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Reaction Research Society Concept Note 

 

Team Members: Richard Garcia (Team Leader), David 

Meyer, Silas Goma, Russell Garcia, Gregory 

Warmerdam 

 

Who we are: 

 The Reaction Research Society is the oldest 

continuously operating amateur rocket group in the 

United States. Founded in 1943 as a nonprofit civilian 

organization, its purpose has been to aid in the 

development of reaction propulsion and to promote 

interest and education in this science as well as its 

applications. The Society owns and operates the 

Mojave Test Area, a 40 acre site located two and a 

half hours north of Los Angeles. Over the years, 

thousands of solid, hybrid, and, liquid propellant 

rockets have been static and flight tested.  

 This project is currently being worked on by 

the following active members of the RRS: Richard 

Garcia, David Meyer, and Silas Goma. In addition to 

RRS member we have to collaborating members 

Russell Garcia and Gregory Warmerdam. We do not 

represent the RRS directly per say. It would be better 

to think of it as a project being undertaken by its 

members to which RRS is a venue rather that a 

"sponsored" RRS activity. Although the RRS can 

choose to undertake a project directly, it does not 

normally exercise this option. We chose to use the 

RRS as a team name despite this less direct 

association because traditionally the RRS does not 

name its rockets, so we did not give our rocket or our 

team a name, but we needed to put something on 

that line. It also seams appropriate because we will 

be drawing as much as we can from the practical 

experience gained over the years at the RRS. It would 

be wrong to leave the credit of where we are 

drawing most of our practical knowhow unnamed.  

 

Opening the Space frontier and our Design 

philosophy: 

 As many have already noted, opening further 

the frontier of space requires a change from space 

being a luxury expense of wealthy nations into a self 

sustaining enterprise. The first obstacle is to reduce 

the cost of delivering payloads into low earth orbit 

and changing the development and manufacture of 

launch vehicles from a costly expense to a profit 

making industry. Businesses need to make money 

and meet there bottom line like animals need to 

breath. Breathing does not define who we are or 

what we do but if we stop breathing it will only be a 

few moments before we are dead. So too if a 

business is not generating revenue it is only a matter 

of time before its bankrupt and shutting its doors. 

Therefore when starting a business it must start 

generating revenue before its initial funds run out. 

Developing a commercial space program is the same 

as any other business but the challenges are more 

exaggerated. For example some potential markets 

for commercial space don't exist yet and must be 

developed by first reducing the cost to orbit, the 

design task is difficult, expensive, and the funds are 

relatively limited compared to typical industries.  

 In this situation it is imperative to move the 

design in a direction such that it can start to generate 

revenue as quickly as possible. This means a design 

that is as simple as possible, even if that means 

sacrificing some performance. Once the launch 

system can sustain itself financially further R&D can 

be pursued to increase its efficiency and expand its 

performance. 

 Unless you are a well funded organization like 

NASA, the military, a large established business with 

revenues from other fields like Boeing or Lockheed, 

or an incredibly wealthy individual like Elon Musk, 
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Paul Allen, or Richard Branson (all of which we are 

not) things must be done cheaply. Even the prospect 

of raising outside funds is low, especially if you 

haven’t invested a large sum of your own money and 

achieved some real milestones first. Research and 

development costs money, some technologies need 

advanced and expensive equipment to utilize. 

Typically these technologies only marginally increase 

rocket performance over what you would get over a 

much simpler approach, although they can 

accumulate over the entire design of a rocket. Since 

we won't have the funds or access to these more 

advanced approaches we therefore need to keep our 

design options limited to what can be done in a 

garage. If the technology cannot be easily and 

economically obtained from a vendor or replicated in 

a garage the technology must be discarded in our 

case. That being said a lot can be done in a garage. 

Engines large enough to use on an orbital launch 

vehicle have already been built with amateur means 

by RRS members in the past, the largest being a 

10,000 lb thrust pressure feed lox kerosene engine. 

(Several members have worked on larger engines 

professionally). 

 We will be evaluating our design decisions 

based on this garage philosophy. When we make a 

design choice we will be asking, how would we make 

that in our own garage, and how would we make it 

affordable from our own pocket? Remember that 

Burt Rutan started out on his first aircraft the 

VariViggen in his garage. We can always move out of 

the garage physically and financially after a certain 

amount of success, but because the nature of the 

challenge the design philosophy must stick with us. 

 We will pursue new technologies and 

processes only when we must. Developing a launch 

vehicle is expensive even with tried and true 

technology and we would need to get to generating 

revenue as quickly as possible. R&D when 

unnecessary is a detour, and we need as direct an 

approach as possible. The Rotary Rocket example 

shows this need well. They spent millions developing 

an unconventional new technology to improve 

launch vehicle performance and reduce recurring 

costs. There effort was admirable but they ran out of 

money many years before they could have perfected 

the technology. We would expect our entire launch 

vehicle program to cost less than the hangers they 

built for their prototypes. 

