
The equation ∇²p = -ρ[∇ ⋅ ((u ⋅ ∇)u) - ∇ ⋅ f] describes the pressure (p) in a fluid, relating it to 
density (ρ), velocity (u), and another vector field (f). Specifically, the Laplacian of pressure (∇²p) 
is proportional to the negative density multiplied by the divergence of the convective 
acceleration term, which is ((u ⋅ ∇)u), and the divergence of the force field (∇ ⋅ f). This 
equation is a form of the Poisson equation derived from fluid dynamics, and it relates the 
pressure distribution to the fluid's flow and external forces. [1, 2, 3, 4, 5, 6, 7, 8] 
 
Understanding the Terms 

●​ ∇²p (Laplacian of pressure): This is the second-order differential operator that 
measures the local deviation of the pressure from its average value in the surrounding 
region. In simpler terms, it tells you how much the pressure is curving or changing around 
a point. [1, 9, 10, 11, 12] 

●​ ρ (Density): This is the mass per unit volume of the fluid. [1, 13] 
●​ ∇ ⋅ ((u ⋅ ∇)u) (Divergence of convective acceleration): 

○​ u: The velocity vector field of the fluid. [1, 14, 15] 
○​ u ⋅ ∇: This is a scalar operator that acts on other quantities. When applied to u, it 

represents the directional derivative of the velocity, effectively describing how the 
velocity changes in the direction of its own flow. [1, 3, 16, 17, 18, 19] 

○​ (u ⋅ ∇)u: This is the convective acceleration term, which represents the rate of 
change of velocity due to the fluid moving from one point to another. [2, 3, 20, 21, 
22] 

○​ ∇ ⋅ (u ⋅ ∇)u: This is the divergence of the convective acceleration, indicating how 
the fluid's motion is expanding or contracting at a point due to its own movement. 
[2, 3] 

​
 

●​ ∇ ⋅ f (Divergence of force field): This is the divergence of an external force field 'f', 
which represents the net outflow of the force from a given volume. [1, 3, 23] 

 
Context and Significance 
 
This equation is a variation of the Poisson equation, often used in fluid dynamics, and can be 
derived from the Navier-Stokes equations. It highlights how pressure gradients are influenced 
by the fluid's inertia (through the convective acceleration) and any external body forces acting 
on it. [2, 3, 24, 25, 26] 
 
In essence, the equation shows that any changes in pressure (∇²p) are balanced by the 
density-scaled change in acceleration, taking into account both the fluid's own movement and 
external forces. [1, 3, 27] 
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