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ABSTRACT

A portable electric alr-circulating and heating unit has
been developed for hcome or offlce use. The problem was
approached through evaluatlion of the atmospheric factors
relating to human comfort; and included a baslic recon-
slderation ¢f the means by which control of these factore
might be achleved. Study of competlitlve products on the
home appliance market, and of the requirements and deslres
of both the trade and the congumer, indicated the practil-

cal scope of such a device.

The design ccmbines, in a single attractive unit, the
functions of both straight- and diffused-flow fans with a
forced-convection heater. A propeller of speclal design,
driven by an adjustable-speed reversible motor, operates
at optimum efficiency in elther directlon of rotation.
Its housing provides, In one direction of flow, an in-
Jector inlet wilth axial discharge; with flow reversed,
radlally diffused alr at low velocity gilves draflt-free
direct circulation. The maximum capaclity is equivalent
to that of the best conventional twelve-inch fansg. Any
required directional setting may be obtained with the

unit on the floor, table or wall.

Increased flexibllity of operation, with modification of
the seascnal aspects of manufacture, distribution, and use,
are thus offered, Iin a unit which 1s fully effective in

each cf its functions.
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INTRODUCTION

Purpose and Scope

The purpose of this thesis is to develop the complete
dgsign of a portable alr-circulating unit for uae in howe
and office. The function of the unit is io provide a high
degree of control oy regulation of atmospheric conditions
Foy hugan health and comfort; in & sisple, compact device
aultable for wide application. The unit is intended to
replace the canventiomal electric fan, combining new and
gtandard features for lmproved performance and greateyr
flexibllity of use. It is assumed that 1t is to be manu-

factured and marketed by a representative established

manufacturer of home electric appliances.

The scope of the problem includes s determination of the
reguirements of such 8 unit through consideration of the
variable atmospheric factors which are controllable, and
thelr relative alfect on cowfort. Means of accomplishing
the required control within a relatively simple unit ave
studied, with particulayr relerence to technological
advances which have not been embodied in products now
avallable. In spite of the highly competitive nature

of the home applience field, the electric fan of today
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is 80 similar to its prototype &s to suggest that no basic
reconsideration of design criteria has recently been ate

tempted.

In order to increase the practical value of the results,
the conditions which would be present in an actusl de-
gigner-client relationship are maintained. The final
design is synthesized by reconciliation of the theoreti-
cal conspiderations with the-practieal limitations i~

~ posed by: the production facilities availlable to the
manufacturer; the characteristics of the trade inciud-
Cing dist?ibution, promotion, and sales; and the desires

of the consumsy.
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Historical MNotes

The value of alr movement as & factor in human comforte
hag been receognized since early man first noted the coci-
ing effect of & breeze in warm weather. The "pala-leaf”
fan was the Jivst means used for providing aly movement
artifiecislly, and was folliowed by more elaborate recip-
rocating fans such a8 the Indlan punkah, 2 hanging cup-
tain of matting or cloth pulled back and fopih by & aerve
ant, &nd the highly ornamental feather fans manipulated
by the sttendants of fgyptian and African rulers, which
grew to have & purpose as much decorative end ceresonial
ag functicnal. The use of reciprocating fans, opsrating
inefficiently as they do by continuously stopping and
reversing the direction of alr {low, persists to asome
‘degree todey, but in industrialized countries has been
almost entirely replaced by mechanical units., With wmod-
ern provisions for air circulation and ventilation, the
hand-held fan, ewbellishment of which was once prace
tically a fine art in Burope and Asla, iz almost cbsolete

even as 2 feminine adjunct to the social graces.

The Bgyptlang in their pyramids, and the Assyrians in
elaborate cave temples, were among the first to realise
the need for artificial ventilation and provide specif-
ically for it, by employing passages in the stone struc-
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tures to wiilize naturel dyralt {fov {reshening the alir
sugply. Development of mechanical alr-moving units
fellowed closely the first application of resigrocating
engines. The carilest such devices consisted merely of
& szeriecs of paddlies avranged radially around a shaird
(Filg. 1-4) and were empioyed for wine ventilation, then

ie
a oritical provlem in Hnglish colileries. The addition

2

of & nouslng wWas an early ceatrivutiocn toward increassed
efficiency, and lad o thb peviection of the centrifugal
blower, as well as to the devslopment of controlled wvene-

tilation by means of ducting.

The axiel-Tlow or propeiler type of unit, typifisd by

the household electric fan of today, had its inception
in two inventions which might betver be clussed as evolu-
tionary dewelopments. The Tirst of thess was the screy
propeller, utilizing & principle familisy to the ancilents
as the Archigedean sorew, which was {irst proposed for
ship propulsion in the late 18th een@ury.ﬁ Credlit for
it inventicn, although ususlly given to the BEnglishman
Francis Pettit 3mith and Caplain John Ericason, & Sweds,
for their operable patents of 1836, should probably be
extended to the Austrian inventor Ressel, who patented

% Superior numbers indicate specific references listed

in Appendix I.



Propeller Fans
Centrifugal Fans e e i

(1390)

A, Steam Driven Mine Ventilator

E, Typical Oscillating Fan
' (1920)

B, Early Rlower

C. Modern Centrifugal Fan F. Nodern I(:%ggg'ic S

Figure 1.

The Development of Fan Types
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such a propeller in 1812 and used it practically in 1829,

ten years before the others saw use.

The second prerequisite invention was that of the electric
motor, which furnished & compact source of power. Henry's
elsctromagnetic oseillating machine of 1820 was the fove-
runner cof all electric motera,3 which by the 1880's had
become a common and dependable source of motive power in

Burope and Ameriea.a It 88 difficult to tell exuctly when
these two inventions were {irst combined into a propeller

fan, but such units were commercially avallable as sarly
as 1890, according to the General EBlectric Company. Iy
the beginning 6f the twentieth century, electric fans
were in fairly common use in American homes and offices.
In ite usual form, today's "modern" fan differs little
from its ancestors of sixty years ago (Fig. 1-D,E,F).
Specialized, highly efficient types have, however, beon
developed for industrial applications.
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Atmospheric Factors in Buman Comfort

The physlcal comfort of man is primerily controlled by
the conditions of the atmosphere in and around his imme-
diate enwironment. The two general factors which most
affect an individual or group within the atmospheric
surrcundings of an enclosed gpace (ﬁhrougﬁéut the wide
vange of living and working conditions thet might be
termed "normal) are the weather and the rate of metab-
olism. The enclosure may be deslgned as & shelter for
protection from wind, rain, and the direct radiation of
the sun, as well ap insulated against excessive gain or
logs of heat by convection and conduction. 8Such & shele
ter cannot, howsver, be perfectly insulated, nor can it
in itself control the conditions of the air needed to
sustain 1ife. As long ag doors, windows, and other open=-
ings allow the flow of any substantial voluume of outsids
air into the space, the problems of the temperature,

humidity, and purity of the supply will remain.

If it is decided to limlt the amount of air transferred
vetween 8 glven encloswre and its surrocundingsin ordeyr

to contrel the exchange of heat, molsture, and impurities,
the problem of conducted heat remains, and in addition the
effects of the 1life processes of the occupants increase in

importance. These processes of catabollam increase the
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temperature cf the air and vitiate it by decreasing the
oxygen content, raising the amount of carbon dioxide, and
creatling obJectionable odors by the addition of crganic
matter given off in expiration and pergpivation., The
hunidity aiso is increased by moigture evaporated {rum

the skin and lungs.o

Metabolic loss of heat from the body normally takes place
hrough radiation, convection, and eveporation, to the
degree necessary to balance the heat production ol the
body and malntain its normal tempsrature of approx-
imately 98.6° F.s The pelative amounts of heat lost in
each of these ways depend on the correlation of air dry-
bulb temperature, relative humldity, exertion, and weight
of clothing. As these four factors rise, maintenance of
bodily temperature eguilibrium is increasingly dependent
on cocling by the evaporation of perspiration. AL air
temperatures in excess of body temperature, radlation
and convection losses becowme negative, latent heat losses
become insufficient (even though evaporation will continue
as long as the air is not saturated), and the metabolic
(oxidation) rate rises in spite of the difficulty in dis-
posing of excess heat. Heat storage then takes place in
the body, whose temperature will continue to rige until
it reéchea the wet-bulb temperature 1f this ls above nore
mal body temperature. The 1limit of the human system is
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rezched when 1te b sppoerstare 1s thug increszged to about
105 or 198° 7 (although dry-bulb tempsratures considerably

higher can be endured wher the air is not saturated).

Gondlitions under which the body may maintain 1ts ther mal
equilibrium have bDeen the subject of considerable research,
with the primery purposs of establishing a guantitative
Inder combining temperature, humidlty, and alir wvelocity

i such & way that gets of conditions which are eguivelent
in thermal efflect, 1.¢., which produce the same feeling of
warmth, may be preficted.! Such eguivalent conditions also
produce ldentical physlologlcal reactions iun the body. The
repults of tests conducted by the American Soclety of
Heating and Voentilating Englneers have been complled In

the forn of an "effective temperature” chert (Fig, 2).

g

The effective temperature in so called because 1t denotes
the sensory heat level as deteruidned by thse effects ine
duced in the body by heat or cold. It is the same as the
dry=-bulb temperatuve in saturated s8till air {(defined as
aliyr moving at an average veloclity not greater than 15 to
25 fpm), and drops 2s the wet-buld teaperature falls
and/or aly veloelity rises. The A.S.H.V.E. has also found
the psychrometric peglon, called the "comfort zone,” in
witheh the wsajority of adults will feel comfortable. This
sone lles between the effectlive Fahrenheit temperatures

of 659 and 75° in summer, with a maximum number of the
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trained test aub;écts gorfortehie at 719 27, and betwsen
632 BT and 719 ET in winter, with the moxloum at 67°
(Fig. 3}. The »referred relatlve humidities zve bogad
between 0% and TO%, alithoush comfort may he empericnsed
somewhat cuiside this ranse. The center »f the comhired
gusiner cund winter comfort zones is at about 739 8 dpy-

bulb and 50% relative humidiiy, with some 69% of tre sube

2

Jecbs comfortable ot this point In both svasons.

In gtlll =zir, wolgture evaporated from the giin tends to
avcumlate in & "boundary layer” of warm molst 2lr neaw
the wody surface, acting 28 an inguletor zgeinst Turther
iatent heat logs unless removed and zepiaceﬁ by 2dr which
is cooler and driew.e Alvhough this conditlor 1s accene
tuated at the highey lemperature and humldily lowvels,
wonere lis eifecis are alse no8t havwlul, it obtulns in
ome de@rae down to and below thie comrorl zune since a
certain amount of perspiration is produced and evaporated
even at low temperatures. In order o malinlain tempera-
ture equililbrium, alr sovement 18 thus essentisli under
&1l situations, &t veloclties vaprylng with teaperature
and humidity, and alsu dependent on whelher reguiresd o
posltive coollng op principally for heaith. Whers ail
the air within an enclosure is atl condltions above the
comfort level, its velocity may be wvelatively high, from

a minimum of 150 Ipw to more Than 300 fpm.? Wnen cocled
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air is beling introduced into a2 werm spacs to reduce the
cverall tempsrature 1t should not, in general, strike the
occupants 2t rates in excess of S0 fpm {although its veloc-
1ty at the peint of entry wmay he considerably hizher to
insure thorough wixing).l0 The reverse condition, of
heated air being cirenlated in 2 cocl space, perxits of
gomewhat highor velocities, but it must e remembered
that the bhasic effect of wmoving alr is to reise the evepo-
ration rats: the heel units added must exceed those lost
in latent heat (as well zs in radiation to cold surfaces)
to produce & sensation of warmth., In this connection it
sheuld be noted that, within wide temperature limits, air
meving 2t any detectable veloeity willl psyehologically
induce 2 fa22ling of coglness in the average sublsct,
Ever €iztribution of valocity and avoidance of localiged
.air currents are important since, with accelerated evapo-
ration, Aifferentizl cooling (evidenced by the zensation
of “Araftiness®) has a2 deleterious phyeiologienl effect
due to the ir:egular demands ixmosed on the vasonotor

svsrall control of the atmesphere may be achiewed within
delimlted arecas %y mez2ne of air oconditioning, which is
dsfined by tha A.8,.H.V.E. as the "simltarsous control of
2ll or a2t least the Piret three of those factors affecting

both the physical snd chemical conditions of the atmos-
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phere within any structure. These factors include teupera-
ture, humidity, motion, distribution, dust, bacterisa,
odors and toxic gases, wost of which alfect in greater
or lesssr degree human healih or comfort." @ In its prac-
tical application, the amount of air transferred between
the air-conditioned enclosure and its surroundings is
customarily kept as swall as is commensurate with the
nuzber of occupants and the type and degree of thelir active
ity. Operating costs are thug reduced by taking advantage
of the condition of the recirculated air r&ﬁhE? than cone-
tinuously wodifying new supplies fron the outaide. In
sgpaces where contamination of the alr is due solely to
respiratory processes, as little as 10 cfm of fresh alr
per person may be adeguate, and & minimum of 15 cfm wmay
suffice where smoking is permitted.l3 To assure that all
outside aip passes through the conditioner for treatwent,
an amount must be bo introduced that the natural leakage
through ¢racks aregnd doors and other cpenings wlll bLe
exceeded. In bulldings of average construction suffi-
client air leakage will occcur naturally to prevent pole
lution and depletion of oxygen to an extent inimical to
heaith, 8o that in generdl no speclal provision need be
made for contrclling air purity.15 .This will hold true
when the occupants are engaged only in the usual activ-
ities of howe or office, and have an adeguate gpace allote

ment of 100 to 300 cubic feet per person; the respsctive
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minimum outdoor air reguirements here range from 30 to

10 cfm per person.1§

Ventilation, defined as the "process of supplying or remov-
ing air, by natural or mechenical means, to or from any

apacea,"”

may be reguired in amounts greater than supplied
by leakage alone to remove the largey guantities of smoke
and odors arising from heavy smoking, cooking, or other
sources, and to provide for high degreas of oceupancy.
Often natural draft ﬁhrough vents oy ralati?ely small
window openings will provide such supplemental venti-
iation. In other caséa a smail mechanical unit installed
at the source of pollution, such ag a kitchen exhaugt fan,

may be desirable,

Total alr change is desirable primarily for the purpose

of temperature control, generally in cooling, where air
conditioning 1s not provided. It may be applied to ad-
vantags whenever the air in a given enclosure is warmer
than that in the surrounding space, as in hot weather when
the night alir is cooler than that in the house, oy in a
working space where exothermal processes are involved.

The unit for accomplishing this air change may be a
blower, which is of primary value when control of the
source of the entering ailr is required, as for instance

in subway-car ventilation when the 24ir must be filtered
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for dust removal.lé In most other cases an exhaust yventi-
lator will be preferable. For home cooling such a unit
i3 often installed in the attlic to exnauat the hot air
which accumulates there and to bring in cocler alilr through
windows on the ground floor, particularly at night.l?
Other types are designed for installetion in wall openings
or windows, and even a conventional portable fan may be
ugsed effectively ag an exhauster when placed about 3 feset
ingide a window.la Exhaust ventilation insures aiﬁ chanze
throughout the whole of a structure with less regard to
the location of auxiliary openings than in the casge of a
blower. Whilé it 18 axiomatic that the air which enters
& given space will force the exit of a like amount (pro-
vided the space i8 not pressure-tight), a blower is likely
to set up Ineffective counterflows in corners, ete., where
no egress exists. An exhauster will in general be mors
@fficient since a direct path way be established vetween

the inlets and the unit, through the spaces to be cooled.

In heating applicationes air movement must be provided not
only to assure mixing of the warm alr &t the point of its
introduction into 2 space, but also to reduce the tempera-
ture stratification produced as the less dense warm alp
rises and collects at the ceiling. In 2 room heated by
a gravity system to T0° F at the S5-foot breathing level,
the temperature at a celling level of 10 feet is often at
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least T° higher.t® The heat represented by this diffep-
.ence is not only practically unavajlable to the cccupants,
but increases the heat loss to %he cutside because of the
high differential in temperature. Proper aiyr clrculation
will increase the effectiveness of the heat source by
moving the warm air at the ceiling down to the occupled
level., Where a radiator or ccnvection heater is used,
heat transmission will be increased by forcing cool air
from the floor level cver the hot surfaces, reducing the
insulating effect of the stagnant boundary layer at these
surfaces. By these two actions greater heating efficiency
is attained, and may act elther Lo raise the heat ocutput
of & given source or to reduce the amount of fuel reguired
to maintain the desired temperature level.2? A further
contribution to comfort results from the warming of cold
wallg by air flow, which in reising their temperature re-

duces the absorption of radiant heat from the body.22

The foregoing discussion demonstrates that alr movemsnt

is an important factor in man's atmospheric environment,
and the only one which appesars in all phases of control
of this environment for comfort or health. It forms a
part of any properly desgigned cooling or heating system,
and as & supplement to such an installation provision for
additional circulation may increase its effliclency. In
comfort cooling, exhaust ventilation permits full advane
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tage to be taken of a natuéally cool source such as the
night air. Where internal circulation alone must be de-
pended upon, considerable beneficial cooling may be ob-
tained by motion of the air at room temperature without
risk of the sometimes objectionable thermal shock often
experienced when entering a space cooled by conditioned

air.

A device to insure air movement of the proper character
anl degree 13 thus the simplest znd perhaps the most
effective one which, operating on a single principle,

can materially affect the conditions of the atmospheric
environment for greater human comfort. Such a unit, here
termed an "air circulator” rather than simply a fan to
signify that the scopes of its application is enlarged to
include many of the uses described above, is developed

in the following pages.
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MECHANICAL PANS

The general term "fan” 1s used to describe any device used
Tor impelling gas or setting 4t in motion. 8uch a device
may be physically very simllar to those used for compress-
inz or transferring fluids and classed as "pumps.” In
jealing with air or gasea, the distinction 18 usually made
onn the basgig of the Qifference between inlet and outlet
pregosures: unlits dealing with the highest preasure differs
sntials are termed "compressors” or "vacuum pumps”; those
in an intermediate zroup, "blowers” or "exhausters®; and
where little or no pressure chanze is reguired, the name
"fan® 43 most often employed. (In industrial applications
the torms "fan" and "blower" are used, almost synonymously,
to denote centrifugal machines which may operate against
considarable nressure.) Again in order of deereasing
nrassure ﬁifferenti&l, the unit may be & posltive-volume
tyne (piston or rotary), a radial-flow or centrifugal

machine, or an axial-Clow {propellexr) type.

Hoth centrifgal and propeiler fans are used in ventilat-

wnd alr-ecirculsating applications., Prior to the devel-

Eﬂ

opment of the vancaxial propeller tyove (a duct-mounted

unit provided with guide vanea), centrifusal fans were

ag in Qucted wventilation systems. Propeller fans, formerly
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limited mainly to use in frese ajr, are now avallablse
throughout a performance range such that either & pro-
peller or centrifugael unit may be uvsed against low or

noderate presgsures.
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Centrifuzal Fansoo

[

centrifugel fan is made up of 2 rotor and a casing. The

rotor is essentluilly simdlar to a paddle wheel, with a

-

series ol vanes or btlades sgually spaced around the cire
cunference of a wheel and usually of &n axial length
greater than the radial length (Fig. 4-A). The wheel is
mounted wlithin a spiral casing {Fig. 4=-B), the purposs of
which is to convert as high as possidble & progoriion of
the potential energy of valoelisty (measured as "velcoity

pregsure’

} into kinetic energy ("static pressmure”™). Alr
flow ig esxisl into the open center of the votor, where the
centrifgal effect of rotation changes 1t to & radial di-
rection, and then is Sangentisl from the casing outlet,
so0 that discharge takes place in a plane perpendicular to
the inlet direction. The operating charscteristics of cen-
trifugal fang, and thus the selection of the type to be
used for a given application, vary with the conformation
of the vanes. The sisplest centrifugal fans, the "steel-
plate” or "paddle-wheel” type, have s8ix to twelve flat
blades, each lying in a plane through the axis of rota-
| tion. To minimize shoclt and eddy iosses at the entering
(inner) edge of the bimdes the tangential veloelty is
kept low by small inside dlameter and low rotational speed:
radial acceleration,; and thus pressure, is incresased by

long redial blade length and a progressive narvrowing of
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A

A. Kotor B. Spiral Casing C. Diffuser Casing

Centrifugal Fans

E. Vaneaxial Unit

D. Rotor Axial-Flow Fans

J.

Mixec-Fliow

fmpelier

F. Flat-blaue G. Increesing- H. Exhaust
Propeller Pitch Ventilator
Propeller

Free-Air Propellers

Figure 4. Impeller anc Housing Typecs
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the axial length from hesl to tip. Buch a}wh&el ugually
has a high ratio of diameter to depth as a resuit. The
steel-plate fan is the simplest and oldest centrifugal
type: 1ts conception probably antedates the propeller fan,
since it seems to have been developed by arranging a series
of paddle fans on a shaft, and adding a casing primarily
to give controlled discharge for its sarly use in mine ven-

tilation.

