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ABSTRACT

This article describes the principle of refrigeration to justify a replacement of a refrigerant
with another in an existing air conditioner or to select a suitable refrigerant in production of air
conditioners. The principles are Coefficient of Performance (COP) which is the higher the better
and swept volume per unit time per unit refrigerating effect which is the lower the better since
a smaller compressor required. Other important factors for selecting the right refrigerant are International

Protocol eg. Motreal Protocol and Thai Safety Code which is not less important.

In the analysis based on references, it is concluded that in an existing air conditioner the
replacement would result in reduction of COP by at least 2% or an increase of at least 2% annual
electricity bill. The cooling capacity would be reduced by at least 16%. This result in an actual

Measured power reduces by about 15.7% which is the incorrect claim of power saving.
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Replacement of R-22 with Propane (R-290)
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COMPRESSOR
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(37°C)

R-22 fhdefidiosnts 0.142 kW o kWR wia
COP = 7.04225

FTWUIN:

i

R-290 Masfidesns 0.145 kW do kWR
#3a COP = 6.89655
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(Compressor displacement per KWR)
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iinldf R-22 COP = 4.122 w3al#ri1& 0.2426
KW/KWR 8a5113masnoninsaimeson 4.86 m’h

iihldf R-290 COP =4.037 n3aldrinds 0.2477
KWKWR 8as1u5inasnaswiaesaian 5.77 mh

WAAYTIWASU (KWh) fidasldraliaziain
= (0.2477-0.2426)/ 0.2426*100 = 2.1%
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Wi 12.8 kW = 0.22069 KW/KWR %13 COP = 4.53
ild R-290 vivmnsndiulel 46.7 kw (13.3 TR)
¥l 11.7 kW = 0.25054 KWKWR w38 COP
= 3.98
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(0.25054-0.22069)/ 0.22069*100 = 13.5%
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1]

3. unaqy

mnmayamwm AfudnTad e el
ameld R-22 isudunisldlunwg Uszdninm
fllanaanasniaidod lwihasantiindu 2% &
13.5% lagfimamensufuanassznm 16% A

20% dwlunsdiaiosusuanendaly R.22
wanduldluswu issnnawariesiuana
16% ASaumilaurilsnuioiomeulousas
Evaporator uaz Condenser Liisduadn9as 16%
mmﬁuﬁ%ﬁﬂﬁm:ﬁwﬁmwLﬁu%ﬂ‘lﬁtéadmmﬁu
Taisinaziin 5% siufvsnadedaan il ms
wanwdulunwueraasilfssansnmisasld
A9gAUTZID 5-2 = 3% daiiusnlainnn & Fsmgua
ummauiumumaamqmm LﬂaﬂuLﬂuIﬂ'ﬁqu
wonaniwdamasisuamemnne ezt
R-22 felundmiunisuldeusinazidos R22 foli
"Lﬁﬁwmaialﬁwﬁ’uﬁﬁﬂaiLﬂﬁlﬂuﬁuﬂ’aa%ﬂm:uul,t,az
ﬂIamaa:ag’"Lﬁmuﬁa 10 ¥ Sailofoaniu 11
mm}:ﬁmsaTuIaﬁ“lmiﬁﬁwmgnmn 9 Tun13viane
dursatloaiullliuoanluvinaralaloy thwyais
GWP (Global Warming Potential) 1700-1900 3ii4
agnj'sl,um‘%"awaaaﬁ’uaguéiﬁﬂmﬁaﬂmmq WAN9
fanfite COP @eudninlunwunieddosning
"LN'Lﬁu 3% ?Nvlsiamm'a‘ﬁ'lmLﬁumaé’ﬁﬂun'rﬂ,ﬂgﬂu
awmﬂmaﬂamamsmmummmmuu,ﬂnmumﬂ
m‘ﬂ"ﬁmuﬁﬁmmm 8-10 1 GH\‘IVLNNMG‘]WSYI?!WVL‘IJ
L‘ﬂﬂﬂmaﬁ

lunisigatianaadedionn R SD NG
Uszanm 1-2 TR(3.5-7.0 kWR) del¥anniufisaia
linasavluosnagan (Calory Meter Room)
MUNATU lagaounsnld R-22 nasaumien
PUIAYIANHLEULAZ COP mnﬁf'mﬂfa%mﬁufﬂmwu
nagaUmAIGINa UYL Az ldanuaseiigaenis
minageufisnazdedebildie nadaniee
namauaNlarey wWianaaasaNanIuRase

