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Optimization design and performance research of turbodrill blades
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Abstract: To address the issue of low drilling efficiency in high-temperature hard rock formations during deep geothermal

drilling, this paper investigates the structural optimization and hydraulic performance of turbine blades using a @178 mm

high-speed turbodrill as the research object. A mathematical model for the output characteristics of the turbodrill was

established based on the moment of momentum theorem and the law of conservation of energy. The blade profile was

designed using a quintic polynomial curve, and a degenerated twisted forming method was proposed to replace the

traditional stretch forming process. Finite element fluid analysis was employed to compare the velocity and pressure field

distributions of the blades before and after optimization, and an indoor bench test system was built to verify the

optimization effect. The results indicate that the blades formed by the degenerated twisted method achieve an equal-width

flow channel distribution, improve pressure field uniformity, and reduce vortex losses. The experimental results were

consistent with the simulation trends, validating the effectiveness of the optimization method. At the rated speed, the

output torque of the optimized single-stage turbine increased by 65.58% , the hydraulic efficiency improved from 67.92%

to 76.89% , and the pressure drop decreased by 4.27% . This study provides a theoretical basis and technical support for

improving deep geothermal drilling efficiency, reducing energy consumption, and extending the service life of drilling tools.

Key words: turbodrill; blade optimization; hydraulic characteristics; twisted forming; numerical simulation; deep

geothermal; high-temperature hard rock drilling
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Fig.1 Structural parameters of turbodrill blade
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Table 1 Initial performance parameters of turbodrill

"oz K ZHUE
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BT % B/ (kgom ®) 1000
WK/ (N-m) 45
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Table 2 Key structural parameters of turbodrill blade
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Fig.2 Three-dimensional solid modeling
of turbodrill blade
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Fig.3 Hydraulic output characteristic curve of turbodrill
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Fig.4 Comparison of blades formed

using different methods
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Fig.6 Physical specimen of a twist-formed blade
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Fig.7 Mesh generation for the fluid computational

domain of a single-stage turbine blade
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Fig.8 Velocity contour map of turbine blade

flow path before and after optimization
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Fig.9 Radial cross-section contour map of

single-channel velocity for different rotor blades

BN TR 20264 7H
-0.04
150000
88888.9
-0.02 27777.8
4333333
£ -94444.4
g 0 -155556
I . 216667
- 277778
0.021 338889
! -400000
0.04
1 T ] [ 0 O [ O O I 8 |
210 200 190 180 170 160
JE T A EAC°)
(L
0021 150000
I 88888.9
- 27777.8
or 333333
. I -94444.4
= - 2 -155556
N 002 ( 216667
i © 277778
f -338889
-0.04 i -400000
000 SR 60
JE T A EAC°)
s

E10 RULBERREMHAEREENZE
Fig.10 Pressure contour map of turbine blade

flow path before and after optimization
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Fig.11 Radial cross-section contour map of

single-channel pressure for different rotor blades
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Fig.12 Comparison of single-stage turbine output

characteristics before and after optimization
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Table 3 Comparison of output performance of single-

stage turbine blades before and after optimization
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single-stage turbine blades
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