Centrifugal wheels of more advanced design have from
twenty to seventy forward- or backward-curved vanes, or
they may use a combination of these two basle forms such
as the radisl tip or reversed curve. In all of these,
the blade slants backward from the entering edge, there-
by decreasing entrance shock and eddy losses and allow-
ing higheyr rotative speeds such as are given by direct
drive from an electric motor. In the forward-curved
blade, a concave surface is presented in the direction
oif protation: a wheel of this type will deliver a greater
volume of gzas than any other for a given size, and is
sometives referred to ap & "volume®™ fan., The backward-
curved fan has vanes with a concave leading face: at
high gpoeeds, higher pregsures are attzainadle than with
forwaprd-curved wheels and the nolse level is lower, but
capacity is less for a given size and apeed. Various
other combinations of characteristics are obtainable from

intermediate vane forms (Fig. 8).
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Propeller Fang23, 2%, 25

A propeller fan congists essentially of an inclined plane,
wrapped spirally around a central axls or shaft. In prac-
tice, egual secters of such a plane are displéced along
the shaft so that thelr principel axes lle in a single
plane perpendiculsr to the central axis to form blades
equally spaced about it. If such blades are flat planes,
each intersecting the central ghaft at a fixed angle, &
"disk" Pan is formed (Pig. 4-F). In blades of this typs
the "pitch angle"” (the angle at which a plane perpendicu-
lar to the ahaeft is intersected by a plane through two
adjacent radial blade elements, measured in a plane paral-
lel to the shaft) is at & maximum when measured at the
radial blade element perpendicular to the shaft (corre-
sponding to the line of intersection of the two plarnes
defining the angle). The pitch angle is less when meas-
ured in any other plane parallel to the shaft, and so
decreases with angular disgplacement to either side of the
blade element defined above. Slnce most disk fans extend
an equal distance to either side of the perpendicular
redius, the angular pitch, aﬁd thus the speed of the gas
particles propelled acrogs the blade, incresasss {row the
leading edge to the center and then decrsases to the traile-

ing edze.
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Because uniform gas velocecity, or, move often, uniiorm
acceleration, is desiranle ¢the plaln flat blade Ls 1lTile
used except in large dlawsters at low speeds, or wheoe
extrene simplicity of construction is desired. Diadus
formed as sectors of a helix (Pig. 4-G) inhersntly ovow-
come the chiel disadvantage of +*he flat blade L that Sog
provide constant (ra he* than increasing-decreagin, . ~iioh
at any given radius. The hellcal surface may be peneruiod
in either of twe ways. VWhen the generating radius wmove
at constant angular and axial velocity, 2 surface will bte
formed which has the same lead, or axial advancs peyr I0vYee
lution, at every radial distance. If the angular welooiiy
of the generatrix ie azain held constant, but axial zoesd
varied in dirsct proportion to the radiuve, & surface wiih
the same pltch angle st all radial distances wlll regult,
The former glves theoretically uniform gas velocity alon
the axis and theraefore constant volume per unit of uprea
(from @ = AV), =0 that total volume varies directly wits

the

¢

rea or the sguare of the redius (App.ITI~C). The
velocity for the latizr varies directly with the vadius
and volume with the cube of the radius. The plain nelical
(and £lat) blades are of course the same in either dirace
tion of rotation and thus reyarsible. Most commeralsl
blades are baged on the constant-lead helix but have 0w
creasing pitch from the leading to the trailing edys, suc

as would be imparted by axial scceleraticn of The gevedsn-
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trix. By thus maklng the outlet plteh angle greater than
that at the intake, the gas is accelerated gradually as it
passes through the blads, msking for improved effiaiency.zﬁ
If a constant=-lead blade were c¢arried to the central axis,
where the pitch angle becomes 900, the action of the central
portion of the fan would ke centrifugal. It haz been foun
that to prevent the resulting radial flow, the blade should
we discontinued where 1t reaches a maximum pitch angle of

450.27
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Comparison of Fan Types

The most apparent difference between the two principal
fan types 1s in the flow character at the outlet, that
i3, axial discharge in the case of a propeller lan and
tangential discharge for the centrifugal unit, While a
centrifugal fan may be fitted with 2 diffusing casing
(Pig. B~C) 1f radial discharge 1s desired at the expenss
of static pressure, there is no practical method of ob-
taining axial diaschargze from this type. Reversing the
dirvection of rotation of a forward-curved wheel in a dif-
fusing casing would in effeet merely convert it into a
backwapd-curved type, without reversing flow direction

to give axlal discharge through the regular inlet. on
the other hand, a propeller fan may be provided with
turning vanes on the outlet side to deflect the flow from
an axial to practical;y a radial direction. In addition
it 1s possible to design a reversible propeller for use

where flow in either direction is required.

From the engineering viewpoint where static efficlency is
taken as thé major criterion of fan pefformance, the centri-
fugal fan is admittedly superior. However, for a portable
circulating unit operating in free alr, without the pres-
sure requirements imposed by ducting, the principal con-

gideration is attainment of maximum capacity with minimum
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power and space raqulréme&tsa In thie cage statlc pres-
sure may properly account for a relatively small percent-
age of %otalvpressure, and the use of & propsller fsn is
indicated., Other factors tending against the ése of
centrifugal units are: higher noise lével;lless convenient
proportions of depth tc &lameter (although not necessarily
greater volume for a glven cspacity); and higher cost,
when the expenss of the inherently reguired casing is
added to that of the more complex impeller. The sgpecific
requirements of the present problem thus recommend sose

modification ¢f the propeller-type fan.

While the foregolng discussion may seem unnecessarily
detajled, 1t 1z included as a prelude to the calculations
of Appendices IX, III, IV, and V. These czleulations,
whlch provide rationallized formulse for the mathematical
development of propeller fang, are felt to be an impor-
tant part of this thesls. Thers are nuuercus sourcaes
detalling the theory of centrifugal fans, espzcially in
regard to the wmechanism of pressure development, and some
material i1s avallable on the newer vaneaxial propeller
units.ag Howewer, as far ag the author hss been able to
agcertain, literature on the theoretical development of
fres-aly propellers, with capacity deterninsd on the basis
of displacement, 1s nonexistent. It apuears from nsetings

and correspondence with manufacturers of free-air propellers,
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and from articles written by their angineezfs,zg thei most
of these fans have been developed empirically by bending,
snipplng, and twisting pieces of sheet metal untll &
patisfacltory compromiss is reached vetween capacity, power
reguirements, and ncise level. It is hoped Lhatl the cal-
culations developed here may form a useful groundwori for
cther desiguers, pending the results of lurther analytical

and experimentai_ work beyond the 'acbpe' of this theslis.
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In any design Jjob, the degigner must familiarize himsel?
with existing soclutionsg of similar probléme. This is as
true in the redesign of a current model as it I8 in cases
where a new invention, or a new appl;cation or combination
of known principles, 1s involved. While his research may
have shown him theoretical methods ﬁh&ch seem to recom-
mend thenmselwes, the experience of his client and of comQ
peting manufacturers will form a valuable gulde in evalu-
ating such idess. In the highly competitive field of
home appliances, it is unlikely that any valid idea has
gone untried; those which are impractical or cutmoded
will generally be found in the record of discontinued
items. The principles which may be epplied to good ad-
vantage are usually demonstrated by thelr embodiment in
produets being successfully marketed, although new tech-
nigues or concépts may permit use of an idea previously

considered infeasidble.

An establighed manufacturer will be able to zive the
desizner much of the reguired market informmtion. This
may include not only information such ag specifications,
manufacturing facllities and methods, and sales records
of his own and gometimes of competitive products, but

facts regarding the general characteristics of the trade



o7 THE MARKET

as well. The latter comprise deta on pricing policies,
salés and advertising trends, mechanics of distribution,
and so on, all of which ara necessary 5 define complete}y
the framework of the degigrer's operations. Material re-:
lative to consvmer preferances and dssires which is not
avallable From the client cr trade sources, 25 in the case
of a new type of product, will have to be ascertained
through a survey or similapy means. In any case the de-
sigrer muzt verlfy and supplement the data he zZscembles

in this important preliminary phase of his worl.
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Competitive Products

The various types of electric fans and fan-forced convec-
+tion heaters marketed during the last several vears were
studied in regard to thelr mechsnical spw&ifiéatioﬂs,
phyegical appearance and consgtruction, and method of opera-
tion. This study included produets of allrmajcr gatab-
lished manufacturers as well 2z of marginal flrms whose
contribution is principally an assembly operation. Both
. standard and speclal or nowvel types werz covered, through
inspection of products avallable loéally, litersture from
manufacturers in all parts of the United States, and the
advertising and "Wew Products" sections of American and
British trade magasines.3° Products of over one hundred
firmg,' most of them offering three or more models, were

studied, O©Of these, the zreat majority'vere of the pro-
peller type, only two portable models employing the cen-

* Substantially all of the manufacturers of fans, fan-
heaters, and propellers listed by the folliowing sources
were contacted, excepting those making only industrial cen-
trifugal fane or installed wentilators, but inecluding all
members of the National Association of Fén Manufacturers
(except makers of heavy-duty blowers only), the Propelier
Fan Manufacturers! Association, arnd the Electric Fan Sec¢-

tion of the Naticnal Electrical Manufscturers Assoclation:
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trifugal principle. Listing by method of mounting, fol=
lowing the standarde of the National Eléctrical Hanuiac-
turers Aseociation,31 offere the best over-all distinction,
although because of the innumerable possible combinations

no method can be absolutsly definitive.

Desk, Bracket, and Pedestal Pans--The most common type of

unit, that usually referred to by the pbpular term "elec-
tric fan,” has a propeller of two to four blades surrounded
only by a wire guard without additiomnal housing (Fig. 6-4).
These sizes have the motor mounted directly on the base,
and are intended for desk use or wall {(“bracket") mount-
ing (Fig. %-I). The larger diameters are often available
alternatively with a floor pedestal adjustable in height
over a twenty-inch range between limits from two and ow -
half to six feet. The small inexpensive models are one=-
speed non-osclllating in operation, while the better fans
have two or three speeds, with oscillation often variable

G G WP W W W oW wr W3 WO W) W E AR G W OF MR W aD A e W W W o o w

Thomas' Register of American Manufacturers; Directory of
Manufacturers, MoGraw-Hill Pre-Filed Electrical Catalogs;

Directory of Appliance and Radlo Monufacturers, Electri-
cal Merchandising News (MoGraw-Hill); Index to Mcdern
Bgulpment, Heating, Ventilating, and Alr-Conditioning
Guide (A.8.BE.V.E.); List of Inspected Electrical Eguip-

ment, Underwriters! Laboratories, Inc.
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‘ & U, Fan Heater
(Everhot)

A, 10" Desk Fan

( Emerson)

C. 36" Céiling Fan
( Emerson)

" D. 16" Window Ventilatorwxx'
(Schwitzer-Cummins)
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F, Floor or Window Fan
(11g)

Scale 1: 12

B. 24" Air Circulator
(Hunter)

Figure 6-1,

Representative Present Day Fans
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J. Diffusing Circulator
with hassock top

I, Straight-Flow Circulator (Enerson)

with heating element
(Mimar)

N, Non-Oscillating Fan

G, Vertical-Discharge Circulator using plastic parts H. Floor-model Circulator
with die-cast housing Roto-Beam) with adjustable deflectors
(Motionair) (Marsalis)

M, Straight-Flow Circulator
with injector housing
(Vornado)

salf W
o

L, Diffusing Circulator
combined with stand

* K. Diffusing Circulator (Kisco)
with all-plastic housing
(Welch)
E, Portable Window Fan
with injector rings Scale 1: 12
(Westinghouse)
Figure 6-2.

Representative Present Day Fans




0. One-Piece Blade P, Overlapping-Blade
(Torrington) (Torrington)

Q. Sand-Cast
(Airmaster)

S. Quiet-Running T, Molded Plastic

(General Electric) (Roto-Beam)
Propellers
Figure 6 - 3,

Representative Present Day Fans
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from zero to as much as nlnety degrees. Vertical adjust-
ment is usually between thirty degrees below horizontal
and forty-five degrees avove in desk or pedestal models
{although & few can be directed vertlcally upward), and
from horizontal to thirty degrees below when wall mounted.
With the base fixed, as much as ninety degrees of horizon-
tal adjustment may be provided. The lowest retall price
found in 1989 was $2.98 for & single-speed eight-inch fan
{(non-cescillating), with high-quality twelve-inch units re-
tailing at about $5C.00.

Air Circulatorg--Larger fans designed mainly for use in

commercial establishmente are called "air oirculators”
{although this term is alsc belng used to describe new
floor types for home use, resulting in some confusion in
the trade). The name properly covers unite with propel-
lers from twenty to thirty-six inches in diameter, most
often on floor columns adjustable from five to elght feet
in height (Pig. 6-B)j. 8hort columns for counter use and
fittings for wall or ceiling mounting are also offered.
These heavy-duty fans, weighing seventy~five pounds or

more, are priced from $90.00 upward.

Celling Fans--The celling fan has been in common use since

befure the beginning of the century. When installed to

blow downward in the open doorway of a store, 1t discour-
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ages the entrance cf insects and sco has earned the nick-
pane “fly chaser.” 8tandard diameters are thirty-six and
fifty-two 4inches, furnishing from 3000 to TOOC cfm of lowe
velocity air. The four flat blades of wood or metal ars
sometimers adjustable in pltch teo fifteen degrees in slther
direction, or a three-speed reversible motor may be fuw-
nished. A lighting fizture, mounted below the fan, iz 2
common accespory and pull cords are customary for all
controle (Pig. 6-C). After 2 long and honorable period
as a standard store fixture the celling fan is obsoclescent,
as indicated by its omission from the 1949 and 195C sum-
maries of annunl sales in "Rlectrical Merchandising” maga-
zine. It is being replaced by installed ventilating 6?
air-conditioning systems, and by air circulators which,
although noislier, can wmove larger volumes cof air at
higher, more efficlent velocities above the levels where
objectionable drafts would otherwise result.

Window Pans~-Fans designed for use at or near a window

generally operate as exhaust ventilators (Pig. 6-D), al-
though a few models are reversible. As "night-cooling
fana" or air fresheners, they are popular where a perma-
nent installation such as an attic fan is not practicable.
Window ventilators with a frame adjJustable tc various win-
dow widths sometimes have glaes or acrylic lighis; cthers

mugt be framed in. Some models are mounted on floor
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‘stands and can 2lso be uged as circulating fans

(Fig, 6-8, F).‘ Propeller diameters range from eight to

thirty inches, with as msny as eight blades being used

in the smaller sizes (a carryover from early ventilating

fan practice). The recent rise 4in popularity of these

units is due to increaped appreclation of the benefits of

forced ventilation, particularly for night cooling, and

hag lately brought several manufacturers of industrial

ventilators into the home field.

Floor-model Circulaters--The latest development which

might be termed a basic fan type is that of low models
degigned to be placed on the floor sc as to draw their
supply Trom ﬁha cooler air at that level. Within this
&roup there are $two celasses: those which discharge the
air straight up for indirect circulstion (Fig. 6-G, 4),
and those diffusing the alr radially ocutward and upward
(Fig. 6-J, K). S8ince in all these fans the air must be
drawn in radially because of proximity to the floor, the
propeller is a sufficient distance above the floor (usu-
ally about one foot) tc allow ample intake area, The
housing or gusrd extends geveral inches below the blades,
often being carried down to the base or feet. The propel-
ler 1s deeply pitchsd for ﬁaxlmum volume, and a ten- or
twelve-inch diameter is the rule. None of the fans de-

signed for floor use ogeillates, and most are not adjust-
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ablé ag to direction although a few ila the stralght-out-
lgt class may be tilted upon the base or rotated within
pivots on the housing (Fig. 6-1). Few of the older manu-
racturers have as yet added such faﬁs to thelr lines,
evidently preferring to wait until demand is better;estab-
lished. Indeed, some of the more conservative firms have
written that the floor-type fan (increasingly popular and
widely approved as effective in operation) is merely a
"passing fad” and will never replace the standard model
winich they have been producing basically unchanged for

twenty years or more.

Straight-discharge fans for indirect circulation feature

2 high-velocity alrstream whieh\acés on the injector prin-
ciple to draw in additionallvolume ag it rises. On strii-
ing the celling, still at appreciabla veloclty, the stream
is diffused outward and downward to impart motion to all
the air in the room. With fan capacity properly suited

to room volume, the residual velocity at occupied levels
will provide thorough circulation without apparent dralts.
Such units are also useiul during the heating season for
egualiging temperature distribution, moving the warm air
at the ceiling down to raise the temperature several de-
grees at the occupled level. The effectiveness of the
heatingvsystem is thereby increased to raise lts apparent

capacity or reduce fuel costs. The housing often incor-
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porates a shroud ring around the blades, while the intake
section may consist of inJector rings, louvers in series,
or & wire guard. One fan has an adjustavle "diffuser” in
the outlet. Resail prices in 1945 ranged froz $20.00 to

$100.00,

Diffusing ciroculators are similar in construction to none
adjustable uniis of the straight-flow class, but the upper
oy digcharge end is cloged by an inverted cone which 4if-
fuses the air. Jdeally, {low should %take place horizone
tally inward across the {loor, up through the blades, and,
afser being deflected Dy the cone, outward in a horizon-
tal plane, Practically, even 1f thls complete reversal

in flow direction could be accompllszhed, extenglive fric-
tion lomses and recirculaticn would result., The dellec-
tion effected beyond the propeller is thus limited to less
thai: ninety degrees. Louvers or turning vanes are often
placed above the level of the blades, and sometimes below,
but even then discharge 1s seldom below thirty degrees
from vertical. 8ince the cylindeical outlet of these fans

is larger in area than the outlet of axial discharge units

(which corresponds roughly to the blade circle area), veloc-

ities are usually considerably lower. It has besn shown
that statlonary fans are more ¢fflicient than oscilliating
unita,32 and the diffusing clroulator provides enough

gentle air motlon tc give the same psychological feeling
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of cooling as the intermittent blast of the oscillator,
without disturbing papers or the user himselfl. It is
claimed that the useﬁ can sit comfortably close tc or
even on these units without experiencing objecticnaile
drafts~--at least in warm weather, when more sensible air
flow is permissible. The flat cover placed over the cone
is thus often advocated for use as a hassock or coiiee
table (Fig. 6-J3). To further stress possible uses as
furniture, diffusing fans have been coffered with mirrored
tops, or built under the lower shelf of a stand (Fig. &-L};
others may be obtalned disguised as hardwood end tables.
The desirability of these applications is guestionable,
since the other furnishings sure to be placed close to
such pieces will definitely inhibit the free intake and
discharge of alr reguired for maximum effectiveness.
Diffusing circulators range in price frem $40 .00 to
$80.00, depending principally on whether large’amounts

of cabinetwork are involved.

Other Fan Types and Features--Many additional types, more

or less unusual in conatruction and sometimes for special
applications, are offered in the market, although seldom
by old-line manufacturers whose products include a wvariety

of home appliences in additlon to fans.

 The centrifugal prinéiple was found to be used inonly two
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portable units. One has an uncased rotor seven inches
in diameter mounted on & vertical motor shaft, a remov-
able deflector being provided as a means of directionel
control; operation is similar to that of radlal-diffus-
ing circulators. The other, using two flve-~inch rotors
‘-with mb%br between them, has conventional scroll casings
within a wrapper. These discharge intc a wide, shallow
duct with its cutlet in the wide side rather than in the
.end. It is intended {for use as & circulator, blcwer, or

window ventilator.

Most fan makers use propellers of the helical type, claim-
ing various advantages for thelir own modifications. A
great number of propellers have been empirically developed
in efforts to attaln higher efficiencies or guieter oper-
ation. Amazing forms incorporating apparently erratic
bumps and hooke have resulted in some cages, although
many valid contridbutions have been made (Fig. 6-0-T).
Propellers such as the overlapping-vlade type are suilt-
able for use against moderate static pressures (Pig. 6-P).
Others are designed {for even welcclty distribution across
the diametexr of the fan, or for greater capacity with the
same diameter and power. Blades formed from steel or alu-
ainum sheet are the rule in home fans, while sand-cast
aluminum blades are used in some large air circulators

(Fig., 6-Q). A few manufacturers of the latter still ad-
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here to the use of alrplane-type propellers with itwe nare
row blades (Pig. 6-R), although these have the highest noise
level and power requirements of any design. Plastic blades,
either of laminated sheet or molded, are a relatively new
development, and are qQuieter than metel because c¢f the
sound-danping qualities of the material. Because ol thelr
light weight, balancing ls minimized; particularly whers
precision molding is employed (Pig. 6-T). Cne populapr fan
has flexible rubber bladeg, and no safety guard lLs reguired,
8till ancother has loops of fabirle ribbon in lieu of a pro-
peller: while it ie patently safe, its efficiency is gues-
tionable. Several makers feature the fact that thelr fans
produce a "spiralling sirstrean’” (an effect present to

some sxtent in all propellers, indlcative of & loss in
efficlency). Others claim blades which move alr effeci-
ively over thelr entire aresa, neglecting to state that

sucn mﬁvemént is mainly radial and of little wvalue from

the center out to the point where the pltch angle de-

creagses to forty-Tive degrees.

