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I ntegrated decentralized
chilled water systems
Chilled water when applied to air condition
ing refrigerationsystemsis employedas an
intermediateheat transferfluid for the pur
poseof conveyingheatfrom the spacevia a
cooling coil to the refrigerationcycle from
which it is normally "pumped" to the higher
temperaturesink of the outdoor air or an
available water source. As technology in
chilled water systemsdeveloped,it became
increasinglyevidentthat in additionto beinga
thermalconveyor,enablinga physicalsepara
tion betweenthe load and the source such
that eachcould be locatedfor the convenient
satisfactionof otherdesignparameters,two
additionalprimary advantagesemerged:

I The thermal lag or time constantpro
videdby theinherentstoragecharacteristicof
thewater providesimprovementsandsimpli
fications in the control of both the air side
apparatusand the refrigerationmachinery.

2 When multiple points of cooling or
conditioningtheair arerequired,thediversity
betweenthese loads can be applied to the
refrigerationmachinery size and operating
modes.This featureresults in lower invest
ment in refrigerationanddissipationappara
tusanda reducedenergyconsumptionby the
refrigerationprime mover.

See growth of central plants
In recent years, the centralizationof chilled
water refrigerationsystemshas beenseento
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grow beyond the lines of a single building,
lending to the extendeduseof central chilled
water plants servingshoppingcenters,cam
pus-typedevelopmentsfor educationalinsti
tutions,healthcarefacilities, office complexes,
andmunicipal-typeplantsservingmultitudes
of commercialcustomerloads.

In manycases,whetherby originalplanning
or for lack thereof,a grouping of buildings
such as a collegecampus,or a single large
building, has developeda systemof separate
chilled watersystemsservingindividualbuild
ingsor individualportionsof a singlebuilding.

The conceptdiscussedhereinis a method
for integrating these isolated chilled water
systems into a single system or "loop" to
regainthe advantagesof the centralizedsys
tem.

ConsIder campus as example
Consider,as an example,a hypotheticalcam
pus shown in Fig. 47-1. The load quantities
representthe full load refrigeration system
requirementsfor eachof the ten buildings.

Consider, further, two basic alternative
methodsfor providing for these loads with
chilled water systems.First, Serveeach the
loads from a single chiller located in the
respectivebuilding. This alternative would
requirethe installationof ten chillers,with a
total refrigerationcapacityof 2000 tons.This
capacitywould haveto be provided in both
the refrigerationprime moverapparatusand
heat dissipation apparatus,such as condenser
water pumps and cooling towers.

This approachwould, under any increments
of part load say,for example, 10 percent load
on all buildings require the operation of all
the chillers, each at a greatly reduced loadand
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Bldg. J
50 tone

Bldg. A Bldg. B Bldg. C Bldg. D
150 tons 250 tons 150 tons 250 tons

Bldg. E
200 tons

mostadditionalsupplementaryequipmentat
full load. Another disadvantage is that of
reliability. Since,in the hypotheticalexample,
eachbuilding is providedwith onechiller, in
theeventof a failure of thatunit, the building
would be without cooling.With currentbuild
ing technology,this degreeof reliability in the
refrigerationsystemsis totally untolerable.

Thesecondalternativewould beto serveall
of the loadsfrom a centralchilled waterplant.
If this were done, the diversity of loads
betweenbuildings could be reflectedbackto
the size of the chiller plant. This diversity
resultsfrom:

1 relationshipbetweentime of peakload
of buildings resulting from variationsin use,
functions, architecturaldesign, orientation,
etc;

2 shifting of occupantson campusfrom
onespaceto another.

The studiesof numerouscampuscooling
systemsreveal that a building/systemdiver
sity of 0.70appliedto thesum of the building
loads is fairly representative.Thus,a central
plant for this campuscould be providedwith
2000 X 0.7 = 1400 tons, resultingin a reduc
tion from the individual systemsof some600
tons of refrigeration and heat dissipation

apparatus.The chilled waterdistributionsys
tem required would possibly partially offset
this monetarysavings.The distribution sys
tem would require a basic pipe sizecapableof
conveyingthe entire 1400tonsas a minimum,
and the primary pumping circuit would re
quire the energy input to circulate the 1400
tons of coolingcapacity throughout the cam
pus.

