Jodbougoootdouobooogo

oo

gobooobbooooooooon

L ow Emissions Technology for an Automotive Gas Turbine Combustor

Yoichiro Ohkubo, Yoshinori Idota, Yoshihiro Nomura

gooo

gooobboooobobboooobobobooo
goboboooboobooobbbooooboboo
ggboobooobbooobobbooobboo
gooooobbbobbboooooogooooo
goboboooobobooobobbooooboboo
goobooooboooobboooboboo
gogboboooboboooobbooobboo
gogbobooooboobooobbbooobobon
gooooobbboboboobooooooooooo
gobobooobobooobbboooboboo

goooboooobobooobbooobbood
gboboobooobooooboon
oogooououoooooboobbbbilgd
gopooooobobooobbooobboon
gbobozb0bobooooooboooooon
o300 oooon400obbonon
odoooooooobosgooooooog
goboobobgoboebboobobooobO
goboooboobobooooobobooboboobo
uo

Abstract

A lean premixed-prevaporization ( LPP ) combustor
for an automotive gas turbine has been developed to
meet the Japanese emission standards for passenger
cars without an aftertreatment system. The technical
challenges on the LPP combustor have resulted in
improving atomization and evaporation of fuel spray,
avoiding flashback and stabilizing lean flame, and
reducing exhaust emissions. The diagnoses and
analyses on the characteristics of atomization,
evaporation of fuel spray, flame stability and exhaust
emissions mechanisms are very important to
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overcome the research subjects on LPP combustion.

In this article, the research results were summarized
on the history of automotive gas turbines and the
research subjects of the LPP combustor in chapter 1,
on the characteristics of atomization and spray in
chapter 2, on the characteristics of spray evaporation in
chapter 3, on the characteristics of LPP combustion in
chapter 4, on the numerical analyses of LPP
combustion in chapter 5, and on the future prospects
for automotive gas turbine combustors in chapter 6.
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Table 3-1 Properties of test fuels.

Kerosene (JISNo.1) | Gas Oil (JSNo.2)
Specific gravity 0.782 0.825
(at 25°C)
Viscosity 137 3.68
(at 23°C) st
Surface tension 25.0 27.6
mN/m
Latent hest of 62 55
vaporization kcal/kg
Heat of combustion 10,300 10,240
kcal/kg
Flash point K 316 342
Distillation K
IBP 428 449
10 442 496
50 471 530
90 519 605
FBP 538 628
Vol.%
Paraffins 814 69.8
Olepthenes 0.3 0.2
Aromatics 18.3 30.0
Refractive index 1.439 1.464

(at 589.3nm)

Primary injector [

Louver vane

Heated air

Swirler vane
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0000000000000 00000000
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000000000000 0000000000O
0000000000000 O000000o00
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00O08m/s) 0000000000000
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O25mmO000000000000000000
00 (PDPA: 000000000 Phase Doppler
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(Phase Doppler
Particle Analyzer)

34mm
1

Quartz glass

Fig. 3-1 Construction of a prevaporization-premixing tube ( PP-
tube ) and Phase Doppler Particle Analyzer ( PDPA ).
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Fig. 4-5 Flame observation in TPPL-1 combustor
Fuel; Kerosene,
Excess-air-ratio in combustion chamber; 3.5,
Representative mean air velocity; 14m/s,
Inlet air temperature; 1073K,
Inlet air pressure; 0.11M Pa.
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Fig. 5-5 Effect of non-evaporated droplets on NO,
emission. Fig. 5-6 Comparison of NO, emission.

0000000 R&DODODODOOVol. 32 No.3 (1997.9)




goobooobobooobobboooboboo

goooobooooooooo
goooooboooo
goooboooobbboooobobbogoo

gogboboooobobooobobboooboboon

47

goooboooooooNo bbb ooog
uoooooooboooobbuooobboon
oooobbooooooobobbogNoOd
oboooooobooobbooobboon
uoboooooobooobbuooobbood

goooobooobooobooobo

ggogoooooboobobbbbbbo

§x
(

N

=
N

p
Vot
2=
=

A\
N

4o

R
N

N\
)

3
D

N
o

77
7
7

I;I,/
7
17
//

L1

1L

2

N

7
17
Y
Y

ll

%
7
///,‘
Wy
75

A,

/7,

1
2,
(7

/

7

/

oy

1
/Y
/I

[

Symmetrical Non-Symmetrical
(Original) (Modified)

(a)Scroll Shapes

% 60 o S

- z .

