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m =niM; @ m=nM | Conversion: Mass Fraction = Mole Fraction

_m _ mitmotAmy _ maMitno Mot Anp My k n; .
OM_n_ n - n _Zi=1(nz)Ml

k
M= Zi:l Y M;
» Dry air (Mole basis): 78.08% Nz, 20.95% O, 0.93% A, 0.03% COxs:

1
° = K 14Vl o M= ™y
M = 0.7808(28.02) + 0.2095(32) + 0.0093(39.94) + 0.0003(44) = 28.96 kg/kmol M=3..,Y.M T (3r)
oV — (m) M — /M ® mf — Yl _ il
@ Apparent gas constant, | R = % : M, T mf /M, mf, M A
> Dry air: R = 5755 = 0.287 kJ/kg K Loomh My Yi : Y. M Y.M; mf
m m m 1 1 H, 010 2.0 0.050 0.6250 H, 06250 20 125 0.10
oM=%= Fom 5k (ﬂ) TyE (m,/m) TyE (sz) O; 048 320 0.015 0.1875 O, 01875 320 6.00 048
= TIAM T M M CO 042 280 0015 0.1875 CO 01875 280 525 042
M=— 1( f) 1.00 -  0.080 1.0000 1.0000 - 125 1.00
i=1 WZ
) mf —_m _ nM, _ mMi/n _ YiM; = mf _ YiM; R '
T m T Y miM; T Y niM/n T Y YiM; . T M
_YiM; . YiM, . y _ (mf _ mi/M;
mf; = G = S s Y= (B) M = S
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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=P +Pyt--+P =YY" P(T,V)

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:1 Vi(T, P)

V; = component volume of component 7.

P; = partial pressure of component 7. Gas A Gas B Gas mixture
PT|,| BT |_ A+B
Gas A Gas B Gas P, T
v, T v, T mixture 1282 Va Vg Va+ Vp
+ = A+ B
v, T V=V4+Vp
- P, Py P, + Pp — P(T\V) _ mBuT/V _m _ . . ViT\P) _ mBuT/P _m _ y
P ~ nR,T/V T n — Tt 14 ~ nR,T/P T n ~— 1t
_ n P, Vi
P=P,+Pg Vi=h=%3=+ (Ideal gas)
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Mixtures of Ideal Gas Psychrometry

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 7' of
the mixture.

G U=U+Up+--+ U =Y U
° U:nﬁ:n1ﬁ1+n2ﬁ2+--~+nkﬁk:Z]leniﬁi
4 = specific internal energy on mole basis.
t=Y =YVl + Yalp+-+ Vil = Y © | Vit
° U:mu:mlul—i—mzuz—f—~-+mkuk:Zlemiui
— u=Z =mfiu + mhug + - + mfu = Zf:l mfiu;
u = specific internal energy on mass basis.
o u=Y Yty :h=Y Yih :35=3 Y% :5=3 Yt
0 u=) mfiu, th=3 mfih; :s=3 mfis; : 9=} mfig
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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

@ Pressure = p

P=P,+P,

o

=== ==
| U | 0N =ng+n,
i

I
e T e
i Vr’?, n; mixture i [*] Ya = % : Y’U = %
I

I
| || o Py=Y,P : P,=Y,P
i
,,,,,,,,,,,,,,,, I

L Boundary LVolumc =V

T284
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Psychrometry

Dew-point Temperature, T'g,

Liquid water
droplets
(dew)

1286 1287

When the temperature of a cold
drink is below the Ty, of the
surrounding air, it sweats.

