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Uncertainty Quantification of Propulsion System
on Early Stage of Design

Joongki Ahn*' + Ki-in Um* - Ho-il Lee*

ABSTRACT

At the early stage of the development of high speed propulsion systems, the designers suffer from
the lack of both the quantity and the quality of test data. In that situation, the associated
uncertainties could not be modeled as probabilistic distribution since probabilistic modelling
requires large amount of data. In this paper, instead, the information provided by experts based
on their experience and engineering knowledge was used to model uncertainty using the
evidence theory. In designing the DCR(Dual Combustion Ramjet) engine, the combustion
efficiencies, not well understood and little data existing, are assumed to have been provided by
experts. And the uncertainties are quantified by Evidence theory. The quantified uncertainties are
incorporated into the optimization. The design variables, area of inlet and area of combustor exit,
have been found while satisfying reliability margins of thrust and thermal choking. The results

show a reasonable design of the engine under the uncertain circumstances.
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Fig. 1 Concept of DCR Engine
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Table 1. BPAs for combustion efficiencies

n Expert Interval [0.82 [090 [0.95
91 0.90] 0.95] 1.00]

BPA 0.3 0.4 0.3

Expert Interval [0.83 [090 [0.95
2 0.90] 0.95] 0.99]

BPA 0.2 0.5 0.3

n, Expert Interval [0.86 [0.88 [0.90 [0.92
‘1 0.88] 090] 092] 0.94]

BPA 0.2 0.5 0.2 0.1

Expert Interval [0.84 [0.88 [093 [0.95
2 0.88] 093] 095] 0.97]

BPA 0.3 0.4 0.2 0.1
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o} [0.86-0.88] XAl BPAE 0.2(mexp1) X
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Table 2. Combined BPAs for each variables

n, Interval [0.83 [0.90 [0.95
g 0.90] 0.95] 0.99]

m 0.1714 05714 0.2572

n, Interval [0.86 [0.88 [0.90 [0.92 [0.93
¢ 0.88] 0.90] 0.92] 093] 0.94]

m 0.15 0.50 020 010 0.05
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Table 3. Combined BPAs for all variables

Mg
[0.83 [0.90 [0.95
0.90] 0.95] 0.99]
N, m 0.1714 0.5714 0.2572
[0.86 0.88] 0.15 00257 0.0857 0.0836
[0.88 0.90] 0.50 0.0857 02857 01286
[0.90 0.92] 0.20 0.0343 01143 0.0514
[0.92 0.93] 0.10 00171 0.0571 0.0257
[0.93 0.94] 0.05 0.0086 0.0286 0.0129
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Pr =03 Pr =0.1 Pr =0.01
a 0.5276 0.5852 0.6194 0.6478
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¢ 0.6148 0.6556 0.6570 0.6581
cr
I R R-13 R-26 R-28
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CTcr 017
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5
PI[C,,, <0.17] 0.15 0.0 0.0
PI[M;<1.0] 0.2571 0.0386 0.0
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