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Analysis of energy efficiency standards of central air conditioning systems
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Abstract

This study investigated the cooling capacity (kW/TR) to find the optimum performance value by
surveying the operation of chilled water for air conditioning in buildings in Thailand. This study was a case
study of a hotel in Phuket Province that uses a centralized air conditioning system with a capacity of 700
refrigeration tons, cooled by water, operating 24 hours a day. The data collection took 7 days, recording
values every 30 minutes. The results were used to analyze the efficiency of the chilled water system to

find the optimum cooling load. This centralized chiller uses magnetic field bearing technology in the
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compressor. The measurements were performed by analyzing the chilled water system by measuring the
flow rate, the temperature of the inlet and outlet chilled water, and the electrical power of the chilled
water system. The results showed that the cooling load of this hotel building varied, with a maximum load
of 81.14%, a minimum of 27.39%, and an average of 57.93%. The cooling load rate is the evaluation of the
efficiency of the chiller under different load conditions. The average NPLV is optimal at 100% cooling load,
but the actual utilization is only 1.2% per year, while at 75% cooling load, the maximum utilization is 70.2%
per year. And the central air conditioner using magnetic bearing technology has a variable cooling load,
with a cooling load of 191.8 refrigeration tons; the efficiency value is 0.456 kW/TR. In conclusion, this study
indicates that the cooling load of most buildings is variable. Therefore, choosing the appropriate technology,
such as a magnetic bearing central air conditioner, can help increase energy efficiency and air conditioning

system management effectively.

Keywords: Energy efficiency, Cooling load, Magnetic bearing centralized air conditioning system
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Non-Standard Part-Load Value (NPLV) WUUS¥U18A211S 8UR 21881018 WAZWUUTEUI8AILS auA 281
Tnefifnguszasdiiiemaraussats (KW/TR) wazdsansliiedenhiududmivusuenie uaziflosaiilornns
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2) desifuuuuszsnnuiousiseinie
iwdonhindunuuszsauieudiet (Yua et al, 2014) Aomsvhouuvadu 2 1993 fe 2saniuiu uas
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MnemafiUAsunlaudnenduluiunnubuan Evaporator Snlasnisgaresaiosguindu (2) asasthssune
Aoy Bunniatesguinszuisanufeudsiinluiuauseunnasihanuduiinieseuutiu (Condenser)
ih¥euillfasgnadluszuismnudouiiveriani (Cooling towen sfiveRwintu thasgnssuiseusoudasennadi
ouandoundsngmnitianasmudesnisazgnadiuss Condenser Bnadilasnisgaveeiasguihszuisai
$ou fdunsUssudandsnulussuuiasfoadusyansnmuasgunsaiuazgunsallvigeiian angumanfithszue
arudoulimiiaauarldonlifuiusiunissnisiianuiy wdeshenubusuuszueanudeuset wane
dmunmsvhenuduiidesnsrunanmshauduliinaunnwesdiszaniam Sessdsnmeoniniiduyia
szursarufoudisiainiissuienuioudieeinia Ineagog sening 0.55-0.65 Alatad/fuainubu
(ASHRAE., 2017) Faiadaswiniuniinssunganudousien ﬁaaﬁmﬁamuﬁqmd’l \esandosiinsinga vena
B warszuutitahiifiaunin massuisanuieussnainszuy Water-cooled chiller axldiiniduganandluns
fapudeusananarsviia iy H1unuResEUIEALToU (Condenser) Fsdludasdivendeidu 1iioan
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2. minagauINAsgIudmIuTawiniEuluaAsgIu AHRI Standard 550/590 (I-P)

a 1%

mmg’mﬂ'mnﬂaauﬁﬁmumiwa@1 WAZANIIZAN 9 MIUAIT19 AHRI LU AsFRUAAIAT NNV IALU
9aNUDIULE U Qmﬂﬁﬁ%ﬁL°Z’J/’lLLaSGU’]E)E]ﬂ‘*UEN'J’li%U’]EJﬂ’J’]iJ%IE]u snsn1sluann %Lﬂuqmuqﬁmﬂéﬁmﬁu
amwLL’mé’ammﬂismﬂau%’gam%mﬁaﬁj@iﬂ Gﬁqri”mumL‘T;Juﬁhmmgmﬂﬁmaawm IPLV 9131311715571 AHRI
A1UAA1 Part load (IPLV) Wi oS uAIaNsIaUL Part load yauadsvhanufunuiouly Part load IPLV
Auadlagaunis (Eq.1) Fapnimiin 0.01, 0.42, 0.45 uag 0.12 fumanARagt vt sUsELmenmsThly
IPLV = (0.01 x A) + (0.42 x B) + (0.45 x C) + (0.12 x D) (Eq.1)
Tnefl A = COP at 100% full capacity; B = COP at 75% full capacity; C = COP at 50% full capacity;
D = COP at 25% full capacity S?fqaﬂ’nsmmgmlumﬁﬁmumﬂﬁz?ﬁﬂ%ﬂ’l'wLﬂ%"aqﬁwﬁmﬁu IPLV (Integrated Part-

