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ABSTRACT 

Thi s  s tudy examined the e f f i c iencies o f  resi dent i a l  vent i l at i on 
and furnace fans . The s c ope included a det a i led revi ew o f  motor 
and mot or control t echnol ogy , fan des i gn i s sues , and an 
inte rnational s earch o f  motor/ fan combina t i ons of convent i onal 
and higher - e f f i c i ency . It was found that current res i dent i a l  a i r  
handlers a r e  o f t en t en t imes l e s s  e f f i c i ent t han thei r  larger 
commerc i a l  count erpart s .  Cost e f f e c t ivenes s  cons idera t i ons o f  
vent i la t i on and furnace f ans ( the mos t  energy int ens ive 
appl i ca t i ons ) ,  showed t hat drama t i c  improvement s in e f f i c i ency 
are j us t i f i abl e . 
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EXECOTIVE SOMMARY 

Sma l l  a i r  handling devi ces in homes are pervas ive , ranging from 
furnace blowers and vent i l a t i on f ans to hai r  dryers and c omput er 
fans . Thei r  e f f i c i en c i es are dramat i cally l ow ,  ranging from 1 %  
t o  1 0 % ,  whereas l a rger , engineered a i r  handl ers range from 6 0 %  to 
8 0 %  e f f i c i ent . 

Many o f  t he sma l l  e l e c t r i c  a i r  moving devi ces have short run 
t imes , a ccumu l ating very sma l l  relat ive amount s  of energy 
c onsumpt i on . On the other hand , s ome of the l arger fans , wi th 
input power ranging from 5 0  W t o  more than 1 0 0 0  W ,  may have 
s igni f i c ant t o  c on t inuous run t imes . With increas ing attent i on 
being p a i d  t o  indoo r  a i r  qua l i ty ,  c ont inuous vent i la t i on and 
f i l t rat i on via reci rcula t i on are increas ingly becoming the norm .  

A typ i c a l  hou s e  wit h  mechanical vent i lat i on may exper i ence 
1 , 5 0 0 , 0 0 0  m3 o f  air exchange annual ly ,  resul t ing in a 5 0 0 0  kWh 
( 1 5 0 0  kWh with 70% heat recovery ) spac e  heat ing requ i rement . The 
space c onditioning sys tem may move another 2 , 0 0 0 , 0 0 0  to 
1 3 , 0 0 0 , 0 0 0  m3 annual ly .  The corresponding f an energy ranges f rom 
1 0 0 0  kWh to 8 0 0 0  kWh , for an annual cost  o f  $80 . 0 0 to $ 3 6 0 . 0 0 ( at 
$ 0 . 0 8 / kWh ) , becoming non - t rivial at higher l evel s . 

Current residential a i r  handl ing devi ces are a lmos t  an order of 
magni t ude l e s s  e f f i c i ent t han their l arger commerc ial and 
indus t r i a l  c ount erpar t s . Furnace f an e f f i c i encies are in the 
order of 2 0 %  but , wi th poor furna ce cabinet a i r  f l ow des i gn ,  the 
e f f i c i en cy in t erms of a i r  moving load ext e rnal to the furnac e  
r e duce s  the e f ficiency t o  7 % .  Indivi dual exhaus t ers are 
typ i c a l ly l e s s  than 2 %  e f f i c ient . The spread between poor and 
best ava i l ab l e  equipment i s  in the order o f  t en to one . 

The pot ent i a l  f or energy e f f i c i ency improvement s  o f  small  a i r  
handle r s  is c le arly vas t . Examinat i on o f  t h e  t echnol ogy revea l ed 
that , in s ome c a s e s , motors wi th peak e f f i c i en c i es l ower than 2 0 %  
can be rep l aced with ones whos e  peak e f f i c i enc i es are over 7 0 %  at 
c o s t  premiums f r om $ 2 0  to $ 1 0 0 . S imi l arly , imp rovement s in 
impel l e r/hous ing c ombinations can be dramat i c , if des i gned from 
f undament a l s. Five - fo l d  improvement s  seem indi cated f rom 
current ly avail abl e and emerging equipment . Opt imized variable 
speed drives f or AC induct i on motors , and DC e l ectroni cally­
c ommu t a t e d  mot ors , c an a l l ow for high e f fic i ency in part l oad and 
variabl e f low conditions , s i gnif icant ly reduc ing not only motor 
i nput p ower but t ime - int egrat ed energy u s e . 

Tab l e s  I and I I  i l lust rat e improvement s  for a typical furnac e  
blower application . The indu s t ry  seemed unaware of t he magnitude 
of t he prob l em, until con t a c t ed as a part of t his project , and 
may require support and/ o r  inducement s to rapi dly bring bet ter 
equipment to the market p l a c e . 

i i  



100 
90 
80 

70 -
'#. 6 0  -
>-() c 50 .! () ; 40 -IU 

30 
20 
10 
0 

Poor Typical Best 

Table I Effi ciency Improvement s for Furnace Fan . 

195W = $135 
" . .  ' ' . :::k 

Best 

69% 

Potential 

160W = $110 

Potential 

Table I I  Input Power and Annual Energy Cost for a Cont inuously 
Operating Furnace Fan ( electrical cost = $ 0 . 0 8 kWh; air 
moving load = lOOW ) . 

i i i  



- ' 

RESUME 

Lee petits diepoeitifa de ventilation sont de plus en plus repandue dans les 
habitations. Allant du ventilateur de generateur de chaleur et des 
ventilateure-extracteure au aeche-cheveux et au ventilateur d'ordinateur, ces 
appareile ont un rendement qui varie entre l p. 100 et 10 p. 100. C'eet la une 
pietre performance quand on eait que les gros appareile of frent un rendement 
de l'ordre de 60 l SO p. 100. 

Bon nombre de petits dispositife de ventilation ne fonctionnent habituellement 
pas longtempe, ce qui entraine une tree faible coneommation relative 
d'energie. Par centre, certains ventilateure imposante, dent la puieeance 
d'entree oscille entre 50 w et plus de l 000 w, sent appeles a fonctionner 
longtemps, sinon continuellement. Vu l'attention accrue accordee l la qualite 
de l'air interieur, la ventilation continue et la filtration par recirculation 
deviennent de plus en plus la norme. 

Une installation de ventilation mecanique typique peut realiser un echange 
d'air annuel de 1 500 000 m3, ce qui se traduit, pour !'habitation, par une 
charge de chauffage de 5 000 kWh (1 500 kWh si !'installation recupere la 
chaleur a 70 p. 100). En outre, une installation de climatisation peut 
deplacer chaque annee entre 2 000 000 et 13 000 000 m3 d'air. L'energie 
correspondante pour le ventilateur varie entre l 000 et S 000 kWh, soit un 
cout annuel ee eituant entre 80,00 $ et 360,00 $ (a 0,08 $/kWh), des chiffres 
qui deviennent significatifs aux niveaux superieurs. 

Les dispositifs de ventilation actuellement en usage dans lee habitations sent 
moine efficaces de pres d'un ordre de grandeur que lee grosses installations 
utilieees dane lea etabliasemente commerciaux ou induetriele. Le rendement des 
ventilateurs de generateur de chaleur est habituellement de l'ordre de 
20 p. 100, mais lorsque le circuit d'air interne. de l'appareil est mal con�u, 
ce rendement peut etre reduit a 7 p. 100 pour ce qui est du mouvement d'air a 
l'exterieur du generateur d'air chaud. Les ventilateure-extracteurs 
individuele affichent habituellement une efficacite inferieure a 2 p. 100. Le 
rapport entre lea appareils de grande qualite et de pietre qualite est de 
l'ordre de 10 l 1. 

Le potentiel d'augmentation de l'efficacite energetique des petits diepoeitifa 
de ventilation est done considerable. L'examen de la technologie revele que, 
dans certains cas, lee moteurs dent l'efficacite optimale est inferieure a 
20 p. 100 peuvent Atre remplaces par des moteurs offrant une efficacite 
optimale depaseant 70 p. 100 pour un cout additionnel variant entre 20 et 
100 $. De mime, lea ameliorations apportees au rotor et au boitier peuvent 
faire toute la difference ai la conception est completement repensee. Les 
dispoeitif a actuels et nouveaux pourraient en ef fet ltre amelioree de cinq 
fois. Les moteura c.a. l induction l vitesee variable optimalisee et lee 
aoteure c.c •• l commutation 6lectronique peuvent ameliorer le rendement dane 
des conditions de charge partielle et de circulation variable, reduieant ainsi 
de beaucoup non seulement la puissance d'entr6e du moteur, mais ausei 
l'utiliaation total d'enargie. Les Tableaux I et I I  illustrent lee 
am6liorations obtenues pour un ventilateur de generateuc d'air chaud. Les 
membrea de l'industrie ••mblaient ignorer l'ampleur du probleme juaqu'a ce que 
l•• auteurs communiquent avec aux aux fine de la preeente etude. Si l'on veut 
que l'industrie produise rapidement de meilleure appareils, il faudra 
probablement appuyer laura efforts et proposer des meeures incitativee. 
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Puisaance d'entr6e et cont 6nergetique annuel pour un 
ventilateur de generateur d'air chaud fonctionnant 
continuellement (prix de l'electricite = 0,08 $/kWh; charge de 
circulation d'air = 100 W) 
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TERMINOLOGY 

To avoi d  confus ion and s impl i fy the wording u s ed in t he report , 
the f o l l owing terms have been def ined . 

ASD 

Air Handl er 

Blower 

D i s t ribu t i on 

Dynami c Head 

E f f i c i ency 

Fan 

Fan E f f i c i ency 

Motor E f f i c i ency 

Motor/ Fan Set 

Motor/Fan Set 
E f f i ci ency 

- adj u s t able speed drive . 

- comp l e t e  motor/ fan set ; includes a l l  
control s ,  mot o r ,  impel l er and housing . 

f an in whi ch the direct i on o f  air f l ow i s  
changed by 9 0° ;  typ i c a l ly c entri fugal 
impell ers ins i de s c ro l l  hous ing - common 
a i r  handl ing devi c e  for furnaces and 
vent i l a t i on sys t ems . 

- duc twork att ached t o  a packaged piece o f  
syst em e quipment for purpos e s  o f  del ivering 
a i r  t o , or returning it from, various part s 
o f  the hous e .  

- the ext ra pres sure created when air 
vel o c i ty i s  reduced t o  z ero . 

- the rat i o  o f  the work output [ J ]  t o  t he 
input energy [ J ]  or the power output [W] , 
t o  the power input [W] . 

- a i r  movi ng c omponent ,  usual ly cons i s t ing o f  
a n  imp e l l er and hous ing , but somet imes 
imp e l l er only , e . g .  c e i l ing fan . 

- rat i o  o f  aerodynami c p ower [ WJ ( ai r f l ow x 
pres sure ) t o  mot or output [ WJ requi red 
( shaf t  power ) . 

- rat io o f  sha f t  power [ W ]  t o  input power [W]  
of  a mot o r . 

- motor , impel l er , hous ing and drive ( i f 
any ) . 

- (emf) = £11\ x £!. 

Vi 



TERMINOLOGY ( Cont . ) 

Power Fac t or 

Rot or 

Rpm 

S t at i c  E f f i ci ency 

S t at i c  Pres sure 

Stator ( motor ) 

S t at o r  ( fan ) 

Tot al Ai r Handler 
E f f i c i ency 

Tot a l  Pressure 
D.if fe.r:ent..:t; 

- rat io o f  act ive current t o  the total 
current . 

- the t o t a l  current i s  the vector sum o f  the 
act ive c omponent ( work output rel ated ) and 
the react ive component ( magnet i c  f i e l d  
related ) . 

- rotat ing part o f  the motor . 

- revolut i ons per minut e .  

- rat io o f  power requi red t o  move a volume o f  
a i r  against a n  ext ernal s t a t i c  pres sure to 
the impel l er shaft  power . 

- pressure o f  a i r  at res t ( i . e .  total  
pres sure l e s s  dynami c head ) . 

- s t a t i onary part o f  the motor , but may have 
rotat ing magnet i c  f i e l d . 

- s t a t i onary correct ing vanes in fans . 

- rat io o f  the aerodynami c power [W]  t o  total 
electrical  input power [W]  t o  the air 
handl er . Usua l ly Iower than effif t o  ac count 
for e l ec t rical  consumpt ion o f  addi t i ona l 
electrical  component s ,  e . g .  cont rol s .  

- sum o f  veloc i ty pres sure di f f erence and 
sla.L.ic p.r:essur.t; d.iffE:::?r.E:::?11c.;E:::?. 

vi:;. 
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1 . 0  INTRODUCTION 

1 . 1 Context 

The u s e  o f  mechanical a i r  moving equipment in Canadian hous ing 
has increa s ed f rom virtual non - exi s t ence before the 1 9 5 0 ' s  t o  
become t he l arge s t  e l e c t ri cal app l i ance l oad . I n  many hous es the 
annual e l e c t ri c a l  use for blowers exceeds a l l  l i ght ing and 
appl i ance l oads combined . For many hous es the cost o f  that us age 
i s  in the range of hundreds of dol l ars per annum . 

Ini t i a l  appraisal of air handl ing equipment and sys t ems reveals 
s i z abl e ine f f i ci enc i e s . Furnace blowers , for examp l e , may 
deliver a i r  a t  1 / 5  the aerodynami c e f f i c i ency ( and wors e )  of  
their l a rger commerc i a l  cous ins . Worse s t i l l , equipment 
over s i zing. a i r  l o s s es, and high s t a t i c  pres sure requirement s 
result i n  b l ower l oads f ar higher than necessary. Other air 
movers. (such a s  rangehood fans , bat hroom exhau s t ers , and heat 
recovery ven t i l at ors ) are no bet ter . Generally they are worse . 

The energy i ne f f i ci enc ies shou l d  be vi ewed in the c ont ext of 
their air handl ing performance and how wel l  the i r  purposes are 
s e rved . Fundamen t a l ly ,  air moving in the househo l d  is for 
rem�ving c ontaminant s ,  di s tr ibut ing condi t i oned a i r , or regu ­
l a t ing out s i de a i r  intake . Too often ,  ins tal l ed sys t ems fail  t o  
e f f e c t ively a chieve their fun c t i on and may even det eriorat e 
c omfo r t  and a i r  qual i ty . For example, the c lothes dryer blower 
exhaust s  moisture, but in doing so may draw in f lue gases f rom 
the hot wat er heat er . Rec i rculat ing furnace blowers often are 
dra fty when the heat ing i s  not on . 

We may t her efore ascribe s ome import ance t o  an eva luat ion o f  the 
pot en t i al f o r  imp roving res ident ial vent i lat ion equipment and 
pra c t i ces.  both f rom t he s t andpoint of energy e f f i c i ency and 
opera t ional e f fe c t ivenes s .  Thi s  s tudy examines t he current 
performan c e  of res i dent ial a i r  handl ing sys t ems , the bes t  
t echnology ava i l abl e ,  and the pot ent ial f o r  improvement by t he 
end o f  the mil l enni um .  

1 . 2 Historical Background 

Pre - indust rial vent i l at i on p ra c t i ces were an integral feature o f  
archi t e cture. Smoke holes and s t acks adorned the p eaks of 
virtually all hous ing forms, the object being to exhaust noxi ous 
combu s t ion gases of t he cooking and heat ing f i res . In cold 
c l imates.  means were devi s ed for int roducing makeup air wi thout 
freez ing the occupant s ,  general ly by channell ing the a i r  beneath 
the occupied z one to t he f i re p i t  and seal ing a l l  e l s e  but the 
smoke hol e. Such pra c t i ces were not always i dea l , and no doubt 
c ontamina t ed l ungs and the atmosphere , but were at l east 
sus t ainable, for mos t  of the populat ion den s i t i e s  and l i f e  
expe ct anc i e s  up unt i l  the modern era . 

Some quit e  e l aborate techn i ques o f  a i r  handl ing were emp l oyed by 
early c ivi l i za t i ons . Middl e-East ern a i r  cool ing s t rategies , 
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whi ch emp l oy wind s coops and convect ive night - cool ed t owers , have 
been exp l oi t ed for thous ands of years . The Romans bui l t  spas 
t hat emp l oyed c i rculat i on of combus t i on ga ses through f l oors and 
wal l s, t o  achi eve radiant heat ing . 

Northern Europeans, in response t o  c l imate demands, bui l t  
f i repl a c e s  and mas onry heat ers al ong wi th operable windows, t o  
respond t o  s ummer and wint er vent i la t i on needs . C o l d  and smoke 
mus t  have been s t andard f are . 

The Age o f  Enl i ght enment u shered in many inventions rel ated t o  
a i r  handl ing . Benj amin Frankl in ' s  cas t - iron woods t ove , wi th 
c ombu s t i on air f ee d, proved t o  be the precursor o f  many of 
t oday ' s  heat ing app l i ances . .. Count Rumford, hi s cont emporary, 
reformed the f irep lace for both bet t er draw and heat output . 

The f i r s t  mechanical a i r  movers were st eam-driven f ans for 
vent ing coal  mines, but it woul d  t ake unt i l  the second hal f  of 
the 2 0 t h  C entury for forced air equipment to be ext ens ively used 
in hou s i ng . The Vi ctorians rel i ed ma inly on e l aborate, somet imes 
ingeni ous, means o f  heat ing and vent ing bui ldings wi th natural 
c onve c t i on . Gravi ty sys t ems prevai l ed unt i l  t he SO ' s, except for 
summer c o o l ing fan s . 

In North Ameri ca, forced-air furnaces rapidly t ook over the 
hous ing market, whereas hydronic di s t ribution p revailed in Europe 
and the Mar i t imes ( it woul d  be interest ing t o  conj ecture why ) . 
In the 1 9 6 0 ' s, more and more hous ehold mechani cal vent i lat ing 
produ c t s  poured ont o  the market - range hoods, bathroom fans, 
c l othes dryers, and air c ondi t i oners . By the 1 9 7 0 ' s, the modern 
hous ehol d  was l i t eral ly humming . Envi ronment a l i sm and OPEC gave 
cause f o r  re-evaluat ing household energy use . Interest spread in 
reducing heat ing b i l l s  by insulat ing, weatheri z ing, heat recovery 
vent i l at i on, improving furnace e f f i c i ency, and employing renew­
abl e energy. The Canadi an government championed t echnological 
change t hrough such programs as CHI P (weatheri z a t i on and 
insul a t ing ret rof i t  sub s i dy )  , COSP ('subs i dy for replacement o f  
o i l  furnac e s  wi th a l t ernat ives ) and SEEH Program ( wi descale 
demons t ra t i on o f  R20 0 0  S t andard new cons t ru c t i on )  . Such rapid 
and pol i t i ca l ly - charged development led t o  a f ra c t i ous process o f  
a dapt a t i on . C ent ral t o  many i s sues ( that are s t i l l  i n  debate 
t oday ) i s  t he impac t  of mechanical vent i la t i on . 

Mos t  o f  the concerns regarding vent i la t i on p erta in t o  occupant 
heal t h  and s afety,  energy, and moi s ture damage . Wi thout elabor­
a t ing on the many i s sues and devel opmept s that are current ly 
under examinat i on a c ross C anada, indeed around the world, i t  i s  
s u f f i c i en t  t o  s ay that much i s  up i n  the a i r . 

Despit e  a great deal o f  a t t ent ion paid t o  mechanical a i r  movers , 
not much regard has been g iven t o  the e f f e c t iveness and energy 
c onsump t i on o f  blowers .  Thi s report, then, i s  an import ant 
component o f  e f f ort s t o  advance t he art and pra c t i c e  o f  
vent i l a t i on . 
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2. 0 APPROACH 

Consump t i on o f  a i r  handl ing energy i s  a funct i on o f  t he t ime ­
averaged work requ i red t o  move the air and the e f f i c i ency wi th 
whi ch t he air handler does this work . The e f fect ivenes s and 
e f f i c i ency of vent i l a t i on devi ces mus t  be examined wi th a sys t ems 
approac h . Sys t ems i s sues are di s cussed in t he next s e c t i on but 
are not deal t  wi th in any deta i l . That i s  res erved for later 
project s .  

Large opportun i t i e s  for energy savings may be a f f orded by air 
moving l oad redu c t i on ,  and t he nature o f  the load det ermines the 
t e chnol ogy cho i c e  and the e f fect ivenes s .  However ,  the e f f i c i ency 
o f  the air handl ing t echnol ogy can , t o  some ext ent , be examined 
independent ly of a i r  handling requirement s .  I t  i s  because the 
exi s t in g  motor / f an set s  are so very ine f f i c i ent that this focus 
i s  jus t i fied . 

Ai r handl ing t ec hnol ogy , i n  t erms of f ans , mot ors , and contro l s  
wi l l  b e  des cribed i n  s ome det a i l  in thi s report . The various 
types o f  app l i ca t i ons from high pres sure furna ce exhaust blowers 
t o  free a i r  c e i l ing fans wi l l  be examined . An overview of des i gn 
paramet ers i s  presented and the de f ining theoret i ca l  and 
p ra c t i ca l  limi t s  of performance are present ed . 

To provide the required answers , a number of informat ion 
gathering a c t i vi t i e s  were undertaken. Re f erence mat erial s , 
obt ained from the c o l l e c t ed l i t erature o f  the t eam members and 
the proj ect manager , were augment ed by an interna t i onal 
i n forma t i on s earch us ing t he Nat i onal Res earch Counc i l ' s  Canadi an 
I ns t i tute f or S c i ent i f i c  and Techni cal Informa t i on ( CI STI ) 
L i t erature Search o f  various dat abas es . Product l i t erature , both 
domest i c  and int e rnat ional , was a s s embled from manufac turers o f  
motors , f ans, and c ombined uni t s , i n  addi t i on t o  s earching our 
own product f i l es . 

Us ing this informa t ion, more opt imum impel l er/hous ing combin­
a t i on s , mot ors , and cont rol s were i dent i f i ed ,  to y i e l d  pos s ibl e 
improvement s i n  a i r  handl ing performance . Thes e  t echnol ogy 
con c ep t s  are c ompared wit h  commerc i a l ly ava i l able equipment . 
Reasons for di s crepancies in performance are sugges t ed . 

The res i dent i a l  energy use for vent i lat ion and space 
c ondi t i oning , a s suming current pract i ce and equipment ,  i s  
presented for typical resident i a l  ins t a l l at ions . Energy savings 
a re quant i f i ed ,  f or several l eve l s  of air handler e f f i ci ency 
improvement , ranging from t he best current ava i l able equipment t o  
proje c t ed economi c potent i a l s . The e f f ect of cont rol 
charact eri s t i c s  and operat ion by occupant is demon s t rated and 
dis cus s ed . 

The barriers t o  market penetrat ion o f  new t echnologies are 
di s cussed in t erms of market s t ructure , l imi t ed a c c e s s  t o  
cap i t a l , avers ion t o  downt ime and innovation ,  c o s t  o f  test ing 
p rograms , product pri c ing s ens i t ivity and lack of incent ives . 
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For the industry t o  move t owards hi gher e f f i c i ency equipment, 
methods of performance eva luat ion , in t erms of t est ing and 
l abe l l ing for energy consumpt i on, must be .devel oped . Exi st ing 
s t andards are examined , both domes t i c  and internat i onal, to see 
how f an energy i s  handl ed . Methodologies for seasonal energy 
rat ings o f  vent i l a t i on and space condi t i oning a i r  handl ers are 
sugge s t ed . The rol e  o f  the Ontario Energy E f f i c i ency Act, and 
i t s  eventual Federal c ounterpart , are discus s ed . 

The necess ary t echnical informat ion t rans fer , training, R and D 
and ince�t i ves t o  accompany mandat ing energy performance are a l s o  
i dent i f ied . 
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3 . 0  RESIDENTIAL AIR HANDLING ISSOES 

3 . 1  Overview 

Bef ore an a s s e s sment o f  the e f f i c i ency and e f fect ivenes s o f  
res i dent i a l  a i r  moving equipment i s  undert aken , i t  i s  important 
t o  c on s i der the requi rement s placed on vent i l at i on sys t ems and 
comp on ent s .  Both the app l i ca t i on and the cont ext det e rmine the 
chara c t e ri s t i c s  and performanc e  of a i r  handlers . 

Approp r i a t e  des i gn must cons i der a hos t  of factors including : 

1. Power and energy demands; 
2 .  Physi ca1 s i z e ; 
3 .  Noi s e; 
4. Locat i on; 
5. At t a ched components; 
6 . Vol ume .f l ow rat es; 
7 . Pres sure regimes; 
8 .  Hea l t h  and s a fety; 
9 .  Longevity; 

10. Cont rol labil ity; and 
11. Condi t i on of the a i r  or gas es . 

Economi c s  and indus t rial p ract i ces wi l l  then con s t rain the 
opt imal performance t o  be expected . Al though not the purpos e of 
thi s i nve s t igat i on ,  the overa l l  sys t em performance should be 
recogni zed a s  a more f undament a l  concern . 

The next s ec t i ons di s cuss t he s i gni f i cance o f  what a i r  movers are 
c onn e c t ed t o ,  and what t hey are suppos ed to be achieving . Future 
f an des i gn requi rement s  may s ubs t ant i a l ly change , as a result o f  
sys t em improvement s and modi f i ed prac t i ces . S i z ing o f  both fans 
and mot or s  shou l d  go down s i gn i f i c ant ly , as f l ow rat es and 
pres sure drops are opt imi z ed ,  then provided wi th more e f f i c i ent 
and e f f ec t ive f ans and mot ors . As wel l , the s i gni f i cance o f  
aerodynami c e f f i c i encies shoul d  b e  p laced in t h e  cont ext o f  the 
overal l  ut i l i ty of our vent i la t ion sys t ems . 

3 . 2 Appl icat ion• 

A parti a l  l i s t i ng o f  hous eho l d  air moving equipment wi l l  help t o  
i llustra t e  the divers i ty o f  requirement s and extent o f  u s e . 

1. Furnace blower 1 1 . C lothes dryer 
2. Bathroom exhaus t  f an 12. Dehumi di f i e r  
3 .  Rangehood exhaus t er 1 3 . Air puri f i e r  
4 .  Radon mi t i ga t i on blowers 1 4 . Convect i on oven 
5 .  Heat recovery vent i lator 15. Vacuum c l eaner 
6 .  Cei l ing and other cooling f ans 16 . Att i c  f ans 
7 . Window air condi t i oner 17 . Hai r  dryer 
8. Sun spac e  exhaus t ers 
9 .  Induced-dra f t  blower on combu s t i on equipment 
1 0 . Heat pump or a i r  condit ion ing uni t  f an 
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An analy s i s  o f  a l l  of thes e devi ces i s  beyond the s cope o f  this 
s tu dy .  We wi l l  be concent rat ing on component s whi ch correspond 
t o  those that use both higher power motors and s i gni f i cant run 
t imes , as i dent i f i ed bel ow .  Les sons learned here may then be 
app l i e d ,  as  appropriat e ,  t o  other devi ces and syst ems. 

The l i s t , neverthel e s s , r eveql s that a i r  moving cons t i tutes an 
ext ens ive u s e  of e l e c t r i c i ty in the home , with widely ranging 
operat ing chara ct e ri s t i c s . 

E f f i c i ency and e f f ec t iveness improvement s  mus t  be kept in 
cont ext . A ha i r  dryer l o s es nothing through inef f i c i ency s ince 
i t s  motor l o s s es merely cont r ibut e  t o  e l e c t r i c  resis t ance 
heat ing . It needn't be ext remely qui et , but must be very robus t .  
On t he other hand , a room f an for cool ing should be qui et indeed , 
and contr ibut e  as l i t t l e  heat gain as pos s ibl e . Each app l i c a t i on 
has a uni que s e t  o f  des i gn paramet ers . 

3 . 3  Energy Considerat ions 

The annual e l ec t ri cal consumpt i on o f  an a i r  mover i s  a product of 
i t s  f lowrat e  t imes the total head , divi ded by aerodynami c 
e f f i c i ency , for each speed s e t t ing , int egrated over t ime . 
E f f i c i ency values shou l d  be viewed in relat ive t e rms , t aking into 
a cc ount the overal l  i mpact . Infrequently operated devi ces , even 
wi t h  high aerodynami c  l oads ( eg .  a vacuum c l eaner ) , need not be 
anywhere as e f f i c i ent as a more f requent ly- run a i r  mover of low 
l oa d  ( eg .  a cont inuous exhaus t fan ) . 

Tab l e  3.1 gives typi cal ranges of hours o f  a i r  handl ing 
operat i on ,  power draw , and annual energy consump t i on for the most 
energy int ens ive devi ces used in hous ing . 

Oth e r  devi ces in the ho�e use s i gni f i c ant ly l ess annual energy . 
For t h i s  reason , t he f ocus o f  thi s report i s  on res i dent ial 
hea t ing , vent i lat ing , and air condi t i oning e quipment . Forc ed-air 
heat ing and cool ing equipment , as  wel l  as vent i l at ion devices 
i nt ended for cont inuous air change , are the mos t  s i gni f i cant 
aerodynami c energy requi rement s of the hou s eho l d . Thi s  i s  not t o  
s ug�e s t  t hat other a i r  moving equipment should not be s crut ini zed 
for their pot ent ial e f f i c i enC:i7 and e f f ect i�v"cnc o o  irnpro�v·err1ents . 
C o ll ec t ively , thei r energy us age i s  s i gni f i c ant and the economi es 
of e f f i c i ency improvement may be favourable i n  a l arger set t han 
thi s study surveys . 

3 .4 Overall System Effic ienc ies 

Furnac e  bl owers are intended to promot e com fort through uni form 
t emperature di s t ribut i on and t o  induce high heat t rans fer rat es 
f rom heat ing or cool ing e l ement s .  As s econdary funct i ons , they 
may b e  u s ed t o  di s t r ibut e  out s i de a i r ,  remove contaminant s 
t hrough f i l t ers , and a l t e r  moi sture cont ent . The energy requi red 
t o  p e r f orm t hese t asks i s  beyond s impl e  mas s  f l ow and pres sure 
drop c on si derat i ons . 
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Air Handl ing Operation Power Annual 
Device (hours ) ( Watts ) Energy 

( kWh) 

Furnace Blower 2 0 0 0 - 87 6 0  4 0 0 - 1 0 0 0  8 0 0 - 8 8 0 0  

Heat Pump Blower 3 5 0 0 - 8 7 6 0  5 0 0 - 1 2 5 0  1 7 5 0 - 1 1 0 0 0  

' Heat Recovery 
Vent i lator ( 2  f ans ) 2 5 0 0 - 8 7 6 0  7 0 - 3 0 0  1 7 5 - 2 6 5 0  

Induced Draf t  
Blower 2 0 0 0 -3 5 0 0  5 0 - 1 5 0  1 0 0 - 52 5 

Bath Exhaus t er 2 0 0 -4 0 0 0  3 0 - 1 5 0  1 0 - 6 0 0  

Range Exhaus t er 1 0 0 - 1 0 0 0  1 00-3 0 0  1 0 - 3 0 0  

Vacuum 5 0 - 2 0 0  5 0 0 - 1 5 0 0  2 5 - 3 0 0  

C lothes Dryer 1 0 0 - 4 0 0  7 5 - 1 5 0  1 0 - 6 0  

Table 3 . 1 Annual Energy Implicat ion• of Varioua Movers· in 
the Household 

S t a t i c  pres sure l os s e s  depend primar i ly on f l ow vel o c i ty and 
d i s t r ibut i on , t urbulenc e , and c omponent form .  Suf f i c i ent dynami c 
head i s  requi red t o  proj ect the a i r  into the l iving space for 
mixing and l ocal comfort cons idera t i ons . Volumetri c f l ow 
r equi rement s are dependent on f unc t i on and sys t em c omponent s . 
Temperature ri s e  for a c ons t ant heat input may govern f l ow rates 
f or s a fe ty reasons ( furnac e  output t emperature no greater than 
7 0°C) . The capa c i t i e s  and e f f i c i enc i es of heat pumps and air 
c ondit i ons are s trongly a f f ec t ed by f l ow rat e s . Di s t r ibut ion of 
out s i de air may set a minimum f l owrat e  requi rement , as i s  
s t ipulat ed i n  the C SA St andard F3 2 6 .  Buoyancy and duct des i gn 
f actors may l imi t how l ow a f l ow rat e may be , t o  sus tain an 
a ccep t able uni f o rmi ty o f  di s t ribut i on ,  part i cularly in t he 
context o f  var i able speed f ans . 

