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S1. Validation of the 1D spontaneous Raman/Rayleigh scattering measurement results against numerical simulations
To verify the performance of the 1D spontaneous Raman/Rayleigh scattering (SRS) system in resolving the internal structure of laminar premixed H2/CH4/air flames over a wide range of H2 content (49% to 90%), Fig. S1 shows the measured species mole fraction of CH4, H2, O2, CO and H2O, temperature, equivalence ratio, and C/H-atom ratio over the flame coordinate from the laminar opposed jet flames with 69%, 79% and 90% H2 contents.  
Fig. S1. Comparison of measured and simulated results for planar laminar premixed H2/CH4/air twin flames with 69% (a), 79% (b) and 90% (c) H2. Shown are selected species mole fractions, temperature, equivalence ratio, and C/H-atom ratio over the flame coordinate.

S2. Measurement results from H2/CH4/air polyhedral flames with varying H2 content or equivalence ratio at a constant flow velocity
Measurement results from H2/CH4/air polyhedral flames with varying H2 contents of 74%, 79% and 83%, equivalence ratios of 0.64, and a constant flow velocity of 2.50 m/s (CS1, CS2 (C7) and CS3), and with increasing equivalence ratios of 0.53, 0.58 and 0.64, 79% H2 content, and a 2.50 m/s velocity (CS4 (C3), CS5 and CS2) that are not essential for the main points of the discussion are included for completeness and reference. Note that flames CS2 and CS4 are also used in the main paper, where they are named C7 and C2, respectively. The flow configurations of the additional H2/CH4/air polyhedral flames are listed in Table S1. Chemiluminescence images of the additional H2/CH4/air polyhedral flames from side (a) and top (b) views and corresponding planar laser-induced fluorescence of hydroxyl radicals (OH-PLIF) images (c) measured at z = 5 mm above the nozzle exit are shown in Fig. S2. Table S1 
Flow configurations and properties of laminar jet polyhedral flames. Different flame groups with varying H2 content and equivalence ratio are highlighted by color shadings.
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Fig. S2. Chemiluminescence images of laminar premixed H2/CH4/air polyhedral flames from side (a) and top (b) views, and corresponding horizontal OH-PLIF images (c) measured at z = 5 mm above the nozzle exit.


Fig. S3. Comparison of measured results from the cusp (c) and trough (t) region of laminar premixed H2/CH4/air polyhedral flames (CS1, CS2 and CS3) with 74%, 79% and 83% H2, an equivalence ratio of 0.64, and a flow velocity of 2.50 m/s. The four columns at left are in the spatial domain and the three columns at right are in the temperature domain. Corresponding simulation results from freely propagating flames are attached as references.

With a constant flow velocity, a variation of the H2 content for stationary polyhedral flames is limited to a narrow stability range, due to blow off and flash back boundaries. As presented in Fig. S2, with the increase of H2 content from 74% to 83% (CS1-CS3), due to the increase of laminar flame speed, flame heights decrease and correspondingly flame angles increase as expected. The cell number rises from 18 to 20, and the cell size decreases accordingly from l = 2.30 to 1.85 mm. The maximum curvatures increase in troughs (from 1.31 to 1.84 mm-1) and cusps (from -3.77 to -5.03 mm-1) with the increase of H2 content. 
Fig. S3 presents multi-scalar results from 1D SRS measurements in troughs and cusps at z = 5 mm above the nozzle exit in the flames with increasing H2 content from 74% to 83%, an equivalence ratio of 0.64, and a flow velocity of 2.50 m/s. Compared to the constant flame angle cases as shown in the main paper, similar flame structures in troughs and cusps are observed in the spatial and temperature domain of the constant flow velocity cases. In the spatial domain, the radial XH2 gradients in troughs and cusps are presented in Fig. S4(a) and the absolute XH2 difference is shown in Fig. S4(b). With the increase of H2 content from 74% to 83%, both the maximum XH2 gradient and the maximum XH2_diff increase. In the temperature domain, the absolute XH2 difference between troughs and cusps is shown in Fig. S5(a), and the corresponding relative XH2 difference is presented in Fig. S5(b). With rising H2 content from 74% to 83%, XH2_diff significantly increases and the difference between each case is much more pronounced than for the corresponding cases with constant flame angle. The XH2_relative_diff increases with rising H2 content, and correspondingly this increasing trend is stronger compared to the constant flame angle cases. The relative equivalence ratio difference between troughs and cusps is presented in Fig. S6. With rising H2 content, ϕrelative_diff shows a more pronounced increase with temperature, and the average relative ϕ difference between 600K and 1400K is 10.2%, 16.9% and 21.2% for 74%, 79% and 83% H2 case, respectively.

Fig. S5. Absolute H2 mole fraction difference (a) and relative H2 mole fraction difference (b) between troughs and cusps for polyhedral flames (CS1-CS3) with 74%, 79% and 83% H2 contents, and a constant flow velocity.


