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TREATMENT OF SOOT MASS EMITTED FROM DIESEL
ENGINE

Abstract:

Soot particles emitted from diesel engines to atmosphere pollute the environment air because
many hydrocarbons known for their cancerous properties adsorb on its surfaces during the

combustion processes of diesel fuel.
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These soot particles have very small diameters (less than 2.5 um) and easy enter with air to
the human respiratory system during the inhalation process. In order to control of soot emitted from
four stroke, direct injection, air cooled and single cylinder diesel engine we executed two important
parts; (1) Rate of soot mass emitted from this engine was measured inside the passageway of
exhaust gases. One of the gravimetric methods for soot mass measurement in combustion systems
was developed to measure the rate of soot emitted from diesel engine. (2) The rate of soot emitted
from the engine was treated in a laboratory scale. Different diesel soot mass patterns were prepared
according soot mass measured in limited time interval at different engine loads, and then the soot
oxidation rates were studied using linear heating and isothermal heating inside the electrical
furnace. The results of soot emitted measurements show that the rate of soot emitted significantly
increases and reaches, at high engine loads, to 0.4533 mg/min because of highly reduced in A/F
ratio. Then large amounts of diesel fuel inside the cylinder suffer from pyrolysis heating. The
results of soot mass treatment with linear heating show that the rate of soot mass oxidation is
significant at mid and high loads between the temperatures (500- 800 C°). It can be concluded, from
the results of soot mass oxidation at isothermal heating with different temperatures (600 C°, 700 C°,
800 C°), that the rates of soot mass oxidation at different soot masses (i.e. different engine loads) is
approximately equal 25 mg/min.

Key words: Diesel engine, Soot emitted, Gravimetric method, Soot oxidation, Isothermal
heating.
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(DIESEL ENGINE) (2-1-1)

(Model TD111) ,

(1)
(1)
Specifications of the test engine
No. Parameters Specifications
1 General details Single cylinder, fou_r strok_e, Compres_smn |_gr1|t|qn, Variable
speed, vertical, Air cooled, direct injection
2 Bore 70 mm
3 Stroke 65 mm
4 Swept volume 250 cm3
5 Charging Natural aspiration
6 Maximum power 4.2 KW at 3750 rpm
7 Manufacturer TQ Education and Training Ltd.
(HYDRAULIC DYNAMOMETERIC) (2-1-2)
: (2)
.( stator B) ( rotor D)

(needle valve A)

(coupling) (crank shaft)
(Cable E) ,(stator B)
(H) (stator B)
(F)
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(SOOT PARTICULATE TREATMENT) (3-2)
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(Quasi- linear heating) . N, /0,
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(RESULTS and DISCUSSION) -3
(gm./min) (6)
%20 ,
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(22.66 mg/min)
938



Yassar K. The Iragi Journal For Mechanical And Material Engineering, Vol. 12,No. 1, 2012

(368.33 mg/min) (103.26 mg/min)
(A\F) \ (7) ()
(8)
(400C°)
500- 800 )
(C°
(9)
.(600, 700, 800 C°) (Isothermal heating)
,(226.2 mq)
(8-10) (23-25 mg/min)
(11) (10)
600, 700, )
1032.6 ) (10) .(800 C°
23.53 800 C° 700 C° 600 C° ,(mg
26 mg/min 25 mg/min  mg/min
(44-36)
(11) .800 C°
3683.3 mg
25 mg/min
150

939



TREATMENT OF SOOT MASS EMITTED Yassar K. A-M. Al- ansari

FROM DIESEL ENGINE Muna H. Saed Al-Trahi
(800 C°)
(CONCLUSION) _4
) 1
(
2

.(500- 800 °C)

(600, 700, 800 °C)
(23.53-26 mg/min)
(800 °C) 4

(700 °C) (600 °C)
(REFERNCES) _iuadll -5

1- Prado, G. P., Lee, M. L., Hites, R. A., Houl, D. P., Howard, I. B., "Soot and Hydrocarbon
Formation in a Turbulent Diffusion Flame", Sixteenth Symposium (International) on Combustion,
pp649-661, 1976.

2- U.S. Environmental Protection Agency (Office of Air Quality Planning & Standards), "1,3-
Butadiene and Benzene ", Publication 106-99-0, United Air Toxics Website, March 20, 2000,
http://www.epa.gov/ttn/uatw/hlthef/butadien.html

940



Yassar K. The Iragi Journal For Mechanical And Material Engineering, Vol. 12,No. 1, 2012

3- U.S. Environmental Protection Agency (Office of Air Quality Planning &
Standards),"Ethylbenzene, Formaldehyde and Toluene", Publication 100-41-4, United Air Toxics
Website, June 23, 2000, http://www.epa.gov/ttn/uatw/hlthef/ethylben.html

4- Sivathanu, R. Y., Faeth, M. G., "Temperature and Soot volume fraction Correlation in the Fuel-
Rich Region of Buoyant Turbulent diffusion flames", Combustion and Flame, Vol. 81, pp. 150-165,
1990.

5- Mikofski, A.M., "Flame Structure and Soot Formation in Inverse diffusion Flames", Ph.D thesis,
University of California, Berkeley, 2005.

6- Bernard C., Rodica B., "Diesel Engine Reference Book", Second Edition, copyright by Planta
Tree, 1999.

7- Rakopoulos, C.D., Antonopoulos, K.A., Rakopoulos, D.C., Kakaras, E.C., Pariotis, E.G.,
"Characteristics of the performance and emissions of a HSDI diesel engine running with cottonseed
oil or its methyl ester and their blends with diesel fuel”, International Journal of Vehicle Design,
Vol. 45, No. 2, Pages 200- 221, 2007.

