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ABSTRACT 

Sixty percent of Malaysians prefer to stay in linked houses for reasons of location, space 
and aesthetic. Most of these houses are installed with mechanical cooling and air 
circulating fans for thermal comfort instead of a more passive means. There are less 
demand for courtyard linked houses although the courtyard could hypothetically to be the 
answer for a passive cooling design strategy. Hence, the aim of this research is to explore 
the possibilities of enhancing indoor thermal comfort condition by determining the 
effectiveness of courtyard as a passive cooling building element. The objectives of this 
thesis are: i) to study the types of courtyard configuration in existing linked houses; ii) to 
investigate the environmental condition of the courtyard and its effect to the indoor 
thermal comfort; iii) to explore the importance of courtyard configuration in providing 
good natural ventilation and iv) to determine the best courtyard configuration that create 
best indoor thermal comfort of a linked house. This study investigated two similar urban 
linked houses (with and without internal courtyard) in terms of size and specifications in 
Shah Alam and Klang. Data based on two days of measurements and observations at both 
houses for outdoor, indoor temperature, relative humidity and air velocity revealed that 
the indoor thermal conditions for both houses exceeded the thermal comfort zone 
recommended by Givoni's Bio-Climatic chart and ASHRAE. However, through 
comparative analysis, the house with internal centre courtyard produced better results and 
maintained a more comfortable indoor condition due to its horizontal and vertical natural 
cross ventilation which occurred during the day time and night time. Further predictive 
investigations on the courtyard linked house, based on CFD simulations using Flovent 7.2 
and AnSys were conducted. Three variations of design models were studied namely 
enlarged courtyard area, increased courtyard walls height and enlarged openings at the 
front and rear. Diurnal simulations concluded that the increased of courtyard surrounding 
wall height and enlarged openings at front and rear options were the most effective, 
whereas the enlarged courtyard area (footprint) type were less effective, regardless of 
which operation mode were applied. Hence, linked houses with courtyards are proven to 
be beneficial to the occupants by providing passive cooling through natural ventilation. 
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CHAPTER ONE 

INTRODUCTION 

This thesis explores the potential of improving indoor thermal comfort in 

intermediate linked houses through centre courtyard. This courtyard provides an opening 

that allows thermal built up. The housing development in Malaysia demand more linked 

houses type residential unit as compared to other types. Even though the design of linked 

houses complies to the Uniform Building By-Law (UBBL 1984) standards but with 

reference to researches (Pan, 1997; Tan, 1997; Jones, et.al, 1993 & 1994; Zulkifli, 1992a, 

1992b, 1994a, 1994b; Hui, 1998; Abdul Razak, et.al, 2000, 2001) confirmed that internal 

thermal comfort cannot rely on natural ventilation performance. By observation and theory, 

it is understood that hot air rises and cold air replaces which called stack effect, this will 

have advantages for front and rear opening intermediate linked houses to benefit from this 

open courtyard. However this theory has not been investigated, therefore investigation to 

promote natural flow ventilation in intermediate linked houses should be carried out. 

1.1 BACKGROUND 

Malaysia is a developing country with hot and high humidity climate condition 

throughout the year. This has urged working citizen to realise the importance of working 

and living in a conducive and comfortable environment so as to ensure higher quality of 

productivity and pleasant time to relax at home. "Thermal comfort must be created to 

satisfy the needs of man so that he may perform efficiently" (Zain-Ahmed, 2000). To buy 

a house is something precious that a consumer would only spend once in his lifetime. This 

demand for houses would be the first upsetting thing when consumers shy away because of 

the price was beyond their capacity. Although with high price, majority of middle to upper 

income group of Malaysian preferred linked houses because it is affordable, convenient, 

landed and saleable (REHDA, 2006). Generally the demand for low cost houses is always 

