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A state of the art update in
steam technology
The inherentcharacteristicsof the two-phase
heattransferfluid phenomenawereresponsi
ble for the almostuniversaluseof "steam"as
an intermediateheating fluid sincethe origin
of central heatingsystemsin buildings until
the post World War II era. At that time,
advancesin single-phasesystemtechnology
proved to outweigh evident advantagesof
two-phase systems, and steam application
advancesessentiallyceased.Thesingle-phase
concept water; a water/glycol mixture; or
high-temperaturelow-pressureorganicfluids
haspredominatedsystemdesignfor 20 years.
Many engineerstoday look uponsteamheat
ing systemswith thesameattitudeastheylook
upon ammonia for refrigeration-only the
old-timers possessthe outdatedskills to de
sign such systems.Furthermore,contempo
rary designersfeel justified by taking the
position that single-phasesystemsare more
advantageousin all respects.

Two-phase systems
If, however, one disregardsavailable hard
wareandcurrentthinking for a moment,the
following theoretical characteristicsof the
two-phasesystemcome to mind:

* Constanttemperatureheatsource.
* Constanttemperatureheatdissipation.
* Completeisolation of multiple sources

and dissipationdevices,which enhancesreli
ability.

* Thermally motivatedflow.
* High heatcontentper unit massflow.

In many applications,thesecharacteristics
would makea two-phasesystemmoreadvan
tageous than a single-phaseone. The next

step, then, is to updateour thinking on the
stateof the art of two-phasetransfer.

A two-phasesystemis actuallya refriger
ant system.As all designersknow, with the
compressoroff, the refrigerant condensesto
its liquid phase at the lowest temperature
point in the system.The systempressurewill
be essentiallyequalto the saturationpressure
correspondingto the temperatureat that
point. Thesingle-phasenatureof thesevessels
resultsin eithersubcoolingliquid or super-
heatingvapor. If the systemdesign is ap
proachedwith this basicanalogyin mind, the
state of the art starts moving forward dra
matically. Consider the simple concept of
controlling the heat transfer rate from a
terminal device,such as a heatingcoil, heat
exchanger,etc. Simplistically, thereare two
methodsof reducing the heat transfer rate
significantly: reducethelog meantemperature
differenceLMTD, or reducetheheattrans
fer area.

The first method is used with face and
bypasscontrol on a heatingcoil. As the face
dampersare closed, the massflow of air is
decreased,causingtheleavingair temperature
to rise,which lowersthe LMTD anddecreases
the heat transfer rate. In the limit, heat
transferceasesonly whenair flow stopscom
pletely,andthe coil is completelyimmersedin
stagnantair at the steamtemperature.

Anothercommonapproachto reducingthe
LMTD is that used extensively in standing
radiator systems-theLMTD may be de
creasedby reducingthe steampressure.The
effect of this reduction, however,has signi
ficant limitations. Referenceto the steam
tables and application of elementary heat
transferrelationshipsrevealthat if a device is
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to operate at design capacity of 5 psig, a
reductiontoO psigreducestheheatingcapabil
ity to 90 percentof design.A reductionto 15
in. Hg vacuum 1/2 in. atm reducesthe ca
pacity to 70 percentof design.Whenapplied
to commercialpiping systempractices,it is
difficult to sustainabsolutepressuresmuch
lower than this. However, if the need were
recognized,improvedpipingsystemsmight be
developed.

Heat transfer area reduced
If the heattransferareais reduced,the anal
ogy of therefrigerantsystemcanbeemployed
again.With low ambientor air-cooledhead
pressurecontrolwherea receiveris employed,
whentheheadpressuretendsto drop,someof
the condenserheattransferareais "flooded"
with liquid. With properdesignattention,this
principlecanbe employedwith steamheating
load devices. As the load decreases,the heat
transferdevice is simply filled with liquid or
condensate.The occurrenceof this phenom
enon without preplanning in many steam
systemshascausednumerousproblems,rang
ing from frozen coils to overflowingconden
satereceivers.

Another method of flooding a steamcon
denseror heatexchangeris to partially charge
it with a noncondensablegas.This approach
hasbeenemployedas a problem-solvingtech
nique to prevent problemscausedby liquid
flooding. The hardwarewas quite crude: A
simplevaccuumbreakeron the condenseror
heatingdevicecreatedan equalizedpressure
betweenthe condenseranda ventedconden
sate line, allowing the liquid water to be
replaced with air. This technique,however
acceleratescorrosion in the condensersand
condensatesystems. If the systemdesigner
were to initiate the design with this concept,
very likely bothproblemscould be prevented.

