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study of the thermodynamic properties of moist air (atmospheric air)
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dry air + water vapor(moisture)
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Ideal Gas Equation

PV=nRT J

L, absolute temperature °R (K)

universal gas constant:
» 1545.32 ft-lbf/Ib-mol-°R or
8314.41 J/kg-mol-°K

» number of moles

»volume of the gas ft3 (m3)

»pressure psf (Pa)
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L temperature
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vapor pressure —
specific volume

heat
enthalpy
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. , mass of water vapor
humidity ratio =

mass of dry air
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example:
At 250°C,
max. moisture holding capacity= 60g
actual moisture present in air= 30g
30
RH = 50%
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relative
NumMidity coocoo

ol 2

g__/
. T=25°C " T=40°C
max. moisture holding capacity= 60g max. moisture holding capacity=80g
actual moisture present in air= 30g actual moisture present in air= 30g
30 30
= — 0, — 0,
RH 60*100/0 RH 80*100A)
RH = 50% RH = 37.5%




.

humidity

AUGMINTECH

= =

() “aryair
/ co0o00O0 FOOOOO
dry air ‘
water
vapor
water |
vapor
T alko
humidity ratio
degree of degree of saturation
caturation humidity ratio of saturated air +tsame T and P
W —
IJ [

W

S



NAUGMINTECH

Absolute Humidity is the total mass of water vapor present in unit ‘
volume of moist air

y

N N N N

/ —_
| ™ o mass of water vapor
absolute humidity =

volume of moist air

__ moist air
‘ water total volume of moist air= 2m3
vapor ‘ mass of moisture present= 60g
Al = 60g
- T 2m3
AH = 30g/m3




temperature

Temperature is the measure of hotness or coldness of a body

A

T=100°F

B

T=50°F

v" heat flows due to the difference in

temperature

A

T=70°F

B

T=70°F

NAUGMINTECH

v" no heat flow once the temperature of both bodies
become same

v" thermal equilibrium is achieved (same T for both)

Units of temperature

Kelvin(K)
Celsius (°C)
Fahrenheit (°F)
Rankine (°R)

» International Unit (SI)



temperature
Units of temperature
conversion of units
Kelvin(K)
Celsius (°C) boiling point of water - —+—100 —373
Fahrenheit (°F)
Rankine (°R)
°C K
freezing point of water .10 1273
celsius kelvin
C—0 = K-—-273 pn
100—0 = 373-273 ™

NAUGMINTECH

1212 —1672

_____ A 32 1 492

rankine

R — 492
672 — 492

fahrenheit
F-32 o
212 -32 =
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The dry-bulb temperature (DBT) is the temperature of air measured by a
thermometer freely exposed to the air, but isolated from radiation and
moisture

DBT is the temperature that is usually thought of as air temperature

It shows the amount of heat content in the air

=)
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Dry Bulb Temperature
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v" The wet-bulb temperature (WBT) is the lowest temperature to which air can
be cooled by the evaporation of water into the air at a constant pressure
v" when the air is fully saturated (RH=100%), then DBT=WBT

_l_________P_B_T___ |
wet bulb
depression _ __ ______ unsaturated Wet Bulb Tempera-rur-e
T WBT air
e water
converts to
water vapor

wet cloth
(wick)
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v" The dew-point temperature (DPT) is the temperature to which air must be
cooled to become saturated with water vapor it contains
v" On cooling further, the water vapor will condense to form liquid water (dew)

HeoNoNoNoRoN !

TT atT
HeXoNoRXoRoN Ny

moisture moisture moisture Dew point Temperature
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v" The dew-point temperature (DPT) is the temperature to which air must be
cooled to become saturated with water vapor it contains
v" On cooling further, the water vapor will condense to form liquid water (dew)
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specific volume

It is the volume of air per unit mass of dry air It is measured in ft3/Ib

volume of air

specific volume = ,
pecif mass of dry air

volume of dry air

specific volume of dry air = mass of dry air

volume of moist air

specific volume of moist air = ,
pectf f mass of dry air

volume of moist air at saturation

specific volume of saturated air = -
pectf f mass of dry air

NAUGMINTECH
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Enthalpy is the sum of internal energy and pressure-volume
energy of air

« H=U+PV

«  H=mCpAT (at constant pressure)

Specific Enthalpy is the sum of internal energy and pressure- v' @ zero K: enthalpy is zero
volume energy of air per unit mass of dry air
«  h=CpAT

