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Evaluation functions
An evaluationfunction, as used in the en
gineeringdesignprocess,canbedefinedas a
relationshipof onecharacteristicof a system
to anotherthatcanbe utilized in somewayto
evaluatethe design, performance,or other
similar merit of the system.Whetheror not
one has ever consciouslyconsidered it, an
evaluationfunction is oneof the mostpower
ful tools in achievingsuccessfulengineering
designs with a minimum of error. Unfortu
nately,someengineeringpractitionersbecome
so convinced of the overwhelmingvalue of
evaluationfunctionsthat they tend to totally
replace the normal processof engineering
analysiswith theevaluationfunction,basinga
designon the function alone. Misusedin this
way, the evaluationfunctionbecomeswhat is
commonlycalleda rule of thumb.

Properlyused,on theotherhand,anevalua
tion function can be employed in the early
stagesof the designprocessto set budgetsor
goals-in this way, it is usedas a self-imposed
design parameter-andin the intermediate
and final stagesto "check" both manualand
computerizedcalculations.And finally, it can
be used to determinemany aspectsof the
successof the design.

Considersomeexamplesof evaluationfunc
tions, categorizedby general areasof rele
vance,with some commentaryas to wherein
the design processthey are employed.

Design capacity and loads
The function of spaceh,eatingor cooling load
per unit areaof building can and should be
employed as a design targetor budgetwhen’
the designsof the building envelopeand in
terior energy dissipation systemsare being
developed. The commonly used units are
powerperunit areaforheatingBtuh persqft
and areaper unit powerfor coolingsqft per

ton. The"reference"valueswill varydepend
ing on primary building useand location,but
typical valuesusedin theMidwest at about40
deg north latitude are 30 Btuh per sq ft for
heatingand400 sqft per tonforcooling. Once
the building envelope and internal energy
systemssuch as lighting are establishedand
the spaceloads carefully and accuratelycal
culated,the specificload shouldbe calculated
to determinehow closely the actualdesign
compareswith the "target"or the value con
sideredthenorm.At this point, notonly is the
successof thedesignsof thebuilding envelope
and internalenergysystemsevaluatedby the
function,but errorsin calculationwill alsobe
flaggedif a valuevariessignificantly from the
referencevalue.This is the "checking" use of
theevaluationfunction.

Other capacity-relatedfunctions are air
flow rateper unit areacfm persq ft air flow
rate perunit cooling capacitycfm per ton,
designwatercirculationratein achilled water
systemperunit installedcapacitygpm per
ton, andspecific water flow ratefor a water
heatingsystemgpmper MBtuh. A brief look
at two of theserevealssomecommonmisuse
of evaluationfunctions.

Air flow rateper unit areais quantitatively
related to a more fundamentaldesignparam
eter, air changes.In yearspastwhen the air
was being "changed" in a space for some
purposeotherthanmaintainingcomfortcon
ditionswith mechanicalcooling andheating,
air change rates were used as an absolute
designtool. More recently,minimumair cir
culation rateswere found to be necessaryto
achieve adequateambientvelocity for con
vectiveandevaporativecoolingcomfort.Sub
sequentstudyof airdistributiondevices,how
ever, hasrevealedthat previouslyestablished
minimumair circulationratesarenotabsolute
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valuesbut rather are related to the location,
shape,anddesignof thesupplyairdevice.Yet
thereare building codes in some areasthat
actuallyrequireminimumair changeratesor
minimumcfm per sq ft values.

Another example of a common misuse
relatesto thewaterflow rateperunit installed
capacityfor a chilled water system.The gpm
pertonis a usefulevaluationfunctionproperly
applied.It shouldnot be used,however,as a
design value in designingthe system. The
proper approachshould be to design each
load device coil so as to achieve the most
beneficialresolutionof air temperatures,flow
rates,andpressuredrops;water temperatures,
flow rates, and pressure drops; and cost
burdensof the coil andair handlingunit. It is
then that the systemflow rate is calculated,
and the gpm per ton function reveals the
successof thework by comparingit to a norm.
If a norm value of 2 gpmper ton is usedand
theanswercomesout to 1.2 gpm per ton, this
would indicatean extremelysuccessfuldesign
from the standpointsof pumpingenergyand
pipingsystemcosts.If theanswercomesoutto
3 gpm perton, a reconsiderationof thedesign
shouldbe undertaken.

Power and energy consumption

A brief summaryof someof the more com
mon functions relating to powerand energy
are annual thermal energy per unit areaof
building Btu per sqft peryr, annualelectric
energyperunit areakW-hr per sq ft per yr;
electricpowerrequirementsof coolingsystem
auxiliariesper unit installedcapacitykW per
ton, annual electric energy requirementsof
coolingsystemauxiliariesper unit of refrigera
tion produced kW-hr per ton-hr, electric
powerrequirementsof refrigerationmachine
drive compressorper unit capacitykW per
ton, andannualelectricenergyrequirements
of refrigeration machine drive per unit of
refrigerationproducedkW-hr per ton-hr.

These functions have become commonly’
used in energymanagementefforts and are
being extendedinto the designdevelopment
process.

Economic evaluation functions

The commonesteconomicevaluationfunc
tions,familiar to all designers,aresystemcost
per unit area of building S per sq ft and
systemcostperunit systemcapacitysuchas$
per ton.

Thereare otherfunctionsthat are actually
building block componentsof thesetwo, such
as $ percfm for air distribution systemsand
air handlingunits.In additionto their use in
evaluatingthe economicsuccessof a design,
these functions are commonly used in the
developmentof preliminary cost estimates.
Anotherinterestingfunctionthatcanbeused
in the developmentof preliminaryestimatesis
the weight of sheetmetal in the distribution
duct systemper unit volume of air delivered
lb percfm.

In building management,the function of
energy cost per squarefoot has been used
historically. Recentstudieshave revealeda
close interrelationshipbetween energycon
sumption and maintenanceservice costs. It
has been found that the sum of these two
energy plus M/S in the numeratoroften
providesa more meaningfulfunction. In rev
enue-generatingbuilding projects,thedimen
sionlessfunctionof the energyplus M/S costs
divided by thegrossrevenuehasprovenquite
useful.

Other evaluation functions

Another type of evaluationfunction not ad
dressedaboveexcept the last one includes
dimensionlessratios, which have the same
uses as the dimensionalfunctions discussed.
Dimensionlessfunctions have additionally
been found to be valuable tools in mathe
matical formulationsof physicalphenomena.
Examplesof these are expressionsof effi
ciency, coefficientsof performance,and the
dimensionlessnumbers such as Reynolds,
Prandlt,etc.

Thereare many otherevaluationfunctions,
including thosethat are commonlyusedand
those that individual designers,have formu
lated and developedover the years for their
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own use. The vast majority of those in the
latter category have never been printed or
evenwritten down; theyare simplythe mental
tools that haveenabledtheir usersto develop
successfuldesigns.A majorcomponentof the

"experience"that enablesdesignersto im
provewith time is the continualdevelopment
of a growingreservoirof evaluationfunctions
that are employed consciouslyor subcon
sciously.


