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Research of Natural Gas Ultra Low Emission Combustor
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ABSTRACT

A homogeneous mixing and autoignition prevention
of air and natural gas has been simultaneously obtained
adopting a multi-venturi composed with a number of
dispersely arranged venturi mixers set up as a premixed
lean burn combustor. By applying the characteristics of
the venturi mixers, a high accuracy prehension of the
state of combustion was enabled, and the enlargement
of the premixed combustion range was achieved. The
combustor system above was installed on a micro-gas
turbine, achieving an ultra low emission level of 3ppm
(at 15 percent oxygen equivalent) NOx, CO and THC
at 50 to 100 percent load.
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Fig. 4 Calculation results of CH, concentration

Table 1 Boundary conditions for calculation of
CH, concentration
Velocity Temperature Pressure
[m/s] [K] [kPaA]
Airin 100 873 -
CH, in 2.2 473 -
Outlet - 873 400
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Fig. 12 Effect of air mass flow variations on air/fuel
ratio error

gooooooAFO00000O0O0O0O0O0O0O0O0O0OO0
gbobobobobooooooboooboboboDbo
gbobobobooboooooooooboboboooo
0000 A/FODDOOODOOOOODOOODOO
332 000000000000DO0OO
gboboboobobobobobobooooooon
gbobooboboobboooboboomooboooooo
0@O00DoO00b0O000D0OO Fig.130000D00OO
ooooooooooog ssogoo+x0oooooog
goboboO0O=+x10000000000DO00O0O0ODODOO
gbobobobobooooooobobobobooo
gbobobobooobooobooboobooboboboonog
gbobooooooobooboobobo

+10%
+5%

-10%

Fig. 13 Nonuniformity ratio at the outlet of multi
venturi mixer



gboboboobooboooboobobobooo

gooogd

41.00000000

gbooboobobooboobooonb soobg 100000
UppmdbO00OO0O0O0O0OCOOOOODOODOOOOOOO
ooo00o000DOoO00ob0O0oO00oDObO00O0DO0O TadO
000000000o0ooooooogTad DOOOOOO
ooo0oO0O0d Fig.14 OO0ODO

Combustor inlet temperature

Air mass flow

>» Tad

Fuel mass flow

| Fuel lower calorific

Fig. 14 Parameters for estimation of Tad

gbobobobobooboooboobooobooboooboan
gboobooooooobooboobooboboboboonoo
gboboooooooboboboboboboooboooo
gbmomooobooboboboboobobobooog
gbobooooooobobobobobobooboooo
gobooooooooooooomoooooomoon
gbobooooooobobobobobobooboooo
gboboboooobooboooobobobond Map
goboooboboooooooboboobooooooobooobooooo
gboboboboooooooon

2 K+
2k 1 P, * P, *
Gar=F.,|———./|l=—| —-|—
K—lﬁ P, P,
J U

J

god

N

Y Y
Flow characteristic term Pressure term
Ga*: Corrected Air mass flow, F: Effective area, P: Pressure
K : Specific heat ratio, T: Temperature, R: gas constant
Subscripts in: Inlet, s: Throat

gboboboboobooboooboooooooooon
gooobbooooooboobomgoooomoog
O0000000Ge*00000OFig. 1500000000
gboboooboobooobobobobobobooboooo
goboooooooooobooooooooboobooooon
gboboooobooobobobobobobooboooo
gobooooooooooooooooobooboooooon
00oooo0o0o0oooooooooooogoexooono
oooopO00D00OO0O0O0DDOOO Ga*OODODOOO
gooooooooooDboOndFg. 16

0oooooooooobooooobo ef*opPfd Ga*d

10

2 6

o F No fuel supply

- sf Pin=201 ~ 331kPaA

5 5F

2 |

£ 4r

=

x 3r

s

£ of X

£ : Fuel supply

S Pin=201 ~ 301kPaA
X N

(ﬂ O (RN BN RSN AN SN AN ENEN AN A BNAN SN A SR EN RN SN AN SN RN B A |
S 0.00 0.03 0.05 0.08 0.10 0.13 0.15 0.18 0.20 0.23

((Ps/Pin)M2/k)-(Ps/Pin)A((k+1)/k))A0.5
Fig. 15 Venturi flow characteristic

112

Ga*=3.24 ~ 3.26 g/s

110 Pin=201.3 kPa A

108

\

Ga*=3.25 ~ 3.26 g/s
Pin=301.3 kPa A

106

Pf« [kPaA]

