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Amount of Water in Humid Air at-
any Pressure

1 cubic foot of humid air

At Any Pressure

Dowpo'l:m Va;;or Pressure
Jemp. F _____ Water(in.Hg. )"

95 1.66

90 1.42

86 1.25

80 1.03

60 522

50 .362

EQUATIONS FROM EGG MANUAL 35 204

_SECTION 7 :
Parts Per Million by Volume = PPM,, * Perry's Chemical
Engineer's Hdbk.
Partial pressure H ,0 vapor Fourth Edition

PPM = x 10 E6
Vv Partial Pressure of Dry Air

Partial pressure Water Vapor = Vapor pressure of Water at given temperature
Partial Pressure Dry Air = Total pressure - Vapor Pressure of Water at given Temp.

Parts Per Million by Weight = PPM W

PPM = PPM x Moiwtof H O
w
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SECTION 7

GENERAL DEW POINT MEASUREMENT INFORMATION

basic humidity definitions

DALTON'S LAW

John Dalton was the first to surmise
that the total pressure, p,,, exeried by a
mixture of gases or vapors is the sum of
the pressures of each gas if it were to oc-
cupy the same volume by itself, The
pressure which each gas component of a
multiple constituent gas (such as air) ex-
erts is called its partial pressure. If p,,
Py and p, represent the respective par-
tial pressures of gases X, Y, and Z in a
mixture, Dalton's Law states:

Bm *Px *By *B +. .
Elementary as it may seem, the concept
of Dalton's Law is often overlooked in
.onsidering problems in hurmidity, be-
cause one forgets that the “water™ in a
gas is actually a gas itself and must be
treated in accordance with the gas laws.
Air must be considered a mixture of
gascs - oxygen, nitrogen, and water vapor
(neglecting the minor constituents). All
discussions of humidity can then be re-
duced to discussions of water vapor
pressure, and all definitions encountered
in humidity can be expressed in terms of
vapor pressure,

DEW POINT

Dew Point is that umique temperature o
which the air (or any gas) must be
cooled in order that it shali be saturated
with respect to water.

FROST POINT

Frost Point is that unique temperature
to which the air (or any gas) must be
covled in order that it shall be saturated
wilh respect to ice,

The dew poin: or frost point DEFINES
the partial pressure of the water vapor
n the gas, from the Smithsonian Meteo-
rological Tables,

RELATIVE HUMIDITY

Relative Humidity is the ratio of the ac-
wal vapor pressure (as defined by the
Tables) in the mixture to the saturation
vapor pressure, with respect to water, at
the prevailing dry bulb temperature.

Example 1. (Metric Units)
It dew point = 10°C and dry bulb = 25°C:

AH » Vapor Pressure at 10°C
Vapor Pressure at 25°C

12 272 mb - 38 7%
316/ mb

If frost point = - 48°C
and dry bulb » - 40°C.

RH « Yapor Pressure at - 45°C (Actual)

Vapor Pressure at - 40 C
{with respect to water)

- 0.07198 mb = 38.1%
0.1891 mb

Example 2. (English Units)

If dew point = 50°F and dry bulb = 90'F:

RH « Yapor Pressure at S50'F

Vapor Pressure at 90'F

« 3624" Hg
1.422" M

= 25.5%

It frost point = - 50°F
and dry bulb = - 40°F.

AM = Vapor Pressure at - 50°F (Actual)

Vapor Pressure at - 40 F
(with respect to water)

" ____._3...3'-990’“0’3 M9 . o357%
5.584X107 ¥ Mg

NOTE: RH is arbitrarily defined with re-
spect to water even though it scems that

it should be with respect Lo ice at - 40°C

(- 40°F).
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PPM BY VOLUME

Parts per million (PPM) by volume 15 the
ratio of the partial pressure of the water
vapor to the partial pressurc of the dry
gas.

Example 1. (Metric Units)

If trost point = - B0°C anc system iotal
pressure is 1013 mb (14.7 PSIA)
Parts
® Million
Vapor Pressure at - 60°C
® Total Pressure - Water Vapor
Pressure at - 60°C
. 10.80 « 10~ 3mb
(1013-10.80 x 10~ 3)mb

PPM,

x 100

= 10.7PPM(by volume)

Example 2. (English Units)

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

Parts

PPM, & e
Million

v

Vapor Pressure at - 70'F

Total Pressure - Water
Vapor Pressure at -~ 70°F

x 106

4974x10" 4" Hg
(29.92 - 004974)""Mg

X 10°

17PPM (by volume)
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PPM BY WEIGHT

PPM by weight of dry gas is identical to
PPM by volume except that the weight

ratio changes with the molecular weight
of the carrier gas.

