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Abstract 

Turbodrill, as one of the extremely important downhole power operation tools in the field of oil and gas field exploration and 

development, has a wide range of application conditions and requirements. Among them, the blade grid of turbodrill, as the core 

component of turbodrill, directly affects the downhole operation performance of the drilling tool. However, the overall structural 

design of existing turbodrill tools requires the gradual derivation of blade geometry parameters based on theoretical formulas 

and repeated calibration. The overall design workload is large, the calculation steps are complex, and the overall design cycle is 

long. The existing traditional design methods have prominent problems. Therefore, in order to effectively improve the overall 

design efficiency and calculation accuracy of turbodrill, an innovative parametric design method for the overall structure of 

turbodrill blade cascade is proposed. Based on the theory of univariate flow and the modular parameterization design approach, 

a hierarchical framework for the overall design module and sub modules of the turbodrill blade cascade was established, and a 

parameter relationship network diagram was formed for the corresponding parameters in the design process of the stator and 

rotor of the guide vane cascade; And based on the modular design process, a parametric design and operation fitting system was 

built. At the same time, a program driven computer-aided design software was used to generate the overall three-dimensional 

structural diagram, and finally a parameterized design and operation platform for the overall structure of the turbine blade was 

obtained, which is easy to design and optimize. Based on the built design and operation platform, the overall structure design of 

the turbine blade was completed, and the feasibility of the design method and operation platform was verified using finite element 

calculation method. The research results show that the innovative parameterized design method and computing platform for the 

overall structure of turbine blade cascades effectively solve the problem of large design workload in the complex, diverse, and 

flexible design process of turbine blade cascades. The calculation accuracy has been improved by about 20%, and the overall 

design efficiency has been increased by more than 35%. The promotion and application of this innovative parameterized design 

method for the overall structure of turbine drilling tool blade cascades will greatly improve the design efficiency and calculation 

accuracy of downhole turbine drilling tool structures, which is of great significance for promoting the technological upgrading 

of China's intelligent manufacturing industry. 
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1. Preface 

In recent years, due to the extensive exploitation and con-

sumption of conventional oil and gas resources globally, cou-

pled with the energy demand driven by rapid socio-economic 

development, countries worldwide are actively exploring and 

developing unconventional oil and gas resources such as those 

in high-temperature, high-pressure, and ultra-deep wells. Con-

sequently, there is an urgent need to design and develop down-

hole operation tools that are suitable for complex working 

conditions such as high temperature, high pressure, and ultra-

deep wells. Among these, turbodrills serve as crucial power 

tools for drilling and developing high-temperature, high-pres-

sure, highly deviated, and ultra-deep oil and gas wells. They 

can be paired with novel technologies like coiled tubing, PDC 

bits, and centralizers to achieve efficient drilling operations 

under complex conditions in oil and gas fields. These turbo-

drills exhibit outstanding advantages such as good resistance 

to high temperature and pressure, high mechanical speed, high 

stability, good directionality, and strong adaptability to sup-

porting technologies. 

Currently, turbodrills have developed into one of the most 

widely used downhole power drill tools in the field of oil and 

gas field development. Their extensive application in petro-

leum and natural gas engineering has greatly improved drill-

ing quality and speed, reduced well construction cycles and 

operational costs, and achieved outstanding economic benefits 

in oil and gas field development [1-3]. However, as the core 

component of turbodrills, the turbine blade cascade has a com-

plex blade structure, and the overall structural design requires 

the gradual derivation of turbine cascade geometric parame-

ters based on theoretical formulas and repeated calibration. 

The overall design workload is substantial, and the trial calcu-

lation steps are cumbersome. Therefore, in order to reduce the 

design workload of design staff and effectively improve the 

overall design efficiency and calculation accuracy of turbo-

drills, this paper focuses on combining one-dimensional flow 

theory and modular parametric design ideas to propose an in-

novative new method for the parametric design of the overall 

structure of turbodrill turbine blade cascades. Firstly, based on 

the one-dimensional flow theory of turbine design and modu-

lar parametric design ideas, a hierarchical relationship frame-

work between the overall design module and sub-modules of 

the turbodrill turbine blade cascade is established, forming a 

mathematical operation relationship network diagram corre-

sponding to various parameters in the design process of the 

inducer and rotor of the turbine blade cascade. Then, based on 

the modular design process, a parametric design and operation 

fitting system is built, and the overall three-dimensional struc-

tural diagram of the turbodrill turbine blade cascade is gener-

ated through program-driven computer-aided design software. 

