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Development of Coal-Water Slurry(CWS) Fueled Diesel Engines
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# 4 GE MEdn

A8 % s W 71 4 % (ppm)
% | 398 (MPa) |SFC(KJ/IKwh) | 94 58&(%) NOx 50, HC CO
1 16.9 8,448 99.2 680 252 205 195

2| 187 8,812 98.8 672 236 218 302
3 17.1 8,707 98.7 717 323 221 183
4 16.7 8,342 99.2 - — — -
5 16.2 8,362 98.7 — - - -

| 6| 161 8,470 99.5 522 994 | . 223 280
7 16.0 8,952 99.0 583 208 193 403
8 16.0 8,407 99.2 574 163 203 243
9 15.5 8,769 97.7 721 301 277 330

3 4 Schematic of the cameron—plint rig

T
-l
%

=

g 2 &3 45de e saad A
golo], 7H HIT FTo2 TEo AP}
Aot 2 43 FHE gasgloz YhE BE
¥ 4EFL 3TAL T A stex viw
8] Aert AR ARAG Abgteloj® THE
&S ARSEA 208 T HEHAT.
&E ol AhgE RIS 30
FARE ARSER oW 100041718 HEE N
g 1tz oo

SWRIN®e| = CWS71 nlRe) vz
FFS AYst) 8 AAT Fojrig X
ERd Ag7A) & oled-& Ao uh
EARE Aot 43 Z1H@WA o]
Folzl Aol ohd 71#o] FHLFLE RARE
1Eupd7|E ol8dtAem 1 FEE 19

Iz
=

4o Vehidch. o) €4 @4 @4elE
CWS@gel 5, 10, 156% AHAI/MAA 2P
Astgch A7 APE vlRe AxE 4
HE ZAde ANAEPRY 489 Felrd
o7} o Astgen o] g4 vt A&
5 vl Axrl Ag Aoz vebigt
I olfe o] Ed9 dAt E4F vt
ool Foj7Ax] AEFA RImz A7
= 202 fadt ok

r o2 ulrdyde Arthur Littlezt Coo-
per Bessemer™o| o3l =& ERE, 95
g, A9y golulo] g vir AYo] 3
Houch ®Had FhutelEvt Akgol2l E 4F)
3 & F R g ke A§e]
At o] AY ZAx=z A virsl BA
Hom g2 F79 =& g Hsddes b
~108] Aol 71 F=rgo] WA, B
W 7ol BEE &SR Iy 110413t F

JT
L=

ot A¥S AAsHTh o dYFA=Z
2000~5000A1zF A% AME 7153 Aoz
s o

3) wi717kzg ok A

CWSHAEE AHgdte 718-E Adste
Aol A w717k =g Aot 7Ed
olgt & % stk 1y} CWSAA AgaiA



B¥pE TRk / Vol18, No.2, 1996 /99

oA Ba Adde] Zslel nprsjid FA1E
o w7l Alelrl&L ez B 3E7}
gl Holuh. Z7)9 HAPEFL CWSHRS
50%7} Bo] #FH UM dih2mrt g
o} NOx9] %o} @A3%) &0 Te A& A
AT wide] dedre 544 vEA
H] &1} SOx7} #AIA] H Ut

GMe 3oz SWRIVH A= CWSHE.
Az e Wiy T A4S FHIHALG o 4
de AYP37] 9tk HA HYgRS FH3
Bz{ow AMgdger A9 HdIY 3
A8 959X}t H¥ A JAIRE A+
238k Rk HCgAe o g@sten CO
£t UAQEE AP L KT FFEINU
t}. BAAl =13 9l PIHA wiEe 10~30
v 71 o wi&slg e NOx wWigaaEl
YA FE AR E W vaste] gk
o mEX T

