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On the recirculation of ammonia-lithium nitrate in adiabatic
absorbers for chillers

VentasR., Lecuona A., Legrand M., Rodriguez-Hidalgo M. C.

Departamento de Ingenieria Térmica y de Fluidos, Universidad Carlos Il de Madrid,
Avda. Universidad 30, 28911 Leganés, Madrid, Spagntas@ing.uc3m.es

Abstract
This paper presents a numerical model of single-effect absorption cycles with ammonia-
lithium nitrate solution as the working pair and incorporating an adiabatic absorber. It is

based onUA-AT,, models br separate regions of plate-type heat exchangers and it

assumes an approach factor to adiabatic equilibrium. The results are offered as a
function of external temperatures. A loop circuit with a heat exchanger upstream the
absorber produces subcooling for facilitating absorption process. The effect of the mass
flow rate recirculated through the absorber is studied. Results show a diminishing return
effect. The value at which the recirculation mass flow yields a reasonable performance
is between 4 and 6 times the solution mass flow. With a heat transfer area 6 times
smaller than with a conventional diabatic shell-and-tube type absorber, the adiabatic
absorber configured with a plate heat exchanger yields a 2% smaller mag@Bm

and a 15-20 % smaller cooling power.

Keywords: Absorption chiller, ammonia-lithium nitrate, adiabatic absorber, mass flow

recirculation.

Nomenclature

A Heat transfer area,zm



COP Coefficient of performance

cr Circulation ratio

D Solution mass diffusivity, As*

d Droplet diameter, m

Faa  Approach factor to adiabatic equilibrium

Fq Approach factor to diabatic equilibrium

Famex Approach factor to maximum ammonia mass fraction diabatic equilibrium

Fqamax Ratio of approach factor to diabatic equilibrium and approach factor to

maximum ammonia mass fraction diabatic equilibriumti@ same cycle.
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h Specific enthalpy, J kg

Le Lewis number = thermal diffusivity/mass diffusivity

I Path length

m Refrigerant mass flow rate, kg s

m, Recirculated mass flow rate, kg s
Solution mass flow rate at absorber outlet, kg s
Solution mass flow rate pumped by the solution pump;’kg s
Solution mass flow rate at generator outlet, kg s

m, Solution mass flow rate at absorber inlet, Kg s

P Pressure, Pa

Piy  Injection pressure, Pa

Q Thermal power, W

rre Recirculation ratio

T Temperature, °C

T Condensation temperature, °C
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Xeq,ad
Xeq,d

Evaporation temperature, °C
Residence time, s
Global heat transfer coefficient, WK

Droplet velocity, m 3§
Recirculation pump power, W
Solution pump power, W

Adiabatic equilibrium ammonia mass fraction, outlet of absorber

Diabatic equilibrium ammonia mass fraction, outlet of absorber

Xegamex Maximum diabatic equilibrium ammonia mass fraction, outlet of absorber

Xs Ammonia mass fraction, outlet of absorber
Xs Ammonia mass fraction, outlet of generator
X100 Ammonia mass fraction, inlet of absorber
AT Mean logarithmic temperature difference, °C
N Pump hydraulic efficiency

nm  Electro-mechanical pump motor efficiency
T Non-dimensional time

Subscripts

a Absorber

ahx  Absorber heat exchanger (subcooler)

ad Adiabatic

bo Boiling

c Condenser

col Vapour cooling
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d Diabatic (non-adiabatic)
e Evaporator

eq Equilibrium conditions

g Generator

i Inlet

r Refrigerant
re Recirculation
S Solution

shx  Solution heat exchanger
sub  Subcooling
sup  Superheating

tp Two-phase

1. Introduction

The absorber is currently the largest size element of absorption single-effect
machines due to transferring heat and mass at the same time [1]. The most common
type of this element is a falling film configuration, either along horizontal or vertical
tubes in a shell-and-tube arrangement. The main problem for these configurations is the
bad liquid distribution/surface wetting [2], hence lossing efficiency in the absorption
process. A similar process is performed in spray and plate heat exchanger (PHE)
absorbers, as they rely on falling film diabatic absorption. Other types of absorbers are
bubble absorbers and spray adiabatic absorbers [3].

