
Mass Balance



Mass balance for flow system

• For flow problem, apply mass conservation over all 
the system or part of it.

input = output + accumulation

• In case of flow problems, we usually deal with flow 
rates and steady state condition,



Look to the following flow system

Avg velocity

Mass Balance:

Check units

Note: 
Mass velocity or mass flux G

G =   with units   kg/s m2

Fig. 1



Control Volume

Note:
In most problems the control surface is taken as the wall of the 

conduit.

Fig. 2



Mass balance Eq. over a control 
volume

………………………….( 1)



Assume a general control volume as shown below, and focus 
on a differential element dA.

Fig. 3



Rate of accumulation

………………………….(2)

………………………….(3)

Substituting Eq.s (2) and (3) into (1) leads to general form of overall mass 
balance. 

Scalar or dot product
(v .n) = v  n cos

=  . 1 cos =  cos

 = mass 
velocity G ‘flux’



• Apply this eq. to Fig. 2

………………………….(4)

(4)

………………………….(5)

(3) And (4) becomes
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Notes: material balance can be 
done over species or components

out in

accu
mulat

ion

gener
ation

i means component i in 
multicomponent 
system

………………….(5a)





Example 1



Solution

r
dr

and  in above equation and integrating

R



• Apply the principle of energy conservation to the 
control volume in the same manner as mass 
conservation. Begin with 1st law of Thermodynamics



Energy E

potential Kinetic internal

………………………….(6)



Notes:
#

#

#

#

#

#

………………………….(7)

The mass added or removed from the system carries internal, kinetic, and 
potential energy. 

In addition, energy is transferred when mass flows into and out of the control volume.



………………………….(8)

(8) And (7) into (6)

………………………….(9)



Consider the following figure 4 with the following assumptions:

• Steady-state system. 

• Single inlet and outlet.

• Ignore inlet a and exit height z, density  and enthalpy H 
variations. Eq. 9 becomes

• 1-d flow cross fcross the boundary.

Figure 4



To determine the overall energy balance for 
the common system shown in figure 4, we 
can consider the following: since the angle 
between the velocity vector and unit normal 
vector is α = 0 and since the accumulation 
term is 0 at steady state, Eq. 9 can be 
reduced to

………………………….(9)



………………………….(9)

………………………(10)

Eq. 10 can be rewritten as

………………………(10)



Note: Kinetic energy term

Assume  = cons. And set cos  = 1.

………………………(11)

(11) becomes

………………………(12)
(12) becomes per unit mass

………………………(13)



………………………(14)



For laminar regime

• Combine                   and                                 gives

• Substitute in eq. 14 and noting that A = R2 and dA
= r dr d

• On integration and rearrangement

Rdrr



  becomes

(10) is 0.5

Note: for turbulent flow  is taken 1 for details see the text.



Example

4

Fig. 4 



Solution

• Hence the total mass bal. eq. becomes:

…………………(a)



• Now, make component bal., bal over salt

• Hence salt bal. eq. becomes {component Bal. Eq.}

• Substitute M from eq.(a) in eq. (b)

• On rearrangement and integration

…………………(b)





Comments 

Overall or macroscopic material (or energy or
momentum) gives an idea about the system from
outside the enclosure.

Therefore, overall balances (material; energy;
momentum) do not tell us the details of what
happens inside the system.

The previous discussion is useful for the next step
“momentum balance and shell momentum
balance’.

 The shell momentum balance will be made in
order to obtain the details of what happens inside
the system.




