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ABSTRACT

This paper deals with Study of an absorption machior an ammonia-water system
decentralized trigeneration. The effects of evajporabsorber and boiler temperature on the
coefficient of performance of this cycle investgatSimulation results show that with
increasing the evaporator and absorber tempertiareoefficient of performance increased
and decreased, respectively. By increasing bodierperature the coefficient of performance
IS constant.
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Nomenclature AE
A[m?] area Subscripts
E[kW] efficiency C
m[kg.s™] mass flow rate EV
P[kPa] pressure A
Q[kW] heat load ES
T[C] temperature ER
vim®kg specific volume P
W [kW ] Work rate D
UAWK 7] total heat transfer coefficient R
Greek letters

Y| efficiency 0

Exergy losses

condenser

evaporator

absorber

solution heat exchanger
refrigerant heat exchanger
pump

desorber

rectifier

turbine
environment state

1. INTRODUCTION

In recent years, in many industrial processes saglfood processing, preservation and

transport, comfort cooling, commercial and ind@stair conditioning, manufacturing, energy

production, health and recreation, the need foukaneous production of electric power and

refrigeration at low temperatures has increasedarkamly. Using the combined cycles is one

of the ways to decrease the negative environmantzdct of the energy resources, lower the

fuel consumption and improve the total energy cosive efficiency of the power plants. As

fossil fuels are terminate and the fuel prices iamgeasing, exploiting inexpensive energy

sources like solar, geothermal, waste heat fromagdssteam turbines and biomass has got a

lot of attention.

Most of the conventional vapor compression systeses chlorofluorocarbon refrigerants

(CFCs). Depletion of the ozone layer is the reas@ the use of the CFCs is restricted.

Therefore, other systems those operate with enwiemnally friendly fluids should be

replaced. One of the systems that can use theseyeseurces to convert to useful
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refrigeration is absorption refrigeration systenR@). Although the absorption cycles have
low COP values, by considering the problems thatovaompression cycles cause to the
environment, ARSs have become popular. When trem@® source of inexpensive thermal
energy at a temperature of 100 to 300°C, absorptefigeration system becomes
economically attractive. An absorption cycle nedusrmal energy to power the absorption
machine and the chilled water from the absorpti@eimme feeds the plant’s condenser, which
is useful for both systems. On the other hand,gusimxed working fluids can reduce the
exergy loss in heat addition process of the therpmaler cycles. The reason is that the
temperature difference between working fluid andalde temperature heat sources remains
constant during boiling process.

For the first time, in the early 1950s, Malonelyal. [1] studied applying a mixture of
ammonia and water as a working fluid in power cgcleKalina [2] wasthe first one who
proposed the exploiting of ammonia-water mixturestte working fluids in the bottoming
cycle of a combined cycle power plant. After thasearchers have studied the use of the
ammonia-water mixtures in differentycles. [3-12] Srikhirinet al. [13] investigated
absorption refrigeration technology by studyingioas types of ARSs, working fluids, and
improvement of absorption processes. The ammontarvegcle was analyzed by Sun from
different points of view [14-16]. In one of his dias, he obtained a mathematical model that
allowed the simulation of the process. Moreoveiffedgnt binary mixtures considered in the
absorption refrigeration cycle were analyzed thetpmamically. In another study, to select
the operation conditions in order to obtain a maximperformance from the system, he
presented a thermodynamic design and performed mmimation of the absorption
refrigeration process in order to map the most commycles for ammonia-water, and
water-lithium bromide.

A comprehensive study of various ammonia-wateres/evas conducted by Englral [17]

to compare their performance with operating condgiand design parameters varied over a
wide range. Zhengt al. [18] reached higher power and refrigeration ottpy applying
Kalina's technology. They got higher concentragommonia-water vapor for refrigeration by

using rectifier and replacing a condenser and ap@wator between the rectifier and the
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second absorber. Fazetial. [19] proposed a new combined power and refrigamatycle

which combines the Rankine and absorption refrig@racycles and uses ammonia-water
mixture as the working fluid. They proved that bime inlet pressure, as well as heat source
and refrigeration temperatures have significaneaff on the net power output, refrigeration

output, an exergy efficiency of the combined cycle.

Kog et al. [20] analyzed A water-ammonia absorptiefrigeration system and get to this

conclusion that the use of a low temperature beatce imposes some restrictions on the
system design, but an economically operating AARtesy may be designed by a careful
process optimization study. Zhang and Lior [21]gm®ed a hew ammonia-water system for
the cogeneration of refrigeration and power. Ifasnd that the cycle has a good thermal
performance. Also the results showed that compasétth the conventional separate

generation of power and refrigeration having thmeautputs, the energy consumption of the

cogeneration cycle is markedly lower.

