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Abstract

The ORC power plant is a promising technology to generate electricity from
low-temperature heat sources. However, implementation of the ORC for low capacity electricity
generation is unattractive at the commercial level. Scroll compressors are massively produced
to be used in refrigeration and air-conditioning applications. Using a scroll compressor in
reverse, as an expander, can reduce the investment cost of low-capacity ORC power plants.
In this study, 2 scroll compressors that are available in the automotive air-conditioning market
of Thailand were modified and used as the expander of a 1 kW ORC power plant. The performances
of these 2 scrolls were compared and the plant performance was investigated. A heat source
temperature from 100°C to 150°C was supplied to the plant. It was found that the gross power
is higher by 18-35% for the larger expander (110 cc/rev) than for the smaller expander (85.7
cc/rev). The larger one provides the isentropic efficiency of 37-76% and the gross power of
806-1,926 W. In addition, the effects of check valve installation were examined and compared
with those of the tests without check valve installation. It was revealed that the isentropic
efficiency increases by 18% while the gross power decreases by 4-22% when the check valve

was installed.
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Parameter  Description  Range, Accuracy

Thermocouple  Type T 40-350 + 0.5°C

Pressure gage Bourdon

0-25 bar £ 1%
tube Read, * 0.1 bar

Flowmeter Rotameter 0-52 L/h, £ 4%

Read, *+ 0.5 L/h

Torque meter  Strain gage  0-10 N-m, £ 0.2%

Full scale
Tachometer Laser 299999 rpm =+
pointer  0.05%, * 0.1 rpm

Clamp meter ~ True RMS  DC Voltage: 0-600 A
multimeter * 1.5% Read, &
5 digits
DC Current: 0-600 V
+ 1%Read, £ 5
digits
DC Power: 0-100 kW
Tt 1.5% Read, &

5 digits
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Modified scroll expander

Model TRSA09 TRSA11

Swept Volume (cc/rev) 85.7 110

Pulley diameter (mm) 106 110
Lubricant Sanden SP-10

Pressure ratio 6
O-ring seal material Polyurethane

Transmission ratio 2:1

Evaporator & condenser

Model KAORI K505
Type of heat exchanger Blaze plate
Heat transfer area (m?) 1.275

Capacity Range (kW) 17.58
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GWP 1030
ODP 0
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Variations heateource Pump frequency qoss Pnet Qin senexp Msenpump
(°O) (Hz) W) W) W) (%) (%)
40 493 25 4,354 337 6.5
100 a5 794 124 5632 350 13.3
50* 761* -170* 4,672 15.1* 16.9%
a0 632 184 4,880 61.3 8.2
85.7cc, w/o 130 a5 902 244 6,898 aa.7 9.8
50 1,423 540 8,333 38.4 17.1
a0 708 240 5,776 71.1 7.3
150 a5 1,097 439 5779 56.1 8.4
50 1,593 706 10,530  55.7 15.2
40 1,034 578 11,612 373 8.7
100 a5 1,165 525 9,838 4a2.9 10.4
50* 806* -91*  4,180*  14.9% 3.5%
40 806 370 5,935 64.5 55
110cc, w/o 130 45 1,314 674 7,453  58.4 8.7
50 1,740 874 11,650 41.1 15.8
40 870 538 6,763 76.8 7.2
150 a5 1,450 812 9,229 64.5 12.0
50 1,926 1,048 11,749 494 26.8
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Variations heatsource Pump frequency Pgross ot Qin senexp  Msenpump

®) (Hz) w) W) W) (%) (%)

a0 681 271 5,811 85.2 8.3

130 a5 1,261 670 6,971 68.1 10.3

110cc, 50 1,442 646 8,809 46.5 21.2
Before 40 716 288 6,227 92.9 9.0
150 a5 1,245 628 8,151 74.0 9.6

50 1,762 865 9,811 63.3 15.7

a0 753 321 4,823 73.1 7.7

130 45 1,100 419 6,518 53.4 10.6

110cc, 50 1,636 744 11,109  48.0 20.2
After 40 737 307 6,243 91.6 11.2
150 45 1,126 475 7,517 75.3 8.2
50 1,651 959 13,455 585 14.4
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