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Summary last lecture

« Describe ideal gas mixture composition in terms of mass fractions
or mole fractions.

« Use the Dalton model to relate pressure, volume, and temperature
and to calculate changes in U, H, and S for ideal gas mixtures.

* Apply mass, energy, and entropy balances to systems involving
iIdeal gas mixtures, including mixing processes.
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Learning outcomes of todays lecture

« Demonstrate understanding of psychrometric terminology, including
humidity ratio, relative humidity, mixture enthalpy, and dew point
temperature.

« Use the psychrometric chart to represent common air-conditioning
processes and to retrieve data.

* Apply mass, energy, and entropy balances to analyze air-
conditioning processes and cooling towers.

Moran book: chp. 12
cPrL
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Psychrometrics

Psychrometrics: the study of systems involving dry air and water
(both vapour and condensed water may be present)

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

For the psychrometric applications under present considerations,
we will assume that the overall mixture and all its components
behave as ideal gases
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Moist air

Moist air = dry air + water vapour

1| Temperature =T

@ Pressure = p

n,, my,: dry air

n, m: mixture

_____________ i

L Boundary

LVolume =V
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n,RT _ ma(ﬁ/Ma)T v
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nRT m,(R/M,)T
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Moist air

« T-vdiagram for water vapour in an air-water mixture

Py

Mixture
temperature

State of the
water vapor in a

saturated mixture Typical state of the

water vapor in moist air

V

* pg: saturation pressure of water at the mixture temperature
« Saturated air: a mixture of dry air and saturated water vapor

- 9.Psychrometrics
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Humidity ratio and relative humidity

Humidity ratio

mV
a =
ma
M,p V
w="__RT __MP, _qgrnP_ggoo_ P
m, M Mapa Pa P—P,
| RT
Relative humidity
Yy
¢ ) ]
yv,sat T.p
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Enthalpy, internal energy and entropy of moist air

« H, U, and S are found by adding contributions of each component at
the condition at which the component exists in the mixture

« Enthalpy of moist air H=H,+H, = mh, + mA,
A oop ™y —h soh
ma ma

h, ~ hy(T)

— Enthalpy of dry air can be obtained from the ideal gas database
— Do not use ideal gas database to obtain the enthalpy of water

vapour
« Entropy of water vapour in moist air
S,(T,.p,)—S(T., py) jc ——RI (%J pjpgf;;pv >S, (T,p,)=5,(T)-RIng
1
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Moist air in equilibrium with liquid water

 |dealisations:

T System boundary

= e —— e —— — —— — —— — — — — ————— ———

Gas phase: Dry air and
water vapor

L Liquid water

— Dry air and H,0(g) behave as ideal gases
— Equilibrium between H,0(g) and H,O(l) is not disturbed by the

presence of air

— H,O(l) will evaporate until gas phase attains saturation at

equilibrium

— Thus, at equilibrium, p, = p(T)

- 9.Psychrometrics
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Dew point temperature

Pvi <Py

J Pl
I . .
—————————— Initial temperature
Initial state superheated vapor
of the water vapor at the inital temper-
d ature

—==—==Dew point temperature e P

/ Dew point \/lm < Py e
: J -
|

Y

)
2 l |
' =¥——==Final temperature | : Air and saturated vapor _ [F==————=1
/- Condensate  ginal state "\ ; 1 at final temperature : :
. |
l |
| |

of the water vapor—

p Dry air and

Condensate: — ]

— - ——— - —— D e p——

saturated liquid
v Initial at final temperature Final
state state

* Moist air undergoing cooling at constant pressure
+ Initial state 1: dry air + superheated water vapour@ T,
composition of moist air = constant o
—p, =Y, p=constant
p = constant

« State d: dew point

Definition: T @ state “d” = dew point temperature = T, = saturation temperature @ p,
Further cooling: T < Ty — H,0(g) condenses — p, < p,;

* Final state 2: dry air + H,0(g) in equil. with H,O(l) @ T, — p,= pgy,
- 9.Psychrometrics
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Example

. Example 9.3: A 1 kg sample of moist air initially at 21°C, 1 bar, and
70% relative humidity is cooled to 5°C while keeping the pressure

constant.
Determine:
(a) the initial humidity ratio,
(b) the dew point temperature, in °C,
(c) the amount of water vapor that condenses, in kg.
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Adiabatic-saturation temperature

