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ABSTRACT

This thesis presents the simulation of a split type air conditioner system,
by using MATLAB Simulink as a tool to calculate the energy consumption of air
conditioner and the temperature inside the testing room. The objective of this thesis
is to use the simulation to evaluate the optimal duty cycle of the air conditioner for
energy conservation focusing the residents’ comfort. To examine the accuracy of the
simulation, this thesis uses PW202 as an experimental room. The results show that the
difference of energy consumption between the simulations and the experiments are
less than 3 % when the air conditioner was set at 26 °C. The difference of the average
inside temperature between the simulations and the experiments are less than 5 %.
To evaluate the optimal duty cycle of the air conditioner, this thesis uses the air
conditioner with the energy efficiency ratio (EER) 11.22 BTU/hr/W as a model
parameter. The air conditioner is turned off in every hour for 5 - 10 minute while the
maximum outside temperature is 33.2 °C and the temperature of the air conditioner is
26 °C. The results present that turning off the air conditioner in every hour for 8 minutes

can save energy consumption for 9.09% while the inside temperature is not over

28 °C.
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W, o0, mr(fz_fl) i 11 '
Tnod

o

AD BNIINNTANLNAILSOUYBIDNUBLILNDS, KW

9 BATINITALNAIUTOUTRIADULAUTDS, KW

o) !

W, f9 MasUYIRBMINTaYed, kW

s

fn ansnsluavesansyhaandu, ke/s



by, BB ousadessarsitanuduiiidnazesnainaeuinsaives
Auaey, ki/ke

iyiiy PO ualvasasyhauiuiiduareanainmouugasnd iy

, kJ/kg

< iy o 2 o (3 o
is 0] Lﬂu%ﬁﬂ%@@ﬂﬂ‘iﬂﬂﬂ?ﬁJLﬂu‘Wﬂ@ﬂﬁ]'lﬂ']']ﬁ?‘llﬁ]"lﬂﬁ’], kJ/kg

AUSUAN IR USEANTNINUDINT NS I UATRIUSUDINA AD SRT1dIU

Usz&nSnn (Energy efficiency ratio; EER) fivaendu BTU/hr/W fndlAn EER g9 wanedn
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AMNAINTTAlUNSYINALE Y (ﬁu) = FXAT/50.4 (2.5)
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i AEINsavhANuuvasszuuUueana (BTU/hr)
Usydndnm EER = (2.6)
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= o s 4 s
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(k]/hr)=72xCWx(hr—hs) (2.7)
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dl’ d L 1 1 as 4 o $ % A o A ] QI
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(Heat-pump
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= 2 = é’ -d =i
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v

SOUAIMSUNSUSUEINA
0.016 |- DATA BASED ON 1 = A - , I
ISO STANDARD 7730 / PV o /
AND ASHRAE PAT i / H 20
0.014 |- STANDARD 55 Aot » . 1 -
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, LIMIT, 0.012 HUMIDITY RATIO i
0.012 . & < > 1
o o -
B & / H 15%
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: / e 2 i\ &
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- 90 /// _~ [ 10F
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Temperature Differential (TETD), ﬁ.i'f:iCooLing Load Temperature Differential (CLTD),
75 Transfer Function Method, 3§ Heat Balance Method wag33 Radiant Time Series (RTS)
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N3ENTIMEIY (09 ndnnasiardinissuialunisesnuuuaimsudazssuy nsld
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N3hA1 OTTV wag RTTV 91nU52n1AnIEnsg

Tudigarinusiaglditnisiuunissnisiaudusuuinsgu Tneld
75 Cooling Load Temperature Differential w3 CLTD flasa1nilndnnislunisAiuaui
Rasunanufeuneuen Ao ausauIInnITitAuiauruNeiiu mNauannsii

o 1 =] =

AMUTBUHIUATEIN WALAINNSBUIINAITWHS B RingNUNTZan TnAalReIunITAIUIN
OTTV hag RTTV [11] wenanil 35 cLTD Fududzhauisaitrlatunaunmsaiuaadlade
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2.5 N1sAIUNNITENTINANuEUlaele3S CLTD [13]

a aadad aa . = Y
7 CLTD Lﬂmawuwuﬁmmmfnﬁ Transfer Function Method &ga1u15014
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2.5.1 n1saemamTeudINAeuenidgennts (0, . ) Usenausie
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AuSauN1sIANLSaUA EUBNHIUNEIAY, KUY LAZNTEAN anusaAIuIlAaInaNnIST
2.9, ANUFAUIINNTLHS e TindrunsEan ausaruialdanaunIsh 2.10 wazany
Sounnnistharudouneluduih, fu wasndeiifuszninaios ansafuanlaain

aun1si 2.11
(2.9)

g =UA(CLTD)

&
s = oa '

U AD FUUTEANSNITONENAININSIUTINYD N YUY TRH/A1T19UAT.DIAN

wadea, W/ m*. ¢

3
<4 a s

] dl A 1 1 24 1
A fe Nuhrveswlaniinisaiemanuiousiy viie aauuns, m?
CLTD #a Aanuuandngumaiinisensinnudy mie ssrnwadea,

g = A(SC)(SCL) (210)

s

SC Ao dudszansnistaunnueinsean (Shading Coefficient) laiflvuae

SCL  #a A1N5LNMIYINAULEUNNLAIDITNY YUY ?mﬁ/msmum, W | m?
q=UA(t,~1;) (2.11)
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Useandnisanuwmanusausiuveantiniely wule Sne/a1519u05s.

