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Combustion temperature and NOx formation
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Improvement of air-fuel ratio in spray

Vol.*
T M
Air: Ga*

B

finj*

Water 40%
Fuel 100%

e T

tinj <
tinj = tinj™ %] dpe———"s VoI ol = 1 4032
~1.66
Ga =1.66xGa*
_GE =1.66x o Ga: mass of air
Gf Gf Gf: mass of fuel

Calculation on improvement of air/fuel ratio in spray by water addition

“140% momentum” forms larger spray cone than “100% momentum”,
Larger spray cone contains more air with same fuel amount.
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cp148 (0. 78D)

Black soot—clouds

(b) BFO100%+ Water 25%
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R&ED PROJE

Properties of ‘Gas Oil + water emulsion’ (& methanol)

GO+H,O0 GO+H,0O
Fuel GO CH,;0OH @ Z @ 2
Vol. 52 :48 Vol. 44 : 56
Fuel : Water 100: 0 100: 0 (100 : 93) (100 : 129)
Mass 47 : 53 Mass 39 : 61
Density [ kg/m? ] 835 791 915 928
LCV [cal/g] 43.1 19.9 20.3 16.9
Latent heat / Total Q 0.5% 4% 5.5% 6.5%
Injection conditions
Injection Pressure [MPal] 89 57 84 60
Injection hole diameter [mm] ¢0.5 ®0.8 ¢0.7 ®0.8
120 0.9
100 _ 2'3
No. 058 Gas Oil No.080 Methanol T 80 06 —
—— Inj. Hole Dia. 0.5 [mm] Inj. Hole Dia. 0.8 [mm] % o E‘
Inj. Press.  89.1 [MPa] Inj. Press.  56.9 [MPa] — 60 oa =
2 a0 , 8
No. 580 GO-water Emulsion) No. 595 GO-water Emulsion) & B g
_ (GO: water = 43.6:56.4) ___ (GO: water =51.7:48.3) =20 - 02 2
Inj. Hole Dia. 0.8 [mm] Inj. Hole Dia. 0.7 [mm] = , - N, Wises, L0
Inj. Press.  60.0 [MPa] Inj. Press.  84.0 [MPa] RN T T, + 10 20 O
-20 -0.1

Crank angle [deg. ATDC] 14
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Lr )] —
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8 Joi Inj. Hole Dia. 0.8 [mm]
D o T Inj. Press.  56.9 [MPa]
+— (7))
3 % GO + H,0 (51.7:48.3)
S 05 0d Inj. Hole Dia. 0.7 [mm]
% Inj. Press. 84.0 [MPa]
o 0.3
GO + H,0 (43.6:56.4)
0.1 E— Inj. Hole Dia. 0.8 [mm]
Inj. Press. 56.4 [MPa]
01N 120 0.9

-0.3

Crank angle [deg. ATDC]

GO+H20 GO+H 0 60
(52148 | @44 : 56 [

CO [ppm] 8 20

HC[ppm] 14 64 46 36

-20

Crank angle [deg. ATDC]
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RCEM: Highly-supercharged condition is realized by double-stage compression.
Frequent experiments in a short time are possible by single-shot function.
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No. 058 Gas Oil
Inj. Hole Dia. 0.5 [mm]
Inj. Press. 89.1 [MPa]

No.080 Methanol
Inj. Hole Dia. 0.8 [mm]
Inj. Press. 56.9 [MPa]

No. 580 GO-water Emulsion)
(GO: water = 43.6:56.4)

Inj. Hole Dia. 0.8 [mm]

Inj. Press. 60.0 [MPa]

No. 595 GO-water Emulsion)
(GO: water =51.7:48.3)
Inj. Hole Dia. 0.7 [mm]

Inj. Press.  84.0 [MPa] _200[deg ATDC
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No. 058 Gas Oil (F16)
Inj. Hole Dia. 0.5 [mm]
Inj. Press. 89.1 [MPa]

No.080 Methanol (F2.8)
Inj. Hole Dia. 0.8 [mm]
Inj. Press. 56.9 [MPa]

No. 580 GO-water Emulsion))
(GO: water = 43.6:56.4) (F16)
Inj. Hole Dia. 0.8 [mm]
Inj. Press. 60.0 [MPa]

No. 595 GO-water Emulsion))
(GO: water = 51.7:48.3) (F16)
Inj. Hole Dia. 0.7 [mm]

Inj. Press. 84.0 [MPa] _200[deg ATDC]
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W EEETT

Number of cylinder 6
Cylinder bore 180mm
Piston stroke 280mm
Displacement 42.7 Litter

20
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Date: 2015/2/16~ Injection timing: FIC6degbTDC 110
Test bench:T-5 Dyname: TOKYO PLANT P-55A |
Engine type:GEY18 Exhaust analyzer; HORIBA MEXA-1600 260 ==0riginal
Bore: ¢ 180 Smoke meter: AVL 4158 £ 250
Stroke: 280 IMO2 Nox limit: 9.20g/kWh g ==Emulsion:20%
Engine output: S50KW < 240 .
Engine speed: 300min—1 Q 230
v 220
o
10 ; ; ; —
; FICGdeg.bTDC ; 200
. ' E 0 100 200 300 400 500 GOO
i Output kW
E&S : 14 2
S 8 12
5 : 10 1 . =)
z?aﬁ B i E
: = 8 —_F?—D-
ﬁ 7 L p— FICAdeg.bTDC w 6 |
= =O=Origina | a —C=Original
65 |- ==Emulsion:20% b . = 4 |
’ ; ; | 5 ~~Emulsion:20% | |
E i IF : u
180 195 200 205 210

0 100 200 300 400 500 60O
BSFC @100% g/kWh Output kW
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T ABRIER (4) KRINZRIZ NN DNOxHI R

20 = BADC) 12
Date:2015/2/16~2015/02/27 im:ﬁ:z:;ﬁ 0 ‘,ﬂ
Test bench:T-5 iy
Engine type: 6EY18 EIE = Ernuilsi on: 400 5 ]
Bore: @180 "{_j = e
Stroke : 280 3 O ,D/U o o
Engine output : 550kW §IEI - u“"" ks 26
Engine speed: 300min-1 4
Dynamo: TOKYO PLANT P-55A ® @, A -
Exhaust analyzer: HORIBA MEXA-1600 &5 S = Ermulsion:20%
Smoke met_er_:ﬁ."-"L 4155 = Lid £ o —ﬁ-Emul:inn;m —
IMO2 Nox limit: 920z kWh L] o Ermulsion 0%
O 4] I
0 B 10 15 0 5 10 15
Injection timing deg.bTDC Injection timing deg.bTDC
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10 — 10 — 10 9
A A~ A
Pl f | 8,0 _ o g fe | LA
2 | ¥ E o A 5 el A | p
P —
Qa —O—MDO =1 4 —O—1MDO —| @4 =C0=MDO =
g == Ern ulsion:20% Q ~~ Emutsion:20% a8 == Emulsian:20%
2 —rr—Emulsion:30% | =3 e Erruksion:30% Zz2 == Emulsion:30% |
e [ 7 i 5] 2PN 0P == Emulsion 400 e E ryidsi om 400
ﬂ I D I Q T
0 5 10 15 0 5 10 15 1] 5 i0 15
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