Rose-Hulman Institute of Technology
Rose-Hulman Scholar

Technic Student Newspaper

Winter 3-1938

Volume 47 - Issue 6 - March, 1938

Rose Technic Staff
Rose-Hulman Institute of Technology

Follow this and additional works at: https://scholar.rose-hulman.edu/technic

Recommended Citation

Staff, Rose Technic, "Volume 47 - Issue 6 - March, 1938" (1938). Technic. 518.
https://scholar.rose-hulman.edu/technic/518

Disclaimer: Archived issues of the Rose-Hulman yearbook, which were compiled by students, may contain stereotyped, insensitive or inappropriate
content, such as images, that reflected prejudicial attitudes of their day--attitudes that should not have been acceptable then, and which would be widely
condemned by today's standards. Rose-Hulman is presenting the yearbooks as originally published because they are an archival record of a point in
time. To remove offensive material now would, in essence, sanitize history by erasing the stereotypes and prejudices from historical record as if they

never existed.

This Book is brought to you for free and open access by the Student Newspaper at Rose-Hulman Scholar. It has been accepted for inclusion in Technic

by an authorized administrator of Rose-Hulman Scholar. For more information, please contact weirl @rose-hulman.edu.


https://scholar.rose-hulman.edu?utm_source=scholar.rose-hulman.edu%2Ftechnic%2F518&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.rose-hulman.edu/technic?utm_source=scholar.rose-hulman.edu%2Ftechnic%2F518&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.rose-hulman.edu/studentnewspaper?utm_source=scholar.rose-hulman.edu%2Ftechnic%2F518&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.rose-hulman.edu/technic?utm_source=scholar.rose-hulman.edu%2Ftechnic%2F518&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.rose-hulman.edu/technic/518?utm_source=scholar.rose-hulman.edu%2Ftechnic%2F518&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:weir1@rose-hulman.edu

Vol. XLVII March, 1938 Number 6

Member Engineering College Magazines Associated
ROSE POLYTECHNIC INSTITUTE - - - TERRE HAUTE, INDIANA

St PAT'S NUMELEE ..




The Faculty of Rose joins the Students in extending

a cordial invitation to visit the

ROSE SMOW
ON APRIL 7, 8, AND 9

If you are considering the study of engineering, call
at the information booth while at the Show, and we
shall be glad to discuss courses and admission require-

ments with you.

ROSE POLYTECHNIC INSTITUTE
TERRE HAUTE, INDIANA




Surveying
T his

Issue

HE brewing industry, after a

period of dormancy, is again
approaching the status of a major
industry. In this month’s lead
article, Mr. Dillahunt describes the
rapid growth of the industry since
the repeal of Prohibition and ex-
plains thoroughly the components
and processes of production.

UMMER air conditioning, con-
trary to the layman’s belief,
embraces not only cooling but also
dehumidification and purification.
Mr. Pearce discusses the four prin-
cipal methods of summer air-con-
ditioning and the necessary equip-
ment for each method.

VER since alternators were de-
veloped and employed in in-
dustry, suitable means of voltage
regulation was imperative. The
three fundamental types of voltage
regulators in use today are the
rheostatic, the vibrating contact,
and the electronic. Mr. Lundgren
describes these principles of volt-
age regulation in his article on
that subject.

—M. B. S.

BREWING, A FERMENTATION INDUSTRY
Joseph A. Dillahunt
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Brewing, A Fermentation Industry

Joseph A. Dillahunt, ch., 38

HE art of brewing dates back at

least 6,000 years. In 1935, an
expedition of archaeologists from
the Museum of the University of
Pennsylvania and the American
Schools of Oriental Research who
were excavating in Mesopotamia,
found a seal or drawing baked in
pottery, which showed two brew-
ery workers using long poles to
stir the contents of a brewery vat.
The date of this artifact was esti-
mated as the 42nd century, B.C.