Load Value) uwanegd Table 1
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Table 1 Integrated Part Load Value (IPLV)

The cooling pattern of the condenser

Cooled mixed

water and air

Evaporator condition cooling Air-cooled
Water Cooled ; .
) (Evaporatively Inlet air
Categories Conditi (From the cooling tower)
. -Cooled) temperature
of chiller on i
Inlet air
temperature
Outlet Flow Outlet Flow Wet
Inlet water Inlet water Dry Wet Dry
water rate water rate bul
temperatur temperatur Bulb bulb Bulb
temperatur GPM/to temperatur GPM/to b
e (°F) e (°F) (°F) (°F) (°F)
e (°F) n e (°F) n (°F)
Standa
75.0 95.0
All types rd 54.00 44.00 24 85.00 94.30 3.0 95.00 0 0

values

3. MnadauNInsyINEmsuAsasiuldneTulssma

AranmzfigenndosiuanmgleneluisiazUssne wiu gamafivndiuasuesnveniidu gamafividuazan
ganvesthsvueaudou ninnulndiestiuanunduaimesinvuzdsamaliu q dwiulssnelneiifiaamgiias
TR Iu AHRI Awiue Sndusiedldnisaandue NPLY mumnasgiuimnsgesniuuimuavsodenndes
fluanmzaa vy 9 wsevinidululszmalngeraimuna1uinsgiuniseadanisanayssdnsam NPLY

- o oA 9 > ' = 9 ad - Gov A
willoufiu eswndnwagnisldnulng awinisusugamgiinmuganieldlunmmeasunmeludssima uandslid
MuuAnuaInsgUluN138198aN1sAUINAT NPLY idenadesivaningiiennialulssimaan1izuinsgiudmsu
wsawiidduluanzunsgrudmsuussmdlvediulng 1wazidonds Table 2

Table 2 Chillers in standard conditions for most of Thailand

The cooling pattern of the condenser

Cooled
mixed water
and air
Evaporator condition Water Cooled cooling Air-cooled
Categori (From the cooling tower) (Evaporative Inlet air temperature
Conditio
es of ly-Cooled)
n
chiller Inlet air
temperature
Outlet Flow Outlet Flow Wet
Inlet water Inlet water Dry Wet Dry
water rate water rate bul
temperatu temperatu Bulb bulb  Bulb
temperatu  GPM/to temperatu  GPM/to b
re (°F) re (°F) (°F) (°F) (°F)
re (°F) n re (°F) n (°F)
Standar
830 950
All types d 55.00 45.00 24 90.00 100.00 3.0 95.00 0 0

values

4. n13n5293UsEANSAWaANTIAUESTUUUTUIMALUUTINAUE

nsfdunisnsaiassansamanssausiadesUivenmauuTigud asihnmstufinanssnisuivennaves
21A15UTELANTTILTY Lﬁ"a%meﬁﬂssﬁw%mwammmLﬂ?@ﬁﬂ%’U@ﬂﬂﬂﬂLLUUiauqué (Lyu et al., 2021) Fa9y
ﬂmm’]ﬂ'wammuw@NLﬂ%‘laﬁugﬂﬂuaqﬁwé’ﬂw%ﬁwlﬂauﬁ'umﬂmﬁuﬁlé’ (Alatnd /sumnudu; kW/TR) Taeld

AUNITAIUIUAIT
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AuEnsalunsinaUiurawaIain iy

(TR) = (500 x GPM x AT) / 12,000 (Eq.2)
aussauvvsAIawininLiy
(ChP) = KW/TR (Eq.3)
wanulwihiianas (ES) = (KW/TR Aeuu¥uilasu - KW/TR ndauSuden) x fuamududy
x Filusnsldanused x fuszneunsiay (Eq.4)
e
kw = sl fesessnansvhananduld (kw)
GPM = Sasnslnavesinfudniessnain Cooler imheiduunasusewdt (GPM)
AT = washsgamnitfuiiiuazeenain Cooler Snheifussauuled (P