104

102 L L L L 1 L L L L 1 L L L L 1 L L L L 1
0.040 0.050 0.060 0.070 0.080
Gf+ [g/sec]

Fig. 16 Venturi flow characteristic

0 ‘ ‘ ‘
96 97 98 99 100 101 102
Pfx

Fig. 17 Air mass flow map

O00Map Fig 1700 00000000DOOOOOOO
gooooooooooooboooOMapOODODOOOOOO
gbobobobobooboooobooobobobobo
gboboboboobooooooooobobobonbo
gboboooooobooboobobobo

42.000000

421. 00000000000

gboboboboboboboboboooooooon
gbobobobooobooobooooooboboboonog
oo0o0o00d Fig.18 DO 0OO0OOOOOODOOOODOO
gbobobob+x000000000DbO0bOOobOOonOO
goooboboooooobobobobooooooobooobooog
oboobooooooobobobooobooobogoon

0890



Honda R&D Technical Review

Vol.15 No.2 (October 2003)

@ 150 Inlet pressure 200-400kPaA

=2 Inlet temperature 30-580°C

3

@ @ Diffusion

g A Premix

100}

©

3 Accuracy + 5%

kS

)

3] °

= o

(6] 507 1 )
50 100 150

Measured air mass flow [g/s]

Fig. 18 Accuracy of calculated air mass flow

422. 00000000000

O0000@TadM OA/FO00O0O0O0OODODDOODOO
gboboooobooobooboboboboboboooo
goboooooooooboooooooboboobooooon
gboboboooobooboboobobobod Map
gboboooooooboobobobobobooobooon
O00000TadOOOOOOOOOOFg. 1900000
gbooboOOMepOOD0OOD0OO0ODOODOODOOOODOOO=x 25
gboboboobooobooboboboooo

1500 r
1400 r
1300

1200 r

Calculated Tad [°C]

Accuracy * 25°C
1100 |

1000 * * * * !
1000 1100 1200 1300 1400 1500

Measured Tad [°C]

Fig. 19 Accuracy of calculated Tad

gooodad

gobooobooobooboboobooooboooboboo
Tad 0000000000000 O0O0O0O0O0O0O0O0OO
gbobobooboobooooboboboooo

51.000000

0000D000D000000000 Fig.20 00000
00D000000000000000000000000
00000000000000000000000000
000000000000000000000000000
000000000000 MmM 00000 13A0 O0OCH,=88.5
00C,H=4600CH,=5400CH, =150 0000000

Control

| | Massflow [ | Air
valve meter

Heater
compressor

v

1
]

m¢¢¢w\y%m_aﬁ

Premix

) Diffusion
mixer nozzle

Sample probe

Fig. 20 Cross-sectional view of combustor rig

gboboboboboobooboobooobobobobo
goooooboooooooboooooooooobooobooog
gooobobobooooooboboobooooobooobooooo
gobooboobooboobooboobobooboogoo
gbobobobobooooobobobobooboooboo
gbooboooooooooooo

52. 0000000

oooooooooooboooboosodn 100000
00000000000 0DOOO00ODOOO0D0OOOTin
O Tad DOO0OO0OO0OO0OO0OO0OOOOOOOOOO Fig. 21
000000 TinODOOODOOO 420000 600000
gboboboboboboobobobobobobooo
OO0OO0COTad O 25000000000 2000000000
ooooooooon Fig. 13 0D0OOO0ODOOODDOO
gboobooooesubounouobobdo+xobooboonog
gbobobobobooooooooobobobono
gooooobooooooooboboooooooboooooo
gbobooooobobobooobooogoon

- CO (Tin480°C) B NOX (Tin480°C)
100% Load | 4 cO (Tin550°C) ® NOx (Tin550°C)
(

(

o < CO (Tin520°C) O NOx (Tin520°C)
o 50% Load ACO

101

Tin600°C) © NOX (Tin600°C)

€

Q.

2

g L Al

&\, El'arget 0O

7 ¢ E E?ﬂﬂ“

s 1r .

2 2

E u]

L

Q

o ACAD 0

3

0.1 L L L '
1200 1300 1400 1500 1600

Tad [°C]

Fig. 21 Effect of Tad and inlet temperature on

NOx,CO emissions

0900



gboboboobooboooboobobobooo

53.0000000000O00bOOO

Fig.210O0ODOO0OOOcCcoOOOOpmOOOODOO

TnOOOOOODOOOODOODO Tad=13000 000000
00000ODO0CO00000oDODbOO0O0000 T Table2d
gboboooooob -obobobo-obobooo
gbobobooooobooboobobooo

