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Could read some history before 
you go… and then explore

• The Monarchy is a special institution to the 
people of Great Britain 

• or at least England…. 

• Kensington Palace is in your neighborhood 

• Childhood home of Queen Victoria 

• Plenty of “videos” and “movies” to get info 
about her



Kensington Palace

• Queen Victoria’s childhood home





Imperial Flowsheet



Pipes!



Pipes



Pumping fluids
• Blowers and compressors are used for gases 

• For low and moderate viscosity liquids, low to very high volumetric 
flow rates… 

• Centrifugal pumps are most common. 

• Imperial is a special case… they use mostly positive 
displacement pumps with direct motor drive. 

• The other key word is “positive displacement” 

• This means that specific volumes of fluid are forced through the 
pump/compressor/blower (with no back flow) so that the flow rate 
must be controlled by the speed of the motor/driving coupling.



Centrifugal pump

• Not positive 
displacement.  A valve 
at the outlet can control 
the flowrate. 

• These can be 
throttled down quite 
a bit without causing 
any damage.

Pump Curves



Direct Drive positive displacement pumps



“Blower”
• Gases are pumped using blowers and 

compressors 

• Imperial has a “lobe” blower for the N2 recycle.   

• Blowers usually provide some modest increase 
in pressure, but handle large volumes of air 
efficiently 
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Compressor
• Compressors usually provide some 

“ratio” increase in pressure.   

• Hence the power requirements are 
significant 

• Come in all sizes 

• Reciprocating compressors are generally 
used for smaller scale flows (<50 HP) 

• Imperial Compressor is a single-stage 
(“piston”) reciprocating compressor



Pistons on top



Pipes
• Standard sizes of fabrication 

• “schedule”… relates to wall 
thickness 

• Chose material for appropriate 
compatibility 

• 304 Stainless is fine for MEA



Chemical Compatibility



Pipe fittings



Welded joints/Bolted Flanges



Pipe threads



How big should the pump be?



Engineering Tradeoff
• Capital costs 

• Operating Costs 

• “Optimal pipe diameter” is a classic problem  

• For engineers and 

• It is evident in your circulatory system!



“Regimes of Pipe Flow”
• “Laminar” 

• Straight streamlines 

• “Turbulent” 

• Irregularity of the flow causes increased 
pressure drop 

• “You” don’t get to choose.  The system and 
conditions determine which will occur!



Dye Streak Experiment



Photo taken at Notre Dame, presumably in a building that used to be SSW of Jordan Hall. 



Fast flow past a cylinder



Boundary-Layer must be very thin and viscous effects 
confined to region close to surface



boundary-layer separation 
and “reattachment”



How to characterize pipe flow



Two dimensionless parameters
Reynolds number
Friction factor

Essentially all process flows are turbulent
So that the velocity profile is relatively flat



Laminar and turbulent pipe flow

From:  M. M. Denn, Process Fluid Mechanics
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Typical homework problem would be something 
like you have 10 GPM of water flowing in a 1-in 
schedule 40 pipe.  What is the Reynolds 
number?  What is the pressure drop?  What is 
the power necessary for pumping this?



Friction factor — Reynolds number chart



Imperial Lab



Schematic
• You calibrate 

by weighing 
oil collected in 
tank. 

• Then you 
collect data 
from the 
pressure 
transducers 
as a function 
of flow rates
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Experimental 
 
Materials 
The experimental setup is shown below in Figure 3. The apparatus consisted of a circuit through 
which Shell Tellus 22 oil was circulated continuously by a gear pump. The oil used had a high 
enough viscosity such that the flow was almost entirely laminar. The fluid was drawn from the 
reservoir and transported through the lower horizontal pipe to the Perspex splitting chamber. 
Here, the oil passed through a parabolic bell mouth into the upper horizontal pipe where pressure 
and temperature measurements were taken. Smoothing screens in the Plexiglas settling chamber 
ensured that the oil entered the pipe smoothly. The upper horizontal pipe had smooth walls made 
of brass with a total length of 6.1 m and a diameter of 0.019 m. 
 

 
Figure 3: Schematic Design of Apparatus used in Pipe Flow Experiment 

 
To measure the pressure gradient along the pipe, there were 19 transducers attached along the 
length of the upper horizontal pipe. The second transducer measured pressure across the cross-
section of the pipe, allowing the determination of the velocity profile. When exiting the pipe, the 
oil passed through a Perspex deflector on its way to the weighing tank, and the flow of fluid 
exiting the pipe was directly visualized. This allowed qualitative observation of the flow type – 
laminar, transitional, or turbulent. After being weighed on an electronic balance, the oil flowed 
back into the reservoir. The flow rate was varied using a bypass valve that had adjustable 
percentages of flow restriction – a fully open valve gave the lowest flow rate, and a nearly closed 
valve gave the highest flow rate. A stop clock was used for the manual measurement of time. 



Experiment data
• Pressure readings at all of the transducers for all 

settings of the pump speed (flowrate) 

• You will see that the pressure varies linearly 
with distance except for the first ~3-4 
transducers— this is the pressure drop 

• Flow will be in laminar region.  You will 
reproduce the friction-factor Reynolds number 
plot and see how well it fits 



Friction factor plot



For a piping system, you would worry about 
     * height change (takes power to pump up!)
     * frictional "losses" that must be overcome
     * any acceleration of fluid


