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UNIT IV - PSYCHROMETRICS AND CONTROLLED ATMOSPHERE
APPLICATIONS

4.1 Introduction

The science dealing with properties of air and vapour mixture is known as psychrometry. The
knowledge of fundamental laws of gaseous mixture is necessary for understanding
.psychrometry.

PSYCHROMETRIC PROPERTIES:

The definitions of different psychrometric properties of air are given below :

a) Dry air

The dry a ir is considered as a mixture of nitrogen and oxygen and small percentage s of other
gases. The volumetric composition of air is 79% nitrogen and 21 % oxygen and the molecular
weight of dry air is taken as 29 approximately .

b) Moist air

It is a mixture of dry air and water - vapour . The quantity of water vapour present in the air
depend s upon the temperature of the air and its quantity may change from zero to

maximum (the maximum amount depends on saturation condition).

¢) Water vapour

The moisture present in the form of vapour is known as water vapour. The relative humidity of
air is an important factor in all air - conditioning systems.

d) Dry bulb temperature

The temper a ture of air measured by ordinary thermometer 1 s known as dry bulb
temperature (dbt). : . .

e) Wet-bulb temperature

The temperature me asu red by the thermometer when its bulb i s ¢ overed with wet c loth and
is exposed to a current of moving air is known as wet bulb temperature (wbt) . The difference
between the dry bulb and wet bulb temperature is known as wet bulb depression (wbd) . Wet
bulb depression becomes zero when the air is fully saturated.

f) Dew Point temperature

The temperature of the air is reduced by continuous cooling than the water vapour in the air
will start condensing at a particular temperature. The temperature at which the condensing
starts is known as Dew , -point temperature. Dew point temperature is equal to the steam table
saturation temperature corresponding to the actual partial pressure of the water vapour in the
air . The difference between dry bulb temperature and dew point temperature is known as dew
point depression (dpd).

g) Specific humidity (Humidity ratio)

It is defined as the mass of water yapour present per kg of dry air . It is expressed as g/kg dry
air or kg/ kg dry air.

h) Absolute humidity

The weight of water vapour present in unit volume of air is known as absolute humidity.

i) Degree of Saturation

The degree of saturation is defined as the r atio of mass of water vapour associated with unit
mass of dry air to mass of water vapour associated with unit mass of dry air saturated at the
same temperature.

j) Relative Humidity

The relative humidity is defined as the ratio of actual mass of water vapour in a given
.volume to the mass of water vapour if the air is fully saturated at the same temperature .

k) Sensible Heat of air

The quantity of heat which can be measured by measuring the dry bulb temperature of the air
is known as sensible heat of the air.

i) Total heat of air

The total heat of the humid air is the sum of the sensible heat of the dry air and sensible and
latent heat of water vapour associated with dry air.

m) Humid specific volume:

The volume of the air per kg of dry air in the mixture is known as humid specific volume of
the air. It is expressed as m3/kg dry air.

DEGREE OF SATURATION ( p)

Where, ms is the specific humidity of air when air is fully saturated.



i mass of water vapourin unit mass of dry air
mass of water vapourin saturatedunit mass of dry air
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Where, @;is the specifichumidity of air when airis fully saturated.
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Where, Pvs is the partial pressure of water vapour when the air is fully saturated at the same
temperature of the air. This can be calculated from steam table corresponding to the dry-bulb
temperature of the air.
26.4. RELATIVE HUMIDITY ( o)
As per the definition of relative humidity,

As per the defimition of relative homidity,

mass of water vapourin a given volune

" massof water vapour in same volume if saturatedat thesame temperatire

P¥
m RT P
“m, PPV F
RT

Relative humidity plays very important role in comfort air conditioning and deciding the
performance of many unit operations such as drying, evaporative cooling etc.

ENTHALPY OF MOIST AIR

The enthalpy of moist air is the sum of the enthalpy of one dry air and the enthalpy of water
vapour associated with one kg dry air.

