Chapter 3 Measurement of Humidity
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Chapter 3 Measurement of Humidity

Definitions and units

Vapor pressure
Vapor pressure is the partial pressure of water vapor in the air, expressed in hPa.
Saturation vapor pressure
Saturation vapor pressure is the vapor pressure that is in a thermodynamic equilibrium with the surface of
water or ice, expressed in hPa.
Dewpoint temperature
Dewpoint temperature is the air temperature at which the moist air saturates respect to water at a given
pressure.
The dewpoint temperature is usually equal to or lower than the actual air temperature. The temperature at
which moist air saturates with respect to ice is called the frost point temperature. the unit of these
temperatures is °C.
Relative humidity
As shown below, relative humidity (H) is the ratio of the vapor pressure (e) of the moist air to its saturation
vapor pressure (es) at its temperature, which is expressed in %.

H=(eles) % 100 %

H = (elesy) X 100 %

H = (eles) x 100 %
where Hy, and ey, are the saturation vapor pressure with respect to water, and H; and e are the saturation
vapor pressure with respect to ice, respectively.

3.2 Hygrometers

3.2.1 Psychrometer

M)

@)

Principle of measurement

When water or ice covers the bulb of a thermometer (wet-bulb), latent heat is removed from the surface of the
bulb as the water evaporates, and the wet-bulb temperature becomes lower than the air (dry-bulb) temperature.
At a lower humidity, water evaporates more actively, so that the wet-bulb temperature lowerssharply. The
aspirated psychrometer measures humidity by measuring the difference between the dry-bulb temperature
and wet-bulb temperature.

Structure and composition

The psychrometer consists of two thermometers of the same specifications, which are suspended side by side
in the air. One of them measures the actual air (dry-bulb) temperature while the other, whose bulb is covered
with a wet-bulb temperature.
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Psychrometers are  classified into  the
non-aspirated type psychrometer (portable
aspirated psychrometers and sling psychrometers)
and the aspirated type psychrometers (Assuman
type aspirated psychrometer and JAM type
aspirated psychrometers). Aspirated
psychrometers are designed to keep the constant
flow of air over around the bulbs.  The structure
and composition of the Assuman type aspirated
psychrometer, which is commonly used in Japan,
and described below.

Figure 3.1 shows the structure of the Assuman type
aspirated  psychrometer. The psychrometer
consists of two enclosed scale type mercury
thermometers, which can read temperature in
increments of 0.1°C.

One of them is called a dry-bulb thermometer,
which measures actual air temperature and the
other is called a wet-bulb thermometer, which
ismeasures the temperature of wet-bulb which
covered with a wet sleeve. The wet sleeve is a
white thin cotton cloth soaked with water.

The external and internal cylinders of a metal aspiration tube protect the bulbs from precipitation and

radiation of direct sunlight.

As shown in figure 3.1, air floe with a velocity of 2.5 m/s enters from the bottom with an electromotive fan or

swich

—
—

wet bulb _Ef ‘ ?L'Jﬁ_ dry bulb
thermometer 3 thermometer

thermally
insulated tube

aspiration
outer tube

aspiration
IR R inner tube

direction of air flowing

Figure 3.1Structure of Assuman type
aspirated psychrometer

a spring fan. The time constant of the psychrometer is about 40 seconds.
A squirt is used to feed water to the wet sleeve of the wet-bulb or to suck excess water from it.

Psychrometric formula and psychrometric table

When the air steadily flows around the wet-bulb, the wet-bulb temperature falls below the air temperature
by water evaporation from the surface of the wet-bulb. When the heat flow moving into the wet-bulb from the
ambient air has reached equilibrium with the latent heat flow removed from the wet-bulb by evaporation, the
following equation, called the Sprung psychrometric formula, is derived with the Assuman type aspirated

psychrometer,

e= ey~ (A/755) P (t-ty) oo Q)

where

A/755:; Psychrometer constant, A is 0.50 when the wet-bulb is not frozen and 0.44 when it is frozen.

e: Vapor pressure
ew: Saturation vapor pressure

hPa
hPa



(4)

p: Atmospheric pressure
t: Dry-bulb temperature
tw: Wet-bulb temperature

Vapor pressure is calculated with this equation (1). Table 3.1 and Table 3.2 show the saturation vapor

hPa

°Cc
c

pressure for water and ice as a function of temperature.

The second term on the right side of the equation (1) is calculated a function of p and (t-t,,), which is tabulated

as the vapor pressure table in Table 3.3 and Table 3.4 for the unfrozen and frozen wet-bulb.

Calculations of vapor pressure, dewpoint temperature, and relative humidity
The vapor pressure, dewpoint temperature, and relative humidity are calculated from the measurement with

the aspirated psychrometer using the tables described above.

Calculation of vapor pressure
1) Make correction of the instrumental error of the dry-and wet-bulb thermometer.

2) Using Table 3.1 or 3.2, determine the value of the saturation vapor pressure for water (e,) or ice (g;) as

a function of the wet-bulb thermometer temperature (t,).