The adiabatic absorber separates the processes of heat and mass transfer. The heat
evacuation occurs in an external conventional single-phase heat exchanger, which

allows reducing its size and cost, as it can be a commercial model. Moreover, if the heat
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exchanger is a plate-type one, the heat transfer area needed is around 30 % of the area of
an equal power shell-and-tube heat exchanger [4]. Therefore, the plate heat exchanger
technology with adiabatic absorber seems to be an enabling factor for reducing the size
of the absorber.

The cooling happens before the poor in refrigerant (herewith ammonia) solution
flow enters the adiabatic absorber, where an adiabatic mass transfer process takes place
[5]. Usually mass transfer limits the absorption rate [6], being the liquid molecular
diffusion the factor that controls the absorption process. In order to reduce the
penetration length of the absorbed vapour into the liquid, the solution is sprayed. When
the drops start absorbing vapour their temperature rises, slowing absorption rate. If the
absorber is long enough, the adiabatic equilibrium is reached at the outlet of the
absorberbecause of a large residence time. However, as lber@tion heat is not
evacuated the usual diabatic (non-adiabatic) equilibrium cannot be reached inside this
single pass absorber [1]; instead the equilibrium is at a higher temperature, thus with
less refrigerant absorbed. For this reason, there is need of an external recirculation and
subcooling of poor solution, so that a continuous multiple pass configuration results.

Different authors, e.g. [7, 8, 9 and 10], have studied the adiabatic absorption process
theoretically. Few authors [6, 11] carried out experimental studies. The results on these
works support its potential.

H,O-LiBr and NH-H,O are the best-known working pairs for single-effect
absorption cycles [12]. #-LiBr is commonly employed for air-conditioning purposes
due to its overall favourable performance. For industrial refrigerations-H¢B
solution is the most common working fluid. MHINO3 is a promising alternative that
has been studied by [13, 14 and 15], among others. Single-effect absorption using this

solution offers slightly higher coefficients of performanc€OP) and a lower
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investment cost and size than NH,O, as it does not require a rectification tower, e.g.
[15] and [16]. Lower driving temperatures for similar cooling purposes were reported in
[16]. Theoretical studies about adiabatic absorption using this solution have been
carried out in the last years [9] and [10].

There are still no rules on the suitable ratio of recirculation mass flow to solution
mass flow ratesrf) in adiabatic absorbers. This work aims at showing the influence of
rr on the absorption efficiency itself and also on the performance of a single-effect
based absorption cycle, using the promisingsNMO3 solution. Comparison with two
diabatic absorbers with saturated solution at their outlet is offered as a reference and

discussed in terms of efficiency, size and electricity consumption.

2. Description of the single-effect absorption with adiabatic and diabatic absorbers

Fig. 1 shows the cycle layout of an absorption cycle with the adiabatic absorber. The
rich in refrigerant solution exits the absorber and is divided into two flows, the

recirculated flow (i, ) returning to the absorber and the flow that goes to the generator

(). my is pumped (point 6 in the cycle) through the solution heat exchanger and

preheated by the poor solution that comes from the generator. The rich solution enters
the generator (7) where ammonia vapour is desorbed and removed from the solution.
Poor solution returns to the absorber through the solution heat exchanger (8-9) and
lowers its pressure through the solution expansion valve (9). Downstream the valve, the
poor solution mixes with the recirculated flow and is cooled through the absorber heat
exchanger (subcooler). Finally, this flow is sprayed through injectors into the absorber
plenum by the remaining overpressure. This facilitates the incorporation of ammonia

vapour into the liquid solution. Ammonia liquid is produced in the condenser (1-2) at
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condenser pressurB and is expanded (2-3). At low pressupg) @mmonia enters the
evaporator and produces cold. The resulting ammonia vapour (4) enters the adiabatic
absorber where it is absorbed by the solution spray.

