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Abstract

Usually solar systems are modeled with programs, like TRNSYS, using a typical
meteorological year data and a constant consumption profile. This is the most practical
method as all systems modeled are simulated with the same weather conditions and the same
load demand profile, thus it is easier to compare systems of different configurations. In this
paper the effect of introducing uncertainty or noise in the weather data and load pattern is
examined. As it is proved the annual performance of the system is not very much different
compared to the normal non-noisy model whereas the daily and hourly performance shows
some considerable variations. It is believed that the present method gives more reliable
results to the long-term performance evaluation of the systems and should be followed once
the optimum system is obtained as it produces more reliable results. This is more important
in case where guaranteed solar results schemes are followed where possible mistakes could
result in significant financial penalties.
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1. INTRODUCTION

As part of the design process of a solar system, simulation tools are often employed both to
investigate the implication of a design change on the system and its long-term performance. The
simulation is usually performed by using typical meteorological year (TMY) data and a constant
hot water demand profile. Such applications can be seen in [1,2].

The proper sizing of the components of a solar system is a complex problem, which includes both
predictable (collector and other performance characteristics) and unpredictable (weather data)
components. For the modeling and simulation of the systems presented in this paper, the well-
known TRNSYS program is employed [3]. This program is considered as the most accurate for
modeling of solar systems.

2. SOLAR SYSTEM DESCRIPTION

In order to demonstrate uncertainty in modelling solar systems a large solar hot water system, is
employed. A schematic diagram of the system is shown in Fig. 1. The system consists of a
collector array, a storage tank, solar pump and auxiliary heater. A differential thermostat is used
which compares the temperature at the exit of the collectors and the storage tank and gives a signal
to switch on the pump. The collectors employed in this application are flat plate collectors. Their
characteristics are shown in Table 1.



EUROSUN 2008

1st International Congress on Heating, Cooling, and Buildings, 23T
7th to 10th October, Lisbon - Portugal ’

Table 1 Characteristics of the flat-plate collectors

Parameter Value

Fixing of risers on absorber plate Embedded
Absorber coating Black mat paint
Glazing Low-iron glass
Flow rate per unit area at test conditions 54 1t/hr-m”
Intercept efficiency (co) 0.792

Negative of first-order coefficient of the efficiency (c;) 6.67 W/m*'C
Negative of second-order coefficient of the efficiency (c,) 0.06 W/m* C*
Incidence angle modifier constant (b,) 0.1
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Fig. 1 Schematic diagram of the large solar hot water system

The characteristics of the solar system are shown in Table 2. These are obtained from an
optimization exercise of the same solar system presented in [2].

Table 2 Characteristics of the hot water system

Parameter Range
Collector area 36 m’
Collector slope 45°

Mass flow rate 54 kg/hr-m’
Storage tank capacity 1.8 m’

The solar system examined can satisfy the hot water needs of 10 houses or flats or any other
similar application of same hot water requirement. For this application, a hot water consumption
(load) profile is required. This load is subject to a high degree of variation from day to day and
from consumer to consumer, however, it is impractical to use anything but a repetitive load profile.
This is not quite correct for the summer period, where the consumption pattern is somewhat higher
due to frequent bathing. However, during this period, the temperature requirement for hot water is
not as high as during winter. Consequently, the total thermal energy requirement is reasonably
constant throughout the year. For the present study, the hot water consumption profile, illustrated
in Fig. 2 is used. The same daily hot water consumption profile, of 120 liters at 50°C, is assumed
for each house (families of four persons, 30 liters/person).
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Fig. 2 Hot water daily consumption profile for one family

3. SYSTEM SIMULATION

The system is modeled and simulated with TRNSYS and the typical meteorological year (TMY) of
Nicosia, Cyprus. In this section both TRNSYS and TMY are shortly presented and details of the
model are given.

3.1 TRNSYS Program Description

TRNSYS is an acronym for a “transient simulation program” and is a quasi-steady simulation
model [3]. The program consists of many subroutines that model subsystem components. The
mathematical models for the subsystem components are given in terms of their ordinary
differential or algebraic equations. With a program such as TRNSY'S, which has the capability of
interconnecting system components in any desired manner, solving differential equations and
facilitating information output, the entire problem of system simulation reduces to a problem of
identifying all the components that comprise the particular system and connecting them together to
form the complete system model.