Constant-pressure cooling of moist
air and the dew-point temperature
on the T-s diagram of water.

sat(Pv) ‘ ﬂ

Psychrometry

Relative Humidity, ¢ and Moisture Content, w

@ Relative humidity, ¢ = %

} T,P
@ Moisture content, w = 2

Mq

My __ PwVMi//RuT — %Py :0622}31/

— W= T B, VM,/B.T ~ M, P,

: Pg:Psat(T)

: 18.0/28.95 = 0.622

w = 0.622% = 0.622 2

= 0.622

¢ Py
P—$ P,y

P-P, —
r Pg1
Py1<Pgi
1
Initial

- Initial state

of the water vapor
————— Dew point temperature
Pg2 < Pvi

> Final
Condensate  gjpal state J\
of the water vapor

Dry air and
superheated vapor
at the initial temper-
ature

Air and saturated vapor _ [F==—~

at final temperature

|
|
Cond L

saturated liquid

po - .; v Initial at final temperature Final .;
;Béﬁlf 1285 state state ;ﬁéﬁ‘f
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Psychrometry Psychrometry
> [Borgnakke 11.2]: Consider 100 m® of an air-water vapour mixture at 0.1 : :
MPa, 35°C, and 70% relative humidity. Calculate the humidity ratio, dew Moist Air Enthalpy’ h
point, mass of air, and mass of vapour. (1 + @ kg of
@ P, =P, =0.70(5.628) = 3.94 kPa — Ty, = Tsut(P,) = 28.6°C « moistair
@ P, =P — P, =100—3.94 = 96.06 kPa — w = 0.0255 kg/kg da «
@ m, =P, V/R,T =96.06 x 100)/(0.287 x 308.2) = 108.6 kg «
@ m, = wm, = 0.0255(108.6) = 2.77 kg < ke
h
> [Borgnakke 11.3]: Calculate the amount of water vapour condensed if the i
mixture of Example 11.2 is cooled to 5°C in a constant-pressure process.
@ T, < Tgp: so condensation occurs and ¢ = 1.0 288 h = hy+ Ohykllkg dry air
o H=H,+ H, =msh, + mH
@ Pyy = Py(T,) = 0.8721 kPa — P,p = 100 — 0.8721 = 99.128 kPa 0" i e e
® h=_"=hg+ *hy = hg + why
@ wy = 0.622 x 0.8721/99.128 = 0.0055 kg/ kg da; w;, = 0.0255 kg/kg da ¢
. donsats 9 hy @ hy(T) = |h="he+wh
@ myo = water condensation, my,; = my2 +m,
”fnw o i e T e 0 hg = cp T =1.005T [kJ/kg da]
My vl — My2 — p— =
M ma ‘ Mz = Ma (W1 wz)‘ 2172 kg« £y ® hy = cpy T = 4.1867T [kJ/kg water] TR
o If heated to 35°C, ¢ = 15% (very dry) s o hy = 2501.3 + 1.827T [kJ/kg water vapour] & T in °C. %4
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Psychrometry

> [Borgnakke 11.5]: Cooling and dehumidification in a cooling coil of an AC:

I A

Air—water vapor Air—water vapor
P=105kPa | _ » P=100kPa
T=30°C T=15°C
¢=80% — $=95%
® Coclinglcolls ® |Liquid water 15°C
295 Y

@ Mass balance: Mg = Mgy = My @ My1 = Mys + Myo

@ Energy balance: Qv + > myh; =) meh,

° p=£ : w=0622527

@ hy =1.005T : hy = hy =2501.3+1.82T : hy =4.186T : h = hs+wh,

& (haz + Wahy2) — (ha1 + wihy1) + (W1 — W2y

Psychrometry
Adiabatic Saturation Process

State of the water vapor
in the incoming moist air stream

Moist air Saturated mixture
pTo Tos @' P State of the water
—————————————————————— - .
! | vapor in the
| m, My —t exiting moist air

stream

Insulation
[F L State of the
Makeup water — makeup water
saturated liquid at T,

mass flow rate = m?, — m,
T288 v

0 hy(T) ~ hg(T)> hy(Tqs) =~ hg(Tas)a W =my/me, w' =m,/m,
0 mgho(T) + mvhg(T) + (mqj — My )y (Tas) =
maha(Tas)+méhg(Tas)

Ra(Tas)—ha( T)+w’ [Ag( Tas)—hs ( Tas)]

w 70622M @

= (ha—h1) + (w1 — wa)hys = —41.64 kI /kg da « W w = Pg(T)—hs( Tas) (Tas) -
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Wet Bulb Temperature, T, and Psychrometer

Dry bulb Wet bulb

At ow

Water reservoir

3% ¢ Wet-bulb temperature, Ty, 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.

