
28.3.1 https://phys.libretexts.org/@go/page/25565

28.3: Mass Continuity Equation
A set of streamlines for an ideal fluid undergoing steady flow in which there are no sources or sinks for the fluid is shown in Figure
28.3.

Figure 28.3: Set of streamlines for an ideal fluid flow Figure 28.4: Flux Tube associated with set of streamlines

We also show a set of closely separated streamlines that form a flow tube in Figure 28.4 We add to the flow tube two open surface
(end-caps 1 and 2) that are perpendicular to velocity of the fluid, of areas  and , respectively. Because all fluid particles that
enter end-cap 1 must follow their respective streamlines, they must all leave end-cap 2. If the streamlines that form the tube are
sufficiently close together, we can assume that the velocity of the fluid in the vicinity of each end-cap surfaces is uniform.

Figure 28.5: Mass flow through flux tube

Let  denote the speed of the fluid near end-cap 1 and  denote the speed of the fluid near end-cap 2. Let  denote the density of
the fluid near end-cap 1 and  denote the density of the fluid near end-cap 2. The amount of mass that enters and leaves the tube in
a time interval  can be calculated as follows (Figure 28.5): suppose we consider a small volume of space of cross-sectional area 

 and length  near end-cap 1. The mass that enters the tube in time interval  is

In a similar fashion, consider a small volume of space of cross-sectional area  and length  near end-cap 2. The mass
that leaves the tube in the time interval dt is then

An equal amount of mass that enters end-cap 1 in the time interval  must leave end-cap 2 in the same time interval, thus 
. Therefore using Equations (28.3.1) and (28.3.2), we have that . Dividing through by dt

implies that

Equation (28.3.3) generalizes to any cross sectional area A of the thin tube, where the density is , and the speed is v,

Equation (28.3.3) is referred to as the mass continuity equation for steady flow. If we assume the fluid is incompressible, then
Equation (28.3.3) becomes
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=  (steady flow ) ρ1A1v1 ρ2A2v2

ρ

ρAv= constant  (steady flow ) 

=  (incompressable fluid, steady flow ) A1v1 A2v2
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Consider the steady flow of an incompressible with streamlines and closed surface formed by a streamline tube shown in Figure
28.5. According to Equation (28.3.5), when the spacing of the streamlines increases, the speed of the fluid must decrease. Therefore
the speed of the fluid is greater entering end-cap 1 then when it is leaving end-cap 2. When we represent fluid flow by streamlines,
regions in which the streamlines are widely spaced have lower speeds than regions in which the streamlines are closely spaced.

This page titled 28.3: Mass Continuity Equation is shared under a not declared license and was authored, remixed, and/or curated by Peter
Dourmashkin (MIT OpenCourseWare) via source content that was edited to the style and standards of the LibreTexts platform.

https://libretexts.org/
https://phys.libretexts.org/@go/page/25565?pdf
https://phys.libretexts.org/Bookshelves/Classical_Mechanics/Classical_Mechanics_(Dourmashkin)/28%3A_Fluid_Dynamics/28.03%3A_Mass_Continuity_Equation
https://phys.libretexts.org/Bookshelves/Classical_Mechanics/Classical_Mechanics_(Dourmashkin)/28%3A_Fluid_Dynamics/28.03%3A_Mass_Continuity_Equation?no-cache
https://web.mit.edu/physics/people/academic/dourmashkin_peter.html
https://ocw.mit.edu/index.htm
https://ocw.mit.edu/courses/8-01sc-classical-mechanics-fall-2016/