 Another example are aerospikes. This is a 

doable technology with our means however there is 

much less practical know-how regarding them and 

they will require more time and money to design, 

and more testing and prototype iterations to 

develop. It would require more fluid analysis, and 

more thermodynamic analysis for the more 

challenging regenerative cooling. Therefore this 

technology will be avoided because of these added 

difficulties. However a drop in aerospike 

replacement can be made at any point to improve 

the launch vehicles performance. This technology 

can be pursued after an easier and more 

conventional rocket has been made and begun to 

generate revenue. 

 However, sometimes new technologies can 

be an enabler and R&D is how the door can be 

opened. For example composite carbon fiber, this 

technology use in aircraft was in part pioneered by 

kit plane designers and is now being used more and 

more by large aerospace companies. It has paid off 

by increasing strength, reducing weight and freeing 

the designers to use more aerodynamic shapes. Of 

course 3D printing is a second example. It can reduce 

our need for expensive tooling or outside vendors to 

manufacture parts and it will also allow more 

freedom in the design of the engine. It will also 

reduce the time from the drawing board to real 

world testing and the cycle time for each design 

iteration. It is these last two aspects of the process 

that we are most excited about. 

 As a final note on our approach to this 

challenge we would like to mention that a 3D printed 
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Figure 1: Development Platform Flow Diagram 

 

rocket engine and the design of nanosatellite launch 

vehicle was already underway by our team. We view 

this competition as a motivator to push the design 

forward faster, an opportunity bring in more 

collaborators, an opportunity to get funds needed to 

start building hardware, and as a venue to showcase 

our design and put things in a more presentable 

format. The RRS has a long history and is rich with 

practical experience that we will be drawing on as 

much as we can. Win or lose we fully expect to build 

and fly this engine. We will be proceeding with our 

design with seriousness and intent regardless of the 

outcome. Have no doubt that for a design challenge 

like this, our design philosophy is a winning 

approach. 

 

Launch vehicle and project scope 

 The basic premise is to work towards a launch 

vehicle for delivering small payloads into orbit. We 

have selected a 10kg payload. It will be a 2 stage 

vehicle and both stages will be reusable. This is a big 

challenge, and may not be accomplishable from out 

of a garage, but we’re going to work on it anyway. 

One thing that is definitely accomplishable in a 

garage is to contribute to the development of the 

technologies, processes, and designs needed to 

produce a launch vehicles capable of reducing the 

cost of delivering payloads into orbit. Our immediate 

goal on this path is to make a high fidelity 

development platform for testing our design choices 

for this launch vehicle. For this competition the 

scope will be the development of the engine for the 

development platform. 

 We are choosing the design of the upper 

stage main engine for this contest. The main reason 

is its smaller size will give us lower building costs and 

lower expendable costs, like propellants, making the 

learning curve less expensive. Furthermore we will 

be working on designing a rocket to fly the engine 

on. For development purposes we will be operating 

the engine from the ground so we will be making a 
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sea level version of the engine. The extended nozzle 

for vacuum operation will be out of the projects 

scope for this contest.  

The basic idea is to test all the theory and 

knowhow and manufacturing processes intended for 

use on the actual launch vehicle. For example, if we 

intend to make our own pressure vessels using a 

particular process on the launch vehicle we will use 

the same design and process on the development 

platform instead of using a substitute. (For example 

using fire extinguishers as tanks which have been 

used before at the RRS, It is a great way to make low 

cost pressure levels at this small level, but is not 

appropriate for our project) If there are lessons that 

need to be learned for any given design or process it 

is better learn it on this smaller scale when it will cost 

less. 

 The final versions of the upper and lower 

stages will be designed to incorporate lessons 

learned from the development platform. The actual 

hard data regarding performance that we will get will 

greatly improve the accuracy of the final launch 

vehicle design. We will have a preference for 

technologies that will be as simple and as cheap as 

possible for our initial design, but will remain open 

for potential improvements after the system can 

generate revenues to invest in further R&D for the 

launch vehicles systems.  

 A rule of thumb for Delta V required to reach 

orbit is 9.4km/s, but that applies to much larger 

vehicles than what we are designing. Aerodynamics 

losses are much higher for small vehicles. The Delta V 

we are aiming for is taken from an estimate of what 

the Vanguard launch vehicle delivered (10.7km/s). 

The Vanguard is the most similar rocket to what we 

are designing and we felt it was best to work from a 

historical president.  

 

Propellants: 

 Selecting propellants and a feed system are 

the tough design choices for small economic launch 

vehicles. Once you chosen those, the rest of the 

rocket design will flow naturally from that baseline. 

The choice tends to be between higher performing 

systems that are more costly to design and produce 

and simpler and cheaper but lower performing 

options. 

 Naturally, all of the highly toxic propellants 

like hydrazine, or dinitrogen tetroxide are out of the 

question. The high toxicity, costs, handling 

difficulties, and regulatory concerns means these 

fuels are nonstarters for our application. Eliminating 

an ignition system and moving away from cryogenics 

is simply not worth the extra hassle and cost. 

Similarly liquid hydrogen is a nonstarter for small low 

cost launch vehicles. It needs to be kept at an 

extremely low temperature which is significantly 

lower than the temperature LOX needs to be kept at. 

