
Carson – Mechanical Engineering 
 

Carson is a Project Engineer for QB Johnson Manufacturing, 
and he has just received a new assignment. He needs to design a 
“line heater” that a client will use for an oil pipeline. The 
pipeline will handle as much as 32,500 barrels of crude oil a day 
(a barrel is 42 gallons, so that’s a lot of oil), and client wants the 
heater to take the oil from 65o F to 106o F.  
 
Line heaters are common pieces of equipment within the oil and 
gas industry, so this is not the first one that Carson has designed. 
In basic terms, he knows that he will need to run a pipe through 
a bath of hot liquid (water + antifreeze, usually). A heater will 
be put into the bath to make the liquid hot enough to raise the 
temperature of the oil to what the client wants (see Figure 1). 

 
 
“With most of the 
utilities that we make, 
the idea is already there. 
It’s industry standards for 
the most part as far as 
line heaters go. It will 
basically do the same 
thing as every other line 
heater.” 
 
 

Most of the time, engineering is less about coming up with totally new inventions and more about 
applying well-known ideas to create systems for new situations. Each new situation brings along a set 
of new details and complications. In this case, the line heater has to handle a certain amount of fuel 
under certain conditions and raise the temperature a certain amount. The whole system needs to work 
in a specific outdoor place, with all its accompanying weather conditions as well as local safety 
standards (which vary from city to city, state to state, and especially country to country). Oh, and he 
also has to think about how everything will actually be built by the production team. These are the 
kinds of details that make every engineering project both complex and interesting. 
 

“There’s just so much that goes into a project. There are shop standards, weld standards, 
safety codes. Every tiny detail has to be thought out and there has to be a reason for 
everything to be there.” 

Figure 1: The Basic Form of a Line Heater 

1. Based on what you know about the transfer of heat, why does it make sense to put the heater 
and the oil pipe in a “bath” of liquid? 

2. Many people think of engineers as inventors, but how is engineering different from 
inventing? 



Make sure that what you design can actually be built! 
 
“It may seem right on paper. You've looked at it 500 times and then it goes to the shop and 
they go, well, we're missing this, how are we going to do that? For the line heater, we had our 
shell on the outside, and it was all welded up. And then we wanted to put the heater tube in, 
and my plan was to have a half inch weld on the inside and outside. But at that point, the shell 
was all welded together, and we couldn’t get someone inside the shell to do the weld on the 
inside. The weld was there in the drawing, but 
we didn’t have a way to actually do it.” 

 
So, the shop couldn’t actually build what Carson had 
designed… what now? Carson decided to seek the 
expertise of a structural engineer at his company. 
Together, they looked at whether that inside weld 
(which couldn’t be done) was actually needed. To do 
that, they had to analyze all the forces on the structure to 
see how the structure would hold up. From that analysis, 
they found out that the structure would be fine with only 
the outside welds – problem solved!  
 
Things worked out in this case, but one of the skills that 
expert engineers develop over time is a sense of how 
everything they put into their design will end up being 
physically assembled and used. With years of 
experience, they can see – and therefore avoid – 
potential problems that a newer engineer (like Carson) 
won’t always be able to anticipate.  
  

Figure 1 shows the fuel coming in through a single tube, but that’s not actually the way this is done. 
Instead, Carson will have the fuel come in through a “bundle” of smaller tubes. Each one has the 
same basic “U” shape, but there are lots of them, as you can see in the pictures below. 

    

You can’t get someone 
inside this thing to do 

interior welding for 
this part  

3. So far, you’ve probably seen some ways that Carson has used science ideas in his work. But 
engineering requires more than just knowledge of science (or mathematics). Beyond science 
and mathematics, what other knowledge and skills do you see Carson using? 



Controlling the Heater 
“You start your design with the overall physical arrangement, but then you have to design all 
of the instrumentation and how it talks to each other about what it’s doing.” 

 
It’s easy enough to heat something up. It’s not so easy to heat a specific material to a specific 
temperature. Getting the oil to the desired temperature is tricky because the oil won’t always be 
flowing at the same rate. The client has said what the maximum flow rate of the oil will be, but it won’t 
always be running at that maximum rate. Also, this thing is going to be outdoors, and the weather 
conditions can make a big difference as well. The heater shown in Figure 1 can be adjusted, but how 
can you “tune” it so that the outgoing oil will always be at the desired temperature, no matter the 
conditions? That’s the role of the “instrumentation” that Carson mentioned above. 
 
Instrumentation includes all the different sensors that take key measurements, plus all of the electrical 
components that link those sensors together so that they can control the system. The instrumentation 
needs to be able to properly adjust the heater without the need for a human operator (who would want 
the job of controlling this heater all day?).  
 
So, let’s figure out what needs to be measured. We will need to know how long the oil spends in the 
hot bath, so let’s measure the flow rate. Then, let’s measure the temperature of the incoming oil. It’s 
supposed to be 65o F, but we’d better make sure. We could then use some principles of heating and 

cooling to figure 
out how hot the 
bath needs to be 
to get the oil to 
the desired 
temperature 
(106o F). From 
that, you could 
then figure out 
how much to run 
the heater (see 
Figure 2). 
 
 

This all sounds (maybe) doable, but also complicated. There are lots of measurements and potentially 
quite a few calculations to be done in “real time.” Is it necessary to do all that? Figure 2 is a very 
“science-minded” way of looking at the situation – it lets us know everything that’s going on so that 
we can fully understand the process and fine-tune it. But if we just need the system to work, what 
about the simpler system shown in Figure 3? 

Figure 2: How should the line heater be run? 

4. If you were going to “solve” the situation that is shown in Figure 2, what science ideas 
would you use? What makes it a pretty difficult problem? 
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In Figure 3, we don’t know everything that’s going on, but we know enough to get it to work. All we 
really need is one temperature sensor and a way to hook it up to the heating controls (this is pretty 
much the same way that the thermostat in your home works). Now, this is not the only piece of 
instrumentation that is 
needed. For example, if 
the bath gets too hot, the 
system can become very 
dangerous. So, part of 
the instrumentation is a 
monitoring system that 
shuts the whole thing 
down if the water bath 
gets to, say, 200o F (there 
are safety regulations for 
this). There will need to 
be other safety systems 
as well. 
 
The picture on the right shows all of the 
instruments and electronics that Carson ended up 
designing for the line heater. They allow the 
heater to respond to the temperature of the 
outgoing fuel, as well as allow the whole system 
to shut down if a dangerous situation occurs. 
 
From beginning to end, this project took about 
six months to complete. It wasn’t the only 
project that Carson was working on – at any 
given time, he’s probably got about 8 projects in 
various stages of completion. It keeps things 
interesting, and Carson is very glad that he 
choice engineering as his profession. When he 
started college, his initial plan was to go to 
medical school and become a doctor. His pre-
med route was a little unusual in that he started 
in chemical engineering. Soon enough, he found 
out that he had a much greater passion for engineering problems than he did for medicine!  
 

“I've always been one of those people that wants to look at the entire situation and say, well, 
what can we do to make it better? What can we do to get this ball rolling? And if it has already 
been rolling, what can we do to make it better? And so that's what really drove me.” 

Figure 3: This system will work just fine 

5. Most people think of engineering as a job that is associated with math and science, and there 
is truth to that. But engineers don’t just solve math and science problems all day! From 
Carson’s story, what kinds of problems do engineers work on? How are those different from 
problems in math or science? 

Just some of the “instrumentation”  


