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Liquid-Piston Steam Engine
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To conserve the global environment and make this planet sustainable for the future, liquid-piston steam engines are
expected to be used abundantly in various industrial fields because liquid engines perform the recovery of waste
heat discharged from vehicles, plants, houses, etc. and are simple in structure, highly efficient at operation tempera-
ture range below 300 °C and also highly reliable due to no sliding motion at high temperature heating section. In
this engine, water enclosed in the piston plays two key roles; (1) it functions as the “ working fluid” of which evap-
oration generates the work and (2) it functions as a “reciprocating motion liquid piston” interlocking with the
solid piston.

In this paper, we have proposed a new structure to reduce heat loss from the inlet of the heating section to the lig-
uid piston after a detailed loss investigation. Moreover, through an investigation of the influence of the coolant tem-
perature, it was found that a higher cooling temperature made the thermal efficiency higher under an operating
temperature range of 300 °C in contradiction to conventional thermal engines. Consequently, our newly developed
liquid-piston steam engine has achieved a thermal efficiency of 8.8% under the condition of a heating temperature of
270 °C, cooling temperature of 90 °C, and operation frequency of 3 Hz.

Key words : Waste heat recovery, External combustion engine, Steam engine, Liquid piston, Phase change
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Fig. 1  Structural schematic of liquid-piston steam engine

Z OB E P % Fig. 28 £ O°Fig. 3% Hl W CHH§
%. Fig. 213 M#EE, wHIMANTORKLE R + ¥ OH)
EEBAMIRLZODTH S, WAE X b v k)
ABET A BRI PR SIS, KATIEERIZ A
5L L CENSERL, MIZIZE > TET K
FEOBEIN X o TRENE T AL FIF o5, il
MEHEE TIN5 &, GEE L&A L OBk A
WAL, BMATRICAS. WIKEA P UATFRMZ @
Xpk, BETAVEF—I1ZXoTHIKE X b V3L
RENEMNEIHBOEMINS, KIZEKREA NV &
ML CHEHTLIZ LS, BAE R MY EIELR,
WARE A b VDSBS 5 1L, W EIER K TG 72
SN TV D 7O IZAE U3 IMELEB OIS 72 1T 234
L%, #ICHARE A NV 25Fig. 20 FIEAAMEE TTF
BB L, MEETIZIIER LDFEE L iz om o
B IREL S, Do X Hi2, (D FEHfTR, 1D
maﬁh,Gﬂ)%%ﬁh,qv)éﬂﬁﬁ%ﬁbﬂ?
CLTHARER N Y ERT VY VIEEMET 5. Fig. 3
2, BBIEIEJIAISMPa,  BEHEIE T A30.1MPad ¥4 o HL
HIEBIOY 1 7 VK% 7R T . Fig. 3@)xP-v (£7I-
fkF&) #IX %, Fig. 3()IFT-S (RE-= >~ rr¥—)
M %R LTWA. Fig. 3(b)A 5, ) #&& T EKE)
FTHILENTE, HBERKEZLEL LW L2%b»
5. ZO7=H300CLT OMREFEBIZB VTS, #EEk
BLBEET DA 7 VICHART, AR b &R

FUV—=F 7= HANLEa— Vol 19 2014

VYV BBREIICERT LI ENTES.
F72, BURYE A N v285, RIBMNICH 570, \imils
2L w ) B R CEBEEIE V. S HITHARE R b
VERI VY VIIHIEMT AR TR LEL LRV
DR EMEIC R 5.

,5

L,.1||||1

(10 Hezlds 14
Jlﬂﬂlll
(Winerk
f—
—_—

(1) Campression

)

—_—

Hizan |||3I;.|_I L

Cenerscling seiion
Cinaling sective

Ul e ol gusdon
LI Expareicm

J

Fig. 2 Operational schematic of liquid-piston steam
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Fig. 3 Ideal cycle diagrams of liquid-piston steam engine
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Fig. 4 Schematic of experimental setup
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