SIMULATION OF A SOLAR ABSORPTION COOLING SYSTEM
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This paper describes the dynamic modeling of a solar absorption cooling plant that will be built for both research and
demonstration purposes by the end of 2007. The synchronizing of cooling loads with solar radiation intensity is an
important advantage when utilizing solar energy in air conditioning in buildings. The first part of this work deals with
the dynamic modeling of an evacuated tube collector. A field of these collectors feed a single-effect absorption chiller
of 35 kW nominal cooling capacity. The simulation model has been done in a modular way under TRNSYS16. In a
second part, simulation and optimization of the system has been investigated in order to determine the effect of
several parameters (collector area, tank volume...) on chiller performance.
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Introduction

The possible use of solar energy as an alternative heat
input for a cooling system has led to several studies of
available cooling technologies that use solar energy and
was initiated by the technological developments in the
solar field [1]. The demand for cooling energy closely
matches the availability of solar energy, both in seasonal
and the daily variations. A state-of-art of solar
absorption cooling systems (SACs) have been proposed
[2-4]. An overview of recent development and many
projects is also given and control strategy of such plants
is approached. Much more investigation has to be done
in computer models field in order to improve
development of accurate forecast tools to predict SACs
performance.

Reunion Island is a French overseas department located
in the southern hemisphere characterized by a tropical
humid climate. In few years, conventional energy will
not be enough to meet the continuously increasing
demand of energy. Building remains at the present time
the most consuming sector in electricity. Under our

latitudes, the demand for electricity greatly increases
because of the extensive use of heating ventilation air
conditioning (HVAC) systems, which increase the peak
electric load during summer period (November to April).
Of share our insularity an orientation towards renewable
energies is actually is an attractive concept to obtain an
energy independence. This orientation was initiated
during 90’s, Fig. 1.

One of the many categories of solar cooling systems is the
solar absorption cooling. As no CFC are used, absorption
systems are friendlier to the environment. At present the
market of sorption refrigeration systems is dominated by
LiBr-H,0 systems [5]. Absorption air-conditioning systems
are similar to vapor compression air-conditioning systems,
but differ in the pressurization stages. In general an
absorbent in the low pressure side absorbs an evaporating
refrigerant (H,O). The most usual combinations of chemical
fluids used include lithium bromide-water (LiBr—H,0),
where water vapor is the refrigerant, and ammonia—water
(NH;-H,0) system where ammonia is the refrigerant [6].
The electric quantity of power consumed by the pump is
almost negligible. One needs nevertheless a contribution of
heat, Fig. 2.
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Fig. 1. Evolution of the energy production repartition in Reunion Island since 80’s
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Fig. 2. The basic principle of the absorption air-conditioning
system

Single effect absorption chillers require for their
operation a hot water temperature on the level of the
generator of 80 °C — 150 °C. Moreover, the temperature
of cooling water must lie between 7 °C and 43 °C [2].
The higher limit is founded in order to limit the
differences in pressure between the generator and the
absorber and the condenser and the evaporator. The
lower limit makes it possible to avoid the crystallization
of lithium bromide which is carried out at low
temperature [6].

The main focus of this study is concentrated on the
development of dynamic simulation of SACs that can be
used for installation design. The purpose of this article is
to study the effect of several parameters on the SACs
performance. The analysis and optimization is carried
out with the TRNSY'S 16 software.

Dynamic evacuated-tube collector (ETC) modeling

Solar collector represent the heart of SACs performance
and investments (~ 57%). Thus, an accurate forecast of
the solar collector field performance is particularly
judicious. This part of the paper deals with the
development of ETC dynamic modeling.

There are three types of solar collectors which can be
used within the framework of solar cooling: flat-plate,
parabolic and vacuum collectors, see Fig. 3. In the
present work, an ETC with selective absorber plate
surface is considered.
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Fig. 3. Comparison of ETC / Compound parabolic/ Flat-plate
performance for different solar cooling systems
(Desiccant /Adsorption/ Absorption)

Such collectors are highly efficient due to the fact that
the space between the glass and the absorber is
evacuated. The main advantage of ETC is the possibility
to obtain a good efficiency at high temperature. The
studied model consists of vacuum tubes mounted three
by three in series. The heat transfer fluid flows in a
copper U-tube which is welded to a narrow flat absorber.
Thus, the inlet and the outlet are situated at the same end
of the ETC, see Fig. 4.
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Fig. 4. Evacuated tube collector model
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Fig. 5. Thermal networks for the 3-node dynamic model

The literature contains numerous works on the modeling
of solar collectors. These models developed have
different levels of complexity. Usually, solar collectors
are described by stationary models, considering the
collector working under steady-state conditions. These
approaches are generally based on the work of Klein [7].
A number of simplifying assumptions have to be made
for the modeling. Most of these have been previously
described by Duffie [8]:

— material properties are not dependent on temperature;
— temperature gradients along the absorber length can be
neglected;

— temperature gradients inside the glass cover is assumed
to be negligible;

— dust and pollution over the collector can be neglected;
— perfect insulation at the edges of the collector is
assumed.