8- Haynes, B. S., Wagner, H. Gg., "Soot formation", Progress in Energy and Combustion Science,
vol. 7, pp. 229-273, (1981).

9- Zhoa B., Yang Z., Wang J., Johnston M., Wang H., "Analysis of soot nanoparticles in a laminar
premixed ethylene flame by scanning mobility particle size”, Aerosol Science and Technology, vol.
37, issue 8, pp. 611- 620, 2003.

10- Pandey, P., Pundir, P. B., Panigrahi, P. K., "Hydrogen addition to acetylene- air laminar
diffusion flames: Studies on Soot Formation under Different Flow Arrangement”, Combustion and
Flame, Vol. 148, pp. 249-262, 2007.

11- Pulkrabek, W., "Engineering Fundamentals of the Internal Combustion Engine", Copyright by
Prentice Hall, Inc., 1997.

12- Perez, J. M., Williams, R. L., "A Study of Particulate Extracts Heavy Duty Diesel Engines Run
on Steady- State and Transient cycles”, SAE paper No. 892491, 1989.

13- Rao, V. D., White, J. E., Wade, W. R., Aimone, M. G., Cikanek, H. A., "Advance Techniques
for Thermal and Catalytic Diesel Particulate Trap Regeneration”, SAE paper No. 892491, 1985.

14- Walton, F. B., Doerges, V., Engeler, W., Poettner, B., "Controlled energy deposition in diesel
particulate filter during regeneration by means of microwave irradiation”, SAE paper No. 900327.

15- Mathur, M. L., Sharma, R. P., "A Course in Internal Combustion Engines"”, Copyright by
Dhanpat Rai and Sones, 1984.

941



TREATMENT OF SOOT MASS EMITTED Yassar K. A-M. Al- ansari

FROM DIESEL ENGINE Muna H. Saed Al-Trahi

Constant Head
Water Supply e

Torgue meter
(TD114)

(
L

942



Yassar K. The Iragi Journal For Mechanical And Material Engineering, Vol. 12,No. 1, 2012

(S e salilall Bas g akadia (2) JSd)

Fuel tank Tachometer
i T TecQulpment TD114
1.C. ENGINE ANSTRUMENTATION Torque meter

Fuel level

e
q _‘\} Span and zero

T T o~ - adjustment for

Fast flow ] | torque meter

pipetie 2 "““é/
=20 1

Exhaust
a lemperature
5 " meter

Onjofft
switch
Fuse
Tap to isclate
angine
Air flow
Fuel to mancmeter
engine

Tap to isolate
tank

Electrical

mains input 5-pin socket  sockels
4-pin socket (tachometer)

(torque transducer)

( Model- TD114) J:aga Gulill 32 (3) Jsdd

glasswood filter

exhust gases
from engine

Zliad) apand Lo gliia (4) JSi

943



TREATMENT OF SOOT MASS EMITTED Yassar K. A-M. Al- ansari

FROM DIESEL ENGINE Muna H. Saed Al-Trahi

Sl RN a1 Uil i gy auda g dgles (5a) S

BansY) dules ayg JB ZUd) ()39 il (5b) Je&d)

944



The Iragi Journal For Mechanical And Material Engineering, Vol. 12,No. 1, 2012

Yassar K.

Engine Load

40%

80% 100%

60%

20%

0%

| e L P ey
o o e o e e e e S o o e o e e e e e e e 4 e e B e e e e e e e e

50 f---ooo--
00 +--------

4
3
3
2
2

(urwyBw) aie1 sseuw jJoos

2500 2000 1500
Engine Speed (rpm)

3000

3500

1)

fs Gaiall zlind) AL (6)

de pudl g Jaad) s

Engine Load

20% 40% 60% 80% 100%

0%

—_m e e e e ———————

TT—"—"""—"—"""~""*Fr~"—""—7—"—"—"~"fF -~~~ =-=====

30
25

oney 4/v

3000 2500 2000 1500
Engine Speed (rpm)

3500

945



Muna H. Saed Al-Trahi

Yassar K. A-M. Al- ansari

A

a3 58 ol\s ) gl Al (7)

-

Ao pudly Jaall s

-

TREATMENT OF SOOT MASS EMITTED

FROM DIESEL ENGINE

(Bw) sso| ssew peoj pIN

Al

ad

1
T
1
1
1
1
1
1
1
B T
1
1
1
1
1
1
T
1
1
1
I
1
1

1®600C A700C WB00C

-TTT T LTS T T T T T T
1
1

600 700 800 900 1000

Temperature C

100 200 300 400 500

0

Ao giall g Aallad) Jlaadl i) dpd cpduilly gl Axllea (8)

250

200 }-°

50 }-------
0

(Pw) sso] ssew peo| ybiH (Bw) sso| ssew joos

12

10

Time (min)
946



The Iragi Journal For Mechanical And Material Engineering, Vol. 12,No. 1, 2012

Yassar K.

1)

gl alles (9)

- -
o v

9

Ladiid) JaaY) b Ja

A700C HE300C

1200

1
1
1
1
1
e
1
1
1
1
1
e
1
1
1
I
1
B

O -r

Bl Rl
I
1
1
I
1
I
1
1
I
1
T

(Pw) sso| ssew j008

60

50

40

30
Time (min)

20

10

A

®600C AT00C AB00C

gl dxllaa (10)

o o o e ) ) ] e e e o e e e e e e e

. 2 -
Uw .

Ao gial) Jlaal) 8 Ja gl

4000
3500
3000
2500
2000
1500

(hw) sso| ssew jo0s

1000

200

100
Time (min)

50

)

e Aol Cpdady plad) dallaa (11)

lad) Juaay) 3

o

947



TREATMENT OF SOOT MASS EMITTED Yassar K. A-M. Al- ansari

FROM DIESEL ENGINE Muna H. Saed Al-Trahi

948



