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Abstract:
It has been shown In this study of relative humidity that the amount of moisture in the air is important
from a health and from an economic standpoint, In industry, in the home, and in schools and other
public buildings. It has been shown that it is the indoor conditions that are important, because the most
of our time is spent indoors, and that the indoor relative humidity depends upon outdoor temperature
and humidity, indoor temperature, rate of air change, amount of water evaporated during ordinary
household operations, and upon the number of people in the room.

There has been found a definite relation between comfort and the three most important factors In
ventilation, - temperature, relative humidity, and air movement. It is believed that there is also a
definite relation of health to these three factors, but such a relation has not been completely established.

The general public needs to be informed of the importance of proper humidification. Residences will
be equipped with humidifying devices when people come to appreciate the value of humidity. When
the public understands the need of a higher moisture content of the air in schools, churches and other
public buildings and demands it, It will be forthcoming.

There is need for further research along at least two lines ae regards ventilation.

1. Relation of health to ventilation.

2. Coat of heating dry air to a higher temperature as compared to the coat of evaporating water to
secure a higher percent of relative humidity at a lower temperature.

It would seem that the better health and increased efficiency in the more moist air would offset any
increased expenditure, if there were such an increase, It is to be hoped that in the near future in our
schools, at least, there may be installed equipment for evaporating sufficient water to increase the
relative humidity to a healthful and comfortable standard. 
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H U M I D I T Y  S T U D I E S

INTRODUCTION.

Im the issue of Harper's Weekly for January 5, 1907, there ap-
(1)

peered a brief article by Mr. Emmett Campbell Hall , in which he stated 

that the cook's complexion was always much better than that of the mis

tress, and Tbj evaporating one half pint of water daily in the living 
rooms of the home, milady would be as beautiful as the maid. It was this 

article that first interested me in the subject of relative humidity.

Some experiments which I performed in the Ehysics Laboratory in the Spring 

of 1908 showed that the evaporation of one half pint of water in even 

a very small room would not raise the relative humidity an appreciable 

amount. Text books at that time gave scant space to humidity and even 

the most recent ones give little more. Almost nothing could be found on 

the subject in the current magasines. The little work I did along that 

line in 1908 merely satisfied me that a considerable amount of water would 

have to be evaporated in a house to increase the relative humidity an 

appreciable percent.

When in the spring of 1989 I was considering subjects for a 

thesis, that of relative humidity immediately appealed to me. I had never 

lost ay interest in the subject, for recent years have brought forth va

rious types of water pane and humidifiers about which I had read in the 

advertising section of current magasines. My interest was from the 

health viewpoint of the homemaker and teacher, rather than the commercial 

standpoint of the engineer and furnace manufacturer. This health phase



will Tse stressed in this study,

DEFINITION OF TEEMS.

In any discussion of Heletire humidity there ere several terms 

which must he used over and over* end it is advisable to get et the outset 

the erect meaning of these terns.

TBiffFBRATURB 1# the thermal condition of a body which determines 

the flow of heat to or from the body. That is* heat will be transferred 

from a point of higher temperature to one of lower temperature. An ordi

nary thermometer, or as it is called in ventilation parlance, a dry bulb 

thermometer, is used to measure temperature.

The QUANTITY OF HBAf that a body contains is just what the term 

implies. It is quite distinct from temperature, for a pint of water may 

have a higher temperature than a tank full, but the quantity of heat In 

the latter will be greater. Quantity of heat is measured in the metric 

system in calories, the calorie being the amount of heat required to 

raise one gram of water from IB0 to 16° Centigrade. The unit of heat 

quantity in the Britieh system and the one employed in all commercial 

work is the BRITISH THERMAL CHIT or B. T. U. and is the amount of heat 

required to raise one pound of water I0 Fahrenheit, from 60° to SI0.

The term HCKIDITY refers to the amount of moisture or water 

vapor in the air. The quantity of water vapor that the air can contain 

depends upon the temperature, the higher the temperature, the greater 

the amount of moisture. When there is present in the air all the water 

vapor it can hold at that temperature, the air is said to be saturated.



Aagr decrease la temperature under those conditions causes some of the water 

vapor to condense as dew, rain, fog, snow, etc., for the air cannot he more 

than saturated. The actual weight of water vapor present in the air per 

unit volume is called the ABSOlBTB HUMIDITY, The ratio of the actual 

quantity of water vapor present la the air to the quantity that would he 

present if the air were saturated at the same temperature is known as 

the RELATIVE HUMID ITT. It is the degree of saturation at any given tem

perature. Par example, air at 70°F. is saturated when it contains 8 

grains of water vapor per euhle foot. If it actually contains 4 grains 

per cubic foot, its absolute humidity is 4 grains per cubic foot, and 

its relative humidity is d/flths, or 50 per cent.

The WET BULB TEMMSRATOBB. or the temperature at which evapor

ation ceases, is determined by a wet bulb thermometer. This consists of 

a thermometer identical with the dry bulb except that the bulb is covered 

with a moistened cloth sheath. The evaporation of water from this sheath 

oocls the wet bulb, and that thermometer will fall until the temperature 

is reached at which evaporation ceases. It is obvious that the drier the 

air, that is, the lower the relative humidity, the greater will be the 

drop in the wet bulb. This wet bulb temperature is used in connection 

with the dry bulb temperature to determine relative humidity.

Another term which has come into use rather recently ae the 

result of experiments on the proper relationship between the three funda

mental factors in ventilation, temperature, humidity, and air motion, Ic 

EFFECTIVE TEMPERATURE. It is the index of the degree of warmth experienced

for all combinations of temperature, humidity, and air action. That is.



with any given effective teaperature, b person will feel the same degree 

of warmth, altho that effective temperature may represent a considerable 

range of temperature and relative humidity. More will be given later on 

the wet bulb thermometer and on effective temperature.

HTQROMETEBS are devisee for measuring relative humidity, and 

HYSROMEfPBT is the science of such measurements. Various types of hygro

meters will be discussed later.

AlB COMDIYIOKIKCr is a term applied to the regulation of the 

three most important factors in ventilation— temperature, humidity and air 

motion— to produce the deeired results.

P M  POlHf is the temperature to which the air will have to be 

cooled in order for it to be saturated with its existing absolute humidity. 

Any further reduction in temperature results in precipitation.

HISfOHY OF DEVEIAZMENT OF HOMIPIfr FACTOR IS HEATING MI; VKHTIIATIOK.

It is interesting to trace the development ef ventilation in 

theory and in practice, especially the humidity factor. The following 

history of this development has been gathered from many sources, prin

cipally from articles in the Journal of the Ameriean Society of Heating 

and Ventilating Engineers, from advertising material sent out by com

panies manufacturing furnaces and furnace equipment, and from Sydney 

Skinner’s article on Humidity In Glasebrookfs Bietionary of Applied 

Physios,

QHEMICAL COMPOS IfIOH OF AIB



The first approach to a scientific analysis of air was made by
(2)

the French scientist, Lavoisier, in 1777, Se decided that the feeling of 

suffocation experienced in a crowded room was not caused, by the lack of 

oxygen, but rather by the excess of carbon dioxide. This was the beginning 

of the OO8 "bogey" which persisted until near the end of the 19th century, 

and is in fact held by the unlearned even today. Oheaieal analysis shows 

the constltuents of pure air to be:-

Oxygen 21.00$ 
Sitregen 78,00$ 
Carbon Dioxide 0.05$ 
Other constituents 0.97$

In the meet poorly ventilated schools and factories the oxygen is reduced 

only to 19$ and the carbon dioxide Ie increased only to 0.5$. In order 

te produce any harmful results it has been demonstrated that the oxygen
^ i3)must be reduced to 14$ and the carbon dioxide Increased to 2.4$. These 

figures show that the amount of carbon dioxide in the air even under most 

unfavorable conditions does not offset the health of the people breathing 

It. But scientists were a long time discovering these facts, and for long 

years the sole problem of ventilation was to remove the so called foul air 

exhaled from the lungs and replace it with fresh air.

EASLT YEKTILATIiro ESOBLESffi.

The first problem then in ventilation was to determine the amount

of fresh air to be supplied to each occupant of the room per minute or per

hour. Tredgcld, an English engineer, in 1884 decided the proper amount
(4)

was four oubie feet per person per minute, m  1855, Br. Reid, an engineer



in ohnrge of installing a ventilating system in the British House of

Oomons, provided for 10 cu. ft per person per minute. It is interesting

to note at this point that in 1858, there was installed in the British

House of Comons a deviee for increasing the relative humidity. The air

to he delivered to the rooms was first passed thru a sheet of water drop-
(5)

ping from perforated pipe#.
(6)

The Barradks Comission of the British Government in 1857 set

the requirement at 20 ouhio feet, and hy 1870 the standard In America and

Iiurope was 80 cubic feet. This is still the standard, as specified In the
(7)

ventilation laws of some twenty-four states of the United States. It 

should he noted that this change of air today is not solely for the re

moval of COg, hut particularly to provide sufficient air movement to se

cure the proper degree of effective temperature.

There were several soientlst* in the early and middle part of 

the nineteenth century who did not believe the COg content to he a deter

mining factor in the proper oompoeltlon of the air. One of the earliest
(8)

of these was the Frenohmsa, Leblanc, who showed by experiments in 1842 

that animals could breathe for three quarters of am hour in an atmos

phere ef SO/5 CO-, provided the other 70$ was largely oxygen. In 1867
o f

Claude Bernard, another French scientist, published the statement that he 

believed the amount of COg in all commonly occupied places to be far be

low the danger point. The German physician and chemist, Max Ton Petten- 
(10)

kofar, stated in 1868 that the amount of Cog in the ordinary occupied 

room was harmless. But he believed the amount of COg present was indi

cative of the amount of harmful organic matter, and hence helped to pro-



(H)
long the COg bogey. The Batch Scientist, Hermanns, In 1883, suggested that 

the discomfort felt in crowded, ill-rent Hated buildings might be due to

excess ire temperature and humidity. In Europe the scientists, Brown-Sequard
(12)

and D'Areonralj in 1887 issued some bold statements as to the injurious effects

of CO., but gare little proof of their statements. The Englishmen, Haldane 
(13)

and Smith, in 1898 performed some experiments upon subjects confined in a

small chamber in which the air was Ti tinted tea to twenty times as much as

that found In the most crowded and worst ventilated buildings. The subjects

felt no oppression so long as the temperature was kept low. Billings, Mit-
(14)

ohell and Bergey, American scientists, stated in 1895, as a result of sons 

rather extended experiments that they believed the unpleasantness felt in 

crowded places to be due to bad odors and excessive temperature.

EHD OF COa BOflagT

The theory that the amount of COj8 in the air was the all Impor

tant factor in ventilation was finally discredited in 1905 by a series 

of experiments conducted by some young Oeman physiologists, Heymaxm,

Paul, sad Ercklent*, at the Institute of Breslau in Germany, of which Br.
(15)

Carl Flugge was director. Healthy students were confined in an air tight 

room for several hours, and COg increased, up to 1.2^. The subjects 

felt no ill effects so long as the temperature and humidity remained low.

When the temperature rose to 75° F., and the relative humidity to 89#, the 

subjects felt extreme discomfort and sickness. A fan set in motion brought 

almost immediate relief.

These Flugge experiments were repeated with almost identical re-



(16)
BUits In RmgTma Br. Leonard Hill , Director of the Department of App

lied Physiology of the British Hational Institute of Medical Research. The 

oxygen in the test chamber in Br. Hill's experiments was so reduced that 

the subjects could not light their cigarettes.

It might be said here that Br. Leonard Hill has done some very 

valuable work along the line of ventilation and is the originator of the 

Kata thermometer which will be discussed later.

At the Research Laboratory of the American Society of Heating and 

Ventilating Engineers in connection with the U.S. Bureau of Mines at Pitts

burgh, Pennsylvania, similar experiments have been performed and the re

sults verify those obtained at Breslau.

VEHfHAtH O H  LAI'S,

Several states and cities quite early passed laws fixing a standard

of fresh air to be supplied in schools and factories. Such laws were passed 
(17) (18) (19) (20)

in Detroit in 1881 , Hew Jersey, 1903 , Hew York, 1904 , Pennsylvania, 1906
(21) (22)

Sen Francisco, 1914 . In 1911 the Chicago Board of Health required a tem

perature of 68° F. to 70° I. a minimum of OOg, an adequate removal of dust,

and a relative humidity of not less than 40 to 41# and not more than 80
(23)

to 8#. Since 1908, the School Board of Philadelphia ha# required all new

ly erected school buildings to install a heating system provided with an 

air washing and humidifying equipment. Except in these last two cases, 

the ventilation laws up to 1911 seemed to cover only the phases of air 

change end temperature, and many of them only the former. Most of the 

state lm*« at the present time provide for only these two factors.



BEGizntrHG Of SCIENTIFIC BESKABOH IH ViJtfIIATIOK.

Perhaps the real starting point of the modern trend In ventilation 

was the presentation Before the Annual Meeting of the American Society of 

Heating and Ventilating Engineers in 1911, of a paper hy Dr. I. A. Evans of

the Chicago Board of Health, and Dr. Luther H. Ouillek of the Hassell Sage
(24)

foundation. In this splendid study they pointed out the limitations of the 

heating equipment of public buildings then in use, and the very meager know

ledge of the real factors involved in adequate ventilation. The paper brought 

out an extended and thoro discussion, and was the impetus needed to start 

scientific investigations.

MVBLOBffiHT Of HUMIDITY FACTOR.

