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Module	2	

Advective	Transport

2.0	How	are	heat,	mass	and	momentum	transported?
2.1	Advective	transport	of	mass	and	integral	mass	balance	
2.2	Advective	transport	of	momentum	and	integral	momentum	balance
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Objectives of this module:

• To apply the conservation of mass equation to balance the incoming and outgoing flow 
rates in a flow system

• To apply the conservation of momentum equation to calculate the forces acting in a flow 
system
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2.1.	Advective	transport	of	mass	and	integral	mass	balance	

𝑀𝑎𝑠𝑠	𝑓𝑙𝑜𝑤	𝑟𝑎𝑡𝑒	𝒎̇ 	=
𝑚𝑎𝑠𝑠	𝑜𝑓	𝑓𝑙𝑢𝑖𝑑

𝑡𝑖𝑚𝑒
= 𝜌𝑄 = 𝜌𝐴𝑣

𝑔
𝑠

𝐾𝑔
𝑚𝑖𝑛

From MODULE 1: CONSERVATION OF MASS and MASS FLOW

𝑚̇! 𝑚̇"

𝐴! 𝐴"

𝑚̇!= 𝑚̇"
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A1

A2

A3

𝑣!,#$%

𝑣&,#$%

𝑣',#$%

𝑚̇! = 𝑚̇" +	𝑚̇#

45º

x

y

Data: water at 20ºC (assume r=const) flowing in the directions 
indicated by the arrows
A1 = A2 = 0.1 m2 ; A3 = 0.06 m2 

P1 = 1.5 bar
𝑚̇!= 50 Kg s-1, 𝑚̇"= 30 Kg s-1

Question: what is the average velocity of the fluid moving in the 
x-direction?
i.e. what is 𝑣#,%,&'(?

𝑚̇# = 20 Kg s−1

𝑚̇# = 20 Kg s−1 = 𝜌𝑣#,%&'𝐴#

= 0.2364	𝑚	𝑠(! 

2.1.	Advective	transport	of	mass	and	integral	mass	balance	
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2.1.	Advective	transport	of	mass	and	integral	mass	balance	

𝑚̇!

𝐴

:𝒗

The mass flow rate is a scalar product!

𝒎̇ 	= 𝜌𝐴 < 	 𝑣̅

𝐴

:𝒗
𝒎̇ 	= 𝜌𝐴 < 	 𝑣̅ = 𝜌𝐴 >𝑛 < 	 𝑣̅𝑚̇!

>𝑛



SIGN CONVENTION

Inlet surface Outlet surface
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2.1.	Advective	transport	of	mass	and	integral	mass	balance	

𝑣! 𝑣"

FLUID



𝑚̇! 𝑚̇"

𝐴! 𝐴"

𝒎̇𝟏 + 𝒎̇𝟐 = 0
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2.1.	Advective	transport	of	mass	and	integral	mass	balance	

−𝜌𝐴!𝒗𝟏 + 𝜌𝐴"𝒗𝟐  = 0

𝜌𝐴' $𝑛 & 𝑣' + 𝜌𝐴! $𝑛 & 𝑣!  = 0

%𝑛 %𝑛

x

y

Mass flow rate inlet + mass flow rate outlet = accumulation rate (which is zero 
because we are at steady state)



At steady-state the mass balance is:

𝑚̇ = 𝑚𝑎𝑠𝑠	𝑓𝑙𝑜𝑤	𝑟𝑎𝑡𝑒 = [𝐾𝑔	𝑠)!]𝑚̇! = 𝑚̇"
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The mass transport by advection over the area dA 

𝑚̇ =
𝑑𝑚
𝑑𝑡 = 𝜌 𝜐	 & $n 𝑑Α

%n = 𝑢𝑛𝑖𝑡	𝑣𝑒𝑐𝑡𝑜𝑟	𝑛𝑜𝑟𝑚𝑎𝑙	
𝑡𝑜	𝑡ℎ𝑒	𝑠𝑢𝑟𝑓𝑎𝑐𝑒 = [𝜙]

𝑑𝐴 = 𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑒𝑠𝑖𝑚𝑎𝑙𝑙𝑦 𝑠𝑚𝑎𝑙𝑙
𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 = [𝑚"]

2.1.	Advective	transport	of	mass	and	integral	mass	balance	



𝑚̇! = 𝑚̇" + 𝑚̇#

Data: system flowing water at 20ºC (assume r=const)
A1 = A2 = 0.1 m2 ; A3 = 0.06 m2 

P1 = 1.5 bar
𝑚̇!= 50 Kg s-1, 𝑚̇"= 30 Kg s-1

Question: what is the average velocity of the fluid moving in the 
x-direction?
i.e. what is 𝑣#,%,&'(?

𝑚̇# = 20 Kg s−1
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2.1.	Advective	transport	of	mass	and	integral	mass	balance	
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance

What is momentum?

mass

VELOCITY

MOMENTUM

𝑀 = 𝑚𝑣⃗
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For a fluid flowing in steady state, we can write the momentum flow rate in the 
following way:

𝑭	=
𝒅 𝑴
𝒅𝒕 =

𝒅 𝒎𝒗
𝒅𝒕 = 𝒎̇𝒗 	= 𝜌𝜐Α & 𝒗

From classical physics (Newton’s second law):

𝑀̇ = %&
%'
= % ()

%'
= 𝑚̇ < 𝑣⃗ 	= 𝜌𝜐𝛢 & 𝑣

RELATION BETWEEN MOMENTUM, MOMENTUM FLOW AND FORCES

2.2.	Advective	transport	of	momentum	and	integral	momentum	balance
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𝑣'

𝑣'

2.2.	Advective	transport	of	momentum	and	integral	momentum	balance

𝐹⃗ 	= 𝑚̇ & 𝑣⃗ 	= 𝜌𝜐𝛢 & 𝑣⃗

𝑭 	=𝜮 = 𝟎

Our steady-state momentum balance can 
be finally written as:



14

2.2.	Advective	transport	of	momentum	and	integral	momentum	balance

DEFINITION OF THE CONTROL VOLUMEcontrol 
volume

control 
volume

control 
volume
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance

Note: in this course, unless explicitly asked, we will neglect gravity
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance
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Exercize

2.2.	Advective	transport	of	momentum	and	integral	momentum	balance



(we have done this before)
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance



For pressure we always apply Bernoulli
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance

𝐹+,-,, = 6373 𝑁



no component along x
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance



F1 F2

What is the relations between F1 and F2? Which is greater?

a
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2.2.	Advective	transport	of	momentum	and	integral	momentum	balance
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Recap: Macroscopic Fluid Mechanics

1) Conservation of Energy (energy balance) 𝒅𝑬
𝒅𝒕
= 𝟎

2) Conservation of Mass (mass balance) 𝒅𝒎
𝒅𝒕
= 𝟎

3) Conservation of Momentum (momentum balance) 𝒅𝑴
𝒅𝒕
= 𝟎

   

𝑃!
𝜌𝑔 

+ ℎ! +
𝑣!"

2𝑔 +𝐻* =
𝑃"
𝜌𝑔 

+ ℎ" +
𝑣""

2𝑔 + 𝐻+Bernoulli’s Equation

𝐹⃗ 	=𝛴 = 0

Consider a fluid consisting of a given set of particles with a total mass m, total momentum M 
and total energy E (E = internal + kinetic + potential) flowing through a pipe in steady-state 
flow, it will obey the following basic laws:


