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A B S T R A C T 

A portable ele ctric air- c irculating and heating unit has 

bee n devel oped f or home or offi ce use. The proble m was 

approached through evaluation of the atmospheri c fact ors 

relating t o human com.fort, and included a basic recon-

31deration of the means by which control of these factors 

might be achieved. Study of competitive produc t s on the 

home appliance market, and of the requirements and desires 

of both the trade and the consumer, indicated the practi

cal scope of such a device. 

The design ccmbine s, in a single attractive unit, the 

functions of both straight- and diffused-fl ow fans with a 

forced-convection heater. A pr opeller of special design, 

driven by an adjustable-speed reversible motor, operates 

at optimum efficiency ln either direction of rotation. 

Its housing provides, in one direction of fl ow, an in

ject~r inlet with axial discharge; with fl ow reversed, 

radially diffused air at l ow velocity gives draft-free 

direct circulatlon. The maximum capacity is equivalent 

to that of the best conventional twelve-inch fans. Any 

required directional setting may be ob tained with the 

unit on the floor, table or wall. 

Increased flexibility of operation, with modification of 

the seasonal aspects of manufacture, distributi on, and use, 

are thus offered, i n a unit which ls fully effective in 

each of its functions. 
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I N T R O D U C T I O N 

Purpose and Scope 

'l1he pu:epose of thi!i.4 thesi:a i~ to develop the complete 

design of a poK"table a.ir-ci:i•culaating unit for use i 11 hmi'~ 

and office . The ftmction of the unit is to p.i"ovide a high 

degi•l':'l!e of contz-ol or regulation or atmospheZoic conditions 

f' cr• hut:ean heal th a:nd corafort., in a aimple s- compact device 

suitable for Yifide application. 'file unit iia intended to 

~splace the conventional electric fan, combining new and 

$tandarol featw .. es l.'or imp:t>oved performance and greatet" 

flexibility of use o It is assumed that it is to be r~nu

i'actured and !fWl?'!,eted by a representa·tive established 

manufacturer of home electr.ic applianceso 

'l'h(-: scope of' t.he problem includes a deterrflination of the 

x•equ.i~amentSil of.' such a unit tri..rough conaidera tion of the 

variable atmospheric facto~s which are controllable, and 

th~-£J.:tr relative ~i'fect on comfort., Means of accomplishirig 

the z•equired cor1trol within a relatively sdmple unit a."l?e 

studied., with par-ticular 1,;,eference to technological 

advan ces which ha:~e not been embodied in produota now 

awailableo In ~p1te of the highly competitive nature 

o:f the home appliance field, the electric fan of today 
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1a so similar to its prototype as to St!ggest that no bazic 

~econ.eide:;;~tQ,tion ot design ori ter:ia has recently bean at

tempted. 

I n or der to increase the practical value of the results, 

the conditions which would be present in an actual de

aigner-olient relationship are maintained. The final 

design is gynth~sized by ~eeonc111ation of the theoreti• 

cal oonsiderations with the practical limitations 1m

poeed by: the pro.duation tac111ties available to the 

lrtlanufacturer; the oharacte:r11tiea of the trade includ

ing distribution, promotion, and salee; and the deaire$ 

of the consumer. 
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HistoritM.l Note~ 

'l'he value of air movement as a raetor in human comfort 

has been recognized since early l!lEL~ firat notad the cool-

artificially, and was followed by more elaborate recip

rocating far .. s such a.s the Ind1a.n p'IJ.f\.kah, a har.,gi:ng cur-

ta.in of matting or cloth pulled baok and forth by a ser-v

anti and the highly ornamental feather fane manipulated 

by the attendant• oi" Egyptian and African rulers, Which 

grew to have a purpoae aa much decorative and. oeremnia.1 

aa fw1ctionnl. The uae of x-eo1proca.ting fans 0 operating 

inefficiently as they do by continuously stopping and 

reversing the direction of air flow, persists to some 

degr-ee today, but in industrialized countries has been 

almost entirely replaced by ~~ch&nical units. With inod

ern provia1ona for air circulation and ventils.tionD the 

hand-held fan, embellishment of which was once prac

tically a tine art 1n Europe and Asia, 111 almout obaoltJte 

even aa a fem.nine adjunct to the social graces. 

The Bgyptiana ~n their pyramids, and the Aaeyriana in 

elaborate cave templcsD were among the first to realize 

the need for art1ficial ventilation and provide specif

ically tor 1t, by employing paeaagea in the stone struc-
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{Ji}ig. • l•A) and we-re emploJi%d. i.'oI' mine ventilation~ ·then 
10 

in two inventions which might better be classed as evolu-

propeller•# uti11~1ng a principle fam:tlia~ to the ancients 

ti!l.S the Archimedean screw, t!!hich waa i'irs·t proposed .for 

ship propulsion in the ltrte 18th cen ttu:,,~r. 2 Cr-eiU t .for 

i ta invention~ al though usually gi van to the E:r.glieh.man 

Francia Pettit Smith and Captain John .Ericsson, a Sweden 

for their oper~ble patents ot 1836., should probably be 

e:;ttended to the Auatl .. ian inventor Reasel, who patented 

of) Superior nwwere 1ndic&to specific refexiences listed 

in Append.ix Io 
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Centrifugal Fans 

A, Steam Driven Mine Ventilator 

D, ~ly Dlower 

C, l1iodern Centrifugal Fun 

Figure 1. 

Propeller Funs 

D, Battery-Driven 11 lliison Model" 
(1890) 

E, Typical Oscillating Fan 
(1920) 

F, l·fodern Electric Fan 
(1950) 

The Development of Fan Types 
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auch a propeller in 1812 and used it praotieall y i n 1829., 

ten yea.re before the other• saw uae. 

The •econd prerequisite invention was that of the electric 

·motor, whieh :furniahed -a compact source of power . Henry ' s 

electrom.agnet1c oae1llat1ng machine or 1829 was t he tore

runner or all electric motore,3 whieh by t he 188o 1s had 

become a common and d.ependable source of motive power in 

Europe and Ameriea.4 It ia difficult to t ell ~xactly when 

theae two inventions were f1rat combined i nto a prop~ller 

fan, but eueh un1 ta were commercially available as c➔arly 

ae 1890, according to the General Electric Compa11y.. By 

the beginning ti the twentieth century, electric rans 
·, 

were in fai:rly common uae in American homes and c>ff:lcea . 

In its uaual fo:r>m. today's "mode~n" tan dii'fe:rs l ittle 

from 1ta anceatora of aixty years ago (Fig. l-D 0 E,F) v 

Specialized, highly etticient . typea have, however, be&n 

deftloped tor 1nduatr1al appl1eat1011a. 



INTRODUCTION 

Atmoe}Jheric Factors in Hum.an Com:for·~ 

The physical oom.l""ort of man 1s primar•ily controlled by 

the condi t1ona of the a truoephere in &'id around hie imme

dia. te environment. The two general factors which most 

affect a.n 1nd1v1d:ua1 or group within the atmospheric 

surroundings of an enclosed space (throughout the wide 

r-ange ot living and working conditions that might be 

termed ":norm.al") a.re the weather and the t"ate ox."' Utietab

olism. The enoloaure rria.y be designed as a ehel ter for 

protection from wind, rain, and the direct radiation of 

the sw1, as well as insulated a(?;ainst excessive gain or 

loss of heat 'by convection anti conduction. Such a shel

ter cannot, hot:1ever, oo perfectly insulated, nor car1 it 

in itself control the comii tions oi' the e.ix,, needed to 

ings allow the !"'low of anJ,r substantial volu.:ai.e ot: outaid~ 

ai~ into the apace, the problems of the te~rature, 

htunidi ty, and purity of the supply will remain. 

If it is decided to limit the amount of air transferred 

between a given enoloaui"e and 1 ta sw."Toundings in order 

to control the exchange of he&t, moisture, and impurities, 

the problem of conducted heat remains, and in addition the 

effects of the lite prooeeaes of the oocup&rts increase in 

irt'lportance • These prooeases of ca taboliam increase the 



7 I NTRODUCTION 
-Comfort-

temperatu...""e cf the air and vi t1ate it b;;r d.ec.r'e:asing th~ 

oxygen eont~nt, rais1ng the amount of carbon dioxide , a.:nd 

creating obJeet1onable odor$ by the addition of c r•ga;1i e 

matter given off in expiration a.nd perspiration . The 

humidity also is increased by moisture evapora ted i.'1"0 :m 

the skin and lungs.5 

Metabolic loss of heat fporu the body norm.ally t1.:i.iri.ef.l place 

through radi~tion, convection, and evaporation., to the 

degree neo.essary to balance the heat production of the 

body and maintain its normal temperature of approx

imately 98.6° 1.6 The relative amounts of hea t loert 1n 

each of these waye depend on the correlation of ail" ~-Y

bulb temperature, relative humidity., exertion, and weight 

of clothing. As these foui" factors rise, maintenance of 

bodily temperature equilibrium 1a increasingly dependent 

on cooling by the evaporation of perspiration. At air 

temperature• in excess of body temperature, radiation 

and convection loesee becoiOO negative, latent heat losses 

become 1nauftic1ent (even though evaporation will continue 

as long aa the a1r 1a not aaturated), and the 100tabolic 

(oxidation) rate rises in spite ot the diff'iculty in d:ias

pos1ng of excess heat. Heat storage then takes place in 

the body, whoae tenrperature will continue to rise until 

it reaches the wet-bulb temperature if this is above nor

mal 'body temperature. The limit of the human system is 
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e quilibriu.i-:r; have been the subject of considerable research~ 

with the primau:,y purpose of establ1ahing a quanti tativ0 

i r: ~nch a way that sets cf con.d:ttior.e which are equiva.lent 

i:n therrJ:il effect., i.e., which p1"cc'hict? the same .feeling; of 

wa.r·mth, ma,y be pr·ed.icted :r Sttch equ1 valent cond.1 t1om.t also 

p:r.•oduce identical phys:1.ological reactions in the body. The 

r.-cuults of' teiets co.r.i.dncted by the A.merican Society of 

the forir1 of an 1'.effecti in) temperature" chart (Ftg. 2) o 

the sensory heat level as determined. by the effects in

ducJed ln the bod:/ by heat or cold. It is the same as the 

dr;f-bu.lb te1uperature in s~.turatea still a1r (defined as 

a:1.1-. mov:lr-..g at an average velocity not greater than 15 to 

25 f'pm), z-.nd d.rops as the wet-bulb t,emperature fa.lls 

fal!d/or- air velocit~~ :rlses. The A.S.H.V.E. has also fou..l"ld 

th~, paychrometr1o r>eg;ion, called the 1
•
1 comfort zone," in 

wt.dch the :.aajor1 ty of: adults will f.\~el eomf'orta.ble. This 

zone lies between thta effoct1.ve .Fati..1--enhei t temperaturet 

of 66° and 75° 1n summer~ With a maxt:rm.w number of the 
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lt!O 110 

Figure 2. 

The 11 Zffective TemperaturG 11 Chart (A.S.H.V.E.) 



9 
I \.~ TR.('J D~J r; 'T:: G ~., _ _.~ 

--Co 1r;t ~ cr?."t'": ... 

la.tent heat loss unlusa r~m.;.)v,ed ar:.d l 'eplace! by ::.1:l:r which 

is cooler amt d.riei·. 8 1U 1.;;hough ~his ~o.ndl t ioL :. s ,ween-

ture eqU111br>ium, air- ;:uovement ia thus essential ':.:!.!1der 

and 11.umidi ty, and also dependent on whether .?. .. equireti .t' or" 
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air 1s being 1nti>odueed tnto a warm space to reduce the 

ever-all tenwe:r.-attt..~ 1 t nhould. not, in general, atril;:e the . ' 

occupants at rates in excess of 50 :f'pm {although its veloc-

1 ty ~t the point of entr-.t rnay be comJiderably hfe11er to 

insur·e thoroiigh mixing) .10 The reverse oont'l:t ticm, of 

somewhat ni,gb.er velcc1t1ee, but it must be remerllbered 

that the basic effect of ~"Oving air is to ra1$e the ev~po

ra.t:ton rate: the heat unite added must el;ceed those lost 

in latent hea t (a.s well as i n radiation to cold. eurfaee11) 

to produce a sensation of wa.~mth. In this connection it 

mcvlng at any deteetablg veloeity wtll paeycho1og1cally 

induce a feeling of coolness _1.n the sve-rage subJeot. 

Even fi3trU:n.1ttori. or veloc1 ty end avoidance of localized 

a.lr currerits ar© important since, with eecelerat~d evapo

?atton, d.itfarent1a1 CO{'}ling (ev1deneed b:r the ~ensa:t1on 

Cu-o to the irreg,'°\JJ.ar dem,.nd.11 1.z~ged on ths v~aom,-:>tor 

aystem .. 1l. 

dell.mi tet1 ll.rcae tiir means of air oond1 t1ot:1.ng., ,1hioh is 

i:!ef1ned ·t,y the c.. .s.H.V.E. as the "eimt.11t.:9..rteoue control of 

oll or 1;.).t least the first tll'Jl>ee of those .1·actcn ... s atfeeting 

both th::- phy5i oe.1 ~.ntl <;hemical eond1 tiont1 of th~ atmoe-
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odore and toxic gases, most or which affect in g..~atei .. 

or leaser degree hi.unan heal th or eomfort. '112 !n it~ prac

tical application., the a.mourrt of air transfe:t'Ted between 

the air-conditioned enclosure and its s'lll"ro~dings is 

customarily ltept as emrs.ll u 1s aotmnensurate with the 

nwn.ber of occupants and the type ru1d degree o.t" t:;heix• act:l v-

of the condition of tha recirculated air rathe~ than con

tinuously modifying new supplies from the outside. In 
·, 

epact)s where contamination of the air is d:ue solely to 

respiratory processes., aa little as 10 cfm of f~esh ~ir 

per person may be adequate, and a i'llird.nrllm or 15 cfm !r.&Y 

au.trice where smoking is perznitted.13 To assure that ~11 

an amount muat be so introdueed that the natural lea1r..age 

through era.eke arourid doors and other openings will be 

exceeded. In buildings o.f average construction stlffi

oie11t a1r leakage will occur naturally to prevent pol

lution and depletion of oxygen to an e.xtent inimical to 

health, so th&t in general no apee1al provision need be 

made for controlling air purity.14 Thie will hold true 

when the oeeupante are engaged only in the USU&ll activ

ities o-f home or office, and have an adequate 11pace allot

merit ot 100 to 300 cubic feet per parson; the t"especti ve 



12 
I NTRODUCTION 

-Comfort• 

minimum. outdoor air requirements here range from 30 to 

10 crm per peraon.15 

Ventilation, defined as the "procese of supplying or remov

i ng 13.ir~ by natural or mectwi.rucal means, to or from any 

spaoe," may be required in amounts greater than supplied 

by l eakage alone to remove the larger quantities of smoke 

and odors arising from heavy tJmoking, ~ookitlS, or o'ther 

sources, and to p~ovide tor h!gh degrees ot occupancy. 

Often natural draft through vents or r~lativ-ely emall 

window openings will provide auch i,upplementa.l venti

lation. In other oasf,ts a :smal,_l mechanical ::un1 t installed 

at the source of pollution., su<3h ae a kitchen exhauet ran, 

may be desirable.. 

Total air ch.t~rige 18 desirable primarily for the purpose 

of temperature control, generally in ~ooling, where air 

conditioning 1• not provided. It may be applied to ad

vantage whenever the air in a given encloetU?e is warner 

than that in the surrounding apace, as 1n hot weather when 

the night air 1a cooler than that in the howse, or in a 

working space where exotherma.l proceeaes are involved. 

The unit for accompliahing th1a aiP change may be a 

blower, Which is ot primary value when control or the 

source ot the entering air is required, as for instance 

in subway-ear ventilation when the air muat be filtered 



13 INTRODUCTION 
-Comfol:-'t-

for dust remova.1.16 In most other eases an exhaust venti

lator will be preferable. For home cooling auch a unit 

is often installed in the attic to exhaust the hot air 

which accumulates there and to bring in cooler air t hrough 

windows on the ground floor., particularly a:t night.17 

Other types are des1sne~ for installation in wall openings 

or windows, and even a conventional portable fa..~ may be 

used effectively aa an exhauster when placed about 3 feet 

inside a window. 18 Exhaust ventilation insures air change 

throughout the whole of a structure with less regard to 

the location of auxiliary openings than in the case of a 

·01ower. While it 1s axiomatic that the air whieh enters 

a given epaee will force the exit of a like amount (pz>o

v1ded . the space is not pressure-tight), a blower is likely 

to set up ineffective counterflows 1n corners, etc., where 

no egress exists. An exhauster will in general be more 

efficient since a direct path may be established between 

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

In heating applications air movement must be provided not 

only to assure mixing ot the warm air at the point or i ts 

introduction into a space, but also to reduce t he t e:mpera

ture stratification produced a.s the lees dense wai~:m air 

rises and colleete at the ceiling. In a room heated by 

a gravity system to 70° P at the 5-foot brea thing lest/el, 

the temperature at a ceiling level of lO feet is often at 
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least 7° higher.19 The heat z,epreeentea by th:l.s difi"'e!'

ence is not only practically unavailable to the occupants 9 

but increases the heat loss to the outside because of the 

high differential 1n temperature. Proper air cit•cu.lation 

will increaae the eff'ectivenesa or the heat aou:i:'ce by 

moving the warm air at the ceiling down to the occupied 

level. Where a radiator or con.vection heater is used, 

heat tranamiaaion will ti'e increased by forcing cool air 

from the floor level over the hot surfaces, reducing the 

insulating effect of the stagnant boundary layer at these 

surfaces. By these two actions greater heating effieiency 

.is attained, and may act either to raise the .heat output 

of a g1 ven source or to reduce the amo~-,.t of fuel required 

to maintain the desired temperature level.20 A fu!"ther 

contribution to comfort results from the warming of cold 

walls by air flow, which in raising their temperature re

duces the absorption of radiant heat from the body.21 

'fhe foregoing d1ecuaa1on demonatratee that air movement 

ia an important tac tor in man' a atmospheric enviroruuent, 

and the only one which appears in all phases or control 

of this environment for comfort or health. It .forms a 

pa.rt of ~· properly designed cooling or heating system, 

and ae a supplement to euch an installation provision fer 

additional circulation may increase its efficiency. In 

comfort cooling, exhaust ventilation permits full a.dvan-
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tage to be taken of a naturally cool source such ae the 

night air. Where internal e1reulat1on alone must be de

pended upon, coneiderable beneficial cooling may be ob

tained by motion of the air at room temperature without 

risk of the sometimes objectionable thermal ehock often 

experieneed when entering a apace cooled by conditioned 

air. 

A deViee to insure air movement or the proper character 

and d.egree is thus the simplest and perhaps the most 

effective one which, operating on a single principle, 

can materially affect the conditions of the atraospher1c 

env1ror.i..ment r or .greater human comfort. Such a unit, here 

termed an "air circulator°' rather than simply a fan to 

a1gn1fy that the scope of its application is enlarged to 

include many of the uses deecribed above, is developed 

in the rolloWing pages. 
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The gener .... n.l term "fan" is ueed to descr:lbe any device used 

for i mpelling gas or setting it 1n motion. Such a device 

may be physically very similar to those used for> comp:rreee-

on the basis or the difference b0tweer1 inlet and outlet 

e:n.tials are ter•med tt comp1Pesao;re O or "vaouu.rn. pumps"; those 

:tn &n inte:rrood!ate g:roup, "blowers*' or rtexha:1J.aters 11
; and 

where l.tttle o:r no pressure change is required, the name 

"fa.n° 1a moat often employed. (In 1ndu.st:r1al applications 

the terms "ran" and "blower" are used 9 almost synonymously, 

to denote centrifugal machines which may operate against 

cons:i.derable pressure.) A.Jain 1n order of deereaeing 

p:r•es~ure differential, the unit may be a poei ti ve-volume 

type (pist:m oz-, rotai•y), a. radial-flow or eentr1.fugal 

Both centrifugal fu"1.d px•opelle.1" f'ans are u:ted 1n ventilat-

o;rn1ent of the vaneaxial propeller t ype (a duet-mounted 

unit prcvided with guide vanes), cent:».1~,.tgal fa.ns we:re 
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lim:i ted rna1nl~t to use in frtH:: air, tu•e now available 

throughout a performance range euch that either a pro

peller or centr1fu.._~al u.ni t r¼a.;y be ii.aed agaimit low o~ 

modera~e pressures. 
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s imila::e to a paddle wheel » with a 

cwnfe2~er.ce of a Wlieel and ualmlly of an a.:itia1 length 

greater than the radial length (Fig . 4-A) ~ The· wheel 1~ 

mounted 'Vdthin a spiral casing (Fi g .. lt --B)/) the purpo$,~~ of 

wh1.ch is to eomrez-t as 'high a f3 possiblei a proporti on. of' 

centrifugu.l effect of ?>o ta.tion change-s it t o a r·adlal di 

recti.on, and then ie tangentis.l from t.he casing outlet, 

so that discharge takes place in a plane perpendiculai" to 

t he i.nlet dire<:t.ion. tJ.'he operating character1st:1.oa of cen

t2tifugal fans J and th:us the selec t1.on of the: type to 'be 

used for• a given application, vary with the conformation 

of the vanes. The sd.nrplest centrifugal. fan.s., the 1~steel 

plate 1 
.. or "paddle-wheel 0 type, have six to tt1alve flat 

blades, ea.ch lying in a plane thr•ough the &.."<is of rota-

( irm.er) edge oi" the 'l::1lr:u.'\ee t he tanger:tial ,re loc:t ty is 

kept low by 8ma11 1ne1de diame ter a nd low 1totational speed; 

long re.1.:lial })lade length and a progress:'i.ve narJ'owing of 



A. Rotor 

D. Hotor 

F. Flat-blaue 
Prvpeller 

18A 

B. Spiral Casing 

Centrifugal Fan s 

E. Vane~xial unit 

Axial-Flow Fans 

G. Increasing
Pitch 

Propeller 

H. fahau::-;t 
Ventilator 

Free-Air Propellers 

C. Diffuser C& s ing 

J. f., ixec-Flo .. 
Impeller 

I. l3ro.c.-;e t 
Fein 

Figure L.. Impeller anc H-.msin5 Ty iJe ~ 



the axial length froro heel to tip. 

