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ABSTRACT. This paper sets out to examine a small absorption chiller that uses the pair LiBr/ H20 with
a 4.5 kW nominal capacity, using theoretical modeling and the characteristic equation method. The idea is
to compare two ways of simulating and evaluating absorption systems by analyzing the temperatures and
flow rates of external hot, chilled and cold water circuits, as well as the values of the overall heat transfer
coefficients of each component. Energetic analysis is based on conserving mass and energy by taking into
consideration the overall heat transfer coefficients and their respective areas via the UA products of the 5
components of the absorption chiller. The characteristic equation method is based on Duhring’s rule of the
internal temperature which is founded on saturation mean temperatures and the Duhring coefficient (B).
The results of comparing the activation of thermal power and the cooling capacity of the Rotartica
absorption chiller, obtained by theoretical modeling and from the characteristic equation values, were good
since the mean relative errors found were 4% lower for most of the operating conditions examined.

Keywords: absorption chiller; characteristic equation; lithium bromide/water.

Andlise energética de um chiller de absor¢ao de LiBr/H,0 de pequeno porte utilizando
modelagem teodrica e 0 método equagao caracteristica

RESUMO. Este trabalho tem como objetivo o estudo energético de um chiller de absor¢io de pequeno
porte que utiliza o par LiBr/H,O de 4,5 kW através da modelagem tedrica e o método da equagio
caracteristica. A idéia é comparar duas formas de avaliar os sistemas de absor¢io visando as temperaturas e
vazdes dos circuitos externos de dgua fria, quente e gelada, assim como os valores dos coeficientes globais
de cada componente. A anilise energética esta baseada na conservacio da massa e energia levando em
consideragio os coeficientes globais de transferéncia de calor e suas respectivas dreas através dos produtos
UA dos 5 componentes do chiller de absor¢io. O método da equacio caracteristica baseia-se na regra de
Duhring relacionando as temperaturas internas de saturagio em funcio das temperaturas medias externa e
o coeficiente de Duhring (B). A comparagio dos resultados da energia de ativagio térmica e da capacidade
de refrigeracio do chiller de absor¢io Rotartica, obtido pela modelagem teérica e pelo método da equagio
caracteristica foi boa j& que os erros relativos médios encontrados foram inferiores em 4% para a maioria

das condi¢oes de operacio.

Palavras-chave: chiller de absor¢ao; equagio caracteristica; brometo de litio/dgua.

Introduction

Investigating how to use energy resources more
efficiently is increasingly the subject of studies in
academia and industry due to the high in-country
demand for energy by the residential, commercial
and industrial sectors and indeed, all over the world.
A second reason for such studies is to seek to reduce
the high costs of processing for generation (Ochoa,
Dutra, Henriquez, & Santos, 2016; Ifaei, Rashidi, &
Yoo, 2016a; 2016b).

Absorption refrigeration equipment represents
an alternative component that could be used for

optimizing energy systems since such equipment
can take advantage of thermal waste to drive these
systems, thereby increasing their overall efficiency
(Ochoa, Dutra, & Henriquez, 2014a; Shirazi,
Taylor, White, & Morrison, 2016). Absorption
chillers have been studied by several authors in
different ways, for example, as components of a
cogeneration system (Ochoa, Dutra, Henriquez, &
Rohatgi, 2014b; Daghigh & Shatfieian, 2016; Singh,
2016; Talukdar & Gogoi, 2016), as a single
refrigeration component (Martinez, Martinez, &
Bujedo, 2016), as solar integrated systems(Monné,
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Alonso, Palacin, & Serra, 2011; Abdullah, Saman,
Whaley, & Belusko, 2016) or for conducting
fundamental studies on heat and mass transfer
(Albert, Marschall, & Bothe, 2014).

Numerical and experimental studies have been
undertaken on absorption refrigeration systems
(Myat et al., 2011; Moreno-Quintanar, Rivera, &
Best, 2012; Marc, Sinama, Praene, Lucas, &
Castaing-Lasvignottes, 2015), with a view to
examining the influence of the internal and external
parameters on the COP and its capacity (Bakhtiari,
Fradettel, Legros, & Paris, 2011; Ochoa, Dutra,
Henriquez, Santos, & Rohatgi, 2017b), to assessing
performance and evaluating equipment (Chen,
Gong, Wan, Luo, & Wan, 2015; Porumb, Porumb,
& Balan, 2017). Other studies have applied thermo-
economic analysis, also known as exergoeconomic
analysis (Ochoa et al., 2014b; Ochoa et al., 2016) to
find the irreversibilities and the cost of the
equipment, that could aid an economic feasibility
study of polygeneration plants that use an absorption
chiller as an integrated component (Angrisani
etal.,, 2011).

