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Abstract — To study characteristics of DME and Propane blended fuel in mixing drum as time passed, mixing exper-
iment of two components was performed. After 20 wt% of DME and 80 wt% of Propane were injected into mixing drum
sequentially, and the mixture ratio of blended fuel was analyzed at several sampling ports. Consequently, DME and Pro-
pane were not easily mixed and DME was sunk to the bottom of the mixing drum by the density difference. The daily
rate of DME ingredient increase was 0.2-0.3 wt%, and it took over 500 hours until two of them were mixed uniformly.
And after recirculation of blended fuel in mixing drum, DME and Propane were mixed immediately and uniformly.
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Fig. 1. Schematic diagram of the experimental apparatus.

Table 1. Physical properties of liquified DME and liquified propane

Classification DME Propane
Molecular weight[g/mol] 46.07 44.1
Liquid density[kg/m] 670 582
Liquid viscosity[kg/m-s] 0.000149 0.000099
Surface tension[10N/m] 11.36 7.02
Thermal conductivity(W/m-k) 0.1453 0.1588
Standard st. enthalpy(J/kgmol) —1.8410E+08 —1.0450E+08
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Fig. 2. Mixing drum and sampling position.
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Table 2. Experimental conditions

Items Condition 1 Condition 2
Quantity [kg] 140 140

DME Mass flow [kg/s] 0.317-0.375 0.317-0.375
Injection time [s] 480 480
Quantity [kg] 560 560

Propane  Mass flow [kg/s] 0.633-0.667 0.333-0.367
Injection time [s] 900 1500

Experiment time [] 345600 (96 h) 1800000 (500 h)

(Before recirculation)
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Table 3. Analysis conditions of G.C 30
Items Condition
Instrument Acme 6000 GC, YOUNG LIN Skl
Column RESCEK, PD-Q 60/80 s 0
Description 2mm LD, 1/8" O.D S
Injector Temperature 200 °C :é_; 15
Carrier gas He, 20 ml/min §
Oven temperature 120 °C § 10 4
Detecter temperature 220 °C w )
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Fig. 4. DME wt% at 3 sampling ports in Condition 2.
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Table 4. Boundary conditions of CFD simulation

Items Condition
DME Quantity [kg] 140
Quantity [kg] 560
Propane Mass flow [kg/s] 0.367
Injection time [s] 1500
Time step Unsteady, 0.1 s

Simulation time [s] 345600 (96 h)

71 Aol ”Xﬂi Skl DME91 e & dslem, AY
condition 12] 73-%- S AV |+ 5 22 =2 TS0 Z 20 wi%
of X mx 4i F

olgfet Az & o, 77HA AR9] A&t ﬁ‘%lil @@’—% 4
e B W ARSI =3 21F ZH{F% 2
W] T2 AR E ARh= Flo] a1 A ’\}EQE} O]E
2] 2 A AL Ao R o] FellA §F kA 1Es) & A
& Fig. 18] A FAJelx e} o] Al lined] Y77 A=
A ol TLE = SHEEAE 40 emell YIRSk Qivh=
Zojrt. o] ¢ AR AEgo] F& WAL sHellA o] Fox]7]
wizell Alsegte]l o] B ARto] A0 Ao =Y 3% A
AR TN FUTE WA TR £ Ao g o dds
7} £3E =5 Jjdsks Zlo] o E Zlo|th

o] A= 0‘*1 e 2009] F=7Eg ALl A €] DME-Z2
I EAb 3 F Aled s vkssto] EAs Ay dykek fA
sk A0 7 JERHTH10].

3-3. AlE2o[M=fe| Hlm

2 A7-el e 3 CFD AlE ol A AoE Farste] v)
33k CFD AlEEolA Aol M e Wil DMEZ}
140 kgo] AN Aefell ] 238 560 kg 0.367 kg/sE 255 ¢
FQl6}kar o] 3 96117t AFIAS] DME B5 W3S S48t}
o] A& & A+ A3 condition 22} FAIBISIEE A8 ] A9} 1
& 9x)9] A8 AFTFe)A 2] DME $52 Blwsle] Fig. 79 e}
Uigich vl 2ol g o] AlEEo] el 7 ol E
DME 5528] 2fo|7} QIlar 5-33te] @do] A3 Aarrt Alah
dofars & = Slek. vk AlRte] Ak wlAskA] 3ol o
Folz|w] DMES] 57| S718Hs FAIE X831, sampling port 1

[
o

-©-sampling port 3
Experiment {-D—samp[ing port 2
~#-sampling port 1
—sampling port 3

