
Fluid Mechanics
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Flow Visualizations

Streamline:

~∇× u = 0
z=0︷ ︸︸ ︷
=⇒ δy

δx
=
v

u

Pathline: {
x = xp(t),

δxp
δt = u(x, t)

y = yp(t),
δyp
δt = v(y, t)

Streakline:
Shows the history of the flow. Start at t = 0 and
work it out step by step.

Hydrostatics

dFp = ~∇(dxdydz)

−~∇+ ρg = 0 =⇒ δP

δz
= −ρg

Pbottom = Ptop +
∑
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∑
up

γjhj
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Submerged Gate Procedure

1. Determine hc from surface of fluid ‖ ~g

2. Calculate Pc
Pc = ρghc

3. Determine FR acting on the gate where ycp⊥~y

FR = PcAgate

4. Determine yc along ~y

5. Determine ycp along ~y

ycp = yc +
Ī

ycAgate

6. Sum torques in a useful way

Στuseful location = 0

Reynold’s Transport Theorem
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Euler’s Equation
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(P + γz) = ρ
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• Incompressible

• Fluid accelerates in direction of decreasing piezo-
metric head

Bernouli’s Equations
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γ
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2r2

2g
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• Steady flow OR Solid body rotation

• Incompressible

• Applied on a streamline
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α = 1(uniform) α = 2(parabolic) α ≈ 1(turbulent)
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Grade Lines
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Head Loss and Friction
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)
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f =⇒ look at Moody diagram

Colebrook Equation
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)
Swamee and Jain Equation
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Dimensionless Terms

Re =
inertia forces

viscous forces
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Flow Similarity

1. Geometric Similarity (scale model)

2. Kinematic Similarity (streamlines/velocity
field match)

3. Dynamic Similarity (non-dimensional terms
are equal)

Boundary Layers
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Laminar BL
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Transition BL Zone

105 < Re < 106

Tripped BL
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Turbulent BL
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Drag and Lift

Γ =

∮
uldl

FL =

∫
[−Psin(θ)− τcos(θ)]dA

FD =

∫
[−Pcos(θ) + τsin(θ)]dA

Kutta Condition

The amount of circulation required to match real-
ity with inviscid theory

Γ = πcu0α CL = 2πα

FL = ρu2
0πlα

Figure 1: Moody Diagram
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