2. SYSTEM DESCRIPTION

Figure shows the schematic diagram of the ammoai@mabsorption cycle. The waste heat
is injected into the generator and the rich sotutfoseparated into the ammonia vapor and the
weak solution, then the ammonia vapor is condems#te condenser. The weak solution and
the ammonia liquid are transported through pipsliftem the source site to the user site. At
the user site the liquid ammonia evaporates inetreporator to produce cold, or the weak
solution absorbs the ammonia vapor in the absadoproduce heat. The rich solution formed
in the absorber is then transported back to thergéor. Thus there are three liquids which are
transported, the ammonia liquid, the weak soludiad the rich solution. The heat exchanger
at the source site recuperates the heat of the s@akion from the generator, and the heat
exchanger at the user site recuperates the hahe afch solution from the absorber. In this
way, the heat energy is stored into the conceotratifference of the solutions, and

transported at ambient temperatures

3. DETAILSOF THE MODEL

For cycle basic assumptions made before estabyjshathematical models are as follows:
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1- Working fluid after the evaporator is saturategor.
2- The condenser outlet state is saturated liquid.
3- The flow across the expansion valve is isentbalp
4- There is no loss of pressure in components.
5-There is no loss of heat to the outside.
6- Constant temperature at the exits of each lefville desorber,gET16, To=T1s, T10=T11
7-Saturation in the desorption column
- Liquid: 6, 10, 15 and 18
- Vapor: 9,11, 16 and 17

4 MATHEMATICAL MODEL

To developed the mathematical model, the mass,etdration and energy conservation laws
(First and Second Laws of the Thermodynamics), apgiied in each component of the cycle,
where the established control volume for each dnthem includes the external reservoir.
Every element of the system was analyzed separdtiedysubscripts of the various properties
are relations to the locations indicated in Figurdhe properties of the working fluids were
found at the EES Software. Energy analysis is enthdynamic analysis technique based on
the first law of thermodynamics. The exergy methkkown as the second law analysis,
calculates the exergy loss caused by irreversibilihe exergy analysis is a powerful tool for
thermodynamic analysis of energy-conversion systéhe concept of exergy is extensively

discussed in the literatures:
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Fig.1. Schematic diagram of the ammonia -water absoryafe
Refrigerant Heat Exchanger:
The efficiency of the heat exchanger and exergyde€an be given as
T,-T,
hx — = = - (1)
" T,-T,
AE,, =-T, [(312 _313) +(31_S ?)] (2
Solution Heat Exchanger:
The efficiency of the solution heat exchanger axetgy losses can be given as
T,-T
E =_7 6
shx T4 _-I-6 (3)
AEg, = _To[ms(se _57) +m, (34 _55)] 4)
Evaporator:
The evaporator refrigeration capacity can be catedl as
Qg =M, (hl - h14)' S)
The exergy losses and efficiency of the evaporiatgiven as
_ Q
= - (6)

) MCPg, (TEin —Tu) .
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T
A EEV = (h14 - hl) _To (314_31) +QEV (1_T .

)

Ein
Absorber:

The absorber capacity and exergy losses can belatgd as

QA = mf (hz + mshs -m, hs)'

T
A EA = (hz + mshs -m, hs) _To (Sz+ MSg— mNSQ _QA (1_T .

)

Ain

The efficiency of the absorber is given as

E, = Qn
A .
MCP, (rs _TAin )

Conservation of mass ammonia is given as
Yot MYg=M,Ys

Condenser:

Qe =m, (hll_ hlZ)'

The efficiency of the condenser and exergy lossegigen as

E. = QC
c - .
mepe (Ty, _Tcin )
TO
A Ec = (h11 - hlz) _To (511_512) _Qc (1_.'_ )
c

Pump:

The pump work and exergy losses are given by
Wy = mf[m/v (h4 _hs)]-

AE, =m, (h3 - h4) _To[m/v (Ss +S4)] +W,
The efficiency of the pump can be given as

:V3(Ph _Pb).

(i

Boiler:

558

(7)

(8)

9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)
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The heat input from boiler can be obtained from
Qp =m, [mshe + m16h16_ m1J1 1J’ (17)
for a boiler, the efficiency and exergy losses lsarestimated by

E, = Q
B .
MCPg (TBin —Tis)

(18)

TO
TB

A EB = (mshe + m16h16_ m15rI 15) _To (mss etMg M S J)S_QB - ) (19)

Conservation of mass ammonia is given as

MysY 15 = MY 6+ Mgy 10 (20)
Purifier:

Conservation of mass ammonia and exergy losseg\ae as

MY o+ M, Y+ Myy (=MY +M Yy . (21)
Rectifier:

Conservation of mass ammonia is given as

(1+m, )y, =Y, +m Yo
(22)

Exhaustion:
Conservation of mass ammonia is given as
ml7y 17 + mf y 10 = (1+ mf )y 9+ m 1& 18 (23)

Parameters used to measure the performance ofgeedtors such as coefficient of

performance and exergetic efficiency can be expreas:

. T,
_Qe(l_-F)
Nexe = < (25)

. T .
Qq (1_1T§)+Wp
_10€0oP?)

TN (20)
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VD is a new performance index that linked perforoenoefficient to the total heat transfer.

3. RESULTSAND DISCUSSION

The main assumptions for the simulation of the €yl summarized in Table 1 and it should
be noted that in the analysis, if a single paramistevaried, the other parameters are kept
constant as defined in the table. Thermodynamipgmaes of working fluids are obtained
with the EES software that developed by the Solaer§y Laboratory, University of

Wisconsin-Madison, U.S.A.