--=-sampling port 2
~~~~~~ sampling port 1

N
w

N
o

Simulation

DME concentration (wt. %)
5 G

v
I

0 T T T T T T T T T T T
0 8 16 24 32 40 48 56 64 72 80 88 96

Time (h)

Fig. 7. Comparison with simulation.

Korean Chem. Eng. Res., Vol. 50, No. 3, June, 2012



468 AT - AR - e

)
)
|

188¢ [ = N \ i f
B | S e e S PN TSR

0.000e+000
[m s?-1]

(a) 600 s (Propane injection)

0.000e+000
[m s?-1]

(c) 40 h

Fig. 8. Contour of streamlines.

o= 2F 3 wi% 9] Ule] AolE RYIARF sampling potr 2, 3014
=AY dASHs Al velten B ) dsr) 7ds £33
7] flalixds ef Agte] AE 5= Qlvks Alo] Ade] Axel
AFstAl vrebstet.

TSk Ty YA B W e HE wEE Hob & 3l
o] Zra 9] Z7]ol= AYA = DME G el7HA f-so]
AgElo] A7 E3tEE 218 GRIE 5= QLo AlRE el wet
sHEo 2] frgo] AR olFsh ofshES ERlE & Qi o]

Korean Chem. Eng. Res., Vol. 50, No. 3, June, 2012

[m s™-1]

[m s?-1]

1.244e-001

0.000e+000

(b) 10 h

0.000e+000

(d) 96 h

25 Ak 27] f504 DMESE &3] 93 Al7to] Ao
o e o] W ANE olFs B AL
% REAR 43P} o) FolA o] Fo viAek Bt 4
@ AnE S 2o @ 5 9k Fig. sME Eeg 79

AR o] F 96213 M9 WA ) £ S BEE HlE
% glom ARl W21 velA] S5t @e] ol 2]

& ol TR EEEF Fig. 9o YERITH



DME-LPG 3} &34 #4813 Uje] & 469

6.50e-01
6.00e-01
5.50e-01
5.00e-01
4.50e-01
4.00e-01
3.50e-01
3.00e-01
2.50e-01
2.00e-01

150601 A

1.00e-01
5.00e-02 X

0.00e+00

(a) 600 s (Propane injection)

6.50e-01
6.00e-01
5.50e-01
5.00e-01
450801
400801
3.50e-01
3.00e-01
2.50e-01
2.00e-01
1.50e-01
1.00e-01

5.00e-02 Lx

0.00e+00

(c) 40 h

Fig. 9. Distribution charts of Propane wt%.

4.4 E
DMES} Z23e] =) &35 A] AIZE A o] wE X%PEE v
Fgedme] ERw B4 AW Faelo] Thed e RS dg 5

A3t

DMES} 3223t =2} 5 A] WA Z3R=12 DMEZF 5915 3
72 Foll 22ao] F]1EWA DMES] U= E7to] Huh A=
o] w4 gfar AAte]l i B s TR His 578
s} 2ol AT, AL Aol whE F Az EFES v)v]
S 19 A7 Al oF 0.2~0.3 wi%S] Z7HE&%E DMES} -9
o] Rt gl EFE7HA 500417HCE 35) ©1dol
2QHQIth U]l F9lo] His TR §F % £ro) TRl <

6.50e-01
6.00e-01
550201
5.00e-01
450801
400801
2.50e-01
3.00e-01
2.50e-01
2.00e-01
150601
1.00e-01

50002 I—X

0.00e+00

(b) 10 h

6.50e-01
6.00e-01
550e-01
5.00e-01
450e-01
400e-01
3.50e-01
3.00e-01
2.50e-01
200e-01
150801
1.00e-01

500e-02 Lx

0.00e+00

3 271 EF 5T ST Aglon o] AR - ARt
EFE = ARl FFE = = QIQlek. mE B ) o
2o Aeo R F A9 Mgt wdst Ego] 7Fssehs A
= gRlsksleh. A %ﬂ]—ﬁrﬂwﬁ 5k A3t W Wl B0 5}
Hol|x] EZalo] AR Q19]u]i= 5238} uj o] x| 22 e U 1
HE| 59 &3t AXE F7te AR sh= o] &3 A7 W 23 &
A 7R e E Aotk

# A

Fo 7k g Ak <2010 ol EhE o AT 2hA (@A :
DME-LPG E8152] AFr Tl 2w 574 A-ne] st

Korean Chem. Eng. Res., Vol. 50, No. 3, June, 2012



470

A

N
TR

o7 FHElon, ol 22 e =Yt

M

f0Eel

I

. Cho, W. J. and Kim, S. S., “Current Status and Technical Devel-

opment for Di-Methyl Ether as a New and Renewable Energy;
Korean J. Chem. Eng., 20(4), 355-362(2009).

. Arcoumanis, C., Bae, C., Crookes, R. and Kinoshita, E., “The Poten-

tial of Di-Methyl Ether(DME) as an Alternative Fuel for Compres-
sion-Ignition Engines: A review, Fuel., 87, 1014-1030(2008).

. Baek, Y. S., Cho, W. J. and Lee, H. C., “The Status of DME Devel-

opment and Ultilization as a Fuel’ KIC News., 13(2), 1-11(2010).

. Baek, Y. S., Cho, W. J. and Oh, Y. S., “The Status of DME

Development and Utilization as a Fuel}’ J. Energy Eng., 16(2),
73-82(2007).

. Ahn, J. U., Hwang, H. C., Kim, Y. G and Kwon, J. R, “An

Experimental Study on Thermal Efficiency Characteristics with

Korean Chem. Eng. Res., Vol. 50, No. 3, June, 2012

R A 2

3 - o]zl - Wi

Propane-DME Mixture Ratio for Residential Gas Range]’ KIGAS,
12(3), (2008).

. Ahn, J. U, Chung, T. Y., Hwang, H. C. and Kim, Y. G, “A

Study on the Combustion Characteristics of Butane-DME Mix-
ture Gas,’ J. Energy Eng., 143-146(2007).

. Lee, S. H., Oh, S. M., Choi, Y., Kang, K. Y., Choi, W. H. and Cha,

K. O., “The Effect of N-Butane and Propane on Performance
and Emissions of a SI Engine Operated with LPG-DME Blended
Fuel’ KSAE., 08(s0095), 583-588(2008).

. McCabe, W. L., Smith, J. C. and Harriott, P., Unit Operations of

Chemical Engineering, 6th ed., McGraw-Hill Korea, 513-515
(2001).

. DME Data Book; LPG Research Laboratory KHK, Japan(2006).
10.

Baek, Y. S. and Lee, H. C., “Development for Demonstration
and Test of DME Fuel’ Project No. 2007CCC11P051000, Korea
Gas Corporation(2009).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


