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Preheating outdoor air with
transfer fluid systems
The problems associatedwith the heating of
outdoor air undercritically controlled tem
peraturerequirementsneednorestating.How
ever,it mayhelpto redefinethepremiseunder
which freeze-upsoccur in makeupair-heating
coils. Hence, this chapter is limited to the
discussionof design criteria relating to the
heatingof makeupventilationair. Thefollow
ing interrelatedparametersmust be satisfied:

I Add heatto relativelylargequantitiesof
outdoorairbeingintroducedinto an occupied
space.

2 Control the temperatureof the heated
air within close tolerances.

3 Control quality of air within relatively
close tolerances.

4 Achievethis processwith minimum con
sumptionof energy.

The method discussedherein is the out
growth of moreconventionalmethodswhich
havebeenemployedoverthepastfewdecades,
to wit:

1 Heatingair by direct firing into the air
stream,usingstagingandmodulatedfiring to
achievetemperaturecontrol.

2 Heating with high- or low-pressure
steamin finned coils, achievingtemperature
control by steamflow modulation.

3 Heating with high- or low-pressure
steamin finned coils, two position steamflow
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control, achievingtemperaturecontrol with
faceandbypassdampers.

4 Heatingwith pumpedhotwaterthrough
finned coils using mixing valves for water
temperaturecontrol with constantflow rates.

5 Heatingwith pumpedhotwaterthrough
finnedcoilsusingfixed watertemperatureand
flow, and faceandbypasscontrol.

6 Heating with pumped "nonfreeze"-type
fluid low triple point, usingeitherface and
bypass,varying flow, or varyingfluid temper
aturecontrol.

7 Heatingwith fuel througha combustion
chamber-heatexchangerdevice.

8 Heatingwith electric resistancecoils.

Theremay well be other alternatives,but
those given are the most commonly used
methods.Ratherthan undertakea rigorous
review of the advantagesand disadvantages,
andapplicationand misapplicationof each,
an analysis with which most readersare
familiar, the commoncriteria alwaysusedin
selectingoneof theaboveeightalternativesin
preferenceto theothersin anydesignapplica
tion is summarized.Thequestionsthat must
be askedare:

1 Will it satisfy the needfor maintaining
temperaturecontrolwithin limits established?

2 Will it berelatively nuisanceandmain
tenancefree?

3 What heatingfluid or fuel is availableat
the point of need?

4 Doesthe selectionjustify the investment
and operatingcost?

5 Doesit minimizeenergyconsumption?

The use of thesefive criteria, with the result-
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212 IX / LIQUID AND TWO-PHASE THERMAL FLUID SYSTEMS

ing application to designs of many of the
preheaterdevicesmentioned,leadsto a value
analysis of the alternative systems. In an
ensuingeffort to find a "betterway," this value
analyisproduceda "hybrid" answerthatseems
to fulfill virtually all of the design criteria.
Sucha systemwould haveto:

1 Satisfy the need for maintainingeven
temperaturedistribution acrosstheentiresec
tion of theintake duct.

2 Minimize energyconsumption.
3 Operatewith any availablefuel, heating

fluid, or energysource.
4 Be virtually trouble-free and require

minimummaintenance.
5 Providefirst costeconomicscomparable

to alternatives.

Needlessto say, for air preheatersto be
"trouble-free" infers, in addition to normal
operationalreliability, freedomfrom "freez
ing."

The value analysisreferred to abovewas
actuallystimulatedby the growing tendency
amongsystemsdesignersto negatefreeze-up

problemsby designingcompletecentral hot
andchilled water-circulatingsystemsto oper
atewith nonfreezefluids. The mostpopular
such system is an aqueousethyleneglycol
solution.Somebasic characteristicsof a 50
percentsolution,with a freezingtemperature
of approximately-3 F are shown in Fig. 49-
1. Applying the appropriateheat transfer,
heating capacity, and flow relationships,a
significantpercentagedifferencein designand
operationalenergyrequirementsbetweenthis
system and a comparablewater systemis -
indicated,with a relatively large increasein
both heat transfer surface and pumping
horsepoweras the result. An additional,and
perhapsevenmoresignificant,problemintro
ducedby this solution to the freeze-upprob
lem is thediligencewith which maintenanceof
theproperlevel of glycol in thesystemmustbe
assured.Forif this is notdone,afalsesenseof
securitythat thesystemis "freeze-proof"could
leadto disasterin the entirebuilding system.