Liquid hydrogen will add significantly to the design 

Payload 10 kg 

Stages 2 

Gross takeoff weight 3250 lb 

First stage thrust 6500 lb 

Number of first stage engines 4 

Second Stage Thrust 800 lbs 

Number of second stage engines 1 

Delta V 10.7 km/s 
Table 1: Launch Vehicle Data 

 

 
Figure 2: Legend 
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difficulty of the vehicle, the difficulty in handling and 

acquiring the propellant, and it would significantly 

increase the cost of developing the vehicle. The 

significantly lower density of liquid Hydrogen will 

also particularly hinder a small pressure feed rocket 

since the tank wall thickness scales with the tank 

diameter and it will also increase the vehicle drag 

which for small launch vehicles will already be high 

compared to large launch vehicles.  

 

Oxidizers: 

 For oxidizers there are only three that are 

conducive to the garage approach: Liquid oxygen, 

nitrous oxide, and hydrogen peroxide. While 

peroxide has some nice properties that go well with 

rocketry, the lower performance, need for a catalysis 

system and added difficulty and cost of getting high 

purity peroxide at reasonable costs eliminates it as 

our choice.  Nitrous oxide and liquid oxygen are both 

readily available from places like Praxair. N2O has the 

benefit of being non cryogenic, non toxic, self 

pressurizing, storable and can deliver a good ISP. The 

required storing pressure is a drawback for some  

configurations, but not with a pressure feed system. 

It however is significantly more expensive than LOX. 

LOX has the downside of being cryogenic and limited 

storability. However since it is a high performing 

oxidizer, it is readily available in large and small 

quantities, and is the cheapest of the oxidizers, it will 

be our choice. Also its production can potentially be 

brought in house to reduce launch costs even in the 

future. 

For quantities less than 160L liquid oxygen is 

much harder to obtain than liquid nitrogen because 

of safety concerns over filling a customer’s Dewar 

flask that has not undergone the proper safety 

procedures. Liquid nitrogen, not being an oxidizer, 

has less demanding safety concerns and there is no 

problem filling a customer’s Dewar flask. So it is easy 

to get a hold of small amounts. This makes a simple 

way to get a few letters of LOX is to get a small 

amount of LN2 and to liquefy gaseous oxygen by 

passing it through a heat exchanger submerged in 

the LN2. This is most likely what we will be doing for 

our initial testing. 

 

Fuels: 

 Ethanol is easy to make on your own. The 

permit is very easy to get for the quantities we will 

be dealing with for the development platform. There 

is a lot of garage level technology, products and 

knowhow that are available, making this an 

attractive option. Ethanol however has a lower 

specific impulse than kerosene or propane.  

Kerosene, while it is a common fuel for launch 

vehicles, will be a little harder to acquire in bulk that 

a fuel like propane.   

 Ethylene gas has all the same benefits of 

nitrous oxide. It is non cryogenic, non toxic, self 

pressurizing, storable, and can deliver a good ISP. 

However it has the same drawbacks, requiring 

pressurization and being more expensive and a little 

harder to obtain. This propellant is very attractive for 

a pressure feed system especially for use in 

combination with nitrous oxide, since that 

combination may eliminate the need for any external 

feeding mechanism, by using a simple blow down 

configuration. However the higher price of Ethylene, 

will eliminate it as our fuel. 

 Propane is well suited for a garage 

philosophy. It is both low cost and readily available in 

both small and large quantities. Small quantities are 

available at many hardware stores and for large 

amounts its readily available by the truckload from 

suppliers. Considering our garage philosophy if we 

couldn't get it from Praxair, we probably won't use it. 

Like Nitrous oxide its vapor pressure means a heavy 

tank but this is not a setback for pressure feed 

rockets. It has a higher ISP than kerosene, but its 

lower density is a drawback. The propane can be 

cryogenically cooled to reduced this problem. 

However no one sells cryogenic propane off the 
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shelf. You would have to make your own. It can be 

cooled by a supply of liquid nitrogen or LOX or you 

could buy or make a cryogenic cooler. For now we 

will avoid this extra complication, however it remains 

an option for the future. Because of its low cost easy 

availability and high performance, propane will be 

our selected fuel. 

 

Propellant feed system: 

 The propellant feed system is the next hard 

choice. For simplicity and reduced design cycle a 

pressure feed system is ideal. For self pressurizing 

propellants it’s particularly simple. However the 

higher tank pressure and addition of a pressuring gas 

like helium will significantly increase dry weight and 

the requisite lower chamber pressures will reduce 

specific impulse compared to a turbopump system. 

This is less of a drawback for a second stage since 

operating at higher altitudes will allow for a much 

higher expansion ratio.  

  Turbopump feed systems are the most 

common used for launch vehicles with liquid 

propellant rocket engines. However since a 

turbopump is universally considered the high bar 

when it comes to rocket design, we can significantly 

reduce the design cost and time by avoiding it 

entirely. Because of this we will be using a pressure 

feed system on both stages. To reduce the required 

amount of pressurant we will use a heat exchanger 

to transfer heat from the thrust chamber to the 

pressurant. This counteracts the effects of adiabatic 

expansion of the gas, by increasing its temperature 

before it reaches the propellant tanks. However for 

simplicity this will not be present on our initial 

engines on the development platform. 

