The Impacts of the Use of Transparent Walls to the Solar Heat Transfer of a Building in the Tropical Climate of Indonesia
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The  Effects of Transparent Walls on the Solar Heat Transfer of a Building in the Tropical Climate of Indonesia

alternate title:

The Solar Heat Transfer of a Building with Transparent Walls in the Tropical Climate of Indonesia

(A Simulation for Energy Saving in Building Design)

BACKGROUND

Climate is an important factor to be considered in building design. Ideally, a building should be designed to utilize the benefit of the climate and to minimize its negative impacts. In tropical regions, the negative impacts of the climate to a building include the large heat penetration through the outer walls, very high humidity and very low airflow. These impacts produce a considerable temperature increase inside the building [Soegijanto, 1999] above the standard comfortable temperature for buildings in tropical regions, which is specified to be 22.7 to 28.9 oC [Asmaningprojo, 2002]. Eventually, the use of artificial air conditioning systems significantly increases the energy consumption of the building. 50 to 70 % of the total energy consumption in a building is for the artificial air conditioning systems, while only 10 to 20 % is for the lighting systems and 2 to 10 % for elevators [Soegijanto, 1993].  

Energy saving in a building is accomplished by optimizing its air conditioning system and lighting system. To increase the efficiency of air conditioning systems, methods like selecting the right airflow control system and reducing the cooling load are applied. The cooling load of a building includes internal factors due to the human body heat and emission from lighting bulbs and other heat generating appliances, and external factors caused by direct solar radiation and penetration through the outer walls [Rahim, 2006]. 

The impact of facade design to the level of energy consumption in a building is very significant. The facade is the part of the building that directly collects the solar radiation and penetrates the heat into the building. Thus, the facade design based on the calculation of the heat penetration level of the solar radiation is expected to minimize the building energy consumption in order to attain energy saving [Rahim, 2004]. This research proposes to measure the heat transfer through the outer walls of a building and to investigate the effects of the area of transparent parts of the walls on the heat transfer and the level of energy consumption in a building. The case of a certain type of buildings in the tropical climate of Indonesia is considered. 

RESEARCH OBJECTIVES

1. To measure the solar heat transfer through the outer walls in a building.

2. To investigate the effects of the area of the transparent parts of the walls on the heat penetration level through the walls.

3. To design a model of building facade with transparent parts for energy saving.

METHODOLOGY

Simulation Tools

A computer simulation to run data analysis is created using ECOTECT VS.20, a software package developed for the integration and the simulation of a three-dimensional model of a building. This package has several tools for functional analysis such as: overshadowing and solar reflection, sun penetration and shading device design, solar access and photovoltaic/heat collection, hourly thermal comfort and monthly space loads, natural and artificial lighting levels, accoustics reflections and reverberation times, project costs and environmental impacts [Robert and Marsh, 2001]. The three-dimensional images are created to model a building in ECOTECT VS.20 with the XYZ Cartesian coordinates specified by the help of AutoCAD software package.

Assumptions
1. The type of building is an empty rental office with no furniture.

2. The lay out is perfect square to simplify the analysis, especially in comparing the area of the walls directly radiated by the sun and the area of walls with no radiation. 

3. The typical area of the floor is 39.6 m X 30.6 m or 1,568.16 m2. It is a 10-floor building with the total floor area of 15,681.6 m2.

4. The floor-to-floor height is 4 m, yield to 4 X 39.6 m X 4 m or 633.6 m2 area of walls per floor. Thus the total surface area covering the building including its roof is (10 X 633.6) + 1,568.16 or 7,904.16 m2.  

5. Effective ceiling height is 2.8 m above the floor.

6. The roof is made of concrete, flat, 13 cm thick.

7. 5 (five) types of walls are considered:

a. Type I, massive coverage, 100% transparent walls, no shading.

b. Type II, massive coverage, 50% transparent walls, no shading.

c. Type III, massive coverage, 50% transparent walls, with vertical shading.

d. Type IV, massive coverage, 50% transparent walls, with horizontal shading.

e. Type V, massive coverage, 50% transparent walls, with both vertical and horizontal shading.

Data Collecting

Climate characteristics is created based on data from the Indonesian Institute of Meteorology and Geophysics (Badan Meteorology dan Geofisika, BMG) available in the Internet for the last 5 (five) years, including the air temperature, humidity, direct sun radiaton, diffused sun radiation and the wind speed. Daily weather data from the last 5 (five) years is averaged to obtain the daily weather characteristics in a year. Using the Weather Tool, a supplement of ECOTECT VS.20, the daily weather characteristics in a year generates a weather forcast data file for large cities in Indonesia for the next 5 (five) years. The building model and its position are created with the help of AutoCAD software packege and integrated into ECOTECT VS20 to run the analysis. 

Data Analysis

The heat penetration through all types of the walls specified above is measured using the computer simulation. The results are analyzed to obtain the relation of the heat penetration to the type of the walls. Then the heat propagation into the building through the conduction and the radion are measured. Assuming that there is no opening on the walls, the heat transfer due to the convection is neglected. The results are analyzed, intepreted and compared to each other, to be considered in the facade design of the building.
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