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Parametric Design Method of Air-Cooled Turbine Blade Structure with Variable Thickness
ZHONG Zhi-kui*,HAO Yan-hua?>, HUANG Zhi-jian®
(College of Mechanical Engineering and Automation, Huagiao University, Xiamen Fujian 361021, China)

Abstract: Smooth transition of blade body inner cavity curve is critical to structure design of aeroengine turbine blades with variable
thickness. In order to solve the problem of appearing inflection point in the biggest wall thickness causing the not smooth transition within
variable thickness interpolation, design method (variable thickness parabolic interpolation method) of blades structure with variable
thickness was put forward. The method based on the fitting curve method of projecting curves through pipe intersection, utilizing coefficient
of wall thickness and corresponding relationship between wall thickness, realizing parametric design of turbine blades with variable
thickness. Results of design instance show that using variable thickness parabolic interpolation method to design air-cooled turbine blade
structure with variable thickness, blade body inner section curves is smooth that not presenting transition of inflection point in the point of
the biggest wall thickness.

Key words: variable thickness parabolic interpolation method; pipe intersection; air-cooled turbine blade; inflection point; lumen lines

Fay s R A S 2 A SBT3 oK 5 I SO T T
RO 1 R B JEL L ZAi (v, A T AR BE TR 454
Wit

T 1 AR BE JER L MEAR {1 7 vk kA7 i AR BE L 1%
THI, e B i jt’ﬁ’*ﬁ!ﬁﬂt/‘tﬂiﬂﬂm,Eﬂ%iﬁilﬁl
(R 7N Zlijcﬁﬂﬁﬂﬁf“%ﬁﬁéﬂ%m,%tﬂ 1 s B 5
WAL, S AR BE RS, ‘{r%i’aﬂfﬁé%é‘ﬂtmfro

1 MAEm%

WS I A A AR T R R 2N 1 R
Horbom 80 iy S48 5 (A B.C.D) 2N 4 B, 20 9 i
Y Mg R MY, MO AN h S R sh b SR

0 35l

WA WYL K SILIERE ZOR AR &, & sl
PR S A RLRE R B 7, HRTHOAP R 2 EiE RS2
o L o AT RURE A L A b AR AR REHUAS EE R
TR, ¥ H B A B fff R g i T 114 32
FEAR VR HIRFE I T A AL B AN ] 5 BEOR AR
ﬂétﬁj‘u[l 6]

MRS5S R THE EEe 2H R A s ki
T B LA R4 FIHERET, AR BE SR8 i 4%
BT FC AR RE R I A 1) T BT IS S A (L B2 5
PR 3 YRR SR B AR (L PR RO 1, L B A1 1

s H#A - 2015-06-17
EE BT A EL(1989) , I PRI 5E A=  BFFE 7 e A S LR Bk 1T 434 ; E-mail : zhongzkyhp@163.com,,

5| R8I : AR B SHE R, BB BRI IREE T H 2 S B BT IR A ZE & 3L, 2016,42(1 ) :48-52. ZHONG Zhikui, HAO Yanhua, HUANG
Zhijian.Parametric design method of air—cooled turbine blade structure with variable thickness[J]. Aeroengine, 2016,42(1):48-52.


mailto:zhongzkyhp@163.com

B

B R SR S S Tk 49

MEHAR S AT T e
%%%WH@E%%W@‘&S&E&L*M
s TR T T QY
SR OIET, s=p i
AL L s=b Ty
HAPAR L, T,
2 TERENRERZRIEITAE
2.1 TEIELEEE A0 F
AL 5 B 7 R AR 4 h
SUAESMIIINZ S 2 B DI A R BT
o SRR 5 5 IR e, SR TP
TR A P L4 P B,
LA P4 A 6 6T SR 00 et .
U A 5 SRR B e
Ul g 1255400

l:t,(u )=@u+t90

sC

O
& NURARL D \

B 1 MAEEmEL

|2:t2( u )=1::fn__7tsc(u_usc)+tsc

0<ug<u<us<1

LIRS | O<ty<t,

O<t, <t
07 ik R o 2R M P
{HAG 5 A RE Itk , HAE )
W PRI R, AT R
TR 24 14 J5 K B JEE A A L B
S 43 Ao L Ty
R 75 B L T 2R A7 (] 2

i
PR 1 (u)>0 .t u)<0 I LLLE 78 1 b (e Kb
JELAAL ) A7 PR BAEFE R LA AEAE 2 s, 5
PR G | BRI S ME LRI A 128 1 G P
MR B T AL
I 4 Y R R PR BE TR S
LB R (INKE 3 iR )
PR S B0 R,
e B A e g g L
1 AR RE SR

