74
Inpopmaniiini cucteMn, MexaHiKa Ta KepyBaHHS

VIIK 53.088:62 — 754.2 (045)

W. Florczuk, M. Folusiak, J. Kindracki, D. Kublik, P. Oleszczak,
G. Rarata, K. Sobczak, P. Surmacz, K. Swiderski, P. Wolanski

GASEOUS METHANE \ GASEOUS OXYGEN ROCKET
ENGINE - COMPUTATIONS AND DESIGN

Experimental investigations’ purposes

The Warsaw University of Technology started their research on
ecologically-safe rocket propellants in 2007. One of the two engines, which was
designed and built in this project till today, is the rocket engine fed by gaseous
methane and gaseous oxygen.

The main purpose of experimental investigations on the rocket engine is
to check the proposed cooling system’s efficiency. This will be determined by
the temperature measurements on the test engine. Thrust pressure and
temperature measurements will be also required in order to obtain experimental
data for numerical model’s refinement and validation. The valid numerical
model of cooling system, which will be obtained from this investigations will
be used in further design of similar rocket engines.

Geometry of the engine

The zero-dimensional thermodynamical analysis were the point of the
reference for the design of the test engine. Computations were made with
computer program VisualCEA, which is modified version of CEA[2] (NASA
Glenn Chemical Equilibrum Program) with some features and graphical
interface added to it by authors.

Table 1.
Visual CEA computations’ results
Parameter Combustion Throat Nozzle exit
chamber
p, atm 7 4,1 1
T, K 3304 3170 2861
Mach number - 1 1,97
A/ATHROAT 4 1 1,935
ISP, m/s - - 2097,0

Assumed and calculated thermodynamical parameters are presented in
table 1. These results stood as the basis to calculate some other important values

representing engine’s performance and dimensions (table 2).
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Table 2.
Specifications of the engine
Mass flow rate 0,0483 kg/s
Optimal O/F (maximization of Isp) 2,7 -
Stoichiometric O/F 4 -
Oxidant mass flow rate 0,0388 kg/s
Fuel mass flow rate 0,0097 kg/s
Mass flow rate of fuel used for cooling 8,78% -
Feeding pressure (predicted) 10 atm
Chamber pressure (assumed) 7 atm
Throat diameter 12,2 mm
Thrust (expected) 10 daN

Every part of the engine was made of steel. The chamber thickness equals
1 millimeter. Combustion chamber and cooling system’s annular gap are
separated by this wall (fig. 1). Five concentric injection elements are placed on
injector’s face in a circular way. Other 8 injection elements are used for the
cooling system’s feeding.
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Fig. 1. Engine’s geometry
Computations

Thermodynamical computations of combustion and cooling were made in
Ansys Fluent 6.x computer program. Computational grid was 2-dimensional,
axisymmetric and consisted of 15’000 cells. Chemical reactions’ set was
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reduced to consist of 84 reactions and was based on GriMech 1.2. Results of
these computations are presented on figures 2-8.
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Fig. 8. Temperature near the chamber wall versus radial distance from the
chamber axis (1, 2.5 and 3.5 cm from injector)

Fig. 8 shows the influence of the convective heat transfer on the
temperature of the combustion chamber’s wall. Temperature on both sides of the
wall highly depends on the turbulence intensity in the combustor and cooling
system. What is more, during fire tests, temperature will need some time to
reach calculated values. This confirms the need of experimental investigations
on the test engine.

Experimental investigations

Till today, only a few fire tests were performed (Fig. 9,10). During these
experiments water was used instead of methane as a coolant, thus only thrust
measurements were applied. Problems encountered during this initial fire tests
led authors to apply some modifications to cooling system, ignition and nozzle
geometry.

During further tests temperature measurements in the cooling annular gap
and pressure measurements in combustion chamber will be performed. The data
acquisition system is designed, such that this measurements can be performed
simultaneously.

Some other design modifications will be applied to the engine in order to
achieve better performance and test other configurations and cooling systems
(e.g. regenerative cooling).
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Fig. 9. Test stand

Fig. 10. Fire test
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Conclusion

The main purpose of the research on the gaseous rocket engine was to
check computations’ validity, and to upgrade numerical model, to be suitable as
a point of reference for further designs of methane rocket engines. This research
cannot be the only which will stand as the basis for further design of full-scale
liquid rocket engine. To do this, some other research and many CFD simulations
of atomization, vaporization, combustion and heat transfer should be performed.
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JTUHAMMKA DJIEKTPHYECKOMN CKOJIB3SAIIEN KOHTAKTHOM
I'PYIIIbI YIIPABJISIIOIIEN ATIITAPATYPBI

BBenenue

[IpoOnemMa MOBBIIIEHUS! HAJEKHOCTH MPUOOPOB M UX KOMILJIEKCOB OCTPO
CTaBUTCS B PSAJE COBPEMEHHBIX BUJOB TEXHUKH, HAIPUMEDP, B PAKETOCTPOCHUH,
aBHUAILIMU, PAJAUOJIOKALINY U T.II.

VYcnenHoe QyHKIMOHUPOBAHUE alapaTypbl B 3HAYUTEIBHOM CTENEHU
3aBUCUT OT 0€30TKa3HOM pabOThl MHOTOUMCIEHHBIX AJNEKTPUUYECKUX JIEMEHTOB
Y, B YACTHOCTH, OT CKOJB3SIIIUX IIEKTPUUECKUX KOHTAKTOB.

TeHneHurs K MUHHAATIOPU3ALUKU 3JIEMEHTOB YIIPABISIIONIECH armapaTypbl
BBI3BAJIa HEOOXOMMOCTh CO3JIaHUS CIA00TOYHBIX CKOJB3SIIIHUX IICKTPUICCKUX
KOHTaKTOB, B CBSI3U C YeM BCcTaia mpoOiemMa oOecredeHusl HaIeKHOTO
KOHTAKTUPOBAHMUSI.