Enthalpy of moist = Enthalpy of one kg of dry —  Enthalpy of water vapour
air air associated with one kg of dry
air.
Thus,
h=h +ah

Where, h:is the enthalpy of dry air and gh, isthe enthalpy of water vapour associated with
one kg of drv air.
h=C (T, -0)+a|lc. T +h dp+c T -7 |
Where, Cp; = specificheat of dry air, kT kgK

Cyw=specificheat of water

Tip=Dry bulb temperature of air

Win=Dew point temperature of air

(hzz)dp = Latent heat of vaporization at dpt

Cpn=Specificheat of superheatedvapour

The values of Gy and Cprused in deniving the equation are 4,186 kI kg K and 1.88
kJkg K respectively. The value of Cp;istakenas 1.005 kJkg K.
L h=1T, -0)+ w4187+ lgp+183(T, -T |
=T +alh dp+1.887 +227T |
=T +alh, dp+188T, | K/ kg dryair
=1.005T , +@[2501 +1 88T ]KI/ kg dryair

Adiabatic saturation process

When unsaturated air flows over a long sheet of water in an insulated chamber, the water is
evaporated and specific humidity of air is increased. Both air and water are cooled as the
evaporation takes place. The process continues until the energy transformed from the air to
the water is equal to the energy required to vaporize the water.



When this point is reached, thermal equilibrium exists with respect to the water,
air and water vapour, the air attains consequently the saturation point. The equilibrium
temperature is called adiabatic saturation temperature of thermodynamic wet bylp
temperature. The make-up water is introduced at this temperature to keep the water
level constant. The adiabatic cooling process is shown in Figure for the vapour in
the air-vapour mixture. Although the total pressure of the mixture is constant, the
partial pressure of vapour increases corresponding to the adiabatic saturation
temperature.

' Adisbatic saturstion process
e /\\‘1

5
i o
Dew point
L // = temperature
Entropy,s ———

Vapour initially teq1 is cooled adiabatically to ta> which is equal to adiabatic saturation temperature
twb2.WBT lies between DBT and DPT. System is insulated and no work is done.

Gh, +mh, +(m, -m,)h/2 =Gh, +mh,,
where
(m, — m, ) be the mass of water added
hy, be the enthalpy of liquid water at £, = £,
h, is the specific enthalpy of dry air
h,, is the specific enthalpy of water vapour in air.
Yividing by G on both sides, and since By, = hgy,
h, +oh, +(0,~0,)h, =h, +o,h,

_ (A =h) oy (B, ~1;) Gy (G-T)+ w5y,

,
hw, ‘hfz hv. "hfz
where o, =2 n
G G

Specific humidity, o =0.662—2+—
pP—p

Problem



A sling psychrometer reads 40° C DBT and 30°C WBT .Calculate specific humidity,relative

humidity, dew point temperature, enthalpy and specific volume of air mixture. Assume
atmospheric air pressure as 1.0132 bar.
Solution

I speciﬁc humidity:

©=062 —P
pb_pv

= (P, — P )1, —1,)
4 Ur pressure, py = Pgy — w w
P T v T 15274-131,

where

Psw = Saturation pressure corresponding to wet bulb temperature.
p» = barometric pressure = 1.0132 bar

From Steam Table, for 30°C wet bulb temperature, the corresponding pressure is
0.04242 bar

i.e. psy =0.04242bar
(1.0132-0.04242) (40-30)

py=0.04242 - =0.035897bar
1527.4-1.3x30
Substituting p, and pj value in equation for ®
© =0.622 x 0.035897
1.0132-0.035897
Humidity ratio, © = 0.0228kJ/kg of dry air Ans. -
2, Relative humidity:
¢ = _}7_'._
D
where, p, - Saturation pressure corresponding dry bulb tempemt“fej
. ure is
From Steam Table, for 40°C dry bulb temperature, the corresponding press
0.07375bar
i.e. ps = 0.07375bar
¢ = 0.035897 _ 487 =48.7% Ans,
0.07375
3. Dew point temperature (14):
“rom Steam Table, corresponding to partial vapour pressure, py = 0.035897bqy
temperature is 27°C. So, the dew point temperature (/) is 27°C Ans,