Cxample 1. (Metric Units)

If frost point = - 60'C, system total
pressure is 1013 mb, and the carrier gas
s hydrogen

PPM,, = PPM, X Mol wt of H20
Mol. wt of carrier gas

=107 x 18 . 96.3rPM
{by weight)

Ex.mple 2. (English Units)

1f frost point = -~ 70°F, system total
pressure is 14.7 PSIA, and the carrier gas
15 hydrogen

me 8 P'Mv X Mol. wt. of HZO

Mol. wt of carrier gas

=17 x '8 . 153ppM
(by weight)

MOLECULAR WEIGHT
OF COMMON GASES

Acctylens 26 Helium 4
Air 29 Hydrogen 2
Ammonia 17 Methane 16
Argon 40 Nitrogen 28
€O, 44 Oxygen 32
CcO 28 Sulfur Dioxide 64
Ethylene 28 Water 18

-

DEW POINT/FROST POINT RELATIONSHIPS
Below 0'C (32°F), dew point hygrometers measure the frost point temperature

rather than the dew point. The tables below permit conversion from dew to frost
point. For a more accurate conversion, consult Table 102 of Smithsonian Meteo:

rological Tables.

Metric Units (C)

REFERENCE: Smithsoman Meteorological Tables, Sixth Revised Edition, List, Robert |,
Publication No. 4014, Smithsonian Institution, Washington, D .C.

F.P D.P. FP DP. FP DP. FP pDp

0 0 -12 -134 - 24 ~ 266 - 36 -394
- - 1.2 -13 ~-14.5 - 25 -22.2 - 37 -405
- 2 - 23 -14 ~15.6 -~ 26 ~288 - 38 -416
-3 - 34 -15 -16.7 - 27 -299 -39 ~-426
- 4 - 45 - 16 -17.8 - 28 ~-309 - 40 -437
-8 - 56 - 17 -189 - 29 -320 -41 -447
-6 - 68 -18 -200 - 30 -330 -42 ~-458
-7 - 79 - 19 -21.1 - ~-341 -43 -468
-8 - 980 - 20 -22.2 - 32 -352 - 44 -4798
-9 -10.1 -2 -233 ~-33 -36.2 - 45 -480
-10 -11.2 -22 ~-24 4 - 34 -373 - 46 -500
-1 -12.3 -23 -255 -35 -384

|
English Units ('F)

FP D.P. F.P. DP FP DP. FP oP
+32 + 32 +10 + 7.4 -12 -16.7 - 34 -40.3
+31 +308 + 9 + 6.3 -13 -17.8 - 35 -41.4
+30 +29.7 + B8 + 5.2 -~ 14 -18.9 - 36 -42 4
+29 + 286 + 7 + 4.1 -15 - 200 - 37 -435
+28 +27.5 + 6 + 29 - 16 211 - 38 -44 5
*27 +26.4 + 5 + 1.8 - 17 = & -39 -45 6
+26 +25.2 + 4 + 0.7 - 18 -23.3 - 40 -46 6
+25 + 241 + 3 - 04 -19 -243 - 41 -47.7
+24 +22.9 + 2 - 1.5 -20 -254 - 42 -48.7
+23 +21.8 + 1 - 28 -21 -26.4 - 43 -49 8
+22 +20.7 0 o 3.7 -22 -275 - 44 -508
+ 21 + 196 - 1 - 48 -23 -286 - 45 -519
+20 +18.5 - 2 - 58 ~24 -296 - 46 -52.9
+19 +17.4 -3 - 69 -25 ~-306. -47 -54 0
+18 +16.2 - 4 - B.O -26 -31.2 - 48 -550
*17 +« 151 L - 9.1 -27 -32.8 ~ 49 -56.1
+16 + 140 - 6 -10.2 - 28 -339 -850 ~-57
+15 +12.9 - 7 -11.3 -29 -35.0 -5 -58.2
+14 +11.8 -8 -12.4 ~-30 -36.1 ~-82 -59.2
+13 +10.7 - 9 -13.5 -3 -37.2 ~853 -60.3
+12 + 96 =10 -14 6 ~-32 -38.2
+11 + 85 -11 -15 .6 -33 -393
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Table Thermodynamic Properties
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PSYCHROMETRY 16-7

Table 16-1  Thermodynamic Properties of Moist Air (8tandard Atmospheric Pressure, 29 921 in. Hg
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