MECH/lNICAL F.A.rlS 
-centrifugal-

Such a wheel usually 

haa a high ratio of dis.1nete~ to depth as a result. The 

steel-plate fan is the simplest and oldest centrifugal 

type: its conception probably antedates the propeller fan, 

since it seems to have been developed by arranging a series 

of' paddle fanrs on a shaft, and adding a oaaing primarily 

to give controlled discharge for its early use in fil.ine ven

tilation. 

Centrifugal wheele of more advanced design have from 

twenty to seventy forward- or backward-curved vanes, or 

theY may use a combination of these two 'basic forms such 

as the radial tip or reversed curve. In all of these, 

the blade slants backward from the entering edge, there

by decreasing entrance shock a..~d eddy losses and allow

ing higher rotative speeds such a.a are given by direct 

drive from an electric motor. In the forward-curved 

blaoo 9 a concave surface ie presented in the direction 

of rotation: a wheel of' this type will deliver a. greater 

volu:me of gas than any other :t'oz· a given size, and is 

eometii";es referred to as a "volume't rem. The baokwa.rd

cut>ved fan has var1es w1 th a concave leading face: at 

high speeds, hi@ler pressta"es are attainable than with 

forward-curved wheels and the noise level ie lower, but 

capacity is less for a given size and speed. Various 

other combinations or charaoter1at1cs are obtainable from 

intez>mediate va~e i'orms (Fig. 5). 
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Propeller Far.u,23, 24, 25 

A propeller fan consists essentially of an inclined plane» 

,rrapped spirally around a central axis or shaft. In prac

tice, equal seetors of such a plane are displaced along 

the shaft so that their principal axes lie in a single 

plane perpendicular to the central axis to form blades 

equally spaced about it. If such bl3des are tlat plane&p 

eaeh intersecting the central shaft at a fixed angle, a 

rtd1sk 0 fan is formed (Fig. 4-F). In blades of this tYPG 

the ,epiteh ar.gle" ( the angle at which a plane perp,endj.cu.

lar to the $ha.tt 1s intersected by a plane through two 

adjacent radial blade elements, measured in a plane paral

lel to tqe shaft) 1a et a maxiur~ when measured at the 

radial blade element perpendicular to the shaft (corre

sponding to the line of 1ntex•seot1on of the two planes 

definirJ.g the angle) • The pl to~ angle is less when meaa-

1.U?ed 1n any other plane parallel to the ahart, and so 

decreases with angular displacement to either side of the 

blade element de.fined above.. Since most disk fans e ... -ctend 

an equal distance to e1 ther side ot the perpend1ctilar 

r&dius, the angular pitch, and thus the speed of the gae 

particles propelled across the blade, increases from the 

leading edge to the center and then decreaaea to the trail

ing edge. 



varied in fily,ect proportion to the radius, a tir·.i:r:•f'ac0 YAf:'1.th 

the same pitch an.g;le s..t all rzi.dial tUetancee will r ~~ i;n:J. t. 

The former gives t;heoret:te.a.lly uniform gas veloc:l t.y ;;;i.lons; 

the ax:t e and therefore com3ta:n-t volume per unit of m?c a 

(from Q = AV), so that. tot~tl volume varies direct1.J w:J.. tt:. 

tion of rotation and thu~ reversible. West com,.ne:t' £:d.2J. 

' ·blades a.re based on th![~ constant-lead helix but havu t r:-~ 
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that at the intake, the gas is accelerated gl"'adually as it 

passes through the blado, m~klng for improved ef:t'iGie.ncir. 26 

If a constant-lead blade were carried to the central axis, 

where the pitoh angle becomes 900, the action of' the r:;errc:r·al 

portion of the fan would be a~ntz•ifugal. It ha.s been found 

that to prevent the resulting radial flow, the blade should 

he discontinued where it reaches a maximum pitch angle of." 

1i50. 27 
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Comparison of Fan ~ypes 

The most apparent difference 'between the two pr>inci pal 

fan types 1a in the flow character at the outlet, that 

is, axial discharge in the case of a propeller fan and 

tangential discharge for the centri.f'ugal u.ni t. While a 

centrifugal ran may be fitted With a diffusing casing 

(Fig . l~-C) 1:f' radial discharge is desired at the e~-pens e 

of static pressure, there is no practical :method of ob

taining axial discharge from this type. Reversiru..:i; the 

direction of rotation or a forward-curved. wheel in a dif

fusing casing would in effect merely convert it into a 

baokward-curved type, without reversing tlow direction 

to g1 ve axial discharge through the regulai• inlet. On 

the other hand, a propeller fan may be provided with 

turning vanea on the outlet aide to def:lect the flow from 

an axial to practically a radial direction. In addition 

it 1s possible to design a reversible propeller for use 

where flQW in either ~1rect1on is required. 

From the engineering viewpoint where static efficiency is 

taken as the maJor criterion of fan per,t"ormance, the centri

fugal fan is admittedly superior. Howeve1 .. ., roz• a porta·o1e 

circulating unit operating in tree air, without the pres

!ure requirements imposed by ducting, the pr!ncip~l con

sideration 1s attainment of maximum-capacity with ndnimum 
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power and space regui:rements. In this case static pres

sure may properly account for a relatively small percent

age of total pressurei and the use of a propeller fs,n is 

incUcated. Other .facto1' s tending agaJr.st the use of 

centrifug~.l urti ts are: higher• noise level; less converd.ent 

proportions of depth to diametar (al though not nee~S$lllX'11y 

greater voltl.l'ile for a g1 ven c~pa.c1 ty); tind highet• co~t, 

when. the expense of the inher~ntly required easing ia 

added to that of the more complex impeller. The epec1f.1c 

requirements of the present problem thus recommend some 

mo<lif1cation cif the propeller-type .fan. 

While the tcrego1ng discussion may seem 1.mneces~arily 

detailed, it ls included as a prelude to the calculations 

of Appendices II, III, IV, and v. These calculations, 

which prov·1'3.e rationalized :f'ornrv!ls.e for the mathematical 

development of propeller fana, a.re felt to be an impor-

t.ant part cf this thes1e. Ther-e are numerous sources 

detailing the theory of centr1fv.,gal fans, especially 1n 

l"egard to the meohan:tsm or pressure de~1elopment, and some 

w.attr1al is avallable on the newer vam~axial propeller 

u..rii ts. 28 However, as far as the author has been at,;,le tc 

ascertain, literature on the theoretical dr:.nrelopment of 

free-air propellers, with capacity d.eterra1..ned on the bas1e 

of displacement, 1e nonexistent. It appears from :meetings 

and correspondence wtth manufacturers of free-air pr opellers, 
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of these !'ans have been developed empir•ically by bendin.g, 

snippir.ig, a.ncl twisting ~iec~s of sheet metal until a 

satisfactory comprondae is .vea.ched between ca.paci t;;·, power 

requ.irernents ~ and noise level. It 1a ·hoped that the ca l

cula t1 ons developed her~ may !'cr1u a useful gI>oundwot 'k t'or 

othe1"" deal6neTs,. pen~nii; the results of further a:.nd.l:,v-tical 

and expez•imental work beyond the scope of' tr.us thest s. 
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In any dee1fu"Yl job, the designer must familiarize himself 

with existing eolut1one of similar problems. This is as 

true 1n the redesign of a cu.-rent model. ae 1 t 1e in cases 

where a new 1nvent1on, or a new application or combination 

of kno\l,'n pr1nc:1ples, 1s involved. While his research may 

have shown him theoretical methods which eeem to recom

mend themselves, the experience ot h1e client and of com

peting manufacturere will form a valuable guide in evalu

ating such ideas. In the highly competitive field of 

home appliances, it is unlikely that any valid idea baa 

gone untried; those which are impractical or outJn<?ded 

w111 generally be fou..~d in the record or discontinued 

1 tem.s. The principle:, which may be e.ppl1ed. to good ad

vantage are usually demonstrated by their embodiment in 

products being euccessfully marketed, although new tech

niques or concepts may permit use or an 1dea prev1ously 

considered infeaa1bleo 

An established 1rianufacturer will be ,.ble to g1 ve the 

designer much of the required market 1nformat1nn. Thie 

may include not on.ly infon,ation such ae spec1f1oat1ons, 

manufacturing fac1lit:tee and method!, and sales records 

or hia ol!tn and sometimes of competitive products, but 

facts regarding the general characteristics of the tra~e 
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as well. The latter comprise data on pr.icing policies, 

sales and. advertising trends, mechanies of distribution., 

and so on, all of which are necessary t.o def.!m:> completely 

the framework of the de signer 'a oper•at1one. Material r~- · 

lat1ve to coneumerpreferences and deeires 'Pt111ch is not 

ava1lable .from the client c:r trade sources$- ~-~ i n the case 

of a new t:rne of product, will have to be asct·r t .rJined ., 

through a slu~vey or eim.ilar meana. In any case the de

stgner mu! t verify and supplement the data he i.ssembles 

in this important preltminan1 p?1ase of' hi~ wcrk. 
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Competitive Products 

The various types of elect:r1 c fans ,md fF.\.n-f.:.:,rced convec

tion heaters marketed during the la~t several yea.rs wer•e 

studied :tn rega.rd to their mechanical specif:lcations, 

phy81cal appearance and construction, an.r.l ~thod of oper•a-
/ 

___ .,.,,, 

tion. This study 1ne11,1.ded produ.ete of all ma.jar est:a'b-

11shed ma.nufaeturers as well as or marginal firms whose 

contr1but1.on 1e prine:tpally nn assembly operation. Both 

standard and special or no,,e1 types were cr,vered, through 

inspection of products available locally, l1tex>a.ture from 

manu.facture~s in all parts of the United States, and the 

advert:1s1ng and "lfew Products•' sections of .lmer:tcan and 

.British trade magu1nea.30 Products of over one hundred 

• firms, moat or them offering three or more models, were 

studied. Of these, the great majority were cf the pro

peller type, only two portable models employing the cen-

• $ubetant1ally all of the ms.nui"acturers or fans, fan

heaters, and propellers listed by the following sources 

were contacted, excepting thoee making only industrial cen

trifugal .fans or installed ,rent1latore, but 1naluding all 
I 

members of the National Association or Fan Man1.1facture·rs 

(except makers of bea~r-duty blowere only), the Propeller 

Pan Manufacturers• Aaeoc1a.t1on, snd the Electric Fan Sec

tion ot the Nation.al Electrical IW!anufacturer11 Association: 
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trifugal principle. L1at1ng by method of mounting, tol

low1ng the standards of the National Electrical Manutae

turers Aaaociation,31 ofter, the beat over-all diatinction, 

although because of the innumerable possible combinations 

no method can be absolutely def1n1t1ve. 

Desk, Bracket, and Pedestal Fane--The nt0et common type of 

unit, that usually referred to by the popular term ttelec

tr1c _fan," hae a propeller of two to four blades surrounded 

only by a Wire guard Without additional houeing (Pig. 6-A). 

These sizes have the motor mounted directly on the base, 

and are intended for desk use or wall ("bracket 0
) mount-

ing (Fig. 4-I). The larger d1ametere are often available 

alternat1-nly with a floor pedestal adjustable in height 

over a twenty-inch range between limits from two and one

half to six feet. The emall inexpensive modele are one

speed non-o•c1llat1ng in operation, while -the better fans 

have two or three speeds, with oae1llat1on often variable 

Thomas' Register or American Manutaoturera; Directory of 

Manufacturers, McGraw-Hill Pre-11led Electrical Cata.loga; 

Directory of Appliance and Radio Manutaeturera, Electri

cal Merchandising Newa (McGraw-Hill); Index to Modern 

Equipment, Heat111.g, Ventilating, and Air-Conditioning 

Guide (A.s.a.v.E.)J List or Inspected Electrical EqUip

ment, Underwriters• Laboratories, Inc. 
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A. 10 11 Desk Fan 
(Einerson) ff 

U. Fan Heater 
(Everhot) 

C. 36" Ceiling Fan 
(Emerson) 

...... - . .,------.,. .. _;: .. "".'::"""""'=------"'-
, ~ . 

: j 
~J~ 

\\ 

\~ ' -~ 

-~~ •••.. . , ~""~f, t 
D. 16" Window Ventilato; ·--·---

(Schwit zer- Cummins} 

F. Floor or Window Fan 
( Ilg) 

Figure 6-1. 

Representative Present Day Fans 

Scale 1: 12 

B. 2411 Air Ci rculator 
(Hunter) 



I. Straight-Flow Circulato~ 
with heating el ement 

(Mimar) 

G. Vertical- Discharge Circulator 
with die-cast housing 

(Motionair) 

E. Port.able Window Fan 
with injector rings 

(Westinghouse) 
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H. Floor-model Circulator 
with adjustabl e deflectors 

(Marsalis) 

M. Straight-Flow Circulator 
with injector housing 

(Vornado) 

K. Diffusing Circulator 
with all-pl astic housing 

(Welch) 

Figure 6- 2. 

L. Diffusing Circulator 
combined with stanci 

(Kisco) 

Scale 1: 12 

Repr0sentat ive Present Day Fans 



O. One-Piece Blade 
(.Torrington) 

Q. Sand-Cast 
( Airr:iaster) 

S . Quiet-Running 
(General Electric) 

29 C 

Propellers 

Figure 6 - 3. 

P. Overlapping-Blade 
(Torrjngton) 

R. Airplane-Type 
(Mimms) 

T. Molded Plastic 
(Roto-Beam) 

Representative Present Day Fans 
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from zero to aa much a$ ninety degrees. 
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Vertical adjust-

ment is usually between thirty degrees below horizontal 

and forty-five degrees above in desk or pedestal models 

(although a rew oan be directed vertically upward), and 

from horizontal to thirty degrees below when wall mounted. 

With the base fixed, as much aa ninety degrees or horizon-
··'/ 

tal adjustment inay be provided. flle loweet reta11 price 

found in 1949 was $2.98 for a single-speed eight-inch fan 

(non-oaoillatir.ig} 3 w:l. th h1gh-qual1 ty twel ve-inoh uni ts re

tailing at abou.t $40 .oo .. 

Air Ciroula. t01 ... s--Larger fans deaigned mainly for use 1n 

eommere:tal eeta.bl1shmenta are called "air 01rculat0Fs" 

(although this term 1& also being used to describe new 

floor types for home use, resulting in some confusion 1n 

the trade). The name properly covers unite with propel

lers from twenty to thirty-six inehe·s in diameter:, most 

often on floor columns adjustable from five to eight feet 

in height (Fig. 6-B). Short columns tor counter uee and 

fitting& for wall or ceiling mounting are also ottered. 
1rhese nea~-duty fans, weighing seventy .. t1ve pounds or 

more, are priced from $90.00 upward. 

Ce111f!i Pans--The ceiling fan baa been 1n common use since 

before the beginning of the century. When installed to 

blow downw~d in the open dooJ-Way of a store., it diaoour-
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ages the entrance ct ineects and so has earned the nic!-:

ruune tttly chaser.n Standard diameters a.re thirty-six and 

f'if'ty-two 1nchtl$~ furn1shir;.g from 3000 to 7000 ctm of. low

velocity a.ir. The :f'our flat blades of wood or metal ar$ 

sometin1tt$ adjustable in pitch to fifteen degrees in either 

direction, or a three-apeed reversible motor may be fur

nished. A lighting fixture, mounted .. belo,r/ thf; fan, 1:s a 

common aceeesory and pull cords are customary tor all 

controls (Fig. 6-c). After a long and honorable period 

as a standard store fixture the ceiling ran is obsolescent, 

as 1nd1oated by its omission from the 1949 and 1950 eum

mar1es of a...TU1ual sales 1n nElectr:tca.l Merchand1singn maga

zine. It 1e being replaced by installed ventilating or 

air-conditioning syatema, and by air o1reulators which, 

although noisier, can move larger volumes of air at 

higher, more efficient velocities above the levels where 

objectionable drafts would otherwise result. 

Window Ps.rus-•Fans designed for use at or near a window 

generally operate as exhauat ventilators (Pig. 6-D), al

t hough a few models we z-evers1ble. As "n1ght ... cool1ng 

fane" or air treeheners, they are popular where a perm.

nent 1natallat1on such a.a an at~1c fan ia not practicable. 

Window ventilators With a fraate adjustable to various win

dow widths sometimes have glaes or acrylic lights; others 

D.TU8t be framed in. Sol!le models a.re mounted on floor 



stands and oan also be used aa c1rcula.ting fans 

THE MARXE.T 
-Product a-

(Fig. 6-E, F). Propeller diametere range from eight to 

thirty inches, with as many as eight bladee being used 

in the smaller sizes (a carryover from early v-en.t11at:tng 

fan practice). The recent r1ee in popularity of these 

units is due to increased appree1at1on of the benefits of 

forced ventilation, partiettlarly for night cooling, and 

has lately brought several manutacturerl!l of' induetr1a.1 

ventilators into the home field. 

Ploor-model Ciroulatore-•The latest development which 

w~ght be termed a basic tan type is that or low models 

designed to be placed on the floor so as to draw their 

supply from the cooler air at that level. Within this 

group there are two classes: those which discharge the 

air 1tPa1ght up tor indirect circulation (Pig. 6-G, H), 

and those diffusing the air radially outward and upward 

(Fig. 6-J, K). Since in all these .fana the air must be 

drawn 1n radially because ot proximity to the floor, the 

propeller 1s a sufficient d.1etanoe above the floor (usu

ally about one root) to allow ample intake a.reae The 

housing or guard extends several inches· below the blades, 

often being carr1eci d.own to the base or feet. 111he propel

ler is deeply pitched for maximum volume, and a ten- or 

twel ve,...inch diameter is the ru.le. None of the fans de

eigned tor floor use oscillates, and most are not adJuBt-
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a bl e aa to d11 .. ect1on although a few in the straight-out

let class may be tilted upon the base or rotated within 

pivots on the housing (Fig. 6-I). Few of the older manu

tactu.i'"ers have as yet added such fa.na to their i1nes, 

evidently preferring to wait until demand 1a better estab

lished. Indeed. some of the more conservative firms have 

written that the floor-type fan (1ncreas1.ngly popular and 

w1aely approved as effective in operation) is merely a 

"passing .t"adn and will never replace the standard model 

which they have been producing basically unchanged for 

twentJ years or mere. 

Straight-discharge fana for indirect c1roulat1on·reature 

a high-velocity a1retream wh1oh, acta on the injector prin

ciple to a.raw in additional volume as it rimes. on strik

ing the ceiling. still at appreciable velocity, 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, ihe residual velocity at occupied levels 

will provide thorough c1rculat1on without apparent draftee 

Such units are also uaetul during the heating season f or 

equalizing temperature distribution, moving the warm air 

at the ceilira.g down to ra1ee the temperature several de

grees at the occupied level. The effectiveness of the 

heating syetem is thereby 1nereaaed to raiae ita apparent 

capacity or reduce fuel costs. The houaing often incor-



'I':aE MAHlLlT 
-Produ.cta-• • 

or a wire gum .. d. One fan has an adjustable '1di.ffuser 11 in 

the outlet. Retail prices in 1911,'.) ranged fro:n $20 .oo to 

$100.00. 

Diffusing cil>(~ulatora B.l'"e similar in construction to 110::1-

adjustabl~ units of the strai~t-flow elaaa., but the upper 

ox• d.:tachai"ge end is closed by an inverted cone which dif

:fv.ses the air. Ideally, flow should take place horizon

t ally inward across the .floor, up through the blades, and, 

after being deflected by the cone, outward in a horizon

tal plane. Practically, even if this comple ·te x-e·1..-e:r3al 

:tn .flow d1rect1on cou.ld be accomplished, extens:l ve fz·ic

tion loaaes and recirculation would result. The deflec

tion effected beyond the propeller ie thus limited to less 

than ninety degrees. Louvere or turri.ing vanes arc oi"ten 

placed above the level or the blades, and sometimes below, 

but even then discharge is seldom below thirty degJ; .. ees 

from vertical. Since the cylindrical outlet of these fans 

ls larger in area than the outlet of axial discharge tm! ts 

(which corresponds roughly to the blade ci1'ole a.1:-ea), v·eloc-

1t1es ue usually considerably lower. It has been shown 

that ata:t;1onary fans & .. e more efficient than oscillating 

un1ta,32 2.!,ld the d1.ffusing cii"'culator provides enou;3;h 

gentle air motion tc give the aaine psychological feeling 
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of cooling aa the intermittent blast of the oecil l a tor» 

without disturbing papers or the user himself. It ia 

claimed that the user can sit comfortably close to or,, 
• 

even on theae units without experiencing objectionable 

drafta--at least 1n warm weather, when more sensible aix• 

flow 111 permissible. The flat cover placed over the cone 

is thus often advocated for uae as a haeaock o:ir eoi'i'ee 

table (Fig. 6-J). To further streas possible uses as 

turni ture, diffusing fans have 'been offered with mirro:t:'ecl. 

tops, or built under the lower shelf of a stand (Fig . 6-L) ; 

others may be obtained d1egu1a~d as hardwood end table9. 

The desirability of theee applications is questionable, 

since the other furnishings sure to be placed close to 

such pieces will definitely inhibit the free intake and 

diacharge of air reqllired tor maximum effectiveness. 

Diffusing circulators range in price frorr, $4v . 00 to 
. 

$8o.oo, depending principally on whether large amounts 

of cabinetwork are involved. 

Other Fan Types and Featurea--Many additional typee, mo~e 

or · leas unusual 1n conatruotion and sometimes for special 

applications, are offered in the market, although seldom 

by old-line manui'acturera whose products include a vw.~1ety 

of home appliances in addition to fans. 

The • centr.1tugal principle waa _round to be used in o::·,ly t wo 
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portable units. One has an uncased rotor seven inches 

in diameter mounted on a vert1eal motor shaft, a rernov

ab_le deflector being provided aa a means of directional 

control; operation is similar to that ot rad1al-d1f'tu•-

1ng c1reulators. The other, using two five-inch rotors 

with motor between them, hae conventional scroll casings 

within a wrapper. These discharge into a wide, shallow 

duct With its outlet in the wide eide rather than 1n the 

end. It is intended for use aa a circulator, blower, or 

window ventilator. 

Moet tan makers use propellers of the helical type 3 cla.1m-

111g various advantages for their own mod1.f1eat1ons. A 

great n1.Ullber of propellers have been empirically developed 

in efforts to attain higher eft1c1eno1e1 or QUieter oper

ation. Amazing torms incorporating apparently erratic 

bumps and hooks have resulted in some cases, although 

many valid oontr1out1ons have been made (Pig. 6-o-T). 

