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Mixtures of Ideal Gas

|deal Gas Mixtures
o m:m1+m2+m3+~-~+mk:fozlm;
mfi=2 = Zf'(:l mfi =1

° n:n1+n2+n3+---+nk:Zf-(=1n,-O

— n . k _
Yi=4 = Y, vYi=1

n

m; = mass of component |

m = total mass of mixture

n;j = number of moles of component i

n = total number of moles in mixture
mf; = mass fraction of component |

Y; = mole fraction of component i

M; = molecular mass of component i

M = apparent molecular mass of mixture i
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Mixtures of Ideal Gas

m;=niM; : m=nM

o M= % _ m1+m2n+ +mi n1M1+n2M,27+ +ny My — Z,':]_ (n,) Mi

M=3 K, YM

Dry air: 78.08% N>, 20.95% 05, 0.93%Ar, 0.03% CO;:

M = 0.7808 - 28 + 0.2095 - 32 + 0.0093 - 39.94 + 0.0003 - 44 = 28.95 kg/kmol

® Apparent gas constant, | R = %

For air: R = 83l — 0.287 kJ/kg K

— 28.95 . )
. m __ m — m — —
TME L TR ) T
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© Dr. Md. Zahurul Haq (BUET) Gas Mixture & Pyschrometry ME 6101 (2023)

3/27

Mixtures of Ideal Gas

Conversion: Mass fraction (mf;) to Mole Fraction (Y;)

mf; mf;/ M;

Yi=M || = T

' [MI] > mfi/M;
IR BT

H, 010 2.0 0.050 0.6250
0, 048 32.0 0.015 0.1875
CO 0.42 238.0 0.015 0.1875

1.00 - 0.080 1.0000
M = W = 55 = 12.5 kg/kmol.

e If m;'s are given:

.m’Hmf;:Zmr,n,:%
on:ﬁ
® n;=Yin
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Mixtures of Ideal Gas

Conversion: Mole fraction to Mass Fraction

iy = YMi | YiM_
M T
i Yi M YiMi mfi= <5
H, 0.6250 2.0 1.25 0.10
O, 0.1875 32.0 6.00 0.48
CO 0.1875 28.0 525 0.42
1.00 - 12,5 1.0000

M =3 Y;M; =125 kg/kmol.

e |f n;'s are given:

e n. L i n
n—Yi=so =12

® m=nM @
® mj = mfim

© Dr. Md. Zahurul Haq (BUET) Gas Mixture & Pyschrometry ME 6101 (2023) 5/27

Mixtures of Ideal Gas

P-v-T Behaviour of Gas Mixtures

Dalton’s Law of Additive Pressures
The pressure of a gas mixture is equal to the sum of the pressures each gas
would exert if it existed alone at the mixture temperature and volume.

P=Pi+Prt -t Pe=Y" P(T,V)

P; = partial pressure of component i.

Gas A Gas B Gas
v T v, T mixture
+ =| A+B
v, T
PA PB PA aF PB
P=Pa+Pg @
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Mixtures of Ideal Gas

Amagat's Law of Additive Volumes

The volume of a gas mixture is equal to the sum of the volumes each gas
would occupy if it existed alone at the mixture temperature and pressure.

V:V1+V2+"'+Vk:Zf'<:1Vi(T7P)

V; = component volume of component i.

Gas A Gas B Gas mixture
PT| | AT |_| A+B
- P, T
V=Va+ Vs
Pi(T,V) _ niRT/V _ ni _ v, . Vi(T,P) _ niRT/P _ n _ v/
= P 7nRuT/V7%7Y" v 7nRuT/P7,r717Y’

A=Y=ty (Ideal gas) @
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Mixtures of Ideal Gas

Gibbs-Dalton's Law
In a mixture of ideal gases each component of the mixture acts as if it were
alone in the system at the volume V and the temperature T of the mixture.

