Mechanical Engineering and Technology Lk L2 5$HiR, 2026, 15(5), 622-636 Hans Y
Published Online October 2026 in Hans. https://www.hanspub.org/journal/met
https://doi.org/10.12677/met.2026.155059

ZESLMERIFH /MR- imst Gtk

OB, A M, 2O
KITREHUR TR 2B, WL M

ks H . 20264F9 H30H; FHHM: 20264F10H23H; KA H#: 20264£10H29H

R

3T AHRRH FEWE R AN THEER KU RE B G TR 5 r= 4 LS WS R,
] H—ME EBE B EORE L (SLM) LA FIE L R PR H R EmRie s, HFIIEER. B&E
7. WMGBA. BEEMA. AOA. H0ANHFREARTEE, RALKRSHAMESREIETS
BRIARE. BTHASEWHEE, TR T BT ERE100HM i EkEA, @ itEREH
2 (CFD) LR B S AN N AN ERE, Hdt—P MR, EERME, B A &S5 iRe
PEREZ A B2 M B R BU(RBF)AREAREL, HRAFE. EREMSEMNEEA PR R BT B 134T0
t. SREFH: M. EEAZEREEINREN RE RS H80.8110. 0.8619710.7319; fithT7
REFSE EEAESFI41.12 N-m, 24,821 PaFf10.709, SAREEETHNI{E6.67%- 5.90%F11.25%.
AR ENB/MHMER . HAUGRTAEEALART, AT RESESLMES R T,

X 5in
FHTRE, EEEEOEL, ARSI, RRERERERE, TEREN%

Structural Optimization of a Downhole
Small-Size Turbine Considering SLM
Manufacturing Constraints

Teng Sun, Shuai Fu, Peng Wang*

School of Mechanical Engineering, Yangtze University, Jingzhou Hubei

Received: September 30, 2026; accepted: October 23, 2026; published: October 29, 2026

Abstract

To address the challenges associated with the complex structure of downhole small-scale turbine
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blades, the difficulty of conventional machining, and the tendency to generate support structures
during metal additive manufacturing, this study proposes a turbine blade structural optimization
method considering the geometric manufacturability constraints of selective laser melting (SLM).
The leading-edge radius, trailing-edge radius, leading-edge wedge angle, trailing-edge wedge an-
gle, inlet angle, outlet angle, and blade height were selected as design variables. A parametric
model of the turbine stator and rotor blades was established using a method in which quintic
polynomial curves are tangent to circular arcs. Based on Latin hypercube sampling, 100 sets of
blade-structure samples were generated. The output torque and pressure drop of each sample
were obtained using computational fluid dynamics (CFD), and the corresponding efficiency was
further calculated. On this basis, radial basis function (RBF) surrogate models were established
to describe the relationship between blade structural parameters and turbine performance. The
blade structure was then optimized using a weighted comprehensive evaluation function incor-
porating torque, pressure drop, and efficiency. The results show that the coefficients of determi-
nation of the surrogate models for torque, pressure drop, and efficiency on the test setare 0.8110,
0.8619, and 0.7319, respectively. The torque, pressure drop, and efficiency of the optimized de-
sign are 1.12 N'm, 24,821 Pa, and 0.709, respectively, with relative errors of 6.67%, 5.90%, and
1.25% compared with the surrogate-model predictions. Under the constraints of minimum fea-
ture size, blade edge size, and overhang angle specified in this study, the optimized design demon-
strates the feasibility of support-free SLM fabrication.

Keywords

Downhole Turbine, Selective Laser Melting, Blade Structural Optimization, Radial Basis Function
Surrogate Model, Computational Fluid Dynamics

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

BEAE VRS BIRIT M ST A M Z B IR TR 0, IR 30 08 B A M RE A TAE S A2 B2 Ok
e AR BAREE S TSR SRS KSR R, 7 i R R R 2 B I BB
AT FBISaREe T B it kS A Bt i BUER BT VAT TR AT, fR DN
(R 26 R T BRA I 18 N s 2% o (TS (21K Bezier Bk Mi&imEe I LR, $em 7 Fis 2y
() RS PERD N . 3 S [3 13 T Hk 2 W 2URT CFD 773, i 7T 48, R4 &kt O
S ESHOT IR TERE IR, G5 R M S EC IR R A R . A RS 44 S
Bezier M8 UKL HE LR E B 2245 ik AT oA, &5 ARG B0 25 ih 45 M Be % B /K 043
R EIREE R . HE KSR BP #4& M S AL LR 223 Mk T ik, BRIV M
2 B SR i e A R R

AR AR AT A P AR AL o R T B R T S . X3 5 AR (6] LA AR 4R AT K ST 3R
NN G IMR A NRA B AR, R SOERL PR VR A0 450 S I2 AT S8 AT Ak, SEE0 T Sk g
Pem AR AR PR AT B FF A5 [ 716X SR W HERE 38 5% 00T I, 32 T 5T CFD #5 F1 Kriging RIS A
MR ISR 2, TEA BRICBUE 5 B 3RS T B AR I 7450 . BERASE[8]48 H Bezier MiZk. B
P2k CST JiEMH AT T EES BT B O Z M T A s it

