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USING THE WET- AND DRY-BULB THERMOMETER IN LUMBER DRY KILN WORK

By

Forest Products Laboratory, 1– Forest Service
U. S. Department of Agriculture

Humidity determines the drying characteristics of air at any given tempera-
ture and, hence, the moisture content of wood that is exposed long enough
to a given atmospheric condition. It is essential, therefore, when kiln
drying wood to know how to use the wet- and dry-bulb thermometer for the
determination of relative humidity.

Relative humidity is defined as the percentage ratio of the weight of water
vapor in a given space to the weight of water vapor which the same space is
capable of holding when saturated at the same temperature and pressure.
Thus, to say that the relative humidity of air is 50 percent means that the
air actually contains one-half the water vapor it is capable of holding at
that temperature and pressure.

The dry-bulb temperature is that shown by any accurate thermometer when its
bulb is fully dry. The wet-bulb temperature is that shown when the bulb
and an inch or two of the stem are covered by,a saturated wick-and subjected
to an air current of rather high velocity. At ordinary temperatures, a
very brisk air velocity is desirable. At dry-kiln temperatures, the error
due , to insufficient air circulation is less. Kiln operators, therefore,
commonly read the wet-bulb temperature without increasing the normal air
circulation across the wick.

Humidity may be measured in a number of different ways. The wet- and dry-
bulb thermometer is almost universally used, however, for such measurements
in work pertaining to the seasoning and storage of lumber. One form is the
hygrometer shown in figure I. At ordinary temperatures, air circulation
must be created by vigorous fanning. Another form is the sling psychrom-
eter shown in figure 1. The needed air circulation is secured by whirling
this instrument around its handle.

The hygrometer is more commonly used in kiln work, while the sling psychrom-
eter is convenient for use at the normal temperatures found outdoors and in
shops and storage rooms. Such instruments can be secured from a large num-
ber of suppliers, but in ordering, the desired temperature range should be
specified. The most satisfactory thermometers are mercury-filled and have
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the graduation marks etched on the glass stem. The graduations should be -
of a size that can be read accurately and easily to 1° F. Thermometers
with separate "scales are riot so satisfactory because of the danger of slip-
page. Wicks or wick tubing, made especially for wet- and dry-bulb thermom-
eters, can be obtained from most dealers handling industrial or chemical
thermometers.

If desired, hygrometers can be made up simply by mounting a pair of etched
thermometers on a noncorrosive metal backing plate (fig. 2). A small water
well or reservoir is arranged directly below one of the thermometers. A
convenient way of keeping the water up to the desired level in the reser-
voir is by means of an inverted, jug-shaped, glass water bottle. The neck
of the bottle projects downward into a small round reservoir, the rim of
which supports the bottle. , To permit air to enter the reservoir and bottle
as water is used, the rim must be notched, or several rubber supports can
be spaced at intervals around the rim. A tube connects the two reservoirs,
and the water level within them is controlled by the elevation of the mouth
of, the bottle.

Wet-bulb Thermometry 

When unsaturated air is'passed over a wetted thermometer bulb, water evapo-
rates from the wetted surface and the heat used for evaporation causes the
temperature of this bulb to drop below the dry-bulb temperature. This dif-
ference in temperature is known as the wet-bulb depression. Under satur-
ated conditions, the wet- and dry-bulb temperatures are the pame. Psychro-
metric tables and charts have been worked Out that show the relationship
between dry-bulb temperature, wet-bulb depression, and relative humidity.

Such values are shown in figure 3. The dry-bulb temperatures are given in
the right- and left-hand columns and the differences between wet-.and dry-
bulb temperatures are given in the top row of figures. The relative humid-
ity is given in percent at the intersection of the row and the column. As
an example, a dry-bulb temperature of 100° F. and a wet-bulb temperature
of 85° F. means that the wet-bulb depression is 15° F. Figure 3 shows that
the relative humidity is 54 percent. This value is given above the diago-
nal line. The value of 9.2 below the line is the equilibrium moisture con-
tent of wood, or the moisture content (based on the ovendry weight of the
wood) to which wood will come if exposed long enough to that particular set
of conditions. These equilibrium moisture content values are only prorated
values and are not accurate to a fraction of a percent as indicated by the
values given. Differences of 1 percent or more can be expected between
species and even between pieces of the same species.
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Care and Use of Hygrometers 

The correct use of the hygrometer is of vital importance in the interpreta-
tion and regulation of kiln conditions. Drying conditions established
according toincorrect readings may result:in unnecessary seasoning defects.
Several basic practices are suggested herewith for, the proper handling of
hygrometers.

