L 2% Bl 1R

Aeronautical Science & Technology

BRI T2 50 WL ) 2 )
b -

BAR A, B Rash:
HIER AR A UDESERT, 30T PR 110015

H OERRTREREANARZARE RAABERMZ LN L B ANEG LN BRENEERRZ —.

Mar. 25 2023 Vol. 34 No.03 77-81

A XA
T IR A LA K AL AL B R 8 ot R E B Bl IR (ACC) R W S5 B RA A R, RFL B REHLE
RPN HRXENE N EA BRI ES LI E o FAHEAMHR, L, RENE A B & RARA B LM 2, XA 7]
B E AR ARESLIEREH 2y E T AT ZRA LI, EAEEESFERT LW ERARN B, B %
VR & D o UESNERIR SR o A A B A B BAT R &, (27 DAL LA 41 48 5 ALIE S0 B I i 9 3 S 06, AN TT SE IR AR B o
B 0w L F R o B SR TR ALIE Ao R AR T LR B B KR B IRE IR A R i s R K. AR S HLSE BT B R R & ALE

SRR F AN EA BERARKBEL L AN ERLARS , R ARRAEHEAREHNRAREMTRNRELY

KB AR RS PR B R EFEREE AR o HAF

ESES:V233.5+2 NEMTRIRIG:A

A2 R SHLA AR ] B AR e VA 26 T4
BERREM o D8N ASHLEE T 1 2 B B AT DL 2 4
PR SR TR DL RE , I REARIA TN M AE , B A 5502
i, A2 R RATI ), A, [RIBad/NRE AT fig 5 R e —
T2 RIS | T 2 R A BB, fi Je RAT4e 4. BRI,
Xof ORI BR A 74 s il , B A BRAR L 2 & sh LR T
PERE B 2 Ur Ik BRI TS Qe HE Rl A e it , eI T
R BHLAS S shil ),

2028 70 4R, 36 g e H S EIR A KB
B w) BGRB8 T e 17 K i i+
ISR TAE, BUS T F M B, 3% 2 5 R 2 /8 CFMS6.,
V2500, PW4000 . PW7000 . GE90 % Z R Kk shill 33 T 12
BN o TRIB il A B b SE B AR ) 2 8] B A K B HILAT: 55
LR N IR ZARFFRE T A, (R UERRE IS TARAS S 2R ] it
JEATRE/I R RS RS TAE B (B2 =iz 4w bl ry 255 1)
[F B TF RS A8 fed o e B O i A ™ E RIS o

M2 i) B il B A MEERE B RT3 R LA # O 2C
J1:0E8 WA I X BRI ok E s Fe sh i . X T
PR B IR 1A L iR B 2 BB, 383 SR P R 4R 3 Bl )

DOI:10.19452/).issn1007-5453.2023.03.011

BB A LT AR IR « P i) 2R SR e A S LS A
SRR SN XURS 0 AT 5 T T L AP il IO
AR E TR T R BV T X S TR AR B
i AR GE, RN LT A ToRIA VAN, A v R
JE LI ) PR AR DAL G B 5 5 5 R T e
(OB RITE , AIT i da FE R IR B

ARG 1 SR Y [ SRS R S BILZE T B T e
RN Bh A B AR GEHLIE AL Y R A5 IR 40 D SUZ AL
[FE PR ol B AR A ML I SN TR R S8 o i v S B Al 0
TR PR R PR R, S B R A A A S FLEA 3 ]
Bl R R RO HE A 2%

1 WENERERTEIRR

XSUZ LI A s B A1 3 0 2 S I B 4 0
AT BETENLIE N, R SIHLSMI R A 4L
AT I , P2 O S LIE S8k 2 A L AT i
OSBRI R . M P BLI (AT
AR LI 0 A6 L ) A 2l o
Y H LIS F

INFSEEA: 2022-09-21; RIEEHA: 2023-01-05; RFEBHA: 2023-02-03
SIFE#EZt : Zhao Jiajun, Zhao Yunmo.Analysis on the layout of turbine blade-tip active clearance control system[J] Aeronautical Science &

Technology,2023,34(03):77-81. X5 E, BXFaiE BRI RAE S EIRIERIRA TS O] MERIFHER, 2023,34(03):77-81.