WA RE R

2.2 TWEEEMWBEEE
AT T R Y X b R FLRE SR (3 8 5

»
>
U

B3 MmEEESH%

WA 4 Fis o W R4 L
I BB, T/
£ 28 u=0.1 & X
L SN S iU P P CR IS
LW Wa T To 2008
SIS MA R LR ma gEgtespasE
PRk ) fr /N S, T
kit R R KBE TR

e KB JEE 0B e AN RN RS A3 R 2 S IX
TR, DO T oA 2 s 8 i RRE IR 2 ] 5 X
B Ry KBE TR i S e & i 22 1)
221 HESHBMIHE

IHEBEMANMESE, RAMY LA EE
DA T Ay B A, AR AU I A2 DX B
[ BEEAR B HON to .t b, KX 1T BESE SR S 8N
to bty LTt b A BEAS DI R 22 50 10 1Y
BEJEL bt to st o A7 PRI TR 8 S A Ak 19 P S BEJEE
T & SHORRERENLG E, LS| R R AL k.
ke Kn(k=0~1) ARV 25 A5 4 (E S48, 15 214
EHSH SRR B MPXR,

AN RIS RN
tpozko'Tpo

KET BT

t = (t90+tgc)
pm: 2

to=Ke Toe (1)

tpm2: (t c+t n)

2
t=Ke* Ton
- NI ES B
too=Ko* Tho
tom= Lotk o)
2

tﬁﬂ%ﬁﬁ (2)

t,= (kc'Tbc+tbn)
bm2 2

tbn=kn ° Tbn

Bt B Ko ko OB, A UL K SE TG 4%
TG 240, UG T IT N Ko Ko s T Kan=mingK o, »
K} B N LR AR A SE Ko Ko BTN TF Ko 20
(1).(2)h BB R0 2




! 42 %

50 =
KoTo<<k.T,
k. T,.<K.T,
(3)
K o<K rax
K 1<K max

2.2.2  HMULAME RN IEE

HMRIZE AU 5 I BE IO A S5 K F A S 4002
2 Filr, oAb R SRS MM S ECR ug=0~1
(U U Ugy 20 P57 DAY s PR 6 (1) A 7, i R JE 7
LR SR , BN RE S EON Ny, B4 18 X 55
TUE S EY 3R ng N, THE AN TRy LIS,

W2 MR 2 AU IR

N:4LL

" Co
Npr=Np* Upe

Np=Np=Npy

Upra=0.5* (UpoHUc ) (4)
Uprz=Upc+0.5* (Upy=Uyc)

u=Umln) (=1 )
Ny P

ui=4|J_L(u I[]]_u C) . '( i=1"'np2)
p2

- AR TR L A TR I

Ly
Crex

Npz=Np * Upc

Nb:

Nee=Np=Npy
Upg=0.5* (Upg+Uye ) (5)

Upme=Upc+0.5* ( ubm_ubc)

u= (Upe=Uso) .. -(i=1~ny)
Ny

Uz WUon=lse) (1292 )
Ny

(4)  (5) T BEL Ugny Vs SEBEIE tyy FI i X1
(2 S50, i oug ME— i E AP R iR R A, T
UF_MODL_ask_curve_props( ) bk £S48 R {1 3
K Ngo
2.2.3  REJEIH{E

X T A RE AR DL (Ug, to) s (Ugn, tan) < (Ug,
t)3 BCARE AR (E BE R ty(i=1~ny)

t( usi):|50+|sm1+|sc

| 0:t 5 ( Usi—=Usm )( usi_usc)
o (uso_usml)(uso_usc)

( Usi—Uso )( Usi—Ug )
( Usmi—Uso )( usml_usc)

| =t (UsimUso) (Us=Usy).
= ( Use—Ug ) ( Use=Usm )