Housing design is becoming an active field for the fan
desigrer. While pressure fan casings have been brought
to high efficiencies by theoreticel analysis, nc such
veBls seems to exist for free~alr units. However, house-
ings made up of injector rings or cones are now being

incorporated in some propeller fans (Fig. 6-E, M). Pwo
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or more such rings, the {irst placed around the blade
wilth the others behind i1t slong the inlet axis, act la
improve inlet condltions for increased capeciiy, while

reducing recirculation and centrifugal-flow tendencies.

Fan-Heaterg-~An Increasing number of electric heaters

offer fan-foroed convection as an improvement over the
older radiant or natural-convection types (Pig. &-U).

A 8ix- or elight-inch §Fopeiie? is'uaed to Torce &bout
100 ¢fm of aly over the element. The {an shalt may e
vertical with intake from the bottom of the metal case,
or horizontal when the inlet is at the back. I the
eloment operates at red heat 1t Is placed s as to be
plainly visible, to take_aﬁvantage of the psychologlcal
effect of warmth which the glow is believed (o produce.
In this case, chrowium-plated reflectors are oiten pro-
vided to direct the radiant heat, acting incidentally
to increase the apparent aize of the element by reflec-
tion. When & non-glowing element is used, it may be
placed at the back of the case, olten around the motoxr,
and the reflectors are replaced by louvers to hide Lhe
interior. Host fan-heaters vegquire that the fan always
be used during heating to preveﬂt‘overheaﬁing of the
elements and motor, but at least cne unit has a radiant
element which may be operated Independently. In several

models the fan alone may ve used at a higher speed for
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coo;ing; air volume is low however, because of the small
propelier and the high combined air resistance of the
louvers, element, guard, etc. The element isg usually af'
nickel-chromium alloy, in wire coils or strips supported
in the airstream by ﬁnsulators. Glass-tube-enclosed coils
or rods of conductive refractory material are employed i
where a self-supporting element is reguired, while indus-
trial units use a finned metal tube encaging a resistance
coil packed in magnesium oxide. Heating elements have
been incorporated in some ten- and twelve-inch fans
. (Flg. 6-1), sometimes with a deflector or even the pore
tion of the housing carrying the element removable when
the fan alone is to be used. The motors for these larger
models must be capable of extreme spesd reduction so that
air velocity and volume can be reduced to the capacity of
the element. The most common rating for the elements of
fan-heaters of all types is 1320 watts, with a maximum
of 1650 watts based on standard l5-ampere household fus-
ing at 110 volts. Fan-heaters are available from $10.00
to $40.00 (or more, for High-capacity 230-volt models).
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Survey of Requirsments and Preferences

The designer is limited and guided in the application Qf
his knowledge by consideration cf the three mejor groups
with whose needs and desires he is concerned. These are
the manufacturer, the distributor, and the consumer. Re-
lations with the manufaciurer are neeessaéily dirsct,
since the designer must co-ordinate the specifications
of his design with the type and extent of the facllities
available for its production. The manufacturer's ox-
perience and general knowledge of fhe trade will supple-~
ment the desligner's background to define the acope of
the new design, by recording what has sold successfully
in the past, and perhapes by indicstling what may be ad-
vantageously marketed in the near future as well. Repu-
tation and relative sales position in the {ield are face
tors in determining annual volume and unit price. These
in turn affect materials, amount of tooling, and finish.
To best simulate the designer-client relationship and to
determine typicel conditions which might thus be imposed,
various Questions were asked of the same manulacturers
whoge products were studied. While this multiplicity

of information sources would not normally be available
to the designer (except through catalogs), the method
was considered the best suited to the present problem,

where no specific manufacturer is invelved.
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Consumer Preferences asnd Complaints--A degcriptlion of the

largest-selling fan type will gerve tec indicate the bhasic
requirements of the consumer. Hanulacturers reported une-
animously that the least expensive fan in thelr line was
the "most popular model."” Considering all firms in this
branch of the appliance trade, covering the range from
commercial circulatore and ventilators through high-
guality home fans to novelty items, the typlcal product
is a ten-inch oscillating degk fan which may dbe wall
mounted (Pig. 6-A). It has a dle-cast bape supporting
a single-speed shaded pole wmotor, and supplies about

600 efm of air at 1550 rpm, using & one-piece sheet alu-
minum propeller with four blades. The wire guard and
incidental trim are chromium plated, with the base and
motor housing finished in enamel. The most common color
is "filing-cabinet” green, replacing black, the former
gstandard. While bronze and ivory are also freguently
cffered, there is a growlng trend toward more harmonious
colors such as gray-green, warm gray, and tan. The most
striking finish seen to any extent, and probably the
least adaptable, is ice-blue wrinkle enamel, used on the
very cheapest fans to attract customer attention. The
current average retall price, as reported by "Electrical
Merchandising” magagine, is about $18.50, and although
this is for portable fana of all types including the

moyre expensive floor-model circulators, it is typlcal
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of a medium-guality deskk fan as described nere.

The complaints most frequently heard from fan custoners
are listed here in order of importance as reported by
manufacturers and distributors, with thelr gualifications:

1., HNoisiness in operatlion;

2. Insufficient air ocutput (usually due tc the pur-
chase of too small a fen in an effort to save woney);

3. Appearance {the ch@ép fans are not as attractive
a8 the expensive cnes, and even the latter could of'ten be
greatly improved);

%, Motor overheating and subsequent failure (inex-
pensive fans without Underwriters' approval sometimes use
a motor too smzll for the fan, or unsultadble for the prac-
tically continuous operation often exacted--more often the
meker's explicit oiling directions are overlooked);

.5. Avallability of service (even though the menu-
facturer may pive a one- to five-year sarvice guarantes,
his service agent 1s sometimes feckless or inaccessible);

6. Dirt collection on blades and motor (safety
guards admittedly make the propellers of most fans ¢4if-
flcult to clean, and a fanlty oscillating-gear housing
may leak o0ll to aggravats dust collectione~-however, sepr-
vicemen testify that many houselkeepers, including those
who are particular about the condition of other furnishe

inge, evidently expect elsctrical appliances to stay
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clean and in operation with little or no care).

A listing of principal sales factors was also compiled in
the same way. These are:
i« Price;
2. Appsarance;
3. HManufacturer's reputation;
4. Periformance;
5. Qulet opebation;

0. HManufacturer'’s service policy, guarantee, ete.

The fact that three cfvthe 8ix major complaints have to
do with performance, while price is by far the most cowm-
pelling sales factor, is explained by the buying habits
of the typical consumer. In his search for the most for
his money he is usually confronted by a fan in operation:
the fact that it blowe alr at all is proof br its "per-
formance,” i1.e., that it perforams; if, in addition, it
oscillates so that he need not stay in the blast all the
time but may be intermittently reasswed by it, 80 much
the better. When the fan is turned off 1t is examined

to see Al it is "modern” in appearance and if it has
large blades, preferably four (since this is the greatest
number usually offered). To verify this description it
is necessary only to study the sales techniques recommended

in the promotional literature of s8lumost any aggressive fan
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company. A8 to the average buyer's criteris of perlormance,
a survey conducted by the General Eleciric Company deter-
wined that a four-bladed propeller with large, relatively
flat blades was preferred to the company's three-bladsd
degign of high proven efficiency because the former
"ilooked like” it couuld wmove more ailr. Apparently, in
spite of constant efforts toward higher performance
through scientific design, the public is not to be taken
in. The fact that the less efficient fan of the buyer's
choice is alec noisier is not discovered until he uses

it in the relative guiet of hils home aflter the purchase.

Although appearance ranks second on the 1152 0l sales
factors, the idea that thelr products could be move
attractive does not seer to have oceurred to wmany fan
manufacturers as yet. The attltude of a large puart of
the industry is epitomized in a statement by an official
of one of the major companles, who wrote, with consider-
able candor, "the matter of design on fans has not
changed for several decades and there has b@@n gone talk
on this subject." Such design effﬁrts as are being made
are evinced mainly in new {loov-~model circulators, rather
than in improvement of the ptandard modeis of cld-line

manufacturers.

Production Technlgues and Facliltlieg--Further analysis of
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the typlcal fan will serve to indicate the materials and
techniques available to the designer, sither in his
client's own plant or from cutside supplicra. The bass
and motor support are most often zinc die cestliogs, al-
though sand-cast iron, drawn steel; and wolded plastic
are also used, Castings and moldings are often purchaseﬂs.
although in some copes they are the firm's primery iine.
Plastic parte are algo seen in control knobs, uwior hous-
ngs, and blades (Pig. &-M). Host propellers are stamped
aluminuﬁj avallable in & wide variety of standard styles
and sizes frow blade specialists or other farn maksrs 17
production volume doee not Justify the reguived invest-
rent Iin speclal skills»and toecling. Stampec and drawn
steel parts, ranging in size from oscillator ilinlages
to housings for window fans,; are customarily made by the
fan coaxpany. Propeller guards of formed steel wire, pro-
Jection welded and plated in bright chrozdus, ere almost
universal. They are regarded ag the best sclution to the
combined problems of sales appezl; ease of manulacture,

maintenance, and functicn: while they ars somewhat diffie

and provids good safety protection with little rassigtance

to alr fiow.

The small amount of machining reguired is limited %o a

few sorew-machlrie parts and to drilling holes and sur-
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faéing castings for assembly. It is usually possible to
maintain ample clearances sc that only in the wotor is
any degree of precision necessary. Hotors are purchased
unless they are reguired for an extensive line of fans or
other appliances, or are themselves a primary product.
(Many of the present fan wanufacturers started as malers
of small motors, who desired a relatively simple product
&8 an assured outlet for their basic item.) Fan motors
are almost always of the shaded-pole induction type,
with two-pole (3000 rpm) comstruction being used in the
smaller fans and fan-heaters, four-pole (1500 rpm) wind-
ings in ten- and twelve-inch fans, and six~-pole {1000 rpm)
in sixteen-inch fans. Because nmany cunsumers fail to fole
low oliling instructlons; porous ocll-impregnated bearings
and a large cil supply are now featured in the betier fan
motors. Cscillating mechanisme may be assembled from
purchased gears, or bought as a complete unit with the
metor. Electrical components such as switches and speed
controllers can readily be ordered to conform to the come
pany's individual specifications 1f standard parts are

not satisfactory.
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Characteristics of the Trade

In most respects the market characteristics of all non-
ma jor home appliances (including fans, mixers, toasters,
etc.) are similar in regard to distribution and pricing
and gervice policies. However, the seasonal aspects of
the demand for cooling and heating devices are reflected

in fan and fan-heater salea and advertising.

Distribution and Pricing-~-The zalas channel for small

appliances 1s usually from the menufacturer through a
wholesaler to retall dealers, although cccasionally &
jobber is involved. Small firms, particularly when

_ ne@ly:est&bliaheﬁ, often se¢ll locally direct to retailers,
and in other areas through munufacturers'! agents with
131%¢1le or no warehouse stock. Some large companies, 1n¥
cluding those azlsc making industrial eguipment (sold
direct or thrdugh jobbers snd contractors), msintazin
district sales offlces to work with thelr wholesalers

as well ag to advise Indusirial customners.

A wholepaler may be nationwide in scope or cover an enti?@
geographic region of the United States, with several ware-
houge points, but most distributors operate in & single
marketing area from one oy two branches. Independant whole-

salers may handle several makes of some items (often, how-
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evér. in different price ranges), or may operate undey
agreement with a manufacturer to handle only his line, or
a portion of it, in a gi#én field. The General Electric
Coppany and Westinghouse Electric Corporaticn, the two
largest makers of home appliances, operate supply coie
pénies which wholesale the products of other manufacturers
only when an item 1s not included in their éwn iines. The
wholesaler uéually has exclusive representation in his
area for the products he distributes. This is seldom
true of a retailler unless the product is sold under hls
own trade name (e.g., in the case of the large mall-ordsr
houses, auto-supply stores, and drug stores). Nowever,
the manufacturers whose products are in greatest demand
cormonly stipulate that other brands shall not be soid
in competition with thelirs, in which case an exclusive

franchise may be given.

The pricing of fans, and of zlmost &ll other small sppli-
ances, follows a very uniform pattern at least as far back
&8 the manufacturer's sales price. The dealer's net price
for single purchases of én gstablished product is usually
30# less than the fair-trade retall price, and about 35%
less for larger purchases on & single order. A new item
is often introduced at 40% below retall to attract dealers
through higher profits, and the dealer's margin must even-
tually be brought into line by reducing the retall price
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rather than by raising the net price--in any case the
dealer complains that his profit is being cut, and the
periocd of initial price adjustments 1s very trying for
the manufacturer. A wholesaler, with lower overhead costs
than a dealer, may do Lusiness for from 5% to 20% of the
net price, depending on the item and on his own sales
position, but 10§ to 15% is the rule. It is more diffi-
cult to generalize regarding the manufacturer's net profit,
because the marginal producer must meet or ﬁettar the whole-
sale prices of high-volume manufacturers. A 50% profit is
probably not out of the guestion, on the basis of esti-
maves made with the aid of quantity prices furnished by
the manufacturers of motors and other components, while
the minimum is about 7%. The pricing of an item retalling
at $10.00 might then be broken down as follows: Dealer's
net price, $6.00 to $7.00 (40% to 30% below list); Whole=~
saler's cost, $5.10 to $6.30 (15% to 10# below net); Manu-
facturer's total cost, $4.59 (10§ to 27% net profit).

Sales Characteristics-~Retall fan sales do not really begin

until after the first several days of hot weather each year,
and even dealers tend to delay stocking until that time.

If the early part of the summer is cool, meny purchases

are deferred until the next season. In spite of this'short
and often undependable sales season, 'Electrical Merchan-

dising" magazine reported 1949 sales of 2,885,000 desk and
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bracket fans compared with the prewar record of 1,985,000
units in 19%1. This was in the face of a rise in average
retall price from $6.90 for the ten years 1932-1941 to
$18.50 in 1649 (Fig. 7). It is almost impossible to
estimate the potential market for fans sincs commercial
egtablishments form such a large portion cf/it, while
other appliances can dbe figured on the basis of "percent=-
age saturation in wired homes.” Bowever, some data are |
available to indicate the size of each manufacturer's

potential share of annual sales.

There have been as many as one hundred and fifty differ-
ent trade names in the fan merket during a single period,
but it is doubtful whether there are ever more than eighty
manufacturers whose contribution to the total ocutput of
the industry is significant (considering that some of
these make several brands for various outlets). Even
assuming that the portable-fan market is divided egually
among three hundred different models, an average of three
or four per manufacturer, sach would be entitled to annual
sales of almost ten thousand unite. Only some thirty ap-
pliance Tirms distribute lans nationall& in any volume,
aﬁd of these the dozen largest ones account for over one-
half of sll sales. One firm assexrts that a single model,
its cheapest ten-inch desk {an, accounts fox one-fifth

of the annual sales of this most popular type by all manu-
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facturers, o nearly one-tenth of total portable-Tan sales.

About one million portable fans oif cther sizes and types
are sold by the leading firms, which amounts to about
sixteen thousand sach of perhaps five models per firu.,
This figure includes the more @xpénsive fans such as
large floor-model circulators, and it is provable that
nedium-priced models may be gafely estimated at twenty-
five thousand annual unite per firm. A new type in this
range, backed by the name of é major company and by well-
planned preliminary and continulng advertising, could
reasonably be expected to find sales of ten thousand

units a season until demand 1s well esitablished.

Fan-heater sales are almost as seasonal in character as
coolingkfan sales, with about three-guariers of the pure-
chames belng made In the falli. The incidence cf unsas-
sonable cold weather at other periovds, and the provision
often made for using the fan feature slone Iln summer ¢ocle
ing, maintain some volume of business thwoughout the year.
The suggestion of year-round utility partisily counteracts
the tendency tc delay purchase when {urther warm weather
i due, Fan~heaters, in common with other electric¢ heat-
ing units, find a large part Qf their sales in sections

of the country where central heating is not required,

‘and are often used elsewhere at the beginning and ead of
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the heating season when the central system ig not in

operation.

Sales of nearly one and one~half million electyic space
heaters of all types were raported by "Slectrical Merchan-
dising” magasine in 1ts latest statistical imsue, but sepa-
rate figures for fan-heaters are not avaliliable. The avepr-
age retaill price given, $13.00, i1s aboub two dollars below
that of low-priced fan-heaters. Filrms desiring to capi-
talize on the demand for auxiliary heating equipment caused
by wartime material shortages, and later by fuel shortsges,
raised the number of unite produced o two million in 1940,
or four times the prewar average. Although sowme of these
companies have left the market, the valug of portable elac-
tric heaters was effectively demonstrated tc the public

in spite of the many inferior preducts sold during that
period. One out of seven famlilies in homes with eleciric
service now owng an electric heating unit. A survey made
by the General Electric Company found increasing intersst
in fan-heaters, suggesting that the manufacturers of thls
product (40% of some ssventy-five electric heater firms

listed) are attaining their proportionsl share of sales.

Sales and Advertising Trends--Although 1549 sales of port-

able fans dropped itwenty percsnt frowm the 1948 record of
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three and one-half million uﬁits,’ the reductlon in total
retall value wés only fifteen percent because of the rise
in average retall price from $17.50 to $18.50. The in-
creasing consumer interest in higher-quality lans is due
to a number of factors which have arisen within the last
few years. OJOne of the most important of these 1s the su-
lightened promotional policy which 1s now beling followed

by the more progressive manufacturers.

While most fan advertising 1ls of course originated by the
manufacturers, the efforts of magézine edltors, home econg-
mists, and electrlic utility companies are belng success-
fully enlisted to foster the more extensive usz of fans
for improved physical welfare. Sonme ['lrms are employing
independent laboratories to evaluate new or improved methe
ods of fan use.S3 Although company regsavch directed
toward improved performance héa not proved to be generally
sffective as a sales point (see "Survey" subsection above),
the resulte of application research are rfinding acceptance
By writers in consumer publications, and to an incressing

axtent by consumers themselves. Pan dealers are being

# It should be noted that the available 1643 totals are
estimates based on reporis from relatively few Jirms (prine
cipaily meuwbers of the HEMA), and additional data wmay cause

'a revision upward as it did the previocus season.
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trained to adviee commercial customers in the eflficlent
use of bracket fans and air c¢irculators, with particular
regard to proper locatlon and non-oscillating operation.
Many agencies are stressing the versatility of portable
fans in the home, emphasizing the many ways in which a
single unit can be applied.

Changes in the mode of living since the way, with lack of
household help and the tremendous sales growth of installed
major appliances as complemsntary factors, have made many
Ameficans highly "fan conscious."” Housewives doing their
own kitchen and laundry work with the ald of automatic
dishwashers and clothes washers and driers, are realizu
ing that pleasanter, more comfortéble conditions are
attainable by using a fan to exhaust hot and molsture-
laden alr and cooking odors. Installed kitchen exhaust
ventilators are 1noreasing}y popular, and are becoming

the rule in new home construction. However, the owners

of portable fansg are finding them effective for the same
purposes, with the additional advantage that they can be
moved to any location desired. The use of fans in winter
is aleso growling as consumers learn that fuel costs can be
reduced when proper air circulation is provided. The

aven temperature distribution which results not only gives
greater comfort but is better from the standpoint of
health. Medical writers point out that a fan, correctly
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used for winter oirculation, may be a factor in reducing
the number of colds rather than in causing thenm, as was
feared in the past. The incorporation of heating elements
in several makes of straight-flow and diffusing circula-
tors adds still more winter utility. .

Another facteor in fan sales ies the increasing public
familiarity with the benefite of alr conditionling. As
more commerclial installations are made in temperate paxts
of the United 8tates, the fan market too is expanding
from its traditional centers in the East and South. There
is 2 growing desire for‘fan-forced alr circulation in the
home, and for units which are fully adequate for the Jjob.
One manufac%urer of portable air circulators; the

O.A. Sutton Company, found that a surprising portion of
the sales of thelr high-priced unite was made to low-in-
come families, Investigation showed that many manual
laborers, particularly night workers who must sleep dur-
ing the day, are demanding quality fans which will insure
dralft-free cooling during summer sleeping hours.,

A complete list of fan advertising media must now include
television, with broadcast "howe demonstrations” malcing
use of such new techniques as animation. Dealers are
belng trained by well-planned company films, instead of
merely being supplied with promotional literature, 8o
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that they will be bet;er eguipped to advise customers.
If the advertising and consumer-education programs are
carried forward intelligently, and continue to be suppls-
ﬁented by the word-of-mouth advertising of satisfled users,
the present upward sales trend will surely continue. I%
is perhaps not too optimistic to forecast that the elec-
tric fan will emerge in a new role, ag the appliance with

the greatest all-round utility of any in the home.
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ANALYSIS AND DESIGN

Determination of the specific design approach to be fol-
fowed is based on correlation of the user's actual reguire-
mente, plus agles and advertising trends, with the limita-
tions imposed within the practical range of technical possi-
biiities. These factors are, reapectively, discussed in
full in the preceding sections entitled "Atmospheric Factors
in Human Comfort," "The Market," and "Mechanical Pans.”
Since the average user lacks knowledge of the criteria
necessary in selection of the proper unit to dbest satisfly
his comfort reguirements under the conditions of its sx-
pected use, it 1s the responsibility of the designer to
determine and design for optimum conditiona, and to make
recommendations as to the scope of operation of the com=
pleted design. His problem is similar to that of the
engineer designing an alr-conditioning installation, but
more complex in that there are no fixed use conditions

for a portable apylianée which may be sold throughout

the country to all types of consumers, for an endless

variety of applications (and misapplléations).

