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At the beginning of this project, we initially set out to design, build and test-fire a bipropellant1 

liquid-fuelled rocket engine. This is a very challenging and complex task, and one which we 

substantially underestimated at the beginning of the project. So, although we are confident we 

now have enough knowledge about related issues to complete this project, we were not able to 

complete the actual rocket engine within the initially-planned time frame. However, we have 

learned a great deal from what we have done so far, and we are confident that, with an 

extension to the project deadline so that we can work on the project during this year and next 

summer, we will be able to continue the progress we have made so far and complete the project 

to achieve all of our original goals. 

What we’ve managed to do so far 

Engine Design, and Discussion with Engineering 

The design of the actual rocket engine has gone through several distinct iterations, reflecting 

our increasing knowledge of rocket propulsion systems and engineering issues. Our initial 

design as included in the project proposal looked like this: 

 
Of course, this design was far from complete – for example, it doesn’t specify how the various 

parts of the engine would fit together or form seals, or how it would connect to the plumbing. 

 

We then did some more research and used the commercially-available software package RPA 

(Rocket Propulsion Analysis) to obtain more detailed estimates of heat flux and cooling capacity 

of different variations of this water-cooled design. With more research we eventually reached 

the next major design iteration (picture overleaf): 

                                                
1
 The rocket is fuelled by two propellants: a fuel and an oxidiser. Initially we planned to use an ethanol-

water mix as fuel and nitrous oxide as the oxidiser. 



 
We had also begun learning the basics of some 3D CAD software. 

 

Thanks to the extensive research that was needed before we could make these designs, we did 

not reach this point until June 2013 - already a few months behind our original schedule. At this 

point we began discussing the design with the Engineering department. In a meeting with two 

members of Engineering staff2 it was estimated that this design would require at least two 

hundred hours of workshop time to manufacture (which also meant that it would be impractical 

to manufacture commercially - at standard machine shop rates this would cost a few thousand 

pounds, rather than the couple of hundred we had allowed for this possibility). Concerns were 

also raised about the accuracy of our design calculations, especially with regards to the 

efficiency of the water-cooling system. We thus resolved to continue working with the 

Engineering department, as it was suggested in a meeting3 that they would be willing to donate 

some spare workshop time to our project, as long as we could assure them that the design 

would work and be sufficiently safe. In addition, this gave us access to some useful advice from 

experienced engineers and technicians in the department. 

 

Most of the rest of the summer was spent revising the design and reading about related 

aspects, as well as learning how to use CAD tools such as Solidworks to verify various aspects 

of the design. We also drastically simplified the design by abandoning the plan to water-cool the 

prototype engine and instead simply limiting the running time of the engine to a few seconds 

until we had more data to use to design a working cooling system. The final design we had 

reached by the end of the summer looked like this: 

 
This is a cross-section of the combustion chamber. Designs of plumbing etc. not shown here. 

The Engineering department stated in email conversations at the end of September that they 

would be willing to spare the time to manufacture the components of this much simpler design 
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for us (with some assistance from the Physics department’s workshop), but that they still had 

some reservations about Health and Safety issues, and that thanks to undergrad and research 

projects, it would be hard to find spare workshop time until the end of Term Two. Of course, as 

this was the start of term for us, it became difficult for us to find large amounts of time to work on 

the project as well. (See Obstacles Encountered for more) 

Electronics 

● Load cells: Currently both sets of load cells have been wired into a circuit with the DAQ  

board and are ready to measure the thrust of the engine. 

● RTDs: The RTDs have also been attached to the same circuit board and are ready to 

read the temperatures around the engine. 

 

Both the load cells and the RTDs are connected to a DAQ board which allows the data from the 

system to be collected on a PC through the USB output. A script using thin basic has been 

written to take the data from the DAQ board and log it into files, this has then been combined 

with a live graphing software so that force and temperature output from the engine can be seen 

in real time. 

 

The load cells have also been mounted to the test stand ready for the engine. We intend to 

carry out a “backyard” test of the test stand using a very small commercially-available model 

rocket motor, to ensure that the instrumentation will work in a situation somewhat similar to an 

actual test-fire. 

  
Some early pictures of the test stand and electronics. Since then the electronics have been 

integrated onto the test stand, and we have added prototype polycarbonate blast shields to the 

test stand, but unfortunately do not currently have photos of this. 

Publishing, Blog and Media 

Part of our plan outlined in the original proposal was to use an online blog to publicise our 

progress, in the hope that it could increase interest in the project and rocketry in general. 

Sharing how we were going about the project was also deemed to be a good idea since key 

ideas or lessons we were to come across could be put out there to help other future projects 

succeed. At this point, these are very much still our goals, however given our lack of progress in 

regard to creating the engine we have been limited in content available to share thus far. As 

such, we currently have in depth blog posts on the test stand and the initial engine design, 

which are available on the website, www.whissile.co.uk/blog. As we continue to make progress, 

we will be able to expand on the details of these posts and update more frequently. A new post 

http://www.whissile.co.uk/blog


will be written soon explaining some of the obstacles we have encountered so far, the reasons 

for our delay and our plans for the project going forwards. Through the media of a Facebook 

page and Twitter feed we have been able to update more frequently, including posting photos, 

to keep a continued interest in the project alive. We have also been, and will continue to ensure 

that all major progress is documented photographically. A selection of these photos are also 

available online to further enhance the public coverage of the project. 

Obstacles Encountered and What We’ve Learned From Them 

We believe the main obstacles which prevented us from completing the project within our 

original timeframe were these: 

● Underestimation of project complexity, both in regards to the complexity of the design 

and to the various health and safety procedures required to ensure that we and anyone 

helping us are confident that the hazards involved have been adequately mitigated. As 

mentioned above, we had to make substantial redesigns several times as we 

researched the design issues more deeply, which took far longer than we initially 

assumed it would. Similarly, ensuring that the design was safe turned out to be a far 

more complicated thing to do well than we’d originally guessed, and is in fact still an 

ongoing process. 

● Relatedly, our initial knowledge of related engineering issues and the processes involved 

in manufacturing things was lacking. While learning about these was a very useful and 

interesting part of the project, it would have been useful to know at least some of the 

basics of these during the initial design phase. 

● Similarly, we substantially underestimated the resources required for manufacturing, 

compared to the amount of spare time the School of Engineering has. 

 

However, we have certainly learned a great deal from these setbacks, which will help us carry 

out the rest of the project more effectively, as well as being useful general life lessons for large 

projects like this. Chief among these lessons have been: 

● When working on a large complex project, it is a good idea to have a reasonable 

understanding of most of the project before beginning. Although it is of course not 

always necessary to know everything about a project before starting it (and certainly a 

large part of what we have gotten out of this project so far is learning the things that we 

didn’t know starting out!), in this case it would have been useful to know at least the 

basics of things like machining and manufacturing techniques before beginning. This 

also relates to: 

● If a project involves or could involve input from other people - whether this is advice or 

requesting a favour, both of which have been involved in this project, it is best to liaise 

with these people as soon as possible. This allows any necessary changes in plan to be 

made early on, as well as allowing extra time for these people to reply despite their other 

commitments - something which we should have allowed more time for when planning 

the project. 

● We have also learned some general things about independently planning, running, and 

managing a complex project - both in the form of things not to do (such as “don’t make 



unreasonable assumptions about other people or organisations”) and things to do (such 

as how to divide work up efficiently and communicate well within a project team). 

 

On a more positive note, we have learned things from the parts of the project that have gone 

well so far. We have gained quite a bit of both theoretical (in the case of the underlying “rocket 

science”) and practical (in the case of the electronics and structure) experience of many of the 

aspects of this project, which is something that we would not have had a chance to do without 

this project. 

Revised Timeline 

Although we have done a fair bit of work on constructing a test stand and other supporting 

systems for the rocket, we still need to carry out more work on the fluid control systems and on 

actually having a rocket engine to test. In addition, we need to properly document the design 

work we have done so far, and work with both the School of Engineering and the Health and 

Safety department to ensure that everyone who is assisting us with this project is satisfied that it 

is safe and will work. Our provisional new timeline is as follows: 

During the Christmas break (December 2013) 

Document the project better, merging the Health and Safety aspects with the design parts for a 

more complete overview of the project. We will also look at Health and Safety in greater depth, 

and liaise with the Health and Safety department to form a group of experienced people to 

discuss the issues in greater depth. Additionally, we’ll share the rocket engine designs with 

members of the aRocket mailing list, an e-mail discussion group frequented by many very 

experienced rocketeers, many of whom have carried out or are carrying out similar rocket 

projects. 

 

We will also continue working on and refining the support and testing systems, ensuring that 

they work well and updating them if we discover any incompatibility with Health and Safety 

findings. 

 

Term 2 (January-March 2013) 

Continue liaising with Health and Safety and Engineering. Discuss issues with the group formed 

by us and the H&S dept., and use these to update designs and procedures. We also plan to 

complete any remaining parts of the project which can made from commercially-available parts 

during this term, and test them as far as possible to ensure that they work (for example, it would 

be possible to test the valve system with relatively low-pressure water, and to test the 

instrumentation by static-test-firing a well-documented small hobby rocket motor). 