Cooper BessemeriVol|l A F7]4 2%, &
A =& 7Har]E d4=E, NOx CO, O
CO; & W71 4% 49& T3 F718
9] &xE 100FdA 200F2 &3 2d ¢a
A5 vlstd NOx9 & 32%4 68
%E ester BAlZEe 77|17} 0.3mm
AuiE =EI7|7F 0.25mmA™ 2 ¥] Lt
NOx7t 30% &l v &3 CWSHAEE A}
43192 AL= CO7} 100ppme)| A 180ppm
o|A g YA 345ppmo 2 UERTE. o]

RS
A T
T

B S AY 4
o = xEaz)(ogA 48| NO COo
- (mm) | (zg/L) | (ppm) | (ppm)
gae | 030 65 | 1,400 | 345
CWS | 030 580 | 1,125 | 100
CWS | 025 | 1,000 | 1,090 | 135
CWS | 025 720 800 | 130
Jtrafi

Ultrafine | -0 0c 1 000 | 1100 | 180
CWS

g 27 ® 5¢ ALt 2892 &
AA] H1 gle Particulates UARFE Ad
43 39 65pg/LNd B Ety CWSQES)
A$E 600~1,000ng/Loz 10W] o4&
eER L 2t} o]# 3t Particulated A 7Hs}
£ 7leddE L& bag HEHI|E, S0.E A
ke 71eEe BAPIE RS A
o}

2o g GE®o M CWSIA A EAA]
H1 9] SOx& Particulate A7 7]=g
AYstdet. 50 AWVeR AFEFFA%
Cu0 granular bed-g H7}alsct. 49 A=
Ze wi7|ge]zol A Ca/s& 219 H&&
He ZE FTAZ FAREY SO0.7 40%
7V AdES #sigen #iE #Es
CWSe} g4 A M A-¢= A3 4
oA o 25%Az EHL JSE LA

B g s CWSE a7 est &
B AukEQ ATl o olAE w7 A
o AFAH AR A|E BFR st
o FAAX FPP TS tistq Fun
ot} o]5 @Fol vhehd CWSHzle) FA)
He A59 A4l fol4, viREA,
a1 wi7I7kaE Aloldhe YIedEol
FAdez NAHL Q). oldd FAHE
& v|= A4 (DOE)Y H=FZ<Q AgPe
2 Bo] dadHor Reg B Qo). wet
A Azl 57 98 23U CWsaA 9
A Wisle] 7hE] e & ie-E
wix] 27} el

AAFHQ 43 7€) B HE
AAFE) A-E TEsteor Pt HTY B
To 2J3hd 2MWellA 200MWE shedd
Ay 71#AE Y7 e 19909 Fytely

i



10/ 58 PART 1

2000zl = AA Aol gleRoZ =3}
I . ol2F A F5L Hf{rtde] wigy
258 WA 0EREI He AL s
At AA7MAE g A X2 §235]
Agk o 2ol 9loiMe Hedge] 15% 2
ety G 10~203AEE 7R Ao
UgAoR B T T dadry 714
Aol 44T Ao Z A=ty ot 2
2 g AMgshE dzle] A& dxle
Hlal vl Qg fAule} w77 as o)
Ag FA x5S TP 55004 /kwh
7} EAo g dAsleg A3 CWSH a2
o] 1,500¢ /9%t Btu®o|n 7]& {7}
Zlo] 4,0004] /97 Btudw] CWSalzle] A
BEo] UF Aoz dEFn I Ae
1990 Futolu} 2000 % AR 02 o &3}
I e Aol

B a &

o

1. E. E. Soehngen, “The Development of
the Coal Burning Diesel in Germany”,
US ERDA Report No. WA 76-3387.

2. R. Pawlikowski, “The Coal Dust Up-
sets Tradition”, Power, Vol. 68, 1928.

3. L. H. Morrison, “The Coal Dust En-
gine:Detalls of the Design”, Power,
Vol. 68, 1928.

4. M. H. McMillian and Hoplmes A. W.,
“Coal-Fueled Diesels: Systems Devel-
opment”, ASME-ETCE, ICE-Vol. 7,
pp. 1~8., 1989.