There are numerous early writ-
ten mentions of beer. The Egyp-
tian Book of the Dead, which has
been pronounced by scholars to be
about 5,000 years old, mentions
beer made of barley. During the
Middle Ages beer was brewed and
dispensed from monasteries and
from the manorial houses of the
feudal lords. A woodcut has been
preserved, dated 1397, showing a
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The art of brewing, which may be
traced back 6000 years has had a
most interesting and unusual history
from both an economic and a roman-
tic viewpoint. In spite of the set-
back suffered by the brewing indus-
try during the Prohibition era it is
today more highly developed than
ever before. Mr. Dillahunt explains
bpth the economic and technical
significance of modern brewing.

monk at work in the brew house.
Historical record indicates that
the shortage of the beer supply
aboard the Mayflower was respon-
sible for the landing of the Pil-
grims at Plymouth. Numerous
claims have been made as to the
location and date of establishment
of the first brewery in this country.
One maintains that the Dutch
West Indies Company built its first
brewery in lower Manhattan in
1623. Another claim is based on a
law of 1637 of the Massachusetts
Bay Colony which bestowed the
exclusive right of brewing upon a

certain Captain Sedgwick.

The American beer industry, de-
veloped from the early beginnings
of Colonial and Revolutionary days,
was legislated out of existence on
January 16, 1920, when the Eigh-
teenth Amendment became effec-
tive. A great industry, which in
its peak year of 1914 comprised
1,250 separate brewing concerns
with a total -capitalization of
$792,914,000 and employing 75,404
persons, was virtually extermi-
nated.

The re-legalization of beer came
on March 22, 1933. It became
possible to rebuild the brewing in-
dustry. The rehabilitation of plants,
installation of machinery and
equipment, and purchases of ma-
terials for the manufacture of beer
constituted a real stimulus to the
general recovery of American
business.




Statistical History

The rise of the brewing industry
to a point where it ranked as one
of the greatest economic factors of
the United States is demonstrated
in the following compilation of sta-
tistics on production. The advent
of prohibition naturally brought

It is interesting to note that in
1864, the population was about
35,000,000 and the production was
3,141,381 barrels of 31 gallons,
giving a per capita production of
2.75 gallons. In 1914, fifty years
later, the industry reached its peak
production of 66,189,473 barrels.

—Cuts Courtesy Ind. and Eng. Chem.

400 Barrel Brewing Unit

the production to a virtual stand-
still. However, the figures have
been brought up to date since the
return of the industry.

The statistics which follow are
compiled from Arnold and Pen-
mans “History of the Brewing In-
dustry and Brewing Science in
America” and from Person’s “Beer
and Brewing In America”.

Statistical History of the Amer-
ican Brewing Industry:

Fiscal Year Production in
ended June 30 barrels (31 gal.)

3,812,346

6,574,617

18,347;111

27,561,944

39,471,593

59,544,775

66,189,473

9,231,280

1933 (9 mo.)..20,666,918

40,034,907

45,143,032

53,000,141

1937 (8 mo.)..38,663,824
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The population was estimated at
98,500,000, giving a per capita pro-
duction of about 20 gallons per
year. More recently, in 1936, the
production per capita was about
13 gallons.

It is also interesting to note that
as production increased, the num-
ber of breweries decreased. This is
true both before and after prohi-
bition. In both instances, this is
largely attributed to mass produc-
tion, with the consequent estab-
lishment of large breweries and
innovation of extensive shipping
business. This hastens the decline
of the small local brewery.

Invested Capital

An important economic consid-
eration of any industry is that of
invested capital and that of ex-
penditures and receipts. According
to statistical reports of 1910, the
brewing industry ranked sixth
among the great industries of the
United States in point of invested
capital and seventeenth in point of

value of product.
The figures for 1910 are:

Capital invested in
brewing industry ...............$671,158,000
Wages paid by brewers 41,200,000
Salaries paid by brewers 22,000,000
Number of workers employed 66,000
Cost of raw materials 100,000,000
Capital invested in
malting industry
Acres of barley harvested
Hops raised
Acres

60,000,000
7,500,000

44,000
8,000,000

Value
50,000,000

Cooperage, invested capital..

