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ABSTRACT.

Many substances are hygroscopic and their properties are modified considerably by
the prevailing humidity. Among these textiles, paper, tobacco, food-stuffs, etc., occupy
important positions. Reliable data can only be obtained when the tests on these sub-
stances are carried out under known conditions of humidity and temperature, the former
being more important for textiles. There are several devices for controlling humidity in
a room or a small chamber some of which are either expensive or very elaborate. The
present apparatus can be easily constructed in a laboratory at a low cost and has been
found quite efficient for maintaining any desired humidity over a fairly wide range in a

chamber for long periods of time.

The chamber consists of a water-proof box, into which a glass jet introduces low-
pressure steam, which in turn is generated by electrically heating water in a flask. A
thermo-hygrograph acts as a control of humidity and operates a relay, which makes or
breaks the current in the heating coil circuit. A few dishes containing granulated calcium
chloride are kept inside the chamber 8o as to dehumidify when required and to serve as a
check on the efficiency of the humidity control. A small fan, placed in front of a gauze
screen, serves to keep the air inside the chamber in circulation without disturbing the

madterial under test.
I. INTRODUCTION.

Although water vapour is normally present in very small quantities in
the air, its presence has considerable influence on the economics of manufac-
turing and commerce and on the health and comfort of the workers. Most of
the non-metallic materials are hygroscopic, and, therefore, their moisture
content depends upon the atmospheric humidity with which they come into
contact. In some industries, high moisture content of the air may prove
harmful, while in others it may turn out to be beneficial. The cotton textile
industry belongs to the latter category. The cotton fibres being highly
hygroscopic, their moisture regain is known to influence not only their work-
ability in each process, but also their physical properties. Consequently, in
order to obtain reliable and comparative results cotton processing and testing
should be done under known conditions of relative humidity and temperature,
the effect of the latter being less important than that of the former.

Several methods and devices have been developed from time to time with
a view to maintaining a room or a small chamber at a constant relative humidity
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and temperature. It would occupy several pages even if a brief résumé of
these devices is attempted here. However, the main principles involved in
these methods may be broadly classified under two heads:—(a) regulation of
the supply of water vapour or dry air into the chamber ; the water vapour being
produced by atomisation either by spray or low-pressure steam and dehumidi-
fication effected either by a dehydrating substance or by cooling the atmos-
phere to the dew point. Numerous devices embodying this principle have been
designed, a few typical ones among them being those designed by Apthorpe
and Hedges 1, Apthorpe and Marsh 2, James G. Wiegerink 3, and G. Reynolds
and Brauson Ltd. ¢, and (b) attainment of equilibrium of vapour pressure over
salt or acid solutions of known concentrations. This is the principle underlying
the work of Paranjpe5, Wilson 6, Broughton and Mather 7, and others 8.
The device described in this paper belongs to the class (@) and is specially
useful in a Laboratory either for conditioning samples at known humidity or
for taking measurements on samples, which require to be kept in an atmos-
phere of constant humidity over long periods. This arrangement has been
employed at the Technological Laboratory, Bombay, for over four years in
soveral experiments, and has been found to give very satisfactory results.

II. DESORIPTION OF THE APPARATUS,

The apparatus designed for this purpose is shown in fig. 1 and will
be described under three heads: (1) chamber and the fan, (2) device for
generating steam, and (3) humidity controlling element. We will take them
up one by one:

(1) Chamber and the fan.—The chamber consisted of a wooden box
(ABCD) of approximate dimensions: 23 ft. x 1} ft. x 1§ ft., coated both inside
and outside with a water-proof paint. A small glass door, which opens out, is
provided in one side, and in another side a hole H is made to accommodate
a spindle of the fan motor, which is kept outside while its blades are inside
the chamber. A fine wire gauze frame «f is placed in front of the blades
to prevent turbulent air currents,