1 


	ABSTRACT
	TABLE OF CONTENT
	CHAPTER ONE INTRODUCTION
	1.1 BACKGROUND
	1.2 RESEARCH HYPOTHESIS
	1.3 INTERVIEWS
	1.4 RESEARCH QUESTIONS
	1.5 RESEARCH OBJECTIVES
	1.6 SCOPE AND LIMITATION OF THE RESEARCH
	1.7 SIGNIFICANCE OF THE RESEARCH
	1.8 DEFINITION
	1.8.1 Linked Houses
	1.8.2 Intermediate Linked House
	1.8.3 Courtyard
	1.8.4 Air Well

	1.9 RESEARCH FRAMEWORK
	1.10 THESIS OUTLINE

	CHAPTER TWO LITERATURE REVIEW
	2.1 PASSIVE COOLING STRATEGIES FOR HOT-HUMID CLIMATES
	2.2 THERMAL COMFORT AND ADAPTATION IN HOT-HUMID CLIMATE
	2.2.1 ASHRAE Comfort Charts
	2.2.2 Olygay's Bio-Climatic Chart
	2.2.3 GivonFs Bio-Climatic Chart
	2.2.4 Fanger9s Heat Balance Equation and Predicted Mean Vote (PMV)
	2.2.5 Other Significant Studies on Thermal Comfort

	2.3 NATURAL VENTILATION
	2.3.1 Types of Natural Ventilation Effects
	2.3.1.1 Wind
	2.3.1.2 Buoyancy

	2.3.2 Ventilation Functions
	2.3.3 Ventilation for Thermal Comfort
	2.3.4 Air Velocity Requirements for Thermal Comfort
	2.3.5 Wind Condition in Subang
	2.3.6 Natural Ventilation Mechanism
	2.3.7 Wind Induced Ventilation
	2.3.8 Factors Affecting Wind Flow
	2.3.8.1 Topography or Terrain Effect
	2.3.8.2 Vegetation
	2.3.8.3 Overall Building Layout


	2.4 ARCHITECTURAL FEATURES AFFECTING VENTILATION
	2.4.1 Building Types
	2.4.2 Buildings Orientations and Openings
	2.4.3 Vertical Location of Windows
	2.4.4 Window Types and Opening Methods
	2.4.5 Interior Space Subdivision
	2.4.6 Linked Houses (Row Houses or Terrace Houses)
	2.4.7 Building Orientations
	2.4.8 Built Up Area
	2.4.9 Building Specifications
	2.4.10 Doors and Windows
	2.4.11 Sizes of Courtyard

	2.5 CLIMATE OF MALAYSIA
	2.5.1 Wind flow
	2.5.2 Rainfall
	2.5.3 Temperature Distribution
	2.5.4 Relative Humidity
	2.5.5 Sunshine and Solar Radiation
	2.5.6 Evaporation
	2.5.7 Climatic Record

	2.6 COMPUTATIONAL FLUID DYNAMIC (CFD)
	2.6.1 CFD Modeling Techniques
	2.6.2 Selection of Software

	2.7 SUMMARY

	CHAPTER THREE COURTYARD
	3.1 LITERATURES ON COURTYARD
	3.2 ELEMENTS OF COURTYARD
	3.2.1 Entrance to Courtyards
	3.2.2 Position of Courtyard within a Building
	3.2.3 Courtyard Orientations
	3.2.4 Formality and Symmetry in Courtyard Design
	3.2.5 Outdoor Exposure
	3.2.6 Plants and Water Elements
	3.2.7 Open or Closed Facades
	3.2.8 Vertical Connections
	3.2.9 Circulation around Courtyard

	3.3 DEGREES OF FORMALITY
	3.4 COMMON ACTIVITIES IN AND AROUND COURTYARDS
	3.5 SUMMARY

	CHAPTER FOUR RESEARCH METHODOLOGY
	4.1 APPROACH
	4.1.1 Inventory of field test samples
	4.1.2 Selected field test samples
	4.1.3 Location of Field Test Samples
	4.1.4 Equipment for Data Logging