:?Popellers such as the overlapping-blade type are suit

able for use against moderate static pressures (Fig. 6-P). 

Others . are designed for even velocity distribution acroes 

the diameter of the fan, or for greater capacity with the 

same diameter and power. Blades formed from steel or alu

minum ebeet are the rule in home fana, while aand-cast 

• alwntnum blades a.re ueed 1n some large air circulatore 

(Fig. 6-Q),. A few manufacturers of the latter still ad-
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here to the use of airplane-type propelle:i:·a with t wo nm~

row blades (Fig. 6-R), although these have the highest noise 

level and power requirement!! of any design. Plastic bladesJl 

either ot laminated eheet or molded, are a relatively new 

development, and are quieter than :netal hecauee of the 

sound-damping q1l2.l1 ties of the mateI?ial. 

light weight, l:,alancir1g 18 m1n1rn1zed, parti,.;uJ .. arl~· whe:Y:-e 

pre-c1s1on molding is employed (Fig. 6-T) .. One popular" fan 

baa flexible rubber bla.dEHh and no safety guard ls requi.rE,d a 

St;ill another haa loops of fab1•1c ri'bbon in lie•u. of a pr•o

peller: while it is patently safe., its ef!'1cienc~· is ques

tionable. Several makers t'eature the fact that thei1'" .t'ane 

produce a ttapiralling a11"'s'Grtu:1mn (an effect present to 

some e;,;:tent in all propellers, indicative .:>t' a lose i n 

efficiency). Others claim blades which move aiz• effect-

1 vely ovei~ their entir-e area, negleatirig to stat~ that 

such movement 1s mainly radial and of 11 ttle V<ri lue from 

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

creases to forty-five degrees. 

Housing design ia becoming an active field for the fan 

designer. While pressure fan ca.singe have been brought 

to high et:f1c1enc1es by theoretical analysis, no such 

'ba.slii seems to exi1t tor free-_air unite. However>, hou.e-

1nge made up ot· inJe·ctor 1~1.nge or cones are tlOw being 

1ncorporatec1 1n some p:t•opeller rana (.F;ia;o 6-E, M) c 'l~o 
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or more 5uch rings., the f'iJ:>st placed aroa;:1d the blade 

w!th the others behind it along the inlet axis, aot to 

improve inlet conditions f or 1:nc:.?eaaed cap&ci ty., -whil•s 

reducing x>ec1rculat1on and centr- t fugal-flow tendenc:le$. 

older radiant or natural-convection types 

A six- or eight-inch propelle.t" is uaed to f ol"ce ei'b0u.t 

100 efm or air over the elelllent_. The tan $haft ,mr:1,~- be 

vertical with intake fi-om the bottom of the metal caae 3 
' ' 

or horizontal when the inlet is at;. ·the: bacl:;. $ I i' the 

element operates at red heat it is plaoed 8 , a.15 to be 

plainly v1aible 1 to take advantage or the psychoJ.ogical 

effect of warmth which the glow ia l>elioved to p~;,cduce. 

In this case, ahro.u1um;..p1ated reflectox•a are often pro

vided to d1reot the radiant heat, actir~ inciden:l;al ly 

to increase the apparent size ot the element by reflec

tion. Wl'1en a non...;glowing element 111 used, it may ·be 

placed at the back of the case, often around the u'l.Utor., 

and the reflectors are repla.oed by louvel"s to hide the 

interior. 14oat tan-heaters •reqUire that the fan always 

be used during heating to prevent overheating ot the 

ele1nenta and motor, but at least one unit ha.a a radiant 

element which may be opeJtated independently. Ir1 eeve1ia1 

models the tan alone may be 1.u,ed a. t a higher· speed i'or 
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cooling; air volume is low however, because of the small 

propeller and the high combined air resistance of' the 

louvers, element, guard, etc. The element is usually of 

nickel-chromium ailoy, in wire coila or strips supported 

1n the a1rstream by 1neulatora. Glase-tube-e·ncloeed coils 

or rode of ·conductive refractory material. are employed 

where a self-aupporting element ls required, while indus

trial unite use a finned metal tube encasing a resistance 

coil packed in magneaium oxide. .Heating elements have 

been incorporated in aome ten- and twelve-inch f'a.ne 

, (Fig. 6-I), aometimee with a deflector or even the por

tion of the housing carrying the element removable when 

the fan alone is to be used. The motors for ·these ls.rger 

models must be capable of extreme apeed reduction ao that 

air velocity and volume can be reduced to the capacity ot 

the element. The most common rating tor the elements of 

fan-heaters of all types is 1320 watts, with a maximtllil 

or 1650 watts baeed on standard 15-ampere household fus

ing at 110 volts. Van-heaters are available from $lOoOO 

to $40.00 (o~ more, for high-capacit3 230-volt models). 
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Surve1 ot Requ.iremente and Preferences 

The designer :ts limited and guided in the application of 

his knowledge by coneideration of the three me.Jo~ groups 

with whoe·e needs and desires he is concerned. These are 

the manufacturer, the distributor, and the consumer. Re-
-

lat1one wtth the manufacturer ara necessarily direct, 

einoe the designer must co-ordinate the specifications 

of hia design with the type and extent of the fac11itie$ 

available for its production. 1!1he manufacturer's ex

perience and general kl1owledge of the trade will supple

ment the designer•• background to define the scope of 

the new deeign, by recording what has sold successfully 

in ,the past 11 and perbapa ·by 1nd1cat1ng what may be ad

vantageoualy marketed in the near future as well. Repu ... 

tation and relative eales position 1n the field are fac

tors in determining annual volume and unit price. These 

1n turn atfeo~ materials, amount of toolitlg, and finiaho 

To beat simulate the designer-client relationship and to 

determine typical conditions which might thus be imposed, 

various queet1ona were aaked of' the same manufacturers 

whose products were studied. While this multiplicity 

ot information aouroee would not normally be available 

to the dee1gner (except through catalogs) 6 the method 

was considered the beet suited to the present problem, 

where no specific manuracturer is involved. 
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Consumer Preferences an~- Compla1nt,e--A deecript.:lon of' the 

largest-selling fan type will serve to indicate the baaic 

requirements of the consumer. Manufacturers reported tm 

animously that the least expensive fan 1n their line was 

the "most popular model." Considering all firms i n t hia 

branch of the appliance trade, . covering the range f :r•om 

commercial circulatorB and ventilators through high

qu.al1ty home fans to novelty :ttems, the typical product 

is a ten-inch oscillating desk fan which may be wall 

moun.ted (Fig. 6-A). It has a die-cast base supporting 

a eingle-speed shaded pole motor, and supplies about 

600 cfm of air at 1550 rpm, using a 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 moat common color 

is "f111ng-cabinet 0 green, replacing black., the former 

standard. While bronze and ivory are also f~equently 

offered, there 1s a growing trend toward more harmonious 

colors such as gray-green, warm gray., and tan. The most 

etr1k1ng f1n1eh seen to any extent, and probably the 

least adaptable, 1s ice-blue wrinkle enamel, used on the 

very cheapest fans to attract cuatomer attention. The 

current average retail price, tts reported by "Electrical 

Merehand.1a1ng" magazine., is about $18.50, and although 

this is for portable f'ans of all types includi ng th~ 

more expensive floor-model circulators, it is t ypical 
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of a nwd1um-qual1ty desk fan ae described here . 

The complaints most frequently heard from fan eustome:x•s 

a.re listed here in order of importance as reported by 

manufacturers and distributoi,..s, with the1.r qualifications: 

1. Noisiness 1n operation; 

2. Inauffi.cient a.1r output (usually due to the pu.:."'."

chase of too small a ran in an effort to save money); 

3. .Appearam:e {the, cheap tans are not as attractive 

as the expensive ones, and even the latter could of'ten be 

greatly improved); 

4. Motor overheating and subsequent failure (inex

pensive tans without Underwriter~• approval sometimes use 

a motor too small for the fan, or unsuitable for the pracw 

tically continuous operation often exaoted--more often the 

maker's explicit oillng c11r(ilct:tons a.re overloolced); 

5. Availability of eervloe, (even though the menu-

hie servtce agent 1s sometimes reckless or inacce8sible ); 

6. D:!.rt collection on bladee and motor (safety 

guards adrrdttedly make the propellers of l!lOet fans cl1f

.f1oult to clean., and a faulty osc1llat1ng-gear housing 

may leak oil to aggravate dust collect1on--however, ser

vicemen testify that many housekeepers, including thc,se 

who are particular about the condition of other furnish

ings, evidently expect electrical appliances to stay 
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clean and in operation w1th little or no ca.re). 

A l isting ot: principal sales factors was also compiled in 

the same way" i"heae are: 

l. Price; 

2. Appeara.noe; 

3. Manufaoturer'e reputation; 

4. Performance; . 

5. Quiet operation; 

6 .. Manufacturer's service policy, guarantee, etc. 

The fact; tha t three of the six maJor complaints have to 

do with performance, while price 1a by far the moat com

pelling sales factor, is explaine4 by the buying habits 

of the typ1c·a1 consUMr. In his search for the moat for 

his money he is usua.lly conti .. onted by a tan in operation: 

the fact that it blows air at all is proof ot its •per

f ormance, 11 i.e., that it pe1,.torma; it, in add1t1on, it 

oacillate.s so that he need not etay in the blast all the 

time but may be intermittently reaesured by it, so much 

the better. When the .fan ia turned off it is examined 

to see if it is "moderntt 1n appearance and if it hae 

large blades, preferably four (since this ie the greateat 

number usually ottered). To v•rity thia deaor1pt1on it 

is necessary only to study the aalea techniques recommended 

in the p1•omotional 11 terature of almoet any aggreaei ve tan 
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company. As to the ave~age buyer's cr1ter:1a of' pertormancej 

a. survey conducted. by the General Electric Compar;.y deter·

mined tha·I; a four-bladed pz~op&ller with large., i:~,:; latively 

flat blades was pr•ei'erJred to the company •s three-bladed 

dea1gn of high proven efficiency because the .t'or·mer 

nlooked 11ke'1 it c0uld move more air. Apparently, in 

spite cf constant effoi .. ts towa.r•d higher performance 

through sc1ent11'ia design, the public is not to be taken 

in. The !'act that the less et.f1cient !'an ot the inzyex" s 

choice ie also noisier is not discove:t•ed until he uses 

it 1n tbe relative quiet of his home ai'ter the purchase .. 

Al though appearance ranks second · on the list o.t· sales 

faotora, the idea that their producte could be 1ro1•e 

a.ttracti ve does not seem to bave ocH1urr•ed to uian:;- f'an 

manutacturers as yet. The attitude of a large part of 

the induatry is epitomized in a statement by an official 

of one of the major compar.des, who wrote, with consider

able candor. 'tthe matter of design on fans has not 

ehanged for several decades ancl thei"e has been some talk 

on this subJeot. 11 Such design efforts as are being made 

are evinced mainly 111 new floo1. .. -mo·del cil"cu.1ators, i"ather 

than in improvement of the standard models of old-line 

manufacturers. 

1rod.uotion 1.'eahniguea and .Vao1l1 tiea--Fu.rther analysis of 
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techniques available to the designer, ei t h<Sr ln his 

client' e own plant or from outside euppli (::! '.CS. The base 

and motor suppor·t are most ofte n zinc die _castings, al

though sand-cast iron, drawn steel, and molded plastic 

at»e also useel. . Caat1r.igs and moldings al"-e often purohased 9 

al though in some er-wee thei ax•e the fi r m's primru:y 1:lne ~ 

and eizee from blade specie.lists or other fan znak ara if 

pz,oduction volume doee not Justify the requii'e d i nvest

ment .in epecial skills · and tooling. St~ped ar:.d draw-n 

eteel par·ta, ranging in size f'rom oscilla.tc:r- U.rJ~es 

to housings for w:tndow fans., are custozr.a rily mad~ bJ the 

Jection weld~d and plated in bright c.hr orrdum., a.:t'1;.; almost 

universal. They are regarded as the best sol~tion to the 

combined problems of sales appesl, eas~ cf ma.rn.U:acture, 

m.a.inttmance, and funct1.cn: while they a.rci $omewhat dif.f:1 ... 

cult to clean, they maintain :t,heir or~gina.1 appear-ance-

ar.id p.rovid.e good safety protection w1 th 1.i ttle r ~;sistance 

to air flow. 

The small amount of machining required is 11mted to a 

few eorew-machine parts and to drilling holes and sur--
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facing castings for aeeembly. It is usually poesible to 

maintain ample clearances so that only in the moto~ is 

any degree of precision necessary. Motors are purchased 

unless they are required for an extensive line of f'ane or 

other appliances, or are themselves a primary p1~oduct. 

(Many of the present fan man:u.facturers started as :maker-s 

of small motors, who desired a relatively simple product 

ae an assured outlet for their basic item.) Fan motors 

are almost always of the shaded-pc:>le induction t ype ., 

with two-pole (3000 rpm) oonst1 ..... ;..1et1on 'bei~ used 1n trie 

emaller fane and .fan-heaters., four-pole (1500 rpm) wind

ings in ten- and twelve-inch fans, and six-pole {1000 rpm) 

in eixteen-inoh rans. Because many c <.;nsumers fail to fol = 

low oilir1g instructions, porous oil-impregnated beru.~ings 

and a large oil supply are now featm~d in the better> fan 

motors. Oscillating mechanisms may be assembled from 

purchased gears., or bought aa a complete unit with the 

motor. Blec·tr1cal components auch as switches and speed 

controllers can readily be ordered to conform to the com

pany's individual speo1f1ca.t1ons if 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., toaste:t"-s., 

etc.) are similar in regard to distribution and pricing 

a:nd service policies. However., the seasonal aapects or 

the demand for cooling and heating devioes are reflected 

in fan and fan-heater sales and advertising. 

Distribution and Pria1ng--The sales channel for SK!Yi3,ll 

appliances is usually from the manufacturer through a 

wholesaler to retail dealers., although oecaeionally a 

jobber is involved. Sma.ll firms., partioularly when 

newly ,established., often sell locally dil•ect to r~tailere., 

and in other areas · tnrough manuf'aoturerst agents w1th 

little or no warehouse stock. Some larze companies., in

cluding those also m.~ing industrial equipment (sold 

direct or through Jobbers and contractors)., main ta.in 

district salea of'fices to work with thei1~ wholesalers 

as well as to advise indu13trial customer•s .. 

A wholeealer may be nationwide in scope or cover an entire 

geographic region of the United St~tea, with several ware

house points., but most dietributoi~e operate in a ein.gle 

~:rketing area :from one o:-. .. two branches. Independent whol e-

15alel"s may himdle several ms.kes of some 1 teme . ( oftc.Hi 8 h m;t~ 
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ever. in c11rrerent price ranges}, ·or may operate under 

agreement with a manufacturer to handle only his line, or 
. 

a portion of it, in a given field. The G·eneral Electx·:ic 

Company and Westinghouse Electric Corporation, the two 

largest makers of home appliances., operate supply com

panies which wholesale the products of othf!r manufact-:..ire:t>s 

only when an item is not included in their own lines. 'I'he 

wholesaler usually has exclusive representation in his 

area for the products he distributes. This is seldom 

true of a retailer unless the product is sold under his 

own trade name (e.g., 1n the case of the large mail-order 

houees, auto-supply stores, and drug stores). However, 

the manufaeturerB whose products are in gi~eatest demand 

coiwonly stipulate that other brands shall not be sold 

1n competltlon with theii--s. in which case an exclusive 

franchise DlB.Y be given. 

The pr1c1ng of fans, ama of almost all other small appli

ances, follows a \'ery uniform pattern at least as fa.I' back 

as the manufaoturer'e sales price. The 4ealer's net pr.ice 

for single purchaaea of an eatabl1shed product ie usually 

30~ leas than the fair-trade retail price, and about 35% 

leas for larger purchase• on a single order. A new item 

1a often introduced at 4oj below retail to attract dealers 

through higher prof1ta, and the dealer's margin must even

tually be brought into line by reducing the retail price 



TEE M.~T 
-Trade -

rather than by raiaing the net pr1ce--1n any case the 

dealer complains tbat his profit is being out, and the 

period of initial price adjustments is very trying for 

the manufacturer. A wholesaler, with lower overhead coete 

than a dealer•, may do busineaa for from 5.~ to 205' 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 111WJt meet or better the whole

sale prices of high-volume manutaoturers. A 50% profit is 

p1•obably not out of the question, on the basis of esti-

mate■ made with the aid 01' quantity prictta furnished by 

the manufacturers of motors and other components, while 

the minimum is about 7,t,. The pricing ot an item retailing 

at flOoOO might then be broken down aa followe: Dealer's 

net price, $6.oo to $7.00 (~ to 30~ below list); Whole

saler's coat, $5.10 to $6.30 (15~ to 10~ below net); Manu

taeturer•a total coat, $4.59 (10% to 2:f~ net profit). 

Sales Cnaracteristics--Reta11 fan aalee do not really begin 

until after the firat 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, many purchases 

are deferred until the next season. In spite 01' this short 

and often undependable aalea season, 11Eleetr1cal Merohan

d1s1ng'' magazine i-eported 1949 ea.lea of 2,886,000 desk and 
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~racket fans compared with the prewar record of 1~985,000 

units in 1941. '1'h1's was in t.he face of a rise 1n average 

retail price from $6.90 for the ten years 1932 .. 1941 to 

$18.50 in 1949 (Fig. 7). It. is almost impossil)le to 

eet"imate the potential market for fans since commercial 

establishments form such a latrge portion of it, while 

other appliar,oea can 'be figured on the basis of "'percent

age saturation in, wired homes • 11 Ho,wever, some data are 

available to indicate the size of each manufaeturer•a 

potential share of annual sales. 

~rhere have '.been aa many as one hunC-I'ed and fifty differ

ent trade names in the ran market during a s1ngle period, 

but it is doubtful whether there are ever n1ore than eighty 

manufacturers whose contribution to the total output of 

the industry is significant (conside1•1ng that some of 

these make several brands for various outlets). Even 

assuming that the portable-fan market is divided equally 

among three hundred d1f£erent models, an average of three 

or r our per manufacturer, eactl would be entitled to annual 

sales of almost ten thousand units. Only some thirty ap

pliance firms distr1'trute fana!I nationally in any voltmie, 

and of these the dozen largest onea account !'ot· over on@:t

half of all sales. One firm asserts that a sing;le model~ 

1 ts cheapest ten-inch desk i'an, accowits fo1· one-!'i.t"th 

of the annual sales of this most popular type b jr all r.1aDu-
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facturers, or necll"ly one-tenth of total p<:trtable-f'an sales .. 

About one million portable .t'ans of other size3 and t ;y"l)ee 

are sold by the lea.ding firms, which am,:1unts to about 

sixteen thousand each of perhaps five models per fi1"'m. 

This figure includes the more expens1 ve f~"ls BU.Ch as 

large floor-model oirculators, and it is probable that 

medium-priced models ma-a· be safely eeti:macad at twentJ 

five thousand annual units per firm. A new ·t~·pe in this 

range, backed by the name of a majo?' company and by well

planned preliminary and continuing advertising, could 

reasonably be expected to find sales of ten thousand 

units a season until demand is well eetabliehed. 

Fan-heater sales are almost ae seasonal in character as 

cooling fan sales, with about thl•ee-qu.arters of the pur

chaeee being made 1n the fall .. The incidence of uns~a

sonable cold weather at other pe:::•iods,. and the provision 

often made for using the fan feature alone in summer cool

ing., maintain some volume of business tm;-oughcut the Yflla:r· .. 

The suggestion of year-round utility part;1ally counteracts 

the tendency to delay purchase when further warm weather 

1s due. Fan-heaters, in cornmon w1 th other- el~ctr1c heat

ing units, find a large part of their sales in sections 

of the country where central heating is not required, 

and are often used elsewhere at the beginning a.m.'i end of 
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the heating season when the centr&l system is not in 

operation. 

Sales of nearly one and one-half million eleet~1c space 

heaters of all types were repm .. ""ted b;;/ _rtEJ.ectr•ical Me!"Chan

dising" magazine in its latest statistical . issue, but sepa

rate figures for fan-heaters a.re not available. Th~ ave1:,

age retail price given, $13.00, is abou·t two dollal"S 'below 

that of low-priced fan-heaters. Firms deeirlrag to capi

talize on the demand ror al..udliary heating equipment caused 

by wartime mat.er1al shortages, and later by fuel shortages., 

raised the number of unite produced tc two million in 1946., 

or four t1wee the prewar average. Although some of these 

companies have left the market, the valu(e of portable elec

tric heaters was et'fectively demonstrated to the public 

1n spite of the many inferior produets sold during that 

period. One out of seven .families in homes with electric 

service now owns an electric heating unit. A survey made 

by the General Electric Company found increasirA& inte~eat 

1n fan-heate1·s, suggesting that the rnan.ufactur·er·s of' tt,:i.a 

product (40% or some seventy-five electric heater- i'irfilS 

listed) are attaining their proportional ahar·e Df sales. 

§alee and Advei't1s1ng 'l'rends--Al though 1949 sahJ3 of port-

able fane dropped twenty percent from the 1948 r&cord of 
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three and one-half' million ·wtl ta,• the reduction in total 

retail value waa only fifteen percent bees.use of the rise 

in average retail price from $17.50 to $18.50 . The in

creasing consuar interest in h1gher•'f4uall ty l'ane is due 

to a number ot factors which have arisen within the last 

few years .. One of thl!> most important of these is the en

lightened promotional policy which is now being followed 

by the more progressive manuf"aatux•eu·s. 

While most fru, a4vex•tis1ng 1a of course originated by the 

manufacturers, the efforts of ma.guine editors, ti.ome econo

m1s ts, and electz•ic utility companies Sl'e being succese

fully enlisted to foeter the m.oi•e e .. ,t·ansi ve us,~ cf fans . 
tor improved physieal welfare. Some firms ax•e emploi1ng 

independent_ laboratories to evaluate new or improved meth

oda of' ran use .33 Al though company I•t:u;~a.rch directe:d 
' 

toward improved performance haa not pr•oved t,:, be generally 

effective aa a sales point (aee 11Surveyt• subsection above), 

the results of application reaearch ai,,e : t'lnding acceptance 

by wr1 tei--a in consumer publications. and to an J..nc:.t•e&$ln.g 

extent by consumer• t.hemaelvea. Fan deale.t•s are oeing 

- -- ~ - -- -- • -- - - - ~ - - - -- - - -
• It should be noted that the available 1949 totals w. .. e 

estimates 'baaed on reports from ralat1"9'ely few firms (prin

cipally members of the NE.MA)» and additional data inu.J° cause 

a revieion upward aa it did the previous .~easone 



THE MARKET 
-Trade-

trained to advise connnercial customers in the efficient 

use of bracket fans and air eirculators, with particular 

regard to proper location &nd non-oec1llat1ng operation. 

