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Abstract

A pre-industrial prototype of a new water-coolednaomia/lithium nitrate absorption
chiller was characterised at part-load operatiodend he chiller was built using brazed

plate heat exchangers in all its components, imatuthe absorber and the generator.

A test campaign was carried out varying the thedosd in the chilled water circuit and

keeping the hot and cooling water temperaturestaohs

Part-load curves of the thermal and electrical faciefts of performance were obtained,
plotted and compared with data from the literatmmesmall capacity absorption chillers
with conventional working pairs, namely ammoniakvaand water/lithium bromide.

The experimental results showed that to achieveigheh electrical coefficient of

performance at part-load operation, it was muchemaamvenient to use an ON-OFF
control than to modify the hot water temperatungtiermore, using a simple ON-OFF
control strategy, the behaviour of the new absomptchiller was more agile and

responded more quickly.



The part-load curve of the electrical coefficierft merformance was obtained by
adjusting the experimental data to the shape oftimee proposed in the standard prEN-
14511:2011 for air-to-water chillers. The Cc cogéfint was 0.7985 matching the value
obtained dividing the remaining electrical consumptimeasured during the OFF half

cycles by the total energy consumption generated.

Keywords: Absorption chiller, ammonia, lithium nitrate, péwad operation, control

Nomenclature
BPHE: brazed plate heat exchanger
CORyper  thermal coefficient of performance

COR.es electrical coefficient of performance

P: pressure (bar)
Q: thermal power (kW)
T: temperature (°C)
PLR: part-load ratio —.QC
EN
Pw: electrical power input (kW)
Subscripts
1: inlet to the chiller (*)
2: outlet to the chiller (**)
AC: absorber/condenser
E: evaporator/evaporation



G: generator/generation

C: cooling load

hyd: hydraulic power

N: full capacity

W: water side

(*) When not indicated, gdenotes chilled water outlet temperature

(**) When not indicated, &, Tac, denote temperatures at the chiller inlet

Greek letters

\E volumetric flow rate (M h%)

AP: pressure drop (bar)

AT: temperature difference (°C)

n: pump efficiency

IT: period. Interval of time for a steady state eycl

n: number of selected periods considered for enietggration
Introduction

In the last 50 years there have been several studaé have analysed the control of
large-scale absorption chillers (Mann and Stew863] Anderson 1966, Ogawa et al.
1992, Yeung et al. 1992, Koeppel et al. 1995, Chowal. 2002, Jenkins 2003, Pérez de
Vifiaspre et al. 2004 and Park et al. 2004). Thdrobof these large-scale absorption

chillers is usually obtained by the use of a cagaalve in the hot medium circuit.



Two variants of this control are currently the mostnmon. The first variant consists of
modulating the heat medium (usually steam or hderydlow from 10 to 100%. The
second variant is achieved by adjusting the heaiunmetemperature at the inlet. Either
of these modulating techniques used in conjunctiith internal control of solution
flow rate itself achieved by variable frequencyvds, enables faster chiller response
time to the changing thermal load and the coolingdimnm conditions (Labus et al.
2012). However, recently published works (Yeungaket1992, Koeppel et al. 1995,
Chow et al. 2002, Park et al. 2004) have also deduthe control of the cooling tower

as a way of reducing power consumption.

In contrast to large-scale absorption chillers,cibhave been available on the market
for a long time, the interest for small-scale apsion chillers has only recently arisen.

This is due to the increasing interest in the idiction of solar cooling systems and the
reduction of electricity consumption. With only @nf commercial units and with scarce

research done yet in this field, the control issaes still in the development phase.

Most papers published are based on the resultseofétical simulations which used the
characteristic equation model to estimate the perdnce of the absorption chiller at the
different thermal conditions of the external citsuiStorkenmaier et al. 2003, Cpaat

al. 2007, Albers et al. 2008, Kihn et al. 2008).