Sc far we have noted only such steps in the development of ven

tilation as led to the "laying of the CO2 bogey". We are most Interested 

in knowing when humidity was recognised ae an important factor. Aside from 

the provision for moistening the air in the British House of Commons In 1838, 

there eeems to have been nothing done along that line until toward the end 

of the 19th century. % e n  manufacturers of cotton and flax products in Eng

land Began to use methods to Increase the humidity in their factories for

they found that in too dry air the threads tangled and Broke. In 1893,
(25)

Schloeeing carried on some experiments te determine the cause of this trouble, 

and found that the proper degree of moisture in the air kept the threads 

from Breaking, flax, cotton, jute sad heap threads are stronger when 

moist than when dry. The electricity generated By friction in the threads
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during spinning and wesrlng esased tangling, M t  In s moist atmosphere 

this electricity was carried aimy heeause of the conductivity of the 

moisture, and tangling was prevented. Due to the greater ease In hand

ling the threads, a finer and more compact fabric resulted In moist air.
(26) (27) (29)

Further experiments by Hartehome in 1906, Trouton In 1906, and Masson

In 1907 verified these findings of Schloeeing. Trouton also experimented 

with wool and found that the wool fibers were weakened in too high a re

lative humidity. Manufacturer# of these products therefore sought means 

of regulating the humidity, and ventilation engineers began to study the 

problem. More will be said later of various methods employed to raise or 

lower the moisture content of the air in factories.

In America, too, manufacturers realised the commercial value of 

proper humidification and today all efficient plants are equipped with devices 

for regulating the relative humidity along with temperature and air movement. 

In fact, many industries could not exist without air conditioning. The manu

facture of silk, drugs, gum, kodak supplies, oaady, tobacco, color printing, 

pottery, cereals, and innumerable other commodities is influenced by atmos

pheric conditions. Hayon manufacture is wholly dependent upon the proper
(29)

degree of relative humidity. Parke, Davis and Company about twenty-one 

years ago Installed an sir conditioning plant in order to control the hum

idity for the manufacture of gelatine capsules. They were pioneers in recog

nising the economic value of scientific air conditioning.

This brings us up approximately to 1911, or the time when really 

scientific research work began. Before considering some of the develop

ments along the line of humid! float ion since 1911, let us consider the com

monest types of instruments used to determine relative humidity, and the



theory of their use#

HAIR HTSBQMBTOt.

Ia 1600 an Italian named Sanotorlue found that a human hair was 

affected by the moisture in the air, and the first attempts to measure the 

amount of water vapor in the atmosphere were by means of a hair hygrometer 

or hygrosoope. The first Instrument of this type commonly used was made by 

da Saussure of Geneva in 1783. Mierosoopio examination of a hair shows 

numerous cells containing more or less water. If the air Is saturated these 

cells are filled. In comparatively dry air the amount of water in each cell 

is considerably reduced and this water is bounded by a curved meniscus.

The tendency to reduce the radius of curvature or the surface tension strains 

the cell walls. When the cells are filled there is no such strain. If the 

cell walls are elastic this relation of strain to stress will follow Hooke's 

Law, end the contraction of the cells as the hair dries will be a simple 

function of the relative humidity. It has been found mathematically that 

the contraction is proportioned to the logarithm of the relative humidity. 

Shis does not hold in very dry air, when the cell loses practically all of 

its water. The elastic limit of the cell wall is passed, and Hooke's law 

does not hold true. Hence the hair hygrometer is not reliable in dry at

mospheres, and cannot be used with any hope of accuracy when the relative
(301

humidity is below twenty per cent.

Hair hygrometers are convenient because (I) they arc sensitive,

(2) the time needed for the determination is short, (3) and the proce ure 

Is simple, as it consists merely of reading a Chart. They need very fre-



-12-
(Sl)

quant re calibration, however, and very easily get out of adjustment. Sir
(32)

Hapier Shaw, the English authority, considers the fibre hygrometer, (hair, 

horn, or gut), more accurate than the wet and dry bulb for determinations 

below free sing, for the animal and vegetable fibres are not effected by 

freesing.

PHff POINT HYGROMETER.

The principle of the dew point hygrometer is the reduction of the 

temperature of some polished surface to the dew point, ie., until the air 

next to this surface is saturated with the amount of water vapor it contains 

and dew forms upon the cold, polished surface. From the vapor pressure 

tables the saturated pressure, p, at this temperature, or the pressure of 

the actual amount of water vapor in the air can be found. The saturated 

pressure, P, at room temperature, or the pressure of the water vapor the 

air would contain if saturated, ean also be found. The relative humidity 

is the ratio of p to P.

Tho essential principle of this instrument was employed as early 

as 1781 by a French scientist, LeHoy. In 1820 the Englishman, Banlell, de

vised the first really accurate dew point hygrometer.

The Hegnault hygrometer, perfected by the French scientist of that 

name, is generally considered the standard. To prevent changes due to the 

presence of the observer, observations are made thru a telescope. The evap

oration of the ether can be so nicely adjusted that the difference in tem

perature between the appearance and disappearance of the mist can be re

duced to 0.1 degrees Centigrade.
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the layer of air next to it is exactly the same as that of the ether in
(55)

which the thermometer is inserted. Let H * heat withdrawn per second per 

square centimeter from the layer of air next the polished surface hy evap

oration of ether.

This quantity of M a t  is made up of three factors, a, h and e. 

a « heat received from air >y radiation, 

h = heat received from air hy conduction, 

e = latent Mat of the cowiensed water vapor, 

a » S(t'-t),

Where, E = radiation constant,

t * temperature of polished surface. 
t*« temperature of surrounding air.

b = 8p.F(t'-t). the recognised formula for the heat In calories pass- 
v

lug from a hot current of gas to a cold surface. 

Where Sp «* specific heat of the gas at a constant pressure.

F coefficient of skin friction, 

t’= temperature of stream of gas. 

t a temperature of surface.

T * mean velocity of the gas stream in meters per second.

0 » a L,
Where L = Latent heat of vaporisation at temperature t.

a = mass of water condensed per second.

Therefore, H * Btt'-t) + S p . f + m l

In the dew point apparatus the mass of the water vapor condense*

It 1» M M M M d  that the temperature of the metal eurfaee and of



Ib *s sbsII ss posBifbls because the rssding is taken st the first faint 

sppearanee of dew. Therefore, the quantity (® I*) 1» negligible. Because 

the radiation effect is sexy small compared with the convection effect, the 

quantity B(t*-t) may also he considered negligible.

The equation for the amount of heat withdrawn from the surface

then becomes

H « Sp.F(t'-t) 
v.

It has been shown in a report of the Advisory Committee for 
(34)

Aeronautics that approximately 

F «= K v2

Where K = a constant and 

T = velocity.

Therefore, H = K.v2.Sp(t*-t) * K.T.Sp(t’-t)
v

An increased velocity would mean a compensating increased value of H, pro

vided the relative humidity remained the same. But many checks with Ieg-

nau.lt’s hygrometer show that the dew point is lower in a hi^er air current.
(SI

The reason for this has not been determined. It is suggested by Mr. Skinner 

as a field for research.

ERROR IH PSW POIWT HTGROMBTm.

the dew point hygrometer is perhaps the most accurate form in use, 

and Is generally used as the standard by which to calibrate all others. The 

fact that the surface of the ether is colder than the deeper liquid intro

duces an error, for the thermometer registers the temperature of the deeper
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IlQtild into which It dips. Ihe readings are also effected by the presence

of the observer. The average human being gives off 63 grams of water vapor

per hour, and 5 grams of water vapor will saturate I cubic meter of air at

0* C. Various devises are used to obtain readings at long distances, to

eliminate disturbances due to presence of the observer, especially at low

temperatures. Several such instruments are described by Dr. User Griffiths
(36)

in the Preeeedinge of the Royal Society of London, Vel. 34, 1922. under 
the most favorable conditions there is an error of at least \% in the 

readings with a dew point hygrometer. When the relative humidity is less 

than 20$ or the temperature below 5° 0. the error may be as much as 10$.

WBT AHS DBT BULB HYGROMETER.

The wet and dry bulb hygrometer, or psychrometer, is the form 

most generally used because of its convenience. Two closely calibrated 

thermometers are mounted side by side, the bulb of one covered with a 

cotton sheath connected to a cotton wick that dips into a reservoir of 

vote . dir ie forced past the wet bulb, either by swinging the hygro

meter or by forcing air past the stationary bulb, and readings of both 

thermometers taken when the wet bulb has reached it* lowest point. The 

dry bulb records the temperature of the air, and the wet bulb records the 

temperature at which evaporation ceases. The general formula for all

forms of wet and dry bulb hygrometers is
(38)

P - P t - A S  (t-t'|

Where, p « vapor pressure at dew point,

p*a vapor pressure at temperature of wet bulb, 

t * temperature of dry bulb.
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t* « temperature of wet tulb.

B = "barometric pressure la same units ae p and P'.

A quantity depending upon the velocity of air movement

past the wet bulb.
(39)

The English scientist, Pemter , worked out the following values for A with 

varying wind velocities *-

Wind Telocity let Bulb cover!.ig not frozen i Wet Bulb covering frozen

Centigrade $ Fahrenheit t Centigrade.

Calm. 0-0.SMeters .0012 : .00067 t ,001060
Sec. I

$
I
I

Light Wind, 
1-1.5 M

Sec.
.0008

i
I
* .00044
I
i

t
*
I .000706
I 
*

Strong wind 
Above 2.5 M 

Sec.
.000656

*
t
t .000364
t
i
i

«
t
: .00579
I
I
I

More recent experiments show that the values of A for strong winds hold up

to a velocity of 90 miles per hour or 40 meters per second. An additional 

factor, U-Kfc" ) , is some*lies used, when the temperature readings are iniTo
degrees Centigrade, which becomes (I + t" ) for Fahrenheit readings, where

{ 1558 I
t" is the difference in temperature between the dry and wet bulb readings. 

Using this additional factor, Feroter’s formula for strong wind and Fahren

heit r adIngs becomes:-
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p « P * -  .000367 B(t-t’) (I t-t«)
1098 )

The U. S. Weather Bureau uses the formula

P = P * -  .000367 B(t-t*) (I t*-32) , which compares very
15*1 )

closely with the Pemter formula considering the smallness of the terms
(40)

{t*—32) , and (t-t*). The U. S. Weather Bureau formula was worked out hy 
1571 } 1098)

Prof. Ferrel, Chief Signal Officer, 1886-1891. The constants were deduced 

from a large number of experiments made by C. P. Marvin, Chief of the U. S. 

Weather Bureau, at Colorado Springs, Colorado, and at different elevations 

on Pike's Peak. These have been correlated with other readings taken at 

Washington, D. C. by H, A. Hazen and C. F. Marvin. These constants are 

worked out by plotting a curve from the readings taken under a wide range 

of conditions. From the curve the constant can be determined for any given 

velocity. The velocity of the air movement is readily determined with the 

sling psychrometer by noting the radius of whirl and the number of turns 

per second. This weather bureau equation is applicable only when the psy

chrometer is whirled at a velocity of 16 feet per second or more. Mr. C. 
(41)

A. Bulkeley has developed a slightly modified formula to use with the wet

and dry bulb hygrometer, based upon the Rational Psychometric formula of 
(42)

W. H. Carrier • His formula isi-

P P'-(B-P') (t-t*)
2866 - 1.3t»

Where, p = pressure at dew point.

P*= pressure at wet bulb temperature.

B c Barometric pressure, 

t = dry bulb temperature, F



18-

V  = wet bull) temperature

For temperatures below 32° F., the formula becomes

p «= (t-t»)
3170 - 1.36 V .

(43)
Still other formulae hare been worked out by Mr. Poulter of the Royal 

Metereologioal Society of London. Formula (I) holds for temperatures be

tween 30° F. and 90° F., and a relative humidity between SOfll and 100^. 

Mumber (2) is applicable to lower ranges of temperatures.

(1) H (relative humidity) *= 100 - 350 dTp

(2) H = 1000 - 1000 d

Where d = t-t* = difference between dry and wet bulb readings.

T = dry bulb reading.

Mr. Poulter states that the differences between these values and those 

from the usual weather bureau tables do not exceed 1% to 2%, and are com

parable to an error of I0 to 2° ?. in reading the thermometers. Theme for

mulae do not take into account the barometric pressure, and could be used 

here only for determining out door relative humidities, as our indoor 

humidities never reach 60^.

ERROR IN WET AMD DRY BRiiB HYGROMETER.

(44)
A. Hapler Shaw "believes the wet and dry bulb hygrometer prac

tically useless below the freezing point because:-

A. When the water is frozen the capillary action upon which the 
moistening depends ceases.

B. Below freezing, the vapor in the air is very low.
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A. Sorman Shaw shove that under Ideal conditions, the error with the 

psyohroraeter is at least two per cent. If the wet hulb covering becomes 

stiff or coated and is not well ventilated, capillarity is checked, and the 

error increases. Under ordinary conditions the error is probably as much as 

5$. If the relative humidity or the temperature is low, or if the relative 

humidity Is very high* the error may be 10% or more. In a steam heated 

building with the outside temperature -SO0 F., relative humidity may be as 

low as 5% and yet register 20% on the instrument that is accurate under 

average sunnier conditions.