The lack of individual building reliability
realized with the individual systems,and the
numerous hours of operation of multiple
machinery, each at greatly reducedloads,are
effectively resolvedwith well-directeddesign
of the central plant. Both parameters are
satisfied,in mostcases,by properselectionof
the machine modules or sizes, selected to
match the part load profile of the integrated
system. Often, an acceptabledegreeof reli
ability can be achievedwithout the investment
burden of excess capacity. Matching the
module size to minimumnumberof hoursof
operation will generally provide a statistical
probability of coincidentfailure during those
few "peak load" hours well within the range
normally requiredin comfort cooling.

Integrated system explained
The integrated decentralized chilled water
systemconcept is an attempt at achieving a

Bldg. GBldg. I 100 tons I

400 tons I_____________
300 tone Bldg. H I

FIg. 47-1. Hypothetical Campus Loads

Bldg. F
150 tono
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majority of the advantagesof both the de
centralized and the central plant approaches.

- The concept is to connect all the building
systemsinto a commonpipe or pumpedloop.
If a typical flow diagram of a building system
is as shown in Fig. 47-2, the concept of the
integrated decentralized ioop is to tie the load
into the integrated "system" and provide the
capacity of the chiller to the system. For this
building, this connection would be made as
shown in Fig. 47-3. The development of the

loop for the hypothetical campuswould sim
ply extend this methodology throughout the
campus to all ten buildings, resulting in the
flow diagram shown in Fig. 47-4. Although it
may not beimmediately evident that full load
advantagesexist, consider that if the campus
diversity is 70 percent, Fig. 47-4 shows an
integrated systemwith an integrated capacity
of 1400 tonsand a machinerycapacityof 2000
tons.

Since all the loads and sources are con-

Compression tank
and fill connection

Lower temperature chilled
water to building loads

High temperature
water from building

FIg. 47-2. Typical Simplified Building System

Chilled water
loop circuit

NC

Standby compression tank
and fill connection

Low temperature chilled
water to building loads

NO

Low temperaturechilled
water to loop

To next
building

High temperature water
front building loads

FIg. 47-3. Connectionof Building Systemto Loop main
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nected in series along the "closed loop" the
first step in analyzing the loop dynamics is to
perform a temperature gradient analysis. Such
a full load 1oopanalysisconsistsof determin
ing the design coincident load for all of the
buildings and the time the coincident design
will occur. The results of this analysis in
tabular format are shown in Fig. 47-5.

After determining the coincident full load
of the connected buildings, the loop design

can proceedto selectionof the loop size and
pumping rate. Note that at this point, as
suming the individual systems projected in
Fig. 47-1,that we have a singular chilled water
systemwith 2000 tons source capacity and a
coincidentconnectedfull load of 1400tons, or
a reserve and "pickup" capacity of 43 per
cent.

The minimum loop circulating capacity
must be matched to the full load circulating

Fig. 47-4. The Integrated Loop



194 IX / LIQUID AND TWO-PHASE THERMAL FLUID SYSTEMS

Building
-

Full load

Coincident
diversified

load
Chiller
capacity

Excess
capacity

A 150 - 50 150 100

B 250 250 250 0

C 150 100 150 50

D 250 100 250 150

E 200 150 200 50

F 150 150 150 0

G 100 50 100 50

H 400 300 400 100

I 300 200 300 100

J 50 50 50 0

Totals 2000 1400 2000 600

FIg. 47-5. TabularSummaryof Loads.

capacity of either the largest load or source.
The temperature variation in either increase
or decreasealong the 1oopwill be:

or

load Btuh
ti = IC +

500gpm00

sourceBtuh
ti = IC -

________

500gpm100

Thus, assuming that all the sources and
loadsfor the campusshownare basedupon 12
F, the minimum loop circulating capacity
would bedictatedby Building H, which would
be

40012,000
gpm =800gpm.

