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ABSTRACT 

Varlab~pud driva , (VSDs) a:re a popular nh'Ojftfor 
Wlritlble-ai1'-volwrw vntlilolionjaJU • ~ jrN rMMunnu!IIIS 

of tuUaltll ~Mrgy savings haW! *" fHTfor7Md. To e(imi• 
lillie the Mt!tl for a y.ar of pre-relrOjlt and a ~ar of post
rettoflt dma, one prtNiou.dy devt!loped measlll'ement 
t«<utique. (appUed to two air halfdlers in a single building) 
nlled on cornl4lloM of fan powg to volumetric flow rates 
corrtbined with histograms offlow dala. 171ere i.r a need for 
1ffOr'e perfomtiJII~ IMQSMTentellt.r, particularly when flow 
daliJ a:re not available. 

To thie o:telll tluu the demand for airflow depends on 
dwmtal gaiu and building-occupancy and use patterns ,fan 
power ntay be correlaled to these directly. OM advantage 
to dti.r approach i.r tluu know~ge of temperature and solar 
loadi,.g proflln, as Wf!U as apeaed oce11pancies, may be 
obtained more easily than i.r the case for airflow. In this 
pope, fan power is modek>.d as a Junction of olllside 
tem[Hralure only for four variable-air-vohune systems 
oUJftned with VSD controllers. The curves di!Yeloped are 
used to estimate the savings of VSDs OW!r variable inlet 
VtJIIa in the same air handlers. Practical problems, such 
as flllering data anJ the choice of sampling intervals, are 
dist:II.SHII. 

INTRODUCTION 

Variable-speed motor drives (VSDs) are an increasing
ly popular technique for energy-efficient ventilation of 
commercial buildings. VSDs are significantly more expen
sive thaD the variable iJilet vanes (VIV) they replace, and -
maay building owners and operators tum to electric utility 
coaservation assistance programs to fully or partially fund · 
VSD retrofits or installation in new construction. While 
financial arrangements vary, a utility might offer a cus.: 
tomer a rebate on the basis of projected savings, and the 
cutomer enters into a shared or guaranteed savings 
contract witb an energy service company, wbicb performs 
tbe work and is compensated from expected savings. All 
parties therefore have a stake in the savings, which typical-
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ly are estimated on tho basis of maDufacturers' literature. 
Because of tho expe11se aDd prevaleoco of VSD techaolosy, 
there is an obvious need (or mouured savings data, both to 
validate and to improve the estimations. Until computa
tional procedures are shown to be sufficiently accurate, or 
measurement data are available from a sample of buildings 
largo eaough to make inferences about the population as a 
whole, there is a need for simple yet reliable techniques to 
make these measurements. 

Both data and measure~t methodoloaies for VSD 
fan motor retrofits have been investigated by Enalander and 
Norford (1992a, 1992b). The data came from two supply 
fan/return fan air-handling units in a commercial building. 
Pre-retrofit data, under VN control, were taken for a one
year period. Hourly average electricity use for the four 
fans was correlated· with measured airflows. Measured 
annual electricity use Was closely approximated by a 
convolution of the power versus flow correlation and a 
histogram of hourly av~ge airflows. After the retrofit, the 
same type of correlation was established with VSDs over 
a period of about six weeks and applied to the base-year 
flow histogram to projeet annual post-retrofit consumption. 
Savings were 12% and 45% for the two supply fans, 56% 
and 67% for the two return fans, and 35% in aggregate. 
When the static pressure setpoint for the two supply fans 
was lowered from 2.5 in. w.g. to l.S in. w.g. for a period 
of about two weeks, the projected annual savings increased 
to 46% and 67% for the supply fans and 56% in a~aregate. 
Relatively lower savings for one of the supply fans was 
attributed to bigb airflows demanded by poorly maintained 
·v AV terminal boxes in an unoccupied part of the building. 

The methodoloay reported by Englander and Norford 
offered the advantaae of isolatina the measurements to the 
fan itself and relying on a correlation that, wbile empirical, 
can be traced to the physics of air movement and the 
effiCiency of the fan and motor. The power-airflow 
correlation is used in many energy analysis codes, includ
ing DOE-2 and bin methods. The measured conelation 
appeared to be relatively free of unexplained influences on 
power. with some slipt data scatter due to deviations in 
static pressure from the setpoint. 
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However, the stre.Q~ of. the correlation depends on .a 
somewhat difficult and expeasive measureu;tent of airfl~w. 
Some air-baq41in1 units uso airflow sensors, typic:ally 
sinJle- or, multiple-point Pitot tubes, to conlr9,. the return 
fan in resPonlo tq ~ in supply 1~w. Other 
systems, suc:h as tbe four p~; ~. req~ no • 
flowmeter& and rely instead on open-logp~c~nizati~ . . 
to eontrol the return fiU,l (IS~well as tb.~.:..~fan ~.the ·, 
same sipal, derived u:;the difftm'Df&~eJ!m measu.~ 
and desired static presSure. Installation and maintenanctt .. 
costs influence decisions abQ\J.t .'QSO .Qf~w ~rs, 
but eveii;with such sensors~i.nstltlled ·as:~pa.t .,, :the HV AC 
syStem, .• ana· thUs"•avail ... :-at,:dO itost'~ for ·eoergy conser,., 
vation ateasure~DedfS; · the c:off~ amtuiring a year of Qow 
data reib&ins. ' , .. ,- ' e:' ·'.· ; . oi: ; .. . 

This paper presents en..-gy ~iOQ.. elSa for four . 
supply fans installed in a uttiVendty .buildQIJ!.tbllt houses a • 
mii' of teachinJ, office, and .clillic spaces •assocjated.with~ · 
a health sciences program. The methodology, basel1l :mr, o 
correlating fan power with outside temperature, develops 
a weaker relationship than with airfl<>Wtt,ut-~be: ·1 

combined with readily available local temperature data to 
sigD.ific:anUy ~ die oi'JStll:if ii:Sfmmlltiod~- ~i, .~: . ., 

~:-·;,:~~~ .. ..JL":""':! ... :,r.c:u ~ru- ~~ 4f.'Yt ~·: . ?.!:f::")~\1': 

'lf· ;1_ :(1,.:. ': !:II . ijiifi,~p:e i.i , · :,.;3 9, . .;..·pqS'Yf; 

D~§~~!r.fiPN g~, VEby'·'~~s·~? .',.w .. ... ": c~2· 
A~g)'49..NfTORJ.I)IGl§i ~ )~to · :.-·ioc .. ·:·:l:..Ji .. ,i~l~n 

· ·:~ix m 1. .. ~diers ~d' ~n,~diti~~ Lab-hood -~~eue:;i: 
, •• ~ , lll; ;., '! · ~ ... ~ 1. .· ·L"" .,, ::n. 