Chemical hygrometers are of two types, gravimetric, where the mass 

of the water vapor in a given volume of air Ie determined, and volumetric, 

where the volume of water vapor Is measured. Both methods are very accurate, 

the former probably the more exact. The gravimetric method was first used 

by the Swiss Chemist, Brunner, in 1840 and is still the standard for cali

bration of sll other types. A known volume of air is drawn by means of an 

aspirator thru drying tubes filled with some chemical, generally anhydrous 

phosphorus pentoxide, and the increased weight of the tubes then represents 

the weight of water vapor taken from the known volume of air. Hie follow

ing formula has been developed to determine the vapor pressure of the
(46)

amount of water vapor present in the sample of airi-

w - .00029 P . B - P  . V '
T B - p

Where w « weight of water vapor taken from air

p = pressure of existing water vapor (to be found)

P * pressure of saturated water vapor at existing temperature.



B = Barometric pressure.

V » volume of water drawn from aspirator.

« room temperature plus 273.

fhe chemical method gives very exact results, Taut the process is elaborate 

and requires so long a time that the relative humidity thus obtained is 

only an average for the entire time. If very carefully done there may be 

only 0.1$ error. Under ordinary circumstances the error is 2 to 3$.

PHtSIOLOGICAl BASIS OF COMFORT.

The question naturally arises as to why we are interested in the 

amount of water vapor in the air. The importance of relative humidity in 

industry has already been mentioned. We are particularly interested in the 

relative humidity in residences and schools, and we shall study it from the 

standpoint first of comfort and health, and second, economy.

The reason why our comfort is effected by the amount of moisture 

in the air as well as by the temperature and rate of air movement can be 

explained on a physiological basis. The average individual produces by the 

oxidation of food substances in the tissues from 100 to 400 calories of 

heat per hour* the amount depending upon the muscular work or physical ex

ertion of the individual. This amount of heat must be given off from the 

body to the surrounding air to maintain a balance. In health the body tem

perature does not vary more than a degree or two either side of the normal 

of 98.6° F. About 3$ of this heat loss is due to excretion, and about 20$ 

to respiration. The other 77$ Is from the skin by conduction, radiation, 

and evaporation, and by far the greater part is produced by the latter.
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Xa an effort to keep the Dody temperature down to normal, more blood Ie 

foreed to the surfaee where it is cooled by radiation and conduction. How 

inadequate this method of cooling ie, ie shown by the extreme discomfort 

felt on a hot, humid summer day, when there Is little evaporation from 

the surface of the body. The feeling of discomfort and lassitude in a 

high temperature and high humidity U  due to anemia of the brain and other 

internal organs caused by the excess of blood at the surface. This effect 

is not noticed in a lower humidity or in an air movement, for then the 

loss of heat by evaporation Is sufficient to balance the excess body heat. 

When the humidity is too low, this evaporation is too great and the extreme 

cooling effect produces discomfort. The same sensation results from a 

draft, a term applied to an air movement that produces a too rapid removal 

of body heat. This explains why an individual is just as comfortable in 

a room at 66° F. with 90i relative humidity as in a room at 76° F. and 10$ 
relative humidity. The drier the air the more rapid the evaporation from 

the surface of the body with an accompanying cooling effect. To make up 

for this cooling, the temperature must be higher for the occupants to be 

comfortably warm.

KATA THSHMOMaTEH.

The Kata Thermometer, invented by Br. Leonard Hill of London, 

is designed to measure the relative effect of temperature, humidity, and 

air velocity upon the heat loss from the human body by duplicating body 

conditions in the instrument itself. It measures its own rate of cooling 

in various atmospheres when the temperature is approximately that of the



■kin temperature of the clothed human body. The factors which effect the 

heat loss from the dry and wet Khta are identical to the factors effecting 

heat loss from the body. The name of the instrument is the Greek word, 

KATA, meaning a cooling down. It consists of an alcohol thermometer with 

a bulb about 5/8 inches in diameter, and l/z inch long, with a stem 8 

inches long, graduated in 0.1° from IOO0 F. to 96° F. Ihe average of 

these two readings, 97.5° Fej is approximately the mean body temperature.

To take a dry Kata reading, the thermometer is heated in hot 

water well above the 100° mark, thoroly dried, and the time required for 

the temperature to fall from 100° to 96° carefully taken with a stop 

watch. This is a measure of the rate of cooling, or of the cooling power 

of air on the dry Kata. Heat is lost from the dry Kata by radiation and 

convention, and dry readings will vary with air temperature and air 

velocity.

To take wet Kata readings, a cotton lisle wick is fitted snugly 

over the bulb. The Kata is now heated in hot water as before, and the 

time of cooling from IOO0 to 98° taken, which gives a measure of the cool

ing power of air upon the wet surface. Heat is lost from the wet bulb 

by radiation and convection as from the dry bulb, and also by evaporation. 

% e  rate of drop in temperature of the wet Kata depends upon the tempera

ture and air velocity as with the dry Kata, and also upon humidity.
(47)

Having obtained the time of cooling of the Kata, it is necessary 

to convert these readings to a heat basis. This is done by getting the 

amount of heat given off by the thermometer in the recorded drop. At the 

factory where the Kata are made, this is very accurately determined. It



has "been found that this quantity of heat loss can he expressed hy the 

equation!»

H - .0000152 (97.5 - t)

Where H = B .  f. U. per sq. in. per see.,

t = room temperature in degrees F., or 

H = 6.804 (36.4—t)

!here H = calories per sq. cm. per sec., 

t » room temperature in degrees 0.

The rate of cooling varies slightly for different thermometers, so a 

calibration factor is determined for each instrument and marked upon it. 

This calibration or Kata factor, called

K = H d

Where H = Heat Loss,

and d = ti ie of cooling.

with K » knovn, and d easily observed,

H becomes K , and ie expressed in millicalories (.001 gram

calorie).

It is the belief of Dr. Hill and of many others who have studied 

and used this Kata thermometer, that an individual’s comfort or discom

fort is largely determined by the skin temperature. A change in the phy

sical conditions of the air will cause a change in skin temperature and 

hence a change in heat loss from the body. The fact that 77% of the beat 

lost from the body is by radiation, convention and evaporation from the 

skin has already been pointed out.
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The Kata lPhermometer was used for an extended series of experiments
(48) • ^

conducted "by 0. W. Armspach and Margaret Ingels at the laboratories of the Amer

ican Society of Heating and Ventilating Engineers at Pittsburgh, to find the cool

ing effect upon the human body of various combinations of the atmospheric factors, 

temperature, relative humidity and air velocity. It was first determined what wet 

Kata cooling power of air is necessary for comfort and under various temperatures 

and air velocities. These were worked out from curves plotted from a vast amount 

of data, the results of tests upon a large number of subjects under all possible 

combinations of conditions. A practical application can be made of this knowledge. 

Knowing the desired cooling powers, and the actual cooling power under given con

ditions, adjustments can be made to obtain the correct cooling power for greatest 

comfort and efficiency. This instrument is coming into wide use as a means for 

determining air currents for ventilation, particularly In factories. 'The limit 

of ordinary comfort corresponds quite closely to a heat loss of 6 millicalories

per sq. cm. per sec. from the dry Kata and to 20 millicalories per sq. cm. per
(49)

sec. from the wet Kata. This standard has been worked out by Hill and verified
(50)

by Winslow and Hewitt.

Where the wind velocities are known, the time of cooling need not be
(51)

known, as shown in the equations worked out by Dr. Leonard Hill. Known wind 

velocities for his experimental work were developed in two waysj-

(1) Wind tunnels, with air drawn thru at a known velocity by means of 
electrically driven propellers.

(2) Whirling arm, which carried the Kata. Here the velocity 

V =* 2 Tfr I?— r~
Where r « radius



-85-

H = He. of revolutions in time, t.

Ihe swirl set up hy the arm itself makes T actually less than the calculated 

value hy about 6$.

Dr. Hill's formulae are as followst- 

H = U + bTv)t*.
!here H = cooling power of dry Kata in millioalories per Sec. 

v = wind velocity in meters per sec. 

t*» temperature difference between mean range of Kata,

(36.15° Ci and the air temperature t in degrees C. 

a and b = numerical constants.

where v varies from I meter per see. to 17 meters per sec., 

ie, where v = I and v =4.2,

H = (0.13 + 0.47 Tv)t*.

Where v is below I meter per see.

H » (0.20 + 0.40 Tv) t«.

For the wet Kata, H* (the wet cooling power) is always greater than H 

(the dry cooling power). Hence in addition to temperature and wind velocity, 

provisions must be made for humidity and the equation becomes i- 

H1 = (a+b vjt* + (c+d W ( P - p )

Where H* « heat lost per eq. cm. per sec from Wet Kata, 

v « Wind velocity in meters per see.

P » Saturated vapor pressure at 36.6° C.

P = Actual vapor pressure at 06.5° C.

V  » Difference between 36.5° C. and air temperature. 

a,b,e,d = numerical constants.
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It will te noted that the first term on the right hand side of the equa

tion is H = dry Kats heat lose.

Por Telooitiea greater than I meter per see.

H - (0.13+0.47Yrlt + (0.035+0.098 ^f¥) (P-p) .

For Telooities less than I meter per see..
4/33 */

H = (0.20+0.40 Tr)t + (0.060+0.073 "Cr) (P-p).

An effort was made to get a simple formula of the form
x

H1 = (a+fcT )t".
Where t” = difference between 36.5° C. and wet bulb temperature t', 

a and b = numerical constants,

x * some power to which Telocity T had to be raised.
It was found that x * I gare satisfactory results.

therefore, the equation becomes$- 

Ht = (a+b ̂ rlt".

When T is greater than I meter per sec.
H* = (0.10+1.10 ^rflV. 

and whan t is Ieee than I meter per sec.,
H* = (0.35+0.85 ̂ Tf) t".

In general practice it has been found more practicable to calibrate each 

instrument in the factory for the cooling factor K, and compute the cool

ing power per sq, cm. per see. by the equation.

H = K
d as giTen shore.

EElBOH IK KAfA THSBlCjMEfBB



The principal error In the Kata thermometer arises from the un

equal cooling of the hare and sheathed hulh« This is partially eliminated 

by using a dry wick on the dry bulb. Wicks of different fabrics give

different results, cotton lisle corresponding most nearly to the effect
(52)

of clothing upon the human body.

OOMFOHT CHABT.

In the Heating and Ventilating Magasine for larch, 1917, is an
(53)

article by Hermann B. Deutsoh, in which he gives a comfort chart worked 

out from data taken thru a series of experiments correlating temperature, 

relative humidity and air movement. The experiments were conducted by 

the Chicago Bureau of Ventilation in an ordinary factory room. All 

possible combinations of these three factors of ventilation were tried 

upon a large number of subjects, each subject indicating when he was com

fortable. The large number of trials tended to eliminate the individual 

variations, and the results may be considered a fair average. Bach fac

tor was under absolute control by the operator. Steam jets about the room 

sprayed water in any desired amount, regulating the relative humidity. 

Blower fans controlled the amount and velocity of air motion. Hadiators 

could vary the temperature thru a large range. The accompanying chart, 

figure I, shows graphically the results.

A couple of examples will illustrate the use of the chart. 

EXAMPLE I.

At a temperature of 72° F. the following air velocities and re-
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A

latlve humidities produce equal comfort.

40^ —  30 ft. per see.
50$ —  120 ft. per see.
60$ —  260 ft. per see.
70$ —  500 ft. per sec.
80$ —  850 ft. per sec.

EXAMPLE 2.

With 30$ relative humidity the following temperatures and air 

velocities produce equal comfort.

74O 0 ft. per sec.
77O 50 ft. per sec.
79 100 ft. per sec.
82° 200 ft. per sec.
83 260 ft. per sec.
86 500 ft. per sec.
90° 800 ft. per sec.

As a result of a long series of experiments conducted hy the 

American Society of Heating and Ventilating Engineers, at their laboratory 

in Pittsburgh, Pennsylvania, there has been worked out comfort or effec

tive temperature charts, showing the relation of dry bulb, wet bulb and 

relative humidity readings for all possible conditions. By effective tem

perature is meant the condition of the atmosphere to which human beings 

react with a certain averaged sensation of comfort. Such a chart is

shown in Figure 2, taken from Journal of American Society of Heating and
(54)

Ventilating Engineers for March, 1924, and shows effective temperatures 

for still air conditions. Similar charts have been worked out for air 

movements of various velocities. As the air in residences is not moving 

rapidly the chart here shown gives conditions about as they exist in the 

average home. Dry bulb or room temperatures are plotted as abscissae, 

and grains of moisture per pound of dry air as ordinates. The maximum
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euaount of moisture the air can hold at any temperature gives the saturation 

or 100$ relative humidity curve, with the relative humidities between 0$ 

and 100$ shown by the series of curved lines similar to the saturation curve. 

Wet bulb temperatures for all atmospheric conditions are given by the nearly 

parallel oblique lines. Effective temperatures are shown by the more obli

que but not parallel lines, which approach being parallel to the wet bulb 

lines at high temperatures and high humidities, and approach dry bulb lines 

at low temperatures and low humidities. The effective temperature is found 

by the intersection of the wet and dry bulb temperature lines, which inter

section also indicates the per cent of saturation. For example, a dry bulb 

temperature of 75° F. and wet bulb of 68° F. gives an effective temperature 

of 71.2° and a relative humidity of 71.1$. A dry bulb of 80° F. and a wet 

bulb of 63° F. gives an effective temperature of 70.8° and a relative humidity 

of 30.8$.