Coal consumption of
breweries (tons)

Value of product
including Federal tax

amounting to

Taxes and licenses (State

and local) 80,000,000

In 1914 beer production had in-
creased by 11% to an all time high.
It would be fair to add 10% to the
above figures, which would give
for the year 1914:

Capital invested in the
brewing industry
Capital invested in the

malting industry 66,600,000
Cont of materials 0 110,000,000
Capital invested in

55,000,000

cooperage
Value of product 412,200,000

This makes an investment of
about 800 million dollars for the
brewing and malting industries,
which are practically one for eco-
nomic figuring. The investments in
auxiliary trades can well be esti-
mated at 200 million dollars, mak-
ing a billion dollar industry in

1914.

No such figures are available for
the industry since the end of pro-
hibition. What figures are avail-
able, however, indicate that the
brewing industry in this country
is again approaching the status of
a billion dollar industry. The value
of products in 1935, according to
the census of 1935, was $420,030,-
140. This somewhat larger figure
than those previously cited for
greater production is due mainly
to the fact that the industry is
now more highly taxed than at
any other time in its history.

Raw Materials

One of the primary considera-
tions of any industry is its raw
materials. The following ingredi-
ents enter into the composition of
beer in the United States: barley,
hops, water, and yeast. Strictly

.. 847,726
.. 374,730,000

57,456,411

$744,985,380
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speaking, yeast is not to be con-
sidered as a raw material as it is
not used until after the wort has
been prepared and generally is not
found in the finished product. Ac-
cording to the reports of the
United States Commissioner of In-
ternal Revenue, the raw materials
from which the average barrel of
American beer (31 gallons) was
brewed during the fiscal years
1934-35-36, were:

37.96 lbs. Malt
.69 lbs. Hops and Hop Extracts
7.68 1bs. Corn and Corn Products
3.48 lbs. Sugar and Syrup
2.69 lbs. Rice.

Barley

Barley for malting is usually
purchased on the basis of hand
examination. Frequently, however,
the chemist is asked to determine
moisture and total nitrogen and
starch contents. The starch per-
centage alone would serve to value
the barley if a high percentage of
extract in the resultant malt were
the only consideration. However,
malt is not valued solely on its
yield of extract, nor malting barley
on its starch content, though this
is an important factor.

So far as chemical analysis can
supply any measure of the brew-
ing “quality” of barley, the nitro-
gen content, expressed as a per-
centage on moisture free barley, is
probably the most useful figure.
In general, the lower the nitrogen
content, the more highly the barley
and the malt therefrom is prized.
Moisture is determined by drying
a five gram sample to constant
weight and noting the loss in
weight, while total nitrogen is de-
termined by the familiar Kjeldahl
method on a three gram sample.
Germination tests are also fre-
quent.

Hops

Hops are the dried and ripened
cones of the hop vine. The blossoms
are produced in August and are
gathered from September to the
middle of October. The prompt
drying of the hops is essential in
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order that they may be safely
baled. This drying takes place at
about 40° C. in hot air, after which
the hops are compressed into bales.
Hops are of great importance in
brewing, being used to precipitate
certain proteins and to impart to
the beer the characteristic aroma
and sharp taste.

One of the most common tests
of hops is an examination for the
detection of free sulfur. Hops are
often heavily sulfured in the field
with flowers of sulfur to retard
the development of moulds. Many
yeast difficultiess are laid to the
presence of free sulfur, which finds
its way into the fermenting vats,
and being exposed to the action of
the living yeast, is reduced to
hydrogen sulfide with the conse-
quence of an undesirable stench.
Hops are often exposed to the ac-
tion of sulfur dioxide in the drying
process. In inferior hops, this is

the volume of the finished beer.
At first glance, it might seem that
the question of water would be a
relatively unimportant factor; that
either any water would do, or that
a very pure and possibly distilled
water would be essential. The real
truth lies between these extremes.

The quality of water used for
brewing is very important as
affecting the product. In general,
the water should be moderately
hard, and the salts desired in it
are calcium and magnesium sul-
fates and sodium chloride. These
salts are needed to promote proper
yeast growth. If very much iron is
present, it is generally held to be
objectionable, and the water should
be purified. More than very minute
traces of nitrates give rise to yeast
troubles. Very soft water is im-
proved by the addition of gypsum.