air fans (a to~ ·9J1.1",fans) . !P ~?; C9Jl.l!ectin~. b\!tlaliiKsr11 
were retrofitted two years ago with pulse--widtb'..'modula~ 
vsps. F9_Ur of these -~ ~4,1~ ~..in a ~inglt_ ~~-&O 
i~ room, wh~ die -~~vc:oJ~t;f!iPD efforts .~ ·~~'F·· ~· 
~· The inlet van~JottfJJ :~ were left m~t ~~g 
th~,.,etrofit and .n,q~y ~m,ain r:uf1Y,, o~~ 1Jbe co~tro,l, .. 
syst~;/qr ~h J.~ incJ~ ~~~g: ·th~ ~nni~.,~~, 
v~p~ to .~ shm:49~)~:6'a9.~'. ffi: ~Jiert ~~e~,~~~~-·
a !~M-.~~::YWt~~·~--~~~ .~~;· 
ai!P.W~)\I~ :~ •• C<?~L UJ:ljt V{UH'; ffl~ V,S .J,!:Srf<!;r.. ~ W.:,.-
a ~· fli .flo ·~ nvvle., · . H. f the .,.,,.1.,""""1~ . after" . .. .r~P .... P .~ ~tn.,_.~ 9 ..rr-m. ~~ .. '!~ .. 

sequence that was not possible, given ~ limi9g . ~;.o~v-l 
inv~v~~t in the project. We do no~ -~.J~th!.~- ~i~~ 
detri!Df!Dft for switching COJJ~I modes allows f~used..da~c 
collection under the o_perating conditions (outsj~~ tempera·:rn 
~}_,.9,f in~ ~.~8Y that is, mo~ ~-effipi~nt th89 r:. 
the sequential approafi!~:. This st~.~BY· also' i~roy~ tJM\:1, 

s~iftic:al quality of,~ data by· bloc:~a.. aJ~ 19!~ ... -
tendency of events 5\1!?~1~- f.ilter ~~.ses •. !c?'im {;bal~c~_g; ~:o 
and c:omc:tive main~ to a11tJr:the.~~ longltei'J9r,.:.r 
characteristic:s :..<h:~ ~· ,1978k .r..· ~ lru. :«-::~ , ... :d-~v 

-.. J'he motg~~ the ,fpns;t.JDde;-~esfu?~tR 
7.5 to. 40 hp (see Table 1). The last column ·Qb,~ t .. 
shows .the ~~ .<Kf tQ. pav~~AA ·!h~~!t!iflO"t at 
~ .. ..,~~ ~~~- fro~.~~~~m,e§1j; 
fan .~· Theb§Ol&r,: ·fo~ ~P.PIY,i~',..9 in ,particul~"(( 
ap~: ·lc?, be~~~q,'£1'~~; ... , ~~ -le 

.. ·Fan pow.!Ji~~ 109~~~ '~ logget, designed,.,,, 
tof,red~Ae ~ ag1i .~9JPI~ty .of.·,:ecof!#pg elqaric:al on 
power. For three-phase/three-wire mo~rs,0 !11V.R current 
t~~~i -M'O reqy,\l'!f!, :~~ ~.,Sflm.P..W' at: 0.25-
~~;interval• and <.11ill'UsJc;J~i-w!tJt. a· v;p.lty.e t§p tMt · 
~ rpPtentialfftWq;tt~W...brp)Mse, The ~a~r~mpu~~
powenM.d.:.a40~.}lQol\d~,v«;rqo,~in.P m'.AMJDOry,JRf::. 
subseqMQ~ dQwnl~t.<J~"~jtiqu1~ poweF ~ta, each ~ 
ho'-'d:Y. ~n,\ incl~~:~ ayerage:9utside te~nlture and 1 

th~.c..~iQ.._:twQ ~. the SlfPPAY ducts, f~.red ll 

usiQg,r:,esiUiv~~~I4ev;ic:es. ~~~.not~,:: 
fo~ . dQa,Jtu4y~r:M~Cre ·.~eq·.:f$)r two f~ bys~g the -
ele«trical <NJtput of.,pfeSS1P ·.~rs conn~ to' Pi~otr. 
~)'Ul&. lpnpr~ by. the.: fan CQA~lle~ . .Jihthis paper,\ 
wo-analyl.O dat. §)II the f~·suppll'l~~takenlj:om August ,_ 
1990 tO:April:l99.1.. -:.:Jr. , . ., ::Vf: •br - :· .::.b. 

"lr ._.,::,; :~:-'1~ra1.nB<:. ; · !(.1: ·. ~ . ~ ~d. ,:-h.. : 1 i.J • , ~~ •. 
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typiCall:f s~ ~le changes in cooling loBd as the controller dynamics (an ex~. is during prolonged 
outsi~ ~ Varies, although these changes may be changes in airflow, when fan . power is- . influenced by 
sm'aU:eotnpa.red with constant internal loads and ~}', •be control1er .. proportional gain and attendant'.~rs in the ··<. 
maSked bY. ~~tuating internal and solar Pins. by cllanges preSsures against which the fan operates). Building thermal 
in thermostitt''ietpoints, and by deviatiOiis in 7hfll! te~ .. "1 time constaii,, bn the other limd, are much longer, 
~ aro'iliia -thtf-'SetpOih~:"Jt is nonelJseless reasOnable ·to ·L introddemg · ·scat~ tO · simple correlations with· outside 
ex~ -som4 de~ of 'chrrelatioll ·_of fan power Witft.: te~espkially in" eases where an air handler is ,; 
out&iae t.etnpe~.- ShOuld the 'Yeiitifation system operate shut down· overl:tijlit; allowing the 'building temperature to 
uoaer systematfC'~~e8 'id1 intemaFl'Oads and thermostat .. float1' '·uotil - ..:· tli~· pblldown cycle begins the next 
values (for example, under a 'nigbt ·setback scheme), . .. motriing. ~ . ;,, . w , . . /; ell 

sepirate' temp.talUri!i'comrations dn··~CJfjelformed over . -Dynamic oi0tfei.&ca.dl srieOutit for thermal mass but, by 
each ·~P · · J!r- l ' .i r - • •; -;. . ~ .. , · · · ·.·: :. . requirliii a time hi~ry .ohemperatures, dhey remoye the 