b
e
=

Q)

pamsaldya, W/ m>.c

v '
ala

8 NUNRIVOINTNNANITONWANUTBUTIN YUY MITIUUAT, m>

b

UNNINBUBNGIANT Mg BIATaTEd, ¢

o))}
()]

8 gauunniinelueins vule ssmwaldva, ¢

o))}

1 2 o [
2.5.2 NstemamIauIInmsemsiiauiuneluenas (Q, . )

Usznaume Msensvinanuiduatney wusdudsunuanuseududanas UsuinainuSeu

s

wrsanAauMelures FeuegiuanwaenIsvinfanssuasspun1sluros auisormulalaann

Y

= 0 o v <
duniTn 2.12 wag 2.13, ﬂ’]‘i:ﬂﬂ?i‘lﬂ?ﬂ?"mLﬁu%ﬁﬂﬁﬁﬁ]ﬂlw ﬁ?hﬂiﬂﬂ?ﬂ?mlﬂﬂﬁﬂﬂuﬂqi‘lﬂ 2.14

wazmszmavirrmduangunsallieiedu aunsaduaaldanaunisii 2.15 vie 2.16

UL

CLF

input

Dyonsivie = N (Sensible heat gain)CLF

Gyarem = N (Latent heat gain) (2.13)

Ao NUIUAY

< 1 o/ o =3 a a&d o
Aa Araten 15NN IInANLLEY ﬂﬂﬂ‘ﬂ'ﬂuﬂﬂqi'ﬂqﬁqu

q.,=3.4WF,F.(CLF) (2.14)

8 SuIUIRAUaIvaaaln wiy Tae

o) |

= o 2,

Ap AUsENaUNISIwas@sliaunnumnngay wsaldilals)

L

s

A a
A9 AUTENDULHDNLAY

Ao Atadeniszn1sviady Anfidnlusnisvineu

q.&‘&'f?Sfb/(:‘ - qinputFU FR (CLF) (2.1 5)
=q F (CLF) (2.16)

sensible q[flpl.!! L

s 1 s P

2 9MS1ATNAINUNTIINATEITE NN vuqe Aladtad

b

FU, F F Aa fUTENBUNITIIaTY, AIUSENBUNSHES ALaYAmUsENoUNTTY

CLF

R

a1

@edlAmnuanuIzay wialusials)

Ao Atadeniszn1svinauiu
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2.5.3 N1507EMAIINIDUIINATILUIEAINNSDUNALNITSITUUDINTITEATSV

o © v a 8 o W a o
AU (Q ) anunsamuialandiuiaanuioududanarUsunamnudounda

ventilation

melues ﬁqaumiﬁ 2.17 uay 2.18 %30 2.19

ey Ay ) AT
e 48400 ,— W' ;) (2.18)
o 4.50(h, — Iy) (2.19)
0 Ao §95IN1558UBUAEN195ATUN 9L E0u (ASHRAE Standard)

wian gnuAriasiw ?, i /min (cfm)

td . fie guugilneuenelmIuaraelueins wiie ssrwadea, ¢
W, W, Ao 9RIIdIUAINTUYBIRIN AN BuBnwarAeTy wihe Alan3y

(W)/Alaniu (@A) kg (water)/kg (dry air)
b h Ao AlauatvsdaniAnIeusnLaznely wiae ﬁiaga/ﬁiaﬂ‘%’u

(¢ 1

(21m1Auy) kJ/kg (dry air)
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dl' s 1 o s =f 1 i 14 as = o = at 1 =J
1AT9AUTUDNINIATEMINNIINIINAEDY LnatusinA1nlaa1nn1sinase Y uSsuiisuiuaif
17211N1591809989uUUTI89901991 UV UULATRUS U na Tulusunsy MATLAB
3 X - 1 & & a [ 1 oaly v s | e v o =
Simulink LW aMANYDSITUARINURANAIASENINANIAINNITTALAZATALARINATST1aDN
aunsagausuls andu vuuUIIany luldlunishuienavesagaumgiiioRiatsan
voulAANNAUIE TNy Tula warAmasIuTauasasliuena laulifesviinisaans
Wa-UntaseausuaniAase %QLLUUﬁ‘mENﬁ']ﬂﬂ3ﬂﬂ?UﬂNQﬂJﬂQﬁﬂﬂUluﬁaﬁWﬂaaﬁLLa:ﬁﬂTUﬂil
a a 2 s = a a P ) o W
1natn1sida-Uaasesusueinid lasiinasveassnisida-Uatasasusueiniine e
mMInasuiavug 3 sUuuu suidunuamedamsndiuesaiosdsuannialuszuvenns
dd I ] o :ll 5 L] - 1
nivualungaeluluauian Tnefvuavaun 1SUNAADIAILE 09.00 1-16.00 U. Lardavlg

Wnnaneiu 1 91lue uasvewnassildae PW202

=

3.1 msdadsunaunislindenuliiveaasesuiuanidluiomeass uazn1singamgll

Y

wazAuIuluienasy
1 ail' [] dl 1 L2 df v = v o
’lumuu%uammﬁmaaamswamaqﬂﬂmmﬂm aUTuUNISTINE 99U

d s [ v = d‘ 1 v
InvoumsasusuanauuukendIu Tureas PW202 Taadinisidoudassuuliin 1 wa @i