5. D. J. Hanse, “Coal-0il Mixture as a
Diesel Fuel”, Master of Science Thesis,
University of North Carolina, 1949.

6. E. W. Tracy, “Feasibility Study of the
Use of Powdered Coal as a Fuel for
Diesel Engines”, SWRI Report No. 8-

10.

11.

12.

13.

14.

15.

16.

681-1, 1957.

. H. P. Marshall and C. Shelton, “The

Coal Burning Piston Engine”, Virginia
Polytechnic Institute, Engineering Ex-
periment Station, Vol. 53, 1959.

. K. Tataish and C. D Wood, “Perform-

ance of Coal Slurry Fuel in a Single
Cylinder Diesel Engine”, The Cumbus-
tion Institute, CSS/CI 80-~08, 1980.

. T. W. Ryan, W. E. Likos and C. A.

Moses, “The Use of Hybrid Fuel in a
Single Cylinder Diesel Engine”, SAE
Paper No, 801380.

T. W. Ryan, T. J. Callahan, and L. G.
Dodge,
Combustion of Carbon Slurry Fuels”,
SAE Paper No. 821199.

J. B. Dunley, “Coal Diesel Fuel of the
Future?”, Power, Vol. 125, 1981.

F. Robben, “Coal Fueled Diesel En-
gines”, SAE Paper No, 831747,

D. L. Siebers, “Ignition Delay Charac-

“Injecter Atomization and

teristics of Alternative Diesel Fuels:
Implications on Centane Number”,
SAE Paper No. 852102,

D. L. Siebers and T. M. Dyer, “The
Autoignition and Combustion of Coal
Water Slurry Under Simulated Diesel

Engine Conditions”, ASME Paper No.
85-DGP-15,

J. M. Clingenpeel, M. D. Gurney, and
D. B. Eccleston, “A Combustion and
Wear Analysis of a Compression Igni-
tion Engine Using Coal Slurry Fuels in
Diesel Engines”, ASME Paper No. 84-
DGP-8. |

M. D. Gurney, J. M. Clingerpeel and
D. B. Eccleston, “A Program to Exam-



17.

18.

19.

20.

21.

22.

23.

24.

25.

me the Use of Coal Slurry Fuels in
Diesel Engines”, ASME Paper No.
831361.

S. Shang, et el., “The Combustion and
Emissions of Coal Oil Mixture with

Water as an Alternative Fuel for Die-
sel Engines”, SAE Paper No. 831361.
T. W. Ryan and L. G. Dodge, “Diesel
Engine Injection and Combustion of
slurries of Coal, Charcoal, and Coke in
Diesel Fuel”, SAE Paper No, 840119.
R. Kamo et el
Micronized Coal in the Intake Air of a
Mediumn Speed Adiabatic Diesel En-
gine”, ASME No. 86-I1CE-19.

H. A. Steiger, “Sulzer Single Cylinder
Test Results with Various Coal Water
Slurries”, Cogeneration Seminar, Rose
-ment, 1985.

G. L. Leonard and G. H. Fiske, “Com-

bustion Characteristics of Coal Water

“Introduction of

Mixtures in a Simulated Medium
Speed Diesel Engine Environment”,
ASME No. 86-ICE-15.

R. A. Zimperman, “Combustion of
Coal Water Slury Fuels in Convention-
al Diesel Engines”, DOE Contract No.
DE-AC 2184MC21100, 1986.

W. E. Likos and T. W. Ryan, “Com-
bustion Characteristics of Coal Fuels
in a High Temperature Diesel En-
gines”, ASME No. 87-1CE-56, 1987.
D. D. Brehob and R. F. Sawyer, “Com-
pressing Ignition of Ceal Slurry
Fuels”, ASME No. 87-ICE-11, 1987.
B. Zhou et el,, “Parametric Studies of
Coal Water Slurry Combustion in a
Rapid Compression Machine”, ASME

26.

27.

28.

29.

BBET B/ Vol.18, No.2, 1996/ 101

No. 87-1CE-9, 1987.

