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ditioning. The task of applied science is 
to find out the best elemelnlts in a natural 
environment and to select the good without 
the bad. 

Only as we succeed by the application of 
the methods of research in disentangling 
and measu~ing the various factors involved 
in atmospheric influence shall we be able to 
establish sound standards for the practical 
ar t  of ventilation. 

C.-B. A. WINSLOW 
NEIVYORKCITY 

SOJIE ENGINEI;:IZING PBOBLEXS IN 

FZNTILATZON 


INthe study of ventilation the en,' 'rineer-
inq  prohlcms have not been overlooked. 
The criticisms ilirected against artificial 
ventilation have accornplislzed the do~rble 
purpose of spurring to greater effort those 
who have been invest,igating the physio-
logical problems relating to this subject an11 
ol: causing the ventilating cngineer to in- 
vestigate the nnleclzanical features of his 
work, with the intent of tletelmininc 
whether ventilation systenir as installed 
meet all of the demands of goocl verrtilation 
as now understood and whether they oper- 
ate at  a maximum of mechanical efficjency. 

A careful review of the results in both 
fields is of surprising interest. The sani- 
tarian formerly told us that carbon dioxide 
was a poison, tl-rat ins~Lf5cient ventilation 
meant insufficient oxygen for breathing 
purposes ancl that we were endangered by 
"cror~d poison" when in smass of people. 
Cut  little was said of temperature, less of  
l~nmiclity and nothinq of air. movement. 
We all believed that, the chemistry of tht: 
air mas vital. 

The sanitarians, as a result of much ex- 
primentation, heginning about ten years 
ago, have proven to tlie satisfaction of all 
that there were other factors within the 
realm of ventilation of inuch greater inlpor- 

t ance than the chemistry of the air, notably 
its temperatare, humidity and a i r  movc-
ment, that is, the physical condition of the 
air. 

The effect of excessive temperatures ancl 
hamidities is especially .cvelI understood, as 
is the demand for constant air movement 
for the elimination of bodily lieat and nlois- 
ture. Less: is scientifically known of the 
effect of cold and the effect of low hnmidi- 
tics. The solution of these two problems 
is of vast importance. 

Some there are who disregard altogether 
air quality, pinning their entire faith on 
proper temperature, humidity and air 
movement. Sac11 a position is not justified 
by any reliable data now available. The 
cnnlul a tive effect of lo l~g  exposures 1 o stag-
nant air must be studied before safe cou- 
clilsioas may be drawn. Attention may be 
dirclcted to the fact that in the experiments 
of the New Yorlc State Commission on Ven-
tilation stagnant air decreased the appetite 
of the subjects 13 per cent. I s  it not safe 
to assume that this is indicative of other, 
and possibly more scrio~~s,results. The 
report of Professor Winslow on the first 
year's wo1.k of the cominimion well states 
that this is "an observation which for the 
first tinre offrrs scic.ntific evidence in favor 
of fresh air as cornpared with stagnant air 
of the same temperature and humidity." 
A final determination of the importance of 
air qaali ty involves extended experimenta- 
tion. 

XTiridow ventilation has been put forward 
as a panacea for a11 of ventilation's ills. 
But how little we scientifically know of its 
worth or its difficulties, especially those of 
air distribution, clrafts, stagnant areas, 
ien~pcra tu~e  regulation, humidification, 
dust and economics. 

But real advances liavc been made in 
solving the long-standing cluestion of what 
constit~~tcsgood ventilation. The solution 
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of the remaining problems is but a matter 
of brief period. Coincidently, splendid ad- 
vances have been made in working out the 
mechanical problems of ventilation. The 
details of the installation of the boiler plant 
have been refined with a resulting increase 
in the efficiency of operation. New methods 
of steam tlistribution, such as the vapor, 
modulating and vacuum systems, have pro- 
cluced added comfort and economics. Tern-
perature control systems have been devised 
and perfected to a point of reliability and 
durability. The individual duct ventilating 
system, providing air in the volumes and 
of the exact temperature required by each 
individual room under varying weather and 
other conditions, has been developed. 
Greater attention is paid to the clilifusion 
of the ventilating air. More attention is 
now paid to the character of the installa- 
tion and the materials used therein. Also 
much emphasis is being placed upon the 
measure of intelligence exercised in the 
operation of the plant, upon which both 
efficiency and economy depend. More 
effort, however, still needs to be made in 
these last two directions. Noisy heating 
and ventilating plants nlay be considered 
a thing of the past, for noise is indicative 
only of lack of sliill in design or installa- 
tion. 