& as =4 [

Augunsal wazlinisAnAnruireiinaamgiinazamnuiu Manun 5 @unds fe fumns

3 g
= a

supply air siuvtsreturn air fumdsnaIenaaes waziunisneluriesfiogiiniy

WB9nAaBIdN 2 1ipe Fauansdaguil 3.1



BESIDE ROOM
5 OUTSIDE BUILDING

AIR CONDITION

o

P -

DIGITAL TEMPERATURE & | <
HUMIDITY SENSOR MODULE 2 VOLTAGE NEUTRAL
DHT22 =
T PROB
ik | | PrOTOBOARD ’— ['=] YOLTAGE LINE
= LR PROB
cesisren e 44 currEnT
Cl
4.7K OHM { 3 \ ‘ e
= 4 \
' / L
POWER&QUALITY
| ANALYSER

ARDUINO UNO R3 C.A B335

CIRCUIT RREAKFR
2P 20A

(‘OMPUTER 2

=

SENSOR INSTALLED POSIT[ON

1 -> AT SUPPLY AIR OF AIR CONDITION
2 > AT RETURN AIR OF AIR CONDITION
3 -> AT THE MIDDLE ROOM

4 > AT THE BESIDE ROOM

5 => AT THE BESIDE ROOM

EXPERIMENT ROOM

BESIDE ROOM

‘Uﬁ 3k mwmaaam‘swaumaaﬂﬂsmwdmﬂ‘Usmmﬂ’ﬁI'uwaamu"LWW'] amvrﬂuu,a”

mwmummmsadﬂ‘summﬂlw@wmaaa

3.1.1 wuudassiasnldlunisnaass

HoNAanIfoniad PW202 489491m15n1avimnssuli @nian)

AARLIUAN

YiFReiunan

fdvilo

‘Lfﬁ 3.2 iDIVAaas PW-202 Bﬂﬂ?iﬂ?ﬂ?%?iﬂ?ﬂ‘i‘iﬂlﬂﬂ? Ght)

Ty
Imnssudans anttumalulagnszseundudinummsaiansele foutm 26.14 m1579

LUAS g9 2.75 LUAT WARAIFUR 3.2
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= ")
3.1.2 1sasusuannidLuuLengduluiesaass PW202
-1 o as 1 a o [ I3 . =
WUlAT2IUTUDINIALUULENEIUIINUSENN1ILDSKES (Power Air) wiia
L wla 220 Taadl 50 1Bsnd vurn 26,100 Tigsiedalus nsvuagean 13.8 wewd Anaarniues

P s - 5 A a =.II
5 1m309UsUaNARAAIELIRY W.A. 2559 LLﬂﬂQﬂQEUVI 33

“ dl Qs 1 o el g -
JUN 3.3 insesdsuamAluuLeNdILINUTEINIIesWeS (Power Air)

3.1.3 MIINLALATLIUANBATIEUUSEANSAINNAI9Y (EER)
o 1 L7 - - s d s 1
N1IATUARAIDAS1EIUUSEENS NN Wa99u (EER) 9941A399USUD N AR DY
1 dl [} 2 A -] = = s g s
naneaesle 11.22 BTU/h/W A1 EER fisuaald ietluilaansiadisusuinusiseau
Uszannwiaieauiuenie i Variable speed/inverter inausiwdaaud w.e. 2558 96
J & dl (v € aa | o —
M UUATIUSUDINA LWBS 4 IAuuLanddIsNIsMAaDILaLISNISAIUIGE ANATS 9N 3.1 way
- oA o &
7115197 3.2 Sdeulunisveasu il
s = d’/ s s % as U A
n. MTTRgUNATLAYAINTUENANS NeduaunduLazanIelurueh
ABLLWALYDIVIN9UY
9. UfuArmiaan (Fan Coil Unit) gean
] a < w =
A. Uiugumgilvaaaseslivainiaivaaes 27 °C

Tuvnugmameuiniosdiveinia: gamalinguenomnae 38 °C
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d o 1 1 d e A[y IJ o 1 s 1
A9 3.1 NI1TIAATRANN9 YIATDIUTUDINENLINPAA DY L‘WEﬂ,‘mUﬂ']‘iﬂ’]‘l.i'méﬁﬁﬂ']ﬁ]ﬁﬁ'lﬂ’éu

UsE@ndn1mnasanu (EER) nauviin1snaananiawassuluia

v Tayansin Arfile mie
1 | "unvildinvesinaaundu (A = ndaxe) | 0.19 x 1.2 = 0.228 m?
2 | QUUQNYBIDINIANNATUANNGY 21.6 %
3 | ANTBUANNNSDINIANISUALNSU 58.7 %RH
4 | AneunsaUnsmuaunau’ (hy 47.719 kJ/ke dry air
5 | 9auuiluee0 AN 1A UANTY 12.3 °C
6 | AMUTUALNNSDINANIAIUALDNE 79.3 %RH
7 | Aneunialnuauaudie’ (h) 30.148 kJ/kg dry air
8 | AmnuSiaunieduaunau (V) 1.344 m/s
o i o P ) ' B
NEIUTINALYVD S IUSUDINALUTIN
9 ” 1.742 kW
ADULNSALLBINIIY (P)