B. D. Hsu, “Progress and the Investio-
gation of Coal Water Slurry Fuel Com-
bustion in a Medium Speed Diesel En-
gine Part 1, Ignition Studies”, ASME
No. 88-ice-4, 1988.

A. K. Rao and R. P. Wilson, “Cooper
Bessemer Coal Fueled Engine System
Progress Reoprt”, Engineering for Gas
Turbines and Popwer, Vol. 111, pp.
498 ~506, 1989.

B. D. Hsu, G. L. Leonard and R. N.
Johnson, “Progress on the Investiga-
tion of Coal Water Slurry Fuel Com-
bustion in a Medium Speed Diesel En-
gine : Part 3, Accumulator Injector
Performance”, Engineering for Gas
Turbines and Power, Vol. 3, pp. 516~
520, 1989.

T, V. Yy, et el,, “Injection and Atomi-
zation of Coal Water Slurry in High

Pressure Diesel Engine Environment”,

- ASME-ETCE, ICE-Vol. 7, pp. 51~60,

30.

31.

32.

1989.

T. Uzkan and C. E. Horton, “Combus-
tion of Coal Water Slurry in a Two
Cycle Disesl Engine:Test System De-
sign”, ASME-ETCE, ICE-Vol. 12, pp.
23~30, 1990.

P. L. Flynn, B. D. Hsu, and G. L.
Leonerd, “Coal Fueled Diesel Engine
Progress at GE Transportation
System”, Engineering Gas Turbine
and Power, Vol. 112, pp. 369~375,
1990.

R. M, Kakwari, P. R. Badgley, and W,
C. Smith, “Development of Fuel Injec-

tion and Combustion Systems for Coal



102/ 8% :PART 1

33.

34.

35,

36.

Water Slurry Fueled Diesel Engines”,
ASME-ETCE, ICE-Vol. 2, pp. 41~50,
1990.

T. Uzkan and C. E. Horton, “Effects
of Engine Speed, Inlet Air Heating
and Slurry Timing on the Combustion
of Coal Water Slurry in a Diesel En-
gine”, ASME-ETCE, ICE-Vol. 14, pp.
9~15, 1991.

B. D. Hsu and G. L. Confer. “Progress
on the Investigation of Coal Water
Slurry Fuel Combustion in a Medium
Speed Diesel Engine:part 4 Fuel Ef-
fect”, ASME-ETCE, ICE-Vol. 14, pp.
1~8, 1991.

P. R. Badgley and D. C. Doup, “Com-
bustion Optimization of High Speed
Coal Water Slurry Fueled Diesel En-
gine”, ASME-ETCE, ICE-Val. 14, pp.
17~22, 1991.

J. A. Schwalb, T. W. Ryan, and W. C.
Smith, “Lube Oil Comtamination In-
duced Wear in Coal Fueled Diesel En-
gine”, ASME-ETCE, ICE-Vol, 12, pp.
51~58, 1990.

37.

38.

39.

40.

41,

R. A. Mayville, A. K. Rao and R. P.
Wilson, “Durable Component Develop-
ment Progress for the Cooper Besse-
mer Coal Fueled Diesel Engine”,
ASME-ETCE, ICE-Vol. 14, pp. 23~
27,1991.

J. A. Schwalb, and T. W. Ryan, “Sur-
face Finish and Particle Size Effects
on Wear in Coal Fueled Diselel En-
gines”, ASME-ETCE, ICE-Vol. 14, pp.
29~37, 1991.

E. R. Fanick and M. N, Ingalls, “Coal
Fueled Diesel Engine Exhaust Emis-
sion Assessment”, SWRI Topical Re-
port for DOE/METC, 1987.

K. R. Benedek and K. T. Menzies,
“Emissions Characteristics and Control
Tehnalagy for Stationary Coal Fueled
Diesel Engines”, Engineering. Gas Tur-
bine and Power, Vol. 111, pp. 507~
515, 1989.

D. Slaughter and E. Samuel, “Control
of Emissions in the Coal Fueled Diedel

Locomotive”, ASME ETCE, ICE Vol.
12, pp. 11~16, 1990.