Macy agencies are stressing the versatility of portable 

fans 1n the home., eraphasizing the many ways in which a 

single unit can be applied. 

Changes in the mode or living since the war, with lack ot 

household help and the tremendous sales growth of in:stalled 

major appliances as complementary factors, have made many 

Americans highly "fan conacioua." Housewives doing their 

own kitchen and laundry work with the aid of automatic 

dishwashers and clothes waahers and driers, are realiz-

ing that pleasanter, more comfortable conditions are 

attainable by using a ran to exhaust hot and moisture-

laden air and cooking odora. Installed kitchen exhaust 

ventilators are increasingly popular. and a.re becoming 

the rule 1n new home conatruction. However. the owners 

ot portable fans are finding them effective for the aame 

purpoeee, With the additional advantage that they oan be 

moved to any location desired. The uae ot rans in winter 

ie also growing as oonsumere learn that fuel costs can be 

reduced when proper air c1rculat1on 1a proVided. The 

even temperature diatr1but1on which results not only gives 

greater comfort but le better from the standpoint of 

health. Medical writers point out that a ran, correctly 
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used for Winter o1rculat1ona may be a factor in reducing 

the number of colds rather than 1:n causing them, as was 

feared in the past. The incorporation or heating elements 

in several makes ot straight-flow and diffusing circu.la

tore adds still more winter utility. , 

Another faetor in fan ealee ie the increasing public 

familiarity with the benefits or air oonditioning. As 

more oommero1al 1nstallat1ona are 1nade in temperate parts 

of the United Statea., the fan market too is expanding 

from 1te traditional centers in the East and South. There 

is a growing deaire for ran-toroed air circulation 1n the 

home, and for units which are fully adequate tor the Job. 

One manufacturer of portable air ciraulatore, the 

O.A. Sutton Company, found that a surprising portion of 

the sales of their high-priced units waa made to low-in

come tam111ee. Inveat1gat1on showed that many manual 

laborers, partic,ularly night workers who must sleep dur

ing the day, are demanding quality tans which will insure 

draft-free cooling during summer sleeping hours. 

A complete liat of fan advertising media lffll&t now include 

teleV1a1on 6 With broadcast "home deraonetrat1onm" making 

use of aueb new techniques as animation. Dealers are 

being trained by well-planned company films, instead or 

merely being supplied with promotional literature, so 
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that they will be better equipped to ad·v1.se customers. 

If ,the advert1a1ng and consumer-education programs are 

carried forward intelligently., and continue to be supple

mented by the word-of-mouth advertising of satisfied users, 

the present upward sales trend will surely continue. It 

1a perhaps not too optimistic to forecast that the elec

tric fan will emerge in a new role, as the appliance with 

the greate1t all-round utility of any in the home. 
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A N A L Y S I S A N D D E S I O N 

Determination of the spec1f1a design approach to be fol

towed 1e based on correlation ot the user's actual re~uire

mente, plus sales and advert1e1ng trendsa with the 11mita

t1ona imposed Within the pract1oal range ot technical possi

b111t1ee. Theee factors are, reapectively, diacussed in 

full in the preceding eectiona entitled "Atmospheric Facto~e 

1n Human Collt'ort, it "The Market," and "Mechanieal Fane." 

Since the average ueer lacks knowledge of the criteria 

neceaaary in selection or the proper unit to beat satisfy 

hie comfort requirements under the condit1ona or its ex

pected use, 1t 1a the reepona1b111ty or the designer to 

determine and deaisn tor optimum condit1ona, and to make 

recommendations aa to the scope ot operation of the com

pleted dea1gn. Hie problem ia ■im.1.lar to that of the 

engineer dea1gn1ng an air-cond1t1Qn1ng installation, but 

more complex in that there are no fixed use conditions 

fol' a portable appliance Which may be sold throughout 

the country to all typea of conaumers, tor an endless 

variety of applications (and misapplicationa)o 

The designer cannot, of course, atop after a determina

tion of uwhat 1s best for the consumer," but must inte

grate this with knowledge of "What is desired by the con

ewner." There 1e 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 primary interest 

at least until features of performance, construction, etoo, 

can be demonstrated. S1noe this initial sensory appeal 

muat be primarily Visual, the form and appearance cf the 

unit are of first importance. Ita basic functions must 
_./ 

be apparent to the eye, particularly in the case of a 

new or untam111ar product, and theee functions must be 

onea wh1eh the user deairea, as the result either of 

exper1enoe or ot the eond~t1on1ng of advertising. It 

must not appear d1ft1cul t to operate, nor too hea·vy or 

¢lwuy for portability. Shape and color must be selected 

with moderation 1f the unit is not to be exotic to the 

aurround1nga or the typical home or oftioe--the distinc

tion here 1• between modern and "moderne. n To e.nha.J1ce, 

or at least sustain, the reputation of the manufa.cture1• 0 

the probleme or oonvenienee in actual use, dependability, 

ruggedness, and freedom f'rom difficult or excessive main

tenance must be met if the appliance ia to live up to the 

1mpreee1on made 1n the salesroom. 
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Formulation of the Practical Design 

Studies of current sales and advertising trends and vr 

the I"'elative popularity of the va:•ious types of por•tabl r~ 

air ci1"'culators, ventilator-a., fan-f'oi"ced convection 

heaters, and combination units have provided material 

on which the selection ot ,the features of the design m.ay 

be based. While the smaller oacillat1r.ig fans remain the 

most popular., non-oscillating types embodyin.g various 

imp~ovements or new features are growing in publiG accept

ance. Advertising and consumar education and experience 

are teaching the value of straight-flow fans placed on 

the floor., or mounted at a high.ex~ level., to aet up ccm

t1nuous efficient circulat1on around a room in one direc

tion, without oscillation. Winter uses with the unit 

directed upward or toward a heat source are also beine 

featured. The employment of a circulating fan as a 

window exhaust ventilator ie recommended, with the unit 

placed some distance inside the room for entr•ail"'.ment of 

a greater volume ot air than is poee1ble with the fan 

framed directly in the window. Diffusing circulators 

moving large volumes of air at low velocities a1~e becom-

ing popular, particularly for summer cooling where some 

direct eenelble air flow !a desired. They elimir1ate the 

draftiness caused by the intermittent blast of an oscillat

ing tan, the only type of unit formerly available for this 
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type of cooling.. Pa.n-type heaters, in which f c,rced con

vection d1atr1butes the heat more effectively than is 

poesi'ble in the older natural-col'lYeotion a..'l'ld radiant 

types., are being increasingly used to eupplement heating 

systems, and for local heating where no installed system 

is provided or where its operation is not desired during 

oft-eeason oold periods. 

The proposed design 1ncorporatea these features and uses 

insofar aa possible in a single portable 1.1nit. 
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Size and Cape,city of the Unit 

In de.term1nat1on of the size of the unit, the upper limit 

1a aet by the requirement of eonvenient portability, while 

the capacity muat be great enough to prove generally satis

factory throughout a wide variety of appli_catlons and eur

roundinge. The moat common uae Will probably be ae an air 

circulator, which may have to care for a home living room 
I 

or a. amall or udium-a1zed ct.f"1oe space. In larger epaces 

any aingle unit would probably have to be so large as not 

to be easily movable, although a number of portable units 

could or cour" be uaed and would give more uniform o1r

culat1on. The largest tana now marketed Which are readily 

portable are propeller-type units'w1th a1xteen-1neh bladee, 

and their cubical apace require•nte and weight set the 

upper limit• ot the preaent 4eeign. These are thus about 

two and one-halt cubic teet and twenty pounds, respectively 

(baaed on General Electric fan, Catalog No. nu6VI). 

The volume of air needed tor cooling a space by circula

tion cannot be readily calculated aa 1n the case of an 

a1r-cond1t1on1ng 1netallat1on since no heat is extracted 

trom the epaoe, so this dee1a1on muat be made on an em~ 

p1r1cal baaia. The reoommendat1one ·or the General Elec

tric Company oall tor 1200 to 1500 crm of fan capacity 

tor each 5000 cubic feet of room volume, for multiple f an 
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installations in larso 

:OESION 
-Capaci t:1-

1500 cf'm pei· 30:)G c-u,b1 c i"e~t 1 a tal~en hei~e ,11 arn.l cox":Pesponds 

to one ~f!'!cient t:w~l'!l®-inch fan (1200 cf:n capar::ity) tor 

a medium-siz~cl 1:tving t"oom (15 by 20 f'eet:, 8-foot ceilini;.,;) o 

The limitations of a portable alectric heating unit are 

x•ath.er· rnoz;e strictly fixed, being set by the capacity of' 

household wi~ing. This ie cw,toma,rily tween as fifteen 

certain ]. ocal codes ( such as tha. t of New Y 01•k) l 1ritl t port-

a tan-heate~,ll incli\0.111$ the motor, ie . thus between 1320 

and 1650 watts on 110 ~,olts. This amount or heat 1s, how-

room about 30° F above the ambient 1n average uninsulated 

(Appo VI ... c)~ A 1500-watt element is epeci:t>ic here, although 
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this rating could eai:dly be altered to comply with i; h ~ 
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,9_0~Jb1nat1qn S!f Straight and Diffused Flow--The first ob

Jeoti ve of' th.ls dea1gn, and the most radical departure 

fr;.;;m the features oi' most existing eirculators., is the 

attairur.ient of' ·ooth a"c;rai.g;ht and dif'.i'used flow in the same 

u.n:J.t. This can be done by any one of three methods: 

1. Prov1eion of a removable deflector c •::,rH~ to be 

placed at the discharge side of a conventional fan; 

2 .. Incorporation of attached. adjustable louvers lr. 

the :f'an outlet; 

3 o Use (Jf a housing with orie end Open and the other 

provided with a diffuser, the type oi' flow to be changec1 

by :t .. €ivers1ng its direction .. 

The first cf these alternatives requires a part whichi if 

detachable, would :need ca.re.hil storing to prevent damage 

or lr.n3e when not in use, and would l)e inconvenient ii' net 

difficult t;::, use in changing from one type of flow to the 

other. Such a de flee t,:-r cculd possibly be attached to the 

fan by arrr.s allowing 1 t t o be swu,ng -:mt of the cliseha.r-ge 

to the intake side when at.:r·aig;ht ±'low is dee ired. 'J:hie 

would necess1 tate a ur,1ch larger space for clera>ance dt::r:lng 

the convel"Bion opex,ati u:n than would be dictated by the 

space requirements of t-he fan f'or ei t her type ot use. 

!-mother· possibility would be to make the base in 
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the form of a cone, pointing the unit straight down for 

diffused flow, but the full force of the airetream 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, ueed in some industrial 

unit heaters to direct the air, are employed as diffusers 

in one make of home circulator {Fig. 6-H). Where adjuet

mente 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 presum

ably be of sheet metal. More serious objections 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 w1th them wide open the 

normal spiral motion of the stream would be likely to cause 

noise in striking the louvers, 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 incox,po:r•ation of a fixed diffusing cone at one end 

oz the fan in conjunction with reversible air flo~ would 

dii'fu.ee:r• and impeller; in d:H'f'uaed flow J) the cone !J with 

the aid of ad.di tion~l louvet•ing, would deflect the axial 

atlon in d12ei~n o.f such a housing is to allow 1•;rn.fi'ir.:dent 

cylindrical area between the diffuser and the bladea foz• 

um."est:r-icted intake in sti"aight !'low, and for low veloi~i t:y 

the housing ~ould be no greater than those :•equirad with 

a ctatachable cone in place, and better pe:rformance ci:>u1d 

be attained than with inovable deflecting vanes. 

i'f!otor and D~ive Mechaniam--Selecting the housing employ

ing a fixed ctiffu0er as the most advantageous from the 

fl tandpoints of.' performance and usei• convenience :1 the 

problem of r·ever-eing the direction of air t'low 1,1ust next 

be met. Again three means are possible: 

1. Rotating the motor and propeller assembly tht,,01l2;h 

180° to point in the oppo~ite direction within the houising ; 

1:>ota.tion ,.1:'l th respect to the moto:i.;-,; 

3. Reversing the motor electrically. 
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In the first aethod, with the motor and propeller assembly 

rotatable 18o0 on pi vota to change the flow dii"ection, a 

clear space would be needed within the housing at least 

equ.1,talent to a sphere of' the same diauieter as the pro

pelle1.... 'I'his minimum clew:•ar~ce would require the pi vota 

to be placed 1n the central plane of the propeller, with 

supporting brackets carried around. it fz-om the houeing 

to &ttachmerat points on the motor trame. The innermost 

point of the diffuser would then htve to be at least one 

propeller diameter from the ineide of the guard at the 

opposite end. If the housing itself is to be direction

ally adJuetable, its pivots would be most conveniently 

placed coincident with those of the propeller assembly, 

and should be on a line rtea.rly through the center oi' 

gravity of the housing and its contents. Since the 

weight would be concentrated in the motor, the pivot 

axis should pass through it .. While th1a would simplify 

connectio11 of' the motor to the pivots, an even larger 

sphe:x•ical space would ·oe required for pi voting within the 

housing, ·oecause the axis would no longer pasti through 

the pla.r1e of the propeller. '.fhis sirstem has the advan

tage that a propeller of conventional (norJ:>ev,u•sible) 

design could be used, but the large overall size needed 

merely for the purpose of reve1 .. sirig., as opposed to opera

tion, ilS undesirable. A<1d1 tional complexities arise ir.1 

the desig,.~ ot: a simple., comre:n1e:nt, and i'oolp:r•oo:f index-
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1ng-and-locki:ng device to aiunu•e that the propeller is 

aem.we,i positively in the desir·ed oper&'i.ting position o 

When these Sl"e consicie:i:·ed, this ~thod is seen to be im

practical for use in a po:r·table appliance . 

Perhaps 'che si~lest meuhanica1 1:e ·iersing device which 

might be used is ar. adaptation of the 1:1.,it11 cl.riven UBed 

optionally tlle inner or outei... f acE: oi' a rir.l.$ on the pro

peller. With the drive ring and motor at the fan periphery 

the unit woUld be unbalanced, however, and the fastest in

duction moto1" (3450 rpm) Wvuld reqU:1l--e a drive wheel more 

than :tive inches in diameter to operate a twelve-inch tan 

at 1500 rpm. Even with the motoi ... placed neax· the fan hub 

to utilize a. smaller drive {lfheel, and i"ox- soruawhat better 

t1eight distribution, a large por>tiori of the flow ar•ea 

would be block-:eu by the motor, because of ·the eccentric 

mou11til"..g required and the cow.bined longi tudi.nal and 

pivotal motion occasioned in ehiftiug. The pi·opellei.., 

would r e cruii>e sepa.i"ate bear•1nga in~tead oi' utilizing those 

( and weight) p1•operJ.y to suppoi.·t 'i.:he drive z,i :ag. Al t hough 

this aya,tem might be adapted to l0·w-speed stationary f ans; 

1 t 1 s ol:iv:tously not well su.i ted to poz•table t :rJ)eS. 
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Of the possible mechanical systems, vevers1ble gear-ing 

offers the most promise. While most simple geared rever~

ing mechanisms at'e designed w1 th the ctri ·Jen shaft eccentric 

to the input shaft, th.1•ee designs have been studied in 

which straight-through dr1ve is iuaintained. In all of 

them, friction discs and wheels are uet!d rathe:r than tz-ue 

gears, to reduce lubrication z•equirements and eimplity 
,. 

shifting. The first is schematically similru:-· to the dif-

ferential gearing used in computing machines, and the 

spider is clutched to either the output ,rgea1• 11 o:r the 

housing by means of a splined alider and clevis to cont~ol 

the direction of rotation. The second use$ oppositely 

placed pairs of rollers and bevelled discs~ moved in and 

out b~- means of a parallelogram linkage ao that one pair 

or the other- contacts appropriately formed eurfacee of' 

cliscs on the motor and fan ehafte. The controlling 1-ne

chanism would 1nipcse no drag on the ehafts (as a clevis 

would.). Ic the third proposal, th~ fan .shaft .is l:'ioved 

a disc at the motor end in contact with either- a set ct 

reversing rollers or a clutch surface on the motor sh.aft 

i tmelf. In this case the tan thrust might be utilize:d to 

eupport at least a part of the blade weight and t c a·ug

men t the clutching forcei rel.ievin~ some of the frictional 

drag in the required clevis. 
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With any of the latter three devices the direction of 

blade rotation could be readily reversed (even in motion., 

although at the riek of excessive wear on the friction 

surraeee) by me&ns of an easily operated control at the 

outside of the housing moving a bell c~ank or other simple 

linkage. The pr1ne1pal problems are their possibly exces

sive size and coat, and the dit!"iculty 1n obtaining ade

quate bearing length for the output (fan) shaft. However, 

they are no mare complex than the geared 01Sc1llating 

mechanisms provided even in inexpensive fans, and do not 

require the tine tolerances of such mechanisms even though 

operating at higher speede., since wear of bearing• and 

friction surfaces can be taken up by spring loading. In 

spite of their advantages., none of them could be definitely 

recommended for incorporation in the present design with

out oomplete mathematical and experimental investigation 

to determ.1.ne the forces involved, and the corresponding 

materials and contruction 1~equired to give a long-lived 

unit of the smallest dimensions and least coot. The amount 

of work involved in such a study would form a separate pro

ject, and is beyond the scope of thie thee1s. 

The type or drive selected., then., lat.he electrically 

reversible motor .. While the!le are more expensive than 

non-reversible m~tore, the simplicity of operation of 

this method., which reqUires only a switch control., re-
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commends it for the use of the average person. 

Series motors can be wound for reversibility, but because 

they are generally built for higher operating speeds than 

induction motors, and require maintenance of brushes and 

commutator and of the tilter capacitor usually included in 

the circuit (to reduce commutator sparking and radio inter

ference), their use 1n household tans 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 suited to speed control to 60~ 

or rated or lower speed, but considered inherently non

reversible. Where a fan application requires a reversible 

motor, a permanent capacitor, capacitor-start, or split

phase type 1s used, the latter two incorporating centri

fugal 8Witches to cut out the starting winding at about 

75% of synchronous epeed. The permanent split capacitor 

(also called capacitor-run) motor, which requires no 

cutout, recommends itself further in that it is available 

with only three leads, rather than the four required by 

the others. This feature 1s 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 6o% of rated speed, providing 
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For use with a 1500-watt heating element, it im desi~able 

to reduce the capacity (and velocity) fro.m the design 

maximum of 1200 ct■ to the lowest ftlue obtainable, in 

order to allow an air temperature rise r~eat enough to 

obviate a possible cooling effect from the air motion. 

In thia case, the motor speed should be as low as practi

cable, preferably 25" or lesa or the full-load speedo 

The ehaded-pole 110tor beat satisfies thie requirement, 

eince it is capable of extreme speed variation. The 

proviaion of a high-res1atanee rotor improves the speed 

regulation characteriatica in the low range. While not 

a standard oonatruot1on, fractional horsepower shaded

pole motora have been built With wound shading coils i n 

pairs, one eet or the other being abort-circuited to 

reverse the motor. The revera1ng switch for this motor 

may be placed on the end cover so that the three leads 

required need not be led to the base with the motor and 

heater power Wiring. 

Either the reversible shaded-pole moto~ or the three-lead 

permanent split capacitor type 1a thus specified, depend

ent upon whether or not the unit include• a heating elemsnt. 

While exact apeeifieationa of auch motors are not avail

able, both could definitely be manufactured on order, at 
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an estimated cost comparable with that or a standard 

apl1t-phaae motor. The full-load speed or either will 

be about the same as tor a shaded-pole type, that 1s, 

approximately 1500 rpm tor a four-pole motor. Of the 

standard motor pole numbers, four 1s the optimum for a 

1200-cfm fan, since the 3000 rpm of a two-pole motor is 

too high tor quiet propeller operation and the 1000 rpm 

of a eix-pole is too low tor the desired combination of 

fan capacity and size (App. II-E). The calculated horse

power at 1500 rpm, based on a helical blade, is .029 for 
I 

1200 cfm, and should not exoeed .056 even if the actual 

output should prove ae high as 1500 cfm (App. V-C)o The 

next lower standard rating, one-twentieth horsepower, will 

give adequate power, as shown by examination of test data 

compiled by a leading propeller ms.nufacturer.35The high 

cost of ball bear1nge is not Justified in a tan-duty motor 

of this e1ze; instead, oil-impregnated porous-bronze bear

ings, eurrounded by a felt-packed oil reservoir, are spe

cified. These must be designed tor both radial and thruet 

loading, since the :motor is to be capable of operating in 

any position. The ad41t1on of an internal cooling fan 

might be round desirable. 

The Prol?!ller-~In a .field already notably ehort of design 

data, l1terature on the design of revereible tane was 

found to be nonexiatent, doubtleee because or the few ap-
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plicat1ons in which they are required. They are used 

chiefly in sidewall and window ventilators, and memufs.c

turers • correspondence and examination of theee units 

disclosed them to be almoet invariably of the flat-blade 

type, perhaps with some such slight modification ae a 

bend along one edge 01~ at part of the tip. While theee 

blades admittedly ofter equal efficiency in both direc

tions, this effio1ency is low compared to that of helical 

blades, particularly of the cohstant-p1teh type. 

Since the helical propeller is Dest for anal discharge 

while the centrifugal rotor in oo=bination with a diffuser 

gives radial discharge, perhaps the ideal propeller for 

the present design is a combination ot, or compromise 

between, these two extremes. Mixed-flow liquid pumps 

are built in which the change in direction between the 

axial inlet and the semi-radial outlet is acc,omplished 

within the vanes (Fig. 4-J). The outlet diameter is con

siderably greater than the inlet diameter, however, and 

it is estimated that for a free-air fan built on the 

as.me principle, the rotor would have to be some eig..~teen 

inches in diameter and nine 1nchea deep for low-velocity 

discharge at 1200 cfm. While this is too large from the 

standpointe of safety (becauae of the high peripheral 

speed), and convenience, it suggests a principle which 

may be employed to advantage: that 1e, using the blades 
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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 it. 

