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HUMIDIFICATION



« Humidity H is the mass of vapour carried by a unit mass of vapour
free gas.

_ Mapa
Mp(P-pa)

* p, =partial pressure of the vapour , M,= molecular weight of vapour
* Mg= molecular weight of vas

« Relationship between mole fraction and humidity

_ H/Mgy
Y= 1/Mg+H /M4

« Saturated gas is gas in which the vapour is in equilibrium with the
liquid at the gas temperature.

_ MyuPy
) HS_MB(P—PA)

* P, = vapour pressure of the liquid



« Relative Humidity, Hg, is defined as the ratio of the partial pressure
of the vaour to the vapour pressure of the liquid at the gas temperature.
It is usually expressed as a percentage basis, 100% meaning saturated
gas and 0% means vapour free gas.

Pa
H, =100—=
» Percentage humidity, H,, Is the ratio of the actual humidity H to
the saturation humidity Hg, gas temperature:

H P— P —P]
Hy =100— = 100p‘}/( p‘,‘) = Hp -
Hy P,/(P — Py) P —py




* Humid Heatc, is the heat energy necessary to increase the
temperature of 1 g of gas plus whatever vapour it may contain
by 1°C.

Cg = CpB + CpAH

« Humid volumev,, is the total volume of a unit mass of
vapour free gas plus the accompanying vapour at 1 atm and
gas temperature.

~0.0224T (1 N H
YH= "3 \M, T M,
* V, Isin cubic meters per gram and T is in °K

« Dew point is the temperature to which a vapour gas mixture
must be cooled at constant humidity to become saturated.




« Total enthalpy is the enthalpy of a unit mass
of gas plus accompanying vapour.

¢ Hy —_ CpB(T — To) + HAO + CpAH(T — To)
¢ Hy —_ Cs(T — TO) HAO
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The temperature and dew point of the air entering a
certain dryer are 65.6 and 15.60C respectively.

[vapour pressure = 25.1 kPa, atmospheric pressure =
101.35kPa]

Determine:

Humidity

Mole fraction of moisture in air

Partial pressure of moisture in air

Relative humidity and % saturation

Adiabatic saturation temperature/wet bulb temperature
Humid heat

Saturated volume and humid volume

No ko E



ADIABATIC SATURATION

} Nozzje eqrpinmem
3 [ mantfold eliminators
{

3 I N
+ " s inlet gas L ] outlet gas .
pray -
~>\~'/; chamber H T 4 /,;Z'&,\\; Hg, Tg
i // : \\ ~
B Fioot
- level
i = s BB makeup H, O,
T> s roiner TS
== = =Y == ™\ 1
_“@3_ —;(E ) e
e P e
. | WP o

e |f airis sprayed into aa stream of gas in an insulated
pipe or spray chamber, it is cooled and humidified. If
not all the water evaporates and there is sufficient time
for the gas to come to equilibrium with water the exit
temperature [also that of the remaining water] is called
the adiabatic saturation temperature Ts

9




Adiatic saturation temperature, T,

CpB (T — Ts) + CpAH(T — Ts) — (Hs — H)}\S
Ho—H ¢ Cpp+cpaH

T—T. A A
T, = Adiabatic saturation temperature

Ts can be determined by trial and error only as
Hs and As are function of Ts

Adiabatic cooling curve is drawn from a
particular, Ts, when these parameters can be
fixed.




Wet bulb temperature
 Wet bulb temperature is
the steady state, non-
equilibrium temperature
i reached by a small mass of
liquid exposed under
...... r adiabatic conditions to a
' continuous stream of gas

Moke-up liquid, femperature 7,

MEASUREMENT
o — * Wick must be completely
| |- wet
Temperalure T S T Temperaiue T
Humidily : ’ Humidity * V\elocity of air at least 5m/s
—  Make up liquid is supplied

i1




WET BULB TEMPERATURE

At steady state

Heat transfer from gas to liquid = rate of vaprization x
sum of latent heat of vaporization and sensible heat of
vapour

Rate of heat transfer to liquid,

q = MaNa|Ay + cpa(T = T)] = hy (T — T)A
NA = molal rate of vaporization, moles/time
Aw=latent heat of liquid at wet bulb temperature Tw,

h,,= heat transfer coefficient between gas and surface
of liquid,

Ti= temperature at interface = Tw, A= surface area of
liquid



No = G O = A = 2 (e o) 4

(1 V)im \1/Mg+H, /M, 1/Mg+H/M,
 Where y; = mole fraciton of vap.at inter face, y=mole fraction
of vapin air stream, k, =MTC(1 — y), = one way diffusion factor