S ome f i l t rat i on devi ces depend on an adequat e  vel o c i ty t o  be 
e f f e c t ive ( eg .  f ace veloc i t i e s  of 2 . 5  m/ s are needed f o r  
e l ectros tat i c - type f i l t ers ) ,  hence e s tabli shing minimum sett ings . 
Likewi s e , · humi di f i ers may be governed by minimums e s t abl i shed by 
t h e  moi s ture capac i ty and evaporat i on rat es o f  the carrying a i r . 
I t  i s  evident that the des i gn o f  cent ral air di s t r ibut ion sys t ems 
and t he requirement s o f  the a i r  handler are comp l ex and 
inte rdependent. Any opt imi zat i on o f  a blower perfo rmanc e  mus t  
s t art with a c l early def ined des c ript ion o f  operat ing c ondi t ions . 
I n  the abs ence o f  a ful l , future c on s i dera t i on o f  a l l  o f  the 
syst em parameters , there wi l l  need t o  be assumpt i ons made here as 
t o  f an f l ow and stat i c  pres sure requirements . 
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The s ame provi s o s  a l s o  apply t o  res i dential vent i l a t i on syst ems 
that regula t e  a i r  f l ows into and out o f  the bui l ding . Although 
the i r  ut i l i ty may seem more narrowly def inabl e than recirculat ing 
central forced a i r  sys t ems , there is nothing s t raight f orward 
about det ermining perf ormance requi rements . The f ans must be 
capable of moving the volumes of a i r  prescribed by bui l ding 
codes , but the s t a t i c  pres sure l o s s es are not speci fied . 
Regulat i on o f  p r e s sure may a l s o  be a cri t i cal des i gn parameter ; 
t o  avo i d  c ombu s t i on spi l l age , s o i l  gas ent ry , or induced moi sture 
probl ems . Conditions may need to be sus t a ined over a wi de range 
of i mpac t s ,  interact ive e f f ec t s  wi th the other air moving devi ces 
and fuel burning app l i ances , and variabl e f l ow rates . Cont rol 
aspec t s  of the sys t em,  as wel l  as component int erdependence , are 
cri t i cal determinan t s  of f an performance .  

-

Much o f  the i nsta l l ed exhaus t  equipment demons t rates airflow 
performanc e  s i gni f ic an t ly below rated values ( Ortech )  . For t he 
purposes o f  thi s s tudy ,  i t  i s  assumed that equipment i s  
ac cura t e ly represent ed by fan curves o r  rated capac i t i e s , a t  the 
rated pressure drop , in the absence of third party t e s t ing . We 
a l s o  a s s umed that t hey del iver at l east t he rated airf low in 
typ i c a l  ins t allat i ons , have acceptabl e no i s e  l eve l s  and are 
capable of operat ing c ont inuou s ly . For small , inexpens ive 
equipment t hi s is l i ke ly not the cas e . 

Beyond aerodynamic e f f i c i en c i es , performanc e  e f f e c t iveness , and 
e l ec t ri cal usage, a i r  handl ing sys tems should be eva luated in 
t erms o f  the i r  intended funct i on . Creature comfort and healthy 
indoor a i r  c ondit i ons may be sus tained by a hos t  of s t rategies 
that do not even require mechanical a i r  moving . Current North 
Ameri c an s t ra te gies may appear archa i c  in the near future , as 
environmental comp rehens i on takes root . As bui lding methods and 
produ c t s  change , mechanical sys t ems wi l l  adapt . I f  therma l l oads 
become much sma l l er ,  the capacity and even the use fulness o f  
f o r c e d - a i r  c i rculat ion may render current · cons i derations 
obsol e t e . S imi la rly , the requi rements o f  mechanical vent i l at ing 
f o r  indoor a i r  qual i ty may be subst ant i a l ly a l t ered by source 
r educt i on , regenerat ive t e chnologi es , improved vent i l ation e f f e c ­
t ivenes s ,  and regul ated natural vent i lat i on . 

I t  i s  arguable that ef f ort s t o  improve the e f f i c i ency and 
pffer:-t j .... reness of air moving devices :must not be isolated f rom 
considera t i ons o f  thei r  fundamental purpose and paramet ers . 
Advancement s  will be most product ive when a c omprehens ive 
approach is t aken and c omponent s  are des i gned to suit the who l e . 

-

Nevertheles s ,  current pract i ces def ine a set o f  performance 
requ irement s for air handlers for whi ch ef f i c i ency improvement s  
may y i e l d  l arge saving s . Future des i gn and opt imi zat ion wi l l  
a l s o  have t o  bui l d  on a more c omplete knowledge o f  pos s ible 
component p e r f ormanc e . Thi s  s tudy i s , therefore , an important 
and f ru it fu l  s tart ing point . 

8 



-. 

3 . 5  Pract icalit ies an� Industry Norms 

The introduct i on o f  new prac t i ces and equipment in the res iden­
tial  HVAC indu s t ry  has typically been gradual and increment al , by 
bui l ding on exi s t ing approaches . Homogenei ty has more t o  do wi th 
t he s ca l e  of equipment production t han int r in s i c  t e chno l ogical 
v i rtues; witne s s  the divergence between European and North Ameri­
c an norms . Al though radi cal st rategies may deserve support , the 
l ikel ihood is that modi f i cat ions and improvement s  to exi s t ing 
p roducts  wi l l  bear mos t product ively in the short t erm . 

C entral f or c ed- a i r  sys t ems were typ i c a l ly des i gned for f an opera ­
tion' only when heat ing was required . When c ent ral cool ing was 
adde d ,  opera t i on was ext ended . Cont inuous recircul a t i on has 
become common recent ly ; wi th the growth in high- e f f i c i ency f i l t er 
i nsta l l a t i on ,  f re sh a i r  distributi on , and user preferences o f  
s teady l ow background noi s e  over di s cont inuous f an operati on . 
Equipment manuf acturers are only now introducing product s whos e  
b l owers c an be speed-cont rol l ed e f f i c i ent ly: 

Speed c ontrol technology has tradi t ional ly been l imi t ed t o  pul l ey 
whe e l s  o r  mult i -tap AC motors and the s e  controls were used 
p r imari ly to adj u s t  for vari ations i n  f i eld appl icat i ons . 
Furnace manuf a cturers have a l s o  t ended t o  select  a blower capable 
o f  adj usting to a range o f  p roduct c apaci t i es - t o  reduce t ool ing 
and s tocking c os t s. Therefore , thes e  capabi l i t i es for 
perf ormance adj ustment wi l l  l ikely r emain import ant . 

Current pract i c e  a l s o  a s sumes that f urnace f i l ters wi l l  be 
inf requ ently c l e aned and su f f i ci ent exce s s  capa c i ty ,  to maintain 
requ i re d  a i r f l ow with a plugged f i l t er , is provi ded . Al t hough 
a lternative strategies are pos s ibl e , such as a f i l t er c l e aning 
s ignal or automa t ed c l eaning servi ce s , it i s  l ikely t hat f ans 
must c ontinue to accommoda t e  peri odi c increases in pres sure 
l os s e s  ( wi th a corresponding redu c t i on in air f l ow rat e ) . 

S i ze c onstrai nts have become increas i ngly more s i gni f i cant t o  the 
manufacturer , endeavouring to keep c abinet met alwork and shipping 
vol umes to a min imum, as wel l  as to f ac i l i t at e  ins t a l l a t i on . 
E f f i c i en cy and noi s e  l evel s  have generally been compromi s ed .  

The emphas i s  on heating e f f i c i encies has perversely a f f e c t ed a i r  
handl ing e f f i c i ency . Not only d o  extended heat exchanger 
s ur f a c e s, f low volumes , and face velocities increas e  aerodynami c 
l oad , but the res i stive losses  o f  the mot o r  get inappropriate 
c redit in North Ameri can test standards . 

Most of the f oregoing i s sues apply to vent i la t ing equipment in 
general. Optimal perfo rmance o f  fans mus t  be derived in the 
context o f  current pra c t i ce s . However , thes e  ext e rnal ities wi l l  
hop e fu l ly change over the next decade. 
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4 . 0  EFFICIENCY OF AIR HANDLERS 

4 . 1  Impacts of Energy Eff iciency Improvement & 

For the purposes o f  thi s study , air handling e f f i c i ency can be 
expre s s ed in t e rms of ei ther power [W] , or energy [J or kWh] . 
While ult imat ely the parameter o f  interest i s  energy consumpt ion 
f o r  environmental and c o s t  cons iderations , t echnology compari sons 
a r e  bet t er done on ins t ant aneous characteri s t i c s  ( power ) .  The 
various power-based efficiencies can then be int egrat ed over t ime 
o f  ope ration , f or us e i n  energy calcul a t i ons . 

Abs olut e  air handler e f f i c i ency can be de f ined by how much power 
i s  r equi red t o  provi de a de f ined or imposed load : 

E = Required Output Power [W] 
Input Power [ W] 

The " Requi red Output Powe r " i s  the aerodynami c load imposed on or 
provided by the air handler . The total power del ivered by t he 
a i r  handle r  [W] i s  the sum o f  the power c ontained in the total 
pres s ure o f  t he moving air i . e .  dynami c head , q ,  [ Pa ]  plus the 
s t at i c  pres sure di f f erence , AP [ Pa ] , both developed at the 
requi red a i r  flow , Q [ m3/ s ] . Dynami c or veloc i ty head is q = 
1/2pV2• 

To tal Power = ..!pv20 + !:.PO 2 

Mos t  r e s i dent ial air handlers are ducted sys t ems in whi ch the 
r e l a t ive s i z e  o f  dynami c head i s  small , in the order o f  5 % , and 
it i s  c onven i ent t o  def ine s tatic e f f i c i ency as a measure o f  
power c onvers ion e f f i c i ency unt il the f ir s t , maj or improvement s 
i n  c omponent s and sys t ems have been made: The exc ep t i ons are 
c e i l ing f ans , portable room fans and through - the -wall 
s upp ly / exhaus t  f ans , where a s i gni f i cant proport ion o f  the power 
i s  c ontained in accel e rat ing air f rom rest t o  the desi red speed, 
and t h e  s t a t i c  pre ssure t erm i s  sma l l . 

For most ai r handlers, then, t:hP- i'iPr(')nyn;:imi r:. 01Jtp1Jt power can be 
approximated by APxQ where AP i s  the s t at i c  pres sure , not the 
t ot a l  pressure . 

The i nput power i s  the e l ectri cal power p rovided t o  the a i r  
handl e r . I f  a motor had a power factor of 1 . 0, the Wat t s  
consumed would e qual.the power actually used t o  turn the rotor . 
However ,  there i s  usually addi t i onal current required t o  maint ain 
t he magnet i c  fie l d ,  reducing the power factor below unity . The 
t ot a l  p ower supp l i ed the motor i s  called the volt -amps [VA] , als o 
i n  uni t s  o f  Wat t s , rather t han power met er Wat t s . The cu·rrent to 
mai n t a in the magnet i c  f i e l d  does not consume power at the motor , 
but i ncurs energy los s e s  and capital cos t s  for the ut ili ty . 
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Appendix B sugge s t s  a formula t o  a ccount for total Wa t t s  consumed 
as a result of power factor performanc e .  Thi s  formul a  has been 
used f or e f f i c i ency calculat ions in thi s study . 

I t  i s  instru c t ive t o  bri e f ly explore the magni tude and 
s i gni f i cance of t he e f f ect on the e f f i c i ency of a motor/ fan s e t . 

4 . 1 . 1  Effect of Flow Rate 

As suming s tat i c  pres sure drop and e f f i c i ency s t ay cons t ant , the 
e f fect o f  reducing t he f l ow rate is governed by the relat i onship 
i dent i fi ed above . 

Load = ll.PxO 

where : Q = Ai r Flow Rat e  
A P  = S t at i c  Pres sure Los s  

[WJ 

[m3/ s ]  or [ L / s ]  / 1 0 0 0  
[ Pa ]  

For t urbul ent f l ows , AP vari es approximat ely wi th the s quare o f  
t h e  f l ow rat e ,  Q ,  resul t ing in t h e  l oad vary ing t o  the third 
power o f  Q :  

Load = Oxll.P = OxC(j = C(j 

( C  i s  a cons t ant based on sys t em charac t eri s t i c s ) 

0 3 Load2 = ( -1.) x Load1 01 
Thi s  sugge s t s  that there i s  an 87 . 5% reduct i on in requi red output 
power at a 5 0% l ower f l owrat e  and demon s t rates that , for an 
unchanging e f f i c i ency , s i gni ficant reduc t i ons in input power are 
p os s ible at even modest reduct i ons in air f l ow rat e . 

4 . 1 . 2  Effect of Static Pre••ure 

As suming that both the a i r  f l ow rat e and e f f i c i ency s t ay 
cons t ant , the variat i on o f  l oad with s t a t i c  pre s s ure i s  l inear . 
Thus , reduct i on o f  f ri c t i onal l os s es produce proport i onal 
reduct ions in input power . 

4 . 1 . 3  Effect of Efficiency 

Input p ower i s  an invers e  funct i on o f  e f f i c i ency : 

Input Power = Required Output Power 
E 

Typi cal e f f i c i encies  o f  bathroom exhaus t ers are 3 % .  Thei r  input 
p ower is ove r  3 3  t imes greater t han the useful power demand . 
Another way o f  express ing thi s i s  that 3 2  t imes more energy i s  
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pres ently was t ed t han t he work requi red t o  move the a i r . Ra i s ing 
the e f f i c i ency t o  5 0 %  would reduce the input power to two t imes 
t he u s e ful power demand ( decreas ing wa s t e  by 17 0 0 % ) . 

Clearly a great pot ent ial f or reduct ion o f  f an power i s  a f f orded 
by. s i gn i f i cant improvement s  in air handler e f f i c i ency . 

4 . 2  Efficiency of a Motor/Fan Set 

The f ollowing e f f i c i ency s ummary really only applies to a 
mot or/ f an s et bas ed on " ideal " ( i . e .  developed or undis turbed 
flow condi t i ons) f or the type of fan in quest ion . Wh i l e  the 
t op i c  i s  clearly more complex than indi cated by the e f f i c i ency 
summary ,  the li s t  o f  e f f i c i ency component s i s  nevertheles s  u s e ful 
as a t oo l  t o  categori z e  performance a s  discus s ed in the 
s ubs e quent sect ions , part i cularly as i t  applies to fan/motor 
combinat ions . As s t at ed i n  Section 2 . 0  Approach , the s cope o f  
t h e  s tudy i s  limi t ed i n  t hat n o  det ailed di s cuss ion i s  pre s ented 
on the e f f i cacy o f  connect ed duct sys t ems and other " sy s t em 
e f f e c t s " .  Simi l arly the e f f i c i ency whi ch account s f or increased 
flow di s turbance , £t1, i s  di s cussed but i s  not rigorously 
quan t i f ied ( eg .  Sec t i on 4 . 3 & Appendix D ) . Thos e  di s cus s i ons 
s hould be i nve s t i gated in f uture work . 

The e f f i c i en c i e s  are grouped as motor- related ( involving 
ele c t ri c al power t o  mot o r  sha ft power conversion ) , fan - related 
( involving fundament al f an performance ) and drive -related 
( involving both s ha f t  and aerodynami c los s e s  ( including f ri c t ion )  

between the mot o r  and f an ) . 

Clearly a great pot en t i al for reduct i on o f  f an power i s  a f forded 
by s i gn i f i c ant improvement s in air handler e f f i c i ency . I t  
underlines t h e  need t o  invoke sys t ema t i c  s t rategies beyond 
f undament al rated mot o� and fan performanc e .  

Mot or / Fan Set Ef f i c i ency 

E.r = Em x Er x Ed 

Emf = e f f i cien�y of t he mot or/fan set 
£rn = e f f i c iency o f  the motor 
£f = e f fi ci ency of the f an 
£d = e f f i ciency o f  the drive 

Mot or E f f i c i ency 

£n . .r = 
£pf = 
£1 = 
£!!p = 

Em = Emr X Epr X E1 X E61' 

rated e f f i c i ency at 10 0 %  load at fundament al speed 
e f f i c i ency redu c t i on based on power factor 
e f f i c i ency reduct ion due t o  part loading 
e f f i c iency reduct i on due to moto r  speed or load cont rol 
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-

Fan E f f i c i ency 

f. :,,- = 

f. : :  = 

f.q� = 

f.t, = 

Er = Err x Er1 x Eb 

t e s t e d  or rated peak e f f i c i ency o f  fan , i . e .  under 
devel oped f l ow in a given app l i cat ion 
e f f i c i ency reduct ion account ing for actual app l i ca t i on 
c ondi t i ons or d i s turbanc e  o f  devel oped f l ow 
o f f -peak reduct ion for operat ing at lower than peak 
s t at i c  e f f i c iency 
e f f i c i ency reduct ion due t o  bearing frict ion wi th 
resp e c t  t o  t es t ed value without bearing loss 

Drive E f f i c i en cy 

f.t,a 

f. al 
= 
= 

Ed = Ebd X Eal 

e f f i c i ency reduct ion due t o  bel t  drive 
e f f i c i ency reduct ion due to aerodynamic loss  i mpos ed by 
mot o r  placement in inl et a i r s t ream for direc t - drive or 
belt -drive syst em 

Not e : I f  an e f f i c i ency reduct i on component does not exi s t , i t  
should b e  dropped from the equat ion o r  ascribed 1 . 0 ,  
depending on t he cont ext . 

4 . 3 Motor/Fan Set Ef f iciency vs . Air Handler Device Ef f iciency 

To c l early de f i n e  e f f i c i encies , a di s t in c t ion must be made 
between a mot o r / f an s e t  and an a i r  handl ing devi c e . A mot or / fan 
s et c an be the ent ire a i r  handler , such as in the case o f  a 
c e i l ing f an o r  an in-duct boos ter f an ,  but o f t en the a i r  handler 
i s  a mul t i - component devi c e  ( eg .  furnace ,  heat recovery 
vent i l at o r ) . 

The performanc e  o f  t hese mul t i - component devi ces i s  usual ly 
de f ined by des i red f l ow and the exte rnal s t at i c  pressure drop 
impos e d  by the connect ed ductwork and f l ow .  Within the devi c e ,  
the f an /motor set c an be exposed t o  s igni f i cant ly hi gher s t at i c  
pres sures , a t  roughly the s ame f l ow .  As a case i n  point , 
def ining the a c t ua l  operat ing parame t ers for a convent i onal 
furnace mot or/ fan s et is di f f i cul t . 

A furnace has been viewed primari ly as a heat ing devi c e  with a i r  
f l ow requirement s  a c ros s the heat exchanger , rather t han a t rue 
air handle r . The des i gn of furnac e  air handl ing usual ly vio l a t es 
many principles o f  good engineering prac t i ce ( for exampl e  s e e  
( A . M . C . A . ) ) .  The sum t o t al o f  poor a i r  handl ing det a i l s  wi l l  

result i n  s i gn i f i c ant reduct i on i n  f an e f fi c i ency; however , 
l i t t l e  res earch has been conducted t o  quant i fy this e f f e c t . S ome 
manuf ac turers t ry  t o  execut e t he bes t  des i gn in a di f f i cu l t  
s i tua t i on ,  whi ch i s  made worse by the t rend t o  down s i z e  equipment 
( part i al ly f o r  reasons of compet ing wi t h  non - forced- air heat ing 

e quipment ) .  

1 3  



I f  a furnace were des i gned more sys t emat i c a l ly ,  i . e .  fan upst ream 
t o  a l l ow devel oped f l ow ,  then the ra ted fan e f f i c i ency would be 
a chieved . There would be a pressure drop associat ed wi th the 
f urnace cabinet ( t o ma intain the des ired f l ow across the heat 
exchanger ) but it woul d  be more reasonabl e .  

For examp l e ,  i f  the furnace pressure drop with the fan mounted 
out s i de the cabinet i s  85 Pa , the ext ernal s t at i c  requi red i s  1 0 0  
P a  ( inc luding t he A / C  coil ) ,  the a i r  f l ow i s  6 0 0  L / s  and the 
mot or draws 7 5 0  W ,  t hen the motor/ fan set and devi ce e f f i c i encies 
f or the furnace , are as f o l l ows : 

Emf = 1 8 5 Pa x 6 0 0L/s = 

1 0 0 0 L/m3 x 7 S O W  15%  

Edsv = l O OPa x 6 0 0L/ s = 8 %  1 0 0 0  x 7 5 0 W  

Thi s  sugges t s  t hat one can define an equival ent cabinet 
e f f i c i ency , E e , whi ch equal s  1 0 0  Pa divided by 1 8 5  Pa or 0 . 5 4 ; 
such that E aev = E e: x Emf . 
As a result i t  can be not ed that , i f  there i s  no des ign change 
within the furnace ,  the maximum devi c e  e f f i c i ency is 5 4 % , with a 
mot o r / fan s e t  operat i ng at 1 0 0 %  e f f i c i ency . 

The industry s i z e s  furnac e  f ans for equiva l ent cabinet s t a t i c  
pres sures ranges o f  1 0 0  - 1 7 5  Pa , wi th the blower i n  the furnace 
c abinet , and 5 0  Pa - 1 2 5  Pa ext ernal to the furnace , depending on 
duc twork and a i r  c ondi t ioning ( Energy Technol ogi es ) . Whi l e  the 
a s sumed cabinet s t a t i c  pres sure may not l inearly t rans late into 
p ower requi remen t s  for reasons of f l ow intera c t i ons , for values 
of 1 5 0  Pa for the cabinet and 1 0 0  Pa for ext ernal s t a t i c  pressure 
los s es , t he e f f i c i enc i es are as follows : 

Emf = 

Edev = 

2 5 0  Pa x 6 0 0  L/ s = 
2 0%  1 0 0  x 7 s o  w 

1 0 0  Pa x 6 0 0  L/ s = B% 1 0 0 0  )( 7 S O W 

The equiva l ent c abinet e f f i c i ency and maximum devi c e  e f f i c i ency 
(wi t h  1 0 0 %  moto r / fan set ) would be 4 0 % . We have only been abl e  
t o  d i s c over one p i e c e  of f i e l d  dat a  with suf f i c i ent electri cal 
and air f l ow measurement ( B . Woods : personal communicat i on ) .  The 
furnace fan , prior t o  r eplacement wi th a high e f f i c i ency motor 
had t he foll owing charact eri s t i cs : 

E = 9 4  Pa x 50 0  L/ s = 8% dsv 1 0 0 0  X 5 5 0  W 

Aft er a high e f f i c i ency AC motor replacement , the input energy 
was reduced t o  4 1 0 W ,  thus increas ing the devi ce e f f i c i ency t o  
1 1 % . 
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5 . 0  EFFICIENCY OF MOTORS , DRIVES , AND CONTROLS 

5 . 1  Technology Descript ion 
( for a more det a i l ed d i s cuss ion s ee Appendix A )  

5 . 1 . 1 Motors 

The l arge maj o r i ty of resident i a l  app l i ances use s ingl e -pha s e  
a l t e rnat ing-current ( AC )  induct i on mot ors . Induct i on refers t o  
t h e  vol t ag e  and current " induced " i n  the rot or ( i . e .  rotat ing 
part of the motor ) by the rotat ing magnet i c  f i e l d  occurring in 
t he s t at or { i . e .  non - rotat ing part ) . The s e  mot ors have a 
charact eri s t i c  speed ( rpm ba sed upon the number o f  pol e pairs in 
the mot or des i gn ) . The actual mot or speeds are usua l ly l ower due 
t o  "motor s li p • and l oad imposed on t he mot or . 

I n  North Ameri c a , mot ors are commonly rated by power output with 
uni t s  o f  horsepower [ Hp ] . One Hp is equiva l ent t o  about 7 4 6  W .  
Note that a 2 5 0  W [ 1 / 3  Hp ] motor wi th an e f f i c i ency of 3 0 % 
a c t ually draws 8 3 3  W o f  input power . 

Motors for res i dent i a l  vent i l at ion equipment and furnaces are in 
the f ract i onal -hors epower range , that is 1 / 3 0  t o  3 / 4 Hp . 
Improved f an and drive e f f i c i encies would t end t o  downs i z e  motor 
output requi rement s  bel ow 1 / 3 0  Hp . 

I nduct i on mot o r s  need an e l ectromagnet i c  f i e l d  t o  operat e and 
current mus t  be supp l i ed t o  maintain t he f i e l d . Thi s current , 
being out o f  phas e  with the current that provides t orque output , 
does no real work and i s  known as reac t ive power . Power consumed 
t owards doing mot or work i s  c a l l ed act ive power . The rat i o  o f  
a c tive power t o  t ot a £  power i s  known as t he power f actor . I f  the 
p ower f a c t or i s  l es s  t han uni ty , addi t ional energy must be 
s upp l i ed by the e l ectrical  gri d  to compens ate for the l o s s es 
incurred by the increase in current . Whi l e  energy consump t i on i s  
usua l ly quant i f i ed from act ive power ( i . e .  a t  t he house ) ,  total  
a ccoun t i ng shou l d  include t he total  power consumed to derive 
total  energy c onsump t i on . 

C onvent i onal f ra c t i ona l Hp mot ors vary great ly in e f f i c i ency 
( di s cus sed i n  the next s e c t i on )  and power f actor . Shaded-po l e  

mot ors are mos t  common i n  t he sma l l  s i z e s  and have power f ac t ors 
r anging f rom 0 . 5  to 0 . 7 .  At the other end o f  the power factor 
s ca l e  are permanent s pl i t  capaci tor mot ors wi th power factors as 
high a s  0 . 9 5 .  Appendix A gives a di s cus s i on o f  the e f fect of 
p ower factor on e f f i c i ency . 

· " Hi gh-ef f i c i ency • motors p resent ly ava i l able are improved des i gns 
that min imi z e  l os s es , but s omet imes are no bet t er than the mot ors 
produc ed pri or to " least cap i t a l  cos t " e f f i c i ency reduct i ons in 
the 1 9 5 0 ' s .  General ly , e f f i c i ency improvement s are due t o  
improved overal l des i gn and the u s e  o f  more appropriat e mat e r i a l s  
f or conduct ive windings , as wel l  as a f errous core . The best 
hi gh e f f i c i en cy mot or s  are redes i gned spec i f i cal ly to minimi z e  
l os ses . At 7 5 %  e f f i c i ency , high- e f f i c i ency 1 / 3  Hp furnace mot ors 
are about 5 0 %  more ef f i ci ent t han the convent ional ones they repl a c e . 
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A promi s in g  AC mot or i s  the swi t ched reluctance motor . In a 
reluc t ance mot o r  the rotor does not require e l ectrical 
exc i t a t i on . Thus there are no rot or or e l ectrical res i s tance 
l os s e s  by fundamental des i gn ,  whi ch is an advantage over 
induct ion motors . Tradi t ional ly , the reluctance mot ors were used 
f o r  sma l l , cons t ant - speed l oads such as t imers and turnt abl es . A 
speed-con t ro l l ab l e  var i a t i on ,  the swi t ched reluctance motor , 
s hows promi s e  a s  a l ow- l o s s /high-power- factor AC mot or in 
c ompet i t i on wi t h  ECM DC mot ors ( s ee be l ow ) . Apparent ly physi cal 
s i ze c an a l s o  be s i gn i f i cant ly reduced ( S . R .  Drives Ltd . ) .  

There i s  a l s o  work being done on s impl e  methods o f  synthes i z ing 
t hree -phas e  power f rom s ingl e -phase res i dent i a l  s ervi c e , thereby 
a l l owing the u s e  o f  inherent ly more e f f i c i ent three -phas e  mot ors 
used in c ommerci a l  and industrial ins t a l l a t i ons . 

One type o f  DC mot or i s  t he electronical ly - c ommutat ed motor 
[ ECM] : a brushl es s ,  permanent magnet type motor . The brush­
commuta t or combinat ion i s  replaced by an int egrat ed c i rcuit whi ch · 
swit ches pol a r i ty t o  t he windings o f  the stator . The polarity 
reversal i s  s imi l a r  t o  AC motors , wi th the di f ference being t hat 
the r ever sa l  rate can be directly cont rol l ed at the mot or . ECM 
and AC mot o r s  are compared in t he chart below . 

ECM Mot o r  over AC Mot or 
Advantage s : 

Minimal roto r  l o s ses and high 
power f a c t or due t o  
permanent magne t  

Inheren t ly speed cont rol l ab l e  
Speed c ont rol programmable for 
spec i f i c  app l i cat i ons · 

Dis advant ages : 

Increased cost over 
s ingl e -phas e  AC motors 

Can generate harmoni c s  
and e l ec t roni c  noi s e , 
c reat ing probl ems for 
t he ut i l i ty and consumer 
e l e c t roni c s  

Table 5 . 1  Advantage• and Diaadvantagea of BCM Motor• over AC 
Motors . 

5 . 1 . 2  Motor Drive& and Speed Control &  

Al l exc ept t h e  sma l l e s t  f ans have t radi t i onal �y been driven by 
bel t s , i n  o rder t o  l ink motor s ha f t  output t o  f an input . Thi s  
a l l owed s ome opt imi z ing o f  fan rpm f o �  a part i cular app l i cat i on ,  
by us e o f  pul l ey diame t er rat ios . I n  res i dences , only the larger 
f urnac e  blower typi ca l ly used a bel t  drive , because compactnes s 
was not an i s sue and f l exibi l i ty for f i e l d  condi t i ons was 
c ons i dered a pos i t ive f eature . Range hoods , exhaus t f ans and 
HRV ' s have sma l l ,  direc t - drive f ans . Increas ingly , furnace f ans 
are being out f i t t ed with direct drive , by ins ert ing t he motor in 
t he intak e  opening of the airst ream ,  f or purposes of mot or 
c ool ing ( whi ch i s  import ant for l ow- e f f i c i ency motors , and o f  
a lmos t  n o  c ons equence f or very high- e f f i c i ency mot ors ) and 
c ompactnes s . 
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The l arge pot ent i a l  for energy savings resu l t ing from t a i l oring 
motor output to var i abl e impos ed loads has driven devel opment o f  
e l ectroni c  AC mot or speed control t echnol ogy ; the most 
fundament a l  of the s e  is  t he mul t i - speed or mul t i - t ap mot or . 
However , thi s s t rat egy i s  never rea l ly e f f i c i ent because only 
s ome of t he pol e  windings are used for mos t  speeds , so t he 
" ac t ive " c ondu c t o r  i s  only a f ra c t i on o f  the total ins t a l l ed 
c onductor . Magnet i c  mat er i a l  ut i l i z a t i on i s  a l s o  reduced . 
Further , the l owes t  speed i s  usual ly not l e s s  than 7 0 %  o f  ful l ­
rated speed , which i s  not a dequa t e  f or many app l i cations ( eg .  
l ow speed for HRV ) . 

