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Previous Works…

• SIMPLE 알고리즘의 pressure under-relaxation 순서

• Rhie-Chow Interpolation

• Non-orthogonal correction

• 계산초기의난류값및난류점성계수제한

• 난류생성항선형화방법

• 복합열유동해석시유체/고체경계면의열전달경계조건

• 중력에의한생성항처리방법

• Operating Pressure

• 운동량보존방정식의압력구배항이산화방법
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Present Interest

• Steady, Unsteady 솔버간의일관성

– Steady 문제해석시동일한해

– Under-relaxation

– Time-step size
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간단한문제…

• Laminar flow around a circular cylinder (Re=25)
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간단한문제…

• Grid
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Under-relaxation factor의영향 -

• 운동량보존방정식의 under-relaxation factor에따른수렴성비교
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Under-relaxation factor의영향 -

• 항력계수
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30년전…

• S. Majumdar, Role of Underrelaxation in Momentum Interpolation for 

Calculation of Flow with Nonstaggered Grids, Numer. Heat Transfer, vol. 13, 

pp. 125-132, 1988.

• T. F. Miller and F. W. Schmidt, Use of a Pressure-Weighted Interpolation 

Method for the Solution of Incompressible Navier-Stokes Equations on a Non-

Staggered Grid System, Numer. Heat Transfer, vol. 14, pp. 213-233, 1988.

• M. H. Kobayashi and J. C. F. Pereira, Numerical Comparison of Momentum 

Interpolation Methods and Pressure-Velocity Algorithm Using Nonstaggered

Grids, Commun. Appl. Numer. Meth., vol. 7, pp. 173-196, 1991.
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Face Flux in 

• Cell 중심에서의속도에대한표현

𝑈𝑃 =
𝐻 𝑈

𝑎𝑃
−
𝑉𝑃
𝑎𝑃

𝛻𝑝 𝑃

– Cell 𝑃에대해서이산화한운동량보존방정식에서유도

• Pseudo-Velocity

 𝑈𝑃 =
𝐻 𝑈

𝑎𝑃

• Pseudo-Face Flux

 𝜙 =  𝑆𝑓 ∙  𝑈𝑓
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Face Flux in 

• How to evaluate  𝑈𝑓

– Interpolation

 𝑈𝑓 ≈  𝑈𝑃 𝑓
=

𝐻 𝑈

𝑎𝑃
𝑓

• Then, pseudo-face flux:

 𝜙 =  𝑆𝑓 ∙  𝑈𝑓 ≈  𝑆𝑓 ∙
𝐻 𝑈

𝑎𝑃
𝑓
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Consistent pseudo-face flux in 

•
𝐻 𝑈

𝑎𝑃
에포함된항들은?

𝐻 𝑈

𝑎𝑃
=

1

𝑎𝑃
− 

𝑁

𝑎𝑁𝑈𝑁 + 1 − 𝛼𝑈 𝑎𝑃𝑈𝑃
𝑛−1 − 

𝑓

𝑈𝑓
𝑐𝑜𝑟𝑟 + 

𝑓

𝜇𝑒𝑓𝑓 𝑓
 𝑆𝑓 ∙ 𝑘 𝛻𝑈

𝑓

–  𝑓𝑈𝑓
𝑐𝑜𝑟𝑟 : 대류항이산화에따른생성항

–  𝑓 𝜇𝑒𝑓𝑓 𝑓
 𝑆𝑓 ∙ 𝑘 𝛻𝑈

𝑓
: 확산항이산화에따른생성항
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Consistent pseudo-face flux in 

• Pseudo-Face Flux  𝜙 =  𝑆𝑓 ∙  𝑈𝑓

 𝑆𝑓 ∙  𝑈𝑓 ≈  𝑆𝑓 ∙
𝐻 𝑈

𝑎𝑃
𝑓

=  𝑆𝑓 ∙ −
1

𝑎𝑃
 

𝑁

𝑎𝑁𝑈𝑁
𝑓

+ 1 − 𝛼𝑈  𝑆𝑓 ∙ 𝑈𝑃
𝑛−1

𝑓

−  𝑆𝑓 ∙
1

𝑎𝑃
 

𝑓

𝑈𝑓
𝑐𝑜𝑟𝑟

𝑓

+  𝑆𝑓 ∙
1

𝑎𝑃
 

𝑓

𝜇𝑒𝑓𝑓 𝑓
 𝑆𝑓 ∙ 𝑘 𝛻𝑈

𝑓

𝑓
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Consistent pseudo-face flux in 

• Pseudo-Face Flux  𝜙 =  𝑆𝑓 ∙  𝑈𝑓

 𝑆𝑓 ∙  𝑈𝑓 ≈  𝑆𝑓 ∙
𝐻 𝑈

𝑎𝑃
𝑓

=  𝑆𝑓 ∙ −
1

𝑎𝑃
 

𝑁
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𝑓

+ 1 − 𝛼𝑈  𝑆𝑓 ∙ 𝑈𝑃
𝑛−1

𝑓

−  𝑆𝑓 ∙
1

𝑎𝑃
 

𝑓
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𝑓

𝑓
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Consistent pseudo-face flux in 

• Pseudo-Face Flux  𝜙 =  𝑆𝑓 ∙  𝑈𝑓

 𝑆𝑓 ∙  𝑈𝑓 ≈  𝑆𝑓 ∙
𝐻 𝑈

𝑎𝑃
𝑓

=  𝑆𝑓 ∙ −
1

𝑎𝑃
 

𝑁

𝑎𝑁𝑈𝑁
𝑓

+ 1 − 𝛼𝑈 𝜙𝑛−1

−  𝑆𝑓 ∙
1

𝑎𝑃
 

𝑓
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𝑓
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Consistent pseudo-face flux in 

