SOLUTIONS TO PROBLEM SHEET 11 Fluid Dynamics

1. STREAMLINES

(a) Cartesian coordinates:
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(b) Cylindrical polar coordinates:
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(¢) Cylindrical polar coordinates:
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Here only tangential component important, dependent on

2. VORTICITY AND DIVERGENCE

Vorticity:
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Divergence:

(b) Vorticity (r # 0):

Vorticity (r = 0):
Gauss theorem:
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Divergence (r # 0):

Divergence (r = 0): From Gauss theorem:

divdl,_, #0
(¢) Vorticity (r # 0):
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Vorticity (r = 0):
Divergence (r # 0):
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3. DIVERGENCE, DEFORMATION AND VORTICITY

(a) Vorticity
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Line between positive and negative vorticity: LNV R RN
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Flow field with isolines of
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(b) Divergence
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Lines with constant divergence: C =2 (x +y + a)
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Line between positive and negative
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(¢) Deformation
Def =
(Def)2 =

Circle with centre in (a,0)

4. DIVERGENCE
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divergence:
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Flow field with isolines of
divergence

(cz-y+0)+@-y-a))

8 ((xfa)2 +y2) = R?

Continuity equation:

e Ap positive (compression):
= div p negative (convergence)

e Ap negative (dilatation):
= div p positive (divergence)
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