
viii 

 

 

TABLE OF CONTENTS 

                                  Page 

ACKNOWLEDGEMENTS                    iii 

THAI ABSTRACT                      v 

ABSTRACT                      vi 

TABLE OF CONTENTS                  viii 

LIST OF FIGURES                     xi 

CHAPTER I  INDRODUCTION                        1 

1.1. Background                                                                             1 

1.2. Problem Statement                                 2 

1.3. Significance of Research                      3 

1.4. Research Objectives                           3 

1.5. Scope of Research                      3 

1.6. Outline of the Thesis                                  4 

CHAPTER II  LITERATURE REVIEW                                6 

2.1. Review of Four-Way Hot Box Designed by Karno (2008)                6 

2.1.1. The Four-Way Hot Box Design                  6 

2.1.2. The Four-Way Hot Box Construction               10 

2.1.3. The Four-Way Hot Box Operation                12 

2.1.4. The Four-Way Hot Box Result                14 

2.2. Criticize of the Four-Way Hot Box Test                18 

2.2.1. Criticize of the Design                 18 

2.2.2. Criticize of the Construction                 18 

2.2.3. Criticize of the Operation Work                23 

2.2.4. Criticize of the Results                 23 



ix 

 

2.3. Reliability of a Research Tool                 24 

2.4. Summary of the Previous Four-Way Hot Box Test Arguments         25 

2.5. Limitation of Thesis Research                 27 

2.6. Temperature in Thailand                    28 

CHAPTER III  RESEARCH OBJECTIVES AND METHODOLOGY              30 

3.1. Research Objectives                   30 

3.2. Research Process and Tools                  31 

3.3. Review of the Comparative Hot Box Test Method               33 

3.4.  Experimental Arrangement                  36 

3.4.1. Testing Samples                   36 

3.4.2. Measurement Tools                  36 

3.4.3.  Room Arrangement and Temperature Control              38 

CHAPTER IV  EXPERIMENT AND RESULT                 39 

4.1. The Investigation of Room Temperature                39 

4.1.1. Purpose and Studied Parameter                39 

4.1.2. Specimens                    41 

4.1.3. Procedure                   41 

4.1.4. Testing Results                  43 

4.1.5. Analysis of Testing Results                 50 

4.2. The Investigation of Starting Ambient Temperature               53 

4.2.1 Purpose and Studied Parameter                53 

4.2.2. Specimens                    55 

4.2.3. Procedure                   55 

4.2.4. Testing Results                     56 

4.2.5. Analysis of Testing Results                  65 

 



x 

 

4.3.  Additional Investigation: 

The Investigation of Heating Temperature                                 69 

4.3.1. Purpose and Studied Parameter                 69 

4.3.2. Specimens                        69 

4.3.3. Procedure                   70 

4.3.4. Testing Results                  71 

4.3.5. Analysis of Testing Results                 73 

CHAPTER V  DISCUSSION AND CONCLUSION                76 

5.1. Discussion                    76 

5.1.1. The Room Temperature                 76 

5.1.2. The Starting Ambient Temperature                 77 

5.1.3. The Heating Speed                              77 

5.1.4. The Testing Periods                   77 

5.2. Conclusion                    78 

REFERENCES                     79 

CURRICULUM VITAE                    82 

 

 

 

 

 

 

 

 



xi 

 

 

LIST OF FIGURES 

Figure              Page 

 2.1 Schematic of a Generic Enclosure with Single ABE  

 Wall System, (Van Dessel et al., 2004)                         8 

 2.2  Principles Solar Heat Test-Cell System along summer  

 and winter periods, (Ahmad et al., 2005)                                          8 