Fig. 2 shows the same scheme of the absorption cycle but now with the diabatic
absorber either single pass (no recirculation) or witkcirculation. Now inside the
diabatic absorber the heat and mass transfer occurs simultaneously. This cycle will
serve to evaluate the differences with the adiabatic absorber. The differences in
thermodynamic state would vanish if both cycles reach diabatic equilibrium at the exit
of the absorber. This would happen with infinitely large absorption residence time (ideal
absorption, thus reaching saturation) and eventually with the cooperation of

recirculation.

3. Model

3.1. System of equations

The numerical model is based on the simultaneous resolution of mass and energy
steady state balance equations in all the components for either of both cycles.
Correlations of Infante Ferreira [17] are used for the solution thermodynamic properties.
Mechanical and chemical equilibrium are assumed at the exit of the components,
excepting the absorber, e.g. at generator outlet, saturation is imposed at condenser
pressureR,, (Xs, T;) = P, . Losses and irreversibilities are concentrated at discrete points.
The model is explained in detail in [18]. Only the fundamental issues that are related to

absorption processesll be presented here.

For both cycles, solution and refrigerant mass balances in the generator are:

Mg = Mg + 1My (1)



10
11

12

13

14

15
16

17

18

19

20

21

22

23

24

25

Mg X5 = MgX g+ 1M} 2)

The recirculation and refrigerant mass balance for the adiabatic absorption cycle are:
My = Mg+ Mg I 3)
My X1 = MgX g+ Mglir [X . (4)

The recirculation ratior() defines the mass flow recirculated towards the absorber

over the mass flow that goes to the generator, while circulation @diadfers to

solution mass flow pumped over the refrigerant flow:

rr:&; cr::% (5)
Mg m

3.2. Absorption figures of merit

The approach factor to adiabatic equilibritiy is the ratio of the change in mass
concentration achieved at the outlet of the adiabatic absorber spray plenum over the
change in corentration reaching adiabatic equilibrium:

X5 B XlO

Foy =

(6)
eq.ad
In order to illustrate the values of this figure oénh and to shed some light on its
dependence on the operative parameters some distukdlows. The collision
probability of the spray under conditions practiaalabsorption is very small, so that
independent droplet absorption is currently accemed, [9], [19] and [23].

Fag, in other words the effiency of the mass absorption process in respect to the
adiabatic equilibrium state, mainly depends on the diameter of the drdpleits(
velocity (V) and the length of its flight inside the absorption plenum chanhpevtiich

determines the residence timg Besides that, it depends on the diffusion coefficient of
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ammonia in the solutiorD)), properties of the liquid and vapour phase, its turbulence
intensity and Reynolds number in the liquid droplet, which determines the fluid motion
inside the droplet. The droplet forming process and the external viscous flow shear
causes it. This motion enhances absorption. If this phenomenon is neglected jointly with
the external convection, a lower absorption rate results. Under this circumstance, a
simple estimation ofF .4 is obtained if homogeneous temperature is assumed inside a
spherical droplet, which requires that the liquid Lewis nunieer> 1, which is the
case. The resulting equation fegg (Newman [19]) shows a growing value when the

characteristic non-dimensional residence tinf@ mass transfer Fourier number) grows,

so that fort > 0.183= Fo4 > 0.9:

6 = exp(—T[Zi 2T) oD @)

