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Predictive Large-Eddy Simulations (LESs)

" Fighting climate change requires many Use high-fidelity direct numerical simulation (DNS) data to train

new/optimized technologies. E.g.: data-driven subfilter models for complex LES
o more efficient engines = Examplesinclude simple turbulence data but also more complex
o more efficient turbines data, such as breakup data * |
o hydrogen as fuel used to model the fuel
o ammonia as fuel C
Injection

» This is only efficiently possible with
dicti . Iati . h Fig. 1: Visualization of breakup DNS data (left)
pre Ictive simulations supportlng the and complex engine LES (right). The highly-
deve|opment and design process resolved DNS data can be used to train a data-

. . driven subfilter model, which is then used to
> Data-driven subfilter models for LES accurately model fuel injection in the LES.

Closing Algorithm

» Filtered/LES equations contain unclosed gfﬁz Sthe PIESRGAN to reconstruct @ from Generaor —
terms (red) which need to be modeled . Use @R to update the primary species fields of 5 | _E — -
d to ®"PI* by evaluating the source terms i £ = % “‘ T | PR
(cp)t + u - V(db) — DV? (cp) + Wy and solving the unfiltered scalar equations on | ¥
the mesh of & .
= =\ 205\ 11 Or — 3. Use ®7UPdate {4 estimate the unclosed terms 58 Discriminator .
2 (Cp)t Tu: V(CD) =DV (Cp) u-- V(CD ) T We UTEs i?l the LES equations of ® by evaluating m g oR
the local terms with ®2"P**® and applying a e B M N4 S L | nput o ?
| . d d d filter operator. 3 e
. 5
Closure Is done on reconstructe ata 4. Use UTps and q’fflEs to advance the LES equa- bl
. . o n-+
fields which are generated by deep tions of @ to P7'gg. Fio. 2: Sketch of
lea rning network called PIESRGAN Alg. 1: Al super-resolution closing algorithm. L= ,31 Ladversarial + ,82 Lpixel + 63Lgradient + 54Lphysics PIESRGAN and
loss function.

Results
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Fig. 3: Demonstration of PIESRGAN-subfilter accuracy in a posteriori tests of multiple complex flows.

Achievements & Conclusions

(G ity PIESRGAN was developed and applied to multiple complex flows —— DNS: Test
L ecnheraill y ) ] . ] ] ] ] ] . 200 | T DNS: Training
, — \ = PIESRGAN-LESs result in predictive simulations with higher accuracy than classical LES . _ . PIESRGAN.LES
Efficiency for lower computational cost on state-of-the-art supercomputers 150 | Average %
" Robustness = As example, cycle-to-cycle variation in engine flame kernels were computed with €
( \ PIESRGAN-LES as simulations were cheaper than DNS R -
Accuracy = Training convergence is still the main challenge and subject to 50 1
o : S " Fig. 4: Evaluation of cycle-to-cycle variations
\ Unlversallty ) current wor in engine flame kernels with PIESRGAN. 0 0 '25 0 '30 0 '35 0.40

t [ms]
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