5540 % 1 X W wm & H = Vol. 40, No. 1
2026 4 2 H Journal of Experiments in Fluid Mechanics Feb., 2026
XERS: 1672-9897(2026)01-0127-08 doi: 10. 11729/sylt1x20230148

—MRERAFIERNAHEE ST IE

Bz, Bk, 4%, SRR
FEEAB RS RER O RS IR, 4FH 621000

FEE R A 572 P90 LR B e R R SR T AL, AR IR T AT SRR A B F B 4T K PR g R
AN E B, T R0 B S SR A B bR, SO IR BE Ao i 22 A VAl o FRTHT AR HF LR — Al UL Y ANSE 8 10
008 75 o Y TR S B IR AR A R e v, T B I I Ak SRAF RRE AR ERAR IE UMK PR 1Al H 5 SR AN H e 1, (HA R
SE I ATE T RS . Ak, K R RIMGE (EARIB IR 25, KPR g5 A B R T R 4 R 2 . e, DAL
AT IR WU 2 P 1) R TR BRI R N, 400 1 AN 2 JE SRR, IR SRR R I TR IOAIE T WM 2 5 40 M 7 V2 1 Ak

SRR R PRI R3E S s B b AR E s (R pE i 2%

PESES: V4T SCERFRIAAD: A

An analysis method for the uncertainty of heat flux estimation
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and Development Center, Mianyang 621000, China

Abstract: Identifying the surface aerodynamic heat flux using the time-series temperature data
collected from internal measurement points of the thermal protection system is a crucial method
for acquiring the surface thermal environment of high-speed aircraft. Analyzing and quantifying
the uncertainty of identification results can provide a quantitative criterion for the validity of test
data and support the safety assessment of ‘extreme thermal service conditions” in thermal
environments. Surface heat flux identification is a typical ill-posed problem, and measurement
noise can lead to explosion in high frequency, so regularization is needed to obtain stable solution.
Regularization reduces the uncertainty of estimation results, but it also brings obstacles to
uncertainty quantification analysis. Therefore, regularization is regarded as a low-pass filter, and
the identification results are transformed into the frequency domain to analyze the uncertainty of
identification results. Finally, the uncertainty sources of typical aerospace surface heat flux sensor
are analyzed. The effectiveness of uncertainty quantification is verified by Monte Carlo method.

Keywords: surface heat flux; identification; ill-posed; regularization; uncertainty; low pass
filter
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