Four components of system
The four basic componentsof a two-phase
thermal systemare the source in a steam
system,the boiler or steamgenerator,vapor
distribution steampiping, the load or con
denserheatexchanger,heatingcoil, absorp
tion refrigeration generator, etc., and the

return system. Other subsystemsor compo
nentssimply serveas controldevicesto allow
successfuloperation with varying loads or
other dynamic system responses.Return
pumps, vacuum inducers, traps, control
valves,etc.,arenotcharacteristicor necessary
basicsystemcomponents,exceptas they sat
isfy the control parameters.As an example,
the so-called heatpipe is a functional two-
phasethermalsystem.It utilizesoppositeends
of the samepipe as a sourceand condenser,
the centerareaasavapordistributionsystem,
and a wicking material as the return using
capillaryaction forces to motivatethe liquid
flow from the condenserbackto the source.

Developmentof control and regulation
devicesor componentsmustoriginatefrom a
thoroughunderstandingof the uncontrolled
input-the load or condenser.

As previously discussed,on the basis of
Fourier’s equation,extendedto steady-state
flow in a heatexchanger:

q UA LMTD.

It wasmentionedabovethat two elements
of controlwere theheatexchangeareaandthe
LMTD. If oneconsidershow either of these
variables can practicallybe achievedwith a
control valve, then exploreswhat happens
whenit closes,two optionsemerge:The areais
decreasedby flooding with liquid or noncon
densablegases,the LMTD is decreasedby
reducingthe steampressure,or a combination
of the two.

If a systemdesignerselectsthe options he
desiresand commenceswork on the system
from that selection,the stateof theart update
starts moving forward. The solution to this
problemor methodologyfollowing the selec
tion inevitably leadsto the returnsystem.

Consider these examples
* Flooding with liquid-In pastsystems,if

load reductionwasachievedby liquid flood
ing, the steamtrapwould open,butwhenthe
pressurein the condenserwas lowerthan the
pressurein the return line, the fluid liquid,
vapor, or air in the return line would move
into the condenserrather than the liquid
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movingout. Thisprocesswould continueuntil
the condenserwas flooded with liquid or air
from the return line.

* Flooding with noncondensable-The
common method of achieving this was to
install a vacuum breakeron the condenser
such that when the pressuredroppedbelow
atmospheric,air would be drawnin through
the breakerfloodingsomeof the heattransfer
surface.As the load againincreasedand the
valve opened,theair would usuallybepurged
into the return.

* Reducingthe steampressure-Asmen
tionedabove,theconceptof reducingtheheat
transferrate by reducingthepressureappears
valid in principle; sincethecondensercompo
nent is at saturation conditions, reducing
pressurealso reducestemperature.However,
thelimitations in materialsandmethodsseri
ously restricted the load reductioncapabili
ties, and the result was a combination of
pressurereductionandsomeform of flooding
for loadreductionsbelow70 percentof design.

Return piping design critical
When these characteristicsare approached
analytically, the conclusionwhich surfacesis
that thekey to successfuldesignanticipating

the dynamic responsephenomenonis the
design of the return piping systemand the
method of interconnectingthe return-piping
system and the condenser. One finds that
virtually nothing has been publishedin the
past 35 years on condensatepiping system
design,except problem-solvingideas.

Although it may not haveseemedobvious
to many designersthroughoutthis period, the
steamtrap is actuallya systemcontroldevice.
As such,it hasbeenincorporatedinto systems
with little regardfor its actualfunction, save
isolating the steamside from the condensate
side.Whenthesetrapsopenedunderreduced-
load conditions, the result hasbeenfar from
thatanticipatedby thedesignerin manycases
or evenby the trap manufacturer.Theexact
natureof theresult dependeduponthefluid in
the return systeminto which the trap was
connected.

In summary,if theadvantagesof two-phase
thermalsystemsare to be realizedin systems
designedin thecoming years,in which energy
economics,maintenance,andsystemsreliabil
ity are becomingever more paramount,ex
tensive well-directed researchand develop
ment in dynamicresponse,andyes-thelowly
steamcondensatesystem-mustbeaddressed.


