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Fluid Properties 

• In three-dimensional incompressible third flow, the velocity components in xand y-directions are: u = x2 + y2z3; v = – (xy + yz + zx) Use 
continuity equation to evaluate an expression for the velocity component w in the z-direction.
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Fluid Properties 

• The velocity components in x and y directions are given as u = 2xy3/3 –x2y andv = xy2 – 2yx3/3. Indicate whether the given velocity 
distribution is: (i) A possible field of flow; (ii) Not a possible field of flow
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Fluid Properties 

• A two-dimensional incompressible flow in cylindrical polar coordinates is givenby: vr = 2r sin θ cos θ; vθ = – 2r sin2θ,  Determine whether 
these velocity components represent a physically possible flow field 
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CIRCULATION AND VORTICITY
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Let us consider a closed curve in a twodimensional flow field shown in Fig. 

5.18; the curve being cut by the stream lines. Let P be the point of 

intersection of the curve with one stream line, θ be the angle which the 

stream line makes with the curve. The component of velocity along the 

closed curve at the point of intersection is equal to V cos θ. Circulation Γ is

defined mathematically as the line integral of the tangential velocity about a 

closed path (contour). Thus,

where, V = Velocity in the flow field at the element ds, and

θ = Angle between V and tangent to the path (in the positive anticlockwise 

directionalong the path) at that point

Circulation around regular curves can be obtained by integration. Let us 

consider the circulation around an elementary box (fluid element ABCD) 

shown in Fig. Starting from A and proceeding anticlockwise, we have:



Fluid Properties 
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The motion is described as irrotational

when the components of rotation or vorticity 

are ‘zero’

throughout certain portion of the fluid.

When torque is applied to the fluid particle it 

will give rise to rotation; the torque is due to

shear stress. Therefore, the rotation of fluid 

particle will always be associated with 

shear stress. As

the shear stresses, in turn, depend upon 

the viscosity, the rotational flow occurs 

where the viscosity

effects are predominant. However, in the 

cases where the viscosity effects are small, 

the flow is

sometimes assumed to be irrotational.