The heavier tanks used for a pressure feed 

rocket creates an additional benefit to reusable 

rockets. The more robust structure will be more 

resilient over several uses  especially for 

splashdowns or land recoveries since the handling 

and recovery loads will be less than the loads it sees 

from pressurization. 

 It is important to note that while there have 

been many successful launch vehicles with pressure 

fed upper stages, only one launch vehicle has ever 

used a pressure feed lower stage, the French 

Diamant. It used a peculiar pressurization scheme for 

a launch vehicle. It used a solid fuel water cooled gas 

generators to pressurize the tanks. The rocket used 

hypergolic fuels and this method is not well suited to 

cryogenic propellants. Designing an entire launch 

vehicle using a pressure feed system with low 

enough dry weight to achieve orbit may be a 

significant challenge. Therefore this may be an area 

where a new enabling technology may be needed.  

 Flowmetrics and XCOR have been developing 

pistonless and free floating piston pumps, 

respectively. These technologies when compared to 

turbines would be easier and faster to design and 

manufacture, and they can deliver similar pressures 

to the combustion chamber as a turbine and like a 

turbine allow for much lighter propellant tanks. 

However they will be heavier than an equivalent 

turbopump. These two kinds of booster pumps are 

option for later performance enhancements. They 

can be run by a gas pressurization system or as an 

additional performance increasing option they can 

be run with by gas generator. 

 

Pressurant: 

 It should be noted that only helium can be 

used to pressurize liquid oxygen. Nitrogen can 

dissolve in the LOX thus interfering with the mixture 

ratio and requiring a large amount of nitrogen to be 

used, other gases that don't liquefy at LOX's low 

temperature are incompatible with LOX. However 

with a free floating piston booster pump any 

pressurant can be used. 

 

Rocket engines 
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 To maximize reusability and reduce per 

launch costs the engines will need to be 

regeneratively cooled instead of ablative. Typically 

the methods used for building regenerative rocket 

engines are complex and expensive i.e.; tube hydro 

forming or multi-axis machining and electroforming. 

This is where 3D printing may be an enabling 

technology. By potentially reducing the cost and time 

to manufacture each prototype engine the total time 

and cost to reach a functioning production design 

may be greatly reduced. This is what initially 

attracted us to 3D printing of rocket engines. 

 Printing directly in metal however has some 

drawbacks.  Particularly for this application there are 

two important limitations, wall thickness and 

material selection. Initially we will be using 

Shapeways’ currently available metal printing 

process but, for the future will be developing a 3D 

print to investment casting process. While this will 

add design restrictions related to the casting process, 

it will free us to choose any castable metal and to 

utilize thinner inner wall sections, which is important 

in regeneratively cooled engines. Regarding material 

selection we will be able to explore using copper 

which is well suited to the high heat transfer rates 

rocket engines see, and is the most commonly used 

chamber material on large modern rocket engines. 

   Most importantly printing directly in metal is 

very expensive. At $8 per a cubic centimeter our 

current design would cost $2,300. From past 

experience at the RRS many engines like Tom 

Mueller's LOX/propane rocket Scott Clafin's 

LOX/ethanol rocket and Jim McKinnon's Lox/JetA 

rocket all required some redesign after initial testing. 

All of those engines used conventional designs and 

fabrications methods. Considering we will be 

developing a new manufacturing method for our 

engines we can expect to have more trouble than 

they did. Even if we only needed one design change 

after initial testing we would expect to pay over 

$4,600 on building the engine alone before we were 

ready to fly.  

  This is very expensive for our case. On the 

other hand a homebrew print to cast process would 

free us from these cost prohibitions by dramatically 

reducing the cost per iteration and free us to design, 

the way 3D printing is meant to do. Towards this end 

one of our team members is already working on a 

print to cast process, and it will be used in the future 

if the results are found to be acceptable. In the mean 

time we will be using Shapeways’ metal printing 

service. It should be noted that for the size of 

engines we will be  working with they are much 

larger than any other 3D printed engine that we are 

aware of that has been test fired. 

   

First stage engines: 

 The first stage will use 4 engines. This will 

allow for us to develop smaller engines, and allow for 

us to achieve attitude control by using a single 

rotation axis on each engine. This will allow for the 

use of simple off the shelf ball bearings as opposed 

to a ball or universal joint. The performance ISP of 

260s is based on the initial performance of Tom 

Mueller's LOX/propane engine. The engine’s average 

ISP was lower, however it experienced significant 

throat erosion of a graphite nozzle. That is a situation 

we will have to be avoided if we expect to run a 

regenerative engine at all.  

Oxidizer: Liquid Oxygen 

Fuel: Propane 

Chamber Pressure 350 psi 

Thrust 800 lbs 

specific impulse (sea level) 260 s 

specific impulse (vacuum) 330 s 

Burn time 134 sec 

Oxidizer flow rate 1.70 lb/sec  

Fuel flow rate 0.63 lb/sec 

Mixture ratio 2.7 
Table 2: Engine Data 
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Figure 3: Engine Design Cutaway 

  

Second stage engine: 

 Since we will be testing on the ground and 

launching our development from sea level we will 

design a sea level version of the engine. 

