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Bayesian Model Calibration for Prediction of Film Cooling Effectiveness
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Film-cooling effectiveness of a slanted round hole in a jet-in-crossflow configuration was predicted by Reynolds-

averaged Navier-Stokes (RANS) simulation with turbulence model parameters optimized based on measurement

data. Computationally efficient approximate models based on Kriging and proper orthogonal decomposition (POD)

were employed for estimating the posterior density distributions of the RANS model parameters using a Markov-

chain Monte Carlo method, which forms a probabilistic parameter estimation framework based on measurement

data. Maximum a posteriori estimation of the parameters realized better prediction compared to that with the original

parameters. The effect of model parameters was investigated by correlating the change of the thermo-fluid field and

POD bases along with estimated POD coefficients. In addition, the impact of measurement position and quantity for

the estimation of model parameters were assessed by using the parameter estimation framework.
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Fig. 1 A flow chart of the data-driven probabilistic parameter
estimation procedure
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Fig. 2 A computational domain for a jet-in-crossflow
configuration

Fig. 3 A close-up view near a cooling hole exit of the

computational mesh
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Table 1 Parameter values considered in the estimation

Original Minimum | Maximum

B1 0.075 0.01 0.5

B 0.0828 0.01 0.5
0wl 05 0.2 10.0
0 w2 0.856 0.2 10.0
o 0.85 0.2 10.0
o 1.0 0.2 10.0

a 0.31 0.25 15

B 0.09 0.01 0.5

Pr; 0.85 0.1 15
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Table 2 Boundary layer thickness for the case without cooling
flow in comparison with the experiment

61/D 02/D H

x/D | CFD | Exp®® | CFD | Exp® | CFD | Exp®®
-20 | 0083 | 0089 | 0057 | 0059 | 1.55 1.50
6.5 0124 | 0120 | 0080 | 0.083 | 156 147
150 | 0139 | 0143 | 0094 | 0098 | 149 1.46
230 | 0154 | 0167 | 0106 | 0115 | 146 1.44
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Fig. 4 Spreads of centerline film cooling effectiveness,
(a) simulated cases and (b) those after excluding
unphysical cases

Fig. 5 Prior density distributions of model parameters
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Fig. 6 Posterior density distribution inferred by the measured
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Table 3 Estimated SST model parameters

Original Minimum
B 0.075 0.1939
B2 0.0828 0.2788
0wl 0.5 0.5276
0 w2 0.856 26344
o« 0.85 0.2554
Ok 1.0 0.2282
ai 0.31 0.8056
B* 0.09 0.3023
Pr: 0.85 1.0614
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Fig. 7 Streamwise velocity distribution on a central slice,
(a) SST original, (b) SST estimated
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Fig. 8 Temperature distribution on a central slice, (a) SST
original, (b) SST estimated
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Fig. 9 Streamwise velocity profiles at (a) x/D = -2.0, (b) x/D = 2.0.
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Fig. 10 Film-cooling effectiveness, (2) centerline, (b) span-average

Lo TlHRBILLNNT A= 2 HWw/-&2 LT, SST
K- LI E TN TG HTEDIL A Y % RIS 2 DA%k L
WZ ERb9 b, ZNELA VR ORI
BLCTwbEEzZoh, EREOHERRL LA VAN
HOWEFBRREZBRLUVA I VABTEFVEHVS C
ETYEET RSB 5O,

INSHDIRT A= OF GO FHliE— AT LW
METHDLEZOND, REITI, /87 X =5 DEAL
PRNIGZ G2 BB EBR L OO/ A =S i %17
9 FikE LT, PODRICHERE T IV O et a3 5.
4.3 PODRTMEMETIVICK 2HTERRDER

PODWR TG #)E 75V OAERIZ 1225k F TOPODILK
ZHW (P=25), ZhI /85 % —F EHEEOHNY D
ZALD99% % BT B X 5 1E AT, PODRITTHiRET
WIZ X BHEREE TN INT X — ¥ Ok FIE, Fig 612

Y Kriginglb B ME OFE R & L TH - 720 MAPRT
A=Z BT HE—F 1205 4 F TOPODRK DI
oA % Fig. 1R T F 72, MERPRK L & 5POD
%% Table 4127”3, TN 5 IdFig 1104 o B 12
SIBLTWh, 204 E— FTHRNGOETORT5%%
WA TWD,

a, az as Ay

“6000-4000-2000 O 2000 4000 -2000 O 2000 -6000-4000-2000 © 2000  -10000 -5000 o -1000

Fig. 11 Posterior density distribution of POD coefficients from
15t to 4™ mode inferred by the experiment

Table 4 Maximum a posteriori estimates of POD coefficients
from 1% to 4™ mode

Mode # Estimated value
aq 507.507
as -1333.959
as 793.065
aq -655.168
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Fig. 15 The impact of the measurement positions on the
reduction of estimation errors
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