• Correcting Pseudo-Face Flux

 𝑆𝑓 ∙  𝑈𝑓 ≈  𝑆𝑓 ∙
𝐻 𝑈

𝑎𝑃
𝑓

+ (1 − 𝛼𝑈) 𝜙𝑛−1 −  𝑆𝑓 ∙ 𝑈𝑃
𝑛−1

𝑓
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Under-relaxation factor의영향 -

• Consistent pseudo-face flux

• 운동량보존방정식의 under-relaxation factor에따른수렴성비교
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Under-relaxation factor의영향 -

• 항력계수
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Time-step size의영향 -

•
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Time-step size의영향 -

• ddtSchemes : Euler

• 수렴성및항력계수
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대략 20년전…

• S. K. Choi, Note on the Use of Momentum Interpolation Method for Unsteady 

Flows, Numer. Heat Transfer A, vol. 36, pp. 545-550, 1999.

• B. Yu, Y. Kawaguchi, W. Q. Tao, and H. Ozoe, Checkerboard Pressure 

Predictions Due to the Underrelaxation Factor and Time Step Size for a 

Nonstaggered Grid with Momentum Interpolation Method, Numer. Heat 

Transfer B, vol. 41, no. 1, pp. 85-94, 2002.
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Consistent pseudo-face flux in 

•
𝐻 𝑈

𝑎𝑃
에포함된항들은?

𝐻 𝑈

𝑎𝑃

=
1

𝑎𝑃
− 

𝑁

𝑎𝑁𝑈𝑁 + 1 − 𝛼𝑈 𝑎𝑃𝑈𝑃
𝑛−1 +

𝑉𝑃
∆𝑡

𝑈𝑃
𝑜 − 

𝑓

𝑈𝑓
𝑐𝑜𝑟𝑟 + 

𝑓

𝜇𝑒𝑓𝑓 𝑓
 𝑆𝑓 ∙ 𝑘 𝛻𝑈

𝑓
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Consistent pseudo-face flux in 

• Pseudo-Face Flux  𝜙 =  𝑆𝑓 ∙  𝑈𝑓

 𝑆𝑓 ∙  𝑈𝑓 ≈  𝑆𝑓 ∙
𝐻 𝑈

𝑎𝑃
𝑓

=  𝑆𝑓 ∙ −
1

𝑎𝑃
 

𝑁

𝑎𝑁𝑈𝑁
𝑓

+ 1 − 𝛼𝑈  𝑆𝑓 ∙ 𝑈𝑃
𝑛−1

𝑓

+  𝑆𝑓 ∙
1

∆𝑡

𝑉𝑃
𝑎𝑃

𝑈𝑃
𝑜
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Consistent pseudo-face flux in 

• Pseudo-Face Flux  𝜙 =  𝑆𝑓 ∙  𝑈𝑓
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Consistent pseudo-face flux in 

• Pseudo-Face Flux  𝜙 =  𝑆𝑓 ∙  𝑈𝑓

 𝑆𝑓 ∙  𝑈𝑓 ≈  𝑆𝑓 ∙
𝐻 𝑈

𝑎𝑃
𝑓

=  𝑆𝑓 ∙ −
1

𝑎𝑃
 

𝑁

𝑎𝑁𝑈𝑁
𝑓

+ 1 − 𝛼𝑈 𝜙𝑛−1 +
1
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Consistent pseudo-face flux in 

• Correcting Pseudo-Face Flux

 𝑆𝑓 ∙  𝑈𝑓 ≈  𝑆𝑓 ∙
𝐻 𝑈

𝑎𝑃
𝑓

+ 1 − 𝛼𝑈 𝜙𝑛−1 −  𝑆𝑓 ∙ 𝑈𝑃
𝑛−1

𝑓

+
1

∆𝑡

𝑉𝑃
𝑎𝑃 𝑓

𝜙𝑜 −  𝑆𝑓 ∙
1

∆𝑡

𝑉𝑃
𝑎𝑃

𝑈𝑃
𝑜

𝑓
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Consistent pseudo-face flux in 

• in 

 𝑆𝑓 ∙  𝑈𝑓 ≈  𝑆𝑓 ∙
𝐻 𝑈

𝑎𝑃
𝑓

+ 1 − 𝛼𝑈 𝜙𝑛−1 −  𝑆𝑓 ∙ 𝑈𝑃
𝑛−1

𝑓

+𝜙𝑐𝑜𝑒𝑓𝑓

1

∆𝑡

𝑉𝑃
𝑎𝑃 𝑓

𝜙𝑜 −  𝑆𝑓 ∙
1

∆𝑡

𝑉𝑃
𝑎𝑃 𝑓

𝑈𝑃
𝑜

𝑓
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Consistent pseudo-face flux in 

•
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Consistent pseudo-face flux in 

• 개발자의실수?

𝑉𝑃
𝑎𝑃

𝑈𝑃
𝑜

𝑓

≠
𝑉𝑃
𝑎𝑃 𝑓

𝑈𝑃
𝑜

𝑓
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Time-step size의영향 -

• 수렴성및항력계수
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은 steady solver?

• Laminar flow around a circular cylinder (Re=100)
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은 steady solver?

•

•
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은 unsteady solver

• 수렴성
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은 unsteady solver

• 양력계수
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Future Works

• 열전달솔버에적용

• Dynamic Mesh…
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