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ABSTRACT: Relatively low cycle performance of a conventional COz system is partly due to
significant increase in friction loss in the expansion process, since the pressure drop across
the expansion device is considerably large compared to a conventional refrigeration cycle. To
recover friction loss and increase refrigeration effect by providing isentropic expansion, a
rotary vane type expander has been designed. Performance of the designed expander has been
investigated by numerical simulation. With the pressure condition of 9 MPa/4.5MPa and inlet
temperature of 35 C, volumetric, isentropic, and mechanical efficiencies of the expander are
calculated to be 58.1%, 101.1%, and 78.8%, respectively, resulting in total expander efficiency
of 46.3%. With this expander, COP of a CO2 refrigeration cycle is estimated to be improved
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Fig. 1 Application of expander in COz system.
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Fig. 2 P-h diagram of a COz transcritical
cycle with expander.
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Table 1 Operating conditions

Notation Description Value

t; Comprssor inlet temp. 151°C]
ts Expander inlet temp. 35[°Cl]

Py Expander inlet pressure 9.0 [MPal
P Expander outlet pressure 4.5[MPa]
N Shaft speed 3000 {rpm]
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Fig. 3 Schematic of rotary vane expander.
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Table 2 Expander main dimensions

Notation Description Value
T, Cylinder radius 11.3 [mm]
T, Rotor radius 10 [mm]
H, Vane width 28 [mm]
L Vane length 3.2 [mm]
t, Vane thickness 2 [mm]
Ty Vane radius of curvature 4.5 [mm]}
0, Inlet angle 21°
0, QOutlet angle 1125°
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Fig. 4 Volume diagram.

Table 2o} vFebul it

Fig. 4= 24" $A7le AH HEE BT
o}, WA LS SOE(start of expansion), 3
2822 EOE(end of expansion).Z FA| 8t H

3. M

O

or

s A
3.1 Tk AL

AR BEE FAEA HAez B
F3td g4 =" -7—0173 A=
}‘1 %ﬁ Y;gf!?:» /)m%” 7};(]:71

PZP(pm;83) along 53:S(P37 t3) (5)

BFA elMe Co: Wrlel BF YR A
©22 eyt

o. do

}Wo—/o m=— )
Pm = 70

AN mE FRAM Ee FA LFAA ¢
ol AEgfgozA CO: ¥eirt WA 7]
oA A4 23 ol dFelAE ¥ele A
=7k a8 2A gong vYEHFHoR BT
A3} o] Askdrct

m = c,AV2pAP D

A7|M FFAT c FRIAM w@ASE
f, w2 Aolg I, 29 £944¢ 4,851



COz Atol 28 zEhe] #d WY el 59

F

N
£ L
g Fgl2
// MF?N Fgr2
°/ Fes/” p\? Ve
/ /| F cc/ \/\\ v

/(Efﬁ T AN
J F AN
/ Old e

\ N Fd PR \‘\\\
\

e

O L

Fig. 5 Force diagram on vane.
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Fig. 9 Reaction forces on the vane.
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Fig. 10 Loss on the vane.
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Table 3 Expander performance

Notation Description Value
Ly Expansion power 536.43 [W]
L, Theoretil():sivgfpansion 530.80 [W]

Lo Mechanical loss 113.59 [W]
L, Shaft power 422.84 [W]
m, Volumetric efficiency  58.10 [%]
n; Isentropic efficiency 101.06 [%]
Nnech Mechanical efficiency — 78.83 [%]
7, Total efficiency 46.29 [%]
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