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¥ 1
Table 1. LNG combustion input data

Classification Inflow rate T (°C) Inlet geometry Inlet velocity

) =4.49m/s

Fuel (IiMG) 500 Nmihr  2sec W f}ll}l !nie[ 1 ¢ 180 mm (center) — swirl 30° =2 59 m/s

(100%) m2" fuel inlet: ¢ 42 mm = 6 ea ——

LNG u=4.49 m/s
Combustion Earitarifion ml" air inlet : ¢ 363mm (swirl 60°) u=15.88 m/s
Input Data ' q-“_h 5750 Nm¥hr  25°C  w2" air inlet : ¢ 460 mm w=27.5m/s
l (except 2" fuel inlet and support fixture area) ;= 1588 m/s
Cement drying air 10,000 m¥%hr 220°C 120 mmx 16 ea u=15.35 m/s

T 7a 3 = Tbe ARE NG F9F A9 dAaR UE diE FAEA Aot Fold 2dAY 1A AR
FUAT 1A TIIFYT AEE Fol ARt $71E TR 22k ARFATS 22k eI g

83 AAE F7)E 220 T €52 10,000 m3/hre] 4S8 dAx= 7%%}31011 fﬂ 167114 &S B3 FYst

A < W% kg OS_MMOM sl otAHAS o] F7] ¢
of Axd JH9S FAT A s E3bol 9 3ol %%oﬂ O‘E} B 74144 @ﬂr oyl sldsES
[e] — =

=

= 7co] et £% BEES Aund uy R swirl avtel] o8 diz F
Central Toroidal Recirculation Zone)3te AL B 4= Qu}. ZFoHe HFE §52 15.94 m/s A== e}
skt

(3) k9] LNGAZ AR Azto] 7] x8ko]
T S=A o 5T A G £
NEs7bast $57) ELdde 548 L
obel [ 2]elN= AT AgE 20 AASRATG. WEATAAE Vo] HE F9S LNGEH (Case
Doz AAATE. o]z ING 3t v Terst wio] A8 - otk Ao 9 Su

LS
AFe A s Pol da wBel A fFolut £EFL 2ASHE WY Fol ASE & dvh ey @
AP WA e A AR BHG B0} dolsha shede) eRst AAHoR AolF tekd & ¢
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Table 2. Calculation data for the comparison between LNG and Brown gas with water vapor flames

Inlet
I Inflow rate Inlet .
Cases Classification o velocity note
(at 25°C) geometry
(m/s)
m!" inlet S T ml" inlet : ¢ 180 mm u=089  _fuel(1" inlet) :ILNG inflow
oy Tl (NG 100%) 82.26 mhr — swirl 30° w=0518
ase S G ;
m2" inlet 940.17 m*/hr w2 inlet: $363mm  u=3348 —air (2" inler): air fuel ratio
— combustion air (m=12) — swirl 60° w=5799 (m)=1.2
ml" inlet
HHO gas (50%)
— composition : (HHO:H,O=1:1) ml"inlet: # 180 mm u=10.898
H, 5.55% 82.26 m*/hr —swirl 30° w=0518 .
0, 44.45% —1"inlet : HHO: H,O=1:1
H-0 50%
Case 2 2" inlet: HHO : H,O=1:1
2" inlet
HHO gas (50%) —total inlet HHO': HyO=1: 1
- composition : (HHO:HO=1:1) m2"inlet: ¢ 363 mm u=10293
H, 5.55% 82.26 m¥/hr — swirl 60° w=0.507
0: 44.45%
H.0 50%
ul" inlet
HHO gas (50%)
- composition : (HHO:HO=1:1) ml"inlet: ¢ 180 mm u=0.898
H, 5.55% 8226 m*/hr — swirl 30° w=0.518
0, 44.45% -1" Ll'llCt““Olle:l:I
H-,0 50%
Case 3 2" inlet : HHO: H,O=1:2
m2" inlet
HHO g (355) ~total inlet HHO : H,0=1: 1.5
- composition : (HHO:HO=1:2) w2"inlet: ¢ 363 mm u=0439
H> 3.7% 123.39 m¥hr —swirl 60° w=0.761
03 29.6%
H-0 66.7%
ml" inlet
HHO gas (50%)
- composition : (HHO :HO=1:1) ml"inlet: ¢ 180 mm u=0.898
H, 5.55% 82.26 m*/hr —swirl 30° w=0518 .
0, 44.45% —1"inlet: HHO: H,O=1:1
H-0 50%
Case 4 2" inlet : HHO : H,O=1:3
m2" inlet
HEC): a5 (22%) ~total inlet HHO : H:0=1:2
- composition : (HHO :H,O=1:3) m2"inlet: #363 mm u=0.586
H, 2.78% 170.52 m¥%hr —swirl 60° w=1015
05 22.22%
H-0O 75%
e 2 Aol E dAAo R NG 399 2% (CaseD) ot & ATkt 57 & 10 12 e A4
$-(Case2) o] A} A= E9 vdS 1y
A AAeleh. 2E]al Case 39k 49 Af- &t 757 Fs 2438t el &

