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Abstract. This study investigated a 5 tons of refrigeratidiR, experimental absorption refrigeration unitessbBled in the
laboratory to produce cold and heat. The methodolegs based on the use of the first and secondofathermodynamics to
evaluate either the energetic (or first law) or ¢éixergetic (second law) efficiencies of the syst€he work consisted of the design
and assembly of a prototype in the laboratorychtaracterization and instrumentation. In a finalgst using the experimental
measurements, a thermal and exergetic analystsedyistem was performed, aiming the optimizatiothefoperating and project
parameters for maximum thermodynamic performandhefroduced technological innovation. The resshisw the dependence
of the thermal and exergetic efficiencies on théewmass flow rates of the cold and hot sides efsorption refrigerator.

Keywords. absorption refrigerator, cold and hot heat exchars, cogeneration, exergetic analysis
1. Introduction

Nowadays the reduction of energy sources (waterepofessil fuel) and the increase of pollution, tiesearch
centers are maximize the available energy, usiggmeration systems.

Lazzarinet al (1996) showed an experimental study with an aniaamter absorption chiller. The system in
refrigerating version able to operate down to°cl0using a mixture of water/glycol at 35% of glycdlhe study
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predicts the increase of cooling capacity and dpesater chiller down to -2& with a high concentration in ethylene
glycol.

De Francisceet al (2002) developed prototype of an ammonia-watsogiiion system for low capacity (2kW),
designed for solar-powered refrigeration. The systiowed a low efficiency due to the solar-powesedot enough
for low temperatures in refrigeration systems.

Kodal et al (2003) showed a thermoeconomic optimization stisdgetermine the optimal operation and design
parameters of irreversible absorption refrigeratod heat pump systems. The effects of the inteénmalersibility, the
economical parameters and the external temperataréd®e global and optimal performances were dissalis

Bulgan (1997) showed a study that use low tempexg®b6-116C) energy sources in ammonia-water absorption
refrigeration system. Using the mathematical modeghermodynamic analysis is obtained. The optimuorking are
determined.

Misraet al (2003) developed a thermoeconomic optimizatidre flesults showed a significant improvement in the
system performance without additional investments.

The aim of this study is to find the optimum opargtconditions for the ammonia water absorptiorlehi The
analysis is performance by doing energy and exbadgnces for the system. The efficiency of theesysis calculated
and the results are discussed.

2. Description of equipment and perfor mance

The equipment is basically a 5 ton ammonia-wateogition chiller manufacture by Robur SpA. The pquent
produces simultaneously hot water up to 65°C atitedhwater down to —5°C. The mixture charge of0lkg of water
and 7.0 kg of ammonia. The generator is heatedyup28 kW gas burner (LPG). The nominal cold andvweter flow
rate are 2.5 fth and 3.0 rith. The only electric power required by the solofump is 540W. The unit makes a wide
variety of convenient applications available: ifiations where simultaneous heating and coolinguaituts required,
(process applications, conditioning installatiomd)ere cooling and pre-heating is required (hoteéntres fitness,
swimming pools, etc.); low temperature heating eyst, where there are available renewable energeeo(flake
water, river water or ground water).

The scheme of the chiller is showed on Fig. 1.
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Figure 1. Ammonia-water absorption chiller (Rol2005).

The system showed above is composed by a genevétere the ammonia-water mixture is heated by a LPG
(liquefied petroleum gas) burner. Of this step #éimemonia vapour is separated, but it is mixed ug \riactions of
water vapour. The ammonia vapour is purified froatew in the rectifier which is cooled by a solutiich in ammonia
that flows after the pump. The ammonia vapour gefiant (pure) proceed to the condenser, wherepppdrathe heat
exchange with the hot water circuit. After thispstammonia liquid from the condenser passes throlgltube in tube
heat exchanger. Ammonia vapour is again producdideirevaporator, where it happen the heat exchaitbethe cold
water circuit. The ammonia vapour is absorbed leystinong solution from generator in a first absodmoled by the
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strong solution that has just cooled the rectifldre absorption is completed in a second absodoeidénser). Then the
weak solution at the lower pressure is sendindnéchigher-pressure generator, using a diaphragnp pdriven by an
oil rotary pump.

3. Mathematic model
3.1. Energy analysis

The system to be analyzed is the cold and the ht#rvgink, that represent thermal loaded for cgadind heating,
respectively. The energy balance of the systerhagve below.

The capacities of cooling and heating are definefimction of project and operating parameters. E€1) shows
the cooling capacity@, ) in function of the variation of the cold and Hilow rates. The heating capacitg, ) follows

the same procedure, as shown in Eq.(2).

Q= fl()—(’mH ’mL) 1)
Qy = f,(X, iy, m, ) )

The cooling and heating capacity of the systembzaexpressed as:
QL = _CPAT, 3)
Qy =y, cpy ATy (4)

Where (i, ) and (i, ) are the cold and hot water flow rate, amd () and (AT, ) are the differences of the outlet

and inlet water temperatures for cold and hot sink.
As cold cycle use the mixture of 25% ethylene glynovater, the specific thermal capacity of thextare (cp) is

determine by Eq.(5).
TP = 025cp,, + 075cp, (5)

For the range of temperatures use in these téstspecific thermal capacity of ethylene glycep,() and water
(cp,,) are considered as constant.

The system was studied using a burn of the LPGeassource. The heat transfer of the fuel LR{3,{) is shown
in Eq.(6), where f, ) is the fuel flow rate andL{Hv, ;) is the lower heat value of the fuel. The LPG isiature of
the 50% propane Eg) and 50% butane (El1).

