Dewpoint is one of
the many widely used
parameters alongside
relative humidity, ab-
solute humidity, mix-
ing ratio and partial
water vapor pressure,
that show the water
vapor content in air or
in other gases. The fol-
lowing article explains
the behavior of dew-
point temperature (T )
and clarifies the termi-
nology used to de-
scribe it.
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Expressed as

Dewpoint Temperature

ewpoint is defined as

the temperature (°C

or °F) to which air

must be cooled for
water condensation to begin,
i.e. for air to become saturated
with water vapor. At dewpoint
temperature, the amount of
water vapor present in the air is
equal to the maximum amount
of vapor air can hold at that
specific temperature.

The capacity of air to hold
water vapor is strongly depen-
dant on temperature; warmer
air can hold more vapor. This
phenomenon is usually illus-
trated with a curve with water
vapor saturation pressure as a
function of temperature (Figure
1). At dewpoint, the partial
water vapor pressure (P) in air
equals the water vapor satura-
tion pressure (Py,). In this state,
condensation and evaporation
are in equilibrium and take
place at the same rate.

Since the correlation be-
tween water vapor saturation
pressure and temperature is
known, the dewpoint can be
calculated from the measured
temperature and the relative

humidity (Figure 1). This prin-
ciple is used by some instru-
ments with capacitive sensors
to measure dewpoint in a gas.
A practical example of dew-
point is a glass of cold liquid
on a warm summer day. If the
temperature of the drink is
equal to, or below, the dew-
point of ambient air, the air
close to the glass surface cools
down and becomes saturated
with water vapor that condens-
es on the surface, forming
water droplets called ‘dew’.

Temperature changes

According to its definition,
dewpoint is related to the
amount of water vapor, i.e. the
partial water vapor pressure,
and is thus not dependant on
temperature. This means that
the dewpoint of a process with
high temperature is equal to
the dewpoint measured from a
cooled sample of that process
gas. However, if the gas sample
1s taken from the process to an
environment where the tem-
perature is below the process
dewpoint, a dew formation ap-

pears, and this results in an in-
applicable measurement.

Pressure changes

Dewpoint is a pressure sensitive
parameter, because variation in
total pressure changes the par-
tial water vapor pressure ac-
cording to Dalton’s law:

Piora=P W+Pdry air,

Where the total pressure is
the sum of the partial pressures
of the gas components present:
water vapor and dry air.

Pressurized air provides a
practical example of what hap-
pens if the air at +20 °C is com-
pressed from atmospheric pres-
sure to a pressure of six bar
(6000 hPa). We assume that the
dewpoint of ambient air is +6°C
(Px=9.35 hPa), and that the
temperature remains constant
during compression. As the air
is compressed, the partial water
vapor pressure (Py,) is increased
sixfold to P, =56.1 hPa. The cal-
culated dewpoint would then be
+34.9 °C. However, dewpoint is
always less than, or equal to am-




bient air temperature. Thus,
dew formation would take place
until the partial water vapor
pressure is equal to the water
saturation pressure at that tem-
perature (23.4 hPa) ie., dew-
point is the same as the actual
air temperature, +20 °C.

Conversely, if a sample was
taken from pressurized air
(6000 hPa) with dewpoint of
+3 °C to an atmospheric pres-
sure of 1000 hPa, the dewpoint
would then be -20 °C.

When using a measurement
technology that cannot be in-
stalled in the pressurized
process, but a sampling system
1s needed, the dewpoint in the
process, which is sometimes
called pressure dewpoint, has
to be calculated from the meas-
ured value. However, new tech-
nologies have enabled meas-
urements straight from the
pressurized processes, thus ob-
viating the troublesome loga-
rithmic calculations.

