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Refrigerant for Simulation of Reciprocating Compressor
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ABSTRACT

The main purpose of this thesis is to develop a new refrigerant module
into simulation software for reciprocating compressor. This
window-based software, which integrates the thermal analysis modules,
the mechanism modules, and optimization modules can be used to
simulate the performance of the'compressor numerically. Based on the
original software from ITRI, the Eluid:Thermodynamic and Transport
Properties Database(REFPROP) developed by National Institute of
Standards and Technology(NIST) 1s transferred into a refrigerant module
with different refrigerants. Furthermore, the performance comparison
between R134a, R600a and R600a&R290 were conducted with this
software. Design parameters such as rotational speed, reed thickness,
temperature of condenser and evaporator, and size of cylinder, were
analyzed by this simulation software in order to establish bases for better

designs of reciprocating compressors with different natural refrigerants.
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1. Use Interface

Formulate:

(1). Design variables
(2). Cost function to be minimized

(3). Constraints must be satisfied

Setting:

(1). Selecting variables
(2). Setting up cost function

(3). Deciding restrained conditions

~
Input data [¢
2. Analysis 3. Optimization
A 4
Valve simulation ?| Check the constraints
N
Thermal simulation ‘ )
Does the design satisfy
A convergence criteria?
Mechanism
simulation
A 4
N Change the design using
Simulation results an optimization method
(various optimu solvers)
~
Output
data
A 4
Stop

B 2.12 B v inAz[12]
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Fod M 2 SBi s B 5 W (REFPROP) » &4 4013 43 ~ B 5518

PSSP R % SRR A T OIE A i e o

3.1 REFPROP

TR d E R R IR R L A B s B RS S
e 8 8 REFPROP » H gicd8 1 & § 5:F = BEH A5 ¢
Helmholtz equation - Benedict-Webb-Rubin equation 12 % Extended
Corresponding State model » @2 23R A% B » © SR * AiTHE K3F
5 a7 7 [20] o

REFPROP p # & 7 7 394& purefluid 12 2 20 f&= 4 52 & 4+ »

S PINLNLE )
B P o RiEEET &L 9044  HFCs ~R23 ~R32~R41 ~R125 ~
R134a ~ R143a ~ R152a ~ R227ea ~ R236ea ~ R245ca ~ R245¢fa -
B HCFCs : R22 ~ R123 ~ R124 ~ R141b ~ R142b -
B #3%i 7 R (CFCs):R11-R12~RI3~R113~RI114~R115-

B gi &4 R14~RI116 ~ R218 ~ RC318
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a |

B g x Rf A 7% e F% 7% 87 %
B 35 fA25 p 2R & 4 (540 R407C ~ R410A 11 2 7 5 ) T %

o 72 o
E-41HR & 4 B(mixed refrigerants) ezt B 2 om0 [ * A LR L A
ez Pl kB B % sieh Helmholtz > ZbiF [ 2e 2 @ Hp) §3% 38
e NW%H%ﬂiéﬁ.lfﬁﬁ@%ﬁ%ﬁiﬁ’%%
R LR EF(LF BT A b R R R A E
ﬁ%@?} > BRI A e B IECh TR % 5 fiad 5 TR R (Dynamic Link
Library) > #- REFPROP #73+ 38 d i) > i 3 2 #4253
(4 : Microsoft Excel)it 7 F — # e:8 & g2 o
ARG TR BRSPS B A RO S R A
6 o5 4 27 REFPROP 17 i 5 3 48 5 B 4o /2 S 3 i B e 1 o8
FEfE o B 3.1 5 R 5458 7 REFPROP @i 7 £ ] -

A0SR A A
=L REFPROP

%J'ﬁ%ékﬁ

o
EWH W AR

f(P,T)=f(P,T,p,v,...)

f(P,p)=f(P,p,T,v,...)

Dl A= f(p,0) = f(p,0,P.T,..)
f(P,v)=f(P,0,p,T,...)

