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Single Droplet Combustion of Emulsified Hydrocarbon Fuels
. By
Akira Iwama, Takeo Saito, Shoichiro Aoyagi, Hiroki Ishida, .
Motoo Kimura, Yasumasa Hamuro and Takashi Sugiyama ’

Abstract: Single droplet combustion of oil-in-water (O/W), water-in-oil
(W/O) emulsified fuels and mixtures of emulsified heavier oils and coal
powders (COM) has been studied in a quiescent air atmosphere, with the
" aid of high speed motion pictures.
Singular phenomena, microexplosion and disintegration occurring at the
later stage of burning, with which better atomization and enhancement of
apparent burning rate may be attained, were discussed on their mecha-
nisms. The data of differential scanning calorimetry, differential thermal
analysis and thermogravimetry for emulsified fuels suggest the temperature
of microexplosion occurrence. No microexplosion was observed with
emulsified n-heptane and n-octane whereas it was observed with emulsi-
fied JP-4, kerosene, gas oil and heavy fuel oil. Based on surface chemistry
consideration and experimental observations, it is concluded that a critical
condition for realizing microexplosion is the boiling point of hydrocarbon
components exceeding that of water.

A comparison of the combustion aspects among O/W, W/O emulsion
fuels and COM is made. '
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Fig.1 Structure of O/W and W/O emulsified hydrocarbon fuels

Loy

O/W JP-4 Emulsion  Q/W Kerosene Emulsion W/O C Heavy Oil Emulsion

JP-4 99.0 vol %  kerosene 86.73vol % C heavy oil  71.32 vol %
water - 067 % water 1301 % water 2853 %
SAA(a) 033 % SAA(X-8102) 0.26 % SAA(c) 0.15 %

(a) : (b) (c).

Fig. 2 Microscope photographs of emulsiﬁed hydrocarbon fuels
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Fig. 3  Basic tetrakaidecahedron (a), tetrakaidekahedral packing (b) and two-dimension-
al nets for the construction of tetrakaidecahedron (c)
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Fig. 4 - Suspended droplet cdnfiguraion and experimental apparatus
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'Fig. 5 Time history of equivalent diameter and flame radius ratio for burning gas oil
and O/W emulsified gas oil droplets
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A combustion sequence of emulsified gas oil droplet at the final period (Gas
oil 90 vol%, Water 6.7%, SAA(b) 3.3%, 100 pps)
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Fig.7  Models of emulsified-fuel droplet combustion
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Fig. 8 Time history of .equivalent diameter and flame radius ratio for burning
kerosen and O/W: emulsified kerosene droplets
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Time history of equivalent diameter and flame radius ratio for burning O/W

emulsified kerosene droplets (Kerosene 90 vol%, Water 6.7%, SAA(a) 3.3%,
Quartz droplet suspender 0.2mm dia.)

Droplet Diameter, d (mm

——

—
D3 3
&

* Liguid Kerosene
—0—190% Emulsified Kerosene

:80% "

dy=1.92 mm

0.5

L L
2.0 2.5

L
1.5
Elapsed Time (sec)

1.0

3.0 3.5 4.0

Fig. 10 Time history of equivalent diameter and flame radius ratio for burning emulsi-
fied kerosene droplet (Water:SAA(a)=2:1 by volume)
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Fig. 11 Singular combustion of kerosene emulsion droplet (Kerosene 96 vol%, Water
2.7%, SAA(a) 1.3%)
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Fig. 14 Thickness of drained liquid layer on burning JP<4 emulsion (JP4 99 vol%,
Water 0.67%, SAA(a) 0.33%)
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Fig. bl 5 An example of DSC curves of JP-4, n-octane, n-heptane and their O/W emulsions
(Water:SAA(a)=2:1 by volume)
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Fig. 16 An example of DSC, DTA and TG of emulsified kerosene (Water:SAA(a)=2:1

by volume)
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Fig. 17 An example of DTG curves for JP-4 emulsion (Water:SAA(a)=2:1 by volume)