When any absorption chiller is studied,
energetically or exergetically, various pieces of
information are required,
temperatures, overall heat transfer coefficients, mass
tflow rates and other parameters that are frequently
not easy to find and/or calculate (Zinet, Rulliere, &
Haberschill, 2012; Xu, Zhang, & Xiao, 2016).
Therefore, it is important to find and/or develop
simulation tools that enable the activation of thermal
power and cooling capacity of the chiller to be
predicted by using variables that are easy to measure
(e.g, the external circuit temperatures of hot, chilled
and cold water) (Albers, Nurzia, & Ziegler, 2010;
Ochoa et al., 2016). In this context, the characteristic
equation method could be applied in ways that the
literature has already demonstrated (Albers, 2014).

This method when applied to absorption
refrigeration systems enables the performance of an
absorption chiller and a heat pump to be investigated
by using algebraic equations that represent the
activation of thermal power and cooling capacity,
and also by the COP method based on the
characteristic temperature difference, by the work
presented in Hellmann (apud Albers, Nurzia, &
Ziegler, 2010).

The characteristic  equation method s
underpinned by thermodynamic principles and the
specific operating parameters of the equipment
which, when represented by simple analytical
equations, provide an excellent means by which to
simulate energy plants, such as industrial drying

such as internal
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processes, polygeneration plants, and refrigeration
and air conditioning processes. At first, this method
was introduced in Japan to deal with absorption
refrigeration areas (Helm, Hagel, Pfeffer, Hiebler, &
Schweigler, 2014), on characterizing an absorption
heat pump that uses the pair lithium bromide/water
as a function of the external circuit. The
characteristic equation method in absorption chiller
and heat pumps has been used in numerous research
studies, e.g., Ziegler and Albers (2009); Albers
(2014), as a tool that enables the partial load
behavior and control strategies in absorption
refrigeration systems to be investigated.

Taking as a basis the study presented by
Hellmann (apud Albers, Nurzia, & Ziegler, 2010),
refrigerating capacity can be analyzed by examining
the total temperature difference (AAt), (Gutiérrez-
Urueta, Rodriguez, Ziegler, Lecuona, & Rodriguez-
Hidalgo, 2012; Helm, Hagel, Pfeffer, Hiebler, &
Schweigler, 2014), where the characteristic equation
method has been used as a simulation tool and for
analysis so as to implement a control strategy for
solar absorption refrigeration systems. In Albers &
Ziegler (2005), there was discussion and analysis of
the influence of the internal irreversibilities on the
characteristic equation and their impact on the
operational behavior of absorption chillers. It is
important to recall that this method allows
modifications and adaptations to be undertaken in
order to make better predictions of how single- and
double-effect absorption systems will operate.
Another adaptation of this method was conducted
on chillers with adiabatic absorbers by Gutiérrez-
Urueta et al. (2012) who performed an extension of
the methodology proposed by Hellmann (apud
Albers, Nurzia, & Ziegler, 2010), to predict the
behavior of single effect chillers and heat pumps by
using simple algebraic equations. Lately, the
characteristic equation method has been used to
monitor cooling systems of the German federal
agency for the environment with regard to the
control strategy for solar absorption cooling systems.
As a main result of this application, costs - when
compared with using the conventional system- were
reduced by the significant amount of 5% (Albers,
2014).

This paper presents an energetic study of a small
absorption chiller that uses the pair LiBr/ H,O with
4.5 kW of nominal capacity by means of theoretical
modeling and the characteristic equation method.
The idea is to compare two ways to simulate and
evaluate absorption systems by examining the
temperatures and flow rates of external circuits of
hot, chilled and cold water, and determining the
values of the overall heat transfer coefficients of each
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component. The goal of this paper is to demonstrate
the versatility of the characteristic equation method
so as to predict the behavior of absorption chillers
based on the external average temperature and flow
rates of the water circuit, as well as UA product. It
does so by using two simple algebraic equations of
the activation of thermal power and the cooling
capacity of an absorption chiller.