50012

Under maximum or full campusload, then,
a temperature gradient around the loop is
developed. The starting temperature is as
sumed as the nominal design or "target"
temperature, and the starting point is irrele
vant. A temperature range for the entering
water temperature in each building must be
established,or following thepreliminaryanal
ysis this range is established.If the arbitrary
startingpoint for the temperatureanalysisis

set as the entranceto building A, Fig. 47-6
showsa tabularanalysisfor the temperature
decrementaroundthe loop. Notethat in Fig.
47-6, 50 F has beenestablishedas the maxi
mum loop temperature.Thus,wheneverthe
temperaturewould tend to exceed50 F, the
capacity of a chiller is provided. A more
descriptivemethodof projectingthis informa
tion is with a bar chart which is warpedto
show the loads as diagonallines downward
and to the right and the sourcesas vertical
lines. Sucha chart is projectedin Fig. 47-7,
showingthesamedatathatappearsin tabular
form in Fig.47-6.In thefigure, thescalesonthe
left ordinateandthe abscissareresentloads
and chillers in tons of refrigeration, and the
right ordinatescalerepresentsloop tempera
ture. Note that if the loop is connectedas
shown in the flow diagram or connection
diagramFigs. 47-3 and 47-4, the tempera
ture of the loop for any given building will be
equal to that on the diagram"leaving" the
chiller. The usefulloop temperatureis always
representedat thetail of a diagonalarrow on
Fig. 47-7.

For the exampleshownand developedthus
far, the flow rate wasselectedas the minimum

Bldg.

Entering
temp.
°F

Loop
less

chiller
°F

Loop
with

chiller
°F

Loop
temp
°F

Chiller
not

running
tons

A 44.0 45.5 Off 45.5 ISO

B 45.5 53.0 45.5 45.5 -

C 45.5 48.5 Off 48.5 150

D 48.5 51.5 44.0 44.0 -

C 44.0 48.5 Off 48.5 200

F 48.5 53.0 48.5 48.5 -

G 48.5 50.0 Off 50.0 100

H 50.0 59.0 47.0 47.0 -

I - 47.0 53.0 44.0 44.0 -

J 44.0 45.5 44.0 44.0 -

FIg. 47-6. Full Load Temperature Decrement.
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FIg. 47-7. Chiller & LoadsVersusChilled WaterSources.

flow being equalto the flow raterequiredby
the largestload or sourceconnectedto the
loop. This minimum is rather self-explana
tory, since a cursory inspection of the flow
diagramwill reveal that, at any load, if the
loop flow is less than the load or the source,
recirculationwill occur. The other limit, that
of maximum loop flow, is a function of the
maximum tolerablebuilding systementering
watertemperature.Thelooprangeestablished
was6 F, which was definedby the maximum
permissibletemperatureenteringany build
ing, andthe nominaldesignor minimum1oop
temperature.If a lesserrange were desired,
say maximum of 3 F enteringany building
the flow rate would simply be determinedby
the relationship:

gpm2 - loop range 1

gpm1 loop range2

Thus, if the specific designrequiresamaxi
mumenteringwatertemperatureto arybuild
ing of 47 F, the loop flow ratewould be:

50-44
gpm2 = gpm
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The reduced load operationenablesthe
remainingmachinesto bedroppedoff the line
as the loop temperaturedrops. However,the
geographiclocation of the respectiveloads
andsourcesimposesa limitation on the mini
mumnumberof units that canbe operated.It
is not within the scopeof this chapter to
illustratetheentiretechniqueof thepart load
analysis,but two approachesare suggested,
bothbeingan iterativeanalysisof thethermal
dynamics versus the various reduced load
conditions:

1 Conducta seriesof part load calcula
tions including the various occupancysitua
tionsandweatherconditions,thensimply plot
the warpedbarchart of Fig. 47-7 or tabular
dataof Fig.47-6foreachidentifiedcondition.

