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Abstract

An air conditioning system testing machine is used to evaluate the performance
and efficiency of an air conditioning system to accurately determine the system’s
efficiency and understand the principles of maintenance and repair, enabling us to
troubleshoot effectively.

Test results revealed that the air conditioning system using a Thermostatic
expansion valve exhibited the highest mechanical efficiency with a Coefficient of
Performance (COP) of 3.83. It also had the highest electrical efficiency with a Coefficient
of Performance (COP) of 5.90. Additionally, the Energy Efficiency Ratio (EER) was 20.0,
which is higher than that of systems using a Capillary Tube or Automatic Expansion Valve.
Thus, air conditioning systems equipped with a Thermostatic expansion valve offer the

highest cooling efficiency.
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KWx1000
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Duasaezinsagde anudeuainusadeaviu (sentropic Efficiency < 1.0) feliulunis
a ft v P . - 9 = 1o o &
IATILIRIABI3AN Isentropic Efficiency 98 uagienuuiug1nsidlusunsudnsaguly

ASUTZLEU

1Usunsu P-h Diagram https://www.ipu.dk/products/coolpack



2.1.4 A7U528Y
2.1.4.1 M59AAM52au (Measure Wind Speed)

[ @ v o v d' = [ [ d: a
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AUNTSN2.5 NNFMIOMNIINSMa991n1# (CMM)
CMM =60 xV x A (2.5)
< 1 I
V = ANU57a1199978 m/sec
A = NUNNTNARYD9I8aN M2
2.1.4.2 @3adnanustausuuluna (Vane Anemometers)
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AUN19N12.6 NIMNUNNTAARY Evaporator

= (A21UN39(cm)/100 ) x ( AI13g(cm)/100 ) (2.6)
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2.1.6 LLNunuﬁlsl!Iﬂimm%ﬂ (Psychometric Chart.)

TuN1TMIAENTTUE V093 09UTUDINA T1TuR0IMIIUT@n1I891N1ATOUS A5
Wdonau o1naUsznaumgiiglulnsiaulsyuiu 78 % 9andlauusvauiad 21 % waginwdue
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Y 9 Y
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(Dew Point : DP) Apgauugdifivinlileuluainmiundudd gruldlaenisainiduiuiuey
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4.1 nanssuanUsEaniamaiesuiuainia
1 Gunnmsmegamginazusaduiuanuiulazauiou
2.L§aﬂmi‘1ﬁ%‘i’m%aﬂExpansion Valvefiazs
2.1. Automatic Expansion Valve
2.2. Capillary Tube
2.3. Thermostatic Expansion Valve
3 dAnTilanAuamn Coefficientof Performance, COP

AuUn15% 4.1 nsulasalaii

VxA
kW = (4.1)
1000
210x 12
= s mmw (=2 2 50~
1000
v = Tan

A = haunkUs

X A v oo
ﬂqiﬁqWUWﬁuqmﬂﬁﬂ Evaporator

INAUNTN 2.3

( A1 119/100 )x( AI%E9/100 )
(42/100) x (31/100)
0.42 x 0.31

0.13 m?

NSMBATINTSIav8I01NA (CMM)

NEAUNSN2.4  CMM

60 x VXA

60 x 5.3 x 0.13
41.34 m’/s



A1519% 4.1 M15190UNNNITNTIVINATEIUSUDINA

qamgﬁ c°/ % RH / o) Automatic | Capillary | Thermostatic
318N19 Abaln dnwel | Expansion Tube Expansion

Valve Valve

21MARUTOUY QNIRRT co 28.5 28.5 28.5
(Haandne) ALY % RH 67 67 67
2INARUTOU QounQil co 73 74 70
(Hleaundv) ANITY % RH 66 64 64
IS Psi 350 350 300

9INAGIEY Qoungdl co 279 27.9 279
(Hleaudne) AT % RH 67 67 67
LUNaY H, 68.6 68.6 68.6
91nARULEY gl o 19 19 18
(Heaundv) ANTY % RH 64 64 66
WIIAY Psi 125 125 125

