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ABSTRACT

The purpose of the present work was to investigate of cooling in the air conditioning room
working concurrently with air discharge and air inlet. The. venue is in a kitchen located at Inti
Subang Culinary Department, Malaysia. The kitchen air temperature, pressure, air flow and
relative humidity was varied depending on differ‘ent‘ actions were taken. For an example, with or
without the stoves operating, how many stoves are operating together, with or without the door
closed, how many students are practicing cooking and how many students are using the refrigerator,
these are all'the condition that will affect the temperature, pressure, air flow and relative humidity
inside the kitchen. Moreover, the changing rules of indoor thermal environment have an impact on
human thermal comfort. Also, while investigating air conditioning system, ‘z’;ir discharge and air
inlet, an investigation of how these system affects human health and thermal comfort are included.
Besides, the increasing in energy consumption and thermal comfort of an air-conditioned room
- have attracted attentions from the public. So, it is necessary to determine the effect of this system
towards human. An experimental investigation in the kitchen will be carry out during Stage 2,
these results from the investigat!ion are used to compare with the simulation result under the same
condition. After comparing the result from experiment and simulation and both of them are correct,
a forecast of the condition inside the kitchen will be conducted. With proper schematic, grid, mesh
and correct boundary con(;ition, we can predict different thermal condition inside the kitchen by
using different value of the parameter. Some paperwork of reviewing journal and determining
useful parameter and boundary condition are included here. In stage 2, there are total 5 different
case studies conducted inside the kitchen which are Kitchen Case 1 — Both Windows and Doors
Open (Additional window), Kitchen Case 2 — Doors Close and Windows Open (Additional
Windows), Kitchen Case 3 — Both Doors and Windows Close, Kitchen Case 4 — With additional
Ventilation System and Kitchen Case 5 — Exhaust with Half Close Valve. With these case studies,

I am able to predict the indoor thermal condition by using ANSYS 18.2 simulation software.




ACKNOWLEDGEMENTS

In here, I would like to express my deepest appreciation to all those who provided me the
possibility to complete this project. A special gratitude I give to our final year project supervisor,
Dr. Girma Tadesse Chala, whose contribution in stimulating suggestions and encouragement,

helped me to coordinate my project especiaily in ‘writing this report.

Furthermore I would also like to acknowledge with much appreciation the crucial role of the staff
of FABLAB, Ms Mazlia, who gave the permission to borrow all required equipment and the
necessary material to complete my experiment. A special thanks goes to my course mate who took
Heat Transfer before, they are willing to teach and guide me when I am doirig the experiment in
Inti Subang, due to their guidance, I can do the experimént more easily and their opinions are very
important to me too. Last but not least, many thanks go to my examiners, Dr. Chuah Keng Hoo
and Mr. Lim Jin Wei who willing to spend their time to read my report and listen to my presentation.
I have to appreciate the guidance given by other supervisor as well as the panels especially in my
project presentation that has ir"ﬁproved our presentation skills thanks to their commends and

advices.

Nobody has been more irﬁptortant to me in the pursuit of this project than the members of my
family. I would like to thank to my parents, whose love and guidance are with me in whatever I

pursue. They are ultimate role moles.




DEDICATION

To all those who have supported, encouraged, challenged, and inspired me. And specially to my
Beloved Parents, honourable teachers, examiners and friends for all their guidance, love and
attention which has made it possible for me to make it up to this point and as well as the Final Year
Project Supervisor who bestowed me with the tourage, the commitment and the awareness to

follow the best possible route, by their unmatchable style and by best possible training.