Cherry Z$[9]#1 Liverani 5[ 101870, 316 L ANEE4N SLM BUE & SH0OGTh % . A S T2
ZHEYIMR . HILFER, SR80 ARIREMEBRIHETE S ERIE . SIS 3% R R G b3

DOI: 10.12677/met.2026.155059 623 b TR 58 A


https://doi.org/10.12677/met.2026.155059
http://creativecommons.org/licenses/by/4.0/

M 45

ALIAMEAER 2 [11]. Thomas [12]48 H, 32 FIl SLM 45 M2 75 75 Z S0 M E 2 LS4 Calignano
(3SR, SCHELE ) BAR mT et i 1l XU I A M, (L2398 Jon 1) 3¢ o ) R /s A B P

A IR iREEH F A 50 B B 2R FIK FE g, /N RSP A ) SLM. JE SCHE T R %
JEAHRIAS A o FET I, ARSCUSE NN RSHREE . FEF i oA O R, REGETG AR B4R 1T
B TG NDU L DRI s BT AR &, @ S He i B . SRR T RS 7 e
A CFD BB REFE A SR, #dE RBF AR, DA KRR N PR Febr @ LI &
TR BRI FESEEER b, ST 38 T Z 4R fmincon S0 F S5k BEAT AL, )5 ilid CFD
XA FHAT E %

2. JREMHFEES CFD iR
2.1. ;REEHR L ASHE X

TR R T A A R SCLRE B ) G A, B B RE R T L LATRR B e
A RARAIRS T2 Rtk R LIS EROREEFE. a5 a. iEm. JFE8m.
ANEf A FERERE, w2, M EE R e A . 15 1 iR E T U S EUR B

—

-
A Bk il A
. ,ﬁﬂ‘?%#!@ﬁupl 1R
Pl A
T Ay 5% Kb .
/,/ b
1 B VL . /
7 / \
»;%ff Vit N REE R

R4 g2

Figure 1. Geometric parameters of the stator blade
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Figure 2. Stator and rotor 3D model
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Figure 3. Grid independence verification
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Figure 4. 3D model of the stator and rotor flow channels
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Figure 5. Turbine output characteristics
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Table 4. Representative samples and CFD results

F< 4. BAHARK CFD &R

k<R 12 mm mm ° ° ° ° mm N'm Pa
e e . Ri R2 o1 02 Pk Pk H T Ap

1 0.8 0.41 23.86 10.14 100.89 48.22 10.14 1.09 24,075

2 0.99 0.51 19.18 10.56 99.7 49.57 10.98 1.1 24,570

3 0.62 0.58 22.65 12.26 96.43 49.73 11.42 1.02 22,460

4 0.86 0.52 17.75 9.22 91.85 5391 11.53 0.7 16,441

5 0.73 0.45 22.02 10.35 102.97 493 10.01 1 22,753

6 0.68 0.57 29.78 12.08 90.52 50.81 10.29 0.99 22,221
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7 0.69 0.43 15.02 8.55 91.52 55.36 10.89 0.5 12,890
8 0.69 0.37 12.56 11.09 103.15 51.2 9.02 0.96 21,392
9 0.78 0.34 15.55 7.05 100.53 53.55 10.94 0.72 16,397
10 0.77 0.51 10.19 12.14 96.12 52.88 10.51 0.88 20,049
91 0.66 0.39 29.85 13.08 98.27 48.91 11.05 0.69 16,871
92 0.92 0.38 20.94 11.84 106.24 49.12 9.29 0.64 15,647
93 0.93 0.52 21.83 9.54 97.24 51.95 8.45 0.79 18,945
94 0.87 0.31 18.99 7.83 101.2 55.82 10.87 0.72 16,991
95 0.8 0.54 29.39 13.39 94.54 52.39 8.95 0.91 20,617
96 0.78 0.34 16.29 9.67 106.08 55.49 9.21 0.73 17,068
97 0.78 0.55 13.49 14.07 98.03 48.03 8.56 0.72 17,883
98 0.71 0.35 10.74 10.88 94.14 53.17 9.12 1.15 26,226
99 0.68 0.57 11.45 14.53 100.62 53.78 11.31 0.95 22,082
100 1 0.33 23.45 10.48 107.87 52.21 11.02 0.89 19,654
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Figure 6. Test set prediction performance
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Table 5. Prediction accuracy of the proxy model on the test set
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Figure 7. Iterative process
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Table 6. Optimal blade structural parameters and predicted performance
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Table 7. Comparison of predictive performance between the original and optimized schemes
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Table 8. Review results of optimization scenarios
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