 Initially for testing purposes we want 

to split the engine into two pieces. Since the injector 

and chamber may need separate design changes and 

they both may need drilling to be done if there are 

any small holes (i.e. film cooling) that cannot be 

achieved in the print to cast method. After design 

completion production or flight engines may be 

made in one piece if possible. It should be noted that 

the second stage will not have a future option to 

switch to an aerospike engine because it's 

advantages only apply to engines that will operate 

over a large altitude range for example a first stage 

engine. They are actually less efficient than a bell 

nozzle at its designed altitude and pressure ,for 

example a second stage engine that only operates in 

a vacuum.  

3D print will not always eliminate secondary 

operations after printing. Due to the required wall 

thickness and printing resolution the threads for 

some of the needed mating features will be 

machined afterwards for this engine design. 

  

Injection: 

 We chose a pintle injector for two reasons. 

First they have a track record of not encountering 

combustion instability, a problem that in the past has 

significantly increased design time and cost, not to 

mention increased occurrences of explosions. The 

second is that we want to avoid problems with 

accurately making small holes with a print to cast 

process. If we used a flat face injector with a split 

triplet and had to follow up casting with re-drilling all 

the holes, that would defeat most of the purpose in 

using a 3D printing process in the first place. It should 

also be noted that inaccurately placed injector holes 

can cause the oxidizer to impinge upon the chamber 

wall causing damage and even a burn though. This 

has been observed with that type of injector in 

engines made by RRS members. We considered 

coaxial injectors and found 

them to be an similarly 

unsatisfactory. Our pintle 

design began by adapting 

Tom Mueller’s design for 

the 10,000 lb lox kerosene 

engine built by RRS 

members.  

 

Cooling: 

 The engine will be 

regeneratively cooled 

using the fuel as the 

coolant. We will use a 

down and back 

configuration like what is 

seen on the H-1 and F-1 

engines. The fuel enters on 

the injector side of the 
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chamber and goes down the chamber walls through 

the "down fuel" passages. It reaches the nozzle exit 

plane, where it enters the fuel return manifold and 

returns to the forward end of the thrust chamber via 

the "up fuel" passages. The fuel then flows into the 

injector. This is a cleaner design and will allow for 

both propellant hook ups to be at the front of the 

engine and allow for easier assembly and swapping 

of thrust chambers or injectors. 

 It should be noted that secondary cooling 

methods (film cooling being the most common) is 

mandatory for regenerative cooled rocket engines. 

Although you can sometimes get away without using 

it if the chamber pressure, temperature, and burn 

time is low enough and short enough. However If 

you don't use it, for an engine near ours in size, 

especially considering the long burn time (relative to 

typical amateur liquid propellant rockets that you 

might see at the RRS) you can expect a destructive 

engine failure. Around 5% of your fuel flow is 

typically dedicated to it. Drawing on Tom Mueller’s 

experience in the RRS with lox/propane engines, film 

cooling is more difficult with propane than with 

kerosene or ethanol. The propane, having a lower 

boiling point than kerosene or ethanol, has a 

tendency to evaporate instead of forming a 

boundary layer. This will require a much larger 

amount of flow to be used for cooling and may 

reduce combustion efficiency. However, this may be 

offset by the fact that the propane’s evaporation can 

improve combustion efficiency. We will begin with a 

very generous 20% to be more sure that the engine is 

adequately cooled. 

 

Ignition: 

 Typically the final stage on launch systems 

will require multiple starts for delivering different 

payloads to different orbits. This will necessitate the 

ability to restart the engine several times using an 

onboard ignition system. One of our goals is to 

develop this capability for our engine. 

Second stage ignition is much more 

complicated than on the first stage because the 

system must be integrated into the vehicle and 

cannot be external. Hypergolic ignition systems are 

typically simple and reliable; however require the 

use of chemicals that are expensive and very toxic. 

Non hypergolic multiple starts are typically much 

more complex, sometimes requiring a pre-

combustion chamber built into the injector with a 

spark  or glow plug, and sometimes needing 

gasification of a small portion of lox beforehand. 

They can also be harder to make as reliable as we 

would want. 

Instead we will be developing a quasi 

hypergolic system using hydrogen peroxide with the 

catalyst Potassium Permanganate.  While hydrogen 

peroxide is not technically hypergolic it can be 

treated as one while being cheaper and easier to 

obtain and easier to handle. Upon decomposition 

with a catalyst hydrogen peroxide of sufficient 

concentration will release enough heat to 

spontaneously ignite with a fuel. This will allow us to 

have a small cartridge with hydrogen peroxide and a 

catalyst pack loaded on the vehicle. The ignition 

sequence will have a fuel lead. This is a regular 

practice with rocket engines. By allowing the fuel to 

enter slightly before the oxidizer (hydrogen peroxide 

followed by the LOX), the odds of either a hot 

oxidizing environment damaging the thrust chamber 

or a hard start are significantly reduced. Similarly 

shutdown will have a fuel lag, shutting the fuel off 

after the oxidizer to prevent engine damage. 
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Developing a reliable and autonomous 

ignition system can be expected to be a difficult 

process. Delayed ignition can lead to hard starts 

which can potentially lead to engine destruction. This 

is an area that can greatly benefit from both the 

RRS’s facilities, which can handle the hazards, and 3D 

printing technology which can provide a rapid 

development time. I expect ignition testing to be 

difficult, but I expect a robust and very dependable 

ignition system to be developed. This is a mission 

critical capability, so while a system like this has not 

been developed before at the RRS that we am aware 

of, we are confident that it will be done successfully. 