TABLE OF CONTENTS

APPROVAL ..ottt ettt ettt st e be e e s e e st st ok e s b et e b e e b e s e e R e b a4 s b e e s e as e be e s s eneabesbnsnasasbnanas 2
DECLARATION ..ottt teie st sae e eses e s st ses s tesas s sas s b s s e e e st st sbesasae s b e e n s e aeessesbanbesaeasebassasnas 3
ABSTRACT ...ttt et e 4
ACKNOWLEDGEMENTS ...ttt sttt e e e stcte s e st s bbb sae b s et s saeess e basansessesessasseas 5
DEDICATION ..o et ettt ettt 6
TABLE OF CONTENTS ....ooiiieiiinieirereseist ettt see s et esestesesesassescsassssess st e esssteseshessenasessesssseasasssessssassnns 7
LIST OF FIGURE.......onvvveermrensnermesenerassesene e 9
LIST OF TABLE ....ccutiitiitiiisiereciceenestete e sesaeseees st sessees ot ese et benesasssbeiss st et e s s naanesaseanensebsebasnesasasassanns 13
CHAPTER 1 oooooeoeeeeeveeoesssevsssssssssssssssssssssssssssssss e ssss s st 14
INTRODUCTION ....o..oooovveoseeeeeeeseessssssssssss s sesssssssesessss s s sssssssses s sosssesesssssess e ssssssssssnes 14
1.1 Background........oconiinicnesecne e s y ‘ ............................. 14
1.2 Problem SATEIMIENE ...c..eeieieeierieeerere e eet et eeeermcs e e r et e s e e e et sas s b e e s e s b e e e e b e e b e e e e b e b e aneaneas 15
1.3 Objective of the SEUAY.. e eve e eeseesee s seessessesaessesseesesasssessasssses e bs s ss s e s e s s et 16
S C 16 0 RESEATCN &.. 7.5 5.5 e 55 B B TR o 2 080 00 50 9272 e T 5 18 SR 5 458 S 25 0 5 57 S 5345 8 2 16
1.5 REPOI O TEANIZATION. . . 2. 550, 5000, 75 e T B o 2T T T 58 0 2 50 R 20T 25 58 2 73 555 55 0 5. - 3251 3 2 17
EOEIFANIRIREIRED. ...............ceneeecenrentcsaintesssnestasasnerasesnessessessnsansantsamesteseonestasessssistastasanssanistsasnssstastastastoressssnatonss 19
LITERATURE REWIEW .....ooooiiiiiieiecreeeri et teevt et et seses e bbb e sa s ssas sansane st snnatnenasennens 19
2.1 AIL CONAITIONIIIE .euvvevreereierere et ce e et e et e e e et s bt rsen e neebsbb st e st s e s s st r e b e s s s s e ss b e s beeReensernesnenns 19
2.2 Energy consumption of the air conditioning unit.........cccocovvveriveniiennnnn. .................................... 20
221 An approach of eneréy consumption by using individual data from field measurement............ 23
222 Study on the influences of building envelope heat gain on task/ambient air conditioning system
(TAC) 24

223 Improvement of indoor thermal comfort for an air conditioned rOOM.......c..veerereererrercreririenennens 27
224 Analysis of cold air system by using CFD for the thermal comfort in a r00m ......cccocvverererverncne. 29
225 Seven schemes that evaluate the optimization of central air condition system based on the
Analytic Hierarchy MethOOIOZY ........c..evuucvuveiveceereereeresesssssssssseessesssesssesssssssssssassssssssssssssssssssssssansans 31
2.2.6 Energy efficient predictive control of indoor air quality in direct expansion (DX) system........ 33
2.3 Effect of ventilation on thermal cOmFort i CAMPUS .......o.eevreerreereereereeeeeereeserseseesassassessessnssens 35
2.3.1 Effect of ventilation on thermal comfort in campus hostel bedrooms after sunset..................... 35
232 Comparison of student’s thermal comfort between Malaysia and Japan........cc.ccevcecrenienirencencnae 37
tzﬁ:rmoregfggeiz;?fji_r. Condltloner airflow on human sleep quality, sleeping thermal environment and .
241 Predicted Mean Vote (PIMV) ............ccrooereeeeooosoesoesoeeeeeesesseeseeessessssseseesessseessseeseesssesssesseneenes 39