The latest version of TRNSY'S (version 16) works in a graphic interface environment called the
simulation studio. In this environment, icons of readymade components are dragged and dropped
from a list and connected together according to the real system configuration. Each icon represents
the detailed program of each component of the system and requires a set of inputs (from other
components or data files) and a set of constant parameters, which are specified by the user. Each
component has its own set of output parameters, which can be saved in a file, plotted, or used as
input in other components. Thus, once all the components of the system have been identified and
as the mathematical description of each component is readily available, the user all he has to do is
to construct an information flow diagram for the system, the purpose of which is to facilitate
identification of the components and the flow of information between them. The flow diagram also
contains information on the weather data file and the output format.

TRNSYS is employing the standard second-order collector performance equation to model the
collector, given by:

T —T)?
n:COkar_cl(TlG a)_CZ(TIGa)
t t

(M

where k. is the incidence angle modifier given by:
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The values of ¢y, ¢, ¢; and b, are obtained by experimental testing of collectors in accredited
laboratories. The values employed in the present system are shown in Table 1. The useful energy
extracted from the collectors is given by:

Q, = FeAk, (ra)G, U (T -T,)] 3)

The total useful energy for the whole year is obtained from:

365 24

Qua=2.2.Q @
d=1 h=1

and the auxiliary energy required, Q. is:

Qaux = Qload - lQu,a - Q|0$ - Qrel J (5)

where Q.4 1s the energy required by the load, Q. is the energy lost from the storage tank and
pipes and Q, is the energy relieved from the storage tank relief valve.

As can be seen from the above equations the energy obtained from the solar collector field depends
on the collector area (A), collector slope (affects cos0), flow rate (affects Fr) and the storage tank
size (affects T;). The collector inlet temperature depends also on the load pattern, make-up water
temperature, the losses from the storage tank and pipes and the energy relieved from the relief
valve. The storage tank losses and energy relieved from relief valve depend on the temperature of
the stored water, i.e., it depends on the energy collected and storage tank size.

The system presented in this paper is simulated with TRNSYS using Typical Meteorological Year
(TMY) data for Nicosia, Cyprus. The selection of typical weather conditions for a given location is
very crucial in computer simulations for performance predictions and has led various investigators
either to run long periods of observational data or to select a particular year, which appears to be
typical from several years of data. The TMY for Nicosia, Cyprus, was generated from hourly
measurements, of solar irradiance (global and diffuse on horizontal surface), ambient temperature,
wind speed and direction and humidity ratio, for a seven-year period, from 1986 to 1992 using the
Filkenstein — Schafer statistical method [4]. The measurements were recorded by the Cyprus
Meteorological Service at the Athalassa region, an area at the suburbs of the town of Nicosia. The
TMY is considered as a representative year for the Cypriot environment.

TMY is defined as a year, which sums up all the climatic information characterizing a 30 year
period record and not the operation lifetime of solar systems. Every about 10 years TMY files need
updating to reflect climate changes, especially in cases where urbanization, pollution,
increasing/decreasing of acrosols, drought, etc. takes place. Therefore an added advantage of the
present method is that if this periodic updating of TMY fails to be done in regular intervals, some
extreme effects can be accounted. Additionally, uncertainty in the weather patterns could include
large-scale geophysical, human or nature caused events, like volcanic eruptions (Mt. Pinatubo
eruption created aerosols which took two years to settle out), forest burning, increased storm
occurrence, etc. which can have a much larger impact on short term and long-life system
performance.

In this paper the effect of introducing uncertainty or noise in the weather data and load pattern is
examined. The noise is introduced by using Type 578 (Random number generator). This model
creates a random number drawn from a normal distribution based on user supplied values of the
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mean (average) and standard deviation. For the parameters considered here these are shown in
Table 3.

Table 3 Mean and standard deviation of the parameters considered in this work

Parameter Mean (average) value of the Standard deviation of the
normal distribution function normal distribution function

Solar radiation (kJ/m?) 0 100

Ambient temperature (°C) 0 8.5

Load demand (1) 0 3.5

It should be noted that higher values of radiation resulted in messages that the horizontal
component of radiation is higher than the extraterrestrial value and that the latter will be used, as a
maximum value.

