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&IGURE฀��฀'AS฀TURBINE฀WITH฀
CAN฀COMBUSTION฀SYSTEM฀
�LHS	฀VS�฀ANNULAR฀COMBUS

TION฀SYSTEM฀�RHS	

4HE฀JOINT฀RESEARCH฀PROJECT฀#%#฀;�=฀FUND
฀
ED฀BY฀THE฀&EDERAL฀-INISTRY฀OF฀%CONOMICS฀฀
AND฀4ECHNOLOGY฀�"-7I	฀AND฀THE฀3IEMENS฀
!'฀WAS฀LAUNCHED฀IN฀*ANUARY฀����฀฀
WITH฀AN฀INITIAL฀THREE฀YEAR฀FUNDING฀PHASE�฀
"ESIDES฀3IEMENS฀n฀THE฀PROJECT฀COORDINA

TOR฀
฀AND฀*3#฀THE฀CONSORTIUM฀INCLUDES฀
SEVEN฀'ERMAN฀RESEARCH฀INSTITUTES฀IN฀฀
THE฀FIELDS฀OF฀POWER฀PLANT฀TECHNOLOGY฀AND฀฀
MATERIAL฀SCIENCE�฀!IM฀OF฀THE฀PROJECT฀IS฀
TO฀DEVELOP฀NEW฀COMBUSTION฀TECHNOLOGIES฀
FOR฀CLIMATE
FRIENDLY฀POWER฀GENERATION�฀
4HE฀FOCUS฀IS฀ON฀MODERN฀GAS฀TURBINE฀
TECHNOLOGY฀WHICH฀PLAY฀AN฀IMPORTANT฀ROLE฀
IN฀THE฀PRESENT฀TRANSFORMATION฀OF฀THE฀
ENERGY฀SYSTEM฀TOWARDS฀A฀SUSTAINABLE฀
SYSTEM฀BASED฀ON฀RENEWABLE฀ENERGY฀
SOURCES�฀4HE฀VALIDATION฀OF฀THE฀GAS฀TUR

BINE฀COMBUSTION฀TECHNOLOGIES฀WILL฀BE฀
CARRIED฀OUT฀IN฀A฀NEW฀TEST฀CENTER฀CALLED฀
h#LEAN฀%NERGY฀#ENTERv฀�#%#	฀WHICH฀฀
IS฀CURRENTLY฀BEING฀BUILT฀BY฀3IEMENS฀IN฀฀
,UDWIGSFELDE฀NEAR฀"ERLIN�

7HILE฀TESTING฀IS฀A฀KEY฀STEP฀IN฀THE฀VALI

DATION฀OF฀NEW฀GAS฀TURBINE฀COMBUSTION฀
SYSTEMS�฀NUMERICAL฀METHODS฀CAN฀PRO

VIDE฀SIGNIFICANTLY฀MORE฀DETAILED฀INSIGHT฀฀
INTO฀THE฀BEHAVIOR฀OF฀GAS฀TURBINE฀COM

BUSTION฀SYSTEMS�฀4HE฀DETAILED฀INSIGHT฀IS฀฀
IMPORTANT฀SINCE฀IT฀ENABLES฀ENGINEERS฀TO฀
DERIVE฀NEW฀DESIGN฀HYPOTHESES฀NEEDED฀
TO฀ACHIEVE฀HIGHER฀THERMODYNAMIC฀EFFICIEN