« it is measured in kJ/kg or Btu/Ib

v enthalpy increases with temperature

for air: R, ey *W-hyaper h=[0.24T+W(1061+0.444T)]B+u/Ib

‘_, |_’ hvaporzhg+cva

h,=sp. enthalpy of saturated vapor
@ 0°F: h,=1061 Btu/Ib
Cpy=specific heat of vapor
C,,=0.444 Btu/Ib

hdry air=CpT
C,=specific heat of dry air
C,=0.240 Btu/Ib
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Entropy is measure of the molecular disorder or randomness of a system
It the measure of a system's thermal energy per unit temperature that is
unavailable for doing useful work

Specific Entropy= (total entropy of the system/mass of the system)

It is measured in Btu/Ib-OF

entropy decrease

High Randomness, Low Randomness,
High Entropy, High Disorder Low Entropy, Low Disorder

NAUGMINTECH
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vapor pressure
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when air is unsaturated
* evaporation>condensation

. PW_Vap°,=part|aI pressure of water vapor

water vapor j

dry air
+

when air is saturated
e evaporation=condensation

. P P

w_vapor ' max

J
. VAPOR PRESSURE
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It is the mass of unit volume of air

Mass of air

Densit 7 =
ensity of air Volume of air

J

At STP:
o In Metric units: p,;,=1.225 kg/m3
o InImperial units: p,;,=0.0765 Ib/ft3
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HEAT

temperature increases
sensible heat
dry air

phase changes &
temperature remains
constant

latent heat

water vapor



bypass factor

NAUGMINTECH

Tin > Tout > Tcoil

Tcoil

inlet

cooling coil

coil

T,,—T
BPF = out
T, —T

n

coil

Tcoil > Tout > Tin

coil

inlet

heating coil

BPF — Tcoil _
Tcoil _

Tout
T

in
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Tin > Tout > Tcoil

Tcoil

—_
- Toutlet

—

Tinlet

cooling coil
BPF = Tout - Tcoil
Tin - Tcoil

Tcoil > Tout > Tin

—

Tcoil
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Tinlet [
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heating coil
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Contact Factor= 1- bypass Factor
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Dry Bulb Temperature (DBT) ‘

* Dry bulb temperature is plotted along the horizontal axis /
* The dry bulb temperature lines are straight but not exactly parallel /
and incline slightly to the left /

dry bulb temperature
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humidity ratio (W)

* Humidity ratio is plotted along the vertical axis on the right hand
side of the chart
* The scale is uniform with horizontal lines parallel

humidity ratio (W)
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specific volume (v) ‘

A

* specific volume lines appear inclined from the upper left to the
lower right

* these lines are not parallel

* specific volume scale is based on unit mass of dry air, not unit mass
of moist air
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Wet Bulb Temperature (WBT)

A

* the wet bulb temperature lines are not parallel
* The spacing of the wet bulb lines is not uniform
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* relative humidity lines are shapes similar to the saturation curve
* they appear at regular intervals
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* enthalpy scale is drawn obliquely on the left of the chart
* enthalpy lines inclined downward left to right
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Dew Point Temperature (DPT) ‘

A

* dew point temperature is drawn horizontally on the chart
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dry bulb temperature
humidity ratio

specific volume

wet bulb temperature
relative humidity
enthalpy

dew point femperature
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ASHRAE PSYCHROMETRIC CHART NO. 1

ASHRAE NORMAL TEMPERATURE

BAROMETRIC PRESSURE: 29.921 INCHES OF MERCURY

COPYRIGHT 1992 ASHRAE

SEA LEVEL
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ENTHALPY - BTU PER POUND OF DRY AIR
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The air leaves a cooling coil is at 70°F T, and 60°F T, |

ASHRAE PSYCHROMETRIC CHART NO. 1
ASHHAE NORMAL TEMPERATURE
BAROMETRIC PRESSURE: 29.921 INCHES OF MERCURY
§ COPYRIGHT 1992 ASHRAE
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Prepared by: CENTER FOR APPUED ¥ ENTHALPY - BTU PER POUND OF DRY AIR
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ASHRAE PSYCHROMETRIC CHART NO. 1
NORMAL TEMPERATURE
BAROMETRIC PRESSURE: 29.921 INCHES OF MERCURY
COPYRIGHT 1992 ASHRAE
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