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Measurements on Transient Mixing Concentrations of Two Fuel Oils
using a Quantitative Flow Visualization Technique
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Abstract >> Transient mixing states of two different fuel oils, dimethylformamide (DMF) oil and JetAl oil, were
investigated by using a color image processing and a neural network. A tank (D x H, 310 x 370 mm) was filled
with JetAl oil. The DMF oil was filled at a top tank, and was mixed with the JetAl oil in the tank mixing
tank via a sudden opening which was performed by nitrogen gas with 1.9 bar. An impeller was rotated with 700
rpm for mixing enhancements of the two fuel oils. To visualize the mixing state of the DMF oil with the JetAl
oil, the DMF oil was coated with Rhodamine B whose color was red. A LCD monitor was used for uniform
illumination. The color changes of the DMF oil were captured by a camcoder and the images were transferred to
a host computer for quantifying the information of color changes. The color images of two mixed oils were captured
with the camcoder. The R, G, B color information of the captured images was used to quantify the concentration
of the DMF oil. To quantify the concentration of the DMF oil in the JetAl oil, a calibration of color-to-concentration
was carried out before the main experiment was done. Transient mixing states of DMF oil with the JetAl oil since
after the sudden infiltration were quantified and characterized with the constructed visualization technique.

Key words : Two different fuel oils(¢]£ & &-F), Transient mixing(Z}= £3}), Color information(A§AF7 H),
Neural network(4173 %), Concentration(5%)

Nomenclature H : tank height, mm
E : error in the output layer
D : tank diameter, mm v,w : connection weights
6 : error in the hidden layer
TCorresponding author : doh@hhu.ac.kr Subscripts

[ A4 £ 2012731 4 @ 2012817 AR @ 2012824 ]

Copyright (© 2012 KENES i, j : number of neuron

364



HH 5T beE 1S
.M E

HHagitation)> JLA|2}F A, A} 71A] & =
24, skeha] Aol thg 27H4 S Edeke A
= ofujsh ofzigt wHkE ffsiA wRt7|E AMES
 §eof At wrty|E At fliAe Rk
9,] _‘EZ-T ’71:1]—0]-1__4 E/\-];'(L O]ﬂ]{—j—]_ﬂ ?‘)‘AEHQ} ;‘(]/\ §j

A5 aLEsfiof gtk of2fet aRb7|= 2T Akl
Aoz Qlsto] Yalst FLofel 217 Eofol Ao AR
of Sofufal QlofAl muk7|e] S5 sfiAdoll tht
SR/go] Z2Eal Qi) wHby] U %5— il &
A FEEAe Ad wAR 24T oS0] 8o OW
WA Eose] ARl W F=HEkE & = 9l
U SAE T B el Beto] 7hsste e
WRE7IW O] EdkEteol tigt At7F ool itk

g, mabiel BEaAe oldlel] gig A
7] o3& A] Van’t Rietx} Smith"= A}7]<(photo-
graphic)& ©|-8-%F 214}=(Rrushton) E¥Ig o] ik
7 28 ooren) o] T} AHS s oL
A2 0] Wrlo] 2AS =it} CostesSL El3}
241 "4 1Rb7] o] Rl tiste] oA =
g FE5AR IREAS AR Frlsidloy
SR AP ARkl =gtk ol& 2
V2RE Hofdl f554S olgsto] wntr] A4
o A-g= o] LA, FREFTHYollA]
Zet g (passive scalars)©| oJH WAHYSOZE E3lo]
AP =E= Z|of| gt A7} B 13514 Hck Houcine
o Ao A e FE4l el 5=
} =42 93} PLIF(planar laser induced fluore-
scence)7 |2 A-gstelom, olF ot EFAE
ol weh geide ®elrk Guillards?
< PLIF7|®H& ©]-8-5}] batch® &] 1R 0] 4]
A SEAS Folginl, 3RS Wag

T

2~
S 2

o] gl

o=

> K1 ooft dfy ©

A U o] Ao RSk Qofdl $71 %
HES BANS 0] AN sy T2E A

i

Of

19k Jeong¥} Kim”2 LIF7|%L o]-85}0] 2|4|&
gl wRE I AA sl it B]7 d(unsteady)

154 Blald] A Aelstaint. Ae7HA]

ik

ok

pu

S ol olFARS TE BY FEEE 54 365

W] W FEel dieh SsA diF2Ee] LIF
7ol 2As] L=, LIF7|H2 glojAgds 22
dHQl TR GYAA ol 2ANGllumination)
st AR T SAHAXANA L %50‘01]

= Estal FoAgee] Bt AkA o= el

|

5= AN(intensity variance)o] 2]3}o] é Aol
23} ) Hef Bk oh 2t LIF/ES ol
o] 52 Bl A Rhodamin BSOS
7] S=10] 9J0je] $1ofH 2:J510] Rhodamin B
golo] SAIAS ZAE TAR, Ao Bakshi
A} She 2744 O] ERTRORE 1|7} o

2 AollAe HolAd ARgell whE T}l B
7]¥3}(intensity variance)E H&3}7| 5te] HL3H
Fee HAsks LCDEYEE o83 7HS7 Y
S 7350l olF M OE dRsE ERATIE
oA AT FEAe] AlZEA] Hate] dieh
%4 7ol HESA sk AS Aol BHoR

AFL ek
2, A Ex| Y gi
2.1 &Y x|

Fig. 12 o] SA=A9] E% Skl
ey FEAER B Qe 95
D x Hyuj2ol JetAl-7F YA 2
3.75¢2] DMF7} A ek &= SXA717] 9
sto] Fig. 13} o] Bas4sol wukg dd=7t
AX|= o] k. ®A v Sl wnke SASHA]
717] $13to 40 x 180mm (D x H)9| =719 g
o] Adx|&o] Qlth o] ¥ T YA 4
4mmo|r, Ago] A8 YEE= 270l 120mmo
H HE-3 type©]tt.

B+l A3E D

Q
rlI.
N
i
ig
ki3

=

S A o= AV}
271 1.9bard] oz ]'OHZ]EE o] 9] DMF
T2t JetAlf Afolofl= ef2 A F(rupture disc, 7
1= 500um)o] AX|=lo] QIrk. o] gk Ankrke DMF
AR ARRRE TliAls ekl e

A234E A4s 20124 8Y



366 AFs - =98 - 23 -

asesl’t

).otm 5)
=3

Fig. 1 Agitator geometry
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Table 1 Used fuel oil properties

Fuel oil name Density(kg/m®) Viscosity(cp)

Jet Al 808 1.313

DMF 944

0.92
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Fig. 3 Images used for color-to-concentration calibration
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Fig. 4 Application of Neural Network
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Fig. 6 Images captured after breaking the rupture disc
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Rupture disc fracture after 1.5(s)
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Fig. 9 Images captured 1.0(s) after breaking the rupture disc
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