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Analysis of Effect of Water on NO Formation in DI Diesel Engines

Masahiro ISHIDA and Zhi-Li CHEN

The effect of water on NO formation was analyzed theoretically from the point of view of
changes in the entrained air rate and specific heat of the burned gas in the combustion chamber. The
specific heat was calculated accurately based on the chemical equilibrium composition analysis
considering the absolute humidity of the inducted air, the amount of water in the emulsified fuel and
the residual gas fraction. It is clarified by the two-zone combustion model analysis that about 20%
reduction in NOx is attained by an increase of only 0.01 kg/kg in the absolute humidity, and the NO:
reduction due to the water-emulsified fuel is caused by increases in both gas weight and specific heat
of the burned gas whereas the entrained air rate is hardly affected by the water in the emulsified fuel.
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Fig.1 Relationship between entrained air rate and heat
release rate
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Fig.3 Change in specific heat due to humidity
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Fig.4 Change in specific heat due to water amount
in emulsified fuel

15 —

< 14
2
S b
2 :
a . : P
O 13 - -
- £=0
CHi6 .
P=100atn
12l L b : [ e oot ot ;
1000 1500 2000 2500 3000
T(K)
Fig.5 Change in specific heat due to residual gas

fraction

REBOREBLATHY, coc, could 4 DA A
[CO.], [0:], [H:0], [N:] 2B L THEL, I
PREEIR D A A ELEA cob 13 10 TEDL2E4E (COY, [CO:l,
[0.], [H:], [H:0], [OH], [H], [0], [NO],
[N2] DAL AR RE R 0 O EE S 5. MRBEE A
ABE T, FRESNI: b2 L TRAD L VK F
255, EHTICB VLTI, NOABE O E{EHSZHIE &
—HTLETAHEEMLTEELHERTY, &7
PRI L D BIKRIR doo BREL T, BB, HHEFIH
BXHER(9) TRENIFREEKRTH 5.

2:3 MARAZRDOLE# (L PEERBTCE W
T, BAZERH DA T % b b HEHRE 1o, FALHE
DREINE e, BLUBRES AEE 2, #FR LTI
BDEE R IERICITo /., C/HLL6, HEH ¢=1/1.6
DEEEFE L TEESMIERERS ¢ LV ABE
DR E 2w, &, xr BT A—F L LTH3I~5K
RY., FABREOLAEDZWIE 1w, &, x OBEINE &
bIHBARIZNENEREEMT 22 Lo5bh s, flx
i, FABEN2500KD L & M3 IZBWT 2w b
0.01 kg/kg ¥ 5 & LLEITHK 19683 5, 1ZIEHE
BEOLBOBINZ, K428\ CTKEMEK e B
20D E /oD, Thbh, R(5)XBVLTH
NEE 2, EABMOKRKBEMERT 7 7 5 [/
— )AL | NEMTH 2 Z D SWETE B, KER
W T, BV AEE x B I%ETHY, M52
YW 5 LBREAY AEEORERERTE S, 5,
KIEHTE TNV TIZ, 2 % EGR R U THERBHTH T
&5,

3. GBS L UBEERE

BRI - L TR 1 wRT 2 MO EEEE AR T
4 —ENVEEER W, ZEABETHE ) BaEE
F4D31-T #E T, BFE0.26 mm, BFLE 5
DINVFFR—N ANE, £, FOERRMEL T
x2 Ry HEEREREIS ADO60) 2 Aviz, —
F, SEETHEGHBAMAB IAAC-1BHEEA T,
BAAEEIZIZELVIBEOIALF K-/ XN,
Type 4 B(40.32 mm, 4 7X), Type5 B($0.29 mm,
55%), Type 6 B(¢#0.26 mm, 6 /%) %, ¥ /-t
ELTR2WWRT AEHGEES A 40) Kk zHEES
T 0~20%—IZBE U A LREHm 2 68/ L 72,

4. SR DRIEERMN

BRDEEL L CENPBEC—BT 5 L5 ICHE
Shi:HEHER 4D 31-T BWEBEO R —&&RE T T,

— 145 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

3544 F 4 — ¥ IVEEEE D NOL S BAZ 3 KN 2 i AT

Table 1 Principal particulars of test engines

MMC 4D31-T MHI 3AAC-1
Turbocharged  Turbocharged

Type of Engine

Cycle 4 4

Cooling system Water Water
Number of Cylinder 4-in Line 3-in Line
Bore and Stroke (mm) 100 X 105 110 X 125
Piston Displacement (cc) 2470 3560
compression Ratio 16 14.5
Maximum Power (kW/ PS) 95.6/130 84.6/115
Maximum Speed (r.p.m) 3500 2500

Table 2 Properties of test fuels

Name of fuel ADO60 [ A40
Sp/Gr@15/4°C 0.8335 0.8410
Viscosity cSt@50°C 2.42 2.72
C.C.R. wt% 0.01 0.43
Sulfur wt% 0.14 0.52

Net Calorific Value MJ/kg | 42.91 42.87
Distillation °C

I.B.P. 183.0 186.0
10% 219.5 228.5
50% 272.5 285.0
90% 326.0 352.0
E.P. 356.5 380.5
Cetane Index 57.1 57.6
C/H Ratio 6.39 6.35
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Fig.6 Comparison of engine performance between
summer and winter
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Fig.8 NO: reduction due to humidity
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Fig.9 NO: reduction due to water emulsified fuel
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Fig. 10 NO formation analysis by two-zone model
(Pre=10.22 bar, 2 368 rpm)
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Fig.11 NO formation analysis by two-zone model
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Fig. 12 Variation of entrained air rate due to water
amount in emulsified fuel
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