Optimum Design of Dual Orifice Fuel Nozzle
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Abstract

Fuel spray nozzle has a critical effect on combustion characteristics. Mass flow rate and SMD(sauter mean diameter) were
selected as design variables by using the experiment data of various types of duplex fuel nozzles for the swirl atomizers. The
sensitivity of each design variable on the mass flow rate and SMD was analyzed and the uniformity of mass flow rate was
investigated through the shape optimization of duel-orifice-type swirl atomizers. The design variables that have a little effect on
the optimum design were excluded using the DOE(design of experiments) method, which enabled the optimization of sensitive
design variables on mass flow rate and limit tolerance. The SMD of the research spray nozzle that was used in this study was
found to be most similar to that of the calculation results using the Jasuja’s SMD relationship. This study showed the specific
characteristics of duel orifice type swirl atomizers and the optimization of these kinds of nozzle. This study provided the
optimization design of mass flow rate and its allowable tolerance.

Keywords : duplex fuel nozzle, dual orifice, mass flow rate, swirl atomizer, SMD(Sauter Mean Diagram)
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Input data Properties
Fuel temp. 20 [C)
Fuel density 820 (kg/m?)
Surface tension 0.026 (ke/s®)

Dynamic viscosity 0.0016195 (keg/ms)

Kinematic viscosity 0.0000020 [m%/sec)

Flow rate 0.14145 (keg/s)

Injection pressure 2.04 {(MPA)

Air density 1.15m (kg/m®)
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Functional Product Reguirements (1,3.9)
1 1 1 2 3 4
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=3 ; ; N
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Sensitvy of swirler hole size 10 9 3 9 3 3 9
Main Sensitvy of throat hole size 8 9 3 9 3 3 9
Nozzle effectivity of hole shape and burr| 7 9 3 9 3 q 9
Sensitvy of swirler hole size 9 3 3 9 3 1 1
Pilot Sensitvy of throat hole size 8 3 9 9 3 3 S
effectivity of hole shape and burr| 7 3 9 9 3 3 9
Suppling pressure ressure loss 10 ] [] 9 9 9 3
Relative importance 387 327 531 237 261 399
Measuring Unit g/min cc/min g/min jcc/min g/min cc/mif = angle |scrap %
Target] 425.3 |327.0 | 164.7 |213.9 {491.7 |639.1 accuracy| 10
LSL |410.4 |316.0 | 160.0 {207.8 |476.0 |618.2 -3
USL ] 440.0 }338.8 [169.4 |220.0 {507.4 |660.0| 85 5

a3 7 QFD(quality function development)2l Zn}

27 3he FEE W A8 vl Be doluAE 3]
559 g

°]

-
X

%

°]

GAE W] 184 W—‘:—

o & Ao

?53 22 FAll oA erﬂf’ﬂ 4795}?
= AAle odve A

gsign, 2 B A7 2

FY AT AS3E RoE @
3o, QAo WA AANsE Agn
£ 59 3 el 8203 44 A2 e Ao

vz gk}

E TS

s B3 A BAA B 94
o PlX& Js I Felsint
Find 0, (20)
Minimize  F = F(AQ,, SMD) (21)
Subject to
&= (AQL’ ”(AQL ))E 0 (22)
0<SMD <100
A (23)
—005<2% <05 (24)
o,
412 SR™UTETES =28 H20H HM45(2007.8)

%, olgl 929 0 A48 =2 AL AY s
HU2 5Y AR ST =3 AXE WAz 248 AY
Sgieh. w3 7] AANSS] 23l o] Y] eelvis
H7e] HE 4A WEE 48U, dmiwze A
w2 27 939 Wz QT Fedel 92 WHo] oo
A W Asec. 2% A48 W wee 4%
AF(C,), Lelsls BAGE (4P, 2d5~ B

2120

Z(A)
L2 Y 7501]/‘1 5 4(a), 7 EF =
7\}°‘° 4] (9), (10),
5 ¢ 4 o 25U AAE A

5

m
e,

o T do o o2
%
w
=
|}
=2
2 o
e
=)
o

(e

o
N
=
R
r
ey
(e
o
o ok &

$ oo ol

>,
T

i

B4

v

ol s

B 7o 2Aol o
Hak a4 HAg] F
(A)°|H

I o5 Eldre] BAA
Fe Fe At HE
Re 2898 & HHo] Exi?%—’?
A=A gk #Ao] Fasisit) o|F BRlE| Yale] #
A wFe] P43 BE o] 7 B ,
2 7} Oﬁﬂi A#AA 7 JEA QFD(quahty function
deployment) & o|&3le] B3] Hglw 1 ZAihes 19
7% 2t 74 &9 9T E /|FoE AR FLEE
ZEslet A3, 3ol 71 & 9B e R 531H L, A
o] 39942 EF Zl¥ BF dAEG L3 S I