242 Validating the feasibility of Actiwatch 2 (AW2) in measuring or evaluating sleep quality ....... 41
2.5 Effect of different air-conditioning mbde Or SYStEIM ....evvurvverieieveeriinieiereciiereeeeeee e 44
2.5.1 Numerical simulation and the comparison of bottom-supply and stratum ventilation mode .....44
2.5.2 Simulation of air distribution and thermal comfort by using 3 different air supply mode (mixing
ventilation, stratified air ventilation and air curtain ventilation) in subway station...........cceceveereeverierenenn, 45
2.5.3 Comparison of bottom supply and sidg: supply mode in office room .......c.cccoevvinviiviinininininnn, 46
2.6  Effect of the air conditioning characterisﬁc of the human NAsal CaAVILY coueeeereeieeeeceeeiece e 47
2.7  Effect of inlet air supply on particle depoSItion ..........ccevivviiiiiiiiiniiiin e 48
2.8  Investigation of discharge process of direct contact thermal energy storage (TES) for air

COTATTIOTIET v favtereeeeriee e ettt s et ettt et sa et e st e bt e at e s m bt e s st e e b e e s asesase s e e e e e s b e s ab e b s eab e e bs s s be e s aa b e s e aessabseubenansersen 50
2.9  Investigation of;combined indirect evaporative air cooler for air conditioner..........cccoevivcrviinnnnn, 52
BREITNBTER 3 .....cue 0052005 S 445540 s Snn e 505 SRS S S S T 53
METHODOLOGY covvvvvveeeeeessssnesensssssessssssssesssssssssssssssene e 53
1.1 Overview and Methodology Flow Chart .......c.ccooerviievcinncnnenincnnenn. T 53
1.2 Simulation SEtUP ..c.ccoereeererrerereertne st R TR T e 53
0 11T e O OO SOPEOUOOUOPSPPOTRRPISPOTSTPIPIPON 55
B4 HEAE TIANSTET ..eiiiiiiiiiieeecctiee et srer et estearsreesste e eetneeeeeetreeseneeeserresabeeshas s s e s b s s st e s s s mae e r e s s nae e e sabeenasesenseeases 55
1.5 OSHA GUIAEHIIES ...vvieiiiieiiiieeii et eire e e sireeesssseseiee s ereenessaessrerseseresebaessasntses sesstnssassasersneesn 56
3.6  ANSYS Simulation MOGEL......ovivreirireirieeeieeeiee et s et saesab e s 58
3.6.1 ENERGY ..ooiiiiiiiiiiiiiiinieiteriet et et e e s s besasssase s sssssssnsans e 58
362 RADIATION ..coooco oot 59
BRI VISCOUS K-EPSILON.......ccootervnrrrerreescesrseesessessesssesessssssssmssessssossesassssssasasssass s ssessess sasstsssssssssenes 61
BMEIREIIEIR /| ...................cccoetereiriececesinset s tet sttt et st ees e s s bas s s s eesens e e s st st ereseen e Rasanessesasacseorarasantaens 63
RESULT AND DISCUSSION ......ocuiiieireieitecceeseeetesesessssessssssessssssassessssassassssassssesssasasssssssasassesssesssesns 63
BB GGUIALION: ..............coovrvveveeeeee s ssssssssessesss s b atosseben s basbes s essssersesssssetsatossa b bashebabasastassassrsnstansansar 66
A2 RESULE TADIE ......cevoecevceeee et s e et s s be e s s st nasessaessssasrenesesanees 67
4.3 Original Kitchen (Default LaYOUL) cattcreceete ettt e e et e s s e st e e s e san e s r et enre e e 72
4.4 Case 1: Both Doors and Windows Open (Additional Windows).......cceeveerernimnrcircnnecceie e, 107
4.5 Case 2 - Doors Close and Windows Open (Additional WiIndows) .....eceeeeeevrerveerreenereeennesesseesnennes 112
4.6 Case 3 — Both D00TS and WindOWS CLOSE ...ueu...vveeermmneererreeeseseeeeseeseesesssssseseeesessessssssssesenesesseesesesss 117
4.7 Case 4 — With Additional Ventilation SYSTEM .....ccvecveereieiereeriieneereeeeireeerieesseseesaessessesassesenssseseeos 122
4.8 Case 5 ~ Exhaust with Half ClOSe VAIVE v.vv.......oovoooooeoooooeooeeoooeeoeeooeoeeessoessosseseeeeee s 128
9 BalAnCe €qUANON..........c.oo...oocoocoeooe oo 134
A0 RECOMMENARON ... e 136