Finally, by integrating the overall parametric programming 

technology of the turbodrill turbine blade cascade with the op-

eration method of three-dimensional auxiliary design software, 

a parametric design operation platform for the overall struc-

ture of the turbine blade cascade is finally obtained, which can 

directly generate the overall three-dimensional structural dia-

gram of the turbine blade cascade by changing program pa-

rameters. Based on this platform, the overall structural design 

and finite element calculation performance verification analy-

sis of the turbine blade cascade are completed. A new flexible 

design method for the turbine blade cascade structure is 

formed, which is easy to design and optimize, effectively im-

proving the design efficiency and calculation accuracy of the 

turbine structure. This is of great significance for promoting 

the technological upgrading of China's intelligent manufactur-

ing industry. 

2. Turbodrill Blade Cascade Design 

A turbodrill is a downhole power tool assembly that con-

verts the hydraulic energy of drilling mud fluid into mechani-

cal energy. It primarily consists of a housing, thrust bearing, 

main shaft, turbodrill vane assembly, turbine body, and cen-

tralizer bearing. The turbodrill vane, as the core power output 

component of the turbodrill, directly affects its operational 

performance. It mainly converts the kinetic energy of high-

speed drilling mud fluid, which flows through the internal 

flow passage of the turbine main shaft and enters the guide 

vane assembly during the turbodrill's operation, into mechan-

ical energy to output rotational torque, ultimately driving the 

drill bit to rotate and break rock for drilling. 

As a typical axial-flow turbomachinery, turbodrills can be 

classified into single-stage and multi-stage turbine pairs based 

on the number of stages driving the turbine within the assem-

bly. The turbine cascade of a turbodrill is the core component 

determining its performance. The pressure and suction surface 

profiles of the turbine cascade blades determine the hydraulic 

performance of the flow guide. Therefore, accurate design of 

the turbine cascade shape is crucial. The turbine cascade of a 

turbodrill adopts an axial flow transmission form and is 

mainly composed of a turbine stator, a turbine rotor, and 

blades. The fluid flowing through the flow guide cascade is 

guided by the turbine stator and then impacts the blades of the 

turbine rotor, driving the rotor mounted on the turbine drive 

shaft to rotate. The fluid then flows through the rotor blades to 

the next-stage turbine. Multiple (or single) turbines are cou-

pled to jointly transmit rotational torque to the turbine drive 

shaft, providing power for the downhole turbodrill (as shown 

in Figure 1). Traditional design methods for the shape of tur-

bodrill cascades require gradual derivation of cascade geomet-

ric parameters based on theoretical formulas and repeated cal-

ibration. The overall design workload is heavy, the trial calcu-

lation steps are complex, and the overall efficiency is low. 

Therefore, this paper develops an innovative parametric and 

efficient design method for the overall structure of turbodrill 
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cascades, which enables program-driven computer-aided soft-

ware to automatically complete the overall structural design 

with high quality. 

 
Figure 1. Schematic diagram of two-stage turbine blade structure. 

Currently, the turbine drill blade cascade is predominantly 

of a planar form, meaning that the turbine stator and rotor 

blades have consistent blade profiles along the radial circum-

ferential surface. To carry out the structural design of the tur-

bine drill blade cascade, it is necessary to first calculate the 

turbine blade cascade flow parameters and turbine structural 

dimensions based on the turbine's operating conditions and di-

mensional parameters. Then, according to the one-dimen-

sional flow theory formulas and inlet and outlet fluid flow 

structural parameters, the geometric parameters of the turbine 

blade cascade and the turbine blade profile design calculations 

are completed. Finally, the blade pressure surface and suction 

surface profile curve equations are obtained, and the overall 

structure of the turbine drill blade cascade is determined. In 

the design of the turbine drill blade cascade, by changing the 

inlet and outlet structural angles of the stator and rotor blades, 

the profile curves, flow channels, and impact angle character-

istics of the blade pressure surface and suction surface of the 

blade cascade are affected, thereby determining the hydraulic 

performance of the turbine. 

