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* Moist Air: The term moist air is a mixture of dry air and water
vapor in which the dry air is treated as a pure substance.

* Moist air as a perfect gas. Tair >2 Tcritica/ €p << pcritica/

* Mixture of perfect gases: thermodynamic system consisting of a
homogeneous mixture of n non-reacting components in the
gaseous state, each of which behaves as a perfect gas.

e At equilibrium, the state of the system is determined by the value
of two intensive/specific properties and the composition of the
system.

 Specific quantities referred to the mass of dry air
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Moist Air- Dalton

* Partial pressure of a gaseous component j of a
mixture: pressure to which the i-th component
would be subjected if it alone occupied the entire

volume V occupied by the mixture at the same
temperature T.

- n-R-T
P=7v
p _nda-R-T_mda-Rda-T
da — -
V 5 V
Nyap R-T Myap 'Rvap - T
Pvap = V — V

P = Pda T Pvap
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Moist Air— mole fraction

Viole fraction: ratio of the number of moles of a component in the mixture to the
total number of moles.

_nda'R°T_mda'Rda'T _nvap'R'T_mvap'Rvap°T
Pda — v — vV pvap— v — v
n-R-T
p = V n = MNgq t Nygp m = Mgg + Mygyp

Mole fraction of
Mole fraction of water vapor

dry air
Pda _ Nga - R - T/V _ Ngq — X / pvap nvap ' R ' T/V nvap \
> nRTW n e = T

p n-R-T/V n vap
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Vapor Condensation

Increase of vapor mole Air cooling

Manzan Marco -HVAC Psychrometry



fia)
Humidity Ratio

W [mvap L&av ' Pvap W) Myap * Pvap W= 0622 - Pvap
[mda ] Maq " Paa - W Maa * Paa P — Pvap
h g r “
[mvap = Myqp - nvap] Pyap "V = Nyqayp R-T= Nypap = Pv}%p. .TV
. ~
[mda = Mgq " Ngq J Paa'V =Ngq R T 3ng, = pc}%a..T
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Relative humidity

w

[mvs ] /élp va J_Z ; Hé ' Tj pv Temperatura
: J ___della miscel
— M . tato del vapore
mvap T vap nvap d’acqua in una
miscela satura Stato tipico del vapore
V N\ d’acqua nell’aria umida
— Pvap -
Pvap V= Nyap R-T Nyagp = R.T
J
mys = Mvap *Nys :
4 )
. Pys -V b= B 0622 P PusD
Pos - V= Tps = R T3 Mg = R-T pVS(T) T , p— ¢ pys(T)
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Saturation pressure

* Saturation pressure depends only
on temperature

* In Italian standards the saturation
pressure can be computed with the

following expressions
17,269-t

p,(t) = 610,5-e*>">* pert = 0°C

21,875t
p,(t) = 610,5 - 2%>>*t pert < 0°C

» t [°C], p, [Pa]
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Enthalpy of moist air

Enthalpy of mixture (H) Conditions:

H =Hgq + Hygp = Myq - hgqg + Myap - Rygp * Superheated vapor
 Low pressures (<10kPa)

specific enthalpy () e Specific values referred to dry air

H Myay K]
h My, da My, vap da +w vap < )

hda — Cp,da(T — 27315) = Cpda v,
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Enthalpy of vapor

* Low partial pressure of the vapor
* The behavior is of an ideal gas

* The enthalpy is a function of the
temperature only h,,, = h,,

* Enthalpy of the vapor h

* Enthalpy of the saturated vapor
at the same temperature h,
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fia)
Vapor enthalpy

* The behavior is of an ideal gas
* The enthalpy is a function of temperature

e | construct a transformation from a reference
state to a state at the same temperature h 4

* h;(0°C) = 0 enthalpy on the lower limit curve
* h;,(0°C) latent heat of vaporization

* Cpvap SPecific heat of vapor

h,, = 2501,3 kJ /kg
Cpvap = 1,875 kj/(kg K)

hy, = hy, — hy h;(Tr)

hvap = h(Tr) + hyp(T7) + Cp,vap (T—=Tr) M (Tr) =0 > hvap = hy, + Cpvap " L
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Specific enthalpy of moist air

H Myap k] Condizioni:
h = = hgy, + ‘hygpy = hgg +W-h
my, ¢ my, U Tda W Mvap (kgas> e Superheated vapor
h=Ccpas 0 +W- (Cpyap - 0 + i) * Low vapor pressure(<10kPa)
, - * Specific quantities referred to dry
k] alr

h=1005-t+w-(1,875-t+ 2501,3) @
y

\.
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Dew point temperature

* Dew point temperature is the temperature of saturated moist
air of the same moist air sample, having the same humidity
ratio, and at the same atmospheric pressure of the mixture.

