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DEVELOPMENT OF A PRECONDITIONED ADJOINT METHOD
FOR ALL-SPEED FLOW ANALYSES OF QUASI ONE-DIMENSIONAL EULER EQUATIONS

HR. Lec and S. Lee’
Dept. of Aerospace Engineering, Inha Univ.

In this study, preconditioned adjoint equations for the quasi one-dimensional Euler equations are developed,
and their computational benefit at all speed is assessed numerically. The preconditioned adjoint equations are
derived without any assumptions on the preconditioning matrix. The dissipation for Roe type numerical flux is also
suggested to scale the dissipation term properly at low Mach numbers as well as at high Mach numbers. The new
preconditioned method is validated against analytical solutions. The convergence characteristics over wide range of
Mach numbers is evaluated. Finally, several inverse designs for the nozzle are conducted and the applicability of the

method is demonstrated.
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03 05 0 05 1
X
(c) Shocked
2 -

Present

Asouti's assumption

[ ] Analytic solution
TR SRR R S RSN R |

PRI ERITI RRTIEN R
. . 0. -0.2 0 0.2 04 0.6
X

(a) Supersonic

Present
Asouti's
[ ] Analytic solution
TIVERVIN [N NSNS TSNS YT N [NV Y [N YT [N TS [N TSNV NN Y NS [N NI |
-08 -06 -04 -02 0 . 0.4 0.6 0.8 1
X
(c) Shocked

Adjoint Variable

Adjoint Variable

L ———— Present
[ ——— Asouti's assumption
L [ ] Analytic solution
T R R R R SR R R SR R
-0.8 -0.6 -0.4 -0.2 0 .2 0.4 0.6 0.8 1
X

(b) Transonic

Present
————— Asouti's assumption
[ Analytic solution
TITTIN [N NI [T TN (YT TN [NVENVENY NN SN T NSNS M NS Y N NNV N S N |
- -0.i -0.! -0.4 -0.2 0 . 0.4 0.6 0.8 1
X
(d) Subsonic

Fig. 3 Adjoint solutions for 1-D nozzle problem
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