2.1. Analysis of Cascade Flow Model 

The key components for power conversion in the turbine 

drill cascade are the stator and rotor blade discs. The fluid flow 

is guided by the stator blades and then impacts the rotor blades 

to rotate, thereby driving the turbine main shaft to output 

torque. The fluid flow at the rotor outlet continues to converge 

into the downstream turbine stator guide vane cascade until 

the lowest-level turbine outputs the superimposed torque. 

Based on the principle of the turbine drill cascade, a turbine 

cascade flow model is constructed as shown in Figure 2, where 

D1 is the outer diameter of the cascade, D2 is the inner diam-

eter of the cascade, and D is the calculated diameter of the 

cascade. Based on the basic assumptions of the one-dimen-

sional fluid theory for turbine drill design, the following cal-

culation formulas can be derived: 

D n
u=

60

π
                  (1) 

k u uM =KQ R(C -C ) 1 2
             (2) 

k u uN =KQ u(C -C ) 1 2
             (3) 

In the formula: u represents the circumferential velocity of 

the fluid flow at the calculated diameter of the cascade, n de-

notes the rotational speed of the main shaft, Q signifies the 

fluid flow rate entering the cascade, ρ stands for the fluid den-

sity, R indicates the calculated radius of the cascade, and and 

represent the tangential components of the absolute velocity 

of the fluid flow at the inlet and outlet of the cascade, respec-

tively. 

 
Figure 2. Schematic diagram of cascade structure of stage turbine. 

2.2. Analysis of Blade Design Parameters in 

Blade Cascade 

In the design of cascade blade shapes, the blade profiles are 

arranged at the same spacing and angle along the frontal line 
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to form a cascade. The mid-arc line of the blade is the trajec-

tory of the center of the inscribed circle that is tangent to both 

the pressure and suction surfaces of the same blade. The mid-

line of the flow passage is the trajectory of the center of the 

inscribed circle that is tangent to both the pressure and suction 

surfaces of the fluid passage [4-6]. The inlet and outlet struc-

tural angles of the turbine cascade rotor blades are β1k and 

β2k, while the inlet and outlet structural angles of the midline 

of the flow passage are β1mk and β2mk. Similarly, the inlet 

and outlet structural angles of the stator blades can be ex-

pressed as α1k and α2k (the structural design is shown in Fig-

ure 3). The structural characteristic parameters of the turbine 

cascade include the radii of the blade leading and trailing 

edges, r1 and r2, the blade chord length, b, the installation an-

gle of the rotor blades, βs, the cascade pitch, t, the cascade 

width, B, the throat width of the cascade, a, and the blade pro-

file twist angle, θ. When fluid flows through the cascade, the 

direction of fluid flow is represented by the inlet angle β1 (α1) 

and the outlet angle β2 (α2). The relative velocities of the inlet 

and outlet fluid flows are W1 and W2, the absolute velocities 

of the inlet and outlet fluid flows are C1 and C2, and the cir-

cumferential velocity of the fluid flow is u. The inlet and outlet 

fluid flow angles of the cascade are not necessarily equal to 

the inlet and outlet structural angles. Generally, the following 

two parameters are used to represent the relationship between 

the fluid flow direction and the geometric parameters of the 

cascade: 

1k 1i= -β β  

2 2k= - β β                   (4) 

In the formula, i represents the rotor blade incidence angle, 

and δ represents the rotor blade lag angle. They are closely 

related to the blade lift coefficient and hydraulic loss. Simi-

larly, the incidence angle and lag angle of the stator blade can 

also be calculated. 

 
Figure 3. Schematic diagram of blade shape parameters for cascade blades. 