The model (Fig. 5) consists on three nodes corresponding
to the fluid, the absorber plate and the transparent glass

cover. It is considered that the temperature of the fluid is
a function of x. The fluid is moving in a single channel
with the velocity u, along x-axis.

Applying heat balances at different parts of the collector,
the temperature in the nodal points can be described by a
set of three differential equations:

Cgaitg:sg TS‘,‘W—T;)Jrhgfa(Ta—Tg)+ego(le‘_T;) ()
C, aai: =10G, +eg0(Tg4 —T;‘)+ h_, (Tf - Tp) )

or, or,
Cf[a_i-i-u?J_hf_p(Tp_Tf). 3)

The details of the model developed and elements of
validation associated have been previously described by
Praene [9]. A comparison between model forecast and
measurements is presented in Fig. 6. The simulation is
carried out at the minute time step. A new type has been
created under TRNSYS, in order to coupling with the
rest of the solar cooling system. We have chosen to
numerically solve this system using finite difference
approach. In this case, the collector is defined as single
fluid channel, which is divided into N segments.

The differential equation system is solved for each of
segments using a Total Variation Diminishing scheme
based on Lax Wen Droff Method. The final outlet
temperature obtain for segment (xi-1) is the initial or
inlet fluid temperature for segment xi. The final outlet
temperature is obtained by connecting the N segments of
the collector.

Outlet Temperature

Fig.

Minutes

6. Comparison between measurements and model prediction at minute time step

Me>xayHapoaHbIA Hay4HbIV XXypHan «AnbTepHaTUBHas SHepreTuka v akonorma» Ne 6 (62) 2008
© Hay4yHo-TexHu4eckum LeHTp «TATA», 2008

113



Solar energy

Thermal building simulation

A detailed building thermal simulation software is
employed for the modeling of the different studied zone.
This software called CODYRUN, developed in our
laboratory, is both regrouping a design and research
aspects. The description of this software has already
been covered in various publications [10-13]. The
CODYRUN program was translated under TRNSYS 16
environment in order to replace the TYPE 56 subroutine.
The main advantages are a good accuracy for short time
step (less than the hour) and several tests have been
carried out to validate the code for tropical humid
climates. One of the most important developments is the
dynamic link between cold production for absorption
and the building loads. Thanks to CODYRUN, as we
simulate at short time step (1/8 hour), thus it is possible
to observe the impact of variation of cooling rate on air
temperature inside the building.

The different studied zones are classroom of the Civil
Engineering Department of University of Reunion
Island. The first step of simulation is about evaluate air
temperature inside classroom under natural ventilation

during one year. An accurate climatic database is needed
for the study. The meteorological database from our
experimental setup was used. The department becomes
located close to sea level (50 meters high).

As shown at Fig. 7, the period from May to October
corresponding to our southern winter offering natural
comfort condition. A temperature lower than 25 °C is
fixed as thermal comfort condition inside classroom
relative humidity is also an important factor for comfort.
In reality, no direct control of humidity rate is possible
on absorption chiller. However, many researches were
carried out by the researchers in order to create
simplified tools of indication of comfort [14-15]. We
were thus based on the computation results of these
comfort index within the framework of our simulations
over the whole year, in order to determine the interesting
building load period to study. The starting point for the
definition of the levels of comfort is based on the value
recommended of PMV* (Predicted Mean Vote). That
involves values of -0.5 < PMV* < +0.5. Regarding our
work, only the positive part is considered. Fig. 8 presents
the PMV* evolution and confirms the same period of
natural comfort shown previously.

Air temperature in classroom (°C)
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Fig. 7. Yearly evolution of air temperature in classroom
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Fig. 8. Yearly evolution of PMV* in clasroom under natural ventilation condition
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The period from November to April is clearly identify as
cooling period. In a second time, CODYRUN ensured in
the evaluation of building loads during summer. January
was chosen as month of reference. Simulations were
carried out for the classroom using the following
assumptions:

— Inside air temperature of 25 °C.

— Relative humidity of 55 %.

Psens[TD2] (kW)

As presented on Fig. 9 the maximum classroom load is
9.5 kW. This peak occurs after midday that is due to the
inertia of the building and consequently restitution of
this heat. Thus, for all the classrooms of the Civil
Engineering Department a 35 kW absorption chiller is
necessary. Simula has been extended to the summer
period in order to determine a daily cooling rate for the
classroom. The maximum value is 1.2 kW-h/m?day
during January, see Fig. 10.
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Fig. 9. Sensible and latent power called by a classroom during January
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Fig. 10. Daily average cooling demand for a classroom

Absorption cooling system simulation

This section presents the principal results obtain under
TRNSYS for simulation of the global solar absorption
cooling system. This program consists of the use of
several “subroutines” which represents the components
of the system described by ordinary or algebraic

equations. The LiBr—water absorption air conditioner
employed is a single-effect unit, based on Arkla model
WF-36. Auxiliary heater is not used. Two new types
were added to the existing models under TRNSYS. It is
about the model of simulation of the building and the
model of vacuum collector. The useful surface area of
collector used during simulation is 60 m?. The storage of
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hot water uses Type 38. That corresponds to a vertical
roll of 800 L made up of copper insulated thematically
with polyurethane. A sequence of January is considered
in order to carry out our simulation, as shown on Fig. 11
and 12.

