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Hydronic systems overview

Hydronics, for the purposeof this chapter,
will be definedas single-phaseliquid energy
transportsystems,suchaschilled or hotwater
systems. Over the past two decades,these
systemshavemovedinto thepositionof being
the most commonly used heat transport and
intermediatefluid energytransfersystems.If the
reasonfor the shift to hydronics could be
summedup in a single phrase,it would be
inherenteaseof control.

Although hydronicsystemsmaylack some
of the advantagesof two-phase systems or
all-air systems,their adaptabilityto multiple
zones of load control with highly effective
performanceresultshasprovedanoverwhelm
ing benefit. This benefithas had someback
lash, in that the systemscould be extremely
forgiving of designor installationerrors,such
asoversizing,ofloads,sources,pumps,piping,
etc.,andthe inherentcontrolsimplicity would
correct for the deviations and still provide
acceptableperformanceresults.

Fundamentals re-evaluated
Like mostnewandrapidly growingtechnolo
gies, the developmentof hydronic systems
"happened"more than it was planned; i.e.,
much of the hardwaredevelopmentand sys
tem design evolution was to addressprior
problems. Three marketplacepressuresare
currentlypresentthatare forcinga re-evalua
tion of the fundamentalconceptsof hydronic
systems.They are:

* Awarenessof energy economicshas re
sulted in a considerationof the inherent
process energy waste resulting from both
overdesignanddesignsthat do not takeinto
accountauxiliary systemsandfalse loading
burdens.

* The spiraling costs of constructionand

interest rateson investmentmoney haveex
ertedpressuresupon the engineeringprofes
sionto developsystemsthatcanbeinstalledat
a minimumconstructioncost while still satis
fying theotherperformanceanddesignparam
eters. -

The relativelysimpleconceptsemployed
in earlier, smaller systemswere not reevalu
atedas the hydronic systemsgrew in magni
tude and complexity. As a result, hydronic
systems of a complexity that is virtually
impossibleto understandhavebeeninstalled
spanninglargecampuscomplexesand large,
denselypopulatedareas.

Thelastof thesewasrecognizedprior to the
energyandcostimplications,and its presence
or recognition formed the basis for reevaluat
ing the concepts.Thereare two fundamental
aspectsto the analysisof a hydronicsystem
that mustberecognizedif asystemsanalysisis
to be performed:they are thehydraulic anal
ysis andthe thermal analysis.Althoughthese
are separatephenomena,they are intimately
interdependent.

Hydronlc system Is hydraulic
Thevast majorityof problemsrevealedby the
largecomplexsystemswas due to the lack of
recognitionof thehydraulicphenomena.Sim
ply, a hydronicsystemis a hydraulicsystem
containinga noncompressiblefluid. As such,
anychangein pressureor flow ratein onepart
of the system,no matter how small or remote,
will affectthe pressureor flow ratein all other
parts of the system. The only element of
compressibilityis thecompressiontank,which
hasa fundamentalrole in the hydraulicanal
ysis.Thecompressiontankcontainstheliquid
of the systemand a compressiblegas with
either a free interface or separatedby a
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diaphragm.Its salienthydraulicfunctionis to
establishthehydraulicconstantpressurepoint
in the system.Underoperationaldynamics,as
valveschangepositions,pumpscycle on and
off, andso on, thepressuresat all otherpoints
will change,butat the pointof theconnection
of the compressiontank, it will be constant.
This is analogousto the electrical conceptof
ground potential.Exceptfor the groundin an
electricaldistribution and utilization system,
all potentialsaresimply relativeto oneanother,
andan analysisof sucha systemis impossible
to undertakewithout the ground reference.
Similarly, in a hydronicsystem,any efforts at
a hydraulic analysis cannot be undertaken
effectively without establishingthe ground,
which in the analogy is the pressureat the
compressiontank.

Consider these basic rules
This establishesthe first cardinal rule in the
hydraulic systemsanalysis:no hydronicsys
tem,no matter how large or complex,should
havemorethanonecompressiontankconnec
tion. Multiple tanks can be used if they are
piped to functionas onevesselandconnected
to the main piping at a singlepoint.

The secondbasiccomponentof the system
that mustbe addressedin the hydraulicanal
ysis is the load.Theload is thecomponentthat
transfersthermalenergy betweenthe system
and theconditionedspaceor the psychromet
ncsystemthatconditionsthespace.Consider
ing theload controlfrom thestandpointof the
hydronic system,the load is controlled re
ducedfrom designquantitiesby reducingthe
log meantemperaturedifferencebetweenthe
hydronic fluid and the air. This is accom
plishedin mostsystemsby eitherreducingthe
flow rateof the hydronicfluid or by reducing
the temperaturedifferencebetweenthe enter
ing fluid and the enteringair reducingthe
EWT in heating systemsor increasing the
EWT in cooling systems.Although the heat
transfer rate or load control is a thermal
analysisphenomenon,if it is accomplishedby
either of those two means, it affects the
hydraulicanalysis.