Yeast

One of the most important parts

Interior of a

for the purpose of brightening
them and improving the -color,
with a consequent increase of
market value.

W ater

In the brewing process water is
the solvent which dissolves the ex-
tractive substances contained in
the malt and malt adjuncts. Water
comprises between 85 and 92% of

Brewing Tank

of the brewing process is the fer-
mentation; consequently, the yeast
used is a point for serious con-
sideration.

Fermentation is a general term
applied to various chemical chang-
es caused by the action of bodies
called ferments. These are: (a) un-
organized chemical substances,
called enzymes, secreted by living
cells; and (b) certain micro-organ-
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isms. Enzymes include such bodies
as diastase, invertase, peptase,
ptyalin, emulsin, etc. They usually
assist in the nutritive functions of
the animal or plant in which they
occur, the changes which they
cause being sometimes of the na-

include fermentable sugar, nitrog-
enous matter, and, already spoken
of under water, certain mineral
salts such as sulfates of calcium,
potassium and magnesium. Air
(oxygen) is desirable, especially at
first; later it is often excluded from

Yeasts are also grouped into
two general classes: top yeasts and
bottom yeasts. The former require
rather high temperatures (15 to
30° C.) for the fermentation, which
is very active, the rapid evolution
of carbon dioxide causing the

—Cuts Courtesy Ind. and Eng. Chem.

Bottling department of a brewery, showing Bottle Soaker, Filler, and Crowner.

ture of hydrolysis. The micro-
organisms produce very complex
changes in the substances upon
which they act, probably caused in
part by the enzymes secreted by
them. The product formed varies
according to the kind of organism
predominating in the liquid, and
the fermentation is distinguished
as alcoholic, acetic, lactic, butyric,
ete.

Organized vegetable ferments
may be divided into three classes:
(1) mould growths, (2) yeast
plants, and (3) bacteria. The yeasts
have great technical importance,
owing to the part they take in
alcoholic fermentations. Yeast con-
sists of an aggregation of plant
cells, forming a slimy, yellow mass
of peculiar odor, and having an
acid reaction. Under proper condi-
tions, the cells propagate with great
rapidity. The temperature must be
constant at from 6 to 26° C. (a
higher temperature is conducive
to the formation of fusel oil), and
substances necessary for the grow-
ing plant must be present. These
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the process to prevent secondary
fermentation and a consequent
conversion of aleohol into acetic
acid or other products.

Through aleoholic fermentation,
the fermentable sugar in the solu-
tion is converted into alcohol and
carbon dioxide:

C¢H1.04=2 C.,H;O0H 4+ 2 CO.

But this does not express the true
decomposition, for a large number
of other substances are formed at
the same time, the more important
being glycerine, succinic acid, vari-
ous organic ethers, and most im-
portant of all, butyl, iso-butyl, and
amyl alcohol, which are collectively
known as fusel oil.

When the amount of alcohol
formed in the liquid equals 14 to
15 percent, the yeast can no longer
propagate itself, and the fermen-
tation ceases. The presence of cer-
tain mineral salts such as borax,
mercurous chloride, sulphurous
acid, and free -caustic alkalies
often retards or prevents fermen-
tation.

liquid to bubble violently, and
carrying the yeast to the surface.
This yeast is used for heavy beers
and ale, for alcohol and high wines,
and for some regular wines. Bot-
tom yeasts act at lower tempera-
tures (4 to 10° C.), and the fer-
mentation is slow; the evolution of
carbon dioxide is gradual, and the
yeast remains on the bottom of the
vat.

For technical purposes, it has
long been the custom to use culti-
vated yeasts for alcoholic fermen-
tations; but Pasteur showed that
these contained many wild yeasts,
i. e., plants whose actions were
either unknown, or are detrimental
to the product.

Brewing was the first industry
to recognize the significance of
controlled pure culture organisms
through the work of the great
Emil Christian Hansen of the
Carlsberg Brewery Laboratories in
Copenhagen. Hansen devised a sys-
tem of pure yeast culture, obtained
in a sterilized nutrient material by
propagation of a single plant. Thus

The Rose Technic




a single variety of yeast is ob-
tained by the use of which the
fermentation is more easily con-
trolled.