@
) o
o
T g
[ o
re
i
ar e
iy
s
ofi
m ¥
& do |d

lo
AC)
>
>



E 2 F -E0Me EH
(=& 37| 1.90 mm, &3 170 psi, =¥ cc/min)

E 3 Bx EolMe =N FEt
(= 37 0.36mm, &3 170psi, B9I: cc/min)

Nozzle number Lot 1 Lot 2 Nozzle number Lot 1 : Lot 2
Swme[rm}:ﬂe 76 | 039 | 040 | 039 | 040 Thr"a[tmhrfll]e i€ 939 | 040 | 039 | 040
1 420.0 485.0 420.0 483.0 1 220.0 231.0 220.0 230.0
2 433.0 485.0 428.0 490.0 2 222.0 230.0 225.0 230.0
3 450.0 440.0 455.0 435.0 3 220.0 230.0 220.0 230.0
4 430.0 483.0 428.0 485.0 4 221.0 230.0 220.0 230.0
5 430.0 480.0 438.0 480.0 5 235.0 230.0 238.0 230.0
Average flow rate | 432.6 472.0 433.8 472.0 Average flow rate | 223.6 230.3 2246 230.0
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Classification Design variable Selection value
Main 0.39
Swirler hole size
Pilot 0.36
Main 1.90
Throat hole size
Pilot 0.39

Hole machining
confirmation

Main hole size

surface confirmation

Pilot hole size

surface confirmation

Pressure loss Pressure loss minimization
Manufacturing method Drilling/EDM
RPM TBD
Manufacturing
Manufacturing tolerance TBD
Feed TBD
E5HE 4 Ny
Swirler hole size Throat hole size Test pressure |Volume flow rate; Mass flow rate | Specific gravity
(mm) {mm) (psi) (ce/min) (cc/min]) (kg/1]
Specification Specification 207.8 160
Pilot 3003
0.36 0.39 220 169.4
0.77
Specification Specification 410.4 316
Main 180+1.8
0.36 0.39 440 338.8
E 6 #XslE wZol HAE 2 (g/min) 4.2 ARYE 2AE =& A4
No. Main #3 Main #4 Pilot #3 Pilot #4
1 329.80 302.85 165.57 173.10 2A A 1AllA AR A g 712 A2 A
2 291.40 304.10 183.3 177.33 Agist A2YS Fjbstd 33 s ¢Rstn olF 4
3 318.15 309.95 171.07 172.23 Aell Autdsls HA ﬁ}% Pt 7h At 2hde
4 320.60 283.05 175.7 158.00 xF 37 7 1110 Ak AN A, 7Rk &
5 240.50 308.20 176.37 167.40 He 5ol Utk ® 601%1 éﬂéﬂ 23]~ WA (Discharge
6 301.05 282.30 157.57 171.37 orifice area: A)dl Ao} ARl 298 & A3 2zly
7 286.60 287.85 182.17 166.90 2 & A7 F4 37)E 0.36~0.39mmeo|tt. ExE2 9
8 302.20 303.15 169.17 166.57 g oFda W AL oEskd == FAS Hix
9 285.45 299.85 162.03 169.27 0.3mm o3 e.2 AFSAT. d4r]e A¢ Lk 26 ¢
10 289.70 291.30 183.23 172.93 2 ALY AEE AHEE F glo] dFE JaENldNE
11 291.45 292.60 173.73 169.53 InconelA€e] 22§ AAE ARSIt 28y Inconel 7l
12 298.25 289.60 168.6 177.10 & 2 AFAZA 0.4mm °olFke] & hgdhe A AA
13 288.05 285.65 155.97 168.73 7b g goltt. o)F OEMM* w0 AAWS ]
14 298.35 299.85 169.07 166.97 A3 BAAE B3l B2Ead 898 AASE AL Zﬂx—f
15 287.30 293.35 165.27 165.40 A A% Fa3 ARgolth. FF MEE B S
16 295.05 287.35 165.03 164.03 2 wZe °% %k£ Frsion, i ® 69 VeI
17 289.55 291.85 172.3 162.53 o =259 4% UXE AvEE Bx 29 24 g7
18 283.85 298.25 159.6 174.27 e 169.5 /m1 2 ® 59 71F Huigl A9 9=y
Avg. | 294.29 295.06 169.76 169.09 3, F =29 HAHE o 295¢/mineE J1E HAgk o)
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