Dewpoint or frostpoint

If dewpoint is below zero (0 °C),
the term frostpoint (T} is often

used. The water vapor satura-
tion pressure over ice is slightly
lower than that over super-
cooled water, i.e. ice gives off
water vapor at lower rate (Figure
2). This must be taken into ac-
count when using a measure-
ment technology in which the
dew/frostpoint 1s a calculated
parameter derived from relative
humidity or from the partial
water vapor pressure. As frost
forms, it always occurs at a frost-
point that is different to dew-
point.

As in the case of dewpoint,
the frostpoint can also be seen
in practice by taking a package
from a freezer to room temper-
ature. In this case, the air close
to the package cools down and
becomes saturated with water
vapor, which forms frost in-
stead of dew, on the package
surface.

Why dewpoint?

Dewpoint is a commonly used
parameter to represent the
amount of water vapor in dry
applications such as pressur-
ized air systems. In dry condi-
tions, changes in dewpoint val-
ues are much larger compared
to very small changes in rela-
tive humidity values, which
gives dewpoint measurements
an advantage in process con-
trol. For example, at room tem-
perature, change in dewpoint
from -40 °C to -45 °C corre-
sponds to relative humidity
from 0.81 % RH to 0.48 % RH.
In applications where gas
pipes are installed outdoors,
dewpoint is a useful parameter,
because of wide variations in
ambient air temperature. The
gas should be dried to such a
high degree that dew formation
is avoided regardless of the
temperature in the pipe, which
means that dewpoint of the gas
should be below the gas tem-
perature in all conditions.

Chilled mirrors

One traditional method to meas-
ure dewpoint is a chilled mirror
instrument where the mirror is
cooled down until dew forms
on it. The dew formation causes
light to be scattered on the sur-
face, and this is detected with
optics. At the start of dew for-
mation, the temperature of the
mirror denoting dewpoint is
read by a thermometer.

VAISALA
News

1200
1000
& 800
-y
N
g oo 60 °C
a a — 10 °
RH = 100% T=80°C
400 P,.= 198 hPa RH =42 %
D e P, = 198 hPa
200
/
//

0
0 10 20 30 40 50

60 70 8 90 100

Temperature (°C)

Figure 1. Water vapor saturation pressure P, as a function of temperature.
Dewpoint of a gas at 80 °C and 42 % RH.
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Figure 2. Water vapor saturation pressure P,,; over water (—) and ice (---).
Dewpoint and frostpoint of a gas at 0 °C and 20 % RH.

This fundamental measuring
technology is widely used as a
calibration reference in labora-
tories because it gives very ac-
curate results over a wide range
of dewpoints. However, it can-
not tolerate dusty environ-
ments due to its sensitive op-
tics, and thus it is less com-
monly used for process control
purposes.

With a chilled mirror instru-
ment, dew, rather than frost,
may also occur below freezing
point, even down to -20 °C.
Before frost, dew forms due to a
lack of impurities on a very
clean surface initializing the
crystallization. This must be
noted when comparing the read-
ings of instruments using differ-
ent technologies such as capaci-
tive instruments, in which rela-
tive humidity or the partial
water vapor pressure are the vari-
ables measured initially. The dif-
ferences in the readings of the
instruments may be due to the
fact that one actually shows dew-
point and the other, frostpoint.

Capacitive instruments

Metal oxide sensors have been
widely used in industrial pro-
cesses for the past three decades.
They have proved to be suit-
able for on-line measurement
and tolerate dusty environ-
ments better than chilled mir-
rors. However, their poor long-
term stability means there is a
need for frequent calibration,
which increases maintenance
costs. Moreover, relatively high
humidity may destroy the sen-
sor e.g. if there is a drier mal-
function in the process, or even
during a system ramp up.
Recently, polymer sensors
have also been introduced to
dewpoint applications. Their
advantages over the metal oxide
sensors are that they tolerate
condensing water and have far
better long-term stability. The
accuracy of polymer sensors has
recently been improved to such
a degree that they are reliable in
applications with low dewpoints,
even down to 70 °C. u
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