The range of effective temperatures over which 60$ of individuals 

feel comfortable is from 82° to 69°, and is called the comfort zone. The 

particular effective temperature at which a maximum number or 97$ of people 

feel comfortable is 64° effective temperature. This line represents all 

the combinations of temperature and relative humidity that will produce 

the same degree of comfort, as 66° and 80$, 68.2° and 60$, 69.4° and 60$,

70.8° and 40$, 72.2° and 50$, 73.9° and 20$, and 76.8° and 10$.

The majority of houses in our latitude during the winter months 

have conditions of humidity and temperature approaching the last combination, 

of 76° and 10$. The average person only slightly active is not comfortable 

at a temperature of even 74° F. when the humidity is as low as 10$ to 20$,
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aad we often find the temperature In steam heated apartments and public 

buildings as high as 78° to 80° with the occupants experiencing no discom

fort.

The average relative humidity of air over the land surface of the 

globe is probably about 60$. From January to April I, 1930, the average 

relative humidity here as recorded by the U. S. leather Bureau was 62.7$.

For the months of June, July and August, 1929, the average was 43.3$. The 

average for the year 1929 was 63.62$. Death Valley in California with an 

average relative humidity of 23$ is one of the driest spots in North America, 

and yet the Indoor humidity in the buildings at Montana State College is 

below that point.

This extremely dry air has a large capacity for moisture which it 

takes up avidly from any source available. One such source is the mucous 

membranees of the nose, throat,and lungs, producing a dryness of these 

tissues and a corresponding weakening of resistance to the disease germs 

carried by the dust in the air. Physicians commonly observe epidemics of 

colds following spells of dry weather, during which the air is filled with 

infectious dust which blows about freely when dry. The dry, overheated 

air in our homes in winter is heavily dust laden, as it contributes ma

terially to the disintegration of the textile fabrics used for clothing 

and for hangings, upholstering, bedding, etc. in the home. The fibres of 

all such fabrics upon loss of normal moisture become brittle and break 

Off into fluff and dust particles. Increased humidity not only prevents 

a large amount of this disintegration but tends to lay the dust by dis

charging its static and causing it to remain quiet where it falls.



Br. Wollf BTeudenthatl» an eminent French physician and student

of ventilation,gave a paper "before the Brooklyn Medical Association which

is quoted by Perry lest in an article in the Journal of the American Society
(55)

of Heating and Ventilating Engineem for October, 1925. Br. Freudenthal says:

"In our homes there is positively not overmuch humidity 
but on the contrary too little. This is due to the manner 
in which our houses are heated. The relative humidity which 
ought to have a minimum of 40$ never attains that lowest 
normal point. The influence which this abnormally dry air 
has on the mucous membrane of the nose, throat, etc. is as 
follows: It has been proved that dry air if inhaled will
become saturated in the nose and nasopharnyx, that is to 
say, the drier the air we inhale, the more moisture will be
given off by the nose and n&so diarayx....... How long the
mucous membranes of these parts will be able to furnish the 
necessary water supply ie only, therefore, a question of 
time. We will sooner or later reach the state where the
mucous membranes of these parts will be........dry.....
This will occur in very cold weather, either temporarily 
in healthy person or permanently in pathological conditions, 
.......The lack of humidity is the greatest factor in
producing nasal and post-nasal catarrh with all of its 
sequelae."

In a lengthy paper entitled "A Rational Basis for Ventilation"

read before the Annual meeting of the American oelety of Heating and Ven-
(56)

tHating lhigineers in 1926, Dr, J. E. Rush, Dept, of Hygiene and Publle 

Health, University of Kentucky, barely mentions humidity to say that it 

is ImpoitMit in cold climates, and that "some authorities believe it (a 
low relative humidity) predisposes to respiratory diseases." Possibly 

the relative humidity is not an Important factor in Kentucky, but it 

assuredly is in the north and west.

The death rate from respiratory diseases, as obtained and 

charted by insurance companies reaches a maximum in February and March.



This is explained Tay the fact that these months are at the end of the 

winter, after several months during which our homes, schools, offices, 

etc., have been over-heated, and thoroly dried out, producing correspond

ing drying of the lining of the nose, throat, and lungs and a lowering 
of the resistance to the germs of respiratory diseases in the dust laden 

air.
The requisites for proper ventilation are given by Pr. 0. E. A.

Winslow, Prof, of Public Health at Yale University, in Park’s Public
(57)

Health and Hygiene, 1920 as:- (I) Temperature, steady and cool, but not

cold. (2) Air motion, gentle but not excessive, (3) Freedom Qrom body

odors and poisonous and offensive fumes and dust. Humidity is mentioned

only in a brief statement that hl^b temperature combined with high humidity

is harmful. Br. Winslow was also Chairman of the New York State Commission

on Ventilation, and in a paper published in the Journal of the American
(,57a)

Society of Heating and Ventilating EngiMers for March, 1926, he gives the 

results of some experiments carried on during two winters by that Com

mission In the Public Schools of New York City, to determine the relation

ship between ventilation and respiratory diseases. In three sets of school 

rooms, about 3000 pupils were subjected to various conditions of temperature 

and air motion, as followst- 

GHOUP I.

Average temperature 59° F. Air movement by opened windows and 

gravity exhaust.

Average temperature, 66.5° F. Air movement slightly greater but

GBoUP II
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ty means of same method as In Group I.

GEOUP III.

Average temperature, 68,5° F,, air movement by fan and gravity 

exhaust.

It was found that In Group I and II, respectively, diseases were 

about the same. In Group III, there was 18$ more absences due to respiratory 

diseases, and 70$ Increase of respiratory trouble (probably head colds) 

among those present, He makes no mention of the relative humidity and no 

readings on it are included in the data, Te can assume that under ordinary 

heating conditions the relative humidity would be only moderate at the 

lowest temperature and it would, of course, decrease as the temperature was 

raised. Dr. Winslow seems to blame the colds to lack of window ventilation, 

but states

"It has been claimed that dry air may be partially to 
blame for respiratory diseases."

It seems to me that these experiments prove quite conclusively that the res

piratory diseases were due to the dry air, for even at the very low tempera

ture of only 69° F. which is much below the standard for school rooms, the 

per cent of respiratory diseases was below that in the rooms at 68.5° F.

(normal) where the air was much drier.

The results of some experiments performed in the Oliver Wendell 
(58)

Holmes school in Boston by Dr. Harrington, show a S$ increase in absence 

in the rooms that were dry. ($ of saturation not given). There was no 

appreciable difference shown in the mental tests given to pupils in both 

moist and dry rooms.
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One of the immediate results of the paper of Drs. Ehrana and

Sulllok mentioned above was a series of tests begun in 1913 by John I.
(59)

Shepherd, then Assistant Principal of the Chicago Formal College. The pur

pose of these tests was to determine the effect of humidity and temperature 

upon school children, and covered a period of several years. The subjects 

were a large number of pupils of the first year of High School. A standard 

class room was used and ordinary class room work was carried on under 

varying conditions of temperature and humidity. In some oases the pupils 

understood the nature of the tests and were asked to cooperate. In others 

they were told nothing except to indicate when they were too warm or too 

cold, comfortable or uncomfortable. The average of all this mass of data 

showed that 68° F. and 40$ relative humidity furnished the most comforta

ble conditions, and these are now used in the Chicago Schools and elsewhere. 

To Mr. Shepherd is due much credit for pioneer work in this field. The 

investigation started by him was carried on by the Chicago Board of Health 

under the direction of Dr. E, Femon Hill, and by the Chicago Commission 

of Ventilation. The results of these experiments have added materially 

to the sum total of our knowledge of ventilation. Elaborate and detailed 

experiments were begun by the Hew York State Commission on Ventilation in 

1914. Reference has already been made tp their work. This Board is still 

doing research work along lines of the ventilating problem, but many of 

their conclusions have been drawn from insufficient data and hence are 

not reliable.

The most extensive research work in ventilation has been done by 

the American Society of Heating and Ventilating Engineers, organised in



1895. Their research laboratory Is In Pittsburgh, Pa., and they work In 

conjunction with the U, S. Bureau of Mines. Oarefuj and detailed experi

ments have been carried on there since 1918. Such problems as the effect 

of various conditions of temperature, air motion,and humidity upon metabo

lism, respiration, blood pressure, pulse rate, body temperature, comfort of 

the subject with varying degrees of clothing, at rest and in various de

grees of activity are a few of the things under investigation there, the 

results of which are of interest in a study of this kind. These laboratories 

are completely equipped and have upon their staff some of the foremost 

scientists in America today. They aim to assemble, organise, and publish 

facts of fundamental importance to engineers, architects, contractors, 

doctors, and the general public, Many brilliant medical scientists have 

collaborated in the work on physiological reactions. Most of it so far 

has been directed toward determination of comfort effects rather than 

health effects, but the data now available is a sound basis for further 

investigations on the health side. The results of these experiments have 

been published from time to time in the Journals of the American Society 

of Heating and Ventilating Engineers beginning in the number for March,

1922, and stand today as the most scientific and authoritative data avai

lable, unless there has been some very recent European work.

Most experienced physicians agree that man’s feelings are a 

pretty fair indication of his true state of health. If this be true, then 

what seems to us comfortable is very likely to be also healthful. This 

explains why comfort reacts so favorably upon man's mental and nervous 

state. Hence, altho there is need of more thoro and extended research
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SS to the effect of Tentilatioaa upon health, we can feel quite safe in 

heliering that condition conduciTe to comfort will approximately produce 

health as well. The health curve will follow very closely the comfort 

curve.
A very few hospitals are realising the need of controlled hum

idity. Two instances are the Maternity Ward of the Allegheny County Hoe- 
(60)

pital in Pennsylvania where the incubator for premature babies is under

humidity control and in the Children’s Hospital in Cincinnati, Ohio. In

sn article in the Journal of the American Society of Heating and Ventilating
(61)

Hngineers for Jan. 1928 a description of an ideally ventilated hospital

makes no mention of humidity. It would be interesting to know if the pre-

valance of pneumonia following the taking of a general anaesthetic Ie in

any way deoendent upon the dr,ness of the air in the ordinary hospital.
(62)

A brochure published by Smithsonian Institute in 1896 on "Atmos

phere in Relation to Human Life and Health", treats the subject almost 

wholly from the chemical and bacteriological view point. Johns Hopkins 

University at Baltimore, Maryland, is now carrying on an intensive research 

upon the so called "common cold", and the results will be eagerly awaited 

by all who are Interested in the health phase of ventilation.

Dr. B. P. Xyon, Prof, of Physiology and Dean of the Medioal 

School, University of Minnesota, discusses the problem of humidity and

health in a paper read before the 37th annual meeting of the American
(63)

Society of Heating and Ventilating Engineers in January, 1921. He sayei-

"More theoretical...,.but perhaps.....of more 
fundamental importance is the effect on the nervous
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ayeteai which in the hot, Btagaant air of winter homes 
is assumed to he deprived of the constant tonic of nerve 
impulses coming from a skin stimulated by cool mov
ing air."

Dr. Sllsworth Hxmtington of Yale carried on a series of experi

ments covering a period of years to determine the effect of relative hum

idity and the temperature upon (I) Industry, and (2) Mental activity. 

The results of these experiments are given in his book, "Civilization and 

Climate".  ̂ His data on the first problem were obtained in Connecticut 

during the years 1910 - 1914 inclusive. In these factories there was 

every incentive to good work,— good pay, good working conditions and no 

restriction of output by xmlon regulations. The system of bookkeeping, 

based on piece work, made it possible to get daily and hourly readings. 

The subjects were six hundred men and women, and the records covered a 

period of four years. So large a number made the results quite average 

and reliable, because the accidental and individual would be eliminated. 

There was no Christmas rush, for the output of each factory was small 

hardware— screws, hinges, end small electrical fittings for which there 

is no seasonal demand. There were premiums and bonuses for additional 

work, but these were uniform thruout the year. The individual need for 

extra money at Christmas time is the only thing to explain the increased 

output during any period. The following chart, PIGUBB 5, shows the re

sults of these Investigations and compares them with the seasonal var

iations of various other human activities.

Dr. Huntington explains the low curve in January to March by 

the fact that at that time the relative humidity in-do rs is lowest. In



Connecticut and all other northern regions, houses, schools and factor

ies are shut up for heating reasons from about November first until April 

first. If no method is used to moisten the atmosphere indoors, it is ex

ceedingly dry during the extreme winter weather. After several months’ 

exposure to these conditions, the individual’s vitality or pep is apprec

iably lowered.

Sr. Huntington’s data also shows that we work more slowly in 

cold weather, and faster on cloudy days. This latter is contrary to popu

lar belief, for it is a common idea that we accomplish more in sunny 

weather, We may feel happier but we do not work so well# The relative 

humidity is usually higher on cloudy days and lower on bright ones#

, To determine the effect of relative humidity upon mental ability. 

Dr. Huntington correlated and analysed the grades of the students at the 

U, S. Haval Aoadeny at Annapolis, Maryland, and at the U. S. Military 

Academy at West Point, Hew York. He used the weekly averages in mathe

matics of the first year class at Annapolis for the academic years from 

1907 - 1908 to 1912 - 1913, for a class averaging 220 students, meeting 

six days a week. From West Point, he used similar grades for the academic 

year, 1909 - 1910 and the fall of 1910, from a class of 120. He also 

used the grades of the first year class in English at Annapolis for 1912- 

1913. In order to eliminate all personal things, such as ball games, 

holidays, examinations, and illness, he omitted all grades that fell 10$ 

above or below the expectation for any day. These results are shown in 

FIOlSB 3, and compared with various other graphs showing the effect of 

the seasons upon certain human activities. These particular schools
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were chosen "because of the very regular work and life of all the students 

enrolled, and the graphed curve shows a very decided seasonal change, ex

plained Tyr Br. Huntington the same way as the factory curve.