After flowing through the turbine blade cascade and enter-

ing the stator guide, the fluid's relative velocity is equal to its 

absolute velocity due to the non-rotating stator. Therefore, the 

velocity magnitude at the stator outlet is determined by the 

axial component velocity. As the stator outlet is very close to 

the rotor inlet, the absolute velocity of the fluid at the stator 

outlet is equal to that at the rotor inlet. This can be calculated 

as follows: 

1
1

Q
C =

DB sin π
             (5) 
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2
2

Q
W =

DB sin π
             (6) 

In the formula, C1 represents the absolute velocity of fluid 

flow at the outlet of the cascade stator, Q denotes the working 

flow entering the cascade, B signifies the cascade width (or 

the radial width of the blade), D stands for the calculated di-

ameter of the cascade, is the reduction coefficient of the blade 

cross-section, is the inlet angle of the cascade stator, and is the 

outlet angle of the cascade rotor. 

In addition, the profile design of the pressure and suction 

surfaces of the turbodrill cascade blades is crucial in the over-

all design of the cascade. Therefore, based on meeting the ge-

ometric parameters and flow characteristics of the blades, a 

profile design featuring a continuous curvature of a high-order 

quintic polynomial is constructed. The profile curves of the 

pressure and suction surfaces of the blades are constructed as 

follows: ( )pY f x  and ( )sY g x , Its polynomial form is 

as follows: 

2 3 4 5
0 1 2 3 4 5pY a a x a x a x a x a x             (7) 

2 3 4 5
0 1 2 3 4 5sY b b x b x b x b x b x     

        (8) 

The design of the turbine drill blade cascade structure must 

meet the design requirements of the geometric structure of the 

cascade blades and the hydraulic theory parameters. It is nec-

essary to fully understand and calculate the structural param-

eters, and determine the profile curve equations of the pressure 

and suction surfaces of the cascade blades, in order to finally 

complete the overall structure of the turbine drill blade cas-

cade. 

3. Basic Idea of Parametric Design 

The so-called parametric design technology primarily in-

volves transforming quantitative information in the design ob-

ject into variables, making it adjustable parameters. By utiliz-

ing geometric constraints and engineering equations and rela-

tionships, an explicit correspondence between the variable pa-

rameters and the geometric shape characteristics of the design 

object is established. When different values are assigned to the 

variable parameters, new target geometric shape characteris-

tics can be achieved, resulting in a cluster of design objects 

with similar shapes or functions [7-12]. The basic methods of 

parametric design include program-driven and dimension-

driven. Program-driven involves analyzing the geometric 

model characteristics of the design object, determining the 

main parameters of the design object and the mathematical op-

eration relationships between various dimensions, and input-

ting these relationships into the program. This allows for the 

generation of the required design object by simply inputting a 

few parameter values during object design [13-17]. Further-

more, dimension-driven is an extension of program-driven, 

with the basic idea being to generate the involved base graph 

by the application. The dimensions of this graph are labeled 

with a series of identifiers, which are input or interactively in-

put by the user during editing, thus generating the user's de-

sign object [18-20]. Parametric design technology enables the 

design object to have flexibility that is easy to modify, allow-

ing for rapid modification and generation of the design object 

according to the requirements specified by the designer. This 

greatly improves design efficiency and quality, facilitating se-

rialized design. 

Therefore, in view of the current situation where the overall 

structural design of traditional turbodrill cascades involves a 

large amount of work and complex theoretical calculation and 

calibration steps, in order to effectively improve the overall 

design efficiency and calculation accuracy of turbodrills, a 

new parametric design method for the overall structure of tur-

bodrill cascades is proposed below, which fully integrates par-

ametric design technology. 

4. Parametric Structural Design of 

Turbodrill Blade Cascade 

4.1. Overall Design 

Based on the overall structure of the turbodrill cascade, and 

under the premise of meeting the turbine operating condition 

parameters and the design parameters required by cascade hy-

draulics theory, a turbodrill cascade design system and a tur-

bine stator-rotor overall design module have been constructed. 