Load control Is Important
The methodof loadcontrolhasbeenobserved
to be one of the most important and least

understooddesign requirementsof the hy
dronicsystem.Thedecisionas to whatmethod
of load control to apply must be made with
carefulconsiderationof its impactonboththe
thermal and hydraulic characteristicsof the
system.

From the thermal standpoint, the three
methodsof control are:

* constantflow andconstantenteringtem
peratureand variableair side massflow;

* constantenteringor leaving fluid tem
peratureand variableflow in the loadcircuit;

* constantload circuit flow and variable
enteringfluid temperature.

The first of these has historically been
employedin smallerloads,suchas unit heat
ers,with cycling of thefan or blowers,andin
largersystems,with faceandbypasscontrolas
for preheatcoils or hot deck and cold deck
coils of multizone or double duct systems.
This method hasno impact on the hydraulic
system; i.e., the hydraulic systemdoes not
"know" whetherthe load at any given timeis
100 percentor 10 percentof design.From an
energystandpoint, the hydraulic systemen
ergyinput is alwaysat designquantity.Ther
mally, becauseof numerousphenomena,such
as damperleakage,excessdehumidification,
andsoon, the wild flow-coil systemsgenerally
imposeincreasedloadsupon bothchiller and
boiler systems,relative to the reductionsin
space load. Thus, in the interest of energy
economics,the use of wild flow systems is
generallyconsideredto be undesirable.

The secondmethod,constantenteringor
leavingfluid temperatureand variableflow in
the load circuit, hashistorically beenthemost
commoncontrol modeemployed.In the sim
plestconfiguration,the on-off cycling of the
circulator or pumpis a form of this modeof
control. As the load sensesit, this is a fre
quencymodulationor on-off control, and it
hasgenerallybeenlimited to smallerheating
only systems.The understandingof the hy
draulic impactof the on-offmethodis funda
mentally simple if the constantpressurepoint
hasbeenproperlyestablished.If this hasnot
beendoim, pumpcyclingcanhavecatastrophic
effects.
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Valve control is one method
In larger systems, valve control is used to
providethe variableload flow. Identicalther
mal responserelating to the load is achieved
with eithera three-wayor two-waythrottling
valve. Thethree-wayvalve is usuallya mixing
valve,installedat theoutlet of the load device
sothat, asit mixesinlet flow streams,theflow
from- the bypassstreamessentially accom
plishesa reduction in the flow rate through the
load.The samereductionin flow throughthe
loadcanbe accomplishedwith a throttling or
two-way valve that is installed in the load
circuit either upstreamor downstreamfrom
the load deviceand respondsto load reduc
tions by simply throttling theflow. The selec
tion of the type of valve is predicatedupon a
systemfeatureother than load control. The
differences are fundamentally hydraulic.
Whena three-wayvalveis employed,thetotal
flow rate through the system,or at the least
loadcircuit, is essentiallyconstant.This, then,
is theoreticallya constantflow, variabletem
peraturedifferential circuit as the hydraulic
systemseesit and as thethermalsourcesystem
seesit. Beingconstantflow, the reducedload
energyconsumptionby the hydraulicsystem
is equalto the full load energyrate.From the
standpoint of energy economics,this is an
undesirablefeature.

The two-wayvalve, on the otherhand,has
the featureof impactingthe thermalsource
systemwith a reducedload characteristicof
reducedflow andessentiallyconstanttempera
ture differential. It relates to the hydraulic
systemby reducingthe flow rateandincreas
ing pressuredifferentialsacrossboth thepump
and the load circuits. Becauseof those pres
surevariations,applicationof two-wayvalves
requirescarefuldesignattention to:

* location of the constantpressurepoint;
* maximumallowablepressuredifferential

acrossthe valves; and
* characteristiccurves of the pumps.

Thefeatureof variableflow reflectedon the
sourcegenerallyimprovesthecontrolstability
andsimplicity of the sourcesystem,but again
imposes the requirementof careful design
attention to the sourceapparatusconfigura

tion. Becauseof thesecrucialrequirementsof
design in "two-way" valve systems,extensive
usehasbeenmadeof thethree-wayvalve.How
ever,from the standpointof energyeconom
ics, this has been a costly alternative.The
benefits of reducedenergy consumptionat
reducedflow can no longer be overlooked,
and future systemsdesignersand manufac
turerswill be led to addressthe designcon
ceptsassociatedwith the throttling valveload
control systems.

Third control method cited

Thethird load controlmethod,constantflow
and variable enteringfluid temperature,is
also seenin numerousconfigurations.In its
simplestform, this controlmethodis achieved
by varyingthe temperatureof thefluid at the
source system. It is commonlycalled reset
control in heatingwatersystems,usedwhere
theneedfor heatvarieswith outdoortempera
ture, suchas in perimeterradiationor homo
geneouslyloaded dual streamfan systems.
Thisapproachprovidesfor stability of control
in the casewhereit is compoundedwith fluid
control, or pure simplicity where it is em
ployed with wild flow circuits. The only
hydraulicphenomenoninteractionis that the
wide range of averagesystemtemperatures
mustbe consideredin sizing the compression
tank.

