.)

State 2

Property B

\ Path State 2 State 1
State 1

Pronertv A

Thermal process(i) sl dlell)
» Diathermic process allows heat flow into or out of the system(s 2y il o
aill s s Jalas ) all 38sis gl all),
* An adiabatic process prevents heat flow into or out of the systems(e 4t il
Al zola sl Jalas el (38 aaai 3 ) jall),

 Isothermal implies constant temperature, T.( ¢ « 405, da 0 S bl all (sl
T.)
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 Isobaric implies constant pressure, P.(¢ « s<iual bl Jiay Jaruzall (5 sliaP,)
Isochoric implies constant volume, V.( asall s sbuia

ol aaall V)
h=Const s=Const
® V=Const ¢ Isenthalpic Isentropic

Isochoric e

g / E/

z s E T=Const

; P—Con.st ; Isothermal

& Isobancl 2,

= ® [ ] ] E [ ] .—l_l
Volume (V) Enthalpy (h)/ Entropy (s)

Cycle(sus):

A system is said to have undergone a cycle if it returns to its original state at
the end of the process. Hence, for a cycle, the initial and the final states are
identical.( ¢ 55l sl ¢ & a5 Aaleall dlgs b LAYl ailla ) sle 13) 5 )5l auzad 38 HUaill o) JUy

Aaaie Al Alall o 205V A 4))

Exothermic process(s_/all s2 s dlee) l_

A process that releases energy as heat into its

surroundings. All combustion reactions are

exothermic. (-g negative)( Js& e a3l Gl ke Enaot;erﬂ Exothermic
processi process

3 all 30 jUa 31 sVl dle s e Lelasa 63 5 g, ('q (a) | (b}

i) _ 1|

Endothermic process(s_) sl iab dile)

A process in which energy is acquired from its H#J 1 A ltq

surroundings as heat. An example of an Endothermic iExomermic
process process

endothermic process is the vaporization of © @
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water. (+q positive) (sl dale lee e Jla 5l oS Ledama (o A8l e J geasll Led o5 lae

Ll i s, (+ 0 o))

Reversible Process: Process that can be reversed without leaving any trace on
the Surroundings. (spontaneously process)( il i <l s lense (Ka e Ause lae
A5 lec) Aamall 3hliall o))

i.e. Both, System and Surroundings are returned to their initial
states at the end of the Process. This is only possible when net Heat and net
Work Exchange between the system and the surroundings is ZERO for the
Process.( ¢See 13 5 ddlaad) ddlgs 8 A 5Y) Legilla ) cillaumall g alaill (e JS gla ) o ¢ JEall Juans e

Alaall 1 jim Anmall (3hliall 5 Uil (g Janll il 55 sl Jols s () oS5 Letie 1)
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Irreversible Process(les & s>, ¥ ake)
Most of the Processes in nature are irreversible. (Non- spontaneously process).
I.e. Having taken place, they cannot reverse themselves spontaneously and
restore the System to its original State. e.g. Hot cup of coffee Cools down
when exposed to  Surroundings. But, Warm up by gaining heat from
Surroundings. i.e. w/o external Heat supply(ide) e g sa) ¥ daphall & Gllaall alaes

3568 Ot JUiall Qo Ao Auleall ailla ) alaill sale ) o LD Lguds (S LSy W ¢ Lgdsan ey 6 (Rasie e
O gl Al Bhldl (e ) all QL) Byl e sleaYl ad ¢ (Sl 4n Jaimy Ll Ayl e 35 (AL

‘;;JBSJ\);JLAA)_

State function (i dak )
State functions do not depend on the path by which the system arrived at its

present state. A state function describes the equilibrium state of a system( a3 ¥
AUl )3l g5 Al s Aids g Gt Aal) atlls ) AUl 4 a3 sl e A gall Caills ),
b
J,av=v,-V,
Differential of a state function is called(& s 2 Jealsl o)

EXACT DIFFERENTIAL (G Juslis)
EX) Energy (E), Enthalpy (H), Internal energy (U), Gibbs free energy (G),

Helmholtz free energy (F), Pressure (P), Temperature (T), Volume (V) Entropy
(S)(EWL (E) ¢ all s simall ¢ (H) Llalal) &8l ¢ (U) 5,al 28l « Gibbs (G) 5l ddlkll «
Helmholtz (F) Lazall « (P) suallda 3 ¢ (T) axadl « (V) Luy ¥ (S))

b
fdw;ewb—wa=w
a
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Differential of a path function is called (e dads 8 Jualéill o)
INEXACT DIFFERENTIAL. (a8s je 4lal )

EX) Work(d=s) (w), Heat(s,),a) (q).
Note/ state functions are symbolized by uppercase (CAPITAL) letters( s« au
8 S 5 aS Copalbi Al il ),
ZEROTH LAW OF THERMODYNAMICS (G sl Kaauall 5 jaall ¢ 5iall)
Consider three thermodynamic systems, A, B, and C. If system A is in thermal
equilibrium with (i.e., is the same temperature as) system C and system B is in thermal
equilibrium with system C, then system A is in thermal equilibrium with system B( & =
¢ A a ASaalin dadail G W jlie A 5B 5 C. ol OIS 13 A (i ¢ JU) Jass o) s s loa o) s Al B
Aaill (31 Aa 2 C plhailly B allaill pe sl o)l s Alla 8 C il 6 ¢ A a5l a o)) 5 Al G 0 sS
pLilB).