FansmAnausInurgagavenad swiiuty alilutisiieieniinidulugaii fussansangge
(Wang et al,, 2022) FsagilUszAvEnmgegaidiofuasznisianubu 80-95% faid mrsUsuRs Current limit T
A 95% Fzdsualiien kKW/TR ansas

ImLﬂ%aﬁamaﬁﬁmLLa3msmmai’mﬁ?u%l%m%ﬂﬁ’lﬁwLf‘juﬁm%’w%mmmwusm@ué WUU Magnetic bearing
viinszusanusoudetn (Water cooled chiller) vunm 700 fuarndu $1uam 1 4a daadeaiinduiuy
Magnetic bearing ifuszuurhanuduildinaluladuuswuusdwmdnluromnsawes liinarassdlalaglyl
Fudatuiudusy danalianusudoaniunazusendandsnugs vnauldeu annsdnuse wazludedd
ihifundodu (Oil-free) vilanaldinelunisthsssnuuazergmslfnurenaiessnuiuiu lasineandesly

msefiuaulunisnsiaieaussausvenesasinuiLdusa Table 3

Table 3 Method of measuring for central air conditioning

Sequence Measurement Measuring instruments Characteristics of
No. measurement
1 Cool water flow measurement Ultrasonic flow meter ~ To perform a temporary
2 Measure the temperature of cool Thermometer measurement with
water inlet and outlet continuous recording
3 Electrical power measurement Power meter every 30 minutes for 7
days

mﬂ%’m%‘aaﬁaifmLﬁamamsauzLﬂ%‘laqﬁ’nf']Lﬁuﬁm%’uﬂ%’ummﬂLLuusunuéﬂf #esliiainsindmsnislvaves
difudeirios Ultrasonic flow meter (Micronics porta flow MF220B) Afinnuusiugn ; +0.5% - +2% oINS
ssmsnslvaifidnannndt 0.2 m/s uag 1D > 75 mm : +3% vaIn1581usAsINsnaiifiainnit 0.2 m/s uag
ID A1 13 - 75 mm : +6% ve9n1381uSRIINTIaTifAiesndt 0.2 m/s dunmsingungiivesindudin-oen
14 Thermometer 8%a: LUTRON 3u: TM-19475D Type: K a1ansningaumgiildsausd -50.0°C- 999.9°C fiaru
waingn £0.4% +1°0) uagn1slinTestamdslnfiuuuiiannsainistuiinanlduuudeiiies (Power meter &
Recorder) anansatausasulndinlddeus 2 V-1,000 V, nszualuin 0.1 A-10,000 A SAauusiugt +5% of

nominal voltage, +5% +5 counts #9N13ANTUNITATIVIAUAAIAS Figure 1
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(C) Measure the temperature of the
(A) Electrical power

cool water inlet and outlet. (°F)
measurement at chiller. (kw)

Figure 1 Measurement method for a central air-conditioning chiller

271 Figure 11 8uismsAndegunsningrnindnsinsivavesinfurinlalngliadosiionFonit Flow meter
Tngld Ultrasonic flow meter nsfinssdaeisillidesiavio uddefnauiudutseanuazshauazoiniave
Tazoralined dunisfadeaiafaniuiianianisivavesun daunisingungdvesiidudi-oon du
14 Thermometer S5fa: LUTRON u: TM-1947SD Type: K Ingnisilufindaunuiina fngamgfidinvesviodnin

< v v o w Yy a & v = o Y = A o o & d'
LULYLLaT BN LLaSﬂ’]T]Wﬂjﬁﬁiﬂﬂjm@ﬁm@mﬁﬂ’]ﬁﬁlﬂﬂ’]mL?J']Lﬂiaqm']u'uﬁ'u LWE]'JWWaQ\T’]uiWﬁqm\ﬁﬁ@Jﬂm@ﬁigUUw

vinagmuaulaiihvensdonintndu
NAN15338 UazN158AUTIeHa

NNITIVTAYTEANTANALIIOULIATRIUTUBINIAKUUTINALE WUU Magnetic bearing (Lyu et al., 2021)
giaszuiAnuTauMme w1 700 duanady laensinaridalii suvgfiuiidudiuaresn uagdnsinis

Inavesindudn-sen udnideyadldunihnisiuiaiiomanssougvesssuuyintniu seazidensa Table 4

