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Partial cracking of ammonia presents a practical solution to the challenges associated with its 

low laminar burning velocity and high autoignition energy. Understanding turbulence-

chemistry interactions in partially cracked ammonia-air flames is essential for developing and 

validating predictive models of turbulent ammonia flames. In this study, direct numerical 

simulations (DNS) of temporally evolving planar jet flames for partially premixed cracked 

ammonia-air mixtures were conducted at Reynolds numbers (Re) of 24,000 and 36,000 using 

the KAUST Adaptive Reacting Flows Solver (KARFS) [1]. The computational domain is 

shown in Fig. 1(a). The fuel consists of 25.5% H2, 20.3% NH3, 44.6% N2, and 9.6% O2 by 

volume, corresponding to a mixture of 43% cracked ammonia and air at an equivalence ratio of 

3. The oxidizer is air. These conditions are selected to match those of the turbulent piloted 

NH3/H2/N2-air flames studied experimentally by Tang et al. [2]. 

The turbulence-chemistry interactions were investigated focusing on localized extinction and 

reignition phenomena. A previous study [2] under laminar conditions identified three peaks in 

heat release rate across mixture fraction space, attributed to the differing diffusivity and 

reactivity of NH3 and H2. Localized extinction was analyzed at these representative locations, 

corresponding to the peak OH on the fuel-lean side, peak temperature near the stoichiometric 

mixture fraction (Zst), and peak NH2 in the fuel-rich side. Figure 1(b) shows how the extinction 

probability at these three mixture fraction locations evolves over time. The maximum extinction 

probability at the fuel-lean side and Zst occur at the same time, while the maximum on the fuel-

rich side appears slightly later. Further analysis will be performed to better understanding 

localized extinction and reignition under the high Re condition. 

   
(a) (b) 

Fig. 1: (a) Sketch of the temporally evolving jet flame; (b) Extinction probability at different 

mixture fraction locations varied with time. 
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