L U=U1+U2+"'+Uk=Zf-(:1U;

-~ P -~ ~ k ~
L4 U:nu:n1u1+n2u2+~-+nkukzzizln;u,-
- - - - k -
= =Y =Y+ Yol + -+ Yilik = Y1y Yilii
k
o U=mu=muu+ maup+ -+ mgux =3 iy miu;

m
= u= % = mfuy + mhup + -+ + mfuy, = Zf‘;l mfiu;
o i=Y Yilj :h=3 Yh
® u=> mfiui : h=3) mfh;
i = specific internal energy on mole basis.

u = specific internal energy on mass basis.
'5251+52+"'+5k=Zf-<=15; @
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Mixtures of Ideal Gas

k k k k
cAU=Y mii=) mu=Ai=) Yii; Au=) mfu
lil lil lil ’jl
.AH:ZH,'FI,':Zmihi#AE:ZYiEi; Ah:mefhi
i=1 i=1 i=1 i=1

k k k k
CAS=) ng=) ms=A5=) Yi&; As=) mfs
i=1 i=1 i=1 i=1

L4 Aﬁ,‘ = E’\,’,'AT, A77,' = Ep,,'AT, Au,- = CV,,'AT, Ah,‘ = Cp7,'AT

T. - I ]
o A§ =¢,;ln <?2)Ru In <&> . Asi=cp;In (%)Rln (E
1 Pi1 1 Pi1

® p;1 = Y;P1, partial pressure of component / at state 1.
Pi,2 Py

® For ideal gas mixtures without change in composition, = P
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Mixtures of Ideal Gas

[Wark Ex. 10.6]: > Adiabatic mixing of two streams at two different
temperatures at 1 bar.

Air
m, = 100 kg/min
272C 1 bax

® SSSF, Py =1 bar, m, = 1.67 kg/s
® my+m—m3=0
® mihy + mph, — m3hz3 =0

® ma,lh,1 + Mmcaheo = my3h, 3+ mezhes

CO,atm,
127°C, 1 bar
= m. =0.712 kg/s, n. = 0.0162, n,=0.0575 mol/s, Y,3 = 0.78, Y, = 0.22

® As, =10051n(330/300) — 2871n(0.78) = 167 J/kgK

o As. = 10081n(330/400) — (8314/44)1n(0.22) = 92 J/kgK i

. . . Kk Q .
® MyS] + MaSr — M3s3 + Zj:1 7+ 0o = 0

Psychometry

Moist Air

® Atmospheric air contains several gaseous components including water
vapour and contaminants such as dust and pollutants.

® Dry air refers only to the gaseous components when all water vapour and
contaminants have been removed.

® Moist air refers to a mixture of dry air and water vapour in which the dry
air is treated as if it were a pure component.

Temperature = T

@Prcssurcfp P = Pa —+ PV

"U 77777777777777 ] ® n=n,+n,

®* m=my;+m,
— Na . _n
oY, =0 Y, =L

.Pa:

|

I

|

Ny, M,: dry air }
Ny, My: water vapor I
n, m: mixture }

|

J

|

I

L Boundary LVolumc =V
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Psychometry

Relative Humidity, ¢, Moisture Content, w

T
Pl
Pvi <P
1 .
Initial 2 P Dry air and
Initial state superheated vapor
of the water vapor at the initial temper-
77777 Dew point temperature ature

Pe2< Pyl )
: I
3 ! |
> Final I | Air and saturated vapor
Condensate  Eipal state J\ | | at final temperature
of the water vapor | )
________ ]
saturated liquid
v Initial at final temperature Final
state state
. [T — P .
® Relative humidity, ¢ = 5* 1 Py = Ps,:QT
elT,P
my

® Moisture content, w = 2+

_m _ PVM,/R,T _ M, P, . P, . —
— W = m W =m P = 0.622 P, . 180/2895 = 0.622.