Material and methods

The absorption refrigeration equipment modeled
in this paper is a single effect hot water fired
absorption chiller of 4.5 kW of nominal capacity
(manufactured by Rotartica) and uses LiBr/H,O as a
working fluid. In fact, this kind of absorption chiller,
a Rotartica chiller (EcoFriend, 2016), is a special
type of absorption refrigeration equipment because
the absorption cycle is carried out in a hermetically
welded  spheroid container of approximately
500 mm in diameter by 500 mm long, rotated at
400 rpm about a horizontal axis, as seen in Evola, Le
Pierres, Boudehenn, and Papillon (2013) in which a
dynamic analysis was carried out. However, this
absorption has also been investigated and described
by several authors (Gilchrist, Lorton, & Green,
2002; Izquierdo, Lizarte, Marcos, & Gutiérrez, 2008;
Monné et al, 2011). What makes this chiller
different when compared with a conventional
absorption chiller is the rotation of the components,
namely whole systems (evaporator — absorber;
generator — condenser) rotate in order to improve
both the heat transfer process and also the efficiency
of the cooling production. However, consideration
has to be given to extra electricity being consumed
so as to maintain the rotation.

Description of the single stage absorption cycle

This paper presents a small single effect
absorption chiller that uses LiBr/H,O as the
working fluid, in the steady state, based on the mass,
species and energy balance. As is known, a single
effect absorption refrigeration system is a device
that, basically, consists of a generator, a condenser,
an absorber, an evaporator, expansion valves and
pumps, Figure 1. The operation takes place with
three internal and external fluids, where the internal
ones are mixed in with the LiBr/H,O solution,
which passes through points 1-6 (responsible for the
desorption and absorption processes) and refrigerant
vapor, which passes through points 7-10
(responsible for the cooling eftect). There are three
external circuits, namely, the hot, cold and chilled
water circuits. The hot water circuit (points 11-12)
represents the activation source for the absorption

Page 3 of 10

chiller, the cold water circuit (points 13-16)
represents the dissipation source of the systems, and
the chilled water circuit (points 17-18) represents
the cooling capacity of the chiller. The properties of
the LiBr/H2O solution were determined using the
methodology presented by Kim and Infante (2006)
and implemented in Ochoa et al. (2014a and 2014b)
and for the pure water, the data tabulated in Rogers
and Mayhew (1992) were used.

Condenser

Solution
Heat
“ Exchanger .

18 17

Evaporator 13

Figure 1. Single Stage Absorption Cycle (Ochoa et al., 2016).

Energetic model

The energetic modeling of this absorption
refrigeration system was accomplished by applying
the energy, mass and species balances on all the
components of the absorption chiller, based on
some simplifying assumptions, which are listed
below:

e  The process of pumping of the solution is
considered isentropic;

e The heat exchange with the surroundings is
negligible;

e  The wvariations in kinetic and potential
energy are negligible;

e  The entire process occurs in the steady
state;

e The refrigerant circuit, 1.e. states 7, 8, 9 and
10, is driven only by water;

e The overall coefficients of the heat
exchanger are considered constant in the whole
process.

By applying the first Law of Thermodynamics to
each component and also the mass and species
balances (absorber, generator, condenser, evaporator
and the solution heat exchanger), the set of
equations for the energetic model of the absorption
chiller was established. The small absorption
refrigeration system is formed by five heat
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exchangers, these being the components that govern
the cycle. Therefore, the energetic modeling will be
presented in a general way, shown in Figure 2 and
Table 1. Further information about energetic
modeling is reported in Ochoa et al. (2014a and
2014b; 2016).

Myeak

mhot,out

mhot,in

Figure 2. Scheme of heat exchangers absorption chiller (Ochoa
ctal., 2014a).

Table 1. Mass, species and energy balance of the heat exchangers
of the Absorption chiller.

