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This paper investigates on optimization method using POD for machineries associated with fluids. We apply POD
for extracting the critical geometries of machineries. If we limit the design space using the critical geometries, we
can efficiently search high performance geometries. We confirmed an advantage of the POD based method via
two numerical examples. The first example is optimization of wing-section geometry. In this case, we can extract
critical geometries from NACA wing-sections and obtained high performance solutions. The second example is
compressor inlet valve. In this example, we compared the POD based method to genetic algorithm and confirmed
that POD based method is superior to naive genetic algorithm in view of accuracy of optimal solution.
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Prepare high performance geometries.

(Via randam sampling, knowledge or else.)

'
‘ Calculate basis vectors via POD. ‘

N
‘ Cut off high-order basis vectors. ‘

v

‘ Generate new geometries from basis vectors. ‘

W

Find the optimal geometry by
Responce Surface Method.

Fig. 1: Flow chart of the algorithm.
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Given: Vectors v; (i =1,2,...,n).
Find: Orthogonal basis vectors u;

where ’lA)z' =v+ Z?:l AUy

STEPO. Extract average vector; v; = v + v;.
STEPl.Sml/:<v1 vy - vn).

STEP2. Calculate normal eigen vectors a; of VT V.
STEP3. Calculate basis vectors u;

by U; = Zi ;UG-

Fig. 2: Abstract of POD.
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Fig. 3: POD disign space
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(¢) NACA23012, C1, = 0.9011, Cp = 0.00795
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(d) NACA63,-412, Cr, = 0.9681, Cp = 0.0077
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(e) NACAG64,-412, Cy, = 0.8755, Cp, = 0.008
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(f) NACAG65,-212, Cp, = 0.6989, Cp = 0.00747

Fig. 4: Original geometries.
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Fig. 5: Average vector and 1-4th basis vectors.
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Fig. 6: Wing section; Norms of basis vectors.
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(a) Selected optimal solution.
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(b) Katsui and Tomita wing-section (adjusted).

Fig. 8: Geometries of optimal solutions.

Tab. 1: Comparison of optimal solutions

POD | Katsui and Tomita (adjusted)
CL 1.2859 1.2944
Cp 0.00707 0.01302
CL/Cp | 181.90 99.42
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Fig. 9: Geometry model and parameters.
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Fig. 10: Valve: Norms of basis vectors.
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Tab. 2: Pressure loss coefficient.

POD + RSM | GA + RSM (without POD)

¢ 25.6 27.3

Tab. 3: Property of GA.

WAL | 36
AL 20
A SR 0.5

ZERIE A | 0.1

RSM % | 0.5
WEHEE | 720
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