Ten years &go the mechanical efficiency 
of the ventilating fan customarily used was 
about 45 per cent. Now the best type of 
fan (the multi-blade) has an efficiency of 
65 per cent. This advancement results in 
the saving of more than 30 per cent. of the 
power expenditure for ventilation. The 
efficiency of the driving device has also 
been increased, although in a less degree. 

Possibly the most interesting, important 
and valuable recent addition to the equip- 
ment of ventilating plants is that of the 
air washer. Reference to air washing is 
made by Dr. D. B. Reid in his boolr on 

"Ventilation" published in London in 
1844 but i t  is really a product of the last 
ten years. Briefly it consists of a sheet-
metal chamber in which the air is passed 
through a heavy mist and then through 
baffles or eliminator plates by which the 
air is so deflected that the entrained mois- 
ture is removed. The base of the washer 
constitutes a tanlr, into which the spray 
water falls and from which it is drawn by 
a centrifugal pump, usually motor driven. 
The pump forces the water through pipes 
and so-called nozzles which atomize the 
water in the spray chamber of the washer. 

The manufacturers of these washers cus- 
toniarily guarantee the removal of 98 per 
cent. of the dust in the air. Practically all 
of the larger dust particles are removect 
bat there is always a residue of fine dust 
which no washer will remove. I n  dry 
windy weather when there is a great deal 
of dust in the air, a large percentage of the 
dust is removed, but when there is very 
little dust in the air, as after a heavy rain, 
a small percentage of the dust is removed. 
Thus in Mr. M. C. Whipple's studies of the 
air wasl.ier i t  was found that the dust re- 
moval varied from 64 per cent. to 7 per 
cent. Certain dusts are not, to an appre- 
ciable extent, removed by the air washer. 
A standarc1 method of testing air washers' 
is needed and efforts are being made by the 
American Society of ISeating and Venti- 
lating Engineers to work out this problem. 

The best results obtained in artificial 
humidification have been through thei 
nledium of the air washer. By the use of 
thermostatic devices an accurate control of 
the degree of humidification is obtained. 
The use of the evaporating pan containing 
a steam coil placed in the fresh-air chamber, 
the coil being nnder thermostatic control, 
also makes possible artificial humidification, 
but less satisfactorily. 

The air washer may also be used for air 



SCIENCE 


cooling. The evaporation ol the water in 
the spray eEiamb~r will result in a lowering 
of the tempcratnre of the air to the extent 
of 75 per cent. or more of the difference 
between the wet and dry bulb temperatures, 
often amounting to 10 to 35 degrees and 
sometilnes to 18 to 20 degrees. This is clue 
to the fact that ~ ~ a t e r  can not be evaporated 
without a supply of heat from some source, 
and in this case the heat is taken from the 
air. Considertlhle cooli~ig can be done by 
tlie use of the same water recirculated by 
the pump and a, greater clegree of cooling 
may be accomplished by a continual supply 
of cold water. Purchased from the city 
mains this would be expensive, but if 
pumped from an artesian well the cost is 
small. Where a constant cooling effect is 
desired, independent of weather conditions, 
the use of a refrigerating plant in combina- 
tion with the washer is necessary. The 
water tank is then increased in size and 
brine or ammonia coils, partially submerged 
and partially subjected to the falling spray, 
are installed. This is the most efficient 
method of positive artificjal cooling, and is 
the most desirable method for ordinary 
purposes. Unfortunately it is expensive to 
install, involving approximately $300 to 
$600 per thonsancl cubic feet of air cooled. 
The cost of operation altogether depends 
upon the nature of the plant of which i t  is 
a part. I1 the plant is large, with exhaust 
steam to spare for use in an absorption 
refrigerating machine and the cooling water 
used in eonnectioti with the refrigerating 
plant nlny be used in the boilers and for 
domestic pllrposcs it1 the building, the cost 
of olxration is slight. Otherwise i t  may he 
roughly stated that the cost of cooling ten 
degrees clnring the summer is approxi-
mately equal to the cost of heating seventy 
dcgrees during the winter. 

Cooling by evaporation of water alone 
has the disadvantage of increasing the 

l~umidity, which is usnally considered ob- 
.jectionabIe. But there is some evidence 
that in hot weather the lower temperature 
with l i i g h ( ~  humidity is preferred by 
workers. Jlr.  J. I. Lyle quotes, among 
others, an engineer who has done a great 
clenl of  testing laboratory worlc, in which 
the conditions mere most exacting. He 
writes : 

We ('an slate that under tho conditions shown 
by the readings below, the inside eond~tion with a 
lower teinperature, but a highor hiil~~iiiity,is more 
pleasant tllax the oulside conditiou with higher 
temperature and lower Irumirllty. 