The designer cannot, of couree, stop after a determina-
tion of “"what is best for the consumer,” but must inte-
grate this with knowledge of “what is desired by the cone

sumer.” There is obviously no point in designing a unit
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which may functionally approach the ideal but does not
attract and hold the potential buyer's primsry interest
at least until features of performance, construction, etc.,
can be demonstrated. Since this initial sensory appeal
must be primsrily visual, the form and appearance of the
unit are of first importance. 1Its basic functions must
be apparent to the eye, particularly in the case of a
new or unfamiliar product, and these functions must be
ones which the user desires, as the result either of
experience or of the conditioning of advertising. It
mist not appear difficult to operate, nor too heavy or
clumey for portability. Shape and color must be selected
with moderation 1f the unlt is not to be exoctlic to the
surroundings of the typical home or office--the distince
tion here is between modern and "moderne.” To enhance,
or at least sustain, the reputation of the manufacturer,
the problems of convenience in actuzl use, dependability,
ruggedness, and Ireedom {rom difficult or excessive maine-
tenance must be met if the appliance is to live up to the

impression made in the salesroom.
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Forrmulation of the Practical Design

Studies of current saleg and advertising trends and of

the reletive popularity of the various types of portable
alr circulators, ventilaters, fan-forced convection
heaters, and combination units have provided material

on which the selection of -the features of the design may
be bzsed. While the smaller ogcillating fans remain the
nmost popular, non-opcillating types embodying vericus
improvements or new features are growling in public acoept-
ance. Advertising and consumer educatiocn and experience
are teaching the value of straight-flow fans placed on

the floor, or mounted at a higher level, to el up cone-
tinuous efficient circulation around & room in one direc-
tion, without oscillation. Winter uses with the unit
directed upward or toward & heat source are alsoc being
featured. The employment of a circulating fan as a
window sxhaust ventilator is recommended, with the unit
placed some distance inside the room for entrainment of

8 greater volume of air than is poesible with the fan
framed directly in the window. Diffusing circulators
moving large volumes of air at low wvelocities are become-
ing populsr, partieularly for summer cooling wnare some
direct sensible alir flow is deslired. They eliminate the
draftinegs caused by the intermittent blast of an cscillat-
ing fan, the only type of unit formerly available for this
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type of cooling. Pan-type heaters, in which {orced con=-
vection distributes the heat more effectively than is
pogsible in the oldey natural-conwvection and radiant
typea, are being increasingly used to supplement heating
systems, and for local heating where no installed system
is provided or where its operation is not desired during

off-geason cold periocds.

The proposed design Incorporates these features and uses

insofar as possible in 2 single portable unit.,
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Sige and Capacity of the Unit

In determination of the size of the unit, the upper limit
is set by the reguirement of convenient portabllity, while
the capacity must be great enough to prove generally satise
factory throughout a wide varilety of applications and sure
raun#ingn. The most common use will probably be as an air
eirculator, yhich may have to care for & home living room
or a small or mméium—sized,offiee space. In larger spaces
any single unit¢ would probably have to be po large as not
to be sasily movable, although & number of portable units
could of course be used and would give more uniform cir-
culation. The largest fans now marketed which are readily
portable are propeller-type units ‘with sixteen-inch blades,
and their cubical space requirements and welght set the
upper limits of the present design. These are thus about
two and one-half cublc feet and twenty pounds, respectively
(based on General Electric fan, Catalog No. FMI6VI).

The volume of air needed for cooling a space by circula-
tion cannot be readily calculated as in the case of an
air~-conditioning installation since no heat is extracted
from the space, sc this decision must be made on‘an em~
pirical basis. The recommendations of the General Elec-
tric Company call for 1200 to 1500 ¢fm of fan capacity

for each 5000 cubic feet of room volume, for multiple fan
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oot ig thus prouzdly too low for & gmeller apace such as
the sverage Living roowm where the ratios of wall ares and
voiwre of obsiructions {such as fwniture) to room volume
aye conslderanly hlsher. The wmore conservative figure of
1500 c¢fm per 3000 cuble feet is taken here, and corresponds
to one efficlent twelve-inch fan (1200 cfm capacity) for

a wediunm-sized living roonm {15 by 20 feet, S-Ffoot celling).

The limitations of a portable electric heating unit are
rather more sitrictly fixed, being set by the capacity of
householid wiring. This is customarily taken as {ifteen
amperes, particularly lu older constiruction, although
certain iocal codes (such as that of New York) limit port-
able appllances to twelve amperes. The maximum rating of
a fan-heater, including the motor, is thus between 1320
and 1650 watts on 110 volte. This amount of heat is, how-
ever, sufficient to hold the tewperatwre of & mediume-zized
room abgout 300 F above the ambilent in average uninsulated
frame construection, when usaed as the gsole source of heat

(App. ¥I-C). A 1500-watt element is specific nere, although
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this rating could easlily be altered (o comply with the

regulations of a speciiic mariketing teryitory.
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Components of the Unit: Function and Operation

Combination of Straight and Diffused Plow--The {irst obe-

Jective of this design, and the most radieal departure
from the features of most existing circulators, is the
attainment of both straight and diffused {low 15 the sane
unit. This can be done by any one of three methods:

1. Provisicn of a removable deflector cune to be
placed at the discharge slde of a conventional fan;

2. Incourporation of attached adjustable louvers in
the fan auélet;

3. Use of a housing with one end open and the other
provided with a diffuser, the type of flow to be changed

by reversing its direction.

The Tiret of these slternatives requives s part which, if
detachable, would need careful storing to prevent damage
or lose when not in use, and would be inconvenlent if not
difvicult to uge in changing from cne type of flow fo the
other. 3uch & deflector could possibly be attached to the
fan by arms allowlng it to be swung ocut of the discharge
to the intake side when stralght flow i desired. This
would necessitate a much 1a?ger.spae@ for claaranceiéuring
the conversion operation than would be dictated by the
space reguirements of the fan for sither type of use.

Another possiblility would be to make the base in



65 DESIGN
-Components-
the form of a cone, pointing the unit straight down for
diffused flow, but the full force of the alrstream so
close to the mounting surface would raise dust and create
obJectionable drafts in use on the floor, and on a desk

or table would disturb papers and surrounding objects.

Adjustable deflecting louvers, used in some industrial
unit heaters to direct the air, are employed as\diffusers
in one make of home circulator (Fig. 6-H). Where adjust-
ments would be made frequently, as in a home unit, such
louvers involve the structural and operational problems

of furnishing sturdy, easily movable hinges and inter-
locking and adjusting devices in parts which would presun-
ably be of sheet metal. More serious obJjections arise
from the fact that the deflected flow would be of a swirl-
ing, tangential nature rather than radial, and that the
airstream would not approach a plane perpendicular to the
shaft until the louvers were nearly closed, being largely
axial up to that point. Even with them wide open the
normal spirai motion of the stream would be likely to cause
noise in striking the louverse, and in any other position
the flow area would be decreased and the air forced to
turn through an abrupt angle. In consequence, increased

resistance, higher velocity, greater noise, and reduced

efficiency would result.
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The incorporation of a fized 4iffusing cone at one end

of the fan in conjunction with reversible alr flow would
eliminate wechanical adjustuments ¢f the housing, for the

P

onwegnliense o

the moat inept user. In straizht dis-
charge, intake would be radial from the @eriﬁherv of
diffuser and lwpellier; in diffused flow, the cone, with
the aid of additional louvering, would deflect the axial
inflow to gilve radial discharge. The principal consider-
ation in design of such a housing is to allow sufflicient
cylindrical area betwesn the diffuser and the blades fow
unregtricted intake in stralght flow, and for low velocity
discharge in diffused flow. The overall dimensions of
the housing would be no greater than those regulirad with
& detachable cone 1In place, and better performance coulid

be attained than with movable deflecting vanes.

Motor and Drive Hechanlsm--8electing the housing employ-

ing a {ixed &iffuser ss the wmost advantageous from the
standpointe of perlormance snd user convenlence, the
proulem of yeversing the dlrection of air flow musti next
be met, Again three mesnsg are possible:
1. Rotating the mobtor and propeller assembly through
180° to point in the opposite direction within the housing
2. Mechanically reversing the direction of propeller
rotation with reapect 0 the mobtor;

Sf Reversing the motor electrically.
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In the first method, with the motor and propeller assembly
rotatable 180° on pivots to change the flow Girection, a
cleay space would be needed within the housing at least
equivalent to & sphere of the same dismeter as the pro-
pelleyr. This minimum clearance would reguire the pivots
to be placed in the central plane of the propeller, with
supporting brackets carried around it from the housing
to attachment points on the motor frame. The innermost
point of the diffuser would then heve to be at least one
propelleyr diamster from the inside of the guard at the'
opposite end. If the housing itself is to be direction-
ally adjustable, its pivots would be must conveniently
placed coincldent with those of the propeller agsembly,
and ghould be on a line nearly through the center of
gravity of the housging and its contents., S8Since the
weight would be concentrated in the motor, the pivot
axis should pess through it. While this would simplifly
connection of the motor to the pivots, an even larger
spherical space would de reguired for pivoting within the
housing, bDecause the axis would no longer pasg through
the plane of the propeller. This system has the advan-
tage that a propeller of conventional (nerreversible)
design could be used, but the large overall size needed
merely {or the purpose of reversing, &s opposed to opera-
tion, ie undesirable. Ad&itian&l complexities arise in

the design of a simple, convenlent, and {oolproof index-
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ing-and-locking device tc assure that the propeller is
secured positively in the desired operating position.
When these are considered, this asthod is ssen to be im-

practical for use in & portable appliance.

Perhaps the sisplest mechanlcal veversing device which
might be used 1s an adaptation of the "rium drive” used

oy eleciyic phonograph turniebles, with a feiction drive
wheal mounted on the motor shalt and arranged to contact
optionally the inner or cuter fabe of &8 ring on the pro-
peller. With the drive ring and motor at the fan peripghery
the unit would be unbalanced, however, and the fastest in-
duction motor (3450 rpm) would reguire a drive wheel wovre
than five inches in diametsr vo operate a twelve-inch fan
at 1500 rpm. Even with the wmotor placed nesy the Tan hub
o0 utilize a saaller drive wheel, and four somewhat better
weight distributlion, & large portlon of the {iow arca
would ke blociked by the motor, because of the eccentric
mounting reguired and the combined longitudinal and
pivotal motion occasioned in shifting. The propeller
would require separate bearings instead ol utilizging those
of the wobtor ag in direct-drive units, and greater rigidity
{end weight) properly to support the drive ring. Although
this systen might be adapted to luw-spesd statlionary fans,

o

it is obviously not welil suited Toe portatle types.
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0f the possible mechanloal systems, reversible gearing
offers the most promise. While most simple geared revers-
ing mechanisms are desigied with the driven shalt eccentric
to the input shaft, three designs have veen studied in
which stralght-through drive is maintained. In all of
them, friction digecs and wheels are used rather than true
gears, to reduce lubrication reguirenents and simplify
shifting. The first 1s schematically similar to the dif-
ferential gearing used in computing machines, and the
spider is clutched to either the cutput "gear” or the
housing by means of a aplined glider and clevis to control
the direction of rotation. The second uses cppositely
placed pairs of rollers and bevelled dimcs, moved in and
out by means of a parallelogram linkage 80 that one pair
er the other contacts appropriately {crmed surfaces of
discs on the motor and fan shalte. The controlling me-
chanism would impose no drag on the shafts (as a clevis
would). Irn the third proposal, the fan shaft is moved
axislly a short distance in elther direction, to tring
& disc at the motor end in contact with either a set cl
reversling rollers or a clutch surface on the motor shaflt
itselfl. In this case the fan thrust might be utilized to
support at least a part of the blade welght and to aug-
ment the clutching force; relieving some of tne frictional

drag in the requiéeﬁ clevis,
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With any of the latter three devicep the direction qf
blade rotation could be readily reversed (even in motion,
although at the risk of excessive wear on the friction
surfaces) by means of an esasily opersted control at the
outside of the housing moving a bell crank or other simple
linkage. The prineipal problemes are thelr possibly exces-
sive size and cost, and the difficulty in obtaining ade-
quate bearing length for the output (fan) shart; However,
they are no more complex than the geared oscillating
mechanisms provided even in Inexpensive fang, and do not
reguire the fine tolerances of such mechanisms even though
operating at higher speeds, since wear of bearings and
friction surfaces can be taken up by spring loading. In
splte of their advantages, none of them could be definitely
recomnended for inecrporation in the present design with-
out complete mathematical and experimental investigation
to determine the forces invelved, and the corresponding
materials and contruction required ¢o glve a long-~lived
unit of the smalleet dimensions and least cost. The amount
of work involved in such a study would form a separate proe-

Jeet, and 1s beyond the scope of this thesis.

The type of drive selected, then, is the electrically
revérsible motor. While these are more expensive than
non-reversible motors, the simplicity of operaticn of

this method, which requires only a switch control; re-
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commends i1t for the use of the average-person.

Series motors can be wound for reversibility, but because
they are generally bullt for higher operating speeds than
induction motors, and require malntenance of brushes and
commutator and of the filter capacitor usually included in
the circult (to reduce commutator sparking and radioc inter-
ference), their use in household fans has been almost en-

tirely discontinued.

The induction motors used almost universally are of the
shaded-pole type, the simplest and cheapest of small
motors. These are well sulted to speed control to 60%

of rated or lower speed, but considered inherently non-
reversible. Where & fan application requires a reversible
motor, a permanent capacitor, capacitor-gtart, or split-
phase type 1s used, the latter two incorporating centri-
fugal switches to cut out the starting winding at about
5% of synchronous speed. The permanent split capacitor
(also called capacitor-run) motor, which requlres no
cutout, recommends itsell further in that it i1s available
with only three leads, rather than the four required by
the others. This feature is valuable in the present case
where all wiring must pass through a relatively small pas-
sage from the housing to the base. Good speed regulation

is obtainable down to about 60% of rated speed, providing
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an adeqguate range for cooling-fan operation.

For use with a 1500-watt heating element, 1% is desirable
to reduce the capacity (and velocity) from the desizn
maximum of 1200 cfm to the lowest wvalue obtainable, in
order to allow an alr temperature rise great enough to
cbviate a possible cooling effect from the air motion.

In this case, the motor speed should be as low as practi-
cable, preferably 25% or less of the full-lcad spesd.

The shaded-pole motor best satisfies this requirement,
since it is capable of exireme speed variation. The
provision of a high-resistance rotor improves the speed
regulation characteristics in the low range. While not

a standard construction, fractiocnal horsepower shaded-
pole motors have been bullt with wound shading coils in
pairs, one set or the other being short-circuited to
reverse the motoy. The reversing switch for this motor
r8y be placed on the end cover 8o that the three leads
required need not be led to the bagse with the motor and

heater power wiring.

Either the reversible shaded-pole motur or the three-lsad
permanent split capacitor type is thus specified, depend-
ent upon whether or not the unit includes a heating elemsnt.
While exact specifications of such motors are not avail-

able;, both could definitely be manufactured on order, at
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an estimated cost comparable with that of a standard
split-phase motor. The fu11~1oadrapeed of either will
be about the same as for a shaded-pole type, that is,
approximately 1500 rpm for a four-pole motor. Of the
standard motor pole numbers, four is the optimum for a
1200«cfm fan, since the 3000 rpm of a two-pole motor is
too high for guiet propeller coperation and the 1000 rpm
of & six-pole is too low {for the desired combination of
fan capaclity and size (App. II-E). The calculated horse-
power at 1500 rpm, based on a helical bladg, is 029 for
1200 c¢fm, and should not exceed .050 even if the actual
output should prove as high as 1500 cfm (App. V-C). The
next lcower standard rating, one-twentieth horsepower, will
give adequate power, as shown by examination of test data
compiled by a leading propeller manufacturer.S®The high
cost of ball bearings is not Justified in a‘fan-duty motor
of thie size; instead, oil-impregnated porous-bhronze hear-
ings, surrounded by a felt-packed oil reservolr, are spe-
cified. These must be designed for both radial and thrust
loading, since the motor is to be capable of operating in
any position. The addition of an internal cooling fan
might be found desirable.

The Propeller--In & field already notably short of design

data, litersature on the design of reversible fans was

found to be nonexisgtent, doubtless because of the few ap-
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plications in which they are reguired. They ars used
chiefly in sidewall and window ventilators, and msnufac-
turers'! correspondence and examination of these units
digcloged them to be almost invariably of the fiat-blade
type, perhaps with some such slight modification as a
bend along one edge or at part of the tip. While these
blades admittedly offer equal efficlency in both direc-
tions, this efficlency is low compared to that of helical
blades, particularly of the constant-pltch type.

8ince the helical propeller is best for axial diacharge
while the centrifugal rotor in combination with a'diffuaer
gives radial discharge, perhaps the ideal propeller for
the present design 1s & combination of, or compromise
between, these two extremes. HMixed-flow liguid pumps

are bullt in which the change in direction between the
axial inlet and the seml-radial outlet is accompliisghed
within the vanes (Fig. 4-J). The outlet diameter is cone
siderabiy greater than the inlet diameter, however, and
1t 1B estimated that for a free-alr fan built on the
same principle, the rctor would have tc be some eighteen
inches in diameter and nine inches deep for low-velocity
discharge at 1200 efm. While this is too large from the
standpcints of safety (because of the high peripheral
speed), and convenilence, it suggests & principle which

may be employed to advantage: that is, using the biades
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to supplement the action of the diffuser in changing the
flow direction, thus simplifying the latter by reducing

the requirements imposed on 1t.

The propeller proposed here 1s a modification of the
constant-lead hellx, and might be termed a "semli-mixed-
flow" type. In order to accomplish & part of the required
change in flow (from axial to radial, and vice versa), the
blades are generated withinAa cone, instead of in a c¢ylin-
der as 15 a true helix (Fig. 8). The generating line,
rotating at a constant angular velocity,lmoves perpendi-
cular to the surface of the cone rather than to its axis,
at an axial rate varylng directly with the radius. The
line generated on the surface of any coaxlal ccone with

the same apex is thus a logarithmic spiral instead of a
helix, and cuts all apioaluelements of any such cone at

é congtant angle. While the lead of the spiral per revo-
lution decreases toward the apex, 1t is conatant along the
generatrix in any positlion. A pitch ratio of unity 1is
gselected, corresponding to a moderately high nominal pitch
of 25.5°. This pitch is midway in the range of practical
blade angles‘(from 15° to 35°), and offers goud volume
without excessive power requirements or great axial length.
The central portion of the propeller, to the radius where
the blade angle reaches 45° (tan~l 1 at r/m), is filled

by the frustum-shaped hub, since the action of the blades
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within this region would be predominately centrifugal.
The motor is placed‘partially within the hub for space
economy and better weight distribution. It is expected
that in straight flow the stresm passing around the hub
will tend to converge near the apex of the cone, largsly
eliminating the "dead" area present at the center of
ordinary propellers. The angle at thehblade tip s
17.7° (tan-1 1/7) for the chosen pitch. The ratio of
cone dlameter to height is also unity, giving a large
apex anSle (about 53°) without placing the point of flow
convergence 8o close to the blade as to cause excessive
turbulence. The blade edges are taken along generatrices,
maintaining constant pitch along the edges and bringing
the central portion of the propeller close to the base
of the diffuser, to shorten the flow path. Straight
edges are specified, since each 1s both a leading and

a tralling edge. A slight inward curvature of the edges
might experimentally be found desirable if the blade
proves noisy, although efficient (and thus quiet) opera-
tion is expected. The bdlade tips are slightly rounded

to reduce possible vortex noise and to imprové appearance.

The dimensions of the propeller are calculated for a theo-
retical displacement of 1200 ofm at 1500 rpm. (App. V-A).
While either three or four blades could be used, the latter
number 1s chosen, with a projected area ratio of 100%, to
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minimize the axial depth of the propeller. The large
area and greater number of blades are also preferred by
the consumer. The actual digplacement might be somewhat
higher than the theoretical, perhaps by as much as 25%
(as 1t is in good commercial blades~-see App. IV-C}). This
agsumption is based on the probable flow through the blades,
considering the increase in angle from tip to hub., In
radlal flow, the incoming &ir will continue to flow axially
or even inwardly (cf. flow through orifices) at least a
part of the way through the propeller, so that the effec-
tive plitch angle increases and the air is accelerated as
in a well designed standard propeller; in axial flow, the
same effect will be produced as the radially entering air
crosses the blades (Fig. 8). While this action will be
less significant at reduced velocities, the flow will
never follow an inefficlent path of decreasing angularity
eince the pltch ratlio and hub diameter are designed for
minimal centrifugal action even at full speed.

The Housing--The two major components of the housing are

the propeller cowling and the diffuser. The cowling is
toroidal in form, and provides a rounded entrance in both
directions of flow. While the entrance radius must be
held rather small in relation to the inner diameter of
the cowling, in order to maintain reasonable overall di-

mensions, the flow conditicne will be between those for a
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bell-mouth and a sharp-edge orifice, with a corresponding
high discharge ccefficient and low resistance. The inner
surface of the cowling is parallel to the surface of the
cone defining the blade periphery, and as close to it as
agsembly tolerances will permit in order to reduce vortex
noise and recirculation within the housing. The outer sur-
face 1s shaped to augment peripheral intake, and to carry
out the form of the complete housing.

