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An Analysis of the Performance of a Combined Expander-Compressor Unit for a CO2
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Abstract A design combining the use of a compressor and expander was introduced in order to improve the cycle performance
of a CO2 automotive air conditioning system. Both the compressor and expander used were of rotary vane type and
were designed to share a common shaft in a housing. Numerical simulation was carried out to evaluate the merit
of the combined unit. In a typical automotive air conditioning operating conditions, the COP of the system was improved
by 8.7% by the application of the combined unit. The compressor input was reduced by 5.2% through use of the
expander output. In addition, about 3.06% increase in the cooling capacity was obtained through isentropic expansion
in the expander. Our study noted that, as the pressure difference between the gas cooler and the evaporator becomes
larger, the COP of the system improved increases unless the mass flow rate in the expander exceeds that in the compressor.

Key words Vane rotary expander(¥]9]l ZE2] 3 7]), Vane rotary compressor(H|Ql ZEJE] =71,
Compressor input($}=57] 9 2), CO2 air conditioning cycle(CO2 oo} 71 AFo] ), COP(A A A7)

t Corresponding author, E-mail: kimhj@inu.ac.kr

7154y Re  EllolEz

G & Al s PAERT | kJ/kg-K]
e c 1A A [m] t DA ZF [s]

h ek [kkg), 2 0] [m] T P22 [T

H : 1] [m] v P33 [m]

l cH9l EF o] [m] w D 2= |Hl [m]

n D ZPERY X ¢ a,y cHQl B4 7% [0, 4
P : ¢+ [bar] 8 L

P, LSk 4 cABa 4% 0]

. 97 [m] P [kg/m']

R : 71A 24 [KIkg - K] s 159

1. M B

e
P
rit
o
_>‘£
>
o
rlo
[\)
(U]
S
r d
=

2014 3% H7)XHEV), dto]H.2]=(HEV, PHEV), 1 8 A A X(FCEV) 5 &= Tt
AA s AL 2.6%5 ZFAIEAL At A A AAFES 201003~201413 2] 717 Fotel] Ul 7| A}

(© SAREK 107



3.2%<1 WA BTG IFS 20% JEEA [EA, ZE2AE ¢ A, o 5 5 39 7|79 oS wp2d
A AkEe] Aol 20259 30%, 2030 S0%ell ol F e Aushn ek olela A%l
AL 98] AA QAR AL FAES FE o s, 53] &5 A7IAEV)S FUF dAE FS
FHAe el ok Wk 4L & A9 FYAE S T4 gashed], i o W A] 25%-~

5

4 S THeE Y s
Ri34a= 2 GWPE 9AIA 02 ALE-S Fobebe gl 7] wiigel &5 A7|A%8 S| EFZ Al =Hol=
AAYriRl CO7F A8E 7Fedol etk skAIRE o] F A9- COx AFo] &< Ri34a Alo] 2 tiH] &-8&0] Stopx|=

o] St

AT CoE RS AFFE olofxd A28l Alo] S A o] Wetow 3 e tiil HA7 =

AP“‘ W A= A :Fi?)r% 4 A e A ARl o2 AL Barak ek o] R134a9] AtolE
h-oF Aet-o] 9hel AFo]7}b oF 15~25 barQl WHH, CO2 AFO]E2 50~70 barZ AA| S71et2= 3% #A

1*14 B WP v AL Fiid o Skt olefg B AAAM Y EAS FAle AR
AW WE gial BA7E A o o]y3 B &4 IHE 5 da, old yele] ¥ ave UM
PA7) 2 HAE AA s AP S AL B AR G710 D] 4] ke FYS FY
/\ oh:]_

OJAIZFA] CO2 Abol ZollA AR7|E A&staat sk A= 7}%Eﬂ Al
=g :L]/\gm D el mee) AP 29=24%9 2oy 9} W <
B e BASME S 90 Fxel A9 ADEE 2, B
A4 Cor 2 Aol A 28 el 18] At 498 : 40
59 WAE e BRI 29 W9l Bl S A st 71
gt gagoel A% o)

B AT 2A% Eeolu B8 5AE Bl va) Azto] wn A gol
H|Ql B}l o & o] Folxl 7] ¢} °L1719} il s BE7F e sk 5
BTN GF712Y 58 Aol H a&A0R o|FoA T st dAY BHV|-AF7E ARES)
TE2E AASkaL oj2lgt flel A S el A4 a2 AlAlskaLa) g

