
Development of a 5,000 lbf Open-Cycle 
Kerosene-Oxygen Turbopump 

Nicolas Makovnik1, Sai Gudepate1, Cole Halupnik1, Miles Cohen1, 
Alejandro Diaz Contreras2, Timothy Mareachen1, Andrew Fontanetta1, 

Daniel Bennett1, Luke Tipton1, Kamon Blong2, and Forrest Lim3 

Purdue University, West Lafayette, Indiana, 47907, United States 

Design of a kerosene-oxygen turbopump utilizing a conventional open-cycle system 
architecture sized to power a 5,000-lbf thrust chamber is described. A conservative design 
approach tolerant of low performance in return for reduced risk, ease of integration, and 
lower cost is utilized. The conventional, single-shaft oxygen-kerosene-turbine 
arrangement is chosen, allowing substantial use of FASTRAC and F1 prior art, and 
operating speed is maintained well below the first critical speed. Programmatic risk is 
further reduced through leverage of commercial tools such as CFturbo and Dyrobes for 
pump and rotordynamic design. Both additive and subtractive manufacturing processes 
are utilized, and requisite design for manufacture is discussed. Plans and procedures for 
manufacturing and quality assurance, as well as buildup of test and auxiliary 
infrastructure are additionally outlined in depth. 

I.​ Nomenclature 
Ds​ =​ Specific Diameter 
L*​ =​ Characteristic Length 
LOx​ =​ Liquid Oxygen 
NPSH​ =​ Net Positive Suction Head 
Ns​ =​ Specific Speed 
OF​ =​ Oxidizer to Fuel Ratio 
RPM         =   Rotations per Minute 

II.​ Introduction 
A team of undergraduates, comprised mostly of first-years, was assembled with the objective to design, build, 
and test a rocket engine turbopump within the span of approximately one academic year, with a long-term goal of 
a full-stack hotfire within approximately two. Understandably an ambitious target, guidance was provided by a 
cadre of older team members, with a stronger background in project management built from prior experience 
with engineering teams. The overall system architecture was authoritatively decided at the beginning of the 
project: an open-cycle, single-shaft arrangement sized for a blackbox 5000 lbf thrust chamber assembly would be 
utilized, building upon substantial prior art, given the ubiquity of gas-generator cycles during the Apollo 
program, as well as continued work on low-cost, high-reliability kerosene-oxygen engines by the FASTRAC and 
Merlin engine programs. A shaft speed of 50,000 RPM was selected for yielding turbomechanically relevant 
pump specific speeds and reasonable turbine tip speeds. A conservative, mature architecture would thus be 
utilized to minimize technical risk, in addition to a design paradigm further emphasizing ease of integration, low 
cost, and fast development time, even at the expense of performance.  
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Fig. 1​ Turbopump assembly geometry at time of writing (pump volute geometry not yet finalized)  

Successful development of this system would serve to train a cohort of highly accelerated engineering 
students by exposing them to work rarely accomplished by mere undergraduates. A rigorous technical 
onboarding procedure was applied, wherein a generic literature review on the state of the art of rocket 
turbopumps, making heavy use of the NASA Technical Reports Server (NTRS) and NASA SP-8107 [1] in 
particular , was first required of all members. Upon completion of this review, subteams were delineated based 
on student interests, one each for pumps, rotordynamics and seals, turbine, and gas generator. Subteams were 
then required to conduct a literature review upon their respective subsystems, again leveraging the NTRS 
delivering presentations that leveraged the “explain like I’m five” teaching paradigm: students were tasked with 
digesting the underlying physics and engineering of their component subsystems, then presenting those 
principals to the other subteams in fundamental and plain language, thus ensuring that each member had fully 
understood the technical content of their own tasks.  