CHAPTER S oot ettt ettt et e et e e et et e st e e s h et e s ae s aar e e nn e e nat e e et enenenene 138
CONCLUSION . ...ttt et et sttt s nte s bt st e bt e bt e s b e e e e mbe e st e e satesanesaeeenes 138
REFERENCES ...t e ettt e e bt et et e st e e s et e s st e e s e e e bt eeeete e 139

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5.
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:

- LIST OF FIGURE

AIr-CONAItIONING SYSLEIM ..vervriririerireieieresieeeeisereeesaeesteesstesseesssesssasssesnsssessnsvsssesssssessssesseesseeen 14
Diagram of air conditioning system [1]......ccceoeereiirriircnincniereicrece e neeaeas SRR 19
Typical electricity consumption by end-use in building sector [3] ..cvvveveeerverivecrireenireereeserereenns 20
SIMULAtEd TOOIM [9]..eiiiie ettt ettt et e st s reesteeeseeesreeennseenseeesesannesseans 24
Average indoor PMV for all the rooms [14] .......ccoieiiiiiiiicircceciinc e 28
Topology diagram of 7 optimized SChEMES [19] 1o b s 31
Simplified schematic diagram of DX AC system [20]........c.co.levueeeeereereerrreesreesesseseseessnseesennans 34
Floor plan with indication of monitored bedroom [23]......... e N 36
Indoor and outdoor points of temperature taken [23]......ccccooeiioieeeieieeie e, 37

Figure 12: Schematic of the system [41] ....ccccociiiiiniiiiiiiiiice et 46
Figure 13: Schematic of the physical structure of TES tank [48] ...c..covevieevririereerierieeieeie e 50
Figure 14: OSHA Guideline .......... OSSP 56
Figure 15: OSHA Temperature and Air Speed GUIAEHNES..........cveveeuruirereieierereeeeecree e eaeaeaas 57
FIigure 16: HEat INAEX ....cceeiieriiiiiieie sttt ettt et e e et be st beebe e s s bsesneesnnesrnsssnesnsseentonseseas 64
Figure 17: Label Of EQUIPINEIL ......c.cerueiueiieirereicriet ettt sttt sae e e ss st se s sesasn s ebesnananaes 66
Figure 18: Layout of the Original KitChen...........c.eeveveeveeeeeeeecieeeeeteeererceeeeans ittt 72
Figure 19: The Temperature Contour of the Original Kitchen Layout et 72
Figure 20: The Pressure Contour of the Original Kitchen Layout..........ccoveeeeicciiniicceccc 73
Figure 21: Air Flow with Temperature at AC1 (@) =47 F:1 ) T USSR 74
Figure 22: Graph of Total Temperature at A/C 1 (OFIZINAL) «......corvieeeeeeeeereee oot vere e e eeeeens 74
Figure 23: Air flow with temperature at A/C 2 (OIIZINAL)........vereveeeeereeerereseseeeseseeessessessosseseresseseeeeene 75
Figure 24: Graph of Total Temperature at A/C 2 (OrIgINAL) e s 75
Figure 25: Air flow with temperature at A/C 3 (OFIINAD) .o e 76
Figure 26: Graph of Total Temperature at A/C 3 (Original) ..coeeeeeieeeieeeeieree e 76
Figure 27: Air flow with temperature at A/C 4 (Original) .c...eeeeeieieieceeee s 77
Figure 28: Graph of Total Temperature at A/C 4 (OFLEINALY .......ovveveeeeeeeeemmmeenereseseseeseessesessesesesessseesseeseee 77
F%gure 29: Air flow with temperature at A/C 5 (07471 11 TSRO 78
F?gure 30: Graph of Total Temperature at A/C 5 (Original) ..eceeveereerieeirieieieerreie et 78
F%gure 31: Air flow with temperature at A/C 6 (0574741 ) OO SRRRRO 79
F%gUre 32: Graph of Total Temperature at A/C 6 (OIZINAL) .....occueveeieeeeereeceeeeees e s s 79
F¥gufe 33: Air flow with temperature at A/C 7 & 8 (Original).........cccerevereriereeereeeeeneseereeererensssesesesennes 80
Ei;ﬁuu: ;;1 i::}:t)lh of TPtal Temperature at A/C 7 & 8 (Original) .oceeeverceeeeereeeecre e 80
Figure 36: = ;W with temperature at A/C 9 (Or1INAD) ettt 81

