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INITIAL OPERATION AND PERFORMANCE”OF A RANKIFW U+ILLER

AND AN ABSORPHON CIIILLERIN THE

hLATIONALSECURITYAND RESOURCESSTUDY CENI’ER*

I
(IX3ECONIXA~ NO. W-7405-ENG.36, LW34)

by,

i J. C. Hedstrom,H. S. Murrayand J. D. Balconb

\
Los AlamosScientificLaboratory

LOS fi.bTDS, NM 87545

General The StudyCenteris a buildingwith
_ft2 of heatedspacethat housesthe
laboratorymain librariesand providesa study
area for visiting personnel. ‘me buildingis
solarheatedand cooledwith an 3,000 ft2 array
of flatplate collectorsfacingsouth in one
plane fozmingthe roofof the equipmentroom.
The collectorshave a selectivesyrfac~of
black chromeand are single-glazedwith water-
white glass. Aparaffinic oil is used as the
collectorcoolantwhich transfersheat to
water througha heat exchanger. In the cool-
ingnmde hot water is storedin a 5,000gallon
pressurizedtank and chilledwater is stored
in a 10,000gallontank. Two water chillers
are now installedin the equipmentroom--one
a conventionalYork lithium-bromideabsorption
unit (ESlA2)deratedto 85 tonswith 185°Fhot
water,and the other a Rankineunit designed
and fabricatedby Barber-Nichols.The design
point for the Rankineunit was 77 tonswith
200”Fhot water.

The solarenergysystenhas been in operation
sinceklarch1977. A 40-channelHewlettPackard
data acquisitionsystemwas installedon a
temporarybasis in June 1977 and was operating
in August. A PDP n/34 mini-computerhas now
been installedand has been operatingsince
December1977.

SystemDescriptionA schematicof the solar
energysystemand the lIVACequipmentis shown
in Fig. 1. Aparaffinic oil is circulatd
throughthe collectorarrayand exchangesheat
to water in a tube and shellheat exchanger.
In the coolingmode hot water is stored in a
S,000gallonpressurizedstoragetank. Hot
water is pumpedto eitherthe Rankineunit or
the absorptionunit throughValve E and is
returnedto the bottomof the tank. Nhen the
tank temperatureis belowthe set point (~170°F)
water is heatedin a steam heat exchangerby
closingValve E and openingValve [[. Steam is
providedfroma centralsteamsupplysystem.
The chillersprovidechilledwater to cooling
coilsin the two air handlingunits. lle coils
have faceand bvwss damuerswhich nmdulate
the air tempera~ureleavingthe air handlers.

3
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lfhenin the solarmode, the 10,000gallontank
is in serieswith the chillerand the cooling
coilsby openingValvesF and L and closing
Valve K. hy coolingcapacitynot utilized
by the buildinfiis storedin the cold storage
tank. The coolingtower rejectsthe heat from
the chillerby pumpinj:water throughValve G.
The tower is also used at night to cool the
10,000galloncold tank by pumpingwater
throughValve D.

The controlsequencehas been nmdifiedto oper-
ate in the followingmanner. \\henthe fans
startat 6:00 a.m., chilledwater from the
cold tank is providedto the coolingcoils if
required. Auxiliaryoperationis not permit-
ted if the cold tank is below a predetermined
set point (’IJ650F).The chillerstartsafter
the solarsystemhas heated the hot storage
tank to 180”F. The chillercontinuesto oper-
ate until eitherthe hot storagetank drops
below 170”For the cold tanks drop below 48°F.
This sequenceof operationis an attemptto
providemaximum performanceof the svstemby
1) runningthe chillerwhen the collectorsare
operatingto reducecollectortemperatures,
Z) forcingmu~imumchilleroperatingtinwsand
minimizingcycling,3) operatingthe chiller
at full capacitywithout internalthrottling
(particularlyimportantwith the Rankineunit)
and 4) not allowingauxiliaryoperationuntil
the coolingeffect from the cold tank is ex-
hausted.

