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EdgeTech Moisture and H._Jde.tb Systems

Dalton's Law

Jonn Dalton was the first to surmise
that the total pressure [P, ] exerted by
a mixture of gases or vapors is the sum
of the prassures of each gas if it ware to
occupy the same volume by tself. The
pressure which each gas [such as air)
exerts 15 called its partial pressure, If
P, P, and P, represent the respective
partial pressure of gases X, Y, and £ ina
mixture, Dalton's Law states:
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Elementary as it may seem, the concept
of Dalton's law is often overlooked in
considaring problems in hurnidity,
because on forgets that the "water” in a
nas s actually 8 gas itself and must ba
treated in accordance with the gas laws
Air must be considered a mixture of
gEses - oxygen, nitrogen, and water
vapor [neglecting the minor constituents],
All discussions of humidity can then be
reduced to discussions of water vapor
pressure, and all definitions encountared
in humidity can be expressed in terms of
Vapor pressure.
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Dew Point

Dew point is that unigque temperature to
which the air [or any gas] must be
cooled in order that it chall be saturated

with respect to water.

Frost point is that unique temperature to
which the air [or any gas] must ba
cooled in order that it shall be saturated
with respect to ice.

Frost Point

The dew point or frost point OEFINES the
partial pressure of the water vagor in
the gas, from the Smithsonian
Meteorological Tables.

Relative Humidity

Relative Humidity s the ratio of the
actual vapor pressure [as defined by the
Tables] in the mixture to the saturation
Vapor pressure, with respect to water, at
the prevailing dry bule temperature.

Exampla 1. [Metric Linits]

If dew point = 10°C and dry bulb = 25'C;

Vepor Pressure at 10C
RAH = Vapor Pressure at 250

12.278mb

- Fiesmp - 987

If frost point = -45°C and dry bulb = -40C

Vapor Pressure at <450 [Actual]
Vapor Pressure at -400C
(with respect to watar)

0.07 188mb
= 01891mb

RH =

= 8B1%

Example 2. [English Units)
If dew point = 50°F and dry bulb = 90°F

Vapor Pressure at S0°F

RH = Vapor Pressure at 90T
2624 Hy
= 1.432"Hg =29.9%

If frost point = -50°C and dry bulb = -40°C

Vapor Pressure at -S0°F [Actual)
\apor Pressure at -0+
[with respect to water)
1.990X10°" Hg
= 5584X10°" Hg

RH =

= 35.7%

MNOTE: BH i= arbitrarily defined with
respect to water even though it seems
that it should be with respect to ice at
40°C [[-40°F).

@ PPM by Volume

Parts per milion (PPM) by valume is the
ratio of the partial pressura of the water
yapar to the partial pressure of the dry
gas

Example 1. {Metric Units)

If frost point = -60'C and system total
pressure is 1013 mb [14.7 PSIA)

Farts
Milkon

‘fapor Pressure at -60°C

Total Pressure - Water Vapor * 107
Pressure at 50T

10.80 x 10° mb
= [1013-1080x 107mb

PPMy =

10.7 PPM [by volumea)

Exarmnple 2. [English Limits]

If frost point = -70°F and system total
pressure is 14.7 PSIA [29.92"Hg):

Parts

PPMV = “Rilkon

Vapor Pressure at -70°F

= Total Pressure - Water Vapor * s
Pressure at-70'F

4974% 104 Hy
= [29.92-.0048974)" Hg

X 1CF

= 17 PPM [by volume)
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Parts per million (PPM]) by weight of dry
gas is identical to PPM by valume except
that the weight ratio changes with the
molecular weight of the carrier gas.

Example 1. (Metric Units)
If frost point = -80°C and system total
pressure is 1013 mb, and the carrier

gas is hydrogen:

Mal. wt. of Ha

PPM,, = PPM, X ‘Mol wt. of carrier gas

18
=10.7 x5~ = 96.3 PPM (by weight)

Example 2. (English Units)

If frost point = -70°F and system total
pressure is 14.7 PSIA, and the carrier
gas is hydrogen:

Mol wt. of HaO

PPM,, = PPM, X ol wt. of carrier gas

18
= 17 x 7o = 133 PPM [by weight])

Molecular weight of
common gases

Acetylene 26  Helium 4
Air 29  Hydrogen 2
Ammonia 17 Methane 16
Argon 40  Nitrogen 28
COs 44 Oxygen 32
CO 28  Sulfur Dioxide 64
Ethylene 28 Water 18
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Dew Point/Frost Point Relationships

EdgeTech Dew Point Hygrometer Sampling Systems

Below 0°C (32°F), dew point hygrometers measure the frost point tempera-
ture rather than the dew point. the Tables below permit conversion from dew
to frost point. For a more accurate conversion, consult Table 102 of smith-
sonian Meteorological Table.