WICT =y a VORRKRIBEY I 7 o BROBEVKIIBEELM S DIC, Y4/ —
VIBRFBRTY v 4 FTxvwn Y a villlen—2 7 22, JP -4 BXVITHMC OO TERRE
# (DSC). RAEHRKF (DTA. TG). WABKF (DTG) ik 3HMTETL,
F15, 16MNBLVITIKWERAER L. DSCF—2XNSAA (a) 2Bz
VavOHREERIN60CTHETE, B80~95CitBF A REIITT 2 / TR VKA
BOERICEAZEDTHLT EMHO, 2LT JP—-4EMTizwrY s vy TF, 115 ~
125°CHE LT 120 ~ 140 CITEO BB R/ 94 7 H3E0 e, Thh 7 nfFROSHA R
CTREHETHILICEAMACENTEL (15, 16K). BITKODTG dhigic s
'Q\’C?b JP—4 1156~ 125 CTERERMAEBRREELLE2 =035 0, BEHRED
ZOMELDKI0CENETAHICH B L TIBOTRESREKREEBZAICKET LT
5T Enbh 5.

—F, n—~TEUvBEUn—F 7 Ry e TwAY 5 VIEKE, KIEH O REESFE
BIBERTACEICEIABRAEMBESNHBAICEL EZDORRBLMCIT K EEBRETED
ST

CORRAEBE ST ALEDELT, n—~TEavEn—=22742v0D SAA (a) BXU (b)
KBz =ny s vifd. HKEROEMEZBREL THWEAETF v 7TORBICK - THRETE
MWRIAE EATEP IR - ISRt T 22 2D 7 aERABROVT, BREORKRPTIRIZ 0
BRODAUBECINVCEEARKI L FISNEBIUFTIIRCINSD T 2Ly gV
ODd*—t BEC rp/r—t HigATRT. BRERE IV LE2BDENn—FI 8V n—~
TEESREmMIEERBLSIE VD, HE2VRLELZH-ELTEBDTHENT &, T3
DHLAREBEL B TREFAELBEL TV ADORER (Zwrvya vOlE HETH
. ZESEn— FAHAVEIODRERDSBVBE T ALY 3 v DTS — 0 FAEKEDEET S E
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Fig. 18 Time history of equivalent diameter and flame radius ratio for burning n-octane
and its O/W emulsion droplets

SXHEBROGEEDIIRESAH, n—/ F & 0 REZBBDIZOBERC OO THRR A
W EABHRLTED [11], ThiZFEomEE 2 EKROBRTH 5T &3 HKREN.
PLEDEEICID, n—~TEA/En—F 72Dy a3 VHOREICEBNTIR JP
— 4L DEBEHBBEEAS DI e LY 3 YIREHEKELET S I BIUCIBICHEY T 28R
B, BEESEAEGR 2HCRLEI ALY 2 YO -VDSRE L 7 o VIRETHE
BT 235 2EMAERLT. 2wy YEEXHENLDT, w7 0ilhsEHBRELS
RBEINIETKEKE~NEAT S 17 oFRBROSEBMBISBVOREERAL OH#NS X
TAREIBRINERBECENDSTHAD. Ll, REOHMEEICONTIE W/O IC
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(2) n-Heptane 90 vol %, H,O 667%, SAA (a) 3.33%

Fig. 19 Time history of equivalent diameter and flame radius ratio for burning n-heptane
and its emulsion droplets
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Fig. 20 A comparison of burning droplet characteristics for C heavy oil, its emulsion and,

C heavy oil and

coal powder mixture (COM)
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(2) O/W Emulsion, C heavy Oil 90vol%, H,O 9.7%, SAA (b) 0.3%
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(3) W/O Emulsion, C heavy Oil 70wl %, H,0 29.7%, SAA(c) 03%

Fig. 21 Time history of equivalent diameter and flame radius ratio for burning C heavy
oil and its emulsion droplets '
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076 sec“

: gfte.r: -4
ignition:
0.85 sec-
(.45 sec
0.80 sec
—

C Fuel Oil 95vol %, H,0 334 % C Fuel Oil 95 vl %, H,0 334 %
SAA(b) 1.66 %$+NATAL (1:1) o SAA(b) 166 % +Yubari (1:1)

Fig..22 A sequence of singledroplet combustion of COM
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EORKRFESULAEF » FICEIED (B2IK (3)).