 

We hope to have the final design completed and submitted to the Engineering department 

before the end of this term, along with all appropriate H&S documentation. 

During the Easter break and Term 3 (March-June 2013) 

Relatively little time will be available to us during this period, as it is likely that we will all be busy 

with revision and exams. If the Engineering department workshop completes manufacture of 



certain parts (such as the injector face or the combustion chamber) during this period, we may 

be able to carry out basic tests such as cold-flow tests with water or hydrostatic testing of the 

components to check they will perform as expected, as well as other small parts of work which 

will require less time. However, if we are unable to do this due to exam commitments, this 

should not delay the project unduly. 

Term 3 and Summer Break (June-September 2013) 

Note that activities during this time will need to be planned around any summer jobs or 

internships that team members may have. However, it is very likely that at least weekends will 

be available to carry out any collaborative work needed. During this period, we will test all 

components of the system as far as possible before carrying out a test-fire, and then once we 

are satisfied that everything is ready, we will carry out an initial test-fire in a location that we 

have decided is suitable (perhaps the clay-pigeon-shooting field initially proposed, or perhaps a 

bunker as mentioned by the Director of Health and Safety in a recent meeting). We will then 

analyse the data gathered from this test and use it to decide what to do next. 

 

If time permits, and if no components have been damaged irreparably during the test-fire, it is 

possible that we could carry out multiple test-fires with slightly different conditions, in order to 

investigate how varying the configuration affects the engine’s performance. However, this is 

very much a “bonus” thing to do in case we have time, as it goes beyond the scope of the 

original project idea. 

Expenditure to Date vs Original Budget 

Changes to the design of various systems have resulted in final prices of individual items 

varying a great deal from the original estimates. Despite this, our expenditure on items bought 

so far has remained relatively close to the overall budget. 

Things We Have Bought 

(actual prices are colour-coded: green is more than 15% under budget, yellow is within 10% of 

original budget, and red is more than 15% over the original budget. We apologise for the 

unhelpfulness of this if anyone reading this is red-green colourblind - feel free to contact Rob 

Sandford for a revised document with a better colour scheme.) 

 

Item Budgeted Actual Price So Far 

Unistrut framework £70 £81.60 

Test stand anchors £12 £4.49 

Polycarbonate sheeting £18 £29.22 

DAQ board £47 £32.40 

Load cell(s) £24 £35.80 

Temperature sensors £8 £38.52 



Pressure sensor(s) £50 £28 

Water pump £36 £38.60 

Valves £22 £25.04 

Plumbing Tubes and Fittings £15 £98.28 

Hobby rocket motor(s) £45 £16.98 

Things We Have Not Yet Bought 

Item Originally Budgeted Comment 

Safety Barrier £18 We may still buy this, but the 
details of what we will need 
depend on the findings of the 
detailed H&S investigation. 

O-rings and seals for the 
engine 

£20 These will be bought after the 
engine is manufactured. 

Pressure vessels, nitrogen, 
pressure regulator and 
propellant 

£229 These will be bought nearer 
to the time of testing. In 
addition, it is possible that we 
may choose to use a different 
oxidiser such as liquid 
oxygen, depending on what 
the H&S consensus is. 

Check valves £19 As mentioned, the plumbing 
is not yet complete 

Things We Bought But Didn’t Originally Budget For 

Item Cost Reason for buying 

Misc electronic parts 
(breadboard, resistors, etc) 

£20.93 Oversight in budgeting phase 

Instrumentation amplifers £28.16 Oversight in initial design 
phase of electronics 

12V rechargeable battery £9.95 Another oversight in the initial 
design of power systems 

A drill and bits £31.21 Initially we intended to borrow 
one, but we were unable to 
do this. One of our team 
members may buy this from 
the project later, so this may 
end up not coming from the 



project funds. 

Web domain £4.19 Yet another oversight in initial 
budgeting. 

Things We Will Need To Buy But Didn’t Originally Budget For 

Item Expected Cost Reason for buying 

Graphite nozzles ~£60 (quoted in an email) Graphite is finicky to 
machine, so we will contract 
these small parts out to a 
specialist machine shop 
rather than asking 
Engineering to do it. 

Things We No Longer Intend To Buy 

Item Budgeted Reason for Change of Plan 

Copper Stock £75 The new design no longer 
uses copper 

Steel piping and sheeting £37 The Engineering department 
has offered to cover materials 
costs for custom-made parts, 
as they are relatively low and 
use materials they already 
have on hand. 

 

Money spent so far: £523.37 

Minimum predicted expenditure to be spent for remainder of project: ~£250-£300, 

depending on changes necessary to design. This should not go too far over the original budget, 

and we intend to cover any budget shortfalls as a group if necessary. 