NUBLNG: L Unr191nA139 Psychrometric Chart

ﬂ. ! o l:ll | o 1 s = o 1 o
A1919N 3.2 ANINATANUILWENIATBATIAIUUTLANTN WA (EER) NBUYINNITVIAGDY

MAWAIUIN AN

a1mu N15AIUIN Ale WU

USunanumuiouiuiesosusueine
1 18.3312 m®/min
(CMM = 60 x V x A)

ﬂwua’w,mcﬂumsﬁ']m'mlﬁu
2 19547.7384 BTU/hr
(TR = 5.707 x 10 x CMM x (h- hy))

3 AUT5aULNNTYIIANULEY (P/TR) 1.0694 kW/TR

4 EER = 12/(P/TR) 11.22 BTU/hr/W

3.1.4 \a3esileaildluntmeanss

1. Energy analyzer 1 C.A.8335

Energy Analyzer f® Lﬂ%iaﬁtﬂ‘j’lsﬁwﬁw’mh‘lﬁ’lLLﬁmﬁﬂ‘gUﬁ 34 \ile
msuflawagusuugaimslinduuisdiolgunsaiidtefiudsyavsnmamnmndenlui
neluerasie Lﬂ%@ﬁLﬂ31sﬁﬂmmwlwﬁﬁﬁ”ﬁ}amuwmi’mﬂ'ﬂwwmiLmafmalw‘ﬁwmf] 19 1wy

W3, nsEud, Aud, madlwih wazdue Mewniidsiesdl voltage probe Tumsinusesiu



vl

s di [ rals[,ua & a 5 -
way current clamp Tunisianszua uazilesninlugunseld TR UayafauRoAI Y
17 =t L7 u 1 £2 = v as =3 173 1 E2 o a as
avmnlunsldauisgnesnuuuunlfamnsau-ds Joyanieltianudayasiiele uazdnng
-l & W o v a ¢ w a w
Ya4ATINDAINIIT 1N 3.3 Tunisneasdlaliasasiiasieinasulwitvesusem CHAUVIN

ARNOQUX GROUP

i Dighsf oupul (1 ehl %o recoeder or slerm

A7 |

JUi 3.4 1ASeviiaszrindeulwitiiu CA8335 1su3tn CHAUVIN ARNOUX GROUP

A5197t 3.3 Herdunnsiaues Energy analyzer 3u C.A.8335

Functions Rate
Voltages 1000 V
Currents 6500 A

Frequency 50~ 60 Hz

2. Digital Temperature and Humidity Sensor Module DHT22

gunsalisuwesdmiuingumgiiuasanududuivé [ugunsalitanunsa
ihinusggnaldaumsiussuvasesnailsilivanvats Wumsiauay muugamaiuas
AN svvuiuiindeyaiferfugamgiuasauiulusies ludu gunsaisziani
wanANAUMUGHES 5177 AawiugT awasBualunisTa nstidwuuRTTansowuy
uaugdan (usku nmanaaadldauluga DHT22 / AM2302 Fasisaangn Tandunuudsa

L dygruiivaiisadudies lun1si@eureuuuineynsuassiianig (Serial Data, Bi-

i i o = Y . - 1 a d v oo o«
Rirectional) Inedsnienderiu Arduino ieifiuAgamgiuazaasudimivsaniouies
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| * 3.3 to 6V power and I/O
* 1.5mA max current use during conversion ~ 4 4 ,
* 0-100% humidity readings with 2-5% accuracy ‘~..‘ 4
* -40 to 80°C temperature readings #0.5°C accuracy L .‘.
| * Upto 0.5 Hz sampling rate (once every 2 seconds) » 0... \
* 4 pins, 0.1" spacing ‘\}“.(":‘.. \\
‘\‘et\\ y \
AGTBE \
4 ‘\-"
1)vcC a8,
2) DATA (digital 1/0) . ///A/\
3) Not Connected (N.C) 27, / . 1-Veo
S1GND 3 2-Data
4 3-ne.
4- GND

Note: Connect a 4.7Kor LOK resistor between
VCC and the DATA pin

5UT 3.5 Tuga DHT22 / AM2302

U

3.1.5 Arduino

1
= v

Arduino 1Jululaspaulusatansvesaivudnsasy deanadieuiain

U Y

Controller as£na ARM w83 ATMEL Tefivaslulpsnoulnsalaasuesnfoisasuas Open

Source fiaunsainluiausaidugunsainne luazauanansolunisiiiu Boot Loader

winluiisa ARM 39vl9inns Upload Code dnduesaanunsevilddiedu uasdeiinswaiun

Software Aildlun1smunuiiueinues Arduino didnwariluaiw C+ Mlusunsuuesdl

mwAuaglunsldnu dvesaamrsadlugauideliiv 4913 Arduino Senindy shield

P =4 - |2 A v o = a ° & .
EWBEWUAIINAINTOLNUYY NIDAT1FIUITDET TN ULAN AL U USEnauLtdU Shield

iU Arduino Alg

Voltage  16MHz ATmegal6U2
regulator  crystal microcontrolier IC/USB controlier

7 to 12VDC input
2.1mm x 5.5mm
Male center positive

USB-B port
o computer

Reset button
: ICSP for
¢ USB interface
B H (12€) SCL - Serial clock
L IEls (12C) SDA - Serial data
- i Pin-13 LED
“dia L3
. Not cuﬂvr:‘ctld @ e (SP1) SCK - Serial clock
1/Q Reference R'ﬂ' ‘teg (SP1) MISO - Master-in, slave-out
- o“:*: (SP1) MOSI - Master-out, slave-in
pul
SPI) S5 ~ lect
Vo (SPI) SS - Slave sel
Ground
Ground Note: Pins denoted with “~"