"Nonfreeze" fluid used

The device selectedthereforewas a system
which actuallyheatsthe air througha finned

45F 180F

Water Glycol Water Glycol

SpecificHeat
BTU/lb. 1.003 0.775 1.002 .85

Specific
Gravity l.+ 1.07 0.977 1.03

ViscosityCp 1.3 6.0 0.35 0.90

Piping System
p 1.20 1.70 1.0 1.20

[Flow Rate] lb.m/Time= Heat Requirement/
Sp. Ht.ot

Pump H.P. = lb.m/min. X Ft. Hd./33,000

Approximate IncreasesIn PumpingHorsepower

Not ConsideringDecreasesIn Efficiency

Cooling Heating

82% 40%

FIg. 49-1. Characteristics of 50% aqueousethyleneglycol solutions versus water.



PREHEATING OUTDOOR AIR WITH TRANSFER FLUID SYSTEMS 213

coil with a "nonfreeze"-typefluid on theinner
surface.This coil is close-coupledto a heater
sectionwhereinthe fluid is heatedwith what
ever fluid or energy sourceis available.This
approach,when applied to a factory-made
quality-controlledand testedunit, appeared
to satisfyall of the foregoingcriteria. A flow
diagramshowingthe basic componentsand
control logic of such a unit is shown in Fig.
49-2 and illustratesthe simple conceptupon

- which the proposedsolution was based: a
nonfreeze-typefluid, fluid heater,and finned
heating coil, factory-madeand charged to
statedspecificationrequirements.The intro
duction of theintermediatefluid in ahermeti
cally sealedsystemor assemblysatisfiesim
mediately several of the design criteria: 1
isolationof theprimaryheatingfluid from the
freezing environment; 2 stabilization and
dampeningof the control systemresponse
throughtheresponsetimeconstantcreatedby
the intermediatefluid; 3 isolation of the
exoticfluid to the closedhermeticsystemin
preferenceto a field-fabricatedpipingsystem
throughoutthe building.

As is shown on the simplified diagram,the
basiccontrol logic concept is a temperature-
sensingdevice in the air streamanddirectly
controls therate of heatinput.

Now let us look at the alternativeconcepts

in the two basic components:1 the fluid
systemorcycle;2 theheaterandheatsource.
Theothersubsystemsor assemblies,including
theairheater,controlioopor logic, circulator,
etc., are essentiallydependenton thesetwo,
exceptfor an isolatedsystemdesign which is
discussedlater.

The single-phase fluid cycle
The first fluid cycle discussedis the single-
phasecycle i.e., no changeof phasewhich
utilizes a liquid throughout the cycle. The
basic theory behind operationof the single-
phasecycle is identical to that betweenthe
so-calledgravitycirculationhotwaterheating
system or the forced circulation hot water
heating system. Continual researchis being
conductedto determinemoredesirablefluids.
But all fluids which to date have shown
favorablecharacteristicsfrom the standpoint
of stability and freezeprotection, although
showing desirable propertiesof buoyancy,
have been relatively viscous, thus defeating
efforts to achieveadequatecontrol response
with gravity circulation systems. Thus, the
prototype single-phasesystemswere devel
opedwith forcedcirculationandhermetically
sealedpumping devices.Again, the hermeti
cally sealedunit is in keepingwith thequality
and nuisancecontrol criteria. Figure 49-3

AIR FLOW.

CONTROL LOGIC.

Fig. 49-2. Basic flow diagram.
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FIg. 49-3. Single-phase pumpsystem.

showsa morefully developedflow diagramof
the single-phasesystem. -

Note that Fig. 49-3, in addition to the
circulator,hasaddedan expansionchamber,
two low-temperaturesensors,one high- or
over-temperaturesensor,and a relief plug.
The logic of the low- or under-temperature
sensorsis somewhatdifferent from thatof the
standardfreezestaton normal air-handling
apparatus.Thecoil facesensor,uponsensing
dangerouslylow temperaturesat thecoil face,
will override the controlling thermostatin
signalingtheheatinput actuatorto accelerate
the rateof input i.e., it will tendto correctthe
problemby assumingcontrolfrom the normal
controller.Whenthis occurs,alarmcontacts
areclosedto indicatefailure on thepartof the
primary control or heatsource.If the correc
tion is not successfullyachieved,the "panic
button" takesthe form of a low-temperature
switch on thefluid line leavingthe air heater.
When this fluid temperatureapproaches
32 F, thenormalsequenceof shuttingdownthe
fanandclosingthedampersoccurs.A high- or
over-temperaturesensorin thefluid line leav
ing the heaterthrottles the heat input and

closes an alarm signal to notify of the mal
function.

