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1. Basic Concepts and Definitions

* Thermodynamics: s'cud% of energy, its transformations and
the effect of these transformations on |:|I'1:||:IEI"£IE5 of matter.

o System: fixed quantity of matter or a region in space.
o Surroundings: everything outside the system.

Euundnry real or imaginary surface separating system and
surroundings.

» TjPE,S of SHStEIﬂS:
@ Closed Egstr.m - no mass transfer, uan energy.

(2) Open system - both mass and energy transfer.
(3) Isolated system - neither mass nor energy transfer.

Closed System Open System | Isolated System

2T Mass in Mass | | Insulated
& "'." (i i
11 System Iy = Volume ™ | System P
\ S F-'f.r : g
N | :
Mass: Mo Mass: Yes | Mass: No
Energy: Yes Energg: Yes ! Energu_.l: No

Properties of a System
o Extensive properties: depend on mass (V, U, H, S, m}

il T-I-L‘-‘-- -l .-—l‘--.-‘--J L= J————l l r — e - jh T - i =
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2. Properties of Pure Substances

* A pure substance has a fixed chemical composition.

* It can exist in solid, liquid or vapour phase.

¢ Important rmpertiea: Pressure (F‘g, Temperature (T),
Specific volume (v), Internal energy (u), Enthalpy (h),
Entropy (s)

Property Relations

* Specific volume: V = % (m*/kq)
o Density: p =L (kg/n’)
* Specific internal energy: u = % (kd/kq)

* Specific enthalpy: h = % {H."'ltgj

 Enthalpy relation: h = u+ Py

s Spm:ifin: heat: ¢ = Sl
m

3. Phase Diagram
t Cital ot | Triple. point: olid, liguid and
vapour coexist.
' Critical point: beyond
' this, liquid and vapour are
| indistinguishable.

Pressure ()
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4. Ideal Gas and Real Gas

; P = Pressure (kPa)
el GRS qin Vo Valame W)

| m = Mass (kqg)
PV=mRT or Pv = RT | R = Gas constant (k) /kgk)
i T = Temperature (K)

V = Specific volume {ml.u"kgj

Gas Constant (R)
Substance | R (kJ/kq-K) Other Relations

| Air 0.287 Ru
Oxygen (0) | 0.259 =M
Nifrogem (N 0-£% Ry = 8.314 kl/knal-K
Carbon dioxide (0 0.188 M = Molecular weight
Steam (H:0) 0.4615 (kg/kmol)
Real Gas

o Follows van der Waals equation: (F+ -3?) (v-b) =RT
* At high pressure and low temperature, real gas deviates
from ideal behavior.

* Compressibility factor: 7 - H:_; Z=1 1;“" idﬂ“: gas
Z #1 for real gas
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5. First Law of Thermodynamics

e It is a statement of conservation of energy.
. Enerﬂg can be converted from one form to another, but
cannot be created or dES‘tF{]HEd,

Form
General Q = Heat supplied (kJ)

l Q-W= AU l W = Work done by system (kJ)
AU = Change in internal energy (kJ)

For a Closed System (Finite Process)
QI -Wz=U,-U, = m{uz"' u1}
For a Steady Flow System (Open System)

2 2
q -w = (h-h)+ sz—'-.f. +9(2.-2)

q = heat transfer per unit mass (kJ/kq)
w = work transfer per unit mass (kJ/kg)
h = specific enthalpy (k)/kq)

V = velocity (m/s)

z = elevation (m)

q =

9.81 m/s’ freejobs247.com
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6. Thermodynamic Processes
1. Isothermal Process (T = constant) P,

o For ideal gos: PV = constant 1 Teicontiat
e Work done: W= mRT In (ﬁ) \
.'I"r1 4 2 ._1";
2. Adiabatic Process (Q = 0)
¢ PV" = constant

Ph o1 Adiabatic
o Work done: W = AV, - Ifj;:"i"..': \
1 2
- (V)
T ‘l-"z) .
3. Isobaric Process (P = constant) V4 p. constant

e W = PEU;"H'.J = mR{Ti'TJ ! - T
4. Isochoric Process (V = constant) v »
= V= constant
s S Q= mey(T,-T) ]2
Polytropic Process (pyn = constant) b 4y

il cases:
w L EI."'FI - I“'I:'|1IH'JII E * l] S-Ft:-li ﬂtésl-::hari{}
- "| -n i s n=1 Iﬁﬂthm]}
» e N=Y (Adiabatic)
freejobs247.com « n — oo (Isacheric)
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7. Second Law of Thermodynamics

o No heat engine can convert all the heat supplied into work.

o Heat flows mturnllg from higher temperature to lower
temperature.

Kelvin - Planck Statement

o [t is impossible to construct a heat engine which, operating in
a cycle, produces no effect other than the absorption of heat

from a single reservoir and the production of an equivalent
amount of work.

Clausius Statement

e It is impossible to construct a device which will transter heat

from a low temperature body to a high temperature budH
without some external work.

Entropy Entropy Change in Common Processes
o Measure of disorder or randomness. | * Isothermal:  AS = Fﬂﬂln(ﬁ)

. - Vi
o For a reversible Fr:?i- SQrev | » Adiabatic (reversible): AS =0

T - . ® T,
+ For a finite Process: 50, A LT l“(ﬁ)

AS=) T |« Isobaric: AS-= mipln(IlJ
o Units: kifkgk . ' . .
LAl freejobs247.com
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8. Thermodynamic Cycles (Air Standard Cycles)
1. Otto Cycle (SI Engine) Pa 3

* Processes: 1-2 Isentropic compression
2-3 Constant volume hest additon
3-4 Tsentropic expansion 4
4-1 Constant volume hest rejection | :

Thermal efficiency:

1 T Ok
No = 1- Y1 : .Hdt
r r= {amprcmnﬂ ratio = ‘!'U "l'ra
2. Diesel Cg:lt (CI Enginr.:l Pa 3 1

* 1-2 Isentropic compression
e  2-3 Constant pressure heat addition 4
e 3-4 Isentropic expansion

¢ 4-1 Constant volume heat rejection 1

Thermal efficiency: Diesel r:gda_w
Lop=1
No=1- rr-1 Y(p-1) P = Cut-off ratio = Vi/V,
P4 _ 3 4 5

. 2
3. Dual Cycle -
* (Combination of Otto and Diesel cycles. {

freejobs247.com  Dual Cyde
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