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ABSTRACT: Due to environmental concerns CO: has been reintroduced as a potential
candidate to replace HFCs in refrigeration systems since 1990s. In a refrigeration cycle, oil is
utilized in lubricating a compressor. However, although oil separators are installed after a
compressor oil is prone to leak to the whole system. The mixing of CO2 and oil, even a
small amount of oil, the heat transfer performance in heat exchanger deteriorated and the
pressure drop inside tube increases. Therefore, it is needed to precisely estimate the mixture
thermodynamic properties of COs-lubricant oil to correctly design a CO2 refrigeration system.
The commonly used method is the mole based
weighting model. However, the accuracy of the method can not be assured. In the present

in estimating the mixture properties

study, CO:z-lubricant oil mixture properties including viscosity and density were estimated by
using the mixture models, based on the equation of state (EOS).
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Table 1 Physical properties of CO2
Compound Mass T.(K) |P.(kPa)| w
(g/mol)

COq 44.01 304.13 | 7377 10.2249

Table 2 Physical properties of PAG oil
P
0il Mass | poey )| ' | w
(g/mol) (MPa)

HEXG 118.18 [47065|6239| 39 [1.15

TRIG 150.17 | 565.88 |7239| 3.7 |1.49

TETG 194.23 1634.06|7934| 29 [1.59
TEGDME | 22228 |54746|7128| 25 (092
Table 3 Physical properties of POE oil

P.
on | M | ) | T | w
(g/mol) (MPa)

PEC5| 47262 |501.32| 585.22 | 0973 | 1.52
PEB6| 52873 |514.29| 599.01 | 0.867 | 1.43
PEB8| 64094 |516.77| 594.09 | 0.692 | 1.39
PECY9| 697.05 |537.97| 597.05 | 0.620 | 2.07

Table 4 Binary interaction parameters between

CO; and POE oil

71 2
COYoil | i by g 101, N 112
K) [(KDh
COo/POE [0.065] 0.0017 | 0 1 2.553 0
2.1 CO0il E8E2 U ofsz2w?

THEY] HEE 7|EH R A)ddA F, =
VE Axtstd o 4 (DelA a(T)eh b= 242t
2 (2)sF 24 B)em Folxth 4 (2)llA ast a
= 47 5 oz 4 1), 5), 12 (6)
E &3 Ak 2 (3¢ bigk by E=EF 4 (7)
S 3 44 At 3= dsAEAT
= /;1' @) (9E %SH 7:"/}_}'6}'&] o] U:H f”:fﬁ
oil fy=1% wEAT 53 A 1) AN

=d JolA 3l(root)d] EAE

ubel RIZFSHAl Wekr] wEol

z7] Vel 7HA4el
ool ek Fo]7}

8.3k,
__RT __ a(T)
P=v TV+0) (L)
N
— Z Vaafi (T)(1—ky)wa, (2)
1 N
=5 Z:] — ki) (1 —my;)x,x; 3
a(T) = 0.427480 R;T‘? al(T) (4)
<3
a(T) = By+ B lexp{2(1—-T7,)} = 1], T,>1
(6)
RT,
b= 0.08664 7 (7)
fiy =105+ 71,/T+72,T, (8)
_ Ll (et ay) _
by = LT k=0 ©

gitti i j

22 COyoilzgEe M o524
% é(v150051ty)° o|l2How o=s}
v-T%} T-p-PAtololl FAREA

= 1 skl T-p-PiA 2o &&
st A ddee] fAd Agats AN
2 Hlglate] Stttk mpzbo]
(f-theory)ol we AxbgWel ik ey} wpz
|

olE& °l&F &9

14
i
o,
o
2,
é
_llN'
rlo
to
°
el
(e}

= o
ek ol Us] zZhzF B En o
Ao AdS
At It}a}/q B
SH = Tas=

lo
v
o2 m

rlot

L
29 T-p-P 344 etk 4 (100
o WerEe 4 (ADAA A 167449 ¥

@tk A 104 oldda m
Wi 2 (16)9 bv,= A

IFIO T L o

o % o N poh oh ok o ol

m{n ot _122 N

F\°1
1101

- 138 -



A5t 7 2BAY BRE wgol weh AL

goh 2 (13)3 A 1D9 @, @, & woll wet
g = w = 038 71F0] "ok
o a

T = m ; _ m

Hm — bm Hm (,um + bm) + bm (luﬂl - bm) (10)

bl rD,
a70.45724TC, b=0.07780 T (11
— — M(Jﬂf

r= TU7_( 22‘71[1*)’ Te= A[zjéz; (1:2)
(7.P)=01+Q(~T)"—1)* (13)
V=0b¢(T,.P) (14)

¢(T,.P,) = exp[Q (VT = 1)+ @ (/P —1)* (15)

b,m = Zzwﬂj\/ bv’,bj(l - ku) (16)

i

-

3. 21 & 13

3.1 COroilE&t=E2 LU o EHn

Fig.1& 2 (D& F3 Abe 2o} genis)
of W& CO¢t POELY &9 HEW3l=
veldth. Fig. 19 4 A8 A3= Pensado

e dEe by

=Wo] AzZ e
]

9
Zbol wet E7hge. | oheba e
Hashs 4@ deit ol: 2 gE0
A G olksterael exoh kel WA
QAT EF EFEE WEE GYe] bl
et 229 ggel FH Aobde ¥ F vk
APe FoE ARG JEA AZge] A
o) WE dolE sEow 793%°) BELAE
SET Fig. 26 olitsigiac] A@Eg Aol
of e EFEe WEe WEHE e o

seras AFRES A7 838 wio%sh 922
wtoselth, 4@ ATE 4% ) BI3I5K FL
2 C0O(83.8 wt.%) o 97t CO292.2
wto9)el EHEe Wwol waA BT 19%F =
2 @e tehgm, oE49 dEAAgAE o

lo
(ot
ot

1100 T T T T T
1050 -| |
-

1000 /./-j .~ ;A
950 " 2 -
900 ././. —
R =

s

«,E ]
E ]
< ] < ]
z 800 T o m b
2 750 4 o & v © q ]
T 700 o _
2 650l AV q Pre. Exp. Temp. |]
2 & < —m— 303.15K
g 601 Vg O —e— 313.15K[]
550 o O —A— 323.15K |
500 ] A —w— 333.15K|]
4 v —e— 343.15K
450 O —4— 353.15K[]
400 T T T T T
10 20 30 40 50 60

Pressure (MPa)

Fig. 1 The mixture density of CO2(92.2 wt.%)
+ PECY9 with temperature and pressure

variation.
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Fig. 2 Comparison of mixture densities
between C02(92.2wt.%) and CO2(83.8wt.%).
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Fig. 3 The mixture viscosity of C0»(92.2
wt.2%) + PECY9 with pressure variation.
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Fig. 4 The mixture viscosity of CO2(83.8 wt.%)
+ PECY9 with pressure variation.
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