 

Sensors: 

 During initial static testing of the engine we 

will be measuring three thing that require sensors to 

be integrated into the engine and test stand: 

chamber pressure, coolant temperature, and thrust. 

Surprisingly you can measure chamber pressure just 

by putting a hole into the side of chamber and 

running a tube out ending with a pressure 

transducer. This works despite the low operating 

temperature of the transducer compared to the 

combustion temperatures since the tube is sealed off 

and there is no flow though the tube and stagnant air 

is an adequate insulator so the transducer will not 

get to hot, so long as the tube is long enough. We 

will also be measuring temperature. Measuring the 

combustion temperature directly is difficult and 

instead we will be measuring the coolant (propane) 

temperature as it flows through the injector face 

were it will be the hottest. During static testing we 

will be using a load cell with overload protection to 

measure engine thrust. Measuring each of these 

parameters will allow us to monitor the engines 

performance as well as have the computer initiate an 

abort and shut down the engine in the event that the 

values are beyond acceptable limits. This will both 

help protect the engine from damage and make 

testing safer. 

 

Propellant and pressurant tanks: 

 A large challenge for building a launch vehicle 

in one's garage is the propellant tanks. You can’t just 

buy large propellants tanks that are suitable like you 

can with small vehicles, you will have to make them.

 Typically large launch vehicles make use of 

rolled isogrid panels or semimonocoque structures 

that are both friction stir welded. This is not an 

available technology to a small garage operation. Our 

options are typical welding (MIG or TIG) or carbon 

fiber. Carbon fiber will require an autoclave, welding 

may require heat treating and quenching. In addition 

carbon fiber may require gas barrier linings on all 

tanks and insulation between the liner and carbon 

fiber on the lox tanks to protect it from the low 

temperatures. Linerless and LOX compatible 

composites have been developed, for example 

Microcosm boasts impressive numbers for theirs, but 

this is a proprietary technology that we wouldn’t 

expect be able to pay out of our own pockets. Our 

preference is currently for carbon fiber tanks and we 

will be developing the process to build our own tanks 

with the development platform rocket. 

 
Figure 4: Ignition System 
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Figure 5: Pyrovalve. Top, before firing. Below, after firing 

 We intend to begin with a foam form of the 

tank. We will wrap it in an aluminized Mylar gas 

barrier, and place metal bulkheads with mating 

features for inlets, relief valve and any other needed 

connections or mounting features. Mylar should 

work with LOX since it has been used as a gasket 

material on some lox valves. In the case a LOX tank 

we will then cover the Mylar in insulation to protect 

the carbon fiber from the low temperatures. Then 

the vessel will be wrapped in carbon fiber. The vessel 

will then be vacuum bagged and heat treated in an 

autoclave. The foam will be dissolved out, 

completing the basic process.  

The tanks will be hydrostatically tested before 

being used. Again the practical experience of the RRS 

will come in handy here. Instead of using typical and 

expensive hydrostatic testing equipment or using gas 

pressurization, which is an explosion and shrapnel 

hazard, we will fill the vessel with water and use a 

grease gun to apply the pressure. Water is used 

because when a leak or burst happens the pressure 

will immediately drop due to Pascal's law, preventing 

an explosion. The grease gun can provide 10,000 psi 

which is well beyond our needs. This is the tried and 

true method of testing pressure vessels adopted by 

the RRS and used on many liquid propellant rocket 

tanks that have been flown. 

Due to the experimental nature of the tanks 

we will be using, and because of the high premium 

on reducing system mass requiring lower safety 

margins than typical in other industries, the 

pressurized tanks will be considered a potential 

hazard. In practice this will require certain safety 

precautions. The tanks will not be considered 'safed' 

while pressurized, requiring the test area to be 

vacated before loading of helium or propane and 

before the propellant tanks are pressurized. If the 

vehicle needs to be safed during an a firing 

countdown due to make some sort of hold that will 

require individuals to approach the vehicle (for 

example if a infighter fails a continuity test) the 

pressure will have to be relieved before people are 

allowed to approach. This will require both the ability 

to remotely fill the vehicle and remotely relieve the 

pressure. For propane or helium Reliving the 

pressure can be accomplished by either venting to 

the atmosphere or reclaiming it with regular tanks on 

the ground. The lox tank will not require either 

reclamation or venting to the atmosphere as it will 

be a liquid at atmospheric pressure. If the tanks 

requires depressurization the helium over the liquid 

will be vented to the atmosphere. In addition the 

tanks will have mechanical safety relief valves that 

will open in the event of over pressurization. Off the 

shelf pressure relief valves will be used. 