Metric Units (C)

F.P. D.P. F.P D.P. F.P. D.P. F.P. D.P.
0 0 12 134 -24 26.6 -36 -394
1 1.2 -13 -14.5 -25 277 -37 -40.5
2 2.3 14 -15.6 -26 288 -38 -41.6
3 -3.4 -15 -18.7 -27 299 -39 426
4 4.5 -16 -17.8 -28 -309 -40 437
5 -5.6 17 -18.9 -29 -32.0 -41 -44.7
-6 6.8 -18 200 -30 -33.0 -42 -45.8
7 -79 -19 211 -31 -34.1 -43 -46.8
8 90 20 22.2 -32 -35.2 44 479
9 -101 -21 -23.3 -33 -36.2 -45 -49.0
-10 11.2 -22 244 -34 -37.3 -46 -500
-1 -12.3 -23 25.5 -35 -384
English Units (°F)
F.P D.P. F.P. D.P. F.P. D.P. F.P. D.P.
32 32 10 7.4 12 -186.7 -34 -40.3
31 308 9 6.3 13 -17.8 -35 -41.4
30 29.7 8 5.2 14 -18.9 -36 42.4
29 286 7 4.1 15 -20.0 -37 -43.5
28 27.5 6 2.9 -16 -21.1 -38 5-44.5
27 264 5 1.8 17 -22.2 -39 -45.6
26 25.2 4 0.7 -18 -23.3 -40 -46.6
25 24.1 3 04 -19 -24.3 41 -47.7
24 229 2 -1.5 20 -25.4 42 -48.7
23 21.8 1 2.6 21 -26.4 43 -49.8
22 20.7 0 -3.7 22 -27.5 44 -50.8
21 19.6 -1 4.8 23 -28.6 -45 -51.9
20 18.5 -2 5.8 24 -29.6 -46 -52.9
19 17.4 -3 6.9 25 -30.6 47 -54.0
18 16.2 -4 80 26 -31.7 -48 -55.0
17 151 -5 81 27 -32.8 -49 -56.1
16 14.0 -6 -10.2 28 -33.9 -50 -57.1
15 129 -7 -11.3 29 -35.0 -51 -58.2
14 118 -8 124 -30 -36.1 -52 -59.2
13 10.7 -9 -13.5 31 -37.2 -53 -60.3
12 96 -10 -14.6 -32 -38.2
11 8.5 -11 -15.6 -33 -39.3

REFERENCE: Smithsonian Meteorological Tables, Sixth Revised edition, List,

Robert J., Publication No. 4014, Smithsonian Institution, Washington, D.C.

Pressure Conversion
As the total pressure of a gas sample changes, all of the partial pressures comprising the total pressure change in the same
ratio.

Example 1. (Metric Units)
If frost point = -60°C and system total pressure is 1013 mb [1.033kg,/cm?), what is the dew point at 21kg,/cm??

Wapor Pressure ot -E0FC Wapor Prezsure at Mew Oew Point

1.033 kg/cm? - 24kg/cm?

Vapor pressure at new dew point = 10.80 x 10°mb x 1 o33 = .2195mb partial pressure
From the Vapor Pressure Tables (over ice), the Frost Point = -35.2°C

Example 2. (English Units)
If frost point = - 10°F and system total pressure is 14.7PSIA, what is the dew point at 7OPSIG (84.7 PSIA)?

Vapor Pressure ot -7 0°F
14.7 PSIA

Yapor Preseure ot flew Osw Foint
84.7 PSIA

84.7
Vapor pressure at new dew point = 4.974 x 104 Hg x 147 =2.87 x 10® Hg partial pressure

From the Vapor Pressure Tables (over ice), the Frost Point = -44.5°F

Dew Point/Pressure Conversion Chart
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Email: hzo@edgetech.com Web. www.edgetech.com

Toll Free: (800) 276-3729