Table 3.1 Saturation vapor pressure for water

t One tenth of temperature

(°C) 0 1 2 3 4 5 6 7 8 g
hPa _ hPa _ hPa _ hPa _ hPa _ hPa _ hPa _ hPa _ hPa  hPa
ol 611 815 620 824 629 633 638 642 647 652
1| 657 661 6866 671 676 681 68 6% 695 700
2l 705 710 716 721 126 13 136 741 747 152
3] 157 763 168 1M 179 78 790 796 801 807
4 813 819 824 830 836 842 848 854 860 866
s| 872 878 884 8% 89 903 909 915 922 928
6] 935 941 948 954 961 967 974 981 988 994
71 1001 1008 1045 1022 1029 1036 1043 1050 1058  10.65
gl 1072 1079 1087 1084 1102 1109 1117 1124 1132 1140
ol 1147 1155 1163 1171 1179 1187 1185 1203 1211 1219
10| 1227 1235 1244 1252 1260 1269 1277 1285 1294 1303
11| 1312 1321 1329 1338 1347 1356 1365 1374 1383 1392
12| 1402 1411 1420 1430 1439 1448 1458 {468 1477 1487
13| 1487 1507 1516 1526 1536 1546 1556 1567 1577 1587
14| 1588 1608 1618 1629 1639 1650 1661 1672 1682 1693

15 1704 1715 1726 1737 1749 1760 1171 1783 1794 y

16 1829 1840 1852 1864 1876 1888 1900  19.12 ;
17[ 1937 1949 19611 1974: 1986 1999 2011 2024 2037 2050
18| 2083 2076 2089 2102 2115 2120 2142 2155 2169 21.83
19| 2196 2210 2224 2238 2252 2266 2280 2294 2308 2323
20| 2337 2352 2366 2381 2395 2410 2425 2440 2455 2471
21| 2486 2501 2517 2532 2548 2563 2579 2595 2611 2627
22| 2643 2659 2675 2692 2708 2724 2141 2158 2175 2191
23| 2808 2825 2843 2860 2877 2894 2912 2930 2947 2965
24| 2983 3001 3019 3037 3055 3074 3092 3111 3129 3148
25| 3167 5186 3205 3224 3243 3262 3282 3301 3321 3341
26| 3361 3381 3401 3421 3441 3461 348 3502 3523 3544
27| 3565 3586 3607 3628 3649 3871 3692 3714 3735 3157
28] 3779 3801 3824 3846 3868 3891 3943 3936 3959 3982
29| 4005 4028 4052 4075 4099 4122 4146 4170 4194 4218
0| 4243 4267 4292 4316 4341 4366 4391 4416 4441 4467