Mention has already been made of the importance of air condition

ing in industry. Many manufacturing companies having so equipped their fac

tories, soon observed the effect of the better conditions upon the health 

and efficiency of their employees. This led them to equip their offices 

in the same manner, altho there the value of such equipment in dollars 

and cents could not be calculated as it could in the factory. Two of the 

first companies to so equip their offices were the Bibb Manufacturing

Oom$»uiy of Columbus, Georgia, and the Mlshawauka oolen and Rubber Manu-
(65)

featuring Company of Miehswauka, Wisconsin, m e  offices of Henry Ford's 
(66)

(67)
factories are now air conditioned.

Air conditioning was installed in the House of Representatives 

in the Capitol in Washington, D. C, in the summer of 1928, and in the 

Senate Chamber one year later. These interior, window!ess rooms are thus 

kept at a comfortable degree of tenqperature and humidity winter and summer. 

The beautiful new City Hall in Los Angeles had an air conditioning plant 

installed as it was built.

Department stores find that an increased humidity yields a real 

saving upon their stock as well as contributing to the comfort of their 

customers and employees. Many large stores now have provision for 

Idity regulation, as Many's in Hew York and Hudson's in Detroit.

Theatres are finding that air conditioning is solving their 

problem of summer slump and practically all new theatres and many old
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ones are using these principles to insure the comfort end health of their 

patrons. The new liadison Square Garden in New York and the Chicago Indoor 

Stadium, the largest in the world, are provided with manufactured weather, 

the trade name for the Carrier system installed hy the Carrier Engineering 

Corporation.

Office buildings and hotels are trying to overcome the unnatural 

atmospheric conditions prevalent in such places by providing proper com

binations of the essential factors of ventilation.

Some ventilating engineers use a formula, E = 316-4$’, for con

ditions most favorable for work, where B = relative humidity, and F * dry 

bulb reading in degrees Fahrenheit. Air movement is not considered. This 

gives a relative humidity of 76% with a temperature of 60° F., 68$ with 

62° F., 60$ with 64° F., and down to 36$ with 70° F., figures which check 

quite closely with the effective temperatures worked out on this chart in 

FIGTJBE 2. The cooling power of the KATA has been worked out for various

degrees of activity, as follows
Dry Kata WBt Kata

Sedentary Work 6 millicalories 18 millicalories

Light manual work 8 26 "

Heavy manual work

ECONOMIC IMPORTANCE OF INCREASED

10 " 

HUMIDITY.

30 "

The economic importance of increased humidity in the home has 

been suggested in the saving on fabrics in a moister air. The saving in 

fuel is a much discussed and as yet unsettled question. Many heating and



ventile.ti.ng engineers maintain that it requires less fuel to evaporate 

enough water to raise the relative humidity from 20, to 40$, the tempera

ture remaining approximately at 68° P., than to heat dry air the additional 

number of degrees to the higher temperature necessary for comfort. As 

many more believe the amount of heat is approximately the same in the two 

oases.

In the Heating and Ventilating Magazine for March, 1917, Prof.
(68)

Kent gives some extended tables to prove that it is more expensive to hum

idify the air to 60$ and hold it at 62° P., than to heat the dry air to 

72°. He bases his calculations upon a room containing 1800 cubic ft, with 

80 sq. ft. of exposed wall and 40 sq. ft. of window surface. This amou t 

of outside air at 0° F., and 60$ relative humidity contains 0.17 pounds of 

moisture. Vvhen heated to 62° F., at 60$ relative humidity it could hold 

1,92 pounds. This would require an evaporation of 1.76 pounds of water 

at the expense of 1848 B.T.U. To raise the dry air from 62° F, to 72° P. 

would require only 1377 B.T.U., or a loss of 471 B.T.U. If the outside 

air were at 32° P. (a fairer average), the moisture content would be 0.71 

pounds, requiring en evaporation of 1.21 pounds, and the use of 1277 

B.T.U. This would show a saving of 100 B.T.U. Hie estimate of 60$ out

door humidity is a fair average of conditions here, but his 60$ indoor 

humisity is too high. H t h  storm windows, an indoor relative humidity of 

40$ can be maintained without frosting of windows. With single windows, 

and a relative humidity of 40$, condensation will occur whenver the out

side temperature drops below 32° P. Excessive condensation is very in

jurious to the woodwork around the windows.
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Prof. Kent also assumes two complete air changes per hour, and 

this is probably excess ire, except in poorly built houses or in a strong 

wind. . One air change per hour is a fair average, as given in the require

ments and specifications of furnace companies. Assuming, then, that we 

have one air change per hour instead of two, and that the relative hum

idity be raised to 40$ instead of 60$, we can easily see that there is a 

real saving in fuel.

At the convention of U, S. Weather Bureau officials at Omaha

in 1898, in a paper read by Mr. William Wilson, the fuel saving due to

increased humidity and lower temperature was given at but no data

was given to substantiate the statement. Mr. E. S. Mart indale, of the
(69)

Natural Resources Intelligence Service of the Canadian Government, 

believes the saving to be 6$ or more, but states that no reliable in

formation is available on the subject. No data could be found from the 

laboratories of the American Society of Heating and Ventilating Engineers, 

or from the Research Residence at the University of Illinois. I did 

not have the proper facilities for making any determinations along this 

line, but this phase of the heating problem offers a field for research.

Iai1SRIMEHTivh WORK.

The experimental work conducted in connection with this study, 

the results of which are included here, involve the following points*-

1. Actual indoor relative humidity in homes and school rooms.

2. Effect of evaporating known quantities of water.

3. Efficiency of evaporating pans on radiators.



-46-
4. Bate of change of air.

5. Effect of cooking, etc., upon relative humidity.

6. Effect of the number of people in the room upon relative 
humidity

From some preliminary readings taken in the Physics lecture rooms 

and laboratory in Montana Hall, it was found that the relative humidity was 

Yery low. Headings were then taken in the Library, also in Montana Hall, 

and in Hamilton, Herrick, and Lewis Halls and in the Chemistry and Mathe

matics buildings to ascertain how the relative humidity in these buildings 

compared with each other. These readings were taken during January and 

February when the outside temperature was low.

For all the readings taken during the course of these experiments, the 

wet and dry bulb readings were taken with a sling psychrometer, that had 

been calibrated with a dew point hygrometer. The relative humidity was 

then computed by the formulae,

p = P' - .0008 B(t-t') and

r = p
P.

The barometer reading was taken from t e U. S. eather Bureau readings, as 

were also the average daily outdoor relative humidities and temperatures.

ACTUAL INDOOB HUMIDITIES CT HOMES AMD SCHOOL BUILDIHGS.

TABLE I shows the average relative humidity in different rooms 

in various buildings on the campus. All these buildings are steam heated.

TABISS II, III, IV, Vf and VI show the results of readings on
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the relative Immidity in residences, where various types of heating 

equipment are used.

RBSIDEROB NO. II is a seven room, two-story house, with a hot 

air furnace. The water pan is of the front type, filled Dy hand, and has 

a capacity of about two gallons. A group of college girls was living in 

this house, and considerable washing was drying in the basement laundry 

all the time. One reading was taken each day.

RESIDENCE NO. Ill is a six room bungalow, with a hot air fur

nace. A front type water pan held about one and one-half gallons. It 

was filled four times a day with hot water, hence evaporation was not 

Checked. A baby in the home necessitated considerable washing, which was 

dried in the basement. A tea kettle steamed on the kitchen range thru- 

out each day, and there was a large amount of long time cooking. All 

windows had storm sashes. A reading was taken in the kitchen each day 

at noon.

RESIDENCE NO. IV. is also a six room bungalow, and the ordinary 

living conditions were very similar to those in Residence No. III. 

Approximately six gallons of water were sprinkled on the basement floor 

each day and the water pan was filled once each day. These readings 

were taken with a hygrothermograph, and the relative humidities and tem

peratures given in the table are daily averages. lBxere is no direct 

cold air intake in connection with the furnace, but rather the air is 

re-circulated.

RESIDENCE NO. V is a small, four room cottage, heated with



I
-48

stores. Water was evaporated in a shallow pan on the heater, approximately 

three gallon* per day. Headings were taken at 8:00 A.M. daily.

BBSIDEKCB HO. TI is a large, old-fashioned house, with large 

rooms and high sellings. It is steam heated. Headings were taken at 10 

A. M. daily.

The cubic contents of Residence Ho. IT., are approximately

15.000 cubic feet including the basement. One cubic foot of air, saturated 

at 16° F. holds I grain of water vapor. At 64% relative humidity (average 

for period of readings), it would hold .64 grains. Bring this air inside 

and warm it to 70° i. (Average indoor temperature for period), and it 

would hold 7.98 grains. Therefore, the relative humidity, if no moisture 

were added to the air, would be 8.02%. The actual average relative hum

idity was 50.25% or 2.414 grains per cu. ft. Hith a cubic content of

15.000 eu. ft, the moisture content of the house would be 56210.0 grains 

or 4.71 pounds. The amount of water that would have to be evaporated 

would be 26610 grains, 3.46 lbs. or 1.66 quarts. Assuming one air change 

per hour, this would be 40 quarts or 10 gallons per day. The actual amount 

of water evaporated in this house was approximately 6 gallons per day, 

plus such amounts as were evaporated in the process of cooking, in the 

laundry, etc., making a total of approximately 8 gallons. The difference 

of two gallons may be accounted for in the recirculation system employed.

In Besidemde Ho. VI, the cubic contents are approximately

4.000 cu. ft. Air at O0 F., and 65% relative humidity contains .186 
grains per cu. ft. At 70° F. and 27% relative humidity, it would hold 

2.144 grains per eu. ft. There most hare been evaporated 1.96 grains
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TaIile !•
Average Belatlve Humidity In 

Different Buildings at Montana State College
Ho. Oatelde

Bnlldlng Boom of
Head
ings

Aver.
H. H.

I ___

Aver.
Tenqp . 
0F.

Aver. 
B. H.
3

Aver.
Teap . op.

Montana
Hall

Physios
Laboratory 19 13.73 89.5 71.65 24.5

Montana
Hall

Lecture 
Boom 21 21 11.66 88.5 66.70 21.4

Montana
Hall

Lecture 
Bocm IB 10 10.57 84.0 66.70 21.4

Montana
Hall Library 13 16.20 73.5 63.90 28.4

Lewis
Hall

Bacteriology
Laboratory 11 17.80 69.0 60.00 19.4

Lewis
Hall

Lecture 
Boom 11 9 19.02 70.0 67.90 20.8

Hamilton
Hall

Fire Place 
Boom 8 21.49 72.6 60.30 33.0

Herrlek
Hall

Feed Lab
oratory 7 16.63 73.0 57.87 24.5

Chemistry
Bldg.

Lecture 
Boom 300 12 18.89 79.0 61.30 19.6

Chemistry
Bldg.

Lecture 
Boom 202 10 13.13 70.0 66.91 21.6

Chemistry
Bldg.

Freshman
Laboratory 10 22.48 69.0 60.96 30.0

Madhematiee
Bldg.

Claes
Bocm 103 10 21.06 69.0 65.39 26.6

Mathematiee
Bldg.

Class
Boom 203 10 20.68 70.0 65.4 26.0
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TaMe II.
Relatire Baaidity in Reeidenee Ho. I.

Date Indoer Outdoor Bate Indoor Outdoor
R.H.
i

Temp.
0F.

R.H.
Jt

Tenp. op.
R.H.
Jt

Temp.
OF.

R.H. Temp.
0F.

Feb. 22 36.8 75.0 57.5 31*0 Mar. 10 39.4 75.0 55.0 33.6
Feb. 23 36.0 76.0 89.6 33.0 Mar. 11 44.4 73.0 50.7 37.6
Feb. 24 29.1 77.0 82.0 18.6 Mar. 12 23.2 75.0 71.0 37.5
Feb. 26 23.7 75.0 61.7 21.5 Mare 13 32.4 76.0 76.3 28.0
Feb. 26 26.6 76.0 72.5 19.5 Mar. 14 42.1 72.5 90.0 28.0
Feb. 27 23.0 77.0 70.6 19.6 Mar. 15 37.7 73.0 73.0 30.0
Feb. 28 33.0 75.0 84.0 12.6 Mar. 16 36.6 75.0 87.0 27.6
Mar. I 36.1 77.0 92.5 13.0 Mar. 17 44.7 71.6 66.0 23.0
Mar. 2 39.2 75.0 83.0 0.0 Mar. 18 41.9 74.5 48.3 31.0
Mar. 3 39.6 75.0 76.7 6.6 Mar. 19 43.3 73.0 38.0 43*6
Mar. 4 29.1 77.0 45.0 27.6 Mar. 20 36.1 77.0 70.6 38.0
■ ar. 6 36.6 77.0 65.5 34.0 Mar. 21 53.6 71.6 60.0 38.6
Mar. 8 47.1 72.5 68.2 80.5 Mar. 22 39.4 75.0 68.6« 41.6
liar. 9 40.7 74.6 69.6 26.0 Aver. 37.7 74.7 68.6 28.1
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Table III.

Date Indoor Outdoor Date Indoor Outdoor
H.H.
1»

Tomp#Op. H.H. Temp.Op. ' ’ H.H.
t

TBRIpe
Op. R.H.