The opposite end of the housing 1s closed by a diffusing
cone (termed the inner deflector) which curves outward
and away from the propeller. It begins near the hub and
tangent to it end ends tangent to & plane which is per-
pendicular to the axis and a sufficient distance from it
for adeguate intake area in stralght flow, and low-velo-
city discherge in diffused flow. A supplemental deflect-
ing ring (the outer deflector), also curved in section,
is placed between the shroud and the diffuser, extending
from a tangent to an imaginaery cone dividing the blade
into equal concentric areas, to a second perpendicular
plane halving the peripheral area between the shroud and
the inner deflector. The flow through the fan is thus
divided intc two streams whose areas are approximateiy
equal at all corresponding sections, resulting in & uni-
form velocity distribution which is particularly desirable
in diffused discharge. The outside diameters of the de-
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flectors are made large enough to deflect all portions of
the most widely divergent air stream which may pass through
the propeller in diffused flow (Fig. 8). By carrying these
components close to the blades, the entire airstream is

deflected without the need for intermediate louver rings.

The motor is mounted inside the inner deflector and ex-
tends into the hub. The diffuser end of the housing is
covered to conceal the motor énd heating element wiring,
and to complete the form of the housing. An annular space
between the inner deflector and the cover allows the pas-
sage of cooling alr over the motor, in conjunction with
ports in the face of the hub. Grilles are provided at

the open end of the cowling and around the housing between
the cowling and the end cover for protection from the pro-

peller and heating element.

Heating Element--For proper heating of the air, ‘the heat

source should be distributed as uniformly as possible with-
in the airstream, and the air veloclity reduced to the
lowest value possible by operating the motor at its mini-
~mum speed. It would perhaps be desirable to have the ele-
ment on the discharge side of the propeller, a2t least in
straight flow, in order to utilize the blades as heat re-
flectors. Hdwever, the difficulty in supporting it pro-
perly from the cowling, coupled with the unattractive
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appearance the mountings, insulators, and element would
present in this readily visible locatlion, and the extended
grille required for the user's protecticn, more than cancel
any advantage. The deflectors, in comparison, offer con-
venlent, well protected mounting surfaces, and a portion
of the element may be mounted on each of these for proper
heat distribution thrcughout the flow area. Riligild elements
would be the easlest to mount and in general give long ser-
vice, since oxddation of the resistance units is low in
these types. However, the cost of the finned~tube metal--
enclosed type, used in industrial fan-heaters, is toc
high (over $15.00) for consideration, and the glass-en-
closed and refractory types are too fragile for use in
a highly portable appllance. An open helical coil of
resistance wire, supported in insulators, ls thus chosen,
with the conservative operating temperature of 11009 F
specifled to prolong its 1ife. A two-part element is
used, one section being mounted on the outer surface of
each deflector. The maximum heat output of 1500 watts is
obtained by connecting the elements in parallel, with a
low heat of 900 watts using only the inner portion.
There is no simple and practical way to wire the element
50 a8 to heat both parts of the airstream ¢n low heat,
but this 18 not considered a serious disadvantage since
only the lowest alr velocity will be used with the

900-watt element, and a somewhat larger portion of the
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flow wlll be through the inner section of the propeller
and housing at this speed. The two parts of the flow will
mix shortly after leaving the housing in any case, to

further assure eqguallzation of veloelty and temperature.

Control-~Provision must be made for varying the motor
~speed to cover the range of use conditions, and to cone
form with consumer demand for a choice of several speeds
in quality fans of this ajze. This can be done by wind-
ing the wotor so that the number of poles may be changed,
but while this maintains optimum characteristics, it 1ie
costly and limited in practice to two speeds. A react-
ance~type controller, which 1s relatively 1nexpeﬁaive

and has a negligible effect on performance, is the alter-
native selected and is incorporated in the motor circuit
to give three speeds below the maximum of 1500 rpm, down
to the minimum practicable (about 1/34 of maximum of 1500
rpm). To protect both the unit and the user, excessive
temperature rise is prevented by operation of the fan
whenever the heating element is energized, at 1ts lowest
speed on low heat, and at either low or first lntermediate
speed on high heat (Fig. 9-4, B). At low speed, the com=-
bination of minimum volume (about %00 cfm) and maximum
heat output will raise the air temperature 162 F between
inlet and outlet under average conditions (App. VI-B).

The fan alone may be used at first or second intermediate
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speed or at high speed, but for alr cireulation in the
average home will probably find its greatest utility at
the second speed of about 1800 rpm, glving a2 volume of
approximately 1000 cfm. It 1s expected that the maximum
capacity will be uged in small homes mainly for exhaust
ventilation. No built-in thermal overload protection is
provided, since a temperature rise of about 400° F above
the designed operating temperature will overload even a
20-~-ampere fuse, larger than should be installed in the
circuit to which the fan i1s connected, without causing
the element to burn out. The motor is afforded protec-
tion fyom overheating by the inner deflector, which acts
as a heat-reflecting halffle, as well as by the provision
made for air flow directly over it.

The variety of uases for which this fan is intended re-
quires a greater degree of directional adjustment than
is usually offered (Fig. 10). With the unit on the floor,
straight flow should be obtainable at any angle between
horizontal and vertical, and at a slightly greater angle
of depression when placed on a table or otharwlse railsed,
In coolling with diffused flow, the air should issue ho-
rizontally some distance above the floor to avold drafts
and most effectively to cover the occupled zone; to ate
taln this height without greatly Aincreasing the overall
height of the unit, the intake must be at the bottom.
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This is also desirable since the aooler alr at the floor
level will thus be drawn in, lopr dlscharge at approxi-
mately chalr level. Because a complete 90-degree change
in direction 1is seldom attained l1ln practice except in a
closed duct, the alr will lssue at an angle slightly above
horizontal to cover the entire living area above knee
height. On the other hand, when heating an area close o
thz unit, the lowesat velocity should be used and the warm
air should issue cloge to the floor to replace the cold
air in this region and rise through the cool lower levels
ol the room. The posliilon of the nouming in thils case ig
af course the same as for siralghit vertical flow, but with
the propeller rotation reversed. To allow the reguired
rotation of at least 180° the housing is mcunted on plvots
whose axls 1s perpendicular tc that of the housing and as
nearly as possible through the center ol gravity of the
latter. The pivots are supported from the base by a
J-shaped ycite wilthin which the housing may be rotated.
Since the sides of thls yoke form cbvicus c2rrying points
and are structurally satisfactory for the purpese, N se-
parate carrying handle is provided. luwever, the housing
hag adeguate sirengih to allew the Tan to be corried in

any way that 1t might readily be lifted.

Adaptability o mounting several fect above the flozr is

Py

practically a regquired saleg feature, and is especially
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desiravle for effectlive circulation in larger rooms so
that high velocities can be used without disturbance to
the occupants or obstruction by furniture. Whlle pedestal
mounting is offered by many nufacturers, its additional
cost 1s a deterrent to sales, and the special features of
the present unit would not normally be requiged at high
mounting levels. The unit can, however, be §ead11y wall-
mounted by the base, and in this case the radial intake
provides improved inlet conditions, particularly when
discharge is nearly normal to the wall. 8Such a monnting
is convenient in that it does not obstruct working arecas
gsuch as the lloor and desks, while the unit may easily be
taken down for portable use--advantages not offered dy
pedestal mountinzg. The angle of depression required in
wall mounting is small, since direct flow ghould not
strlke perscns at closge range, and only sufficlent ele-
vation is needed to circulate alr across the ceilling
{(which may range in height from eight to twelve feet de-

pending on the room size)., An adjustment range above
and below horizontal of only 15° is thus adegquate at the

recommended mounting height, that is, with the fan center
from 8ix to seven feet above the floor. This places the
controle for ready aéoegsibility by individuals of average
height but allowe the direct airstream to pass above head
level., The plane of the yoke ahd pivots is vertical in

wall mounting for greatest strength and rigidity, the ver-
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tical adjustment being obtained by sliding the yoke in
an arc at the‘base, through an included angle of 30°. To
provide horizontal adjustment to within 15° of the wall
on both sides, the pivots must allow an additional rcta-
tion of T5° in conJunction with the 180° already deter-
mined, for a required total of 255°. For greater con-
venience, a maximum arc of 270° is provided. The pivots
incorporate stops to 1limit motion to this angle, as well
a8 a friction device to hold the fan at the desired angu-

lar setting without use of the usual thumbscrew.

All wiring ig enclosed, running from inside the inner de-
flector through one pivot and the tubular yoke to the base.
The yoke 1s held to the base at the chosen angle by a
spring clamp, which provides resilience tc reduce stress
concentration at the point of attachment in casge the fan
is Jarred or upset. The dimensions of the base are large
enough for adequate stability, and provide mounting apace
for the gang awitch controlling motor speed and direction
and element heat, the apeed—controi reactance, and the
yoke clamping device. The switch knob is at one end of
the base under 1ts Juncture with the yoke, this to be the
lower end in wall mounting, with the yoke c¢lamp knodb at
the opposite end., It is recommended that the unit be
also made avallable without the heating element, at s

correspondingly lower price; the only required modifi-
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and the yoke clamp, o8 well zs the name plate to Le mounted
yin o She ond grille, are walnut-brown zolid-color plastic,

o 8 e - 1 A BN ; e & da gy 4N 8 3 P Bl
giving dark accents at thesz points for ready ldentifica-

tion. The name-plate letterin

Trade Name--Sirce the mapufacturer's trade name forme an

important part of his good will, it zhould be selected
astutely. Simpllcity ané diztinctivencrs are major re-
aquirements if the nam@ ig to be accepted by the public

to the extent that they will ask for the product of a
gpecific firm, rather than merely for & type cf article.
This 12 not to suggest, of course, that a trade name can
become a "household word" 1f it does not represent a pro-

duct of high quality.

Bost groducts are ldentified by = firm name baszed on
that of the Pounder (e.g., %éstinghause Eileetric Corpora-
tion) or one stating its products or pﬁrpose (The General
Electric Company). HNames of this type may also be abbre-
viations (Fasco Industries, formerly F. A. Swith Manuizc-
turing Company). Other names are pure coinings {Kodak),
vrelgn derivations (Thermos), or descriptive terms (Ever-
sharp). 4 few in these groups have become convenlent sy-
nonyms for all articles of the same type, regardless of
make (in the case of those cited, for hand cameras, vacuum

bottles, and asutomatic pencils). BSecondary names are added
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to the firm name to designate the variocus products in
a line of consumer goods. FPan manufacturers of'ten at-
tempt to connote some quality or function of thelr pro-
ducts by forming names from combinations of such terms
as alr (commonly spelled "aire”), breeze ("breez"), and
flow ("flo"). Although they may be useful in advertising,
real public acceptance of some of these names 1ls Question-
able~-~-1t is difficult to believe that the average customer
would ask for a "Kisco Handi-Table Circulair” by its full
name, as an example. At any rate, mogst of the word com-
binationsa wh;ch are remotely applicavle or even clever
seem to have been claimed, 80 that 1t would be difficult
to form a distinctive new term of this sort. Abstinence
from the use of any such name 1s therefore suggested in

the present case.

The design presented here has been developed to conform
with the requirements which would be lmposed by an estab-
1ished manufacturer, in regard to marketing as well as
manufacturing. An old-line {firm somelimes expands from
the industrial-goods field by adding a line of home ap-
pliances, and adopte a new and separate name for theee
products. OUne of the proper funictions of the product
designer is to advise in the selection of this name, be-
cause of its close identification with the results of his

work, and because his background and regearch are pre-
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sumed to have glven him speclial knowledge of the consumer

mind.

To exemplify the considerations inherent in naming a pro-
duct, the name "P HE R 0" has been chosen. The two-
syllable construction satisfies the requirement of sim-
plicity: while the same sound could have been obtalned
with only four letters by using an initial "f," the dia-
graph "ph" 1s unusual in trade names, and avolds iden-
tification with the card game "faro." The heavy serif

at the peak of the "a" (&) acts as a macron to emphasize
that the pronunciation 1s the same as in the word
"pharaoh," and heightens any exotic and aristocratic (if
vague) assoclation with ancient Egyptian royalty. A logo-
type with characters partaking slightly of Egyptian sym-
bols 18 proposed as appropriate to the derivation of the
name. The serif-A 18 consistent with these special cha-
racters, and may also be used readlily in conjJunction with

standard capitals when the logotype 18 not avallable.

"PHERO" alliterates with the words "fair," "air flow,"

and "fan," for use in slogans or other advertising.

Since these words are not actually spelied out in the
name, it is adaptable to products other than fans (avoid-
ing the dilemma of the Chicago Electric Manufacturing Com-
pany, which established the name "Handyhot" for 1ts ori-
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sinal line of heating and cookling appliances, and now
makzg cocling fane and ice-crsam freezers ag well). The
presehc design is designated simply as a "Portable Alr
Circulator.” This teram is meant to amphasize Ligh capacity
in combination with convenlent size, partially by inter-
Terring that 1t is unusual for an alr clrculator to be
portable (as the twenty-inch and larger fans thus classed
are not). If the line of prodGucts includes other fan
nodels, the collective term "PHERC-Pans" (not "-Phanas"?)

18 suggested.
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The Drawings--Every part of the "PHARO" Portable Alr Cir-

culator is shown in the mechanical drawings (Drawings A
through §2--inside back cover), and sub-assemblies have
been included as needed in addition to the full-sized
master assembly (Drawing H}. The lettered drawings each
show the parts of a major component, and the parts themf
selves have been numbered congsecutively, essentlally in
the order of assembly. Part numbers followed by the
letter "H" (e.g., 25H) indicate that the basic part (25)
is modified when used in the optional fan-~heater model.
Part numbers preceded by "H" (e.g., H5) indicate a sup-
plemental series of parts used only with the heating ele-

ment, and are not incorporated in the cocling-fan model.

All necegsary dimensions are glven, and many of the smeller,
more complex parts are reproduced full size; others are re-

duced to one-third size.®* Host curves are dimensioned

® The choice of thils somewhat unususzl reduction was dic-
tated by the requirements of ﬁaximum elarity and ¢on-
venlent size: one-half reduction would have required too
large a sheoet for some of the larger parts, and 1s not
sufficient to obviate confusion with full size, while one-

fourth mcale was deemed too small for clarity of detail.
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only &t terminal peolnts, dut thelyr fora is clearly shown.
llowever, the chape of the side L0 the houslug and all
curves of matlig puarts are fully dimensioned Ly offsets
or ra@ii. Bxecept in apeciflyiig standasrd party s stock,
Gecimal dimensions are uged Lhroughout. Tulerances ors
specified vnly where critical. Uther tolerances would be
set by the touolling and production glandards of The manue
facturer, in which case the genersl tolsrances noted in

the titlie block do notl necessarliy apply.

¥Materlals and Constructivn~-The various parie which toe-

gether form a wajor component or sub-agseubly are dis-
cussed here In groups, following the <rder of the let-
tered drawing sheets. The {iret suth group of parts

forms thea Cowling.

The Cowiing (Drawing A) ie & toroidal shell which controls
the flow of air through the propelier and separates the
axlal and radlal regions of the alirsiream. It is formed
from sheet aluminum in two parts, the cuter and inner

cowl (Parts 1 & 2), which are divided at planes normal

to the dlrecticn of forming. Aluminum alloy 38-0, with

a thickness of .032", is specified for all of the larger
shieet-metal parts because 1t is euslly fourmed, and because
it offers adequate stirength with 56% less welight than the

thinnest steel which could be used (24 gage, .024"). It
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is also less resonant than steel, tending to damp rather
than amplify any sounds resulting from propeller or motor
vibration. It can be given an inexpensive chemical finish
for appearance and protection where the metallic color is
desired. The sheet aluminum parts may be formed economi-
cally by modern semli-automatic spinning methods, where
annual production ranges from fifty to fifty thousand
pleces or more. No more than two spinning chucks are
needed for any part in this design, and for initial pro-
duction could be inexpensively made of hardwood with metal
inserts. The additionél cost of a trim die, needed if the
parts were drawn, 1s eliminated since spun pleces may be
trimmed with the desired cleanness and accuracy while in

the spinning lathe.

After the assembly clip (%) is riveted in place 1in the
outer cowl, the two cowls are assembled with the Jjoint
band (3) between their outer edges. The band serves an
esthetic as well as a structural purpose, since 1t tends
to stop the eye from following around to the inner face
of the cowling, and thus directs emphasis to the full
curve of the outside of the housing. The cowls are held
together until final assembly by the push fits at the
inner dlameters and at the joint band. They are spray-
painted with sage green enamel, which should be formu-

lated for baking at 300° F for durability and to resist
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the temperature of the heating element.

The Brackets (Drauing B) are the main structural elements
of the housing, acting to support all of its components

as well as the housing itself. Elliptical in section, the
brackets are streamlined for smooth, quiet flow. They are
aluminum die castings made from Alcoa Alloy No. 218, which
was selected for all dle-cast parts. This alloy, contain-
ing 8% magnesium, 18 nearly equal to most zinc alloys in
strength and weighs 62% less per unit volume. In addition
to having the highest tensile strength and lowest density
of any aluminum die-casting alloy, it has the greatest
resistance to impact fracture: this i1s a valuable pro-
perty in the parts of a portable home appliance which

is liable to be upset or even dropped. 0Of the standard
aluminum alloys, only Alcoa No. 218 and one other can be
chemically treated to give a lustrous metallic finish of
the same color as the sheet aluminum parts. Any other
dle-casting material except magneﬁium would require ex-
pensive polishing and plating. All exposed die-cast parts
(excepting the base) are to be anodically finished by the
Alumilite process, which bullds up a protective oxlde coat-
ing by off-plating in a sulfuric acid bath. A clear or
'white" water-sealed finish is specified. The only finish-
ins’opefations called for previous to anodizing are flash

removal and a light power brushing to assure a uniform
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gatin finish.

Although the dies for the parts designed for die casting
account for the largest part of tooling costs, these parts
cannot be made economically by any other method, nor
would they be as attractive in appearance. Labor coats
would be excesslve i1f the same parts were sand-cast or
asgsembled from stampings, whereas complex die-cast parts
can be made in a single plece and require very little
machining or finishing. The brackets (6, 7, & 8) are

the only castings requiring a die 6f more than two sec-
tions. A third plece 18 needed for these parts to form
the flange which mates with the céwling, and the lccating
pin and cored mounting holes in the flange. A special
stud (9) is inserted in each of the mounting holes and a
cross pin (10) 1s pressed into place with a plier-like
tool (obtainable from the stud manufacturer). When the
cowling is 1in place on the brackets, each stud 1s given

a quarter-turn, engaging the cross pins in the assembly
clips to lock the cowling and brackets together. The
spring steel c¢lip material gives a tight yet resilient
Joint which allows for any slight misalinement, and per-
mits the extended leg of the clip tc be pulled down agalnst
the inner cowl by the cross pin, holding the two parts of

the cowl firmly together.
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Small movable cores in the die parting plane form the
acrew holea for mounting the motor and the end cover, and
the bearing in the pivot brackets (7 & 8). The wiring
pivot bracket (7) is drilled for the extruded-aluminum
wiring tube (11), which 1s pressed into place. This tube,
also finished in Alumilite, carries the wiring to the inner
part of the housing. ‘Other machining of the brackets is
limited to reaming the pivot bearings and tapping one hole
in each of the pivot brackets. This is the only tapping
operation required anywhere in the assembly of the unit,
because all assembly screws are driven into die castings,
and are of the self-tapping type which forms 1£s own
thread in the aluminum. Besides eliminating tapping,
which 1s particularly expensive in blind holes, these
screws remain tight even under vibration and thus do not
require lock washers. The type 'C' screw is generally
specified, since this has a standard thread and can be
replaced with an ordinary screw in case of loss. Most of
the screws are size number 8 with a Phillips recessed head
to expedite automatic driving, but a few afe button-head

type 'U' drive screws which are merely pressed into place.

The Pivots (Drawing B) are screw-machine parts which fit
into the pivot bracket bearings, and form Jjournals for the
rotation of the housing within the yoke. The yoke caps
(17 & 18), within which the pivots are cast as inserts,
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fit around the top of the yoke. The caps are identical
and require but one die, since they differ only as to the
pivot cast in them. The direction of die parting is dif-
ferent from that of ejection in the caps and the cap ocovers
(19 & 20) because of the angle at which the yoke meets the
pivots. Undesirable changees in section thickness, which
would result in excessive shrinkage and cracking during
solidification and aging, have been eliminated by coring;
and parting and ejection requirements have been taken into
account in the die-cast parts. However, the provision of
draft in straight-sided parts, and the location of ejector
pina, gates, etc., have been left to the die designer,
with the expectation that no changes in external appear-

ance or basic design will be required.