Input voltage are PWM supported

Analog pin 0
Analog pin 1
Analog pin 2 Interrupt 1
Analog pin 3 Interrupt 2

(1zC) SDA ™D

(12€) scL RXD

ATmega328
microcontrolier 1C RESET
ICSP for
ATmega328 MISO

5UT 3.6 lulaseevlnsaiaes Arduino UNO R3
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3.2 WUUIIABINITNIIUVDITZUULATD SUSUBNA
AMusauTeIReImsilunatInaunIsnIsansmAIN S auaN T LER e
luguuuuasaslit Usenause gaamusumunazifivlseq 2, 3] Manuaansaluns
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W151010935 laun Anisdianudau, Fiflm'imiuauau‘uaai’a@ 189 sauﬁaﬁu,maammmq
malu,wasiiees v1av 5‘?}":5amﬁu’h@hqmmﬁLLazﬁhm’m%’@u‘luLLUUﬁﬂaaawwﬂ’mu%E}uﬁgu%
duusfuusaiunaznszualulaasinimiuaisu emuazaanlunisldaussuuldu
0na sndteiaradrafunuudians Tawisuiadoulidnnseudugaduny Tneld
MATLAB Simulink fauandluzuil 3.7-3.9
LLUUﬁwaaaﬂ'|iﬁ'mm'iw‘uLﬂéaaU%’UmmﬂgﬂﬁmﬂadmnLmuai'ﬁamwwmw

Sounmglutnumepasesinnnuseu [4] wuuiiassaunsoesuieldsisaunisae Uil

dQ e
(—EJ - (Tf'n X Tafrcon) M-c (3.1)
dQ
(EJ I = Yexternal +Q;ntema! +Qventiiarion (3.2)
asses

d in 1 dQIosses Y anircon (3.3)

dt = Mg.c\ " dt dt

ci‘ dQ = b2 d} s 9 v ] 1 u'/
laed - Ao N1sluavesmnusauanAIosUsSu N A luias vuoe Jadatalug
t

Opcternay 72 MIMBmALTOUIINAIBURNGINGD1A1S Milre AlaTnd

Oiternar 18 M3t1BmATINTOUIINATIEMTYIAMUTUNElUNS Miine
laind

O omtitation P® N3010IMANNTBUINMITTUIIALSOULAEMIFATR0158A"S

vianudu e Alatnd

M, fa WaveIINIAlu Mie Alansu

¢ fip MuYALSEuT I v arenlaniu-lnaiy

T Ae gaumnilngluvios wie ssmialdva
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.
s

M Ao 9RsINSualaeula vule AlansureIuid

T

= A s =i 1 =l
i Ao gaumnlivesoniaduainiasasusueinia fmhadussmiadua

® - ~
Power of the A'C cooling fan (W) Simutation Power Smdaton Energy -
Toror  Switch (onvoff) ] OO
™ 00w } b
] Troom
Jobu 1EER
Al conditioner sysiem [
5 e — ]
Set Temp
Heai Flow from Al Conditioner (904) Measurement Valoe 1

€
[

i

i

Roam Temp

JUN 3.7 sruumsvinnuveanissuiuonnialuomaans

MNgUR 3.7 Tumneaail 1 wandsszuugosmahaureasdosiuane
fuandluzuil 3.8 wasymneiavil 2 uanstiszuudesvofetnassfauandluguil 3.9
Tneildduns Aogumaiifideanaiensuorna gampiinegluainnisin aamgiineuen
M sia wazidsliiwesiadasiuenniaainnts i iWoruesnssnzazldeionsing fa
gaumgilnglunnuuudiaes mdsliiweandasuiuaniaainuuusiaes uasndeemili

‘HQQLP]%ENU%JUEI?ﬂ’]ﬂﬁ]']ﬂLLU’U‘\TTﬁEN

@ Thermostat Commandi(On.'Off) )

On/Off
—— .’ y
&> L T2 a1 NS —— (D)
- . - c . dQ/dt
room Air Switch Cooling Capacity Limit
AirGain
Tair —

Air Temperature
JUT1 3.8 sruudesmsvinauveunIaslsueine

< a1 | o & & a L3 o
MNFUA 3.8 diedunn Ae MmdulaUnreuwawes anmglneluain
LuUT1aes wazgamgiiauivenanaeediu Werkwiwwsnssnzazlddadinn Aensaiem

o < o
AINUTDUIINATDIUTUDINA

Piot Graph
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D— --——-—Q%—— -——-L@
Heat Flow from Room Temp

Air Conditioner 1/Mc
(dQ/dt)