Fy=1-— ;
R = & (d/2)°

Estimation oft is not straightforward owing to the varied trajectories the droplets
will follow inside the plenum and the decelerating effect of the ammonia vapour. An
even lower bound foF,q is obtained if a constant velocity rectilinear trajectory is
assumed, so that=I/v. For order of magnitude estimation, taking 0.2 m,v = 1 m/s
and d = 300 um vyields Fog = 0.63, which still is an interesting figure. The mere
inclusion d internal motion inside the droplet will lead Egq = 0.85,according to the
Kronig and Brink model [23], which is expressed imigr terms as eq. (7). This
indicates that including theest of neglected phenomena and the residual absorption of
the liquid film on the wallsaccording to theory a value fétg near unity would result
in practice for this case. A selection of supporting studies on the topic is [19] to [23],
indicating that even higher values are possible wtinenremaining parameters are
considered. Both, experimental and numerical studfesxothermic adiabatic droplet

absorption have been expressed in similar termseabléivman equation, [6] and [11]
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but using just the first ones of the series. Results of a numerical model fo film
absorption [24] has showed that film absorption footlhe same time evolution
functional form than Newman model predicted for drtple

Experimental results, offered below, corroborate the above consideratiosg As
depends on complex thermo-fluid process of spray absorption, here it will be used as
input variable not precising how it will be achieved, but being suat values near
unity are achievable.

The adiabatic equilibrium mass concentrati¥g,.q is calculated at the constant
pressure of the absorb® and at the higher adiabatic equilibrium temperaiiggq,

which comes from the following equation:
Peq(xeq,ad 1Teq,ad) = Pe (8)

The energy balance in the absorber for the case of reaching the adiabatic equilibrium

is:
%[ﬂho+mm[ﬂ]4:(m8+mm)hmad 9)
heq,ad = heq(xeq,ad vTeq,ad) (10)

The corresponding refrigerant mass balance in the absorber is:
1My X+ 1M} gq = Mg+ 11} ) Xeg g (11)
The approach factor to diabatic equilibrikmis used to compare the performance
of the adiabatic absorber with what can be achieveahiequivalent diabatic absorber
reaching saturation, thus ideal. This parameter is defined as the ratio of the ichange
refrigerant mass cwentration achieved at the exit of the adiabatic absorber over the
change in concentration reaching the diabatic equilibrium at the same pressure:

X5 B Xs
xeq,d - Xs,d

Fg = (12)

1C
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The concentration at the outlet of the absorber that reaches saturation the diabatic
equilibrium (in this sense ideale. involving the maximunmX reachable with a finite
value of UA) Xgqq Is calculated modelling, the same way as before, an absorber in
which the mass and heat transfer proceed inside the absorber, as shown in Fig. 2. This
simulation is carried out with the same inlet parameters as the adiabatic absorber cycle,
Table 1. This simulation was performed with a same finite value of heat conductance
(UAy) as the adiabatic absorbéiAyny), thus it is called “equivalent”. For this purpose,

the mean logarithmic temperature difference at the diabatic absorber is defined as usual:

(Ta0~Teo) ~(Ts ~Tai)

It is worth to note that diabatic equilibrium with finite heat conductance can be

ATIm, = (13)

approached in practice with a high enough recirculation Reeirculation, indicated in
Fig. 2, is ommon in large size absorption machines.

Still another reference is useful, again considesaguration at the exit of the
diabatic absorber, but at the external circuit itd@tperature, what is common in cycle
calculations [1], representing the maximum possiblee Tapproach factor to the
maximum ammonia mass fracti®ign.x considers reaching this diabatic equilibrium, as
the reference. Therefore, it corresponds to the same eq. (12), but now using a
conductanceUA, of infinite value, ad infinite value for the external flow rate. As
above indicated the temperature of equilibrium now coincides with the external inlet
temperature to the absem(T,;), usually named recooling inlet temperature:

Eo= Xs__)>(<8 (14)

eq, dmax 8,dmax

11
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Fq4max cOMparesoth diabatic absorbers considered, the equivalent one, and the one
that reaches the maximum diabatic absorption attket) so reaching the external
circuit inlet temperature. Thus it is the ratioFafux to Fq for the same fixed operating
conditions, shown in Table 1.