4. Specific volume (v,) of air:



From gas law, psva=Ra1a
where,
Gas constant, R = 0.287kJ/kg
T,=t4+273=40+273 =313K
Pa=Db—py=1.0132 - 0.035897 = 0.977bar
=0.977 x 100 = 97.7kN/n*

L RI,_ 0287 x313

i =0.919n’ lkg Ans. -
j 97.7 '

5. Density of air:

1
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Density of air p, = 1.087kg/m’ Ans.
6. Density of water vapour (py):
From Steam Table, corresponding to 40°C dry bulb temperature, the specific
volume (v,) is 19.546m’/kg '

Vapour density of relative humidity, ¢ = 0.487
Vapour density, p,=0.05116 x 0.487 = 0.025kg/m’Ans.

7. Total enthalpy:

where
Cp - Specific heat = 1.005k//kgK
hg - specific enthalpy of air corresponding dry bulb temperature.
From Steam Table, for 40°C dry bulb temperature, the corresponding specific
enthalpy is 2574.4kJ/kg
h=1.005 (40) + 0.0232 (2574.4)
=99.93kJ/ kg Ans.

Psychrometric Processes

(1) Semlble Heating or Cooling { W =constant) Only the dry bulb temperature of air changes. Let us consider sensible
heating of air



| PSYCHROMETRIC PROCESSES -
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W seamires some processes called psychrometric processes. These processes
. o z idificati idification or

cominmanon of fese processes. The d&fferent types of psychrometric are as follows:
’w~ w’ 'm’ - Fm .
7 Semsible cooling process

3 HemmdtficaGon process,

4 Debumidification process -
Cooling and debumidification process
Adizbatic mixing Zir SUTCAMS Process -
£. Evzporative cooling process.
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Sensible Heating Process

Marry r:m&is}mm&ofm,hwpmpammbt"ﬂ-
The zir in thewe sysiems is heated by circulation through a duct. The duct contamns
wies with hot gzses such as steam.

In this case, zir is heated a1 constant specific humidity. |t means, heating is done
withowt 2dding mowsture. During heat addition, the dry bulb temperature increases
from 14, W ty4. So, @ =r,ozbul,2>t‘,.'n)ehcaingooilisplacedinairﬂowplh-
Hezting is done by either electric resistance heating coils or steam coils. Steam is sent

jpside the NEALEE COLIS. So, the heat present in the steam heats the air by convection.
finally, the steam coming out of the ¢oj] gets cooled. But, the air at outlet will be at
increased dry bulb temperatyre. The heating process is shown in psychrometric chart

pelow.
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. Coil surface temperature
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Steam in Heatina coil

Sensible heating
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Heating '
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' Sensible n ing proc.




Contacting tne coul surface. It is denoted by BPF.

BPF is calculated by the formula
td

2

t =
BPF=-%_d

td, = td,

Where, 1, and 14, are dry bulb temperatures of air at inlet and outlet in the duct,

14, is the coil surface temperature.

The outlet dry bulb temperature of air lies between air tempe

. . rature at inlet
coil surface temperature. -

i< 1)< lay
Heat supplied to air, Q=m, (h,—h)

- Totalvolume _ V
where m, = mass of air in kg = e

Specific volume
hy and h; are specific enthalpies of air at inlet and outlet.

Procedure to find mass of air and specific enthalpy:
1. First, locate the dry bulb temperatures of air at inlet and outlet on
psychrometric chart.

2. From these points, draw towards enthalpy scale as shown in Figure
bhelow.

—
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<a— Dry bulb Temperature (), °C —

3. If volume of air is given at inlet 1, find specific volume at that point from the
chart or if the volume of air at outlet 2 is given, find specific volume at that

point.