 

Fig. 2​ Blackbox TCA Parameters and Notional Packaging Geometry 

Thus with the cohort onboarded, external design tools were leveraged to accelerate and derisk 
development schedules. Commercial and public access codes and softwares were leveraged, namely Dyrobes for 
rotordynamic analysis, CFTurbo for pump design, and NASA CEA for gas generator design. Additionally, a 
strong, system-level technical leadership structure was applied, wherein inputs from each team were 
communicated and iterated into a “master sketch”, a literal, hand-drafted sketch of the entire turbopump system, 
which allowed immediate definition of packaging requirements and general arrangements.  
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III.​ Pumps 
The pumps subsystem is responsible for raising the pressure of both the liquid oxygen (LOx) and 

kerosene coming from the tanks given a work input from the turbine via a single connected shaft. For the desired 
thrust of 5000 lbf, requisite flowrates were determined to be 15.15 lbm/s and 6.59 lbm/s for liquid oxygen and 
kerosene respectively. Outlet pressure for both pumps was fixed at 1000 PSIA based on prior art and a notional 
500 PSI main chamber pressure, and a novel design decision was made in that TCA design would be constrained 
by a fixed pressure budget, rather than TCA design driving pressure budgets. Inducers are also utilized to prevent 
cavitation in the impeller even with unpressurized tanks (i.e. at atmospheric pressure), which enables a much 
simpler testing setup, reducing programmatic risk. 

The commercial software CFTurbo was utilized for impeller design, which draws from more recent, 
proprietary models and databases than the prior art provided in NASA SP-8109 [2]. Relations given in the 
document were used to calculate preliminary 1D pump parameters, which were then cross verified with 
CFTurbo, which was then utilized to conduct 3D rotor design. The LOx pump possesses an Ns of 1621 and the 
kerosene pump 978 (imperial units). These numbers confirm that conventional centrifugal pumps would be ideal 
for this application, which are well within the centrifugal range in Figure 3; this is also reasonable given such a 
low mass flow rate and high pressure rise. From the same figure, we proceeded to approximate the specific 
diameter by maximizing efficiency along the contour curves. Based on the specific speed of 978 for the kerosene 
pump, a specific diameter of around .15 is selected, and for the LOx a specific diameter of .09 [2]. The specific 
diameter equation in SP-8109 was utilized to solve backwards for the absolute exit diameter of the impellers, 
yielding exit radii of 1.57 inches for LOx (compared to 1.64 in CFTurbo), and 2.14 inches for kerosene 
(compared to 1.94 in CFTurbo).  

Impeller inlet sizing thus followed. Inlet hub diameter is constrained by the shaft size, with shaft size 
iterated with the rotordynamics team. The second chart in figure 3 was used to approximate the impeller diameter 
ratios, defined as the inlet tip diameter over the outlet tip diameter, of 0.6 for LOx and 0.4 for kerosene based on 
pump specific speeds. This constrained inlet tip diameter and inlet hub diameter, yielding a constrained inlet 
area. To enforce a relatively constant area passage within the impeller to reduce meridional velocity changes, an 
outlet area 1.2 times the inlet area was assumed, allowing for a 20% margin for boundary layer flow blockage. 
Using the total outlet area and outlet tip diameter, exit height was thus calculated. 

 

Fig. 3​ (left) Representative Ns-Ds Diagram for Centrifugal and Axial Flow Turbopumps (right) 
Influence of Impeller Diameter on pump Performance [2] 

To verify CFTurbo’s blade angles, fluid velocity triangles at the impeller outlets were calculated. The 
known amount of power being put into the fluid based on the exit conditions yielded the required tangential 
velocity. Meridional fluid exit velocity was computed from the exit area, exit density, and exit mass flow rate, 
and the fluid exit vector in the impeller tip reference frame was based on shaft speed. Hand calculated velocity 
triangles were compared to CFTurbo’s fluid velocity triangles: since slip conditions are very difficult to 
approximate, CFTurbo’s output blade angles were assumed correct given that the velocity triangles showed good 
agreement otherwise. 
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Fig. 4​ Comparison of hand-calculated velocity triangle with that produced by CFTurbo 