Mass and Species Energy
Mpot,in = Mhot,out Qx = mhat,in(hhat,in - hhot,out)
Myeak = Mstrong T 1My Qx = mstrunghstrang + myhy — Muear fweak

= UA,

Xy m
LiBrweak Tweak ) (Tin,hot - out,cold) - (Tout,hot - in,told)

= XLiBr,strongmstrong (T- ot — Tout ld)
Ln n,ho out,co

(Tout hot — lin, cald)

where:

Mhotin» Mot out; Tepresented the hot mass flow,
Myeak» Mstrong, My, represented the mass flow of
weak, strong and vapor flow mass, Qx, heat flow
exchange, and UA,, the UA product from the heat
exchanger.

Characteristic equation method

The application of the characteristic equation is
based on thermodynamic fundamentals and the
nominal characteristics of the chiller (Zinet
et al., 2012; Albers, 2014). The main objective of this
method is to determine the behavior of the
absorption chiller from the average temperatures of
external circuits, taking into account specific
characteristics of the chiller, such as the overall heat
transfer coefficients and flow rates. Describing how
to implement the characteristic equation method
was explained by Equations 1 to 44. The method is
based on the Duhring rule, which enables a
relationship to be made between the internal average
temperatures of each heat exchanger of the chiller,

Ochoa et al.

the strong and weak concentrations of the system (at
the same vapor pressure) and the solution saturation
temperatures by using a linear equation with slope B
and intersection Z, expressed as Equation 1:

Tsat,sol = B(Xsol) ' Tsat,ref +Z- (Xsol) (1)

Considering the four main components of the
(absorber,
generator), and calculating the heat flow as a

system evaporator, condenser and

function of the overall heat transfer coefficient and
heat exchanger area, product (UA,), and the average
logarithmic difterence (ATIm,) as Equation 2:

Qx = UAxATImy )
where, Equation 3:

ATImy = (tX.in — TX.in) - (tX,out — TX,out)
i n { (txin = Txin) } 3)
(tX,out - TX,out)

The subscript X represented the chiller
components (absorber, evaporator, condenser and
generator). The temperatures of the external water
circuit (hot, cold and chilled) are represented by the
letter (f) and the temperatures of the internal circuit
of the chiller are represented by the letter (T).

In heat exchangers, the difference in temperature
between the hot and cold fluids (AT=T,,-T,.),
varies with the position of the heat exchanger, its
length being greater for the flow in parallel to that of
the countercurrent flow. For this reason the average
difference in the
commonly used for the entrances and exits of hot
and cold fluids
according to the literature consulted for analyzing
the heat exchangers of absorption refrigeration
systems (Kohlenbach & Ziegler, 2008a; 2008b; Myat
et al., 2011), the term (ATIlm,) of the characteristic
equation can be replaced by the mean temperature
difference between the hot and cold fluids (ATlm,
=t-T).

Whereas ty is the average temperature of the
external fluid and Ty is the average temperature of

logarithmic temperature is

of the exchanger. However,

the internal fluid, the heat exchanger flows can be
expressed as Equation 4 at 7:

QE = UAg(tg — Tg) 4)
QA = UA4(Ty — tn) )
Q6 = UAg(ts —Tg) (6)
Qc = UA(T¢ — t¢) (7)
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The subscripts (E, A, G, C), represent the
evaporator, absorber, generator and condenser,
respectively.

On applying the first Law of Thermodynamics
to the absorption refrigeration system, Figure 1, and
considering the steady-state in the energy and mass
balance of the system, each heat flow can be
expressed according to the enthalpy difference and
flow rate of the cycle as Equation 8 at 13:

Q:E = mref * (hyo — hg) (3)

Qc = mref * (h; — hg) )

hg = hg (10)
. Qr Qc

1

" " g —he) (R — hg) =

Qc —(C Qs ) (12)

h7 - h8

C=——-= 13

(o — o) )

For the thermal compressor (Generator -

solution heat exchanger - Absorber), this can be
expressed as follows Equation 14 at 16:

QA - mrefhlo + mstrongh6 mweakhl (14)
mstrongh6 - mstrongh4 Qshe (15)
QA =A4A- QE + Qmax Qshe (16)
where, Equation 17 at 20:
hio—h

4 — (o —hy) 1
. (h10 h8)

Qmax - mweak (h4 - hl) (18)
Qloss Qmax Qshe (19)
Hence: QA =4 QE + Qloss (20)

Analogously to the generator, this can be
expressed as Equation 21 at 23:

QG = mrefh7 + mstrongh4- — Myearhs — Qshe (21)

QG =((};1 ' QEh+)Qloss (22)
— 7 ) 23
O = o — o) )

By combining Equations 4-7 of the heat
exchangers, and the equations of the internal circuit
of the chiller (Equation 12, 20 and 22), a system of
equations depending on the cooling capacity of the
chiller and the temperature difference between the
external circuits and internal can be found,
expressed as Equation 24 at 27:

Qk = UAg(tg — Tg) (24)
C:Qp =UAc(T¢ — t.) (25)
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A- QE + Qloss - UAA (TA - tA) (26)
G- QE + Qloss - UAG (tG TG) (27)

Applying Equation 1 of the Duhring rule for two
temperature levels (high and low), it can find the
following relationships can be found Equation 28
and 29:

Ts = B(Xsol) Te+Z- (Xsol) (28)
T, = B(Xsol) "Tg+Z- (Xsol) (29)

Finally, Equation 30 can be determined, as
follows:

Te —Ty = B(Xsol) ' (TC - TE) (30)

The B term of equation 30 is given by the slope of
the Duhring diagram, commonly estimated for the
solution of LiBr/H,O between 1.1 to 1.2, (Ziegler &
Albers, 2009). By combining the Equations 24 to 27
and taking Equations 29 and 30 into consideration, the
average external temperatures of the cold, hot and
chilled water circuit are determined, expressed as
Equation 31:

. G A
tG_tA_B'(tC_tE)=QE'(U_AG+U_AA)

+B- o P
Qs (UAC+UAE>

The term on the left can be represented by the total
temperature difference (AAr), as Equation 32:

1)

. 1
*Quoss (UAG * UAA>

At =t —t, — B - (tc — tg) 32)

In Equation 32, this term may be interpreted as
the difference between the temperature thrust
(Aty,.q) and temperature lift (At,;), as Equation 33:

AAt = Atppyse — B - Atlift (33)

where, Equation 34 and 35:

Atipryse = (tg — ta) (34)
Atype = (tc — tg) (35)

The total temperature difference can also be
defined in terms of the design parameters, such as
Equation 36 and 37:

AAt = () ( ¢ + 4 )+
_QE UAG UAA Qloss

11 c 1 (36)
(UAG * UAA> +B-Q (UAC * UAE)
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. Qw:.(UiAG—}_Cﬁ)
[U—AG-l‘U—AA‘I‘B'(
1

b+ v+ 8 (o o))

AMf — UA; U4 (37

This fraction of the total temperature difference
can be simplified based on two parameters; (Sj)
which represents the proportion of the global
coefficient of each component of the chiller
(evaporator, condenser, absorber and generator) and
(o) which represents the distribution of the overall
heat transfer coefficients inside the equipment, such
as Equation 38 at 40:

1
S. =
i [Uia + UIZA +B: (U,ch + U,lqE)] o)
11
— /(1UAG + UAé) : 9)
[UAG tux, tE (UAC + UAE)]
AAf = M (40)
E

There is a relationship between the parameters
(Sg ap and Q,,,) which is called the minimum total
temperature difference, expressed as Equation 41:

_ g Quoss

Abtming = — (41)
E

The total temperature difference is defined as
Equation 42:

_ % 42

AAt = 5, + AAt ping (42)

Hence, the activation of thermal power
(generator) and cooling capacity (evaporator) of the
absorption chiller can be expressed as Equation 43
and 44:

QE = Sg * (AAt — AAtying) s (43)
Qg = G+ [Se ~ (BAE = Bdtyinp)] + == - Bty (44)
E

Discussion and results

The results from the energetic analysis using the
theoretical modeling based on the mass, species and
energy balance and the characteristic equation method
was compared with experimental data published by the
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CREVER Group-URV in Spain and also by adapting
the activation of thermal power and cooling capacity
based on two correlations taken from the literature
(Ziegler & Albers, 2009; Kiihn, 2013).