The catalogues of the commercial units (Rotart&)7; Chilli, 2008; Yazaki, 2009)

show that most small capacity absorption chillees @ntrolled by a simple ON-OFF
control switch. When the absorption chiller is sdrup, it remains in operation as long
as there is a demand for cooling. The hot wat@&udipump or bypass valve is cycled
ON and OFF to control the flow of the hot water @ypgo the generator in response to

the chilled water temperature.



Lazzarin (1980, 2007a, 2007b) studied the perfoomaat a steady state and transient
state of two water/lithium bromide units of 4.5 kavd 25 kW. The chillers were
equipped with a vapour-lift pump. The analysed suhiad an ON-OFF control that was
described by the author as unsatisfactory. Theesydstart-up time took 30 minutes
because, until the heat energy supplied to thergtareensured the first boiling of the
refrigerant and the absorption began, there wasigarific effect, so a prolonged stop
just after a start-up can waste all the heat enesigpplied to the chiller. Lazzarin
analysed the results at part-loads of 25%, 50%7&89d and concluded that the thermal
coefficient of operation (CQR) was heavily penalized. For instance, for a teish w
50% load and one cycle per hour (30 minutes ON30idOFF), the cooling capacity
was reduced by 60% and the accumulated g@fPopped by 36%, which is considered
an unacceptable penalty for part-load operatiomalli as a more suitable control
method, the author suggested varying the hot wiaterin the generator to regulate the

cooling capacity.

Didion and Radermacher (1984) performed an expeatahestudy on the part-load
operation of a 10 kW gas-fired absorption chillsing ammonia/water as a working
pair and a dry coil for dissipating the heat reéehs the absorber and condenser. The
unit had an ON-OFF control so that during the pead tests the machine operated
according to starting and stopping cycles. The datdysis technique was based on the
representation of the thermal coefficient of parfance (CORe) versus the part load
ratio (PLR). For a PLR of 20%, the C@Pwas equal to 74% of the full capacity value
(coefficient of degradation Cd = 0.74). The exptamafor this loss in the performance
was directly related to the design of the absorptiachine. In the case of the machine
analysed by Didion and Radermacher (1984) the hbsavas of the falling film type

and it was the limiting component during the stgytphase in each ON half cycle. The



explanation given by the authors was that the geoeaccumulated the weak solution
and during the OFF half cycle this migrated backh® absorber which was flooded
thus delaying the heat and mass transfer proceses a new ON half cycle was
started. Furthermore, there was a heat pipe dffgteen the high temperature and low
temperature zones which altered the movement diufds during the OFF half cycles.
They proposed the incorporation of shut-off valvies isolate the migration of
refrigerant and solution from the condenser toawaporator and from the generator to
the absorber respectively. With this measure aralRIER of 20%, the CQR: reached

89% of the full capacity value.

One of the conclusions which can be drawn frometkisting literature is that, although
ON-OFF operation of the external circuits is simolénstall and to operate, this control
strategy should be avoided in commercial machilmefact, this control strategy causes
the system performance to decrease due to theefnegof the ON-OFF cycles of the
chiller and therefore cannot be justified only sy simplicity. In other words, a mass
flow and/or temperature control should be instaitethe external circuits. Moreover, to
achieve maximum efficiency, small absorption maekishould operate continuously at

full load.

A new absorption chiller of 10 kW of cooling caggcusing the ammonia/lithium
nitrate fluid mixture was developed by CIAT in @lbration with the CREVER
research group of the Rovira i Virgili Universit% comparison of the advantages and
disadvantages of ammonia/lithium nitrate with tle@eentional working pairs used in

absorption chillers was reported by the authoamora et al. (2014).

During 2010 and 2011 two pre-industrial prototypas, air-cooled one and a water-
cooled one, were manufactured and tested (Zamaa 2014). In a first test campaign,
the cooling capacity and the thermal and electigogifficients of performance (C@R

6



and CORe) were determined from experimental measuremeruslii@ capacity and
generation power were also correlated by multitari@mear regression as a function of

the external source temperatures (Zamora 2012).

The new absorption chiller is a single-effect urbyilt using brazed plate heat
exchangers (BPHES) in all its thermal componentduding the generator and the
absorber (Bourouis et al. 2009). This design oftrsamic behaviour different to other
absorption chillers, especially those that use mlateum bromide as a working pair

and which require larger heat exchangers with greahermal inertia.