The propeller proposed here ls a modification of the 

constant-lead helix, and might be termed a "semi-m1xed

flow" type. In order to accomplish a pa.rt of the required 

change in flow (from axial to radial., and vice versa), the 

bladea are generated within a cone., instead of in a cylin

der as is a true helix (Fig. 8). The generating line., 

rotating at a constant angular velocity, moves perpendi

cular to the surface of the cone rather than to its axis., 

at an axial rate varying directly w1th the radius. The 

line generated on the surface of any coaxial cone with 

the same apex is thus a logarithmic spiral instead of a 

helix, and cuts all apical elements of any such cone at 

a constant angle. While the lead or the spiral per revo

lution decreases toward the apex., it is constant along the 

generatrix in any position. A pitch ratio of unity is 

selected, corresponding to a moderately high nominal pitch 

of 25 .5°. This pitch 1s 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 or the propeller, to the radius where 

the blade angle reaches 45° (tan-1 1 at r/n), is filled 

by the frustum-shaped hub, since the action of the blades 
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Arrows show intake flow paths 
of increasing angular pitch 

Figure a. 
Propeller and Diffuser Layout and Operation 
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within this region would be predominately centrifugal. 

The motor ia placed partially within the hub for apace 

economy and better weight clistribution. It is expected 

that in straight .flow the etreem passing around the hub 

will tend to converge near the apex of the cone, largely 

eliminating the "dead'' area present at the _g,enter or 

ordinary propeller•• The angle at the blade tip ie 

17.7o (tan•l 1/w) tor the chosen p1toh. The ratio or 

cone diameter to height 1• also unity, giving a large 
' 

apex angle (aoout 53°} without placing the point of flow 

convergence ao cloae to the blade aa to cauae excessive 

turbulence. The blade edges a.re taken along generatr1cee, 

maintaining constant pitch along the edgea and bringing 

the central portion of the propeller close to the base 

ot the dittuaer, to shorten the flow path. Straight 

edges are specified, since each 1a both a leading and 

a trailing edge. A alight inward curvature of the edges 

might experimentally be found deairable if the blade 

provee noisy, although efficient (and thue quiet) opera

tion is expected. The blade t1p1 are slightly rounded 

to reduce poaaible vortex noiae and to improve appearance. 

The dimensions or the propeller are calculated tor a theo

retical displacement ot 1200 otm at 1500 rpm. (App. V-A). 

While either three or four blades could be used, the latter 

number 1a 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 ooneumer. The actual displacement might be somewhat 

higher than the theoretical, perhaps by as much as 25% 

(as it is 1n good convnercial bladea--see App. IV-C). This 

assumption is based on the probable flow through the blades, 

eonaidering the increase in angle from tip to hub. In 

radial flow, the incoming air will continue to f'low axially 

or even inwardly (er. flow through orifices) at least a 

part of the way through the propeller, so that the effee

t1ve pitch angle increaaes and the air 1a accelerated as 

1n a. well deaigned standard propeller; in axial .f'low, the 

Bame effect will be produced as the radially entering air 

croesee the blades (Fig. 8). While th1e action will be 

lees significant at reduced velocities, the flow will 

never follow a.'1 inefficient path of decreae1ng angularity 

since the pitch ratio and h~b diameter are designed for 

minimal centrifugal action even at full speed. 

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

the propeller cowl'ing and the diffuser. The cowling ie 

toroidal 1n form, and providee a rounded entrance in both 

directiona of flow. While the entrance radius must be 

held ra·t;her small in relation to the inner diameter of 

the oow11ng. in order to maintain reasonable overall di

mensions, the flow oonditions will 'be between those tor a 
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bell-mouth and a sharp-edge orifice, with a correeponding 

high disch~ge coefficient and low reaiatanoe. The 1nner 

surface of the cowling is parallel to the surface of the 

cone defining the blade periphery, and aa close to it as 

assembly tolerances will permit 1n order to reduce vortex 

noise and recirculation within the housing. The outer sur

face is shaped to augment peripheral intake, and to carry 

out the form of the complete housing. 

The opposite end ot the housing 1& cloaed by a diffusing 

cone (termed the ir..ner deflector) which curvea outward 

and away from the propeller. It begins near the hub and 

tangent to 1t and ends tangent to a plane Which 1a per

pendicular to the ax11 and a sutf1e1ent diatanoe trom it 

for adequate intake area 1n straight flow, and low-velo

city discharge in diffused flow. A supplemental deflect

ing ring (the outer deflector), also curved 1n aect1on, 

ie placed between the ehroud and the d1ttuaer, extending 

from a tangent to an imaginary 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 ran 18 thue 

divided into two streams whose areas are approximately 

equal at all corresponding sections., resulting 1n a uni

form velocity d1etr1but1on which 1e particularly desirable 

in diffused d1acharge. The outside diameters of the de-
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flectors are made large enough to deflect all portions of 

the moat widely divergent air stream which may pass through 

the propeller in diffused flow (Fig. 8). By carrying these 

components clo•e to the bladee, 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 1s 

covered to conceal the motor and heating element wiring, 

and to complete the form of the housing. An annular space 

between the inner deflector and the cover allows the pas

eage of cooling air 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 houeing 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 aa possible with

in the airetream, and the air velocity reduced to the 

lowest value possible by operating the motor at its mini

mum speed. It would perhaP,s be desirable to have the ele

ment on the discharge side of the propeller, at 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 location, and the extended 

grille required for the user's protection, more than cancel 

any advantage. The deflectors, in comparison, offer con

venient, well protected mounting surfaces, and a portion 

of the element may be moWlted on each of these for proper 

heat distribution throughout the flow -area. Rigid elements 

would be the eaa1est to mount and in general give long ser

vice, since oxidation of the resistance units is low in 

these types. However, the cost of the f1nned ... tube metal

enclosed type, used in industrial fan-heaters, 1a toe 

high (over $15.00) for considerat10n, and the glass-en

closed and refractory types are too fragile for use in 

a highly portable appliance. An open helical coil of 

resistance wire, supported 1n insulators, ie thus chosen, 

with the conservative operating temperature of 1100° F 

specified to prolong its life. 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 

so aa to heat both parta of the ai~stream on low heat, 

but this is not considered a serious disadvantage since 

only the lowest air velocity will be used with the 

900-watt element, and a son~what larger portion of the 
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flow will be through the inner section ot the propeller 

and housing at this &peed. The two parts or the flow will 

mix shortly after leaving the houaing in any case, to 

further assure equalization of velocity and temperature. 

Control--Prov1s1on muat be made tor varying the motor 

speed to cover the range of use cond1t1one, and to con

form with consumer demand for a choice ot several epeede 

in quality fans ot thie size. This can be done by Wind

ing the motor so that the number or poles may be changed, 

but while this maintains opt1mwn charaoter1at1ca, it is 

costly and limited in practice to two speeds. A react

ance-type controller, which is relatively 1nexpena1ve 

and has a negligible effect on pertorma.nce, is the alter

native selected and 1e incorporated in the motor circuit 

to give three speeds below the maximum ot 1500 rpm, down 

to the miniBlW!l practicable (about l/4 of maximum or 1500 

rpm). To pr9tect both the unit and the user, excessive 

temperature rise 1e prevented by operation of the ran 

whenever the heating element is energized, at its lowest 

speed on low heat, and at either low or tiret intermediate 

speed on high heat (Fig. 9-A, B). At low speed, the com

bination of minimum volwne (about 4oO cfm) and raax1mwn 

heat output will raiee the air temperature 160 J between 

inlet and outlet under average conditions (App. VI-B). 

The fan alone may be uaed at first or aecond intermediate 
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speed or at high apeed, but for a1r circulation 1n the 

average home will probably find its greatest utility at 

the aec:ond epeed. of about 1200 rpm, giving a volume of 

approximately 1000 crm. It is expected that the m.aximwn 

capacity will be uaed in small homes ma.inly for eXha.uet 

ventilation. No built-in thermal overload protection ia 

proVided, einoe a temperature rise of about 4oo° F above 

the designed operating temperature will overload even a 

20-ampere twse, larger than ahould be installed in the 

circuit to which the fan 1s connected, without causing 

the element to burn out. The motor ia afforded protec

tion from overheating by the inner deflector, which acts 

as a heat-reflecting baffle, aa well ae by the provision 

made for air flow directly over it, 

The variety or uses for which thia fan is intended re

quires a greater degree of directional adJustment than 

is usually offered (Fig. 10). With the unit on the floor# 

atra1ght flow should be obtainable at any angle between 

horizontal and vertical, and at a slightly -greater angle 

or depression when placed on a table or otherwise raised. 

In cooling with diffused flow, the air ahould issue ho

rizontally some distance above the floor to avoid drafts 

and most effectively to cover the occupied zone; to at

tain this height without greatly increasing the overall 

height of the unit, the intake muat be at the bottom. 
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This is also desirable since the O(Joler air at the floor 

level will thus be drawn in., for discharge at approxi

mately chair• level. Because a ..::umplete 90-degree change 

in directio:n is seldom attained in practice except in a 

closed duct., the ail" will issue at an angle alig-1'1tly above 

horizontal to cover the entire living ai-aea above knee 

height. On the othel"' hand., when heating an area close to 

the unit., the lowest velocity should. be used and the warm 

air should issue oloee to the floor -to replace the cold 

ai~ in this region and rise th.rough the oool lower levels 

:::if the r..:>om. 'l'he posl t:1.on <.Jf the housing in this ca.a~ is 

,:Ji course the same as for etraight ve1•tica.l flows- but with 

the propeller rotation reversed. To allow the. required 

rotation of at least 18o0 the ho1..1slng is mounted on pi vote 

whose axle 1e perpendicular tc that cf' the housing and as 

nearly ae possible through t11e center of gravity of" the 

.latter. The p1 vots are supp,>rt~d from the base by a 

TI-shaped yoke within which the housing may be rotated.. 

Since the sides of thls yoke form obvious carrying points 

h-'.18 adequate strength to allow the f~::-1 to be cr:.:-::·ried in 

practically a r-equ-.Ired eales feature, and i"S especially 
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desirable for effective c1rculat1on in larger rooms so 

that high velocities can be used without disturbance to 

the occupants or obstruction by furniture. While pedestal 

mounting 1s offered by many nufacturers, its additional 
' cost is a deterrent to sales, and the special featuree of 

the pre8ent unit would not normally be required at high 
,/ 

mounting levels. The unit can, however•,, be readily wall

mounted by the baee, ·and in this case the radial intake 

providem improved inlet conditions, particularly when 

discharge is nearly normal to the wall. Such a mounting 

is convenient in that it doee not obstruct working areas 

such as the floor and desks, while the unit may easily be 

taken down for portable use--ad.vantagee not offered 'by 

pedestal mounting. The angle of depression required in 

wall mounting is small, since direct flow should not 

strike pereone at close range, and only sufficient ele

vation is needed to circulate air acroea the ceiling 

(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 adequate at the 

recommended mounting heightp that 1e, with the fan center 

from six to seven feet above the floor. This places the 

controls for ready acoessibility by individuals of average 

height but allows the direct airstream to pass above head 

level. The plane of the yoke and pivots ie vertical in 

wall mounting for greatest strength and rigidity, the ver-
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tical adjuetment being obtained by sliding the yoke in 

an arc at the base, through an included angle of 30°. To 

provide horizontal adjustment to within 15P of the wall 

on both sides, the pivots mu.et allow an additional rota

tion of 75° 1n conJunct1on with the 18o0 already deter

mined., for a required total of 255°. For greater con

venience, a maximum arc of 270° 11 provided. The pivots 

incorporate atope to limit motion to thia angle., as well 

ae a friction device to hold the ran at the desired angu

lar setting without use of the usual thumbscrew. 

All wiring is enclosed, running from inside the inner de

flector through one pivot and the tubular yoke to the base. 

The yoke is held to the base at the chosen angle by a 

spring clamp., which provides ree111enee to reduce 1treee 

concentration at the point ot attachment in case the ran 

1e jarred or upset. The d1mena1one ot the baa~ are large 

enough for adequate etab111 t1., and provide mounting apace 

for the gang awitch controlling motor speed and direction 

and element heat, the speed-control reactance., and the 

yoke clamping device. The switch knob 18 at one end of 

the baae under its Juncture with the yoke, this to be the 

lower end in wall mounting, with the yoke clamp knob at 

the opposite end. It 1a recommended that the unit be 

also made available without the heating element, at a 

correspondingly lower price; the only required mod1f1-
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'I'rade Name--Slnce the manut'actu.re:t" •a trade name f'oz,rr!J! an 

i:mpo:r-tant part of' his good ~-:111, 1 t ~hould be selected 

aetutely. Simplicity and dil?ltinctiveness are majoz• re

q,uirements if' the name i~ to be accepted by the public 

specific ftrm, rather than merely for a type of article. 

This ie n .:1t to suggest, of co .. trse, that a trade nam.e can 

become a "household wordtt if it does not repreeent a pro

duct o!' high qu.a.11tJ1. 

Most proct:.:cts are identified by a firm name based on 

that of the fc-tmder (e.g., Westinghouse Electric Corpora

tion) or one stating its Pl'o<lucts or purpose (The General 

Electric Coro;.,oany). Ma~e of thiii type may also be abbre

viations (Pasco Industries, formerly F. A. Smith Manufac

turing Company) . Other na."ne& a.re pure c0inings (Kodak), 

foreign dEn"'i vat1ons (Thermos), or deacripti ve terms (Ever

sh.arp). A few ln these &Toups have 'become convenient ey

nonyms for all at•tloles of the same t:,rpe., regardless of 

make (in the cs.se of those cited, for hand camel'•as., vacuum 

bcttlee, end automatic pencils). Secornlru .... y names ru:•e added 
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to the firm name to designate the various products in 

a line of consumer goods. Fan manufacturers often at

tempt to connote some quality or function of their pro

ducts by forming names from combinations of such terms 

aa air (commonly spelled "aire")., breeze ("breez!')., and 

flow ( "flo 1') • Al though they may be useful in advertising, 

real public acceptanae of some or these names is quest1on

able--it is difficult to believe that the average customer 

would ask for a "Kisco Handi-Table Circulair" by its full 

name. aa an example. At any rate, most of the word comr• . 

b1nationa which are remotely applicable or even clever 

seem to have been claimed, so that it would be difficult 

to torm a distinctive new term or this sort. Abstinence 

from the use of any such name ie therefore suggested in 

the present case. 

The design presented here has been developed to conform 

with the requirements which would be impoaed by an estab

lished manufacturer, in regard to marketing as well ae 

manufacturing. An old-line firm sometimes expands from 

the 1n4uatr1al-goods field by adding a line of home ap

pliances, and adopts a new and separate name for these 

products. One of the proper functions of the product 

dea1gner 1a to adviee in the aelection of this name, be

oauae of 1ta cloae identification with the results of hie 

work, and because his background and research are pre-
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sumed to have given him special knowledge of the consumer 

mind. 

To exemplify the considerations inherent in naming a pro

duct, the name "PH AR 0 11 has been chosen. The two

syllable construction satisfies the requirement of sim

plicity: while the same sound could have been obtained 

with only four letters by ueing an initial "f," the d1a

graph "ph" 1s. unusual in trade names., and avoids iden

tification with the card game "faro." The heavy serif 

at the peak of the "a" {A) acte as a macron to emphasize 

that the pronunciation is the same as 1n the word 

"pharaoh.," and heightens any exotic and aristocratic {if 

vague) association with ancient Egyptian royalty. A logo

type with characters ' partaking slightly_ or Egyptian sym

bols is proposed ae appropriate to the derivation of the 

name. The serif-A is consistent with these special cha

racters, and may also be used readily 1n conjunction with 

standard capitals when the logotype is not available. 

"P~O" alliterates with the words "fair," "air flow.,rr 

and "ran," for use 1n slogane or other advertising. 

Since these words are not actually spelled 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 its ori-
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gin.al line of heating and cocl-dng ap:;_-,liancez, and now 

make:s cooling fans and ice-craam freezers as well). The 

preaent design is designated simply as a "Portable Air 

in combination with conveni~nt size, partially by 1nter

ferr1ng that it is unusual for an air circulator to be 

pJrtable (as the twenty-inch and larger fans thus clasaecl 

are not). If the line of products includes other fan 

models, the colloc:ti ve te+'m nPHi'm0-1-.,ana n (not t!-Phams" ! ) 
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Design Synthesis 

The Drawinge--Every part of the "Plil'RO" Portable Air Cir

culator 1s ehown 1n the mechanioal drawing21 (Drawings A 

through G2--1ne1de back cover), and eub-assembliee have 

been included as needed in addition to the full-sized 

niaster assembly (Drawing H). The lettered drawings ea.ch 

show the pa.rte of a major component, and the parts them

selves have been numbered consecutively, essentially. in 

the order of assembly. Part numbera followed by the 

letter "H" (e.g., 25H") indicate that the bae1c part (25) 

is modified when used in the Qpt1ona1 fan-heater model. 

Part numbers preceded by "H" (e.g., H5) indicate a sup

plemental series ot parts uaed only with the heating ele

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

All necessary dimensions are given, and many of the smaller, 

more complex parts are reproduced full size; others are re

duced to one-third size.* Moat curves are dimensioned 

• The choice of this somewhat unusual reduction was dic

tated by the requirements of max1mt1t~ clarity and eon

venient size: one-half reduction would have reqt\1red too 

large a eheet for some of the larger parts, and ts not 

suf:t'1c1ent to obviate confusion with full stze, while one

fourth scale wae deemed too smal.l r or cla.r1 ty of detail. 
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.fac turer, in which case the g i':ce1•al t;:;le.rances 1iu l;;ed ln 

cussed here 1n groups, following the -: rde." of the let

tered drawing sheets. The f1r-st such group of parts 

forms the Cowling. 

The Cowling (Di:•awing A) is a tor·o1dal shell which controls 

the flow of air·' thr0ugh th~ • p:;-:op~ller and aepax'ates th~ 

axial and radial regions of the ail"St:i:'erun. It is formed 

from sheet alundnum 1n two parts, the outer and inner 

cowl {Par·ts 1 & 2), which ar·e r.:.11 -,ided at planes norm,s.1 

to the direction of forming. Aluminu.m alloy 33-0, with 

sheet-metal parts because it is e:).sil;;; f;.;i~u~d, and because 

1t offers adequate str&n~r~h with 56% less w~i6ht thw""'l th(; 

thinnest ateel which could be used (24 gage, . 0 2it 11 }. 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 1a 

deeired. The sheet aluminum parts may be formed economi

cally by modern semi-automatic spinning methods, where 

annual production ranges from fifty to fifty thousand 

pieces 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 additional cost of a trim die, needed 1~ the 

parts were drawn, is eliminated since spun pieces may be 

trimmed with the desired cleanness and accuracy while 1n 

the spinning lathe. 

After the assembly clip (4) 1! riveted in place 1n the 

outer cowl, the two cowls are aseembled with the Joint 

band (3) between their outer edges. The band serves an 

esthetic as well as a structural purpose, since it 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 out81de of the housing. The cowls are held 

together until final assembly by the push fits at the 

inner diameters and at the Joint band. They are spray

painted w1t.h sage green enamel, whieh should be formu

lated tor baking at 300° F for durability and to resist 
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The Brackets (Drawing B) are the main structural elements 

of the houaing, acting to support all of its components 

aa well as the housing itself. Elliptical in section, the 

brackets are streamlined. for amooth, quiet ?low. They are 

aluminum die cast1nga ma.de from Alcoa Alloy No. 218, which 

waa selected tor all die-cast parts. Thia alloy, contain

ing 8~ magneaiwn, 1a nearly equal to most zinc alloys in 

strength and weighs 6~ leaa per unit volume. In addition 

to having the highest tensile strength and lowest density 

of any aluminum die-casting alloy, it has the greatest 

ree1atance to impact fracture: this is a valuable pro

perty in the parts of a portable home appliance which 

is liable to be upset or even dropped. Of the stan~ard 

aluminum alloys, only Alcoa. No. 218 and one other can be 

chemically treated to give a luatrous metallic !1nish of 

the same color aa the sheet aluminum parts. Arcy other 

die-casting material except magnesium would require ex

penaive polishing and plating. All exposed die-cast parte 

(excepting the baae) are to be anodically finished by the 

Alumilite procesa, which builds up a protective oxide coat

ing by off-plating in a sulfuric ac1d bath. A clear or 

"wh1 te 11 water-sealed finish 1& specified. The only f1n1ah-

1ng . operat1ona called for previous to anodizing are flash 

removal and a light power bruahing to assure a uniform 
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Although the dies for the parte designed for die caeting 

account for the largest part of tooling coste, these parts 

cannot be made economically by any other method, nor 

would they be as attractive in appearance. Labor costs 

would be excessive if the same parts were sand-cast or 

assembled from stampings, whereas complex die-cast parts 

can be ma.de in a single piece and require very little 

machining or finishing. The brackets (6, 7, & 8) are 

the only castings requiring a die of more than two sec

tions. A third piece 1s needed for these parts to form 

the flange which mates with the cowling, and the locating 

pin and cored mounting holes in the flange. A special 

stud (9) is inserted in each or the mounting holes and a 

cross pin (10) 1s pressed into place with a plier-like 

tool (obta1nable from the stud manufacturer). When the 

cowling is in place on the brackets, each stud is given 

a quarter-turn, engaging the cross pins 1n the aesembly 

clips to lock the cowling and brackets together. The 

spring steel clip material gives a tight yet resilient 

Joint which allows for any alight misalinement, and per

mits the extended leg of the clip to be pulled down against 

the inner cowl by the cross pin, holding the two parts of 

the cowl firmly together. 
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Small movable cores 1n the die parting plane form the 

screw holes 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 18 preased into _place. This tube, 

also finished in Alum111te, carries the wiring to the 1nner 

part of the housing. Other machining of the braoketa 1a 

limited to ~eaming the pivot bearings and tapping one hole 

in each of the pivot brackets. Thia is the only tapping 

operation required anywhere 1n the assembly of the unit, 

because all assembly sorewa are driven into die castings, 

and are or the aelf-tapp1ng type which forms its own 

thread in the aluminum. Besides eliminating tapping, 

which 1e particularly expensive in blind holes, these 

screws remain tight even under vibration and thua do not 

require lock washers. The type •c• screw 1a 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 receaaed head 

to expedite automatic driving, but a few are button-head 

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

The Pivots (Drawing B) are screw-machine parts which fit 

into the pivot bracket bearings, and form journals tor the 

rotation of the housing within the yoke. The yoke cape 

(17 & 18), within wh1_ch the pi vote are cast as inserts, 



'J7 DESIGN 
-Synthesis-

fit around the top of the "yoke. The caps are identical 

and require but one die, since they differ only a.a to the 

pivot caat in them. The direction of die parting is dif

ferent from that of ejection in the cape and the oap ooYera 

(19 & 20) because of the angle at which the yoke meets the 

pivots. Undesirable changes 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 or 

draft in straight-aided parts, and the location of eJt;,ctor 

pins, 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 pivot (12) 11 hollow to allow paeaage or the 

electric wiring trom the baM and yoke through the wiring 

pivot bracket and the wiring tube, and 1e curved inside 

to prevent abrasion or the w1rea. The fr1ot1on pivot 

(13) incorporates atop p1na (14) which contact the pivot 

retaining screw (23) in the friction pivot bracket to 

limit rotation ot the houaing to 2700. The expansion 

screw (16) drawa the expana1on plug (15} into a tapered 

hollow at the inner end or the friction p1vot. Each 

quarter-tum of the screw spreada the serrated fingers 

of the pivot by about .002" in diameter, for adjuetment 
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of the friction in the bearing to the degree which will 

allow directional pos1 t1on1ng of the housing and yet h •:)ld 

it at any desired setting. The thin spot provided in the 

cap covers is punched out in the friction pivot cap cover 

{20) for a snap plug (22), which gives access to the ex

pansion screw when wear of the bearing necessitates tight

ening. 