The wiring pivet (12) is hollow to sllow passage of the
electric wiring from the base and yoke through the wiring
pivot bracket and the wiring tube, and is curved inside
to prevent abrasion of the wires. The friction pivot
(13) incorporates stop pins. (14) which contact the pivot
retaining screw (23) in the friction pivot bracket to
1imit rotation of the housing to 270°. The expansion
screw (16) draws the expansion plug (15) into a tapered
hollow at the inner end of the friction pivot. Each
'quarter-eurn of the screw spreads the serrated fingers

of the pivot by about .002" in diameter, for adjustment
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of the friction in the bearing to the degree which will
allow directional posltioning of the houslng and yet hold
1t at any desired setting. The thin spot provided in the
cap covers is punched out in the frictlon pivot cap cover
(20) for a snap plug (22), which gives accees to the ex-
pansion screw when wear of the bearing necessitates tight-

ening.

The Deflectors (Drawing C) are the elements of the dif-
fuser portion of the housing which funetion to divert

the airstream from a radlal to an axlal direction or

vice versa. They are so proporticned that the area
between the outer deflector and the cowling is approx-
imately equal to that between the tweo deflectors at
corresponding points. The air velocity is thus changed
evenly between the dblade and the outer diameter of the
diffuser, to maintaln uniform veloclty distribution
across both inlet and outlet. The deflectors are spun
(or drawn) from sheet aluminum which is subsequently
Alumilite-finished, and only simple dies are required to
punch them for agsembly. The outer deflector (25) is at-
tached only to the brackets, by drive screws pressed into
the brackets through tabg at its outer dlameter. The inner
deflector (26) is mounted in the same way, but has addi-
tional tabs at the inside (axcebt where the wiring tube

enters). These centralize the bracket arms and tie the
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housing assembly firmly together when the motor is in

place.

The Heater (Drawing C) comprises resistance-wire coils
(H3 & H4) supported in ceramic insulators (Hl). The re-
sistance alloy specified, which containg 16% of iron in
addition to nickel and chromium, is satisfactory for
operation as high as 1700° F, and will give long service
at the designed operating temperature of 1100° F. The
deflectors are modified (25H & 26H) to provide mounting

holes for the insulators, which are attached with spring
‘ clips (H2) rather than rivets for eage of assembly and to
prevent strains that might crack the ceramlic materilal.
The ends of the elements are brazed in the head slots of
ordinary machine screws (H5); these screws are tightened
against apacers (H8) in insulators of the same design as
used elsewhere, to form terminals for the heater lead
wires (H10). Where the leads pass through the deflec-
tors to the inner end of the wiring tube, aluminum eye-
lets (H9) prevent abrasion of the insulation.

The Propeller (Drawing D) is designed in accordance with
specifications which were developed theoretically (App. V)
and«com@ared with actual performance data (App. IV-C).

The four blades (29) are fcrmed from bright aluminum and

do not require further finishing. The tabs for riveting
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them to the hub are placed on the less visible side of
the blades; this placement alsc avoids excessive stresses
where the tabs are bent down since the required angle is
under 90°, with less likelihood of weakening the metal.
The stiffness of the high-strength alloy used, and the com~
pound curvature where the blades meet the hub, together give
the blades great rigidity to resist forces tending to deform
them during operation. The tabs and rivets thus need only
to be strong encugh to counteract the relatively low centri-
fugal stresses. In addition to the rivet holea, the tabs
have larger holes for balancing weights.-(31). While fairly
good static balance may be cbtalned by grouping blades df
equal weight into sets, a dynamic balancing operation is
recommended to equalize weight distribution in the axial
direction. The weight holes have been separated as far
as possible axially, and each of them will accommodate up
to four of the lead discs, which are pressed in where reu'

quired.

The hub (28) might have been built up from & drawn shell
and a screw-machine shaft socket, but dle casting was se-
lected becauge of its simplicity and othér advantages.
The greater thickness of the casting gives better sound
abgorption, and allows the vent holes in the end to be
formed so as to augment air flow over the motor. Since

the shaft is not directly accessible with the motor in



101 ‘ DESIGN
-Synthesis-

place, the customary setecrews are not used (although
screws could be reached if large screwdriver holes were
provided in the outside of the hub). A further consider-
ation in the present design, where the direction of pro-
peller rotation 1s reversible, is that setscrews‘;ould
tend to loosen and the propeller might fly from the shaft.
A gimple mounting method has been developed/to obviate
these dAifficulties, and permits the propeller to be
merely pressed into place on the shaft. This method has
equal resistance to axial forces in either direction,
and incidentally transmitas less sound than rigid attach-
ment by setscrews. A standard insulating grommet (32),
made of synthetic rubber to resist deterioration by
aging or by oil from the motor bearing, 1s placed in the
counterbored shaft socket of the hub. The metal at the
end of the socket 18 then spun over the grommet to hold
it in place, and the propeller assembly 1s pushed onto
the motor shaft until the grommet snaps into the knurled
groove provided. It was found by test that this assembly
requires only about five pounds of pressure for instal-
lation on a chamfered shaft, but when once in place will
withstand a direct pull of nearly twenty pounds. The
propeller when installed passes close to the deflectors
and cowling to prevent recirculation; the somewhat greater
spacing from the bracket arme, together with their stream- |

lined form, obviates turbulence at these pointsQ
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The different motors used with the fan (33) and the fan-
heater (33H) are to be manufactured in accordance with

the electrical and mechanical specifications given in

the péeceding subsection, "Components of the Unit." All
dimensions which would be required by an outside vendor
are shown, including shaft and mounting details and clear-
ance dimensions. Standard grommets (35) are inserted in
the motor mount angles (3%) spot-welded to the motor case,
to provide a resilient mounting which prevents motor vi-
bration from being transmitted to the housing. Wide tabs
on the'deflector at three polintes and large screw heads
keep the grommets from being crushed against the thin
brackets; at the fourth bracket, the stamped tube clip
(37) fits into the belled end of the wiring tube to hold
it in position and to provide a rounded surface for the
wires. The motor shaft should be alined with the hous-
ing axis during assembly by further tightening of one or
more of the mounting screws against the grommets. During
this operation the shaft can be extended by a spindle to

indicate when alinement is reached.

A capacitor-run motor is used when the heatlng element is
not incorporated in the unit. The capacitor should be of
the oil-f1lled type (rather than electrolytic) for long
life, and is clamped to the motor case in the space be-

tween the inner deflector and the housing end cover. To
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minimize the number of wires which must be led between the
housing and base when the heater 1s included, a separate
rotary reversing switch (H1l) 1s mounted on the end cover.
The reversing switch knob (H12) is large in diameter so
that it can bé grasped readily even when the fan is posi-
tioned so that the knob i1s invisible to the user. The
design of the knob conforms to the shape of the end cover
80 as not to attract unwarranted attentlon, and harmonizes

in form and material with the knobs used on the base.

The Grilles (Drawing E) are fabricated from round steel
wire by projection welding, and plated in bright chromium.
Short extenslons of the wires are snapped into holes in
the cowling, and held by notches which engage with thé
sheet metal of the cowls as the grilles spring back to
their original form. The end grille (38) 1s attached to
the axiel-flow end of the cowling at six polnts spaced
approximately 60° apart, and has an open center to pro-
mote air flow through the holes in the hub face. The
name plate (39) which mounts on the end grille is an
open-centered plece designed to be intermedlate in form
between the atraight linés of the grille and the curves

of the housing. It 1s inJection-mclded from heat-resist-
ant polystyrene plastic to resist deformation by the heat
of the element. The thermoplastic material has sufficient

elasticity to allow the molding of a special groove where-
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by the nameplate is snapped onto the grillle and held with-
out additional clips or screws. Gold powder is fused into

the raised design to provide wear-resistant coloring.

The side grille (20) follows the curvature of the brackets
so as to fit them anugly. The rings are connected by cross
wires placed every 300 except at the brackets, and two
gaps are left in the smallest ring to allow space for

the pivots and access to the retalning screws. The num-
ber of rings used 1s felt to be & proper compromise be-
tween opemmesgs and sclidity, and should be adequate to
prevent draperies, etc,, from being drawn intc the heat-
ing element. However, a strict interpretation of the
"Standard For Electric Heating Appliances" (Underwriters'
Laboratories, Inc.) would require cross wires at each
seven-eighthe of an inch, and the present design would

probably be subJjected to special tests before approval.

The End Cover (Drawing F, #1) closes the end of the hous-
1ng opposite the cowling and forms a third point of attach-
ment for the brackets, to complete the housing structure.
The cover is finished in sage green enamel to match the
cowling. These painted parts of the housing act as visual
terminal planes to emphasize the air-flow qualities of the
lighter-colored open diffuser section. The small internsal

flange which finishes the edge of the cover can be formed
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by use of a sectional internal spinning chuck; or a rolled
bead, made with the part in a separate female chuck, may
be substituted for the flange. An annular space is left
between the cover and the inner deflector for the passage
of cooling air over the mctor. By remcving the four
screws which secure the cover, the wirling connections
are exposed for servicing, and the capacitor 1is acces-

sible for replacement 1f required.

The yoke (43) is made from extruded aluminum tubing with
a hollow rectangular section. The alloy selected, 6183,
i1s the only readily weldable wrought allcy which can be
glven a light-colored Alumilite finish. (The presence

of silicon in other aluminum alloys causes darkening
during chemical treatment.) The light metalllc finish,
matching the other anodized aluminum parts, emphaslizes th
the free suspenslion of the housing within the yoke, and
the inward curve toward the plvot polnts further accen-
tuates this quallty. Whlle the sectlon 1s shallow to
avold & heavy appearance, 1t has sufficient rigidity to
prevent excessive deflectlion when the unit 1ls wall-mounted
(see Stress Calculations, App. VII). Additional strength
is cbtained by forming the yoke on a stretcher-bender
machine, in which the tublng is clamped and hydraullicsally
pulled around a template. This operation strain-hardens

the aluminum and ralses its yleld point above that of the
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as-extruded ("F") condition.

The yoke material must be suitable for welding so that the
yoke stops (44) can be attached without mechanical fasteners,
which would protrude into the wiring passage. The wiring
from the base enters the hollow yoke through & hole between
the stops. The stops are placed off-center so that the

wires will not interfere with the internal components of

the base az the yoke 1s adjusted,

The Base (Drawing 01-2) provides stability for the unit
regardless of the position of the housing, and incorporates
the principal controls. The base proper (46) is a die cast-
ing which requires only a two-section dle without movable
cores, in spite of ite large size and somewhat complex de-
gign. The uge of aluminum rather than zinc saves about
four pounds in weight. Alcoa Alley No. 218 1s specified
because its high Impact strength 1s particularly valuable
in the base (although its ancdizing characteristics are

not required here éince the part 1s enamelled). A more
free-flowing alloy such as Alcoa No. 13 might be substi- .
tuted 1f uniform density and maintenance of detaill cannot
otherwise be assured., The base 1is 20 designed that the
suggested wall thicknegs cf ,075" can be decreased or in-
creagsed (to as much as .125") to suilt casting requirements,

without affecting the function or appearance of the part.
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Screw holes for the speed contreller (53) and the base-
plate (47) are cored, as 1s the slot for the cord bush-
ing (56); other holes (for the control shafts and the
escutcheon screws) are not in line with the direction of
die parting, and so are drilled. .The yoke fits 1n the
gréove at the top of the base with only sufficlent side
clearance to allow freedom of adjustment. The chordal
helght of the groove arc and the snug fit of the yoke
keep the latter from tipping when 1ts clamping device 1s
loosened. The wiring slot at the bottom ¢f the groove is
wide enough to clear the wiresg and the yoke stops, but
retaing a bearing surface along both sides. The stops
contact the ends of the slot whern the limits of yoke ad-
Justment, 15° to either side of~ﬁhe central position, are
reached. At the end of the base nearest the wiring slot,
a flat 1s provided for the yoke-clamp contrél. An internal
flat at the other end forms a mounting surface for the
power switch (52), which controls the motor speed and the

operation of the heating elements.

The baseplate (47) performs several functions in addition
tc 1ts primary one of enclcsing the bottom of the base.

It supports the unit in wall-mounting, by means of keyhole
glots so that the fan can readily be taken down for port-
able use. The woodscrews (72) furnished to fit the slots

are adequate to suppcrt the weight of the unit, and are
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griven in the wall at pointes convenlently spaced gix inches
above and below the desired mounting center. So thaﬁ the
gwitech will be readily accesszible at the lower end of the
it should be centersd beotween five and cne-
nld and meven feet from the fioar? depending on the slzge
of the rouwm, the activities ol its cceupants, and the

of Turniture, To assure that the baseplate

&

alwaps be replaced properly {(with the large ends of

:.

the sorew glote toward the switch), one of the holes for

rageplnte attachling serews 1s placed asyimetrically
small noteh In the plate is then also positioned core
roctly to rebain the cord bushing in the base. The base-
nlate is heavyezape steel, which provides gome addition:
welght 2t the lowest point c¢f the unilt in portable use,
wives gtrength &t the kevhols slota so the wall-mount
serews will mobt tend to pull through. Pour feet riveted
the tassplate support the unit far
auough From any mounting surface to prevent damage withe
cut impairinz the stable apiearancse of the base. Poly-

gtvrens plastic iz used for the Teet instead of the hardsr

shenollce type olten emplsoyed. The thermoplastic material

i touxn and long-wearlong, and lts smoothness and greater
‘i he unlt to be moved without marring

A1l manufacturer's data {such as the
modael and patent vumbers, Undevvriters' approval seal,

glectpical data, avd servicing instructions) are incope
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worated in a decalcomenia (49) applied t0 the haseplate,

rather than in some other, unduly prominent location.

Cperating instructions and othsr information for the user
should bs furnished in the forw of a gmall, easlily read

booklet.

agired pomlition relative to

)

The yoke is clamped in the <«
the base by & {lat steel spring (37), formed from pre-
tempered gtock, and finisghed in brushed chromium plate to
match the colopr of the yoke. The clamping method used
siven @ raesilient attachment which can be tightened easily
and positively and prevents damage Yo the base i the house-
ing is Jarred., It i8 so Geslgned that the yoke cannot

coms entirely free from the base, a danger which would be
pressnt 1 an extarnal thumbscrew or other conventional
Pastening were used. Arms on each side of the elaxp

spPing hold it in positlon where they enter the base
through slots at the sides of the yoke. The ends of the
arms are notched to engage studs (60) in the ends of two
diswcast bell cranks (595 % 50R). Once the studs are in
place, the clamp can be loosened only to a point which
allows Iree adjustment of the yoke, since further wovse
ment ip prevented by contact of the studs with the inside
of the base. The bell cranks pilvet in bearings formed
integrally with the base casting. When the clawp is

tightened, the Inclined surfaces at the pilvet points ach
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£o hold the cranksg oulward agsinast gulde faces in the
base, and alinement is maintained by the clamp nut (61)
which spaces the crank ends opposgite the studs at the
propepr distance. The crank arms are proportioned to
give 2 mechanlcal gdvantage of &/3 for ease in tighten-
ing. The longer crank armsg arve perpendiculsasr to the axis
of the clamp screw (03) at the medial position of the

clame aegsembly, so that the perew axis does not shift

)

appreciably as 1t 1s twned In the nut. A brasgs bearing
{71) around the screw shaft at the ocutside of the base
fits under the clamp knob {(69) to reduce friction in
tlohiening. The length of the screw between the kuob

and the nut-retaining ring (6%) is so calculated that

the crand plvots camnot drop clear of thelr bearihgseven
“when there 1s no tension on the clamp spring. vﬁfter the
point of initlal tensiocn is yeached, & spring deflection
of JO4" 48 aulficient to mecure the unit firmly to the
base when wall-mounted; only slightly more than one full
turn of the knuflad krnobd is reguirved., Xnobs of the same
design are ussd {or both the clapp and the control switch,
o malntaln the symmetrical form of t{hHe base. The awitch
knob {€8) is modified only by a smmll groove which is
filied with gold enamel to indlcate the switch position,
and 1% is held in place Ly a retaining spring which bears
against a flat on the switch shaft, The switch knob is

provided with & doge-point setscrew in place of the spring.
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The point of the screw acts as a shear pin to secure the
knob, po the utmost tightening is not required (the more
commonly uped cone-point serew might strip the threads of
the phenolic knob before exerting sufficlent pressure fop

secure attashment).

Baslic operating directions avre given on the knob escuiche
eons (65 & 66). These are of anodized aluminum, and the
etched lettering is filled with walnut-brown enamel to
mateh the knobs. Since the ends of the base are small,
the sise cof the escutchecns is limited, while the lettér-
ing must be large enough for easy legibility (bencé the
abbreviation "strait” in the indication for straight
flow, and the word "spread" instead of "diffused"--al-
though the former possibly describes the function more
clearly to the average user). Drive screws are used,
rather than ordinary escutcheon pins, to draw the

escutcheons firmly tc the curved end surfaces of the base.

S1ze and Cost--The complete fan-heater is made up of

eighty-five nusbered parts, comprising scme two hundred
and rifty separate pleces; the model without the heater
requires seventy-three numbered parts, or sbout one hun-
dred and elghty pileces. The weight of the unit isg less
than fifteen pounds becsuse of the extensive use of alu-

minum in 1ts construction. The minimum over-all space
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regquired 1s about one and one-halfl feet wide, one foot
deep, and two feetl high, with a volume of two ané ning-
tenths cubic feet. While the cublcal limit established
in the subgection "S8ize and Capacity of the Unit" is
exceeded by about one=-elgnth, the welght is only two-
thirds of the maximum which wag baged on a large porte

able fan of ccaventional desizn.

The unit performg to best advantage when placed on the
flooyr, where ample space can be provided in the average
howe; for office use, wall mcunting may be preferable.
The space acitually regulred for the base of the unit
ueasures oniy eight and one-half by sixteen inche&, which
ig not excessive sven for table use. The proportions of
the circulator are such that it is eagily carried when
iifted by the yoke, and oonsidering the many fuﬁctiona
combined in this single appliance, ites slze should not

be & disadvantage. UWelght is a greater factor in portae
bility in this case, and the unit is light both in appear-
ance and in fact, yet without sacrificing the effect of

solidity and sirength.

It is difficult to form a valid estimate of the cost of
the unit without knowledge of the specific facilities by
which it 18 to be produced and marketed. The degree of

tooling, the types of parts to be purchased from cutelde
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vendors, initlal production guantities, scope and pamer
of distribution--these factors are typlcal of the ones
which enter into a cost estlimate for an appliance of this
type. Gome information ig availlable to indicate the price

range in which 1¢ will be sold, however.

The greatest tooling expense will be for the dle castings.
#¥olds for these parts will cost about $35,000. Other tool-
ing, Aﬁcluding spinning chucks, extrusion dies, punches,
and drill and assembly Jigs, should not exceed 810,000,
Amortized over a three-~year period, on an éverage annual
production of 15,000 units, tooling will thus amount to
$1.00 per unit. The approximately three pounds of alu~
wminum die castings can be purchased Loy about $2.00 at

- current prices, and raw materiale including sheet metal,
wire, etc., for $3.00 additional. Although relatively
few appliance manufacturers produce their own die caste
ings, many of them have facilitles for making small
motors. Assuming that this 1s the case; a base cost of
$3,50 can be assigned te either motor required for this
design. The high-current switch reguired for use with

the heater should be obtainable for $3.25, and other pur-~
chaged payrig, such as the reversing switch andé the control
knobs, for $1.50. Assuming that labor and overhead each
account for as much expense as the material costs for

parts made by the principal firm, and doubling the coust
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oi' purchased parts and tcoling (since wost of the labor
and part of the overhsud is already included), the total
manufacturing cost is 335.50. 0On the basis developed in

3

the suvsecilon "Characteristics of the Trade,” the retail
price would be approximately $77.00. Without the heating
element, the unit would sell for avout $11.00 lesse, because
ol the less expensive swltch required, and the elimination
of some seventy pleces which reduces materizl and labor

2U8L8.
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The purposse of this thesis, namely "to develop the complete

fe

esign of a portable air-circulating unit,” has been fule
£111ed. The "PHEHRG Portable Air Circulator” combines &

-

greater number of functions than is found in any similaw
appliance availlsble today, in order to make the maximun
coptribution to health and comfort at moderate cost.

¥hile the unit is high in price compsred with the typicel
fan of conventional design, there are many more expensive
fanse on the market which do not offer compsrable periorme
ance or utility. In view of the growing public demand for
high-quaiity units that can be used throughout the year
and in a variety of waye, this design should find good

aceeptance.,

£11 detz2ils of construction have been developed, with
regard to the regulrements of actual production. Although
too many varlables are involved to permit the performance

of any aireimpelling unit to be exectly vredicted, the radie-
¢al propelier degign pregented here 1s expected to approach
closely, if not exceed, its theoretical capacity. HMost of
the wmechanical Teaturss have besn tested in & full-geale
prototype, assuring that thelr operaticon in the lighter

and stronger production model willl be gatisfectory. The

arrangement of electrical components (partiounlzrly the

~
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heater and the wiring from the bage Into the housing) is
nf_aourse gub lect to examination before approval by Under-
writers' Laboratories, Incorporated; this atep is reguired,
not only as a matter of regponsibility on the part of the

manufacturer, but because the consumey hzs learned to

14

lzctrical

o]

4

expect the Underwriters' seal on the better

sppliances.

The controls have been so planned that operation is
simple and easily learned;, in spite of the many ways in
which the unit may be used. It ig felt to be pleasging

in form and finish, and 1s suitable for use in almost any
heme or office from the stardpoint of appearance 2s$ welil

as function.
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APPENDIX II. FAN LAWS

For constant alr density with operation at the same point

of performance.,

Abbreviations: capacity in cfm, Q; horsepower, hp; speed

in rpwm, 8; diameter, D; pressure or head, H.