The objective of this paper is to determine thdqrerance characteristics of the water-
cooled prototype at part-load operation. Speciainéibn will be paid to the degradation
of the electrical coefficient of performance (CLQECOR:ecN) at part-load since the

literature review showed that the previous worksemmainly focused on the thermal
coefficient of performance. The study will examivbether the construction based on
plate heat exchangers reduces thermal inertiagrchiiler and if this has any effect on

the strategies employed to control the machine.

Part load test standards

There is no specific standard for testing the nemmania/lithium nitrate absorption

chiller so different existing norms were considered

The standard ANSI/ARI 560-2000 entitled\Bsorption Water Chilling and Water
Heating Packages”establishes a procedure for testing water-coolegleseffect
water/lithium bromide absorption chillers driven Iyt water. Another possibility
would be to follow, where applicable, the standar&EN 14825:2011 entitledAir

conditioners, liquid chilling packages and heat msn with electrically driven



compressors, for space heating and cooling — Tgstid rating at part load conditions

and calculation of seasonal performance”

The approach proposed in these standards is bast#tw @alculation of thintegrated
Part-Load Value (IPLV)in the case of ANSI/ARI 560-2000 or ttfgzasonal Energy
Efficiency Ratio (SEER)n the case of prEN 14825:201These seasonal energy
efficiency ratios are calculated as a weighted ayeof four values of the coefficient of
performance (COP) and are measured at four opgratinditions (PLR= 100%; AE1=

35 °C), (PLR= 75%; Ac1 =30 °C), (PLR=50%; Aci= 22 °C) and (PLR= 25%:;,F:=18
°C). It must be noted that the measured COP vaaesot be used to plot the part-load
degradation curve of the coefficient of operatidgrectly because they depend on both

PLR and T at the same time.

The second remarkable aspect is that the chilleaaty control was set manually for
every test condition. For instance, in the caseagorption chillers, if the variable
capacity of the machine was controlled by meansapiable generation temperature,
the test was conducted supplying the exact geparédimperature necessary to obtain
the required part-load and fixing the chilled watarpply and the chilled water
temperature differenceA). In the case of vapour compression chillerghé tested
machine had more than one compressor, the testcaraducted by running just the
required number of them. By doing this, each paatll test was conducted as a full
capacity test, keeping the unit running at steadtesconditions. The different operation
variables were measured and registered and at gitenvals of time and time-average
values were then calculated. In other words, théechwvas not left freely to auto-

control.

In the cases where the chiller control is of the-ORF type or where the part-load level
is lower than the minimum capacity level and thdl@hhas to cycle, the standards
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propose the use of a part-load cycling degradatione of the thermal coefficient of
operation (CORey). The expression of this curve, which is impligitbrmulated in the

ANSI/ARI 560-2000 standard, is (Eq. (1)):

CORher(TAC !TE’TG )PLR) _ 1
COR e (Tac: Te, To))| 1.13-0.13(PLR

PLR =100%

(1)

In the case of the standard prEN 14825:2011 for magompression machines, the

part-load curves are formulated in Eq. (2) and EJ. (3

COP,oo(Tac» Te, Tg ,PLR)  _ PLR 2
COF)elec(TAC 1TE 1 TG)|PLR2100% (1' CC) + CCUDLR

COPeIeC(TAC ' TE ’ TG ' PLR)

COPo(Tac Te s Te)| orneronm

1-Cd{1-PLR) 3)

The expression in Eg. (2) was proposed for waterdtewand air-to-water chillers,
while the expression in Eq. (3) was proposed fortaair and water-to-air air-
conditioners. These two expressions were reportedassical DOE publications like
Henderson et al., 1999. The standard prEN 14825:281dblishes that, if no test is
performed, the coefficients Cc and Cd can be ta&en0.9 and 0.75 by default,

respectively.

Figure 1 shows the graphical representation of smpg(1), (2), and (3).