These include turbine structure size design, turbine cascade 

flow parameter design, turbine cascade geometric parameter 

design, and turbine blade profile design. Data transfer inter-

face relationships between each module have been established, 

forming the overall design process shown in Figure 4. During 

the structural modeling design process of the turbodrill cas-

cade, the turbine cascade flow parameters and turbine struc-

ture dimensions are first calculated based on the turbine's op-

erating conditions and dimensional parameters. Then, the tur-

bine cascade geometric parameters and turbine blade profile 

design calculations are completed based on the one-dimen-

sional flow theory formulas and inlet and outlet fluid flow 

structure parameters. Finally, the blade pressure surface and 

suction surface profile curve equations are obtained, and the 

overall structure of the turbodrill cascade is determined. 
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Figure 4. Overall design process of turbodrill blade array. 

4.2. Operational Logic 

Based on the classical one-dimensional flow theory of tur-

bodrill design, the four main design modules in the overall 

structural design process of turbodrill cascades (i.e., turbine 

structure size design, turbine cascade flow parameter design, 

turbine cascade geometric parameter design, and turbine blade 

profile design) are refined and the transfer relationships be-

tween the modules are sorted out, thereby forming a mathe-

matical operation relationship network among the various pa-

rameters involved in the structural design of key components 

of turbodrill cascades. 

Firstly, based on the operational conditions required for tur-

bine design (including turbine working flow rate, rotational 

speed, and torque), the design dimensions of the turbine drill 

blade cascade are determined (including the outer diameter of 

the turbine cascade stator, the inner diameter of the rotor, the 

blade height, and the inner and outer diameters of the cascade 

flow passage). Relevant empirical parameter values for theo-

retical calculations are set (including the wall thicknesses of 

the inner and outer rings of the cascade stator and rotor, axial 

clearance, relative blade pitch, wedge angles of the leading 

and trailing edges, radii of the leading and trailing edges, mud 

flow density, and turbine working volumetric efficiency). 

Then, mathematical relationships between various production 

factors are established based on theoretical calculation formu-

las. Software programs are used to drive each module in the 

overall turbine design to generate the structural dimensions of 

the turbine stator and rotor. The blade shapes of the turbine 

stator and rotor are checked to ensure they meet the design 

requirements. If they do, the structural dimensions of the tur-

bine stator and rotor are saved; if not, the dimensional param-

eters are redefined, and the turbine stator and rotor structural 

dimensions are generated again until the design requirements 

are met. Finally, based on the determined structural compo-

nent dimensions generated by each module in the overall 

structural design of the turbine drill blade cascade, a three-di-

mensional model of the overall structure of the turbine drill 

blade cascade that meets the operational conditions and design 

parameters of the turbine blade cascade is automatically gen-

erated through computer-aided software, completing the over-

all design and calculation. 

4.3. Programming 

Based on the mathematical operational relationships be-

tween various parameters constructed from detailed design, 

the four main modules in the overall structural design of the 

turbodrill cascade are encoded to achieve programmatic de-

sign and correlation between modules. Combining program-

driven and dimension-driven methods in the parameterized 

design approach, according to the technical parameter require-

ments and operating condition adaptation conditions of the de-

signed turbine, a set of parameter values is input after com-

pleting program building in the programming software, driv-

ing each module to design the structural dimensions of turbine 

cascade components, flow parameters of the turbine cascade, 

geometric parameters of the turbine cascade, and turbine blade 

surface equations. Furthermore, the programming-related 

computer-aided software is used to automatically generate ge-

ometric shape feature graphics of the overall structure of the 

designed turbine cascade, thus achieving flexible design that 

is easy to modify for the overall structure and key components 

of the turbodrill cascade. 

5. Application Analysis of Parametric 

Design Method for Turbine Stator and 

Rotor 

The turbodrill cascade parametric design system con-

structed in this paper is based on a direct parametric design 

method that focuses on the construction process. It is suitable 

for flexible design of integral components such as turbine cas-

cades, stators, rotors, and blade discs with different structural 

dimensions. In the parametric design system, various geomet-

ric dimensions and flow parameters are parameterized quanti-

tatively. During program execution, when different values are 

assigned to the parameters, the corresponding overall and 

component structural models of the turbodrill cascade are au-

tomatically updated. The application process of structural pa-

rameterization for turbodrill cascades is shown in Figure 5 be-

low. 
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Figure 5. Turbine rotor and stator parameterization flowchart. 