* Two moist air samples at the same T,,,, will have the same
humidity ratio w and the same partial pressure of water vapor

Pw-
Ws(Pat Taew) = W
* where w, humidity ratio of saturated moist air. At a specific
atmospheric pressure,

* the dew-point temperature determines the humidity ratio w and
the water vapor pressure p,, of the moist air.
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Dew point temperature

* The dew point temperature is the saturation temperature of water
vapor corresponding to the partial pressure of vapor in the
mixture.

pvap,l < Pv1

T A
surriscaldato alla

p Aria secca e vapore
l temperatura iniziale

|
| |
| I _
I 1 | Ariaevaporesaturo  [p==—===——5
|
| |
I

alla temperatura finale | : 2 :
Pv,z < pvap,l | Condensato: L Jl
liquido saturo alla
Stato temperatura finale Stato
iniziale finale
>
S
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Dry and wet bulb temperatures

* Wet bulb temperature:

temperature measured with a @— i
thermometer whose sensor, e

Ingresso
dell’aria

Termometro

wrapped in a moist gauze, is o
Ve ntl I ated . Te?tl}?ffﬁitm

SE“FC':' Ventilatore

a batteria

* Dry bulb temperature: |
temperature measured with a
thermometer immersed in the = @ ®
alr-vapor mixture.
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Carrier Psychrometric chart
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Diagramma psicrometrico Carrier

* Constant relative humidity = =

dhidx (kJ/g)

 Saturation curve ¢ =1

* |soenthalpic 2. U
* Constant volume

* In the Carrier diagram,
enthalpies and constant

wet bulb curves coincide

T

25 30 35 40 45 50 5

(8]

Temperatura (°C)
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Ashrae chart

American Society of Heating,
Refrigerating and Air-
Conditioning Engineers

Isotherm

Not vertical, only 50 °C isotherm
is vertical

Constant relative humidity
Saturation curve ¢=1
Isoenthalpic

Wet bulb
Isochoric

ALTITUDE: 3 METERS

BAROMETRIC PRESSURE: 101.292 kPa
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Hasman psychrometer

* Simple method to obtain the
state of the system

* measures the dry bulb and wet
bulb temperature

* The temperature difference
allows the determination of the
state of moist air
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Assman Psychrometer

e L
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| measure the dry bulb temperature t s 4U_ ’o@%&&RX
| measure the wet bulb temperature t,,;, S 2 > 2 @"’f;@&%s
: : : & " $ ]
* consider the isenthalpic and wet bulb g >/ -
temperature to be coincident E sl / K Q\—
* Intersection identifies the state 30 &\003 p s \v
ol T T kggs o e =
* Then can be read the : 7 ol %<§%§
* Relative humidity : . ><\ \
* Specific humidit T 0 .

pect 4 I tp, = 20°C_ tps =\25 °C % § s

* Specific volume %é = S 5 g
e RS FRN N\ N I e e G

Temperatura (°C)
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Moist air balance equations

Dry air mass balance

Mag = Mag1 = Myq2

Contorno
Vapor mass balance —~2 :
|Aria umida
[ ] [} ° I m m
— as* ""“vap2
Myap2 = Mwater T Myap1 L~ g

Myap1 = W1 Mggq
Wy - Mgq

mvapz

Liquido o vapore, n,cqu,

Myate = (WZ — Wl) * Myq
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Heating of a moist air

T
pv(TZ) pvap
T
2 2
pv(Tl)
Iy
. . . : = 10°C 30 °C
O — ch -|— mda (hl) -|— m ter . hacqua —_ mda (hZ) Temperatura di bulbo secco

ch — mda | (hz — hl) — mda | [Cp,da ‘ly T wy (Cp,v Ty £ lv) — Cpda t1 —wyg - (Cp,v ) t%)]

ch — mda '[(Cp,da +w; - Cp,vj ' (tz _ t1)= mda (tz _ tl)

specific heat of moist air
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Adiabatic mixing

