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ABSTRACT

As a means of improving cycle performance of a R410A air-conditioning system, a combined structure of compressor and

expander was introduced. A vane rotary type expander was designed to share a common shaft with twin type rolling piston

rotary compressor in a housing. Numerical simulation on the performance of the combined compressor and expander was carried

out. At ARI condition, the volumetric and total efficiencies of the designed vane expander were 69.37% and 30.23%,

respectively. With the application of this expander, the compressor input was reduced by 3.91%, and the cooling capacity was

increased by 3.98%. As a result, COP of the air-conditioning system was improved by 8.2%. As the pressure difference between

the condenser and the evaporator becomes large, COP improvement increases unless the mass flow rate in the expander exceeds

that in the compressor.
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Fig. 1 Air-conditioning cycle with an expander. (a) isentropic expansion process,
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(b) expander sharing common shaft with compressor
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Fig. 2 A combined twin rotary compressor and vane expander.
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Fig. 3 A cross—sectional view of vane expander.

Table 1. Main specifications of the compressor and expander

Compressor dimensions
Notaion Description Value
Te comp Cylinder radius 30.16[mm]
T, Roller radius 24.16[mm]
H, Cylinder height 25.3[mm]
T, Roller thickness 4.7[mm]
t, Vane thickness 5[mm]
D, Discharge port dia. 11.27[mm]
0, comp Inlet angle 35.44[°]
04 comp Outlet angle 338.87[°]
Vin comp Stroke volume 25.54[cc]
Expander dimensions
Notation Description Value
T Cylinder radius 11.7[mm]
T, Rotor radius 10.6[mm]
H, Vane width 15.7[mm]
L, Vane length 3[mm]
t, Vane thickness 1.5[mm]
a Vane max. protrusion 1.1[mm]
O, exp Inlet angle 30[°]
04, exp Outlet angle 112.5[°]
Vin exo Exp stroke volume/chamber 0.077[cc]
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Fig. 4 Leakage paths in the cylinder of a rolling piston rotary
compressor
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Table 2. Design operation conditions

Notation Description Value
P, Evaporator pressure 9.97[bar]
P, Condenser pressure 33.93[bar]
t, Compressor suction temp. 18.3[°C]
t, Expander inlet temp. 46.1[°C]
N Compressor speed 3450[rpm]
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Fig. 5 Effects of back pressure hole diameter on the expander
performance: (a) vane contact force, (b) volumetric efficiency
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Fig. 6 Pressure diagram at ARI condition. (a) expander
(b) compressor
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Table 3. Performance of the compressor and expander.

20 | 16
Q 0 &
Compressor performance “ 4606 e )
Notaion Description Value s oo 2695 . R
: =,
m, Mass flow 0.0989[kg/s] s 2.824 %
SARLE \2407 2.069 ©
, Volume efficiency 93.67[%] ;3' —x 2
Mot Mechanical efficiency 94,05(%] Sy e
Mg Adiabatic efficiency 81.03[%] do
0 : : : , :
7, Comp. efficiency 66.23[%] 20 25 30 35 40 45
Pd [bar]
W, Power 5567kW]
) ) . (@
Q.o Refrigerating capacity 15.719[kW]
cor Coefficient Of Performance 2.824 &
Expander performance s "
. 6-
Notation Description Value o s
m, Mass flow 0.0973[kg/s] g ]
m, Volume efficiency 69.371%] z° o
Thech Mechanical efficiency 86.92[%] Eu 2
T Adiabatic efficiency 50.141%] R
0 . : : : :
7, Exp. efficiency 30.23[%] 20 2 30 35 40 45
Pd [bar]
L., Shaft power 0.1891[kW]
b
ey Refrigerating capacity 16.345[kW] ©
— Fig. 7 Cycle performance vs. condenser pressure, tsc=8.30C:
COP,,, Coefficient Of Performance 3.055 )
(@) with no expander, (b) effects of expander
ACOP COP improvement 8.2%
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