There are three purposes for
which the alcoholic fermentation
is carried on industrially: (a) for
the manufacture of yeast; (b) for
the carbon dioxide formed; and
(c) for the alcohol.

The first of these is usually asso-
ciated with the third, while the
second finds its greatest applica-
tion in the baking industry. In
preparation of yeast for alcohol,
the process of growth is carefully
watched by aid of the microscope,
and the appearance of any in-
jurious variety condemns the en-
tire lot.

Those most generally cultivated
are the S. cerevisoe and S. ellip-
soideus. The cells are filtered out of
the liquid culture in which they are
grown by fine sieves usually of
bolting cloth and are washed with
chilled water, filter-pressed, and
the cake heavily pressed. If the
veast is to go on the market as
bakers’ yeast, it is mixed with from
256 to 50 percent of starch and
flour and is then known as ‘“‘com-
pressed yeast”. By drying at low
temperatures the plant retains
most of its vitality and the familiar
dried yeast results.

Processes of Production

About the simplest accurate
definition of the brewing process
has been given by Salem in his
History of Beer: “A certain quan-
tity of malted barley is taken and
ground; it is then mashed with
hot water, the sweet liquor or wort
extracted, a portion of hops added,
and the whole boiled until the
preservative quality as well as the
aroma of the hops is obtained. It
is then allowed to cool, and after-
wards fermented with yeast to pro-
duce the small quantity of alcohol
it contains, and to give it life.”

From this definition, it is both
convenient and simple to classify
four distinct general operations of
the brewing process: (1) malting
of the barley; (2) preparation of
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the mash; (3) fermentation of the
wort; and (4) the storing and
finishing of the beer.

Malting

Malt without qualification has
come to mean barley malt, which
is everywhere the most important
raw material of the brewing in-
dustry. United States Treasury
Department statistics show that
during the fiscal year ending June
30, 1936, the manufacture of beer
consumed almost 2 billion pounds
of barley malt, for which the cash
return to farmers was in the neigh-
borhood of 50 million dollars. Oats
and wheat are malted to a small
extent for use by brewers of spe-
cial ales and stouts, but the amount
of these and other cereals used is
so small as to be insignificant.

Not all barleys are

stored up in the endosperm. On the
enzyme diatase depends the trans-
formations effected in the brewers
mash bin, but other enzymes are
developed simultaneously, and one
or more of them, whose role is of
first importance, bring about a
partial dissolution of the cell wal's
of the endosperm.

When the process of germina-
tion, spoken of as modification, has
been carried far enough the germ-
ination is arrested by drying the
malt in rotary kilns and finally
“curing” it at temperatures which
may reach 200-230° F. This drying
process not only serves to arrest
the growth of the malt, but induces
partial caramelization of the cell
contents with development of the
characteristic malt flavor and
yields a product which, in order to

suitable for malting
purposes. The essen-
tial notes on its ex-
amination were in-
cluded in the previ-
ous section of barley
as a raw material.
Malt is made by
steeping barley in
water for about
three days, spread-
ing it to a depth of
a few inches on a
floor and allowing it
to germinate there
for ten or twelve
days, moving it
from time to time
onto a fresh section
of the floor, in such
a way that it gets
uniformly aerated.

Under more modern
methods, the ger-
mination proceeds in rotary drums
under controlled conditions of tem-
perature and humidity.

The object of malting is as fol-
lows: The principal material of
barley is starch, which is insoluble
in water and useless to the brewer
as such. But when the barley is
supplied with moisture at not too
low a temperature, enzymes are
secreted which enable the embryo,
to draw on the reserve material

Pressure Storage Cellar of a brewery.

keep its moisture content around
5%, must be stored in good bins.