Adiabatic saturation process
provides a mean to measure
humidity content of moist
atr, and the process can be
approzimated by using a
wet-bulb thermometer.

@ Dry-bulb temperature, Ty 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 for@

an instrument called a psychrometer.
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> Example: Ty =25°C & Typ =20°C:
@ Py(T) = Psot(T) := Py(Tas) = 3.169 kPa, Py(Twp) = 2.339 kPa

0 ¢’ =10, w'=06225257 T = @' =0.0147

@ ho(Twp) — ha(Tap) =1.005(Twp — Tap) : hw(Tuws) = 4.186 Ty
o hy(Ta) = 2547.2 kI /kg, hy(Tws) = 2538.1 kJ/kg

ha (Tuwp)—ha (Tap)+w” [Rg (Tup) —hw (Tup)]

hg(Tap)—hs (Tup) =0.0126 «

o w=

o w=06225205T205 = ¢ = 0.635 «

@ h = he(Tsb) + why(Ty4) = 57.23 kJ /kgda <
® P, = ¢pPy(Ty) =2012.5 kPa
o po_Tsat( )—176004

Note That: By default, P = 101.325 kPa. Psychrometric charts are prepared
for atmospheric pressure. m

s
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Psychrometry

Psychrometric Chart

ASHRAE Psychrometric Chart No. 1
Normal Temperature
Barometric Pressure: 101,325 kPa

©1992 American Society of Heating,

Refrigerating and Air-Conditioning Engineers, Inc.

Sea Level

T290
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Psychrometry

Saturation line ——
S]
2
=
—_ 0,

§ 15°C po = 15 C
=
&
5 A
Q
g o \&
A IYg) \\/

I Jo

“_-g (e

Dry-bulb temperature 15°C
T291 T292
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Psychrometry

Psychrometric Processes

Dehumidifying

Heating

T294
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Psychrometry

Adiabatic Mixing of Two Moist Air Streams

Mixture enthalpy
per unit mass
of dry air

1 gy, Ty, @

Insulation

T289 2 My, Ty, 0y
@ Dry air D Mgl + Mga = M3
o Water vapour : g1 + Mya = My3 = |W3 = %

9 My1(ha1 + W1hy1) + Ma2(haz + Wahya) = Ma3(ha3 + Wahy3)

= Mg1hy + Maohy = Mashy =

_ himhait+homhes
h3 - mu1+ma2
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Psychrometry

> [Moran 12.14]: Using psychrometric chart, solve the problem:

(AVT>1 = L‘% ma/mine S SN SS @ Psychrometric chart:
1= kg(vapor) w;="?

@ =0.002 ~ ) : )
kg(dry air) > Ty="? @ v,1 =0.79 m? /kg

® vz = 0.855 m® /kg

(AV), = 425 m*/min @ wy = 0.0094 kg/kg da
T,=24°C
6, =50%

0 Ma1 = par(AV); = L =30 kg/s

Va1

® Muz = paz(AV); = 402 — 6,06 kg/s

Va2

0 wg = afuitwal — 00094 kg/kg da <
= Psychometric chart: state 3 will be on the line joining D and 2.
o T3 =19°C «
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Psychrometry

> Air at 0.1 MPa, 30°C and 80% RH is compressed isothermally to 1.0 MPa.

Estimate the psychrometric condition of the compressed air.

o O: P, =0.1MPa, ¢ = 0.8 ~» w; = 0.0217 kg/kg da

0 @QIf wy = wy = 0.622,,?3)?;2 ~ By = 7.88 > 1.0

@ So water condensation occurs, and ¢ = 100%

_ $aPu2 0.00425  __
@ Wy = 0.622% = 0.622m = 0.00265 kg/kg da

Aw = (w; — wz) = 0.019 kg/kg da (condensation)

[
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