S
I
o
o)
)
N
J®
|
o
o
)
N
|
e
I

0P, i
0.622 52 {iy
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Psychometry

Moist Air Enthalpy, h

(1 + w) kg of
moist air

moisture
wkg

hy

h=h,+ Wh,kl/kg dry air

e H=H,+ H, = m,h, +mvHV

® h=H —h,+%eh, = h,+ wh,

n T o

® hy=cp, T =1.005T [kJ/kg da]

® hy, =cpn T =4.1867T [kJ/kg water]

® hy =2501.7+1.82T [kJ/kg water vapour] & T in °C. @
© Dr. Md. Zahurul Haq (BUET) Gas Mixture & Pyschrometry ME 6101 (2023) 13/27

Psychometry

[Borgnakke Ex. 11.5]: > Cooling and dehumidification in a cooling coil of an
Air-Conditioner.

Air—-water vapor Air—water vapor

P=105kPa | o 1, P=100kPa
T=30°C T=15°C
¢=80% — ¢=95%
® (Coslingceils ® Liquid water 15°C
y

® Mass balance: m;1 = map =m, @ my1 = mys + meo

e Energy balance: Q., + Z mihi =Y mehe

. ¢=§—; D w=062252 ¢F,

® h,=1.005T : h, = hg =2501.7+1.82T : h, =4.186T

S G = (hip+@ohia) (o +@1hn) (1~ o)z = —41.64 K kg daii )

m,
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MOIST
AIR

droplets

= o

Liquid water

Psychometry

Dew-point Temperature, T,

T28 N

When the temperature of a cold drink is  Constant-pressure cooling of moist air
below the Tg, of the surrounding air, it and the dew-point temperature on the

sweats.

T-s diagram of water.
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Psychometry

Adiabatic Saturation Process

State of the water vapor
in the incoming moist air stream

Moist air Saturated mixture
p. 1o Tas @, P State of the water
P ————— ———— ———— ————— - .
i | vapor in the
! m, M, —! exiting moist air
=0 stream

Insulation
?  State of the
Makeup water — makeup water
saturated liquid at T,

mass flow rate = My, — mm,
T288 >

® hy(T) 2 hg(T), hy(Tas) = hg(Tas), w=my/my, w' =m]/m,
° maha(T)+mv ( )+(m —my)hy (Tss) :maha(Tas)+m\l/hg(Tas)

j— (TQS
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Pe(Tas)

— ha(Tas)*ha(T) w’ (h ( ) hf(Tas)]
w = (T b
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Psychometry

Wet Bulb Temperature, T, and Psychrometer

pb Wewumm Adiabatic saturation process provides a
mean to measure humidity content of
etou_ v 9_| ] — moist air, and the process can be
approximated by using a wet-bulb

U thermometer.

Water reservoir

e Wet-bulb temperature, T, is read from a wet-bulb thermometer, which
is an ordinary liquid-in-glass thermometer whose bulb is enclosed by a wick
moistened with water.

® Dry-bulb temperature, T, refers simply to the temperature that would be
measured by a thermometer placed in the mixture. Often a wet-bulb
thermometer is mounted together with a dry-bulb thermometer to form a
instrument called a psychrometer. @
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Psychometry

Estimation of Pg,; and ¢

® Por(T) = P x 10K1=Te/T) = 22,10 x 10k(1-647:3/T) (MPa)
o k = 4.30553 — 6.2442 (5 ) +9.953 (105 ) — 5.151 (15
b=

o Pm=P(Tgpe ) (14 Tug22)

® P.:(Typ) = saturation pressure corresponding to T,

® P.t(Tap) = saturation pressure corresponding to Tgp

e P, = partial pressure of water vapour due to depression of w.b.t.
below d.b.t.

D)
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Psychometry

Example: > Ty, =25°C & T, = 20°C, without using psychometric chart:
® P(T)=Psxt@T := Py(Tap) =3.169 kPa, P,(T,) =2.339 kPa
© ¢ =10 & ' = 0622522l — ' = 0.0147
® hy(Tws) — ha(Tap) = 1.005(Twp — Tab) @ hw(Tws) =4.186 T

® hg(Tas) = 2547.2 kI/kg, hg(Tus) = 2538.1 kJ/kg

ha[wa]*ha(Tdb)er/[hg(T )—hw (Tws)]
g (Tap)—hs (Twp)