 

Valves, Pressure Regulators, and Flow Regulators: 

 For cryogenic valves that need to be actuated 

more than once in a firing sequence, like the LOX line 

that lead to the thrust chamber, we will use the kind 
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described for Scott Clafin's 1670lb LOX/Ethanol 

engine in 1991. These are simply a modified ball vale 

with Teflon seals that you can get from a hardware 

store or McMaster-Carr. A hole is drilled in the side 

of the valve to allow LOX trapped in the ball in the 

closed position to escape, rather than exploding the 

valve when it absorbs heat and expands into a gas. 

This method has been used successfully in many 

rockets at the RRS. Typically the RRS has used 

pneumatic actuators for these valves, however we 

will be using servos for future expansion and control 

from an onboard computer.  

 Standard quick connect, pressure relief, and 

check valves will be used for fill ports, safety from 

over pressurization, and preventing backflow 

respectively. Again when these components are used 

with LOX Teflon seals will be used.  

 For valves that will only need actuation once 

during a launch, for example the valve pressuring the 

propellant tanks or a controlled pressure relief valve, 

pyrotechnic valves, like those described by Tom 

Mueller for use on several liquid propellant rockets 

with the RRS will be used.  

 Flow metering of the propellants will be 

accomplished by using cavitating venturis as 

described by Tom Mueller for use on several liquid 

propellant rockets with the RRS. This will require 

some attentive hand work to fine tune the venturis, 

but the results will be a simple cost effective way to 

control propellant flow rates. Also by decoupling the 

feed system from the upstream feed system, 

venturis help inhibit chugging type oscillations. 

Conveniently the venturis can be integrating into a 

flare fitting. 

To test the performance of the venturis a test 

apparatus will be constructed using water and high 

pressure nitrogen or other compressed gasses. The 

performance can be determined by measuring the 

flow rate and the upstream and downstream 

pressure across the venture. 

 For a pressure feed rocket the pressurant 

flow rate can be significant. The typically available 

gas pressure regulators may be suitable for small 

engines, however, as the required flow rate increases 

it becomes very hard to find solutions off the shelf 

that are light and low cost. For that we will design 

and make our own. We will use the piston type 

regulator developed by Eric Claypool for use in a 

600lb thrust LOX/ethanol rocket engine. Even though 

he wound up not using it because its flow rate was 

too high for his application, we expect to have a very 

large flow rate for the first stage compared to typical 

amateur engines. For this reason, even though it 

would not be necessary for our development 

platform to use a custom regulator we will develop 

one in preparation for needing one on the first stage. 

After the optimum regulator setting for the desired 

chamber pressure has been determined the flight 

vehicle will use a flight version of the regulator with a 

fixed setting instead of being adjustable. 

 
Figure 6: Top, venture. Below, integrated into a flare fitting. 
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Attitude control and flight computer: 

 For the first stage attitude control will be 

obtained by thrust vectoring of the 4 combustion 

chambers by using a single rotation axis on each 

engine. The second stage will use cold gas thrusters. 

 Developing a flight computer and the attitude 

control system intended for use on the launch 

vehicle is one of the major reasons to be building a 

development platform.  However for this 

competition and the initial development of the 

engine, active attitude control it is beyond the 

current scope.  

 A flight computer for parachute deployment 

is already being developed in the RRS now. It will be 

using the open source Arduino microcontroller and 

will be drawing upon open source Arduino altimeters 

being developed for high power rocketry. We intend 

to expand on this when we are ready work on an 

attitude control system. 

 

Interstage: 

 The interstage fairing will be integrated into 

the first stage and will release the second stage by 

using reusable pyrotechnic bolts. The second stage 

will need ullage motors for settling the propellants 

before igniting the second stage. These motors can 

both be integrated as a part of the attitude control 

system and be used to separate the stages and 

insure the prevention of collisions or damage to the 

first stage from impingement of the second stage 

engine plume. 

 

Recovery: 

 Both stages will be designed for either ground 

or sea landing under parachute. The development 

platform rocket will use ground landing. For a 

splashdown the empty tanks should provide 

sufficient buoyancy. This however, does mean that 

that the tank will need to be water tight after engine 

firing i.e. no open valves to the thrust chamber 

during splashdown. For a land touchdown the vehicle 

may require airbags or retrorockets. The retrorockets 

would be attached to the parachute line and wound 

ignite just before touchdown.  

 
Figure 7: Pressure regulator. Top, test configuration. Below,  

flight configuration. 

 
Figure 8: Cavitating Venturi test apparatus. 
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 Both sea recovery and sea launch while 

potential, increasing costs, handling difficulty, and 

support equipment it would add the benefit of 

reducing regulatory, liability, and safety concerts 

because of the isolation from and populated areas.  

 

Heat Shield: 

 The payload faring, once closed after satellite 

deployment will double as a heat shield upon reentry 

for the second stage. Flaps will be deployed to insure 

the vehicle shuttlecocks in the correct orientation 

through descent without the need for active attitude 

control during this flight phase. The first stage will 

have similar thermal protection if necessary.  