QLPG =mMypgLHV pg (6)

The efficiencies of the system based on the fast bf thermodynamics are shown in the Eqgs. (7),a(8) (9).
Where (7, | ) is the efficiency of the cold cycley(,,) is the efficiency of the hot cycle ang, () is the combined

efficiency.

_Q (7)
n =—
" QLPG
_ Qn (8)
n =—
HH QLPG
_QL+Qy (9)
N comb ™= .
. ° QLPG

3.2. Exergy analysis
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Exergy is defined as the maximum possible reversibbrk obtainable in bringing the state of a systiam
equilibrium with that of environment (Bejat al, 1996). In the absence of nuclear, magnetic, ridatt and surface
tension effects, the total exergy of a system eadibided in to two components: physical exergy{), and chemical
exergy (EH).

E=gP +EH (10)

The system to be analyzed is the cold and the htgnsink, that represent thermal loaded for cgadind heating,
respectively. The exergy transfer associated witream of matter is shown below:

E™ =m(h_ho)_To(S_So) (11)

The exergy of cold cycleg ) was determined by Eq.(12), wheng () and (s ) are enthalpies and entropies of
the inlet and outlet of the mixture of cold fluréspectively. Consider the reference temperatyegs 298,15 K.

E L= [(hout,L _hin,L)_TO (Sout,L ~Sin,L )] (12)
The exergy of hot cycle is shown in Eq.(13). Whigig, ) and (s, ,, ) are enthalpies and entropies of the hot water,
respectively.

E H= My [(hout,H _hin,H )_TO (Sout,H = Sin,H )] (13)

The exergy of fuel € ;) was determined by Eq.(14), wherey () is the fuel flow rate and&(,, »¢) is the
chemical exergy of the fuel.

(14)

Eips =Mipg $chLre

The efficiencies based on the second law of theymawhics for the cold, hot and combined cycles d&@vs
below:

=1
Miy == (15)
" ELPG
En
M == (16)
I, H ELPG
E,+E
'7|I,comb= II_E H (17)
LPG

4. Results and Discussion

For evaluate the optimal parameters (cooling araditg capacity) several tests were done. The maiimhyof this
study was verify the maximum cooling and heatingacity through of the variation of the cold and fiotv rate. The
optimum point of any system is characterized byhlgh point in the middle of the plot and the lowimts in the
extremes.

The range of operation of the machine consists3nk@/s in minimum flow rate and 0.90 kg/s in mawim flow
rate. The system turns off for flow rates below Kgas. The range of measure of the flow meter ftbfiy kg/s to 0.93
kgls.

The Fig. (2), (3) and (4) show the variation ofccéilid flow rate from 0.33 to 0.83 kg/s in funatiof differences
of temperatures, cooling and heating capacitiesedfiiencies. The hot fluid is fixed in 0.90 kg/s.

The Fig. (2) shows the differences of the waterperatures for the coolingaf, ) and heating £T,,) cycle in

function of the variation of cold fluid flow rate.
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Figure 2. Variations of the cold water flow ratefimction of the differences of water temperature.
It can observe in the Fig. (2) the difference dflomater decrease with the increase of cold wégav fate. On the
other hand the hot water remains constant values.
The Fig. (3) shows the cooling capacity in functadrihe variation of cold fluid flow rate (0.33 €083 kg/s).
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Figure 3. Variations of the cold water flow ratefimction of the cooling capacity and efficiency.

This result suggest that the optimal point of tb&ovater flow rate for maximum cooling capacityO$7 kg/s.
The maximum cooling capacity is 15.52 kW. This eatapresents 8.1 to 13.4% of gain the refrigertiate

The maximum First law efficiency of cold water tbis flow rate variation is 46.4%.

The heating capacity did not show the same behafiopoling capacity and efficiency for the sameiation of
flow rate, that mean the optimum point did not fyeri

The Fig. (4) shows the exergy of cooling watenindtion of the variation of cold fluid flow rate.
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Figure 4. Variations of the cold water flow ratefumction of the exergy of cooling water and effiaty.

This results confirm the optimum point as 0.67 kdke maximum available work (exergy) is 0,70 k\d ahe
maximum second law efficiency of cold water is 2.0%

The Fig. (5), (6) and (7) show the variation of haiter flow rate from 0.50 to 0.90 kg/s in functiohdifferences
of temperatures, cooling and heating capacitiesedfiiencies. The cold fluid is fixed in 0.67 kg/s

The Fig. (5) shows the differences of the waterpemtures for the coolingaf, ) and heating 4T,,) cycle in
function of the variation of hot fluid flow rate.
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Figure 5. Variations of the hot water flow ratefumction of the differences of water temperature.

The differences of hot watemt, ) decrease while the hot water flow rate increddee difference cold water

remains constant values.
The Fig. (6) shows the heating capacity in funcbthe variation of hot water flow rate (0.5 t® &g/s).
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Figure 6. Variations of the hot water flow ratefumction of the heating capacity and efficiency.

This result suggests that the optimal point of ibée water flow rate for maximum heating capacityié7 kg/s.
The maximum heating capacity is 42.9 kW. The maximtirst law efficiency of cold water for this florate variation
is 128.2%.

The Fig. (7) shows the exergy of heating wateuincfion of the variation of hot fluid flow rate.
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Figure 7. Variations of the hot water flow ratefumction of the heating capacity and efficiency.

This result suggests a different optimum point éatmg capacity. The maximum available work (ex@ngyst
show the same optimum point.

The optimization study is performed to determine dptimal operation and design parameters for armaneater

absorption chillers. The optimum value for cooloapacity and exergy was determined for some operatirameters:
0.67 kg/s cold fluid flow rate and 0.90 k/s hot eraflow rate.
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