\ 4

BiS %

W] 3.1 B84z 5 27 REFPROP it 427 & ]
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3.2.24 gt ent T
ﬁ*lkmwﬁwr%ﬂﬁﬁ%mﬁﬂﬁﬁ%3J{UMMa
4 B0 R ke SRR B0 RE 3K 2 fr REFPROP i & %7 18 3| ei4 44~

EREE 4 REGE- IR R S (R0 R RN e g 8 S SR

Z 3.1 $o8 i3 2o 18 R134a 4 HLIEH v
R 43k % | i# % REFPROP
WL 1.065 1.117
AR B R (K) 374.2 374.2
A TR % & (kg/m?) 508 511
ARt E(m’/kg)|  0.0019685 0.001954

Ho @@ g g BB RIRA G A R PEERIK
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HEEREARE K- 313 {77 BaT L8
REAHRGEA- [ ERERLs |
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EEEN Ot s
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EEE - 4739
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JIiL e amssE

BREE R (RPM) = ET et ot
#HEF R F)- — PN EIE
BEERRAEE K- 33z || @BFBnes

REAHARY - 2 wEEmes |
EREEK) = 300

i m e RSy

B - [is3
B[
BE-[3
S —

EFEILOSEE D= |45
EERAOSEE - E

B 3.6 4 4 0 U % A G -0 s il

# 3.2R134a & #FHcBEA B T2 som (5 )

i3 e T
B gt~ v AR 4 (kPa) 120 119.3
Bigts r v A BT B (kg/m?) 4.8 4.772
5 o~ T A BHE R (K) 313 313
Bt~ o A ae(dke) | 437.16 437
Bt o L 4R 4 (kPa) 1470 1464
FH B v L (klkg) | 2785 278.3

3.24 *‘i’;oufl';é.;, lllé;fc
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B A g R L fpe A IR R AT 0 F R B AR fe T AR5 2
¥ 2%t & (Curve Fitting) &3+ & v B~ £ 18 R EgE TR Bl E )21 o)
AEE o d AR RS GH B A e B 7 S i TR
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i % REFPROP 37 3¢ 475 1 3 4o g0 88 & * %@ Bl R b PR m/"‘l}ﬁ" °
SR A SR U R gl S

(1) P-24

(2) h-wt 2

(3) Cp-% B 4

(@) G-t g i

(5) TR G A

@)%Lw%ﬁ R oA

(ﬂ%?@*%ﬁ&@ﬁ@

, dP _dh . P dp
# ¢ »REFPROP 42 i2 4 % N
BERT LA S w

& d N3 > B REFPROP AZ® 13- 5 8 41 g » B ik

4o §¥1N_¢¢ 5 4r(3.1)~(3.3) 58 7 -
p71 =y (31)
—-pldp=dv (3.2)
@ __dP __»dP (3.3)

dv —pidp P dp

LUPTE PNt
dv

T
-

A AN L

29



dh _h(p+A)—h(p-4)
dv V(ip+A)—Vv(p—-A)

(3.4)

¢ AR E A Bl el ez ¢ R A=0.05 -

325 AP eB i i HHmEF VR

%33 % Rl134a til H00 03 e & 8 2530 40 b HOBRIE 2 T
RS % 0 T LR 0 TR 4T T R AR S RO
#4822 REFPROP © = # cidh & o

% 33 #0882 scw 15 R134a Bos &

R134a 1% :c# | R134a i% s ts

7 F 2 F (%) 65.029 64.817
& 55 2% 5 (%) 89.059 89.635
25 (%) 73.012 73.154
5 i 52 % (%) 75.294 75.431
4 i B (kg/hr) 5.1347 5.0881
% % iv # (Ical/hr) 194.62 192.9

