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Adjoint Optimization Method for Transonic Compressor Blade
Based on Mesh Deformation Technique
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Abstract: In order to study the influence mechanism of three-dimensional compressor blades on shock
waves and complex secondary flow and improve the corresponding control technology, an adjoint optimization
platform is established for a compressor blade, by coupling adjoint optimization method, mesh deformation tech-
nique and numerical simulation technique. To improve the compressor isentropic efficiency, the blade of Rotor 37
is optimized at 98% choking mass flow rate. After the blade optimization, the compressor isentropic efficiency ris-
es by 0.79%, the total pressure ratio grows by 0.48%, the mass flow increases by 0.71%, and the outlet entropy
generation drops by 3.85%. More importantly, the blade optimization can improve the efficiency and total pres-
sure ratio at nearly all working conditions, in particular, the performance improvement is more significant at larg-
er inverse—pressure—gradient conditions. The flow mechanism shows that after the blade is optimized, the leading

edge of the blade is offset to the back of the blade, and the trailing edge is offset to the leaf pot, the distribution of
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the air inlet and outlet angle along the height of the blade is adjusted to reduce the mixing loss caused by uneven

outlet air flow. A bow—shaped structure is formed at the leading edge of the blade, which reduces the peak Mach

number of the leading edge and makes the boundary layer better develop, the position of the maximum blade cur-

vature is adjusted to make the airflow turn more reasonably. Besides, after blade optimization, the load on the

middle of the blade moves forward, and the shock wave is delayed, which reduces the interference between the

shock wave and the boundary layer so that the airflow after shock waves is improved. In addition, the blade opti-

mization also reduces the load on the rear of the blade, which further results in better flow characteristics. The

above results demonstrate the feasibility and effectiveness of the adjoint optimization method for compressor blade

optimization.
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Table 1 Parameters of Rotor 37

Parameter Value
Design blade number 36
Design rotation/(r/min) 17188.7
Design mass flow/(kg/s) 20.19
Design total pressure ratio 2.106
Velocity at blade tip/(m/s) 454.14
Design tip clearance/cm 0.0356
Relative Ma at tip inlet 1.48
Relative Ma at bottom inlet 1.13
Solidity of blade tip 1.29
Aspect ratio 1.56
Hub ratio 0.7
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Fig. 1 Measuring positions of Rotor 37
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Fig. 3 Mesh independence verification
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Table 2 Performance parameters of design point before

and after optimization

Parameter Mass flow/  Total pr?ssure Efficiency
(kg/s) ratio
Initial blade 20.553 2.106 0.8730
Optimized blade 20.698 2.116 0.8799
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