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The conservation equations – mass
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The conservation equations – mass, cont’d
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The conservation equations – mass, cont’d
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The conservation equations – momentum

Let’s consider x-component if the momentum conservation:
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The conservation equations – momentum, cont’d
• Net forces: (i) Body forces, (ii) Surface forces

• In x-direction, the body force (assuming only gravity) on the CV is

• Surface force:
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The conservation equations – momentum, cont’d
• X-momentum equation:

• Y-momentum equation:

• Z-momentum equation:
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The conservation equations – momentum, cont’d
• Cauchy’s equation:

•𝜎𝑖𝑗 is not one of our primary unknowns.

• Primary unknowns are 𝑉, 𝑃, 𝜌, 𝑇
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Stokes’assumptions for a Newtonian fluid 
•𝜎𝑖𝑗 is at most a linear function of 𝑒𝑖𝑗. [stress is a linear function of strain rate]

• Fluid is isotropic. [independent of direction]

• When 𝑒𝑖𝑗 = 0, 𝜎𝑖𝑗 id non-zero and is equal to −𝑃𝛿𝑖𝑗. [Only normal (hydraulic pressure) stress can exist.]

Wood grain texture (non-isotopic)
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Navier-Stokes Equation
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Navier-Stokes Equation, cont’d

X-momentum equation:
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The conservation equations
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Solving Navier-Stokes Equations
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What assumptions do we typically use?
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Assumptions cancel N-S terms (steady)
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Assumptions cancel N-S terms (fully developed)
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Assumptions cancel N-S terms (2D)



Dr. Abdul Aziz ShuvoME 6125, Oct 25

Assumptions cancel N-S terms (1 component v=w=0)
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Example
• Consider steady, incompressible, laminar flow of a Newtonian fluid in the narrow gap between two infinite

parallel plates (Fig. 9–55). The top plate is moving at speed V, and the bottom plate is stationary. The distance

between these two plates is h, and gravity acts in the negative z-direction. There is no applied pressure other

than hydrostatic pressure due to gravity. Calculate the velocity and pressure fields, and estimate the shear force

per unit area acting on the bottom plate.
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