W =0.62252 % = b = 0635 «

o h=hy(Tas) + whg(Tas) = 57.23 kJ/kgda «
* P, = §Pg(Tap) =2012.5 kPa

* Top = Teat@P, = 17.50°C «

o W= =0.0126 «

D)
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Psychometry

Psychrometric Chart
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N
o o
SIS
o ©

& 100 AT

05
o
[N}
=

Q
]
N

\Z
o o

n

o

73
%
0,
o]
o
o
=
©

@
& 016

K
D
}\O
e g
nNos

Humidity ratio @ kg moisture per kg of dry air

z 010
- '

40 W 008

a\a\‘“zw .006

004

— — | 002

0 5 10 15 20 25 30 35 40 45
1796 Dry-bulb temperature °C

Psychrometric charts are prepared for atmospheric pressure. @
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Psychometry

Saturation line ——

3
z
e
— 15°

g 15°C po— 15°C
=
Q
= -
Q
(5]
2 54 %
©n s} N\

— e

[ Jo

&—‘g (]

T292 15°C
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Psychometry

Psychrometric Proces

Humidifying

Cooling

Heating

Dehumidifying
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Psychometry

Heating & Humidification of

Cengel Ex. 14-5: > Estimate the required heat transfer and water spray rate.

® P, = $1Pg1 = $1Psat,10degc = 0.368 kPa
® P,y =Py — P, =99.632 kPa

° m, =144 =092 kg/s

® w; = 0.0023 kg/kg d.a.

o Q=riy(hy—hy) =11.2 kW

® w2 =wy
Heating Humidifier
cois o w; = f(Ts,d3) = 0.01206 kg/kg d.a.
r,=10c 1 (00000000) [l r=25°C . .
$,=30% ——> Air = 16,=60% ® m, = my(ws— w;y) =0.775 ton/day.
V=45 m3/m‘n T,=22°C <_:_’

1528 1 5 3
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Psychometry

Cooling & Dehumidification of

Cengel Ex. 14-6: > Estimate the required rate of heat and moisture removal.

& =80%

¢, = 100%,

* m, = 188.6 kg/day
e Q=85KkWN ~25RT.

T, = 14°C ' T, =30°C
¢,=100% " ¢1=80%
- 14°C Uy = 10 m¥/mi
Condensate 1= 10 m/min

1420
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Psychometry Psychometry

Adiabatic Mixing of Two Moist Air Streams Mixing of Conditioned Air with Outdoor Air

Cengel Ex. 14-8: > Estimate state 3.

Saturated air
T, = 14°C
V) =50 m*/min /N
e Drv ai o4 . @~
ry air - m Mg = m = = y
y al a2 a3 L iy i ® Z}
. . . secti 3
e Water vapour : my1 + mys = my3 7 Zei"f‘.}[m_r ¢
4 _ 3
= W1Ma1 + WaMzp = W3Ma3 rese O 7
$r=60% NS
® ma(har + wihvi) + Maz(haz + w2hy2) = V= 20 m'fmin * T3=19°C
ma3(haz + wshy3) * 3 =89%
= Ma1hy + Maxhy = mazhs
My _ Wo—w3 _ ha—hs
= ma2 w3—ws h3—hy !
|
I
i
I
I
I
|
14°C 32°C
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Psychometry

Condensation at Air-Compressor: > Air at 30°C and 80% RH is isothermally
compressed to 1.0 MPa. Estimate the psychometric condition of the compressed
air. If same atmospheric air is expanded to 0.01 MPa, estimate the psychometric
condition. Try to solve the problem using psychrometric chart.

a : Compression process:

Psar = 0.00425 MPa, w; = 0.02166 kg/kg d.a.

If Wwo = w1 — q)g =7.88» 1.0

So, water condensation occurs, and final state is ¢p» = 100% at 30°C.
W, = 0.00265 kg/kg d.a.

Aw = 0.019 kg/kg d.a.

b : Expansion process:

® wy =w; = 0.02166 kg/kg d.a.
°* by = 79%%.
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