Table 3.2 Saturation vapor pressure for ice

t One tenth of temperature
(°c) 0 1 2 3 4 5 B 7 8 g
nPa hPa hPa hPa hPa hPz hPa hPa hPa hPa
-o| 611 6.06 6.01 596 591 5.86 5.81 5.76 5.72 5.67
-1| 652 5.58 5.53 548 5.44 5.39 5.35 5.30 5.26 5.22
-2} 517 513 5.09 504 5.00 4.98 4.92 4.88 4.84 4.80
-3| 478 4.72 4,68 4.64 4.60 4.56 452 443 4.45 4.4
-4 7.37 433 4.30 4.26 4.22 4.19 415 412 4.08 4.05
-5 4.01 3.98 3.95 3.91 3.88 3.85 3.81 3.78 3.75 3.72
-6| 3.8 3.65 3.62 3.59 3.56 3.53 3.50 347 3.44 341
-1 338 3.35 3.32 3.29 3.28 3.24 3.21 3.18 315 312
-gl 310 a.o07 3.04 3.02 2.99 2.96 2.94 291 2,89 2.86
-9l 284 2.81 2.79 276 2.74 2.71 2.69 267 2.64 2.82
-10]  2.50 2.57 2,55 253 2,51 2.48 2.46 2.44 2.42 2.40
-11] 238 2.35 2.33 231 2.29 2.21 2.25 223 2.21 2.19
-12] 217 2.15 213 211 2,08 2.08 2,06 2.04 202 ©  2.00
-13] 198 1.97 1.95 1.93 1.51 1.80 1.88 1.88 1.84 1.83
-14] 181 1.79 1.78 1.76 1.75 1.73 1.7 1.70 1.68 1.67
-15]  1.85 1.54 1.62 1.61 159 1.58 1.56 1.55 1.53 1.52
-18] 151 1.49 1.48 1.46 145 1.44 1.42 1.41 1.40 1.38
-17] 137 1.36 1.35 1.33 1.32 1.31 1.30 1.28 1.27 0.13
“18] 125 1.24 1.22 1.21 1.20 1.19 118 117 1.18 1.15
-18f 1.4 1.12 1.1 110 1.09 1.08 1.07 1.08 1.05 1.04
-20| 1.03 1.02 1.01 1.00 0.99 0.98 0.97 0.96 0.95 0.95
-21| o094 0.93 0.92 091 0.80 0.89 0.88 0.88 0.87 0.86
-2z2| 085 0.84 0.83 0.83 0.82 0.81 0.80 0.79 0.79 0.78
-22| 077 0.7% 0.76 0.75 0.74 0.73 0.73 0.72 a7 0.7
-240 070 0.69 0.68 0.88 0.67 - 0.66 0.66 0.65 0.64 0.64
-25] 063 0.63 0.62 0.61 0.61 0.60 0.60 0.59 0.58 0.58
-26{ 057 0.57 0.56 0.55 0.55 0.54 0.54 0.53 0.53 0.52
-27| 052 0.51 0.51 050 0.50 0.49 0.49 0.48 0.48 0.47
-28] 047 0.45 0.46 045 0.45 0.44 0.44 043 0.43 0.43
-29] 042 0.42 0.41 0.41 0.40 0.40 0.40 0.39 0.39 0.38
-30] 038 0.38 0.37 037 0.36 0.36 0.36 0.35 0.35 0.35
Table 3.3 Vapor pressure for unfrozen wet-bulb
p [t-t, (°c)
(hPa) 2.0 2.1 2.2 23 2.4 25 2.6 2.7 28 2.9
hPa hPa hPa hPa hPa hPa hPa hPa hPa hPa
1030 136 143 150 157 184 171 177 184 191 198
1028 136 143 150 157 163 130 177 184 191 197
1026 136 143 1489 156 163 1730 177 183 190 197
1024 136 142 149 156 163 170 1.76 183 190 197
1022 135 142 149 156 162 169 176 183 190 196
1020 135 142 149 155 162 169 176 182 189 196
1018 135 142 148 155 162 168 175 182 189 196
1016 135 141 148 155 161 168 175 182 188 195
1014 134 141 148 154 161 168 175 181  1.88 195
1012 134 141 147 154 161 168 174 181  1.88 194
1010 134 140 147 154 161 167 174 181 187 194
1008 134 140 147 154 180 167 174 180  1.87 194
1006 133 140 147 153 160 167 173 180 187 183
1004 133 140 146 153 150 168 173 180 1.8 193
1002 133 139 146 153 159 166 173 179 185 192
1000 132 139 146 152 159 166 172 179 185 182
998 132 139 145 152 159 165 172 178 185 192
996 132 139 145 152 158 165 1.7 178 185 191
994 132 138 145 151 158 165 171 178 184 191
992 1.31 138 145 151 158 164 1.7 177 184 191
990 1.31 138 144 151 157 164 170 177 184 190
988 1.31 137 144 150 157 164 170 177 183 190
986 1.31 137 144 150 157{ 163§ 170 136 183 189
984 130 137 143 150 156 1.63 169 176  1.82  1.89
982 130 137 143 150 156 163 169 176 182  1.89
980 130 136 143 149 156 162 169 175 182  1.88




Table 3.4 Vapor pressure for frozen wet bulb

p |t-t, (°c)
(hPa) 20 21 22 23 24 25 25 2] 28 29
hPa hPa hPa hPa hPa hPa hPa hPa hPa hPa
1030 120 126 132 138 144 150 156 162 168  1.74
1028 120 126 132 138 144 150 156 162 168 174
1026 120 126 132 138 144 149 155 161 167 173
1024 1.19 1.25 1.31 137 1.43 1.49 1.55 1.61 1.67 1.73
1022 119 125 131 137 143 149 155 181 167 173
1020 119 125 131 137 143 149 155 160 166  1.72
1018 1.19 1.25 1.31 1.36 1.42 1.48 1.54 1.60 1.66 1.72
1016 118 124 130 136 142 148 154 160 166  1.72
1014 118 124 130 136 142 148 154 160 165  1.71
1012 118 124 130 136 142 147 153 159 165 171
1010 118 124 129 135 141 147 153 159 185 171
1008 1.17 1.23 1.28 135 1.41 1.47 1.53 1.59 1.64 1.70
1006 117 123 129 135 141 147 152 158 164 170
1004 117 123 128 135 140 146 152 158 164 170
1002 117 123 128 134 140 146 152 158 164  1.89
1000 147 122 128 134 140 146 152 157 163  1.89
998 116 122 128 134 140 145 151 157 163  1.69
996 116 122 128 134 139 145 151 157 163  1.68
994 1.16 1.22 1.27 1.33 1.39 1.45 1.51 1.56 1.62 1.68
992 1.16 1.21 1.27 1.33 1.39 1.45 1.50 1.56 1.62 1.68
990 115 121 127 133 138 144 150 156 162 161
988 145 121 127 132 138 144 150 155 161  1.67
986 115 121 126 132 138 144 149 155 161  1.67
984 115 120 126 132 138 143 149 155 161 166
982 1.14 1.20 1.26 1.32 1.37 1.43 1.49 1.55 1.60 1.66
980 1.14 1.20 1.26 1.31 1.37 1.43 1.48 1.54 1.60 1.66

3) Using Table 3.3 and 3.4 calculate the second term on the right side of the equation (1) as a function

of atmospheric pressure (p) and (t-t,,), where t is the dry-bulb thermometer temperature.
4) The vapor pressure e is obtained by making a subtraction between the above two values.

