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Fig. 1 Schematic of the basis transformation and response

surface in an active subspace analysis
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Table 1 The estimation of gradient
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Fig. 2 Schematic of the successive dimension reduction

framework
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A 2 AL B O TIRES s B AU R A 4] ! Reaction f
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Table 3 The inner product of active directions from surro-

gate and turbulent combustion simulations

SCHR [54] [56]
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Hbri XS Kt E
B T A A K T A A K
BACEH H b T KSEIR I [7] R KSEIR I [7]

WA 0.91 0.97
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Fig. 5 Contour plot of temperature from the simulation for B-
K flame %
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Combustion
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Abstract:

The demands for high efficiency and low emissions have driven engine combustion to near-limit combustion and there
is an urgent need for developing innovative methods to analyze and modulate turbulent flames for stable combustion.
The quantities of interest in turbulent flames vary primarily along a few directions in the space of input parameters. The
classic global sensitivity measures to determine the most influential parameters perform poorly when the directions of
variability are not aligned with the natural coordinates of the input space. We present the active subspace method to
first detect the directions of the strongest variability using evaluations of the gradient and subsequently exploit these
directions to construct a response surface on a low-dimensional subspace—i.e., the active subspace—of the inputs.
With the active subspace methods, a theoretical framework has been formulated to efficiently quantify the uncertainty
originating from the parameters of chemical kinetics and physical models for a more rigorous assessment of the pre-
dictability of simulations and to investigate the evolution of key physiochemical processes in turbulent flames. The ap-
proach has recently been demonstrated for uncertainty quantification and flame stabilization analysis in turbulent flames
and model combustion systems. In this work, the major findings are reviewed, with a discussion on future work for the
analysis and modulation of turbulent flames with active subspace methods.

Keywords: active subspace methods, turbulent combustion, parameter dimension reduction, controlling mecha-
nism, uncertainty quantification

Received: 2021-01-06; Revised: 2021-01-25; Accepted: 2021-02-25; Published online:
URL: 10.7527/S1000-6893.2021.25228
Foundation item: National Natural Science Foundation of China (91841302, 52025062)

*Corresponding author. E-mail: zhuyinren@tsinghua.edu.cn