————— Indoor Temp

Cooling lood ———
(2 ) outdoor Temp

Outdoor Temp CLTD

JUN 3.9 szUUgRLIDIiDINAADY

=

NNFUN 3.9 diABuwn Ao gamaiineusnainnisin waznisonemaudeu

Y

NATRITURINIA e IATINaLlRme e Aegamalimeluanuuusiass
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21 2829 | 23.27 | 18.33 | 1346 | 11.25 | 9.05 | 686 | 4.70 | 5.61 0 0
22 2829 | 2327 | 1833 | 1346 | 11.25 | 9.05 | 686 | 470 | 561 0 0
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27 9.50 771 | 562 | 455 | 457 | 505 | 3.18 | 437 | 5.61 0 0
28 7.49 371 | 90t alt”87 | 2.43 0 0 0 0 0
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BUILDING ENERGY MANAGEMENT BY USING THE SIMULATION OF THE AIR CONDITIONER
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aeil Taeldlusunsa MATLAB Simulink lunisdiuaaen
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pauinialunias TudSysrinusiniuuusiasmim
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14970 (09:00 - 16:0011.) ioUssmdandssiuuasaanisal
aumgiimeluvinaiidsundasly dsfaslidssansevuste
annrAuauILYegiiognslurias laeldvies Pw202
huiasnnass nantsnredeumNgniasvesLuTIaed
WUl AuLeneTBsAd R InvasaTa sl fuaine
fidntfasndn 5 % wavAnadvgumginneluvpsddlion
M1 10 % 9ntuSediasanisiauvesriaslfuainina
nvludomnaesdingta Seilddnsdauusyansam
WA (EER) 1 11.22 BTU/h/W Tnafinunsessioan
Umndaauivemialunng 1 Falusluiainaslis &
svesAIATARIUR 5 - 10 wAil TaeTaufiunn 1 urdl
grudadu warthuawnTguifisuaiun1sinasenis
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HANTS91804NUIT Lﬁaﬁwumamuqﬁmauaﬂqqqmﬁu
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szavnminzaufianlunsDandotiiveina fo 8
it lesnnanunsnannisléwdenusniuld 9.09%
sudailrngumgiinneluliifiu 28 °C

ABSTRACT

This thesis presents the simulation of a split
type air conditioner system, by using MATLAB Simulink
as a tool to calculate the energy consumption of an
air conditioner and the range of change of the
temperature inside the room. This thesis also uses the
simulation to evaluate the optimal duty cycle of the
air  conditioner’s time for

operation energy

conservation focusing the residents’ comfort. To

examine the accuracy of the simulation this thesis uses
PW202 as an experimental room. The results show that
the difference of energy consumption between the
simulations and the experiments are less than 10 %.
For the average inside temperature, the differences are
less than 5 %. To evaluate the optimal duty cycle of
the air conditioner’s operation time, this thesis uses
the air conditioner with the enerey efficiency ratio (EER)
11.22 BTU/hr/W as a model. The air conditioner must
be turned off in every hour for 5 - 10 minute while the
maximum outdoor temperature is 33.2 °C and set
temperature of the air conditioner is 26 °C. The results
present that turning off the air conditioner in every
hour for 8 minutes can save energy consumption for

5.14 % while the inside temperature is not over 28 °C

building

JMATLAB Simulation, air condition system

Keyword: energy management, CLTD
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qg=UA(CLTD) (1)
U #p dudszansnsdemanudousinvents viae
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NIONBMATINEDUTIN YUY ATIURS,
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g=A(SCYSCL) (2)
SC A AuvusedAndnisdeunnvaansean (Shading
Coefficient) laifiviae sz Ao Ararsennsyrmnuidu
INUAIDIWRG WU TRF/A1519U3,
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Gearaible = N(Sensible heat gain)CLF (4)

& 7o N(Latent heat gain) (5)

N AD 9WIUAN I Ae Artaduniseansyinauldiu
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AnNdaluanIsvinay

q, =3.4WEF, F, (CLF) (6)
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q:ensible i qr’nmeU FR (CLF ) (7)
qsensib[e ~ q,',,me L (CLF) (8)

@

g A dnAmdsnuiedaineseddlini wise
input

Madnd z, g, g Ao #2UsEnoUATTH a0, i
v R L

Usznounisuiaduasiusenauaise (@aaiaiuainy

wingay nisluiifle)

2.5.3 MS0N8MANNSDUIINNTTIEUIBAIUSDUY

warn1TduYeenIsENITYINAIMLEY (o ) @150

ventilation
murnlaanusuinanuieududanazusuinainuiau

a = -
wianeluenans fsaunisi 9 uax 10 nin 11

qsensib[e = 1-10Q(:0 _tl') (9)
q.’men.' = 484OQ(W0 i Wr) (10)
B i = H0CU,—H) (11)
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A15149 9.1 FiaveslassadanseueIAsHarAdUsEAnSnsaemALSauTm (U) [10]

anv

TAseasna

U (W/m2.°C)

1

)