The s imp l e s t  e l e c t roni c  adj u s t ab l e  speed drive [ ASD ] ·i s  the 
s l i ding t rans f ormer t ap or res i s t ance t ap variety ( s imi lar t o  

- i ncande s c en t  l i ght dimmer swi t ches ) that c an vary vol t age , thus 
changing rpm and t orque . I f  compat ibl e ,  it can be combined wi t h  
a mul t i - speed mot o r  t o  minimi z e  input power i n  a cons t ant - f l ow 
appl i cat i on . 

·
some , however , show l i t t l e  reduct ion or actua l ly 

increas e i nput power t o  the speed cont ro l l er , when motor output 
n eeds are reduced . 

Many automa t i c  e l ec t roni c  ASD ' s  have been devel oped for l arger 
mot ors . Speed c ont rol is usua l ly used to reduce motor output 
( i . e .  var i able torque ) to mat ch changing l oads . The most common 

t e chnology used for f ract ional Hp indu c t i on mot ors i s  the 
vol t age- s ourc e  inverter ASD . Since mot or speed i s  proport i onal 
to the frequency of the AC waveform, the AC supply is converted 
to DC power and reinvert ed t o  a f requency-adj ustabl e and vol tage­
a dj u s t ab l e  AC waveform . 

A resident i a l  ret ro f i t  product ,  the Green Plug ( s ee Appendix A ) , 
c an s ense the opera t i onal charact eri s t i c s  o f  motor l oading , i . e .  
current and motor s l ip ,  t o  minimi z e  input energy for a given 
motor l oad ( eg .  r e f r i gerator compres sor ) . 

The s e  relat ively expens ive e l ec t roni c  ASD t e chnologies compet e 
with the highly e f f i c i ent and cont rol l able ECM motor . ECM ' s a re 
avai l ab l e  wit h  e l e c t roni c  erasable programmabl e read-only memory 
[ EEPROM] chips t hat a l l ow a cus t omi zed app l i cat ion a l gori thm t o  

b e  u s ed f o r  mot or c on t ro l . Thi s " managed " output produces 
drama t i c  reduct i on s  i n  i nput power when output needs are reduce d ,  
produc ing a lmo s t  constant e f f i ci encies throughout . 

For f an t e chnology , there i s  a benef i t  in s imply changing the 
motor ' s  speed charac t er i s t i c s , e s s ent ia l ly f or the same load , 
enabl ing di f fe rent , more e f f i c i ent fan des i gns t o  be u s ed ( see 
S e c t i on 7 . 2 ) . Al t ernat ively , direc t - drive furnace blowers 
require l ower speed mot or s  than bel t -drive f urnac e  blowers . Low­
speed mot ors , however ,  are i nherent ly l e s s  e f f i c i ent . A highe r ­
e f f i c i ency , speed- c ontrol l ed mot or may have a hi gher resu l t ant 
e f f i c i ency in thi s app l i ca t i on . 
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5 . 2  Motor Efficiency 

Improving motor e f f i c i ency for sma l l  a i r  handl ers i s  a very 
recent phenomenon . Most present vent i l a t i on equipment uses 
convent i onal l ow e f f i c i ency mot ors . The e f f i c i encies and 
app l i cat i ons of the predominant types are given below : 

Motor Type 

Shaded Pol e  

Capaci t or S tart 

Permanent Spl i t  
Capac i t or 

Applicat ion 

Bathroom 
exhaus t ers , 
range hoods 
direct -drive 
f urnaces , a i r  
c ondi t i oning & 
f an coi l s , HRVs . 

Cont inuous 
vent i lation ,  
furnac e  
( be l t -drive ) . 

Cent ral 
vent i l a t i on ,  
HRVs , 
f urnace . 

OUtput Watt 
[Hp ]  Range 

1 - 2 0 0  
[ 1 / 1 0 0 0  - 1 / 4 ]  

4 0 - 2 0 0 0  
[ 1 / 2 0  - 3 ]  

1 0 - 2 0 0 0  
[ 1 / 1 0 0  - 1 ]  

Efficiency 

1 0 %  - 2 5 % 

3 5 % - 5 0 %  

3 5 %  - 5 0 %  

'!'able 5 . 1  Overview of Motor Types , Bffic ienc iea and 
Application& . 

The e f f i c i enc i e s  s hown .above are rated e f f i c i enc ies ( i . e .  at 1 0 0 % 
l oad ) . The f o l l owing s e c t i ons des cribe characteri s t i c s  whi ch may 
reduce AC moto r  e f f i c i ency under normal u s e : 

Motor Loading 

At 40 % l oading , c onven t i onal motor e f f i c i ency i s  usual ly in t he 
order o f  5 0 %  or l es s  of the rated e f f i c i ency . 

Motor Speed 

The higher the fundamental speed ( i . e .  the f ewer the number o f  
poles ) the higher t he e f f i c i ency . For examp l e , an 1 8 0 0  rpm ( 4  
pol e )  mot or i s  about 7 %  more e f f i c i ent than a 1 2 0 0  rpm ( 6  pol e )  
mot o r . ( Not e that d±rect -drive furnac e  blowers must u s e  a l ower 
rpm mot o r  t han bel t  drives , s ince t he f an has not been rede s i gned 
f o r  higher rot a t i on speeds ) . 
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Power Factor 

The l ower t he power factor the higher the t o t a l  power consumed , 
but power factor i s  a l s o  a f f ec t ed by motor l oading and speed . An 
examp l e  o f  convent i ona l motor characteri s t i c s  and resul t ing 
e f f i c i encies i s  given in the Table 5 . 2 .  Not e  that the e f f i c i ency 
reduct i on due t o  mot or l oading , £1 i s  1 at  1 0 0 % l oad and 0 . 5  at  
4 0 %  l oad . ( PF = power f a c t or ) . 

3 6 0 0  rpm 

1 2 0 0  rpm 

Table 5 . 2 

PF Ear £pf £ I 
• 

x £1 
1 0 0 %  l oad 0 . 8 5 6 0 %  9 8 % 5 9 %  

40 % l oad 0 . 5 0 3 0 %  8 5 %  2 6 % 

1 0 0 %  l oad 0 . 7 8  54% 9 6 %  5 1 %  

4 0 %  l oad 0 . 4 5 2 7 % . 8 1 %  2 2 %  

The Effect of Power Factor and Loading on Motor 
Efficiency 

The f o l l owing t able gives the relat ive input power corresponding 
t o  t he e f f i c i encies above . ( 1 0 0 % l oad = 1 uni t  o f  output power ) 

3 6 0 0  rpm 

1 2 0 0  rpm 

Table 5 . 3  

Output Power 

1 0 0 %  load 1 . 0  
4 0 %  l oad 0 . 4 

1 0 0 %  l oad 1 .  0 
4 0 %  l oad 0 . 4 

Input Power Input Power 
( P . F .  modif ied ) 

1 . 67 1 . 7 0 
1 . 3 3  1 .  5 4  

1 . 8 5 1 .  9 6  
1 . 4 8 1 . 8 1 

The Effect of Motor Load and Power Factor on Motor 
Input Power 

Not e tha t  at the house , these motors woul d  draw a lmost as much 
power at 40 % l oad as a t  1 0 0 %  l oad . I f  t o t a l  ut i l i ty power i s  
c ons i dered , there are c a s e s  where input power can actua l ly be 
grea t er . 

There are s everal inc i dences where s i gni f icant res earch e f fort 
has been expended on the f an aerodynami c s  and even the mot or 
housing aerodynami c s , but the fundamenta l  motor t e chnol ogy . i s 
s t i l l  c onvent i onal . Some manufacturers of high- end furnaces and 
heat pumps have s tart ed incorporat ing ECM mot ors , part i a l ly f or 
direct increa s e s  in f an e f f i c i ency , but more t o  provide mul t i ­
s t age a i r  f l ow and capa c i ty o f  the i r  equipment . Thi s  a l l ows a i r  
c irculat i on , whi ch t ends t o  b e  increas ingly c ont inuous ( for 
heat ing , cool ing , f i l t rat ion and vent i la t i on ) , t o  occur at a much 
l ower t ime-averaged input power . ECM mot ors exhibit rated 
e f f i c i encies of 6 8 %  to 8 0 % , c ompared to 3 5  - 5 0 %  for permanent -
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sp l i t - capaci t o r  mot ors . Thei r  actual , in-place e f f i c i encies are 
much hi gher t han convent i onal mot ors . 

Electr i c  ut i l i t i e s  o f fer incent ives for u s e  o f  more e f f i c i ent 
motors for furnace blowers t o  reduce e l ec t r i c  demand . They 
spec i fy a minimum e f f i c i ency at rated Hp . To be cons i dered as 
hi gh e f f i c i ency , 1 / 3  Hp induction mot ors must operate at 7 1 %  t o  
7 4 %  e f f i c i ency ; a t  a n  1 0 0 %  l oad rat ing t hi s  i s  a n  e f f i c i ency 
improvement in the order of 4 5 % . 

Future mot or d e s i gns , with int egrat ed-c ircui t , programmabl e speed 
cont rol s ,  shou l d  be abl e  to opera t e  at c l o s e  to 9 0 %  e f f i c i ency at 
1 0 0 %  l oad and 8 5 %  e f f i c i ency at 4 0 %  l oad . 

5 . 3  Drive Control Efficiency 

Convent i onal b e l t  drives us ing V-be l t s  typically experi ence 
l os s es , due to bel t  s l ippage , in t he order o f  1 3  - 1 5 %  [ Eba = 8 5 %  
- 87 % ] . I f  bel t s  a r e  p roperly ma int a ined and loosened t o  the 
point o f  minimum s l ippage , the l o s s  i s  around 1 0 %  [ Eba = 9 0 % ] . 
The use o f  a more s ophi s t i cated synchronous bel t  can a l l  but 
el iminat e  thi s l os s  and maintu in t he f l exibi l i ty of adj us t able 
f an speeds . The e f f i c i ency e f f e c t s  o f  aerodynami c l o s s es of 
pul l ey bel t  a s s embl i es , as  t e s t ed at Ontario Hydro , was E a1 = 

83 % .  Di rect drive arrangement s have no drive losses , but 
increase aerodynami c l os s es to the f an ,  because the motor i s  in 
the air s t ream . Actual e f f i c i ency reduct ion i s  spec i f i c  t o  the 
a erodynami c s  of motor hous ing , s i z e and l ocat ion . ( I t i s  
pos s ible t o  actually improve blower or fan e f f i c i enc i e s  because 
of motor s hape e f f e ct s , although that is unl ikely in household 
equipment . )  Convent i onal direct furnac e  blowers can have an 
a erodynamic e f f ec t  e f f i c i encies , E ai . o f  8 0 % . 

AC adj u s t able speed drive [ ASD] e f f i c i enc i es can vary depending 
on des i gn , but t end t o  be high [ Ea = 9 5 % ]  at rated speed . 
However , t hey have a higher t endency t o  drop wi th l oad than ECM 
mot ors . At 4 0 %  l oad , t he variable - t orque type may have a drive 
e f f i ci ency o f  8 5 % ,  down f rom 9 5 % . 
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6 . 0  FAN EFFI C I ENCY 

6 . 1 Technology Descript ion 

There are three main types o f  fans : cent ri fuga l , mixed f low , and 
axi al . Fi gure 6 . 1  ( Da ly )  give s a s t at i c -pres sure - t o - f l ow 
compar i s on for di f ferent f ans that have a ' t ot a l -pressure ' x 
' fl ow '  output o f  1 0  kW . 

Narrow cent r i fugal f ans have high s t at i c -pres s ure t o  f l ow rat i o s  
whi l e  other c ent r i fugal f ans sat i s fy a broad , mid- range o f  
s t a t i c -pres sure t o  f l ow rat ios . Free a i r  axi a l  fans produce high 
f l ows a t  min ima l  s t a t i c  pres sure , but vane axi a l  fans (which us e 
inlet o r  outl et vane s  t o  develop addi t i onal f l ow chara cteri s t i c s ) 
compet e wi t h  mid-range cent r i fugal f ans . 

For a more detai l ed d i s cus s i on t han pre s ente d  bel ow ,  see ( Torin ) . 

6 . 1 . 1  Centr i fugal Fans 

The mos t  cormnon cent ri fuga l f an in resi dent i a l  use i s  the 
f orward- curved blower wheel enc losed in a s crol l  hous ing . Sma l l  
impell ers i n  t h e  5 0  t o  2 5 0  mm diameter range a r e  commonly 
f abri cat ed wit h  punched blades bent from the parent mat erial . 
O f t en ,  the blades are f l at ; bet t e r  wheels use formed s t rips o f  
met al approxima t ing an aerodynami c a i r foi l . Thes e  s t rips are 
connect ed wit h  t abs t o  t he out er ring and backp l at e ,  which a l l ows 
f o r  opt imi z a t i on o f  spac ing o f  the blades . Typically the 
impel l er width i s  5 0 %  of the wheel diame t er and the blade depth 
is about 8 %  of the diameter . Thi s  type o f  imp e l l er can become 
uns tabl e  and exhibi t  poor p erformance wi thout a properly des i gned 
s crol l  hous ing . Oft en a sma l l er t han opt imum ( or " t ight " ) 
hous ing i s  used t o  reduce t he overal l s i z e  o f  the f an ,  resul t ing 
in a corresponding reduct i on in e f f i ci ency o f  2 0 % . 

I n  a forward- curved f an ,  t he a i r  i s  accel erat ed and propelled 
f rom the periphery o f  the impel ler , then out o f  the s croll 
opening , at  high speed . Most o f  the velocity pressure has been 
convert ed t o  s t a t i c  pres sure by the t ime t he a i r  leaves the 
hous ing . In addi t ion t o  the des i gn of t he imp e l l er , t he 
performance o f  a blower depends on : the des i gn o f  the hous ing ; 
the di ameter o f  the i n l et ring in relat ion t o  t he impeller 
diame t e r ;  t he clearance between the impel l er and the hous ing 
i n l et ; the l ocat i on and shape o f  the cuto f f ;  the shape and 
dimens i ons o f  t he housing ; and t he shape of the s crol l opening . 

A phy s i cal inspection o f  relat ively sma l l  vent i l at ion and furnace 
f an s  shows s igni f icant gaps between the impel l er and hous ing 
inlet  ( some big enough t o  put your finger in ) suggest ing l arge 
reduct i on s  f rom poten t i a l  peak e f f i c i encies . I t  i s  also int er­
e s t ing t hat a s t andard by t he Japanes e St andards As sociat ion 
( J . S . A . ) for belt -driven c ent ri fugal fans spe c i f i es minimum t o l -

erances f or c e r t a in des i gn paramet ers , one o f  whi ch i s  inlet gap . 
Thi s  s t andard s t i pulat e s  the c l earance as being no more t han 
1 / 1 5 0 th o f  the impe l l er diameter , but need not be l e s s  than 3 mm .  
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Each fan. operating at top speed and best efficiency point � is chosen for en output 

Q "  P1 • 1 0 kW . 
Peak input power is taken at 0 
Drawings are to a uniform scale of 1 : 1 00 

A Backward-
curved 
Half-width 
630mm 
42 rev/s 
1 3 ·5 kW at A 
1 7  kW at 0 

B Backward-
curved 
Ful l-width 
630mm 
36 rev/s 
1 2  kW at A 
1 4  kW at 0 

C Axial 
50% hub 
630mm 
48 rev/s 
1 3 ·5 kW at A 
1 5  kW at 0 

D Forward-curved 
centrifugal 
700mm 
1 B rev/s 
1 5  kW at A 
30 kW at 0 

E Multi -vane 
centrifugal 
850mm 
9 rev/s 
1 5  kW at A 
30 kW at 0 

F Axial 
35% hub 
1 000mm 
24 rev/s 
1 3  kW at A 
1 5  kW at 0 

G Axial 
25% hub 
2000mm 
1 2  rev/s 
1 2 ·5 -kW at A 
1 4  kW at 0 

Fig. 6 . 1  Comparative Fan Dea igna at Bqual output Power { Daly , 
pg • 1 3  3 - 13 4 ) . 
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Incre a s i ngly , backward- incl ined impel l er des i gns are ava i l abl e . 
. As the n ame indi cates , the t ip o f  the bl ade faces backwards with 
respect t o  the wheel rot a t i on . Thi s  caus e s  the a i r  t o  leave the 
whee l  wit h  a l ower e f f e c t ive velocity and a higher s t a t i c  
c omponent than a forward-curved des i gn ,  and therefore loses l e s s  
energy from convert ing vel o c i ty pres sure t o  s t a t i c  pres sure in 
the s cr o l l or cas ing . For this reason , it is a l s o  not necessary 
to rely on a s crol l  housing ( e . g .  FanTech ) ,  and backward- incl ined 
imp e l l er s  are s omet imes used wi th cyl indri c a l  hous ings at an 
e f f i c i en cy l os s , but with s imp l i c i ty and cost  advantages . 

I n  thi s c as e ,  out let vanes are s omet imes u s ed t o  improve the 
s t a t i c  performance ,  by reduc ing the out l e t  swi r l  component . 
Out l et vanes tend t o  have b lades that are spaced further apart 
whi ch may be u s e ful in sma l l  impe l l ers , where o therwi s e  t i ght 
blade spac ing may l imi t performance , due to bl ade roughnes s or 
boundary l ayer e f fect s . The inlet cone / impel l er int erface i s  
des i gned di f f erent ly for these f ans , than i n  f o rward curved fans , 
t o  minimi z e  inlet c l earance ( s ee Fig 6 . 2 ( Wr i ght ) ) .  Sma l l  
c l earanc e s  are more import ant , due t o  the higher s t at i c  pressure 
at the impe l l er . (An overvi ew o f  des i gn i s sues a f fect ing 
c en tr i fugal blowers is given in Appendix B )  . 

A spe c i a l  c entri fugal f an appl i ca t i ori i s  t he induced- dra f t  
c ombus t i on exhaus t  blower whi ch operat es at rel a t ively high 
s ta t i c  pres sure and l ow f l ow ( eg .  6 2 5  Pa @ 2 5  L / s ) . Narrow , 
backward- curved and paddl e-wheel blowers are two t echnologies 
t ha t  have t he des ired chara c t eri s t i c s . 

6 . 1 . 2 Axial Pans 

Axia l  f ans propel a i r  in an axi al direc t i on and wi thout s t ators , 
i n  a swi rl ing t angent i al mot i on created by the rotat ing 
p ropel le r - type blades . The impel l er c ons i s t s  of cont oured blades 
root e d  in a hub , with a spec i f i ed p i t ch ang l e  ( angl e  between 
bl ade and plane of rota t i on )  t hat vari es f rom hub to t ip .  There 
are t hr e e  types of axi a l  fans : 

1 .  Fre e - a i r  
2 .  Propel l er 
3 .  Duc t ed 

Free a i r  or c irculat ing fans have no aperture a t  the blade t ips 
and usual ly draw a i r  f rom , and supply a i r  t o ,  t he same space . 
Thes e  f an s  opera t e  at a hi gher vel ocity pres sure t han s t a t i c  
pres sure . Examples a r e  room c e i l ing f ans and c onven t i onal 
portable f ans . 

Mos t  axi al a i r  handl ers are f ans wi th an ori f i ce or t ube 
sur rounding t he t ips o f  the fan blade . A prop e l ler f an i s  
e s s ent i a l ly a free-air f an moun t ed ins ide a n  opening in a p l a t e ; 
however , the shape o f  t he ori f i c e  c an vary c ons iderably , and 
imp rove a i r f l ow charac teri s t i cs . 
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Fig 6 . 2  

"····p::�·;; 

Inlet Cone Impel ler Detail at Clearance ( above ) 
( Wright , pg . 9 0 8 ) . 
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I f  t he cyl i ndri cal ori Ei c e  i s  ext ended before and a f t e r  the 
blade , the f an i s  t e rmed a " tube - axial " .  The opt imum pos i t i on 
f or the bla des i s  a di s t ance downst ream of the inl et ori f i ce 
equivalent t o  about 3 0 %  o f  the axi al l ength o f  the tube . Tube ­
axi a l  f ans usua l ly have smal ler t ube depth t o  diameter rat i os 
t han vane - axi a l  f ans . 

Van e - axial f ans are duc t ed f ans that have out l e t  s t ra i ght ening 
vanes ( s t at ors ) ,  f or s t a t i c  pressure recovery from the tangential  
( swi r l ) c omponent of  air  f l ow .  Another method i s  t o  use inlet 

vanes des i gned to " pre - swi r l " the air s o  that the out l e t  f l ow i s  
mos t ly axi a l  i n  nature . They a l s o  devel op high s t a t i c  pres sures . 
Two c ount er- rotat ing f ans , moving air in the s ame axi al direc t i on 
but with c ompens at ing swir l s , woul d  result in e s s ent i a l ly axi al 
f low and more s ta t i c  power r i s e  for a given package s i z e  and f l ow 
rat e . 

Maint a ining l ow t ip c learances can subs t ant i a l ly improve f l ow 
performanc e  and e f f i c i ency . However , c l earances below 1 . 5 % o f  
t h e  bl ade di ame t er d o  n o t  s ubs t ant i a l ly imp rove f l ow performanc e  
( Torin ) in res ident ial and industrial  des i gns . 

The e f f i c iency o f  duc t ed axia l  fans i s  s i gni f i cant ly a f f ected by 
adding ductwork beyond the i n l et and out let o f  the tube , as are 
the f an performance charact eri s t i c s  ( eg .  f l ow s t abi l i ty ) . A 
bett e r  t echnol ogy for s ome ducted app l i cations i s  the in - l ine 
backward-curved centri fugal . 

For spe c i al i zed non - du c t ed app l i cat ions , such as t hrough- the -wa l l  
exhaus t  o r  supplying t o  a p l enum, tube - axial f ans and vane- axial 
f ans may be the f an o f  choi c e . 

6 . 1 . 3  Mized Plow Pana 

A more c ompl i c a t ed blower wheel combines both axi a l  and 
c ent r i fugal f low , and i s  known as a " mixed- f low "  ( s ee Figure 6 . 4 
( Torin ) . Thi s  type o f  f an may have a role a s  an i n - l ine fan , 
s imi l ar to the backward- curved c entri fugal , i f  the wheels  can be 
p rodu c ed cost e f f e c t ively ( eg .  by p l as t i c  c a s t ing ) . However , the 
e f f i c i ency s eems to be l ower by about 1 0 % . 

6 . 2 Select ion of Appropriate Pana for Appl ication• 

Maximum e f f i c iency i s  typi c a l ly not the prime det erminant o f  
res i dent i al fan s el ect i on . Avai l abi l i ty ,  phy s i c a l  s i z e ,  motor 
speed , f low c on f i gura t i on ( 9 0 °  versus in- l ine ) , p lus nois e , 
vibrat i on ,  and cost are s ome o f  the factors that det er the 
manuf acturer f rom us ing the more e f f i c i ent f an t e chno logy . In 
many cas e s , however , the wrong t echnol ogy i s  being used , s imply 
because the fundament al condi t ions of t he app l i c at ion have not 
been examined . 

2 5  



Three non- dimens i onal parameters can de fine fan characteri s t i c s  
( Torin ) : 

1 .  Spe c i f i c  Speed 

N = 
s 

N{Q 
0 .  0 1 1  f1p0 . 7 5  

2 .  Pres sure Coe f f i c i ent 

1'r = 6 . l x l Os 11P 
N2D2 

3 .  F l ow Coef f i ci ent 

where :  
N = 

Q = 

�p = 

D = 

w = 

d = 

4> =  6 . l x l 06 0 
WND2 

cl> = 2 . 4 x 1 07 O D (D2-d2) N 

impel l er speed [ rpm] 
a i r  f l ow [ L / s ] 
s t a t i c  pres sure [ Pa ]  
imp e l l er diameter [mm] 
impel l er width [mm) 
hub diamet er o f  axial f ans [mm] 

for cent ri fugal 
or mixed f l ow 

for axi al flow 

The l at t er two coe f f i c i ents e s t abl i sh impel l er dimensions for 
s t at i c  pres sure and f l ow versus rot a t i onal speed . Spec i f i c  speed 
combines t he t hree fan performanc e  fact ors , N, Q ,  and �P2 in one 
des i gn parameter . One can c a l cula t e  the spec i f i c  speed for any 
given f an or f an type , and compare i t  t o  the s t a t i c  e f f i c i ency o f  

- the various fan t echnol ogies ( Fi g . 6 . 5 ) . 

Thes e  genera l i zed curves were deve loped f rom t e s t s  on many 
geome t r i e s  o f  f ans o f  each type and repr e s en L  ci L �d :;) onable 
p i c t ur e  of the characteri s t i c  e f f i c i encies . However ,  within each 
fan t echnology there are bet t er and worse designs . For example , 
l arge backward- curved centri fugal fans , with aerodynami c blades , 
can have s t a t i c  e f f i c i enc i es a s  high as 90% , ver sus the 7 2 %  for a 
backward- curved c ent ri fugal shown on Table 6 . 5 .  

The f o l l owing t abl e gives s ome typ i cal res i dent i a l  fan 
app l i cat i ons i n  t erms of spec i f i c  speed , fan types , and 
e f f i c i enc i es . The fan rpm , N ,  i s  o f t en l imi ted by available 
mot o r  rpm , if a direct drive con f i gura t i on is used . The t able 
shows bot h  t he typical rpm and opt imum rpm ( for maximum 
e f f i c i en cy ) , on the as sump t i on t hat speed cont rol i s  available . 
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Fig . 6 . 3 Com.pariaon of Mixed Flow With Other Flow Configuration ;  
Mixed Flow Impel ler ( Torin pg . 12 , 17 ) .  

eo ,--�,....,..-,-,..,.....,.....,..�.....,��T"'T� ....... T--�..,.........,._, 
Type A Fo rward-Cu rved Centr i fugal  

70 1 I I I l l  1 1  � 

';... 60 1--1--

B Ba ckwa rd-Cu rved Centr i fugal  ( N a r row) 

C Backward-C u rved Centr i fugal (Wide) 

D M i xed F low u c ... 
·;:; 

E Vane A xial  
= 50 "------'�� F Tube A x i a l  Ill 
u :; G Propeller F a n  

iii 40 

30 I I -+---l 
I I I I 1 I I I I I I I I I I I I 20 I 2 4 6 1 0  20 40 60 1 00 200 500 

Specific Spud (Nsl- thousands or rpm 

Fig . 6 . 4 Stat ic Eff ic iency Performance va . Spec ific Speed for 
Different Fan Type& ( Torin, pg . 3 0 ) . 
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At any spec i f i c  speed t he impel l er dimens ions can be derived f rom 
the f l ow and pressure coe f f i c i ent s . Us ing a forward- curved 
cent r i fugal furnac e  f an ( 4 7 %  e f f i c i ency ) the fol lowing paramet ers 
and d imens i ons result : 

NS ·= 3 7 0 0  
"' =  1 . 6 5 
cl> = 0 . 3 5  
D = 2 9 0  mm 
W = 1 1 5  mm 

The i ndus t ry  i s  more l ikely t o  u s e  a double- inlet fan o f  a 
sma l l er diameter t o  depth rat i o  wi th D = W = 2 2 5  mm . 

For a backward- curved c ent r i fugal furnace fan ( 7 2 %  e f f i c i ency ) , 
the f o l l owing corresponding · values are calcul a t ed . 

N5 = 2 2 , 0 0 0  
"' =  0 . 7 
cl> = 0 . 0 5 
D = 7 5 0  mm 
W = 2 0 0  mm 

C l ear ly , the more e f f i c i ent solut i on i s  a fan o f  a much larger 
diame t er . 

The above di s cu s s ion i s  for i l lu s t rat ion purpos e s  only . I t  i s  
int e re s t ing t o  not e , ( Ariewi t z )  report s that a blower was 
devel oped for a f l ow of 6 6 5  L / s  at AP = 2 7 1  Pa and 1 0 9 2  rpm 
( sp ec i f i c  speed 3 8 , 0 0 0 ) wi t h  a diameter o f  4 1 3  mm and wi dth of 
1 4 6  mm ,  performing at a f an e f f i c i ency o f  6 6 % . Thi s blower wheel 
is about 2 / 3 the s i z e  calculated above . 

6 . 3  Fan Ef ficiencies 

Although l arger , engineered centri fugal f ans have maximum 
e f f i c i en c i es up t o  7 0 %  for forward-curved and 9 0 %  for backward­
curved type s , more typical peak s t a t i c  e f f i c i encies are given in 
Figure 6 . 5  and are as follows : 

Forward-Curved C ent ri f ugal 52 % 

Backward-Cu rved C ent ri f ugal ( narrow) 6 4 %  

Backward-Curved Centri fugal ( wide ) 7 2 % 

Mixed-Flow 6 2 % 

Prop e l ler 4 4 %  

Tube-Axial 5 4 %  

Van e -Axial 7 3 %  
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APPLICATION Q L\P N N. FAN £f 
[L/ 8 ]  [ Pa ]  [ rpm] [ rpm] TYPE % 

Furnace Blower 5 5 0  2 2 5  1 0 0 0  3 7 0 0 0  F / C  4 7  
M / F  6 2  

6 0 0  2 2 0 0 0  F /C 5 2  
B / C  7 2  

Bathroom Exhaus t 2 5  2 5  1 7 0 0  6 9 0 0 0  F / C  l ow 
V/A 7 1 %  

1 0 0 0  4 1 0 0 0  M / F  6 0 %  
F / C  4 2 % 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

HRV H i gh Flow Rat e  1 8 0  1 5 0  1 7 0 0  3 6 0 0 0  F / C  
Low 

H i gh 
Low 

Combu s t i on 
Exhaust er 

F / C  = 
B / C  = 

B / C /N = 
M/F = 
V/A = 

Flow Rat e  4 0  2 5  7 0 0  3 6 0 0 0  M/F 
B / C  

1 0 0  1 5 0  1 0 0 0  2 2 0 0 0  F / C  
4 0  2 5  4 0 0  2 2 0 0 0  B / C  

2 5  6 2 5  1 7 0 0  6 0 0 0  B /C /N 

forward- curved centri fuga l 
backward- curved c ent ri fugal ( wide ) 
backward-curved c entri fuga l ( narrow ) 
mixed f low 
vane axia l  

Table 6 . 5  Specific Speed Cona iderat ion for Varioua Fan 
Applicat ion• 

4 6 %  
6 1 %  
6 2 % 
5 2 %  
7 2 %  

6 0 %  

Forward- curved c entri f ugal f ans , for heating / cool ing appl i ca t i ons 
wit h  mot ors in the a i r  s t ream ,  o f t en have f an e f f i c i encies around 
3 5 %  instead o f  6 0 %  ( Ariewt z )  for reasons ment i oned i n  Sec t ion 6 . 1  
and Appendix B .  From the combined e f f i c iencies o f  sma l l er f ans 
given in Sec t i on 7 . 2 ,  and as suming shaded-pole motors at 2 0 % , t he 
f an e f f i c i en cy i s  around 1 0 %  or les s . 