CIES฀AND฀REDUCED฀POLLUTANT฀EMISSIONS�฀!฀

KEY฀DESIGN฀DIFFICULTY฀IN฀THE฀DEVELOPMENT฀฀
OF฀MODERN฀LOW฀./X฀GAS฀TURBINE฀COM

BUSTION฀SYSTEMS฀ARE฀THERMOACOUSTIC฀
INSTABILITIES�฀4HERMOACOUSTIC฀INSTABILITIES฀฀
CAN฀RESULT฀IN฀PRESSURE฀OSCILLATIONS฀
WHICH฀REQUIRE฀THE฀IMMEDIATE฀SHUT฀DOWN฀
OF฀A฀POWER฀PLANT฀TO฀AVOID฀MECHANICAL฀
FAILURE�฀!VOIDING฀THESE฀EVENTS฀IS฀A฀HIGH฀
PRIORITY�฀$EVELOPING฀A฀MODELING฀CAPABILITY฀฀
FOR฀THERMOACOUSTIC฀INSTABILITIES฀IS฀฀
CHALLENGING�฀4HE฀PHENOMENON฀INVOLVES฀
UNSTEADY฀AERODYNAMICS�฀CHEMICAL฀REAC

TION฀AND฀ACOUSTICS฀RESULTING฀IN฀A฀STIFF฀
MULTI
PHYSICS฀PROBLEM�฀

#OMPUTATIONAL฀FLUID฀DYNAMICS฀ON฀MAS

SIVELY฀PARALLEL฀COMPUTERS฀WAS฀FOUND฀TO฀฀
BE฀A฀SUITABLE฀APPROACH฀TO฀PREDICT฀THERMO
฀
ACOUSTIC฀INSTABILITIES฀FOR฀SINGLE฀BURNER฀
SYSTEMS�฀4O฀RESOLVE฀ALL฀RELEVANT฀EFFECTS฀฀
SIMULATIONS฀CONSUMING฀APPROX�฀
�������฀CORE
HOURS฀ARE฀NEEDED�฀7HILE฀฀
THE฀BEHAVIOR฀OF฀A฀SINGLE฀BURNER฀IS฀SIMILAR฀
TO฀THE฀BEHAVIOR฀OF฀A฀CAN฀COMBUSTOR฀
BASED฀GAS฀TURBINE�฀ANNULAR฀COMBUSTOR฀
BASED฀GAS฀TURBINES฀REQUIRE฀THE฀SIMULATION฀฀
OF฀THE฀COMPLETE฀COMBUSTION฀SYSTEM฀
COMPRISING฀UP฀TO฀��฀BURNERS฀�SEE฀&IG�฀�	�฀

4HE฀RESULTING฀COMPUTATIONAL฀REQUIRE

MENTS฀ARE฀DIFFICULT฀TO฀SATISFY฀ON฀0#฀
TECHNOLOGY฀BASED฀CLUSTERS฀n฀LARGER฀SCALE฀
SYSTEMS฀ARE฀NEEDED�

OpenFOAM for JUQUEEN
4HUS฀ONE฀OF฀THE฀AIMS฀OF฀THE฀#%#฀PROJECT฀฀
IS฀THE฀PROVISION฀OF฀#&$฀SOFTWARE฀WHICH฀
MAKES฀EFFICIENT฀USAGE฀OF฀MASSIVELY฀PARAL
฀
LEL฀(0#฀ARCHITECTURES�฀7ITHIN฀THE฀SCOPE฀฀
OF฀THIS฀PROJECT฀THE฀OPEN฀SOURCE฀SOFTWARE฀฀
PACKAGE฀/PEN&/!-฀;�=฀WILL฀BE฀USED�

"EFORE฀THE฀START฀OF฀THE฀#%#฀PROJECT฀
/PEN&/!-฀HAS฀ALREADY฀BEEN฀USED฀BY฀
3IEMENS฀FOR฀PRODUCTION฀RUNS฀ON฀*3#S฀
(0#฀CLUSTER฀*52/0!�฀4HERE฀SIMULA