Table 4 Performance evaluation of a central air conditioning system

Element Symbol Information Unit Data source
Average cooling load Lave 410.40 TR Calculate
Maximum power Prmax 333.26 kw Measure
Minimum power Prin 110.00 kW Measure
Average power Pave 222.12 kw Measure
Average inlet cool water temperature Tin 50.60 °F Measure
Average outlet cool water temperature Tout 45.90 °F Measure
Average cool water flow rate Flave 2,095.60 GPM Measure
Maximum cooling load Lrmax 568.00 TR Calculate
Minimum cooling load Lrmin 191.80 TR Calculate
Average cool water consumption index - 510 GPM/TR Calculate
Maximum performance Effiax 0.456  kW/TR Calculate
Minimum performance Effuin 0.609  KW/TR Calculate

Average performance Effave 0.541  kW/TR Calculate
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Figure 2 The power consumption measurement results for a 700-TR centralized air conditioning system

AnaInsalunsieuduvsaaiesUiue MALULTIAUSUUY Magnetic bearing sliaszutsnuiousie
11 2u1A 700 FuAmBY AnnsEIUI Andslwideduninufuadeey i 0.541 Alatmd/duniuidy
AausIauLgaan 0.456 Alaad/dunnnudy uazAraussaugangn 0.609 Aladnd/Munnnudy sziiuldin
ﬁhammuz%ﬁsw%ﬁm’mLLmﬂﬁiwﬁ’uuwﬁuagﬁ’unﬁzmmmLe‘juiuLLsiazsszL’aawaal,wiasﬁ’u Fafupsiingg
muAuszuulieglugasiifiaussausgeaalvldunigaiieliiAnnsusevdandsanu nan1smsraiaddsluih
\n3esUiueInMALULTINAUSIUIA 700 Fumnudy dudunisasreiauuudivas waruuutuiindseidenn
30 Wl 1Wunan 7 U svazidunuansie Figure 2

91 Figure 2 nansmsiaiamdsliiiaiessuemanuusingudvuin 700 dunnandy wuiriddlwihgean
333.26 Alafad Mdslifiean 110 Alatad uazdrdslwiiedsvonadowhdndudmivuiuenie 222.12

Alatnd nuansnsiandsnuliiissezioa 7 Ju 24 il Guanfuiung dugeiuending
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=
3
)

Figure 3 Performance measurement results for a 700-TR centralized air conditioning system

91N Figure 3 HANTIATIVINANTIOULVDUATOIVTUDINALUUTINAUEVIA 700 Fiupnandu (Huaet al., 2020)
wueUssansnmnasnulninfsuiuduaudu aussouzasgn 0.456 Aladnd/funinudu fdnnignisineu
YouATEIUTUDINIA 191.8 Fupnnundy Usedvsnmmasnulniiieuiuduanuduaussaugsiign 0.609 Alaing/
Y 2 A ° - o v o = a a % P v o
fuAEY Nan1en1siuTeRAsesUiueInIa 568 Aumnudy uasivssansanndenuliiiieuiuduaiy
Wuaussauziade 0.541 Aladnd/duanubu fan1izn1siuveaniesdsueinia 410.4 Auanudu Geen
UszAnsammdsnulniiniisuiuiuannudu aussaugaesaingunsali 0.57 Alatnd/dunnnudu fan1ienis

MUV WATDIUSUDINIA 700 FuaILEU

S
£
0.6
0.5 =@ Chiller Efficiency ====Dlant Efficiency
0.4
O O O O O O O O O O O O © O O O O O O © O O O O O © o O
2222222222222 222222
N 1N 10N 1N 10N 10N mn mn O O O O O O O O O O O O n mnwmLwmwmwmwmn wm
N T ewnd 0N 2o N dF N oo s 0N 0N QW
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— — — — C = = — — N — N
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Figure 4 Performance test results for centralized air conditioning systems
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310 Figure 4 HAN139599INANTTOULILUUUSUBINIALULTINAUYS NUT1 UsednSamaussausiilaainnis
#5737 daell Adslidnadenlaainnisnsiate windu 345.45 Aladed (Adslidaseaiidunds 222.12
Aladnd Madlwiuasasguinidusinaie 56.86 Aladnd Mdslniiesesguiissuieanudewads 50.57 Alatnd
waznndabiiivenalede 15.90 Alaind lnalinisznsyinanuduadswinnu 410.39 duanudu wWesigudnig
Maade wihtu 58.06 Wasidus wazilamdslniseduanuduvesssuuads winiu 0.842 Alatnsd/duainy
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Figure 5 Working Conditions of a 700-TR Centralized Air Conditioning System
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Figure 6 Results of the cooling capacity measurement of a centralized air conditioning system with a

refrigeration capacity of 700-TR
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