Determination of dewpoint temperature

The dewpoint temperature is determined as a function of the vapor pressure in Table 3.1. If the vapor pressure
is too low to find out in Table 3.1, calculate the dewpoint pressure by interpolation to 1/100. If the vapor
pressure is equal to or less than 0.05 hPa, consider the dewpoint temperature to be less than —50°C.

Calculation of relative humidity

Determine the saturation vapor pressure (ey), as a function of (t,) and then calculate the ratio of the vapor
pressure (e) to (ey). If the vapor pressure is determined to be a minus value, consider the relative humidity to

be zero.

Example of calculation of relative humidity is as follows.
Dry-bulb thermometer reading t;r=19.7 °C
Instrumental error ty,=-0.1 °C
Dry-bulb thermometer temperature t =19.8°C
Wet-bulb thermometer temperature tyw=17.3°C
Instrumental error tw= 0.0°C
Wet-bulb thermometer temperature ty =17.3°C
Atmospheric pressure p =985.2 hPa

Using Table 3.1, the saturation vapor pressure e,, corresponding to t,,=17.3 °C is :



exw=19.74 hPa

Using Table 3.3, the second term on the right side of the equation (1), (Ap (t- t,,)/755) is calculated using
the value of (t- t,)=2.5°C and p=985.2 hPa

Ap (t- t,)/755=1.63 hPa,

where A=0.50 is used.
Thus the vapor pressure e is calculated using the equation (1),

€=19.74-1.63
=18.11 hPa.

Using Table 3.1, the dewpoint temperature tq is determined to be

t4=15.9°C.

Using again Table 3.1, the saturation vapor pressure e,, corresponding to the air temperature t =19.8 °C is :

enw=23.08 hPa

Thus the relative humidity is calculate as follows:

H= (e/ey,) X 100
=(18.11/23.08) x 100
=78%.

(5) Precautions for using the aspirated psychrometer

1)

Supply water to the wet-bulb with distilled water or soft water, using the squirt.
If the air temperature is 0°C or less, the water of the wet-sleeve may be frozen. In that case, make the icy
membrane around the wet-bulb as thin as possible, using warmed water.

<Notes>

2)
3)

a) Do not supply the wet-bulb with too much water. If too much water is supplied to the bulb suck
excess water by squirt or by attaching a brush to the bottom of the bulb. Do not  wet the inside of
the aspiration tube.

b) Use water of the air temperature.

¢) In the case that the air temperature is high and the humidity is low, the wet-bulb may dry up by the
time when the observer reads the temperature. In such a case, supply water to the wet-bulb
repeatedly.

Operate the fan for aspiration to make the air flow around the bulbs
Before reading a wet-bulb temperature, it is necessary that the indication is stable.
When the wet-bulb temperature is slightly below 0°C, the water of the wet-sleeve may not freeze but be
super cooled. Thus when the temperature is around or less than 0°C, see carefully the state of the
wet-bulb to find whether the wet-bulb is frozen or super cooled and use the appropriate saturation vapor
pressure table. To determine whether the wet-bulb is frozen or super cooled, gently touch the surface of
the wet-bulb with something like a needle. Degree of gloss on the surface of the wet-bulb is also useful
to check if the wet-bulb is frozen.

<Notes>

a) The time for aspiration required to stabilize the reading is typically five minutes if the temperature is
0°C or higher. If the temperature is less than 0°C, an aspiration time longer than five minutes will be
needed.



b) If then evaporation from the wet-bulb is a little because of high humidity or if the wet-bulb
temperature is slightly below 0°C, it would take 10 to 20 minutes for the stabilization of reading.

c) If the wet-bulb temperature is much lower than 0°C, make calculations using the saturation vapor
pressure for ice.

4) Read the dry-bulb temperature.

5) Read the wet-bulb temperature.

6) Read the dry-bulb temperature and wet-bulb temperature again.
<Notes>

a) In the foggy condition, the wet-bulb temperature may be higher than the dry-bulb temperature. In
such a case, consider the dry-bulb temperature to be the wet-bulb temperature.

b) If the first reading and the second one are different, repeat the reading again.

(6) Sources to cause errors

a) The psychrometer constant A in the psychrometric formula varies, depending on whether the
wet-bulb is frozen or not and the incorrect determination of the wet-bulb leads to errors. So the state
of the wet-bulb should be checked especially in cold conditions before the calculation.

b) As the temperature becomes lower, air contains less vapor, and the saturation pressure becomes
lower. So the wet-bulb temperature reading error affects the vapor pressure calculations more
significantly. Because of this, much care is needed with reading the psychrometer at low
temperatures.

¢) A portable aspirated psychrometer which is not subjected to forced aspiration is significantly
affected by the natural wind. When a portable aspirated psychrometer is used in a thermometer
shelter and the natural wind speed ranges from 0.3 to 4.0 m/s, the error in humidity may become as
high as 7% because the aspiration velocity in the shelter is lower than the wind speed out of the
shelter.

d) The wet-bulb temperature is affected by oil on the wet sleeve as well as by any impurities, such as
salt dissolved in the water. A dirty wet sleeve also prevents correct measurement. Deposits of dirt
on the wet-bulb after the prolonged use may cause errors.

e) Generally, the dry-bulb and wet-bulb thermometers have the same size and shape. Because the
wet-bulb has higher thermal conductivity, it responds to changes in air temperature a little more
quickly than the dry-bulb. Normally, when the air temperature changes, the wet-bulb firstly
responds, causing a temporary change of humidity indication. On the other hand, the wet-bulb
responds less quickly when a thick icy membrane is formed on the bulb.

