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Aim: Developing a novel framework to ensure optimal fuel injector design is additively manufacturable using metal L-PBF
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Impose AM & 
LHSA constraints 

Adjoint optimization for reducing flame flashback propensity

DfAM 
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generate AM-
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geometry
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Support structures 
required for 
overhanging areas

Thin walls prone 
to mechanical 
damage

Wall-to-wall 
thickness for 
powder removal

Define design 
variables

Set 
Objectives

min. = 0.68 mmmin. = 0.70 mmmin. = 0.73 mm

Primal converged
38.31 m/s

1st loop
41.884 m/s

2nd loop
42.12 m/s

3rd loop
42.33 m/s

4th loop
42.59 m/s

5th loop
42.95 m/s

6th loop
42.91 m/s

7th loop
42.76 m/s

8th loop
42.99 m/s

9th loop
43.04 m/s

Key takeaways:

• Total change – 
12.503% 
increase in vol 
avg vel mag

• 9.32% change 
after 1st loop

• 2.9% change 
in next 9 loops

• Total run time 
~20 hrs using 
80 cores

• Physics guided 
shape 
optimization
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Maximize volume 
averaged velocity 
magnitude in user 
defined region to 
reduce flame 
flashback 
propensity
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Overhang angle constraint (limit of 55° applied)

Thin wall constraints calculated on NURBS surfaces

3DXpert analysis Overhang calculation Python analysis

Flashback propensity 
is directly related to 
the velocity in the 
turbulent boundary 
layer thickness

(Source: Ebi & Clemens, 2016)
(Source: Jiang et al., 2021)