[Z;hj(: [[ E‘JE%ETQ—%{E[J ( usc ’ tsc) N ( ust ’ tsmz) N ( usn ’ tsn )3
AR EL R AR (EBE R ti(i=1~ng)
t( usi)=ISC+|sm2+|sn

l.=t ( usi_usmz)( Usi—Usn )
o ( Usc—Usp ) ( Uso—Usn )

( usi_usc)( Usi—Usn )
( Usmo—Usc ) ( Usmz—Usn )

Isn:tsn ( Usi—Usmp )( usi_usc)
( Usn=Usmz ) ( usn_usc)

DLONEIZE A W, Sk 3 5, 5 ] P 2 0
2 7 1 R 73 T, SCRR[S]) 35 45 07 141 g, 25
EAEIEET G, 5
o R LR R N e
No=Wttgong, AP
SRR (L S QR A
LE NP 5 R, AR
WL (2 B R
6 Fir., EARI 1A
AR,

75 B LA A Fe
R H e T2k VAR (0 i
T N IERILE T B ol
SOOI R, R [omaner | [ToaE
W Tl 2 e home P e L B

Ism1=tsm1

Ism2:tsm2

= SMUZAE :
o AL E

JE AR R BRI R — {W
» YA 7T R A 0
P47 ) ol e DR JEE e Ak N

BOLHISPE. e Hikm
Il: tl ( uSi )=ISO +Ism1 +Isc

|" :2.‘[S UsmiUsc

0 ? (USO_uSml)( usO_us(:)

|" :2 . tsml usousc
sm (UsmrUso)( usml_usc)

|" =2 tsc UsoUsm
* (usc_uso)( usc_usml)

IZ : tsc ( Usi ):lsc +Ism2 +Isn

|" :2 . tsc usmzusn
* (usc_umz)(usc_usn)

|" 2:2°tsm2 uscusn
o ( Usma—Usc ) ( Usmz—Usn )




B

PR RS ARRE RS IR R T R S SR B T ik 51

UgrpUge
¥ ( Ush=Ugmz ) ( Ugn—Usc )

| =2-t

A, (ug) 0.t (ug) 0, T LA i 2k 75 fi g JEE
BUNTEAE 2 NGy R 5 R A 587
2.3 BIZGMEZLEE

i RGN (43I0 7.8 B )RR 7 vk
— B ARG IR QI A B . MR 7(a) AT L A

KPR gk 54N ATZ RIS F Q4 r=ty=ty (to=ty

PR B TR AE RO ER ) DA, 52 Qi R IBLG, im
FISEHaRER T P o SRR P 7R S8, T
P AE PR L BOIE AR i R DT T/ L 1, LA
BRI SR BL | O ARDIX A, & 7(h)
PR B RIS B X T RISk R A IR 2,
FARARE DT T L H AR r®, B r=rne

(a) Bzdmy

(b) Bl
7 MEETZESL

N\

(b) Bl

N\

(a) BIEwT
8 MEEZEN

3 it

PIRAS A EE M A ORI X 4 3 ok H A8 AR b
SRS AR SR SO 1 A B R A 2 A
POTE N AR e, A ( RE IS S AR BE TR PN Js
SEFIBETT . E VS2008 A ML R i CIES D
54 UG I & RSN, S P AR BE JEL 25 0 i e i
F SR ) S A 4 ) B JELART i T S AN [i) B JE

SR 0 A vt i
o K R SR t, K
T ETIE BB A
JEJE t, B e EN 254
Ay AN 9.10 Frs 5 24k
AR 11 FR. MR
i oK FHER AR (B 1 1k
B 15 20 5 Py s A
& 12 o K12 2oL
AL, ERREEEAL T
HEL A, S LR i T ? BRI
A, Tk 2
VSR R Bl R,
WISl RM, RA
R Pl ek B8 R e

