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Design 
parameters +I srnk 

Whether it be in operating a busi- 
nesc, creating an artistic work, 
woi-king at a skilled trade, or  prac- 
t ic~ng engineering, there is an in- 
herent tendency to filter out many 
of the seemingly insignificant bits 
of b a s ~ c  knowledge upon which our 
expertise was \tructured and base 
our daily functioning and decisions 
on selected conglomerations of these 
basics. This developmental process 
comes with experience and is a pre- 
requis~te to cffectice production. 

From time to time, however, with 
changing technology, social struc- 
tures. monetarc economic condi- 
tions, etc.. every pi-actitioncr should 
re-evaluate the parameters upon 
which he is basing his dailq dc- 
cisions. The re-evaluation of param- 
eters, if applied to engineering de- 
signs, would produce vastly different 
results from those we have seen in 
the past two decades. 

To debelop this concept. consider 
that as any new field of engineering 
technologq is born, there is essential- 
ly onlq one dcsign parametcr-per- 
formance. Examples: that the ma- 
chine convert thermal energy to 
shaft work; that the generator con- 
vert shaft work to usablc electric 
energy; or that the bridge \pan the 
river arid support the weight re- 
quired. Then. as each field of cngi- 
nee1 ing technology matures. other 
design parameters inevitably are re- 
quired. Take, for example, the heat 
engine, for which the original pa- 
rameter was simply to convert 
energy from a thermal to a mechani- 
cal form. Sub\equent parameters 
that cvolbcd included improving the 
heat ratc (01- energq efficiency), de- 
crzasing the weight-to-horsepower 
ratio, rcducing the inaintenance re- 
quirements. tcf~ning or inlproving 
the automation and safety systems, 
and decreasing the production or 
manufacturing cost per unit of 

enon achic\ed bq balance anlong 
metabolic heat ratc ( ~ n p ~ ~ t ) .  work 
produced (output) ,  and heat dis- 
sipated (rejected). In o \  ersimphfi- 
cation, the human machine can be 
desci ibed thermally by the cldssical 
block d~agram used in elementar) 
thermodynamics to illustidte the sec- 
ond law ( jee  sketch). The deslgner 
of the thermal cnvlroiiinent is con- 
cerned chiefly with thc d~ssipation 
Considering the heat transfer phe- 

I I nomena affecting this exchange- 

power required. 
As the practicing engineer em- 

barks upon any phase of design, he 
is well advised to stop for a mo- 
ment and compile a list of the de- 
sign parameters that he will attempt 
to satisfy. In the field of building 
systems design, as in any discipline 
of systems engineering, such an 
examination of relevant parameters 
must be undertaken at numerous 
phases throughout the design devel- 
opment. A typical listing of such 
phases relating to build~ng environ- 
mental systems would be: 

Establishment of indoor condi- 
tions. 

Calculation of the loads and 
load profiles. 

Selection and design of termi- 
nal control systems. 

Selection and design of termi- 
nal distribution systems and meth- 
ods. 

Selection of type(s) of thermal 
distribution systems and subsequent 
design. 

* Selection and design of ranges, 
rates, and thermal levels of thermal 
distribution systems. 

Selection and design of high 
level (heating) primary conversion 
system. 

Selection and design of low 
level (cooling) primary conversion 
system. 

Selection of high level (heat- 
ing) energy source or  sources. 

Selection of low level (cooling) 
energy source or  sources. 

Consider, for example, the first 
phase listed above-establishment 
of indoor conditions. If this question 
were addressed hastily regarding air 
conditioning for human comfort. 
one might state a specific dry bulb 
temperature and relative hurniditq 
(such as 75 F I>B and 50 percent 
R H )  But upon reflection, we all 
realize that the basic pal-an~cter is 
human comfort. Thermal comfort. 
in turn, is a physiological phenom- 

radiation. convection, evaporation. 
and coi~duction-establishes the fol- 
lowing comfort parameters: 

Dry bulb temperature. 
Relative humidit). 
M e  a n  radiant temperatures 

(enclosing and "exposed" surfaces). 
External radiant effects (solar. 

direct and reflected.) 
Contact surface temperatures 

(chairs, desks, ctc.) .  
Air velocity. 

Obviously, this is quite an cxpan- 
\ion from simply dry bulb tempera- 
ture and relative humiditq. How- 
ever, thousands of buildings enclos- 
ing millions of square feet have been 
constructed without the ability to 
provide for thermal comfort because 
of a failure to recognize one or 
more of these as relevant param- 
cters. Space does not permit a dis- 
cussion of some of these typical 
failures, but every practicing engi- 
neer can provide his own. 

Another interesting aspect: It 
becomes immediately evident that 
the thermal environmental system is 
not added to the building; rather. 
it is an integral part thereof. The 
design engineer, therefore. cannot 
avoid involvement in the basic 
building design, or  at le?st in the 
aspects related to heat exchange. 

Future columns will deal with 
parameter5 relating to the other 
phases of design. In the meantime, 
compile your own listings; in addi- 
tion to improving the wisdom of de- 
sign decisions, this will make it in- 

oineer creasingly evident whj  the en,' 
must participate in the architectural 
aspects of building dcsign decisions. 
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