78 LIRAEE L P N

Mar. 25 2023 Vol. 34 No.03

XUZ AL A FR BT B, 44 BUZ HILIR P82 1] 43 )
ILEE SR RN I V8 S R B MER A B 5 | A L 1E
MRS, Z 05 H Bl E A O A1 A R 6 B2 Y 22 HE i %
AL R AT IS , ks v AR WAL b BRI A ER AL
v AR 7 ML IR 14 L T 1 7 T

ARSI VR E A S TRl ) 3850 FaE iR EE ML
[P A B S S J 1 34 A1 7 2 b sl 4 4

TRFEINR LA B LI |, 5 iR e B st 2
ET]o ) SRR R s e waE 27 et A INTIT ] SZ8-ibE 2
7 A A 785 A 22 [0 14 ] ) A B, T AS B2 i S8 I 2R
FAAR [a] [ B

A A GE 24 6] CF6-6 Y 5[5 i %6 . CFM 2 H]
CFM56-2/3/5/7 ()i i 5 \P&W 23wl B e R I 8 45

CF6 Z41J& GE /A vl 7E 20 tH 42 60 41 A il ) A Tef 1 L
W5 KU & Sl , £ 2 HF DC-10 & 51 A300B %5 K A3z 4
Hlo CF6-6 K ShHLA PIg i IRk 4e , 565 1 SR T RUZHLIE
DA o B A A SR (A T Sl R i R A, A 1R

e P B BE SR
FESUHL
JEHLIE
1% 1% 2%y %y

St [ LR | S fEnt

IF —

Bl 1 CF6-6 K& il Hei 4t 3= 8l b Bt il
Fig.1 HPT ACC of CF6-6 engine

PRI I, e Sl g 7 AL (8 717 i Ay 42 1) 37 2l =X
S5, 5 ML S AN W R B pli A AR AR A ]
FEFESMHILI - A R LI (8 5 A B A i 40

PN S A58 s IR HLIFE R A S AN —
] it i 1 ARSI D AR IRV 2R IS 25 LR S

CFM56 F 51 & shi#lLJE 20 tit 22 70 4E ) 1 25 [ GE &
F] 514 [E SNECMA 2 w) B A 4L ) CFM 23wl Aol A T 53
FEBIIEREIIZ —, FER T 737 751 .A320
F A340 RANFERIS Iz bl CFM56-2/3 Kl HA
VR R IAEE , R T BUZ ML PN B s B A1 R R 2 3
B Bzl R GE T, aniEl 2 s o

H1 &2 /] 0L BUR LR AERT 5 200 R ke i 4 . SMILIR
R AL A AE A Y TR . NALE it

&2 CFM56-3 & hillim FEiage E sl
Fig.2 HPT ACC of CFM56-3 engine

TP AR S e R 1 DA, SR B P A
BEPRETRAR , B A ML 25 [R] 50 B, B S LR R AT 3h
A4 W NS B P SO A TR AMERE I 1 & A AR TR
Bt b3 A 4 HER AL phil v A AL il 2
B MITED , 478 T AR i A K S, A T8 T SRR it

I A SAESE B R IR RS HLIE R H S AT — 25
] i i A AR SR ID AR IR 2N B 5 LR S o

CFMS56-5 & 8l ML IS &5 J it 48 3= 2l ] B 48 i 3R 46 1
CFM56-3 LAl B k1T TR, CFM56-7 & il
) e TP 6 T2 sl [a] B g2 il R 524 Jmy 5 CFMS6-5 JEARAH ]
ARG P AT T ket . 8 3 BFR i CEMS6-5B

S Bl Hei 5e PR T sl E] B il R G A /L
Ji TR

' I | \
13 CFMS56-5B & sl i 46 3 sl m) s il
Fig.3 HPT ACC of CFM56-5B engine

11 3 B I, CFM56-5B & i AL 1) BUZ HLIR 254 S v%
S5 CFMS56-2/3 & B HILIEAAH A, AR )52 , CFMS6-
5B R BIHLR H— 4 )5 BB B T CFM56-3 & sliLIY s
A, FH ST AR SO AL (1 S 0 b o v T

AR, CFM56-5B & shHILR 1 N 8 7 T8 15 % T 0L
[ AN IR GE o i v AV A A1 ), 5 T A8 PT LAGS 5 F4m J3 BIL
L ) AT R AR AR B i 88 1) H A o7 R0 b o BB, BT
PAFIAER W IR ARIOR

2 NESNPHFRIFLILANE
ISP T, BLIE S EER S ol ot v B0 A1 R 91 A R
GURAAE IR A HLIE AP RIOMIN T — R R 4™ PR 24



BAFAE A R B 2 Il B ) AR A Jey 20 B

79

LI Sl 4 e A AR URE I E A T SRR
SR 2237 SR 0 360°7 35 LI Fe 18 (1) vh 2 E1E

HF R ERPIEG RGN TAEETDENRE,
ZIGHOR A S 2 M A £ S il A A IR RS X
PPR Ry 2 SO BEAs o A T 7 (8 b v 2048 RO, R0 o
TR AE R RE M IEUE T R BT
TV A R 8 I T AR 2 A o v 2 T HILIE )
ZHEAG S E AR HIE 5 — i B i, IR T
ARER PR AVNML EHEELT £ E BT
A, VR AN LIS U b RECA AR, kbt
VR HVE R 4 HEx90° I G T FE LR AP 1H -