A. For a Given Fan (D = k)&%

1. Q1:Q2::81:8p, or @ Of 8

2. hp @3
3. hp o83
4, H of8®
5. H Q2

6. hp of H3/2

D. For a Series of Geometrically Similar Fans

at Constant Speed (8 = k)2

1. @ o p3
2. np d Do
3. hp o Q5/3

4. np of HO/2

® Superior letters indicate references llisted at end of

Appendix I1IX.
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Co ¥or a Series oi Geometrically Similar Fans
at Constant Volume (Q = k)°
1. 8 o 1/D3
2. hp o 1/p4
3. hp o843
Y. hp o H
5. Hd 1/t
2
6. H K 8%3
L. Overall Relationships for Similar Fans®
1. Qo Dps
;S
2. hp o D28~
p % e 5
3. H o p¥gR
e Example of the Uge of the Pan Laws
e cpervation of the fan laws in the selection of & fan for

a given dubty may de exemplified as follows:
Assume that 1200 clfm are reguired, and that this ca-

pacity may be cbtained from a fan 12" 4in diameter, cpevate

ing at 1500 vpm with a 1/25 hp motor.

s



123 APPENDIX IT

1. &4 10" fan of the same form would then need Lo
cperate at a speed determined by the relation 8 0(1/@3
(from C.1} and would reguirse a horsepower given by
hp ¢ l/DQ (€rom C.2), or

rpmyg = 1500 - 123/163 s 25G0 rpm

np1o ~ 1/25 - 12%10% = 0892 np (about 1/12).

2., Por a similar 14" fan,
rpmy = 1500 o 123/1%3 = G44 rpm
np1y = 1/25 - 1@%A% = 0216 np (about 1/46).

Thus, for a decrease or increase in diameter of 1/6, the
regpective apeed and horsepcwer regulrements are approiie

mately doubled or halved.

a. Daumeister, Theodore, Jr., "Fans.” Melraw-Hill Book
Company Inc. (New York, 193%8), p. 55 £f.

b. Derived fyom Parts &4 & B,

¢c. Marks, Lionel 8., "Mechanical Engineers' Handbook."”

Melraw-Hill Book Company Inc. (New York, 1941},

pe LU48.
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I1I. THECRETICAL DISPLACEMENT OF PROPELLER FANS

A, Constant-Pitch Helix

A helical surface whoge advance per revolution, or piﬁch,
is the same at any radius may be formed by a generatrix of
length ry perpendlcular to an axis of rotation, moving at
constant axial and angular velocity (Diagram A). The end
cf the g@nerétrix defines a cylinder of radius ro. If the
curve f{ormed on the surface c¢f the cylinder crosses the
“elements of the cylinder at sn angle a, the axial distance
travelled per revolution of the generatrix is defined as
the pitch, -

P = 20re tan a = k¥ (1).
Since the pitch is constant, the angle b at any smallep
radius rg 1s .

b - tan-} (p/2nri) (2),
which becomes %0° at the central axie.
If the helical surface is fixed axially and rotated, it
acts as an Archimedean screw to displace in one revolution
a volume equivalent to that of a cylinder of height P and
rediue ro,

g = 2nro tan a  Mro® = 2n%p,3 tan a (3).

A constant-pitch propeller of K blades may be formed by

® The letter "k" is used throughout the calculations toc sige

'nify various eonstanta, which are not to be taken as eguivalent.
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*~\\\\ Diagram A
-k

Diagram €
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dividing the surface into N equal sectors, each of which
will have an axial length P/H and displace a volume ¢g/N
@er revolution. These blades may be arranged axially to
lie between two planes perpendicular to the axis and se-
parated by a distance

B = P/R (%),
which is the axial depth of the propeller (Diagram B).

B. Constant-Angle Helilx

A helical surface which maintains a constant angle e with
the axis at all radil may be divided into N equal sectors
to form a propeller which resembles the flat-blade type
(Diagram C). The pitch.of such a propeller must vary with
the radius since the angle is constant, or |
tan e ® Pp/2mr = {5).
The axial depth at the center is thus zero (P =0atr= o),
while the depth at the periphéry is
Pro = 2rro tan e (52) .
The displacement per revelution of the complete propeller of
N blades ies equivalent to the volume of a cylinder cof height
Pr, and radius rp, minug the volume of a core of the same
dimensiong, or, from Equation 5a,
q = mrofPpy - (1/3)1 rePPpy » (2/3)mro? - 2mro tan e
= (4/3)n°ro> tan e - (6).
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C. Comparison of Propeller Types

In comparing and predicting propeller performance, two
additional relations may be required. The first is the
pitch ratic, defined ag the ratio of the pilteh to the
outside dlameter, or, from Eg. 1,

pr = Pr,/2re = m tan a (7).
The second 18 the projected-area ratio, which is the {race
tion of the awvea of the circle of radius ry which would be
covered by an axial prcjection of the blades; the efiect
of & ratic other than unity is to vary the axial lead per
revolution so that it is not eguivalent to the pitch. The
displacement will be affected in direct proportion, which
nmay be determined by the sum of the axial depths of the
individual blades divided by the theoretical pitch based
on the blade angle (bcth of which factors must be measured
at the same radius in the case of a congtant-angle pro-
peller), sc that

ar = BN/P (8).

A comparison may be made of the constant-pltch and cone
stant-angle types on the basis of agual volumes:

9 (P = k1) 2rlrod tan a

= e 1, or
9 (e = kp) (4/3)r"r 3 tan e

tan a = (2/3) tan e (9).
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The axial degth at the pepriphery of a constant-angle biade
is thus 3/2 that of an eguivalent ccenstant-pitceh blade.
The radius at which the angle of a constant-pitcihr dbiede
must egual that of a constant-angle biade for eguivaient
sisplacenent is deterwined (using Bg. 2, 3, and &) from
the relation,

3

9 (p = k) pitch « area 2nrq tan b o T ro°
= = 81’

ko) (4/3)18rgy3 tan e (4/3)m8r,3 tan e

qQ (e

wiere tan b = tan e, so that
ry & (2/3)r, (10) .

The specified pitch angle, or "nominal pitch,’

' of commer-

cial blades, as wel; as of aircraft propellers, is measured
at this radius, so that in estimating the capacity of a
comnercial propeller, the displacement per revclution, {rom
Bd. 2, may be taken as

g = (4/3)n2r,3 tan b (11),

where © isg the nominal pitch.

The difference in the veloclty and velume characteristics

of the two basic propeller types may be readlly demonstrated.
From the eguivalent relations for capacity in cfm (by which
i1t ie egual elther tc the product of the flow area and the
yelocity, @ s AV, or to displacement per revolution times
revolutions per minute, Q = g8) at constant speed, V o g/A.

For any portion of a constant-angle blade to a radius ri,
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(3/3)r%rs3 tan e
e

Vav d , and gince tan e 1s & constant,

nry

Vav 0( s (12) .

Further,'since the average velocity over the whole blade is
proportional to
(@/3)n2r03 tan e / T ?, which is equivalent to the
expregsion
" Pay * A/ A, the radlus at which the velocity is
egual to the average may be found, using Eq. 5:
(4/3)1Bry3 tan e - 2rrpy tan e  Try2, or

Pay = 2ry/3 (12a) .

For a portion of a constant-pitch blade,

Zri tan b * Tyl
Vay « = » and gince 2nry tan b is
my

a constant equal tc the pitch P, at all radii
Viesiz) = k (13).

In a similar way the relative displacement of wvarious por-
tiong of the blade, which might be termed the "volume distrie

4

putlon,"” may be compared in the two blade types. For a por-

tion of & constant-angle blade between radii r; and rop,
' Qr.p A rgd = ry3. (13),
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For a similar portion of a cunstant-pltch blade,
a1-2 A re® - m? (15) .
The displacement per unlt of ares may alsc be compared, as

an indication of the relative amounts of "work" perfourmed.

a constant-angle blade,

For
(@/A)1.p Of (203 - 233)/(rp? -

2) - {16),

or a congtant-pitch blade,

(a/A)1-2 = k (17).
These latter two functlons of course have the same form as

w
a‘!

the velocity functions, BEg. 12 and 13,

if a propeller of each type were divided into annular pop-
tions of egual radial width, the relative effectivenesgs of

such portions would be found to vary widely (here v, is

taiken as unity):

Annular BLEED Volume Distribution
portion both types e = & P=K
19/27 (70.4%) | 5/9 (55.0%)

ro ~ 2ro/3 | 5/9 (55.6%)

2ro/3 - vo/3| 3/9 (33.3% 7/27 (25.98) | 3/9 (33.3%)
1/9 (11.1%)

1/27 { 3.7%)

1/9 (11.1%)

I’Q/.B - 0
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IV. COMPARISCON OF THEORETICAL AND ACTUAL
PERFORMANCE OF COMMERCIAL PROPELLERS

A. General Equation for Capacilty

A generalized formula fgr the capacity of a helical pro-
peller of constant pitch may be developed from Eg. 3
{Appendix IIi) for the displacement per revolution, whiéh
may be written

q=P - A (18).
From this, the capacity may be determined by incorporating
the aspeed, the projected area ratio, and a factor which
accounts for the effect of the number and form of the
blades on actual output, which may be considered as the
velumetric efficiency:

Q=q-S-ar +E (19).
Por pitch P and radius r in inches, area A in sguare inches,
gpeed 8 in rpm, and the projected area ratio ar = BE/P as
a decimal (where B is the axial blade depth in inches and
N the number of blades), the capacity Q in cfm for a cone
stant-pitch propeller 18 given by

Q= 2m, tan a » Two® + 8 + (BN/P) « E / 1726 (19a).
Where the nominal pitch ig glven in terms of the angle b
measured at ry = 2r,/3, and P = 2mr, tan a = 2pr(2r,/3) tan b,
(see Eq. 10 and 11),

Qe=E . (4/3)n%r.3 tan b - 8 (BN/P) / 1728
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=K « two2 - 8§ - BN / 1728 (20).
If the area within which the blade angle 1s greater than
450 318 omitted (since it is practically ineffectual and
largely cccupied by the hub) its radius as determined
from |
P = 2m(2ro/3) tan b = 2rrig tan 450 1s
ryg ® (2r /3) tan b {(21).
Subtracting the area represented by this radius,
n(?ro/B)g tan b, from that given by Egq. 20,
Q=B .« (4/3)n2rs3(1 - 4 tan®b/9) tan b - 8 (BN/P)/1728
= E « mro?(l - & tan®b/9) 8§ « BN / 1728 (22) .

B. General Equation for Horsepowepr

The power is the product of the volume and the pressure.
In a free~alr unit the static pressure may be disregarded
gince 1t is normally very low, and is not a factor in the
usual applications of such unite, sc the pressure may be
based on velocity alone, or |

o v3/2g o (Q/A)2/2g. For pressure in pounds
per square foot at standard air density (d = .075 1b/£t3),
with @ in cfm, A in in2, and g in ft/éeca,

HE = .075 Q2 / (A/1484)2 . 2g + 602

= .075 @2 « 12" / 2gnfrot ¢+ 602 (23).

For power in horsepower, from Eg. 20 and 23,

hp = %/33;000
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(Brro? sBN/123)3 Lo75 - 12% / 2erfro . 602 . 33,00¢
E3mr2 8383n3 075 / 28 + 125 . 602 . 33,000
1.239 + 10716 53p 233p3y3 (24).

1]

Using Eg. 22 aud 23, the mame derivation gives, for a pro-
peller in which the hub area to the point where b = 450 ig
cmltted,

np = 1.239 - 10716 £3p,2(1 - 4 tan®b/9)83B383  (25).
Since BN (= P = 2mro tan a) i1s proportional to the diameter
D, and r, = D/2, Eq. 24 and 25 are of the general form given
by the fan laws, hp O S3D° (Appendix II-A, 4-b). .
The horsepower may also be expressed in terms of the capa-
city Q. From Eg. 22 and 24,

np = @3.075 « 12% / 2gn®r * . 602 . 33,000

= 2,061 « 108 (@3/r.%) (1 - 4 tanp/9)2  (26).

C. Comparison of Theoretical Values with Test Data

The theoretical capacity and horsepover for a group of
propellers of various diameters, pitches, and styles, operat-
ing at varicus speeds, are tabulated on the following page
for comparison with the results obtained in NEMA and NAFM
tests as listed in the 1949 catalog of the manufacturer,

The Torrington Manufacturing Company, Torrington, Connecticut.
The equations used were numbers 22, 2%, and 26. The results
indicate that within the capaclty range of the present design,
the NEMA (free-air) capacity rating may be predicted approxi-



134 APPENDIX IV

mately on the bagis of 125% of the value calculated by
Eq. 22, and the horsepower based on this higher capacity
value, by Eq. 26, should be adequate.
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APPENRDIX V. DESIGN AXD PERFORMANCE OF PRUPELLER

POR THESIS DESIGH

A, Geometrical Construction

The propeller is a wmodification of the constant-pitch
helical type, having lour blades, with a proJjected-arca
ratio of 1 and a pitch ratio of 1. The blade furm is
generated within & right circular cone of height i and
radius 1/2 by a generatrix of length 8, rotating at a
congtant angular velocity about the axils of the cune and
remaining always perpendicular to its surface (Diagranm D).
The axial velocliy of the generatrix is such that the

curve traced by {{ on the surface of the cone cuits tiw

1

“elements of the latter at a constant angle a. By bLg. 7
{app. 11I),

Ppr =1 tan a = 1, 80 that

tan a = 1/m, and

a = 17.66°.
The propeller nub is a truncated portiocn ol a coaxil,
coapical cone o guch proportions thav the cuvve traced
on its surface by the generatrix cute 1ie 2lemcnts at
459, which is thus the maximum blade angle. Since the

pitch is constant at 2ll points on the generatriz, th

(¢

generatrix intercept e84 at the inner cone may be {ound

by Eq. 1 and 2:
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P = 2ns, tan a = 2msy tan 45° = k, or
84 = 8o/m. (Hote: While the 45° angle thus de-

fined is in a plane normal to the generatrix Pathgr than
tangent to the hub cone; the discrepsncy is suall, aand cal-
culation is greatly simplified.)
The nominal piltch angle b measured ag 250/3 (see BEg. 10}
is similarly determined by Eg. 1l:

8, tan a = (28,/3) tan b, or

tan b = 3/2m, and

b = 25,59, |

From £g. 19 and 20, the capacity may be expressed as
@=(q-ar)8 % /1728 = (mre® BN) 8 - E / 1728, or
g + ar = mre® BN, '
The term nrgglﬁ is equivalent to the Volume displaced by
ore blade in one revolution. in this design, where a con-
stant, Iy, is replaced by a variable, 8y, the term corre-
sponds to the wolume between the surfaces which would be
formed if s) and sp (Diagram D) were rotated without mov-
ing axially. Designating this volume as d,
q *ar =d « N.
Rewriting Eq. 20,
g=d .8 -8 - E /1728,
For the ﬁeéi?ed thecretical capaclty of 1200 cfm &t 1500
rpm,
d=g 1728 /8 -8 « E = 1200 « 1725 / 4 « 18300 .« 1
- 1728/5,
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The volume @ i generated by rotation of an ares defined
by the shaded portion ol Dlagram EQ The calculation of
d is based on the difference oi two volumes ag indicated
by shading in Diagram F, the larger of which hes a dimen-
sion R, = Ry, and the smaller, R, = Rp. Each of these
volumes may be considered as the sum of the wvolumes of
twe right circular cones of radius b and heights X and ¥
minus the voiumes of two cones of radiue J and heighta x
and y. By similar t@iaﬁgles,
J = h {{s1,/M)/81) = b/,
The volume of a cone being equal to 1/3 the product of
the height and the area of the bage, the volume of rota~
tion in Fig. ¢ is ,
(X + ¥)/3 - n{h/m)3(x + y)/3.
From Diagram B, tan £ = 1/2 = tan 26.579, By the Pythago-
rean theorem,
X+¥=x+y= {R? + (Ro/2)2)1/2 = vERo/2.
Also, X = 2h, and
Ry = (b€ - ﬁﬁa}l/é, or
h = Rg/V5.
The total volume of the portion shaded‘in Diagram F is tnmg
(7/3) (Bo/¥5) *¥BRa/2 - (%/3) (Ro/¥5m) 2¥5Ro/2
= (1/3) (Ro®/5) (VERo/2) (1 = 1/0) - (nf - 1)VBRo/30m.
The volume per blade per revolution is then \

a8 = (Ry3 - Rp3) (v? - 1)V5/30m = 1728/5.
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R, must also'vary in such a way that the eslements of the
outer cone are cut at & congtant angle a by the end of
the‘generatrix 8. I the surface of the cone is conglde
ered as a plane, it forms a circuler sector of radius R
and circumference 2mh = 2rRo/VO (Diagram G). The central
angle 1sa )

o = 2n (aﬁao/v5)/2na@ » 211 gin £ = 21/V5 radians

= 36005 = 160.99°, |

The end of the generatrix, in forming one blade by rotat-
ing through 900, covers 1/4 of the sector, the corresponding
angle between R} and E2 being

(61 = 8,)0% co/ = V8n/10 radians.
To satisfy the requirements for intersection of the ele-
ments, oy polar radli, at a uniform angle, the path on the
surface of the cone must be an exponentisl spiral, with
the form
8 e pekg
In Diagram H, tan a = dR/RA® is reopresented schematically.
Differentiating R with respect to @,

dr/de = kpekg, or .

tan a = dR/Rd6 = (da/ag)/R = upel® fpek® s i, and

R = pe(tan 2)® pe{l/h)@ (cf. Marks' "Handbook,"
Pourth Edition, p. 155),
If ep = O at Ry, then &7 = Von/l0 at R;. Thus

R, = peli/mlo p, and

Ry = pe(lfﬁ)(v5ﬂ/10)s peVo/10, g that
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313 - 523 " (peV§/10)3 - p3 - p3((ev§/10)3 - 43,
The equation for the volume 4 (per blade per revoluticn)
may then be rewritten

a = p3((eV5/19)3 - 1) (n? - 1)VB/30m = 1728/5
Solving for p = Rg,
J(1728/5) 30m/((V2/10)3 _ 1) (n? - 1)/2/3
11.977 inches, and
Ry = fRpeV3/10 = 14,979 inches.

i

Ko

#

The generatrlix lengths s, are
g1 = R tan £ = 14.979/2 = 7.49 inches and
8o = 5.99 inches.

The hub infercepts 84 on these lineas are
81/ = 2.36 inches and

8p/1 = 1.91 inches.

By similar considerations, the equation may be found for
the spiral at the hub cone. The length R where s has ro-
tated through any portion of its 90° movement per blade,

or traced the same portion of the V5 n/10 radian segment of
the spiral may also be found., For example, in 459 of rota-
tion of s, |

Ry = 1;;:»@("5;‘/1{3)/2 = 11,977 e+118 = 13.39 inches.

B, Velocity im Straight and Diffuaed Flow

The minlmum area and thus the maxiaum velocity of discharge



141 APPENDIX V

Dlagram H
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in straight flow are determined by the smallest inside
‘diameter of ﬁhe cowling, which is 11 inches (mechanical
drawings, Assembly A, Part 1). Then, at a flow of
1200 cfm,

V= Q/A = 1200/(m1%/4 « 12°) = 1820 fpm.

The discharge area in diffused fiow lg determined by the
diastance betwsen the cowling and the end of the diffusing
gection, and the average diameter of the housing at this
section. These dimensions are, respectively, 5 inches and
16.5 inches (Assembly £, Part 40). At 1200 cfam,

v = 1200/(n 16.5 « 5/12%) = 670 £pm.

C. Horsepowar Reguired

ln'calculating the horsgepower reguired, it is convenient
to determine a radius equivalent to that of a conventional
constant-pitch propeller with the &ame-capacity. Prom
Eg., 18 and 19,

@ =P A8 ¢« ar * E, where

A =1 red(l - {(1/m3).
For @ = 1200 cfm, 8 = 1500, ar = 1, E = 1, and P = 2r,
{r, in inches),

PA/1728 = @/8, or

2r g, 2((nP-1) /%) - 1788 - 1200/1500, Bo that

ro = (1200 - 1728 m / 1560 - 2 (n®-1))1/3



From Egq. 25,

hp = 1.239 * 10720 532 2((xf 1)) 83(ar) 3.
Substituting for vy,

np = 5288 (about 1/35).

bt

if the efficiency should be higher, say 125% {see Appen-
dix IV-C),

hp = 0502 (ebout 1/18).
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APPENDIX VI, DTESIGN AND OPERATION

OF HEATING ELEMENT

A. HElement Charactepistics

The appliance 18 rated at 15 amperes on 110 vwolts. Assume
ing that the motor drawe 1 ampere, the resistance ol the
heating element at high heat mugt not be wmore than:

ﬁ 'E%%%— = 7,86 ohus.