EER 0.93355 0.94174

3.2.6 R600a £ R134a i3t % % " &

Fo3a REFPROP = 74 enZ2 g e i ' 2 {8 > 4= ) e 2
AHCE TR UAERE TR B A ARy R FIg e 3N
> o 4 3.4 E4p ke 5 T R134a & R600a il % » 7 14 o
R134a 7 EER # R600a & ° i {9451 A Feii T d R+ 5 2 3 ()
3.7)E e S % (% 3.5) 0 4rie ¥ R600a 3 4 47/ %54 EER
B 0 & 3.6 K ﬁﬁw’t‘ ’L”er%q*m%]”"k’%]”" o % 3.4 d 3 F_
B T AR PRAIS P RO RKRIEE > S R e
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R % B L SR o JRHCRER L 5 HIETL & LT L R600a i
ek 0 @ R600a e (TR 4§ » e R E 3 &)
Fo Tl BT R EEEE RS R E

3.4 4 B 8 R134a &2 R600a 4t % %

R134a R600a
B RF (D) 64.817 71.552

T 359 5% (%) 89.635 94.882
1 0 % (%) 73.154 61.073
& 2% % (%) 75431 74.244
i B (ke/hn) 5.0881 17338
%% a4 (lcal/hr) 192.9 120.73
EER 0.94174 0.88481
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# 3.5 R134a & R600a F 2 #chy

R134a R600a

2 %4 (kealhr)| 1249 104.9
2 (kghr) 3.1 1.46
EER 1.08 1.45

#03.6 RAHE L P~ 2

input output
R EFH T 4% F# (cm) 44 £ (kg/h)
B 554 #% & (1pm) AR~ F (W)
& &5 (%) £ ik i 4 (kcal/h)
ARERR °C) B 480 % EER
N AYE

3.3 ﬁﬁﬁ@cﬁa Y BL

B chBohR 0 Al B chph AR (0 4o B 2.8 ¢ ASB A B
LB B G @ AR o kB g B Y BN S A R
7% N B 0 Ao B 3.8 Pfor o Be4L et B & 4% journal bearing 2
R REAE A e R R RS AR o d 308
i R REMEMORE > kB R EFEY § 3 & 4oR
3.9 AFrl % S PSR B AR A B 2 5N o d AT o BE G AR
SIS BB KA P E S 2 R e

H=W -« f-d (3.5)
H:#idd 4
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Bl 3.9 & B

% 3.7 R134a 4z 22 § o dicdy

B % st £

4% a4 (kealhr)|  124.9 133.9 7.21%
A4 ® (kghr) 3.1 3.52 13.55%
EER 1.08 1.14 5.56%

# 3.8 R600a fifg & 7 % #c¥y

7 % st FA
4 % 4 (keal/hr)|  104.9 115.5 10.10%
A4 g (kghr) 1.46 1.53 4.79%
EER 1.45 1.44 0.69%

VLY R RO S M S SR R AR R
T efis 3 4 03 R (8 0 1817 7 R600a &7 R134a cfiii & &1 % 3

A F R RE T Y AR ST 0TS0

ARG 1 TR AR TR
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% 4.5R600a |F R 5 &4 5

2600rpm | 2800rpm | 3000rpm | 3200rpm | 3400rpm | 3600rpm
0.15mm 177.34 190.99 190.99 179.75 180.38 190.99
0.2mm 165.52 157.28 168.52 169.77 170.88 171.89
0.25mm 155.18 148.54 159.15 160.83 162.34 163.70
# 4.6 R600aR290 38 ¥ R & 3= d+ 47 &
2600rpm | 2800rpm | 3000rpm | 3200rpm | 3400rpm | 3600rpm
0.15mm 190.99 | 205.68 190.99 | 203.72 | 20292 | 202.22
0.2mm 177.34 178.25 179.05 190.99 190.99 190.99
0.25mm 165.52 167.11 179.05 169.77 180.38 171.89
44 FFERSLFURR HK O P
Bl 4.12 5 — fhheris WImE B0 s B By B

