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Specialty devices in
engineered systems

In the integratedbuilding environmentalsys
tem,all majorsubsystemscontain,in addition
to the fundamentalcomponents,a numberof
devices,generallywith moving parts,called
specialtydevices. The fundamentalcompo
nents are consideredthose that theoretically
would function as a workable systemunder
ideal conditions with steady-statecapacity
requirements.Examplesof fundamentalcom
ponentsare:

* Refrigeration systemvapor compres
sion: evaporator, compressor,condenser,
throttling device,andthe threemajor piping
segments.

* Hydronic system:source,load, circula
tor, compressionchamber,andinterconnect
ing piping.

* Steamsystem:sourcegenerator, load
condenser,steampiping, andreturnpiping.

Identify subsystem components
Sucha groupingof fundamentalcomponents
can and should be identified for eachmajor
subsystem.

The specialty devices are all the other
devicesthat,rightly or wrongly,areemployed
to make the systemfunction. Thesedevices
fall into one or more of threecategories:

* Safetydevicesor controls
* Devicesnecessaryfor normal operation
* Indicatingor statusinformation devices

The importanceof understandingthe sig
nificance of thesedevicescannotbe overem
phasized.The simplest of systemsare those
thatcontainno componentsin additionto the

fundamentalcomponents.The addition of
any of the specialty devices in the second
categoryaboveaddsa degreeof complexityto
the system.Furthermore,the additionof any
specialty device, assumingit is absolutely
necessaryto thesafeandproperoperationof
the system,is one moreelementto maintain
and servicethroughoutthe life of the system.
If it doesnot warrantsuch maintenanceand
serviceattention,it shouldnot be employed!

Many of the devicesin all threecategories
havebeendevelopedin reactionto problems
encounteredin systemoperations.In many
cases,ratherthan"designingout" theneedby
improved systemsdesigns,the design com
munityturnedto designingthesystemsaround
the availablespecialtydevices,therebyprom
ulgating both the need for and the depen
denceon such devices.This dependencehas
influencedbothsystemdesignersandproduct
designersmore than has fundamentaldesign
philosophy.

Reliability is vital

In additionto thedisadvantagesof complexity
and maintenanceservice burdens, another
significant penalty for the excessive use of
specialtydevicesis the introduction of unre
liability. The vast majority of such devices
contain movingparts.Whetherthesepartsbe
bearingsurfacesrotationalor sliding,metal
flexing bourdontubesor expansioncompen
sators,or elastomerdiaphragmspneumatic
relays, they are subject to failure! Such de
vicesthereforelessentheanticipatedstatistical
reliability of the system.To addto thereliabil
ity problem;the designersof specialtydevices
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have, in many cases,value engineeredthe
devicesto anextremelylow level of reliability
to gain a more favorable position in the
competitivemarketplace.The subsequentac
ceptanceof such lower cost less reliable
products by the consumerthe system de
signer has forced the entire market in the
direction of less costly, less reliable devices.
We thusfind ourselvesin a situationwherein
the state of the art in systemsdesign is de
pendenton myriaddevicesthat in manycases,
becauseof competitive pressures,are not
available in high quality or high reliability
products-atany reasonablecost!

As a brief example, take the case of air
elimination in hydronic systems.Thefunda
mentalcomponentsconceptassumesthat the
onlyfluid in thesystemis water.In reality, the
availablewater containsdissolvedgasesthat
releaseto the gaseousphaseat elevatedtem
peraturesor reducedpressures.This "air,"
when separated,causesrestrictionsof liquid
flow at highpointsin pipingsystems,aswell as
corrosionand other undesirableconditions.
Designershavebeenprovidedtotal flexibility
of piping systemdesign by the availability of
automaticair vents that havebeenemployed
at all geometrichigh points in the system,as
well as at thepointswherethepipesmustdrop
to avoid interferences. Such devices some
times fail open, releasing water from the

system,which results in vapor binding and
subsequentcirculation failure in the whole
system. The total failure problem can be
solvedwith anotherspecialtydevice,theauto
matic usually pressure-controlledwater
makeupvalve or open connectionpump.
This device enablesthe systemto continue
Operatingeven thoughthe"vent" is malfunc
tioning. Inevitably, however, the resulting
continuousmakeupwater,containingcalcium
that fouls thehigh-temperatureheatexchange
surfaces,causesextendedshutdownfor de
scaling.

The obvioussolutionis for the designerto
designthesystemsothatair canbeeliminated
from the geometrichigh pointsat the time of
filling the system, and so that there are no
othergas collection points.He must designa
single, high-quality, reliable air separation
andeliminationsystemthat is easilyaccessible
for regular monitoring, maintenance,and
service.Reducedto a singlepointor device,a
high-quality device can be employedat any
reasonablecost.

Numeroussimilarexamplescould begiven.
However, thesystemdesignermight consider
thegeneralrule that thesystemshouldcontain
as few specialtydevicesas absolutelyneces
sary, and thosethat are employedshould be
thehighestquality,mostreliabledevicesavail
able.