=
=

- 12.5 mm. cement plaster
- 125 mm. concrete

- 4.2 mm. vinyl tile

3.461

N1aN18UBN
- 80 mm. brick with cement plaster on

both side

3.950

adannglu
- 12.5 mm. cement plaster
- 75 mm. concrete block

- 125 mm. cement plaster

1.333

- 9 mm. gypsum board

0.032

- 100 mm. concrete slab
- 100 mm. air gap
- 75 mm. glass fiber

- 10 mm. gypsum board

0.536

- 2 cm. Hardwood

0.092

ATLINUUNH

- 3 mm. clear glass

5.678




A319% 9.2 A1 CLTD dwmiumisiiu (°C) dmiudeyagiionnimueangammamnuas [10]

-3

Wall Hour

Face| 1123 /4|5 |6 7 8|9 10 11|12/13(14|15|16!17118119:20|21|22 |23 24
N 413 +3: 32134, 7110131415116 17 .17 18117116113 10, 8 1 6|5 4
NE |43/ 3 3123 |7!13|20/20|25|23|21119118:16115|12|10/ 81 7|6 ! 5'!4
E 413 3,3 2)|3|8|15/23{27|28/25{22,20/18:17{15/13(10/ 8 7|6 |5 4
SE | 4333 21316 (11{17,20 2221191817 (1614 12|10|8 |7 |6 | 5|4
S 413132 2 |2!3|5 8|10 1203 141515151311/ 9|7/ 6! 5| 5| 4
SW 5|4 4|33 |3 485 4P 101213 16 | Tome23 %26, 27 24‘ 1914 111. 8 | 7 | 6

] W 61543 |3%37a 6 8 NONM2|13AT/ 22|28 338513 26119 14 /10| 8 | 7
NW 5|4 4 &g 3 85 NYIONIA| WV IE r2ir25.-29 | 31 | 30028, 17 | 13(10| 8 1 6

newe: [ilawwigniaiiu vdn 80 mm.

é 1 o @/ at ] al £ -
AN V.3 A1 CLTD @usunadn (°C) d1TurayanininAvesniannaniuas [10]

brick with cement plaster on both side i1y

Hour

Roof

LN 223 (4 15 0 Bl ats = A N0 L LM I M3\l P1sreTada S latay 19) 209 21 | B 25 | 24

14

12

11

9

8

4

7

7

98 AIVIDAZZNGTN BTN 38 | 367 BoW 34 31 P8 =2d | 21¥ 19 | 16

vanging;: lildanenaen il 100 mm concrete slab with insulation (100 mm.

concrete + 100 mm. air gap + 75 mm. glass fiber + 10 mm. gypsum board) uazil

gaumpiineluiaainiu 25°C iy

13190 0.4 A1 CLTD dwmiunsyan (°0) dmsudeyaglenniAvesngammamuns [10]

Hour
Glass i
112|345 owg/Umg 9 10910 112 Q8 : 14 15476 47 18 19! 20| 21| 22 | 23| 24
3121212223 4™ 6myyl B B i B a0 | 8716 /5|8 |4|3|3]|3

vanew: 1lalan1enszan 3 mm. clear glass Wiy



o ! o o ] o =
A1319M 0.5 A1 SCL dmiunszan (W/m?) dmiudeyagiienniereingammumniuns [10]

U-4

Glass Hour

Face|1 | 23 /4|5 6 7 8|9 10(11/12/13|14/15 16|17 |18|19/20| 2122 23|24
N |22 20 18 17 15 28 52 65 76 84 89 92 96 98 99 99 94 71 48 39 34 30 27 24
NE |28 25 23 21 20 59 106 189 213 199 162 136 126 117 108 96 81 64 52 45 40 37 33 30
E |31 29 26 24 22 66 120 222 257 243 189 152 137 127 116 103 87 70 57 50 45 41 37 34
SE [24 22 20 19 17 42 81 142 167 161 135 119 112 106 99 88 73 57 46 40 35 32 29 27
S [17 16 14 13 12 18 37 47 61 73 80 84 88 83 83 74 60 45 34 29 25 22 20 19
SW |40 37 34 31 28 33 49 58 69 79 86 93 124 167 207 230 216 146 95 74 62 54 49 44
W |61 56 51 47 43 4662 69 80 88 94 104 163 243 317 365 359 243 152 117 97 84 75 68
NW | 53 48 44 40 37 40 57 64 76 85 91 101 142 201 263 308 308 210 130 101 83 72 64 58

i Aqé’a’ . [ ] q’:
waneme: Tilawiznszan 3 mm. clear glass lngddiiusiondu 125 mm. concrete iy
lﬂ‘ 1 o a ﬁll

AN5199 9.6 A1 CLF dusulvanauuaziasaalabnii [13]

Hours in Number of Hours after Entry into space or Equipment Turned On

Space 1 2 3 4 5 6 7 8 9 10 11 12 1% 14 15 16 17 18 19 20 21 22 23 24
2 059 067 013 009 008 006 005 005 004 004 003 003 002 002 002 001 001 001 001 001 001 001 001 000
4 0.60 067 072 076 020 016 013)0.11 010 0.08 007 006 0.05 005 0.04 003 003 0.03 002 002 002 001 001 0.01
6 061 068 073 077 0.80 083 026 020 017 0.5 013 011 009 008 0.07 0.06 005 005 0.04 003 003 003 002 0.2
8 062 069 074 0.77 080 083 085 087 030 024 020 017 015 0.3 011 0.10 008 007 0.06 005 005 004 004 0.03
10 063 070 075 0.78 0.81 084 086 088 0.89 091 033 027 022 0.19 017 0.14 012 011 009 008 007 006 005 005
12 065 0.71 076 079 082 084 087 088 050 091 092 093 035 029 024 021 018 016 013 012 010 009 008 007
14 067 03 078 081 083 086 088 089 091 092 093 094 095 085 037 030 025 022 019 016 014 012 011 009
16 070 0.76 080 083 085 087 089 090 092 053 094 095 095 096 096 097 038 031 026 023 020 017 015 0.13
18 0.74 0.80 0.83 0.85 0.87 089 091 092 093 0.94 085 095 096 097 0.97 0.97 098 098 039 032 027 0.23 020 0.15

i J o P-4 - 5 . " [} 5
NUBLNG: Toleianzwuioaudu 2.5 in. concrete covering with vinyl in1uy
IH' 1 o L 1