LUNIaY H, 53.9 53.9 50.8

Nufinthsadosan m? 0.13 0.13 0.13

A5 A m/s 5.3 5.3 5.3

m51nN15 ke CMM 41.34 41.34 41.34

Tl Tad V 210 210 210
wouLUs A 12 12 12

Aladng kw 2.52 2.52 2.52




4.2 NM5AIUIUNIUSLANSNINLATIUSUBINA (LUUNIINA)

4.2.1 Automatic Expansion Valve

-
E.

gﬂﬁ 4.1 LLamqm‘mqﬁLLasmmﬁu Evaporator 983 Automatic Expansion Valve



gﬂﬁ 4.2 LLamqmﬁﬂuﬁLLazmméfu Condenser U483 Automatic Expansion Valve
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g“d‘ﬁ 4.3 N5 Lkeng P-h Diagram ¥89 Automatic Expansion Valve
91n3UT 81 Enthalpy Tuusazqn
@il (h) = 41157 ki/kg
W2 (h) = 44365 Ki/kg
W3 (hy) = 29803 ki/kg
Wi (h) = 29803 kirkg

ANUIEUAT COP 910@UANS

COP — (hl_h4—)
(hz—hy)

LYIUAN
COP = (411.57-298.03) / (443.65-411.57)

COP = 354



4.2.2 Capillary Tube

; ~T7) Miﬁi@@
‘IB.L, llii;,'n 31' |
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JUT 4.4 uansgumniuazAl Uiy Evaporator 484 Capillary
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4.5 uanguunniuayAuau Condenser a4 Capillary Tube



AT T s e 194 Pgui ¥ 20T

PV

$=100 12
140 160 I8¢ 200 220 240 260 280 300 320 D 260 380 400 420 44D 4600 460 500
Enthalpy lakg|

(2]

INFUN 81ue Enthalpy Tuusiazan

Wit (h) = 41181 Ki/kg
w2 (h) = 44388 ki/kg
Wiz (hy) = 299.67 ki/kg
Wi (hy) = 299.67 ki/kg
AUIUAT COP 91N@NN1g
COP = (h1—hy)
(hy—h)

LYIUAT

COP =(411.81-299.67) / (443.88-411.81)

COP = 3.50




4.2.3 Thermostatic Expansion Valve
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E‘Uﬁ a.7 LLamqmwﬂuﬁLLazm’mﬁu Evaporator U84 Thermostatic Expansion Valve



gﬂﬁ 4.8 LLamqmthﬁLLasmmﬁu Condenser 989 Thermostatic Expansion Valve
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E‘Uﬁ 4.9 n31uans P-h Diagram ¥89 Thermostatic Expansion valve

IN3UN 81ue Enthalpy Tuusiazan

30 3M0 WD 420 Ay

i1 (hy) 41134 kl/kg
99912 (hy) 44224 kJ/kg
90713 (hy) 293.11 kl/kg
04 (hy) 293.11 kl/kg
AUIUAT COP 9MNENNTT
COP = (h1—hs)
(hy—hq)

LYIUAT

COP = (411.34-293.11) / (442.24-411.34)

COP = 3.83
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E‘U‘VI 4.11 W@MIN1FINAMULIIANYDUNAUNINAY Evaporator



4.3.1 Automatic Expansion Valve
Enthalpy h; (Supply Air)= 68.6 kJ/kg
Enthalpy h, ( Return Air) = 53.9 kJ/kg
MNAUNTT 2.1

Q = 5.707 x 10° x CMM x (h;-hy)

WUA"
Q.= 5.707 x 107 x 41.34 x ( 68.6-53.9 )
= 3R
91N@UNIT TR x Btu = TR/Btu

3.47 x 12000 = 41640 TR/Btu

5 TR/Btu
NFUNIIN 2.2 EER = ——
kWx1000
: 41640
WWUATEER = —————— = 16.52 Btu/hr/W
2.52x 1000
RNAUNT 2.3
EER
copP = —
3.415
16.52
COP = —— = 484
3.415

