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Abstract: An absorption refrigeration system with the simeffect of par ammonia water with 1.758 kW (1 / 3 RT
cooling capacity was designed. The system was tipgrander conditions of°& evaporation and 45 °C condensation
temperature. The absorption system has a heat egendo improve performance.

The heat source is the cylinder parabolic solar @amrator (CPC). The design of the concentrator wagmated
based on experimental data of the pilot plant builthe Solar Energy Laboratory, Federal UniversiiyRio Grande
do Norte (SLE / UFRN). The thermodynamic model héht and mass transfer was made to the projectsacé heat
exchange (absorber) and consequent constructiaheokystem. The rectifying column was modelingrasgy that
liquid is in equilibrium with the vapor state inlgllate. The results should show the dimensionth@fcompact and
allows a future assessment of the operational cost.
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1- INTRODUCTION

Solar energy is a clean energy alternative thatreplace conventional systems. The increase inrilgy demand
mainly applied in the refrigeration sector encoesaghe development of equipment that could reptaceventional
systems. The absorption system does not consumecs energy as the cycles of vapor compressioigeg#ition, due
instead of the compressor, using the set: pummrhbs and generator. The heat source most useehataor is the
hot gases of combustion obtained by the burn of fasy To reduce fuel consumption, projected to @hsorption
system utilizing solar energy as a supplier of hesihg a solar concentrator that heats water, whas through a
pipe passing through the mirror concentrator asdrpentine heat exchange with the system.

The determination of the areas of heat exchangedamas by the global coefficient of heat transfdoriEles et al
(2003) presents a design of an absorption refrigeraystem where the absorber are vertical. M€B688) modeled
an absorption refrigeration system using correfetiBlorides et al (2003). In this paper, the absoibhorizontal shell
and tube heat exchangers. Siddiqui (1995) designdmbat exchanger in a horizontal position. Theiretations
determine the coefficients of heat transfer by eation to the inside and outside tubes, which hsigaificant
influence at the overall coefficient of heat traasf

A model was developed using the software EES (Emging Equation Solver) for the simulation of preses and
obtain the areas of heat exchange, therefore thdbauof tubes. This model determine the heat flusaeh component
of the system by the laws of thermodynamics and theasfer and mass and estimate the coefficiepedbrmance of
the absorption system.

The objective of the paper is to design a comphsbmption refrigeration system operating with sakdiation.
The model evaluated the effect of temperature enrefficiency of the absorber of the collector. ®ystem must be
compact and can promote the refrigeration in rerfumtations.

The characteristic of system are: The temperatdr¢h® condenser and evaporator are 45 ° C and 5 ° C
respectively. The pump is isoentropic. The efficienf Heat transfer is 75.0%. The temperature efrttixture leaves
the absorber is 35 ° C. The strong and wake solwtancentration are 54.33% and 44.59% respectiVéig. pressure
of condenser and evaporator are 1786 and 516.9TkiReaoutput of condenser is subcolled in 5° C.

The configuration of absorption cooling systemshwiite equipment is show by (Stoecker and Jone®)1&8he
Fig. 1.
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Figure.1l — Schematic diagram of simple absorptiatesn
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2- THERMAL DESIGN

The mass and energy balance were made in theamdubutput flow of each component for the designsiystem.

2.1- Paraboloidal Cylindrical Collectors

The type of solar collector is the elliptical panéib concentrator. The design of solar collectorsvestimate
through parameters collected at the prototypeddstéhe laboratory of Solar Energy Laboratory UERNMe collector
operate with steam to supply the generator. Thigmegius was built in fiberglass. The surface ofdbecentrator of
2.24 m2 was covered by layers of mirror of 0.02 idew The steam was produced in the absorber certdfist copper
pipe of 0.028 m in diameter. The prototype hasatomatic tracking of apparent motion of the suoyjging more
convenience to the user of solar concentrator @as$ @an inexpensive electronic circuit that drivesaor through
photo-sensor and timer. The schematic of the pypéosolar collector in the figure below.