A19199 0.7 A1 CLF ’cf‘l’m’i‘l_li‘lf?ﬁﬂLLﬁ\‘]ﬁ’J'N [13]

Hours Number of Hours after Lights Turned On

Lights an| 1 2 3 q 5 6 7 8 9 10 11 12 13 14 15 16 17 18 i9 | 20 | 21 22 23 24
8h 085 092 095 096 097 097 097 098 013 0.06 004 003 002 002 002 001 001 001 001 001 001 001 001 001
10h 085 093 085 097 097 097 098 098 098 0598 0.14 007 004 003 002 002 002 002 002 002 001 001 001 001
12 h 086 093 096 097 097 098 098 098 098 098 098 098 0.4 007 004 003 003 002 002 002 002 002 002 002
14 h 0.86 093 096 087 098 098 098 098 098 098 099 099 099 099 015 007 005 003 003 003 002 002 002 002
16 h 087 094 096 097 098 098 098 099 099 099 099 095 099 059 099 099 0.15 008 005 0.04 003 003 003 002

2

VUL Taloanrziuioadu 2.5 in. concrete covering with vinyl intu
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This project presents the simulation of a split type air conditioner
system, by using MATLAB Simulink as a tool to calculate the energy
consumption of air conditioner and the temperature inside the testing room.
The objective of this project is to use the simulation to evaluate the optimal
duty cycle of the air conditioner for energy conservation focusing the
residents’ comfort. To examine the accuracy of the simulation, this project
uses PW-202 as an experimental room. The results show that the difference
of energy consumption between the simulations and the experiments are less
than 4 % when the air conditioner was set at 26 °C. The difference of the
average inside temperature between the simulations and the experiments are
less than 5 %. To evaluate the optimal duty cycle of the air conditioner, this
project uses the air conditioner with the energy efficiency ratio (EER) 11.22
BTU/hr/W as a model parameter. The air conditioner is turned off in every
hour for 5 - 10 minute while the maximum outside temperature is 33.2 °C
and the temperature of the air conditioner is 26 °C. The results present that
turning off the air conditioner in every hour for § minutes can save energy
consumption for 9.09% while the inside temperature is not over 28 °C,

Introduction

The amount of electricity 60-80 percent of electricity consumption in
buildings [1], caused by the use of air conditioner.

The aim of this project is to study the stopping of air conditioners for
a short period of time by considering the user comfort. The temperature range
of comfort zone is 20-28°C. [2] In order to find the suitable timing of the air-
conditioner opening to maximum energy savings with the use of a small
room as a laboratory to be a model for a large complex building system,
therefore, simulating the MATLAB Simulink program to compare with the
actual experiment of the laboratory. To determine an acceptable error
percentage and then use simulation to predict the results of temperature
values and the energy value of the air conditioner,

Methodology
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Fig2 Model in Simulink (a) Air-Conditioner system (b) Air-
Conditioner subsystem and (c) Room subsystem

I'he model can be described by the following equations:
Fig.1 The connection of the device do N I
to measure the amount of electrical [;J = (T —Tyjpean ) : M2 (1)
energy, temperature, and humidity

of the air conditioner in the ( dQ

expenmental room. J! = ear T itormat T Do *:(2))
asyes

dt
ﬂ X 1 dQ.'ns.(r.- 2 d'Q::m;w: (3)
dE M e\ S dt

Using the simulation to find the appropriate period to turn off the air
conditioning in PW-202 in every hour during office hour
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Fig.4 The duty cycle of the air conditioner
with turn of for 8 minute at every hour.

Fig.3 The duty cycle of the air conditioner
works in office hour,
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Fig.5 Energy saving trend when turning off
period changed.

Fig.6 Energy saving and temperature inside
when turn off the air conditioner for 9
minute every hour,
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Fig.7 The inside temperature when turning

Fig.8 The optimal time for every set
off period changed. temy

ure and outside temperature.

Fig.10 The energy consumption after tuming
off the air conditioner with the optimal time.

Fig.9 The energy consumption before turning
off the air conditioner with the optimal time.
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* This simulation can model the work of an air conditioner in PW-202 by
evaluating the energy consumption and the temperature inside the room with
the difference compared with the experiment less than 5 % when the
temperature of the air condition is 26 °C.

= This simulation can evaluate the optimal air conditioner turning off time
during the office hour for energy conservation focusing the users’ comfort.

>>>FOR PW-202 with the max 33.2°C of the outside temperature and
the 26 °C set temp, the optimal period is 8 min.
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