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Design of Scroll Expander for Electric Power Generation System
using Organic Rankine Cycle with Biomass Energy Source
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Abstract : A scroll expander has been designed to produce a shaft power from a RI134a Rankine cycle for

electricity generation. Heat was supplied to the Rankine cycle through a heat exchanger, which received heat from

another cycle of water. In the water cycle, water was heated up in a boiler using biogenic solid fuel. The

designed scroll expander was a horizontal type, and a trochoidal oil pump was employed for oil supply to

bearings and Oldham-ring keys. For axial compliance, a back pressure chamber was created on the backside of

the orbiting scroll base plate. Numerical study has been carried out to estimate the performance of the designed

scroll expander. The expander was estimated to produce the shaft power of about 2.9 kW from a heat supply of
36 kW, when the temperature of R134a was 80°C and 35°C at the evaporator and condenser of the Rankine

cycle, respectively. The expander efficiency was about 70.5%. When the amount of heat supply varied in the

ranges of 7.5~55 kW, the expander efficiency changed in the range of 45.6~70.5%, showing a peak efficiency

of 70.5% at the design shaft speed.
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o] Q. 2

Table 1 Rankine cycle efficiency and volume flow

rate for various refrigerants

Ethanol R245fa R134a
Pin [bar] 1.1 7.9 26.3
Pout [bar] 0.1 2.1 8.9
p4 [kg/m3] 0.3 11.3 43.6
VFR [cc/s] 137830 15290 4596
Nren [%0] 11.9 11.1 11.4
100 ‘ <
i . T3=85C"
i y h;=437.95 [kJ/kal
= F / \
CE. F 85°C ‘
o T ]
] r |
= L ‘.
© \
S I
o
o L
g 50-
2 [ 2 /h2=250.49 ku/kal
r 35°C v4
L/ 1h1=249.01 (kJ/ka] h4=418.55 ky/kal |
25 i 1 i i i 1 i i i i i i
1.2 1.4 1.6 1.8
Entropy [kJ/kg K]

Fig. 2 T-s diagram of a R134a Rankine cycle
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Table 2 Scroll wrap configuration parameters

Notation. Description Value
a Basic circle radius [mm] 2.55
a Wrap start angle [°] 42.75
t Wrap thickness [mm] 3.8
1S Orbiting radius [mm] 4.2
h Wrap height [mm] 25
A0 Inlet Area [mm2] 201.9
e Involute end angle [°] 1445.53
dbd Cutter angle [°] 305.97
V-R Volume ratio 2.969
V4 Discharge volume [cc] 68.94
. Oldham ring
T : Frame
Outlet-_; . Trochoid Pump
#3 _ > e il 77
Inlet "~
Frr A :1 T, L‘\ Shaft
Fixed Lip
scroll 1 seal
0il
Orbiting
scroll

Back presure chamber

Case
Lip seal

2o

Trochoid pump

Balance

Frame .
Roller bearing weight

Orbiting scroll

Ball bearing
Shaft

Oldham-ring

Fixed scroll

Fig. 3 Schematic of scroll expander design
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