(7) Maintenance
Routine maintenance
Make sure the aspiration fan in running properly at every observation.
Periodic maintenance

a) If the wet sleeve becomes dirty, replace it with a new one. In Japan, the sleeve is replaced twice a
month. However, the sleeve must be replaced more frequently if it is placed in the environment
with much dirt or in the sea breeze zone.

b) Wash off deposits on the wet-bulb when the wet sleeve is replaced.



(8) Calibration

The psychrometer is calibrated by measuring i
temperature, because it consists of thermometers. The
aspiration velocity of the aspirated psychrometer is —13H
measured by the static pressure method as illustrated in L\

Figure 3.2. At first, a hole is made in the aspiration tube L
where a thermometer bulb is placed. Next, the hole is
connected to a manometer using a probe like a Pitot tube
or a vinyl tube. Then air is led to flow through the
aspiration tube, and the differential pressure is measured

pitot tube
bulb of

thermometer —=

@.\_ﬂ-— AL b S S

aspiration tube

using the manometer to find the wind velocity. The L'—J——]
relationship between the manometer differential . Ao
pressure and the wind velocity is determined in a wind / { \

tunnel in advance. direction of air flowing

Figure 3.2 Measurement of static pressure
(9) Repair

A broken glass thermometer must be replaced since it
cannot be repaired. Refer to the instruction manual of the aspirator to repair the aspirator motor.

(10) Transportation and installation
Transportation [See 1.5(3), “Transportation of instruments”]

a) Wrap the glass parts of the psychrometer in a soft cloth, and wrap the entire psychrometer in
wrapping paper.

b) Place the psychrometer in a solid box and indicate “HANDLE WITH CARE” on the box.

Installation [See 1.5(4), “Siting and Exposure”]

a) Install the psychrometer in a wet-ventilated location protected from direct sunlight. Keep the
psychrometer away from sources of heat radiation, such as a concrete wall exposed to direct
sunlight.

b) Do no place the psychrometer near heat sources and vapor sources.

¢) Place the bulbs about 1.2 to 2 ,m above the ground.

d) Suspend the psychrometer from a hanger on the supporting pole. Take readings of the
psychrometer in its suspended position or in the position that the aspiration entrance is inclined
windward.

e) place a non-aspirated type psychrometer in a thermometer shelter to protect it from precipitation,
direct sunlight and radiation.



3.2.2 Hair hygrometer

(1) Principle of measurement and structure

The hair hygrometer uses the characteristic of the hair that its length expands or shrinks response to the
relative humidity. the dimensions of various organic materials vary with their moisture content. A humidity
change takes an effect on the moisture content in such materials. The length of human hair from which liquid
are removed increases by 2 to 2.5% when relative humidity changes by 0 to 100%. Different types of human
hair show different changes in length. However, there is still a relationship between the length of hair and
relative humidity.

The hair hygrograph is a hair hygrometer to which a clock-driven drum is installed to record humidity no a
recording chart.
When the humidity in the air changes, a hair bundle @ expands or shrinks, so hair joint metal attached to a
lever 40 moves, making a rotation of a main can 3. The weight of a pen arm attached to the shaft ® give a
downward moment to the sub cam @ .

130

Figure 3.3 Structure of hair hygrograph
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The plumb @ of the main cam balances with moment

and a small change of the hair bundle @D is magnified to the movement of the pen.

Since the length of the hair increases almost logarithmically with the increase of humidity, changes in

humidity are not indicated correctly when the elongation of hair is linearly recorded. The hair hygrometer

uses two special cams to put graduations on the hygrometer at equal intervals. A spring @ joints cams (3 and

@ to prevent them from each other. The movement of the main cam 3 differ from that of the sub cam @

depending on the position of the contact point of these two cams. At low humidity, the movement of the sub

cam @ is less than that of the main cam 3. As humidity increases, the movement of the sub cam @
increases.

The hair hygrometer is designed so that the two special cams cause the movement of the pen arm to be

proportional to the change in humidity. The hair hygrometer uses a recording chart with a humidity scale

divided into 100 equal segments. Each segment corresponds to 1%. So, humidity can be directly read from
the recording chart.
(2) Precautions for using the hair hygrograph
1) Before taking a reading of the hair hygrograph, gently tap the hygrometer to remove any mechanical
tension added to the hair bundle.
2) At every measurement with the hair hygrograph, the reading should be compared with the humidity
measured with the aspirated psychrometer at the same time. The difference of the humidity between
them is used as a correction value.
3) Time marks as well as the degree of clock accuracy should be recorded on the chart.
<Notes>
a) When making a time mark on the recording chart by moving the pen, take care to move the pen arm
downward. Moving the pen arm in the pen arm in the opposite direction(upward)makes the hair
bundle to expand, causing the hygrograph to become defective.

b) To determine the humidity from the recording chart, read the indication on the record then correct it
with correction values obtained by the procedure above.