B E o AW FAd S quet R g M T8 ek

PIE DT Y Tl kSt 3 Bm @ BE A B i ipg £ & 0
MG XU EFERMUE L RRBRES A L REREEFER
ROF B R G R A A PR REAR Ik A L B SRR
RREZAEBRFEF 2P ERAT P ERS A RERT R
Fed A orgoadconk s a ZFERMNELF Y 20 ok A
AR RS T - EFIE AR A 251Kk(-220) 2% 0 A T o adEL R

MR R
B 4.13 B 24 HE & 5 318k(45¢) v s AR A (F Sk
FIE) T T erfid e B 7 4
c Bl 414 A TFFER S 251k
B )i (7 ehiicit g S Bl > 7

:’2:,;—’,

'_‘ ‘:El\"\

i— R i%rﬂi\%ﬂ?ﬁ W 4pF

46



1 4.12 7 5 % W

47



——R600a —#—R600a&R290

a4
m
m
% FUR R 318k
251 256 261 266 271
ZAREE Kk
B 4.13 & 8.4 4 EER- %% F & B
——R600a —8—R600a&R290
2.0 : =
1.9
1.8
1.7
~ 1.6
m
m 1.5
1.4
1.3
1.2 %R R 251k
1.1
298 303 308 313 318
ISR K

B 4.14 = f4,4 4% EER-/4 508 & B

% 47-% 48 ¥ EER ¥ %% 8 B 2 % EER 4 8 B ehg At
d 4472 48F gt HEERELEREA B

48




% %
FRBOFRAF(BALS) S BRFL TS T e
B R P KT 7 éi:*i‘e RIIRAR L § AT R

e Z u A % (B 4.16) ° +E‘l;}7§u1 Ml o el B Ban

% 4.7 BER $ 5 8 R 0@ 7R

EER/k
R600a 0.02722
R600a&R290 0.03043

% 48 EER ¥4t RenG ac i

EER/k
R600a 0.01826
R600a&R290 0.02390

——R600a —#— R600a&R290

A FUR B 318k

251 256 261 266 271
A IR 1E S S

B 4.15 % fﬁ Bl e & *h]?/n_)iir]

49




——R600a —=— R600a&R290
6.0
5.0
= 4.0
=
730
2.0 _— - . —
1.0 Z®E R 251k [
0.0
298 303 308 313 318
MRk

B 4.16 & F84 b i 5 -4 R R B

S APE DR e R RF ARG BOFEF FL R L RE G AR R

EER ¥ & 3KAE -

4.5 7a® < g AR
gd Al 0 FEiR T X 2204 4% R600a fr R600a&R290 sz
it 3t HFC 4 4 R134a - @ $$30 7 o * g R EE > 1 & )Tk,{ﬂ e
da kol FRATE R ad S a4 0 BT KRBT A S e
FHEmT VR ARA S TR AT EER
% 49~% 414 A 3 A HR T FEE BT ol ES:

50



HP T4 /S5 25.40mm 12 % Sk B 5 15.06mm PF A H R ek
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# 49 R134a T 7 408 JT

AALE AT | F MR @‘ﬁﬁ::? AR Rt ol DA EER
(mm) (%) (%) (kg/hr) | (Ical/hr)

22 85.439 | 95.448 | 4.4725 185.16 1.5202
25.4 73.27 86.181 5.1126 | 211.66 1.3806
31.11 56.542 | 74.427 | 59187 | 245.03 1.1907
35.92 47.171 69.404 | 6.5826 | 272.52 1.0981

% 4.10R134a ;2T 40t B
Tk BB M F Fﬁ‘ﬂﬁ‘f»—? Y ST ol DL EER
(mm) (%) (%) (kg/hr) | (Ical/hr)

11.3 79.715 93.796 | 4.1718 172.71 1.3906
15.06 73.27 86.181 5.1126 | 211.66 1.3806
22.59 60.038 73.883 6.284 260.16 1.2775
30.12 51.477 | 67.428 7.184 297.41 1.1983