Figure 1. Elliptical parabolic concentrator of taboratory of Solar Energy Laboratory UFRN

Duffie (1991) presents an energy balance in tharsmlllector. The collector receives direct so&iation that part

is lost to the environment and partly by opticades and the remainder reaches the absorber ablieetor. The
useful power (B) and lost power (f} are defined by:
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The losses of the collector are convective andatav@ and because of this depends on the temperafttine
absorber of the collector. According to Souza F{{P@08), the greatest loss power of collectoo$sIconvective,
represented about 75% of loss power. The energyndaon the collector is shown in the figure 2.
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Figure 2. Energy flow of the cylinder-parabolic centrator.

Where:
Id - instantaneous direct solar radiation colledtgdhe traps (W/R)
Pabs- The maximum power that reaches the absorber(ithe
Peonv - Power lost by convection (W)
P.ad - power lost by radiation to the environment (W)
A, = (Ac - As) - Area of the concentrator Ym
A. - Total area of the catchment surfacé)(m
A, - area shaded by the absorber tub® (m
A, - absorber area illuminated by the reflected tiatig(n)

Due the losses are the efficiencies optical, theemd useful, can be defined by:

Useful efficiency of collector
_R_
Ny == %1 (3)
Ip
Optical efficiency of collector

P
No = Ia_bs 4)
D

Thermal efficiency of collector

Py )5

Pabs

7y =

To diagnose the efficiency of the proposed conetotrwere made many tests, (Souza Filho, 2008). The
Measurements were collect from 8 to 15 pm each hadrcalculated the daily average values. There aeailable
the efficiencies of solar concentrator. A relatioipsbetween the daily average efficiency of thdemtbr and useful
temperature of the absorber can be seen in theefigju
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Figure 3. Effect of temperature of absorber atexitir's efficiency

There was assumed a value of surface temperatuhe abllector’'s absorber that 110 ° C which cqroggls to an
useful efficiency of 50%.

2.2. Absorber

At absorber, the ammonia vapor from the evaporistanixed with a solution of ammonia and water wliblv
concentration of ammonia. Due to its chemical #ffirthe solution absorbs the vapor, increasingdtscentration.

The amount of vapor entering the absorber is theesas leaving the evaporator, and to be absorbehebyquid
solution, it increases their concentration (sohitiorhe solution entering the absorber from theegator is called a
weak solution or weak solution. To absorb the anim@apor from the evaporator, a solution becomgs, or strong
solution. The absorption of vapor by the liquidwmn is an exothermic reaction and heat generatstls to be
removed from the solution, so that this does nathédts equilibrium temperature (condition in whitlwould cease the
effect of absorption). This is usually done by @aglair circulating around fins, or by passing wateough coils in
heat exchangers (Garimella, 2007). In this workahsorber is cooled by water entering and exiting0aoC to 37.29
oC. For this reason, the absorbers are usuall\ygdediwith the methods and correlations used inddségn of heat
exchangers. In the figure is the representatidhe@heat exchanger-absorber.
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Figure 4. Schema of tube and shell heat exchanger

The shell-side heat transfer coefficient in thefledfshell and tube type heat exchanger is caledlaising the
following relations that account for the varioustfas involved due to the baffle and tube configores in the
exchanger shell (Siddiqui 1997):

hs = hJ.J.%.J (6)
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where: h is the shell-side heat transfer coefficient forideal tube bank, Jis the correction factor for baffle
configuration effect, |Jis the correction factors, for baffle-leakage effe J is the correction factors for bundle-by-
passing effects and i3 the correction factors for adverse temperaguaglient at intermediate Reynolds number. More
information about the fators can be find in paggiSaddiqui 1997).

The flow of cooling water inside the tubes in heathangers was obtained by a correlation coeffi@éthe film
in laminar flow, according to Incropera (1996).

Re, Pr\? o
NU = 186( D j H 7)
L/D Hsup

2.3. Generator/Retifier

Modeling the rectification column are studied esigaly. The rectification column is an equipment \ifal
importance in the recovery of energy for absorptifrigeration systems. To design the system wasldped modeled
a rectification column using the model by(Threlk&Ri70).
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Figure 5. (a) Schema of rectifying column, (b) Flofswapor and liquid in column

For produce an efficient separation of the binanyxtune aqua-ammonia é necessary use a rectifyitgnoo
between a generator and dephlegmator. The redify@tiumn has many capped plates or perforatedsplatee vapor
rise through the column and has some liquid coretéficom it, while liquid downward has some vapoamgerated
from it. The flow of liquid and vapor have a direcntact.