In the brewery, the malt is
crushed between rolls and mashed
with water at a temperature in the
vicinity of 160° F. This is designed
not merely to extract the maltose
and dextrine of the malt, but
largely to allow the diastase of the
malt to act upon the starch, chang-
ing it to maltose with a consequent
increase in yield of sugar, and to
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allow the peptase to act upon the
proteids present and convert them
to peptoids. The mash tubs are
heated by steam coils and are
fitted with agitators which keep
the mash in motion. The period of
mashing is about 2 or 3 hours, at

(usually long rectangular tanks
about three feet in depth) and
cooled by refrigerating coils to the
temperature desired for the begin-
ning of the fermentation.

The clear hopped wort from the
cooler passes to the fermentation

—Cuts Courtesy Ind. and Eng. Chem.

Carbon Dioxide Storage Tanks and Filter.

the end of which time the mash is
passed to the brewing kettles,
which are usually on a floor below.
The residue that is left is again
made up with water and this ex-
tract added to the first, a process
known as “sparging”. The liquid
at this stage is then known as the
“wort’

In the copper brew kettles, the
wort is boiled by means of cir-
culated steam for from two to
three hours, at which point the
hops are added and the boiling con-
tinued for another half hour or so.
The objects of boiling the wort
are: (a) to concentrate it, as it
may be very dilute; (b) to thor-
cughly sterilize it; (c¢) to coagulate
and precipitate most of the al-
buminous matter; and, (d) to af-
ford an opportunity to add the
hops.

At the end of the boiling stage,
the steam is turned off and the
boiled wort allowed to stand. After
a settling period, the sediment is
drawn off at the bottom, and the
remaining wort is a brilliantly
clear, brown-colored liquid. It is
then passed to some form of cooler
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fast, the liquid is cooled by coils
to retard the action. After about
six days the active fermentation
ceases, the temperature is reduced,
and all the yeast is at the bottom
of the vat. This yeast is recovered
and used, provided a test culture
shows it to be free from any wild
strains. The greatest care must be
taken to exclude other organism,
and this leads to a degree of clean-
liness which makes the fermenta-
tion rooms a veritable showplace.
When the fermentation is con-
sidered complete, the beer is with-
drawn from the vats and piped to
resting vats. After one or more
days it then passes to a filtration
vessel, in which “Filter Cel” or a
similar filter aid is added, in order
to furnish points of attachment for
the colloidal substances and the
lead yeast cells preparatory to
filtration. Filter leaves are then
immersed in the beer, and the clear
beer drawn out, free from any
yeast, and passed by pumps to
storage cellars. It remains in

Mash Tub and Kettle

vats, which may be of wood,
aluminum, ebonite, or glass-lined
steel. The fermentation, which in
America is usually of the bottom
fermentation type, is carried on at
a temperature of about 20° C. A
bottom or lager yeast is added, the
amount being about 14 to 1 pound
per barrel of wort. After a few
hours fermentation begins and
progresses slowly; should it go too

storage for a minimum of four
days, but better for weeks or
months at a temperature of 40° F.
Sometimes a small proportion of
young fermenting beer is added,
and an after-fermentation takes
place in the storage casks. This
process is called ‘“krausening”.
After another filtration, the beer
is ready for the bottling and
barreling plant.

The Rose Technic




For shipment, the beer is car-
bonated in a special carbonating
tank by passing in sterile carbon
dioxide under pressure, and then
bottled or kegged. If it is bottled,
or more recently, canned, the keep-
ing qualities must be improved.
This is most legitimately done
after bottling by ‘“pasteurization”
at 180° F. Less legitimate and for-
bidden by law is the addition of
salicylic acid or calcium bisulfite.
The process of production is now
concluded and the beer is ready for
the market.

Recent Trends of the Industry

With the rehabilitation of the
brewing industry, the attitude that
brewing is first an art and then a
science has undergone a remark-
able change. Chemical engineering
has gained a foothold and promises
to gain strength until it is the
foundation of the industry.

With the remodeling of plants
strict emphasis was placed on the
chemical engineering principle of
efficient plant design in order that
the flow from operation to opera-
tion might be the most efficient
possible. Great stress was also
placed on the materials of con-
struction to be used.

Great strides have also been
made in the line of technical pro-
cesses. This is especia'ly true in
the preparation of the yeast and in
the fermentation process.

From a marketing angle, the
most interesting trend, perhaps, iz
the appreciable increase in package
beer, especially in cans.