# 4711 R600a T | TaLe [
AALE T | B @‘»F‘FT*T.Z% I i ol R T EER
(mm) (%) (%) (kg/hr) | (Ical/hr)

22 94.87 96.95 1.533 115.8 1.7119
25.4 76.722 89.891 1.6525 124.83 1.4821
31.11 58.741 77.061 1.898 147.37 1.2751
35.92 48.239 | 71.508 [ 2.0779 156.96 1.1653

# 4.12 R600a #< %7 40k R
Ak BB @‘»F‘FT*T.Z% I i ol R T EER
(mm) (%) (%) (kg/hr) | (Ical/hr)

11.3 82.792 | 98.057 1.3374 101.03 1.4906
15.06 76.722 89.891 1.6525 124.83 1.4821
22.59 66.983 80.471 2.1641 163.47 1.4234
30.12 56.016 | 71.838 2413 182.27 1.2655
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# 4.13 R600a&R290 % /% 40 [

AALE IS | F AR [ REER S AR |4 5 EER
(mm) (%) (%) (kg/hr) | (Ical/hr)

22 96.92 92.993 | 2.1323 164.84 1.8462
25.4 90.138 | 80.972 | 2.3962 185.24 1.6341
31.11 69.987 | 69.209 2.791 215.76 1.4009
35.92 58.395 | 63.546 | 3.1045 | 239.99 1.2782

# 4.14 R600a&R290 =& %7 4ok B
WAk R | F RS [ BREgRS AR E |4 %4 | EER
(mm) (%) (%) (kg/hr) | (lcal/hr)

11.3 96.806 | 88.557 1.9301 149.2 1.6401
15.06 90.138 | 80.972 | 2.3962 185.24 1.6341
22.59 76.46 70.688 | 3.0489 | 235.69 1.5325
30.12 65.962 64.16 3.507 271.11 1.4181

53




4
by
i
<k
v

A2 A& peniFifecedsorg B o] A R4 a R
SEcn BRI R H KR A 1 PR TR L R85
BERATE R SR o BANE - BAEAHE - WAt Rp] o
PR 2 R R ARG Y o hAH Y P o B8 NIST “74 &
AR I Sl 90 REFPROP = # 22 305 L4k 5% R 548 ik
Wi RS AR R DER N RS R @%ﬁ,ww@%
REFPROP #72f # &34 i » #-i¢ {7 A4 3 R Agisfigeacag e * { &

(ERIR A

AEFEBE L R BIOR R T R BN RSEEER L
AR A T PR Y LR AKBEERRIE hE S R B
SRR o AT B BT RN £ e g %
BT 01T T R R SR8 R AN AL 12 17 R134a{r R600a
St BRI R Bl TRES R 4 LB -

#-4+ R134a ch3f (% % 284 4> R600a fr R600a&R290 & 7 7 %
RHIEE RS ER CHRY p RS e S REROE
FR RPN R T a0 I mieT
1. R600a 12 2 R600a&R290 cfifk % % ‘% >t R134a> % IR ik &

CRIRZIRE S S ol ek 3-8 ISR Sl b St
2. B P FEER SR EF A g 24 L B
BEWM4v o G aF- BEGF S E@EEREER 7 B+ B - %
WAL R E B EEE - TR A 1 ITRA ARG D

54



5.2

AEAEGE S EdE s RF o BRELFRS FHI- AR
- g P (YR AR R e

3
e

&
ad
P
<l
am
e

LT ABEMETRFED K R RA AN B R
R AR AR R RIS EF AR B
P

¢ %~ EER - Z# 8 &
R G ERRFFREGY v AR R 0 R 9 A # EER

. R600a&R290 £ #p F 4 5 it # T e EER & ** R134a > ¥ M FE:d

R600a&R290 # B~ % R134a * *Tjplrus 8 pF > 55 it gy o

% CO, ¥ F1 iF/04 i ke ~ L £ oy

B R edg A “,éf TR EE 2T Rl T B

B H G X RLARRZ T R AR hiRE o A KK * ig &
RSP 2R R 2 CO, R 3 TR B TR

RIS

BRI AT S b Rk o AT S A e T

PARRE Y ATH L KRB B E A R ARG .
BB B AL RN > R SRR EEE L RE - B AT

55



AFHT IR TEFRERELR

BB R AREE S R R
PR R MR FE B R B RS o

Fod T L e x pL 2R
Ao RAFHT U TSR RGHEING 0 T - HER
AR FTHREE TR AT 5 o {5

» 2

7l

LS E-38 i i

56



340 g

[1]