2 If acomputerprogramis availablewhich
calculatesthe partload,theloop mathematics
canbe interfacedwith thesedatato provide

6
= 800 -

3

gpm2 1600 gpm.
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the machineoperatinghours and ton-hours
directly.

Caution must be exercised in using the
latter approachsince most computer pro
gramsdo nottakeinto accountsuchvariables
as control ranges,operatingtechniques,and
machinesdeadlinedfor overhaulor service.

ExplaIn elements of control

Control of the integrated1oop systemcan be
eitherby manualstart-stopor the logic canbe
automated. However, due to the inherent
decentralizednature of the system, remote
monitoringof temperaturesis almostimpera
tive. As a minimum, the temperatureentering
eachbuilding load systemshouldbe sensed.
As the temperatureincreasesbeyondthe con
trol rangeat any point, an upstreamsource
unit is put on theline. Again considerationof
relative location of loads and sourcesalong
theloop will dictatewhich unitsto cycle.

Thereare someelementsof cautionwhich
mustbe exercisedin developinga systemof
this type:

1 Sincetheenteringchilledwatertempera
ture will exceedthat normally designedfor,
cooling coils must be selectedfor the higher

To next
building

enteringwater conditions.This may necessi
tate,in somecases,higherflow ratespertonof
cooling requirementin the building circuits.

2 Humidity-critical loads such as com
puter rooms,operatingrooms,etc., if incor
porated into the loop, must be done with
caution. Experiencehas shown that when
used for comfort cooling only, higher than
designlooptemperatureshavebeentolerated,
resulting in space-humiditylevels abovede
sign. Theoperatorsof the systemshavefound
this modeof operationperfectly acceptable.
This modecould not be tolerated,however,if
suchhumidity-critical loadsexisted.

3 The simplified flow diagramsof Figs.
47-3 and 47-4 are presentedsimply as an
example.However,the featurewhich is most
significant is that, hydraulically, the primary
pumping systemof the loop must be com
pletely independentfrom the building or
source-pumpingsystems.To retain this inde
pendence,the suppl andreturn connections
to eachbuilding shouldbemadeimmediately
adjacentto one anotherwith no changesin
ioop piping size. Furthermore,the loop flow
rateshouldnever drop below the extraction
rateat any point.

4 In the building connectioncircuit, the
chiller shouldalwaysbecircuiteddownstream

Standby compression tank
and fill connection

Low temperature chilled
water to building bade

water to

High temperature water
from building bade

FIg. 47-8.
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of the load, i.e., on the endenteringthe loop.
The reasonis to makeavailableto the chiller
the highestpossiblewater temperature.

Aside from these limitations and caution,
thereareno furtherdifferencesin thebuilding
system piping arrangementsfrom a more
conventionalchilled watersystemdesign.For
instance,the building systemcanbe arranged
for variable flow-primary, secondary,etc.
To achieve energy economics,if sufficiently
sophisticatedcontrol is provided,theprimary
ioop flow canbereducedwith load reduction.

Fromthe standpointof reliability, this sys
tem has the sameinherentweak link of any
centralizedsystem,in that failure of the pri
mary pumping system or a rupture in the
distribution piping would affect the entire
campus. Figure 47-8 indicatesa method of
separatingthe buildings from the loop under
such conditionsby the simple addition of a
valve, and standby operation compression

tank and fill connection.This featureis not
attainablewith central plant systems.

Summary

The integrateddecentralizedloop chilled
watersystemprovidesmany of theadvantages
of a central plant systemwith the additional
advantagesof:

I standbyoperationin the eventof loop
failure;

2 lower investmentcost in distribution
piping.

It is applicableto:

1 existingcampusesorbuilding complexes
where the decentralizedapproachhas been
takenon a "growth" or piecemealbasis;

2 new campus-typedevelopmentswhere
schedulingof building constructionand de

- velopmentis suchthat the centralplant cost
burdenfor the initial buildings is notfeasible.