Test bench description

In order to test the new ammonia/lithium nitrates@iption chiller with an ON-OFF
control at part-load capacity, the test bench ef @REVER Laboratory at University
Rovira i Virgili was modified by adding an inertwater tank of 150 | (Fig. 2). This

meant that the chilled water circuit was a closiecuit and could simulate the inertia in



the actual building distribution network. The vateabooling load was provided thanks
to a plate heat exchanger. A by-pass valve, comethiy a PID control, set the

cooling load by maintaining a certalTc (Tc1-Tco) in the plate heat exchanger.

Temperatures were measured with Pt-100 of £0.1 Kigion at every inlet and outlet
chiller pipe. Three flow meters of £0.5% precisioareinstalled in every water circuit.
The uncertainty of measurement of the cooling caparid the generation power was

0.5 kW.

Test procedure

The water-cooled pre-industrial prototype (PRE_IND W§ was installed on the test
bench (Fig. 2). A fixed hot water inlet temperat(fe;) and a fixed cooling water inlet

temperature (dc1) were set by means of the controls on the testhen

Every time the solution pump was on, the refrigedattronic expansion valve and a
solenoid valve located in the poor solution lineravalso on. There was also a check
valve at the solution pump discharge to prevenki@awe. With these three components,
refrigerant and solution migration from the higlegsure side to the low pressure side

was avoided.

The chilled water pump was always running. Howetrez,generation water pump, and
the cooling water pump only ran at the same timahassolution pump did. The

operation of these two pumps was controlled bycthker regulation.

The chilled water outlet temperature=gfwas controlled by the chiller regulation. In a
first experimental campaign, the start of the apson process was established at T
equal to 18°C and the stop of the absorption wasaitsés, equal to 13°C, thus the

average chilled water outlet temperature was 15.5 °

10



The test procedure was as follows:

1. Water flow rates were set according to Table 1.gkwssion about the influence
of the water flow rates on the operation of the amiavlithium nitrate prototype

had been reported by the authors in Zamora et@l4(2

2. Prototype did not include circulation pumps, sosptee drop AP) was
measured in each water circuit in order to carrytbe corrections in the electric
power absorbed and in the cooling capacity accgrdinthe standard prEN

14511-3:2011 (Table 2).

3. Average chilled water outlet temperature set poimts established in the

absorption chiller control according to Table 1.
4. Scanning rate was set to 5 seconds in the datas#cmusystem.

5. Teiand Tacy values were set in the test bench control systording to Table

1.
6. The absorption chiller was set ON (from the standaroyle).
7. A full capacity test was carried out to determime tfull load temperature

differenceATcn. Full cooling capacity was also obtaine@( ).

8. For every part-load test, the load compensation Bd¢bDtrol needed to be

adjusted in order to maintain the follow temperatdifferences:
75%: ATc = Ter-Teo= 0.75 *ATcn
50%:ATc = Ter-Teo= 0.50 ATy
25%:ATc = Ter-Teo= 0.25 ATy

9. Temperatures and water flows were recorded andpbkeation ON-OFF cycles

are monitored.
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10. Power consumption of the chiller was recorded.

11.The cooling effect delivered by the chiller wasabéd integrating the cooling
capacity throughout a selected number of steadg ptriods (). This value
was reduced by subtracting the chilled water pumgrgy consumption value

calculated in step 15.

12.The actual PLR was obtained dividing the actuallingoenergy by the

maximum energy that the unit could have given, Whias Q.,, - n1I.

13.The generation energy was obtained integratingémeration power throughout

the selected number of steady state periods)(n-

14.The chiller electrical energy consumption was ot#di integrating the chiller
power consumption throughout the selected numbestefdy state periods
(n-II). This value was increased by adding the pumpéectetal energy

consumption calculated as indicated in steps 15l&nd

15.The chilled water pump electrical energy consummptmbe subtracted from the
cooling energy and added to the chiller electrexargy consumption was the
integral of power given in Table 2 throughout tledested number of steady

state periods (il).