SR, =

d,dmax
X

X
X

(15)

eq,dmax - 8,dmax

3.3. Cycle efficiency
The new mass concentrati®g, nmx comes from an equilibrium condition:

P (X

eq

eq,dmax'Ta,i) = Re (16)

The coefficient of performance of the cycles is defined as follows:
cop=2% (17)
9

The following equations allow calculating the electrical power consumptions of the

solution pump and the recirculation pump:

_ Mg (Pc B Pe)
g=———= 18
. pS r]m m~|h ( )
. i I:)n' - I:)e
Vil :&u (19)
’ Ps  Nm Dnh

3.4. Working conditions

Table 1 summarizes the input parameters to the cycle that areckegpant. All the
characteristics of the external flows are input constants: inlet temperatures and mass
flow rates as well as the characteristics of the heat exchangers, i.e., the global heat
transfer coefficientd) for each type of flow region (single or two-phase) and the total
transfer areas, are input constants. As can be seen in Table 1, different valli@sefor

taken for each phase region inside each heat exchanger and the corresponding area is

12
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part of the system of equations solution, excepting the two alternative absorber heat
exchangers as they embrace a single region. Moreover, according to [18] energy and
mass balances at the saturation condition determine the surface area for each region
until phase change is complete. Downstream or upstream this boundary, surface area is
determined by the corresponding subcooling or superheating conditions and the total
prescribed heat transfer surface. This way the resulting equivdld¢at the whole
exchanger allows matching the prescritibland the resulting total aréathrough the

system of equations. However, to compare the performance of the adiabatic cycle with
the diabatic one, the overall conductance of the absorber in the diabatic case was
calculated with the same value as the adiabatic 0Ag.( = UA,). Therefore, the input
variable for calculating both the diabatic absorber cycle performanc&maand not

U, andA, separately.

The model equations were numerically solved by means of the softwafe [PE]S

4. Results and discussion

Figure 3 shows the variation GOP with recirculation ratiar for different values
of Fag (considered as an input everywhere) and a representative but moderate hot
driving water temperaturg;; = 85 °C. One can observe that witggis increased the
CORP rises for everyr because of the improvement on the ammonia absorption. The
lower theF,4 the higher are the differences between the curves. For each curvarwhen
increases, the value GOP rises, again as a result of the increased ammonia absorption.
For values ofrr lower than about 4, for the case lef; = 1, the COP rises rapidly,
meanwhile for higher values the curves switch to a smaller slope. The switching point

rises slightly for loweF 4.

13
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The variation of the cooling capacity, with the recirculation ratior for different

values ofFy, againfor Tg; = 85 °C, is shown in Figure /Qe rises wherF,q andrr

increase, similarly as commented for tb@&P curves, but with a higher sensitivity, as

now more refrigerant absorption means a twofold improvement, @@Rand more

mass. FolFy = 1 Q, rises rapidly up tar = 5 meanwhile for higher values of Q

rises at a lower pace, but the change in slope is not such apparent as in Figure 3. When

Fag decreases the value for which the curves change in slope slightly decreases, in

contrast with the case of ti#OP curves.Q_ seems to continue rising significantly up

torr = 10.

Figure 5 shows the variation of the approach factor to diabatic equililrjuamd
the approach factor to maximum ammonia mass fraction diabatic equililbijwm
with recirculation ratiorr, for different approach factors to adiabatic equilibriEg,
again forTy; = 85 °C. BothFy andFamax rise with the increase df.y, being the rise
higher for the curves d¥s. The maximum values are reached for the best possible value
Fag = 1 (adiabatic equilibrium). They were computed uprte 10 yieldingF4 = 0.8 and
Famax = 0.64. These values indicate that the adiabatic absorption efficiency is far from
unity, the respective maxima possible, and that not much difference exists b&tween
andFgnax, respectively the diabatic saturated absorbers with equivdfeaind the one
with UA, = 0. As already commented fa@_, the values where the curves switch their
slope slightly decrease for lowar

Figure 6 shows the variation of the coefficient of performa@®® with driving
inlet temperaturely; for different recirculation ratiosr and the best value possible:
Fag =1 (adiabatic equilibrium) for the adiabatic and as a reference, the equivalent

saturated diabatic absorption cycles. T@P curves rise whenr increases for all the