The two-phase fluid cycle
The secondbasicfluid systemis thetwo-phase
cycle. In this cycle, the principle of the old
vapor-typesteam systemis employed Fig.
49-4.Theconceptis to addheatat theheater,
or evaporator,evaporatingthe refrigerant-
typefluid which quite logically flows thenceto
theair-heatingcoil whereit givesup its heatto
the air stream.Theoretically,the cycle devel
opment could end with this basic conceptif
the ideal fluid were available; however, a
searchof fluids to datehasnot yieldeda safe
fluid with adequate pressure-temperature
characteristicsto provide the quality of leav
ing air temperaturecontrol requiredoverthe
entire anticipatedoperatingrange. Thus, as
with the single-phasesystem,a compromisein
the basic conceptualsimplicity was found to
be necessary.Again, the problemwasreadily
solved by the simple addition of a hermetic
returnpump. Figure 49-5 shows a morefully
developeddiagram of the two-phasesystem
includingits primary control logic. -
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EVAPORATOR.

FLUb VAPOR.
ALARM.

AIR FLOW.

FINNED HEATER
CONDENSER.

FLUID
LIQUID.

FLUID LIcUID.

Fig. 49-5. Developedtwo-phasesystem.
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Thecontrol logic of thetwo-phasesystemis
somewhatmore complex than that of the
single-phasesystem.Theair temperaturecon
trol signalpositionsthe fluid valve supplying
theaiiheaterandallows theevaporatorheater
control cycle to function. As in the single-
phasesystem,this circuit is overriddenby the
low air temperaturecontrol on the leaving
faceof the coil. Evaporatorcontrol, initiated
by a call for heatfrom the airsensor,is simply
achievedby a variableoutputor two-position
pressuresensor.In the eventof overpressure,
underlevel,or low fluid temperature,the re
spectivecontrol restrictsthe heatinput; addi
tionally, the low fluid temperaturecontrol
also stops the fan in the normal "safety"
fashion.Thepumpis simply operatedfrom a
probe-typelevel control. Continueddevelop
ment is being undertakento bring out the
desirablefeaturesin the basic conceptof the
two-phasesystem.It is stronglyfelt that some
fluid or Azeotropefluid canbefoundthatwill
allow use of the highlatent heatof vaporiza
tion and natural pressuredifferential flow
motivationwhiledispensingwith thecomplex
ities of the return pump and fluid control
valves.

Primary heating fluid sources - -

As stated,one of the conceptsof the inter
mediate fluid heaterwas that it would be
applicableto anyfuel or primaryheatingfluid
source.Currentdevelopmenthasbeenaimed
at five basic heatsources:1 low- or high-
pressuresteam5 to 120 psig; 2 medium-or
high-temperaturewater 210 to 350 F; 3
electricity; 4 naturalgas; 5 light oil.

Thelow- andmedium-pressuresteamunits,
whethersinglephaseor two phase,are basi
cally shell andtubeheatexchangerswith the
steamin the shell and the fluid in the tubes.
Theair temperaturesensingcontrollersimply
controls the "throttle" of inlet steam valve,
andtheunit is normallyprovidedwitha single
float andthermostatictrapor invertedbucket
trapwith a thermostaticvent port. In keeping
with whatis believedto bethe "coming" field
of application in completely closed steam
vaporsystems,a vacuumbreakeris connected

from the exchangerto the returnline rather
than to the atmosphere.

Medium- and high-temperaturewater
units are constructedmuch like the steam
units,utilizing shellandtubeheatexchangers
and water flow modulatingvalvescontrolled
by the leaving air temperaturesensingcon
troller. With propersizingof valvesto match
the unit performance,andbuilt-in stability or
stablizedtimeconstant,normallyonevalveis
capableof providingflow regulationdownto
thelowestload requirement.Also, thesecond
ary fluid conceptcoupledwith the dualsafety
control,providesa morethan adequatesafe-

- guard against water freeze-up on both the
water andsteamunits.

In theelectrically operatedsystemthe fluid
is circulated through a shell or chamberin
which the resistance heating elementsare
immersedin protectivewells. Although this
requires appreciably more heating surface
than would be necessarywere the elements
exposedto the fluid, the "well system"main
tainsthe integrityof thehermeticfluid system.
The control is quite simple,and an inexpen
sive method, in that the air temperature
controller drives a sequenceswitch which
cycles the heating elements in steps. The
introduction of the intermediatefluid damp
ens the stepeffect to achievethe endresult of
variablemodulation,thuseliminatingtheneed
for expensivesolid-staterectifying or clipping
of the power wave. More sophisticatedhigh-
frequency induction heating from external
power probes,with a frequencymodulation
control, is plannedfor futureconsideration.