16.Electrical energy consumptions of the generatioth @woling water pumps, to
be added to the chiller electrical energy consuomptvas the integral of the
power values given in Table 2 throughout the ONF hiate of the selected

number of steady state periods.

17.The values of the thermal (C@& and electrical (CORJ coefficients of

performance at each part-load were calculatedesatio of the cooling energy
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relative to the generation energy and the chilletalt electrical energy

consumption respectively.

A further test was carried out at a lower chilledt@r outlet temperature §¢7= 8.5 °C)

in order to assess the COP degradation valuesfertedit operating conditions.

Test results and discussion

Table 3 shows the results at full load. The eleatansumptions of the hot and cooling
water circulation pumps are very relevant as ewddrby the reduction of the CQR

(prEN 14511-3:2011), calculated in accordance with standard prEN 14511-3:2011.
It must be remarked that the control system antlechwater pump were permanently

consuming energy, even during the OFF half cycles.

Figure 3 shows the temperature profiles recordethgwB stable cycles for the 50%
load test at 15.5 °C chilled water outlet tempeeatWhile AT is kept constant by the
PID control emulating the cooling load\Tg varies as it would do in an actual

installation due to the decoupling effect createdhe inertia tank.

In Figure 4 the cooling loadd..), the cooling capacity@. ) and the generation power
(Q.) are plotted. The ON-OFF cycles @). andQ, can be observed, while the

cooling load Q.. is kept constant. The quick response of the snitarthy of note and

very similar to that of the vapour compression lehsl. This is one of the major
advantages of the new development that uses BRiagel Heat Exchangers (BPHES) in

all the thermal components.

Figures 5 and 6 show the temperature profiles hadhtal loads achieved at 50% PLR

for the test at 8.5 °C chilled water outlet tempeea The first fifteen minutes show the
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data recorded with the machine operating at fidbloAgain, it can be seen how, after

each new start the machine reached full capacityinva few minutes.

Tables 4 and 5 present the cooling energy valueduged by the chiller, the thermal
energy input to the generator, the electrical enecnsumed by the chiller and external
pumps and also, the resulting thermal and elett@€Ps obtained for the tests at 15.5

°C and 8.5 °C chilled water outlet temperaturgyeesvely.

Table 6 summarises all the tests conducted an@methe degradation values defined

as the actual COP values divided by full capaci@PGralue.

As seen in Figure 7, taking into account the umdety in measurement, the
degradation values of the thermal coefficient affgmenance (COR.,) obtained in the

present work are of the same order of magnitudthe@slata reported by Didion and
Radermarcher (1984). The new ammonia/lithium ratrabsorption chiller presents
slightly worse behaviour than the ammonia/watelahiThis can be explained by the
higher viscosity of the solution which causes higlosses due to the inertia at every
new start up and also because the unit tested dsethuthors was an air-cooled unit
which at each OFF half cycle still continued dissipg the condensation and

absorption heat in the coill.

Regarding the electrical coefficient of performaiiCOR,), the coefficient Cc of Eq.
(2) was adjusted using the method of least squarddaking the values from Table 6.
The mathematical expression of the correspondimgglpad curve is given in Eq. (4).
The degradation curve with the obtained coeffici€at plotted against experimental

values is shown in Figure 8.

COP.

elec

COPiee(Toc . T To)|

(Tpe T, Tg ,PLR) PLR
(1-0.7985)¢+0.7985PLR

(4)

PLR=100%
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It is worth mentioning that the value of Cc obtairey this method matches the value of
Cc obtained by simply dividing the remaining amoohtelectricity consumed during
the OFF half cycles by the total consumption agyestgd in the prEN 14825:2011 for
water-to-water vapour compression chillers. Duritng OFF half cycle the only
consuming elements were the control system (80)tlae chilled water pump (79 W)
which represented a 159 W consumption in total.ii@uthe ON half cycle the total
consumption was 784 W (Table 3). So Cc = 1- (1884) = 0.7972. This indicates the
similarity between the behaviour at part-load oé thew ammonia/lithium nitrate
absorption chiller and the usual response of a @atienal mechanical compression

chiller.