) - braph of Total Temperature at A/C 9 (OrigINAl) ..ovveueevieeeieirieecere e e 81
Figure 37:

Alr flow with temperature at A/C 10 (Original)

9




Figure 38: Graph of Total Temperature at A/C 10 (Original) ..o 82
Figure 39: Air flow with temperature at A/C 11 (Original)....cccoeeiveieirirciceceseieire e 83
Figure 40: Graph of Total Temperature at A/C 11 (Original) ................ ettt et e e e ea—eerbtre e eareeraentaesanens 83
Figure 41: Air flow with temperature at A/C 12 (Original) ..o 84
Figure 42: Graph of Total Temperature at A/C 12 (OrIZINAL) «eivvreerienieeeeereee ettt 84
Figure 43: Air flow with temperature at Supply Air System (Original) .....ccoceeceeieenierrerieeccciinisicnens 85
Figure 44: Graph of Total Temperature at Supply Air System (Original).......cccceveeririmiininniieninnieinrienenn. 85
Figure 45: Graph of Total Temperature at Exhaust (OTIGINAL) c.voveeernieceeee ettt nenee 86
Figure 46: Air flow with temperature at every Air-Conditioning System and Supply Air System (Original)
........................................................................................................................................................... 87
Figure 47: Graph of Total Temperature of every A1r-Cond1t10n1ng System and Supply Air system (Ansys)
(OTIINAL) . vevvsevseeee e bbb 87
Figure 48: Graph of Total Temperature of every Air-Conditioning System and Supply Air System
(BXPETIIMENEY 1o.vvvvvresetesssiesetsti ettt s 88

Figure 49: Graph of Hum1d1ty of every Air-Conditioning System and Supply Air System (Experiment) 88
Figure 50: Graph of Air Flow Rate of every Air- Condltlomng System and Supply Air System

(BXPEIIIMIENE) cv.eevuveirinteresisesietet ettt st bbb 89
Figure 51: Air flow with temperature at Stove A (Original) ..o 90
Figure 52: Graph of Total Temperature at Stove A (Original)................ e et 90
Figure 53: Air Flow with temperature at Stove B (Original).......cccoeeniiiniennniniiiiiccneee 91
Figure 54: Graph of Total Temperature at Stove B (Original) ..o 91
Figure 55: Air flow with temperature at Stove C (On'ginal) ....................................................................... 92
Figure 56: Graph of Total Temperaiure at Stove C (Original) ...c.cooeeiicrcieeieeeeieeceeeee e 92
Figure 57: Air flow with temperature at Stove D (Original) .......ccoccovvcvenvoniiiniiniiiiiniir e 93
Figure 58: Graph of Total Temperature at Stove D (Original) ......c.ccccrmvininiinicnininiiii e, 93
Figure 59: Air flow with temperature at Stove E (Original) ..o 94
Figure 60: Graph of Total Temperature at Stove E (Original).........c.cocererecurccrenneee reeereee e et e et st e e 94
Figure 61: Air flow with temperature at Stove F (Original) .......c..coo.evvrverrreerieesseeesesssesssesssssssseeeseenes 95
Figure 62: Graph of Total Temperature at Stove F (Original).........cceeveeeureeecrereeererieiecneneererenererenneneonens 95
Figure 63: Air flow with temperature at Grill (OTiginal).........cc.oevreeeereererserereereerreeeererenererseeuearecereseereans 96
Figure 64: Graph of Total Temperature at Grill (Original).........coevvevveveeveererieeiesreresreneessssssesssssssessesesseens 96
Figure 65: Air flow with temperature at Oven (OIiZINal).........c..oveevurrerererrireeesessssesesesessessessssessesesscses 97
Figure 66: Graph of Total Temperature at Oven (OriZinal) ......coc.covverveeeeeervvenrserieeseessssessessersssssessessens 97
Figure 67: Air flow with temperature at Fridge (Original) .........o.oovvvveoveerveerrsereessessiesesssesssessseesssssseseons 98
Figure 68: Graph of Total Temperature at Fridge (Original)....c.ccooereririeeeri e 98
F%gure 69: Air flow with temperature at every Stove, Grill, Oven and Fridge (Original) .......c..ccoo.vvvvnnnene 99
F%gure 70: Graph of Total Temperature at every Stove, Grill, Oven and Fridge (Ansys) (Original) ......... 99
F%glre 71: Graph of Total Temperature at every Stove, Grill, Oven and Fridge (Experiment)................ 100
F%gure 72: Graph of Temperature VS TIme (DAY 1)........ov..rvveereeomsoreesessesessssneessessessssssssesssssssnesssssnnns 101
F}gure 73: Graph of Humidity VS Time (DAY 1)....vveemreereeeeereeeeeeesseeseessssssssssesessessessessseseesesessesseesees 102
F%gure 74: Graph of Pressure VS Time (DAY 1) oottt e e 102
F?gure 75: Graph of Temperature VS Time (DAY 2).riteuriereieneeeeieieresesessesesessssessesessessesaessensessreoseseesens 104
FIgure 76: Graph of HUMIdity V'S Time (DAY 2)......vreoerererersosrsesesosesesesrsesesesrsseee 104
Figure 77: Graph of Pressure VE TIME (DAY 2) ...vveeeeeeeeeeeee e st s s sns e aeaes et terenees 105