4. Calculate mass of air circulated around the coil by the formula
m, = h or K’—
Vi ¢}

Sensible Cooling Process

In sensible cooling processes, refrigerant is sent inside the coil instead of steam to
cool the air. During this process, the dry bulb temperature reduces from 7y, to tg. So,

4. Calculate mass of air circulated around the coil by the formula
m, = 5 or i
Y ¢}

Sensible Cooling Process

In sensible cooling processes, refrigerant is sent inside the coil instead of steam to
cool the air. During this process, the dry bulb temperature reduces from #4, to ta. So,

4 beat present in the air is extracted by refrigerant But, there is mo addiion €
istre in the air. S0, 14> 14, and @, =,
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In this case also, the efficiency of cooling coil is measured in terms
factor. - ‘m
nDF:t" —"1
1,1,
where, 14, andtdzmdlybulbmnpamofa'n'aiﬂamdouhhhh
tg,isthecoilsurfaoempam

Thconﬂetdrybulbtempammofairﬁwbawemdrm‘mdh
v ' coal
surface temperature.
ta<1a<la;
Amountofheatmmcwdfmmairisalcdnedw
o=m,(h—h)

Numidificaton Procsss
Humesiric _‘ms.ﬁﬂ‘ shmxmmx‘m.ﬁ?m
tempesature. So, @Yoy bt & = So. the bumidity mfo DoreRses T @ e,
mm&»m&ms&:ﬂmsmwm&

Latent heat load. O=m (&%)

lﬂﬁ.llscas.t,!hehumidityratiodemmby removing meisture from air. But s
gss w.camedoutatconstant dry bulb temperature. So, ex<@y, $ >0ty =l
heat involved in dehumidification is also called as latens hear fowd.
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Neating and Humidification Process

Practically, winter air-conditioning systems require heat and more moisture. So.
both heating and humidification processes are carried one after the other. First, heating
is done. By heating, the dry bulb temperature increases from te, © ta. Next
humidification is done by adding moisture. Due to this, only humidity sm&s from
o = @to @y, But, the dry bulb temperature is constant (™t

Total heat load on the heating coil, 7HL= Sensible heat load, SHL + Latent heat

THL= (b =A)+(h -h)

* Heating coll 4 Humidifier
< 02 (B¢ *3
q s
Alir 0, = o, A .
—_— 3 P,
— ) U y

R Y
Heating section Humidifying section

load, LHL
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Sensible heat factor:

The ratio of sensible heat load to the total heat load is known as sensible heat
Jactor or sensible heat ratio.

o SEL . "RUR
SHL+LHL (h—h)+(h—h)

- Cooling and Dehumidification Process

In this case, both cooling and dehumidification are carried out one by one. First,
cooling is done by passing refrigerant inside the coil tube. During this time, dry bulb
lemperature decreases from 1y, 10 ty, but specific humidity is constant. Then,

swmidification s done by removing moisture from the air, Due 1o this, specific
pmidity decrenses but dry bulb temperature remains constant,
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Total heat load on the heating coil, THL= Sensible heat load, SHL + Latent heat load,
LHL

THL= (b —h)+(h—h,)
SHF is calculated by using the same formula discussed above.

By pass factor is caleulated by the formula
l‘l"“ A ’d‘ -“’Jj &b ’c“ . ’.“V'
o =ty o =T

where 7, and £y are dry bulb temperatures ol afr at inlet and outlet in the duct
Ly = Laop 18 apparatus dew point temperature,
Mainly, this process is used in summer air-conditioning systems,

Adlabatic Mixing of Alr atreams
Man air conditioning applications require the mixing of two airstreams, This iy

particularly true for large buildings, most production and process plants, and hospital,
which require that the conditioned air be mixed with a certain fraction of fresh outside
air before it is routed into the living space, The mixing is done by simply merging the

fwo afrstreams,

Figure $.40 Adiabatie miving

Let, wry = Mass of alr entering at |
My = Enthalpy of air entering at |

Bpecifio humidity — wogm

.