 The heat shield will be an ablative material 

and will be based on the Societies experience with 

ablative engine lining and nozzles. It will be a resin 

impregnated ablative material, possibly fiberglass or 

even quark or wood. The 10,000lb engine built by 

RRS members has the last section of the nozzle made 

from resin impregnated oak. The ablative material 

can be testing by setting it under the engine during 

static tests.  

 

Parachute: 

 In the RRS, armature rocketry, and 

throughout the high power rocketry hobby, in 

general the experience has  been that far more 

rockets are lost due to a failure of the recovery 

system than from engine failure. This remains true 

for the liquid propellant rocket engines. Using a 

shovel to recover your rocket may be simplest and 

cheapest to employ, but it dramatically increases the 

cost per launch. Considering the time and cost that 

will be invested in such a project by the time we are 

ready to fly, recovery failure is not an acceptable 

scenario. For this reason we will be developing and 

testing a reliable recovery system before we fly. For 

this we will be testing the system on a simple low 

cost solid fuel rocket. 

 To be simple and reliable, the recovery 

system will use two sets (primary and backup) of 3 

main and 3 drogue parachutes per stage. Recovery 

redundancy will be accomplished by designing the 

system to work with only 2 inflated functioning 

parachutes, but having 3 parachutes. The flight 

computer will be able to monitor the decent velocity, 

altitude, and will be able to detect if parachutes were 

successfully released from the vehicle. It will use this 

information to know if the parachute is functioning 

properly, and how much time it has to react to a 

malfunction before landing. However since switching 

to the backup is a risk in itself, the flight computer 

will allow for some time, based on its altitude and 

velocity, for a parachute to fully unfurl if it is tangled 

before cutting it loose and using the backup. 

Parachutes have no moving parts, and 

deployment can be accomplished with a mortar 

launched drogue that pulls out the main parachutes 

where it will remain in its bag until deployed by 

releasing a pyrotechnic bolt. The parachutes will be 

blasted out by using small redundant compressed 

C02 cartridges. This will be used instead of a solid 

propellant gas generator, like black powder, since 

they can be harder to ignite at the reduced pressure 

of high altitudes. A frangible pyrotechnic knife will be 

used to separate the first parachute if needed. The 

backup will not have a similar device.  

 The parachutes will use deployment bags, 

which insure the lines are taunts before it unfurls. If 

the parachute were to unfurl first with the lines slack 

the sudden load from the weight of the vehicle can 

shred the parachute. It should also be noted that the 

rigging will be such that the drogue will be attached 

under the main parachute so not to interfere with it 

once it is deployed. 

 

Static and flight testing: 

 Static and flight testing of the development 

platform will be conducted at the Mojave Test Area 

which is a 40 acre site located in the Mojave desert 
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that is owned and operated the RRS. The MTA has 

more than adequate facilities for working with liquid 

propellant rocket engines of the variety we intend to 

build. In addition to two smaller test stands there is a 

vertical test stand that has been used to test a 

20,000 lb thrust engine and a horizontal test pad that 

has been used in the testing of a 50,000 lb thrust 

engine built by Pratt and Whitney. The MTA has an 

above ground block house and an underground block 

house for larger tests and a recessed observation 

bunker for safety during testing and launching. The 

RRS regularly has FAA flight wavers of up to 50,000 

feet which we do not plan to exceed for launching 

the development platform. 

 The RRS has an impeccable safety record. 70 

years with no accidents resulting in personal injury. 

At one time the RRS even had its own fire truck. The 

RRS can handle the hazards of developing large and 

complex liquid propellant rocket engines and we 

have very experienced licensed pyrotechnic 

operators who can handle running launches and 

static tests and can provide valuable input regarding 

safe operation of rocket firings. If we build an engine, 

rest assured, that it will be done safely. 

 

How we will proceed after the competition 

The RRS’s next static test is scheduled for 

October 5th. If our team is selected we will use the 

funds to get the equipment needed for completing a 

static testing of the engine. We can be ready to run a 

static test with an external ignition system and off 

the shelf tanks and pressure regulator by October. 

Some of the needed equipment would include thing 

like: valves, tanks, Dewar flasks for handling LOX and 

LN2, load cell for measuring thrust, pressure 

transducers, thermocouples, insulation for lox tank, 

and expendables like the LOX, LN2, propane and 

helium. Any funds left over will be used for tooling 

and equipment for further development activates for 

the flight version of the development platform, for 

example carbon fiber and an autoclave, for 

developing a method for making pressure vessels.  

We plan be testing the peroxide ignition 

system separately, regardless of the competition 

results. Not being selected would postpone any static 

testing until we have funds for the test equipment. 

After the competition we will be seeking further 

funding, for example SBIR grants, crowd sourcing, 

and possibly capitol investors far down the road. 

 

 
 

Figure 9: Microcosm's Scorpius S-RM launch vehicle with 

20,000lb of thrust being static tested the RRS's Mojave Test 

Area. 