EIe illnstrateil by a comparison of out-
side concljtions of 90 clegrecs dry bulb, 80 
degrees wet bulb ancl 65 degrees relative 
humidity with inside conditions of 85 
degrees dry bulb, 79 wet bulb and 77 per 
cent. rclative humidity. 

For ordinary ventilation worlr cooling a t  
the expensc of an increased humidity has 
been regarcled as objectionable. It is said 
to produce a moist "clammy" feeling. 
Thus dehumidification becomes a part of 
artificial cooling, and the most expensive 
part, for the air must be cooled to that 
temperature at which sat~lrated air contains 
the moisture necessary to give the desired 
relative huniidity in the air when reheated 
to the ultimatc temperature. 

The use of the air washer has become al-
most inclispensnble in many inilustries, such 
as textile manufacturing, candy, macaroni, 
photographic and film making and in some 
proeesscs of paper, tobacco, chcmical, steel 
and plumbing fixture manufacturing. 

Commercial eonsitlcrntior~s have done 
much to develop the use of tho air wasl-:er 
in indnstriaI fields. I t  is regrcf table that 
humane consiclerations haxe done much less 
in this way in the gerleral ficlcl of ventila- 
tion. 

Possibly the mosl interesting study in 
the mechanics of ventilation is that of the 
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recirculation of the air used for ventilation. 
The New Pork State Commission on Venti- 
lation, established through the generosity 
of Mrs. Elizabeth Milbank Anderson, has 
been actively interested in this work, and 
worthily so, for should i t  prove practical 
the cost of ventilating would be materially 
reduced. A t  one of the first meetings of 
the commission arrangements were made to 
carry on research work in this field. It was 
found that experiments along this line had 
been conducted by Dr. J. I-I. McCurdy, a t  
the International Y. M. C. A. College Gym- 
nasium, a t  Springfield, Mass., and a t  the 
Jackson School, Minneapolis, by Professor 
Frederic Bass. With the direction and 
support of the commission both of these 
experiments were continued under im-
proved conditions. 

I n  the former case use was made of the 
plant installed for ventilating the building, 
which was readily adaptable to the purp0se.l 

This system included motor-driven supply 
and exhaust fans, heaters and an air washer 
of 36,000 to 40,000 cubic feet per minute 
capacity, or over 300 cubic feet per minute 
per occupant. I t  is such a system as is 
usually used for ventilating such buildings, 
and not an experimental plant, except that 
the volume of air used was larger than 
usual. By the manipulation of dampers 
the air could be supplied entirely from out- 
of-doors air, the air could all be recirculated 
o r  part outdoor air and part recirculated 
air could be used. The air could be washed 
or  not, as desired. Experiments were made 
under all of these conditions, the subjects 
being the college students a t  exercise in the 
gymnasium, usually about 70 in number. 

The carbon dioxide content of the air, the 
humidity and the temperature were care-
fully studied. Also studies of the efficiency 
and results of air washing were very care- 

1 Described by G. I?. Affleekin Am. Phys. Educ. 
Beview, April and June, 1912. 

fully made by Mr. M. C. Whipple, of Har- 
vard University. 

The conclusion was reached that there 
seemed to be no appreciable difference be- 
tween washed recirculated air and outdoor 
air similarly treated so far  as bodily corn- 
fort is concerned. Naturally the propor- 
tion of carbon dioxide is greater when using 
the recirculated air, but no significance is 
attached to this fact. Mr. TThipple con- 
cludes "that recirculation provided a 
plentiful supply of air with no apparent 
sacrifice of wholesome properties, and that 
it is a safer source of supply than outside 
unwashed air. '' 

During the winter of 1913-14 further 
studies were made at  Sprin&eld under the 
direction of the Ventilation Commission, 
the results obtained from recirculated air 
being equally as satisfactory as those ob- 
tained from the use of outdoor air. Win-
dow ventilation failed to give satisfaction. 

Odors were not noticeable to those 
occupying the room during the use of re-
circulated and washed air, although some 
times barely noticeable to one entering 
from out-of-doors. 

Conclusions were based upon the results 
of physiological examinations and comfort 
votes of the students. 