% B L
m1/m2 = (h3-h2) / (h1-h3)



. Adiabatic Evaporative Cooling
In this tvpe of cooling, the air is passed through an insulated chamber, This
insulating chamber has sprays in which water is maintained at a temperature higher
than the dew point temperature of entering air but lower than its dry bulb temperature,
So. both cooling and humidification are done without supplying or rejecting heat from
the water spray. At the same time, the same water is recirculated again and again, The
main disadvantage in this method is, perfect humidification of air is not possible.

Spray nozzles
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B
i
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2 3 g .
%

Insulated 1 04
chamber

Pump 9, ty 1,
DBT—>»

Problem

Atmospheric air with dry bulb temperature of 40 °C and wet bulb temperature of
209C is cooled to 15°C without changing its moisture content calculate the

Jollowing
1. Original relative humidity
2. Final relative humidity

3. Final wet bulb temperature.
4. Heat removed.

Given data:
Initial dry bulb temperature, 1,, = 40°C
Initial wet bulb temperature, tw, =20°C
Final dry bulb temperature. r. = 15°C

| . L. L R A T
«a—Specific humidity () ——=

~s— Dry bulb Temperature (), °C —p

Figure 5.58
The initial condition of air i.e., 40°C dry bulb temperature and 20°C wet bulb
temperature is marked on the psychrometric chart at pointl. From psychrometric chart
we know that, relative humidity (¢;) passing through point 1 is 14%

ie. $=14% i i



Step 2

Draw a vertical line from 15°C (final dry bulb temperature) and draw a horizontal
line from point 1. Both lines intercept at point 2 as shown in Figure 5.59.

Step 3:

From psychrometric chart, the relative humidity (¢) paSsing through point 2 is 55%.
ie.d =55% ‘

I/
N % & NN

|
T L L] ) 1‘ ) ] U L
«a— Dry bulb Tempersture (/), °C —o

Figure 5.59
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Draw an inclined line from point 2 along the constant wet bulb temperature line
till it cuts saturation curve. At that point temp is 11.67°C.

ie. tw, =11.67°C
From chart, at point 1, Enthalpy h; = 58kJ/kg
At point 2, Enthalpy h, = 32kJ/kg

Heat removed, Q = m (hy — hy) (~h>h)

Q= (h—hy) =(58-32) ["-m= lkg)
Q = 26kJ/kg

g e ZBF R G S R S
<a—Specific humidity (©) —s

<t— Dry bulb Temperature (), °C  —



One kg of air at 24°C, 70% RH is mixed adiabatically with 2kg of air at 16°C,
10% RH. Determine final condition of the mixture.

Given data:

First Stream:
Mass of air, m; = lkg
Dry bulb temperature, 14, =24°C
Relative humidity ¢; = 70%

Solution

Second stream:
Mass of air, my = 2kg
Dry bulb temperature, ta, = 16°C

Relative humidity ¢, = 10
Step 12

The ﬁrs: Swaut ar Le. 24°C dry bulb temperature and 70% RH is marked on the
psychrometric chart at point 1,

) T N A R M
«a— Specific humidity (@) ——m

1 1 1 ] I |24f 1 T

-a— Dry bulb Temperature (t), °C  —

Step 2:

The second stream of air i.e. 16°C dry bulb temperature and 10% RH is marked
on the psychrometric chart at point 2.