The Deflector, (Drawing C) are the elements of the dif

fuser portion of the housing which function to divert 

the airatream from a radial to an axial direction or 

vice versa. They are so proportioned that the area 

between the outer deflector and the cowling 1s approx

imately equal to that between the two detlectore at 

corresponding points. The air velocity is thus changed 

evenly between the blade and the outer diameter of the 

diffuser, to maintain uniform velocity distribution 

across both inlet and outlet. The deflectors are spun 

(or drawn) from sheet aluminum which is aubaequently 

Alum111te-t1n1shed, and only simple d1ee are required to 

punch them for assembly. The outer deflector (25) ie at

tached only to the brackets, by drive acrewa pressed into 

the brackets through tabs at its outer diameter. The inner 

deflector (26) is mowited 1n the same way, but has addi

tional tabs at the inside (except where the wiring tube 

enters). These centralize the bracket arms and tie the 
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housing asaembly firmly together when the motor 1e in 

pl&ce. 

The Heater (Drawing C) comprises res1stance~w1re coils 

(H3 & H4) supported 1n ceramic ineulators {lll). The re

sistance alloy specified, which contains 16% of iron in 

addition to nickel and chromium, ia 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 ror the insulators, which are attached with spring 

clips (H2) rather than rivets for ea.te of assembly and to 

prevent strains that might crack the ceramic material. 

The ends of the elements are brazed in the head slots or 

ordinary machine screws (H5); these screws are tightened 

againet apaoera (H8) in 1neulators of the same design as 

used elsewhere, to form terminals for the heater lead 

wires (Hlo). Where the leads pass through the deflec

tors to the inner end of the wiring tube, aluminum eye

lets (B9) prevent abrasion of the 1neulat1on. 

The Propeller (Drawing D) is designed in accordance with 

spec1f1oat1ons wMch were developed theoretically (App. V) 

and compared with actual performance data (App. IV-C). 

The four.blade& (29) are formed from bright aluminum and 

do not require turther f1n1ah1ng. The tabs ror riveting 
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them to the hub are placed on the less visible side or 

the blades; this placement alao avoids exoeaeive stresses 

where the tabs are bent down since the required angle 18 

under 900 1 with lees likelihood ot weakening the metal. 

The atiftnese or the h1gh-atrength alloy used. and the com

pound curvature where the blades meet the hub, together give 

the blades great rigidity to rea1at torcee tending to deform 

them during operation. The tabs and riveta thus need only 

to be strong enough to counter~ct the relatively low centr1-

1'ugal stresses. In addition to the rivet holea 1 the tabs 

have larger holea tor balancing weighta -(31). While fairly 

good static balan_ce may be obtained by grouping blades ot 

equal weight into sets, a dynamic balancing operation is 

recommended to equalize weight distribution in the axial 

direction. 1)le weight holea have been separated aa tar 

aa possible axially. and each of them will accommodate up 

to tour of the lead diaca, which are pressed in where re

quired. 

The hub (28) might have been built up from a drawn •hell 

and a screw-machine shaft socket. but die casting waa se

lected because of 1ta a1mpl1e1ty and other advantages. 

The greater thickneaa of the casting g1vee better sound 

absorption, and allowa the vent holes 1n the end to be 

formed so aa to augment air flow over the motor. Since 

the ahatt ia not directly acceaaible With the motor in 
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place, the customary setscrews are not ueed (although 

screws could be reached if large screwdriver holes were 

provided in the outside of the hub). A further consider

ation 1n the present design, where the direction of pro

peller rotation is revereible, 1e that aetecrews would 

tend to loosen and the propeller might fly from the ehaft. 

A simple mounting method hae been developed to obviate 

these difficulties, and permits the propeller to be 

merely pressed into place on the shaft. This method has 

equal resistance to axial forcee in either direction, 

and incidentally transmits 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 1n the 

counterbored shaft socket of the hub. The metal at the 

end of the socket is then epun 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 teat that this assembly 

requires only about five pounds of pressure for 1nstal~ 

lation on a chamfered shaft, but when once in place will 

withstand a direct pull or nearly twenty pounds. The 

propeller when installed passes close to the deflectors 

and cowling to prevent rec1rculat1on; the somewhat greater 

spacing from the bracket arms, together with their stream

lined form, obviates turbulence at these points. 
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The different motors used with the ran (33) and the fan

heater (33H) are to be manufactured 1n accordance with 

the electrical and mechanical specifications given in 

the preceding subsection, "Components of the Unit.n 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 (34) 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 points 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 or 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 heating element is 

not incorporated in the unit. The capacitor should be of 

the oil-filled type (rather than electrolytic) for long 

life, and is clamped to the motor case in the space be

tween the inner de.flector and the housing end cover. To 
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minimize the number of wires which must be led between the 

housing and bas~ when the heater is included, a separate 

rotary reversing switch {Hll) is mounted on the end cover. 

The reversing switch knob (Hl2) is large in diameter so 

that it can be grasped readily even when the fan is posi

tioned so that the knob is invisible to the user. The 

design of the knob conforms to the shape of the end cover 

so as not to attract unwarranted attention, 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 extensions of the wires are snapped into holes in 

the cowling, and held by notches which engage with the 

sheet metal of the cowls as the grilles spring back to 

their original form. The end grille (38) is attached to 

the axial-flow end of the cowling at six po1nte 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 piece designed to be intermediate in form 

between the straight lines of the grille and the curves 

of the housing. It is injection-molded from heat-resist

ant polystyrene .plastic to resist deformation by the heat 

of the element. The thermoplastic material hae sufficient 

elaet1c1 ty to allow ·. the molding of a special groove where-
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by the nameplate 1B snapped onto the grille and held with

out additional clipe or ecrews. Gold powder is fused into 

the raised design to pro~ide wear-resistant coloring. 

The side grille (40) follows the curvature of the brackets 

so as to fit them snugly. The ringe are connected by cross 

wires placed every 30° except at the brackets, and two 

gape are left in the smallest ring to allow space for 

the pivots and access to the retaining screwe. The num

ber of rings ueed 1s felt to be a proper compromise be

tween opennee~ and solidity, and should be adequate to 

prevent draperies, etc., from being drawn into the heat

ing element. However, a strict interpretation of the 

nstandard For Electric Heating Appliancee" (Underwriters' 

Laboratories, Inc.) would require cross wires at each 

seven-eighths of an inch, and the present design would 

probably be subjected to special tests before approval. 

The End Cover (Drawing F, 41) closes the end of the hous

ing 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 ae visual 

terminal planes to emphasize the air-flow qualities of the 

lighter-colored open diffuser eection. The small internal 

flange which finishes the.edge of the cover can be formed 



105 DESIGN 
-Synthesis-

by use of a secti:mal 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 motor. By removing the four 

screws which secure the cover, the wiring connections 

are exposed for servicing, and the capacitor is acces

sible for replacement if required. 

The yoke (43) is made from extruded aluminum tubing with 

a hollow rectangular seotlon. The alloy selected, 61s, 

is the only readily weldable wrought alloy which can be 

giv~n a light-colored Alumilite finish. (The presence 

of silicon 1n other alununurn alloys causes darkening 

during chemical treatment.) The light metallic finish., 

matching the 0ther anodized a.luminurn parts, emphasizes th 

the free suspensic,n of the housing within the yoke, and 

the inward curve toward the pivot points further accen

tuates this quality. While the section ls shallow to 

avoid a .heavy appearance, it has sufficient rigidity to 

prevent excessive deflection when the unit ls wa.ll-moW1ted 

(see Stress Calculations, .A.pp. VII). Additional strength 

is obtained by forming the yoke on a stretcher-bender 

machine, in which the tubing ia clamped and hydraulically 

pulled around a template. This operation strain-hardens 

the aluminwn and raises its yield point above that of the 
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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 a hole between 

the stops. The stops are placed off-center eo that the 

wires will not interfere with the internal components of 

the base as the yoke 1s adjusted. 

The Base (Drawing 01-2) provides stability for the unit 

regardless of the posit:ton of the houeing, and incorporates 

the principal controls. The base proper (46) ie a die cast

ing which requires only a two-section die without movable 

cores, in spite of its large s1.ze and . eomewhat complex de

sign. The uee of aluminum rather than z:tnc eaves about 

four pounds 1n weight. Alcoa Alley No. 218 is specified 

because its high impact strength is particularly valuable 

in the base {although its anodizing characteristics are 

not required here since the part 1s enamelled). A more 

free-flowing alloy such ae Alcoa No. 13 might be eubet1-

tuted if uniform density and maintenance c-f detail cannot 

otherwise be assured. The base is eo designed that the 

suggested wall thicknese of .075" can be decreaeed or in

creased (to as much as .125") to suit casting requirements, 

without affecting the function or appearance of the part. 
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Screw holes for the speed controller (53) and the base

plate (47) are corad, as is the slot for the cord bush

ing (56); other holes (for the control ·shafts and the 

escutche on screws) are not in line with tt~ direction of 

die parting, and so are drilled. T'ne yoke fits in the 

groove at the top of the base w1th only sufficient side 

clearance to allow freedom of adjustment. The chordal 

height of the grQove arc and the snug fit of the yoke 

keep the latter from tipping when its clamping device is 

loosened. The wiring slot at the bottom c_;f the groove is 

wide enough to clear the wires and the yoke st0ps, but 

retains a bearing surface along both sides. The stops 

C:)ntact the ends of the slot when the limits of yoke ad

justment, 15° to either side of the central position., are 

reached. At the end of the- base nearest the wiring slot, 

a flat is provided for the yoke-clamp control. 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 

to its primary one of enclc sing the bottom of the base. 

It supports the unit in wall-mounting, by means of keyhole 

slots s o that the fan can readily be taken down for port-

able use. The woodscrews (72) furnished to fit the slots 

are adequate to support_ the weight of the unit, and are 
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the plate: is then aleo positioned cor~ 

plat.e :ln heavy-gage steel, which prov:tdt:1s some add:l:t:'ional 

weii;ht i1t tht1 lo•.r;est point of the unit in portable Ul3e > 

s·ur·ews w:l.1 1 not tend to pu.11 t hrcn:tgh. Four* feet riveted 
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por•ated in a deca.J.comli'.!.n:ia ( '+9) applied to the baseplate, 

rathe:t· than in rsome other, unduly p1"ond.nent location. 

Operating instructions and other information for the user 

should be .furnished in the for·m of a ~mall, easil~f read 

booklet. 

'.\."'he yoke is clamped in the desired poe:1 tlon relative to 

te:ixi}.'J.e:::•ed ~tock, and finished in brushed cru."'o:mium . plate t i_; 

and pos1 ti vely and prevents damage i;o the baee if the hous

It ls so designed that -the yoke can.not 

pr•e$ant lf an ;axtarnal thturibscrew or othei~ conventional 

spring hold it in posi t.hm where t.hey entiH" the base 

through slot$ at the sides or the yoke. ·I'he ends 0f the 

die-c:ast bell cranks (59L. &: 59R) . Once the s'tUdi.3 are in 

place, the cla:mp can be loosened onls to a point wl1ich 

m~:mt ia prevented by contact of the studs with the tnside 

of the base. The bell cranks pivot tn bearings f-.:irrned 

lnter:.rally W1 th the baee casti.ng. When the c1am,p is 
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to hold the cranks outward against guide i'acea 1n the 

baeell and a.l:lnement is maintained by the clamp nut (61) 

which spaces the crank endis opposite the atuda at tl1e 

pr'oper distance. T'.c1e crank arm.a are proportioned to 

give a :mechan:leaJ. advante.ge of 4/3 i"or ease 1n tighten-

of this clamp screw (63) at the medial position of th,~ 

,;;;lamp assembly, so that the screw axis does not shift 

appreciably as it is tu.1. .. ned 111 the m .. 1.t o A brass bear•ing 

(71) around th~ screw shaft at the outside of the base 

:'.."its under· the clamp knob (69) to reduce friction in 

tightening o 'the length or."' the screw between -the knob 

and the :nut-retaining ring (61~) is so calculated that 

the crank pivots cannot drop olea1 .. of their beari1ngseven 

• when there is :no tens:t-.:m on the clamp spring. After the 

point of initial tension is reached, a spring deflectton 

oi' .o!} 11 1s eut"fic1ent to secure the unit firmly to the 

base when wall-mounted; only slightly more than one full 

turn of the lmurled knob is r,equired ~ Knobs of the earoo 

design are ussd for both the clamp and the control switch., 

to maintaj_n the s;1,·Hmietrical form of the base. The switch 

knob (68) :ls modified only by a small groove wh1,1h. is 

:filled wi.th gold enamel to indicate the switch position, 

and it ls held in place by a retaining spring which bears 

against a flat on the switch shaft. The switch knob is 

provided with a dog-po!.nt setacre'W in pla-ca of the spring. 
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The point of the ecrew acts as a shear pin to secure the 

kn-~b: ao the utmost tightening; is not required (the more 
I 

commonly used cone-point ecraw might etrip the threadB of 

the phenolic knob before exerting sufficient pressure for 

Basic operating d1rect1one are given on the knob esouteh• 

eons (65 & 66). 1.rhese a.re or anodi~ed alum:tnum, and the 

e tched lettering i$ filled with walnut-brown enamel to 

match the knobs. Since the ends of the base are small, 

the si~e of the escutcheons is limited. while the letter

lr...g muet be large enough for easy legibility (henee the 

abbreviation nstra1tn in the indicat1oTI for straight 

fl ow, and the word r, spread tl -'.:ns tead ot "ditfueed '' --al

though the former possibly describes the function more 

clearly to the average user). Drive screws are used, 

rather than ordinar-J escutcheon pins., to draw the 

escutcheons i'irm.1y to the eurved end surfaces of the base. 

31ze and Coet--The complete fan-heater ie made up of 

eighty-five numbered parts, comprising sc-me two hundred 

and fifty separate pieces, the model without the heater 

requires seventy-three numbered parts, or about one hun

dred and eighty pieces. The weight of the unit is less 

than fifteen pounds be-cause of the extensive use of alu

minum in 1ts constriiction. The minimum over-all space 
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requii"'ed is about one and one-half feet wide, : one foot 

deep., and two feet hi£;1" . ., with a volume of two and 11.ine .. 

ten tho cubic :t'"'eet. While the cubical limit established 

in the subsection )!Size and Capacity ot the Unit" is 

exceeded by about one-eighth., the weight is only two

t.;hirds of the h'la.ximum which watl based on a large port

able fan of' ccnventional desi&no 

Jhe unit perforn1e to best advantage when placed on the 

floor, where ample apace can be provided in the average 

home; for office ~se, wall mcunting may be preferable. 

The spaoe actually required for the base of the unit 

measures only eight and one-half by sixteen inches, which 

is not excessive even for table use. The proportions .of 

the circulator are such that it .is easily cm .. r•:1ed when 

lifted by the yoke, and considering the rnany functions 

combined in this single appliance., its aize should not 

be a disadvantage. Weight is a greater factor :ln f;Ol .. ta

bili ty in this caee, and the unit is light both in a.ppea1 .. -

ance &nd 1n fact, yet wtthvut aacrificir.i.g tha effect of 

solidity and strength. 

It is difficult to i'orm a valid estimate 01' the coat vf' 

the unit without knowladge of the specific facilities by 

which 1 t is to be produced and ?r&"keted . The degree of 

tooling., the ~ypes of parts to be purchased from outside 
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vendors., initial produet1on q_uantitie~., scope and manneJ:> 

o!' die tr11:rution--th®&e factors are -t;y-_pieal of the OMS 

Which enter into a c-:,st estimate f Ol." an appliance of this 

type. Some information i~ available to indicate the price 

range iu which it will be s 1:>ld, however. 

The greatest tool1.ns expense will be for the die castings. 

~olds i'or these parts will coet about $35,000. Other tool• 

ing, 1m-:lud1ng spinning chucks, extrusion dies, punohtHII, 

and drill and assembly jigs, sl1:<Yllld not exceed $10 ,ooo. 

Amortized over a thr•ee--year period, on an average annual 

production of 15,000 uni-ts, tooling will thus amount to 

$1.J O per unit. The approximately three pounds of alu

:uinum die oast:lngs can be purchased :t'ot• a.bout $2.00 at 

current prices, and raw materials including sheet metal, 

wir--e, etc., for $3.00 additional. Although relatively 

few appliance mam.1.facturer$ produce their own d1e cast

ings, many ~)f them have facilities :fo1• making small 

motors .. Aasu.mir~ that this is the case, a base cost of 

$3.50 can be assisned to either motor required for thl.a 

design. The high-current switch required for uee with 

the heatex~ ehotild be obtainable f or $3.25, and other pur

chased parts, such as the reversing std tch and the control 

knobs., f o.r $1.50.. Assuming that labor and overhead each 

account for as much expense as the material costs for 

parts ma.de by the principal firm$ and doubling the cost 
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of.' pt::rchased parts and tooling (.sines ruost. of the lab-01"' 

and par•t of the overheiJ.0. is already included), the total 

manufacturing cvst is $35.5u. 0:.1 the basls developed in 

the eubsect.1on 11Chara.ct;eristice o:i' the 'I'rade, n the retail 

p:r•ice would be approximate ly $Tl .oo. Wi'chcut the h~ating 

element., the unit would sell for about .$11.00 leas, because 

of the less expensi vre switch required, and the elimination 

of some seventy pieces which reduces material and labor 
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The p~pose of this thesis., namely 11 to develop the complete 

design of a portable air-circu.1at1ng unit, r, has been ful

filled. The nFH'IDtO Portable Air Circulator 11 c01nbines a 

greater number ,:i f runct:tol'1s tha.n is found in any s1mil&" 

a.ppl:l.anee a.vail-a'l'.Jle today,. 5.n order to make the m.a.xim.um 

contx-i·button to health and comfort at moderate cost. 

Whlle t;he unit is high in pr:lce comps.red with the typical 

fan of conventional design, there are many more expensive 

fans on the marl<et which do not offer comparable p(?rt'orm

anae or utility. In view of the growing public demar1d for 

high-quality un;tts that can be used throughout ·the -:;ear. 

and in a variety of ways, this deaign should f"ind good 

acceptance. 

All details of constructi.on have been developed~ with 

reg~..rd to • the requ.1rements of' actual production. Al though 

t oo many variables tare involved to pe1•mi t the perfox-mance 

of any air-impelling unit t c be exactly predicted, the radi

cal propeller design presented her-e is expected to approach 

cloeely, if not exceed, ite theore tical c&pacity-. Moist of 

the snechanicnl fe a tl1.res havt· been t(ieted in a full-scale 

:prototype, assur•ix.g th& t thelr c;pE<n.ttior, i.n the 1 ighte1" 

and stronger production mod(:: l will be iea.tisfs.ctory. The 

arrangement of electr i cal components (p,1rti.:.~ula.rly the 
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writers' Laborat0ries, Incorporated.; this ~tep is req"!..r:1•ed, 

not only as a matter ;)f' l"'esponsibili ty on the part of the 

manufacturer, but beeause the coneuir.er has learned t o 

expect the Underwriters' seal on the better electrical 

t>.ppliances. 

The controls have 'been s ::, pla.:nned. that. operation ls 

simple and easily learned, in spite of the :many ways i;;; 

which the urlit may be used. It ls felt to be pleasing 

in form and :t inish, and ls su.1 table for v.se in alrrc.Jst any 

home or office from the standpoint of appearance ,':l.S w1:ll 

as !'unction. 
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APPENDIX II. FAN LAWS 

F'or constant air dens1 ty with operation at the same point 

of performance. 

Abbreviat1ons: capacity 1n crm, Q; horsepower, hp; epeed 

in rpm, S; diameter., D; pressure or head, H. 

A. For a Given Fan (D = k)a* 

1. Ql :Q2: :S1 :82., or Q o( s 
2. hp (,'\ Q3 

3. hp c( s3 

4. H c( 32 

5. H c( Q2 

6. hp o(,H3/2 

~- For a.~eries of Geometrically Similar Fans 

at Constant Speed (s = ~)a 

l. Q c( D3 

2. hp c{ D5 

3. hp c( Q5/3 

4. hp c( u5/2 

• Superior letters indicate references listed at end of 

Appendix II. 
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.-:> . H i::.-( :o2 

6 . H c( -2>/3 ~, .... , 

:;; • 1'19r a _§_eriee of' Geometrically Similar• Fans 

at Constant; Volume{§= k )b 

le s « l /D3 

2 . hp ex 1;n4 

3 . hp " :c·· s J.1.;·':( V ._ ·-' 

,1, -.-. l'll) c~ H 

c;; H d. 1;1/i ...,. 
,.. 

H ct si}/3 o . 