	4.2 IDENTIFYING SAMPLES FOR FIELD TESTS
	4.2.1 Building Types
	4.2.2 Surrounding Factors

	4.3 MEASUREMENTS AND DATA COLLECTIONS
	4.3.1 Measuring Equipment
	4.3.2 Locating Sensors
	4.3.3 Outdoor Weather Station
	4.3.4 Setting of Equipment
	4.3.5 Field Tests
	4.3.6 Field Test No.l
	4.3.6.1 The Building
	4.3.6.2 Result from Field Test No.l

	4.3.7 Field Test no. 2
	4.3.8 Field Test No. 3
	4.3.9 Field Test No.4
	4.3.10 Field Test No.5

	4.4 DATA ANALYSIS METHOD
	4.4.1 Process of Data Analysis
	4.4.1.1 Data Cleaning
	4.4.1.2 Quality of Data
	4.4.1.3 Quality of Measurements
	4.4.1.4 Finalized Data

	4.4.2 Preliminary Results
	4.4.3 Line Chart
	4.4.4 Comparative Analysis

	4.5 CFD SIMULATION
	4.5.1 Simulation Procedures
	4.5.2 Monitor Points
	4.5.3 Building Position in the Domain Solution
	4.5.4 Grid System
	4.5.5 Simulation Condition
	4.5.6 The Site Conditions
	4.5.7 Wind Directions
	4.5.8 Atmospheric Boundary Layer (ABL) and Wind Profile
	4.5.9 Wind Speed Data
	4.5.10 Turbulence Intensity and other Variables

	4.6 SIMULATION ON MODIFIED MODELS
	4.7 SUMMARY ON METHODOLOGY

	CHAPTER FIVE RESULTS, ANALYSIS AND FINDINGS
	5.1 APPROACH
	5.2 FIELD TESTS
	5.2.1 Result from Field Test No.l
	5.2.2 Result from Field Test No.2
	5.2.3 Result from Field Test No.3
	5.2.4 Result from Field Test No.4
	5.2.5 Result from Field Test No.5

	5.3 SELECTION OF DATA FOR COMPARATIVE ANALYSIS
	5.4 CHART AND ANALYSIS
	5.5 COMPARATIVE ANALYSIS
	5.6 FINDINGS
	5.7 CFD SIMULATION RESULTS
	5.7.1 Model No.l Base Model for Simulation
	5.7.2 Model No.l Base Model Simulation Results - 0 DEG
	5.7.3 Model No.l Base Model Simulation Results - 180 DEG
	5.7.4 Enhanced Courtyard Model Simulation Results
	5.7.5 Model No.2 Enlarged Courtyard Area Model Simulation Results - Wind Speed
	5.7.6 Model No.2 Enlarged Courtyard Area Model Simulation Results - Temperature
	5.7.7 Model No.2 Enlarged Courtyard Area Model Simulation Results - Humidity
	5.7.8 Model No.3 Increased Courtyard Wall Height Model Simulation Results-WSpeed
	5.7.9 Model No.3 Increased Courtyard Wall Height Model Simulation Results - Temp
	5.7.10 Model No.3 Increased Courtyard Well Height Model Simulation Results - Humidity
	5.7.11 Model No.4 Increased Front-Rear Opening Size Model Simulation Results-WSpeed
	5.7.12 Model No.4 Increased Front-Rear Opening Size Model Simulation Results - Temp
	5.7.13 Model No. 4 Increased Front-Rear Opening Size Model Simulation Results - Humid

	5.8 DISCUSSION ON SIMULATON RESULTS

	CHAPTER SIX CONCLUSIONS AND RECOMMENDATIONSFOR FUTURE WORK
	6.1 INTRODUCTION
	6.2 THESIS SUMMARY
	6.3 THESIS CONCLUSION
	6.4 RECOMMENDATION FOR FUTURE RESEARCH

	REFERENCES
	APPENDICES