The average temperature in classroom is near 27 °C
during the day. The difference between inside and
outside air temperature is about 4 °C.

Absorption chiller works without additional contribution
of an auxiliary heat unit. As we can see on Fig. 12, the
60 m? of ETC is enough to meet the minimum inlet
temperature of 80 °C for the generator. If the inlet
temperature is too low, the water flows through a by pass
to the solar loop to be heat again.

35 :

A number of simulation are carried out in order to
evaluate the effect of wvarious parameters on the
performance of the system. All runs consider the
meteorological data of University during January. One of
the most important points from an economic point of
view of a solar cooling plant is the solar loop. The field
of solar collectors accounts for approximately 60 % of
the total investment (in particular if it is vacuum
collector). So it is important to dimension in a first place
the needs for the building then the total surface of the
field of solar collectors. Three points go in general to the
decision of the field of solar collectors:
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Fig. 12. Evolution of absorption chiller cooling rate and outlet temperature of hot water storage tank
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— Economic constraint: Budget dedicated to the project.
— Space constraint: surface available for the solar field.

— Weather constraint: average numbers of good days
during the hot period.

Also, it is important to quantify the influence of the
elements of the solar loop, of as much we are in the case
of an operation of solar cooling, without auxiliary
contribution.

Many tests have been investigated to evaluate the sensitivity
of the machine performance for different volume of storage
tank, see Fig. 13. For a volume superior than 2.5 m’, the
outlet temperature is lower than 80 °C, thus the cold
production will stop. Storage volume plays a dominating
part because it has a buffering effect to the abrupt weather
variations and makes possible to continue the hot water
supply of absorption chiller. The total solar collector area is
the most important point (performance and economy).
Several area of solar collectors have been tested (Fig. 14.)
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Fig. 13. Effect of tank size on hot water temperature for
generator

The effect of solar collector is evaluated against the
energy rate from absorption chiller. The cooling rate
from 60 m? to 40 m? is near. This production reaches to
low value for a solar area less than 20 m?. Thus, to have
continuous condition for cold production a collector area
of 60 m? is required.
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Fig. 14. Energy production from absorption chiller for
different solar collectors areas
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Fig. 15. Cooling rate for 60 and 20 m? of ETC surface area

As shown on Fig. 15, 20 m? of ETC create an
intermittent working. The cold production is not
available during the all day, furthermore the cooling rate
is lower than the second case. Same conditions has been
considered to evaluate the effect of solar collectors are
on air temperature inside the classroom.

Inside air temperature (Tres) is higher than outside
temperature (Tair ext), see Fig. 16. A solar collectors
surface area of 20 m? is clearly not enough to meet
comfort conditions in the building. This results shows
the dynamic link between cooling rate and inside air
temperature.
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Fig. 16. Impact of 20 m? collector on inside air temperature (Tres)
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Conclusion

The aim of this work is to present the development of a
dynamic model of a solar cooling plant. The system is
modeled with the TRNSYS program. For the
requirements in cooling for classrooms, an optimum of
the components consists of the use of 60 m? of vacuum
solar collectors associated a storage tank of 0.8 m’. We
also fixed the nominal capacity of the absorption chiller
with 33 kW. The final objective of this work was to set
up a simulation tool representing a solar cooling plant.
This environment will be used as basic support with the
simulation of various configurations. The developed
program can be used both for design and research
studies. These simulations have been used to
dimensioning an installation at University. The cooling
plant will be setup on November 2007, in order to be in
function in summer. This experiment will bring
important element of wvalidation on the different
components of the solar cooling plant simulation.

Nomenclature

Cr— fluid heat capacity (J/m>K)

C, — heat capacity of glass cover (J/m*K)

C, — heat capacity of absorber (J/m?-K)

G1 — global solar irradiance in the plane of the collector
(W/m?)

h¢., — heat transfer coefficient fluid — absorber (W/m*K)
he., — heat transfer coefficient glass — ambient (W/m*-K)
hg,, — heat transfer coefficient glass — sky (W/m?k)

T, — ambient temperature (°C)

T, — sky temperature (°C)

u — fluid velocity (m/s)

v — wind velocity (m/s)

Greek symbols
o — absorptivity coefficient
€ — emissivity
o — Stefan-Boltzmann constant (5.67-10° W-m2K™)

Subscripts
f— fluid
g —glass
p — absorber plate
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