Capacity control

It is also worthwhile making a comparison betweas tise of the ON-OFF control or
the standard control which varies the hot waterpenmature (E) in the absorption

machine being tested.

When the cooling capacity is controlled to adagbithe thermal load, Eq. (5) shows
that the actual electrical coefficient of performan(CORe) divided by the full

capacity electrical coefficient of performance (G@R) is always equal, by definition,
to the part-load ratio (PLR) whatever the tempeestul; chosen, since the electrical

power Pw is constant.

QE(TAC ,Te, T ,PLR) ]
QOP,e(Tac » Te, To s PLR) Pw _ Qe(Tpe s Te, T ,PLR)

COPelec(TACN’TEN'TGN)‘loo% QE(TACN’TEN’TGN)‘ QE(TACN’TEN’TGN)‘
Pw

=PLR

100% 100%

(5)
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Figure 9 shows a plot of the degradation curve sidflifrom the part-load tests when
the cooling capacity was controlled using the ONFCQapproach (Eq. (4)), and the
degradation curve (diagonal y = PLR) was obtaindterwcontrolling the cooling

capacity by modifying the hot water temperatureoading to Eq. (5).

As seen in Figure 9, when operating at part-loddR€100%), an ON-OFF control is
much more appropriate than to modify the For cases of high cooling demand with a
PLR above 100%, Figure 9 also shows that the highemhot water temperature, the
higher the electrical coefficient of performanceO . It will thus always be more
suitable to operate at the maximum hot water teatpez available, limited by a safety

value.

The capacity control based on modifying the hotewdlow rate must be discarded
because it presents a small margin of modulatiatoAding to previous measurements
(Zamora et al. 2014), reducing the hot water flo®0&b, from 3 m-h* to 1.5 ni-h?,
the cooling capacity just decreased by 7%. Thesmgtvariations in the water flow

would always introduce instabilities in the opevatof the system.

Conclusions

A single-effect ammonia/lithium nitrate absorptiochiller was experimentally

characterised at part-load. The chiller used brgazate heat exchangers in all its
thermal components, including the absorber andyémerator. With a simple ON-OFF
control the cooling capacity reacted fast in thensavay as a conventional vapour

compression machine did.

16



The part-load cycling degradation curve of the riedrcoefficient of performance was
quite similar to the part-load curves publishedhie open literature for ammonia/water

absorption chillers.

The part-load curve of the electrical coefficierft gerformance was obtained by
adjusting the experimental data to the curve shpmpposed in the standards using the
least square method. The degradation coefficiest @a985, which matched the value
obtained by dividing the remaining electrical comgtion generated during the OFF

half cycles by the total energy consumption.

The ammonia/lithium nitrate absorption chiller whsilt using brazed plate heat
exchangers and was agile with short transient respaimes, which were similar to

those of vapour compression machines.

Finally, the experimental results published in thégper show that at part-load operation
mode it is much more convenient to use an ON-OFRtrobto achieve a higher

electrical coefficient of performance than to mgdHe hot water temperature.
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Table 1 - Part load test matrix

PLR (%) Tac1 (°C)° AT(°C)° Te2 (°C) Te1 (°C)°
A 100 35 ATcn 15.5 90
B 75 35 ATey - 0.75 15.5 90
C 50 35 ATcy.0.50 15.5 90
D 25 35 ATcy.0.25 15.5 90
2V pc=6m*ht
b Vg =2m®h!
Vg =3nt-ht
Table 2 - Circulation pump power consumption
Pumping power (prEN 14511-3:2011)
v (m*hY) | AP, (bar) PWhyg (W) * N PWoump (W)
Evaporator water circuit 2 0.231 12.83 0.16 797
Generator water circuit 3 0.3 25 0.2 125
Cooling water circuit 6 0.3 50.0 0.25 200

* Hydraulic power of the circulation water pump doepressure drop in a heat exchanger
** This value must be subtracted from the cooliagacity value




Table 3 - Testing results at full capacity (PLRLOD%)