14
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Tgi simulated. The differences between curves are slight fer4, 6 and 8, meanwhile

for rr = 0 (single pass) the curve tendency is different from the others and the values are
noticeably lower. The differences between curves decrease slightly with incrégsing

The recirculation ratio that almost reaches the maxir@@R is rr = 4. The maximum

COP found for the highest recirculation ratio useds 8, is close to the diabat@OP,

being 0.66 for the adiabatic absorber and 0.67 for the diabatic one, which represents less
than 2 % loss. It is worth to mention that these differences are lower with higher driving

temperatures, as a result of the higher driving force for absorption. Figure 7 shows the

variation of cooling capacityQ, with driving inlet temperaturelg; for different

recirculation ratiogr and agairFa = 1. This figure also showg_ for the cycle with

equivalent diabatic absorber. The curves rise almost linearly with the incredge of
Thus indicating that neither evaporator overflow nor condenser insufficient
condensation appears, according to [18]. The figure depicts a higher cooling capacity
Q,for a higherr,decreasing the differences between curves for the highest values of
In contrast with theCOP curves the differences between curves herewith enlarge with
the increase of;, as well as the differences betweerr 4 andrr = 8 are largerQ,
for rr = 6 is almost the maximum, so the increaserrofaboverr = 6 does not
substantially improve the cooling capacity. The differences between the maximum
recirculation ratio consideredr = 8, and the diabatic cycle grow willy;, but the
proportion diminishes, being the adiabatic cooling power 20 % lowky; & 90 °C and
a mere 15 % lower dfy; = 110 °C.

Table 2 shows the values of the enthalpy, temperature and concentrations at the inlet
and outlet of the absorber for the cases of the adiabatic absorber withandrr = 6,

for Faq = 1 and the equivalent diabatic absorber cyclé@§pr 85 °C.

15
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Figure 8 shows the variation &% and Famax With Tg;, for different recirculation
ratiosrr and as befores,g = 1. All the curves grow with the increaseTgf, rapidly for
low driving temperatures and slower for higher one’s. This rise is greatgy floan for
Famax, €specially for highir values, indicating that highy; is especially in favour of the
adiabatic absorber approaching the equivalent diabatic absorber performance. As the
curves show, the values for = 6 andrr = 8 are very close together for all tfg;
simulated, suggesting that an increase above 8 does not much improve the performance
of the adiabatic absorber. The range of value&qofor rr = 8 from Tg; = 85 °C to
122 °C, whereas the machine will likely operate, is from 0.74 to 0.88, meanwhile the
range of values dfgmx is from 0.62 to 0.65. This difference increases with an increase
in Tyi, as Figre 8 shows, as a consequence of higher heat power evacuated through
UA.. Figure 8 shows too the above defined paramfeigrx. The results indicate that
with conventional diabatic absorbers, a loss in giisor efficiency has to be accepted
owing to finite heat conductance, similarly to whaisbeen described for adiabatic
absorbers.

The variaton of Fgq with driving inlet temperaturdy; for different absorber heat
exchanger conductance#\sn, is shown in Figure 9. AgaiR, = 1 has been chosen to
isolate the effect of heat transfer conductance and solution thermodynamics from mass
transfer conductance. The increaséJéf improvesFq, but the improvement is more
important for the smallest values bfA4x considered. This growth approaches the
performance of the adiabatic absorber to the diabatic equivalent one.

