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oo 10 A hybrid surrogate model of sparse gaussian process and random
100kt s e forest booster for predicting subsonic inlet characteristics
ke & i
Mohammadrasuol Golshirazi !, Farshad Pazooki %, Alireza Davari *
‘ O l 1- Ph. D. Candidate, Department of Aerospace Engineering, SR.C., Islamic Azad University, Tehran, Iran.
\ o 2- Assistant Professor Department of Aerospace Engineering, SR.C., Islamic Azad University, Tehran, Iran.
AL 3- Associate professor, Department of Aerospace Engineering, SR.C., Islamic Azad University, Tehran, Iran.
— Abstract
3 3 Despite the high accuracy of Computational Fluid Dynamics (CFD) in analyzing subsonic inlets,
P its significant computational cost limits iterative design processes. This study introduces a data-
3) € driven hybrid surrogate model to predict static/stagnation pressure, drag, Mach number, and
- Velocity Uniformity Index (VUI), reducing RANS solution time from several hours to under 5
% °_§\ milliseconds on a GPU. The model employs a Sparse Linear Model of Coregionalization Gaussian
% ?) Process Regression (Sparse LMC-GPR) for high-variance outputs and a boosted Random Forest
Y 3 for low-variance outputs. Cross-validation on 123 geometries demonstrated an nRMSE of less than
i) ,%3 0.13 for drag and 0.08 for pressures. Furthermore, evaluation on 10 random geometries yielded a
$ »’g Mean Absolute Percentage Error (MAPE) below 0.12% and R?>0.98 across all outputs. By
?, 3 providing calibrated uncertainty estimates, this model serves as an accurate alternative to CFD and
% R facilitates real-time design.
i 9 Keywords: Subsonic Air Inlet; Data-Driven Surrogate Model; Multi-Output Gaussian Process; Random
g\*\ Forest; Active Learning.
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Parity Plot - Total Pressure Outlet
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TSP_HL True Static Pressure at Highlight
TSP_O True Static Pressure at Outlet
TTP_HL True Total Pressure at Highlight
TTP_O True Total Pressure at Outlet
TM_HL True Mach at Highlight point
T™_O True Mach at Outlet point
TV_UI True Velocity Uniformity Index
PPD Predicted Pressure Drag
PSP_HL Predicted Static Pressure at Highlight
PSP_O Predicted Static Pressure at Outlet
PTP_HL Predicted Total Pressure at Highlight
PTP_O Predicted Total Pressure at Outlet
PM_O Predicted Mach at Outlet
PM_HL Predicted Mach at Highlight
PV_UI Predicted Velocity Uniformity Index
c_avg Average uncertainty or standard deviation
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* Radial Basis Functions(RBF)

% Collocation-Based Polynomial Chaos Expansion
® Artificial Neural Networks

" Gaussian Process Regression

& Multy-fiedility

® Uniformity of index velocity (UVI)
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1 Overfitting

12 Multy objective Gaussian process

B coregionalization matrix

4 Minimize Uncertainty in Sobol Index
Convergence

> Multi-Fidelity

16 Over-fitting

1 Under-fitting

'8 initialization stochasticity

1 Systematic Bias
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