In larger systemswith essentiallynonhomo
geneousload requirements, this type of con
trol is accomplishedby uniqueload-assigned
pumping,commonlycalledsecondarypump-
ing.

Secondary pumping Increasing
Secondarypumpingis finding increasinguse
in large,complexsystemsfor thefundamental
reasonthat it providesamodularaspectto the
design,seeminglysimplifying theunderstand
ing of theseextendedsystems.However,when
improperly applied,secondarypumping can
adda degreeof complexityandcontrolinsta
bility that is impossibleto copewith. This is a
resultof alackof properunderstandingof the
hydraulicphenomena.

In its simplest form, the cardinal rule of
design for all secondarypumpingsystemsis
that the primarycircuit musthaveno dynamic
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hydraulic effect upon the secondarycircuit
and the secondarycircuit musthaveno dy
namichydrauliceffect on theprimary circuit.
Thisis a simplified statementof the"common
pipe" concept originally publishedby G. F.
Carlson.’ Although there are numerouscon
figurations of the secondarypumping connec
tions, they can virtually all be reducedhy
draulically to one of the three diagrams shown
in Fig. 46-I. A cursorystudy of the three
diagramswill reveal somerather interesting
features:

* The primary circuit is hydraulicallyun
affected by eitherthe operationof the sec
ondarypump or the hydrauliccontrolaspects
not shownof the secondarycircuit load.

* Dynamic hydraulic effects on the pri
mary are contributedonly by the positioning
of the control valvesor balancingvalve. In this
regard, as the primary system seesit hydrau
lically, a pumped secondarycircuit connec
tion is no different from a simple valve-con
trolled nonpumpedload.

* Like thesimplevalve-controlled load, the
useof a throttling valvehasno significanceso
far as the load circuit is concerned-either
accomplishesexactly thesamething.

* The choiceof a throttling or a three-way
valve is purely a considerationof the source
system thermal dynamics and the primary
systemhydraulicdynamics.

To amplify this last point; from the con
siderationof the sourcesystem,the three-way-
valve will providean essentiallyconstantflow

‘Carlson,G. F., "Hydraulic Systems:Analysisand Evalu
ation, Part I," ASHRAEJournal,October1968.

rate to the sourcewith a decreasingtempera
turedifferentialat reducedloadwhile havinga
minimal hydrauliceffect on the primary sys
tem, whereasthe throttling valve will provide
the sourcesystemwith a reducingflow rateof
essentiallyconstanttemperaturedifferential.
Given the two alternatives,as stated above,
the constantflow variabletemperaturerange
alternativeimposesacontrol burdenuponthe
source, particularly if it is a chilled water
system,anda significant energyburdenupon
the primary pumpingsystem.

Three-way valve Is choice
In spite of these evident disadvantages,the
three-wayvalve has beenthe overwhelming
choice of systemsdesigners-forboth large
andsmall systems-fordecades.Thereasons:
simplicity of understandingthehydraulicim
pact and assuranceof adequateflow rates
through the source apparatus.It is time to
re-evaluatethis logic-which brings the dis
cussionto the sourcesystems.

In small systemswith a single-sourcedevice
chiller, boiler, or heatexchanger,the ad
vantagesto begainedby the use of throttling
valvesmaybedifficult tojustify in termsof the
complexityintroducedto addressthehydrau
lic effects,andthereis no controladvantage.
However, as systemsizes and module num
bers increasetwo or more, the throttling
valve operationoption cannotbe ignored.

Consider chilled water system
Consider,for example,a chilled watersystem.
If there is one singlehumidity critical load, the
primary supply chilled water temperature
must be held at a given design temperature,

throttling valve 3way valve uncontrolled

Fig. 46-1. Three basic secondary pumping connections.
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with control span variation only. However, if
the multiple chiller units are piped in parallel
and one or more units are cycled off as the
loadreduces,noncooledreturn water through
the down unit will mix with cooledwater from
the operatingunit, raisingthetemperatureof
the supplywater.This phenomenonhasbeen
found to be one of the major problems in the
largerchilled water systems.

Again, the recognition of the hydraulic and
thermal phenomenainevitably leads to rather
simplisticanswersto the complex problems.
In this case, the concept of circuiting a pri

mary loop around the chillers, with no hy
draulic impact of the sourceuponthe distribu
tion systemand a separatemodule-assigned
source pump, provides a reasonablyvalid
alternativefor virtually all multiple-unit sys
tems. This alternative achievesa degree of
simplicity that is readily understood, allows
numerous alternatives for the designer for
methodsof interconnectingthe load subsys
tems, dependingon other systemdynamics,
andallowsthedesignof smallor largesystems
thatconsumeminimumprocessenergywhile
improving performance.