For sizing the inducers, hub geometry was constrained by the shaft geometry. This enforces a constant 
hub diameter for the kerosene pump which was located at the center of the shaft, whereas the LOx inducer had a 
spline tapered hub. The tip diameter of the inducer was left constant throughout, and was constrained to be equal 
to the impeller inlet diameter. To determine the inducer energy fractions, we had to ensure there would be 
negligible cavitation in the impeller given a fluid input stream at atmospheric pressure (to simplify testing as 
mentioned previously). Per Huzel & Huang, a suction specific speed under 10,000 generally ensures minimal 
cavitation [3]. Suction specific speed was calculated using Equation 1a in section 2.1 of NASA SP-8502, which 
takes the flow rate, rpm of the pump, and the NPSH as inputs [4]. The LOx impeller has a suction specific speed 
of 730,000 without an inducer, essentially guaranteeing cavitation, which makes sense since LOx’s vapor 
pressure is very close to atmospheric at 90 Kelvin. With a 10% energy fraction inducer (i.e. providing a 100 psi 
rise), the suction specific speed was lowered to a much safer 8,647. Similarly for the kerosene, the suction 
specific speed without an inducer was around 23,000, whereas adding a 10% energy fraction inducer dropped 
this to a much healthier 5,300. CFTurbo was allowed to determine an efficient inducer length, and do the blade 
angle calculations because these are extremely complex as the velocity triangles change along the blade span. 

           
LOx Pump              ​                     Kerosene Pump 

Fig. 5​ Final LOx and Kerosene Pump Geometries, as Output by CFTurbo 

​ The pump casings are designed to contain the impellers and inducers, include geometry for inlet and 
outlet flow of liquids, and provide a means of integration to other systems. Both LOx and kerosene casings have 
wear rings positioned directly above the impeller shrouds. These teflon wear rings will allow for tighter 
tolerances between the impeller and the casing to allow less leakage over the shroud while preventing damage 
caused by rubbing of the impeller against the casing. A replaceable wear ring can also allow for easier 
modification of the impeller dimensions without needing to change casing sizes.  
​ Inlets and outlets for both casings were designed to connect to -16 fittings and have the same inner 
radius of 0.417 in. This allows use of the largest fittings and pipes to accommodate flowrates while keeping line 
velocities reasonable. Using required mass flow rates, the respective densities of LOx and kerosene, and a 0.417 
in pipe radius, LOx exit velocity is calculated at 57.041 ft/s and kerosene at 38.917 ft/s. The LOx inlet is at the 
end of the assembly and can be aligned axially with the pumps, but the kerosene inlet must be attached radially 
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and includes an inlet volute to keep even distribution of liquid around the inducer. The outlet volutes are 
designed to keep a constant mean velocity for simplicity. For both volutes, cross-sectional area is increased 
proportional to the wrap angle of the volute, with the final exit area being approximately 0.55 in^2, the same as 
the 0.417 in radius pipe. The tongue of the volute is separated from the impeller exit to reduce pressure build up 
and ensure the structural integrity of the tongue. Recirculation veins are necessary to direct leakage from the 
interpropellant seals back into the pumps, and for the kerosene casing this recirculation is also used to cool and 
lubricate bearings within the casing.  
​ With these parameters and criteria in mind, the pump casings are designed to optimize the use of space 
along the shaft for better rotordynamic performance. The ability to manufacture the pump casings at low cost is 
also an important characteristic of the design. Additive manufacturing is utilized for manufacturing components 
including all impellers and pump casings. Metal printing was chosen over other manufacturing techniques, such 
as casting, because of its cost and availability. This technique works well for manufacturing impellers, which 
have complicated inner geometry that would be impossible to reach with CNC tools. Both the LOx and kerosene 
casings have inner geometry for outlet volutes and leakage recirculation volutes, and the kerosene casing has an 
additional inlet recirculation volute. The insides of the casings are unable to be post machined, so the design 
must be optimized for 3D printing with minimal support. For these reasons, all volutes are non-circular and use 
45 degree angles to prevent overhanging geometry.  