Test at full capacity
TG1: 90 °C ) ch]_ =35°C

Ve =2m*hY Vg = 3m*h Ve =6m’ht

Te,=15.5°C E,=85°C
ATe=Te-Te, (°C) 4.3 3.2
Cooling capacity (kW) 10.1 7.5
Generation power (kW) 16.6 13.4
Chiller power consumption (kW) 0.38 0.38
COPer () 0.61 0.56
COPuec () 26.58 19.74
Chilled water pump consumption (prEN 14511-3:2011) 0.079 0.079
(kW)
Generation water pump consumption (prEN 14511-3p01 0.125 0.125
(kW)
Cooling water pump consumption (prEN 14511-3:20{1) 0.200 0.200
(kW)
Cooling capacity (prEN 14511-3:2011) (kW) 9.9 7.4
Total power consumption (prEN 14511-3:2011) (kW) 782 0.784
COPyer (PrEN 14511-3:2011) (<) 0.60 0.55
COPujec (PrEN 14511-3:2011) (-) 12.63 9.44




Table 4 - Testing results at part loads of 25%, 5886 75% and chilled water

temperature of 15.5 °C.

Te,=155°C ; £,=90°C ; Taey = 35 °C
Ve =2m*hY Vg = 3m* b Ve =6m’-ht
Part load (%) 75 50 25
Load (kW) 7.5 5.0 3.1
Te, (°C) 15.3 16.0 16.3
Number of steady state periods considered (n) 1 3 2
Cooling energy (kwh) 6.39 9.87 3.85
Generation energy (kWh) 10.94 17.61 7.04
Electric energy consumed by the chiller (kwh) 0.25 0.44 0.18
Cooling energy (prEN 14511-3:2011) (kwWh) 6.33 9.73 3.75
Electric energy (prEN 14511-3:2011) (kwh) 0.53 0.95 0.43
Actual PLR (%) 80 55 30
COPer () 0.58 0.56 0.55
COPuec(-) 25.56 22.43 21.39
COPyer (PrEN 14511-3:2011) (<) 0.58 0.55 0.53
COPyec (PrEN 14511-3:2011) (-) 11.94 10.24 8.72




Table 5- Test results at part load of 50% and ethiWater temperature of 8.5 °C.

Te2=8.5°C; E1=90°C ; Thc1 =35°C

Ve =2m*hY Vg = 3m* b Ve =6m’-ht
Part load (%) 50
Load (kW) 3.5
Te2 (°C) 8.5
Number of steady state periods considered (n) 3
Cooling energy supplied by the chiller (kwh) 10.16
Generatiorenergy consumed by the chiller (kwWh) 19.29
Electric energy consumed by the chiller (kwh) 0.55
Cooling energy (prEN 14511-3:2011) (kWh) 9.97
Electric energy (prEN 14511-3:2011) (kWh) 1.18
Actual PLR (%) 57
COPher (-) 0.53
COPRyec () 18.47
COPyer (PrEN 14511-3:2011) (-) 0.52
COPec(prEN 14511-3:2011) (-) 8.45




Table 6 - Thermal and electrical coefficients offpamance referred to full capacity

values
Te,= 15,5 °C  Fy= 90 °C ; T = 35 °C
Ve =2m*hh vig = 3m™ hY; v =6m’ht
PLR
CORer () CORher/ CORhemn CORuec (-) CORyjec/ CORecny
(%)
100 0.60 1 12.63 1
80 0.58 0.97 11.94 0.95
55 0.55 0.92 10.24 0.81
30 0.53 0.88 8.72 0.69
Te,= 8.5°C ; o= 90 °C ; o= 35 °C
Ve=2nt/h; v, =3nt/h; v, =6nt/h
PLR
CORyer () CORher/ CORhemn CORuec (-) CORyec/ CORecny
(%)
100 0.55 1 9.44 1
57 0.52 0.95 8.45 0.90
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Highlights

* A new NH3/LiNO; absorption chiller was experimentally characterized at part-
load

» Thermal and electrical coefficients of performance at part-load were obtained

» Degradation of the electrical COP operating with an ON-OFF control was
analyzed

» Thechiller presented afast response due to the use of plate heat exchangers