> [ ,*  Modified"~,

> -- /

g | Original @/

(%]

'
270
O ; deg.

1
90 180
Circular angle

0 360

(b)Chamber Inlet Velocity

Fig. 5-8 Effect of scroll shape on velocity distributions
at the inlet of combustion chamber.

000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000
00000000
0D0000000000000000
000000000000000000
DoconOdOdOdO0OOO0ONONOoOonOn
000000000000000000
0000000000000O00000
000000000000000000
000000000000000000
000000000000000000
0000000000000000
00000000000
00000000000000000
0D00000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000
0o
OD00k-e0000000000000
DO000O00Fig. 5-9(@0 000000
000000000000000000
000000000000000000
0000000ke0000000000
000000000000000000
000000000000000000
0D00000O0LESO0DDO0O0O0OO
000000000000000000
000000000000000000
0D00000000000000000

0000000 R&DODODODOOVol. 32 No.3 (1997.9)



48

gobooboooboooooobooboboooo
gboboooobobooooobbooobboon
goog
ooooobobboboboooouodgdk-eonon
OO00O0DOO0DO0ObOOoObOOoO0O0OO0O0O0b0OFRg. 5
IO Ok-eOUODDOOODDDOUODODO
goobooobooboooobbooobboon
gboboooobobooooobbuooobbood
goooooooboooobbooobboon
goooobooboboobooon
gboooboogoood
goooboooooobobboooooobooboboo
gbooboooboboooonobbooobooboon
gopooooobbooobbooobboon
goooooboboooobbooobboon
O00000O0ODO0O0000D0O0ODOFHamelet
goof""O0000oooboooobooobo
O000O0O0OOFameletD 00 OO0OOD0OO0OO

—Cal. Swirling Air
°":Exp.l |
Tangential
Velocity =

| {_/ '
Axial )
Velocity LA Y

:‘}
(a)Standard k—e model

| |
Tangential
Velocity

YA
Axial oo
Velocity ! E

P’ {

(b)Modified k—e model

Fig. 5-9 Serious problem of standard k- model for
highly swirling flow.

0000000 R&DODODODOOVol. 32 No.3 (1997.9)

gogoboobooobbboooobboooboboo
gogboooooboobooooboboooboboo
goobooobobboooboboooboboo
gogboobooobbbooobboooboboo
goboboooobooboooobobooobboo
goobooobobbooobboooboboo
goo
gooogooo
goooboooobobobboooobobboo
goboboooobboboooobboooboboo
gobuoobbooboooon
(nwooboooobooobooboboooobooo
SsMDO 2o0umUO OO0 OO0O0OoOoOooooonoOon
goobooobobbooobboooboboo
gioddooooobobooooodnNoU
O0OOo0oDO0oOobOOoOoboOoobobOobovecDO
gobobooobobboooboboooboboo
goooooooooo
@QUbOooboooooooobooboboooo
gogboobooobobboooobboooboboo
goboboooobobooobobooooboboo
gobooo
goooobooooboboboooobobboo
goboboooobobooobobooobooboo
goobooobobboooboboooboboo
goboobooobbboooboboooboboo
gogbooooobbooboooobobooobboo
goobooobobbooobboooboboo
gogboboooobooboooobobooobboo
ggbobooooboboooobbooobboo
gooboboboLrLesDboboooooobobbood
goboooboobogoooooboobbon

goooooo

1) 0000,0040:"0000000000O(@5000
oooooooooooooooooooooono)y
000o0o0ooooo, 8-4(1994), 570 62

2) 0O0OO0O0,0000:"0DOD0O00O00ODOODOODOO0
oooo@oooo",ooooooooooog,25-
97(1997), 240 28

3) 0000,0020:"000000DO000O00O0ODOO0O
oooodoooooooTooooooooo,
37(1988), 3200 37

4)  Nagaoka, M., et al. : "Prediction of Fuel-Air Mixture



Formation Process in a Gasoline Engine", Proc. of Int.
Symp. on Comutational Fluid Dynamics-Nagoya, (1989),
6290 634

5 0000,0030:"00000000000000
O000oo"0000000BO, 58-547(1992), 3230
329

6) 0000, 000000:"0000000000D0OO
ooooooooo*oooooooooooooo,
952(1995), 2310 234

7) 0000,0030:300000000000000
goooooboooobooYwobouooooooooo
000, 971(1997), 3490 352

8) Nomura, Y., etal. : "Reduction of NO, Formation in a Pre-
Chamber Type Vortex Combustor"”, Proc. of Yokohama Int.
Gasturbine Congr., (1991), 9900 104

9) 0UOoO,0030:"000ooooooooooon
O00o00ooooooo"o3000oooooon
00, (1992), 6701 69

10) OO000,000000 :"0000100kwCGTO O O
ooooo*"woooooooooooooog,
(1993), 10901 115

11) Naber, J. D. and Reitz, R. D. : "Modeling Engine Spray /
Wall Impingement”, SAE Tech. Pap. Ser., N0.880107,
(1988)

12) Amano, K., et al. : "Numerical Simulation of Turbulent Pre-
Mixed Flame around a Bluff Body using the k-& model and
Flamelet Models", 9th Symp. on Turbulent Shear Flows ,
(1993), P301

gooooo

goboooooobooobbooboooon
gobooooboooon

gobooboooobooobobooobooo

oooooooooooooogoorees

gooboboooobobboooobobbogoo
gopboees0boonobodd2%booonon
oooboog (zev)ooooooooooo
gobobooooboboooobobboooboboo
gogbobooooboobooobbbooobobon
oooobobobobobobooon (CARB) O
g2 ooooooooooooobooo
gogzoonobiownoooooboooogn
oboob (v CARBOULOODO)YOOOOoOoOoOD
gobobooobboooooboboooboboo
ooobooooboooobboooboboo
gogbooboooboboooobboooboboo
gogbooboooobobooooboboooboboo

49

000000 0o0DoDoo0oo0oooooooog
00000

OO0 000PNGV ( Partnership for a New
Generation of Vehicles) D0 0D 0000 O0OOO
Oo0o0O0Oo0O (Super-Card Clean-Car ) DO O OO
gdooouououououououoood
00000000000 00O00D0O00oDOoog
0000000O0bOO0oD0o00obOoooobOoog
god0o1o00013000 (D0D O 8mpg) O
O000OO0oOobDOooo

00000000 OooDOoboonDotCar of
Tomorrow" [ 0 0O 0 0 0 020030 O 0O 20050 0 O
O000O0bOOoDbOooo
godooodonooodouoooooon

gooogoreees

000000000 0000o0oo00o00o0oon
O00000000000o0ooooOooOoO (Hev)
00000o0ooooDo0oooooooooog
O((ooooooooo)ooooooo((ooo
0000oOo)ooooooooooooDboed O
00000020000000000000000
o0b0o0oo0ooooooOobooobooooon
000000o00ooooooooooooooon
0000o0oooooo0ooooooooooog
ooooooodoboooooooooooon
00000000000 GMDO FordO Cryderh O O
ooooooboooboeMOODOOoOoDoooO
O0000rFAODOOOOOOOOOODOOOOO
O000OHEVODODODODOODODODOODO
00000000 0DDOOOdAllied Signal
Aerogpacel] Allison Enginel] Teledyne Ryan Aeronatical [
Capgone TurbineD OO0 00000 DOOO0OO0DODOD
00000 (Turbo-Generaord 0 [0 O Turbo-Alternator )
00000o0ooopo0ooooooooogoog
00000o0oOooD0o00ooooooooOoo
Ooo0o0oooodooooooooooooog
0000000ooDoo0oooooooooog
O000ooooooooooooooooogo
o0oooooooooooooooooooog
000000oooDoo0ooooooooooo
ooooooboooooooooooooo
l00°Cc0000000ooooooooooon

0000000 R&DODODODOOVol. 32 No.3 (1997.9)



50

O000000000000D0OD0O00000000n
O0000000000000D00010000 150
ooodooooooooooooooooon
O00000000oooon
VolvoO 0 1000000000000 000OO0
000000 (HSGAOKkWLDO HSG100kwW ) O O O O
0000000000000 0OECCOECTO ECB
0199600 0000000000000 Damler-
BenzO OO ODOODOODODODOOOODOODO
O00000DoOoooooooooog
O00DO0O0000000oooODoDDOoO0oo00on
O0oo00o0o00ooooooooon
00000000 0oooDoooooooogon
goooooooououououoooooon
000000000000 000D0000oo0n
000000000000 000D000000
O000D0o0D0DO0o0ooooooDooooooon
0 O DOEO O O CCM ( Annual Automotive
Technology Development Contractor's Coordination
Meeting) OO DO DO0OO0O0ODODODOOOOODOO
0000000000 O0ONO,O00D00D000OO
000000000000 000DOo0oOooo
0000000000000 oDooooooo
000000000000 000D000o0oon
goooooouooouooooooooon
000000000000 00O0D0oo0ooon
000000000000 000D0000000
O00000000oO0oDoooooDooooooo
000000000000 000D00ooon
000000000000 000DO00000O0
0000000000000 oDooooooo
000000000000 000D000o0oon
goooooooooooooooooooon
O0oooogooteeegoooooooooo
000000000000 000D0o0ooon
godooodoooonoooooooooao
000000000000 000D00o0ooa
ooooooo
O000ooooDooooooooood
O00o00oooooodoooooooon
000000000000 000DO00000O0
0000000000000 OoDoooooa

0000000 R&DODODODOOVol. 32 No.3 (1997.9)

goboboooboboboooboboooboboo
gogboooooboobooooboboooboboo
gobodobobooboooboobobooboo
gogbobooooboboboooboboooboboo
goboooooboboooobboooboboo
goobooobobbooobboooboboo
goboobooobobobooobboooboboo
gogbooooobobooobobooobboo
gooboobboooooobobobbooNo O
coopgoocouunnoooguooooooon
ggbobooooboboooobbooobboo
gboooobooobobooboobooboobo
gogboooooboobooobobooobooboo
gooboooobbooobobooooboo
gooooobbbbbbiooooooooooon
gogbooooobboboooobbooobboo
goobooobobboooboboooboboo
gogbooooobobobooooboboooboboo
gobogn
goooboooobboboooobobboo
gogboooooboobooobobooooboo
ggboobooobboboooobbooobboo
gogoobooobobbooobbooooboboo
ggbooooobooooobboooboboo
goobooobobbooobboooboboo
goboobooobbbooobboooboboo
gogbooooobboboooobbooobboo
goobooobobbooobboooboboo
gobobooooboboboooboboooboboo
goog
gopboogoog

gooogn

gooboobooooboboboooobbboo
gboooboooboobogbooobooonbo
goobooobobbooobboooboboo
gobobooooobobobooobboooboboo
gobogoboooboo

gooobooooboboboooobobboo
goilpooisodopobooobbboooogoo
ggboobooooboboooobbooobboo
gobooobooboboobooooboooo



gobobboobooboobooboobog
gobobooooboboooobbbooooboboon
oooboooobboooobboooboboo
ggoobooobobooobobboooboboo
gogboboooobboooobboooboboo
ooobooooboooobboooboboo
gobooboooboboooobboooboboo
gogbobooobobooobbbooobboon
goobooooboooobboooboboo
gobobooobobooobbboooboboo
ggboobooobbooobobbooobboo
goobooooboooobboooboboo
goboboooobobooooboboooboboo
gigoooooooooooooooooon
goboooboobooooboooboooo

gboobooboo

oooooooo

1) 0O0000:"00000000000 (zev)ooo
oo oooooooo,17-2(199), 910 92

2) 0OO0OO0:"000O0OoOoooogdzevooooon,o
000000040, 17-6(1996), 930 94

3) Taber, W. R. : "Control of Industrial Engine and Gas
Turbine Exhaust Emissions to Meet Present and Future
Clean air Regulations"”, ASME, PWR-Vol.27, Industrial
Power Conference (1995)

4)  Bowman, C. T.: "Control of Combustion-generated
Nitrogen Oxide Emissions: Technology Driven by
Regulation", Twenty-Fourth Symp.(Int.) on Combustion,
(1992), 85901 878

goooooopoopopooooo

5)  Washizu, T., Morishita, T., Matsuda, S. and Terauchi, N. :
"Develpoment of a Gas Turbine Generator On-Board
Electric Power Source for MAGLEV Trains", ASME paper
92-GT-46, (1992)

6) Gelman, D. J. and Perrot, T. L. : "Advanced Heat Engines
for Range Extender Hybrid Vehicles", SAE Tech. Pap. Ser.,
N0.930041, (1993)

7) Mackay, R. : "Hybrid Vehicle Gas Turbines", SAE Tech.
Pap. Ser., N0.930044, (1993)

8)  Triger, L., Paterson, J., and Drozdz, P. : "Hybrid Vehicle
Engine Size Optimization", SAE Tech. Pap. Ser.,
N0.931793, (1993)

9) Easley, M. L. and Smyth, L. R. : "Cerramic Gas Turbine
Technology Development”, ASME paper 94-GT-485,
(1994)

10) Lundberg, R.: "AGATA: A European Ceramic Gas Turbine
for Hybrid Vehicles", ASME paper 94-GT-8, (1994)

51

goooooooo

11) Kajita, S., Tanaka, Y. and Kitajima, J. : "Evaluation of a
Catalytic Combustor in a Gas Turbine-generator Unit",
ASME paper 90-GT-89, (1990)

12) Ramesh, K. S., Cox and, J. L. and Parks, W. P. : "Materials
for High-temperature Catalytic Combustion”, Int. Workshop
on Catalytic Combustion, Tokyo, PNL-SA-23496, (1994)

13) Cowell, L. H. and Larkin, M. P. : "Development of a
Catalytic Combustor for Industrial Gas Turbine", ASME
paper 94-GT-254, (1994)

14) Scherer and, V. and Griffin, T. : "Catalytically Supported
Combustion for Gas Turbine", ASME, 94-JPGC-GT-1,
(1994)

15) Dalla Betta, R. A., Schlatter, J. C., Nickolas, S. G., Yee, D. K.,
and Shoji, T. : "New Catalytic Combustion Technology for
Very Low Emissions Gas Turbine", ASME paper 94-GT-260,
(1994)

16) 0JO000,0000,0000,0000:"00000O
gooo0o0o0oOoOoOoOoOoOoOoOooOOoOoOooDOoOoOOoOo
O" 00, 37-8(1995)

17) Dalla Betta, R. A., Schlatter, J. C., Yee, D. K., Loffler, D. G.
and Shoji, T. : "Catalytic Combustion Technology to
Achieve Ultra Low NO, Emissions: Catalyst Design and
Performance Characteristics", Catalysis Today, 26(1995),
3290 335

18) Quick, L. M. and Kamitomai, S. : "Catalytic Combustion
Reactor Design and Test Results", Catalysis Today,
26(1995), 3030 308

19) Eguchi, K. and Arai, H. : "Recent Advances in High
Temperature Catalytic Combustion", Catalysis Today,
29(1996), 3790 386

goboooobooo

0000000 R&DODODODOOVol. 32 No.3 (1997.9)



52

googoon

00000000 Yoichiro Ohkubo

000195500

ooooooogao

ooo0ooooooooooooooo

0000000o0oooooooooog
0ooooooooooooan
gooooooooo
e00000donooooog
oo
goooad

000000 O Yoshinori Idota
00019590 0
ooooooogo
0000o0oooUooooooooooo
goooooooooooooo
dooodoooooooooan
goooood
00d0DO00oo0ooooooooooog
0oooDoooooooooooog
19920 000000000000
oo

0000000 R&DODODODOOVol. 32 No.3 (1997.9)

000000 Yoshihiro Nomura

00oo196000

ooooooooo

Joo0o0oooooooooooon
doooooooooooooo
ooog

0oooooooooooooooon
0doo0oooooooooo
000000 00oooog
oooa
goooo