MyNy| Ay + cpa(T = Ty)| = hy (T — T A
k
hy(T = Ty )A=—2—A(——2— _— L V[A, +cpu(T - T,,)]

(1-Y)im 1/Mg+H,,/My 1/Mg+H/My

* Assumptions:
1 (1 o :V)lm =1
2. Neglecting Sensible heat, ¢, 4,(T — T;,)
3. NeglectingH,,/M,and H /M, in comparisonto 1/Mp
hy(T - Tw)zky(HwMB — H Mpg )[}\w]
EQUATION OF PSYCROMETRIC LINE

hy(T —Ty) = MBky}\W(HW — H)
H—H,  h,
T-T, Mgk,

13



Psychrometric line and Lewis equation
H-H,  h,
T—-T, Mgk,

Psychrometric line intersects 100% line at Tw, and has a
slope of

h

y
. H.—H C
For water — air system: —— = —
T—Ty  Ag
ny

= ¢, - Lewis relation
Mgk,

Comparing Psychrometric line and Adiabatic cooling line

H-H h He—H ¢
Y= ——2—and Z—-==2
Hence adiabatic line and psychrometric lines are identical

for air- water vapour system.

14



EXAMPLE 9.3-3. Adiabatic Saturation of Air
An air stream at 87.8°C having a humidity H = 0.030 kg H,O/kg dry air is
contacted in an adiabatic saturator with water. It is cooled and humidified
to 90% saturation. |

(a) What are the final values of H and T'?

(b) For 100% saturation, what would be the values of H and T?

Solution: For part (a), the point H = 0.030 and T = 87.8°C is located on
the humidity chart. The adiabatic saturation curve through this point is
followed upward to the left until it intersects the 90% line at 42.5°C and
H = 0.0500 kg H,0O/kg dry air.

For part (b), the same line i1s followed to 100% saturation, where
T =40.5°Cand H = 0.0505 kg H,O/kg dry air.

EXAMPLE 93-4. Wet Bulb Temperature and Humidity ;

A water vapor-air mixture having a dry bulb temperature of T = 60°C is
passed over a wet bulb as shown in Fig. 9.3-4, and the wet bulb temperature
obtained is T, = 29.5°C. What is the humidity of the mixture?

Solution: The wet bulb temperature of 29.5°C can be assumed to be the
same as the adiabatic saturation temperature Tg, as discussed. Following
the adiabatic saturation curve of 29.5°C until it reaches the dry bulb
temperature of 60°C, the humidity is F = 0.0135 kg H,O/kg dry air.

15



MEASUREMENT OF HUMIDITY

1. Dew point method- Polished gold disc cooled by peltier
effect

2. Psychrometric method
Wet Bulb Dry bulb thermometer
3. Direct chemical method — absorption by phosphorous

pentoxide, sulphuric acid
4. Hair Hygrometer- Measurement of length of hair/fibre
5. Measurement of heat of absorption on to a surface

6. Piezoelectric hygrometers- quartz crystal coated with
hygroscopic material

7. Capacitance meters — electrical capacitance
8. Observation of colour change —cobaltous chloride



AIR CONDITIONING
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COOLING TOWERS
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ENVIRO TECH

‘ 1
« *ENVIROKTECH. "=
9871034100 |
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Cross Corrugated Fill

Hot Water In

bbb

Hot Air Out

Cold Air In

j)jdd o ‘k“\\

» Very efficient
* Can foul
* Max surface area

Vertical Offset Fill

Hot Water In

g
s
2

e

Codwastuyh
—jj Cold Air In ‘&
« Efficient

* Less fouling
* Max surface area

Vertical Fill

Hot Water In

B s

Cold Alr In

* Good for dirty water
¢ Low fouling
* Low pressure drop
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INDUCED DRAFT COOLING TOWER
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Evaporative water cooler

Air, y
T fa,

CSED

Mist eliminator

f12

+

Tube-sidefluid [Y Y ¥ Y YTYPYT T YY

wy, mass/time __ )
'r2 Sy
2
D
o
)
C
Q
2
m & p)
Al
w,, malsrsltime ""’L/' ‘;\
tey M) | J

walter )

W, ,, mass/time
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Tube arrangement in evaporative
coolers

Spray water Spray water

WT wr