F'or ai~~. ·pt0ta'6f p6wet'<e~t outside~·'· potential simpnficatiOJhof.:~mbioiog correlatePrJPOWers 
atUte'· SbggeStta--p~se fit·· .itt'lWbieb powet'lflf'~~!: with,yearly temperature his~. -.AI~ively, o~ may 
belOw some brealft:)t)int te~~d: is int~g ·, suppress the dynamics by averaging power and te~ture 
above. This breakpoint lliiikS liB~rnetded :tO estaBli'sb r: data ovor l:lobga ~~ · . e.a,, daily. Therefore, in 
some minimUm airfloW a~te'riDIDect18Y: tlie· ftbw· requlre- additioa to:hourly data, ,tho fQJif models were fit us~~; •. 
ments in indivtduai offiC'es.-'BeloW'·rt·, !ffiftb6f'tedlictioos in" ' daily &Y.erages and daily ax~,rages weighted for hours, qf 
flOW are' proliibited. C~ l i'l·' " ' nJ '>f, n. . 'i ;..) :J ",r.r · -~ OperatWD. ·'' ) /· 0 -.;!; 

While IU'"tfiir..onler p~ fitl~~ ·possible,"~'.tftjif-1~ t '"( ., ·., :u , . ;. ·; -.. r.< . ~t .. -1 - ., 

paper we·coiikiller piecewi~ tin~ •ttbi only. ·Partly tlii1fi1t- Coriditioning.1he Data r~ ·. · , · , , .• r. , .•• ,. . ., 
beeau8o the'pi~ tinear '!fif!:haiJ'·bedttl\be JDO<k,l of: '' ' . .;..;,,' _· ·:;; ' .i ·.: ~: ..;: " '.'i ,, · •••. ' 

ch~. for Studies?Ofh~vbolei-'bUildmg:eaergy·consumptioo; · Given ada._ filo.:7em\~g;§.,, ti,Me ~~ Afn.hourly :, 
particulariY:ofresideotitilebetgy.\~~ is oftenbasedon averages of power and temperature, a typic&l set of 
monthJy billi!iB data (Pels ·t986J; ID'·iJatge .... ..t_ ·,bowev'~. . pnmrocessing steps iovo~·1v ~narating the records between 

6 y-•t ·-r II · ' ~. '-;' I rl'l', =l ') i•('l/~w · ' 
it alsd'iS"aue t6 the fact tJiat adding tertiJs":bef(fBd.lb.e linear :~ VSD and VIV modes, · ·riiia. fQr jncoDB11>tem· :; -an~ ., 
did etiin many ~>allow the·inedeJ·:aJ-.pldiao)nno"'·- withholding a number of rec6rds ·fi>r u3b~ as iJ ~j.:.ljtt...~•· . 
of the variadQe iri the data. Stadstically, 114iling pa.t'iUD6tert ~ ·: depen,deot check on the results. Finally, the daily averages 
shiftS'"degree&'"of freed~~frdin~ the dati to 'th6 IMdel;· :-: are c&l~Jia'ted and tti~ · ~ti~'e dati files' ·ate; C:Onveited 
When the gieitet'"IatitUUe·in' die model iw.;not:matched -by·, ioti>' '~' -iormit 'Cbmpatiblt ~th.r:. thl .stlui~tical "analysis" 
a greater po~r to -~irpiam· the 'variation in Jtbe data,.:th.,., pickage. ;-. · ru ·. ...,~;.: · (01~· ·:: ~ r: · · 
added parameters have weakened the model:'Matlrematiciaf!:'.. · 'Jof thestJ .tisks, the most chlilfenging numerically is'' ffi~ .._. 
ly, this occurs when the additional parameters do not fiitering su;p. Specificail~!~8niYol1~'0f'tlie four'liir bandle~:i 
decrease the error sum of sq~~& 40 c()~:: runs 24 ii~urs a day;. ~Hi:Je ·the' 'iest run for anywbete'1 ; 

for the smaller variance atttr'bU66le ta:fhe:lhcldet~CWhi'eli:· betw~n 8 and 'IS hoiirs ~:..eday. "Tiiere'fore, two hourl-y. 
varies roughly with the inverse of the number of param- records· a aa{·~eik16ti!ges 11(· both on- rind off-~r. 
eters. i!'~.., _.r reaidings:11i~ traiiSitidn t:iBi:B~;:beCauSe'they=vtblate"the·· 

Thi ffi ~ s.;t~:£;;-:s.~L:.:assu_..;.i,i. _b 11,·· ""'ost. r. ? lilte' .c::1.oot o~d:ie 1fSta ...Z.t · l.:~~~~ Slll9fi. e ~~ was ~~ted ~Qr, ~els_ .~.a~mpted u:auy· .. re 114t''! o ... :"t18 TCU ..,.. 

to ~~rporate.fP~;~owl~ge g~~~. orde~. m ~!fie~_ th~- hifo~ 1f'is···~· .to ·'4~tive~"t'be models. In addi'tioO;'ibe 
power-temperature pair was reco~ dunng 'the ·aay·~- . power d~ j~ aftet' start-up may·:be abiio.:mally:-idg& . 
Adding a model parameter to account for the relative time due to the building pulldown mentioned above. If so, some 
in the day did reduce the sum of squares associated with ~tJaqugbt should be given to discarding these points as well. 
the error terms but not by enough to offset the fact~. all .. ... B~u~.o'\t~r~~~-~ predict total fan power, we did not 
else being ~ual, added model parameters reduce the remove start-up surges from. the data sets. The filtered 
variance expl~ed-byi' :~el:--Tilus, th~. !moaers- cOO;-::· .. - p(iin.~~owe'vei'' -~o.r.~ ~ect entiretY,t since they 
sidered in this p_aper all :&ffl:~o- and ~~~ter fits mus! ¥:-~ later :t6. ~e~fy that the models ~imate total 
to the data. They are the piecewise ~~~ fff.t, a simple fan eoetgy- accuratelr. ~ -; . ~ 
linear re~ion, .and..twlu{~c modeM CQWuri&h.JIIUL ·- ,_ ~-®.!Lrig,!.._~_!ep~~we!!._~~~~~~...:_ ~ll -~epeo~ 
one without a linear term). · · - on kno~iPg the time. ~er of the power :r:ecor.d$, and two 

Each :model, by taking power to be a functio~ ~ of requ,i.(-,_;Jl}at some1 noQlinal pow!" be .~~!~~ed below 
outdoor ~re without regard for ~~dynamics ~fJ,b~ whi~l!:~e-- fan may, ~ .~nsidered shut o,f! ... The third uses 
building_'s'co~~rol system, ~~rmalmassl internal gains, ~d a styd~r5 T-distr!~u~ to dete_ct c~i~ -~: ~power 
so on, ~mpJ.~cltly represents ~ s~y;tate system. This and ;~-pJy made ~~- ~bust by the m~~~~o~ of cutoff 
assumpt1oo breaks doWII' ,~ _ ttme mter'Vals that ~ ~~rt power. :' _ ! : .=~ , • .. . ::- ( . . .,. 
relative to ~. tJae thermal: ana controller . ;~ime constants. ~e:_ );Dost oaiv~. ·m~r presuppos~~r ~-: a&undl!nce of 
FortuoateJy; nourly average data rarely: are affected ,by data; '.it :sunply strikes the first and last- ·enttjes 'frq>m any ' ~ . . . ~ . .. . ... -· ·, ···-· ~~.- . ... ....... ... . .. .....:,.,;._,.,, ... _ . ' .... _L,~-.... . ..... -~ ...... ' ·' ........ .. ' :.0::·..:._...~ .......... ---·-~ ~ -: . !'''l1. 