On the other han d ,  our search on f ans ( Appendix D )  , turned up 
examples o f  both f orward-curved and backward-curved cent ri fuga l 
f ans wi th e f f i c i enci e s  o f  6 5 %  and vane axi al f ans wi t h  
e f f i c i en c i e s  o f  7 0 % . Thus improvement s  o f  almos t  one dec imal 
order o f  magnitude are pos s ibl e ,  i f  f ans are properly des i gned 
and then operat ed at the i r  peak e f f i c i ency point . 
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7 . 0  COMBINED AIR HANDLER EFFICIENC IES 

7 . 1 Range of E f f i c i enc i e s  

Based on Sect ion 4 . 0  ( E f f i c iency o f  Mot ors , Drives , and 
Control s ) , S e c t i on 5 . 0  ( Fan E f f i c i ency ) , Appendi ces A ,  B ,  and D ,  
and a l l owing for some reasonable int erpreta t i ons , Table 7 . 1 
summari z e s  the range o f  values for the e f f i c i ency components 
i dent i f i ed i n  Section 4 . 0  E f f i c i ency De f ini t i on . 

COMPONENT 

Rat ed Motor E f f i c i ency , E= 

Power Factor Reduct i on ,  Ept 

Part Load Reduct i on ,  £ 1 

Speed Cont rol , £ � 

Rat ed Fan E f f i ci ency , E fr 

F l ow Redu c t i on ,  E n  

O f f - Peak Reduct i on ,  £� 

Bearing Reduc t ion ,  E b  

Bel t  Drive Reduc t i on ,  E w  

Drive Inlet Reduct i on , £ ,. 1  

EFFICIENCY 
RANGE 

0 . 1 0 - 0 . 9 0 

0 . 5 0 - 0 . 9 9 

0 . 3 0 - 1 . 0 0 

0 . 8 5 - 0 . 9 5 

0 . 4 0 - 0 . 8 0 

unde f ined 

0 . 5 0 - 0 . 9 5 

0 . 8 9 - 0 . 9 9 

0 . 8 0 - 0 . 9 9 

0 . 8 0 - 1 . 0 0 

COMMENT 

Depends on 
mot or type 

Power factor 
0 . 2 5 - 0 . 9  

Minimum l oad 
2 0 %  

ECM speed 
cont rol 
included in Err.r 

See Appendix D 

depends on fan 
curve l ocat ion 

Sl eeve or bal l ­
bearings 

Non-aerodynami c 

Motor/ drive at 
inlet 

Table 7 . 1 Range of Values of Various Effic iency Components 

Whi ch values apply t o  a s.peci f i c  a i r  handl :i ng a pp l  i c a t  j on i s  
rooted i n  a l ong dec i s i on proce s s  involving manufacturing , 
market ing , e conomics , and t echni cal i s sues . To bring some 
meaning t o  the e f f i c i ency range d i s cus s i on ,  f our l eve l s  o f  
e f f i c i en c i es rel�t ing t o  a i r  handl ers a r e  def ined that have 
meaning in t e rms o f  t e chni ca l  improvement o f  the t echnology , as 
wel l as the manufacturing /market cont ext , to achieve tha.t goal . 
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The f our defined l evel s o f  e f f i c i encies that rel a t e  t o  air 
handl ers are : 

1 .  Poor 
2 .  fypi ca l  
3 .  Best current 
4 .  Potent i a l  

The f i r s t  three l evel s  should b e  s e l f - explanat ory a f t e r  
examina t i on o f  the examp l e  i n  Tabl e  7 . 2 .  The t e chni c a l  
" po t ent ia l " rel a t e s  t o  t h e  l ikely best performanc e  for a 

marketable product in t he year 2 0 0 0 . 

The examp l e  o f  e f f i c i ency improvement s present ed in Tabl e  7 . 2 ,  
relat e s  t o  a f urnac e  blower app l i cat ion . Not e  that opt imum f an 
e f f i c i ency , E tp • rather t han the manufacturer ' s  rat ed f an 
e f f i c i ency , E tr , i s  used . 

The c ombined e f f i c i ency i s  pres ent ed both as a motor/ f an s et 
e f f i c i ency and an overal l  air handl er or devi ce e f f i c i ency as 
def ined i n  Sect i on 4 . 2 ( Ef f i c i ency o f  Mot or /Fan Set ) . I t  i s  
a s sumed t hat para l l e l  improvement s i n  t he furnace cabinet 
" ef f i c i ency " occur , c ommensurat e  wi th overa l l  fan e f f i c iency . 
Not e  that c abinet e f f i c i ency , Ee ,  i s  a l s o  the maximum devi c e  
e f f i c i ency f or a n  1 0 0 %  e f f i c i ent motor / f an set . 

Tab l e  7 . 2 sugge s t s  that there cou l d  be a t en to one spread in 
between poor and bes t  current mot or / fan set e f f i c i enc i e s , and a 
f i ft e en t o  one spread in devi c e  e f f i c i encies . I f  a s t andard 
s t ipu l at ed the ' typi c a l ' e f f i c i ency as a minimum performance 
cri t erion , moving t o  the t echnical pot ent i a l  could s t i l l  increase 
the e f f i c i ency by a factor o f  three . 

Act ua l  c ombined motor/ fan set e f f i c i encies for a i r  handl ers 
sma l l er t han furnac e  blowers were s o l i c i t ed both dome s t i c a l ly and 
i nt e rnat i onal ly ( s ee Appendix D ) . The informat ion i s  primari ly 
derived from manufact urers ' informa t i on ,  some o f  whi ch i s  bas ed 
on t es t ed equipment . E f fort wa s made t o  source s t a t e - o f - the-art 
e quipment , including t e chnology being developed by a NASA 
contractor for t he planned orbi t ing spa c e  s t a t i on . 

C onvent i onal exhaus t  equipment ranged f rom l e s s  than 1 %  ( for 
e quipment whi ch is a s s embled f rom pieces on- s i t e ) to 2 %  for 
bett er qual i ty produc t s . 

E a s t ern Air Devi c e s  has a vari e ty o f  di f f erent t e chno l ogies 
( forward curve d  and radi a l  c ent ri f ugal f ans , vane axia l  fans , 
t ube axia l  fans and mixed- f low ) and , except for very sma l l  s i zes , 
e f f i c i en ci es ranged f rom 9 %  t o  2 1 % . A maj or manuf a cturer o f  
backward- curved i n - l ine f ans , Kana l f l akt , quot ed performance i n  
t h e  9 t o  1 9 %  e f f i c i ency range . I t  may b e  not ed that this c ompany 
s eems part i cu larly c ons c i en t i ous in the i r  aerodynami cs , including 
p l a c ement and a erodynami c s  of the motor hous ing ( supp l i ed by 
EBM) , but the AC mot or e l ectri cal s are otherwi s e  o f  c onvent iona l 
e f f i c i ency . E f f i c i ent mot ors in these f ans could produce qui t e  
e f f i c i ent mot or / f an s et s ,· i n  one relat ively- easy s t ep . 
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POOR TYPICAL BEST POTENTIAL 

Ear 0 . 4 0  0 . 5 0 0 . 8 0 0 . 9 0 
Motor Capa c i tor PSC ECM ADV 

Ear 0 . 6 5 0 . 8 0 0 . 9 8 0 . 9 9 
Off - rating 

E tp 0 . 6 5 0 . 6 5 0 . 8 5 0 . 9 0 

l'an Type F / C  F / C  B / C  B / C  

E 4r 0 . 6 5 0 . 8 5 0 . 8 5 0 . 9 0 
Deai gn  Reduction 

Eop 0 . 7 0  0 . 8 0 0 . 9 0 0 . 9 5 
Off - Peak 

£4 0 . 8 5 0 . 9 0 0 . 9 9 0 . 9 9 
Drive Bel t  Bel t , DD 

£� 0 . 0 6 5 0 . 1 6  0 . 5 1 0 . 6 9 
Motor/Fan Set 

Ee 
Cabinet 

£4.y 
Device 

Ernr 
· E or 

E tp 
E nr 

E op 

E d  

= 
= 

= 
= 

= 

= 

F / C  = 

B / C  = 
Bel t = 

DD = 

Table 7 .  2 

0 . 2 0  0 . 4 0  0 . 5 5 0 . 7 0  

0 . 0 1 3  0 . 0 6 5  0 . 2 8  0 . 4 8  

rated motor e f f i c i ency 
£ 1 x Ept x Esp - t akes into account motor l oad , power 
factor , speed c ont rol 
peak s t at i c  e f f i ciency of opt imum des i gn 
reduced fan e f f i ciency due t o  poorer f e a tures 

( cl earance ,  bl ade des i gn , t i ght hous ing , bearings ) 
o f f -peak reduct i on for operat ing at l ower than peak 
s t a t i c  e f f i c i ency 
drive losses  from bel t  drive. or aerodynami c l o s s  by 
motor or bel t  drive being in a i r  s tream for direct 
drive 

forward- curved centri fugal 
backwa·rd- curved centri fugal 
belt drive 
direct drive 

Zf f iciency Improvement• for a F'urnace Fan 
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A blowe r ,  a s s embl ed by . the authors f rom engineered o f f - the -she l f  
f orwar¢- curved blower part s ,  and t e s t ed s everal years ago i n  the 
Air Changer fan t est r i g ,  exhibited an apparent 3 6 %  mot or/ fan set 
e f f i c i ency . The mot or was a hi gh- e f f i c i ency , thre e - speed , 
permanent - sp l i t  capaci t or mot or . 

Motor / fan combinat ions o f  note in Appendix D are ECM centri fugal 
blowers used by Water Furnace ( 2 6 % ) , an axial f an f rom Advanced 
Des i gn and Manufacture ( 2 2 % ) , and vane - axial and mixed- f l ow ( 3 0 % )  
f ans from Woods . 

Ceil ing f ans cannot be rated on s t a t i c  e f f i c i ency a s  ment i oned in 
Sect ion 4 . 0 .  Calculat i ons , bas ed on informat i on given in Fi gure 
7 . 1 ,  result in a 4 7 %  e f f i c i ency , on the assump t i on that the a i r  

� i s  a c c e l erated t o  the velocity prof i l e  s hown . In actual fact , 
t he e f f i c i ency may be s omewhat l ower i f  one cons i ders that , a f t er 
s tart up , not a l l  o f  the a i r  i s  accelerat ed from rest . 

·. 

A 
m/a '-----r-:1 1 1 abtl 1 11 L 
:1 1;r 1 1 1 1 1 tt 1  
1 .0 0.6 0.2 0.2 0.6 1 .0 m  

j_--t--+--+--+--1 

Loom 2 3 4 m/1 

CEI LI NG FAN 
1 400mm diameter

· 

3·5 rev/s (21 0 rev/min) 

1 20W input 

TABLE FAN 
300mm diameter 

23 rev/s (1 380 rev/min) 

60W input 

Fig . 7 . 1 Velocity Profile• of Typical Cei ling and Table Fan• 
( Daly, pg . 3 7 ) . 
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7 : 2 Input Power and Energy Reductions 

Improvement s  in overal l e f f i c i ency o f  a i r  handl ers reduce input 
power proport ional ly with 1 / £ , given an unchanging air handl ing 
load ( requi red output ) .  For example , i f  Emf improves from 2 0 %  t o  
5 0 % , for an air moving l oad o f  1 2 5  W ,  t he input power savings 
are 3 7 5  W or 6 0 % . For c ont inuous opera t i on this t rans lates i nto 
3 3 0 0  kWh annua l ly . At $ 0 . 0 8 /kWh , that is an annual saving of 
$ 2 6 4 ,  if the uni t  were operated continuou s ly , or o f  $ 1 0 6  if i t  
were run 4 0 %  o f  t he year . 

With any speed cont rol t echnology whi ch i s  abl e  t o  maint ain high 
e f f i c i encies  at even l ow motor l oads , s i gni fi cant addit iona l 
s avings are rea l i zabl e ,  wi thout further changing the fundament al 
mot or and fan t echnology . Two example AC motor app l i cat ions , 
wi t h  and wi thout e l e c t roni c adj ustable speed drive ( ASD ) 
control s ,  are examined in Table 7 . 3 .  
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System A :  HRV Continuous low apeed vent ilat ion fan with 
intermittent high apeed ( aa sume E t  = 55%) . 

Low Speed 

High Speed 

Low Speed 
w/ASD 

Flow 
[ L / s ] 

5 0  

1 0 0  

5 0  

Stat i c  
[ Pa ]  

3 1  

1 2 5  

3 1  

Loading 
[ % ]  

1 2 . 5  

1 0 0  

1 0 0  

Run t imes - H i gh 5 % , Low 9 5 %  
Time -averaged input power saving' 5 6 %  [ 8 . 5  W] 
Annual Savings 7 4  kWh ( $ 6 at $ 0 . 0 8 /kWh ) 

Speed 
[ rpm] 

5 7 5  

1 1 5 0  

5 7 5 

Ern I nput 
[ % ]  [W]  . 

2 0  

6 0  

5 5  

1 4  

3 8  

5 . 1  

System B : Furnace Cont inuous Three- Speed/Variable Speed Furnace 
Fan ( aa aume Et = 55%) • 

S ingle Speed 

F l ow 
[ L / s ]  

5 0 0  

Mult i - speed w/ASD 
Low Speed 1 0 0  

Med . Speed 

H i gh Speed 

3 0 0  

5 0 0  

Stat i c  
[ Pa ]  

2 5 0  

2 

9 0  

2 5 0  

Loading 
[ % ]  

1 0 0  

2 0  

1 0 0  

Run t imes - Low 5 0 % ,  Medium 2 0 % ,  H i gh 2 0 % 
Time - averaged input power s avings 7 6 %  ( 2 8 8 W ]  
Annual Savings 2 5 0 0  kWh ( $ 2 0 0  a t  $ 0 . 0 8 / kWh ) 

Speed 
[ rpm] 

1 1 5 0  

2 3 0  

6 9 0  

1 1 5 0  

Ern Input 
[ % )  [W )  

6 0  

5 1  

5 4  

5 7  

3 7 8  

0 . 7 

9 1  

4 0 0  

Table 7 . 3 Effect of Speed Control on Bnergy Conaumption . 

Not e : The f an e f f i c i en cy woul d  drop s omewhat at a l ower 
rpm, but that is a much sma l l er e f fect t han t he 
motor e f f i c i ency changes being i l lus t rated here . 
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8 . 0  ECONOMICS OF EFFICIENCY IMPROVEMENTS 

8 . 1  Cos t I s sues 

Industry Context 

Current indu s t ry norms have primar i ly been driven by least 
cap i t al cost wi t h  minor c on s i derat ion o f  performanc e ,  longevi ty , 
and operat ing cos t s . Often ,  the user does not perceive a 
performance defi c i ency as in the case o f  a bathroom fan that i s  
a s s umed t o  b e  exhaus t ing provided you can hear i t . Bui l ders have 
t ended t o  inst a l l  equipment o f  short l i fe expect ancy , sui t ed for 
o c c a s i onal use but meant t o  be operat ed cont inuous ly . The energy 
consump t i on o f  a i r  handl ing i n  genera l has been a bl ind spot for 
vir tual ly everyone f rom consumers t o  ut i l i t ies , and even energy 
expert s .  

I n  the abs ence o f  market mechani sm or any c ompensat ing measures , 
the North American indus t ry  i s  dominated by low- e f f i c iency , l ow­
c os t , short - l ived res i dent ial a i r  movers . 

Industry Incremental Coat Considerations 

Typi c a l ly ,  t rades pay about 2 t imes , and reta i l  purchasers 3 
t imes , t he manuf a cturing cost o f  mechani cal equipment . An 
increment a l  cos� o f  upgrade may be con s i dered t o  t rans late as a 
three - fo l d  cost t o  the consumer for cost -bene f i t  ana lys i s . Thi s  
may , however ,  b e  overly conservat ive . Where the devel opment o f  
an improved product c an b e  accompani ed by produc t i on e f f i c i ency 
improvement s ,  a s  has frequent ly been the experience o f  new 
app l i ance l ines , t here may be o f f sett ing s avings . In a 
c ompet i t ive market , an increas e  in commodity pri ce whi l e  
ma inta ining or increas ing sales volumes may require sma l l er mark­
up and s t i l l  be pro f i t abl e . 

The type o f  int ervent i on t o  rec t i fy impediment s t o  opt ima l 
e f f i c i encies  c an have a maj or impact on cost . For exampl e ,  a 
ut i l i ty s ubs idy ,  app l i ed t o  the ret a i l  pri c e , may have three 
t imes the impact when provided to the manufacturer , i f  
c onvent i onal mark- ups apply . On the other hand , mandatory 
e f f i c i ency s t andards may result in virtua l ly no cost increase in 
t he l ong t erm, due to c ompensat ing retool ing savings ; however ,  
c on t i nued advancement s t end t o  be curt a i l ed .  It i s  there fore 
highly speculative t o  predi c t  future c os t s  and economi c 
p o t en t i a l . 

Incremental vs . Tot�l Ins talled Cost s  

The relat ive c o s t  increase in e f f i c i ency improvement s  i s  mos t  
appr opriat ely expre s s ed with respect t o  ins t a l l ed cos t s . For 
examp l e ,  bet t er bearings might represent a doubl ing of the cost 
bearings , but represent 1%  o f  the total cost o f  a bl ower 
i n st a l l at i on . Indeed , the virtue o f  an upgrade should be ba sed 
on p e r fo rmance improvement and operat ing cost savings . 
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Cost Reduct ion Opportunit ies 

I t  shou l d  not be as sumed that energy e f f i c i ency improvement s  
necessarily c o s t  more . Many o f  the improvements d i s cu s s ed a re 
s imply des i gn changes that only require retool ing inves tment . 
Taken in c ombinat i on , there may actual ly be pot ent ial for 
r educing cos t s  f o r  certain i t ems s uch as l ower capac i ty mot ors . 

8 . 2  Cost of Early Improvements 

One measure o f  the inc rement al costs  t o  be expected for short ­
t erm upgrades i s  t o  c ompare typical wi th bes t  available 
technol ogy . 

For bathroom exhaust f ans , dea ler prices of l e s s  than $ 2 0  are 
report e d . A medi an qual ity uni t  wi th cabinet may ret ai l for $ 6 0  
and presumably manu factured for about $ 2 0 . Devi ce e f f i c i ency 
woul d  typ i c a l ly be about 3 % . 

Bes t ava i l abl e t echnol ogy cons i s t ing o f  f ormed-plas t i c , backward­
curved blades , improved hous ing , and a brushless DC motor , y i elds 
a device e f f i c i ency o f  2 0 % for peak ext ernal stat i c / f l ow 
condi t i ons . Thi s  equipment i s  current ly ava i l abl e for $ 2 5 0  
deal er/ ins ta l l er pri c e . The s imi lar t echnol ogy wi th a PSC AC 
motor , at an e f f i c i ency o f  1 0 % ,  cost s $ 1 0 0 . 

For a s ec ond c a s e , a forced a i r  heat ing app l i ance i s  examined . 
The OEM c o s t  f o r  a typical furnace blower , with PSC s t andard 
e f f i c i ency mot o r  and forward-curved dire c t - drive impel l er , i s  
approximately $ 7 5 . Ba sed on s t at i c  pres sure ext ernal t o  the 
devi ce , an e f f i c i ency of 7 %  i s  assumed . 

For an ECM DC mot or , backward- curved impel l er , the OEM cost i s  
l i kely l e s s  than $ 2 0 0 . Actual cos t s  were not provi ded by 
manufac turers , but thi s may be int erpolated f rom overa l l  
equipment pric ing . Set t ing a s i de the sys t em e f f i c i enc i e s  o f  
vari abl e speed operat i on ,  the devi c e  e f f i c i ency i s  est imated at 
3 0 % .  

8 . 3 Payback and Present Worth of Early Illlt?rovement• 

The convent i ona l , l e s s s ophi s t i cated , evaluat ion o f  cost 
e f fe c t ivene s s  of  an energy upgrade is  payback : 

Payback ( Years) = 
Incremen t al Cos t s  

Annual Energy savings 

Tabl e 8 . 1  shows t he paybacks o f  t he component s des cribed above . 
Not e  t hat Paybacks are l e s s  than 1 years , except for the DC 
exhaus t  fan , whi ch has a payback s t i l l  s i gni f i cant ly l e s s  than 5 
years . 
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Pre sent worth con s i dera t i ons provi de a more useful est ima t i on of 
c os t - e f f ect ivene s s  in t erms o f  . how much money would need t o  be 
s et a s i de t oday , s ubj ect to an assumed int erest rat e ,  that would 
pay for the capi t a l  cos t . For the purpos e  o f  thi s study ,  the 
l i fetime o f  the e quipment was taken as 1 5  years ( thi s i gnores the 
fact that l ow e f f i c i ency equipment may actua l ly be replaced 
s ooner ) . 

The rel evant methodology i s  as f o l l ows 

e = escal a t i on rate o f  electricity = 
i = d i s c ount rate or c o s t  o f  money = 

1 0 %  per annum 
6 %  per annum 

a = Effective In t eres t Ra te = �-e = O .  0 3 6  i +e 

PW = present worth o f  energy cos t s  = C x P 
C = annua l e l e c t r i c a l  c o s t  t o  run f an 
P = present worth mult ip l i er 

P = ) -n 1 - ( 1 +a = 2 o . 4 
a 

for n=l S  years 

Therefore the p re s ent worth o f  energy cost u s e  in Tabl e 8 . 1  
equa l s  PW = C x 2 0 . 4 .  

Tot al present worth i s  the sum capi tal  cost and pres ent worth 
energy cos t . 

As suming cont inuous operat ion , the present worth savings for the 
exhaust f an are 4 and 1 9  t imes the increment a l  cost and for the 
furnace , over 6 0  t imes . The present worth energy cost wou l d  
drop proport i onat e ly for operation o f  l e s s  t han 1 0 0 % o f  the year . 

8 . 4  Cos t a  of Long Term Improvements 

Al though there are s ome cos t s  ava i l abl e on certain component 
upgrades , t he i r  u s e  in p redi ct ing l onger- t erm improvement s i s  
que s t ionable .  For examp l e , ECM mot ors in the 1 / 6  Hp range cost 
$ 9 0  OEM , versus $ 3 0  for a s t andard PSC mot o r . Swi t ched 
reluctance mot or s , whi ch can outperform the brushless DC type , 
may a ctual ly be l••• expens ive than PSC mot ors , in high-volume 
product i on . Likewis e ,  a erodynami c plas t i c  impel l ers wi th c l o s e  
t o l erance housing s , and high qual i ty bearings , a r e  pot ent ial ly 
c ompet i t ive with current met a l  f abri cat i on ,  but require 
s i gni f i can t  c ap i t a l  investment . Other upgrade f eatures such as 
ent ry / exit condi t i ons and opt imi z ed s i z ing , l oad mat ching e t c . do 
not neces s ari ly have a cost penal ty . 
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Of cours e ,  improvement s  above and beyond those c i t ed in thi s 
report are conceivabl e and may ent a i l  inc reased cos t s . However ,  
i f  devi ce e f f i c i enci e s  o f  about 5 0 %  are indeed rea l i z ed wi thout 
cost penal ty ,  there may be l i t t l e  mot ivat i on to proceed further , 
having achi eved an order o f  magnitude reduc t i on in operat ing 
costs . 

Exhaust £ Capital Power Annual 
Fan [%] Co•t• [W] Energy 

Coat a 

BASE 3 %  $ 6 0  8 5 . 0  $ 6 0  

AC 
Upgrade 1 0 %  $ 1 0 0  2 5 . 0  $ 1 8  

DC 
Upgrade 2 0 % $ 2 5 0  1 2 . 5  $ 9 

Furnace £ Capital Power Annual 
Fan [%] Co•t• [W] Energy 

Coat •  

BASE 7 %  $ 7 5  

Upgrade 3 0 %  $ 2 0 0  

7 0 0 . 0  $ 4 9 0  

1 6 5 . 0  $ 1 1 5  

Payback 
[Years ] 

1 . 4  

3 . 7 

Payback 
[Year• ] 

0 . 3 

Total PW 
Present Savings 
Worth 

$ 1 , 2 6 0  $ -

$ 4 7 0  $ 7 9 0  

$ 4 3 0 $ 8 3 0  

Total PW 
Present Saving• 
Worth 

$ 2 , 3 5 0  

$ 1 0 , 0 0 0  

$ -

$ 7 6 5 0  

Table 8 . 1  Payback and Present Worth of Device for Base and 
Upgrade Fan Technology ( run cont inuous ly @ $ 0 . 0 8 /kWh )  
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9 . 0 DEVELOPMENT OF AN ENERGY EFFICIENCY STRATEGY 

9 . 1 Air Handl ing Energy Impl icat i ons 

B l owers , in total , consume perhaps a third of our electric ity 
( Larrson ) . A s i gn i f i cant port ion o f  these blowers are f rac t i onal 

hors epower ac count ing for an e s t imat ed 2 0 % of the blower l oad . 
The potent i a l  for load reduction and e f f i c i ency improvement i s  
greatest among the sma l l er air handl ers . Res ident ial a i r  
handl ers account for a n  est imated two thi rd ' s  of the f rac t i onal 
hors epower blowers , or 5% o f  the total  nat ional electrical  
c onsumption . The R-2 0 0 0  program has modi f i ed i t s  assumed 
l i ght ing and app l i ance load upwards f rom 5 , 0 0 0  kWh/yr to 8 , 0 0 0  
kWh t o  r e f l ect monitored r�sul t s . Thi s  addi t i onal 3 , 0 0 0  kWh can 
l ikely be at tribut ed to the furnace blower and cont inuou s ly ­
operat ing vent i l a t ors . 

In a previ ous s tudy by the authors for C:MHC ( Al l en As sociates 
F3 2 6 )  the annual operat ing energy for cont inuous vent i l at ion was 
e s t imat ed to be 7 0 0 0  kWh , for houses employing the furnace fan 
for di siribut i on ,  bas ed on a power input o f  8 0  W for each o f  the 
two f ans in a heat recovery vent i l ator , and 4 0 0  W for the furnace 
blower . At a typ i cal $ 0 . 0 8 / kWh , the two HRV fans cost about $ 1 1 0  
per annum t o  operat e ,  and the furna ce blower consumed a further 
$ 2 8 0 ,  for a total  of a lmost $ 4 0 0  per annum . With increas ing 
r i gour in vent i l a t i on requi rement s in Canadian bui l ding codes , 
plus growing demand for cont inuous a i r  condi t i oning incl uding 
mechanical cool ing , humidi fying , and f i l t ra t i on ,  we may expect 
maj or increases i n  electrical demand - unl e s s  st ringent measures 
a r e  t aken to radi cally improve present e f f i c i encies . 

9 . 2 Barriers to Improved Air Handler Ef ficienc ies 

In t he abs ence of int ervent ion ,  it i s  unl ikely that market forces 
wou l d  result in s i gn i f i cant improvement in air moving performance 
or e f f i c ienc ies . The exi st ing va st gap between cos t - e f f ect ive 
p o t ent ial and current indus t ry  norms is s u f f i c i ent test imony . 
For change t o  happen , barriers mus t  be understood and - ei ther 
e l iminated or overri dden . 

Int flrv .. i cvv::; vvi t h  r cprc:J cnta t i  •,tee o f  the reo i dcnt ial Wll'.i.C indu E. t r.l  
r eveals the bas i s  for l a ck o f  act i on ( Shel t ai r )  and ( Bows er ) .  

Barri ers inc lude : 

Coat 

The incremental p roduct i on and purchas ing cos t s  for high 
e f fi c i ency air handlers i s  modes t  wi t h  respect t o  total ins t a l l ed 
c o s t  of the equipment ( a  $ 1 5  bathroom exhaus t  fan cos t s  over $ 1 0 0  
i ns t al l ed ) . 
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The economi c return on e f f i c i ency improvement s would j us t i fy 
moving beyond the best commerc i a l ly avai labl e air handl ers . Cost  
barri ers are principa l ly related t o  devel opment , redes i gn ,  
retool ing , t e s t ing and s tart up . 

Comprehens ive Rede a i gn  

Opt imal solut i ons t o  reducing input power ent a i l  changes t o  the . 
motor/ fan s et , in c onj unction wi th cabinet , control c omponent and 
con f i gura t i on modi f i ca t i ons . Thes e  l arger appli cations have 
higher ri sks and c os t s  att ached . Fundamental departures require 
both int ernal management coordinat ion and s igni f i cant res earch , 
devel opment , and other f inanc ial and t ime c ommitmen t s . 

Canadian Manufacturing 

Mos t  manufacturing f i rms and component supp l i ers are ei ther 
branch plants or out - o f - count ry . Canadian -made s t andards are 
therefore di f f i cult to e f f ect wi t hout U . S .  cooperat ion . ( The 
U . S .  Department o f  Energy has , however , expre s s ed great intere s t  
in thi s research and i t s  imp l i cat ions . )  

Higher Riak Factor of Innovat ion 

Mas s  product i on o f  high-cost consumer goods requires that 
f a i lures and s ide - e f f e c t s  are s c rupulously avo i ded . Rap i d  
int roduct ion o f  s i gni f i cant change i s  impeded by thi s avers ion t o  
probl ems . 

Thi s app l i e s  t o  furnaces , heat pumps , and , t o  a l es s er ext ent , 
heat recovery vent i lators . 

, Convention 

I nnovat i on in the hous ing industry i s  character i s t i cal ly s t i f l e d  
and air handl ers a r e  no exc ep t i on . Long-establ i shed products and 
pract i ces t end t o  be vi ewed as " s e l f - evident ly opt imal " despi t e  
any evidence t o  the c ont rary . Pers i s t ence i s  s e en as being o f  
mutual benef i t  t o  the manu facturer and the bui l der . 

ltnowledge 

Although s ome c omponent manu fact urers are informed about the 
performance o f  the i r  product s ,  the performance of the a s s embled 
devices and the impa ct o f  app l i cat ion and ins t a l l at i on on 
e f f i c i en cy , are not wel l  underst ood . Likewi s e ,  purchas ers and 
u s ers are vi rtual ly unaware of e i ther the energy demands or the 
operat ing cos t s  of the s e product s .  
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9 . 3  Strateaic Meaaures 

Wi thout ini t iat ives t aken. by industry , government , and / or u t i l i t ­
i es , i t  i s  hi ghly l i kely that the s t atus quo wi l l  be mainta ined . 
The ful l economi c opportunity t o  subs t ant i a l ly reduce res i dent i al 
energy demand wi l l  only be captured i f  a comprehens ive s t rat egy 
i s  deve l oped . S ome o f  the component s that would s i gni f i cant ly 
contr ibut e  t o  such a s t rategy are l i s t ed below . 

Research 

Research , inc l uding : user surveys , current product performance , 
f ie l d  measurement , des ign parameter t e s t ing and analys i s , and 
other f ounda t i on work must be carri ed out . 

Teating and Standard• 

Perf ormance t es t ing and rat ing s t andards , plus modi f i ca t i ons t o  
exi s t ing s t andards and procedures , t o  reflect aerodynami c 
e f f i c i ency and e l ec t r i cal l oad charact eri s t i c s , need a ddres s ing . 

Minimum e f f i c i ency s tandards , such as app l i ed t o  certain products 
in Ontario and under development f edera l l y ,  m�y b e  appl i ed t o  air 
handl ing devi ces . 

Dea ign Development 

Deve lopment o f  improved des ign pract i ces , plus tools with a 
t echnol ogy t rans fer component t o  the indus t ry ,  are requi red . 

