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Abstract: To investigate the turbulent burning characteristics of pure hydrogen micromix flames
at various flow velocities ranging from 45—87 m/s under lean combustion conditions, an arrayed
microtube nozzle model combustion chamber is employed. The flame is diagnosed using particle
image velocimetry and hydroxyl plane laser-induced fluorescence techniques to examine the
structure of the turbulent flame front and the thermal flow field of the flame. Details on the scale

of the flame front and turbulent parameters of the micromix combustion chamber are obtained,
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including flame volume, flame surface density, turbulent intensity, turbulent integral scale, and
turbulent burning velocity. The results suggest that the turbulence intensity at the outlet of the
micromix combustion chamber linearly increases with the inflow velocity. The probabilities of the
flame front protruding towards unburned gas and receding from unburned gas are nearly equal.
As turbulent intensity rises, the small-scale structure and wrinkling degree of the flame also
increase. These changes lead to an increase in flame surface density, thereby increasing the
turbulent flame area and turbulent burning velocity. Additionally, the normalized turbulent
burning velocity of the hydrogen micromix flames reaches 7—11, approximately twice the flame
area ratio of 3. 5-—5. 5. This is primarily attributed to the low Lewis number of lean hydrogen
flames, causing the local combustion rate of the flame to surpass the laminar burning velocity.
Therefore, the increase in burning velocity of lean pure hydrogen micromix turbulent flames is
mainly driven by the expansion of the flame area and the enhancement of the local combustion
rate. This research provides a theoretical basis and experimental support for optimizing the
arrayed microtube nozzle model combustion chamber and micromix combustion technology.

Keywords: micromix combustion; pure hydrogen flame; flame structure; turbulent burning
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Fig. 1 Typical flame and nozzle diagram of an array

microtube model combustion chamber
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Fig. 2 Schematic diagram of laser diagnostic measurement

ARSI R Ap JE i IR A SRR S DL K
AR R AR IR S 25 (E AR B L 22 (E 1Y R/
A5 Ak T B A R T R AL ) AR R S, R T R
B I . LASEER T BT 5 Y i i SR i s DL M
S EL B 7E S b3 S I T ORORE A R A R
DA SR T i e 2 S Y L A v s 4

AR SCAIF 5T 1 B 3 f 48 0RO Y
¢ M 0.6, Ap Sl 800~3 000 Pa, %t i Vi 3 Hy
45~87 m/s, >R H PIV Il & #0715 3] i i 5k
JE o SR U 2L LR, o« = 0.051 2U +
5.418 2, WA 3 fim 2 TIRSEHRE S, A2 T KA R
Ji 8. R M Chemkin-Pro #5545 3, HAK I Fl i
AR S BN R 1 R, RAE G b B/ 14 it L 45 44
RS Kolmogorov R 1, Bifi 25 it 33 A 38 I sk /s

10.5

u'=0.051 20 +5.418 2

w0 0
W = ]

u'/(mes")

=
(=}
T

7.5

7.0 . L : L 1 L L L L )
40 45 50 55 60 65 70 75 80 8 90
U/(m = s™)

R 5 R R 0725
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Table 1 Flame and turbulence parameters of hydrogen/air

flames at equivalence ratio of 0. 6

U/ u,/ St / St.o.s /

BE/PR e (mes ) (mes ) (mes /T
800 45.05  6.845  7.288  3.827 0.0072
1300 57.34  8.023  8.447  4.613 0.0067
1 800 67.37 8.912 9.476 5.432 0.006 5
2300 76.04  9.881  10.252  5.955  0.0056
3 000 86. 66 10. 190 11. 216 6.647 0.004 0
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