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Introduction

[Zachary Adams, 2013]
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𝑇 = න
𝑆

𝜌𝑉 𝑉 ∙ 𝑛 𝑑𝐴

𝑇 = − 𝜌0𝑉0𝐴0 𝑉0 + 𝜌3𝑉3𝐴3 𝑉3

𝑇 = ሶ𝑚 𝑉3 − 𝑉0

[McCormick, 1979]
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Preliminaries

T = ሶ𝑚 𝑉3 − 𝑉0

𝑃 = 𝑇 ∙ 𝑉𝑑𝑖𝑠𝑘 = ሶ𝑚 𝑉3 − 𝑉0 𝑉𝑑𝑖𝑠𝑘

𝑃 =
1

2
ሶ𝑚 𝑉3

2 −
1

2
ሶ𝑚 𝑉0

2 = ሶ𝑚 𝑉3 − 𝑉0
𝑉3 + 𝑉0

2

𝑉𝑑𝑖𝑠𝑘 =
𝑉3 + 𝑉0

2
𝜌
𝑉𝑖
2

2
+ 𝑝𝑖 = 𝑐𝑜𝑛𝑠𝑡.

𝑇 =
1

2
𝜌𝐴 𝑉3 + 𝑉0 𝑉3 − 𝑉0 =

1

2
𝜌𝐴 𝑉3

2 − 𝑉0
2

[Kerrebrock, 1980]
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𝑇 = 2𝜌𝐴 𝑤0 + Δ𝑤 Δ𝑤

Δ𝑤 =
𝑇

2𝜌𝐴

𝑇 = 𝐴 𝑝2 − 𝑝1

𝑝2 − 𝑝1 =
1

2
𝜌 𝑤9

2 −𝑤0
2
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Analytic Model

𝑤 =
𝑤0 + 2∆𝑤𝑢

sin Ψ

ℎ𝑜𝑣. 2∆𝑤𝑢

sin Ψ

𝑇𝑢 =
1

2
𝜌𝐴 𝑤2 − 𝑤0

2
ℎ𝑜𝑣.

∆𝑤𝑢 =
𝑇𝑢 sin Ψ 2

2𝜌𝐴

𝑇𝑙 = 2𝜌𝐴∆𝑤𝑙 𝑤2 + 2𝑤∆𝑤𝑙 sin Ψ + ∆𝑤𝑙
2

[Adapted from Moble Benedict, 2010]

Stream tube
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Numerical Root Finding

Fixed-point Iteration

Δ𝑤𝑘+1 = Δ𝑤𝑘 + 𝑓1
−1 𝑇 Δ𝑤𝑘 − Δ𝑤𝑘 𝛼𝑇

𝑇𝑢 Δ𝑤 = 𝑓1 Δ𝑤 = 2𝜌𝐴 Δ𝑤 2 sin𝜓 2

𝑇𝑢 Δ𝑤 = 𝑓2 Δ𝑤,𝜔, 𝑅, 𝑐,
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Video: https://youtu.be/OgB75iy1_sY

https://youtu.be/OgB75iy1_sY
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• Analytic model programmed using actuator disks in series

• Analytic equations solved with iterative methods

• Analytic model is validated using CFD and experimental results

• Genetic algorithm converged onto an optimal function with increased efficiency
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Stream Tube Extrapolation
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Computational Optimization

𝜖 = 𝑇0 − 𝑇ℎ = 𝛼ℎ𝑝



Genetic Algorithm
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