
SECTION IX

Liquid and twophase
thermal fluid systems
hydronics, steam,
and refrigerants
Liquid and two-phasethermal fluid systemsare fundamentallyenergy transport
systems.Their basic role in the overall building environmentalsystemis to receive
energy from the availablesourcein the thermalform, andby undergoingeither a
sensibleor latent change,conveyit to somepoint of use,and theredissipateit for
whatever intendedpurpose.The readermay naturally assumethat the intended
purposeis to heator cool thespace,butthis is neithertheonly usenorthe mostlikely.
Otherusesof thermal fluids includedriving power machinerysuch as turbinesand
steam engines,motivating absorptionrefrigeration, and control heatsuch as is
required in reheatanddual streamsystems.

Most textbooksand other publicationsclassify the materialsof this chapteras
"steam,hot water,andchilled watersystems."The reasonfor reachingtowardamore
fundamentalclassificationof this grouping of subsystemsrelatesto an extremely
importantconcept.That is, thatmany areasof technologyceaseadvancingbecauseof
artificial boundriesdrawn aboutthem for the sole purposeof identification. These
boundariestend to placea constraintupon the practitionersin the respectivefields.
Oneexampleof this observationis the chapterentitled "Vapor Lock in Refrigeration
Systems."Althoughthis phenomenonhadnot to thebestof the author’sknowledge
beenpublishedprior to the publicationof this original article, it is quite a common
considerationin hydronicsystemdesign.

Steamheatingsystemsserveas theclassicalexampleof this observation.
Whentechnologyin single-phasefluid systemshydronicsadvancedto the stage

that their usesolved theloadcontrol shortcomingsof steamradiationsystems,steam
wasreplacedby wateras theprimaryradiation-typeheatingsystemin commercialand
institutional buildings. As a result, all developmentin two-phase heat transport
technologyapparentlyceased.Yet the advantagesof the latent heatexchangeand
transportconceptremainto be developed.

Thereare numerousconceptsin load control of two-phasesystemsthat shouldbe
researched.Such research,for example,could providea method or methodsfor
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retrofitting existing steamradiation systemsfor energy conservation.The simple
referenceof two-phasesystemsas "steam"systemstends to outrule other fluids that
mightbeusedin two-phasesystems.Oneuseof suchfluids otherthansteamis in solar
heatcollectionsystems.Thereare major problemswith single-phasesystemsin solar
collectionthatmight be avoidedby the useof two-phasesystems.Two suchproblems
arethoseof freezingandreverselosses.Thethreemostcommonsolutionsto thefreeze
preventionproblemare:1 install thesystemin a climatewherethe temperaturenever
dropsbelow 32 F, 2 drainthe outdoorsystemdownwhen the outdoortemperature
dropsbelow32 Fandthesolarheatdoesnotoffsetthetemperaturedepression,and3
addan etheleneglycol antifreezesolution to the water. All threeof thesesolutions
presenteither problems that result in significantly increasedcost or limit the
practicability of solar source heatsystems.If, on the other hand,a commercially
availablerefrigerantwere usedto transferthe heatfrom theoutdoorsolarcollectorto
an indoor load device the "collection" problemwould be greatlysimplified, andit is
likely that the cost could be significantly reduced.

There are numerousother examples of the opportunities in expanding the
technologyof heat transferfluid systemsif the artificial constraintsof "steamand
water" are removed. The chapter"PreheatingOutdoor Air with Transfer Fluid
Systems"is anotherexampleof someideasthat might be developed.

The chapterentitled"Hydronic SystemsOverview" includesno newor imaginative
technicalinformation; it waswritten with the intentionof presentingtheknown state
of the art in a new perspective.The conceptof the hydraulic analysisandthermal
analysishasbeenusedas aninstructionaltool, andonceconsideredit tendsto reveal
many new avenuesof understandingin the technologyof hydronicsystems.

There are two chapterson-the"IntegratedDecentralizedChilled WaterSystems,"
oneon the pure conceptand the othera casehistory discussionof a systemthatwas
plannedat thetimethechapterfirst appearedasa magazinearticle.Sincethattimethe
systemhasbeeninstalled,andthe performancehasexceededthat anticipated.This
type of systemdoesnot accountfor a very large shareof the larger campustype of
systemsasof this date.However,with increasingcostsof investmentfundsandenergy,
anda populacetendingtowardan acceptanceof highersummerdew point tempera
tures,this conceptcouldwell moveinto a positionof beinga commonalternativeto the
centralplant. Somecurrentdevelopmentwork is being doneon decentralizingbut
integratingheatingsystemsin a somewhatsimilar manner.

The chapteron steam,like that on hydronics, is simply a new perspectiveof an
existingtechnology.Sincethis materialwasinitially published,many of theconcepts
presentedin this chapterhavebeeninvestigatedin the laboratoryandin actualfield
installations.As a result,it appearsthat the old technologyof "steam"hasgotten a
slight nudgeforward. Giventhe inertia that this field appearsto possess,this maybe
enoughto get it rolling again.

To conclude, the intermediatefluid systemshave been the bulwark of the
contemporarylargeheatingandcoolingsystems.Thedevelopmentof theirtechnology
wasrapid and almostspontaneous.Now, in retrospectwe might considerif we have
derivedthe mostout of our thermalfluid technology,or if thereis room or, indeed,
needfor significant improvement.If we recognizethat this needfor improvement
exists,this recognition,of itself, will motivatethe advancesin the stateof the art.