1 . Q c< D3s 

2 . hp c( r{Ss 3 

3. H c{ n2s2 

E . Exa,'Tt:ile of the Use of the Fan Laws 
... - ....--~----- ·--•~• • .t t&. • oil_,., I-• I - •---

'l'h~:: cpe:cation of the f an laws in the selection of a fan fo:c• 

a Ci ven du:ty rna;y· be exemplified as follows: 

paci t y ma;v be obtained from a far1 12" in diameter, ope:;;."'at ... 

1n,g at 1500 l"'pm with a 1/25 hp motor . 
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1. A 10 11 fan of the same fm:,m would then meed to 

opexr·ate at a speed determined b;y- the relation S c( 1/:03 

( from C .1) and would requix>e a horsepower• gt ven by 

hp cf l/ri~ (from c .2), or 

1 r-;- o 123.1·103 = ,-i_,; Q{; =""m rpm1o = ~JV • ~;✓• L~ 

hPlO - 1/25 • 124/104 • . 0892 hp (about 1/12}. 

l'P!l1J.4 = 1500 ° 123 ;'1!~3 = 944 rpm 

hP14 = 1/25 • 124 /144 = .0216 hp (about; 1/1~6 ). 

Thus, for a decrease 02? increase 1n diameter or 1/6, the 

respective speed and horsepower requirements al."'e app:rox.1-

matel;sr doubled or halved. 

a . :Baumeister., Theodore, Jr~, t
1Fans. ti McGraw-Hill Book 

Company Inc. (New York , 1935), p. 55 f.f. 

b . Derived from Parts A & B. 

c . Mal"ks., Lionel S . ., "Mechanica l Ef\ .. g ineers' Handbook~ 11 

MeGraw-H:tll Book Company Inc. (New York$ 19'4l){J 

p. 1948. 
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III. THEORETICAL DISPLACEMEN'T OF PROPELLER FANS 

A. Constant-Pitch Helix 

A helical surface whose advance per revolution, or pitch, 

is the same at any radius may be formed by a g.eneratrix of 

length r 0 perpendicular to an axis of rotation, moving at 

constant axial and angular velocity (Diagram A). The end 
' 

of the generatrix defines a cylinder of radius r 0 • If the 

curve .t·ormed on the surface of the cylinder crosses the 

- elements of the cylinder at an angle a, the axial d1etance 

travelled per revolution of the generatrix is defined as 

the pitch, 

P = 2nro tan a= k* (1). 

Si.nee the pitch is constant, the angle b at any smaller 

radiua r:1 1s 

b - tan-l (P/2nri) (2), 

which becomes SX)0 at the central axis. 

If the helical surface is fixed axially and rotated, it 

acts as an Archimedea.n screw to displace 1n one revolution 

a volume equivalent to that of a cylinder of height P and 

radius ro., 

q = 2nro tan a• nro2 = 2n2ro3 tan a (3). 

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

• The letter 11k 11 is used throughout the calculations t o sig

nify var1oua constants, which are not to be taken as equivalent. 
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rro ' 
Diagram A 

--+--- + ---+---

p 

Diagram B 
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,11viding the surface into N equal sectors, each of' which 

will have an axial length P/N and displace a volume q/N 

per revolution. These blades may be arranged axially to 

lie between two planes perpendicular to the axis and se

parated by a d1etance 

B = P/N (4), 

which is the axial depth of the propeller (Diagram B}. 

B. Constant-Angle Helix 

A helical surface which maintains a constant a.ngle e with 

the a.xis at all radii may be d1V1.ded into N equal sectors 

to form a propeller whtch 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 • Pr/2rrr· is k (~). 

1:rhe a:tial depth at the center is thue zero (P • o at r • o), 
while the depth at the periphery 1s 

Pr0 -= 2nro tan e (5a). 

The displacement per revolution of the complete propeller of 

N blades is equivalent to the volume cf a cylinder of' height 

Pi-• 0 a:nd radiua i.--0 , mirrus the volume of' a cone of the same 

dirnenaiona., or; from Equation 5aJI 

q • nro2Pr0 - (1/3)n r 0
2Pi-.0 

11 (2/3)nro2 • 2nro tan e 

111 (4/3)n2ro3 tan e (6). 
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c. Comparison of Pr'o~eller Types 

In comparing and predicting propeller. performance, two 

ad.di tional relations may be l"equ:l.red. The first is the 

pitch ratio, defined as the ratio of the pitch tc the 

outside diameter, or, from Eq. 1, 

pr • Prof2r0 • n tan a (7). 

The second 1s the projected-area ratio, which is the frac

tion of the area of the circle of radius r 0 which would be 

covered by an axial prcjection ,')f the blades; the ei'fect 

oi' a ratio other than unity is tc vary the axial lead per 

revolution mo that it is not equivalent to the pitch. The 

displacement will be affected in direct proportion, which 

may be determined by the sum of the axial depths of the 

individual blades divided by the theoretical pitch based 

on the blade angle (both of which factors must be measured 

at the same radium in the case of a constant-angle pro

peller), so that 

ar • BN/P (8). 

A comparison may be made of the constant-pitch and con

stant-angle types on the basis of equal volumes; 

CI (P.:. kl} 2n2r o3 tan a 
--------------- 11 1, or 

tan a~ (2/~) tan e (9). 



The axial depth at the periphery of a constant-angle blade 

1.s t hus 3/2 t z:at of an equivalent ccr:stant-pi tch blade. 

'Ihe- r•a.dius at which 'c:he angle of' a constan t-pi tel1 blade 

.triust equal that oi' a constant-angle blade . tor- equi v21ent; 

the r-elation, 

q (P --
q (e = 

deterrrdned (using Eq. 2, 3., 

lq) 

= 
lt:2) 

pitch• area 

--------· 
.... 2 2nr1 tan b O n ... 0 

wl'wre tarI b = tan e, so that 

(10). 

'l'he specified pitch angle, or ~' nominal pitch., 11 of comruer-

cial blades, as well as of aircraft propellers, is meaBured 

at this radius., so that in estimating the capacity of' a 

commercial propeller, the displacement per revolution., fr>(>nl 

Eq . 3, may be taken as· 

(11), 

whe1°e b is the nominal pitch. 

The difference in the velocity and volume characteristics 

of tl:.le two basic propeller types may be readily demonstrated. 

From the equivalent relations for capacity in cfm (by which 

it is equal either to the product of the .flow area and the 

velocit;yj Q w AV, or to displacement par revolution times 

revolutions per minute, Q = qS) at constant speed, V q q/A. 

IPox• an~v por,tion of a constant-angle blade to a radius r1 ~ 



129 APPENDIX III 

(4/3)rr2r13 tan e 
Vav c( , and since tan e is a constant, 

(12). 

Further, since the average velocity over the whole blade ie 

proportion.al tc 

(4/3)n2r 0 3 tan e ;·Tf't' 2 , which 1s equivalent to the 

e;...-press1on 

Pav• A/ A, the radius at which the velocity is 

equal to the average may be round, ue1ng Eq. 5: 

( 4/3}n2r0 3 tan e - 2nrav tan e nr0
2 , or 

(12a) •• 

l?or a portion or a constant-pi t·oh blade, 

2nr1 tan b • •• nr1 2 
Vav c.( a , and since 2nr1 tan bis 

nr1 

a constant equal to the pitch P,. at all radii 

(13). 

In a similar' way the relative displacement of various por

tions of the blade, which might be termed the "volume d1str1• 

but:ton,. 11 may be compared 1n the two olacle types. Por a por

tion of a constant-angle blade between radii r1 and r2, . 

(14) . 
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For a similar portion of a c0nstant-pitch blade, 

(15). 

The displacement per w ,1 t of area may also be compared, as 

an indication of the relative amounts of 11 worlt 11 peri'orrned. 

For a constant-angle blade, 

• (16) . 

For a constant-pitch blade, 

(17)o 

These latter two functions of course have the same form a.5 

the velocity functions., Eq. 12 and 13. 

If a propeller of each type were divided into annular por

tions of equal radial width, the relative effectiveness of 

such portions would be f 01 ... md to vary Widely (here r 0 is 

tal{en as unity) : 

Annular Area, Volume Distribution 
portion l><J t l: tJ'}:)r~s e = L< F' :: K 

I'c, - 2ro/3 5/9 (55. 6%) 19/27 (70.4%) 5/9 (55.6%) 

2ro/3 - ro/3 3/9 (33.3% 7/Z7 (25 .9%) 3/9 (33.3%) 

ro/3 - 0 1/9 (11.1%) 1/27 ( 3.7~) 1/9 (11.1%) 
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IV. COMPARISON OF THEORETICAL AND ACTUAL 

!fil!FORMANCE OF COMMERCIAL PROPELLERS 

A. General Equation for Capac1t_x 

A·generalized formula for the capacity of a helical pro-
, 

peller of c,:>nstant pitch may be developed from Ego 3 

(Appendix III) tor the displacement per revolution, which 

may be written 

(18). 

From this, the capacity may be determined by incorporating 

the speed, the praJected 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 

volumetric efficiency: 

Q • q • S • ar • E (19). 

For pitch P and radius r in inches, area A in square inches, 

speed Sin rpm, and the projected area ratio ar = BN/P as 

a decimal (where Bis the axial blade depth 1n ·1nches and 

N the number of blades), the capacity Qin cfm for a con

stant-pitch propeller is given by 

Q • 2rrro tan a • nro2 • S • (BN/P) • E / 1728 (19a). 

Where the nominal pitch 18 given 1n terms of the angle b 

measured at r1 • 2r0 /3, and P • 2nr0 tan a• 2n(2r0 /3) tan b, 

(see Eq. 10 and 11)~ 

Q • E • (4/3)n2r0 3 tan b • S (BN/P) / 1728 
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• F; • nr0 
2 • S • BN / 1728 (20). 

If the area within which the blade angle is greater than 

45° is omitted (since it is practically ineffectual and 

largely occupied by the hub) its radius as determined 

from 

P • 2rr(2ro/3) tan b • 2nr45 tan 45° 1s 

(21). 

Subtracting the area represented by this radiue, 

n(2ro/3) 2 tan b, from that given by Eq. 20, 

Q • E • (4/3)tt2r0 3(1 ... 4 tan2o/9) tan b • S (BN/P)/1728 

• E • nro2(1 - 4 tan2b/9) S • BN / 1728 (22). 

B. General Eguation for Horsepower 

The power is the product of the volume and the pressure. 

In a free-air unit the static pressure may be disregarded 

since it is normally very low, and is not a factor in the 

usual applications of such units, so .the pressure may be 

based on velocity alone, or 

H c( v2/2g c( (Q/A) 2/2g. For preesure in pounds 

per square foot at standard air density (d = .075 l 'b/rt3), 

with Q in :cfm, A in 1n2, and gin ft/eec2, 

H • .0'75 Q2 / (A/144) 2 • 2g • 602 

: .075 Q2 • 124 / 2~ro4 • 6o2 (23). 

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

hp• QH/33,000 
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• (E'm .. o2 SBN/123)3 .075 • 124 / 2gr?ro4 • 602 • 33,00C 

• E3nr0 2 s3B3u3 .075 / 2g • 125. 602 • 33,000 

= 1.239 • 10-16 E3r 0
2s~~3 (24). 

Using Eq. 22 ami 23., the same derivation gives, for a pro

peller 1n which the hub area to the point where b • 450 is 

omitted., 

hp a l.239 • 10-16 E3r0 2(1 - 4 tan2b/9)S3B3N3 (25}. 

Since BN ( ir: P • 2nr0 tan a) is p1 .. oportional to the diaraeter 

D, and r 
O 

= D/2., Eq'. 24 and 25 are of the general form g1 ven 

by the ran laws, hp o( s3n5 (Appendix II-A, 4-b) . . 

i'he horsepower may also be expressed 1n terms of the capa

city Q. From Eq. 22 and 24., 

hp• Q3.075 • 124 / 2gn2r0
4 • 6o~ • 33,000 

• 2.061 • 10-8 (Q3/r0 4) (1 - 4 tan2b/9)2 {26). 

c. Comiar1son of Theoretical Values with Test Data 

The theoretical capacity and horsepower for a group of 

propellers of various diameters., pitches, and styles, operat~ 

1ng at various speeds, are tabulated on the following page 

for comparison with the results obtained in NEMA and NA.FM 

tests as listed in the 1949 catalog of the manufacturer, 

The Torrington Manufacturing Company., Torrington, Connecticut. 

The Equations used were numbers 22, 25, and 26. , The results 

indicate that within the capacity range of the present deeign, 

the N'.EMA (free-air) capacity rating may be predicted approxi• 
\ 
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mately on the basis of 125% of the value calculated by 

Eq. 22, and the horsepower based on this higher capacity 

value, by Eq. 26, should be adequate. 



U
l 

a,
 

Cl>
 

a.
 

·r-
4 

:>
, 

M
 

H
 

(1
) 

C
l)

 
o8

 

E
 

"H
i-

E
ff

"
 

y 
F

re
e-

A
ir

 
S

ta
n

d
ar

d
 

F
re

e-
A

ir
 

p 
P

re
ss

u
re

 
p 

P
re

s
su

re
 

T
ab

le
 

C
~

. 
CQ

m
p

ar
is

o
n

 
o

f 
T

h
e
o

re
ti

c
~

l 
V

al
u

es
 W

it
h

 T
e
st

 
D

at
a 

B
la

d
e 

D
e
sc

ri
p

ti
o

n
 

C
a
p

a
c
it

y
, 

cf
m

 
H

or
se

po
w

er
 

0 
=

 
0 

en
 

..c:
 

~
 

"' 
"' 

"' 
•r-

4 

' 
+>

 
s 

,-c
, 

• 
• 

,-c
, 

.. 
..c:

 
.µ

 
,Q

 
P

t 
U

l 
a.

 
Q

) 
C\

2 
(.

) 
(.

) 
(1

) 
M

 
C

) 
cd

 
C

ll 
~
 

::
 

Q
.) 

M
 

+>
 C

\1
 

rl
 

r-
i 

.µ
 1

,{)
 

a,
 

+>
 

a::
 

C:
 

"O
 

1:\1
 

~
~
 

cd
 

i.~ 
:1

' 
ci1

C
\2

 
::s

 ~
 

ti
()

 
.µ

 
~

· 
(I:

! 
"' 

cd
 

"' 
rl

 
• 

*
U

 
'<

R
.O

 
3

. 
~-
~ 

(l
) 

..c
: 

+>
 

Cl>
 

co
 

rl
 

'O
 

::s 
O

' 

' 
~--i

 
~

j 
~ 

C
) 

---
t 

"O
 

p'.
:l 

(1
) 

C
) 

f;z
:) 

~
+

>
 

--~ 
+>

 
0 

O
' 

ri
l+

>
 

• 
+>

 
~
 

(1
) 

r
l 

z8
1 
~
 ~
 

z 
"' 

r
l 

t.J
 

z 
a,

 
z
.o

 
·r-

4 
s 

·r-
4 

I 
r-

i 
• 

0
. 

Cd
 

~
 

;~
 

cc:
 

~
. 

C
l 

0 
0.

. 
co

 
0 

C
l)

 
t.

) 
z 

z 
0 

z 
r
l 

,z
 

1
0

 
1

8
 

.6
8

2
 

.9
5

3
 
l-

1
3

/1
6

 i
i!. 

31
!.5

u 
10

8A
 

9
8

0
 

9
0

 
1

3
9

0
 

1
2

8
 

.0
/4

6 
.0

6
2

 
.0

8
3

 

.1
2 

25
 

.9
7

6
 

.9
1

3
 

2
-2

3
/3

2
 

3 
2.

li.
00

 
1

1
7

0
 

1
0

7
0

 
92

 
1

6
5

0
 

L
l.

l 
.0

3
1

 
.0

9
2

 
.1

0
 

1
2

 
2

7
 

1
.0

6
8

 
.8

3
9

 
2

-1
3

/.
1

6
 

ii.
 

1
5

0
0

 
9

7
7

 
8

L
8

 
8

7
 

1
1

9
0

 
1

2
2

 
.0

1
5

 
.0

3
1

 
.0

3
2

 

11
1 

2
3

 
.8

8
9

 
.9

2
0

 
3 

-
9

/3
~

 
A

 
17

25
 1

8
5

6
 

1
6

8
~

 
9

1
 

1
9

9
0

 
1

0
7

 
.0

6
5

 
.1

2
 

.0
8

3
 

1
6

 
3

3
 
l.

3
G

l 
.8

.1
2

 
5 

A
 

8
5

0
 1

6
1

0 
16

/4
5 

1
0

~
 

2
1

0
0

 
1

3
0

 
.0

3
2

 
.0

6
0

 
.0

5
8

 

"' 
(.

()
 

C\
1 • 

8 
tr

 C+
-.l 

(i
J 

C
) =-~ (.

) 
·~

 
.-

iZ
 

cd
 

0 .0
9

7
 

.0
3

6
 

.O
c/

4
 

.0
8

0
 

.O
il

 

.....
 

CN
 

CJ
l 

►
 .,, .,, [I

J 
::c

! 
0 I
-
, 

X
 

H
 
~
 



APPENDIX V. DESIGN Ai•{D PERFORMANCE .:.1F' PHO PELLER 

f'OR 'IHESIS DE.SIGN 

'l'he propeller is a mod11'1cation of the constant-pitch 

hell cal t~y"pe., having fow:• blades., with a pr0Jected-ar0r1 

ratio of land a pitch ratio of 1. llw blade furm is 

generated within a right circular cone <J.f' heisht Hand 

radius H/2 by a g;eneratrix of lengths, t>otating at a 

constant angulai., velocity about the ax.ls of the c011e and 

remaining always perpendicular to its surface (Diagr·am :0). 

The axial velocity uf the generatrix is such that the 

curve traoed by it on the surface of th~ cone cu.ts the 

·elements of the latter at a constant angle a. By Eq. 7 

(App. III)., 

pr = n tan a = 1, 80 that 

tan a ;;: 1/n, and 

a :: 17.66°. 

1J~he p1--opeller hub is a truncated port:im, of' a cc.a.xi) , 

on its surface by the gene1~atrix. cute it.t ~lemcr:ts at 

45°, which i~ thub the maximum blade angle. Since the 

pitch is constant at ull po.ints 0::i the genera.trix.11 the 

b;{ Eq . l and 2 : 
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P • 2ns0 tan a• 2ns1 tan 45° = k , or 

s1 - sofa. (Note: Nhile the 45° angle thus de 

f ined is in a plane normal to the gener-atrix x-a.ther tban 

tangent to the hub cone, the discrepancy is am.all , cmd cal 

culation ia greatly simplified.) 

The nominal pitch angle i) measured at 2s0 /3 ( see Eq. 1:J) 

1s similarly determined by Eq. l: 

s 0 tan a = (281.;/3) tan b, or 

tan b = 3/2rr, and 

Fr•om Eq. 19 and 20, the capacity may be expressed ae • 

Q =. (q • ar) S • E / 1728 a (nr0
2 BN) S O E / 1728 , or> 

• q • ar = nro2 BN. 

The term nr0
2 B is equ:tvaleht to t~he volume displaced by· 

one blade in one revolution. In. this design., whez•e a. con

stant, r 0 , is replaced by a variable, s0 , the term co~re

eponde to the volume between the surfaces which would be 

formed if a1 and e2 (Diagram D) were x•ota-ced w:tthout mov

ing axially. Designating this volume ae d, 

q • ar = d • N. 

Rewriting Eg. 20, 

Q • d • N • S • E /1728. 

li'ox' the desired theoret ical capacity of 1200 c fm at 1500 

d • Q • 1728 / N • S • E • 1200 • 172f5 / lt, • 150(; • 1 

• 1728/~;. 



'!'he volume d :1.B generated by rotation of an area. defined 

by the shaded portion of D::l.agr•am E. The calculation of 

dis based on the difference of two volumes as indicated 

by shading in Diagram F, the larger of which has a dimen

sion R0 • R1, and the smaller, R0 • R2 . Each of these 

volmnes may be considered as the sum of the volumes of 

two right circular cones of radius hand heights X a..'1d Y 

minus the volumes of' tW,) cones of radiue j and heights x 

and y. By eimilar t~iangles, 

1'he volume of a cone being equal to 1/3 the product of 

the height and the area of the base, the volume of r•ota-. 
t1on in Fig. C is 

m 2(x + Y)/3 - n(h/n) 2(x + y)/3o 

From Diagram E, tan f = 1/2 = tan 26.5700 By the ?'<Jthago

rean theo11 em, 

X + Y II x + y • (Ro2 + (Ro/2} 2)l/i2 = V!>lto/2. 

Also, X • 2h, and 

Ro= (h2 - 262) 1/ 2 , or 

h • Ro/V'S'• 

The total volume of the portion shaded in Diagram F ia thus 

(n/3) (Ro/VS) 2V5Ro/2 - (n/3) (Ro/VSn) 2vsno/2 
• (n/3) (lto2/5) (VS'.Ro/2) (1 - l/n2 ) - (n2 - l)V5Ro3/30n. 

The volume per blade per revolution is then 

d: (R13 - R23)(n2 - l)V5"/30n: 1728/5. 
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R
0 

muet also vary in such a way that the elements of the 

outer cone are cut at a constant angle a by the end of 

the generatrix s. If the surface of the cone is consid

ered as a plane, it forms a circular sector of' radius R0 

and circumt'erence 2nh = 2nR0 /V, (Diagram G). The central 

angle is 

co• 2n (2nRo/V5)/2nRo • 2n sin 1: • 2n/V'5' radians 

• 36QO/V5' • l60.99o. 

The end of the generatrix, in forming one blade by r•otat-

in.g thr(>ugh goo, covers l/4 of the sector, the corresponding 

angle between Rl and R2 being 

(e1 - e2)o= c0 /4 - V5n/lo radians. 

To satisfy the requirements for intersection of the ele

ments, or polar radii, a.ta uniform angle, the path on the 

surface of the cone must be an exponential ep1ral, i111 th 

the form 

R • pekQ 

In Diagram H, tan a= dRjRdQ is represented schematically. 

Differentiating R with respect to Q, 

dR/dQ = kpek~, or 

tan a • dR/RdQ • (dR/d9)/R • kpel-cQ/pekQ • k, and 

R • pe(tan a.)Q • pe(l/n)~ (cf. Marks' 11 Handbook./~ 

Fourth Ed1t1on8 p. 155). 