WNATID1DY

1] ASHRAE Handbook, Fundamentals : 2001

2] CoolPack version 1.46, Department of Mechanical
Engineering, Technical University of Denmark

3] MYCOM copressor recipro copressor single stage

4] Comsel-Grasso Compressor selection software
version 3.4.00

5] Propane properties, CATT2 Coputer-Aided
Thermodynamic Tables by R. Sonntag/
C.Borgnakke/G.V. Wylen
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Replacement of R-22 with Propane (R-290)
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Tabk § Comparative Refrigerant Performance per Kikowatt at Various Evaporating and Condensing Temperatures (Continucd)

Net Refrig-  Specifie  Com-
Refriggrant Evapa- Con- Refrig- erant  Volume of pressor  Power
Swfoa  rabr & st Com- erating  Clrew- Sectbm Displhce. Cossump-
Chem eal Name or Temp, Prosere, Prosere, prasha  Effect, hkd, Gas, ment, Gon,
No.  Compasiten (% by mas) K MPa APa Rat Mg 2% kg 15 AW
213K Sateratod Evaporateg, 0K SweGon Seperbeat, 258 K Saterated Condonin g ( Cant cluded)
SMA RI2ST4Ia'1 340 (44052M) A3 DDE T 01363 151 15176 6.9 0387 2361 Q21583
SOTA RL2S/4Ja(5N50) 13 Q052 ERE 133 14754 6 031 b 3.1 0253
SO3A R2VIE(ING]) m Q352 134 471 3195 12 0.0m! 0.4%0 ain
S03B  R2VII6(44'84) 213 2192 13 475 LES D) 124 00421 0475 0307
D 233K Sater od Evaparatisg, 0K SecGon Seperbeat, 293 K Saterated Condensing
744 Catoa dadysie 13 1005 57% 570 179250 59 00313 029 Q469
125 Pentafiooecce ane n3 Q150 1.2@ 103 3716 n4a o1 Lin ad4lé
250 Pogate n3 allo 0315 157 277161 14 DR ]3] 13% 0354
22 ovaliflesoucdme ni alos 0910 145 16421 6.0 0243 1.7 DXEY
nz? Amason P2k Q071 035 1159 11145 0.9 1.5860 1.400 2335
12 Dech ooodsfuomatethane 3 Q0ed 0567 434 11491 i 0246 212 @339
1342 TetaDiomedate n3 Q051 DR 123 1467 6.2 03645 2435 2339
410A RN 12§ (SVS)) m 2176 1.4 113 17305 8 DRE Y 03y 2143
407C RINI125/114a(23/25/82) a3 Q57 0957 947 16161 6.11 0.22% 1975 Q344
A R84 Ma(H520y 3 Q134 1.066 113 11432 L) 014 120 0363
SOTA  R.A28/14% (S'S0) n3 aldl 117 159 a3 9@ 0.1 1.137 2370
F. 28 K Saterated Evapar atheg, 0 K Secthrn Seperbeat, IO K Saterated Condeming
124 Chdoe et b Wioooehme 250 DD 054 i74 108758 9.4 02719 212%0 Q340
1342 Tewnfuowedae 2150 alis 0934 109 111 6.4 0.1673 4413 0323
12 Do oadsfiiomecdate 250 a4 03% aéd 10840 945 DRPS 1.154 2310
M7 Amsmumia 2150 ales 141 161 07723 in 0.7M8 2367 DED
2 (Moralsforaucdae 50 Q213 13%0 437 15003 6.6 01383 0633 G316
502 R-22115(488/512) 250 Q260 154 601 9191 10.38 0.0662 0.70 Q3%
12% Pentafbaocortane pab] Q301 1367 421 7170 11.5 0.085 0.2 Q444
410A  R-IX125 (SNS)) 150 0353 22% 643 15049 664 00Mm3 043 DERE]