OTad OOOOOx 250

gboboboooboobooboboobobo

000000000Tad ODOOOO Tin O Table2 O
gobooooooooooooooooboboobooooooo
gbobooooboobobooboboobooboobooobooo
gobobooooooooooooooooboboooooog
goboboobooooooooboboooooooboooboooog
OooOoOoOoOoOOoOOoOoOOoOODoOoODooODooODbDOD 0.3g/sec
ODA/F400 0 D OO00OD0OD0OO000O00O0Ooooooooo
O000000000000000000 0.3g/secoiO
gboboobooobooobobobobobobobooo
gobobooooooobobobobobobobooonoog
oooo0o0ooDbo0o0ooo0 Fg.2200000M00O0
gbooobooobooobooboomoooooboboooobooon
goboboooooooooooooooooboooooo
gobobooooooobooboboboboboooooo
god

Table 2 Set value for switching conditions

Diffusion — Premix Premix — Diffusion

Tin [°C] 520 480

Tad [°C] 1350 1300

N

o

o
1

<& NOx
o Diffusion fuel command

Switching area

X Premix fuel command

n

o

o
T

—_
(o]
o

—_
o
o

(o))
o
o
Oé

Lo
e S

!

''''''''''''''' e

250 300 350
Time [sec]

Fuel command x 100 [g/s], NOx (15%02) [ppm]

. O
O ¥
o
n
o
o

Fig. 22 Switching test results

54.000000

Fig. 230 00 000000DOO0O0O0DOOOODOO
gobooooooobooooooboooooooboog
gboboooooobomoooobooomoobooonoo
gboboooooooboboboboboboboooo
gooo

Diffusion flame

Premix flame

Diffusion & Premix
flame

Fig. 23 Combustion flame pictures

gobooobboooboooboboa

Fig.240 000000000 DOOOODOOOOODOO
oo0 o0 000boo0oobooooooooooooDo
obooboooooooboobobobooboobogoDoogso
Oom22s5kwmooooooooooooooooog
O NOx ODObooboobooboobobobobobobo
gboboboboboooooooobobobono
OOFig.25 OOOOOOO0OOO0O000 50000 10000
o00o0bO0o0oo0oboobo0booooboobNoxgcod
THCM ppm@15%0, 00000000000 ®Eeq]

100 MRev fiuctuations 1 TNT000 < Power 16 |10
= less than 1% ©CO 0 NOx g_
= s
=75 —|_‘— i e 75 =
g Diffusion combustion O ‘ PR Cg

o
g e E 0
= 50 [~ 50
g. @% Switching RS %l:)
= P S
S \ S
S 25 | s 25 O
LS 5
i+ . e
0 S o e Koty 3 0
0 500 1000 1500 2000 2500
Time [sec]
Fig. 24 Engine operation sprit chart
100 &
L ©CO

= o NOx

2 THC

< 10

Q F

2 F

b IR W e

p I

[ [u]

.g 1 — 7%

@ - D

g Ly

w

0.1
0 25 50 75 100

Engine load [%]

Fig. 25 Emissions characteristics of engine test at
engine inlet temprature 10°C

0o1ipQ



Honda R&D Technical Review Vol.15 No.2 (October 2003)

gooog

gooooooboooobooooboobooooboooono
goooooooooooooboobobobbbbobobooo
goboooooobooooooboooooooboog
gooo
gbomoboobooobooobooooooboooooooboooo
gbobobobobobobobobobobooon
gboboboboboboboboboboban
gboboboboboboboboboboobogn
goooooooooooboooboobooboobobooo
gbooboooooooobgobo
gbomooboobooboooooboobooooooooooon
gboboboboboboboboboboobgoo
gooo
obmoobooobooooboobooooboooboooon
ooooooooo so0boo oo0bOoOoOoOood
0000000 ppm O NOxO COO THC@150 O,00
ooooogd
gbomoobooobooobooboooooooooooooooo
gbobooboooobooobooboooboab

gooogd

goo0000O00OO0OO0OO0O0OOOoOoDOoOoOoOoOoOoOoOoog
oo0b00o0oboooobooboOo 3400bgdp.as:-
185 (1994)
dooooooooboboooooooooooooooo
00o00ooooooodooooisookwd 0O Ood
doddoooNOxOOoOoooooooooao 128
0 O p.25-30 (1996)
dodoooooooobooooboooobobooobooooo
00000000000000000 NOxODOOO E00m
O0DOO00O0ODOOOO0O 2000 Vol.40 No.3, p.83-87
(2000)
dooooooooooooooooooboooboooon
00000000 NOx  Ooobhooooboooooao
Vol.31 No.4, p.243-246 (1994)
goOoTepC 000D OODOOOODOO 2002, p.113
(2002)
doooooboooooooobobobobobooboo
0000000000000 D00O00D000O0dDOHonda
R&D Technical Review, Vol.15, No.2, p.7-16 (2003)
0 O OKoichi Shinmura: Microturbine Research at Honda,
Presented in 2003 ASME TURBO EXPO Panel session
(2003)

googano googano

googano

0920