sequence of power-on records. When checking total fan of data, we would withhold either every fifth or every 
eoefJY, we counted half the eneray the model pve for thirteenth point from the model-fitting analysis. 
filtered points on the assumption that on avera"~ J they .. In taking the daily averaaes, the temperature was 
would combine half an hour of running and half an hour of averaged over the time the fan was on, rather than over the 
shutdown information. Therefore, -using this first method. ··~entiie24-hour per!,od :I)la·w6Jgbting·~tor established for 
~ cause underestimates ~f total fan energy'. since more l use with th~ dailf" averages w~r ~~ ... count of power-on 
pomts are filtered than IDIJht be the case usmg less ar- records malcing up ~e .. averag~:.. ' · 
bitrary crite.ria. The advantage of ~ is ~t-~e- ·- . ::..· . ·. : . ( -~ 
only way to miss~ mixed-power . ~ml'is if the. fan ~~ilts Deriving and Checklrig jthe Models 
down for so short ;a time that -the d~~-fao~er __ ___ ___ __ _ _ ·-· _ . 
level never is reached. This ac.tually:~ QD occas1b~ • . . The models Went. fit ~ 90 a l~t-squares estima· 
for fan AH-11-SF,~erally betW~. Cl:OO p.m. and 8:00 . tion ofthe P8rame• ThO":iiiO~Is were: ... _,, ... _ --- ·-···-....... ,. . .... ~;. .... .-...~ . 
p.m., when the powCZ" falls off dramatiw.ly but not~o,ugh :--- ------ ·- " ~- .. 
to trigger the filter. 1ho.=·onry~gua;o against this -$oiror y ·--· · - .. .. ::....t~·.a::· :P.-- '-~ 
beba · · h ·.;L·- • ;,_ .. _ d - · - · ·· f out . 

VIOr IS to JI'&P WVUIIUI"an -tiWestlgate the.Unirao ·--· -- - - . ·· - · .. .. - - . .Ji ·~~ 
disturban~in time and with temperature. a+ B"~-l;"'' 

, J?OWef .• 
The ' bd fil~r tes~ ~li triaDsiirb'O:poinf~gamst' itS · '·· · A:+ B • Tl1.,~+ (f]H fo,,, and <lt 

nearest power-on ill:iighbor, c:OmpariDg lhei' · !'!WO' to some Jm:.; A-+ B(;l:r -'ni l<.~~) • (~::n ;>j/l''i. .L) 
• ·--1 .:_._ • na1 .l.'"r. L~- h · L .:. ... >..J • .J . • t:. • .:.. ·tb fi . , , out ""briak 0111 on,... Critl\0&1 u ... tio power. -~. eavyMWIIlueu Willi' e rst, ·· ··· · . ·: . ·· ·· ':!til ;., ~ - -;.c :~ ~ :."' 

this fractional test ilfs~ftij,JcitO'implement'aDd acfS}Jelial:lty:· where A, B, C, and Tbnllk are the paramete~;-~ be 
Ffnany, the·sidaent'' s T-tes( ls ·tlie-mosi sopliiStic:atea; &tid eStimated. Since the.losical expressiQQJrio. ~:last ,~ode1 
generally ·thihnasf"jn'e4fcta'61e~ of~tlio"'filtenag · ·rill~ bdt:: evaluatis;to 1 oro, coli~ is e.DS1J~1~M~e ~m_akpoint. 
breaks down 'if"the fa'd ob-Off stdf68~~te not dearly ·~~ Each model w.as eStimatad us~ . th~J~~I,trly .;data and 
~ed for lo~r than ~'hollis;:-~ m.iri'imtunlength;-df. the !ia,ily _Jlverage information. Additionally, the daily 
tiine'neead4_ tii:CS&blish a ~l'e~ dJstftbutien ·df' ~ri'- ~~etlger data:wi~fP.tea by'l~Uig each powet-tem~ 
for the ~t. ,· ~J u!l ~ ~- ;~ .. · - ·.. rt.-·n;,·.'r-, .. • ,· · ~~~rij as1if1t'11ad &err·atij)Htatetl·by tbelh'lioibat;tjf 
:·~ .. The· ~otplbxitl~;r~. wit;eridiOties of tllteting could bo~ that bad·~ av~ged'lii$ the ~fd.:..Jtltit is, ~y 

b&V'e'~ avoided by tlle1pro\lision ()fa logic mput to:.:the tht"Humbei' ·'~f houi"Wjtbe fab~>i-as on· that da~"·s:Witl{ i.tbe 
data logger from the fan controller itself. This inpul~ould best-fill models in hand;2the!'data heldJba4k from analysis 
beliigh when tile fan :w.s ·eueigi.l.ed and low-Wheri;the fan we~'\tsed·to' check the~ts)Just as the models~ered'lt 
was .. off. · Th~n. eacii- pow~"~rdt· would includeV in _usin~ i~~ ~t-~ t:~~olf,-' they We~ .checked·c.by 
additiOn to the average poWei''an~ aVerage temperilture"NIId sualtbffig ffie~Sij~ 6f the dlfferences :betwair!the actual 
over' the course of the hoilki/ an eatryishowlhgltfti .fractiOQ! "and~preitli~eli~ :fbr!each reconlfJTo pr.ovide a:.basis 
of:tha(boui''d'ii~g -whicif!fhe fanJ&M run; Oiveti-·lf..-logjer 'Of ooiiqwf~n ·beiweett· fds1, the ·;sUm of sqwu.s·•of the 
able tri" ·av~~fi afiitil' iJipUfj over tilil6; a.oariital weighting ind'~en~~ut:.ttie.w -mead1wd tetotdedi.S well. A 
scheme wduld'llilSe 'b9''Nhicti:tO -giver,c;ach: <Wulli!JMre o~ ~Cit ·~tChut·appears as Tabre·Z.. ::.• 
less force in dete'nDihitig :.tlfe :pow~.~~ relatiolf .. :: ·: ' mfsl tal:ife· iridic.ates that' for the l40 records held back 
sDip. Th~ valuif~f'kiiowmlgltbow:~bg'thti-·fiUl'was on and m:;H(th~aanatysis of supply' fu.rto ape~g .. ~.~ari-
off dunng'tlleSil=-tdiX'd:l-poWer lioufll :sliouh:ltn~t be undetes- able-inlet-vane control, the best-fit model was the piecO-&lise 
titi'Jiried \Yiiedr r~hao~ing lind ·i\:Gidi~g ·a·tCJgge-1. ,~: ··-~ :tin~ ~oe derived' hsing tthe .1i\l\1dy~ fte··.Smalterror 

