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ARTICLE INFORMATION ABSTRACT

One of the interesting and practical problems in thermo-fluid sciences refers to finding the shape of a
boundary on which a specific distribution of pressure, temperature or heat flux is known. Because
solving such problems using experimental, semi-experimental and analytical methods is time-
consuming or even impossible in some practical situations, myriad numerical methods have been
introduced to solve surface shape design (SSD) problems. In all the numerical algorithms, an initial
guess is modified through a numerical process until the desirable distribution of the target variable is
achieved. All the numerical algorithms use three computational tools, i.e. grid generator, flow solver
and shape updater to solve an SSD problem. In most numerical algorithms not only do the three
mentioned tools work separately, but the shape updater is also not derived from the governing
equations. In this article, to solve SSD problems containing convection heat transfer, a new shape
design algorithm called direct design method is presented in which grid generator, flow solver and
shape updater work simultaneously and also the shape updater is directly derived from the governing
equations. Some SSD problems containing convection heat transfer in which instead of the boundary
shape the distribution of the heat flux is known are solved using the proposed algorithm. The obtained
results show the capability of the method in solving SSD problems containing internal convection heat
transfer.
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1- Surface Shape Design (SSD)

226



031) B bl e 9 )35 e

GBI almla sl JUsl Jslue » JSub asiiue a1l

Fig. 1 Computational grid together with different control
volumes.
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Fig. 3 The flowchart of the design algorithm
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Fig. 7 Shape evolution in cylindrical Couette flow problem
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Table 2 Under-relaxation, iteration number and computational

time in cylindrical Couette flow problem at different Reynolds
numbers and on various computational grids
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Fig. 4 Schematic view and boundary conditions in cylindrical
Couette flow
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Fig. 5 Heat flux distributions for initial guess and target
geometries in cylindrical Couette flow problem
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Fig. 10 Convergence history in the nozzle design problem
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time in the nozzle design problem at different Reynolds
numbers and on various computational grids
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Fig. 8 Schematic view and boundary conditions in the nozzle
design problem
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Fig. 14 Convergence history in the concentric annuls design
problem
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Fig. 15 Shape evolution in the concentric annuls design
problem
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Table 4 Under-relaxation, iteration number and computational
time in the concentric annuls design problem at different
Rayleigh numbers and on various computational grids
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Fig. 12 Schematic view and boundary conditions in the
concentric annuls design problem
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Fig. 13 Heat flux distributions for the initial guess and the
target geometry in the concentric annuls design problem
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Fig. 17 Heat flux distributions for the initial guess and the

target geometry in the lid-driven cavity problem
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Fig. 18 Convergence history in the lid-driven cavity problem
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Fig. 19 Shape evolution in the lid-driven cavity problem
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Fig. 16 Schematic view and boundary conditions in the lid-
driven cavity problem
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