Figure 78: Layout of Kitchen Case 1




Figure 79:
Figure 80:
Figure 81:
Figure 82:

Figure 83:
| ) F
Figure 84:
Figure 85:
Figure 86:
Figure 87:
Figure 88:
Figure 89:
Figure 90:

Temperature Contour of Kitchen Case 1......cccoceiiniiiiiienennirnienee et 107
Pressure Contour of Kitchen Case 11 ..ottt vt 108
Graph of Total Temperature at EXhaust (Case 1) ....ccovvcvviieiiecreieieriniecereerestee e sveereeneens 109
Air flow with temperature at every Air-Conditioning System and Supply Air System (Case 1)

........................................................... ettt sssesns e eesessssnssssesnsssssssseness 109
Graph of Total Temperature at every Air-Conditioning System and Supply Air System (Case

SO OO e 110
Air flow with temperature at every Stove, Grill, Oven and Fridge (Case 1)......ccceeveveveeennane 111
Graph of Total Temperature at every Stove, Grill, Oven and Fridge (Case 1) .....cccoeveveunnene 111
Layout of KifChen Case 2.......coiiiioiiiiiiciieee ettt s s sse e e v rneseans 112
Temperature Contour of Kitchen Case 2.........coevieeriiriininiceiceenieeneeneseese e 112
Pressure Contour of Kitchen Case 2........oecveecireieeieiesesesiesee ettt srae st 113
Graph of Total Temperature at EXhaust (CaSe 2)......cceuveeruerrrririmrerrieeeneresieeseesessssasesesesans 114

Figure 91: Graph of Total Temperature at every Air-Conditigning System and Air’Supply System (Case

EOROIIINN . ... 5.1 5 5 o400 28 T A T S 0 B0 0 R 50 5 a5 e e e e 115
Figure 92: Air flow with temperature at every Stove, Grill, Oven and Fridge (Case 2)..........ccoceuivnennes 116
Figure 93: Graph of Total Temperature at every Stove, Grill, Oven and Fridge (Case 2) ........ccccccvuvunee. 116
Figure 94: Layout of Kitchen Case 3.ttt e 117
Figure 95: Temperature Contour of Kitchen Case 3.......cicoovvriieeiienininieneciecie ettt 117
Figure 96: Pressure Contour of Kitchen Case 3......cooviueiiiiniiiiiiiiiiciitic e 118
Figure 97: Graph of Total Temperature at EXhaust (Case 3)......cccccurrmrierrnerireinseseessesieseeeeseseseneesenss 119

Figure 98: Air flow with temperature at every Air-Conditioning System and Air Supply System (Case 3)
.................................................................................................................................................................. 119

Figure 99: Graph of Total Temperature at every Air-Conditioning System and Air Supply System (Case