If 92 =Oat R2, then Ql c V?n/10 at R1 . Thua 

R
2 

• pe(l/n)O s p, and 

R1 • peC1/n)(V'5n/lO). peV'5/lo, so that 
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R13 • a23 • (pe't/5/10}3 _ p3. p3({e"5/10)3 _ l). 

The equation for the volumed (per blade per revolution) 

may then be rem""itten 

d • p3((eV5/l0)3 - l)(n2 - l)V5/30n • 1728/5 

Solving for p = R2, 

R2 : /(1728/5)30n/((eV5/l0)3 - 1) (n2 ... 1'J71/3 
= 11.977 inches, and 

R1 = fi.2e~#10 = 14.979 inches. 

The generatrix lengths s0 are 

s1 • R1 tari f = 14.979/2 = 7.49 inches and 

B2 • 5.99 inches. 

The hub intercepts a1 on these lines are 

s1/n;; 2.38 inches and 

By similar considara:tions, the .equation may be found for 

the spiral at the hub cone. The ler.igth R where s has ro

tated through any portion of' its 90° movement per bla.de 11 

or traced the same portion of the V5 n/10 radian segment of 

the spiral ll"..ay also be found. Por example, in 45° ot" rota

tion of s, 

Rm= pe(i/5"/l0}/2 : 11.977 e•118 : 13.39 inches. 

B. Velocit¥ in Straisht a11d Diffused Flow 

Th1a minimum area and thus the maXimum velocity of discha.1 .. ge 
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Diagram D • 
Diagram E 

Diagram G 

Diagram H 
Diagram F 
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in straight tlow are determined by the smallest inside 

diameter of the oowlirig, which is 11 inches (mechanical 
I 

drawings, Assembly A, Part 1). Then6 at a flow of 

1200 cfm., 

V = Q/A: 1200/{nll2/4 • 122) = 1820 fpm. 

The diech.!.'t:C'ge area in diffused flow is determined by the 

distance between the cowling and the end of the diffusing 

section., and the average diameter of the housing at this 

section. These dimensions are, respectively, 5 inches and 

16.5 inches (Assembly E, Part 40). At 1200 elm, 

V = 1200/(n 16.5 ° 5/122) = 670 f'pm. 

c. Horsepower Regu1red 

In calculating the horsepower required., it is convenient 

to determine a radius equivalent to that of a conventional 

constant-pitch propeller with the same capacity. Fr0m 

Eq. 18 and 19, 

Q = P •A• S • a.r • E, where 

A: n r 0 2(1 - (1/n)2). 

For Q z 1200 cfm, S:: 1500, ar = 1., E = 1., and P = 2r0 

(r0 in inches), 

PA/1728: Q/S, or 

2r0 nr0 
2 ((n2 -1}/n2) - 1728 • 1200/150<; , so that 

r 0 = (1200 • 1728 n / 1500 • 2 (n2.:1)) 1/3 
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Fz•om Eq . 25, 

hp• .0288 (about 1/35). 

I f.' the efficiency should be higher 1 say 125% ( eee Appen-

hp = .0562 (about l/18) . 



APPENDIX VI. DESIGN AND OPERJl,TION 

Of I-fi!ATlNG· ELEMENT 

Ao :Element Characteriietics 

1'he appliance ia :rated at 15 amperes on 110 vol ts. Asaum-

irig that the motor draws l ampere, the resistance o.f the 

heating element at hig."1 heat m-.ist not be more than: 

rt= 110 
15-l 

On low heat the nominal rating is six-tenthe of ·the maxi

mum., and since for a given voltage, R c( 1/I, the :t>esist

ance of the smaller element ie: 

The resistance of the second element which must be con

nected in parallel with R1 for high heat ia: 

13.1 • 7 .. 86 

5.14 
- 20.0 ohms. 

The elerr.ients ar~ in coil form., mounted on the outer and 

lnrier dei'lector>s (P .. ssembly C, Parts 25H & 2611), the r·e

spect1 ve lengths being 40 11 and ,z7n. The coil lengths lt!'e 

approxirr.ately in propo1•tlon to theil" reeietances. To give 

the z~ecorrmiended extension of two to three times tha closed 

" length, w·19 wire in . 375 11 dia.Jr-iete:t' 0011111 is used. This 

h&fl!I a resistance of 1.28 ohms per inch of closed le11gth.* 

• 
11 N:tch:t"orre a.nd Other High Nickel Eleet:t'ical Alloys. n 

Driver-Harris Co. (1947), table II. 
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L/(R/(r/in.)) = 2.6. 

The selection of this size thus gives equivalent amounts 

of heat per unit length in beth eectione of t-h~ diffuser 

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

B. Air Temperature Rise 

The rise in air temperature can be calculated using the 

specific heat of air, .24 B~u/16/°F, the average specific 

volume, 13.4rt3/16., and the conversion factor Btujkwh = 3413~ 

Substituting values for the operation of the fan-heater at 

high heat and one-fourth speed, 

14•110 kwh • 4/1200 cfm • 3413•13.4 
l .000 .24 • 6o 

C. HeatiN> Effectiveness 

Assume that a bedroom of average size (10° by 12', 8• ceil

ing) is to be held 30o F above the ambient ten1perat1..1?~, an.ct 

that losses take place through walls of average fr&11e con

str•uction and through four windows 2-1/2° by 4 •, with twc 

aiz' changes per hour. Using the formula, 



Ltu/b.r = ( .02 NC +- 1.13 G + KA) (t - to)* 

'11Jhere N = changes/how", C = ft 3/change, a = glass area, 

K = .25 .fo:r frame construction, and A= exposed wall and 

ceiling area, 

t - t 0 • l.54 • 3413 
. 0 2 • 2 • 96o +- l . i 3 • 40 + • 25 8 4 32 

* aElectric Heaters and .Heating Devices." The General 

Electric Company (1948), Po 550 



AP~!J~~ VII o S'f RESS C.1.\.LGULt.TlONS 

Stx•ess analyses at cri t icaJ. points are showt'l in the follow ... 

ing calculations. Weight calculations have not been in-

1L Brackets 

at the smaller aecticn between the motor and cowling 

(1.)iagram I) . The section properties are~ 

A III nab :: .1241 11 2 

The ro.a::dm-um bending moment occurs as shown in Diagram J 

(propeller imbalance acts in line with cowling attachment). 

The maxiuru.m fiber tensile etress is: 

Ma P • 5.21 • 3.1 • .281 
f a r + ·I - .oo~46 -

a 1886 pei. 

The mate1,1a1, Alcoa alUI11.inum alloy no. 218., with a yieid ,.. 

strength of 23.,ouo pr!1., The factor of safety is: 
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y 

-b = .141 11 

x- -x 
a= .281" 

Diagram I 
5.21# 

Diagram J 

Diagram K 

Diagram 1 
P2 • P1 

~\:~ 
·~9_7_"--~--·· ~~ 

• 9(j " 

Diagri:im 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 axis 

are: 

A - .1951 "2 -
C : .1875n 

Ac2 • .00551"4 

Ix = . ooooan4 

Iy • .00032114 

IT= .00591"4 

The yoke is loaded as shown in Diagram L., with reactions 

at R1 and a uniformly d1str1~uted load R2. The loads total 

11.36# at w., .3" outside the pivot axis. It is conservatively 

assumed that the upper arm of the yoke is clamped at R1, 

and that half the load ts taken by each arm. The maximum 

bending moment, at R1, is: 

Mm. 11 -a6 • 12.98 = 73.9•i# 

The material is aluminum alloy 6 1 S which has a yield 

point of 39,000 psi. The maximum tensile stress is: 

f • Mc • "5·~ ,,., • .218 :: 2730 psi. 
F . o 91 

The factor of safety is 

3~,000. 14.3 
1130 

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

d = sg,ioo {4oo + 4o20 + 1050) 

= .093". 

C. Yoke Claq> 

The yoke-clamping device comprises a clamp spring and bell

crank linkage (Assembly 02). The load on the spring is a 
'r~ 

moment around R1, Diagram L • . Assuming that R2, Diagram L, 

acts as a concentrated load 18° trom the horizontal, the 

value of P1 , Diagram M, can be obtained, The distance 

between Pi and P2 1s: 

2.19 + 10.8 tan -18° = 5.69" 

The moment where the lower arm or the yoke leaves the base 

is: 

M • 5.68 • 6.25 • 35.5 11#. Then 

The clamp spring (Part 57) is s.A.E. 1070 steel, with an 

allowable stress of 75,000 psi for light (non-repetitive) 

loading. The actual deflection of each leg 1s: 

d • 4PL3 where P •load• 19.y/, ffi'3 , 

L •length• 1.62", E • 30 • 106 psi, b •width= 1.12", 

t • thickness a .062". 
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d • 4 19.3 l.623 •. 0401". 
30 • 106 • 1.62 • .0623 

The maximum allowable deflection is 

2 Sb L2 
da = ____ ,where Sb• allowable stress. 

3 Et 

2 • 75,000 • 1.622 
da • 6 = .0704". 

3 • 30 • 10 • .062 

The factor of sarety is 1.75. 

The load P4 transmitted to the clamp screw is 
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33 MOTOR 0SHP 4POLE 3LEAD, SMFD,C.APACITOR >J.F~ 'S STC. 

MOTOR VIS HP REVERSIBLE SHADED POLE MFR'S SD . 
REVERSING SWITCH S.P.DJ: ROTARY 3AMP., V4" SHAFT, 8'BUSHING & NUT 
SWITCH KNOB I NUT BROWN MOLDED PHENOLIC WITH SET SCREW 

34 MOTOR MOUNT ANGLE 4 18GA, C.R.STEEL - BY MOTOR MFR. AS tv.0TOR 
35 MOTOR tvlOLNT GROMMET 4 RUBBER-STANDARD FOR :yl61HOLE 
36 MOTOR MOUNT SCREW 4 8-32 TYPE t' X V2" PHIL. TRUSS HD. SELF TAP. CAD. PLATE 
37 TUBE CLIP I 22GA.C.R.STEEL CAD.PLATE 
NO. PART NAME T MATERIAL & SPECIFICATIONS FINISH 

PORTABLE AIR CIRCULATOR ASSEMBLY D PROPELLER & DRIVE 

Horry L. Mosser Industrial Desi n Section, California Institute of Technolo 
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1.042j 

;';=::C::,-C.::C-=============*' --+----f1=============~$::===H---.
l.042 

l.042 

1.042 

1.042 
'\.~==~=ffl=~====~4----+-

Wf2 

C 

.7t I 
--------1;i375LD. 

.03IR 
-----•-----

1.0 

D40 NOTCH X .03,; DEEP 
.312 

.562 

+-

.040 NOTCH X .032 DEEP 

I 
go....,:. 

~~ -
'ilDY....6 

fULLSIZE 

_q::=~tt====::::::j::/:======t=======*=====+~-=·5=3 "1 
4.375 

IJ7S TYP. 
GOLD LETTEf;S 02 HIGh 

c= 
+ 

.IS 

.06sR 

I: ~~~00-'v-·

1 .I .I 
•t n ~ 1~• 

VIEWA 
FULL SIZE 

v,;;6,-343~-t~ 1.19 r -~-r~X-_343 .08 
-~ ~ .19_p tn '!fauT . 
• SQUARES - ♦- LETTERS 

LOGOTYPE DETAIL - FULL SIZE 

@@ALL INTERSECTIO\lS EXC.EPT 
'C PROJECTION WELDED 

38 END GRILLE I 8 RD. STEEL WIRE COMMERCIAL BRIGHT CR. PLATE 
39 NAME PLATE WALNUT-BROWN MOLDED "LUST REX LX" ST'r RENE 
40 SIDE GRILLE I VB RD. STEEL WI RE COMMERCIAL BRIGHT CR. PLATE 
NO. PART NAME MATERIAL & SPECIFICATIONS FINISH 

PORTABLE AIR CIRCULATOR ASSEMBLY E GRILLES & NAMEPLATE 
SCALE V3 EXCEPT AS NOTED. LINEAR DIMENSIONS IN INCHES. TOLERANCES UNLESS SPECIFIED: 2 DECIMAL Pl.ACES, • .01•: 3 Pl.ACES.•~. 

Horr L. Mosser Industrial Desi n Section, California Institute of Technolo y 1949-1950 



16.00CP 

t+----------------17.000D"'----------------- ---
1+----- --- - - ----------116SXP"'----------------

------ -
1.50 

12E:-=-l l□ ___ --4---------__ -------==.Jl□l:I 
t4------------------ --+--1aSO0REE'·----------------t 

YIEWA-FU,,L SlZE 

FRICTION 

~ .-

✓ 

SECTIONA-A 

41 COvER 
COVER 
COVER SCREW 
YOKE 
YOKE STOP 
YOKE GROMMET 

I 
PIVOT <l_ WIRING., 

---- --

4.375 

J5c,DDF,ILL 

t=~75~ *~7D 

@FULL SIZE 

D32 AL.3S-O SPUN OR DRAWN Ef'.iAMEL 
II 

4 8-32 TYPE e X 1/2 PHIL 0VALl-£AD SELF-TAP. NICKEL PL. 
I AL.61S-F EXTRUDED- STRETCH-BEND BRUSH ALUM. 
2 AL.3S-F ROD 
I RUBBER-STANDA.RD FOR _:y4• HOLE 

NO. PART NAME MATERIAL & SPECIFICATIONS FINISH 

PORTABLE AIR CIRCULATOR ASSEMBLY F END COVER & YOKE 
SCALE V3 EXCEPT AS NOTED. !..NEAR DIMENSIONS IN INCHES. TOLERANCES UNLESS SPECFIED: 2 DECIMAL 1"1.,0CES. •.01': 3 l"l.,OCE5.•JJ05'. 

Harr L. Masser Industrial Desi n Section, California Institute of Technology 1949-195 



I 

13!.):)r) 

J.78I X 

- ------ 15.187----------------- ~ 
------------------ 14.812--------- -----~ 

12.906 y 

-t-

y 

1. CURVES [E]&[Q) SHOWN AT INTERSECTION WITH PLANE Z·Z·. NOT nuE INTERSECTIO\J. 2. CURVES [8]&~ MQLE IN 
VERTICAL PLANES J. [E)~ !Dl. CUhVE m 1./0✓lS IN PLANE HORIZONTA:...LY AND RADIA:...LY .l TOP ARC OF ®· 
3. CU~VES [8),~ & IT] CONSIANT IN T'ORM FROM BASELINES (P, Q & ARC, RESPECTIVELY) OUT TO MUTUAL 
INTERSECTIONS. 4. CURVE C2] ..I.B'.JVE ct X-/ & IY) ABOVE ct Y-Y .I.RE .312" AcOVE PLANE Z·Z AT CE\JTE.R 
AND BLENDED WITHOU1 INTERSECTIONAL RIDGES TO LEVEL '.JF Z·Z AT 1--'lRIFHERY. 

' I 
I 

13.4168 / · 
- · ·, . _I 

2. • •• . ; 

! z 

u 

16.187 

~ 2.500 REF: · 

.1~2 CORE X .380 DEEP 
, 10 PL.- FOR L0CATION SEE 'G~@ 

\ 

DBILL - , 

.o· J 

I 

2.484 

I 

.1:,2 :J:.E X 

._2~1 L,t~i: :2 P:.. . 

t 
I 

I 

~MAX. 

SECTION D·D Th u- SECTION c-c 
r::: ' 

. 093 RIB TYP. I 

j_ 

r 
.093 

I', 0 

E ~ J6;4 

45° 

.031 

VIEW E-E 
FULL SIZE 

~35 _o5R 
..., , .635 REF.====-..~ .o5R , 14.218 

15.968 

SECTION B-B SECTION A-A 

.,. .8751"4 r 1.2707 

2.16°;' REF. I 
i .312 

z r,.093 

M,N- .052 (#55) DRILL: 
2 PL. 'M' THIS END; 
4 PL. 'N' QP_B END. 

41.187 ro~ 

.62sL_~=-==:!:-------+------imw~ll\ r - , 
.093 REF." 

SECTION £± _(SE_E_@) 

46 BASE 

7587 

~G ! 
c.000 I 

1" 

----- _J_L 
2.218 • 

,@ 

- J 
.---i 

2.218 

• I 
I 
I 
I 

+- .125 : 

2500 (1 ONLY) 

3.906--- i .. ...,... r -
1 

7.687 

:BEND UP 30° 

I 
·3.906-- .-, 

-----6.625---------
---------7.468-------' 

I 

F 14.375 

- - t 

-------6:468----------

I AL. ".ALCOA 218' (8% MG.) DIE CAST '::NAMEL 

7 
--.250--

4 7 BASEPLATE I I8GA, CR.STEEL E.~AMEL 

48 BASEPLATE SCREW 10 8-32 TYPE t'x 8 PHIL, BINDING HD. SELF TAP. 
FOR MANUFACTURER'S DATA 

CAD. PLATE 

3.750 @ 
FULL SIZE 

~ r--343D 12 BOSSES 

_1___ _ - . :. ~ -==-- -==-~-~- _§__ ~~~
0

b====~======d
0

b=====================~~~ ® 
FULL SIZE 

DECALCOMANIA 
DECALCOMANIA I 
FOOT 4 NUT BROWN MOULDED tusT;;;Ex LX' ST'\ REr.JE 
FOOT RIVET 4 9/64 D. X 1/4 AL. SEMI-TUFULAR (::/l6D.12c°HQJ 

t--+-M_O_T_O_R_9N_IT_C_H ___ ~-+-3_A_M----lP. ROTARY 7 POS.(30°E~ l/4D, SHAFT WITH FLAT, 
MOTOR SWITCH ISAMP. -1/60.BUSHING&LOCKNUT-S:::: WIRING DIAGRAM 

NO. 

SPEED CONTROL REACTOR I 
SPEED CONTROL REACTOR I 

CORD SET 

2 TAP (80% & 60% FULL SPEED) MOUNTING BRACi\ET 
3TAP(80%&60%FULL SPEED & MINIMU TC SUIT PART N0.46 
8-32 TYPE 'c' X V4 Phil. BINDING HD. SE.LF TAP. CAD. PLATE 
#18 POSJ-32 8FT. WITH PLUG BROWN 
# 14 'G.E. PREEN-X" 8FT. WITH PLUG BROWN 

I OLIVE GRE'::N VULCANIZED FIBER 
PART NAME T MATERIAL & SPECIFICATIONS FINISH 

PORTABLE AIR CIRCULATOR ASSEMBLYG 1 BASE-BODY & ELECTRICAL 
SCALE VJ EXCEPT AS NOTED. LINEAR DIMENSIONS IN INCHES. TOLERANCES UNLESS SPECIFIED: 2 DECIMAL PLACES. :1:.01•; 3 PLAC.ES, t:D()o•. 

Harr L. Mosser Industrial Design Section. California Institute of Technology 1949-1950 



----------4.375,-----------------
14--------~87'-------~ 

1, 500 

® FU...LSlZE 

r®VINYL 
/ ClMENTED 

[ ___ _ J 

®FLLL SIZE 

T 
1.000 

1 
.062+1 f.- -.l.2so 

' KN._R 120 ffiX)V[S 
l E~LY SPACED 

~81NG-@ONLY 
CORE FOR l4' SHAFT (:y32'FLAT) 
AND RETAINlf\G SPRING 

.I36("29)DRILL 
8-32 NC-2 TAP, 

@~ 

@ @FU..L SIZE 

296 

.781 
:t I 

L500 

I I L 1.750------\ll-
1 

_ .7_cl~ J : 
~ 1.875-11---------

@9:) FULL SIZE 

... ~---1.437 REF.----i 

JJ9:f-

I 1::1--20 NC-2 THFi£AD 

I 
1.21s--------~2soj4-

14-----------1593 "1 

• se 

.125 

81 

@FULL SIZE 

1.437 

U25 j £rv. ~$HONN-FULL SIZE 
I ~PRESSIN ~ 

@FULL SIZE 
®FU...LSIZE 

.201 ("7) DRILL 
1/4-20 NC-2 7AP 

I R • 156 
.C93p 

.. 25 '-<f F; 

c-j4 @CPFWTE 

I l l I i I 

ID62R 
1.oooR 

.843R 
;781R 

.062DPUNCH 

.,- ~ ~~:':::::~~~~~~~- .687 

.2':,-

i 
- ;,z4 

.9.3'7 " EF. 
® FULL SIZE 

~ SAME AS@EXCEPT 
~ SUBSTITUTE "HEAT+-+COOL'. 

FOR 'SPREAD ◄FL.ON► STRAIT" 

57 CLAMP SPRING 
S8 SPRING PAD 

:Q_ OCLL CRAINK 
BELL CRAINK 

60 CRANK STUD 
61 CLAMP NUT 
62 WASHER 
63 CLAMP SCREW 
64 RETAINING RING 
65 SWITCH ESCUTCHEON 

CLAMP ASSIEM~
FOR LOCATION SEE @ (GV 

I S.A.E. 1070 STEEL PRETEMPERED 
2 SHEET FELT -HARD WHITE 

AL. ALCCA 218'Q3% DIE CAST 

2 FREE-CUTTING STEEL 

2 vs S.A.E. STANDARD (;ysao. -STEEL 
1/4 ROUND C.R. STEEL 
TRUARC "5105-15 

.020AL.2S-O. ETCH DESIGN AND 

B~Sl-i CRF-i... . 

, CAD. FLATE 

SWITCH ESCUTCHEON -1--=-----=...:......._==-::...:..c.-=--=-=----1~1 FILL WITH WALNUT- BROWN ENAMEL, 
66 CLAMP ESCUTCHEON I ALUMILITE BACKGROUND. 
67 ESCUTCHEON SCREW 6 "00 TYPE 'U' X VB DRIVE SCREW NICt<-EL PL. 
68 SWITCH KNOB I WALNUT-BRONN MOLDED PHENOLIC-WITH RETAINING SPRl'sG 
69 CLAtv1P KNOB -WITHOUT SPRING 
70 SETSCREW 8-32 X 3/8 FULL DOG PT. SOC. HEAD STEEL CAD. PLATE 
71 CLAMP KNOB BEARING FREE - TURNING BRASS 
72 WALL MOUNT SCREW 

FINISH 

PORTABLE AIR CIRCULATOR ASSEMBL.YG2 BASE-FITTINGS 
SCALE V3 EXCEPT AS NOTED. UNEAR DIMENSIONS IN INCHES. TOLERANCES UNLESS SPEClf"IED: 2 DECIMAL Pl.AC 2: • . • t 

Harr L. Mosser Industrial Desi n Section, California Institute of Technolo 