407C RIS Ma(N25/52) 150 Q208 1.551 157 14526 6.3 DRIR] 0.7%5 DREL}
40A  R-I2940/ T Ma(H0520) 250 Q269 1.73 643 5630 01 001 0.4 Q345
SOTA  R-128/14% (SNSD) 250 2230 1.7% 634 F2154 10.% 0.0631 0.714 DREYS
F. 250 KSateratod Evaporatieg.41 KSeetom Saperheat (Iadoding Refrigpraten Efec ). 110K Sateratd Condessing
123 Do Moo of bl ceiane 21 a010 DRE ) 118 15707 723 1532 3425 Q191
1 Tew Mos o e 21 Q013 0.188 173 16761 0.9 1340 2755 Q291
124 Ohorosesafiuarociane 21 Q062 0548 174 13195 b 3 02800 2050 2312
1342 Tetafiomedae 21 alss 09M 109 16453 21w 0.1993 4217 DRIK]
12 Drch Wcodsfomancdane 21 a4 0.3% G6d 13013 16 01451 113 a3
n7 Ammon b aléd 147 163 1éx2d i 03543 1567 Q335
22 Mo adsfhoromediane 21 ans 1.3% 617 17719 56 017 0613 2330
02 R22'115(449/512) 51 Q260 1.5 401 1931 335 0076 0.648 aiel
125 Penzafbaocordane 1 Q301 1.367 621 10530 945 00816 0608 0366
410A ROV (SN'SD) 21 DERX) 22% 223 13723 5.34 0.0853 0431 2351
407C RV 1251 Ma(21125/82) 21 Q205 1.551 187 13022 5.58 01110 o.M 2336
S04A RI294N T Ma (0520 21 Q269 1.7 643 13324 7.51 0.0373 0.660 Q347
SOTA R840 (5V5)) z1 Q240 1.7% 634 12923 b 00110 0644 0349
G 2T K Sateratod Frvapar atieg, 0 K Secthon Seperbeat, 10K Saterasod Can dersing
125 Pentafdaocoednne n7 Q756 138 246 3451 1 00210 019 alées
150 Poogane m DRER] 120 2319 17991 kK2 00363 DR Q145
22 Chhovalsfbasosedime 7 Q566 139 246 16257 6 00s 0253 Q142
nz Amaunn m Q454 140 233 112041 in 02606 03 a137
500 R.12'152a(73.826 2) n Q413 1053 255 14150 1.3 0.0, 0354 alds
12 D oedifhiomanctane 277 DERD 03% 253 11759 LK) 0.0 o7 Ql4s
1140 Tetafomehae m Q336 09 273 14915 bk I 7 00603 1473 aldd
124 Chhoecte taf o ochume 77 a133 054 239 126585 R R 0.0340 0.663 ald4l
0a  Eotumae m a1s1 049 171 27081 1% 02072 0.765 al4s
€00 Bxane m al19 0347 29 10182 in 070 1.0%0 a4l
1 Teea Mo of e oo e 7 aoyy 0.1% RER] 15367 2215 03414 .17 Q133
123 Dot ot ifiiomedime 77 Q039 DRE 157 14661 PR 070 9083 alis
13 TeoMagalioradane m a01s 000 147 12746 748 0.6720 51 Q134
410A RIS (SO'SD) n7 Q916 22% 15 160467 612 0024 0m Q153
407C  RIV125/1 Ma(23/25/82) m 0531 1.551 267 15% 54 6.27 O.0M 0254 a148
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CYCLE SPECiFICATION

REFRIGERANT
|Raz |

| SUCTION GAS HEAT &xcma&
|
I 0 {

”su[“l! @
ATsg (K12 (2] |

Cooling capacity & k)| [s] Qg : 5 (kW] (g :0.138 [k m : 0.03183 [kgis) Vg : 4.86 [m’m)

feentropic efficlency < ]| 0.76] msi0TE01] Wi 122 (kW)

Heat loss factor 1, (%)) o] fq: 10.0 [%] T;: 188 [C) GLoss : 0.122 [kW)
Unusetul superheat ATy, o/ [K]| [10 Qg 129 (W] Tg: 110 0C) ATgisL © 1.0 [K) COP :4.098

