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Ideal Gas Law

Ideal Gas Law
Our lecture today contents :

¢ Specific volume Pv - nRT

s+ Problem solutions
. P is th f the
<» Molecular weight V'is the vokue of thelgas’

. . T is the temperature of the gas
*» Energy forms with n is the number of moles
R is the gas constant — |0.0820573 L atm K™ mol*
equatlons 8.3144598 JK~*mol-
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Specific volume 9 s @

Temperature

Pressure

It is defined as the reciprocal of the density, ¥ = =£

1
p Number of moles
For 1 kg of gas , from the state equation, we can write the equation as: +

P = const., Pai=R.F
J == '
This constant is called “the gas constant” and is denoted by (R) P v-nR

, R,=8.314 (// 01)

PV=nR.T Volume Gas constant

This means that for air, you can use the value, R = 287 ( ]/RQ_K)

If you use this value of R, then technically the formula should be written as

PV =mR.T
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Where,
P= absolute pressure of the gas (N / m? ) or (Pa)
V= the volume of the gas (m?)

m= mass of the gas (kg)
n=the no. of moles (mol)
R= gas constant (' /;, g.k/

7= absolute temperature (K)
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R=Cp —Cv .........1
Where,

Cp = specific heat at constant pressure ( J / kg.K/
CV = specific heat at constant volume (’ /x 9K/

The ratio of P / cv = Y , Its greater than 1 always

(Ve —— B s —
. Y—1 : y—1

y ;gas Index or adiabatic index
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Ex.3/ Calculate the volume of 2 kg of gas at pressure of 1.5 bar and
the temperature of 40 c and the gas constant R=190 J/kg.K ; if the
gas heated under constant volume until the pressure is 2 bar.

Calculate the final temp.
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Ex.4 / A volume of 3.6 m> of 0, at 220 °C and pressure 400 KPa, it
compressed to reversibly at constant temperature to a final volume
of 0.06 m? . Calculate the mass and the final pressure, where Ro,

= 0.26 (KJ/Kg.k). [11.23 kg, 240 bar]

< N

= ey 3

N L m> & : : Vo= 006 M
T 2w 8424 R e | R-7
P.‘: 400 Kpa = 4’”*”5’3 f‘%q" \'l ! m = ?

R - 0.26 K5/kg-

= 260 N/¥Fg "
_ MRk
R‘J\ 'F:)l:_j\ 5 4'_?:,‘\3*3'&
o < T Toge ¥ 4493
= NpZ< g
Pv= R~ gy Boyl's law |
P e A _  4oo FNOTEES !
e T e __rt:ﬂc?é
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Molecular weight (u) (kg ol

Avogadro’s theorem: volume of one mole of any gas is same for all
gases at any temperature and pressure.

m=un & ﬁz%
hd = — = L-u.ﬁ

un n

(i.e) U1.91 = Up.9, = U3.U93 = cons.

n : no. of molecules (mol)

i : Molecular weight (“9/,.,,)

u.U: the volume of kilogramme-mol, at standard conditions
(P,=1.01325 bar, T,=0 °C, the value of one mole = 22.41 )

Remember ......1 Liter=1 cubic decimeter (1dm?)=0.001 m?
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———— -

P == B T

Feg— R OR &w
T=T, = 273 k

¥ =(2241%10")m" O @
PV=_(un).RT
1.01325X 10° X 22.41 X 1073 = (1).R X 273 = R = 8.314 (J/mol.k) = R,

R,: constant for all gases.

\

For U of H,=2 g/mol and the u of 0,=32 g/mol

R, 8314 ]
R e T [kgx)

B,  B%a I
Ry, = 2%x10~3  0.002 4157 /Kg-K)
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Ex.5 / A volume of 2.5 m? of 0,, 1 =32 g/mol at 510 °C and pressure 70 KPa, it compressed

to reversibly at constant temperature to a final volume of 0.5 m? . Calculate the number of
moles n =7 and the final pressure of O, . where R, = 8.314 (J/mole. k).
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Potential energy
Kinetic energy
Heat

Work

Internal energy
Flow energy

Enthalpy

LA ESTRUCTURA

) DE LA TIERRA
CAPAS
MAANTO SLIPERIOR
. NFERICI

N

Potential
Energy

1
Py + pghy +}M{|'{= Py + pghy + —p3
T2
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[
Pt'I:rtentiaI
Energy

1. Potential energy (PE)
PE =ML aiiiwiald

@

‘ \v g (m/s?)

L
J=(kg).(m/s?%).(m) = N.m |

2. Kinetic energy (K.E) e —p——p———

1 i

KEzzmc?mmz ﬁ:

J = (kg). (m/s)?*= N.m E PC (m/s) r
FTI7I777777

3. Heat (Q), (1,K))

Heat is taken (+ve) when added to the system,

while it taken (-ve), when rejected from the system.
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4. Work (J, kJ)

It’s a mechanical energy which is transfer across the system and
equals the multiplying the force and the moving distance toward

the force.

Surroundings
(environment

Q = positive value
W = positive value

W>0
Intermal Energy
. : AU
urroundings
Q = negative value [enviecans A  System
W = negative value - : Suroundings
" Heat
W <0 Q
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INTERNAL SOURCES OF ENERGY

5. Internal Energy U, u(J, kJ)

du
— — L, at constant volume

dt
Gie) du=C, dT , [

ul

ROTATIONAL

di=iC, [ aT

u, —uy =0, (T, —Ty)

o At = Gy (T o =T 1 Yosmss .3 (J/kg)

Aulz = m Cv (T2 = Tl)..(ifthere ismass) (J)
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6. Flow Energy (FE) ¢

It’s a constant energy used to move the fluid in constant flow rate without hy=5m
changing the fluid state (pressure and temperature) S YR T

1 1 A
Py + pghy +}—'W'|{= Py + pghy +/?!{i"
=7

PE = N L s i %
F.E.=P.A.L

F.E.= P.Volume, Nm=]

L I
Flow energy per unit mass = P.V (J/kg) Wiow = IDFdX = J;F'chc =PAL=PV=m(PV)

.
ﬁ
é
7

i

P v}

7. Enthalpy (H) () m A
. . Wegw = PV
Summation of internal energy and work done on the system W’W’W
% L ‘
H=u+P.V...... 5 / -
%

R=u+P.O i 6
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T‘wank you

Next lecture will be the
v" Solving Equations Of Ideal Gas
v" Properties Of Pure Substance
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