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The value of simplicity
in design

If you can’t draw a picture of it, you don’t understand it.

If one rule relating to successin original
engineeringdesignefforts could be said to be
the most important it would be: "keep it
simple." Two fundamentalobservationslead
ing to this conclusionare:

* Inspectionof numeroussystems,say,five
years after installation and start-up reveals
that the vast majority are not being operated
‘as intendedby thedesigner.In many instances,
this abortion of the designer’s intent has
resultedin lessthansatisfactoryperformance.
As theinvestigationproceeds,it is found that
the agent responsiblefor the operation has
simply reducedthe complexity of the system
to his level of understanding.

* In thefield of original engineeringdesign,
manyof theconceptsincorporatedare a result
of deficienciesrevealed by previousdesigns
that are subsequentlyresolvedby adding a
correction. As thesecorrectionscompound,
system generation after system generation,
they cometo be acceptedas the norm.

When a systemdesignersets out to define
theparametersthathe is attemptingto satisfy
by the design,eachstepin the processshould
be aimedat not only satisfyingtheparameters
but also at satisfying them in sucha manner
that he fully understandshow the system
dynamicsare going to respondto eachoper
ating mode and statepoint dictated by the
load. Once the problem is addressedin this

manner,thedesignerwill inevitably achievea
high level of simplicity not a contradiction.

Consider this example
As an example,considerthe designof a hot
and!or chilled water system-arathercom
monsubsystemin buildingsor building com
plexes.

Thesearerelativelysimple in concept,cOn
sisting of a generator,expansiontank, circu
lator, load, and piping system. However, as
designersattemptto satisfy various reduced
load conditionsand multiple modesof oper
ation, such devices as load control valves,
three-waymixing valves,secondarypumping,
multiple expansiontanks, emergencysystem
interconnections,system bypassvalves for
constantchilled water flow, etc.,are added,
notto mentiontheinherentcomplexity result
ing from sheersize andscope.As a result of
this, thereare an untold numberof systems
serving largebuilding facilities and campuses
today that have become so complex that
thermal-hydraulicnetworkanalysesarevirtu
ally impossibleto perform.

This degreeof complexitymustbe avoided
with deliberationby thedesigner.Althoughat
first glance the responsemight be that sim
plicity cannotbe achievedand the multitude
of performanceparametersstill satisfied.
Thereare,however,some ratherfundamental
rules that canbe followed that will assistthe
designerin accomplishingthis goal. For hy
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dronic systems, these rules might be as
follows.

Hydronic systems design rules
* If two or moresystemsare hydraulically

interconnectedsuch aswith campussystems
or two-pipe heating/coolingsystems,never
have more than one expansiontank. The
expansiontank, in additionto serving as an
expansionvolume for the liquid, is the con
stant pressurepoint of the system.If more
than one such point is attempted,control of
the systempressureis virtually impossibleto
predict underan infinite numberof different
dynamicresponseload conditions.

-* Whenmultiplepumpingcircuits areinter
connected,such as with primary-secondary
pumping,designfor dynamic responseisola
tion betweenthepumpingsystems.Thesecond
ary pumpperformance,for instance,shouldbe
virtually independentof the primary pump.
With a little study, this independencecanbe
achievedquite easily in most designsby the
rigorous application of the "common pipe"
principle.

* Try to achievethe designwithout the use
of three-waymixing valves. Most control
responserequirementscan be achievedwith
globe or "two-way" control valves. When
three-wayvalvesareused,it is easyto fall into
the trap of unanticipatedseries pumping.
Furthermore,the part load hydraulicperfor
manceof three-wayvalvesis, to say theleast,
ill definedin practice.

* Considersecondarypumping of source
devicessuchas boilers andchillers. Properly
designed,this can be accomplishedas eco
nomically as suchalternativesas load bypass
valves,chiller two-wayvalves, or load three-
wayvalves,with morepredictableresultsand
reducedpartload energyconsumption.

* Draw a flow diagramof theentiresystem
at theearlystagesof designandagainafterthe
design is complete.There is a philosophyin
addressingtechnical problems: if you can’t
drawa picture of it, you don’t understandit.
The reverseis also generally true. The flow
diagrampreferablyin ladderdiagramform
is a comprehensivepictureor schematicof the
thermal-hydraulicsystem. It enablesthe de
signer to achieve understandablesimplicity
and readily identify designed-inproblems,
servesas an aid to the installing agentsin
interpretingconstructiondiagrams,andpro
videsaninvaluabletoolin the ongoingopera
tion anddiagnosticservicingof systemprob
lems.The flow diagram,well developed,will
immediatelyreveal the design philosophyof
the system.

The hydronic systemhasbeenusedas an
exampleto illustrate the conceptof designing
for simplicity. This concept can and should
be extendedinto eachand every subsystem
and component.If done successfully,sys
tem performancewill be improved, and as
a bonus benefit first cost will generally be
reduced.