In each plate of column, the temperature of theov@pgreater than the temperature of the liqguidirhit case the
both temperature are equals. Due the agitatiothén generator, the temperature of vapor is the stmae the
temperature of the weak liquid. All liquid and vag®assumed saturated.

The balances of mass, concentration and energyl, jtate composed by section (a) and (b), are:

[mv-m.j :(mv-m.j (®)

a b

(rh\,.x\,—m .x,] :(rh\,.x\,—m .x,j 9)
a b

[mv n, —m by j = (rhv n,-mihy ] (10)
a b

Where: m is mass flow rate, x is mass solution concentnatinis specific enthalpy.
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3- RESULTSAND DISCUTION

With the development of models is possible obthita of each components. The data of heat traasfdrsorption
system with pairs water-ammonia in each componentepresented in table.

Table 4. Heat transfer of the both cooling systems.

Componentes Generator| Condenser  Evaporator n#diso | Heat Exchanger
Heat Transfer (kW
systems NkB-H,0 2.809 1.803 1.758 2.786 2.097

The temperature of weak solution output the geoeiiat98.22°C and the specific pump work is 1.578 kJ/kg. The
coefficient of performance of system is 0.6259.

The all components the generator consumes moreithsgstem. Using the rate heat transfer and thetémn (6)
and (7) was possible design the absorber. In thle teelow are the results of model.

Table 5. Characteristics of absorber

Outside diameter of tube 0.0114 m
Inside diameter of tube 0.009 m
Outside diameter of tube bundle 0.06725 m
Inside diameter of shell 0.08725 m
Number of tubes 20
Configuration of tube triangle 30
DTML 7.711°C
Outside coefficient of solution agua-ammonia 37.59 W/niK.
Inside coefficient of water 477.8 W/nK
Length of heat transfer 0.75m
Tube pinth 0.01425 m
Number of baffles 17

Mass flow rate of refrigeration water 0.09144 kg/s
Input mass flow rate of ammonia from evaporator 0.001631 kg/s
Input mass flow rate of weak solution from generat 0.008043kg/s
Output mass flow rate of strong solution 0.009674 kg/s

Using the equations (8), (9) e (10) was determiriage operation of rectifying column. The number pdéte
necessary to separate the solution is two. The hmfdeolumn was made in three control volume detagpin the

figure 5.
—\Vapor
VOT

—_—
; control volume (0)

VlT Lo #

Cooling
waoter

control volume (1)

Rectifying
column control volume (2)

control volume (3)

Strong
liquid

Weak liquid

Figure 5. (a) Design of rectifying column
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The solution concentration in vapor and liquid faees determinate, show them at figure 6.
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Figure 6. Behavior of solution’s concentration abicol volume

The ascending vapor, since the control volume d@jatd (0), develops a higher concentration duertbeease of
mass flow rate of vapor. Further the descendingidigolution, since the control volume (0) towa8], ( develops a
progressive weake concentration, due the reducfiomass flow rate liquid.

The rate of liquid recirculation (m'my,) is 0.2742. The heat transfer of bottom generat8:497 kW, the cooling
heat of dephlegmator is 0.6879 and the net hesferrof generator is the diference between of traasfer of bottom
generator minus the cooling heat of dephlegmagsuylting in 2.809 kW.

With the heat transfer of bottom generator anduefull efficiency of paraboloidal cylindrical cetitors that 50%,
the area of paraboloidal cylindrical collectorg 68 ni.

4- CONCLUSION

With data of efficiencies collected at prototypepafaboloidal cylindrical collectors and thedeling developed of
generator/retifier was possible design the areaatiectors. The usefull efficiency of collector fanction of his
surface’'temperature. The correlation of heat tremsfas used to design the absorber. This papebegrogressive
study to build a compact absorption system watemama by using solar radiation and evaluated tl& icwolved.
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