(3) Sources to cause errors

a) Hair expands or shrinks due to changes in temperature as well as those in humidity. The expansion
or shrinkage of a hair corresponding to a temperature change of 1°C is about 1/15 of the expansion
or shrinkage of a hair corresponding to a temperature change of 1% in usual air temperatures. Thus
no special temperature compensation is made in hair hygrograph. However, if the temperature
varies considerably, slight errors will occur. Because the hygroscopicity of hair begins to decrease
at around -15°C and becomes almost nil at -40°C, the hair hygrometer does not serve at extremely
low air temperatures.

b) The response of hair to humidity has hysteresis. The hair length changes more when humidity
increases than when it decreases. The change of hair length observed when humidity increases is up
to 5 to 6% larger than that observed when humidity decreases.
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¢) The response time of the hair hygrometer depends on air temperature. The time constant of the hair
hygrometer, is about 10 seconds at 20°C and about 30 seconds at -30°C.

d) After the hair hygrometer is exposed in low temperature and low humidity for a long time , reading
error increase due to the increasing of delay. This state could not be recovered until the hair is
saturated.

e) Hair is highly sensitive to contamination such as dust, ammonia, oil which adheres to hair when a
finger directly touches it, and exhaust gas.

f)  Moving the pen arm to her direction the hair is tensioned makes the hair
elongate and causes a malfunction of the hair hygrometer.

g) Ifahair hygrometer is left in the low humidity condition for a long time,
its reading changes causing large errors.

h)  Ifthe difference in reading between a hair hygrometer and an aspirated psychrometer is 5% or more
on average over 10 days, the hair hygrometer should be considered faulty.

(4) Maintenance
Routine maintenance

a) Clean the dusty hair bundle with dust or smoke with a soft brush.

b) If the hair bundle is extremely dirty or it has been used for several months, clean it with a painting
brush soaked with distilled warm water by gently touching the bundle.

¢) Do not touch the hair bundle directly. Each of the parts of the hair hygrometer operates under slight
forces. When cleaning the parts, be sure to treat them gently

Periodic maintenance

a) Clean the hair bundle with a feather brush, wash it with a painting brush.

b) Make offset adjustments by comparing the reading of the hair hygrometer
with that of the aspirated psychrometer.

(5) Calibration

A hair hygrograph is calibrated by comparison with a working standard hygrometer in a humidity
generator chamber. Keep in mind that the response times of the hair hygrograph and the working standard
hygrometer are different. It is necessary that the temperature and humidity are kept constant in the chamber
during the comparison. The aspirated psychrometer is the simplest and the most correct working standard
hygrometer.

Even if no humidity generator is available, it is possible to make calibration by wetting the hair bundle with
water to reach the humidity of 100%. Note that if a hair bundle is soaked with too much water, offset
adjustments cannot be made correctly. The humidity in the room will be measured for calibration of the
lower humidity condition. The difference between a hair hygrograph and a working standard hygrometer is
analyzed from three or more data. The long-term stability and checked by comparisons for a prolonged
period.

(6) Repair

a) The pivots and pillows have been heat treated. If these parts are corroded, they should be ground
with an oil grind stone ensuring that they are not eccentric.

b) Ifink is deposited on the pen, remove the pen from the pen arm, wipe off the ink, and clean the pen
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c)

d)

e)

in alcohol.

If a ink channel is clogged and ink does not flow regularly, insert a piece of thin paper through the
slit liquid.

If the contact points of the cams becomes dirty, polish it with a cloth moistened

with metal polish liquid.

Do not touch the lever because adjusting the lever of the hair hygrometer causes the change in its
magnification. Clean the other parts regularly.

(7) Transportation and installation
Transportation [See 1.5(3),”Transportation of instruments”

a)
b)

c)
d)

e)
f)

9)

h)

Tie the pen arm to the pen tip retainer loosely.

Tie the plumb attached to the main cam to the hinge of the pen arm.

Attach cardboard or a plate to the glass parts.

Insert paper between the central axis and the nuts pressing the clock-driver drum to eliminate the
backlashes above and below the clock-driver drum.

Wrap the humidity sensor unit in wrapping paper.

Records of all calibration results should be put into the instrument.

Attach a label indicating the type of the instrument and the name of the

observation site.

Wrap the whole instrument in wrapping paper. Place the instrument in a robust

box with legs so that the instruments cannot be set incorrectly. Place packing around the instrument
to avoid vibrations. Put the indication of “This Side Up” and “Handle with Care” on the box.

Installation[See 1.5 (4),”Siting and Exposure”]
a) The hair hygrometer should be installed in an thermometer shelter.

b)

c)

d)

Do not install a hair hygrometer near animal sheds or factories using ammonia. As ammonia
damages the hair.

In cold areas, set a well-ventilated cover over the hair hygrometer to protect it from snow or ice
during sever conditions such as snowstorms.