Cheng, S. H., Hu, Y. Z. Robert., “Nonlinear Vibration Analysis of
Reed Valves”, Proceedings of the 2000 International Compressor
Engineering Conference at Purdue, pp. 437-441, 2000.

Kruse, H., etc., "Refrigerant Use In Europe”, ASHRAE Journal,
September, pp. 16-18, 2000.

Lavelle, J., “U.S. Refrigerant Issues”, ASHRAE Journal, September,
pp- 20-24, 2000.
http://proj.moeaidb.gov.tw/ods/publish/199907tewi.pdf

http://machinery.fusheng.com/cht/Admin/ePaper/Attachments/ 4 4%
R 4545 A ¥ 48% . PDF

http://www.npf.org.tw/PUBLICAFION/SD/090/SD-R-090-042.htm

http://www.hvacr.com.tw/mag/tech/rah48/r4806.cfm
RIS LR R e ks £ 2001 e

NIST REFPROP 7.0 National Institute of Standard and Technology,
USA.

[I0]Huang, J. S., “Simulation of Reciprocating Compressor

Performance”, Master Thesis, National Chiao Tung University, in

Chinese, 2001.

[11]Hsiung, M. D., “Integration of the Reciprocating Compressor

Performance Simulation”, Master Thesis, National Chiao Tung

University, 2002.

[12] Liu, Y. G, “Design Optimization of Reciprocating Compressor” ,

57



Master Thesis, National Chiao Tung University, in Chinese, 2005.
[13]f B84 > “BciE A7t * CHEZ " 2EFHERMIT LG L
Z =] 2002 o

[14]001, K. T., Chai, G. B., and Kwek, E. C., “A Simple Valve Model to
Study the Performance of a Small Compressor”, Proceedings of the
1992 International Compressor Engineering Conference at Purdue, p.
147, 1992.

[15]Cheng, S. H., Hu, Y. Z. Robert., “Nonlinear Vibration Analysis of
Reed Valves”, Proceedings of the 2000 International Compressor
Engineering Conference at Purdue, pp. 437-441, 2000.

[16]Leonard, M., “Computatienial Methods in Structure Dynamics”,
Sijthoff & Noordhoff, International Publishers, Alphen ann den Rijn,
The Netherlands, 1980

[17]Gatecliff, G. W., “Analytic. Analysis of the Forced Vibration of the
Sprung Mass of a Reciprocating Hermetic Compressor”, Proceedings
of the 1972 International Compressor Engineering Conference at
Purdue, 1972.

[18]Marriott, L. W., “Motion of the Sprung Mass and Housing of a
Reciprocating Hermetic Compressor during Starting and stopping”,
Proceedings of the 2000 International Compressor Engineering
Conference at Purdue, pp. 823-830, 2000.

[19]Tseng, C. H., “Most 1.1” and “Most 1.1 Manual”, Technical Report,
National Chiao Tung University, January 1996.

[20]Ding, G. L., Wu, Z. G, Liu, J., Inagaki, T., Wang, K. J., and Fukaya,
M., “An Implicit Curve-Fitting Method for Fast Calculation of

58



Thermal Properties of Pure and Mixed Refrigerants”, International
Journal of Refrigeration, Vol. 28, pp. 921-932, 2005.

[21]Khalid, A. J., “Experimental and computer performance study of an
automotive air conditioning system with alternative refrigerants”,

Energy Conversion and Management, pp. 2959-2976, 2003.