(2) Device for generating steam.—A conical flask J with a side spout is
fitted with a rubber cork with two holes; through one hole passes a bent glass
tube, K, which conveys steam to the chamber, while two insulated cables,
each connected to one end of coil of bare nichrome or Hot-ray wire, L, pass
through the other hole. The coil is always kept immersed in water, and
should have sufficient resistance and current bearing capacity to boil the water
in the flask in a very short time. The two leads of the coil are connected to
the mains through a relay MN, which will be described in the next paragraph.
The side spout of the flask is connected to a constant level maintaining device,
OP, whose inlet is connected to the water tap and the outlet to a sink. As
soon as the level of the water in the flask goes down by evaporation, it is
automatically replenished.
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(3) Humidity control element.—The humidity control is a thermo-hygrograph
(manufactured by Messrs. Casella Ltd., London) in which the glass pane is
removed and a straight flat strip of ebonite, QR, is cemented vertically so as
to coincide with the plane which contains the humidity recording pen. A
small metallic sheath, S, which glides along the ebonite strip and can be
clamped by means of a screw at any desired height is also provided. A hori-
zontal metal plate, TU, is soldered to the metallic sheath. Further, a small
length of a platinum wire, XY, is bent at both ends in -opposite directions;
one end is fixed to the humidity pen in such a manner that the other end is
vertical. Thus, when the pen moves up, the platinum tip touches the plate
whose position can be adjusted on the ebonite strip.

A thermostatic relay, MN, which is worked by a small electro-magnet,
Z, operated by a 6-volt battery, is used in this device. The two terminals
of the control, i.e., the movable screw-head and the humidity recording pen
are connected to the relay. When the plate and the point make contact, the
electro-magnet breaks the circuit and diverts the current flowing in the heating
coil, through one or two carbon filament lamps. When, however, the contact
is broken between the plate and the point, the current is sent entirely through
the heating coil circuit.

IITI. MrTEOD OF MAINTAINING CONSTANT RELATIVE HUMIDITY.

If it is desired to maintain in the chamber a relative humidity less than
the outside R.H., 2-3 dishes of granulated calcium chloride are placed at
different points in the chamber and the fan is switched on. The relative
humidity falls and the pen with its platinum tip brought down. The hori-
zontal plate—the movable terminal—is fixed at the desired relative humidity
as read on the thermo-hygrograph. As long as the relative humidity is below
the specified limit, the plate and the pointer are not in contact and the heater
circuit remains closed. Consequently, steam is being introduced into the
chamber from the flask and the mild air current created by the fan helps to dis-
tribute the moisture evenly throughout the chamber without undue localised
heating anywhere. As soon as the humidity reaches the prescribed value,
the platinum tip attached to the recording pen makes contact with the plate,
and the current passing through the coil is either partly diverted or com-
pletely cut off, as the case may be. This make and break process is repeated
every few minutes and a constant relative humidity is maintained within the
chamber. After some time, the calcium chloride loses its great avidity for
moisture, which reduces the frequency of operation of the relay. It may be
replaced when it is felt that the operations have become very slow.

If the required relative humidity be higher than the external atmospheric
humidity, only a small quantity of calcium chloride is placed within the
chamber. It should be noticed that when the relative humidity is gradually
raised from a low to a high humidity, the quantity of calcium chloride initially
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introduced would suffice for the experiment. Furthermore, when the relative
humidity to be maintained within the chamber is not likely to be exceeded
by the external humidity, calcium chloride need not be used at all, because
the slight leakage from the crevices, etc., and the absorption by the walls of
the chamber act as a check on the working of the humidity contro device.

IV. GexerRaL CONCLUSIONS.

(1) Where the comfort of the worker is not involved and a small increase
in temperature of the order of 1 to 2 degrees Fahrenheit is of little consequence
to the experimental material, this method of humidification may prove both
convenient and quick.

(2) Where a certain amount of leakage is unavoidable due to the
experimental conditions, the present device is found to be very useful, as the
restoration of the original conditions is fairly rapid.

(3) The most convenient range of relative humidity which could be
maintained with the present arrangement is 30-90%. It has been found
possible to control the relative humidity within $%. Even at 90% R.H.
the increase in temperature was observed to be less than 2°F. The reading
of the thermo-hygrograph was verified at frequent intervals and at different
humidities with the help of a special type of dew point hygrometer, manu-
factured by Messrs. Casella Ltd., London, in which a small sample of air is
extracted and its dew point determined.

(4) Hair hygrometers may be insensitive or sluggish in a stagnant atmos-
phere, but the steady movement of air by the fan not only maintains a uniform
humidity in different parts of the chamber, but also helps the thermo-
hygrograph to record correctly.
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