:Incentives 

Incent ives , such as compet i t ive mas s  purchase , prot otype t e s t ing , 
p rovi s i on o f  expert i s e , and market promot i on wi l l  ass i s t  in 
mot i vat ing manufacturers to undert ake product changes . 

Programs 

Spe c i al programs , t arget ed at ret rof i t , should be explored and 
deve l ope d . 

Programs s uch a s  R - 2 0 0 0 ,  plus those for social hous ing and other 
i ns t i tut i onal bodi es wit h  a s t ake in both energy and hous ing , 
could devel op spec i f i cat i ons and requirement s t hat would s ecure 
markets for h i gh-ef f i c i ency equipment . 

Awarene s s  programs , inc luding pre s entations to key organizat ions 
and conferences , informa t i on brochures for t arget ed audiences , 
publ icat i ons , and industry s eminars would accelerate adop t i on and 
ini t i at ive . 

Labelling 

Performance and energy l abe l l ing o f  product s wi l l  a s s i s t  in 
purchas ing d i s criminat ion , conf ormance inspect i on ,  and market 
compet i t ivene s s . 

4 2  



--

Lead Agency 

An appropriate l ead agency , poss ibly CMHC , could provide the 
overal l coordinat i on for developing and implement ing a s t rat egi c 
p l an . A coordinat ing c ommi t t ee of part i c ipant s and a f f ect ed 
part i e s  woul d  then be s t ruck , wi th the l ead agency act ing as 
s ecret ariat e .  

9 . 4 Achievable Energy Efficiency Targets 

I n  order to e s t abl i sh s ome measure o f  the t imel ine for bringing 
on higher e f f i c i ency equipment , s ome cons i dera t i on o f  the 
ava i l abi l i ty ,  c os t - e f f e c t ivene s s , and s equencing of t echnological 
improvement s mus t  be given . 

There are s everal easy upgrades ava i l able for exi s t ing equipment , 
requi ring l i t t l e  a dj u stment by manufact urers and devi ce 
a s s eml ers . Examples are : use o f  high e f f i c i ency AC motors ; 
p roper mat ching o f  mot or t o  sha f t  power requirement s ;  improved 
bearings ; t ight er t o l erances between impeller and hous ing ; and 
l ow s l ippage bel t s . These are achievable in the short - t erm and 
should require only modes t  informat ion support to achi eve 
a dopt i on .  Some o f  t hese improvement s could result in paybacks of 
l e s s  t han one year . 

More s ub s t ant i a l  improvement s , t o  a near- t erm ( s even year ) 
t arget , wou l d  re f l ec t ed the bes t  current ly-ava i l able equipment . 
Charact eri s t i c  f eatures include : " smart " adj us table speed drive , 
ret ool i ng o f  impel l er and hous ing for bet ter aerodynami cs , 
modi f i cat ion s  t o  c abinet s and c onf i gura t i on ;  and opt imi zation o f  
t he type and s i z ing o f  fans . Thi s  l eve l o f  performance i s  
approximat e ly a f our - f o l d  improvement in e f f i c i ency f o r  furnaces 
- and an order of magnitude improvement for air exchange 
devices . Annua l  energy cost savings are l ikely t o  yield paybacks 
wel l  under f ive years , bas ed on current cost d i f ferent i a l s  
between typ i c a l  and bes t - avai labl e  t echnologi es . 

Advances in a i r  handl ing equipment , beyond bes t pract i ce , i s  
l ikely t o  yield a further doubl ing o f  e f f i c i ency , and addi t i onal 
energy s avings when c oupled t o  f low rate c ontrol s t rategies . 
Motor advances are a l ready wel l  underway in other appl i cat ion s . 
New fan des i gns , s ui t ed t o  end-use and integrated with the devi ce 
a s  a who l e ,  can yield l a rge improvement s . Advances in 
f abr i ca t i on wi l l  further enhance aerodynami c s  and t i ghten 
t olerances . 

Devel opment should be encouraged . now , s o  that , in s even years 
these l evel s  of e f f i ci ency can become t he indu s t ry norm . I t  
s houl d b e  born e  in mind , however ,  that future app l i ca t i ons and 
sys t ems wi l l  l ikely a l t er t he des i gn parameters - so that a 
c omp rehens ive ( or sys t em )  approach i s  hi ghly advi s abl e .  
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1 0 . 0  CONCLUS IONS AND RECOMMENDATIONS 

Based on the information col l ec t ed , a i r  handl ing equipment 
e f f i c i ency may be l e s s  than 1 %  for sma l l  a i r  exchange devices , 
and as low as 1 0 %  for a furnac e  f an /motor set ; 3 %  when 
considering the furnace as an a i r  handl ing devi ce . On the other 
hand , the spread of e f f i c i encies of available fan /motor s e t s  i s  
i n  the order o f  t en t o  one . Input powers are , there fore , often 
more than an o rder i f  magni tude higher than del ivered a i r  f l ow 
power . Thi s  s i tua t i on i s  not s upport abl e from ei ther an 
operat ing cost or envi ronmenta l  point of view ,  but i s  ripe for 
improvement .  

There i s  a maj or l ack o f  des i gn and res earch informa t i on on fan 
technology smal l er than furna c e  f ans , l imi t ing the c ert ainty of 
e f f i c i ency poten t i a l  predi ct ions . As wel l , informat ion on the 
aerodynami c s  wi thin a i r  handl ing devi ces ( eg .  furnaces , HRV ' s )  i s  
virtua l ly nonexi s t ent . 

A maj or f i e l d  s tudy o f  exi s t ing furnace and vent i lat ion power 
requi rements , plus sys t em operat ing paramet ers should be 
undertaken . Thi s  s tudy should , wi th s imi l ar urgency , survey 
annual operat ing t imes o f  Cl i .t  handl er s .  Other informa t i on that 
should be a s s embled is an inventory of sma l l er air handl ers 
( actua l ly a l l  appl i ances ) in the hous ehol d ,  plus dat a  on duct 

l eakage . There woul d  be a maj or cost s avings t o  the sponsor over 
what i s  pos s ibl e i f  a s egregated s tudy approach were undert aken . 

The consul t ant s t here fore recommend : 

1 .  E s t abl i shment o f  a commi t t ee o f  concerned part i es , t o  
deve lop an indus t rial s t rat egy and program support ; 

.. 

2 .  Devel opment o f  requi s i t e  s t andards and t e s t ing fac i l i t i es , 
in support o f  e f f i c i ency rat ing o f  air handl ers ; 

3 .  Modi f i c a t i on o f  exi st ing s t andards , as requi red t o  reflect  
the e l e c tr i c a l  l oad and performance furnace blowers and 
vent i la t ing devi ces ; and , 

4 .  Provi s i on o f  research and development support f rom 
government and ut i l i t ies , t o  improve the ava i l abi l i ty o f  
e f f i c i en t  t echnology . 
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ANNOTATED B IBLIOGRAPHY -

A . M . C . A .  ( Ai r  Movement and Control As sociat ion ) Inc . Fans and 
Sys t ems . Arl ingt on Height s ,  I l l . ,  U . S . A . : A . M . C . A .  Inc . , 
Publ i c a t i on No . 2 0 1 - 9 0 , 1 9 9 0 .  

Alberkrack , Jade . " S elect ing Brushl ess DC Mot or Cont rollers " ,  
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APPENDIX A :  MOTOR AND DRIVE TECHNOLOGY 

Motor Power Rat ing 

Mot or powers are always s t ated as output power , whi l e  virtua l ly 
every other devi c e  i s  ra t ed as an input power . Thi s  anoma ly i s  
not always c aught i n  energy publ i cat i ons , and can s i gni f i cant ly 
underest ima t e  motor power , and energy use , s ince motor e f f i c ­
i encies o f  1 0 %  mean that i nput powers are 1 0  t imes output powers . 

AC Mot�rs 

Two bas i c  types of AC motors are synchronous mot ors and i nduc t i on 
or asynchronous mot ors . 

Synchronous mot ors have a revolving magnet i c  f i el d  at the s tator 
that mat ches the speed o f  the rotor . Both the rotor and the 
s t ator are connected t o  the ext ernal c i rcu i t . and the motor 
operat es only at the synchronous speed ( f or def ini t i on , see 
below ) , no ma t t er what the l oad ( up t o  a certain l imi t ) .  I t  mus t  
be brought u p  t o  synchronous speed by auxi l i ary means , usually 
another mot o r  or a s tart ing winding and , i f  the imposed l oad i s  
too large t o  maintain synchronous speed , the motor s imply s t op s . 

These mot ors are u s ed for special app l i cat ions where a constant 
speed is e s s ent ia l , e . g .  clocks or t iming mechani sms . ( They a l s o  
have the abi l i ty t o  generat e as we l l  as abs orb rea ct ive power and 
can be u s ed t o  improve power factor in l arge plant s , see Power 
Factor , below . ) 

Induct ion or asynchronous mot ors usua l ly only del iver power t o  
the s tator , t o  produce a rotat ing magnet i c  f i e l d  whi ch induces a 
vol t age and current in t he rotor , due t o  the speed di f f erent i a l . 
The induced current causes the rotor t o  f o l l ow the rotat ing f i e l d  
and run s l i ght ly s l ower than the f i e l d  speed . Thi s  reduct i on i n  
rotor speed , with respect t o  the synchronous speed , i s  known a s  
" s l ip " . The amount o f  s l ip i s  usual ly 1 %  t o  1 0 %  and i s  sma l l e r  
f o r  l arger mot ors . Figure A . 1  shows t he output versus rpm 
performance o f  s t andard and high e f f i c i ency 1 / 3  Hp mot ors . 

Synchronous Speed 

The . synchronous speed of the rot at ing magnet i c  f i e l d  in an 
induct i on mot o r  depends on the f requency of the supply vol tage 
and the number of pole pairs in t he motor . For a vol t age 
f re quency of 6 0  H z : .6 

3 6 0 0  Syn chron ous Speed ( rpm) = 
n o . of :pol e ga:tr• 

A f our-pole mot or ( two pole pairs ) has a synchronous speed o f  
1 8 0 0  rpm . 
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Fig . A . l  Eff iciency of a Convent ional ( PSC ) and High Efficiency 
Motors vs . Motor Loading ( Ontario Hydro ) . 

S ingle Phaae vs . Three Phase Motor& 

I ndu c t i on mot ors can be run on s ingl e - or three -phase power . The 
l arge maj or i ty o f  motors are s ingl e -pha s e  but , being sma l l  in 
s i z e ,  a c count for about 2 0 %  o f  the motor power ( WAPA ) . Houses 
are supp l i ed with s ingle -phase power whi ch , for vent i l at ion fans 
and furnac e  blowers , di s a l l ows ( at the pres ent t ime ) the u s e  of 
i nheren t ly -more - e f f i c i ent , t hree -pha se induct ion motors . 
Researchers are working on ways of synthes i z ing three -phrase 
e le c t r i c i ty from s ing l e -pha s e  ( Dumont ) .  

Znduction Motor Los ses 

Los s e s  are usua l ly c l as s i f i ed as " no - l oad " l o s s e s  and " l oad­
dep endent " l o s s e s . No - l oad los ses inc lude f r i c t ion los ses ( in 
bearing s ea l s  and s omet imes brushes ) ,  and windage ( a i r  res i s tance 
of t he rot or ) , and core l o s s e s  ( hys t eres i s  and eddy current 
l os s es in rotor and s t at or magnet i c  mat erial s ) . 

Load dependent l o s s e s  oc cur mainly as r es i s t ive and s t ray l oad 
types . Res i s t ive l o s s e s , a l s o  cal l ed I2R or power los s es , are 
p r oport i onal t o  the s quare o f  the current and the res i s t ance of 
the windings . Res i s t ivi ty increases with t emperature s o  that 
improvement s resul t ing in cooler running t emperatures t end t o  
a l s o  reduce I lR l os s es . 
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�nduct ion Motor Los s e s  ( Cont . ) 

S t ray l oad l o s s e s  i s  a grab-bag t e rm for at l east  e i ght l o s s  
mechani sms , a l l  o f  whi ch increase roughly by the square o f  the 
current or l oad . Underst anding o f  them is qui t e  l imi t ed but can 
o f t en be s ens i t ive t o  mot or des i gn and manufacture . 

Types of Xnduct ion Motors 

The common induct i on mot ors are shaded-pol e ,  spl i t -pha s e , 
c apa c i t or - s t art , and permanent - sp l i t - capa c i t or . Table A . 1  i s  a 
compar i s on o f  t he relat ive charact eri s t i c s  o f  these mot ors . The 
permanent spl i t  capa c i tor i s  t he best o f  these , wi th a maximum 
e f f i c i ency o f  6 0 %  and a power factor as high as 9 5 % . 

Induct i on mot ors wi th e f f i c i encies o f  up to 9 0 %  are increas i ngly 
being developed and made ava i l abl e . The t e rm " high e f f i c i ency " 
mot or does not seem t o  have a rigorous def ini t i on , but refers 
e s s ent i a l ly t o  motors that have e f f i c i encies hi gher than those 
shown i n  Table A . 1 .  E s s ent i a l ly t hey are mot ors that are bei ng 
fundamenta l ly re-engineered t o  minimi z e  the losses  o f  more 
conventional mot ors . 

Some unique , f l exib l e  mot or des i gns can maintain e f f i c i ency ( 8 5 % -
9 0 % ) , whi l e  operated i n  s ingle -phas e ,  three -pha se or DC mode s , 
e . g .  Magnet i cs Re s earch Int ernat i onal mot ors . They are a l s o  
capable o f  var i abl e speeds and modi f i ab l e  f o r  l eading , l agging 
and uni ty power f a c t or . Thi s  des i gn has been used in a f ront ­
l oading washer des i gn . 

High-Effic iency Xmprovement s 

Genera l ly ,  s t at ed motor e f f i c i ency in AC indu c t i on mot ors can be 
improved by : 

1 .  Us ing more and bet t er " act ive " mat e r i a l s  ( conduc t ive 
windings and f e rrous core ) . 

2 .  Improving des i gn ( geomet ry o f  " act ive " mat erial s ) . 
Redes i gn typ i c a l ly y i e l ds the higher e f f i c i ency gains . 

Decreas ing e l e c t ri c i ty prices and aluminium/ copper c o s t  rat i o s  i n  
t h e  1 9 5 0 ' s  and 1 9 6 0 ' s  encouraged t h e  u s e  of thinner ,  ie s s  
e f f i c i ent conductors and cores such t hat e f f i c i enc i e s  o f  mot ors 
of 1 9 5 0 ' s  vintage were more e f f i c i ent t han those produced in the 
1 9 6 0 ' s  and early 1 9 7 0 ' s .  Some mot ors advert i s ed as " hi gh ­
e f f i c i ency " have s imp ly t he same performance o f  mot ors f rom the 
1 9 5 0 ' s .  

APPENDIX A 5 5  



Type ol 
Motor 

Description 

- - . 

H.P. Range 

Shaded 
Pole 

Single Phase-starting 
torque provided by a 
permanently short-

c i rcuited auxiliary 
winding. 

1 11 000 to 1 /4 

Split Capacitor 
Phase Start 
Single Phase with A modification of the 
11uxil i11ry starting split phase The auxil· 
winding connected iary starting winding is 

i n  parallel with main connected in series 
winding. A starting with an external 

relay is needed. capacitor. 

1 120 to 1 1 /20 to 3 

-- - --- -· - ·  

Rated Speed (60 Hr) 1 050, 1 550, 3 1 00 860, 1 1 40, 1 725, 3450 860, 1 1 40, 1 725, 3450 

% Elliciency 

Power Factor 

Starting Torque 
(% ol full load) 

Application 

Advantages 

Disadvantages 

1 0  to 40 

.SO to .70 

20 to 80 

Direct drive, low-power 
tans requiring long life 
without maintenance. 

35 to 60 

.55 to .70 

90 to 200 

Suitable for frequent 
starting of fans and 
blowers-in direct and 
bell drive units. 

35 to 60 

.55 to .70 

160 to 350 

All purpose motor for 
high starting torque, 
low starting current­
in direct and bell drive 
units. 

a Inexpensive a Good starting torque ·a . Very high starting 
b Mult i-speed operation b. Medium efficiency torque 

c.  Compact 

a . Low efficiency 

b. low starting torque 

a. Not applicable for 

special character­
istics such as high 

sta rting torques, h igh 
efficiency and power 
factor, constant or 

adj ustable speed 

a. More expensive 
b. Non-adjustable 

speed 

Permanent 
Split-Capacitor 

A modification of the 
split phase. The main 
and auxiliary windings, 
in series with a continu-
ous duty capacitor, a re 
in the circuit at al l  
times. 

1 /100 to 1 

1 075, 1 625, 3250 

30 to 60 

.85 to .95 

30 to 1 00  

For  d i rect drive units 
and multi-speed 
operation. 

a. Very high efl1ciency 
and power factor 

b. Steep speed-torque 
curve 

c. Multi-speed operation 
d .  High inherent imped­

ance protection 
e. Reversing operation 
I. Quietest of all small  

induction motors 

a. Low starting torque 
b. Speed varies under 

load 

Table A . 1 Motor and Drive Technology - Commonly Oaed Induct ion 
( Fan/Blower ) Motor 'l'ypea ( Torin ) . 
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True high- e f f i c i ency motors are e s s ent i a l ly redesigned motors 
whi ch minimi ze many o f  the inherent motor l o s s es . S ome ways t o  
minimi ze inherent mot or losses are : 

1 .  Ut i l i zat ion o f  copper conductors , inst ead o f  aluminium, 
reducing res i s t ance by 6 0 % ; 

2 .  Ut i l i za t i on o f  l arger diamet er conduct ors and more core 
mat erial ; 

3 .  Ut i l i zat ion o f  " so f t " magnet s ,  t o  increase f l ux dens i ty and 
to a l l ow f l ux to readi ly change in s i z e  and direct i on ( thus 
reduc ing los s es due to hys t eres i s  and eddy current s )  ( s ee 
Table A . 2 ) ; 

4 .  Ut i l i z a t i on o f  high performance bearings ( important t o  
ma intain the sma l l er a i r  gaps used on higher e f f i c i ency 
mot ors ) ;  and , 

5 .  Opt imi zat ion o f  motor dimens i ons or improved tool ing . 

typical good-quality carbon steel 
Jow-grade silicon steel 
medium-grade silicon sleeJ 
modern nonorientcd silicon steel 
grain-oriented silicon steel 
best laser-scribed production steel 
best doubly-oriented lab silicon steel 
amorphous pre-production FeNiBSi 
best lab FcNiBSi 

10.-11. 
7.9 
5.5 

2.-4. 
1.2 
1.1 
0.4 
0.3 

0.03-0.1 

Table A . 2  Progres s  in Reduc ing the W/kg Los ses of Soft Magnet ic 
Materia l •  at -1 . ST / 6 0  Hz ( Lovins ) .  
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Efficiency of AC S ingle - Phase Motors 

The s c ope of thi s s tudy i s  res i den t i a l  a i r  handl ers whi ch are a l l  
provided wi th s ingl e -phase power . 

Analy s i s , perf ormed at CMHC , on fract i onal hors epower mot ors 
sugge s t s  that e f f i c i en c i es for convent i onal e f f i c i ency mot ors 
between 1 / 6  Hp and 3 / 4 Hp follow a rel a t i onship of : 

em = - 1 1  + 7 .  3 5  ln ( ra ted shaft power , W) [ % ]  

whi ch resul t s  
W ]  and 1 / 6  Hp 
rela t i onship , 
as l ow as 4 % . 
s hip . 

i n  e f f i c i encies of 3 5 . 5 % and 2 4 . 5 % for 3 / 4 Hp [ 5 6 0  
[ 1 2 5  W]  mot ors respect ively . By ext rapolat ing this 

a 1 / 1 0 0  Hp [ 7 . 5  W]  motor could have an e f f i c i ency 
F i gure A . 3 t ends t o  substant i a t e  this relat i on -

An e f f i c i ent European mot or , des i gned speci f i cally f o r  sma l l  a i r  
moving equipment ,  does not fol l ow t h i s  t rend , exhibi t ing e f f i ­
c i enc i e s  between 4 0 %  and 5 0 % , a t  powers down t o  1 / 3 0  Hp [ 2 5  W] . 
Larger , convent i onal motors f rom Germany produced under t i ght er 
s t andards , resul t in motor e f f i c i en c i e s  only s l i ght ly lowe r than 
North Ameri c an h i gh e f f i c i ency mot ors ( s ee Fi g .  A . 4 ) . 

Tes t ing done at Ontario Hydro , on 1 / 4  Hp and 1 / 3  Hp furnace 
b l owers , resul t e d  i n  e f f i c i encies of about 5 0 %  for s t andard 
mot ors and about 7 5 %  f or high e f f i c i ency mot ors ( s ee Tab l e  A . 3 ) . 
The above e f f i c i encies  are as sumed t o  be at 1 0 0 %  loading or at 
rated shaft  power . 
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Motor* Rated Power Rated Efficiency at 
(watts) Speed Rated Output 

1/3 hp SE motor tested 250 1725 rpm 50.8% 

1/3 hp HE motor tested 250 1725 rpm 74.5% 

1/3 hp HE motor 2 250 1 725 rpm 73.7% 

1/3 hp HE motor 3 250 1 725 rpm 70.2% 

1/4 hp SE motor tested 1 87 1725 rpm 48.2% 

1/4 hp HE motor tested 1 87 1725 rpm 75.4% 

Table A . 3 Performance Data of Varioua Standard and High 
Efficiency Motors for Belt Drive Blowers ( Woods ) .  

Wlr kufl9S9" .aC 
.,. 
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I A,,,_iloanbctw "'HIQh EHiO.-ney " Motcrm 
JCLA I , 11>>.,,,,;;11ninil1111J 
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I 
I ·  
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40 50 (kW) 
�lftlling 

Pig . A . 3 Efficiency of o . s .  Standard and High-Efficiency and 
European Standard-Efficiency Motors ( Lovins ) .  
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Ef fect of Motor Overs i z ing on Efficiency 

Mot ors are o f t en overs i z ed by the equipment or fan manufac turer , 
t o  avoid call -backs due t o  sys t em de f i c i en c i es in the f i e l d . 
Other reasons are pos s ible increases in impos ed l oad , for example 
due t o  the addi t i on of  an a i r  condi t i oning c oi l , the des i re t o  
have as f ew invent ory i t ems i rrespect ive o f  l oad t o  b e  del ivered , 
and addi t ive " s a f ety factors " for impel l er and motor s i z ing . 

Figure A . 5  shows the vari a t i on of e f f i c i ency with percent l oad 
f or t hree l arge three -pha s e  mot or s i z e s . Whi l e  larger mot ors 
have peak e f f i c i enci e s  at 7 5 %  load , the f i gure sugges t s  that , for 
smal l er motors , e f f i c i encies  cont inua l ly decrease a l oad drops 
bel ow 1 0 0 % . Thi s  bec omes more pronounced for sma l l e r  mot ors . 
F i gure A . 1 shows the e f f i c i ency performanc e  o f  1 / 3  Hp s ingle 
phase motors as l e s s  than 5 0 %  at 1 0 0 %  l oad . More s i gni f i cant 
redu c t i ons o f  e f f i c i ency oc cur at l ower l oad percentages . The 
result i s  that , i f  a f ract i onal hors epower motor i s  cons i s t en t ly 
run at l oads s i gni f i c ant ly l e s s  than the rated l oad , the ra t i o  of 
actual e f f i ci ency versus peak e f f i c i ency can be very l ow ;  for 
examp l e  at 2 0 % l oad , t he actual /peak e f f i c i ency rat i o  i s  3 0 %  or 
l e s s . For a 1 / 3  Hp motor with 4 5 %  e f f i c i ency at 1 0 0 %  load , thi s 
woul d  resu l t  in e f f i c i en c i es o f  2 0 %  or l e s s . 

Mot ors other than synchronous ones wi l l  typ i c a l ly increa s e  
rot a t i onal speed as a resu l t  o f  reduced t orque . In other words 
the s l ip f rom synchronous speed is reduc ed . Thi s  increase i s  
usual ly sma l l  i n  rel a t i on t o  the reduc ed t orque . C l early , t hen , 
there i s  a non - l inear rel a t i onship at a vari able t o rque , when no 
speed control i s  emp l oyed . 

Non - l inearity espec i a l ly app l i e s  t o  input current behavi our and 
input power respons e ,  s ince vol tage ( wi thout speed control ) i s  
almo s t  always c ons tant . . As the rot a t i onal speed increases ( due 
to t orque reduct i on )  the input current can decrea s e , s t ay the 
s ame or increas e .  The los s of e f f i c i ency with reduced l oad can 
be relat ively sma l l  or l arge , depending on whi ch motor 
charact eri st i c s  are encount ered . 

The c on s t ant input current characteri s t i c  i s  displayed by many 
sma l l e r , l ow- e f f i c i ency mot ors . Such mot ors del iver no input 
bene f i t s  f rom reduced output requirement s . I t  i s  t he drop in 
input power with output power reduc t i ons , characteri s t i c  of s ome 
new DC mot ors , t hat wi l l  best j us t i fy t he i r  us e ,  inst ead of 
bet t er AC motors with no such bene f i c i a l  character i s t i c . 
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Effect of Speed on Ef f iciency 

The fundament al ( synchronous ) speed o f  an i nduc t i on motor i s  
f ixed by how many p o l e  pai rs the des i gn u s e s . A s  previous ly 
pointed out , synchronous speed equa l s  3 6 0 0 / ( number of pol e  
p a i rs ) . F i gure A . 6 shows the t rend o f  e f f i c i ency wi th reduc t ion 
in synchronous speed . I t  sugges t s  that , for f rac t i onal HP 
mot ors , dropping the speed f rom 3 6 0 0  rpm to 9 0 0  rpm reduces t he 
e f f i ci en cy in the order o f  1 0 % . By examining the power factor at 
vari ous speeds in F i gure A . 6 it is c l ear why , for f ract i onal Hp 
mot ors , 3 6 0 0  rpm and 1 8 0 0  rpm are the mos t  common speeds , wi th 
1 2 0 0  rpm s omet imes being used . Motors wit h  s lower synchronous 
speeds s houl d  be avoi ded ( except for spec i a l  app l i c a t i ons ) .  

Mul t i - speed motors ( mo s t  c ommonly two - speed ) are mot ors des i gned 
to change t he number of pol e s . The speed depends upon whi ch 
c i rcuit  i s  powered in t he mot or . Because t hey have t o  ac comm­
oda t e  addi t i onal windings to a l l ow swi t ching of the number of 
p o l e  pai rs , they are phys i ca l ly l arger , i nherent ly l e s s  e f f i c i ent 
due to des i gn i s sues , and cost s i gni f i cant ly more than s ingl e ­
speed mot ors . 

In s ome cases , i t  i s  economi c t o  change output not by speed , but 
t hrough t he use of two properly s i z ed motors , avoi ding e f f i c i ency 
reduct ions due t o  speed and overs i z ing . Thi s  i s  useful for 
app l i cat i ons where s i gni f i cant run t imes o ccur at two di f f erent 
operat ing condi t i ons , for the same equipment . 

Power Factor 

The parameter , total power requi red by an induct i on motor , i s  the 
magni tude of the vector addi t i on of act ive power ( that whi ch does 
work at t he sha f t  and i s  consumed by motor l o s s es ) and react ive 
power ( whi ch maint a ins the magnet i c  f i e l d )  . 

Tot a l  power i s  t he p roduct o f  the del ivered vol t age and current , 
i n  t e rms o f  vol t  amps , VA ) . An induct i on devi c e  mus t  have 
suf f i c i ent current ava i l ab l e  t o  provide both the act ive and 
react ive power . Power f a c t or , i s  the rat i o  of act ive power t o  
t o t a l  power . 

E s s ent i a l ly ,  the grid s upp l i es power [ VA] at  a uni ty power factor 
t o  s upply act ive l oads at a power factor l e s s  t han uni ty . In 
other words , the grid has to provi de I / P . F .  t imes t he current t o  
s upply the induct i on motor . 

For a c onductor t o  carry the same power , a t  5 0 %  power factor as 
at uni ty power factor woul d  requ i re f our t imes the wi re c ros s ­
s e c t i onal area , s ince res i s t ive losses  are governed by I2R power 
c ons idera t i ons . · C learly addi t i onal t ransmi s s i on and d i s t r ibut i on 
l o s ses are incurred by l ow power factors . 
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Power Factor ( Cont . )  

Low power f a c t ors are import ant t o  the ut i l i ty for a number o f  
reasons : 

1 .  React ive power i s  not b i l l able via power and energy met ers ; 
2 .  S i gni f i cant react ive power may require upgrading o f  power 

l ines without f inancial return t o  ut i l i ty [ =  $ 1 0 0 0 /kVA] ; 
3 .  Inc rea sed sys t em capac i ty i s  requi red t o  o f f s et losses , 

poss ibly requi ring cap i t a l  cost expenditures [ =  $ 5 0 0 / KW )  
wi thout a revenue recovery mechani sm ; and , 

4 .  Vol t age regul ation i s  requi red by the ut i l i ty ,  t o  compensate 
for react ive power . 

Most ut i l i t i e s  penal i z e  l arge users , i f  the power factor drops 
below 0 . 9 .  Res i dent i a l  cus t omers are i gnored , because the 
ut i l i ty l i kely s ees the met ering and account ing procedures o f  
l arge numbers o f  sma l l  u s e r s  n o t  f inancially or prac t i ca l ly 
worthwhi l e . However , i t  i s  c onceivabl e that , when res i s t ive 
l oads are l ow ,  eg . in summer , induct ion motor power may be as 
high as 8 0 %  o f  t he total  consumer l oad . Thi s cou l d  include 
central a i r  c ondi t i oning ( compre s s or , two fans ) , refri gerator , 
washer , dryer , c ont inuous vent i la t i on ,  a l l  pos s ib ly us ing sma l l  
AC mot ors wi th poor power fact ors . I f  the average power factor 
o f  the motors is 6 0 %  and cons t i tutes 7 0 %  o f  the power draw , the 
total  power [ VA ]  requi red to be p rovi ded by t he ut i l i ty is 5 0 %  
higher than the act ive ( b i l l abl e )  power . 
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Power Factor ( Cont . )  

What i s  l e s s  c l ear i s  how l ow power factors a f fect t rue input 
power and energy at the generat ing pl ant , as used in the 
e f f i c i ency defini t i on .  D i s cuss ion in the l i t erature sugges t s  
that addi t i onal fuel burnt at the p l ant i s  l imi ted t o  addi t i onal 
t ransmi s s i on and di s t ribut i on losses . From a ut i l i ty 
perspect ive , the user shou l d  pay f or the e f f ect ive cost o f  total  
power del ivered . 

Effect of Load and Speed on Power Factor 

Trends s imi lar to t hat di s cussed for e f f i c i en cy versus percentage 
l oad occur for power f a c t or performanc e  ( Fi g . A . 7 ) . Sma l l  motors 
can experi enc e s i gni f i cant power factor redu c t i ons , for example , 
a drop o f  0 . 2 5  or more when the l oad drops �rom 1 0 0 %  t o  4 0 % . 

