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Design of a Swash Plate Type of Steam Expander for Waste Heat Recovery
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ABSTRACT: For a steam Rankine cycle to recover waste heat from the exhaust gas of an
internal combustion engine, a swash plate type of expander as a power conversion unit has been
designed. Numerical simulation has been carried out to estimate the performance of the designed
expander. With the steam pressure and temperature of 35 bar and 300°C at the expander inlet,
respectively, the expander was estimated to produce the shaft power output of about 2.67 kW from
the exhaust gas waste heat of 25.2 kW. The expander output increased almost linearly with the
amount of exhaust gas waste heat in the range of from 5~40 kW, and the expander and Rankine
cycle efficiencies showed gradual decreases in the ranges of 72.2%~69.5% and 10.8% ~10.49%,
respectively,
Key words: Swash plate expander(Atsh4l A1) Waste heat recovery(H ¥ 3 4), Steam
Rankine cycle(=% @71 Alo]&), Performance analysis(Al & 34), Efficiency(& &)
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Fig. 1 Exhaust gas heat recovery system.
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Fig. 4 Cross-sectional view of a swash
plate steam expander.

Table 1 Main dimensions of designed expander

Cylinder diameter(mm) d, 30.2
Number of cylinders n, 8
Inclination angle(deg) § 20

Swash plate radius(mm Rsw 50

Stroke(mm) Stroke | 36.4
Expander body diameter(mm) D 214

Expander length(mm) L 315

Expander mass(kg) Mass 186
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(a) Rotor-shaft and piston

(b) Distribution valve and rotating valve

Fig. 5 Force diagrams for moving elements.
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Table 2 Expander performance

Notation Description Value
Lth Theoretical power{W) 3214
Linai Indicated power{W) 28085
Lmech Mechanical loss(W) 1386

Ly Valve(W) 74.1
Li-s Rotor-shaft(W) 15.2
LA Angular bearing(W) 185
Lo Piston(W) 21.8
Lstoe Shoe(W) 9.0
Ls Shaft power(W) 2670
N Speed(rpm) 1057
nv Volumetric efficiency(%) 85
Tad Adiabatic efficiency{%) 87.4
Nmech Mechanical efficiency (%) 95.1
ne Expander efficiency(% 70.6
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Fig. 9 Shaft torque curve.
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