Nominal conditions of the Rotartica absorption chiller

The nominal temperatures of the cold, chilled
and hot water of the Rotartica absorption chiller
were 40, 12 and 90°C, the flow rate was 1.98, 1.56
and 0.90 m® hour™, respectively, and the flow rate of
the pumped LiBr/H,O solution was 0.030 kg s
(Rotartica, 2008; Monné, Alonso, Palacin, &
Guallar, 2011; EcoFriend, 2016). The products (UA)
needed to obtain the coefficients of thermal power
absorption chiller were extracted from the literature
published by the CREVER Group-URV in Spain
and also (Rotartica, 2008; Monné, Alonso, Palacin,
& Guallar, 2011; Evola et al., 2013), and these were
estimated by taking the nominal conditions from the
manufacturer’s catalogue using the backward
method with a pinch temperature, Table 3.

Table 3. Product AU of Rotartica absorption Chiller heat
exchangers estimated.

. . . Solution heat
Component Evaporator Condenser Absorber Generator
exchanger

UA [KW K] 0.7881 0.9387 2.236 1.423 0.093

The adjusted experimental correlations which
were obtained from the data published by the
CREVER Group-URV in Spain, and adapted in
accordance with the methodology presented in
Kiihn (2013), express as Equation 45 and 46:

Q:e_exp corr — Q¢ * Ty — be "Tac+Ce- Tg + de (45)
Qg_exp_corr =ag- Ten — bg “Toe + Cg - Tg + dg (46)

The experimental data of the Rotartica
absorption chiller were extracted from the literature,
which used ranges of operating temperature range
(7-15°C chilled water, 80-100°C hot water, and 32-
45°C  cold water). Nineteen (19) operating
conditions of the absorption chiller were selected.
Table 4 shows the values of the parameters of the
Equation 45 and 46.

Table 4. Cocflicients Values of the equations 45 and 46.

a b c d
0.233049919  0.358249672  0.207747705 -2.727257165

0.321615165 0.415435533  0.155267726  0.943935932

Qe,exp _corr

Qg_exp_curr

Comparison of the results from the Theoretical modeling,
the characteristic equation method, experimental data
and the adjusted experimental correlation adjusted

The results from applying the theoretical
modeling and also the characteristic equation

Acta Scientiarum. Technology, v. 40, €34969, 2018
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method were compared by considering the
activation of thermal power (Q,), the cooling
capacity (Q,) and also the COP of the absorption
chiller. Additionally, these results
compared to those that used the experimental data
and the results coming from the adjusted correlation
of these experimental data.

The wvalues of the characteristic equation
parameters that define the cooling capacity
(Equation 43) and the activation of thermal power
(Equation 44) of the absorption chiller from the
nominal data were: Sp=0.226 kW K o=
0.292 kW K', G=1.047, AAt,,,.=2.576 K and the
Duhring coefticient (B) selected was 1.15 (Ziegler &
Albers, 2009).

Figure 3 and 4 compare the results for the
activation of thermal power and the cooling capacity
of the absorption chiller results which were obtained
by the theoretical modeling (Q, Q. ), the
characteristic equation method (Q, ,Q,.), the
experimental data (Q, .,;Q, ., and the adjusted
experimental correlation (Q, ,,,5Q, ,00), When set
against the total difference in temperature that
considered the entire operational range of the
equipment. The relative mean errors were calculated
for all variables, using the general Equation 47,
expressed as:

were also

12,00

10.00 &
+
W
8.00 —
z L
26,00 S
g — + Qg exp
4,00 —Qg_ce
Qg_teo
2.00 > Qg _mod
0,00
10.00 15.00 20,00 25.00 30,00 35.00 40,00
dadt [K]

Figure 3. Comparison of the activation of thermal power (Qy)
results obtained by the theoretical modeling, characteristic
equation method, experimental data and the correlations adjusted.

Figure 3 shows the results obtained by the
theoretical modeling and the characteristic equation
method of the activation of thermal power
throughout the operating range of the absorption
chiller. In the same context, these results when
compared with those from the experimental data
were good because the maximum and minimum
differences are 7% and less than 1%, respectively.

Figure 4 shows the results obtained by the
theoretical modeling, the characteristic equation
method, the experimental data and the adjusted
correlations of the cooling capacity throughout the
operating range of the absorption chiller.