Fig. 1(a), Fig. 2(b)T ] &gt O]Zﬂfﬂ W7 FE7)2 2 L3 COor A 2B Afo]E p-h NS} A
NFes Hoerh B3 dr il BF715 ARSgoll whet B8 A4S FAE9@ — 5)0 4 %?lE
(4 — 5s) POz o]FojX A HH, ey FFri(hd4~hSs)> BV FHo= dojHch

{0k
4,
o,
N
N
ful
ins
o

it

fo
o -
a2
fr
>,

10
b e Jo
N,

o2

g
9,

N
=X
ﬁ 1
ati) oz
tlo

=

o

o

o

£

(=)

>

>

>

o

il

=2

N

_4

0

O

= 7}74
SFoll

oﬁ

= =5 — IHCX \
i Gas-cooler 4
g Expansion 6
g JExpander valve
- Comp. Evaporator Gas
8 ] cooler
& . A
5s 5 Evaporator s —D<}—
5
204 B [~~~ 2
0 T T T T T T T T 1 )
150 200 250 300 350 400 450 500 550

Enthalpy [kJ/kg] Expander Compressor

(a) P-h diagram (b) Expander-compressor unit in a cycle

Fig. 1 CO2 air conditioning cycle.
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Fig. 2 A combined rotary vane compressor-expander.
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Fig. 3 Rotary vane type compressor and expander.
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Table 1 Main specifications of the compressor and expander
Compressor dimensions Expander dimensions
Notation Description Value Notation Description Value
T'e.comp Cylinder radius 20.0 [mm] Teexp Cylinder radius 14.6 [mm]
Ta Rotor radius 18.2 [mm] Ta Rotor radius 13.5 [mm]
He Cylinder height 24.5 [mm] He Cylinder height 6.2 [mm]
Iv Vane length 12.3 [mm)] Iv Vane length 3.5 [mm)]
tv Vane thickness 4.5 [mm] tv Vane thickness 2.5 [mm]
Ddp Disch. Port dia. 5.0 [mm] a Vane max. protrusion 1.0 [mm]
Vih,comp Comp. stroke volume 8.36 [cc] Vihexp Expander stroke volume 0.0322 [cc]
Table 2 Design operation conditions
) o Value )
Notation Description Unit
BASE CASE#1 CASE#2  CASE#3 CASE#4
Ps Evaporator pressure 41.765 41.765 41.765 36.733 47.297 [°C]
Te Evaporator temperature 7.0 7.0 7.0 2.0 12.0 [bar]
P4 Gas cooler pressure 110 100 120 110 110 [°C]
T3 Gas cooler exit temperature 45 40 50 45 45 [°C]
T1 Compressor suction temperature 33.702 33.702 33.702 24.084 43.285 [°C]
Ta Expander inlet temperature 32.383 27.264 37.071 32.383 32.383 [°C]
140 140
120 4 120 4
2
100 CASE #2 . 100 4
8 00} BASE . E 804
2 CASE #1 _ 2
g 60 3 'g 60
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Entropy [KJ/kg-K] Entropy [KJ/kg-K]
Fig. 4 Design operating conditions in T-s diagram.
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Fig. 5 P-theta diagram.
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Table 3 Summary of the compressor and expander performance(BASE case)

Compressor performance Expander performance

Notation Description Value Notation Description Value

ma Mass flow rate 0.03027 [kg/s] n&e Mass flow rate 0.0283 [kg/s]
Nye Volumetric eff. 82.3 [%] Mye Volumetric eff. 73.6 [%]
Mhnech Mechanical eff. 84.7 [%] Mhnech Mechanical eff. 65.6 [%]
Nod Adiabatic eff. 92.4 [%] Nod Adiabatic eff. 94.8 [%]
7, Compressor eff. 74.4 [%] e Expander eff. 45.74 [%]
W, Compressor input 2.55 [kW] Ly Shaft power 0.192 [kW]
@0 Cooling capacity 6.19 [kW] AQ, exp Cooling capacity 0.189 [kW]
copP without expander 2.426 COF,,, with expander 2.637
ACOP COP improvement 8.7 [%]
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Fig. 6 Reactions on vanes.
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