B .......eceeeeeeeteevsenseet s i et seesseeee s eeesen e oot es et e sem e e s r et £ eee et seeenee e eemeeeee st 120
Figure 100: Air flow with tempé:rature at every Stove, Grill, Oven and Fridge (Case 3)....ccccocevvrvreennens 121
Figure 101: Graph of Total Temperature at every Stove, Grill, Oven and Fridge (Case 3) .....cocovurereenn.. 121
Figure 102: Layout 0f KitChen CASE 4 .........o.uurvereverereeeroeeeseeeseeeoseeseeseeoseeseeesesesseseesesssesesessesesserese e 122
Figure 103: Temperature Contour of KItChen CASE 4...........veeeveervereereesreseeosesessseresseeseesessssseesesesesesees 122
Figure 104: Pressure Contour of KItChen CASE 4...........eevveeeeresreoeeseeeessssesseeosesseeseeseeseeesssssesssssssss s 123
Figure 105: Graph of Total Temperature at Exhaust (Case 4)...c.ovvvvviervenreervecereiesieeeseeeree e 124
Figure 106: Air flow with temperature at every Air-Conditioning System and Air Supply System (Case 4)
.................................................................................................................................................................. 125
F%gure 107: Air flow with temperature at every Additional Ventilation System (Case 4) .ooeerrereenrnnne. 125

Z;gure 108: Graph of Total ‘Temperature at every Air-Conditioning System and Air Supply System (Case
............................................................................................................................................................... 126
lliiguiz 1(1)3 Air flow with temperature at every Stove, Grill, Oven and Fridge (Case 4).....c.ccccvverrreeens 127
Figu Graph of Toj[al Temperature at every Stove, Grill, Oven and Fridge (Case 4) ........coo....... 127
‘gure L1 Layout Of Kitehen CASE 5 .....vvvvroeeeoeooooeooeoeoooeoooeeoeeoeoeoeoeoeeoeeoeooeoeeoe oo 128
Ei:ﬁz iii ;l:znperature Contour 9f KCTETNCERE) 8.2 e e 2 s e eeee T e BB oo R o e B o 128
Figure 1 14: Grassllllre CONLOUE OF KHCHEN CASE 5..........eooreeereeeeeeseeeeeeneseseseeeeeesseeeseessssessss s seesssseseeesssees 129
- Uraph of Total Temperature at Exhaust (CSE 5) et e 130

11

] T



Figure 115: Air flow with temperature at every Air-Conditioning System and Air Supply System (Case 5)

.......................................................................... Jeter ettt et eeeeterti e seeseseeeraeseaeaserarsnesesnncneesssnsassnceneraseses 130
Figure 116: Graph of Total Temperature at every Air-Conditioning System and Air Supply System (Case
5) ceneererrer st R e e LA e e e R R e 131
Figure 117: Air flow with temperature at every Stove, Grill, Oven and Fridge (Case 5)......cccceveveeennen. 131
Figure 118: Graph of Total Temperature at evefy Stove, Grill, Oven and Fridge (Case 5) ....cccveevvernnenn. 132
Figure 119: Graph of Peak temperature.........ccocceneuenenee. TP DT 132
Figure 120: Summary of heat transfer, Qin ....... MRS Feeres ettt eeerea e ere et e eaba e e e ——aeaaataetaaratrarterteteeinrrtaneanaes 135
Figure 121: Summary of heat generated by the cooking equipment, Qgen.......coovueurviiirriinriieiseiennne. 135