Probablythe mostchallengingdesigncon
ceptbeing experiencedis theaccomplishment
of somedegreeof controlandperformancefor
thosesystemswhereina rawfuel gasor oil is
the mosteconomicalandconvenientlyavail
ableheatenergysource.We all think in terms
of parameterssuch as 5 sq ft perboiler HP
when consideringthe problem of heatinga
fluid via a burnerwith a fuel. However,some
very interesting product researchhas been
conductedoverthepastdecadewhich resulted
in the developmentof unbelievablycompact
fuel converter!fluid heaters.Studiescurrently
underway are aimed at incorporatingthese
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devicesinto boththesingle-phaseandthetwo-
phasecycle. Thetwo-phasecycle will utilize a
single-phaseheater and flash chamber to
obtain the vapor.

Consider the heat pipe

Before concluding, considertwo other al
ternateproduct conceptsnot yet mentioned.
Thefirst oneis believedto bethemosttrouble-
free of all the alternative devicesdiscussed,
althoughits applicationat this stageof devel
opment is limited to systemswherein central
steamor hot waterdistribution is availableas
the energysourcefor the air heater.On this
premise,a unit is proposedwhich utilizes the
refrigerant-motivatedheatexchangerknown
as the heatpipe.

As iswidely known,theheatpipeFig. 49-6
utilizes a hermetically sealed tube, a wick
material,anda refrigerantcharge.As oneend
ofthe tubeis heated,therefrigerantvaporizes,
the other end or cold terminal of the tube
condensesthe refrigerantvaporandcreatesa
low-pressureregionto "draw" additionalva
porfrom thevaporizingend.Theliquid return
systemis simply a "wick" or porouscapillary
materialwhich, by the principle of adhesion,
pumps the liquid back to the "evaporator"
end. By placingthe evaporatorendin a "heat

source"chamber,andafinnedcoil condensing
end in the air stream, the entire piping and
pumping systemcan be eliminated. Investi
gatory analysis indicates, however, that the
criteriaof even-temperaturegradientdistribu
tion acrossthe intake air duct may not be
satisfied,as thegradientalongthetube varies
considerably. However, it is felt that this
problemwill besolvedby geometricconfigura
tion in the not too distantfuture.

Enter heat-recovery systems

The otherproductto come out of this devel
opmentstudyis onewhich seemsto carry an
attractive label these days, that is, heat re
covery. Again,from thestandpointof control
stability, energy consumptionper cfm, and
maintenancecosts, a highly efficient heat-
recoverysystemhas beendevelopedby pro
viding a double-coil system,utilizing the ex
haustair coil as the generatoror evaporator
as thecasemaybe,andappropriatecontrol
logic. However,in comparingenergyeconom
ics to costeconomics,thedevice is foundto be
economicallyunfeasibleat this time since no
effectiveefficiencymethodduring thecooling
cycle hasas yet beenachieved.The approach
currently exploredis that betweenthe condi
tions of 95/78and75/50percent,40 percent

CA SING

VAPOR..: ::Y

x -

VAPOR. . ‘ -

- , ,-:---- .

IN ‘.

N N . . .....,..

EVAPORATING FLUID.-"

¶

CONDENSING FLUID.

HEAT INPUT. HEAT OUT.

Fig. 49-6. Elementary heat pipe.
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of thecooling is sensible;at thesamedry bulb
temperaturesand lesseroutdoor wet bulbs
whichis normallythecasefor moreoperating
hours per year, the percentageof dry bulb
energyenthalpy increases.It is on the basis
of this theory that in preliminary studies,
tandemheatersor coolers,utilize the energy
sourceor sink from the exhaustair stream,
supplementedin series with a source or
sink from a centralbuilding system,to pro
vide year-roundcontrolled conditions of the
intake ventilation air. Such a systemwould
provide: 1 near optimum energyconserva
tion; 2 an absolutelynonfreezeair preheat

system; 3 a precool systemwhich would
allow thedesigneraddedflexibility in terminal
systemscontrol to achieveany desiredspace-
temperature-humiditytolerances.

Heatingdeviceshavebeenpreviewedin this
chapter which will becomeavailable in the
nearfuture. In theprocess,aproductconcept
hasbeenprovidedbasedon soundengineering
principles that will resolvethe currentprob
lem of coil freeze-upwhich has plaguedboth
designersandoperatingpersonnelfordecades.
Theensuingsavingsin time,effort, andactual
expenseto industry as well as users should
proveto beconsiderable.