A survey of the recent trends of
the more important angles of the
brewing industry shows that the
advancements are as follows:

1. A more scientific control of

production methods along the lines
cf chemical engineering, with a
consequent increase in uniformity
of product.

2. Enhanced saleability by
more attractive packaging.

3. A distinct growth in con-
sumer acceptance of advertised
brands.

4. An increase in the popular-
ity of more compact containers.
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Residential Summer Air

“

HE term air conditioning”

means positive and accurate
control of temperature, both rela-
tive and absolute, movement, puri-
ty, and the component constituents
of the atmosphere within an en-
closure. To the average layman,
air conditioning usually means air
cooling. He speaks of “cooling sys-
tems” and believes that cooling is
the only function necessary. He
is impressed only by the reductions
in temperature that can be accom-
plished, thinking, of course, in
terms of dry bulb temperature. It
has been proved that the degree of
difference between outside and in-
side air temperature is only inci-
dental to the conditions attained
by the consideration of all the
other factors involved. Air condi-
tioning, from the engineer’s view-
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point, involves simultaneous and
independent control of temperature,
relative humidity, and air motion.

Humidity

In the study of air conditioning
the term “humidity” is used when
referring to the water vapor pres-
ent in the atmosphere. Closely re-
lated to humidity is the quantity
known as “relative humidity”. Rel-
ative humidity is correctly defined
as the ratio between the actual
vapor pressure of the water in the
air and the pressure corresponding
to the dry bulb temperature of the
air.

In order to obtain a better un-
derstanding of the importance of
humidity, the following discussion
of humidity in heated buildings is
presented. When air is heated in

the absence of “free water”, it be-
comes “drier”, although the actual
amount of water vapor remains the
same. In other words, the absolute
humidity is the same, but the rela-
tive humidity has been lowered.
When constantly breathed, the
heated relatively dry air is in-
jurious to the air passages such as
the nose, throat, and lungs. For
this reason, when air for ventila-
tion is heated, moisture should be
added as well as heat, so that when
the air is introduced into a build-
ing its humdity will be suited to
the needs of the human body. The
most practical method of adding
moisture to the air and securing
the desired humidity is by means
of the air washer or the spray
humidifier. The air can thus be
cleaned or humidified depending on
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the method of humidifying. The
average home heated with a hot-
air furnace is one of the worst
offenders from the viewpoint of
containing too dry air. The usual
water pan does not evaporate
enough water for normal condi-

air at a time when the temperature
is lower outdoors than indoors.
Cooling by such means has been
properly termed ‘“comfort cooling.”

Tests indicate that a furnace

fan of the size usua'ly installed,
one capable of circulating four to

—Cuts Courtesy Mechanical Engineering

Attic Fan Installation.

tions. Recirculation of air will help
much towards increasing humid-
ity ; and when a small recirculating
fan is provided, there will be a
more rapid movement of air
through the piping, and more com-
fortable conditions with lower tem-
peratures at the air inlets in the
room will be obtained. This is not
only a practical but an efficient
system, especially for the coldest
weather conditions. In the larger
residences, complete installations
of fans and air washers may be
used.

Furnace and Attic Fans

Although air conditioning in-
volves simultaneous and independ-
ent control of temperature, relative
humidity, and air motion, summer-
comfort conditions can be appre-
ciably improved by such a well-
known device as the furnace fan
or the more recently developed
attic-ventilating fan. Both the
furnace and the attic-ventilating
fans depend for cooling effective-
ness upon their ability to circulate
relatively large volumes of outdoor
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six air changes per hour, cannot
bring enough outdoor air into a
residence to affect the indoor tem-
perature appreciably, either at
night or the following day. Similar
tests show that the furnace fan
must have a minimum capacity of
about nine air changes per hour,
if night air cooling is to be effec-
tive, and even this high rate of air
change is not so effective as open-
ing a majority of the windows and
depending upon natural ventila-
tion. Tests also have been made of
the cooling effect produced by sim-
ply recirculating air in the daytime.
As recirculation of air can only
produce cooling by the effect of air
motion, determination of this cool-
ing value is essen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>