IV.​ Gas Generator 

The Gas generator plays an important role in the turbopump assembly. It functions by tapping off 
approximately 5% of the liquid kerosene and oxygen mass flow from the main rocket engine and combusting it 
into high-pressure, high-temperature exhaust gas at 350 psi chamber pressure and approximately 1300 F chamber 
exhaust temperature, which then is fed into the turbine to power the pump assembly. The gas generator 
combustion aims to be self-sustaining by being fed by fuel and oxidizer lines downstream from the pumps, 
effectively having the pressurized mass flow entering the gas generator pumped by the very power created by the 
combustion.  

The key features of the gas generator assembly consist of a unlike-doublet impinging jet injector with a 
torch igniter firing down through the injector face. The chamber body of the gas generator consists of circular 
mixing baffles aimed at thoroughly mixing the exhaust gas, and the body of the gas generator is printed into the 
turbine exhaust manifold, and the kerosene casing. The choice of using mixing baffles was driven by prior art, 
mainly from Titan II and FASTRAC Gas Generator designs [9]. 

The order of development of the gas generator began with determining high-level operating parameters 
such as total mass flow and OF ratio. These values were given to us by the teams working on other 
subassemblies based on the operating conditions of their parts. The mass flow was bounded by the power 
requirement of the turbine, and a value of 0.815 lbs/s of total mass flow was found to provide adequate power. 

The process was similar for determining the OF ratio. Maximum allowable exhaust temperature values 
were determined for the turbine. We then used the NASA CEA computational combustion chemistry program to 
get an estimate of exhaust temperatures with varying operating conditions. We reviewed this data along with data 
published from the NASA Fastrac Gas Generator development program [5]. Cross referencing temperature data 
from varying OF ratios recorded from the Fastrac gas generator testing campaign with the computational 
estimates from CEA gave us a good estimate for our OF ratio, and a value of 0.28 was selected.. 

The next set of design decisions, which included injector type, combustion volume, and mixing 
technique, were determined by a combination of prior designs and manufacturability. The injector type used is a 
unlike-doublet layout, which was chosen due to its simple manifold design and sufficient mixing of fuel and 
oxidizer. The orifice sizing was determined using the compressible and incompressible orifice sizing equation for 
gaseous and liquid propellants respectively [10]. A monolithic, printed injector is utilized, which incorporates a 
torch ignitor as well as a pressure transducer. 

The chamber volume was determined based on the L* parameter. The L* parameter is a value that 
governs the volume of a combustion chamber as the product of the L* value and the area of the throat. An L* 
value of 50 inches is normally suggested as rule of thumb for LOx and Kerosene engines. Due to the relatively 
low OF ratio, the combustion volume was slightly oversized to account for the slower rate of combustion. The 
total volume of combustion chamber is the volume of the exhaust manifold upstream of the nozzles. Because the 
gas generator chamber was designed into the exhaust manifold, the combustion volume was consistently affected 
when modifying other dimensions of the manifold. Because of this, a goal of an L* of approximately 75 inches 
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was set, 150% of the suggested value. This value of 150% of the suggested volume seemed adequate for full 
combustion considering the low OF ratio and was deemed acceptable. 

 

Fig. 6​ Gas Generator integrated combined ignitor-injector and chamber geometries 

The mixing baffle design consists of a ring extruding from the inner diameter of the combustion 
chamber. This is aimed at thoroughly mixing any hotspots in the exhaust gas resulting from improperly mixed 
propellants. The design follows prior designs from the NASA Fastrac gas generator, though minor modifications 
were made to the rings for manufacturability [9]. The entire gas generator assembly would leverage -16 AN/JIC 
fitting interfaces, directly printed then post machined into component geometries, for assembly, in order to 
reduce reliance on complex manifolding geometry and bulky flanges. 
​ Once the initial CAD models were made for the gas generator, thermal and structural FEA simulations 
were run using ANSYS software. This was used to confirm initial calculations pertaining to hoop stress and axial 
stress within the combustion chamber. The simulation environment consisted of a thermal FEA simulation 
modeling the temperature of the chamber wall over the course of a hotfire. This was then imported into a 
structural FEA simulation modeling the pressure on the chamber walls due to the combustion. Future analysis of 
the design may involve a CFD analysis of the mixing baffles to ensure that they are properly circulating the 
exhaust gas. This is expected to show small recirculation zones underneath the baffles that promote more 
turbulent flow that will subsequently mix the exhaust. 