P
Zeroth law;
Ig=Ts
P N e N N S N N e P P N and
_ T=Tg
Surrounding T —— Glass. G therefore.
fluid, S Tyw=Ts

Q) Multiple choice(w_Lall axis)
1- Chemical reactions that absorb heat energy are called (____endothermic__) and

have a(___positive ) heat. ( s <IC)

A. exothermic, positive B. exothermic, negative C. endothermic, positive.
2- The study of the effects of work, heat, and energy on a system is

( thermodynamics __ )(</s~IB)

A. efficiency B. thermodynamics C. equilibrium
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Q) Explain the Types of thermodynamic systems (&) sl 4Sseliall Aalal) o) 5l # il

SOoL/
Types of thermodynamic systems (/s asubiall iaal) ¢ 5)

» An open system may exchange both energy and matter with its
surroundings(4ame g salal 5 48all & sidal) HUaill Joliiy ),

» A closed system may exchange energy but not matter with its
surroundings(® +bame g a2 ¥ (S1s Alall Glad) pUaill Jalgy 38),

* Anisolated system may exchange neither energy nor matter with its
surroundings(® 4hsae ge skl ¥ 5 28Ul Y J g jrall saill Jalsy ),

Q) Give an example for each of the following thermodynamic terms( ¢« <! Ytia Laei

1- The thermodynamic system(cs_l sl Sl sUsill) 2- Irreversible Process
(efdaa, Y ake)  3- state function(dsl dak ) 4- Path function (Ut dada o)

5- Reversible Process(dsSe 4ac) 6- Extensive properties(ataill daul 5 (ailal)
sov/

1- The Thermodyanmic : sball glis s 58 51 all clailall allas e JAaBoiler

2- Irreversible Process @ ¥ ¢ lilhadle jihy (e dadia (3 iy o 55 Ledie g dxa ) ¥ Adlee (e Jle
L g s ¥ dakee s2a M ol it 4 13a s LiSay \WWhen we tear a page from our
notebooks, we cannot change this and ‘un-tear’. This is an irreversible
process.

3- state function : WY s Al Ay e A8 (H)

4- Path function : Two important examples of a path function are heat and
WOrK ( Jaill 530 all Lea jlaall dlls oo laga YG)

5- Reversible Process : ex/ electrolysis (with no resistance in the electrolyte)(
(Sl g SIY) 8 Aa slia (y5) AL yeSl il

6- Extensive properties : examples of extensive properties. ... Color,

temperature, (s sl 4 25 ol L Gl a5 pailiad e Al
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Q) What the differences between the State function and the Path function?( W
Dbl Al g A sall Adda 5 e CHERYY)

Sol/l

A state function is a property describes a particular state, without depending
on the path taken to reach this state. In contrast, functions whose value
depends on the path taken to get between two states are called path functions.
(¢ Jiaall o ANall odn ) Jpam sl il sl e slaie W) (50 ¢ Aipma Alla Caumiduals o Allal) digh
Dl s 5 canst Gl G J e sl 385 sl e gl aaiad ) Cailda gll ()4,)

Q) Explain zeroth law of thermodynamics. (4l Saaliall (g jsuall ¢ 58l # 531)

Sol/l

The Zeroth Law of Thermodynamics states that if two bodies are each in
thermal equilibrium with some third body, then they are also in equilibrium
with each other. Thermal equilibrium means that when two bodies are
brought into contact with each other and separated by a barrier that is
permeable to heat, there will be no transfer of heat from one to the other.

This says in essence that the three bodies are all the same temperature. James
Clerk Maxwell put this perhaps more simply when he said, “All heat is of the
same kind.” What is most important is that the Zeroth Law establishes that
temperature is a fundamental and measurable property of matter.(os6 s=u

Zeroth Wasf ol s Xixiad ¢ Gl s e (sl oa )58 Als (8 o IS OIS 1) il e 251 el Saalisall
eaiy s (il Lagumny we Glasa (aadly Ladie 4l (5l jall 0315l iy Ganil) Lagumny e ()58 s
DAY ) Laaasd e b)) jall Jasl allia ¢ oK ol ¢ 5 ) jall Sall JiE als Legiu,

ST OS5 Lag 5 138y guSle & S e $lia 3] all da 5o (i Lgaan DN alea¥) (o 5 s 8 J s 128
Ol O s @3 e a1 e il i e 5,1 all JSM ¢ JB Lexie Al Zeroth 5,0 all 4 of e pay
salall bl AL s il dpala 2)
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