L Isolante

2 Myg, Th,w;

Maa1 * (Nga1 + Wlhvap,l) + Mgaz - (Rgaz + thvap,z) = Mgq3 * (Rgqz + w3 - hy3)

W1iMggq1 +— WoMggar = W3Mgg3
Maa1 T Mya2 = Mgg3
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Raffreddamento con deumidificazione

 The air flow, in condition 1, pass
through a cold surface (coil)

 The coil is at an average
temperature t; lower than the
dew point temperature of the air

* The air flow cools and
dehumidifies

* The condensed water m; must be
collected and drained

* The coil is cooled by a cold fluid
flow that enters at condition i and
exits at condition e

e The heat flow to be removed is
qCOOZ
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Cooling and dehumidification

* The exit condition can be reﬁresented as a point

positioned in a line joining t

e air inlet condition 1 and

the point S placed on the saturation curve at the
average surface temperature of the cold battery ts

* the thermal flux needed is Q{Z‘
‘sz‘ = Mqq  (hy — hy) + 10y - Ay
My = Mgq - (W1 — Wa)

‘sz‘ = Mgq - (h — hy) + Mygg - (W —wy) - kg

hy =
‘szl

C

IR

- ts,hqy,h, same order of magnitude

mda ) (hl _ hz)
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Bypass Factor

1
-

mda

\ | / A
G} ™
A

X

1
5 2

ts t2 tl
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* The process can be represented
as the mixing of two air flows

* One mass flow bypasses the coil
Mpp

* The mss ﬂowfrhda — mBPS]exits the
coil in saturate condition S at
temperature t;

mpp

Mgas

* Bypass Factor BPF =




fia)
Bypass Factor

| . . _ (mgq —mpp) - hs +mpp - hy
1 ! Mgs — Mpp p) h2 —

- - Meq
Mgs ; Mas  h, = (1 — BPF) - he + BPF - hy
N\ | / A
pry hy — h
- m, BPF = -2
BP > h1 o hS
X A
Same result with humidity ratio
1
Wy — W
BPF = =% >
w1 — Wg
S
2 t
>
ts tz t1
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Steam Humidifiers

Mgyq (Wz — Wl) = Mg

Mg
W2=W1= -

Mgq
aa * (Raa + Whyap ), — Mgs + (hga + Whyey), = Mg - h Ims
Mgq da w vap ), Mg da w vap)q — mg v3

(hda + Whvap)z — (hda + Whvap)1 = (W — wy)hy3

hggo + ws hvap,z —hgg1 — Wy hvap,l = (W —wy)hy3
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Steam Humidifiers

My, =)

hggo + Wz[hvap,; —hgg1 — Wl[hvapj = (W, —wy) - hys

hga2 — Raan {hvap,lz} (Wwy —wy) = (W —wy)hys

hgaz — haa1 = (hys — hvap,12) (W —wy)

Cpda (tz —t1) = (hyz — hvap,lZ) (W —wy) Cpp (tz3 — t15) - (Wy — wy)

C _
(t; —t1) = p'v/cp,da (L3 —t12) - (W —wy) =0
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Air Washer

Mgyq (Wz — Wl) = Mg

Myq (hda + Whvap)z — Myq (hda + Whvap)1 = Mg - hy3

(hda + Whvap)z — (hda + Whvap)1 = (wy —wy)h;z3 =0

(hda + Whvap)z — (hda + Whvap)1 = (wp, —wy)h;3=0

hz _hl — (WZ _Wl)hl = ()
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Performance of an Air Washer

* For a humidification process along the thermodynamic wet-bulb
temperature line, the performance of an air washer can be illustrated

by the saturation
w, —wy T =14

Csat — ~
we —wy Tg —T;

where T,,T, temperature of air entering and leaving air washer
wq, W, humidity ratio of air entering and leaving air washer

we, Te humidity ratio and temperature of saturated air at
thermodynamic wet-bulb temperature,
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Air Washer
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