.-~: ·"Orl~"fil~ remo've· tianAftiijliJpriiotti1belw4en on.; , Sudr-of squ:arei ~tr)':l.indicataS . that i the u146 kW~£totid 
and ~s\a!t&,- a:inumbef of W,"1·fe¢ritds;. Were ~-, variatton about"the mean was explained- dmStJeffec"tively by 
aW'ay-i:for laterOuS&fi fn ;chee:idfl·g the ~~1 predictive . ·tlle"power-te~RiationShip e~ is :that model. 
ability.' To ac~ve' il'~:uOifotm·l~strmiltioDrrof sampled: ; · Not all the moclel'compiU!iflons Wete"O stiaigbtf<>Pioalid 
pailits, it is i1Jip'0i'tant to.avC>id.selectmg . ...theiD,JromJgrniips. as ''this, however~-, and in several cases~ liD · attal)(si~' of 
DUide up of fai:ltbrs:~ 24..!(Jwurs;io a1day}-tiiid 2:2·l{h<*~.i,a vaiiib~- was calculatecrin order to d&erudne whether the 
a day ·feckibJtw~·filbfttedlJK»ipts).-or multiptell.,of·7 (da.ya;in :o&b&etved~d\WerenCes ~ ·'tilodels and between hourly, 
a:\~eek~nFoi' ~iltiqJliiJ 11kirJv every.~~~ord frorq:the ?&iJy,:>:aai:J1 weigJ:i~'1llliiy 'i~erages were meaningful at 
fild riSkS 8imPiing:·~rdy four. 'distinetchouni:over !long: rutJs ' sonilh ii\ltfi¢lot i'eyel dr 'could be explain'oo-j-IISV<a essUy 
of time: thl5-riSk is ·ol~ ~lear qace a :file. bU been . filtered ;by""tiuince': ortezdhe results dependeci on 'die stibgr()u'ps 
to reiOOve P"wer-'bffruclf Olixed--pc,wer,:paint&t!. but1 in · bi;~id~ied. ·For example, ·teferrillg 1to the erro'('lsu~. of 
general odel.must b6vw~-~f c~g; sampJillg~ periods -1-q~~p~ted in T&ble·2, · · .r ... · w ; 
diati''COibciae With i-tb~ , iiatlinil~ p.ridd~f :tb1Ji:-fi1e., :iFhese . : , · · 1. 

ootisiderationHihmitd~J~ltoOk 5; - 13;:JI7~- and l~!to-!*- • the apparent differences between using the hourly, 
appmpriate·'!tSainj)lingKperibdS •. FiaAIJy;: rwJ ~~hie a daily, aod weighted daily avera!~ CiiinOllfhe\aid . to 
UDiit>riliiy diStnbUti!tf'samjH~ wi"thm•less than:5h~Jh~ month e~ifil.at ;,My ~ level pf.~iP;ifiCllll~~ 1-" I 

---.·· ·N li !'..~!:: .'~ (.,~\'": .· L .'; ,!·.~·~.; , . .. ... .... ~· .. · i K.~::; :n.;:.... .'" 
1 

~1 
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ss about mean-146.00 
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j 
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• considering o~_y the T ~mrcd= and qQadratic-2 ~els, ~e 
appa~t.di(f~fences_ ~~ ~~ ~y be :-a•~ to exast 
at the 2S 9li but not at ffie 10 %' level of sagmficance; 
and ' !l.~L ,,. !;,,. • .:, . ;; J .,.., .. 

• 'the apparenr.ilift'etences ~the daily and weight
·:;.ed diilyttaveniges alone' :maynbe .said to exis~J~Jt the 

·'' · 0.1•% Jevel·of<sipiticaoaor~bettor. 
• J · ; ,:··· ·b,:. , . . J/;:;,·. o~.~ ~ : l.o ~ • li ~d; 

IQ.,other. ~o(ds, fQ,t ~-~els @;'~ .. in,.f..f.> -1:1~ .. ,!?[ 
·suMlr<fNl..IO ~~r ~JfYO.ntt91, 'J~~~ i is .. n,Q. -~1!- .rW 
ptefer tbqso.~ on. tm"»~ly:~•Y.Af@'es. .. 1~ tfie~ b~..: Pil 
daily,· a~efllg.~. alt,hough therfiaily.• a~~ge -,J;JJ.Qdel~~{iriq.st 
certainly are better-;tban the wejgbted daily av~rag,e.. ~~Is. 
The piecewise linear model 1 j§ be~r th~, the , ..g~rati~ 
model, with a· probability, of ~~17.'- %.;~ 9J11~ ·, 
. ; .. :; _Jn generalf.Jwe .CIQI!e to expec~ ·~·~W~~~J9lear 
model w'ouldrpro~ide the best jjtt~e; sJq1p~e}~~i~gres~ 
sion would::provid~ Jbe poo.~t ~d ..,~e hRm9'JJ~.!'~rag~ 
would yield·bettM: its ~·~~JY··}l'tCP.B~ . .,~Hh~Q~~ by 
any statistically significant mar~r,Weigh~~~f.~Y~!f~'7' 
generally were fo11JKltQ provj4~10¥r esti~~ ~daily 
inlerap...(ev.en ~gh !tiM< w~ not·1true fO!!l.~r!~· pt 
:'F.il.ble..·2t} •. · .. ,_.::;I o ... rr ·J:·:.• h;', .i:;;L"~'·: ,(~;., 

·:· .. lb.oo.Jy oD.e CM.Ei:-,thatQf ,N:I:S·S~~-'l'VJ¥> the pi~~se 
lineat .fit found ~'be iDfi'Qo.r to~on,e!.of the..o#ler ~els. 
For ¥SD. ~:entl'Ql. over this fan, -~ three-term q~ratic 
model showed--sliptly smal..,. -~~r sums of sq~. 
How.eve.r,d.the ;best,-;fit ;.~tiwtion co~tain~ a vertex at 
. 30°F~; thifJ v'nex, ~low which the ~el.shows fan pPWer 
:.rising·.aa;temperatQm decreases,, :~gg~f§ th~ a pj~wise 
, quadratic model ~,fit to~-~~-·. ;eot_f;Ons,~~f,-~ith ~e 
othw .. three fans,_)lowever.,Jtll,e ~j~~~;~~rfffi?.d,~~ was 

.. usod ins~. A. &hc'Ph of the. ~.and Jhetf_bo~}~~· for 
-!AHT~-SJ" ,.P~ M. Figure ,Jri Thi~}igu~ ~~~- ,~;tes ~ 
. indj~tiOJl • of th& d~~ of .~ter, ,inherent ~ the .p,«?~~r 
data when considered only as a.-Junction of oM:~ida te~~
ature. 