V.​ Turbine 

The turbine is the heart of the system, tasked with taking the enthalpy of the gas generator exhaust and 
harnessing it into usable shaft energy that drives the system. The design implements a supersonic, pure impulse 
turbine, redirecting flow and using the change in momentum of the high-speed combustion gasses to create a net 
torque which then powers the pumps. A target power output of 180 horsepower with an operating shaft speed of 
50,000 RPM was calculated based on pump power draws and approximate efficiency values. 

The design of the turbine began by selecting a turbine radius which would grant efficient packaging 
with the rest of the system. Velocity triangles were then determined based on the given operating speed and 
power requirements. The velocity triangles were checked for compatibility with manufacturing constraints by 
generating blade geometry using a circular arc method [7]. The feedback obtained from manufacturability 
analysis was applied to change the turbine diameter, again taking packaging constraints into consideration. 
​ The stator geometry leading into the turbine was designed concurrently with the blade geometry. 
Supersonic impulse turbines do not have traditional stator geometry, they closely resemble rocket nozzle 
contours. The design of the stator uses the same principles as a standard converging diverging nozzle. The gas 
properties and chamber characteristics are set by the gas generator. Using these values, isentropic flow equations 
will provide the proper area ratios, exhaust velocity, temperature, etc. By referencing NASA SP-8120, rao angles 
can be calculated and combined with the isentropic flow values produces an overall exit area [12]. The number of 
nozzles was determined by the minimum throat width we are capable of machining in house. To get individual 
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nozzle areas the overall area was divided by the number of nozzles. The angle of inclination for the nozzle 
geometry is obtained from our velocity triangle calculations. The keys on the outside and chamfer on the inside 
of the stator are integration features that will interface and fit into the kerosene casing. 

 

Fig. 7​ Stator Geometry (left) and Turbine Geometry (right) 

The rotor is set to spin at 50,000 RPM and survive supersonic gas generator exhaust at 1300 °F, as well 
as extreme centrifugal loads, necessitating meticulous material and design analysis, as well as strict rotor sizing 
and mass balance. Packaging and manufacturability constraints limit the turbine outer diameter to only 4 inches, 
and mass to .605 lbm due to rotordynamic limitations. The blisk was found to require a 0.4 inch thick hub, which 
was unsustainable as a dimension for the entirety of the rotor. The rotor mass constraint was met through the 
incorporation of an exponential decrease with radius in blisk thickness, following a parabolic path to reduce 
mass. This promotes a decreased moment of inertia and 30% less mass which led to a reduction of stress to 
108KSI with 120% overspeed factored in, which is well within the yield stress of aged inconel 718, which was 
chosen as the blisk material. 

The design of the rotor was validated through rounds of finite element analysis using ANSYS 
Mechanical software. Rotor designs were tested through a connected simulation implementing a thermal 
transient analysis with data imported into a static structural study focused on finding the weak points in the 
design under high thermal and mechanical loads. Each study was conducted with a 20% overspeed assumption 
and generous material coefficients to simulate a worst case of the design. Each thermal study included a model of 
the conductive heat from the gas generator exhaust at each blade over the course of a 10 second assumed run 
time. Additionally, a moderately heated peripheral region was introduced to model a gradient of temperatures 
across the turbine hub at startup. With the simulated thermal results the mechanical study was applied. A 100 PSI 
pressure from the gas generator exhaust and the nozzle surroundings were implemented to best model the real 
world testing to be done later, additionally a rotational velocity of 60,000 RPM was added with the calculated 
294 lbf gas force on each blade. The studies resulted in a variety of changes across the cross section of the hub 
and led to further decreased mass and moment of inertia giving more long term functionality and decreased 
stresses across the design. Each study saw a decrease in stress eventually giving an overspeed safety factor of 1.4 
which meets the NASA minimum for turbomachinery.  

