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Abstract >> In this study, the design of a turbo expander for performance im-

provement was carried out using computational fluid dynamics (CFD). The blade
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angle distribution was defined as the design variable of the turbo expander im-
peller, and the turbo expander impeller was designed for performance improve-

ment by controlling the blade angle distribution. Three-dimensional steady-state
numerical simulations were carried out by solving the Reynolds-averaged Navier
—Stokes equations with the shear stress transport (SST) turbulence model. The
performance variation according to changes in the turbo expander impeller de-
sign variables was analyzed based on numerical simulation results, and a turbo
expander impeller geometry was designed to improve performance.

Key words: CO;, liquefaction(O|AHgIEA T}, Turbo expander(E{ & Z%}7]), Aerodynamic
design(&= A7), Performance improvement(4-g &4f), Computational
fluid dynamics(HAHS M| 45
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Fig. 1. Three-dimensional geometry of the compander
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Fig. 2. Design variables of blade angle distribution
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Table 1. Boundary condition

Value

Inlet pressure (bar) 62.9
Inlet temperature (°C) 24.69
Outlet pressure (bar) 45.34
Rotational speed (r/min) 57,000
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Fig. 3. Boundary conditions and grid system for the turbo
expander
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Table 2. 2% factorial design set
PLh () | Bls () | B2h (°) | P25 (°)
1 -3 3 3 3
2 3 -3 -3 3
3 -3 3 -3 3
4 3 3 -3 -3
5 -3 -3 3 3
6 3 -3 3 -3
7 -3 3 3 3
8 3 3 3 3
Center 0 0 0 0
Awvailable Factorial Designs (with Resolution)
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Fig. 5. Fractional factorial of design of experiments (DOE)
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Fig. 6. Main effects plot for mass flow
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Pareto Chart of the Standardized Effects
(response is Mass flow, Alpha = .05)
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Fig. 7. Pareto chart for mass flow
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Fig. 8. Main effects plot for efficiency

Pareto Chart of the Standardized Effects
(response is Efficiency, Alpha = .05)
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Table 3. Comparison of CFD results

Reference model | Optimum model

Mass flow 1 1
Efficiency (%) 75.1 80.3
B1_h pl_s B2_h p2_s
N;W Hi 30 30 30 30
Cur [3.0] [-3.0] [-3.0] [3.0]
0.79907 |0 -3.0 -3.0 -3.0 -3.0
Mass flow
Targ: 1.0
y = 0.9968
d=096810
Efficiency = =
Maximum
vy = 79.8933
d = 0.65955

Fig. 9. Pareto chart for efficiency
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