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ABSTRACT

This study has been conducted to verify the feasibility of OpenFOAM, one of the open source CFD codes, as a numerical
simulation tool for the gas turbine fluid analysis. The turbomachinery specified solver is included in a community-driven version
called foam-extend, and among them steadyUniversalMRFFoam was used. Although this solver is composed for the
turbomachinery fluid analysis, some main variables of it are missed out in the code resulting in discontinuity of enthalpy and
temperature at the interface between the stationary and rotating domains. Thus, it was corrected for the rothalpy jump to be
applied properly. For the calculating machine, KISTI supercomputer Nurion was used, which enabled the parallel calculation
in a node. The one stage of uncooled turbine with the mesh made by TurboGrid was used for the analysis. kOmegSST was
used for the turbulence model, smoothSolver for the linear system solver, and upwind and linearUpwind for the convective
discretization scheme. The calculation results by steadyUniversalMRFFoam showed good agreement with those by Ansys CFX

in estimation for the mass flow rate, while it overestimated the temperature at the walls leaving the future work for this

problem.
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Fig. 1 Test turbine mesh with unequal interface
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(a) overlapGgi face of stator (b) overlapGgi face of rotor

Fig. 2 Temperature distribution by default
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Fig. 4 Enthalpy distribution by default
chg3 Pk,
h =i 4+ 0.5%(magSqr(Urot) — magSqr(Urel)); 7
= A 2Em 18 e Bl 2e] 4uvh 4g
A gFot ALARI Fho g A= ANt AT hiE 4

N
eIy e ggro] A gl et g 9 2w
ol Eeiduo] WAISHA E|ic,

_I

ezﬁr{r_\ﬂ

gl

AFUE ] of5l AlA =] o] glom,
R R I PP
foam—extend7} AXE t]jHEg oA MRFEE u}e S0
UTheta ¥ Y8 27l Aoz, g tdEzg=
/foam—extend—4, 1/src/finiteVolume/cfdTools/general/
MRFo|H, $=A3ford atdEL MRFZone, C, MRFZone H,
MRFZones.C % MRFZones HoJt},

ESH g W Ql steadyUniversalMRFFoam ZT|of A
SAgor & = createFields, H % iEqn, Ho|H,
UTheta®} URot7} JHIOIE =HEE st

olefat e AR F elolnzlelel A £l A
sto] S AS APskelaL, 1 AFE Fig. 6 — 9o UERHS
t} overlapGgi D mixingPlane®] toto] Z+zF 2en] &
7} 2 A gelo] 2ete] Asjold YaHolA Beldol Lt
WAL gy Aupol ALAQ1 gho] AFEE AT

Fig, 102} 112 22 A EA o thal] &8} CFXE A

[ A=Y}
22

32

3.56+05
349000
348000

= 347000

- 346000

(a) overlapGgi face of stator (b) overlapGgi face of rotor

Fig. 3 Rothalpy distribution by default
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(a) overlapGgi face of stator  (b) overlapGgi face of rotor

Fig. 6 Enthalpy distribution after correction
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Fig. 7 Rothalpy distribution after correction
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Fig. 8 Enthalpy distribution after correction
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Fig. 10 Rothalpy comparison
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Fig. 9 Rothalpy distribution after correction
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Fig. 18 KARI uncooled turbine pressure distribution
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(a) OpenFOAM

(b) CFX

Fig. 15 KARI uncooled turbine Mach number distribution
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Fig. 17 KARI uncooled turbine, performance curve:
mass flow rate vs, pressure ratio
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(a) OpenFOAM  (b) CFX

Fig. 16 KARI uncooled turbine temperature distribution
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Fig. 18 KARI uncooled turbine, performance curve:
temperature ratio vs, pressure ratio
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