~ j_: ; . : :..· 

-~CompeJiirJg;;lbe M~,q~l.s 
.f:J·.·. a-: 

:.•_,\ J, I 

After j;Ower vs:~~fedlperature models ··li&lPbeen-devel
oped for all four fans, the error sums of squares from 

• .. I)· .. ' L, 

,r Error sum of squares 
. ~ 

.. :>·~ ,~;. .. 

•'Q,Qiirly . ....... ;~1: weighted 
~-~:. av&a~~ . s •••• dail_y ' . 

.79.24 ?..'1~7.9r.09 79.46 ::! ' I -· ' • 

r'60.03 '1. ~~59.9--$· "> 60.32 
35~'87 ' ~ 36';30 . ~ ··:rc 36.6:4 

3.1.0~ ...... 32.46 .. 
<3'2.66 .. .... ... ~ ... '-

. . 
,,: J i.:l:::t...JI ·I ': • .. ;~ f.,e.• • 

charts ~P.»>W. to 1T~.2 .we~ ®mpared·for ~h fan usmg 
analysis o~.Y~~ ttfAniques. Te do ~s, the error sums 
o(.sq~.rfi~.t "'were ,.no~~ by dividing by ~~ 
appropx;i~ ~~ of.~~ abQut the:~· The resultiQ,g·, 
statistic. is 1" Q:Jj.nusl-~~ •. the familiar ~.pi._goodness·.: 
qf. fit· for a-I~ reeression. VAl~'!{lln.ie«!. frJ?91. a . worst 
CW:Pf 1 (for:,~p-~r ft~tp daily avqrag~ on g:I
H·-SF) to ~- ~!1~"9( ,Q,.2 .(ti)r1 -three~p~eter._ fits,:tg 
AH.J·(},Sf1~ Qne.-Qiig~~ ex_p,ect:that the <t~s~: of_,yariability 
in the performance ·of a fan has the greatest ~ffe~t~o-~ th~ 
goodness:~f fit any modtt} ~gbt;,c,U~'%··~. jn9~·; -the 
effect of.~ was found to. qe.-iignjficant at the 9.1.% le\'1'~ · 
or better.,···;.· 1 .., ,,... .~ •. 

Besides testing for .diffe~~ ... attl}butable to the Jan .• 
we cJlecked tQ dete~~Jifpe~er.:Jbere.~as !Ul:Y basis for 
stattQg that-the piecewise linear:,model was the best overall 
a,od; . whether tbe app~t dis~tions between hourly, 
dai~,~ and_ w~tghted ~ly~-mod~l'~-~re . ~rted ~. th~ . 
4ata. TIUcen·all\.£oge~f!r, the yjj.J.~; f.q.r ~:sq"l~ provide 
no basis:fQr assumingcth,at APY qf these o~cy~.,jifferen-
ces were anytbiqg but.'fban.~ ~c~~~ h' ~J'c; .:·.•:::.." 
• · This.last ~lt ·in-~tes ~~ily av~_ges are jus~~ . 

effeetive as· h!l\lr:lyJ,ave~ges! whe!l ~~liQ.g:,powe'iL~'·~ 
function Q{ :o9.~t$i4e~~lll~re .. ,r~CI~l.ar,., .:#.U.s ~,~i,s J?r,.'9.11J9, 
implicatiou-{QujJDillifyi.n3~e ~ta c~Jq:_~n. H9:!o'(~yer, 
o~ is-that; w,ktJ.,~oJYcfour fans MI.:~~ ~ .Pase.~ t!:JJ;1.~ 
obaefiVed diffmm~ ~slight enough n9t,Jo-Pe signifi~~._. 
butrthat if.'Jncueliamlr:w.ere analyzed in. ,.;,like fashi011,:.a. 
dit"krenc:e . oould; he, deteet:edoat'.'SOJDe,~able level- of 
sign:i~ce: .L:nheretore, we:,;wQuld •Y1(tMl. the hourly. 
averages o1itperforin::the weigbted.·dail)Hic:V~ ;.a,gd_ the 
weighted daily.::avemges outpe..rfotm the .~b'- averag~b.ut 
thatrgiveo.-an eight•month data .. coll~tiQn :~ffoJ:t -~!),dif
fere~ ·are slight and may no.t j~ify· tlulo added· costs7 of 
collecting and storing. data on aDrbourly bas!Ji, ~- :r- tY 

,, -ID e;vecy: -.nalysi•, .tlie Ql()de,L~w~ fo~.d,;CO i?e §igi 
nificant at''some 'stalldatflrleY.elnWi~al~jh~ WP<I~s ~!D· 
together,. tbe d.ifferences fo:\llld~J)eny~~; ~~%'¥~re st;a,ij~-:, 
ticall)i signifiQ31lt at ·Ule 0.1 ?P .l~velor"~~r,,IIJl4 wbcw,lflS!'.l'· 
the piectwj&e;. linear ~L w~ .IYP.~ .. ·'P.· \11~:1.<?~~~ 
models, or to the three-term parabolic model only, it was 
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Figure I 
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:Jr.fnlc:!· 
Experimental! Results -.: .: · !N!:itb; ~, .. ::.: _:; : .. 

l/The ·empirical .oorrelatioos~:of faa. pclWet..;with outiiide 
te.ratme :.Were appliedotoi two: seas of-.~ibinned ~:.r: 
temperatures recorded on-site over the eight-month period 
and long-term yearly ·~~ge data from a nearby airfield. 
Both were binned in Sl P,1<i.ntervals, and both assumed tbat 
in each bin, the num~~ of hours the fan was turned .. ,orr 
could be taken as th:ii1e' count times the overall fniction 
of time the fan was on :':,. ~-f!act~<?~. was found by taking: 
the full n\lmber of . ts.,'~~ fliP.~ was on plus halj ,:the 
number of points fi~ ~ut as ~ed-power pointS and 
dividing by the tO~ ~~J;er of recflri:ls originally collected. Becar ~ .t.tilne hours, du~~:~~h the fans are 
tu ~ o - are t9Wer on average,J . ·daytime ~ours, 

