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Stirling Simulation Numerical Error

Schematic with Springs and Dampers
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Dual Opposed Convertors

« High Efficiency — Low Mass Space Power
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Whole Engine Simulation
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*Bounded by Walls — No need for
nonreflecting B.C.

eKolmogorov scales fairly large
Steep thermal gradients
*No shocks/subsonic/transitioning

*High-order friendly
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Stability Analysis

Courant (CFL) number,
r=c At/ Ax

Von Neumann number,
V= At/ AX?

Linear Viscous Burger's
Equation
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Compact Scheme 6™ Order in Space

((%tj (814) (ﬁuj U, —u_, U ,—U
o —| +|—|+al—| =a +b—
ox )., \0Ox) ox /)., 2Ax 4Ax

a=1/3,a=14/9,b=1/9

&) (&)=~

a=2/11a=1211b=3/11

Glenn Research Center at Lewis Field




Runge-Kutta 4" Order
R(u)=—cu, + puu_

AY;
u =" +—R"
2

u? =y" +ﬂR
2

u® =u" + AtR?

(1) At (1 (1) 2) | pG)
U = U +Z(R +2R"V+2R"Y +R )
RW :R(u(l)) 2482 :R(u@)) R :R(u(3))

Glenn Research Center at Lewis Field




Current Practice

Implicit 15t or 2"d order in time commercially
1st or 2" order in space implicit
Explicit/implicit 4! order in time academically
Implicit 6" order compact scheme in space
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Compact Scheme Stability Range

 Domain size affects stability since implicit
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Basic UHF Technique

Basi1c Cell
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Derivatives of Cell Averages

Qriginal Cell Profile

Cell Average with First Derivatives
Cell Average with Third Derivatives
Cell Average with Fifth Derivatives
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Burger's Equation
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Efficiency Improves with Accuracy

Third Qrder Accuracy
Fifth Qrder Accuracy
SEE e Seventh Qrder Accuracy
Ninth Qrder Accuracy
Elevanth Qrder Accuracy
o o e o 0 Thirteenth Order Accuracy
Fifteen Qrder Accuracy
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Computational Domain Schematic

Glenn Research Center at Lewis Field




Amplification Factor Comparison
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UHF Stability Range

Unstable Region
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Overview of Segregated Solution

Update properties.
Solve momentum equations.

Solve pressure-correction (continuity) equation.
Update pressure, face mass flow rate.

Solve energy, species, turbulence, and other
scalar equations.

Converged? I—I"' Stop
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Heat Transfer Test
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Comparison of Commercial & Advanced

Exact Solution
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Commercial Comparison

Exact Solution
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Turbulence Transition Efficiency
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Points per Kolmogorov Wavelength

7-Point DRP
QOptimized Compact
Explict 6th Qrder
Compact 6th Qrder
UHF 19th Qrder
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Wave Equation Amplification

Zero Derivatives
First Derivatives
Second Derivatives
Third Derivatives
Fourth Derivatives
Fifth Derivatives
Sixth Derivatives
Seventh Derteatives
Eighth Derivatives
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Aliased Frequency Amplification
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Conclusions

Low Reynold’s number, wall bounded flow
allows economical use of large eddy
simulation for turbulent transition modeling

UHF and Compact comparable at conjugate
heat transfer

UHF much better for turbulence modeling

Modern methods much more efficient than
those currently available commercially
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Amplification Factor
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Exact Solution
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Exact Solution
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