The increase dAqn« in the adiabatic absorption cycle does not mean that this heat
exchanger is larger than the diabatic absorber. As explained in the introduction, the
falling film configuration is the most common for diabatic absorbers and they use to

rely on a shell-and-tube type heat exchanger. In [4] it is commented that the heat

16
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transfer area for an equal power plate heat exchanger is 30 % of a shell-and-tube heat
exchanger. In addition to that, in [2] Jeong and Garimella comment that the wetted
surface in a falling film absorber can be around 50 % of the total available. This means
that the heat transfer area, for the same conductance, with the diabatic shell-and-tube
absorber can be more than 6 times larger than with a plate type one. Nevertheless, to
compare both absorber types on a fair basis it is necessary to consider also the adiabatic
absorber plenum size. The plenum height of a spray absorber needed t6.4ea0lt8

with LINO3-NH3; as working fluid is around 205 mm. This has been found
experimentally, [26], for a solution mass flow rate ranging between 0.041-0.083 kg/s,
relying on 7 commercial swirl pressure injectors of the fog type, nominally producing

an average droplet diameterdf 310um. This means that the adiabatic absorber does

not eliminate the size advantage so far, neither signifies a substantial cost overrun. The
consequence is that the total area and volume saved with the adiabatic absorber can be
quite significant.

The recirculation pump powe,ii/p . » Is obtained using eq. (17) and the experimental
data available in [26], beir@y-Pa = 1.5¢10° Pa. The results awp = 231 W forrr =

8 and the solution pump povv'a!{rpS =216 W, eq. (16), both for a nominal capacy=

4 kW atTgy; = 85 °C.

5. Conclusions

Detailed models for a single-effect absorption cycle with an adiabatic absorber and

both a diabatic saturated equivalent and an ideal absorber have been implemented using
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the NH-LINO3 solution. The following conclusions can be drawn from the present

- Saturation at the external recooling temperature is not reached neither
with adiabatic nor diabatic absorber with finite absorber heat conductance, even
in the case of equilibriuncomplete absorption (saturation), affecting both the

COP and the cooling capacitQ, .

- The recirculation loop is necessary in adiabatic absorbers for the cycle to
operate with a reasonable performance.

- For operating conditions leading to a reasonably high val@O#%, this
parameter is less sensitive to recirculation ratitnan the cooling capacit®, .

- The recirculation ratio to almost reach the maximum performance for
adiabatic absorbers could be found to be betwee andr = 6.

- For the same heat conductahég&, the adiabatic absorber offers almost
the sameCOP figures as a complete absorption diabatic absorber, but with 15-20
% lower cooling capacity, at the maximum recirculation explorex8.

- The size of the absorber subcooler in the adiabatic arrangement could be
down to 6 times smaller than with the diabatic arrangement and the plenum size
is not excessive. The price to pay is an extra pump, being its electricity
consumption almost the same than the solution pump.

- An increase of the subcooler heat conductdndgy, for the adiabatic
absorber, improves the performance of the cycle, but at the expense of a minor

size reduction.
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Figure 1. Layout of the single-effect absorption cycle with the adiabatic absorber.

Figure 2. Layout of the single-effect absorption cycle with a diabatic absorber, showing

the optional recirculation circuit.

Figure 3. Coefficient of performand@OP versus recirculation ratior for different
approach to equilibrium factorBs = {0.5, 0.6, 0.7, 0.8, 0.9, 1.0} anig,; = 85 °C, for
the adiabatic absorber.

Figure 4. Cooling capacityy, versus recirculation ratior for different approach to

equilibrium factorsFa4 = {0.5, 0.6, 0.7, 0.8, 0.9, 1.0} arid,; = 85 °C, for the adiabatic
absorber.Figure 5 Equivalent approach factor to diabatic equilidfiuend approach
factor to maximum ammonia mass fraction diabatic equilibritgex Vversus
recirculation ratiorr for different approach factors to adiabatic equilibribig = {0.5,
0.6, 0.7, 0.8, 0.9, 1.0} anf}; = 85 °C for the adiabatic absorber.