Leave a hair hygrometer which has not been used for prolonged periods in an thermometer shelter
for two or three days before the beginning of its use.
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3.2.3 Electronic hygrometer (capacitive type)

(1) Structure and composition
Electronic hygrometers detect the change in the electrostatic capacity or electric resistance of a sensor when it
absorbs moisture. In this section, the electrical capacitive hygrometer is described.
The electrical capacitive hygrometer uses a dielectric material made of high polymer membrane, as a sensor.

upper electrode

L

/ l

bottom electrode
{ /;
i ; L

glass plate

/ high polymer membrane

Figure 3.4 Structure of hygrometer sensor with high polymer membrane

Figure 3.4 shows the basic structure of the high polymer membrane humidity sensor, and Figure 3.5 shows
the appearance of the electronic hygrometer used by the Japan Meteorological Agency.

The sensor is fitted with a filter which protects the sensor from contaminants, such as toxic gases, and has
pores to tale moisture in it. Figure 3.6 shows an example of such a filter.

o(0 0o
= /\ TSEE/’_\O
olO OJo Tos o
i o | 2z : top  goretex membrane O-ring
LJI ! U
Lj filter
convetor humidity sensor
(non-display type)
Figure 3.5 Outline of electrical Figure 3.6 Outline of filter
hygrometer used in JIMA used in electrical hygrometer
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(2) Characteristics of the sensor

The measurement range of the electrical capacitive hygrometer is from 0 to 100%, and its accuracy can be
improved by calibration. By calibrating with the standard hygrometer, the electrical capacitive hygrometer
attains the error of 1% or less in the range from 0 to 90% and error of 2% or less in the range from 90 to 100%.

The hysteresis becomes large when the humidity changes from high to low. It is within 1% at relative
humidity of 60-80%.

when relative humidity increases from 0 to 90% and the sensor absorbs moisture, the time constant of the
sensor is about six seconds. On the other hand, when relative humidity decreases from 90 to 0% and the
sensor releases moisture, the time constant is about 10 seconds.

For meteorological purposes, the sensor is put in a ventilation shelter to protect the sensor from
precipitation and sunlight with the aspiration speed of 2 to 4 m/s around the sensor. The time constant with
the shelter from the saturation to the room humidity is about 20 minutes, which is longer than that without the
shelter, because of the shelter’s large thermal capacity.

A high polymer membrane humidity sensor has temperature dependence of about 0.1%/°C for the
temperature range from 5 to 30°C and 0.2%/°C for the temperature range from —30 to 0°C. Therefore, a
temperature sensor is installed together with the humidity sensor to compensate its temperature dependency.

(3) Sources to cause errors

a) Any difference between the ambient temperature and the sensor temperature causes an error. For
example, at 20°C and 50%RH, a difference of 1°C between the ambient temperature and the sensor
temperature results in an error of about 3%. At 90%RH, the error becomes up to about 6%. When
the sensor temperature is lower than the ambient temperature in a low humidity condition, dew may
form on the surface of the sensor. This will make a large measurement error. The sensor is housed
in an ventilation shelter to reduce or eliminate the difference of temperature between the sensor and
the ambient air to prevent dew formation.

b) The electronic capacitive hygrometer can be used in any environment where the human can live.
However, do not use the hygrometer in the atmosphere containing oil mist, flammable gas, dust,
organic solvents, acid, alkaline or ammonia. Using the hygrometer in the atmosphere may cause its
sensor electrodes to corrode, thus the sensor life is shortened. To prevent the sensor electrode from
corrosion, a protection filter is used to keep out dust or organic solvents.

(4) Maintenance
Routine maintenance
Routine maintenance is not needed.
Periodic maintenance

a) Compare the electrical capacitive hygrometer with the aspirated psychrometer once three months to
observe time-dependent changes.

b) Replace the protection filter with a new one twice a year. In rural areas where little soot is found ,
the interval between replacements may prolonged to a maximum of once a year.

14



©)

(6)

)

Calibration

If a humidity generator chamber is available, an electrical capacitive hygrometer is calibrated in the same
way as the hair hygrometer.

The sensor of the electrical hygrometer can be separated from display and recording units. This enables the
calibration in a small humidity generator chamber, in which it is easy to attain various humidity. Use
aspirated phychrometer or chilled-mirror dewpoint hygrometer as standard instrument.

Repair

Because most of parts of the humidity sensor cannot be repaired, they must be replaced with new ones if they
become defective. Refer to the instruction manual of the hygrometer on the method to identify defects and to
replace parts.
Transportation and installation

[See 1.5(3), “Transportation of instruments” and 1.5(4), “Siting and Exposure’]

Ask the manufacturer of the hygrometer for information about transportation, because precautions for
transportation differ by the type of the hygrometer.

The method of installation of the hygrometer sensor is basically the same as that of the aspirated
psychrometer.

3.2.4 Chilled-mirror dewpoint hygrometer

M)

Structure and composition sensor (mirror)

The basic structure of the sensor unit for a chilled-mirror dewpoint hygrometer is shown in Figure 3.7.
Sample air is drawn to the metallic mirror surface through piping to determine the dewpoint temperature. As
the mirror cools, condensation forms when its surface temperature falls below the dewpoint temperature, but
evaporates and disappears at higher temperatures. The temperature of the metallic mirror when condensation
forms is measured using a platinum resistance thermometer, and the result is taken as the dewpoint
temperature. Condensation conditions are monitored using a photo-detector with the reflection of a
light-emitting diode (LED) on the mirror. Irradiated light is scattered when condensation is present, and the
amount of reflected light changes with the mirror’s surface condition. A peltier element is used to control the
mirror’s temperature..