AREK/ CEM/ K/ RAE®H» S 2AK s BEHESROZF VI vy s Vil
OBRBEDO—FIBE 20K (e) WRINTWVA. Bk, KESBLUEHBSIRES ZOBE,
BIEDOEEICONTIZ O/WRCEHMZ v MY 3 VEEDB LT ARSI, KRG R
MAKEEDPORILZL. Bl 3 YEBOL BHBMAKOEERBLIINNECAT
AT A, FREKR (K150% v ¥ a) OXIBHIE, LEAKEDOE» TRENKDN =<
WY s OMBEREE & B 703555 SN NATAL (5200 # & =) TRESH
BLOOMBEREEZLALITHE (B2K). MoK EEIBEAMIRIBREOHBE
OB, REOMBERICEBEINLEXCOLINMELI BT EEFELLL D LAKDS
HLEEDOREIDEREOL ~THEBEDI I NBREL T E20TREVLEELNE 25
VBRI OBBEIC DD TRAROBENE. REFUXORE., KORMOGE Dk, BE
t. B, FEHERE, ZNICHECINICHET N EREBE O3, IR L E#IC>
W1l DDTHENEERORENEEINEHHTH 5.

Table 1. Overall Burning Rate Coefficient¥® £’

Run No- Composition fwlsion | Inifial Dia. £ {mms
54 100 vol % 2.53 | 1.03
55 |H.O- 0%, W67%, SAA (b) 33% O/W 3.08 2. 40
: 88 |H.0.- 95%, W4T %, SAA (c) 03% W/0 2.63 | 1.28
Cheavy90 |H.O- 90%, W97 %. SAA (c) 03% W/0 2.79 1.30
oil 91 |H.0-70%, W29.7%, SAA (c) 03 % W/0 2.89 4.02
63 |H.O. 95% Emulsion+ Yubari{1:1] O/W 2.8 1.07
65 | H.O- 95% EmulsiontNATAL[1:1] O/W 3.19 1.95
82 100 % 3.02 1.02
Gas oil G-0-90%. W67%. SAA (b) 33% 0/W 3.28 1.60
G- O- 0 % Emulsion+ Yubari{1:1] O/W 3.01 4.66
17 | G-O- 9% Emulsion+NATAL[1:1] O/W 3.78 4.81

*  See Fig5(3)
*% = (di - df])/tb

BLIEBZRFVEZGUR - ElHzor Vs VEOBREEE L BT 242D, FREOHE
[12] LSy di—d% 2 MBERRT (£,) TR L, HYBMEEEERE LI NEE
2BFrbDTHE O/WH, WO %R A7 )=, Twnys v OBEMELEDT. Ce-
nosphere REALT 2 bohbo6T, COBEREMBREOCEMODZN LN & KEL 13 -
TNT, EHHlER U BB OB ICRIL - T 5.

5. #& |
(1) JP—4. {JiHid 5 VRBEHO LS ICKOBRLDBPICHBBESB ORI E S
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COBRHR. O/W xw v s VISOBMBERIIC, BkE L CBRKESSEET S 7 0k
BB, BICRIRHICOR LU TREBHEET S chicdl, n—274%v, n—~*
H VIS EHAN 100 CGEVREIO T wv Vs ViEid, ZOI=AY a3 YERERESEND
DTHNEMBER AER & 17 o FRARQTD SHT0. |

(2) I7o0@ERESREARIBROBNLICHEZLZHRLE D@D, 2w Ya VED
HEE HIMENIC B B MEBEEE KA, 72 EARMBEOZN I 0/NE S TH, REBRIFIC
DARTAHL L L > T2 EMIE A RALRLT. Licd-T, BEZOMOR
BMERBYEB-b0B6E. CORMOBRAICEL - TRIESO THEREBANBERIER
ETBCENL, BAEMEEIALVFOBMICNZ S EBbN B,

(3) I70@EROBAELIEE, BHTAREKBLUKESOBERZm» CBN LB
M JP—4Ti3115~125°C, THICEB N TIZ 120~ 140°C. & « BEHICOWVTIRE SIC
T BVWEREIHEINA.

(4) BEHENRET BNy a3 vBREHZ O/WED W/O DFH, FB L MRERERT
%% & ¢, Cenosphere 2B 5. :

(5) z=nvas YBEEIARBHBEAZRE LIRS VRBE Lt itk - THEKK
BEERLEFOREAMOREL ML, HRMKOEMS AL RIFIRBICHR> TREES
HBTENTEB.
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