[22]Jostein, P., “Flow Vaporization of CO, in Microchannel Tubes”, A

Thesis Submitted for the Degree of Doctor Technicae, 2002.

59



A CO, 1%k

A A ik RARRARFE ki CO, %5 &3 2
GWP B » @ et ~ AWz LS e S8 B37 N
RS MR EY A3F S 2 G 0@ CO, BB AR DB
BE R E- LRI AR FEWCO,EE P P e 0
fRMINEF HEM > 5 VRABREL - B

CO, 1920 & an if = SR Z# 4 * > @ (& kK IR CFC v
HCFC endi soptipiPr 4 CO, 57 o RFIG (35 0 8o & A

L g P R 0 $ g BF i
MR CO, g ix £ 7 Fp e B FII A > o 304kl & B2 Eret
EBHORAFR BRI ET kg3 F I 3 A FH s P AR
B4I12F 07 A ERamAAER 3 1T e i R
@‘fﬁ%mm? ARz ﬂﬁ/ SRR A R R e

CFC 2 2 HCFC &8 4 fi] » £ %

AFEL- BRI E W EHEAEES T KRS LT

Ak ARk s LA EFEN § 0 RS G

frE#B-HR A RFA- BRIRE -7 Fhild PRI R
€ r_ﬁ“-‘@;’ii{;\ﬁ#“’&.ﬁbgf} i |
4. WE R

WER - BrREREKE o

Bl AL G- A EE AR OREE ca~brcrd e B
AR R F LB ERTTF 2 CO, - A HE S 7 B AR

60



TR B ARGLIC)M 2 ¥ BT o (T4 FF 3 - 4040 Mgk |
ag%*&ﬁ&%%@%ﬁﬁagﬁ@wq@& beBl A2 #5F o pt
P CO, AT AL TRl ik > M E hs N R R U 0 - &
;g;f;ﬂk;ﬁ“g; A TERGO N o d TR T g HR AP
ERFIL S (DAcRA ¢ 7 g2 20 ) > 7
A @gl%z@fﬂtﬁx%?—’@ﬁwﬁkw’
eI A g A I[22] 0 BRY A KB bldeT R wEE
¥R REH e A g S o

CO, 1T 5 A b X MEH A K g #0L F > 2 Y H w04
I~ B GFAB A3 Y 2 R744) - @ F#00 F i 87 CO,B0H & 4 4%
AT Rt A B i E R R RS A A o AT AT K e
Wm~’«*é%%@f?u@*@@%ﬁ%fﬁ%ﬁ’a i8R
Weigigsg | (5 o & T8 aETmid 3 3 > 11 CO, 54 e
2Ok BAR kAR S o

A

-1
c
d
8 AR K LX
a ARE ]b
-

Bl Al - 422 15 9% 7% P-h ]

61



=+ Pressure

Enthalpy 7
Bl A2 CO, & — 404 TR fe
RN TTIN
h@:‘.‘ — e

R-12 R-22 R-134a R-407C* R-410A" R-T17 R-290) R-T44
ODPIGWP® /8500 0051700 V1300 w1600 1900 00 w3 01
Rammability/toxicity MNIN N/N N/N NN NN Yy YN NN
Molecular mass (kg/kmol) 120.9 86.5 1020 86.2 126 17.0 44.1 440
Normal boiling point® (°C) —-208 -40.8 =262 - 438 =526 =333 =421 -784
Critical pressure ( MPa) 411 497 4.07 4.64 479 11.42 4.25 738
Critical temperature ("C) 112.0 96.0 101.1 86.1 70.2 133.0 96.7 311
Reduced pressure® 0.07 0.10 0.07 011 0.16 0.04 0.11 047
Reduced temperature’ 071 0.74 0.73 076 0.79 0.67 0.74 0.90
Refrigeration capacity® (kJ/m”) 2734 4356 2868 4029 6763 4382 3007 22545
First commercial use as a refrigerant [14] 1931 1936 19440 1998 1998 1859 ? 18649
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