Taking the design of the rotary reaming hydraulic drive tur-

bine, which is widely used in the field of oil and gas explora-

tion and development, as an example, the application process 

of parametric design for turbine drill blade cascade is elabo-

rated. The design operating conditions and geometric dimen-

sion requirements for the rotary reaming hydraulic drive tur-

bine are shown in Table 1 below. 

Table 1. Design condition and size requirement parameter table. 

Parameter name/symbol Value/Unit Parameter name/symbol Value/Unit 

Work flow Q 2m3/min Stator outer diameter d1 160mm 

Rotational speed n 1000r/min Rotor inner diameter d2 75mm 

Torque T 800Nm Outer diameter of flow channel D1 135mm 

Blade height S 12mm Inner diameter of flow channel D2 95mm 
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1) Input operating condition parameters. According to the 

design operating condition requirements, input operating 

condition parameters: working flow rate, rotational 

speed, and torque; 

2) Determine the dimensional parameters. According to the 

dimensional design requirements, input the dimensional 

parameters: stator outer diameter, rotor inner diameter, 

blade height, turbine stage height, flow passage inner di-

ameter, and flow passage outer diameter; 

3) Set empirical parameter values. Based on empirical val-

ues, the wall thicknesses of the stator inner ring and rotor 

outer ring are set to 2mm and 1.5mm, respectively, with 

axial clearances of 3mm and 5mm, respectively. On the 

other hand, the relative pitch of the turbine blades is set 

to 0.742, with the wedge angles of the leading and trail-

ing edges set to 20° and 11°, respectively, and the radii 

of the leading and trailing edges set to 0.8mm and 0.4mm, 

respectively. Additionally, the mud density is set to 

1×103 kg/m3, and the volumetric efficiency is set to 0.9. 

4) Generate turbine stator and rotor structural dimensions. 

Based on the established mathematical relationships be-

tween various parameters, utilize software programs to 

drive each module in the overall turbine design to gener-

ate turbine stator and rotor structural dimensions, 

namely: turbine structural dimensions, turbine cascade 

flow parameter results, turbine cascade geometric pa-

rameter results, and turbine stator and rotor blade profile 

dimensions. 

5) Determination of turbine blade cascade stator and rotor 

dimensions. Based on the generated turbine stator and 

rotor structural dimensions, verify whether the turbine 

stator and rotor blade profiles meet the design require-

ments. If they meet the requirements, save the turbine 

stator and rotor structural dimensions; if not, re-deter-

mine the dimensional parameters and generate the tur-

bine stator and rotor structural dimensions again until 

they meet the design requirements. 

6) Drive the generation of a three-dimensional model of the 

overall structure of the turbine drill blade cascade. Based 

on the structural dimensions of the turbine stator and ro-

tor generated by each module in the overall turbine de-

sign, automatically generate the geometric shape feature 

model of the designed turbine stator and rotor through 

computer-aided software. 

Based on the parameterized design and fitting system pro-

cess of the turbine structure, the dimensions of each part of the 

rotary reaming hydraulic drive turbine are calculated and are 

shown in Tables 2 and 3 below. 

Table 2. Structural dimensions of turbine stator and rotor. 

Parameter name/symbol Value/Unit Parameter name/symbol Value/Unit 

Blade inner diameter D1 95mm Stator inner diameter d2 91mm 

Blade outer diameter D2 135mm Stator outer diameter d1 160mm 

Blade centerline diameter D 115mm Rotor inner diameter d4 75mm 

Blade radial width B 20mm Rotor outer diameter d5 138mm 

Blade axial width S 12mm Radial clearance △r 1mm 

Thickness of stator inner ring t1 2mm The clearance δ1 between a pair of turbine stators and rotors 3mm 

Thickness of rotor outer ring t2 1.5mm The clearance δ2 between two sets of turbine stators and rotors 5mm 

Table 3. Turbine cascade and blade parameters table. 