Figure 6. Coefficient of performanc80OP versus driving inlet temperaturg,; for
different recirculation ratiostr = {0, 2, 4, 6, 8}, usingF,q = 1 for the adiabatic

absorber. Th€OP of the equivalent diabatic absorber is depicted as a reference.
Figure 7. Cooling capacityQ, versus driving inlet temperatur,; for different

recirculation ratiosyr = {0, 2, 4, 6, 8} andF,y = 1 for the adiabatic absorber. The
cooling capacity of the equivalent diabatic absorber is depicted as a reference.
Figure 8. Approach factor to diabatic equilibridip and approach factor to maximum
ammonia mass fraction diabatic equilibritffinex Versus driving inlet temperatufig;
for different recirculation ratiosfr = {0, 2, 4, 6, 8} andFy = 1, for the adiabatic

absorberFqdmax Versus driving inlet temperatufg;.
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Figure 9. Diabatic approach to equilibrium fadtrversus driving inlet temperatufg;

for different absorber heat exchanger conductandég, = {2,250; 3,000; 3,750;
4,500; 5,250}W rif K, Faq = 1 andr = 8, for the adiabatic absorber.

Table 1. Constant input variables for the simulation.

Table 2. Enthalpy, temperature and concentrations at the inlet and outlet of the absorber

for Ty = 85 °C andraqg = 1.
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Figure 3. Coefficient of performandgOP versus recirculation ratior for different
approach to equilibrium factorbe = {0.5, 0.6, 0.7, 0.8, 0.9, 1.0} arig; = 85 °C, for

the adiabatic absorber.
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Figure 4. Cooling capacityy versus recirculation ratier for different approach to

equilibrium factorsFaq = {0.5, 0.6, 0.7, 0.8, 0.9, 1.0} arid,; = 85 °C, for the adiabatic

absorber.
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Figure 5. Equivalent approach factor to diabatic equilibfigrand approach factor to
maximum ammonia mass fraction diabatic equilibriggx versus recirculation ratio
rr for different approach factors to adiabatic equilibrigga= {0.5, 0.6, 0.7, 0.8, 0.9,

1.0} andTy; = 85 °C for the adiabatic absorber.
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Figure 6. Coefficient of performanc80P versus driving inlet temperaturgy; for
different recirculation ratiostr = {0, 2, 4, 6, 8}, usingF, = 1 for the adiabatic

absorber. Th€OP of the equivalent diabatic absorber is depicted as a reference.
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Figure 7. Cooling capacityQ, versus driving inlet temperatur&,,; for different

recirculation ratiosyr = {0, 2, 4, 6, 8} andF,y = 1 for the adiabatic absorber. The

cooling capacity of the equivalent diabatic absorber is depicted as a reference.
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Figure 9. Diabatic approach to equilibrium fadtrversus driving inlet temperatufg;
for different absorber heat exchanger conductandégy, = {2,250; 3,000; 3,750;

4,500; 5,250}W rif K, F.g = 1 andrr = 8, for the adiabatic absorber.
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3

Input Variable Value Input Variable Value
Nho 0.5 A 1.8 nf
Nirb 0.5 A 1.0 nf
m, 0.35kg & A 0.9 nf
m, 0.35kg & Ag, 0.7 nf
m, 0.4 kg & UA, 2.2510° WK™
My 0.15kg § U col 200 W K™
My 0.05 kg & Uctp 1.810° W m*K™*
T, 30°C Uc s 1.0010° W m?K*
T, 30°C Uetp 2.510° W m*K™*
To, 8°C Ueap 200 W m?K*
T, 39°C Ugbo =Usmpo  2.000° W m?K™
T, 0°C Ug =Ugy  1.510° W m?*K*

Table 1. Constant input variables for the simulation.
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N

Adiabatic Adiabatic Equivalent

Variable absorberrr=0 absorberrr=6 diabatic absorber
hs (kJ kg") 104.8 90.1 81.97
hyo (kJ kg") 76.5 79.8 97.59
T; (°C) 39.05 34.75 31.9
T, (°C) 30.01 31.46 37.22
X 0.4897 0.5129 0.5276
Xg 0.4793 0.4866 0.4913
X10 0.4793 0.5093 0.4913
AX = X5 = Xg 0.0104 0.0263 0.0363

Table 2. Enthalpy, temperature and concentrations at the inlet and outlet of the absorber

for Ty = 85 °C andraqg = 1.
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