For the ambient temperature the noisy value is added to the normal value using the equation
component of TRNSYS as:

Ta,new = Ta,normal + Ta,noisy (6)

For the case of solar radiation the following equation was used in order to avoid adding radiation in
hours where the normal value is zero, i.e., during nighttime:

Radnew:Radnoma]+LT(O:Radnormal) *Radnoisy (7)

The term LT (0,Rad) is a standard TRNSYS function which returns 1 when Rad>0 and 0 when
Rad=0. Similarly for the load demand:

DHWneWIDHWnormal+DHWnoisy*LT(OaDHWnormal) (8)

This avoids adding demand at the hours where its value is zero (early in the morning, see Fig. 2).

It should be noted that this analysis could also be performed by specifying the mean or average
values of the various parameters shown in Table 3, without the need of equations (6) to (8). In this
case however, the introduction of negative values into the simulation would have been
unavoidable.

3.2 System Simulation

The normal system simulation is carried out with the aid of TRNSY'S and the TMY for Nicosia,
Cyprus. The system is also simulated by introducing noise in various parameters as shown above.

In all graphs that follow the mark “n” in the various parameters represent the values corresponding
to the operation with noisy conditions. Figures 3 and 4 show a comparison of the normal and noisy
radiation and ambient temperature respectively as obtained from the program for the first two days
of the year. Similarly, Fig. 5 show a comparison of the normal and noisy hot water consumption
profile for the same period. As can be seen the radiation values are not affected significantly
whereas both ambient temperature and demand profile show large variations. It can also be seen
that the noise is different from day to day, it is however impractical to show this variation for all
days of the year.

A comparison of the annual performance of the normal (without noise) and noisy systems is shown
in Table 4. As can be seen the annual differences are minimal which means that the noise
introduced as described above has not created large differences. The solar energy incident on the
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collector is very much the same whereas the greatest difference is for the auxiliary energy which
for the noisy system is reduced by 6.3%.
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Fig. 3 Comparison of the normal and noisy solar radiation for days 1 and 2
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Fig. 4 Comparison of the normal and noisy ambient temperature for days 1 and 2
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Fig. 5 Comparison of the normal and noisy hot water consumption profile for days 1 and 2

Of course the differences on a daily basis are expected to be more significant and these are
presented and analyzed below. As it is impractical to show a comparison for all months of the year
only January and July are presented showing typical winter and summer performance respectively.

6



EUROSUN 2008

1st International Congress on Heating, Cooling, and Buildings, 23T
7th to 10th October, Lisbon - Portugal ’

Table 4 Comparison of the annual performance of the system

SyStem Icoll (kJ) Qu—coll (kJ) QDHW (kJ) Qaux (kJ) rlcoll (%) Fsol (%)
Normal 6.720x10° | 7.793x10’ 7.332x10’ 1.021x107 322 86.1
Noisy 6.722x10° | 7.984x107 | 7.333x10’ 0.956x10’ 33.0 87.0

Notes: L. is the total solar radiation falling on each square meter of collector area; Q. .o is useful
energy supplied from solar collectors; Qppw is energy supplied to load; Q.. is energy supplied
from auxiliary; Ny is collector annual mean efficiency; Fy, is annual solar contribution

As can be seen from Figs. 6 and 8, in both January and July, although the difference in the total
radiation falling on the collector is not much there is considerable difference in the useful energy
supplied from solar collectors.
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Fig. 6 Comparison of the daily normal and noisy collector incident radiation and useful energy supplied from
the collector for January
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Fig. 7 Comparison of the daily normal and noisy domestic hot water load and auxiliary energy supplied from
the collector for January

Also as shown in Figs. 7 and 9 for January and July respectively, the hot water load for the non-
noisy case is almost constant and much larger for the noisy case, but this has almost a negligible
effect on the auxiliary energy required during the summer period and a more pronounced effect
during the winter, as both the makeup water temperature replacing the demand and the
performance of the solar system during this period are much lower.
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Fig. 8 Comparison of the daily normal and noisy collector incident radiation and useful energy supplied from
the collector for July
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Fig. 9 Comparison of the daily normal and noisy domestic hot water load and auxiliary energy supplied from
the collector for July

4. CONCLUSIONS

As it is proved in this paper annual performance of the system is not very much different compared
to the normal non-noisy model whereas the daily and hourly performance shows some
considerable variations. It is believed that the present method gives more reliable results to the
long-term performance evaluation of the systems and should be followed once the optimum system
is obtained as it produces more reliable results. This is more important in cases where guaranteed
solar results schemes are followed where possible mistakes could result in significant penalties.
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