TIONS฀OF฀A฀SINGLE฀COMBUSTOR฀TUBE฀ARE฀
DONE฀APPLYING฀TYPICALLY฀A฀FEW฀THOUSAND฀
CORES฀�฀SEVERAL฀HUNDRED฀NODES�฀7ITHIN฀
THIS฀PROJECT฀IT฀IS฀PLANNED฀TO฀COMPUTE฀
THE฀BEHAVIOR฀OF฀A฀COMPLETE฀ANNULAR฀
COMBUSTION฀CHAMBER฀WHICH฀WILL฀LEAD฀TO฀
MODELS฀WHERE฀THE฀SIZE฀�NUMBER฀OF฀#&$฀
CELLS	฀IS฀INCREASED฀BY฀AT฀LEAST฀A฀FACTOR฀
OF฀���฀)N฀ORDER฀TO฀KEEP฀THE฀TURNAROUND฀
TIMES฀ACCEPTABLE฀IT฀IS฀NECESSARY฀TO฀IN

CREASE฀THE฀NUMBER฀OF฀CORES฀USED฀FOR฀
THE฀CALCULATIONS฀BY฀A฀SIMILAR฀FACTOR�

4HUS฀AS฀A฀FIRST฀STEP฀/PEN&/!-฀WAS฀
IMPLEMENTED฀ON฀*3#S฀"LUE฀'ENE�1฀SYS

TEM฀*515%%.฀WHICH฀IS฀MORE฀SUITABLE฀฀
FOR฀SIMULATIONS฀RUNNING฀ON฀TENS฀OF฀THOU

SANDS฀OF฀CORES�฀4HIS฀WAS฀NOT฀STRAIGHT

FORWARD฀SINCE฀THE฀DYNAMICAL฀LINKING฀
STRATEGY฀APPLIED฀BY฀/PEN&/!-฀IS฀NOT฀THE฀
FIRST฀CHOICE฀FOR฀HIGHLY฀SCALABLE฀ARCHI

TECTURES฀LIKE฀*515%%.�฀4HE฀RESULTING฀
/PEN&/!-฀INSTALLATION฀WAS฀SUCCESS

FULLY฀TESTED฀AND฀MADE฀AVAILABLE฀FOR฀USE฀
BY฀3IEMENS฀AS฀WELL฀AS฀OTHER฀RESEARCH฀
GROUPS฀WITH฀ACCESS฀TO฀*515%%.�

"ENCHMARKING฀OF฀/PEN&/!-฀ON฀
*515%%.฀WITH฀A฀MODEL฀OF฀A฀SINGLE฀COM

BUSTION฀TUBE฀PROVIDED฀BY฀3IEMENS฀
SHOWED฀THAT฀THE฀SINGLE฀CORE฀SIMULATION฀฀
SPEED฀IS฀AS฀EXPECTED฀LESS฀THAN฀ON฀฀
*52/0!฀DUE฀TO฀THE฀SLOWER฀CLOCK฀SPEED฀฀
OF฀*515%%.�S฀!�฀PROCESSOR�฀"UT฀WITH฀฀
EVOLVING฀MODELS฀/PEN&/!-฀ON฀
*515%%.฀WILL฀BE฀THE฀ONLY฀OPTION฀TO฀

HANDLE฀FREQUENT฀PRODUCTION฀RUNS฀OF฀THE฀
REQUIRED฀SIZES�

!T฀PRESENT฀WORK฀AT฀*3#฀IS฀UNDER฀WAY฀TO฀฀
ANALYZE฀THE฀SCALING฀BEHAVIOUR฀OF฀/PEN

&/!-฀USING฀MODERN฀PERFORMANCE฀ANALY
฀
SIS฀TOOLS฀LIKE฀3CALASCA฀;��฀�=฀WHICH฀IS฀A฀฀
JOINT฀DEVELOPMENT฀OF฀*3#฀AND฀THE฀'ERMAN฀฀
2ESEARCH฀3CHOOL฀FOR฀3IMULATION฀3CIENCES�฀฀
4HE฀MAIN฀GOAL฀OF฀THE฀*3#฀WORK฀PACKAGE฀
IS฀TO฀REDUCE฀PERFORMANCE฀AND฀SCAL

ING฀BOTTLENECKS฀IN฀/PEN&/!-฀TO฀ENABLE฀
LARGE฀SIMULATIONS฀ON฀*515%%.�
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