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Structure Design and Operation Parameter Optimization for
a Single Cylinder H,-O, Combustion Chamber
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Abstract: Due to the developments of gas turbines fed by the syngas with high content of hydrogen and of
the technology of diffusion flame combustion, more and more researches on hydrogenHuelled combustors
have been carried out.Based on a new type of thermodynamic cycle system with hydrogen gas turbine, a
single cylinder H, -0, combustion chamber was designed.The structure and operation parameters were op—
timized by comparing the combustion, flow and temperature field distribution characteristics by CFD simu—
lation. The results showed that the flow field and temperature field in the combustion chamber reach the
best state when the planar swirl angle is 45°. With the convective heat transfer coefficient of circulating
water of 2000 W/( m” * K) ,the highest temperature of the combustion chamber wall is below 750 K.
When the mixing speed v reaches 60 m/s,the average RTDF ~9.0% ,and the maximum OTDF=~23.6%,
which can meet the operation requirement.
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Fig.1 A new thermodynamic cycle system of

hydrogen gas turbine
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Fig.2 Structure of the planar swirler
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Tab.2 Calculation results of combustion chamber thermodynamics ( hydrogen)
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Tab.3 Calculation results of combustion chamber aerodynamics

WRBEE HAR Dy /mm

MAPE I T B/(°) R LR Mo, /(°)

MABEXICRE L /mm BRBUKE L, /mm RBEE B L /mm
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Fig.3 Axial velocity distribution at the head area

of combustion chamber( o, =30°)
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Fig.4 Mass fraction distribution of H,O at the

head area of combustion chamber( o, =30°)
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Fig.5 Axial velocity distribution at the head area of

combustion chamber( a, =45°)
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Fig.6 Axial velocity distribution at the chamber

center area for different swirl angles
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Fig.7 Radial distribution of the axial velocity

in the backflow center region
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Fig.8 Mass fraction distribution of H,O at

combustion chamber head area
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Fig.9 Wall temperature distribution of the

combustion chamber
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Fig.10 Temperature distribution near the

chamber wall
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Fig.11 Wall temperature distribution curve of

combustion chamber at different axial position
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Fig.12 Relationship between incident mixing

speed and RTDF( T, =300 K)
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Fig.13 Relationship between incident mixing

temperature and RTDF(v;=60 m/s)
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