Un low heat the nominal rating is six-tenths of the maxi-
aum, and since for a given voltage, R of 1/I, thé resiste
ance of the smaller element is:

Ry=7.86 (10/56) = 13.1 ohms
The resistance of the gecond element which must be cone-

nected in parallel with Ry for high heat is:

R ¥ Rg°R 13.1 ¢ 7.86 5.8 ek
Rg"ﬁ 501}4

The elements ars in coil form, mounted on the outer and
inney deflectors (Asaémbly C, Parts 25H & 20H), the re-
spective lengths being 40" and 27".  The coil lengths are
approximately in proportion to their resistances. 7o give
the recommended extension of two to three times the cias@d
length, #19 wire in .375" diameter coils is used. This

hag a reslstance of 1.28 chme per inch of closed length.?

# "Nichrome and Other High MNickel Electrical Alloys.”
Driver-Harris Co. (1947), table II.
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The required extension ln this size 1s, for both Ry and Ry,
1/(R/(r/in.)) = 2.6.

The selection ¢f this size thus gives egulvalent amounts

of heat per unlt length in bocth sections of the diffuscr

{on high heat, when both elements are used).

B. Alr Tenperature Rise

The rise in air temperature can be calculated using the
specific heat of air, .24 Bau/16/°F, the average specific
yolume, 13.4f£3/16, and the conversion factor Btu/kwh = 3413,
Substituting values for the operation of the fan-heater at
high heat and one-~fourth speed,

14.110 kwh ° __4/1‘200 cefm - 3413-13.%

1-000 : 025 . ()O
= 16,590

€, Heating Zffectiveness
Assume that a bedroom of average size (10° by 12', 8' ceile
ing) 48 to be held 309 F above the ambient tempersiure, and
that losses take place through walls of average frame cone
struction and through four windows 2-1/2" by 4', with two

’ir changes per hour. Using the formula,
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Btufe = (.02 KC #+ 1,13 G + KAj{t - tg”

o T
ihiere N = changes/hour, C = ft2/change, G = glass area,

5 for frame construction, and A = exposed wall and

1.5% < 3413
02 2 ¢ GO0 ¢+ 1.13 ¢ 80 + .25 ¢ 432

= 27.49,

e e S wr M T @y Ge Ge AR Y 0T O AR W MO G s W S e e R om

% "Tleetric Heaters and Heating Devices."” The General

Pieetric Company (1648), p. 55.
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APPENDIX VII. STRLESS CALUOULATIONS

Stregs analyses at criticel points are shown in the followe
ing calculations. Weight calculations have not been in-

cluded.

A, Brackets

The brackets {Assembly B, Parts 6, 7, & 8) are elliptical
at the smaller secticn between the motor and cowling
(Diagram I). The section properties are:

. €5
A = mab = 12417

The waxisum bending moment cccurs as shown in Diagram J
{propeller imbalance acts in line with cowling attachment).

The maximin Tiber tensile stress is:s

- ] (o4 L L 13 3 >
£ = %& +_% = 3:§égg%3'l -201 if%ﬁ%% cus 180

= 1886 pei.
The materlal, Alcoa aluminum alloy no. 218, with a yleld

strength of 23,000 pei. The factor of pafety 1is:

"‘885“@?’600 = 12.2,
B &
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5.21#
Diagram J

fa—1.25"
5 +

- —-X 44"

Py = Pl + Pg

Diagram M
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B. Yoke

The yoke (Assembly F, Part 43) is a rectangular tube
(Diagram K). The section properties about the x-x axls
are:

.1951"2

.1875"

Ac? = ,00551"%

>
1

(o]
1]

000084

L
e
"

I, = .00032"%

1p = .0050L"%
The yoke 18 loaded as shown in Diagram L, with reactions
at Ry and a uniformly distributed load Rp. The loads total
11.36# at w, .3" outside the pivot axis. It is conservatively
assumed that the upper arm of the yoke 18 clamped at Rj,
| and that half the locad is taken by each arm. The maximunm

bending moment, at Ry, 1s:

Mp = 11:36 . 12,08 = 73.9'#

The material is aluminum alloy 6 1 S which has a yield
point of 39,000 psi. The maximum tensile stress ls:

¢ = Mc . 73.9 . °* -218 = 2730 psi.
Fooo 1

The factor of safety ls

é%%%%Q = 14.3

The deflection of the top arm is the sum of the moments of
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the M/EI curve about the end point of the arm. This is

a=z_1 (4 20 + 1050
55100 (400 + 4020 + 1050)

= ,093".

C. Yoke Clamp

The yoke-clamping device comprises a clamp spring and bell-
crank linkage (Assembly G2). The load on the spring is a
moment around Ry, Diagram L. Assuming that Rg, Diagram L,

‘acts as a concentrated load 18° from the horizontal, the
value of Py, Dlagram M, can be obtained, The distance
between Pq and Pp 1is:

2.19 + 10.8 tan 18° = 5,69"
The moment where the lower arm of the yoke leaves the base
is: |

M=5.68 . 6.25 = 35.5"%. Then

Pl = P2 = 7;‘9'+ 35‘5 ] 19.3#

The clamp spring (Part 57) is S.A.E. 107C steel, with an
allowable stress of 75,000 psi for light (non-repetitive)
loading. The actual defléﬁtion of each leg 1s:

d = %g%g » Where P = load = 19.3#,

L = length = 1.62", E = 30 - 10° ps1 , b = width = 1.12",
t = thickness = ,062".
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d - )'" 1903 10623 - - .o)’ol".
30 + 100 + 1.62 -+ .0623

The maximum allowable deflection is

a, = 2 Sp L2
3EE

s Where Sy = allowable stress.

2 - 75,000 ¢ 1.62° _ "
d = 2 - s 3
& " 37730 .+ 100 . .062 e

The factor of safety 1is 1.75;

The load P4 transmitted to the clamp screw is

(19.3 - 19.3) .72 og.of
= 9-0 .
.06
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.32 | 2% H7] LOCKNUT 8 [10-32 NF-2 BRASS JAM NUT —
: - 24022 IHB| SPACER 4 | VULCANIZED FIBER ——
[ [} HO[EYELET 4 | AL. 981D X 332 (STANDARD) —
[ .3|'2 o HEATER LEAD 3 [*14 TYPE AF, FLEXIBLE STRANDING e
L_ y </ . 3 NO. PART NAME QT MATERIAL & SPECIFICATIONS FINISH
sl @ o6 rsenLy AT.375D HOLES e ¢ B PORTABLE AIR CIRCULATOR |[*SSEM& C | DEFLECTORS & HEATER
I

FULL-SIZE

SCALE 13 EXCEPT AS NOTED. . LINEAR DIMENSIONS IN INCHES. TOLERANCES UNLESS SPECIFIED: 2 DECIMAL PLACES, 01" 3 PLACES, t 005"

Harry L.Masser I Industrial Design Section, California Institute of Technologyl 1949-1950




TAN A=+
0

A=26.57
-

TAN B= 55
B=774°

PITCH RATIO=1
NOMNAL PITCH=255"
TIPANGLE =7.7°
ROCT ANGLE =45

PITCH ANGLES ARE

CONSTANT ALONG

LINES THRCUGH O,

&ARE MEASURED

LTO BLADE EDGES.

PROPELLER BASIC LAYOUT

FOR 1200 CFM AT 1500 RPM

Phd /—i_~ o
fe————————6.669 —7Lv——-+
fe—2.1 32—
=
@ \ i
\ \ wiosl
\\ —
5357

FULL SIZE

| A/ | T ]

1

110 ZAVY A 5 SR B

125PPUNCH
16 PLACES

18

o

30

X
03
437
CTION AA FU

L—3.37SDMAX.—> J

39370

@

SPIN_END OVER

I -

\ i
T -, N
: - ’ N
9 / N

! CAPACITOR

TO RETAIN 3

48 GROOVES
EQUALLY SPACED

SRR

' J87
SPREADSF LOWPQTRAIGHT“ l<437,,
ON 437R BASELINE WITH L
RECESSED LETTERS .125 HIGH- 50053

FILL WITH GOLD ENAMEL.

°~’{}‘->1.32814

WMOTCR ASSE/BLY

DRLL .36 F2¢) TAP R-32
I/2" SLOTTED HD. CONE PT,
STEEL SET SCREW

r-.562

/BRASS INSERT

@

FULL SIZE

28] HUB | [AL.ALCOA 218" (8%MG) DIE CAST I ALUMILITE
29| BLADE 4 [064 AL.245-T6 COMMERCIAL BRIGHT 2 SIDES |
30| BLADE RIVET 16 | AL.3SF I/8D.X /4", ROUND HEAD -

3 [ BALANCE WEIGHT — | 1/64" LEAD SHEET X 3/8D. e

32| DRIVE GROMMET | | NEOPRENE |4'LD. X 9/16'C.D. STANDARD FCR 3/8'HCLE)

33| MOTOR | [ ASHP 4POLE 3LEAD, 5MFD.CAPACITOR  [MFR’S STL.
33H MOTOR | | 1//5HP REVERSIBLE SHADED POLE MFR’S ST2.
Hii| REVERSING SWITCH | | SRDT. ROTARY 3AMR, |/4"SHAF T, 3/8BUSHING & NUT

HZ SWITCH KNOB | | NUT BROWN MOLDED PHENOLIC WITH SET SCREW

34| MOTOR MOUNT ANGLE 4 | IBGA. CR.STEEL —BY MOTOR MFR. AS MUTOR
35| MOTOR MOUNT GROMMET | 4 | RUBBER-STANDARD FOR 5/I6HOLE —

36| MOTOR MOUNT SCREW | 4 [8-32 TYPEC X |/2"PHIL. TRUSSHD. SELF TAR | CAD. PLATE
37| TUBE CLIP | [ 22GA.C.R.STEEL CAD. PLATE
NO. PART NAME QT MATERIAL & SPECIFICATIONS FINISH

PORTABLE AR CIRCULATOR [*Se&Y b [ pROPELLER & DRIVE

SCALE /3 EXCEPT AS NOTED. LINEAR DIMENSIONS IN INCHES. TOLERANCES UNLESS SPECFIED: 2 DECIMAL PLACES, *.01% 3 PLACES, 005",

Harry L.Masser Ilndusfriol Design Section, California Institute of Technology [ 1949-1950




F
937
S = _ - -
562
30°
7.503R
D
|
il
g— \«
3 062X 30° CHAMFER 30° ;
! ;
»Ll:_QgQ NOTCH X 032 DEEP
> |32
+1.000 e ’ =
302

21R 040 NOTCH X.032 DEEP |
C 0 i IU Ll - 'w.' U B.\\
-——- 12,3750 ( [/:D \ [F | % E\
N \ ﬁ v
6.044!0- = i \ T szsTve}
R i6.222 R —j i ] T F
11,875 657610 1] . i
|0-968R * ' ) q .” “_
/\ |o.73u:\\ i6.508 25 i [ 4.375
: a——ii s
1 987! FULL SIZE i , i
HAROC % 6.69210 Il
LD [ N D
g l ol i s 6:73810 o1 ] | ‘'
ol | |o I 16750105
o I g
OdYHd :
9000 —A——»
97
S
——10.500
421 38| ENDGRILLE I [1/BRD. STEEL WIRE COMMERCIAL BRIGHT | CR.PLATE
@@A%%BEE%&I sl 39| NAME PLATE | [WALNUT-BROWN MOLDED "LUSTREX LX" STYRENE
r = 40| SIDE GRILLE | [1/8 RD. STEEL WIRE COMMERCIAL BRIGHT CR.PLATE

343 3° 19 = 04 MAX.343 NO. PART NAME Y MATERIAL & SPECIFICATIONS FINISH
o Y X 08
: 19 H AF ? PORTABLE AIR CIRCULATOR "8 £ | GRILLES & NAMEPLATE

r SQL}ARES B ‘ - LE TTE R§ SCALE /3 EXCEPT AS NOTED. LINEAR DIMENSIONS IN INCHES. TOLERANCES UNLESS SPECIFIED: 2 DECIMAL PLACES. *.01" 3 PLACES, *.005",
QGOTYPE DETAIL—FULL SIZE Harry L.Masser | Industrial Design Section, California Institute of Technology | 1949-1950




|
l
— 18,500 REE

<FRCTION _PIVOT ¢ WIRING,

\ \ESDWNCH@H);\JLY

* _______
587
41 | COVER | |.032 AL, 35-O SPUN OR DRAWN ENAMEL
J69PPUNCH i COVER | 0 "

@ 42| COVER SCREW 4| 832 TYPE C X |/2 PHIL. OVAL HEAD SELF-TAR | NICKEL PL.
43| YOKE | | AL.6IS-F EXTRUDED- STRETCH-BEND BRUSH ALUM,
44| YOKE STOP 2 | AL.3S-F ROD
45| YOKE GROMMET | | RUBBER-STANDARD FOR 34" HOLE
NO. PART NAME T MATERIAL & SPECIFICATIONS FINISH

PORTABLE AIR CIRCULATOR [ASSE&Y | END COVER & YOKE

SCALE /3 EXCEPT AS NOTED. LINEAR DIMENSIONS IN INCHES. TOLERANCES UNLESS SPECIFIED: 2 DECIMAL PLACES, .01 3 PLACES, t 005",

Horry L.Masser | Industrial Design Section, California Institute of Technologyl 1949-1950]




093 RB TVE |

3000
3.781

=187 =

1. CURVES [P]&[Q] SHOWN AT INTERSECTION WITH PLANE ZZ NOT TIUE INTERSECTION. 2. CURVES RI&[S] E IN
VEHTICAI_ PLANES 1 [P& [ermt«vg [‘_g OVES IN PLANE HORIZONTALLY AND RADIALLY L TOP ARC OF
ANT IN ORM FROM BASELINES (R, Q & ARC, RESPECTIVELY) OUT TO MUTUAL
X/ & ABOVE € Y-¥ ARE .3127 ABOVE PLANE 2-Z AT CENTER

3. CURVES [R],[B) & [T] CONS
INTFRSECTIONS 4, CURVE
AND BLENDED WITHOUT

O ABOVE

= —

I

INlERSECTIONAL RIDGES TO LEVEL OF ZZ AT PhRIPHERY

02R MAX.
SECTION D-D 7} SE SECTION C-C T —

—16.137

——— v 0 = 15656
= 2.500 REF e —

182 CORE X .380 DEEP
10 PL.- FOR LOCATION SEE G @

152 ZIRE X
28! DEEF Z PL.

+.250+ @

FULL SIZE

o/"
60° |
k-—- . = 144D

g‘“‘; 187
037 <375% L

- '.625'0*’ 062

FULL SIZE

; 68
e i
(o) T e
N - H Y _.
——718 = _ f Fop |
503 REF— o ¥ ATYR 4 PLACES 1 G |
_____ 6.656 g" ‘ :
; 7687
i
%G
T |
|
2.218
| 1 i
2500 {1 ONLY)
|
a:
PN 2
- 3.906
7687
5906
109R }
2("55) DRILL: PUNCH FORGTD 2 PL = 169 PUNCH
" THIS END; , 10 HOLES & |
[ OPR_END. ' ¢ ® 2T E L TR
1 i B PUNCH ” R
i Yy
Y ; .
! 6625 ‘
S - 7468 >
SECTION_F-F (SEE@7) - 6466
46| BASE I [AL.'ALCOA 218" (8% MG,) DIE CAST ENAMEL
47| BASEPLATE I | 1I8GA. C.R.STEEL ENAMEL
48| BASEPLATE SCREW 10 [8-32 TYPEC'X 3/8 PHIL.BINDING HD. SELF TAR | CAD. PLATE

49| DECALCOMANIA

FOR MANUFACTURER'S DATA

4OH DECALCOMANIA

I

|
50[ FOOT 4 [ NUTBROWN MOULDED LUSTREX LX STYRENE —
51| FOOT RIVET 4 964D, X /4 AL. SEMIF-TURULAR (/I6D.2C°HD) —
52| MOTOR SWITCH I | 3AMR] ROTARY 7 PCS.(30°EA) AD. SHAF T WITH FLAT,
524 MOTOR SWITCH | [15AMR] 3/8 0. BUSHING & LOCKNUT -SEE WIRING DIAGRAM
53| SPEED CONTROL REACTOR| | [ 2 TAP (80% & £0% FULL SPEED) MOUNTING BRACKET
53H SPEED CONTROL REACTOR| | |3TAP(B0%&60%FULL SPEZD & MINMUMITC SUIT PART NO.46
54| CONTROLLER MOUNT SCREW | 2 [8-32 TYPEC X 4 PHIL. BINDING HD. SELF TAR |CAD. PLATE
55 CORD SET I [*18 POSU-32 8FT. WITH PLUG BROWN
55H CORDSET | [*14 'GE. PREEN-X"8FT. WITH PLUG BROWN
56| CORD BUSHING | | OLIVE GREEN VULCANIZED FIBER —
NO. PART NAME QTY| MATERIAL & SPECIFICATIONS FINISH

PORTABLE AIR CIRCULATOR [*SS™%G 1 [BASE-BODY & ELECTRICAL

SCALE /3 EXCEPT AS NOTED. LINEAR DIMENSIONS IN INCHES. TOLERANCES UNLESS SPECIFIED: 2 DECIMAL PLACES, 201" 3 PLACES, 005"

Horry L.Masser I Industrial Desig

n Section, California Institute of Technologyl 1949-1950




r < 3.87 a
o — — 15
s, o — e ————
iere f et 4
1500 4 y
20 fo 1 .FLLL
375 406
1 -~ X\
.|87B/‘ — 32 re—562— -‘87R
1,25 ——»
EYNYL .
/ CEMENTED —003 ooR
{87 fet- O .
{ J W &«
A ("]
062 ; !
| 0
I
i 1.437
Lo ' 125
P .
! 1 I
] |
-~ s )
046 % 90°GROOVE, GOLD = {
ENAMEL FiLL= @mu .
P ] @Fuu Size
20 GROOVES ‘T
EQUALLY SPACED : |
{
| I I i
AR umnmm
I* JHIII,_LHILT_[I]_HIH_L/ \
;Féotmm I\%OSPACED
AR SR . CORE FOR |4 SHAF T (5/22FLAT) 667 v
SPRING-EB)onLY AND RETAINING SPRNG e | asoR gy A082
12 562R/ ! —062PPUNCH

468 —»
| <~500D;>
|
R li72 256T
A% 27 AT 4 v
Y T | 3753 i
J36(*29DRILL
832 N2 TAP g ¥ ] l
Eony ¥ i

PHXRO "~

L

\ P~ proDUCTS

FULL SIZE

L———u 750—_Q"~— :

te———— [ 875

b

L

1/A4-20 NC-2 THREAD

¢ »| |[«|25
AR m_ _
-‘Sfu IHHIHHHHH’HHHH"HH %_é::
le———1000——» 109 DRILL X409 DB
< 7218
7593

M——— 437 REF —————»

~6OPRESS IN

(500) seunru 1 sze

. OPPOSITE

MO [ e——1000 —
2500 [es00=+
v X BN
.|56D - - /\-\I- —
A T

201(*7)DRILL
1/4-20 NC—2 TAF

35 CLAMP ASSEMBLY—
FOR LOCATION SEE @6) (i)
! 1000R
593—s 093 R
78R 57] CLAMP SPRING | [ SAE. 1070 STEEL PRETEMPERED BRUSH CR.FL,
0620PUNCH 58] SPRING PAD 2 | SHEET FELT —HARD WHITE )
SOL[ BELL CRANK | [ AL. ALCOA 218 €%MG) DIE CAST —
062 T 50R  BELL CRANK | [
byl X - 557 60 | CRANK STUD 2 | FREE-CUTTING STEEL CAD, FLATE
k078 ! :31’2 61 | CLAMP NUT NI " ] "
024TYR! ¥ 62| WASHER 2 | 1/8” SAE. STANDARD (3/8QD)-STEEL A
| - 63| CLAMP SCREW | | /4" ROUND C.R. STEEL "
e e ——— 64| RETAINING RING | [ TRUARC *5i05-15 o
1.500—— 65 SWITCH ESCUTCHEON | 020AL.25-0. ETCH DESIGN AND ——
@FULL SIZE ESH  SWITCH ESCUTCHEON [ FILL WITH WALNUT-BROWN ENAMEL, =
66| CLAMP ESCUTCHEON [ ALUMILITE BACKGROUND.
67| ESCUTCHEON SCREW 6 | “00 TYPE'U X [/8 DRIVE SCREW NICKEL PL.
68| SWITCH KNOB || WALNUT-BROWN MOLDED PHENOLIC-WITH RETAINING SPRNG
69| CLAMP KNOB l " -WITHOUT SPRING
70| SETSCREW | [8-32 X 3/B FULL DOG PT. SOCHEAD STEEL | CAD, PLATE
7| CLAMPKNOB BEARING | | | FREE-TURNING BRASS
gﬁg"éﬁ%é%%gﬂ_. oot 72| WALL MOUNT SCREW | 2 | *Il X /2 SLOTTED RO\HD. STEEL WOODSCREW| CAD. PLATE
FOR ‘SPREAD 4F LOWP STRAIT® NO. PART NAME QT MATERIAL & SPECIFICATIONS FINISH

PORTABLE AIR CIRCULATOR ]ASSEMBLYezl BASE-FITTINGS

SCALE /3 EXCEPT AS NOTED. LINEAR DIMENSIONS IN INCHES. TOLERANCES UNLESS SPECIKFIED: 2 DECIMAL PLACES, .01 3 PLACES, * 005"

Harry L.Masser [Indusfrial Design Section, California Institute of Technology | 1949-1950






