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1.1. Introduction

The growing energy consumption for cooling of buildings is one important concern in Mediterranean countries. Natural ventilation plays an important role as passive energy saving strategy, regarding cooling of buildings in this climate. Solar chimneys are some of the most useful systems that make use of this strategy. But optimised implementation and quantification of the improvements achieved by these systems are required and must be assisted by a comprehensive thermal characterisation of them. However the performance of solar chimneys depends on combined and very complex physical phenomena. Frequently several approximations are assumed in theoretical analysis. 

Particularly the most frequent approximations applied to this analysis are related to:

· Convective heat transfer coefficients: Frequently approximated as constant or linear dependent on the wind velocity.

· Radiant heat exchange: Mean radiant temperature usually approximated by the ambient temperature

· Discharge coefficients usually taken from references obtained from different system and set up.

· 2D analysis

· Etc.

System identification can help to obtain more accurate and realistic representation of these effects, which can contribute to optimise the final implementation of solar chimneys as saving strategy in buildings.

The system considered for this case study is a solar chimney constructed and monitored at the LECE (Laboratorio de ensayos Energéticos para Components de la Edificación), from CIEMAT in Tabernas (Almería, Spain). The tests have been carried out in real size and dynamic outdoors weather conditions.

The solar chimney optimised when its efficiency, ηi, is maximised by maximising the ratio:
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is the air flow, Tf,o is the outlet temperature, Tf,i, is the inlet temperature, and Gv, is the solar radiation on the external surface.

The considered chimney was designed to operate in summer time and it is provided with thermal inertia that delays its maximum efficiency to the night allowing the outdoors air inter into the building when the ambient air has its lowest temperature.

1.2. Description of the solar chimney

Facing south solar chimney. 4.5m height, 1m width, and air channel 20cm thickness. The inlet area is 0.5x0.5 m2, (Figure 1 and Figure 2).

Constructed using typical building materials. The absorber surface is made of reinforced concrete 15cm thickness black painted, to maximize the absorption coefficient. To reduce looses to the ambient, it has been protected by a glass cover 4mm thickness. The east and west walls are made with sandwiches of plywood and expanded polystyrene.

To minimize the effect of the external wind, a box has been installed at the inlet. Also a wind tracking protection device has been installed at the outlet to avoid inverse air flows due to the external wind.

1.3. Measurement devices

Measurements and sensor location are indicated in Figure 1. The following devices have been used for the measurements:

· Air temperatures at inlet, outlet and ambient: Platinum thermorresitance PT100. 1/3 class B according to EIC 751.

· Wind velocity into the chimney channel: Hot wire anemometer.

· Solar radiation: Thermoelectric pyranometers. Secondary standard according to WMO.

· Heat flux density: Thermopile based device.

· Surface temperatures into the channel: Type T Thermocouples class 1 according to IEC-584-1982.

· Exterior and channel inlet relative humidity: Capacitive devices.

· Wind velocity: Cup anemometer based in an optoelectronic device.

· Wind direction: Vane potentiometer device.

All measurements are recorded using 3 dataloggers with a 16 bits a A/D converter. 
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Figure 1: Solar Chimney Scheme. Sensor location, and nomenclature used in the data file.
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Figure 2: Views of the Solar Chimney.

1.4. Data

The following data are supplied:

Series 1: 17th to 19nd of December 2005.

Series 2: 20th to 22nd of December 2005. 

These data were read every second and averaged and recorded minutely.

The measured variables are named including in the label their coordinates regarding the axis marked in Figure 1. For example T_ym_xcm corresponds to the temperature in the channel at ym height from the ground level and xcm distance from the black concrete surface, see Figure 1 (Example: T_ym_0cm: Temperature at the black concrete surface). 

Particularly the measurements included in the data file and the corresponding names are specified in Table 1. 

Table 1: Measured quantities its units, and the corresponding identification in the data file (see Figure 1).

	Name
	Description
	Unit

	Time
	
	Julian day

	0AVE01
	Air velocity
	m/s

	0ADE01
	Air direction
	degrees

	v_1.5m_3cm
	Air velocity into the air channel at 1.5m height from the ground level and 3cm distance from the black concrete surface
	m/s

	v_2.5m_3cm
	Air velocity into the air channel at 2.5m height from the ground level and 3cm distance from the black concrete surface
	m/s

	v_2.5m_7cm
	Air velocity into the air channel at 2.5m height from the ground level and 7cm distance from the black concrete surface
	m/s

	v_2.5m_11cm
	Air velocity into the air channel at 2.5m height from the ground level and 11cm distance from the black concrete surface
	m/s

	v_4.3m_3cm
	Air velocity into the air channel at 4.3m height from the ground level and 3cm distance from the black concrete surface     
	m/s

	T_outlet
	Air temperature into the outlet chamber
	°C

	T_inlet
	Air temperature into the inlet box
	°C

	Gv
	Global solar radiation on the southern vertical surface. Is the solar  radiation incident on the external glass surface of the chimney.
	W/m2

	HF_2.5m_0cm*
	Heat flux density measured at 2.5m height from the ground level and on the black concrete surface
	W/m2

	HF_2.5m_glass*
	Heat flux density measured at 2.5m height from the ground level and on the glass surface
	W/m2

	T_2.4m_0cm*
	Surface temperature measured at 2.4m height from the ground level and on the black concrete surface
	°C

	T_1.8m_glass*
	Surface temperature measured at 1.8m height from the ground level and on the glass surface
	°C


Heat fluxes to the air channel are considered positive.

(*) It must be taken into account that in these files HF_2.5m_0cm, HF_2.5m_glass, T_2.4m_0cm, T_1.8m_glass, were recorded without protection from solar radiation. 

1.5. Exercise

1. Apply system identification to find a model applying usual assumptions.

2. Apply system identification to find a model describing properly the system.

3. Validate model by residual analysis.

4. Check consistency of results for different data sets.

5. Compare the performance of a simplified model applying usual assumptions and the identified model.

6. Compare estimated parameters to bibliographic models and parameters.
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