~t..<w· ·~~~hours ~.~ w~y. ,';,illt~fi'est~te- the 
nu~ber C?f hou~ the fan was ·oii ·i(fowe_~ le~es. 
Therefore, the energy ~~gJates based on blimed data were 
expected to be underestimates, and indeed they tended to 

~~~~~d~.~ ri~:' ~' i;:~~~~d;::!eth~~ 
was on an on. · 

-L -

. ":' ... •, 

-.::-- · ::;::·~:·. ,,. '"ak : ·'311. :·::;: <10 . 't.·so • .L : ~· :~;;,:~7o ·.L"J .IJ'!~q.r::;!IP 

.. tem~~',~("'l,~:; 

Figure 3 1M variab~peed-drive mode for AH-11-SF. 
'!his fali"'!~!flfe:'higlfen'b?t!lfkpoiiil ·ttmfo
erature 'oTtilF.~~:n !'F. · l.~ "' '· ·= ~: -::ro.·; • ~.,'j 

::: ·:: .i.tJle 3 ~~~ ~~ .f!c?.~~ ~.~h~.~~~~~rvey 
period ellt.AftOI- tg~~,Y.~ ·.aqd .~iJ:WiP!~tb'l~~~~lfl.: 
and variah~~,.,.,n:~vings:....- . 1~c.J E·~w ;~ -:.!1 .'7 - . :•f15r. :-< 

ri.l> 'I'Ml~l~,~~t betw~ ~~~!:!~· !lfd:!\l~ 
Q~tajped;-.• g. ~~~~~ ·~~~ge 4.ata ~;--~~;sthe 
etght.;JDODtb:J momq>n.ng .. pqn,oB ~u~ly,s~Rffl'SC~~the 
distribution Qf te~.~~~ ~~r;·a Y~· vThi~.Jt~ 
ment sugg~ ~ ~~~~~A9lc.es,~ing. ~~l 
M}lings -wo~J4 .. be:.~ esti~j,.~e . :~~U.W ti:~.~~c:JWJiod 
reqoired-~ ~~ 4UIJ1~-te~~"'~~~tfib~ti<?~ ... l!f}~ 
reeord ~ . pq~er . ;(?VeJ' JbM_, ~OPP.-"'~i~oql1 a~~tffi$ :fo 
~Jish C()JI'Clati~ ~jtb ~~~~!'In.!~~· fq.r . _'ls~ 
control, the average ~(-~ .~!!~.~~ ~r ,Fb ,!m;~~ 
foUDd:~ly a. l--.sq~~~!~I'!.R.t t~9(~~nergy 
use ia;JDIIft¥ ~-~ g~ 115 ~ cieriv~us~_ ~}}e ~t~t 
~I (.uh~ugh . of .~--~-A-VF.~ '!IV~ q~t ~r·~ 
p.f!'di~ of ~yi4.~. po~.er~, recopis) . . ihltuiti~~ly .·this 
makes~~~~~ ~~e XS.P. ~lofi ~~~~~lk 
of the.-'J&tat-~~.~~g :>Yhif~ t!J.e~~~.Cf~~efWd· 



~·\ r '.~ :; .. , -/!\ . TABLE3 ·--· .. \ 
Energy Estimations Based on Binned Temperature Records 

. (1be eight-month on-site energy ~timations are scaled to yearly v~ues; 
the off-site data are long-term yearly averages recorded at a_ nearby airfield.) 

Fan ··· · · Temperature bin 
source 

VSD 
_M\Vbjyr 

-, vrv 1-. .Savings, Savings,% 
M:wh/yr ; MWh/"jJ_ '. ""'.l' 

AH-8-SF on-site 
off-site 
on-site 
off-site ' 

---· ---.. AH.:-ro~sr-·- on-me 
(1, .,,. ;::,-; 

AH-11-SF 
> ·. · (~·~·: :('-.···· _,.. 

off-site 
on-site 

;'O'ff.:.s\~· 
on.:.site . 
otKsi~~ ·. ·::n 

.__, ,, 

-

18.1 
19.0 
28.5 
29.1 
33.1 
35.1 
52.3 

: !fl· 'i5~.0 

132.0 
137.2 

·~ ·-· !.· -:-:-·" ~-.!. .;;, r~ :~ ··•~r · ·-·~. -!Jt.. ·' 
More to the point of this study, a temperatute ·his-

togram establishes the range of outside temperature.s over 
which'power data are required. This range in practice_ can' 
&; coo;apressed because_ there are few. hours of extr:_emely
hiih' and low temperatureS. Ou_r eight-month data period, 
while shorter than'· the 14 months fow;ad .necessary by 
Eng{ander an4 'Nqdord,."stm is l()nger. than required to 
establish~.' the . t#\Pera~\ corretai!on~ · However, our 
experience wi~e~gbtingJt~ .4~ta1'nfll~~ fhal;should an 
attempt be made ·'fb-draw. out" a full cb~lation using only 
data .collected over representative shorter intervals, the 
experimenter should.e.isu..e.that the.distrib:utiDJU>f.DI2.!14rved 
temperatures matches that of the expected yearly tempera
ture lfismgram. 

A Priori S;sv~g$!,Estimt,~ .. f. :JJa~•cf . 
on Manufacturers· Sp~~ific~~~o~s . ... 

'·46.5 ' ; ... '=.: 
-~.t! ~ . ,. ~-
' 4__y,o,. ~:- ' 

28.4 
27.6_ ~ ·· 

8!:~ ;;·~ >~- ss.rl'.: 
83.4. ·:;: ;_ 54.3 .. 

61% 
59% 
66% -. 
65% 

·-c-92;1· ... 59.1- 64% 
=·· ,, 94.0 58.9 63% 

100.1 47.9 48% 
·'' ··. "1.00.6 :'J.-. ·,·~, • "· r-4.6.6-' u· 46% 
'','. 32!:9"' "·. ~.· .. 191.1 r ,;, _ ··59% 

·,A· \ . 32.f.'~ ·- · ::.r-.1.:.: t:s7 .4 .•... 11 .... , 1-, ~\·ss% 
.. ,, ...- • \ ;• ' ') I' \~ ~ ... ' : \ . ·~·_ ... 

-.-)·we note 'that the rorrei~on be1W'eett' fan power and 
fl~~ ··incorporated in the' litsdet ·or ,~'ftware is somewhat 
crude. For inlet vane control, fan pb~eHS"i~SsUmed.to vary 
linearly with flow. For the VSD mode, the classic cubic 
refitionshiYJ is• :Used, e~iho6gh:. static lpfeSSU1'e ,~k 
typibilty;:OiiPJ&Hnented·'foi supply. : f~;;wil}; ~Ia I~ ' 
variQion of. .powerJWith tlowi!Data reparted b.y.t;Englaoder~i 
and Norford show that ·both 'inJet.;\Wle and liSD control · 
bave?4tl1 sti'Obg~ quadratic component. The power-airflow 
correlatiOIISI"USed ::by<t.be .. ,second·, manu~twier appeu.1to· 
match the reported data more ICltiJ!!ely:.: .Howe.v~r, di fferen
ces in the manufacturers' power-airflow correlations do not 
appear to influence the estimated savings. Significantly, the 
savings depend strongJy,'•6b' 1 att-llows~ ·"Eort' :.the? defa.lilt 
distribution used by the second manufacturer, the percent 
savings match those achieved by ;tho ~ll>sr:we·: baye.~ 
monitored. 

· ~ ·. ·'MotW&tian a.la ~po-ri fdr this" teiidreo ·stem from the 
un~vana'lfinlpi'Ovl:!a!;saving~:1estiina~ ' 'itiadtt-:.without 
benefit of measurements. The laitnual ~~ sat'ioggciiStimates 
a~ve; ' gim1dded"m·'·iJata, ':now sboulll".f!ie\IC()nipiiAd with 