sl el &

3 dlME BE 2 A7IRevtae 57 Fe 1 12 Az 1A 9T
AR 22k MM RE & AR 7Rz e 5719 S-S Case2ol HSho] 2uje} 3wl FIRAI7IH
Al el EAT 2xe] WstE nAsgith. o] AT Aol g ING 9] 5= A48 FUE A

& F717F el WA= AFES wAT FEA SAEAS BT HEkA
g F71E FYsHA Zdrh. =3 HolAE I &4 Fd(sensible heat loss model)& AF&-3FSATEH.

(4) 49 23

1) & 8adl¥E LNG 899 Z-$-(Casel)S H]Es}Y Case 13 A% 55 H|S5251A4 AA3S Case 2(E A7) 287}
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cement drying air inlet:
P 120mmx16ea

2" fuel inlet : ¢! 42mmxb6ea
u =449 m/s

support fixture

1" air inlet :¢ 363mm(swirl 60°)
- u=15.88 m/s (w=27.5 m/s)

1" fuel inlet : ¢»180mm(swirl 30°)
- u=4.49 m/s (w=2.592 m/s)

2" air inlet : ¢ 460mm
(except 2" fuel inlet and support
fixture) - u = 15.88 m/s

Temperature (C)
2500 3100 595.0 8800 1165, 1450

(a) Flame with the case of 100 % LNG fuel
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<exit part>

<f > <middl > ;
ront part B [ (exit average temp, 1122°C)

(b) Cross sectional flame distribution at the front, middle and exit locations

of the combustor with average flue gas temperature 1,122 T

Velocity: Magnitude (m/s)
0.000 5.40 10.8 16.2 21.6 27.0

(a) Case 1 (LNG 100%) (b) Case 2 (HHO:H:0=1:1)
— maximum temp. : 1748C — maximum temp. : 2610C
— average temp. at exit : 1594C — average temp. at exit : 1588°C

(¢) Case 3 (HHO:H:0=1:1.5) (d) Case4 (HHO:H0=1:2)
— maximum temp. : 2610C — maximum temp. : 2610T
— average temp. at exit : 1411TC — average temp. at exit : 1264C
Temperature (C)
25.00 380.0 735.0 1090. 1445. 1800.

-

_16_
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(a) Case 1 (LNG 100%) (b) Case 2 (HHO:H,0=1:1)
— average velocity at exit : 1.73 m/s — average velocity at exit : 0.25 m/s

(¢) Case 3 (HHO:H:0=1:1.5) (d) Case4 (HHO:H,0=1:2)
— average velocity at exit : 0.27 m/s — average velocity at exit : 0.3 m/s
Velocity (m/s)
0.000 1.40 2.80 4.20 5.60 7.00
[ DI |

_17_
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