ANUSEEANSANVBATBIUSUDINA WinAU 4.84



Input section

Air start conditions

Altitude
0

Temp. (Dry Bulb)

27.9

Alr Flow

2480.40

Rel. Humidity

67

m3/h

%RH

Calculated Point Values

Tdb Twb Tdew X H RH Py ] Air Flow
Point [ [ [ lg/kg] [k)/kg) %] [Pa] [kg/m’] [m*/h]
0 79 PN 212 159 086 o7 519 1.162 2430

JUN 4.12 nywilalasiun3neninees h, ¥es Automatic Expansion Valve




Altitude
0

Temp. (Wet Bulb)

19

Air start conditions

Input section

Air Flow
s m 2480.40
~ Rel. Humidity
°C 64

m®/h

F6RH

26

2z

20

Calculated Point Values

Tdh Twh Tdew H RH Pv p Air Flow
Point r'a [’ ['d k/kg] [%] [Pa] [kg/m’] [m*/h]
0 2348 19 166 538 64 1885 118 2480

JUN 4.13 nywilalasiun3neninees h, ¥8s Automatic Expansion Valve




4.3.2 Capillary Tube
Enthalpy h; (Supply Air) = 68.6 kl/kg
Enthalpy h, ( Return Air) = 53.9 kJ/ke

MNEAUNNSN 2.1

Q = 5.707 x 107 x CMM x (hy-h,)
WAUAT
Q = 5.707 x 10° x 41.34 x ( 68.6-53.9 )
= 347 7R
NEFUNTT TR x Btu = TR/Btu

3.47 x 12000 = 41640 TR/Btu

5 TR/Btu
PNFUNIN 2.2 EER = ———
kWx1000
: 41640
WUl EER = ————— = 16.52 Btu/hr/W
2.52x 1000
ANAUNSA 2.3
EER
COP = —
3.415
16.52
COP = —— = 484
3.415

ANUSEENSNINVRLATIUSUBINA WinU 4.84



. - Input section
Air start conditions

Altitude Air Flow
0 m 2480.40 m°/h
Temp. (Dry Bulb) v Rel. Humidity v
27.9 °C 67 %RH

(alculated Point Values

Tdb Twh Tdew X H RH Py p Air Flow
Point [ [d [ [g/kg] [l/kg] (%] [Pa] lkg/m’] [m'/h]
0 R 51 22 159 886 b7 3519 1182 2480

U7l 4.14 nsilalasiupdnuivues h, ¥es Capillary Tube




Input section

Air start conditions

Altitude
0

Temp. (Wet Bulb)

19

Air Flow
v [m 2480.40
v Rel. Humidity
°c 64

m3/h

Calculated Point Values

o 18 0
Tap)

{x) Byf Ayouny sg2

Tdh Twh Tdew X H RH Air Flow
Paint [q [ [ [g/ko] [Ikg] [l [m*/h]
0 238 19 166 118 539 b4 2480

U7l 4.15 nsmilelasiumdnuivues h, ¥es Capillary Tube



4.3.3 Thermostatic Expansion Valve
Enthalpy h; (Supply Air)= 68.6 kJ/kg
Enthalpy h, ( Return Air) = 50.8 kJ/kg
AMNAUNTA 2.1
Q. = 5.707 x 10° x CMM x (h;-h,)
WNUAN
Q= 5.707 x 10” x 41.34 x ( 68.6-50.8 )
=420 TR
31Na@NUN1T TR x Btu = TR/Btu

4.20 x 12000 = 50400 TR/Btu

5 TR/Btu
INNANNITN 2.2 EER = ————
kWx1000
i 50400
unuAl EER = —————— = 20.0 Btu/hr/W
2.52 x 1000
naunsi 2.3
EER
cop = —
3.415
20.0
COP = —— = 590
3.415

ANUSEANS N NVRWATRIUSUDINTA WINAU 5.90



Input section

Air start conditions

Altitude
0

Temp. (Dry Bulb)