I t  shoul d  a l s o  be noted that t he speed o f  the motor can 
s i gn i f i cant ly reduce the power factor ( s ee Fig . A . 6 ) . Using a 
1 2 0 0  rpm inst ead o f  a 3 6 0 0  rpm f ract i onal Hp motor can decrease 
t he power factor by 1 0 %  to 2 0 % , depending on the motor 
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Effect of Power Factor on Efficiency 

There i s  addi t i ona l power c onsump t i on due t o  grid l o s ses at the 
generat ing p l ant equival ent to 8% of act ive power , at a grid 
power f a c t or o f  0 . 9 .  For the purpose o f  our s tudy ,  the following 
methodol ogy i s  sugges t ed t o  fai rly compare the impact of l ow and 
high power f a c t ors . I f  one a s sumes that , for l ow power factors , 
the grid l o s s e s  vary as the s quare o f  total current : 

Power lost from gri d  = I2R ( R i s  gri d  resi s tance) 

= 0 .  0 8  PA 0 0 .  9 PF 

Power fac tor ( PF) = 
PA = IA 
PT IT 

To tal Inpu t Power = PA + Gri d  Loss 1 = PA +0 . 3 4 ( -l ) PA ( PF) 2 

To tal Inpu t Power = ( 0 . 6 6 + o . 3 4 ) PA pp 

I f  one further a s sumes that a motor i s  respons ibl e for i t s  share 
of grid l o s s e s  at an average grid l oading ( i . e .  at 0 . 9  power 
factor ) , i t s  gri d  losses at di f f erent power fact ors woul d  be 
expre s s ed : 

Gri d  Loss • O .  06 5 C -1- )  PA PF� 

Where grid l o s s e s  are 0 . 0 8 PA at a power factor o f  0 . 9 , the 
increase in grid los ses due to power factors of l e s s  t han 1 . 0  i s : 

Gri d  L.oss Increase = 0 . 06 5  C -1- -1 ) PA PF2 

The t o t a l  power a t  the plant i s  the act ive power at the hous e ,  
PA , plus the grid los s due to PA ( 0 . 0 6 5  PA ) , plus  the grid l o s s  
due t o  a power factor l e s s  t han uni ty . .  I t  c an b e  argued that 
power consumed bas ed on PA , that i s  ( PA + 0 . 0 6 5  PA ) ,  i s  bi l l ed by 
the ut i l i ty i n  i t s  rate s t ructure , even though only PA i s  
met ered . 
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Effect of Power Factor on Effic iency ( Cont . )  

The rat io o f  actual power consumed t o  power consumed at a power 
factor of 1 . 0  i s : 

PA + 0 .  06 5 PA R = 
1 PA + 0 . 06 5  ( -- ) PA PF2 = ( 0 . 9 4 + 0 .  06 

PF2 ) 

There fore , the e f f ect o f  power factor expre s s ed in t erms o f  
e f f i c i ency reduct i on ( i . e .  increase in relat ive input power i s  
1 /R ) : 

1 E = ----
pf 0 . 94 + 0 . 06 /PF2 

Whi l e  thi s methodology i s  more app l i cable to input power provi ded 
at the generat ing s t a t i on ,  i t  is as sumed that thi s e f f i c i ency 
reduct ion f actor i s  app l i cable to a proport i onal power increa se 
at the hous e . 

Thi s  woul d  resul t in the f o l l owing modi f i ed e f f i c i encies for a 
conven t i onal 1 / 3  Hp motor : 

1 0 0 %  Load 
4 0  % Load 

Power Fa ctor 

0 . 8  
0 . 6  

AC Motor Speed Controls 

Convent i onal 
E f f i c i ency 

4 5 %  
2 0 %  

PF -modi f i ed 
E f f i c i ency 

4 3 . 5 % 
1 8 . 0 % 

Table A . 4  gives an overvi ew o f  the vari ety o f  automat i c  
adj u s t able speed cont rol t e chnologies complete wi th comment s and 
hors epower range app l i c abi l i ty .  DC motor speed control wi l l  be 
di s cussed in the s e c t ion on E l e c t roni c a l ly Commutated Mot ors . 
From thi s i n format ion , i t  c an be s een that the control s t rategies 
that can be used for f ract i onal Hp motors are mul t i - speed mot ors 
( previous ly di s cu s s ed ) , eddy - current drives and e l ect ronic 

adj u s t able speed drives of  the vol t age- s ource invert er type . 

An eddy current drive i s  bas ed on magnet i c  c lutch that can vary 
t he amount o f  s l ip Qetween the motor sha f t  and the output sha f t . 
Output speed i s  c ont rol l ed by a l ow-power , s o l i d - s t a t e  cont ro l l er 
that varies  the magnet i c  f i e l d . 

Mainta ining the magnet i c  f i e l d  c onsumes about 2 %  o f  the rat ed 
drive power , e s s ent i a l ly equival ent t o  the motor ' s  sha f t  power . 
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Tech n ol og y Appl icab i 1 1 1 y  I Casi Commcn \5 m = R c 1 rofi1; \ = \cw) 

M u h 1 spccd Prac1 i o11 3 1 - 5 00 h p 1 . 5  10 2 l imes lhc Larger and lcH c f(1 c icnl lhan I - speed motors. ( i nc l .  l'A M ' )  PA M :  framonal - 2 .000+ h p  price o f  s i n g l e ·  P A M  more prom i s i n g  1han m u h i · wind 1 n i:. 
M o1ors R . :-<  �recd moiors Lim ited n um ber o f  available speed s .  

Moiors 
Di rec1-Curren1 Frac 1 i ona l ·  l 0,000 hp l l igher  l han  A C  Ea sy speed comro l .  
M oiors N inJ uciion moiors More ma i nt ena nce req u i red . 

Va r iab le - 5 - 1 25 h p  $J50-S5U'fhp l l i g tl  e ffici ency ai pan load. 3 . 1  speed ra nge l i m ·  
R J l i o  B e l l s  N ( rnr 5 - 1 2 5  h p )  i u11 ion. Requires good ma i nlen u n ce for long l i fe. Me chan ical Shafi · Friel ion Up 10 5 hp S500-S300/hp I 0: I speed range. 

A ppl icd Dry Disks N Ma in tenance req u i red . Drives (on Mawr Eddy-Cu rrem Fraciiona 1 -2 ,000• hp 5900-563/hp Reliable in clean area s .  Re lative ly long l i fe .  Ouipul) Drive N ff or 1 lo 1 50 hp)  Low effici ency below 50% speed. 

l lyd  raul i c  Drive 5- t 0,000 h p  N Large vari a t ion 5: I speed range. Low crriciency below 50% !peed. 

Vol l  age- Fractional- t ,000 h p  s 1 500-$80/hp M u l 1 i ·mo1or capabi l i ty. 
Source R , N  (fur I l o  300 hp) Can g en era l l y u se existing motor. 

W i n n g ·  lnvcner PWM1 appears mosl promising. 
Appl ied E leci ron ic 
Drives Adjusu bl e Curren!- t 00 - 1 00,000 hp S200-S3 0/hp Larger an d heavier lhan VSI. 
(on Molor Speed Source R,N (for 1 00 lo Industrial applications, including 
lnpu l )  Drives lnvener 20,000 hp) large synchronous motors. 

01hcrs Fractional- I 00,000 Large variation Includes cycloconveners, wound roior, a nd 
R , N  va riable vohage . Generally for specia l 

i n d ustrial appl ication s .  

'PAM m eans P o l e  A m p l i t u d e  Modulated. 2The prices arc listed from h i gh 10  low 10 correspond w i lh the power raling , which is I i  S l e d  from 
low 10 h igh . Thus, the lower 1hc power raiing, 1hc h igher the cosl per horsepower. 1PWM means Pulse Width Modulation. 

Table A . 4  Adjus table - Speed Motor Drive Technologies (WAPA) . 

AC Motor Speed Controls ( Cont . )  

Thi s  va l ue woul d  be con s t ant independent o f  imposed load . For a 
2 5 0  W mot or s ha f t  power, thi s consumption woul d  be 5 w .  Of the 
2 5 0  W at 1 0 0 %  speed i t  wou l d  t ransmi t 9 8 %  or 2 4 5  W, whi l e  at 5 0 %  
speed i t  wou l d  t ransmi t 4 8 %  or 1 2 0 W .  

The l o s s es are i n  the form o f  heat and f rac t i onal Hp drives ( 1 / 4 
Hp and up ) are typ i ca l ly a i r - cooled . Eddy current drives are 
l arge , about twi c e  the s i z e  o f  the mot or , and are being replaced 
by e l e c t roni c  Adj u s t able Speed Drive ( ASD l . Eddy drives have an 
advant a ge o f  not p roducing s i gni f i cant harmon i c s  or vol t age 
t rans i en t s  c ompared to e l e c t roni c  Adj ustabl e Speed Drives ( ASD ) . 

Invert e r -based e l e c t roni c ASD ' s  are by far the mos t  c ommon type 
and are being u s ed wi th f ra c t i onal hors epower mot ors in 
r e s i dent i a l  app l i an�e s . The princ ipl e  o f  operat ion i s  rooted in 
the f a c t  that mot o r  speed i s  proport i onal to the f requency of the 
AC wave f o rm . An i nverter-based ASD converts 6 0  Hz AC into DC 
power and r einvert s i t  t o  a f requency-adj u s t able and vol t age ­
adj ustable AC wavef o rm .  The f requency usua l ly ranges from 0 - 1 2 0 
H z  but c an go as hi gh as 1 8 0  H z . 
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AC Motor Speed Controls ( Cont . )  

A voltage - s ource inverter ( VS I ) Adj ustable Speed Drive , most 
common for frac t i onal Hp mot ors , produces a s quare waveform 
rather t han a s imulated s inus o i da l  one . A VS I can operat e 
s everal mot ors at once . 

Because ASD ' s are more c ompact t han mechanical speed cont rol s and 
do not have t o  be mechani c a l ly coupled , they can eas i ly be 
ret ro f i t t ed or l ocated , for exampl e ,  in the cont rol box of a HRV . 

The typical e f f i c i enc ies o f  ASD ' s  are shown in Figure A . B r  
Cons t ant t orque ASD ' s  have f l at t er e f f i c i ency curves , but are 
more expens ive . Very l ikely res i dent ial ASD ' s  are o f  the 
vari able t orque vari ety , whi ch exhibi t e f f i c i enc i es of 9 5 %  at 
1 0 0 %  speed and 8 5 %  at 4 0 %  speed . Thi s  means mot or e f f i c i ency i s  
reduced s l i ght ly , but the pot ent i a l  o f  reduc ing input power , by 
reduc ing output due t o  speed reduct i on ,  exi st in many 
app l i cat ions . The e f fect o f  us ing a Adj us table Speed Drive , on 
mot or loading and the resul t ing motor e f f i c i ency , needs t o  be 
exp l ored , as does the e f fect o f  speed changes on fan e f f i c i ency . 

In r egards t o  the e f fect o f  Adj u s t able Speed Drives on motor 
e f f i c iency , Compet i t ek srn ( now E Source ) makes the f o l l owing two 
point s : 

1 .  ASD ' s  have an e f f i c i ency less  than 1 0 0 % , there fore t he 
motor /ASD combina t i on ,  run at or near the rated speed , 
consumes more energy ; and 

2 .  For the s ame l oading , t he mot or e f f i c i ency wi l l  be 
l ower at lower f requen c i es ( speed ) than at the des i gn 
f requency . 

F i gure A . 9 sugges t s  that , at  1 0 0 %  speed the ASD has reduced the 
e f f i c i encies to 7 7 %  and 8 2 % , for s t andard and high e f f i c i ency 
motors , whi ch were about 8 5 %  and 9 0 %  respect ively ( on a 1 0  Hp 
mot o r ) . 

Manual adj u s t able speed c ontrols  inc lude the f ami l iar belt /pul l ey 
drive o f  furnac e  fans ( di s cu s s ed in " Drive Transmi s s i on Los s e s " )  
and fri ct ion dry di s c s . 

Fri c t ion dry d i s c s  a l l ow a wide range o f  speed rat ios , but are 
cons i dered expens ive . Speed i s  varied manual ly ,  via a c rank , by 
changing the transmi s s i on rat i o . They are 9 5 %  e f f i c i ent , but 
requ i re more maint enance ,  are more bulky and are l e s s  f l exibl e 
t han e l e c t roni c  ASD ' s .  
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Fig . A . 7  
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DC Motors 

DC mot ors a r e  o f t en used where speed cont rol is requi red , s ince 
varying the vol t age varies the speed . Electricity is supp l i ed to 
t he rotor windings via a ring of electrically i so l a t ed copper 
bars , known as a commutator . Conven t i onal DC rotors require 
brushe s , caus ing wear on both brushes and commut ator , and are 
expens ive to manufacture . 

I n  mor e  c onvent i onal des i gns , the s tator can be e i t her a winding 
or a p e rmanent magnet , produc ing a magnet i c  f ield . However a 
more import ant permanent magne t  [ PM ]  motor i s  one .t hat ha s wind­
ings in t he s t at o r  generat ing a rot at ing magnet i c  f i e l d  and a PM 
rot or . The speed of t he motor i s  t hen the speed o f  the rot at ing 
f i el d . Becaus e t here are no l o s s e s  in the " brushl es s "  rotor , 
these mot o r s  are more e f f i c i ent t han induct ion motors . Thi s  type 
of mot o r  i s  known as an elect roni c a l ly commutated mot o r  ( ECM ) , 
see F i gure A . 1 0 . E s s ent i a l ly the brushes o f  a convent i onal 
commutator are r eplaced by an int egrat ed c i rcuit whi ch swi t ches 
polarity to the windings o f  the s t ator in synchron i z a t i on with 
the moving f i e l d  o f  the rot or . It  t hen becomes s impl e  t o  control 
speed by cont rol l ing the f requency o f  the swi t ching . 

F i gure A . 8 s hows the compar i s on o f  a 1 0  Hp ECM motor t o  s t andard 
and h i gh- e f f i c i ency , ASD-cont rol l ed induct ion motors . At low 
speed t here i s  a drama t i c  increase in e f f ic iency . S ince the 
magnet i c  f i eld i s  provided by permanent magnets , l i t t l e  react ive 
power i s  consumed , all owing for power factors close to uni ty . 

There i s  a c c e l erated work being done on inverter drives and cus ­
t om integrat e d  chips , mos t ly in Japan , but a l s o  in North America , 
wi th a vi ew t o  app l i cat ion in the res ident ial marke t . General 
E l e c t r i c  o f f ers Integrated Commut ated Mot ors ( ICM ) , in the frac­
t ional hors epower range [ to 1 . 5  Hp ] whi ch provide more sophi s ­
t i ca t ed switching capabi l ity . By adding programmabi l i ty t o  the 
cont rol , t hrough the use o f  comput e r  t echnol ogy ( EEPROM ) , motor 
cont rol s  can be cus t omi z ed for spec i f i c  app l i ca t i ons . In other 
words , speed can be control l ed us ing a number of input s or s ens ­
ing devi ces that det e rmine the equipment output charact eri s t i c s . 

One app l i cat i on o f  the t e chnology i s  the u s e  o f  two ECM motors 
for air handl ing in a t op - l ine Carri er gas furnace ( s ee " PM 
Mot or s  in Res ident ial App l i cat ions " ,  Fig . A . 1 1 ) . I t  s houl d  be 
not ed that s ome ECMs crea t e  electroni c  " noi s e "  whi ch causes s ome 
p robl ems for both ut i l i t i e s  and consUIYlers , the l a t t e r  when i t  
a f f e c t s  other hous ehol d  devices . 

ECM motor e f f i c i encies in 1 / 3 Hp t o  1 / 4 Hp range are rated at 
around 7 8 % . A high e f f i c i ency 1 / 4  Hp AC induc t ion mot or woul d  
have a n  e f f ic i ency o f  7 1 %  t o  7 4 %  but thi s i s  reduced t o  about 6 5 %  
t o  7 0 %  wi t h  e l e c t ronic ASD ' s .  
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Fig . A . 9 Schematic of Electronically Commutated Permanent ­
Magnet ( PM )  Motor ( WAPA) . 

PM Motors in Residential Appliances 
A n  eve r - i ncreasing n u mber o f  residenti a l  a ppliances u s e  PM 
m otors.  A partic u la rly i n n ovative exampl e  is the Ca rri er 
Wea thermaker SXi ga s - fi r e d .  force d - a i r  fu rnace (also sold 
under the B rya n t .  D ay and N igh l .  a 1:i d  Payne brand names ) .  
Like many top- o f- th e - line fu r naces . i t  u ses a c on d ensing 
heat exchan ger fo r high thermal effi c i en cy .  and a n  i n d u ced ­
draft exha u s t  blower to vent the fl u e  ga s e s .  Unlike most 
o th ers . this fu rnace is a ls o  electri ca lly e fficient.  d u e  to the 
use of two e le ctron i c ally commu tated motors : one for the 
main ven tila t i on fan .  the other for the i n d u ce d - d raft blower. 

The burner operates in two stages.  a llowing the fu rnace 
t o  operate at l ow output for most of the requ ired h eating 
h o u rs .  The c o rres ponding l ow speed of the main fan resu lts 
in a power consu mption of less than 1 00 W. compared to 
600- 1 , 000 W in a typical furnace .  The low-s peed 
capabili ties . c ombined with sophisticated contro l s .  a l s o  
b r i n g  i n cr ea s e d  comfort a n d  redu ced nois e .  Th e i n s t a l l e d  
cost o f  the fur n a c e  i s  a b o u t  $2 , 500.  rou ghly $300 t o  $ 700 
more t h a n  o ther c o n d ensing furnaces (Nisson 1 988) . 

Fig . A . 1 0 Furnace Fan Appl ication of ECM Technology ( WAPA ) . 
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Drive Transmis s ion Los s  

I t  usua l ly a s sumed that a direct drive arrangement ha s a power 
motor t ransmi s s i on loss  of z ero , a s s uming t he mot or i s  not in the 
a i r s t ream . Due to spa ce l imi tat ions , the motor is o f t en mounted 
direct ly in the int ake ori f i c e  o f  t he f an . Thi s can cause 
s i gn i f i cant aerodynami c res i s tance to f l ow , result ing in l ower 
e f f i ciencies . 

The amount o f  obs t ruct i on i s  dependant on the exact det a i l  
( aerodynami cs o f  mot or hous ing , f ree area around motor , degree o f  
recess in ori f i c e ) . Inferring f rom manufacturers t e s t  dat a , t he 
e f fect ive drive e f f i c i ency , ed ,  ranges f rom 8 4  - 9 5 % . ( Ar i ewt z )  
sugges t s , however ,  that the e f f i c i en cy reduction o f  f o rward­
curved c entri fuga l , f rom a pos s ible 6 0 % , to a t es t e d  3 5 % ,  is due 
in l arge measure t o  the ( l arge ) motor being in the a i r s t ream . 

Belt drives a l s o  experience los s es in output power prior t o  
t ransmi t t ing t orque t o  the driven equipment . I f  sma l l er and more 
e f f i c ient mot ors are des i gned int o the inl e t s  of f ans , and are 
s t reaml ined,  thi s reduct ion in sys t em e f f i c i ency cou l d  be 
radi c a l ly reduced . 

V-belt drive l os s es can be charact eri z ed by the A . M . C . A .  f o rmul a  
for f rac t i onal hors epower mot or app l i cations : 

where 

Ld = 9 . 4 - 4 . 6 5 lnPm 

Ld = drive l os s  in percent o f  mot or output 
Pm = mot or output powe r , Hp 

E f f i c i ency of drive , Ea , would equal [ l -L0 ] . It shoul d  be not ed 
t hat , f or exampl e ,  a 1 / 3 Hp motor wou l d  experience a drive l o s s  
o f  1 4 . 5 % .  

A s tudy done by ORTECH f ound that convent i onal bel t s  ( normal 
t ens ion ) experience l o s s es c l o s er t o  1 0 %  for a 1 / 3 Hp mot or . By 
loosening the be l t  thi s f i gure could be reduced t o  2 %  - 6 % . 
U s ing a cog v-be l t  c an reduce the los ses roughly by hal f ,  whi l e  
the u s e  o f  a synchronous bel t  a l l  but el iminated thi s drive l o s s . 

Thi s  r eport a l s o  s t udied the e f f e c t  o f  f an s l eeve bearings versus 
bal l bearings , on drive l o s s  o f  be l t - drive sys t ems . Wi t h  bal l  
bearings , the requi red f an input power dropped by 1 0 % . I f  bal l  
bearings have an e f f i c i ency , Eb , o f  9 9 % ,  t hen the s l eeve bearing 
l o s s  woul d  be about 8 9 % . 

Not e  t hat , i f  the fan wheel i s  s upport ed only by the motor sha f t , 
the mot or may reduce in e f f i c i ency due t o  the increa s ed bearing 
l oad . 
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Drive Transmis s ion Loss ( Cont . )  

I t  should be not ed that sys t em interact i ons t end to reduce power 
savings . The 1 0 %  reduct ion in fan power due to bal l  bearings 
reduced input power only by 5 % ,  s ince the fan /motor combina t i on 
was abl e to run at a s l i ghtly higher rpm , incurring a higher 
power draw . I f  an elect roni c speed drive had been used to 
recreat e the c ondi t ions o f  the sys t em wi th s l eeve bearings , the 
1 0 %  s aving could have been rea l i zed,  but the e f f i c iency of the 
speed drive woul d  need t o  be taken into account . 

Mot or e f f i c i ency i s  a l s o  reduced when the motor sha ft bearing 
supports the wei ght of the impeller , in a di rect - drive 
conf i gurat ion . Thi s  i s  a maj or e f f ect with s l eave bearings and a 
minor one with ball bearings ( doubl ing a 1 %  loss  gives 2 % ,  but 
doubl ing an 1 1 %  l o s s  gives 2 2 % ) . 
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APPENDIX B :  FACTORS AFFECTING THE EFFICIENCIES OF SMALL AND 
LARGE BLOWERS 

Table B . 2  shows a survey o f  forward - curved furnace f ans ranging 
f rom 4 3 %  t o  5 7 %  e f f i c i ency . Tabl e B . 3  shows that an improved 
vers i on can opera t e  at 6 2 %  e f f i c i ency . Backward incl ined 
imp e l l ers can o f t en increase e f f i c i en c i es by 2 0 % . For addi t i onal 
des i gn e f fects s ee Tabl e  B . 4 .  

The blowers used in domest i c  furnaces typ i cally have rated peak 
e f f i c i encies between 4 0 % and 5 0 % , depending on whether t i ght or 
s tandard hous ings are used . However ,  l arger blowers ( for the 
indus t rial sector ) are available wi th e f f i c i encies of 8 0 %  ( Table 
B . l ) . Unfortunat e ly there i s  a s carcity o f  publ i shed information 
on the fact ors whi ch c ont r ibut e  t o  t he e f f i c i ency di f ference 
between the two s i zes  o f  blowers . Us ing t h� ava i l abl e 
i n fo rmat i on ,  thi s s e c t ion wi l l  addres s  the poss ible factors whi ch 
c ont r ibut e  t o  the di f f erences in e f f i c iency . 

I n  addres s ing the di f ferent e f f i cien c i es , i t  i s  useful t o  f i r s t  
l ook at the range o f  e f f i c ienc ies ava i l ab l e  f o r  vari ous blower 
c on f i gurations . Tab l e  B . 1  shows the e f f i c i encies of a sampl ing 
of blower con f i gurat i ons . The e f f i c i encies represent the peak 
e f fi c i encies f rom the performance data p rovi ded by blower 
manuf acturers . 

The dat a  in Tab l e  B . l  suggests that the improvement in e f f i c i ency 
f rom a domes t i c  f urnace blower to an industrial blower has two 
s ources ; the benef i t s  of larger s ca l e  ( ac count ing f or 1 0 -2 0 
p e r c ent age point s ) and blade des ign ( = 1 0  percentage point s 
increa s e  wi th backward- curved wheel s ) . 

Due t o  a lack o f  phy s i cal dat a on the blowers , i t  i s  not pos s ible 
to quant i t at ively a s s e s s  the impact o f  speci f i c  s cal ing f a c t ors 

Efficiency Blower Configuration 

80% •· Backward Curved Wheel (1650 mm dia.) 

70% I Backward Curved Wheel (300 mm dia.), or Forward Curved Wheel (900 mm dia;) 

60% I Forward Curved Wheel (300 mm dia.) 

50% I Forward Curved Wheel (250 mm dia., direct drive) 

40% I Forward Curved Wheel (225 mm dia., tight housing), or 

Forward Curved Wheel (225 mm dia., standard housing, with belt drive losses) 

Table B . 1  Typical B f f icienciea of Various Blower Conf igurat ion& . 
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Table 1 - Peak Blower Efficiencies Within Manufacturer's Recommended Range 

Standard Blower Housings Tight Blower Housings 
Manufacturer Wheel Length 

(in.) * belt drive direct drive belt drive direct drive 

Lau 9.5 55% 46% 44.6% NIA 

Lau 8 53.8% 50% 42. 8% NIA 

Lau 7.12  54.7% 52% 48% NIA 

Air Vector 9.5 NIA 53% NIA 44% 

Air Vector 8 NIA 53% NIA 42% 

Air Vector 7.12 NIA 57% NIA 43% 

Table B . 2  Peak Blower Efficienc ies Within Manufacturer ' s  
Recommendat ions (Woods ) .  

Table 3 - Alternative Blower Designs With Efficiency Improvements 

Type of Blower Manufacturer Description Peak Efficiency 

plastic, backward M.K. Plastics wheel dia.= 10.5 in. 65 % 
inclined (Montreal) wheel length = 8-

1/1 6" 

metal - forward Beckett Air wheel diameters claims to improve 
curved (Fergas (Ohio) only up to 4.75" efficiency from 
wheel) 57% to 62% 

Table B . 3  Alternative Blower Des ign& With Eff iciency 
Improvements ( Woods ) .  
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on e f f i c i ency . However ,  three probabl e  f a c t ors are addres s ed 
qua l i tat ively below { s ee a l s o  Table B . 4 ) . 

1 .  Clearance at Blower Inlet 

There wi l l  be an opt imum cl earance between a blower hous ing 
and t he wheel as there is a t rade - o f f  between f l ow l eakage 
and vis cous l o s s e s . The gap creat e s  a f l ow l eakage path 
whi ch decreases · the blower e f f i c i ency . However , decreas ing 
t he gap a l s o  increas es the vi s cous l os s es caused by the 
relat ive mot i on of the wheel and hous ing . In genera l , t he 
opt imum e f f i c i ency wi l l  occur at very small c l earances . 

Nei s e  showed t hat t he e f f i ci ency o f  a backward-curved blower 
increased from 6 0 %  to 7 0 %  by t i ght ening the inlet c l earance 
f rom 1 0  mm to 1 mm . However , Wri ght s howed that decreas ing 
the inlet  gap f rom 1 . 6  mm t o  0 . 3 3  mm i ncreased the 
e f f i c i ency by about three percent age point s . It should be 
noted that both of these papers r eport ed on resul t s  with 
backward - curved blowers . S ince f o rward- curved blowers 
ope ra t e  wi th l e s s  of a s ta t i c  pres sure ri s e ,  the leakage 
l o s s e s  wi l l  be than with the backward curved blowers with 
the s ame inl et gap . Furthermore , the a ctual improvement 
poten t ial f rom t i ghtening the inl et c l earance wi l l  depend on 
the typ i cal c l earances on exi s t ing blowers . 

2 .  Clearance at Blower CUt-Off 

3 .  

The cut - o f f  o f  a blower i s  the part o f  the hous ing near the 
i n l et whi ch direc t s  the air out of t he blower , away f rom the 
rotat ing wheel . S imi l arly t o  the inlet c l earanc e ,  the cut ­
o f f  c l earance bal ances the vi s cous los s es against the 
l eakage losses . Smi t h ,  O ' Ma l l ey ,  and Phelp have shown that 
the e f f i c i ency of a backward- curved blower can increa s e  f rom 
7 5 %  t o  8 2 %  by increas ing the cut - o f f  rat io { cut - o f f  
c l earanc e /wheel di amet er ) from 3 %  t o  8 % . Again , the a ctual 
pot ent i a l  for improvement wi l l  depend on the typ i cal cut - o f f  
rat i o s  on exi s t ing blowers . 

Relat ive Roughnea s  of Wheel Blade 

The f r i c t ion l os s e s  in the a i r  pas s ing through t he blower 
wheel wi l l  depend on the relat ive roughnes s  in the bl ade 
pas s age . The r e l a t ive roughness i s  the rat i o  o f  the surface 
roughnes s  t o  the s i z e  o f  the blade pas s age . S ince the 
mat erial s ,  and thus absolute roughne s s , · are s imi l a r  for 
l arge and sma l l  blowers , the relat ive roughness wi l l  be 
higher f or the sma l l  blowers . 

The relat ive roughnes s o f  sma l l er bl ower wheels could be 
reduced us ing coat ings ( such as epoxy or t e f l on )  whi ch woul d  
a d d  $ 1 5  t o  $ 3 0 t o  the c o s t  o f  the whe e l  { the c o s t  e s t ima t e  
w a s  supp l ied by· a coat ing shop ) . Some coat ings coul d a l s o  
improve the l onger t erm perf ormance o f  blowers by res i s t ing 
the bui l d-up of dus t  on the blower whee l .  
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Design Parameter Impact on Efficiency Comments 
Blade Design 
- outlet blade angle • backward curved blades could increase efficiency by • in general, blowers with backward curved 

up 10 20% blades provide the now rates Bl higher Sl8tic 
pressures (however, Westinghouse developed a 
blower which may be suitable) 

- number of blades • more blades increase 5kin friction losses but 
decrease eddy current losses 

• chord of blade (or • doubling the length of the blade could increase the • for similar now, both power and speed 
nidial depth) efficiency by 20% decrease as blade depth is increased 

Bearings • 1 5-34 watts can be saved by using ball bearings • no increase in sound level measured with ball 
instead of sleeve (increase in efficiency of 4-8%) bearings 

Casing Design 
• size of ca.sing • a wheel will have an optimum casing size, deviation 

from which could degrade efficiency by up to 16% 
• inlet vanes • efficiency not greatly effected by inlet vanes • positive pre-rotation provided by inlet vanes 

will chan&e siatic head and power in proportion 
• outlet diffuser guide • guide vanes will increase efficiency by reducing • if now varies from design conditions, then 
vanes shock and eddy losses ·vanes may increase losses (mainly used in high 

pressure blowers) 
· clearance between inlet • with a backward curved blade, the efficiency can be 
noule and impeller eye increased by 1 0%  by tightening the clearance from 10 

to I mm. 

Cut-Off Design 
• clearance to impeller • deviation from the optimum cut-off clearance can 

reduce efficiency by up to 7% 
• location of cut-off • cfCiciency can drop off by 4% with 25% of wheel 

diameter exposed 
• slope of cut-off • sloping the cut-off reduces noise and therefore 

should improve efficiency 

T� of Drive 
-direct drive vs belt • for the same impeller wheel and housing, direct • direct drive blowers have lower costs and 
drive drive can be up to 9% less efficient fewer installation problems (cg. poor tensioning 

of belts, or poor quality of pulleys) 
• efficiency of direct drive blowers could 
increase if motor was somewhat removed from 
blower inlet 

Wheel, or lm(!£1ler 
Design 
- &ength/diarnetcr ratio • Ille ratio can erk.ct Ille efficiency by up to 6111 • there may be an optimwn length/diameter ratio 

for each wheel diameter - maltri.al used • plastic wheels arc lighter and therefore put less 
loading on motor barings (for direct drive) 

Material Rnne;hnr-.�s • er similar now c.onditions. pump efficiency increases • 11 low fan Reynolds numbe11, the fan 
by 3% when a surface roughness of 0.005 inches is efficiency can drop by up to 10%, therefore 
polished • coatings could help to minimize the relative 

roughness and minimize lhe change in 
efficiency 
• may present polClltial for plastic coatings 

Tabl e  B . 4  The Effect of Varioua Blower Dea ign Parameter• on 
Efficiency ( Wooda ) .  
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In general , the informat i on current ly ava i l abl e sugges t s  
that i t  i s  unl i ke ly t hat a blower could b e  produc ed for 
furnaces wi th an e f f i c iency of 8 0 %  ( the e f f i c i ency o f  a 
larger backward - curved blower ) . Ba s ed on the informa t i on 
ava i l able , the e f f i ci ency o f  a high e f f i c i ency furna ce 
blower i s  more l ikely t o  be 7 0 %  t o  7 5 % . 