State of the water vapor
in the incoming moist air stream

Moist air Saturated mixture
p. Lo T, @', p State of the water
e H vapor in the
| I m, m, | cxlllng.mmsl air
: i i :I . stream
s —

|
“— Insulation r> ’> L
[ﬁ State of the

Makeup water — makeup water
saturated hquid at 7,
mass flow rate = m’, — mi,

v
« Steady-state energy conservation:
(maha + mvhv )moist air + |:( mv - mv ) hw i|makeup N (maha + mvhv )moist air
?@Elt_?_ring éatirs %(it;_gg
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Adiabatic-saturation temperature

« Steady-state energy balance:

(m,h, +mh,) +[(m;,—mv)hW] =(m,h, + m,h,)

h,~h,(T)— [h,(T)=h(T,) Jo+|h(T,)-h,(T,) o =h(T,)-h,(T)
L W) -h(T)+ @[ h(T)-h(T,) ]
hg (T) - hf (Tas
where w = 0.622 pg(TaS)
p - py(T..)
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Wet-bulb and dry-bulb temperatures

Bearing

=

Handle

Wet-bulb
thermometer
|
Dry-bulb
thermometer
J
!
Wick \_)/ (a)

Dry-bulb
thermometer

Battery-
operated
fan

Air out

(b)

* Dry-bulb temperature T, = T of moist air mixture
* Wet-bulb temperature T, = T

. At saturation, T, =T,

- 9.Psychrometrics
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Psychrometric chart @ 1 bar

w=0622—Pr
p-n,
H m
h=—=h,+—h = h, +owh,
ma ma T T T
[ BygdT ho(T)
. 2.73K Ao
Lines of constant T, = lines of constant h S
~
_ Y
Q
Scale for the Wet-bulb and
mixture enthalpy dew point
per unit mass of temperature do
dry air scales f “© & 1P
l z
Volume
\ per unit
mass of
dry air
— N

Dry—bulb temperature
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Air-conditioning process

o f Boundary

Liquid or vapor, m,,
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Air-conditioning process

« Mass balance:
dryair ->m, =m, =m,

water — m, +m, =m, —m, =m, (o,-o,)

* Energy balance:
0 =W, +Q, +(m,h, +m,h, )+m,h, —(mh, +m,h, |
. 3 5 1 1 2

0 =W, +Qu, + (m,h, +m, b, )+mh,—(mh, +m,h, )

v2''g,
=0
0=Q +m,(h, +oh, )+ m, h,—m,/(h, +oh,)

H/_/
ma ( 0y — 0, )

= ch +m, [ (ha1 _ha2)+( )h +a)1h91 _a)zhgj

- 9.Psychrometrics
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Heating moist air

3

i
(AV); = 150 =
Tl = 10°C
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Heating moist air

« For constant composition

- Q., +m, (ha1—haz)+g ,— o) h, +oh, —o,h

1 91 9,

b

— ch =m, [ (haz a ha1 )-I—co(th - h91 ) ]

— ch =m, [ (haz T cthz )_(ha1 - Q)h91 ) }
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Dehumidification

Cooling
coil ,
jIZ A Heating
1 o
AW 1Lsm I coil 3
e s et Yo Kol i s e R P e e " it 3
| | |
[ | |
Moist air : | 2 :
Il.l.d. | : ¢2—|()0/c s :
T]-(U]~ | |T2<T| | I3>13
p=1atm : | 5 <), |03 = 0
l' [ B l' = Initial dew
, <§— : , point /‘Pl
| | —
& | | ' s o) ¥
| | |
[ |
, = ) | , 93
| prepem———" i -] i - i i e i el e ‘i e i s o |
m,,
Condensate — | | |
saturated at 7, I, I3 T,
(Dehumidifier section)  (Heating section) Dry-bulb temperature
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Dehumidification

« Mass balance:
dry air >m, =m, =m,

Water—)mv1 :mw+mv2 }_>m =m ( a)z) ma(d)1—6!)3)

* Energy balance:

0 =W, — dH g + (M0, +m, h, )—(m,h, +m h,_)-mh,

=0

AH oong = (M0, = h, )+ (M, h, —m, h, )—m,h,
=1, | (h,, —h,, )+(@h, —ah, )~ (o-a,)h,
= m, (h —h,, )+ (aoh, —w,h, ) (o - a)z)hf2
=m, (h +ayhy )-(h, +w,h, ) - (o - a)z)hfz
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eeeeeeeeeeeeeeeeeeeeeeeee



Humidification

Moist air

'l.lq a)l

Pt ittt 7

Water injected
(vapor or liquid)

Moist air
I, 0, > m,

T
,/ (02 > (U]

Dry-bulb temperature

Dry-bulb temperature
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Humidification