Table 1. Main assumptions for the combined cycle

Environment temperatu(éC) 15
Environment pressu(éPa) 0.101
Fixed concentration at the output of the rectifier 1
Evaporator capacitkW ) 10
Mass raté¢kg /s) 0.0083
Pump isentropic efficienqo) 90

Effect of evaporator temperature on the COP, VD and UA

When the evaporator temperature increases, théaeef performance increases because the
heat load in evaporator increases (Fig. 2.). Wiitraasing the evaporator temperature the
total heat transfer coefficient increasing becatlse temperature difference increases and
evaporator can receive more heat. But with thiseasing, VD decrease because VD has

opposite relation with UA.
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Fig.2. Effects of evaporator temperature on the efficargfficient and total heat transfer

coefficient

Effect of absorber temperature on the COP

By increasing the absorber temperature, COP dexrbasause the pressure of the flow

increase and eventually work of the pump increaBgsthis increasing total heat transfer

coefficient decrease because different temperétet@een inlet and outlet flow decrease that

can be seen at Fig. 3.
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Fig.3. Effects of absorber temperature on the efficieatfiicient and total heat transfer

coefficient
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As illustrate at Fig. 4 by increasing the boilemfeerature the total heat transfer coefficient
increase correspondingly. As shown at Fig. 5 Argl BiWith increasing in total heat transfer,
coefficient of performanc increased because moa¢ ¢en transfer in heat exchanger, and by

increasing the performance coefficient the VD iases.
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Fig.4. Effects of boiler temperature on the efficientfficent and total heat transfer

coefficient
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Fig.5. Effects of total heat transfer coefficient of gwution heat exchanger on the efficient
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Fig.6. Effects of total heat transfer coefficient of tlefrigerant heat exchanger on the
efficient coefficient and VD
As shown at Fig. 7 by increasing the tempreturéhefintrance flow to the boiler the heat load
increase so eventually the efficient coefficientrease. By compering the figures we can

obtain the optimal conditions that showed in Téble
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Fig.7. Effects of entrance flow temperature to the bailerthe efficient coefficient
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Table 2. Optimal results for the cycle

Teaw 280 T, 275
Tam 288 T, 297
To w350 Tg 345
T... 288 T, 296

UA, 3078 DUA 7575
UA, 1500 COP  0.8346
UA. 1306 mcp. 3.773
UA.  1.201 mcp.  1.683
UAgx 0.051 mcp,  0.8200

UAgx 0.349 mcp, 0.4478

Exergy analysis
Fig. 8.shows variations of the exergetic efficieney, () with the desorber temperature. The
exergetic efficiency decrease with an increasehan desorber temperature for the case of

T. =35°C and T, =35°C,. As the efficiencies of the first and second lams examined in
general, it is seen thay,, increases up to a desorber temperatur®@tC . At the higher
desorber temperatureg),,, decreases gradually. The reason for this is Heairicrease in the

desorber temperature negatively influences #gg value as seen from Eq. (18). The system

has better exergetic efficiencies when operatinty \&ai low condenser temperature and the
high evaporator temperature within some desorberpégature ranges. Within its own
desorber temperature range, the exergetic effigi@micthe system initially increases and
declines continuously as the desorber temperatgreases. This is because a higher desorber

temperature means more external input exergy sgpdi the system, even though the latter
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can drive more water vapor from ammonia-water smuto create cooling. It also generates
more exergy losses in the desorber, condensertautleer as their average temperatures rise
up. This contributes negatively to the exergeticcieincy of the system. Since this negative
effect of increasing the desorber temperature irerdominant on the exergetic efficiency of
the system, it decreases with increasing desodrepérature, while the COP stays almost

constant.
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Fig.8. Variation of 77, with desorber temperature at different condensereaaporator

temperatures

6. CONCLUSION

In this study, the first and the second law of th@dynamics is applied to an absorption

machine for an ammonia-water system. The COP, VD &y are calculated from the

thermodynamic properties of the working fluids atigus operating conditions by using the
developed mathematical model. The results show @@P of the cycle increases with
increasing boiler and evaporator temperatures,deateases with increasing condenser and

absorber temperatures. Three components that ebtdime highest exergy loss are the
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generator, the absorber and the evaporator. Ip#nametric analysis of the system, it is
shown that a low condenser temperature yields hehigooling COP and higher exergetic
efficiency. The system operating with relativelyglhi evaporator temperatures has better
cooling COP and experiences smaller exergeticieffay than the one having low evaporator
temperatures. Increasing the generator temperatmeimprove the cooling COP of the
absorption system, but as the heat source tempeffatther increases, the COP of the system
levels off. This negative effect of increasing tieat source temperature is more dominant on
the exergetic efficiency of the system. Consequyetliis negative result on the exergetic
efficiency and the COP removes the beneficial éffefca high heat source temperature.
Finally, this study draws attention to a detaileedrtnodynamic analysis (first and second law)

and leads the way to improve thermal systems agid cbmponents.
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