Calibration 

Thermometers should never be assumed to be registering the correct reading
until their accuracy has been established. It is not unusual for a ther-
mometer to register a few degrees higher or lower than the true tempera-
ture. Each thermometer of a hygrometer should be checked against a stand-
ard thermometer of known accuracy over the range of temperatures antici-
pated in its use. Corrections for this range may thus be determined if in-
accuracy exists. Checking should be done with bulbs of the standard and
the tested thermometers close together in the same medium and at the same
temperature. The correction factor for a thermometer at a certain reading
being known, it is simple enough to determine the true temperature. The
most important consideration is that both thermometers read the same when
dry because.it is more important that the wet-bulb depression be correct
than the individual wet- and dry-bulb temperatures.

Filling and Care

Hygrometer reservoirs should be filled only with pure water. The open-top
type of reservoir is easily filled, but the inverted-tube type often pre-
sents difficulties. The latter type may be filled if submerged horizon-
tally in.a pail of water with the water level slightly above the tube open-
ing. Other methods of filling such a tube are by means of a wash bottle
or small bent-stem funnel. In any case the body should be dropped below
the level of the tube opening.

It is important that the wick on the wet bulb be kept in good condition at
all times. At least a small amount of solid material is always left in
the meshes after evaporation,, and sooner or later such a deposit impedes
the transfusion of moisture. It is because of this that pure or distilled
water should always be used in the reservoir and that the wick should fre-
quently be changed. In kiln work it is considered good practice to change
wicks about once a week.
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Placing the Hygrometer 

The hygrometer should be placed at the exact points where information as to
conditions is desired. It should not be placed near a door or a wall or
where it will be subjected to direct radiation from the heating coils, as
conditions at these points are probably not representative. It should•be
placed where it will receive the normal amount of air circulation. To ob-
tain representative conditions, an average of several readings should be
taken in different parts of the kiln. The hygrometer should remain in
place for several minutes before readings are taken so as to make certain
that the temperatures obtained are true kiln temperatures.
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Figure 1. --Two types of wet- and dry-bulb thermometers. Left, a
common commercial form of hygrometer obtainable with various
temperature scales for use outdoors, indoors, or in dry kilns.
Right, a sling psychrometer consisting of two etched glass ther-
mometers with a short wick on one that is wetted immediately be-
fore the instrument is whirled for a reading.
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Figure 2. --Inverted 1-gallon water bottle serving wet- and dry-bulb
hygrometer. This hygrometer was made by mounting two 16-inch
etched glass thermometers in supporting clips on a brass plate
which has a double right angle bent at top and bottom to hold the
thermometers out from the wall,
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE

FOREST PRODUCTS LABORATORY

The following are obtainable free on request from the Director, Forest Products
Laboratory, Madison 5, Wisconsin:

List of publications on
Box and Crate Construction
and Packaging Data

List of publications on
Chemistry of Wood and
Derived Products

List of publications on
Fungus Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued Products
and Veneer

List of publications on
Growth, Structure, and
Identification of Wood

List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products

Partial list of publications
for Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection

List of publications on
Logging, Milling, and
Utilization of Timber
Products

List of publications on
Pulp and Paper

List of publications on
Seasoning of Wood

List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components

List of publications on
Wood Finishing

List of publications on
Wood Preservation

Partial list of publications
for Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

Note: Since Forest Products Laboratory publications are so varied in subject
no single list is issued. Instead a list is made up far each Laboratory
division. Twice a year, December 31 and June 30, a list is made up
showing hew reports for the previous six months. This is the only item
sent regularly to the Laboratory's mailing list. Anyone who has asked
for and received the proper subject lists and who has had his name placed
on the mailing list can keep up to date on Forest Products Laboratory
publications. Each subject list carries descriptions of all other sub-
ject lists.
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