 2.3 Top view outline of all heating and metering cells prepared  

    for testing (X: thermometer positions) (Karno, 2008)            9 

 2.4 Section view (A-A) of heating and metering cells and test  

 specimens (X: thermometer positions) (Karno, 2008)          10 

 2.5 The Hot box assembly              11  

 2.6 A 200-W light bulb and dimmer-switch controller          12 

 2.7  Thermometer-Sensors and Thermo-Gun            14 

 2.8 Air temperatures in metering cells when heating cell  

 was heated up to 50°C              15 

 2.9 Air temperatures in metering cells when heating cell  

 was heated up to 55°C              16 

 2.10 Air temperatures in metering cells when heating cell  

 was heated up to 60°C               17 

 2.11  Direction of heat exchanged (Q in and Q out)  

 of the four-way hot box on section view (A-A) of  

 heating and metering cells between the test specimens                     21 



xii 

 

 2.12 Annual means minimum temperatures in Thailand  

 (1951 – 2009), source from TMD, (2010)            29 

 2.13 Annual means maximum temperatures in Thailand 

 (1951 – 2009), source from TMD, (2010)            29 

 3.1 Research Procedure              32 

 3.2 Two types of thermometers sensor, and a thermo gun             37  

 3.3 A heater and an air conditioner                         38 

 4.1 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell in morning test of natural room temperature  

 from 19 to 25 ºC              44 

 4.2 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell in afternoon test of natural room temperature  

 from 25 to 30 ºC                45 

 4.3 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples   

 and heating cell at night test of natural room temperature  

 from 30 to 24 ºC                46 

 4.4 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell of constant room temperature of 19 ºC          47 

 4.5 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell of constant room temperature of 25 ºC          48 

 4.6 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell of constant room temperature of 30 ºC          49 

 

 



xiii 

 

 4.7 Comparison of 1, 2, 3, 4, 5 inches EPS samples between  

 constant room temperature & natural room temperature tests  

 with a similarity of ambient temperature of 19 ºC           50 

 4.8 Comparison of 1, 2, 3, 4, 5 inches EPS samples between  

 constant room temperature & natural room temperature tests  

 with a similarity of ambient temperature of 25 ºC           51 

 4.9 Comparison of 1, 2, 3, 4, 5 inches EPS samples between  

 constant room temperature & natural room temperature tests  

 with a similarity of ambient temperature of 30 ºC           52 

 4.10 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell with the starting ambient temperature  

 of 18 ºC                 57 

 4.11 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell with the starting ambient temperature 

 of 20 ºC                58 

 4.12 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell with the starting ambient temperature  

 of 22 ºC                59 

 4.13 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell with the starting ambient temperature  

 of 24 ºC                 60 

 4.14 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell with the starting ambient temperature  

 of 26 ºC                 61 



xiv 

 

 4.15 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell with the starting ambient temperature  

 of 28 ºC                 62 

 4.16 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell with the starting ambient temperature  

 of 30 ºC                 63 

 4.17 Air-temperature of 1, 2, 3, 4 and 5 inches EPS samples  

 and heating cell with the starting ambient temperature  

 of 32 ºC                 64 

 4.18 Eight types of air temperature of heating cell with  

 the variable of starting ambient temperature  

 from 18ºC to 32 ºC              65 

 4.19 Eight types of air temperature of 1 inch EPS foam with  

 the variable of starting ambient temperature  

 from 18ºC to 32 ºC                66 

 4.20 Eight types of air temperature of 2 inches EPS foam with  

 the variable of starting ambient temperature  

 from 18ºC to 32 ºC                66 

 4.21 Eight types of air temperature of 3 inches EPS foam with  

 the variable of starting ambient temperature  

 from 18ºC to 32 ºC                67 

 4.22 Eight types of air temperature of 4 inches EPS foam with  

 the variable of staring ambient temperature  

 from 18ºC to 32 ºC                67 



xv 

 

 4.23 Eight types of air temperature of 5 inches EPS foam with  

 the variable of starting ambient temperature  

 from 18ºC to 32 ºC              68   

 4.24 Graphic result of air temperature of metering cells  

 and heating cell with 100% of a light bulb power           71 

 4.25 Graphic result of air temperature of metering cells  

 and heating cell with 70% of a light bulb power          72  

 4.26 Comparison of graphic result of the test between 70%  

 and 100% of a light bulb power to reach up the maximum 

 temperature of 60 ºC in the heating cell            74 