12




LIST OF TABLE

Table 1: Thermal property of different kind windows [5] ....ceeevvvrvernnns e eeeteerrtesareesireeeearereeea—ateateeeteeerees 22
Table 2: Physical properties of building envelope [97] ....c.vooviiiieiieiiiceecrcteeee et aaeas 25
Table 3: Summary of the 3 Buildings [13] ...ttt s ses b s sas ot onen 26
Table 4: Room with modified roof [14].............. e Feree ettt et st e r et e e r et e eteset et e et e e te et eetessasEeeneas 28
Table 5: Thermal properties building envelope material [14] ........ooouoiiiiiiiiiicccas 28
Table 6: Performance of indexes of 7 optimized:schemes [19] ...t 32
Table 7: Summary of classrooms and sample S1Z€ [25]..cccvireieeiiineeneeieireeeeee e erees e e s s 38
Table 8: Scale of the thermal sensation vote (TSV) and sleep quality vote (SQV) [32] ccovreeveeiecevricvinnens 42
Table 9; Information about the subjects and bedroom [32] ...cccvcveivveiiiiiieeice et 42
Table 10; Perturbation ValUes [45] ..o iiiiririeriiecirecriie e crec et e e este st tssreessesstssnaessaeee e neessoeesneseesenenns 48
Table 11: Parameter that can use for computer STMULAtION .......eccvieiiiecieiirinrieiiee e e 54
Table 12: Initial Condition for A/C and Air Supply SYStem ........cceeueiueiveiniriiiiiirieieee e 67
Table 13: Heat Generated from Cooking Equipment .........ccccccvevveenveennen... S T A T 67
Table 14: Data Collected fOr Day 1 ....c.ocovvievieeeeeeieee e i, . ............................ 69
Table 15: Data Collected fOr Day 2 ........occeeueeeereeeeeeeeeeeeeeennes DO UV UOUUUROR R 71

13




CHAPTER 1

INTRODUCTION

1.1Background

nswic L MOvisico

Our primary goatl 18 io discharge _ = %h

warm air from insxde 10 the axterior l

: Figure 1: Air-conditioning system

In the world with various type of unpredictable and extreme climate, air conditioning is an
unavoidable factor. People nowadays rely on air conditioning system very much. Air conditioning
is the process of adding or removing heat from a place, in common word we call it heating or
cooling of the specific place average temperature. It also define as the process of altering the
properties of air to a more favorable conditions. Air conditioning can be used in many conditions,
the main function of air conditioning system is to achieve a more comfortable indoor thermal
environment and better indoor air quality in order to satisfy the occupants’ comfort. In order to
maintain the health and comfort of occupants or to meet the requirement of industrial processes
lr‘fBSpectivc of the external climatic conditions, these condition must has a well control. Moreover,
atr conditioning can also use to coo] down or dehumidify the electronics devices such as computers
and server in office or stove and burner in kitchen. In general, air conditioning can define as the

modificatio 1 A ) e . . ) .
n of the air such as heating, cooling, humidification, dehumidification, cleaning,
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ventilation or air movement. Air conditioners said to be a convenient and valuable equipment to

supply air flow for the occupants. '

1.2 Problem Statement

In fact, air conditioner has a high impact on energy consumption and energy efficiency,
this will influence the emission of carbon dioxide to the environment. Frankly speaking, air
conditioning'system cause around 50% of office buildings’ electric energy consumption. World
populations are becoining more dependent on these energy-intensive indoor climates inside
buildings. One of the reason is because the peak electr?city demand episodég, it is more severe
during the summer months in some countries and heat waves. There is an approximation of
residential and commercial building sector are consuming about-1/3 of the global final energy,
moreover, about 63% of the overall energy consumption in buildings sector covered by Heating,
Ventilation & Air conditioning (HVAC) system. So, increasing supply air temperature, lowering
supply air velocity while maintaining indoor thermal comfort under different air supply modes is
an important point nowadays. In order to prevent energy overused and energy shortage, reducing
the emission of greenhouse gas is important too. Various engineering method, statistical method

or artificial intelligence method are carried out to implement prediction on the energy consumption.

Moreover, there is an impact of air conditioning system to the sleep quality and health as
well. The high velocity of air flow can disturb human sleep effectively which cause thermal
discomfort to the occupants. It might cause a problem with the occupants sleep quality for an
example like the occupants cannot sleep after awakening or cannot fall asleep. Different healthy
person having different sleep quality, Even though for the same healthy person, he or she also
having a different sleep quality in two continuously nights. So, the measurement of the sleep
quality should avoid the interference. Apart from the side effect on the sleep quality, without
PIOPEF air conditioning effect also cause a negative impact on human’s health. For an example,
there are some pPerson don’t really like to use air conditioner is because they feel a cold coming on,

becomi : .
e eldor being lazy after getting up. These are the negative impact if the air conditioning
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