 Mass balance:
dry air ->m, =m, =m, | |
- - - _>mW:ma(CC)2_CO1)
water -m, +m, =m,

* Energy balance:

0 =Wy, +(m,h, +m,h, )-(mh, +m, h, )+m,h,

a' 'a, a'‘a,
=0

0=m,| (h, —h, )+(@h, —h, )+(w,-o)h, ]
0=(h, —h, )+(a&h, —o,h, )+(e,—o,)h,

0=(h, +wh, |- (h, +o,h, )+(w,-o)h

g3
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Evaporative cooling

Water at 7, Mixture enthalpy @
per unit mass

of dry air
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Evaporative cooling

« Mass balance:

dry air ->m, =m, =m, | |
—m, =m,(w,- o)

water - m, +m,=m,

* Energy balance:

0=WCV (m,h, +m, h, )—(mh, +m, h, )+m,h,

a' ‘a, a' 'a,
=0

0=rh, [ (h, —h, )+(@h, —oyh, )+ (o, - w1)hw]
0=(h, —h, )+(oh, —a,h, )+(w,—a,)h,

0 = (ha1 +wh, ) _ (ha2 +w,h, ) + (e, — o) h

- 9.Psychrometrics
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Adiabatic mixing

I Ty, 0,

11’

W3

Q maf&

. I~ Insulation
2 m,», Tz, a)z
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Adiabatic mixing

Mass balance:

dryar-m, +m, =m,

water vapor - m, +m, =m,

Energy balance:

. \
m, (h, + oh,

ma1 (ha1 T a)1h91)

\

+m, (h, + wh, )-m, (h, + osh, )=0

V3)

+1m,, (haz + w,h, )—mas (has + a)Shgsj -0
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Cooling towers

Discharged moist air
m,, Ty, 04> @ 4

4
[—] = 5 = T t— |
| la> |
| Fan | Warm water inlet
: l T,,m',
" @
I L
I I
l |
I 4& [P |
|\| l//| Atmospheric air
\j // m'y, T3, 5
I |
L\\ ///3
M~ i
I I
I I
I l
2 Return water
I ey .~
| Liquid | m,
r—_ d
5 | Makeup
water
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« Mass balance:
dryarr ->m, =m, =m,
water -m, +m, +m, =m, +m, —> M, =m, —m, =m, (@, — @)

‘ﬁ'/—l

* Energy balance:

0=aH =(H,+H; +H;)-(H,+H,)

0=m,h, +(mh, +m,h, )+m, ¢, —m, h, —(m;h, +m,h, )

V3 V3 Vy Vg4

0=m,h +|mh, +m, h, \+ m, h_-m, h —| mh, +m, h,
I_V_/ H/_/
myms, my, ((04 —an ) mW1 M,y

0= mw1 (hﬁ _hfz ) * ma |: (ha3 U wShga ) T (a)4 _a)3)hf5 _(ha4 " (04/794 )}

- 9.Psychrometrics
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Learning outcomes of todays lecture

« Demonstrate understanding of psychrometric terminology, including
humidity ratio, relative humidity, mixture enthalpy, and dew point
temperature.

« Use the psychrometric chart to represent common air-conditioning
processes and to retrieve data.

* Apply mass, energy, and entropy balances to analyze air-
conditioning processes and cooling towers.

=PrL

Haussener — Thermo1 | Dec, 2025



	Slide 1:  Thermodynamics and energetics 1
	Slide 2: Summary last lecture
	Slide 3: Learning outcomes of todays lecture
	Slide 4: Psychrometrics
	Slide 5: Moist air
	Slide 6: Moist air
	Slide 7: Humidity ratio and relative humidity
	Slide 8: Enthalpy, internal energy and entropy of moist air
	Slide 9: Moist air in equilibrium with liquid water
	Slide 10: Dew point temperature
	Slide 11: Example
	Slide 12: Adiabatic-saturation temperature
	Slide 13: Adiabatic-saturation temperature
	Slide 14: Wet-bulb and dry-bulb temperatures
	Slide 15: Psychrometric chart @ 1 bar
	Slide 16
	Slide 17: Air-conditioning process
	Slide 18: Air-conditioning process
	Slide 19: Heating moist air
	Slide 20: Heating moist air
	Slide 21: Dehumidification
	Slide 22: Dehumidification
	Slide 23: Humidification
	Slide 24: Humidification
	Slide 25: Evaporative cooling
	Slide 26: Evaporative cooling
	Slide 27: Adiabatic mixing
	Slide 28: Adiabatic mixing
	Slide 29: Cooling towers
	Slide 30
	Slide 31: Learning outcomes of todays lecture