In addit ion t o  the above three f a c t ors , t he number and s i z e 
o f  bl ades may vary s omewhat f rom the sma l ler t o  larger 
blowers . In genera l , increas ing the number of bl ades makes 
the blade pas sage sma l l er . The smal ler bl ade pas sage 
reduces the secondary f l ows in the blade pas sage and 
improves the e f f i c i ency . However , increas ing the . number o f  
bl ades a l s o  increases the total  sur f a c e  area , whi ch i n  t urn 
increases the skin f r i c t i on l o s s es on t he bl ades . The 
s i gni f i cance o f  e i ther the s econdary f l ow los ses or skin 
f r i c t i on could change as the blower s i z e  i s  increas ed . 
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APPENDIX C FAN SYSTEM INTERACTION EFFECTS 

Fi gure C . 1  shows t he var i ous characteri s t i c s  for a l arge 
ba ckward- curved blower . The f i gure shows the fol l owing paramet ers 
as a fun c t i on t o  f l ow rat e : 

TP = 

TE = 
BHP = 

total  pressure S P  = 
total e f f i c i ency TS = 

input brake hors epower 

s t at i c  pres sure 
stat i c  e f f i c i ency 

There are a number o f  chara c t eri s t i c s worth not ing : 

1 .  Maximum s t at i c  e f f i c i ency o f  8 6 %  occurs at 5 5 %  o f  free f l ow 
( i . e . f ree f l ow being at zero stat i c  pres sure ) .  

2 .  Maximum t otal e f f i c i ency o f  8 9 %  oc curs at 5 9 %  o f  f ree f l ow .  

3 .  At f ree f low , total e f f i c iency i s  s t i l l  3 0 % ,  due t o  the 
power equival ent of t he dynami c head,  t hough s t a t i c  
e f f i c i ency i s  z ero . 

4 .  Maximum input power oc curs at 6 7 %  o f  f ree f l ow ,  where s t at i c  
e f f i c i ency i s  8 0 % , o r  0 . 9 3 o f  the maximum e f f i c i ency . 

5 .  At peak e f f i c i ency ( 5 5 %  o f  f ree f l ow ) , the dynami c head i s  
5 %  o f  the total pres sure ; a t  7 5 %  o f  f ree f l ow and 6 0 %  o f  the 
s t at i c  pres sure , the dynami c head is 1 3 %  of the total 
pres sure . 

Summari z ing , the a i r  f l ow ,  s t a t i c  pressure , and e f f i c i ency 
p e r formance : 

% Free 
F l ow 

5 5  
6 5  
7 5  
8 5  

% Maximum 
Stat i c  
Pres sure 

9 5  
7 3  
5 9  
3 4  

% Peak 
Output 
Power 

1 0 0  
9 1  
8 5  
5 5  

£ 

8 6  
8 0  
7 1  
4 8  

% Input 
Power at 
Peak 
E f f i c i ency 

1 0 0  
1 0 5  
1 0 1  
9 3  

The f an performance requi rement i s  o f t en spec i f i e d  at a hi gher 
s t a t i c  for a given des i gn f l ow rat e ,  to take int o account the 
maximum s tatic experienced in the f i e l d ,  so as to minimi z e  
cal lbacks . I f  the s t at i c  encountered i s  relat ively l ower , the 
f an becomes u overs i z ed " and the f an performance must neces sarily 
fol l ow the f an curve , downward , to the right o f  the peak 
e f f i c i ency , i f  there i s  no change in f an speed ( rpm) . For 
examp l e , i f  the actual s i t e  condi t ions a l l ow i t  t o  move away f rom 
the des i gn point ( 5 5 %  f ree f l ow ,  9 5 %  maximum s t at i c  pres sure ) ,  
the app l i c at ion " overs i z ing " reduces the e f f i c i ency f rom 8 6 %  t o  
7 1 % . Since the input power curve i s  relat ively f l at , no energy 
savings are ava i lable due t o  the reduced power output ( as suming 
no change in rpm) . 
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F i gure C . 2  demonstrates convent ional engineering spec i f i cat ion 
based on s t a t i c  pres sure / f l ow performance independent of 
e f f i c i ency cons iderations . With the superimpos ed e f f i c i ency 
curve i n  F i gure C . 2 , it  c an be s een that the upper l imi t of the 
recommended select ion range is actually at the peak e f f i c i ency 
whi l e  the l ower l imi t corresponds t o  an e f f i c i ency value o f  about 
one - third the peak e f f i c iency . 

F i gure C . 3  shows the fan performance o f  a forward- curved 
centri fugal blower that is of a s imi lar capac ity to that used in 
f urnace f ans . 

I f  the des i gn operat ing point for the f an i s  j us t  right o f  the 
maximum s tat i c  e f f i c i ency ( at 2 6 0 0  rpm ) , then : 

Air F l ow 
S t a t i c  Pres sure 
Output 
Input 
E 

5 5 0  L / s  
4 8 0  Pa 
2 6 4 w 
1 6 5 0  w 
1 6 %  

I f  the f an i s  ins t a l l ed , i n  an appl i cat ion with a s i gn i f i cant ly 
l ower sys t em s t at i c / flow ( i . e .  " overs i z ed " ) ,  the following 
p aramet ers result : 

Air F l ow 
S t a t i c  Pres sure 
Output 
I nput 
£ 

6 7 5  L / s  
2 4 0  Pa 
1 6 2  w 
1 6 2 0 w 
1 0 %  

To begin with , the 1 62 W output could be supp l i ed wi th 4 0 %  less 
i nput power ( 1 0 0 0  W vs . 1 62 0  W] , wi th a di f f erent fan whose peak 
s t at i c  e f f i c i ency of 1 6 �  coinc ide s  with second operat ing 
condi t i on ,  above . 

I f  5 5 0  L / s  i s  the des i rabl e  a i r  f l ow ,  the same f an can be run at 
8 0 %  of the f an speed of 2 1 5 0  rpm . Thi s  resul t s  in the f o l l owing 
characteri s t i c s : 

Air Flow 
S t at i c  Pres sure 
Output 
I nput 
£ 

5 5 0  L / s  
1 7 5  Pa 

9 6  w 
9 6 0  w 
1 0 %  

At this l ower f an speed the des i gn a i r  f l ow int er s e c t s  the fan 
curve at the right of the p eak ope rat ing point resul t ing in a 
r educed s t a t i c  e f f i c i ency o f  1 0 % . Thi s a l s o  saves 4 0 %  o f  the 
ori ginal 1 62 0  W input power . 

C l early ,  if a f an with a higher peak e f f i c i ency ( ei ther by 
operat ing c l oser t o  the peak e f f i c i ency or ut i l i z ing a 
f undament a l ly bet t er fan des i gn ,  or both ) s i gni f i cant reductions 
of i nput power can be ac�ieved . A 7 0 %  e f f i c i ent fan , des i gned 
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for peak opera t i on at 5 5 0  L / s  and 1 7 5  Pa woul d  requ i re an input 
power of 1 4 0  W .  Thi s  wou l d  result  in a reduc t i on of over 9 0 %  
when compared t o  an ine f f i c i ent , over - s i z ed f an . 
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Fig . C . 1  Sample Performance Curve ( Clifford , pg . 7 47 ) . 
Not e : TP = total pres sure , SP = s t at i c  pres sure , 

w a: ::> (/) (/) w a: A. 

TE = total e f f i c i ency , SE = s t a t i c  e f f i c i ency , 
BHP = brake hors epower 

SELECTION NC7T USUALLY 

RECOMMENDED IN THIS RANGE 

SELECTION 

NC7T USUALLY 

RECOMMENDED 

IN THIS RANGE 

Fig . C . 2  Recommended Performance Range of a Typical Centrifugal 
Fan ( A . M . C . A . ) . -
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Figure C . 4  demons t rates · a much more e f f i c i ent fan , run at high 
rpm and capable o f  producing relat ively high s t a t i c  pres sure . 
The s t a t i c  e f f i c iency behaviour i s  present ed for 6 0 0 0  rpm and 
7 0 0 0  rpm . 

At the higher speed the fan ma int a ins i t s  e f f i c i ency over a 
l arger range with respect t o  the f ree f l ow .  I f  we examine the 
s t a t i c  e f f i c i ency performance above 6 5 %  we obt ain t he fol l owing 
charact eri s t i c s : 

Free Flow 
Minimum % Free Flow @ £ = 0 . 6 5 
Maximum % Free Flow @ E = 0 . 6 5 

6 0 0 0  rpm 

6 5 0  c fm 
4 0 %  
7 5 %  

7 0 0 0  rpm 

7 5 0  c fm 
3 7 %  
8 3 %  

Therefore , this  fan a t  7 0 0 0  rpm, maint a ins e"f f i c i en c i e s  o f  6 5 %  
over 4 0 %  o f  the full  range o f  a i r  f l ows and stat i c  pres sures . 

System curves 

Figure C . 5  shows a typical fan/ sys t em interact ion curve . 

Di f ferences between Fan A and B could emanat e  f rom : 

1 .  The same f an run at di f f erent speed ; 
2 .  A d i f f e rent s i z e  fans run at s ame or di f f erent speed ; or 
3 .  A di f fe rent f an des i gn . 

I f  t he ext erna l sys t em ( usual ly c onnec t ed ductwork ) c an be 
charact eri zed by the curve o f  t he form ;  

PS = 
= 
= 

PS = kO X 

s t a t i c  pres sure l o s s  
volumetric a i r  f l ow 
sys t em cons tant 

Q 
k 
x = f l ow characteri s t i c  exponent ( usua l ly between 1 and 2 )  

the sys t em curves such as shown in Figure C . 5  c an be derived . 

For t he c ondit i ons shown , us ing sys t em A and changing f rom fan A 
t o  f an B ( eg .  by a speed change ) increas es both the s t a t i c  and 
the f l ow .  For the s ame f an ,  changing sys t em A t o  sys t em B ,  whi ch 
i s  a sys t em wi t h  higher relat ive s t at i c , reduces the f l ow .  
Alt ernat ively , i f  we are int erest ed i n  the s ame f l ow ,  eg . for 
equipment rea s ons , but the ext ernal s t a t i c  is higher , the hi gher 
capac i ty fan , f an B woul d  have t o  be used . 
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These changes af fect the input power requi red by the f an . I t  i s  
import ant t o  rea l i z e  that , whi l e  a i r  f l ow for a given fan i s  
p roport iona l t o  f an speed , N [ rpm] : 

N2 )  02 = Oi ( N1 
the fan power input rises  and f a l l s  by the cube o f  the speed : 

-

N J p = p ( � )  2 i N l 

Various motor des i gns react di f ferent ly when chal l enged wi th 
reduced t orques , as compared to what happens at the des i gn 
operat ing point . Almost a l l  motors , except synchronous ones , 
wi l l  increase rotat ional speed as a result o f  reduced t orque . 
When the torque drop s  o f f , and the rot a t i onal speed increases 
s ome , the input current of mot ors c onnec t ed t o  fans can : drop 
o f f ;  s t ay e s s ent i a l ly constant ; actually increas e ,  s omet imes in 
direct propor t i on t o  increas es in rotat ional speed . Thi s  thi rd 
charact eri s t i c  resul t s  in increases in input power as output 
power is decreas ed . As a resul t , o f f - de s i gn e f f i c i en c i e s  can 
drop s i gni f i cant ly . 

Let us as sume t hat we have a fan with t he lower performance curve 
in Figure C . 6 .  Due t o  a f an e f f i c i ency improvement the fan input 
p ower has been r educed by 4 0 %  to the l ower power curve marked H .  
( Thi s i s  an increase in fan e f f i c i ency f rom an assumed 4 0 %  t o  
6 7 % ) . The motor responded t o  the " unl oading " due t o  the . 
e f f i c i ency improvement by increas ing speed by 1 0 %  and performance 
moved f rom point 1 to point 2 on t he sys t em curve . Thi s  resu l t ed 
i n  the f o l l owing : 

1 .  A 1 0 %  higher a i r  f l ow ,  not requi red . 
2 .  A 3 3 %  hi gher input power supply than at the des i gn a i r  f l ow . 

Let us a l s o  as sume that be fore t he e f f i c i ency improvement ,  the 
motor had a 9 0 %  l oading at an e f f i c i ency o f  5 0 % . The f o l l owing 
t abl e s hows that the 4 0 %  improvement in f an input power at the 
des i gn f l ow result ed in only an 1 2 %  reduct ion in motor i nput 
p ower : 

Flow Load £m t f  Input 
[ % ]  [ % ]  [ % ] [ % ] Power [ % ]  

Before Improvement 1 0 0  9 0  5 0  4 0  1 0 0  
Aft e r  Improvement 1 1 0  7 2  4 5  

. 

6 7  8 8  
W /  Speed Reduct i on 1 0 0  5 4  4 0  6 7  7 5  
Res i z ing Motor 1 0 0  9 0  5 0  6 7  6 0  
H i gh E f f . Motor 1 0 0  9 0  8 0  6 7  3 8  

By maint aining a i r  f l ow at the des i red l evel , savings c an be 
increas ed t o  2 5 % . By properly s i z ing a new s t andard e f f i c i ency 
mot or ( 5 0 %  e f f i c i ency at 9 0 %  l oad ) the full 4 0 %  savings can be 
real i z ed . Further improving the e f f i c i ency o f  the motor from 5 0 %  
t o  8 0 %  a t  9 0 %  l oad increases the savings to 62% . 
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System Effect& on Fan Performance 

A common t echni que of fan des i gn and spec i f i ca t i on i s  that o f  
comparing the sys t em curve t o  fan curves and select ing o n  the 
bas i s  of int ers ect ion . That is to s ay ,  the pres sure l os s  versus 
volumetric air f l ow of a sys t em c an be det ermined independent o f  
the fan and used t o  solve f o r  variabl e s  us ing fan performance 
curves . Al though A . M . C . A .  has a methodol ogy f or modi fying an 
ext ernal stat i c  curve to accommodat e  l osses within a packaged a i r  
handl er , i t  also assumes that fan charac t eri s t i c s  a r e  independent 
of ins t al lat ion geometry ( see Fig . C . 7 ) . 

In rea l i ty ,  however ,  the aerodynami c s  o f  ent ry and exi t 
condi t i ons s i gni f i cantly modi fy f an characteri s t i c s ; see Figs . 
C . 8  - C . 1 1 .  

The vel ocity prof i l e  and turbulence genera t ed by the local 
con f i gurat i on impact f l ow within the f an .  Al s o , the pres sure 
drop o f  these ext ernal component s depends on the vel o c i ty f i e l d . 
For example , a heat exchanger receiving a non-uni form a i r  
distribut ion immediat ely downst ream o f  a c ent ri fugal blower wi l l  
have a higher pre s sure drop than a uni form face veloc i ty t es t  
condi t i on .  

In many appl i c a t i ons ,. i t  i s  not a ccurate or ins t ruct ive t o  use a 
l inear analys i s . The immediat e a s s embly mus t  form the bas i s  o f  
analys i s  and good des i gn wi l l  s eek aerodynami c ent ry and exi t 
condi t i ons . 
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Fig . C . 9  Example of a Forced Inlet Vortex (A . M . C . A . ) .  
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Fig . C . 10 Uniform Inlet Diatribut ion ,  Through Proper Ose of Vane• 
Improve• Fan Operation and Reduce• Noiae ( Cl ifford ) . 
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APPENDIX D :  FAN AND FAN/MOTOR SET EFFICIENCIES FROM 
MANUFACTURERS '  INFORMATION 

Note s  for Tables D . l  and D . 2  

Methodology 

The " Trade Commi s s ioner " or " Consul " f or each count ry that we 
ant i c ipated may have companies that produce high e f f i c i ency f ans 
or f an /mot o r  combinat ions were contac t e d . Many of those 
cont acted were very helpful , provi ding l i s t s  o f  pot ent i a l  
manu facturers . From those l i s t s , compani es were cont acted by 
f ax ,  request ing informat ion on their f ans or fan /moto

.
r 

combina t i ons wi th spec i f i c information relat ing to e f f i c i ency . 

I t  was det ermined that i f  anyone required high e f f i c i ency fans 
that it wou l d  be the Nat iona l Aeronaut i c s  and Space Admini s ­
t ra t i on for u s e  i n  the space s t at i on now under devel opment . They 
have l imi t ed e l ectrical  power ava i l able t o  them in space , yet 
need fans t hat move air e f f ect ively against a range o f  s t at i c  
pressures . They and their subcont ractors were contacted . 

Problems Encountered 

S ome Consu l s  or Trade Commi s s ioners were of no help whatsoever . 
Thi s  may have been becau s e  there were no suitable products 
produced in their count ry or that no one at those compani e s  
underst ood Engl ish . Wa i t ing f o r  their respon s e , o r  a response 
f rom the i r  manufacturers took considerable t ime . Some o f  the 
European p roduct l i t erature that we received appeared to indi cate 
that thei r product s  were very wel l  engineered and more 
s ophi s t i c at e d  than that avai lable in North America , however ,  they 
cou l d  not p rovide the necessary informat ion requi red to c a l culate 
the e f f i c i en cy . Most cou l d  not provide dat a  on a i r f l ow at given 
pres sures ( one ha l f  of t he equation to cal culate e f f i c iency ) but 
not the mat ching power i nput data . Nearly a l l  of the avai l able 
power i nput informa t i on wa s ba sed upon motor input whi l e  the fan 
operated i n  free air . Thos e  manuf acturers that we spoke to 

. indicated t hat no one had ever reques t e d  the informat ion that we 
required , s o  no test ing of this nature had been done . They 
s eemed t o  know or bel i eve that their f ans were e f f i c i ent becau s e  
i t  was a des i gn cons i derat i on f rom t h e  beginning and they had 
used good engineering pract i c e . 

Con s iderable t ime was spent talking t o  very cooperat ive NASA 
o f f i c i a l s  and thei r  s ub- contractors t o  t ra ck down the sub- sub ­
c ont ractor s upplying t h e  high e f f i c i ency f ans , Hami l t on Standard , 
a Uni t ed Technol ogies Company . Once the supp l i er wa s found , i t  
t ook s ome t ime t o  f ind the appropriat e engineer t o  get further 
informat i on . The engineer could not provide us wi th the 
informat i on requi red direct ly ; we had to work with the New 
Bus ine s s  Deve l opment Group . I t  t ook two months o f  hounding to 
get thi s group t o  obt ain an provide the inf orma t i on we needed 
f rom the des i gn / re s earch engineer . ( They were spending 
c ons i derabl e t ime in Rus s i a  l ooking for new marketable 
t echnol ogies ) .  
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Results 

Only two companies that produce f ans that have e f f i c i encies in 
t he 6 0 - 7 0 %  range were found . One produced high e f f i c i ency 
centri fugal f ans and the other bi furcat ed axi al fans , in thi s 
e f f i c i ency range . In addi t i on ,  Hami l t on St andard has p roduced 
two high e f f i c i ency f ans for NASA . Thes e  f ans require the use of 
mot ors capabl e of 8 0 0 0  t o  1 3 0 0 0  rpm . In addi t i on , t hree sources 
of f an /motor combinat i ons wi th e f f i c i encies o f  2 0 - 3 0 %  were found . 
Thi s  inc luded c ent ri fugal , axial , and aerofoil  con f i gurations . 
The e f f i c i en c i e s  f ound in combina t i ons may have been higher i f  
more e f f i c i en t  mot ors had been used . Mot or e f f i c i encies were not 
p rovi ded in mos t  cas es , however ,  mot or des cript ions inc l uded wi th 
the f an l i t erature received appears t o  indi cat e that s haded pole 
and other s t andard e f f i c i ency type mot ors were used . I t  i s  not 
apparent that any of the high e f f i c i ency f ans found u s ed plast i c  
blades or hou s ings . Thi s  was l i kely f or two rea sons : most 
European f ans appeared t o  be cus t om made t o · purchasers ' spec i f i c  
requ i rement s and ; many are used in l ocat ions where f i re rat ings 
woul d  be a concern . 

Recommendations 

It appears that f an e f f i c i encies of 6 0 - 7 0 % can be achi eved wi th 
current t echnol ogy and when combined with mot or e f f i c i encies of 
approximately 7 0 % ,  total e f f i c i en c i es o f  4 0 - 5 0 %  are pos s ibl e . 
( Hi gh e f f i c i en cy mot ors for sma l l  capac i ty fans may not be as 

readily ava i l abl e as those wi th rat ings of 1 / 4  Hp or more ) . 
Thes e  e f f i c i en c i e s  may be a suitab l e  initial  t arget range for 
Canadian f an s t andards . 

One int ere s t ing and uni que approach i s  Hami l ton Standard ' s  use o f  
h i gh rot a t i onal rate s . Thei r  fans have very flat curves over a 
w i de range o f  f l ow rates and pres sures . The i r  fan engineer 
a dvi sed that they mus t  use high rotat ional rates t o  get the f l ows 
r equi red f rom a f an of minima l s i z e . Thi s  does inc rea s e  no i s e  
l evel s  s omewhat , requi ring s ome f an acous t i ca l  insul at ion , though 
the engineer d i d  not bel i eve t hat t hey were espec i a l ly noisy . 
The engineer s a i d  t hat he bel i eved that he could produce des i gns 
that woul d  provi de high e f f i c i ency over a wide range of f l ows and 
pres sures , at l ower turn rat e s . He appears t o  have a good grasp 
of f an principles and des igns and is con f i dent of hi s abi l i ty to 
p roduce what ever i s  requi red . Though we can not work direc t ly 
with him and mus t  deal wi th the company ' s  " New Bus ine s s  
Devel opment Divi s i on " , h e  i s  a pot ent i a l  resource person that 
could help t o  devel op a l ine of hi gh e f f i c i ency fans for the 
Canadian mark e t . It is recommended that further di scuss ions in 
thi s regard be held wit h  Hami l t on S t andard . 
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Recommendat ions ( Cont . ) " 

D i s cuss i ons wi th the Canadian furnace blower manufacturer , 
" Delhi " indi cat ed that one o f  the probl ems that must be faced i s  
that o f t en fans are not i ns t a l l ed in a manner that would opt imi z e  
e f f i c i ency . In fact , ins tal led e f f i c i ency i s  usua l ly much l e s s  
than would b e  the c a s e  i f  the fan and t h e  app l i cat i on were 
des i gned wi th e f f i c i ency i n  mind . There fore , any fan s t andard 
should require t es t ing of the c ompl et e a s s embly in whi ch the fan 
i s  ins tal l ed . 

S ince there appears t o  be l i t t l e  act ivity anywhere in the wor l d  
t o  devel op high e f f i c i ency fans or f an /motor combinat i ons for the 
res i dent ial market , t here appears to be an excel l ent opportunity 
for Canada t o  t ake the l ead in des i gning and produc ing a l ine of 
such p roduc t s . Axial fans wi th capac i t i e s  o f  2 5 ,  5 0 , 1 0 0 , 1 5 0 ,  
and 2 0 0  L / s  would be requ ired for exhaust and other vent i l a t i on 
sys t em uses and c ent ri fugal fans for u s e  as ·furnace blowers wi th 
capac i t ies of 2 0 0  t o  1 0 0 0  L / s  are required . 

An independent des i gn and engineering t eam could des i gn these 
f ans and l i cens e product ion t o  any Canadian c ompany wi shing to 
produc e  the product . Perhaps Hami l ton S t andard ' s  engineering 
resources could help wi th thi s proces s . The produc t s  devel oped 
may a l s o  f ind a large worl d  market . 
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DUCTED FAN EFFICIENCIES 

MOTOR 
MODEL TYPE LOCATION 

MANUFACTURER: SPENCER 
CMV 1 25 CENTRFUGAL EXTERNAL 
CMV 280 CENTRFUGAL EXTERNAL 

MANUFACTURER: VICTORIA FAN 
244/4-8/45/JH AXIAL INTERNAL 
244/4-8/45/JH AXIAL INTERNAL 
294/4-8/45/3H AXIAL INTERNAL 
294/4-8/45/JH AXIAL INTERNAL 
294/4-8/45/3H AXIAL INTERNAL 
394/8/45/3H AXIAL INTERNAL 
394/8/45/3H AXIAC. INTERNAL 
594/1 0/45/3H AXIAL INTERNAL 

MANUFACTURER: HAMIL TON STANDARD 
MFF DST MIXED FLOW INTERNAL 
IMV AXIAL INTERNAL 

AIR 
FAN INPUT FLOW 

w m3/h 

1 00 465 
1 800 7900 

2.24 180 
2.61 90 

216.3 2160 
27.6 900 

1 0.82 180 
43.27 1 800 

1 34.28 1 800 
32�.24 2340 

900 
540 

loo:) I» tr ..... (1) 
tj 
. � 

AIR AIR FAN 
FLOW PRESSURE OUTPUT FAN 

Ua Pa w EFFICIENCY COMMENTS 

1 29.2 500 64.58 64.58% 
2194 600 1 31 6.67 73. 1 5% 

50 23.75 1 . 1 9  53.01 %  BIFURCATED, 900 RPM 
25 30 0.75 28.74% BIFURCATED, 2810 RPM 

600 240 144.00 66.57% BIFURCATED, 1400 RPM 
250 58.75 14.69 53.22% BIFURCATED, 900 RPM 

50 45 2.25 20.79% BIFURCATED, 900 RPM 
500 45.75 22.88 52.87% BIFURCATED, 900 RPM 
500 1 1 5  57.50 42.82% BIFURCATED, 1400 RPM 
650 250 1 62.50 49.51 % BIFURCATED, 1400 RPM 

250 1 825 456.25 73.00% AT 7000 RPM, 10 BLADES 
1 50 225 33.75 70.00% AT n65 RPM, 5-6 BLADES 
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DUCTED FAN/MOTOR EFFICIENCIES 

MOTOR AIR AIR AIR FAN/MOTOR FANJ 
MOTOR MOTOR MOTOR INPUT FLOW FLOW PRESSURE OUTPUT MOTOR 

MODEL � TYPE LOCATION VOLTAGE � m3lll bl! Pa � EFFICIENCY 

MANUFACTUREB; &;BM" 
G2E 180-M 03--01 CENTRIFUGAL CAPACITOR INTERNAL 220 300 636 1411.11 550 81 .74 27.25" 
G2S 1 08-CD 02-01 CENTRIFUGAL S. POLE INTERNAL 220 67 150 41 .87 60 2.011 3.65" 
D2E 097.f!D 04 CENTRIFUGAL CAPACITOR INTERNAL 220 76 390 108.3 26 2.71 3,61" 
D2E 1 33-DB 01 CENTRIFUGAL CAPACITOR INTERNAL 220 175 710 197.2 100 1 9. 72 11 27" 
G2E 140-Al. 40-01 CENTRlfUGAL CAPACITOR INTERNAL 220 1 25 420 1 16.7 . 1 00 1 1  87 9.33'llt 
G2E 1 60-AD 01-01 CENTRIFUGAL CAPACITOR INTERNAL 220 250 610 1 89.4 40 6.78 2.71" 
• TIHIM fllns s111 sl 111led •I !heir minimum ecceplsbls slsllc p111ssu111 ••no 01h11r d•I• WllS 111111Hsbl8. Elllclencles may bs higher sl higher 81111/es. 
MANUFACTURER : AIRE!,OW 
52BTXL CENTRIFUGAL PERMANENT, SPLIT CAPAC., 2 POLE EXTERNAL 
67 BXL CENTRIFUGAL PERMANENT, SPLIT CAPAC., 2 POLE EXTERNAL 
78 E2Wl/4 CENTRIFUGAL PERMANENT, SPLIT CAPAC. ,  4 POLE EXTERNAL 
83 F2WL CENTRIFUGAL PERMANENT, SPLIT CAPAC .. 4 POLE EXTERNAL 
83 F2WXL CENTRIFUGAL PERMANENT, SPLIT CAPAC .. 6 POLE EXTERNAL 
90 G2Wl CENTRIFUGAL PERMANENT, SPLIT CAPAC., 4 POLE EXTERNAL 
102 H2WL CENTRIFUGAL PERMANENT, SPLIT CAPAC., 8 POLE EXTERNAL 
40 BTX CENTRIFUGAL 2 POLE EXTERNAL 
45 C2T CENTRIFUGAL 4 POLE EXTERNAL 
52 D2TX CENTRIFUGAL PERMANENT. SPLIT CAPAC .. 4 POLE EXTERNAL 

MANUFACTURE� ADVANCED DESIGN & MANUFACTURE 
INDUX ILF300 AXIAL EXTERNAL ROTOR CAP. START INTERNAL 

�UFA!:<!J.!RE� WOODS F� 
6J AEROFOIL INFORMATION NOT PROVIDED INTERNAL 
6J AEROFOIL INFORMATION NOT PROVIDED INTERNAL 
1J AEROFOIL INFORMATION NOT PROVIDED INTERNAL 
9J AEROFOIL INFORMATION NOT PROVIDED INTERNAL 
12K AEROFOR. INFORMATION NOT PROVIDED INTERNAL 
1SJ AEROFOIL INFORMATION NOT PROVIDED INTERNAL 
12133 AEROFOIL INFORMATION NOT PROVIDED INTERNAL 
AXCENT 2, MX31 MIXED FLOW INFORMATION NOT PROVIDED EXT.BELT 
ILC 1 AXIAL INFORMATION NOT PROVIDED INTERNAL 
ILC 3 AXIAL INFORMATION NOT PROVIDED INTERNAL 

MANUFACTUR�R: WATER FURNACE 
AT CENTRIFUGAL ECM INTERNAL 

220 1 1 5  
220 160 
220 300 
220 170 
220 1 30 
220 100 
220 800 
220 100 
220 82 
220 130 

220 176 
223 

230 22 
230 4 1 .4 
230 1 26.6 
230 333.5 
230 575 
230 1 357 
230 287.5 
400 608 
230 48 
230 IM.3 

1 20 300 
400 

326 90.26 210 1 8.96 18.49" 
360 100 245 2'4.60 1 6.31" 
487 135.3 1 25 16.91 6 64" 

1 270 352 8 68 20 .46 1 2.04'llt 
1 1 50 319.4 63 20.1 3  1 5.48" 

525 145.8 200 29.17 4. H'llt 
900 250 1 25 31 .25 5.21" 

75 20.83 75 1 .68 1 .66'llt 
175 48.81 38 1 .85 2,98'llt 
310 86.11 so 4.31 3.31 'llt 

160 41.87 405 1 6.676 9.64" 
750 208.3 235 48.96 21 .95'llt 

180 50 1 0  0. 50 2.27" 
380 100 25 2.50 6.04" 
720 200 75 15.00 1 1 .66"' 

1620 450 75 33.75 1 0.12'llt 
11100 600 200 1 00.00 17, 39" 
6400 1 600 200 300.00 22.1 1 "  
1564 440 25 1 1 .00 3 83'llt 
2160 600 250 1 50.00 29 63" 

136.11 38 60 1 .90 4.13" 
362.6 96 100 9.80 1 0.39'llt 

3420 950 112 77.90 25,97"' 
5780 1800 167 267.20 66.80"' 

� I» tr � CD 
tJ 
. w 

COMMENTS 

SINGLE INLET, SCROLL HSG, DIE CAST ALUM. 
SINGLE INLET, SCROLL HSG & IMPELLER 
DOUBLE INLET, SCROLL HSG & IMPELLER 
DOUBLE INLET. SCROLL HSG & IMPELLER 
SINGLE INLET, SCROLL HSG, DIE CAST ALUM. 
SINGLE INLET. SCROLL HSG, DIE CAST ALUM. 