Saturation Curve

i |
e | T |1°| T 1 l24l 1

<— Drybulb Temperature (ts), °C  —
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Step 3:
Join the points | and 2 from the psychrometric chan, the specific humidity of the
first mass of air,

wy = 0.0134kg/kg of dry air

]s; T ]gl & KR
«a— Spedific humidity (@) —

L] Ll l1l°l I I l2l4l I
~«— Dry bulb Temperature (ts), °C  —

Specific humidity of the second mass of air
@2 = 0.001kg/kg of dry air

m _ 0,-0,
m ©-0,
1 _ ©,-0.001
2 0013-0,
0'0132 % = 6, -0.001

0.013 — 03 =203 - 0.002
©3 = 0.005kJ/kg of dry air
Specific humidity after mixing
©3 = 0.005kJ/kg of dry air

Step 4:

Draw a horizontal line from w3 = 0.005 kJ/kg of dry air till it cuts 1.2 line. Note
the point 3.

Step 5

L) lll T l.’ L) bl

«a—Specific humidity (@) ——

-
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~+— Dry bulb Temperature (1), *c .



From psychrometric chart,
1. Relative humidity (¢), passing through point 3 is 40%
Le. $:=40%

Draw a vertical line from point 3. Till it cuts

s . dry bulb temperature line. As
this point temperature is 20°C

line till it cuts total enthalpy line

Enthalpy, h; = 32kJ/kg

2 jen (e [ RN RS Rt JREE Fa) |
«a—Specific humidity (o) —

L 1 ]

| tas20°C
<s— Dry bulb Temperature (ts), °C  —p»

An air conditioning system is designed under the following condition

Outdoor condition -32°C DBT and 75% RH
Required Indoor condition -22°C DBT and 70% RH
Amount of fee air circulated - 200 m’/ min

Coil dew point temperature -14°C

The required condition is achieved by first cooling and dehumidifying and then
by heating. Calculate the following

1. Capacity of cooling coil in tonne
2. Capacity of heating coil in kW
3. Mass of water vapour removed in kg/s

Given data:
door conditions.
Dry bulb temperature, la, = 32°C
Relative humidity, ¢, = 75%
In door conditions:
Dry bulb temperature, = 22°0
Relative humidity, ¢, = 70%
Amount of free air circulated, ¥ = 200n°/min = 3.33m°/s

Coil dew point temperature, i.e. surface temperature, ¢, = 14°C
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Step 2:

Draw a vertical line from I4°Cm'poﬁnicmpcram)zx’ﬁ;1aassz£:zzﬁm
carve. Name the point 4. Join point | andpoim4.Drawahmizoma.!iine£'ompdmZ
il it cuts 14 line name the print 3.

i

«a—Spocific humidity
(w)

——l1l4llll2_1'él—l_j

wa— Dry bulb Temperature (L), °C —»

Step 3.
Draw an inclined line from point 1, 2, 3 and 4 along constant wet bulb temperature

line til] it cuts total enthalpy line




AL poin Ly enthalpy h = R kW kg

= 53 kI/kg
= A8 kJ/kg
= 41 kJ/kg

AL point 2, enthalpy 5,
At point 3, enthalpy 4,
At point 4, enthalpy 4,
Draw a horlzontal line from point 1,2,3 and 4 till it cuts specific humidity (®) line
From chant,
oy = 0.020kg/kg of dry air
My = my = (.01 15kg/kg of dry air
4 = 0.009kg/kg of dry air
From chart, specific volume (v) passin
e vy = 0.88m kg

Step 4:
Cooling coil capacity = m, (h, - hs)
(> 110 3 is cooling process [dry bulb temperature decreases])
, 333
=l =2 o 3 78k
"% T osg 3 T8kes
Substituting m, value in (5.22)

Cooling coil capacity = 3.78 (82 — 48)
_ 12852

——

35 36.72t0nnes [+ 1tonne =3.5kW)
Cooling coil capacity = 36.72tonne

=128.52kw

Heating coil capacity = m, x (2= hy)
=3 - 48)
= 189kJs =18.9k W

Mass of water vapour removed = m, (0, — ®3)

=3.78(0.020-0.0115)
Mass of water vapour removed = 0.03213kg/s

Problem