N

- E .
D] .
1ED reference hight Controller>—
7
~
e
\IED Photo-
k-‘{k detector -
Sapling gas = ———= Qutlet

Platinum resistance thermometer

LED Thennoelectric
regulation heat prmp

Dewpoint
AC10 0\’—'\ L AC100V

temperature

Figure 3. 7 Structure of a chilled-mirror sensor unit
15



O]

®)

(4)

®)

(6)

™

Structure
Chilled-mirror dewpoint hygrometers consist of a sensor unit with a mirror, an indicator to output the
measurement results, and a pump to draw sample air into the sensor unit. The sample flow can be adjusted
using the pump, and a filter should be installed if the sample air has a high contaminant content (Figure 3.8).
With models to which a thermometer can be attached to measure the temperature of the sample air, relative
humidity can be calculated based on the sample temperature and the dewpoint temperature.

Indicator

Cable
Sensor unit

(Filter)

O ] Pump and
=/ flowmeter

Sampling line

N

Figure 3.8 Structure

Error factor

Contaminants such as salt, dust and oil mist on the mirror may result in artificially elevated dewpoint
temperature readings or difficulties in stable condensation layer formation due to temperature control
malfunction. As absorbent piping will draw vapor from the sample and create large errors, it is important to
use stainless steel or fluoride-based resin pipes and to make them as short as possible.

Maintenance

As mirror contamination can cause errors, the mirror should be cleaned with a special detergent before
measurement. Leaving the unit on high temperature after measurement can also result in the development of
mold or corrosion. After measurement ends, the hygrometer should be dried completely by blowing dry air
through it.
Calibration

If a humidity generator tank is attached, calibration should be conducted by connecting piping in parallel
from the tank to both the instrument to be calibrated and the standard instrument, measuring the dewpoints at
the same time and comparing them. Thermometers should also be calibrated when relative humidity is to be
determined.
Repair

Severely corroded mirrors cannot be repaired and must be replaced. As the procedures for identifying
faults, replacing units and conducting similar work depend on the model, the instruction manual should be
followed.
Transportation and installation

(See 1.5 (3) Transportation of instruments and 1.5 (4) Location and method of installation)
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.3.3 Example of calibration

(1) Chilled-mirror dewpoint hygrometer measurement and calibration
An example involving a traveling standard chilled-mirror dewpoint hygrometer (Picture 3.1) is outlined
below.

Picture3.1 Traveling standard instrument

(2) Preparation
The conditions of the sensor unit, indicator, suction pump, piping, cables and special cleaning tools should be
checked. If data are to be recorded using a PC, an RS232C cable to connect the indicator and the PC is required.
A connection diagram is shown in Figure 3.9.

Humidity generator

Sensor unit Sampling module

Platinum resistance
thermometer

Sampling gas

T
E!

.df. EASTERN

Figure 3.9 Connection diagram
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(3) Measurement
i. Check that the filter on the electric hygrometer to be calibrated is clean.
ii. Clean the mirror of the traveling standard unit using the proper tools.
iii. Set up the traveling standard sensor, the thermometer to measure the sample-air temperature and the sensor
of the instrument to be calibrated inside a hygrometer calibration chamber. Place all the sensors as close as
possible to the center of the chamber (Figure 3.10).

Humidity generator
chamber(constant-temperature) (Wet and dry air mixing type)

Electronic
Hygrometer

o I m—

‘Thermometer

—> o0

Chilled-mirror
dewpoint hygrometer

Figure 3.10 Connection diagram (at calibration)

iv. Connect the sensors inside the chamber and the indicators outside it. For standard instruments (chilled-mirror
dewpoint hygrometers), connect the sensor to a suction pump outside the chamber and adjust the flow to the
standard value of 0.7 [L/min] using the knob on the pump. Check the flow using the flow meter attached to
the pump.

v. If digital data can be output from the converter of the instrument to be calibrated, connect it to a PC and record
the data.

vi. Operate the thermo-hygrostat test chamber as detailed in the operation manual.

vii. Measure the room temperature to ensure it is within the operational range and record it. For details of the
operational temperature range, consult the instrument owner or refer to the operation manual of the
instrument to be calibrated.

viii. Check the stability of the sample temperature (the standard deviation should be 0.01°C or less).

ix. Check the stability of the dewpoint temperature (the standard deviation should be 0.01°C or less).

X. Repeat calibration using the method described in Paragraph 2. Environmental conditions must be measured at
the beginning, in the middle and at the end of calibration for each day.

xi. Measurement must be performed several times back and forth from low to high humidity and from high to
low humidity.

The average calculated from the measurement data (i.e., the difference between the humidity of the reference
standard and that of the instrument to be calibrated) is the calibration result.

xii. Once calibration is complete, shut off the power to the hygrometer and dry it completely by letting
low-humidity air (or dry air) flow into its sensor unit.
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