.1,..
Temp.
0F.

Feb. 6 44.6 71.5 64.6 39.0 Feb. 26 41.4 73.5 72.5 19.5
Feb. 6 54.1 73.6 72.5 36.0 FbIb e 27 53.6 71.5 70.6 19.5
Feb. 7 47.4 73.6 56.0 36.0 Feb. 28 42.6 76.0 84.0 12.5
Feb. 8 47.6 73.6 57.0 41.0 Mar. I 41.2 73.6 92.5 13.0
Feb. 9 41.2 73.5 60.6 27.0 Mar. 2 53.3 71.6 83.0 0.0
Feb. 10 63.2 71.6 44.0 37.5 Mar, 3 34.9 73.5 76.7 6.6
Feb. 11 62.0 75.0 45.5 56.0 Mar. 4 41.3 73.5 45.0 27.8
Feb. 12 66.9 70.0 60.6 25.5 Mar. 6 51.5 73.5 65.5 34.0
Ieb • 15 62.66 76.0 86.7 23.0 Mar. 6 36.1 73.6 73.6 29.5
Feb. 14 34.9 73.6 89.6 24.5 Mar,

Mar.
7 41.7 71.6 70.3 22.5

Feb. 16 30.6 75.0 64.0 30.0 8 42.5 75.0 68.3 30.5
Feb. 16 52.1 70.0 60.0 43.5 Mar. 9 49.6 70.5 59.6 25.0
Feb. 17 59.9 71.6 53.0 45.6 Mar. 10 42.4 76.0 56.0 33.5
Feb. 18 28.8 72.5 29.0 60.6 Mar, 11 41.4 70.0 50.7 37.5
Feb. 19 33.8 75.0 66.6 46.0 Mar. 12 33.5 71.5 71.0 37.6
Feb. 20 49.1 75.0 60.5 44.0 Mar. 13 44.0 77.0 76.3 28.0
Feb. 21 55.1 73.6 56.5 31.0 Mar. 14 38.8 73.5 90.0 28.0
Feb. 22 49.0 76.5 67.5 33.0 Mar. 15 41.6 73.5 73.0 30.0
Feb. 25 37.6 72.6 89.6 35.0 Mar. 16 45.1 70.0 87.0 27.5
Feb. 24 40.1 71.6 82.0 18.6 Mar, 17 27.3 73.6 56.0 23.0
Feb, 26 38.2 70.0 61.75 21.5 Mar. 18 

Aver.
66.9
43.68

70.0
72.9

48.3
65.6

31.0
29.42
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fSktle IT.

Belstlve Homldity in Beeidenee Ho. IV.

Bste Indoor Outdoor Date Indoor Outdoor
B.H.
f

Stemp . 
eF.

B.H. Temp.
OF.

B.H.
<

Temp.
OF.

B.H. Tenq?.
OF.

Peb. 5 34.0 71.0 64.6 39.0 Feb. 22 28.0 68.0 67.5 33.0
Feb. 6 36.6 69.0 72.6 36.0 Feb. 23 27.5 67.0 89.5 33.0
Feb. 7 32.6 71.0 56.0 35.0 Feb. 24 30.6 73.0 82.0 18.6
Feb. 8 27.6 72.0 67.0 41.0 Ieb. 25 27.5 71.0 61.7 21.6
Feb. 9 28.6 70.0 60.5 27.0 Feb. 26 30.0 69.0 72.5 19*6
Feb. 10 27.6 72.0 44.0 37.6 Feb. 27 29.6 68.0 70.5 19.6
Feb. 11 30.6 68.0 46.5 36.0 Feb. 28 26.5 70.0 84.0 12.5
Feb. 12 30.6 69.0 50.5 25.6 Msr . I 27.0 68.0 92.5 15.0
Feb. 13 32.6 73.0 86.7 23.0 Mar. 2 27.0 69.0 83.0 0.0
Feb. 14 34.6 70.0 89.5 34.5 Msr. S 28.6 73.0 76.7 6.5
Feb. 16 31.6 71.0 64.0 30.0 Mar. 4 30.5 72.0 45.0 27.5
Feb. 16 32.0 69.0 60.0 43.6 Mar. 6 32.6 70.0 65.6 34.0
Feb. 17 33.0 71.0 53.0 45.5 Mar. 6 30.5 68.0 73.6 29.5
Feb. 18 29.0 71.0 29.0 50.5 Mar. 7 27.0 68.0 70.3 22.5
Feb. 19 29.0 70.0 56.5 46.0 Mar. 8 30.5 73.0 68.5 30.5
Feb. 20 31.0 68.0 60.5 44.0 Mar. 9 30.5 68.0 59.6 25.0
Feb. 21 29.6 68.0 55.5 31.0 Aver. 30.26 69.9 63.9 21.6
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Table T«

Belatlve Humidity la Beeldence Ho. V.

Ibkte Indoor Outdoor Bate Indoor Outdoor
B.H. Temp.

0F.
R.H.
#

Temp.
‘OF. • R.H.

$
Temp.

op.
R.H.
%

Temp.
op.

Jen. 11 27.3 70.6 68.5 -3.0 Jan. 18 24.1 69.0 61.3 -13.5
Jan. 12 3Q.9 76.0 66.0 —6.6 Jan. 19 27.2 71.6 84.5 - 7.0
Jen. 13 26.2 72.6 83.5 -8.5 Jan. 20 23.8 71.5 49.5 -12.5
Jan. 14 26.8 68.0 45.2 -10.0 Jan. 21 26.2 70.0 81.0 -11.5
Jan. 16 23.6 70.6 44.0 -13.0 Jan. 22 28.0 71.5 76.5 - 4.0
Jan. 16 26.7 68.0 65.0 -19.5 Jan. 23 31.3 66.0 66.5 - 6.0
Jan. 17 29.7 68.0 75.0 -23.6 Aver. 27.14 70.1 66.1 -10.6

-i
i 8 •

Table TI.

Relative Humidity in Residence Mo. TI.
— ........... ..-........ - .. ..... .......... ..........

Bate Indoor Outdoor Date Loor

%
B.H.,
56

.Temp.
Op.

R.H.
Z

Temp.
*F.

R.H.
%

TSmp • 
*F.

Feb. 2 15.3 73.5 53.5 40.0 Feb. 7 27.6 66.0 56,0 36.0
Feb. 3 16.2 80.6 58.5 30.0 Feb. 8 19.2 75.0 57.0 41.0
Feb. 4 13.0 79.0 60.0 33.0 Feb. 9 21.1 71.5 60.6 27.0
Feb. 6 21.2 77.0 64.5 39.0 Aver. 18.9 76.5 60.3 36.1
Feb. 6 19.1 70.0 72.6 36.0



per cm. ft., or for the entire hone®, 1.08 pounds. %1 *  would he approx

imately » gallons per deyr, ueenmlng one air Obonge per hour, and this is 

the approximate amount evaporated per M  hours.

RgdULfR QK %fAPOBA?nW BRPIMIfa ^ A IiflfISS  OP M f 18.

Te determine the effect upon the relative humidity of evapors-
, .• '

ting known quantities ef water, tests were made In the Fhyeiee Laboratory 

M d  Fteretoo Leotnre Ieom 81. main steam pipes for this building run 

directly beneath the floors of these rooms, hence the floors are always 

warn, and water sprinkled on the fleer evaporated very quickly, generally 

in about one hour, m e  Relative humidity was taken under normal eondi- 

tione and after the evaporation of 6 gallons of water la the laboratory, 

and 4 gallons in --too* 21, Tables VII. and VIII. show the results of these 

tests. In every Instance there was a considerable increase in the per 

O M t  of saturation, and in the laboratory this increase was M r l y  uni

form. fhe average increase in the laboratory was 17.68;« per 6 gallons, 

and variations were not very great either way from this average.

OfFICIBBCY 0? MBIATOB FlJSS

Te toot the efficiency of evaporating pans on the radiatore* 

tests were made in Flysios Lecture hoom 21. ^ee shallow pans, rdth an 

evaporating surface ef 870 eq. Ineheo each were used on top of the two 
radiatorw. 'She amount ef water evaporated from each pan during a given 

tine interval was measured, also the temperature of the evaporating 

water and the temperature and relative humidity of the air. She water



added each time was at about the same temperature as the water In the pans 

•o that the rate of evaporation would not he checked. The average day tem

perature of the room was SI.6° C., or 88.7* F. The average day relative 

humidity wan 11.66$.

TABLE IX. shows the results of these tests. The average hourly 

evaporation for the day was 400 ce. or 24.42 cu. inches. The average hourly 

evaporation for the ni#t was 10.62 cu. Inches, or a total hourly average of 

17.46 oc or 0.5 quarts, or 0.143 pounds. It can readily be seen that this 

very small amount of evaporation is not enough to increase the humidity a 

measurable amount* With the sling ysychrometer used for these tests there 

was no appreciable change. The rate of evaporation in this room was rather 

higher than it would be in an ordinary residence, for the temperature was 

very high, 88.7° F., and the relative humidity was low, only 11.66$. The 

reason for the very high room temperatures in the Physics department is the 

fact that they are basement rooms, with only half of the outside wall sur

face exposed.

HATE OF OBAFGE QF AIR.

The rate at which the air was changing was estimated in the follow

ing manner:* The relative humidity was determined under normal conditions. 

The floor was then sprinkled and the relative humidity determined when all 

the water had evaporated, and again one hour later. The water was usually 

all evaporated at the end of the first hour* TABiE X gives the results of 

these tests, and in every ease shows that in one hour the relative humidity 

had dropped to approximately what it was before the floor was sprinkled.
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Table VlI.

Increased Belative Humidity Predneed by Evaporation of 6 Qal. 
of Water In Physics Laboratory. Oubie Contents 19316 Cu* Ft.

Date Before After Gain Outdoor
B.H.
&

Temp.
0F.

B.H.
<

Temp.
0F.

B.H.
% --

Tsnrp.
*F.

B.H..,-.JL- TMpe
0F.

Feb. 21 21.1 86.0 41.0 86.0 19.9 1.0 56.8 31.0
Fe*. 84 28.1 86.0 36.2 86.0 7.1 0.0 82.0 18.5
Feb. 26 10.7 86.0 27.6 86.0 16.9 1.0 61.7 21.5
Feb. 28 21.6 84.0 33.1 84.0 11.6 0.0 84.0 12.5
Mar. 3 11.6 86.0 23.6 87.0 12.0 1.0 76.8 Seb
Mar. 4 15.4 82.5 42.7 83.0 27.3 0.6 45.0 27.5
Mar. 6 13.6 82.5 37.2 82.6 23.6 0.0 73.6 29.5
Mar. 17 20.5 86.0 42.7 86.0 22.2 0.0 56.0 23.0
Mar. 18 21.8 84.0 44.8 84.0 23.0 0.0 48.3 31.0
Mar. 19 12.7 86.0 26.2 86.0 13.6 0.1 38.0 4ri$#6

Table VIII.

Increased Belative Humidity Produced by Evaporation of 4 Gal* 
of Water in Boom 21. Cubic Contents 9660 Cu. Ft.

Date Before After Gain Outdoor
B. H. Tmp. B. H. TBBlpe B. H. Terap • it# tie Temp.
i 0F. < 0F. i 0F. i 0F.

Apr. 20 32.58 89.6 40.68 89.6 8.10 0.0 64.5 47.5
Apr. 29 24.48 87.8 30.40 89.6 5.92 1.8 63.0 46.6
Apr. 30 20.37 89.6 41.84 87.8 21.47 -1.8 56.6 53.0
May I 17.01 86.0 41.26 86.0 34.25 0.0 36.0 57.5
May 5 37.21 86.0 40.06 87.8 2.85 1.8 60.6 48.0
May 6 38.57 89.6 42.44 67.8 3.87 -1.8 65.6 46.0

-----------------I «'
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Bvaperatlen from Badiator Pans
Table IX.

Time Hours Amount Cu. Gen. 
Evaporated per hr.

Time
of
Day

Aver.
Temp.

SiOO A.M. 5:00 P.K. 8.0 3276 ec. 409 CO. day 109.4°F

5:00 P.M. 9:00 A.M. 16.0 3000 187 night

9:00 A.E. 5:30 P.M. 8.5 4895 575 day 101.1*?

5:30 P.M. 10:OOA. M. 16.6 2510 152 ni^it

10:00 A.M. 3:30 P.M. 5.5 1990 362 day 112.1°?

4:00 P.M. 9:30 A.M. 17.6 3000 171 ni#t

9:30 A.M. 2:30 P.M. 6.0 1840 368 day 106.8°?
5:00 P.M. 
Friday

9:00 A.M. 
Monday 64.0 11600 164

9:30 A.M. 6:30 P.M. 8.0 2945 368 day 118.4*?

5:30 P.M. 9:00 A.M. 16.6 2200 142 night

9:00 A.M. 6:30 P.M. 8.6 3250 382 day 113.0*?

5:30 P.M. 1:30 P.M. 21.0 4300 206 % %
W ' 9:00 A.M. Monday 65.0 12500 192 % , % 89.0*?

9:30 A.M. 5:30 P.M. 8.0 2700 338 day



BFFEOf OF OOOKIWg UPON BElAfIYl IRMIPIfY

Readings to check the effect of cooking upon the relative hum

idity were taken in the Foods laboratory in Herrick Hall. These readings 

were taken at IsOO i5. H., when the laboratory had been empty for several 

hours, and again at 4s00 P. Iff. after a class of twenty Iiad been cooking 

for three hours. TABlB XI shows the results of these tests. In every 

case the temperature was raised, due probably to the heat from the stoves 

and to the number of people in the room. The relative humidity increased 

in every case, the amount of increase depending no doubt upon the type of 

cooking done during that period. The cubic contents of the room are 8118 

cu. ft. The cooking was done on electric plates and in electric ovens.

