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Introduction to Transport Phenomena: Solutions Module 2 

 
 

Solution 2.1 

We can apply the mass balance between point 1 and point 2 : 

𝑚̇# = 𝑚̇% 
 

𝜌#𝑣#,)*+𝐴# = 	𝜌%𝑣%,)*+𝐴% 
 

                                                      Therefore      𝑣%,)*+ =
./*/,0123/

.434
= ./5

.434
 

 

Here we have 𝐴#, 𝐴%,	𝑄	but we need that 𝜌%  

It is given that 𝜌# = 1.17 :+
;< at 𝑝# = 1.25𝑏𝑎𝑟  

QUESTION: Why we cannot apply the continuity equation from Module 1? Which assumption is not 
valid for gases? 

Considering that we are dealing with a perfect gas in an isothermal system, we can write that : 

𝑝#𝑉# = 𝑝%𝑉%(= 𝑛𝑅𝑇) 

𝑝#
𝑚#

𝜌#
= 𝑝%

𝑚%

𝜌%
			 

                     because  𝑚# = 𝑚%                     
𝑝1
𝜌1
= 𝑝2

𝜌2
			 

  
                     thus :                                       𝜌% = 𝜌#

I4
I/
			 

 

If we substitute in the equation above, we obtain 

𝒗𝟐,𝒂𝒗𝒈 =
𝒑𝟏𝑸
𝒑𝟐𝑨𝟐

= 𝟗. 𝟑𝟕	𝒎/𝒔 
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Solution 2.2 

a) To know the pressure we apply Bernoulli’s along a stream line between point 1 and point 2. We 
consider   ℎ# = ℎ% 

𝑝# +
1
2
𝜌𝑣#% = 𝑝% +  

1
2
𝜌𝑣%% 

The velocities can be derived from the flow rate 

𝑣# =
𝑄
𝐴#

= 7.96
𝑚
𝑠

 

𝑣% =
𝑄
𝐴%

= 56.6
𝑚
𝑠

 

It is given that 𝑃% = 1	𝑎𝑡𝑚 

Substituting the values     𝒑𝟏 = 𝑝% +
#
%
𝜌	(𝑣%% − 𝑣#%) = 10a + #

%
1000	(56.6% − 7.96%) = 𝟏𝟔.𝟕	𝒃𝒂𝒓	 

Because one of the two pressures is atmospheric, we can decide to express the pressure values as 
gauge pressure. This is a good idea everytime one of the two pressures is atmospheric.  

𝑃%,+)e+f = 0 

𝑷𝟏,𝒈𝒂𝒖𝒈𝒆 = 𝟏𝟓.𝟕	𝒃𝒂𝒓 

 

b) To calculate the force applied by the fluid on the control volume we apply the momentum 
balance 

 

 

 

Projecting along the flow direction x (Remember the sign convention of the vector normal to the 
surface ! Module 2, slide 5): 

𝐹lmn + 𝑝#𝐴# − 𝑝%𝐴% = −𝜌𝑣#%𝐴# + 𝜌𝑣%%𝐴% 

If we use gauge pressure, we can eliminate 𝑝% 

𝐹lmn = 𝜌(𝑣%%𝐴% − 𝑣#%𝐴#) − 𝑝#,+)e+f𝐴#
= 1000 × (56.6% × 7.07 × 10pq − 7.96% × 5.03 × 10ps)
− 15.7 × 10a × 5.03 × 10ps = −5956	𝑁 

This is the force of the screw on the water. Thus, the force from the water on the screw is −𝐹lmn =
5956	𝑁 
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Some of you may wonder, what if we were using the absolute pressure instead of the gauge 
pressure ? Here the answer! 

𝐹lmn = 𝜌(𝑣%%𝐴% − 𝑣#%𝐴#) − 𝑝#𝐴# + 𝑝%𝐴%∗  

 

Which area 𝐴%∗  should we consider ? The interesting phenomenon here, is that the atmospheric 
pressure p2 acts on the entire control volume as shown in the figure below. 

 

 

 

Hence we need to consider an area A2
* for the atmospheric pressure P2 and not just A2. Due to the 

irregular shape of the control volume, P2 is acting on every elemental area in a different direction. 

So the total contribution to the force from p2 = 

v𝑝% . 𝑑𝐴%∗  

Despite the shape of the control volume being complicated, we can see that the y and z components 
of the atmospheric pressure on the control volume will cancel out. The x component is the only one 
we need to calculate. 

Hence, the integration turns out to be 

𝑝%v 𝑑𝐴%∗
m

 

 

Interestingly the x component of A2
* happens to be A1! So we get exactly the same expression as 

using the gauge pressure. 

𝐹lmn = 𝜌(𝑣%%𝐴% − 𝑣#%𝐴#) − 𝑝#𝐴# + 𝑝%𝐴# = (𝑣%%𝐴% − 𝑣#%𝐴#) − 𝑝#𝐴# + 𝑝%𝐴#
= (𝑣%%𝐴% − 𝑣#%𝐴#) − (𝑝# − 𝑝%)𝐴#
= 1000 × (56.6% × 7.07 × 10pq − 7.96% × 5.03 × 10ps)
− 15.7 × 10a × 5.03 × 10ps = −5956	𝑁 
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Solution 2.3 

Based on the definition of pressure head, we start by converting the pressure drop in standard 
units : 
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Solution 2.4 

 

 

 

 

 

 

 

 

 

 

 

 