The HVAC systemhas two air handlingunits,one
for the perimeterof the buildingand one for
the interiorof the building. The HVAC sys-
tems are of the variableair volumetypewhich
maintainroom temperatureby regulatingthe
anmuntOF air into the zone. The temperature
OE the air is determinedby the zone requiring
the nmt cooling. The air handlingunitshave
the abilityto nwmhdatethe ammnt of fresh
air and returnair and have washers for evapor-
ativecoolingdownstreamof the coolingcoils.
This arrangementworks well in the dry New
!Iexicoair. & more coolingis done with the
coil, the air washer is not as effective. The
peri~ter air handlingunit also has a heat-pipe
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The daily ener~ incidenton the collectorand
the collectoroutput is plottedin Fig. 2 for
the tvm mmths. On a good solarday the col-
lectorshave an outputof about 800 IllW/dayftz
or a daily efficiencyof 33%. The m.mthly
efficiencyis about 2S% as shown in Table I.

recnveryUn;t betweenthe freshair and the
returnair. In sunwr, an air washersatur-
ates the returnair which then removesheat
from freshair throug>the heat recoveryunit.
This coolingmde is able to pre-coolthe
freshair bv about9°F with an ambientair

!temperature’of95°F.

In summary,the HVAC systemshave fivemales
of coolingwhich operatein sequencedepending
on the coolingdemand (thernmtatpneumtic
]Pr~sure) Of the zonerequiringthe ~st COOI-

i illg.

I

1) Full freshair
2) Directevaporativecooling
3) Heat recoveryevaporativecooling

~ (perimeteronly)
4) Coolingfroncold storage

i S)Chillercooling(solaror auxiliary)

;Results A nmnthlysummary~btainedfor two
~~ofcoolin.g is presentedin Table I.

Table I

MEASUREDRESULTS
1977

(CollectorArea= 770S ftz)

Aug. Sept.

106 B’IU 106 BTU

rota.1IncidentSolarEnergy= 394.3 413.1
Mar EnergyCollected = 104.4 97.6
hlar Energyto Chiller = 76.1 59.4
lux.Energyto Chiller = 28.2 5.4
War ChillerEnerw OutDut= 43.9 36.5.>.

,Aux.ChillerEnergyOutpLt = 10.3 2.0

CollectorEfficiency = 26% 24%
Chiller CDP on Solar = 0.S8 0.614

‘PercentSolarHeat to
‘ miller = 73% 92%

AbsorptionOperatingDays 30 2
RankineOperatingDays 1 20

1,

The absorption-chillerwas operated30 days
duringthe monthof Augustand two days in
Septefierwhile the Rankineunit was operated
one day in Augustand 20 days in .septetier.
The nmnthlysolarCOP is definedas the chil-
;ledwater energyoutputdividedby the solar
hot water input. Due to the limitedamurrtof
data channelsavailablelastsummer,the elec-
trical energyto the pumpsand chillerswas
not measured. A totalsystemCOP was there-
forenot obtainedfor thesennnthsbut will be
measuredin 1978with the new data acquisition
system. We feelthe performanceof both chil-
lers canbe improvedwith properoperationand
with the nmdifiedcontrolsystem.

I

~~e daily energyvalues for chillersolarhot
water inputand chilledwater outputare
shownin Fig. 3. The ratioof outputto in-
put is the dailyCOPof the chiller. The ab-
sorptionunit had poor perfornuncefromthe
25th to the 27th of Auwst due to salt solu-
tion in the evaporator-pan..This occurswhen
opexatingwith low temperaturehot water from
the steamheat exchangers. The steamvalves
on the steamsupplywere undersizedand could
not meet the capacityof the absorptionchil-
ler. The absorptionunit will auto~tically
pump solutioninto the evaporatorpan to pre-
vent the refrigerantpump from mnning dry.
The steam supplyproblemwill be corrected
,beforethis sumner.

ITheRankineunit had poor performancefrom
!August31 to September10 due to excessiveoil
in the evaporator. his oil mi~ated fran
the oil sum to the evaporatordurim shin-

*
This unit is also used in winter forheatin~

I the freshair.
L___ .-.—-- — . . ..— _

i
_—J .—

rmmt to LOs’Alamos. ‘ll&gear box on-theYork
vapor compressionunit was extensivelymodi-
fiedby Barber-Nicholsand the reason for this
oil migrationis not well understood. How-
ever,the vapor compressionunit has an oil
returnsystemwhich shouldrenmvenmst of the
oil from the evaporator. After September10
the Rankineunit ran fairlywell, but still
belowthe performanceobtainedby Barber-
Nicholsin theirtests in Iknver. We feel
that some excessoil remainedin the evapora-
tor duringthe lastpart of September.

The data systemsamplesand reducesthe data
every fortyseconds. An onlineX-Y plotter
plottedsome of the data each qcle. Instan-
taneousplotsof COP for the Wnkine and ab-
sorptionunits are shown in Figs. 4 and 5.
The Rankineunit reachesa peak COP inone
minuteand then decreasesas the hot water
and chilledwater temperaturesdecrease. The
firstpeak is because-thecoolingtowerhas “
a 1,000gallonsumpwhich is initiallycold.

The absorptionunit talces30 minutesto gen-
erateenoufirefrigerantto handlethe cool-
ing capacityand obtainpeak performance.
%me of the energyexpendedin reachingthis
stateis regained,however,on shutdownwhen
the unit goes into the dilutioncycle and
depletesthe refrigerantstoredin the evapor-
atorpan.

Two nme absorptionunit runs are shown in
,Figs.6 and7. The unit was operatingat part
loadby bypassinghot water aroundthe gener-
ator in Fi8. 6. ~is was becausethe chilled
water outlettemperaturewas at 45”F. The

-------- ------ ----- . .. .... . . . .. --. -.—.
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absorptionunit can have goodperformanceat The Rankineunit in this systemwill then gen-
part load;however,on a furtherload reduc- erallyoperateat a highertemperature,there-
tion the unit will shut off and on, resulting fore,betterperformance,since it is better
in poor performance.The run in Fig. 7 shows load-natchedto the collectoroutput.
the-chillercyclingon demandfrom the build-
ing which can resultin overallpoor perform-

i an~e.
In Octoberwe remved the oil from the Rankine
e~ratOr by remotingand distillingthe R1.1
refri~erant.The full PUP-11data systemis

iThe averageabsorptionCOP for five lengthy
!performancerunswas 0.663and the average
Mdcine COP for nine runswas 0.697or 4%
;higher. By eliminatingthe oil from the Ran-
kine chiller’sevaporatorand the average
dailyRankineCOP shouldincreaseto about
0.8.

now operatingand monitorin~all 180”channels
of instrumentationincludingelectricalen-
ergy consumptionof all pumps and fans. Tem-
peratureinstrumentationhas been tmdified
for greaterstabilityand accuracy. Hope-
fully,all operationalproblemshave been cor-
rected,and testingand evaluationwill be
resunedin May 1978.

The “steady-state”COP valuesobtainedfrom
‘bothchillersare shown in Fig. 8 as a func-
tionofa specialplottingparametercalled
,the“Camot COP.” Camot COP is definedas:

/ ‘hw-TcwCarnotCX3P=~xT
‘*W

\

‘hw =
I TW =

‘Chw =

The Rankine

‘hw ‘cw-lchw

Hot water inlettemp.,‘R

CondenserWater inlettemp.,“R

Chilledwater outlettemp.,“R

unit has a lowerCOP than the ab-
sorptionunit at smallvaluesof Camot COP
but has a higherCOP @ mre favorablecon-
ditions. The absorptionunit has a higher
capacitywhich pulls the solar systemdown to
a loweroperatingtemperature(’w175”F)result-
ing in more operationbelow a Camot COP of 3,
whereasthe Rankineunit can stabilizewith
a collectoroutlettemperatureof about 185°F.
With lowercapacity,the coolingtower also
runs slightlycoolerwhich resultsin the
Rankineunit runningat a Camot COP between
3arld4.

Theseresultswere replottedin Fig. 9 as the
ratioof the observedto the idealCOP as a
functionofCamot COP. A linearfit in these
ccmrdinatesimpliesthat the actualCOP is a
quadradicfunctionof CarnotCOP. Also plot-
ted on this graphare the resultsobtainedby
Barber-Nichols.

our resultsare about 15% lowerthan Barber-
Nicholsresults,whichwe attribute,at this
time,to oil in the evaporator. If therewere
no capacitychangesin eithermachine,one
would expecta pure thermodymmicbehavioror
a zeroslopeto thesecurves.

:Thesteadystatecapacityof both machinesis
plottedin Fig. 10 as a functionof inlethot
water tempe~turc. Both unitsslightlyexceed
theirrattxidesignpoint. Becausethe absorp-
tionunithas a highercapacityit stabilizes
with the solarcollectorsat 175”F,whereas
the Rankineunitwill equilibrateat 13S°F.
~- .,. ._. _ . . .— .— - - —----.——--——-— .--.-—--- ... . .—— ..--—
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~ Fig. 1. NationalSecurityand ResourcesStudy CenterMechanicalSystemSchematic.
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Fig. 2. Dailycollectorperformance

10’~

I Hot Water Inmt

800 ChilledWaterOutput

,..

Fig. 3. Dailychillerperformance
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conditions.
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