LR, iR
KL TF AT BB
o LRI, B R

BEJRE DL R RE JRE R B2 (] 5
RPEATIR(E, ATt A
(e A2 B JEE I 4544

n AR AN i
o BRI A

[g 9 u+)#§ﬁ%(tpc>tbc>

10 ME#mE ()

( b) tpc:tbc

(¢) JREBHR (tete)
B 11 TEEEM SRR

4 e

SR HH 72 BE JEL 4 ) 2 A
EEAE R NEERT  mi semads
2, MR T B KREIE A MR
PRAT s B4 ()L, R U I 2 1 2 T A R BE RS S Al
T IV o e o RE IR R A Kk BT R A TR G
R, BETE Gy b S P A BE SR ], B AN [ B SRR (A Y
SR WEE I 4R (E—RA R, SIS
Bf, AT S A RE SR R G i S8k T

TES R IR A2 BE JE N I S8 A A A
SR HIAL BEJE A 2 AT (B 1, FE R R MER 51N
HEgE R AT 3 A,

(1) F RBEE 5 To P A A

(2)7ARRE JELA ) 2 A B rh B B vk b




52 i %

3

! 42 %

A% B F IR, PRI (R R A AL A B i A

(3 )2 B JEE I ) AR (LY Mo 42 1) 2 M i ik, 3 4>
BEJR AR, ol 4 ) AR R AN [ B JE e P Jr 4
AT IR R et

SE

(1] BBV B ok, Lok, AR RE SR A I i S8k B H{J). Hl
Wi%it,2012,29(2) . 5-8.
YU Kuahai, YANG Xi, YUE Zhufeng. Parameterized molding design for
variable thickness cooling turbine blade [J]. Journal of Mechanical De-
sign, 2012,29(2): 5-8.(in Chinese)

(2] [R5, ik, B B, 5 iR i 4R A SR BT ROR
WHE 0. MR IR 55T, 2013,26(1):12-44.
YU Kuahai, YANG Xi,LUO Changjin,et al. Parametric design method
of 2D turbine blade cooling structure [J]. Gas Turbine Experiment and
Research, 2013,26(1):12-44. (in Chinese)

(B8] A, RENE, ¥ FT B = p 72 B ) B 280k Bt
[3]. AEE IS TR K A+2#4Rk , 2008, 34(11): 1319-1322.
YU Weiwei, SONG Yuwang, XI Ping. Parametric design of variational-
wall-thickness blade body based on discrete data[J]. Journal of Beihang
University 2008, 34(11):1319-1322. (in Chinese)

[4] Qian Xiaoping,Dutta Deba. Design of heterogeneous turbine blade[J].

Computer-Aided Design,2003,35(3):319-329.

RERE, A8, ARG, 45, ARREER A i S EUL ] H R LA

Bt 5 BB 2244, 2008, 20(3) : 304-309.

SONG Yuwang, YU Weiwei,ZHU Jian, et al. Parametric design of tur-

5

bojet blades with unequal thickness [J]. Journal of Computer-Aided
Design and Computer Graphics,2008,20(3):304-309. (in Chinese)
Hasenjager M, Sendhoff B,Sonoda T,et al. Three dimensional aerody-
namic turbine stator blade[R]. ASME 2005-GT-68680.
JREEIE, EAA i, A BT IR IR 20 i AME 2% Rk
THOLAR). HUM T4 , 2011,47(10):106-112.

YU Kuahai, WANG Jinsheng, YANG Xi,et al. Multidisciplinary design
optimization of cooling turbine blade profiles based on surrogate model
[J]. Journal of Mechanical Engineering,2011,47 (10):106-112. (in
Chinese)

LRSI, HERIE. AR M i S HUL R N 2 BB ).
fi7s 3l J1244H, 2007, 22(8) : 1346-1351.

YU Kuahai, YUE Zhufeng. Parametric modeling and multidisciplinary

6

[7

8

design optimization for cooling turbine blade [J]. Journal of Aerospace

Power,2007,22(8):1346-1351. (in Chinese)
[9] Choi B K,Kim B H. Die cavity pocketing via cutting simulation [J].
Computer Aided Design,1997,29(12):837-846.
[10] iR, RELN, 3R =, 5. e s Hlimbe it i@ AR SR 3], 44
5B ,2005,18(4):25-31.
NI Meng,ZHU Huiren,QIU Yun,et al. Review of aero-turbine blade
cooling technologies [J]. Gas Turbine Technologys,2005,18 (4):
25-31. (in Chinese)
[11] KT SR AEAE MRk, FET AR Y R R T R
[3]. HLikiEiT,2006,23(5):39-41.
ZHANG Lining,ZHANG Dinghua,CHEN Zhigiang.
method on central arced curve of blade section based on equidistance
line[J]. Journal of Machine Design,2006,23(5):39-41. (in Chinese)
[12] EEEE, ket kAR B a8 07 D] Wik TR,
1993,21(6):23-25.
WANG Daoyu,ZHANG Hongbing. Numerical
middle curves of blade [J]. Journal of Fluids
(6):23-25. (in Chinese)
[13] Ao lE. F bt St S BB AR [M]. dbat: Bhe R, 2000:
8-42.