Parameter name/symbol Value/Unit Parameter name/symbol Value/Unit 

Blade chord length b 14.33mm Leading edge wedge angle φ1 20° 

Blade row pitch t 10.63mm Trailing edge wedge angle φ2 11° 

Blade height S 12mm Rotor blade inlet structural angle β1k 100.53° 

Leading edge radius r1 0.8mm Rotor blade outlet structural angle β2k 33.88° 

Trailing edge radius r2 0.4mm Stator vane inlet structural angle α1k 33.88° 

Blade installation angle βm 56.9° Stator vane exit structure angle α2k 100.53° 
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Based on the above parameters, the inlet and outlet flow 

structure parameters of the turbodrill cascade can be deter-

mined. Subsequently, the profile curve equations for the pres-

sure and suction surfaces of the blades can be obtained as fol-

lows: 

2 3 4 56.11151 0.03545 0.05698 0.02665 0.00199 0.00005pY x x x x x                          (9) 

 
Figure 6. S Turbodrill blade stator rotor and overall structure. 

Based on the calculation results of the above parameters, 

and through system programming to drive computer-aided 

software, the overall structure and key components of the de-

signed turbine drill guide vane cascade are automatically gen-

erated as shown in Figure 6. After calculation, compared to 

the traditional turbine drill vane cascade modeling design 

method, which involves gradually deriving the vane cascade 

geometric parameters using theoretical formulas and repeated 

trial calculations, the overall design efficiency is improved by 

more than 35% using the computer-aided parametric design 

method. 

Meanwhile, based on the overall structural design of the tur-

bine cascade completed on this platform, further finite ele-

ment analysis and calculation were conducted (as shown in 

Figure 7). The final calculation results indicated that the blade 

torque reached 18N·m, and the performance met the require-

ments of actual working conditions, thus completing the reli-

ability verification analysis of the structural performance of 

the turbine drill guide vane cascade. 

  
      (a) Finite element model of turbine cascade              (b)Cloud chart of pressure field of turbine cascade 

Figure 7. Calculation model and results of turbodrill blade cascade. 

6. Conclusion 

(1) The main factors affecting the performance of the tur-

bine drill blade cascade are the blade inlet/outlet structural an-

gles, the blade leading/trailing edge radii, the blade profile 

twist angle, the blade cascade pitch, and the blade cascade 

width. Through analysis of the blade cascade modeling param-

eters and in combination with the machining process, the ac-

tual operating conditions and dimensional parameters of the 

turbine are selected as the preconditions for the parametric de-

sign of the overall structure of the turbine drill blade cascade. 

(2) Based on the one-dimensional flow theory of turbodrill 

design, by sorting out the transfer relationship between the 

structural dimensions and flow parameters of each key com-

ponent in the overall structural design process of the turbodrill 

cascade, a hierarchical framework of overall design modules 

and sub-modules for the turbodrill cascade was established. A 

mathematical operation parameter relationship network dia-

gram corresponding to the various parameters of the turbodrill 

cascade was formed, and the design modules in the overall de-

sign of the turbodrill cascade were programmed, making the 

entire turbodrill design and calculation process clear, efficient, 

and fast. 
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(3) Different from the existing traditional design methods 

for turbine cascade structures, this paper innovatively pro-

poses a parametric design method for the overall structure of 

turbine cascades. Based on the modular design process, a de-

sign operation fitting system has been constructed, which uti-

lizes program-driven computer-aided design software to com-

plete 3D structural design. This system enables the design and 

generation of overall structural diagrams through program-

driven computer-aided design software, providing flexibility 

in modifying various object parameters during the design pro-

cess. It effectively addresses the issue of heavy design work-

load in the complex, diverse, and flexible design process of 

turbine cascade structures, with overall design efficiency im-

proved by approximately 35% or more. This method has a 

strong guiding role in the development and design of turbo-

drills as well as in practical engineering applications. 
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