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Abstract Internal combustion Rankine cycle (ICRC) utilize oxygen instead of air as oxidant,
therefore avoiding NO, generation. The carbon dioxide and water vapor in the exhaust gas can be
separated and recycled through condensation. By doing so, a high-efficiency and ultra-low-emission
internal combustion thermodynamic cycle is achieved. In this paper, the effect of high temperature
direct water injection mass on cycle efficiency and performance is studied based on a self-developed
compression ignition internal combustion Rankine cycle engine (CI-ICRC) test bench. The ex-
perimental results show that injecting high temperature and high pressure recycled water during
combustion process can optimize combustion rate and postpone the maximum in-cylinder pressure
timing. Increment of in-cylinder specific heat capacity and heat absorption through in-cylinder wa-
ter latent heat reduce in-cylinder temperature which decrease negative compression work and the
high temperature and high pressure steam generated through flash boiling of in-cylinder water jet
supplements the work fluid quality, therefore enhance cyclic output work. As direct water injection
mass increasing, the brake thermal efficiency rises firstly and then falls, under test condition of 97 mg
direct water injection mass, an optimum brake thermal efficiency of 46.6% was achieved. Meanwhile,
its IMEP and combustion stability have also been significantly improved.
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Table 1 Parameter of test engine
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Fig. 1 Schematic diagram of CI-ICRC engine
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Fig. 2 Relationship between direct water injection mass and
water injection pulse width
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Table 2 The specification of experiment
instrument and its accuracy

P& 2tk W7 MEARE
Kislter 6052C 0~25 MPa +0.25
Kislter 5018A +100~410000 -

MS3808G-720BN-T5 720° +0.5°

TES1310 223~573 K +0.25%

HC, CO: 0~10000x10~° 4+0.5%
AVL 4158 NO,: 0~5000%x10~¢ +0.1%
PM: 0~10 FSN +0.3%
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Fig. 3 Effect of direct water injection on cylinder pressure
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Fig. 4 Effect of direct water injection on P-V diagram
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Fig. 5 Effect of different direct fuel injection timing on
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Fig. 7 Effect of direct water injection mass on in-cylinder
pressure
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Fig. 8 Effect of direct water injection mass on P-V diagram
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Fig. 9 Comparison of negative compression work and positive
expansion work under different direct water injection mass
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Fig. 10 Effect of direct water injection mass on the
in-cylinder pressure rise rate
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Fig. 11 Effect of direct water injection mass on
instantaneous heat release rate and cumulative heat release
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Fig. 12 Comparison of direct water injection mass on
combustion phase and combustion duration
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Fig. 13 Effect of direct water injection mass on combustion
cycle fluctuation and engine load
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Fig. 14 Comparison of flame retardation period and
indicated thermal efficiency under different direct water
injection mass
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