Mechanical analysis of the rotor led to the conclusion that the mode of support for mounting and energy 
conversion is vital to the reusability and reliability of the turbopump system. Each simulation showed mounting 
with torqued bolts and hub face connection was essential to the function of the system due to the many 
constraints of mass and sizing.   
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VI.​ Rotordynamics 
 
​ Rotordynamic analysis of the system was conducted in Dyrobes, in which balancing tolerances and 
critical speed were identified. One of our initial operating parameters was for the system to remain subcritical at 
the nominal operating speed of 50,000 RPM, which required an iterative design process of various elements of 
the rotor in conjunction with critical speed modeling. Parameters were iterated until a calculated first specific 
speed of approximately 150% nominal operating speed (72,453 RPM) was obtained, in order to account for fluid 
dynamic uncertainty.  

 

Fig. 8​ First Critical Speed Shaft Bending Mode as Calculated by Dyrobes 

Inconel was selected as the shaft material for liquid oxygen compatibility [6]. To avoid technical 
complications associated with floating ring seals, and the packaging constraints encountered by face seals, 
interpropellant sealing is accomplished using labyrinth seals and liberal application of purge flows: while 
practical engines would seek to minimize propellant-, thus specific impulse, loss, purging of a substantial flow of 
leaked propellants was deemed acceptable in order to reduce programmatic risk associated with strict seal 
development. A corresponding wear ring insert will be placed in the interpropellant seal to reduce rub risk. The 
LOx pump is held onto the shaft by round keys and an axial nut, and the kerosene pump would be retained 
rotationally the same way, but the turbine bearing sleeve retains it axially, with the sleeve itself being retained by 
a socket nut present at the opposite end of the shaft, within the turbine hub. 

 

Fig. 9​ Complete Rotor Assembly CAD 

Bearing choice was driven by operating speed and load requirements, with two SKF 7201 
CDGA/HCP4A and two SKF 7003 CDGA/HCP4A universally matchable angular contact ball bearings chosen. 
The universally matchable variants were chosen to be mounted in back-to-back arrangement to simplify the 
preloading process and meet the stiffness and load capacity requirements identified through analysis in Dyrobes. 
The hybrid ceramic models of these bearings were chosen for their higher speed capability and compatibility in 
LOx environments. Dyrobes was additionally used to quantify shaft displacement at specific stations based on 
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imbalance values, allowing internal design tolerances to be defined based on achievable ISO balancing grades. 
Individual component and assembly balancing is planned to be done in house with a dynamic two plane 
balancing machine, targeting an ISO G2.5 balance grade. 

VII.​Testing 

Each subsystem (pumps, turbine, gas generator, and interpropellant seal) is to be tested both in isolation 
and while integrated into neighboring components. The entire turbopump will be tested in stages, building up 
from “forgiving” conditions to full operational conditions. As the system is pushed towards nominal operation, 
data is collected to build models that inform whether design of the turbopump or engine will need to change to 
facilitate a full engine hotfire.  

The interpropellant seal will be tested by nitrogen pressurizing a vessel of water which serves as a 
source for both of the pump cavities. They are pressurized to simulate the maximum expected pump outlet 
pressure of ~1000 psi. The rotor is not rotated during the test, as rotation is expected to have minimal effect on 
the seal performance. This non-rotating test is consistent with relevant prior art. 

