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Analysis of Laminar Flows around Submerged Spheres
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Abstract: Three dimensional laminar flows are numerically simulated around the
submerged spheres. The finite volume based Navier-Stokes equations with unstructured
grids are solved to make clear the hydrodynamic phenomena near and far away from
the body. Reviews are made on with the vorticity, velocity, dynamic pressure, residuals,
drags, etc. The Reynolds numbers under consideration are 425, 300, 250 and 100. In
case of small spacing between spheres, the flow is more stable than that past a single
sphere. According to the analysis, the flow past two spheres is found to be unstable as
the spacing becomes larger. The rear sphere shows the deduction of stagnation
pressure, which results in the decrease of the resistance. The predicted drag coefficients
verify that the present numerical calculation is reasonable.
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(c) Grid generation (I/d=1)

Figure 1: Grid generation view
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(a) 1/d=0.5

(c) 1/d=3.0
Figure 2: Residuals for convergence test, Re=300
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(b) d/1=1.0
Figure 3: Velocity vectors, Re=100
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(a) Re=100 (b) Re=250 (c) Re=300 (d) Re=425
Figure 4: Dynamic pressure, Single sphere
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(a) single sphere (b) 1/d=0.5 (c) 1/d=1.0 (d) 1/d=3.0
Figure S: Dynamic pressure, Re=100
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(a) single sphere (b) 1/d=0.5 (c) 1/d=1.0 (d) 1/d=3.0
Figure 6: Dynamic pressure, Re=425
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(a) single sphere (b) 1/d=0.5 (c) 1/d=3.0
Figure 7: Vorticity contour, Re=100

0.070, 0.656 °lu} <& A4k 0.071, 0.657 oItk FoATh. H3F 12 ZhA0] el dolss o
(8) (9] A9 Re=30091A ztzt 0.656, et #5789l @4l HEAd vehds & 5 AU
0.671 & & A%kt Ao dAstglnt. FAA ;] ¥l o T Abole] zbAe] A5 w T ol H]st
aell ojehl £ FAFA Y] B dFHAGL # L8y HHE FEAde Bl FUT FYAF
G FHASE BE, SEAF, AR 7A 9 AAE B d7det vlusided Ao o3t
A gholoh. 7h 71l 2 AR B S A5 5 A
o A AR RS A5UAHY S5 T
4.4 B A = AT 4HHA HEo] HAAFLL ko]
FAHA G Fokel WG 7 Afolel fEEAel  10° 2 £AH0R SR FHANT. IR,
thetel AESGTE Wl e HolsE Fol tete]  BHEZ SEME S5 7PN 249 A3 T A
AT AH 7 Aol Hojn pAe e 3 olf] Al A W fEAY FhsA
A @4 WIHANAT DA mE o) Hel  HEHT

Famtd A Yol g3« #3448 A8=, 2010. 11 / 1097



88

(a) Single sphere

(b) 1/d=0.5

(c) 1/d=3.0
Figure 8: Vorticity contour, Re=425
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