what was~xpeeted'.~AS a first' -step''i.Ji· ttiis comparison.,:: we 
preseilt th.e::J8aving's1! estinUted' 'by.; easy;.t6-=u~W :t•softwate 
slippliea :~:~Y ···two ·vsn IDanufactUttm;. i'his ·;'softwue 
rldftiltes;· a fi&<V histogririil, hours· of fan operation, and 
mO'to~ls1ZB.' n.l'tWO' manu1aeriireri'emp1oy dit'tenmt defaUlt 
flo..V'hi$U>gfiims;'thelir5f' nai'rriwly distribl'itect about 10% 
<if ftilffi'Ow aai:l th~'secl;inra. tiroadet oistritiution centered 
a_!: SSW of ·;full flow. Figure' 4;:Cbnipilres ~fhe : fli:>w. Jhi~ 

~" i.Mbsolut. ·savinp, Dll Which finances are:b~, aretal
culllted from. •tWo piecesooti infotJnaqon besides · tJn: Oqft¥~ 

t(;~ ;u~e«niy these'-m&lnlfacttire~ · · · ·:~ . -.--· .. · .. 
_' ·. -using these .flow· .. bist.dgrams;·;~ings estlnmtes.,'lrow 

·can - be ~'niade. -Table "4 ·stiows 'the percenf.i SiMftg&l tbat 
depen~ ohl y:'hn ttief flow t.n2stogfa'in. Saviilgs"l are bigller 
with· the 1 broad, low ·~flow"'distribtition,-· ~ihce ~kJagtli 
;dpera(ibii at'lllgh flows ciu~ses'the ':vairiabl~~ dri~'k> 
n..iffllb ·ran-~'tip 10 tfuat used uncier· vw ·ootitrol. · 
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TABLE 4 
Manufacturers' Computed P•cant Savings Depend Only on the Flow Histogram, 

Not on Hours of Operation ot on Motor Size 
~.;, . .'~ ..:..D ,xou 1 • r. 

-
Manufacturer Savings, 

. .-·Sav'mgs;: \~ f-1> 

high flow distribution ) ' low flow distribution~ 

1 ' 

2 

histogram: hours of operation and peak motor power. 
Hours of fan operat4on can be obtained from the building 
operator or, in this case, from direct measurement. 
Fractional runtimes for the four fans ranged from 0.33 to 
1.00; the variation indicates that a priori assumptions about 
operating hours would not lead to accurate savings es- · 
timates. Table S shows that fan motor nameplate power 
typically overestimates the actual power required to supply 
design airflow. If, instead, the brake horsepower-at which 
tho fan curves indicate the system provides rated airflow
is used to calculate the absolute savings, a more accurate 
figure results. 

It appears that the broader flow histogram centered at 
lower flow values is a reasonable choice for these four 
fans. Further, it is essential to specify two important 
parameters accurately: hours of operation and the fan 
power·roquired at desip conditions. 

CONCLUSION 

An average energy savings of 58% was achieved for 
four supply fans for which inlet vane control was replaced 
with variable-speed motor drives. Savinas for individua:l 
fans ranged from 46% to 66%. These savings were 
calculated based on best-fit models in the least-squares • 
sense. Of the two- and three-parameter models considered, 
the piecewise linear model provided the closest fits. In 
generill, the use of hourly data is encouraged when devel-

42% ·- r. . ... : 
.. 4tt% • .,.,ti_..i."',;..\"'..: .. . _f.v'O~ . ~~ . 
;, .. , 2!11\ .:.~ . o...:~': , .tno.: !w 

' ' ' v .~ . 58~ 
.59%. 

- - . 

J: 
I -jp 

ru;lyc3' I 

1:'1 ·')1).!:0~· nsr Vl!"J']UG. ::, .h ; (;! ''M" \'(: J ,, J •· -~ 
opi.o.B tQ~lf,;ep if.c\f.ij;y~y~rag~ :~wers ~t~:!· ~ey 
should be wei~W for;,~~ .. ~f.o~!J)!ion. .:xos; ·,::A~:·, 
:u;·~ The agarea.M~gs fq~~~~ ~~ ~~~~~; 

closely by using VSD manufacturers' ~f»r~\fJ~ .. 4-J~oad 
flow histognm centered at ss% of full flow and accurate 
estimates of operating hours and fan power at design 
airflows. However, it must be remembered that all four 
fans studied were designed at the same time and installed 
in the same buildina. Moreover, the flow distribution 
typically is not known a priori and the agreement between 
estimated and measured savings is not guaranteed in 
aeneral. In addition, the manufacturers' calculations do not 
acc:Ount for cbanges in static pressure setpoint for the 
supply fans, a parameter that has previously been shown to 
have a strong influence on supply fan power. 

End;.use monitoring must be carefully integrated into 
c6nservatioil assessment programs. When such monitoring 
is deemed necessary, outside temperature data offer an 
attractive alternative to airflow measurements as a means 
of partially explaining variations in fan power. 
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TABLE 5 
Comparison of Savings Esdmeted by Empirical Fits to Outside Temperature..._, VSD Manufacturers' 

Softw•e, Using Default Flow Histogram, Hours of Ol*atlon, .00 Peale Fan Pow• 
(The motor nameplate horsepower overestimates total savings by 42%, while taking brake horsepower from Table 1 

overestimates by only 6%.) 

Fan Savings, MWhfyr 

Empirical fit Flow histogram Flow histogram 
to outside with nameplate with brake horsepower 

temperature horsepower from Table 1 
AH-8-SF 28.4 24.4 20.5 
AH-9-SF 55.1 70.6 45.9 
AH-10-SF 59.7 117.1 82.0 
AH-11-SF ,. 47.9 59.6 53.6 
Total 191.1 27.1.7 202.0 
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