CYCLE SPECIFICAT&DN
TEMPERATURE LEVELS

TelC):[80]  ATgyIN: |5
Tcm [m? ATsq K] 2] ,

ApsL gK} {_—I I osamtj 1°t’_’,° ;
Apoe (4 lg]

Cooling capacity 8 kW), g Qg 1 5 [kW] g 16.163 (kW] m :0.01825 [kgls) Vg 1 5.77 [mYh)
GOMPRESSOR PERF ORMANCE
Jsentropic eMchency 1 [ 076 nis : 0.750 [ V1 1.238 (kW)

1 1 : 10.0 [%) T, : 58,4 ['C] A, oss : 0.1238 kW]
SUCTION LINE

Wnuseful superhest 4 Ty o1 [K]| [10] g 130 W) Ty 110pC) ATgus t 1.0 [K] COP :4.037
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Replacement of R-22 with Propane (R-290)

AN91981989% 3
MYCOM RECIPRO COMPRESSOR PERFORMANCE SINGLE STAGE(BOOSTER)

—— e

REFRIGERANT R22

1
MODEL F2WA2 B
CAPACITY (kW] 58.0
CAPACITY (TR] 16.5
ABSORBED POWER (kw] 12.8
SPEED [Rpm] 1000
LOAD [%] 100
CONDENSING TEMP. [degC] 45.0
EVAPORATIVE TEMP. [degC] 5.00
SUCTION SUPERHEAT [degC] 5.00
LIQUID SUBCOOLING [degC] 2.00
SUCTION TEMP. [degC] 10.0
SUCTION PRES. [MPaA] 0.584
DISCHARGE PRES. [MPaA) 1.73
SUCTION PRES.LOSS [MPaA] 0.000
DISCHARGE PRES.LOSS  [MPaA) 0.000
SWEPT VOLUME (m3/h) 64.6
DISCHARGE TEMP. (degC) 76.1
REFRIG. FLOW RATE(SUC.) [m3/h] 56.8
REFRIG. FLOW RATE(DIS.) [m3/h] 22.5
REFRIG. FLOW RATE(SUC.) [Kg/h] 1370
REFRIG. FLOW RATE(DIS.) [Kg/h) 1370
OIL HEAT REJECTION (kW) 0.35
cop -] 4.53

--- SUPERHEAT in not counted in refrigeration capacity ---
--- WITH DIRECT-EXPANSION OIL COOLER ---

--- "B" IN MODEL MEANS BALL BEARING TYPE EXECUTION. ---
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A1TNE9BT 3 (sa)
MYCOM RECIPRO COMPRESSOR PERFORMANCE SINGLE STAGE(BOOSTER)

REFRIGERANT PROPANE

1
MODEL P2WA B
CAPACITY (kW] 46.7
CAPACITY [TR) 13.3
ABSORBED POWER [kw) 11.7
SPEED [Rpm] 1000
LOAD (%] 100
CONDENSING TEMP, [degC] 45.0
EVAPORATIVE TEMP. [degC] 5.00
SUCTION SUPERHEAT [deqC] 5.00
LIQUID SUBCOOLING [degC] 2.00
SUCTION TEMP. [deqC] 10.0
SUCTION PRES. [MPaA] 0.547
DISCHARGE PRES. [MPaA] 1.55
SUCTION PRES.LOSS [MPaA] 0.000
DISCHARGE PRES.LOSS [MPaA] 0.000
SWEPT VOLUME [m3/h) 64.6
DISCHARGE TEMP., [degC] 57.1
REFRIG. FLOW RATE(SUC.) [m3/h] 54.0
REFRIG. FLOW RATE(DIS.) [m3/h) 21.1
REFRIG. FLOW RATE(SUC.) [Ka/h] 618
REFRIG, FLOW RATE(DIS. ) [Kg/h] 618
OIL HEAT REJECTION (kW] 0.35
copP [) 3.98

=+ SUPERHEAT in not counted in refrigeration capacity ---
=== WITH WATERCOOLED OIL COOLER ---
== "B" IN MODEL MEANS BALL BEARING TYPE EXECUTION, ---
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