I n  the second case a special plant was 
installed for one room of the school build- 
ing, the pupils in the room serving as sub- 
jects. The air was introduced into the room 
at the top of each desk through a 2-inch 
vertical riser from a duct below the floor, 
emerging throllgh a funnel-shaped, nearly 
horizontal orifice, at  a velocity which was 
barely perceptible a t  a distance of two feet 
from the opening2 Air was also introduced 
at  the top of the blackboards a t  the ends 
of the room. The air was exhausted 
through fifteen 3-inch openings evenly 

2 Described in paper read by Professor Bass be-
fore Am. Soc. 11. and V. Engineers, July, 1913. 
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spaced a t  Ihe ceiling of the room, and after 
bciiw passecl through an  ai r  -washer, where 
i t  was cooled by the water about 15 degrees, 
i t  11-ar returned to the room. 'I'he volume of 
air  thus recirculated averaged 8.9 cubic feet 
per minute per pupil. 

Tlie resnlts obtained in this room were 
co~iipareti with results i n  a room in the 
Adams School, the pupils in  both roomr 
bring of the same age, grade and general 
condition. The rooin in the A d a m  School 
was ventilateti a9 is i~sna l  in the case of 
schoolroomi. 'L'hc air  was admitted 
through one opening above the blackboard 
ancl was exh:~ustcd through one oprning 
near the floor on the same side of the room. 
The air  v a s  not washed and the volumes 
a v ~ r a g e d35.4 cubic feet per minute per 
pupil. The temperature averaged slightly 
lower and humidity slightly higher in the 
J ne1tso:l schoolroom. 

The c:rrhon dioxide averaged 12.5 parts 
per 10,000 in  the Jaeksou School and 9.1 
parts per 10.000 in  the Lldams School. 

Dlrst collnts showecl 105,000 particles per  
cubic Coot of air  in tlie Jackson Scliool and 
22.4,000 in the Adanis School. As a result 
of these experiments, covering a period of 
four months the coi ~clnsion is offered t?iat 

it is impossible .to demo11ctr:tte 11hysic;xl o~ mental  
d[ teriorntion due to  thr  nqe of reeircul%trd air. 
Neither is it pos111le to asc1il)e ally disconifo~ton 
the part  of tho  pnliilq or tlrc teacher to  t h i ~re-
circulated air. 

The air  mashing, i t  is stated, was not 
sufficierrt to remove all odors. but they were 
reducecl to such an cxtent that  they were 
not offeilsive to pe1"sons occl~pying the room 
continuously, altlioi~gh noticed by persons 
entering the room. 

I n  th is experiment the problem of the 
use of recjrculated air  was combinecl with 
that of the use of a reduced volume of air  
cielive~eil directly toward the face of the 
pnpil. The two problems shonld be sepa- 
rately stucliecl. Ifore light on the effect of 

recircalatecl air is desirable, as is the case 
mith rf~duced volu~nes of air  directly cte- 
livered and generally distributed. 

I n  the case of orie of these experilnents 
the volume of air  w e d  n-as more than ten 
times that customarily nscld for  ve~ltilatirrg 
purposes, and in  the ot l~er  case the volurnc 
of air 11sec1 was less t h a ~ l  one third that 
orclinnrily used. Experiments with the 
standard ancl otlicr voTliincs oC air with the  
standard anci cljffused mcthocls of intro-
dllction a1.e desirable. 

Stitdies along tliese lilies are planned by 
the Ventilation Cornniiqsion in  connection 
mith its e:;perimental plant in Public 
School NO. 51, the Rroux, New York City, 

Thc economy of air recirculation mas pre- 
seated by 1,hc ~ ~ r i t e r  in the i%rn. Plbysicctl 
Edzicatio?~Revicm of Decem1)ev. 1913. Very 
marlrcd economy was cl.ctlitec1 to recircula- 
tion. This clairn was disputed by Evans 
in the Jtanc i s s ~ ~ eof the Ecatirey and 
17c?1lilnti/cg dlagazine, the claim being 
made that the cost of fresh cold water re- 
quired for cooling and ifcharnidirying tlie 
rccircnlwted ai r  offset the snving in heat. 
dct~u:xl experience proves that such is not 
the case. TJ1+ofessou Bass states that  water 
cost tlirce cents per day during his espcri- 
meilts, ~v'tlicli is vastly Its.; than the amount 
stated lsy Evans. Dr.  McCurdy states that 
some mat t r  war nsed for cooling, but eve11 
with 40,000 cubic feet of air per minute 
recircnlatect the cost of the fresh water 
used doe? not ayllear to have been a seri-
ous itcm. 

It is nlanifest that a large amount of heat 
is saved, and this certainly warrants the 
most careful study of the problem of recir- 
culation. Should i t  prove in every may 
satisfactory a great step in advance will 
have been made in the field of mechaizical 
ventilation. B u t  it may not be recom-
mended as yet. D. D. ]KIMRAIJIA, 

ilrcntber of New Pork  Xtnle 
Cornmissio?z ow, Ventz'lation 