The windows were not opened.

Similar readings were taken in the Bacteriology Laboratory in 

Lewis Hall to show the effect of the autoclave upon the relative humidity. 

In every case, both the temperature and relative humidity increased. The 

cubic contents of Idte room are 10850 cu. ft.

EFFECT OF NUMBER OF PEOPLE UgOW RELATIVE HUMIDITY

To show the effect of the number of people in the room upon re

lative humidity, readings were taken in the Bacteriology Lecture Room II, 

in Lewis Hall, when it had been empty for several hours and after it had 

been occupied by a class of 65 for I hour. The room was filled to its 

seating capacity, TABLE XIII shows these readings. There was an increase 

in both temperature and relative humidity in every instance except on
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Fetiruary 19, when there was a drop In each. The large number of people 

in the room definitely Increased the temperature, but the increase in re

lative humidity was greater except on February 85th. The cubic contents 

of the room are 7290 cu. ft. The average person gives off 3.75 grains of 

water vapor per minute, or .029 pounds per hour. The 65 people in the 

room would then give off 1.885 pounds in the hour. At 19$ relative hum

idity (at the beginning of the hour), the room would hold 1.442 pounds of 

water vapor, and at the end of the hour this had been increased by 1.886 

pounds, or a total of 3.327 pounds. At saturation it would hold 7.59 

pounds. The degree of saturation would, therefore, be 3.327 divided by 

7.69 or 48.83$. But the actual relative humidity at the end of the hour 

was 26.83$, showing a difference of 18$, or an air change of approximately 

70$ per hour. This is a basement room, and a very well built building, 

hence the air change might be only 70$ instead of the usual 100$. HO 

windows were opened.

Similar readings were taken in the Chemistry Building in Lec

ture Boom 300, and in the Freshman Laboratory. The class in Room 300 

numbered 175, and the room was filled to its seating capacity. Results 

are shown in TABLES XIV and XV. In Room 300 there was an increase in re

lative humidity in five instances but a drop in one. The windows were 

opened every day, which completely altered conditions, and made the read

ings of little value. Hot enough readings were taken in either case to 

warrant drawing conclusions. The cubical contents of Boom 300 are 20979 

cu. ft., and that of the laboratory are 33224 cu. ft. Probably the burners



Table X.
Hate of Change of Air

Phyeles Laboratory 
Feb. 3-7

Leoture Room 21 
May 5-10

12:00 H 
B. H. %

1:00 P.M. 
R. H. %

2:00 P.M. 
Be H. %

12:00 Ne 
R. H. %

1:00 P.M. 
R. He %

. 2:00 P.M
R.H. %

11.52 26.34 12.46 32.68 40.68 33.03
21.84 44.82 21.90 24.48 30.40 23.30
12.74 26.19 12.60 20.37 41.84 20 A O
28.09 36.20 26.90 17.01 41.26 26.81
10.66 27.60 12.83 37.21 40.06 38.69

38.67 42.44 37.91

Table XI.

Effect of Cooking Upon Relative Homldlty

Date Re I. Hum ldlty % Temperature 0F Increase Outside
1:00PM 4:00PM 1:00PM 4:00PM B.H. Teay?. R. H. Temp.

Jan. 21 6.82 11.29 69.8 73.4 4.47 3.6 81.00 -11.6
Feb. 4 14.10 27.60 76.2 76.2 13 A O 0.0 60.00 33.0
Feb. 11 16.71 20.62 72.6 73.4 3.79 0.9 46.50 36.0
Feb. 26 18.07 19.76 68.9 72.6 1.68 3.6 61.78 21.5
Mar. 11 24.88 24.91 72.6 76.2 .03 2.7 50.76 37.6
Mar. 18 23.66 26.00 70.7 76.2 1A 4 4.6 48.25 31.0
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TftMe XII.
Bffeet of Autoelftre Upon BeXatlre Humidity

Bate Rel.Humidity % 
1:00PM 4:OOfM

lempe ratxu* e 0F 
ItOOEM 4:001*

Increase 
B.H. Temp.

Outside 
K.H. Temp.

Jem. 21 6.26 8.37 71.6 75.2 2.11 3.6 81.0 -11.6
Jam. 22 8.97 16.85 68.0 71.6 7.86 3.6 76.6 - 4.0
Jam# 34 19.70 22.00 63.6 69.8 2.30 6.3 86.5 - 3.0
Jan. 28 17.27 28.26 68.9 78.8 0.98 9.9 61.6 19.0
Jem. 31 21.00 32.80 77.0 77.9 1.80 0.9 63.6 30.0
Fet. 4 22.00 28.00 72.6 77.9 6.00 5.4 60.0 33.0
Feb. T 26.80 36.70 71.6 76.8 8.90 2.7 66.0 41.0
Feb. 11 27.29 33.41 71.6 71.6 6.12 0.0 45.8 26.5
Mar. 11 26.68 32.46 71.6 77.0 5.78 6.4 60.75 37.6

Table XIII.

Effect ef 65 People Upon Belatire Humidity

5. H. i Temp . 0F Increase Outside

Date Before After Before After
B.H.
*

Temp.
Op

B.H.
3

Temp
op

Jem. 21 7.94 14.67 70.7 71.6 6.73 0.9 81.00 -11.5
Jan. 27 18.86 27.67 66.2 69.8 8.81 3.6 80.25 9.6
Jan. 29 18.78 22.60 68.0 69.8 3.88 1.8 85.00 21.5
Feb. 4 22.40 28.50 72.5 76.1 6.10 5.6 60.00 33.0
Feb. 11 13.13 27.60 62.6 69.8 14.37 7.2 45.50 36.0
Feb. 19 23.26 22.61 73.4 72.6 .74 -0.9 56.60 46.0
Feb. 34 22.70 26.40 69.8 70.7 3.70 0.9 82.00 18.6
Feb. 25 17.24 21.34 68.0 74.3 4.10 6.3 61.75 21.5
Mar. 11 26.99 41.26 65.3 71.6 14.27 6.3 50.75 37.6
Arer. 19.02 25,88 68.5 71.8 6.80 3.3 66.97 23.55
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Table XIV.
Bifeet of 175 People Upon Belatlve Humidity

R. H. % Teaap. 0P Increase Outside
B. K* Temp. R.H. Tsrap •

Date Before After Before After % 0P * 0P
Jan. 22 14.05 18.97 69.8 71.6 4.92 1.8 76.5 -4.0
Jan. 26 21.85 84.59 69.8 75.2 2.76 5.4 85.0 19.0
Peb • 11 20.22 23.10 69.8 77.0 2.88 7.2 45.5 36.0
Peb. 26 14.54 17.82 75.2 77.0 3.28 1.8 72.5 19.5
Ear. 10 24.78 17.71 77.9 83.3 -7.07 5.4 55.0 33.6
Mar. 17 21.17 27.92 68.9 76.2 6.76 6.3 56.0 23.0
Aver. 19.43 21.68 71.9 76.5 2.25 4.66 65.1 21.2

Table XV.
Bffeet of Burners, Evaporation, and Num
ber of Studente Upon Relative Humidity

R.H. %________ Temp. 0F______  Inoreaee_________ Outeide
Date Before After Before After

R.H.
%

Temp.
0P

R.H.
%

Temp
0P

Jan. 31 23.34 34.08 76.2 71.6 .74 -3.6 63.50 30.0
Feb. 7 20.30 28.50 73.4 64.4 8.20 -9.0 56.00 35.0
Feb. U 17.82 16.14 73.4 74.5 -1.68 0.9 46.50 86.0
Feb. 14 22.98 27.27 68.0 66.2 4.29 -1.8 89.60 34.6
Mar. 11 25.22 26.66 67.1 68.0 1.44 0.9 60.75 37.5
Aver. 21.93 24.53 71.4 68.9 2.60 -2.5 61.05 32.6
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and evaporation in the laboratory effected the immldlty, hut no cheek 

could he made upon their relative effect.

METHODS OF HUMIDmCAfION USSD IM FACT0B1ES.

So dlacueelon of humidity would he complete without considering 

the methods that have been used to increase the relative humidity, Mention 

has been made of the Interest shown as early as 1890 In the relationship 

of degree of saturation to manufacturing. Prior to 1900 various methods 

were employed to Increase the moisture in the air, but most of them were 

crude. The first method was the simple one of wetting floors, but was 

not permissible in establishments where a fine product was turned out.

The next step was water in troughs on the walls, or wet clothe hung in 

the rooms, sometimes fanned to Increase the rate of evaporation.

The next step was that of liberating steam in the room. This 

was successful in cold weather, for it heated the room as well as moistened 

it, but in summer it produced a hot, oppressive atmosphere and the amount 

of liberated moisture was low compared to the liberated heat. Organised 

labor in England protested, and their agitation finally resulted in the 

Cotton Cloth Factories Aet which regulates not only the percent of re

lative humidity but the methods that cannot be employed to obtain it.

The following table contrasts the effects of evaporating one pound of
(70)

water and liberating one pound of steam.



After Evaporating After Liberating I lb. 
I lb. of water.s Steam at Atmospheric

Dry Bulb t co °o 69° I CO H O t-» O

let Bulb * 61° 61° i 65.5°

Difference t 19° I

OCD 15.5°

Ab. Humidity I 3.50 grains? 4,90 grains : 4.90 grains

Be. Humidity i 3J$ i 63% (31% rise) : 43% (11% rise)

MD2RN METHODS.

The last twenty-five years have shown rapid development in hum

idifying equipment. Surface evaporation is no longer relied upon, for it 

does not produce a sufficient amount of moisture. Most humidifying systems 

today consist of forcing fine sprays of water into the air. The success 

of such systems depends upon their ability to generate a spray fine enough 

and to circulate it fast enough that evaporation will take place thoroly 

and without precipitation upon objects In the room. Onoe the spray has 

been evaporated the resulting vapor diffuses rapidly and uniformly* The 

spray must be so fine that the particles will evaporate while they still 

float in the air. As the relative humidity increases, the rapidity of 
evaporation decreases, and then the spray must be very fine, and very 

widely and rapidly distributed.

There are various methods used for generating the spray, the 

principal ones being by atomisation, by impact, and by centrifugal force.
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The fttomiaation method usee a jet of compressed air to tear the water 

into particles of spray and distribute it in the same manner as in the 

ordinary nasal atomizer. In the impact method, a fine jet of water under 

pressure impinges upon the end of & small, round wire, and is torn into 

particles. In Gentrifugai^Eechanical separation, water is thrown by 

centrifugal force from the surface of a rapidly revolving disc or brush. 

For the spray chamber of saturated air humidifiers in central station 

plants a Centrifugal-Hydraulic separator is used. A jet of water enters 

a small cylindrical chamber thru a tangential opening and escapes thru 

an axial opening with a rotation so rapid that it immediately separates 

into spray.

Under some circumstances spray or free moisture in a room is 

objectional. In such eases, air is humidified before being brought into 

the room. A current of air is forced thru a chamber where it is so inti

mately mixed with spray that it becomes saturated. The air passes from 

the spray chamber thru zigzag plates or eliminators, to which the un

evaporated spray adheres. The escaping air then contains no free moisture. 

Boom air is drawn out as the moistened air enters, and in most such sys

tems the withdrawn air is re-circulated and re-conditioned. This method 

is used only in large plants where they have adequate equipment of the 

"Central Station" type.

After the spray is generated, it must be distributed rapidly 

and widely. Sometimes an air blast is used, particularly in the atomiser 

system, the same compressed air being used for both atomizing and dis-
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trituting. In the case of the centrifugal spray, the reduction of pressure 

produced hy the rotating disc produces a current of air sufficient to dis

tribute the spray. Electric fans are often employed to force the spray 

thru a large area.

COOhIHG SFFEGf Og HUMIDIFIERS.

The evaporation of every pound of water at 70° F. requires 1052 

B.T.U. of heat, and this heat Is taken from the surrounding air. Hence 

the humidifier in the factory provides a moderate and comfortable temper

ature in hot weather. In winter the cooling effect must be counterbalanced 

by an increase in the amount of heat supplied#

HUMIDIFICATION EOPIPMMfT IH THE HOHB

Since air dryness in houses is the direct result of artificial 

heating, the natural remedy is the installation of some sort of humidify

ing apparatus that will operate in conjunction with the heating plant.

Such humidifiers tend to be automatic, as the same outdoor conditions that 

effect the temperature effect the humidity also. When such an arrangement 

is not possible nor adequate, some additional apparatus must be operated.

" AHM AIH FUBffACKS.

It is a quite common belief that hot or warm air furnaces are 

very drying, and that steam or hot water heat keeps the air properly hum

idified. In point of fact, it is much easier to humidify the air with a 

hot air furnace than with steam or hot water systems. Evaporation of



water into the air circulation of a hot air furnace ie very simple. All 

hot or warm air furnaces are equipped with water pans, usually placed be

side the fire pot near the firing door and filled by hand. In some types 

of furnaces there is a crescent shaped pan almost encircling the fire pot. 