27.9

m

Alr Flow
2480.40

Rel. Humidity

67

m3/h

%RH

Calculated Point Values

Tdb Twh Tdew
Point [ I [

RH
(]

0 278

PEN 212

Py p Air Flow
[Pal [kg/m’] [m'/h]
2519 1162 480

JUN 4.16 nsmlalasiaun3nyninues hy Y8 Thermostatic Expansion Valve




. . Input section
Air start conditions

Altitude Alr Flow
] ! 2480.40 m3/h
Temp. (Wet Bulb) ~ Rel. Humidity ~
18 °C 66 %RH

Calculated Point Values

Tdh Twh Tdew X H RH Py p Air Flow
Point [q [q [ lo/kg] [kl/kg) %] [Pa] lkg/m’] [m'/h]
0 23 18 157 111 508 6 1781 1.187 2430

gﬂﬁ 4.17 avlalasunsng$inaes h, ¥83 Thermostatic Expansion Valve



M15197 4.2 aguaniiAannala

duuszansanssaus (COP) A9 i AN
Automatic Expansion Valve 4.84 3.54
Capillary Tube 4.84 3.50
Thermostatic Expansion Valve 5.90 3.83
Usydnsnmnisiiaundu ( EER) Al AY9NE
Automatic Expansion Valve 16.52 -
Capillary Tube 16.52 -
Thermostatic Expansion Valve 20.0 -
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M131991 5.1 LanaA1unsguduysyansaussoug (COP)

[

o
EAUN

JEAUUITZANSAN ANCOP
5 AN Faust 3.4 Tuly
4 A Faud 3.1 Tulluslalde 3.4
3 U1unang Faus 2.8 Tuluuslaife 3.1
2 wold Faust 2.5 Tuluustlalde 2.8
1 i Faust 2.5 Tuly

M19197 5.2 uanIAsInsgIunIsImunUszansniwnislinanuu (EER)

Seeufl | seeuusEAnSam ANEER (BTU/h-w)
5 fann Fausi15 July
q A Faust 14.2 Fuluustlalde 14.9
3 Urunan faust 12.4 Fuluustlide 14.1
2 wold Faus 11.7 Tuldustlaide 123
1 i Faus 11.0 Tuldustlaide 11.6




M15197 5.3 aguanduuszansaussous (COP ) Newiails

duUszAnsaussaus AN ANNNA
(COP) i
Automatic Expansion Valve 4.84 3.54
Capillary Tube 4.84 3.50
Thermostatic Expansion Valve 5.90 3.83

HANISNAADULATBINAABUTEUUUT UBINIALUUNIINANIIA 1Y Thermostatic
Expansion Valve fifnduusydnsaussanglunisvianudusindu 3.83 adlusz@nsnings
a
g

NAN1INAABULAS panAdBUTEUUUT U INIALUUNISbH 1m19d 11 Thermostatic
Expansion Valve fianduusgansaussanglunisianuduwiniu 5.90 Feiuszdnsnings
a
g

M19199 5.4 agUeUszansaimnistiaudu (EER ) iAniala

Usydnsnmnistianudu AN AN
( EER) Tl
Automatic Expansion valve 16.52 -
Capillary Tube 16.52 -
Thermostatic Expansion valve 20.0 -

AUszanSamnsliauBuniennu Thermostatic expansion valve Wiy 20.0 &ed
A111nN21 Capillary Tube ag Automatic Expansion Valve az1 4n14# 14 Thermostatic

Expansion Valve fiusz@vsnmnisvianudugsiign



5.2 UDLAUDLUY

Y

1. dnAnwineedniunisvinuveanIssuiuaniadenou

2. Un@nwAsAne1isnis wazasutumauluaulsuainialidnladusg9f iean

AURANAINTENINNTNATUTIUNSU TR

3. WarlusienuantaiunsainlusosanluauoaNwuUsEUUYAMULEY STUuUsy

a1nale iU Ussansainls

4. NImMILUSEUTguANIRsTINENUSEANSausIauL( COP ) LUUMaNg
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