Page 7 of 10
9,00
8.00 ¥
7.00 ® .A/i
6.00 /‘(X/)Sf‘
E'5.00 * x«
& e
54.00 M 4 Qe_exp
3,00 ? =
2.00 Qe_teo
X
1.00 Qe_mod
0,00
10,00 15.00 20,00 25,00 30,00 35.00 40,00
ddt [K]

Figure 4. Comparison of the cooling capacity (Q,) results
obtained by the theoretical modeling, characteristic equation
method, experimental data and the correlations adjusted.

Qg_teo - Qg_exp

Error = (47)

Qg_exp

Just as for the activation of thermal power, the
comparison between the theoretical results and
those obtained by the characteristic equation were
very good throughout the operating range; however,
there is bigger discrepancy between the results than
in the activation of thermal power, which do not
exceed an error rate of 11%, the minimum relative
error being 1%.

Figure 5 shows the COP results of the Rotartica
absorption chiller obtained by the theoretical
modeling, the characteristic equation method, the
experimental data and the adjusted correlations.

Note that there are differences between the
theoretical results and those obtained by the
characteristic equations, and also from the
experimental data and the adjusted correlations from
these experimental data. These deviations are the
product of error propagation in the activation of
thermal power and the cooling capacity, which again
were  attributed  to  uncertainties in  the
manufacturer's data and also to simplifying
assumptions from the theoretical modeling. In the
comparisons between the results with the
experimental data and the results from the adjusted
correlations, the deviation could also be associated
with experimental data uncertainties, which were
around 4%.

These values represented a small discrepancy if
the overall uncertainties involved in the operation of
the absorption chiller operation are taken into
account. However it should be noted that these
deviations were not larger than 4% in most
operating conditions, especially for nominal
operating conditions of the absorption chiller for
which the hot, chilled and cold water temperatures
were 90, 12 and 40°C, respectively, represented by a
A4t of 32K where the deviation was not greater than
1%.
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Figure 6 shows the relative errors of the results
of the activation of thermal power and cooling
capacity which were obtained by the theoretical
modeling, the characteristic equation method, the
experimental data and the adjusted correlations.

Conditions
merror_Qg(ce-teo)
merror Qe (ce-teo)

error Qe(ce-mod)
merror_Qg(ce-exp)

error_Qg(ce-mod)
Herror_Qg(teo-exp)
Herror Qe (teo-exp)
Herror Qe (ce-exp)
Errors - (Teo-
Exp-ce-mod)
Figure 6. Comparison of the relative’s errors of the results

obtained by the theoretical modeling, characteristic equation
method, experimental data and the correlations adjusted.

As already mentioned, Figure 6 shows there was
good agreement between the results obtained from
the theoretical modeling and from the characteristic
equation method, and also from comparing the
experimental data and results from the adjusted
correlation. For most chiller operating ranges,
including the nominal condition, the deviations
were 6% lower. The maximum errors of the results
(around 11%) were found in the cooling capacity.
However, in order to evaluate the overall
uncertainties involved in the absorption chiller
operation, this could be considered a good
adjustment to predicting the thermodynamic
behavior of the absorption chiller.

Ochoa et al.

Given the results obtained in this study, it was
demonstrated that using either method, the
performance of the absorption chiller could be
predicted with good precision. However, using the
characteristic equation method is much better and
easier because fewer data were needed to predict the
performance of the absorption refrigeration
equipment (nominal data and/or experimental
values).This confirms the versatility of the
characteristic equation method to predict the
behavior of the absorption chiller over the
operational range from the average temperature and
flow rates of the chilled, hot and cold water circuits,
as well as the overall heat transfer coefficients and
the areas of heat exchange (UA product). By using
two simple algebraic equations (straight lines), the
activation of thermal power and the cooling capacity
of the absorption chiller can be found. This is a
good alternative as a thermodynamic analysis tool in
combined heat and cooling cogeneration plant, or in
any processes that use an absorption chiller as an
integrated component.

Conclusion

The results from comparing the activation of
thermal power and the cooling capacity of a
Rotartica absorption chiller, and which were
obtained by theoretical modeling and the
characteristic equation values were good, since the
mean relative errors found were 4% lower for most
operating conditions examined, except for one
condition where the error was around 6%;

The activation of thermal power and cooling
capacity found from the characteristic equation
method and also the theoretical modeling when
compared with the experimental data showed
excellent a good agreement since the maximum and
minimum errors were 11 and 1%, respectively;
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