The gas generator is tested as a standard pressure-fed engine, making use of an in-house testing rig 
(named “Biggie-K”, after the rapper Biggie Smalls, as well as Zucrow Labs’ renowned “Ten-K (10,000 lbf)” 
stand) that supplies fluids and pressurization for its torch igniter and main propellant lines. This testing rig also 
supports robust data acquisition capabilities. First, the torch igniter is tested independent of the gas generator 
chamber to verify valve timing and ensure acceptable chamber pressure and combustion temperature. Next, 
water is flowed through the gas generator injector. Any manufacturing defects or foreign object debris inhibiting 
the injection process will be visually identified during the water flow. Next, propellants are cold flowed through 
the gas generator to assess valve timing and fluid system performance. Once the performance of the injector is 
evaluated, a gas generator hotfire is performed with a separate nozzle attachment to simulate the exhaust 
manifold. It is then hot-fired while integrated into the exhaust manifold. These hotfire tests aim to assess 
chamber pressures and temperatures of the gas generator. 

​

 

Fig. 10​ Turbopump integrated test P&ID 
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Turbine testing consists of two parts: nitrogen flow and gas generator hotfire. The nitrogen will be 
flowed through the gas generator manifold at the same pressure and flow rate as the expected gas generator 
exhaust. The purpose of the nitrogen flow is to verify that the geometry of the turbine rotor and stator produce 
nominal angular velocity and power output without the need for a functional gas generator. An electric motor 
interfaced to the turbine itself will serve as a dynamometer for the nitrogen test. Following this, the hotfire test 
will verify that the actual gas generator exhaust interacts with the manifold, stator, and rotor to produce nominal 
angular velocity and power output. Due to the hot gas exiting the turbine section, an (expensive) electric motor 
cannot be used as a dynamometer. In its place, a magnetic flywheel will be attached to the turbine, which will 
induce a torque on a stationary twin placed a short, axial distance away. In theory, placing torque-measuring load 
cells on the stationary twin and using magnetic relations should allow for derivation of rpm and power output of 
the turbine.  

Pumps testing begins with low speed water flow using a 92 hp electric motor as the power source. This 
way we can precisely control the rotor rpm and test without dependence on an operational gas generator. Initially, 
one pump is tested at a time. This means that though the entire rotor is spun during the test (so we can make use 
of a single rotor balancing for each test), only one propellant cavity is filled and flowed. The maximum 
achievable speed with our electric motor (the DHX Peregrine P40) on a single-pump flow is 6,000 rpm. With a 
6,000 rpm flow we can use an outlet venturi flow measurement device along with pressure transducers placed 
inside the inlet and outlet volutes to measure pressure rise and flow rate. The interpropellant seal nitrogen system 
will be run during these tests to obtain operational-like leakage. Using this data we can begin to build a flow 
curve, a model that predicts the flow or pressure head from an impeller against its angular velocity or power 
input. The flow curve will predict whether the impellers can produce the desired flow and pressure rise to the 
main combustion chamber when spinning at operational speeds. In the case that flow and pressure rise 
requirements are not met, one or several aspects of the design including the pumps, gas generator, and main 
combustion chamber will need to be altered. Moving forward, the liquid oxygen pump will perform a low speed 
liquid nitrogen flow to test operation of the cryogenic fluids system (inclusive of pump chilling procedures). 
When the gas generator and turbine are operational, full speed water flow and full speed actual propellant (LOx 
and Jet-A) flow tests will be conducted to verify pump performance. Another option available for full speed 
power sourcing is nitrogen flow over the turbine, identical to the nitrogen turbine testing. To avoid startup 
complexities during testing, the gas generator will be decoupled from the pump feed and will instead be 
pressure-fed by separate propellant tanks. These tanks are the “mounted tanks” in Fig. 10.  

VIII.​ Conclusion 
This design is currently in the critical design phase, with manufacturing and testing to commence in 

mid-March, 2025. Component-level critical design reviews are to happen approximately late-March, with 
integrated waterflow testing targeting the end of the spring 2025 semester. TCA development is anticipated to 
commence in the summer of 2025. 
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