Calculation

calculation method of
Engineering, 1993,21

ZHU Xinxiong. Modeling technology of free curve and surface [M].
Beijing:: Science Press,2000:8-42. (in Chinese)

[14] % E R BUEAAT S E S M. Jbat: LA I R4t , 2007
131-160.
XU Shiliang. Numerical analysis and algorithm [M]. Beijing:China
Machine Press,2007:131-160.

[15] B, R 5. IR UG NX K IF&M]. bt i 7Tl i
#t,2012:1-151.
MO Rong, CHANG Zhiyong. Chart of UG NX second development
[M]. Beijing:Publishing House of Electronics Industry,2012:1-151.
(in Chinese)

[16] FAIfRE , 250, BB, 36T UG NX R4 1) IF & [M]. 8491 . 71
R AL, 2008 1-171.
ZHOU Linzhen, LI Qingzhu. Secondary development blased on NX
system[M]. Zhenjiang:Jiangsu University Press,2008:1-171.

[17] k¥, T a1 BH. UG/Open iRk I & 5 LA M. ALt fh2: T
Al i i, 2007 : 2-66.
HOU Yongtao, DING XiangYang. UG/Open secondary development
instance essence [M]. Beijing: Chemical Industry Press, 2007 :2-66.
(in Chinese)

(%% 5K )



55 42 % 45 13 fn= & sl Vol.42 No. 1
2016 4F 2 Aeroengine Feb. 2016

KT o AR STk B8 52 S BB

RIEB, KL, £ oo, i K
(R R AT R RS TR B LS 3 1) R 900 %, M st 210016)

WE: N TREMEZ A AN EEAEE, XA oo CE S L I e e AT B IE . B 3 Sk AT Tk 48
B ERXXEERM TR, B THENTRE . BRETSKFH - GRAARE L, R T PH I RRZTHEAHAS &L
FAf - AR EERITES K, RE THEA RS S R T, ERITE, TS W T ARB EERERBH#TBE,
FEHEENHEAME E XD RIEHCE, FELERRN RS ENFT - TR B R RELRGMER HEREE R, BERNE
S ok R £ /N B 1.3762%, % R EEIE £ E K,

KPR BN R F T - RBHERE LW HERESE, AR XL & EEA = Rl

HESES V2337 SCERARIZAD : A doi:10.13477/j.cnki.aeroengine.2016.01.011

Correction of Aeroengine Model Based on Differential Evolution Algorithm
ZHU Zheng-chen, LI Qiu—hong, WANG Yuan, Pan Peng—fei
(Jiangsu Province Key Laboratory of Aerospace Power Systems, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to enhance the accuracy of the model, Differential Evolution (DE) algorithm was used to modify the component
characteristics of an aeroengine. DE algorithm was improved , the broken line style across-variable was put forward, the optimization ability
of the algorithm was increased. A variable step-size Newton-Raphson iteration algorithm was proposed based on the variation tendency of
the residue errors norm of the balance equations, which could adjust step-size of Newton-Raphson resulting in improving the convergent
ability and convergent speed of the model. At the design point, the characteristics correction coefficients of components, air-entraining
correction coefficients and pressure recovery correction coefficients were optimized to achieve high matching accuracy of engine model
outputs to test data. The simulation results show that the model based on variable step-size Newton-Raphson method could achieve better
convergent performance with less time. After correction of aeroengine model, the maximum error was reduced to 1.3762 % ,which satisfied
the modeling requirement.

Key words: Differential Evolution(DE )algorithm; Newton-Raphson method; components characteristics modification; across-variable
in broken line style; performance simulation model; aeroengine
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