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ABSTRACT

Energy demand and environmental pollution control are challenging issues in the field of gas turbine
applications, with the aim of achieving zero carbon and low NOx emissions from combustion gases. In this
context, hydrogen fuel is anticipated as a future energy source capable of replacing carbon-based fuels.
However, hydrogen presents technological challenges related to safety issues such as flashback and
autoignition. Additionally, there is a need to address issues of increased NOx emissions due to high
adiabatic flame temperatures. To overcome these challenges, research is underway to develop combustion
systems, particularly in the form of micromix or micro-mixer configurations. The micromix combustion
system, which uses small nozzles and flames, has been evaluated as one of the most suitable combustors for
hydrogen and hydrogen-blended fuels by preventing flashback and reducing NOx emissions. This paper
introduces the effect of various geometric factors, such as fuel injection shapes, fuel inlet and nozzle
numbers, and internal configurations, on the optimal design and combustion instability of micromix
combustion systems. The characteristics of combustion systems developed by research institutions and
companies are also analyzed. The paper concludes with a discussion on the applicability of micromix
combustion systems to hydrogen combustion applications.
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Fig. 1. Schematic of a gas turbine combustor applying
the micromix concept[4].
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Table 1. References for micromix combustor

MM system type
Parameters
Pre-mixed Non-Premixed
121,[13
Fuel inlet diameters [121.013] [141.013]
[18] [16],[17]
[19].[20]
Fuel inlet & nozzle [21],[22]
shape [23],[24] i
[25]
Number of fuel inlets [26] [27]
281,129
Bluff body & {30} {3 l} 32]
baffle ’
[33],[34]
441,145

Combustion [441.143]

. . [46],[47] -
instability

[48],[49]

[8],[36]

Multi-nozzle [371,[38] [42].[43]
micromix [39],[40] [501,[51]
combustor [411,[52] [54]

[53]
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Fig. 2. Combustion principle of Micromix (a) pre-mixed
typel8] and (b) non—premixed type[14].
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Fig. 3. Experimental results at an equivalence ratio  119- 4 Hz mass fraction distribution and velocity vec-

of 0.4, normalized energy density of 6.7
MW/m?bar[17].
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Fig. 11. Comparison of mixing field (left) and velocity
field (right) depending on the presence of a
bluff body[29].
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Fig. 12. Domain of a micro combustion with baffle
plate[34].

Fig. 13. Multi-nozzle (tube) micromix combustor con—
cepts, (a) NASA, (b) Hitachi, (c) Paker Han-
nifin, (d) GE Gas Power[35].
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Fig. 14. NASA Multi-tube assembly and injection
tested : (@) NASA N1 multi-tube and modi-
fied configuration (b) C1, (c) C2, (d) C3 and
C4[11,41].

mm2 P B 123 25702 eI 1242]
Fig. 14(@)Q] N1 WX} 55 402 45180 ° 7+
0% T AR FYTN BABI] FE T FA4L
ygateS AAsle] Uk Fig 14(b)2) C1 742 221
AHO) B4} 714 S 7L R FU] 47 WO A4S,
“ BOp 29 ofg) ] AT 3718 BAHES A
ASISIEk Fig. 14(¢)2] C29] 4L NI QlAlEih A
FASHAIRE, € A 4219 02 o] gl Hol
o] Qlck. A2k 2t o] FPgAelolA S48 BARRHE
g, ol NI3H 55t 37] 58 G A ad
o w7192 Fehaket 4 G Fpdolet. ol o} gstof
A2k9o] 71 FolA| Hl 2712191 S BA A HE
¥RE0| 371 §5 580 4 WS ML S T E
T 2T 5 U FHL 7k Fig. 14(d)9] C32HCa
L @A olg 3 TkAE TS FEY Hrjelos
Ca= 7} B9) FUo] DY Sk =52 AHGIIIL, ]
8] G52 WAL 0T SRS AT Ca9) Ty
2 CIBTINLO R ST 5 B4 Y WAY Sk
B0 Al TolHol ek, S 72 A1)
A2l S FH5H] 1k HREO R A2 LDI(ean direct
injection) 7499} 4714 E1241ol] ) Al B2 & At
150] 925t QP Slslgc. R We Sze
NOX Pt 915 2l AR50 5 i BOPg 3t Bl
A o] g 54 S 2 BIsieIEk 4 Tkl
79, THE ThakelSe] s e 0350t e g
o4 NOxSH 740 7 949 Balstict o] &
B9 MM 413} 48] 95 P40l 39 94 5 A
AT NOx B2 Alofel o] §oIe 0= B30
o], 153 e8] G472 TEL 4 90l MM 2l A4
B9 A stk

Fig. 15 ORITFSILS] Funk 52 o3 A147]9] &
A<l A5 Y skl IR WAIeka A oYy
INOx L HABtel7] 9Istol vlelEg MM YekE
2.83}0] et Q147) 5 HOETH14-17). MM S147]
L 9] .8 Slo] FUs B vh 9 4ot 3

Fig. 15. GTCP36-300 APU micrommix combustor
and test rig[14].
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2.4 Micromix combustion instabilities
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Fig. 16. OH* chemiluminescence images for (a) hydro—
gen and (b) methane flames at a constant
adiabatic flame temperature of 1881 K (re-
formed) [46].
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Fig. 17. () MITSUBISHI-HITACHI multi-cluster com~-
bustor and (b) Schematic view of main
burner[50,51].

Fig. 18. Micromix multi—point injector with separate
primary and secondary[52].
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Fig. 19. GE multi—pipe system DLN 2.6e combustor
and photograph of small multi-pipe mixer
for high—-hydrogen fuel[53].
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Fig. 20. M1A-17 Micromix combustor of KHI[54].
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