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Effect of Water
Combustion Process in ICRC Engine

Injection Phasing on

YU Xiao, FU Lezhong, DENG Jun, WU Zhijun
(College of Automotive Studies, Tongji University, Shanghai 201804,
China)

Abstract: Working process of an internal combustion Rankine
cycle (ICRC) is studied based on bench tests of a prototype
engine. A minture of O, and CO, is ased used to simulate
eshaust gas recirculation (EGR) to control the combastion
rate, and effect of injection phase on the combustion and
emission characteristics is studied. Results show that water
with injection temperature of 160°C can not only control the
reaction rate, but also can expand the area of the P-V diagram
through vaporization. As a result, the thermo efficiency
increases by 6. 3% . Injection phase does not affect the thermo
efficiency obviously, however, earlier injection timing can

increase HC emissions by 40% .

Key words: internal combustion Rankine cycle (ICRC); carbon

capture; exhaust gas recirculation(EGR) ; superheated water
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Fig.1 Schematic of ICRC system
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Fig.2 Working principle of ICRC
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Tab.1 Specifications of test engine
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Fig.3 Test apparatus of ICRC engine
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Tab.2 Specifications of test parameters

23 BiE
BOkERETA /O —30
TEF LR/ mg 4.7

ZFHEEE/ (r » min™D) 2 600
OF {&/% 45
WK WL/ C 160
W5 7K K F1/MPa 20
BE7K Bk 58/ ms 0.3
WK B /mg 40

WK B2/ () —20~~50

AU YR E 100 MG L K g
50 YWELEBUKIEFR. F FIBOKAE 54 50 DRBIKIE
B 50 ANEOKIEERFEAT X 43, 3 715 2 LR f 2%
RIBCR SHHLET N AR 00 SCBE S 4, LIBF ST Bk
AR T A SR BRAE B B R .

MUK B 40 mg, FERJREFA O RIEHE
BHEER, BUKRE SIEF MR Z T 9~10
I JE PR AR R, 8D A BEK B R 2
AT ST PR JR A 2 9 2E T PR i 41 20 PR B i —
HARTT L i 22 F KBRS BT YR R R 5 |
EHLIE T @ RSl S 72 b & i £ i it 7K
B SR R S HLIEER B sl 5 I, 7 E ) ] e B3R

BeRTasE B R KRR O, TEMOK Ay 40 mg B, &
Lz i FiR LR KA. BEE AR BER
R BB B I, HARRE B AT B A B UK B
a3 .
2.1 BKERNFHANRXBRELENHZME

P 4 F05 43300 100 A ELEIEFR N 50 BEK
AEERFA MG 7K BB B A B3 R H8 2 T 0 e %o O )
hihe A, WK 200 kAL i 4 T, BEsKad
FERT L P B R TR R A B 3. BEE 7R
24 R R 1) T P9 A B TR TR A » BT A T
B BRI » BAR K BRI AL 2 AR BT P B2 L (R
AR I3 2 B T PR 18 AT 88 w7 AR AR o4
RIE S HESFTEIEA K. B 5 NEL R R EES
XL F bR AR PR AT O R IRK RS S LA R R A R
FR R R 1 BUARGLIS 38, S PRUE & ShPLTE L T
OLT TAE, PARBDLET N B R 5 Hs 1 — BB H B A
12°~15°000, g T [ LR AR AR, R K L A 7R
PR R & 1 ) o B A TR B i PR AR R B R
TFEE 2 EATIS A T A DI s WK TALA 45
MG KRR R T H B T N o B RR Y
90 Y0 B AT I o MK S AR AN B2 W L P A AT 7 9
BIR T RS HRBEAR AL )5 78 24 31 X8 > 1 s 4
IR 5T, Be L AT LA R 5 R ).

4.5r o KM KGR
WK
£ 4.0
Z X
R 35 % *xx
ﬁ ??W%ﬁg& A s g RasS
w30 °
T
B 25
2'0 1 1 1 1 ]
0 20 40 60 80 100

[[ZRV3
4 FRAILATHANRKEASSE

Fig.4 Scatter diagram of maximum cylinder pressure
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Fig.6 Scatter diagram of the indicated power
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Tab.3 Effect of water injection on combustion

parameters
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Fig.7 Effect of water injection phase on

cylinder pressure
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Fig.9 Effect of water injection phase on the indicated

power and combustion phase
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Fig.10 Effect of water injection phase on P-V diagram
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Fig.11 Effect of water injection process on heat

release rate
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Tab.4 Heat release parameters under different injection timing
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Fig.12 Effect of water injection process on emission

characteristics
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Fig.13 Effect of water injection phase on emission

characteristics
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