This may be filled by hand, or be automatically kept filled by means of 

a float box connected to the water service. Another type has a large 

shallow pan on top of the dome or combustion chamber, either filled by 

hand or connected to the water service and automatically filled by means 

of a float. Still a fourth type is a base evaporator, a broad, shallow 

pan beneath the ash pit. This may be automatically filled. The evapora

ting surface is comparatively small on the front pan, somewhat larger on

the orescent pans and considerably larger on the dome pan. Tests made by
(71)

the diversity of Illinois at the Hesearch Besidence show that under the 

same firing conditions, the dome pan evaporates approximately 2.25 times 

as much as the front pan, the crescent pan evaporated 1.5 times as much 

as the front pan, and the base pan 3. 5 times as much. The temperature 

of the base pan is much lower, but its evaporating surface is greater, 

and the horizontal air movement over it surface increases its rate of 

evaporation. The dome pan will evaporate nearly I pound of water per 

square inch of exposed water surface per day during the coldest weather 

when the furnace is heavily fired. Being automatic and large, this dome 

type is the most efficient. It can be installed at reasonable cost by 

any plumber, and by adjusting the float the water surface can be regu

lated, and hence the amount of water evaporated per day.
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Alr at O0 F. and 65^ Belatlve Humidity, contains .185 grains 

per cu. ft. At 69° F., and 40% relative humidity it could hold 3.192 grains. 

There would have to be added, then, a little more than 3 grains per cu. foot. 

For an average small house of 15000 cu ft., there would have to be added 

45,000 grains or approximately 6 pounds of water. If the air changes once 

every hour, this would mean 144 pounds or 9 gallons per day. If a dome pan 

evaporates I pound per square inch per day, an evaporating surface of 144 

sq. inches or I sq. ft., would provide for a relative humidity of 40%.

This amount, however, ie not evaporated, exeept during the most severe 

weather when the furnace is operating at full blast.

A humidifying device of another type for use with a hot air fur

nace consists of a spray nossle placed a few feet up in the principal re

turn air pipe. The nozzle, connected to the water surface, throws a fine, 

misty spray directly downward, where some of it is taken up by the cold air,

which thus becomes humidified and also washed. The surplus water drains
.1, ■ ' ■ j'': ' '

away into the house drains. This humidifier uses about 200 gallons of

water per day, depending upon the pressure, and from 10 to 20 gallons are 

evaporated.

The »o called "parlor furnace" is provided with a water pan, but 

in most makes it has too small an evaporating surface to be efficient.

Most of these stoves can be equipped with a dome pan, which has to be 

filled by hand, but evaporates a considerable amount of water per day.

From one such dome pan with an evaporating surface of approximately 50 sq. 

in., 6 quarts or 1& gallons were evaporated daily. This was sufficient
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to raise the humidity in the house whose cubic contents were 7600 cubic 

feet by 6$,
(72)

A make-shift humidifier is described by Mr. E. S. Martindale 

to use in front of or over hot air registers. It consists of a series of 

wicks dipping into a vessel of water. The wicks are kept wet due to 

capillarity, and the water then evaporates from them, the amount depend

ing upon the temperature and the evaporating surface. He gives no figures 

on their effioienoy, and I doubt if they would be satisfactory. They 

would surely be dirt catchers.

With steam or hot water heating, the proper humidification of 

the air is a much more difficult problem. The quite common practice of 

using radiator pans has been proved to be almost useless. The rate of evap

oration is so slow and the amount of water evaporated so small that the 

increase in humidity is negligible.

Y here a wide device is used to increase the evaporating surface, 

the efficiency la increased. Tiers of shallow pans are sometimes used, so 

arranged that the air passes horizontally over a large surface, and a much 

larger amount of water will be evaporated. This type of humidifier, where 

air is forced over a series of broad, shallow pans, is also used in connec

tion with hot air furnaces, and the manufacturers claim a high efficiency 

for the system.

Several humidifiers are now on the market which make use of a 

retort or vaporizer placed in the fire box of the boiler or furnace. This 

is connected to the water service, and the amount of water vaporized is



determined by the intensity of the fire and by a Vf Ive adjusting the flow 

of water. One such type has an automatic valve, made of metals with un

equal coefficients of expansion, so that their temperature automatically 

regulates the flow of water. Shore this vaporiser type is used with a 

hot air furnace, the vapor is delivered directly into the air circulation 

system. In a steam or hot water system it is carried in well insulated 

pipes to the various rooms. The makers of this style of humidifier claim 

a high efficiency for it.

Another humidifier similar to the one just mentioned, is des- 
(73)

cribed by Mr. Martlndale . It is adaptable to either type of furnace, 

as it uses the waste beat of the smoke pipe for the evaporation of the 
water, the vapor thus formed being distributed as in the retort system. 

One section of the smoke pipe is replaced by a pipe surrounded by a 

water jacket, the level of the water being determined by a float. Ho 

data is given on the efficiency, and I question if the temperature of 

the smoke pipe would be sufficient to evaporate an appreciable amount 

of water.

All the humidifiers so far described operate in connection with 

the heating plant. Various types are on the market that are independent 

of the heating equipment. One such equipment necessitates the installa

tion of a long water proof box In the wall, A specially designed nossle 

connected to the water service forces a fine spray downward in the box.

An opening on the room side at the upper end admits the dry air, which 

Is humidified and washed and passes out an opening on the room side at



th$ lower end. The surplus water drains away.

Many portable electrical humidifiers are now on the market.

One is an atomiser type, and a small electric motor drives an air com

pressor to vaporize the water. Another one uses a motor to rotate a disc, 

and the water thrown from the disc against a series of blades is vapor

ized and the vapor thrown into the room. In another type an electrically 

driven fan forces a current of air against a slowly moving wet fabric 

belt. The heat for the evaporation co ee from the air, electricity being 

used only to operate the motor. Another type evaporates the water by 

means of a heating element placed in the water container. All these de

vices mast be supplied with water by hand, and all are expensive to oper

ate, even with the most favorable current rates. Tlie evaporation of two 

gallons of water in 15 hours by means of a heater unit would require 340 

watts. At five cents per kilowatt hour, this would cost 25 cents per day

or 17.50 per month. A capacity of 2 gallons would be enough for only one 
(74)

er two rooms.

Still another device to be used with steam heating equipment is 

a special valve on the radiator for the continuous liberation of a small 

amount of steam into the room. In cold weather the heat liberated by 

condensation helps to warm the room, but in warmer weather it raises the 

temperature too much. The attachment is unsatisfactory too, for the 

steam will spoil the walls, hangings or furniture upon which it falls.

The valve is hard to keep in adjustment to prevent a drip upon the floor. 

OOMPAHIES MiUTOEAOTUB IHd HUMIDIFYING EQUIPMENT

-71-
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A list of a few of the companies manufacturing humidifying de

vices, together with a brief description of their products follows:

HOMIDIffIEBS Hf IFr:>USTRIAL PLANTS

I. The Carrier Engineering Corporation of Newark, New Jersey 

is one of the largest air conditioning companies in America. Their bulle

tin No* 58 gives a complete description of their system known as Manu

factured Weather. Their slogan is, "Every Day a Oood Day". Mr. Willis 

Carrier, head of the company, is perhaps the foremost authority on ven

tilation and air conditioning in America today. Their extensive adver

tising in magazines has done a great deal to educate the general public 

as to the requisites for proper ventilation. Their little magazine 

"The leather Vein", Is entertaining and instructive.

8. The Buffalo Forge Company, Carrier Air Conditioning Com

pany of America, in Buffalo, New York, is a big company manufacturing 

industrial air conditioning equipment. Their bulletin No. 480 contains 

much valuable information.

8. The American Moistening Company of Providence, Bhode Is

land, has installed humidifying plants in textile mills since 1888.

Their catalogue No. I describes their system. It is interesting to note 

that their Aaoo Automatic Electric Humidity Control uses an animal mem

brane as the hygroscopic substance. More than 10,000 tests in their 

research laboratory proved the animal membrane to be the most efficient 

substance. The expansion and contraction of this membrane operates a



set of electric*! contacts which in turn operate electrical control de

vices.

4. Bulletin &28 of the Parks, Oreoaer Omapwy ef oston, Ease- 

echueetts, gives the general principles of air conditioning, describes 

various standard types of humidifiers and their own product.

mmzm'i&m Tm  ^  w w # .  schools, to.

I. The General Gas umacc Company of oChester, lew York, 

puts out a device called the wGenercl ^umidifier", in which a spray with

in the hot air furnace casing evaporates from S to 18 gallons or day. 

for residences mated with steam or hot water they make a similar device 

hut operated by a separate heating unit. This separate unit serves as 

an auxiliary heater during mild weather.

8. The OarrIeiMyrIe Corimration of Newark, lew Jersey make 

what is called a "Weathemafeer", far use in residences. Evaporation 

takes place from a sloping pen so placed that the cold, incoming air 

passes horizontally over the water surface. The water level is regula

ted by a float.

8. The Ameriean ‘/sundry and Furnace Company of Bloomington, 

Illinois, in their "American System" have the evaporation pan connected 

by pipes to coils in the fire hex. This insures boiling water in the 

evaporating pan and an increased evaporation. This system is used in 

schools, churches end ether large buildings. Per residences they make 

a eomolete heating and air conditioning eqaipm*** called the "JunesIr
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'Sesthemfttlo'', in which nay k W l  of fuel own he used, k terr oed Wter 

pen Is eutomstio»Uy regulated to furnish from 66 to 200 square Inches of 

ewporating surface.

4. the Hollairui Furnace Company of Holland, Michigan, make a 

terraced section of the furn Ce easing upon which water drips constantly.
The rate of drip can he regulated to e w  -orate from S to 86 aliens per day. 

The a n e w  orated water drains away, a part of the surplus serving to dampen

the ashes.

5. In the Chamberlin Autmmtie Humidifier water drips into a pan 

where it le instantly ew*rated. A valve regulates the rate of drip and 

hence of evaporation.

6. The same principle is used in the Automatic Hrlp Humidifier, 

mode b the Automatic Humidifier Oompeay of Cedar Fails, Iowa, except 

that in this type the rate of drip is regulated by a valve which opens and 

dee## due to the unequal coefficient of expansion of steel and aluminum.
7. The A.B.C. Automatic Moistener made by L, 0. Thiele company 

Cf Indiana d i e ,  Indiana, regulates the water level In the evaporating pan 
by means of a counter weight. As the pen fills its increased weight 

causes the counter weight to rise, closing a valve that shuts off the 

water supply. As the water pan empties It rises and the lowering counter 

weight opens the valve. The amount of water in the pan *hen it is full 

can be regulated by moving the weight along its balance arm, furnishing 

an evaporating surface of from 90 to 180 eoeare inches#

8. The MsCuey BMIator Oor oration of Chicago madee a type of
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radiator for hot water or steam that has a water pan built in at the top 

and back. Horizontal heating units at the bottom carry the steam or hot 

water. Cold air comes in at the bottom and is heated in passing through 

these pipes. lHiia v*armed air moves upward, is deflected horizontally 

across the water surface, and becomes moistened before passing out into 

the room.

9. The "Handy", manufactured by E. Ifeyer and Bros. Co., Peorie, 

Illinois, comb Lnes an air washer and humidifier. It consists of several 

tiers of long narrow pans, one row staggered over the next, the whole 

arrangement place at the bottom of the furnace casing. lShe cold air is 

drawn in at the bottom and passes over the water surfaces, where it is 

washed and moistened.

10, The American Air Purifier Cor oration of Hew York City 

makes a portable humidifier to be placed in any room. A motor driven 

water wheel turns in a casing and dips into a pan of water. There is an 

evaporating surface of about 80 square feet on the blades of the wheel, 

and the air velocity past the revolving blades quickly evaporates the 

water. If the machine is placed in front of a register or radiator and 

the pan filled with hot water about one quart of water will be evaporated 

per hour, A larger type, with an automatic water supply for the pan can 

be installed in the basement and the moistened air conducted to the rooms 

thru pipes. To increase the rate of evaporation a heating coil is used 

in the pan.

These are only a few of the many devices on the market for in

creasing the relative humidity of homes. Tiany of them are simple in
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eoB.8truetIon1 operation &nd are not prohibitive in price.

CONCLUSIONS

It haa been shown in this study of relative humidity that the 

amount of moisture in the air is important from a health and from an economic 

standpoint, in industry, in the home, and in schools and other public 

buildings. It hap been shown that it is the indoor conditions that are 

important, because the most of our time is spent indoors, and that the 

indoor relative humidity depends upon outdoor temperature and humidity, 

indoor temperature, rate of air change, amount of water evaporated dur

ing ordinary household operations, and upon the number of people in the

room.
There haa been found a definite relation between comfort and the 

three most important factors in ventilation, - temperature, relative hum

idity, and air movement. It is believed that there is also a definite 

relation of health to these three factors, but such a relation has not 
been completely established.

The general public needs to be informed of the importance of 

proper humidification. Hesidences will be equipped with humidifying de

vices when people come to appreciate the value of humidity. hen the 

public understands the need of a higher moisture content of the air In 

schools, churches and other public buildings and demands it, it will be 

forthcoming.

There is need for further research along at least two lines a#
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reg&rda ventilation.

1. Eelation of health to ventilation.

2. Coat of heating dry air to a higher temperature as compared 

to the coat of evaporating water to secure a higher percent 

of relative humidity at a lower temperature.

It would seem that the "better health and increased efficiency in the more 

moist air would offset any increased expenditure, if there were such an 

increase.

It is to be hoped that in the near future in our schools, at 

least, there may be installed equipment for evaporating sufficient water 

to increase the relative humidity to a healthful and comfortable standard#
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