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A Study on the Spray and Flame by Optically Accessible D. I. Diesel Engine
(Analysis by Schlieren Method and Diffused Background lllumination Method)

S.K. Ahn - D.B. Lee - J. H. Ra
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Abstract

To analyze the spray and flame in D.I. diesel engine, the visualizing methods by schlieren
photograph and diffused background illumination photograph with high speed camera are
applied to optically accessible D.I.diesel engine. Evaporating spray, spray droplets and bright-
ness flame are taken with high speed camera by visuallizing method in accordance with vari-
ous suction air temperature and injection time. The spray and flame image on the film was
analyzed by image analyzer. The optically accessible D.1.diesel engine had the similar pressure
characteristic to the real D.I. diesel engine.

Experimental results showed that shadow areas of the evaporating spray were extended at
higher suction air temperature, spray droplets had a max. penetration length and thelr pene-
trating patterns were dependent on the surrounding gas temperature, and flame size after
ignition was largely governed by the evaporated fuel quantity at ignition point and by the sur-
rounding gas condition due to piston motion.
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1. Running motor 2. Speed controller
3. Air suction fan 4. Air heater
5. Air temp. indicator 6. Air press. indicator
7. Pressure transducer 8. Combustion chamber
9. Fuel valve lift sensor 10. PC for data acquisition
11. Manometer 12. Orifice
13. Encoder 14. Test engine
15. Injection cam 16. Fuel rack
17. A/D converter 18. Surge tank

19. Amplifier

Fig. 1 Schematic diagram of experimental appa-
ratus.
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Table 1. Engine specifications TAAARA a2k S 9% FEugo 1 Fig. 49
Type : 4 stroke, D.I Diesel with rectangular Folz ok Be e 500W SR = AL&-30
combustion chamber t}. _t}og L. 7}11” 2} kol & ,/] 3}01 ) &~ :'_)-Qz]—oﬂ
Bore 120mm 3l pholef=hiMylar screen)oll o]sf Abghd Q1A
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e Ao _‘?Uouﬂ 1o aJ 2 ozl aaly

Displacement 1899cinevlinder GRS tel 2dAE # 33k, s
Compression ratio 17.0 H Feol g e Apukao) o) A HYH T E
Injoction valve ok A e R 5A AT e Fe AT B YA

No. of orifice 1 .

Orifice diameter 0.2mm skt

LD 4
Sight glass size S0 x40 x 40mm

i High speed camera
imaging lens and
Ar-ion Laser Pyrex glass (i) schiieren stop
——— \ S
L — KNP :§ 1 o °
/ Beam expander Lens
P Tept section =ons shutter
o

Synchro-controlier
Fuel rack

Fig. 3 Optical setup for photographing sprays and flames by schlieren method.
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Table 2. Engine test conditions

High speed camera
Mylar screen dD Pyrex glass Speed 500rpm
Tungsten light Al Shutter D Injection quantity 44mgicycle
N\ S N\ I finT Injection period 3deg. CA
\ N\ e g, g Injection pressure 20MPa
Injection time 17°BTDC
8°BTDC
Fublrack Synchro-controller 2°ATDC
f Suction air tempressure 418K
Fig. 4 Optical setup for photographing sprays and 353K
flames by diffused background illumind- 300K
tion method.
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Fig. 5 Temperature and density at injection(A) and ignition point(B) on suction air temperature and injec-

tion time.

(190)



7H & 8N A o) 2 7ot slodo] BH A7 13

4. & 2ot W D&

4.1 ERUBIIRE W BAAT| g
OE AE7|2e £4

Fig. 52 FAF71259 EAA712 WA e
o, EARAIZAL (ALl 7 )9} 23lA|(Be] 29 )e)
A 997 259 958 Jedg. o)A
U F7I %7t 300Ke] . EALA] 7] 7} 2° ATDC
o) A Azex] 2o (A)e] BAAE Ale)
S B $Y EAA) Y A9 YL
ENESTFEREE B 9 E Bgton, 59
FUAdZ7Ne=9 A S, BAA7) 2°ATDC, 8°
BTDC, 17°BTDC 22 25 @ Aol zte =

=
H . x>
i
3
1
azso 200 %0 400 o0
Suction ar temp., K
(A) Ignition delay
L]
g
5 e

5

[
-

Time from ignition to Pmax., ms
-
T T Y T T

L4
i

0
g
§
g

-
Suction ar temp., K

N 17!10‘:
S %g0e
T s
g
b
2k
e
L'
0 200 20 00 500
Suction air temp., K
(C) Pmax.

Fig. 6 Values of ignition delay(A), time from igni-
tion to Pmax.(B), and Pmax.(C) on suction
air temperature and injection time.
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Photo. 1 Photographs of evaporation sprays and flames by schlieren method, injection time = 17" BTDC.
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diffused background illumination method, injection
time=17" BTDC.
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Fig. 10 Spray droplets penetration on suction air temperature, injection time =8° BTDC.
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Fig. 11 Spray droplets penetration on injection time, suction air temp.=418K.
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Fig. 12 Shadow area of evaporation spray and droplet on suction air temperature(A) and injection time(B)
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