Fig. S4. H2 mole fraction spatial gradient (a) and absolute H2 mole fraction difference between troughs and cusps (b) for polyhedral flames (CS1-CS3) with 74%, 79% and 83% H2 contents, and a constant flow velocity. In (a) solid and dashed lines denote cusps and troughs, respectively.

Fig. S6. Relative equivalence ratio difference between troughs and cusps for polyhedral flames (CS1-CS3) with 74%, 79% and 83% H2 contents, and a constant flow velocity.

[bookmark: _Hlk166080042]With the increase of equivalence ratio from 0.53 to 0.64 (CS4, CS5 and CS2), the flame height decreases, and the flame angle increases correspondingly due to the increase of the flame speed. The characteristic cell size at z = 5 mm decreases from l = 2.52 to 2.09 mm, which is attributed to the decreasing average flame radius and increasing cell number from 17 to 19. The maximum curvatures increase in troughs (from 1.24 to 1.58 mm-1) and cusps (from -3.23 to -4.54 mm-1) with the increase of the cell number, indicating that the focusing and defocusing effects of the wrinkled flame front on fast diffusing H2 are enhanced. Note that the flames with equivalence ratio of 0.58 and 0.64 have similar curvatures in troughs and cusps as they have the same cell number of 19 during the measurement. 
Figure S7 shows multi-scalar results from 1D SRS measurements in troughs and cusps at z = 5 mm above the nozzle exit in the flames with increasing equivalence ratio from 0.53 to 0.64, 79% H2 content, and a flow velocity of 2.50 m/s. Results for species mole fraction, temperature, and derived local equivalence ratio from multi-scalar measurements in troughs and cusps at z = 5 mm above the nozzle exit in the flames CS4 and CS5 are similar to those at constant flame angle as presented in the main paper. Quantitative analysis of the radial XH2 gradient in troughs and cusps are shown in Fig. S8(a). The maximum XH2 gradient increases with equivalence ratio, which is similar to the results with constant flame angle. The absolute XH2 difference between troughs and cusps in the spatial domain is presented in Fig. S8(b). With the increase of the equivalence ratio, the maximum XH2_diff slightly increases, while the XH2 difference profiles are almost identical in radial direction.
Fig. S7. Comparison of measured results from the cusp (c) and trough (t) region of laminar premixed H2/CH4/air polyhedral flames (CS4, CS5 and CS2) with 79% H2, a flow velocity 2.50 m/s, and equivalence ratios 0.53, 0.58 and 0.64. The four columns at left are in the spatial domain and the three columns at right are in the temperature domain. Corresponding simulation results from freely propagating flames are attached as references.

In the temperature domain, the absolute and relative XH2 differences between troughs and cusps are shown in Fig. S9(a) and S9(b), respectively. The absolute XH2_diff increases with increasing equivalence ratio, which is consistent with the trend at constant flame angle. However, the spreading between the profiles is enhanced compared to the constant flame angle results shown in Fig. 21(a) of the main paper for the same equivalence ratios cases but varying flow velocity. Comparing ϕ = 0.53 cases with Ujet = 2.50 m/s (Fig. S9) and Ujet = 1.65 m/s (Fig. 21), the XH2_diff is larger for the slower flow velocity case. This is mainly because the residence times are correspondingly higher for slower flow velocity conditions, allowing more time for the diffusion process to develop the higher XH2_diff difference. In Fig. S9(b), with increasing equivalence ratio the XH2_relative_diff shows only slight differences and a non-monotonic trend. Compared to the results from constant flame angle in Fig. 21(b), the results for flames with equivalence ratio of 0.53 and 0.58 decrease with increasing flow velocity to 2.50 m/s, which is consistent with the results with increasing flow velocity in Section 3.4. The results from flames with equivalence ratio of 0.58 and 0.64 lie close to each other as they have a similar cell number and flame front curvatures. The corresponding relative local equivalence ratio differences between troughs and cusps are presented in Fig. S10. The ϕrelative_diff shows an increasing trend with increasing equivalence ratio. Compared to constant flame angle results, these relative differences are more pronounced. This is consistent with the wider spreading of XH2_diff shown in Fig. S9(a). The average relative ϕ difference between 600 and 1400 K is 12.7%, 15.1%, and 16.9% for equivalence ratio of 0.53, 0.58 and 0.64 cases, respectively.

Fig. S9. Absolute H2 mole fraction difference (a) and relative H2 mole fraction difference (b) between troughs and cusps for polyhedral flames (CS4, CS5 and CS2) with 79% H2, a constant flow velocity, and equivalence ratios 0.53, 0.58 and 0.64.


Fig. S8. H2 mole fraction spatial gradient (a) and absolute H2 mole fraction difference between troughs and cusps (a) for polyhedral flames (CS4, CS5 and CS2) with 79% H2, a constant flow velocity, and equivalence ratios 0.53, 0.58 and 0.64. In (a) solid and dashed lines denote cusps and troughs, respectively.

Fig. S10. Relative equivalence ratio differences between troughs and cusps for polyhedral flames (CS4, CS5 and CS2) with 79% H2, a constant flow velocity, and equivalence ratios 0.53, 0.58 and 0.64.
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