SINGLE INLET FAN 
SINGLE INLET FAN 
DOUBLE INLET. MTR IN ONE INLET 
DOUBLE INLET, MTR IN ONE INLET 
DOUBLE INLET, DOUBLE WIDTH 
DOUBLE INLET, DOUBLE WIDTH 
DOUBLE INLET, DOUBLE WIDTH 
DUPLEX FANS, 1 MTR, TWO FANS 
DUPLEX FANS, 1 MTR, TWO FANS 
DUPLEX FANS, 1 MTR, TWO FANS 

INLINE OUCT FAN 
INLINE DUCT FAN 

ADJUSTABLE PITCH AEROFOIL 
ADJUSTABLE PITCH AEROFOIL 
ADJUSTABLE PITCH AEROFOIL 
ADJUSTABLE PITCH AEROFOIL 
ADJUSTABLE PITCH AEROFOIL 
ADJUSTABLE PITCH AEROFOIL 
FIXED PITCH BIFURCATED 
INLINE MIXED FLOW 
INLINE CENTRIFUGAL FAN 
INLINE CENTRIFUGAL FAN 

USED IN GROUND SOURCE H P.'9 
USED IN GROUND SOURCE H.P.'I 



Fan Motor Air Static £af 
Type Input Flow Pressure 

[W] [L/ 11 ]  [ Pa ]  % 

Exhaust Fans 

Broan 6 0 0 * Paddle ? 2 8  2 5  very 
Buil ders S er i e s  low? 

Reversomat i c  EB5 5  F I C 1 3 4  2 5  2 5  0 . 5  
2 2 0 0  rpm 

Broan Losone 3 6 0 F /C 8 4  4 5  2 5  1 . 4  
1 2 0 0  rpm 

Nut one 6 9 5c· ? 1 4 4  3 3  2 5  0 . 6  
Bui l ders Seri es 

Nut one 8 6 3 2 C  F / C  1 0 2 5 0  2 5  1 . 2  

Nut one 6 7 1 C  F / C  6 0  4 2  2 5  1 . 8 

Nut one 8 2 2  7 "  T/A 9 8  1 0 0  8 0 . 8 
Thru -wa l l  

East ern Ai r Devi ces 

EAD V-Line 2 0 0  2 "  V/A 4 0  2 5  2 5  1 .  6 
1 9 , 0 0 0  rpm 

EAD V-Line 4 7 5  5 "  V/A 4 0  4 7  1 0 0  1 1 . 8 
3 7 0 0  rpm 

EAD T-Line 6 0 0  7 "  T/A 2 5  9 4  5 5  2 0 . 7 
1 72 5  rpm 

EAD B2 0 H2 5 F/C 54  2 2  3 7 5  1 5 . 3  
9 0 0 0  rpm 

EAD B 3 7  H2 5D R I C  - 2 5  6 2 5  

E AD  BM 7 0B3 4 M/F 7 0  8 5  7 5  9 . 1  
1 6 5 0  rpm 

• Assembled on- • ite 

Table D . 3  Various Fan/Motor Set Bfficiencie11 Derived From Product 
Literature . 
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Fan Motor Air Static 
Type J:nput Flow Pre a sure 

[W] [L/ s ]  [ Pa ] 
. 

. 

_ · l<ana l f  lakt 

ACK SM 5 "  B / C  4 4  4 9  8 8  
3 1 0 0  rpm 

ACK 1 2 M  1 2 " B / C  1 5 2  2 1 8  1 7 5 
1 6 1 0  rpm 

DCK 5M/ 2 4V 5 "  B / C  2 7  4 5  1 1 8  
2 8 5 0  rpm 

� 
G2 E l 4 0AL 4 0 F ! C  1 2 5  w 1 0 6  1 5 0  

Al l en As s o c i a t e s  

Tor i n  Bl ower F / C  1 0 5  w 3 0 0  1 2 5  
Unive r s a l  PSC mot or 

F I C  = f o rwa rd- curved c en t r i fugal 
B / C  = backward- curved c ent r i fugal i n - l ine 
R / C  = radial c en t r i fugal 

-M/F = mixed- f l ow 
V / A  = vane axi a l  

_ T/ A  = t ube axi a l  

Table D . 3  Various Fan/Motor Set Efficiencies Derived From Product 
Literature ( Cont . ) .  

APPENDIX D 

Eat 
% 

9 . 7  

2 5 . 5  

1 9 . 6  

1 2 . 7  

3 4  

1 0 1 
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APPENDIX E :  SOME COSTING DATA 

The fol l owing pri c e s  were obt a ined f rom manu f a c turers pri c e  l i s t s  and 
int ervi ews . Not e  that OEM p r i c e s  may be 1 / 3  the n o t e d  c o s t s  and t rade 
p r i c e s , 2 / 3 . Indi c a t i ons a r e  that mot or s  u s ed mos t  c ommonly i n  the 
indus try may be s o l d  as l ow as 1 / 5  the l i s t  pri c e . The l i s t ed mot or s  a r e  
1 5 5 0  rpm t o  1 8 0 0  rpm mot or s . 

HP E [%] 'l'ype List Price [ $ ]  

1 / 2 5 0  8 Shaded Pol e  4 5  
1 / 1 2 0 1 3  Shaded Pol e  4 8  
1 / 6 0  1 7  Shaded Po l e  5 2  
1 / 3 0  1 8  Shaded Po l e  5 8  
1 / 6  2 1  Shaded P ol e  1 2 0  
1 / 6  3 5  PSC 3 - Speed 1 4 2  
1 / 6  4 9  PSC 3 - Sp e e d  ( 2 3 0V )  1 4 5  
1 / 6  6 6  H i gh - E f f i c i ency ( 2 3 0V )  1 2 0 
1 / 6  7 3  ECM 1 4 0  
1 / 4 3 0  Sp l i t  Pha s e  1 4 0  
1 / 4 4 4  PSC 1 5 5  
1 / 4 4 8  H i gh - E f f i c i en cy ? 
1 / 4  7 2  ECM 3 8 5 
1 / 3 3 5  Sp l i t  Pha s e  1 4 0  
1 / 3  4 4  PSC 1 4 5  
1 / 3 5 4  H i gh - E f f i c i ency ? 
1 / 3  7 9  ECM 4 3 5 
3 9 0  H i gh - E f f i c i ency 5 2 5  

Table E . 1  Motors 

Note : For the purp o s e  o f  thi s t ab l e , e f f i c i ency i s  de f ined as sha f t  output 
divi ded by ful l l oa d  Vol t - amp s . Not e  that t e s t e d  curent values may 
be l ower than tho s e  quo t e d  in p roduct l i t erature . The f o l l owing i s  
an examp l e  o f  a 1 / 4  Hp [ 2 5 0  W ] , high e f f i c i ency AC mot o r  t e s t ed a t  
Ont a r i o  Hydro ( 0 . 8  p ower f a c t o r , 1 1 5  V ) : 

Product Literature 

Teated Values 

APPENDI X  E 

Amp• 

3 . 4 0  

2 . 7 5 

E [%] 

6 0  

7 4  

1 0 3  



Bathroom Fans 

Low C o s t  Bui l ders S e r i e s  
Convent i onal H i gher Qua l i ty 

Cent ral Exhau s t er 

Ba ckwa rd Curved Inl ine 
Backward Curved w/ PSC Mot o r  
Ba ckward Curved w /  ECM Mo t o r  

Furn a c e  Fan 

Conven t i on a l  
Ba ckwar d  Curved w/ H i gh - E f f . Mot o r  

Table E . 2  Pan/Motor Combinat ions 

APPENDIX E 

Trade [ $ ]  

1 1 0  
1 1 0  
2 5 0  

List ( $ ]  

1 2  
3 5  

2 4 0  

2 5 0  
5 0 0  

1 0 4 







1 0 0 

9 0 

8 0  . .  
1 0 I 6 9% 

-
� 6 0  -
>-(,) c 5 0  GI 
u ;: 4 0  -w 

3 0  

2 0  

1 0  

0 
Poor Typical - Best Potential 
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5 1 0  1 5  20 25 30 35 
0 1  m3/s 

Each fan, operating at top speed and best efficiency point A is chosen for an output 
a IC Pa - 1 0  kW. 

Peak input power is taken at 0 
Drawings are to a uniform scale of 1 : 1 00 

A Backward­
curved 
Half-width 
630mm 
42 rev/s 
1 3 ·5 kW at L1 
1 7  kW at 0 

B Backward­
curved 
Ful l -width 
630mm 
36 rev/s 
1 2  kW at L1 
1 4 kW at 0 

C Axir1I 
50% hub 
630mm 
48 rev/s 
1 3 ·5 kW at L1 
1 5  kW at 0 

D Forward -curved 
centrifugal 
700mm 
1 8  rev/s 
1 5  kW at L1 
30 kW at 0 

E Multi -vane 
centrifugal 
850mm 
9 rev/s 
1 5  kW at L1 
30 kW at 0 

F Axial 
35% hub 
1 000mm 
24 rev/s 
1 3  kW at L1 
1 5  kW at 0 

G Axial 
25% hub 
2000mm 
1 2  rev/s 
1 2·5 kW at Ll 
1 4  kW at 0 
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u 1  
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Transverse flow 

Type A Fo rward-Cu rved Centr i f u g a l  

B B a c kwa rd-C u rved Cent r i fu g a l  ( N a r row) 

C Bac kwa rd-C u rved C e n t r i f u g a l  ( W i d e) 

D M i xe d  Flow 

E V a n e  A x i a l  

F T u b e  A xi a l  

G Propel le r  F a n  
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CEILING FAN 
1 400mm diameter 
3 ·5  rev./s (21 0 rev/min) 
1 20W input 

TABLE FAN 
�OOmm diameter 
23 rev/s (1 380 rev/min) 
60W input 
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Type or Shaded Split Capacitor Motor Pole Phase Start 

Description Single Phase-starting Single Phase with A modification ol the 
torque provided by a auxil iary starting split phase. The auxil-
permanently short- winding connected iary starting winding is 
circuited auxiliary in parallel with main connected in series 
winding. winding. A starting with an external 

relay is needed. capacitor. 

-

H.P. Range 1 / 1 000 to 1 /4 1 /20 to 1 1120 to 3 

-- - · - -

Rated Speed (60 Hz) 1 050, 1 550, 3 1 00 860, 1 1 40, 1 725, 3450 860, 1 1 40, 1 725, 3450 

0k Efficiency 

Power Factor 

Starting Torque (% or ful l load) 

Application_ 

Advantages 

Disadvantages 

10 to 40 

.50 to .70 

20 to 80 

Direct drive, low-power 
fans requiring long l i le 
without maintenance. 

35 to 60 

.55 to . 70 

90 to 200 

Suitable for frequent 
starting of fans and 
blowers-in direct and 
belt drive units. 

35 to 60 

.55 to .70 

1 60 to 350 

AU purpose motor for 
high starting torque, 
low starting current­
in direct and belt drive 
units. 

a. Inexpensive a. Good start ing torque ·a. Very high starting 
b Multi-speed operation b. Medium efficiency torque 
c. Compact 

a. Low efficiency 
b.  Low starting torque 

a. Not applicable for 
special character­
istics such as high 
starting torques, high 
efficiency and power 
factor, constant or 
adjustable speed 

a. More expensive 
b. Non-adjustable 

speed 

Permanent 
Split-Capacitor 
A modification of the 
split phase. The main 
and auxiliary windings, 
in series with a continu-
ous duty capacitor, are 
in the circuit at all  
times. 

1 / 1 00 to 1 

1 075, 1625, 3250 

30 to 60 

.85 to .95 

30 to 1 00 

For direct d rive units 
and mult i-speed 
operation. 

a. Very high efliciency 
and power factor 

b. Steep speed-torque 
curve 

c. Multi-speed operation 
d .  High inherent imped­

ance protection 
e. Reversing operation 
f. Quietest of all small 

induction motors 

a. Low starting torque 
b. Speed varies under 

load 



typical good-quality carbon steel 
low-grade silicon steel 
medium-grade silicon steel 
modern nonoriented silicon steel 
grain-oriented silicon steel 
best laser-scribed production steel 
best doubly-oriented lab silicon steel 
amorphous prc-produc:tion FeNiBSi 
best lab FeNiBSi 

10.-11. 
7.9 
5.5 

2.-4. 
1.2 
1.1 
0.4 
0.3 

0.03-0.1 
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Motor* 

1/3 hp SE motor tested 

1/3 hp HE motor tested 

1/3 hp HE motor 2 

1/3 hp HE motor 3 

1/4 hp SE motor tested 

1/4 hp HE motor tested 

�rku"9S9".:M:! 
"t. 

Rated Power Rated 
(watts) Speed 

250 1 725 rpm 

250 1725 rpm 
250 1 725 rpm 

250 1725 rpm 
1 87 1725 rpm 

1 87 1725 rpm 

Amni� -...qi EH�" Motort'n 

0 I) 20 

s:::JL%LL2 I s .,,,, nni>1nnm 

JO 

I ' 
, . 

40 · 50 (kW) Heft\i.ts l1r9 

Efficiency at 
Rated Output 

50.8% 

74.5% 

73.7% 

70.2% 

48.2% 

75.4% 
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Technology Appl icabil i1y Cost Comm en IS (R = Retrofit; N = New) 

Muliispeed fracL ion a l - 5 00 hp 1 .5 LO 2 t imes Lhc Larger and less efficient than I ·speed motors . 
(incl. PAM ' )  PAM :  fractional-2,000+ h p  price of s ingle·  PAM more promising than muhi-winding. 
Motors R ,N speed motors Limited number of avai lable speeds . 

Motors 
Direc1-Curren1 r:rac1ion a l  - 1 0,000 hp l l ighcr 1han AC Easy speed control. 
Motors N induction motors More maintenance required. 

Variahle· 5 - 1 25 hp S350-S502/hp H i gh efficiency 11 pan load. 3:  I speed range l i m ·  
Ratio Bel ls  N (for 5- 1 25 hp) ilation. Req u i res good maintenance for long l i fe .  

Mechani cal 
Shafi - Frict ion Up Lo S h p  S500-S300/hp I 0: I speed range. 
Appl ied Dry D i s k s  N M a i ntenance req u i red . 
Drive5 (on Motor Edd y -Cu rren1 fractional -2 ,000+ h p  S900-S63/hp Rel iable in clean areas .  Relatively long l i fe. 
Output) Drive N (fur I 10 1 50 hp)  Low efficiency below 50% speed. 

l l yd raul ic  Drive 5 - 1 0,000 hp N Large variat ion 5: I s peed range. Low efficiency he low 50% 5peed. 

Vol l  age · Fra c L i on a l - J ,000 h p  s 1 500-5 80/hp M u l ti-motor capab i l i ty. 
Source R.N (fur I 10 300 hp) Can generally use existing motor. 

W iri ng·  lnvcner PWM1 appears m ost promis ing .  
Appl ied Electron ic 
Drives Adjustable Current · 1 00- 1 00,000 hp 5200-S30/hp La rger and heavier than VS!. 
(on Motor Speed Source R , N  (for 1 00 L O  Industrial applications, including 
Input) Drives l nvencr 20,000 hp) luge synchronous motors. 

Others fract ion a l - I 00.000 Large vari a t ion Includes cycloconveners, wound rotor. and 
R,N variable vohage. General ly for spec i a l 

industrial appl ications. 

' PAM means Pole Am pl itude Modulated . 2Thc prices arc l is ted from h i gh to low 10 correspond w i th the power rating, which is  l i s ted from 
low to h i g h .  Thu s ,  the lower the power rat ing.  the h igher  the cost per hor5cpower. 3PWM means  Pulse Width Modulation. 
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AC supply AC to DC 
( 1 -phase I converter 

or 
3-phase) 

�upply (ii availa� 
Power 

switches 

Phase B winding 

Control unit 1-- R�to��ti� ti:;d�c� 
• Speed command _J 

- - - -

Phase A 
winding 

PM Motors in Residential Appliances 
An ever - i n creasing n u mber o f  residential  a ppliances u s e  PM 
motors.  A particu larly i nnovative exa m p l e  is the Carrier  
Wea thermaker SXi ga s - fi r e d .  fo rce d -air  fu rna ce (also sold 
under the B ryan t .  D ay and N igh t .  and Payne brand names ) .  
Like many t o p - o f- th e - li n e  fu rnaces.  i t  u s e s  a c on d ensing 
heat exchange r  for h i gh thermal efficiency .  a n d  a n  ind u c e d ­
dra ft  exha u s t  b lower t o  vent t h e  fl u e  ga s e s .  U n l i k e  most 
oth ers . this fu rnace is a l so e l e ctrically effi c i e n t . d u e  to the 
u s e  of two e l e ctronically commutated motors : one for the 
main venti lation fan, the o t h er for the i n d u ce d - d raft blower. 

The b urner opera t e s  in two s tages.  a l l owing the fu rnace 
to o p erate at l ow o u tp u t  for most of the required heating 
h o u rs .  Th e c o rresponding l ow speed o f  the m a i n  fa n resu lts 
i n  a power c o n s u m p tion of less than 1 00 \V, compa red t o  
600- 1 , 000 W in a typical  furnace. The low- s p e e d  
capabil i ti es . c ombined with sophisticated contro l s .  also 
bring increa s e d  c om fort and redu ced nois e .  Th e installed 
cos t o f  t h e  fu rnace i s  about $2 . 500.  rou ghly $300 t o  $ 700 
more t

.
han o th er c o n d e nsing fu rnaces ( N i sson 1 9 88) . 



Efficiency Blower Configuration 

80% a Backward Curved Wheel (1650 mm dia.) 

70% 6 Backward Curved Wheel (300 mm dia.), or Forward Curved Wheel (900 mm dia.) 

60% fi Forward CUIVed Wheel (300 mm dia.) 

50% II Forward Curved Wheel (250 mm dia. , direct drive) 

40% Ii Forward Curved Wheel (225 mm dia., tight housing), or 

Forward Curved Wheel (225 mm dia., standard housing, with belt drive losses) 
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Table 1 - Peak Blower Efficiencies Within Manufacturer' s  Recommended Range 

S tandard Blower Housings Tight Blower Housings 
Manufacturer Wheel Length 

(in.) * belt drive direct drive belt drive direct drive 

Lau 9.5 55% 46% 44.6% NIA 

Lau 8 53.8% 50% 42.8% NIA 

Lau 7. 12  54.7% 52% 48% NIA 

Air Vector 9.5 NIA 53% NIA 44% 

Air Vector 8 NIA 53% NIA 42% 

Air Vector 7. 1 2  NIA 57% NIA 43% 

Table 3 - Alternative Blower Designs With Efficiency Improvements 

Type of Blower Manufacturer Description Peak Efficiency 

plastic, backward M.K. Plastics wheel dia.= 10.5 in. 65% 
inclined (Montreal) wheel length = 8-

111 6" . 

metal - forward Beckett Air wheel diameters claims to improve 
curved (Fergas (Ohio) only up to 4.75" efficiency from 
wheel) 57% to 62% 



Design Parameter Impact on Efficiency Comments 

Blade Design 
- outlet blade angle - backward curved blades could incre.asc efficiency by - in general, blowers wilh backward curved 

up to 20% blades provide the flow rates at highec static 
pressures (however, Westinghouse developed a 
blower which may be suitable) 

• number or blades - more blades increase skin friction losses but 
decrease eddy ctDTent losses 

- chord of blade (or - doubling the length or the blade could increase the - for similar now, both powec and speed 
radial depth) efficiency by 20% deerease as blade depth is increased 

Bearings - 15-34 watts can be saved by using ball bearings - no increase in sound level measured with ball 
instead of sleeve (increase in efficiency of 4-8%) bearings 

-

Casing Design 
- size of casing - a wheel will have an optimum casing size, deviation 

from which could degrade efficiency by up to 16% 

- inlet vanes - efficiency not greatly effected by inlet vanes - positive pre-rotation provided by inlet vanes 
will change static head and power in proportion 

- outlet diffuser guide - guide vanes will increase efficiency by reducing - if now varies from design conditions, then 
V311CS shoclc and eddy losses 'Vanes may increase losses (mainly used in high 

pressure blowers) 
- clearance between inlet - with a backward curved blade, the efficiency can be 
nozzle and impeller eye increased by 10% by tightening the clearance from J O  

to I mm. 

Cut-Off Design 
- clearance to impeller - deviation from the optimum cut-off clearance can 

reduce efficiency by up to 7% 
- location of cut-off - efficiency can drop off by 4% with 25% of wheel 

diameter exposed 
- slope of cut-off - sloping the cut-off reduces noise and therefore 

should improve efficiency 

T� of Drive 
-direct drive vs belt - for the same impeller wheel and housing, direct - direct drive blowers have lower costs and 
drive drive can be up to 9% less efficient fewer installation problems (cg. poor tensioning 

of bells, or poor quality of pulleys) 
- efficiency of direct drive blowers could 
increase if motor was somewhat removed from 
blower inlet 

Wheel, or lm�ller 
Design 
- length/diameie.r ratio - the ratio can effect the efficiency by up to 6% - there may be an optimum length/diarnetec ratio 

for each wheel diameter 
- material used - plastic wheels are lighter and therefore put less 

loading on motor beartngs (for direct drive) 

Material Roughness - at similar flow conditions, pump efficiency inc:r�s - at low fan Reynolds numbers, the fan 
by 3% when a surface roughness of 0.005 inches is efficiency can drop by up to 10%, therefore 
polished coatings could help to minimize the relative 

roughness and minimize the change in 
elficiency 
- may present potenl.ial for plastic coatings 
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DUCTED FAN EFFICIENCIES 

AIR AIR AIR FAN 
MOTOR FAN INPUT FLOW FLOW PRESSURE OUTPUT FAN 

MODEL TYPE LOCATION w m3/h Us Pa w EFFICIENCY COMMENTS 

MANUFACTURER: SPENCER 

CMV 1 25 · CENTRIFUGAL EXTERNAL 1 00 465 1 29.2 500 64.58 64.58% 
CMV 280 CENTRIFUGAL EXTERNAL 1 800 7900 2 1 94 600 1 31 6.67 73. 1 5% 

MANUFACTURER: VICTORIA FAN 
244/4-8/45/3H AXIAL I NTERNAL 2.24 1 80 50 23.75 1 . 1 9 53.01 % BIFURCATED, 900 RPM 
244/4-8/45/3H AXIAL I NTERNAL 2.61 90 25 30 0.75 28.74% BIFURCATED, 281 0  RPM 
294/4-8/45/31:f AXIAL INTERNAL 21 6.3 2 1 60 600 240 144.00 66.57% BIFURCATED, 1 400 RPM 
294/4-8/45/3H AXIAL INTERNAL 27.6 900 250 56.75 1 4.69 53.22% BIFURCATED, 900 RPM 
294/4-8/45/3H AXIAL INTERNAL 1 0.82 1 80 50 45 2.25 20.79% BIFURCATED, 900 RPM 
394/8/45/3H AXIAL INTERNAL 43.27 1 800 500 45.75 22.88 52.87% BIFURCATED, 900 RPM 
394/8/45/3H AXIAL INTERNAL 1 34.28 1 600 500 1 1 5  57.50 42.62% BIFURCATED, 1 400 RPM 
594/1 0/45/3H AXIAL INTERNAL 328.24 2340 650 250 1 62.50 49.5 1 %  BIFURCATED, 1400 RPM 

MANUFACTURER: HAM IL TON STANDARD 

MFF DST MIXED FlOW INTERNAL 900 250 1 825 456.25 73.00% AT 7000 RPM, 10 BLADES 

IMV AXIAL INTERNAL 540 1 50 225 33.75 70.00% AT ns5 RPM, 5-6 BLADES 
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DUCTED FAN/MOTOR EFFICIENCIES 

MOTOR AIR AIR AIR FAN/MOTOR FAN/ 
MOTOR MOTOR MOTOR INPUT FLOW FLOW PRESSURE OUTPUT MOTOR 

MODEL TYPE TYPE LOCATION VOLTAGE '!!.. m3/h Ue P11 '!!.. EFFICIENCY COMMENTS 

MANUFACTUREB· EBM" 
G2E 180-AA 03--01 CENTRIFUGAL CAPACITOR INTERNAL 220 300 635 148.6 550 81 .74 27 .25% SINGLE INLET, SCROLL HSG, DIE CAST ALUM. 
G2S 1 08.CD 02--01 CENTRIFUGAL S. POLE INTERNAL 220 67 1 50 41 .67 50 2 08 3. 65% SINGLE INLET, SCROLL HSG & IMPELLER 
D2E 097-SD 04 CENTRIFUGAL CAPACITOR INTERNAL 220 75 390 1 08.3 25 2.71 3.6 1 %  DOUBLE INLET, SCROLL HSG & IMPELLER · 

D2E 1 33-0B 01 CENTRIFUGAL CAPACITOR INTERNAL 220 1 75 7 1 0  197.2 1 00 1 9.72 1 1 .27% DOUBLE INLET, SCROLL HSG & IMPELLER 
G2E 140-AL 40-01 CENTRIFUGAL CAPACITOR INTERNAL 220 1 25 420 1 1 6.7 1 00 1 1 .67 9.33% SINGLE INLET, SCROLL HSG, DIE CAST ALUM. 
G2E 1 60-AD 01--01 CENTRIFUGAL CAPACITOR INTERNAL 220 250 6 1 0  169.4 40 6.78 2.71% SINGLE INLET, SCROLL HSG, DIE CAST ALUM. 
• These fans 111'8 8/l 1'8llld al !heir minimum acceplable static pl'8SSUl'8 as no olhar data was a1>11ileble. Efficiencies may b11 higher at higher statics. 

MANUFACTURER · AIRE!,.OW 
52BTXL CENTRIFUGAL PERMANENT, SPLIT CAPAC., 2 POLE EXTERNAL 220 1 1 5 325 90.28 2 1 0  18 98 18.49% SINGLE INLET FAN 
57 BXL CENTRIFUGAL PERMANENT. SPLIT CAPAC.,  2 POLE EXTERNAL 220 1 60 380 100 245 24 60 16.31% SINGLE INLET FAN 
76 E2WIJ4 CENTRIFUGAL PERMANENT, SPLIT CAPAC., 4 POLE EXTERNAL 220 300 487 1 35.3 1 25 1 6.91 6.64% DOUBLE INLET, MTR IN ONE INLET 
83 F2WL CENTRIFUGAL PERMANENT, SPLIT CAPAC., 4 POLE EXTERNAL 220 1 70 1 270 352.8 68 20.46 1 2.-04% DOUBLE INLET, MTR IN ONE INLET 
83 F2WXL CENTRIFUGAL PERMANENT, SPLIT CAPAC., 6 POLE EXTERNAL 220 1 30 1 1 50 319.4 63 20. 1 3  1 6,48% DOUBLE INLET, DOUBLE WIDTH 
90 G2WL CENTRIFUGAL PERMANENT, SPLIT CAPAC., 4 POLE EXTERNAL 220 TOO 525 146.8 200 29.17 4.17% DOUBLE INLET, DOUBLE WIDTH 
1 02 H2WL CENTRIFUGAL PERMANENT, SPLIT CAPAC., 6 POLE EXTERNAL 220 600 900 250 1 25 31 .25 6.21% DOUBLE INLET, DOUBLE WIDTH 
40 BTX CENTRIFUGAL 2 POLE EXTERNAL 220 1 00 75 20.83 75 1 .58 1 .68"4 DUPLEX FANS, 1 MTR, TWO FANS 
45 C2T CENTRIFUGAL 4 POLE EXTERNAL 220 82 175 48.61 38 1.85 2.98"4 DUPLEX FANS, 1 MTR, TWO FANS 
52 D2TX CENTRIFUGAL PERMANENT, SPLIT CAPAC .. 4 POLE EXTERNAL 220 1 30 310 86.1 1 50 4.31 3.31"4 DUPLEX FANS, 1 MTR. TWO FANS 

MANUFACTURER: ADVANCED DESIGN & MANUFACTURE 
INDUX ILF300 AXIAL EXTERNAL ROTOR CAP. START INTERNAL 220 1 75 150 41 .67 405 16.876 9.84"4 INLINE DUCT FAN 

223 750 208.3 235 48 96 21 .95"4 INLINE DUCT FAN 

MANUFACTURER: WOOQS F�N� 
6J AEROFOIL INFORMATION NOT PROVIDED INTERNAL 230 22 180 50 1 0  0,50 2.27"4 ADJUSTABLE PITCH AEROFOIL 
BJ AEROFOIL INFORMATION NOT PROVIDED INTERNAL 230 41 .4 360 1 00 25 2'.50 6.04"4 ADJUSTABLE PITCH AEROFOIL 
7J AEROFOIL INFORMATION NOT PROVIDED INTERNAL 230 1 26.5 720 200 75 1 5.00 1 1 .86% ADJUSTABLE PITCH AEROFOIL 
9J AEROFOIL INFORMATION NOT PROVIDED INTERNAL 230 333.5 1620 450 75 33.75 1 0. 1 2% ADJUSTABLE PITCH AEROFOIL 
1 2K AEROFOIL INFORMATION NOT PROVIDED INTERNAL 230 575 1600 500 200 1 00.00 17.39% ADJUSTABLE PITCH AEROFOIL 
15J AEROFOIL INFORMATION NOT PROVIDED INTERNAL 230 1 357 6400_ 1500 200 300.00 22.1 1 %  ADJUSTABLE PITCH AEROFOIL 
1 2133 AEROFOIL INFORMATION NOT PROVIDED INTERNAL 230 287.5 1584 440 25 1 1 .00 3.83% FIXED PITCH BIFURCATED 
AXCENT 2, MX31 MIXED FLOW INFORMATION NOT PROVIDED EXT. BELT 400 508 2160 800 250 1 50.00 29.53% INLINE MIXED FLOW 
ILC 1 AXIAL INFORMATION NOT PROVIDED INTERNAL 230 46 1 36.8 38 50 1 .90 4.13% INLINE CENTRIFUGAL FAN 
ILC 3 AXIAL INFORMATION NOT PROVIDED INTERNAL 230 94.3 352.8 98 1 00 9,80 1 0.39% INLINE CENTRIFUGAL FAN 

MANUFACTURER: WATER F�RNACE 
AT CENTRIFUGAL ECM INTERNAL 1 20 300 3420 950 82 77.90 25.97% USED IN GROUND SOURCE H.P.'I 

400 5760 1600 167 267.20 66.80% USED IN GROUND SOURCE H.P.'I 