ERRERMR IS IFRAMELHE R, 28 TR
AR pt AL LA v BRI AN R . bl A
LT A —HEs ZHE, B RS OB f 3 R i B, AR
T BRI R B op oh 2 HV IR S LI 2B 1k 2 IR sl
Il S R R AL, & S AL RIS TR ey T

XA J AR Bl ] B R G IV S B R T 11
A5 KRB U R G ACHK v Sl S | B XU T
S8 BUMLI IR BE 2 T, 76 R HE 07 256 B AR il A Sk < HE
RS,

XA R 0 LR AC S P&W 2 Wl 1 JTOD Y 5 1K 7
4 . PW2000/PW4000 F 51| i) /AR s 56 , GE 2wl 1Y E3 1
R IRAS , bR AE V2500 B S AR R4S, CFM [ BR /A
CFM56 Z AR IR S \LEAP-X A s MR IR A8 2

JTOD Z 411 P&W /A F] T 1962 4EFF 4Tl A AR He
W3 56 KU e gl B, 328 T #F 747 V& 767 .DC-10,
A300 I A310 ERKFE L. JTID-59/70 K& shblLAT W =
FEis%E, B2k T HLIR AN R SE s v 208 A ey i #A = 2
] Bz R GE ", an &l 4 R

B S B R R

A2 I N2 b2 T

ARIPE R,

K4 JTID-59/70 it 41 e Fiiba e = s Ia] B
Fig4 HPT ACC of early JT9D-59/70 engine
i 4] DL, & TR E ML AN A 44> nhiive 205 ) H
s (PSS 222e 30 ) , SR 5 HEBAET SR AR 1) 8 HERk )
LA HAR A

JE AR XV INEE A AT T okt f i 2 — A A
25 B AT Ao T AR (LI 5 ), ke T AR R
BRI FLAY IR EAR i M il R e
R AE S SR R R

H2
Az R
NG TR IR R
SRR 2

it A
[¥5  JT9D-59/70 eh ik J vai e i 4 3 3 ) Bt il
Fig.5 HPT ACC of modified JT9D-59/70 engine
PW4000 % 51| & g HL J& P&W 2% 1] F 1981 4E JF I 16
JTOD-7R4 F1 PW2037 163 b i s AL EE Al E A 9 A6 1 1 164
B R EhL, FEHT A300 241 I35 767 £ 41 \MD-11
ERAVZHIHL. PWA000-94 & S HILIA = KR R 56 35 R
TR AN GE ph s R B A R A E SRl B R g,
WNE 6 Fros o i Fe # FE Sl ] R aa il RGE th — B
B A2 ML o R A ISR T 2 0 e I e LI 1Y
HMER AR iR FE A E SR B R gt — M EREARE 6
Hex2 iRIFTES HE AL T 4 FAR IR AR LI (1) FM

TCC HPT %R 1

e s
3

.......

PT A28
El6  PWA4000 % sl /A% He i 46 =5 sh i Brda i
Fig.6 HPT/LPT ACC of PW4000 engine

GE /A w1 ) B> & S HLR FH RS g 30 46 P 3 sh ] i g
RG> AN 7 R . SRR ARHLI AN A 4 4 opdive
HIEE ) H AR (A G A~ 26 301) |, SR A TR 30w
2SR HVE R A TR AR 5 i v 2088 1) B AR 523
TARGFR WG, BEAE AT B8 e 210K

V2500 & SIHLZE A E - B MTU LU H A G RH]



80 i 2t BEE B

Mar. 25 2023 Vol. 34 No.03

SBTHAMA

- >

K7 GEZy ) BB Heis e 3 s e e il
Fig.7 HPT ACC of E* (GE)
S5 JLGRS m) B A BT 1 [ B 23 R shiL s v F 1983 4EFF i
A B UL it e XU & gL, 22T A319/320/321 357
KA €L 8 R V2500 & LAY M AR iR 4 # F: 5h
[ PR RGN ENE HE . R 8 AT I, R A = gl )
B i 2R 40— R RV R 4 HE2 AR5 TR oh i 2 H1 4 3R
LRF 2 G Fe W AR LI 1) ST 5 TR T AR 32 3 ] B A2 1 &
45t SR SUEE L 8 HEx 4 R BUTE VR 2N AR T 5 PR R TR
FEHLIE (4

‘ i/ EIE S
Tl e

g8

[l
T g Bk

K18 V2500 % slil i A iba e o] Bt s il
Fig.8 HPT/LPT ACC of V2500 engine

3 &g

ASCAME T JURBLAR I AR HA 7S & S HLEAE 30 ]
B RS HOA R, A R T 4598

(1) R AU RIS T U ., o 0 ]
BRI B B 0 JLATTR (0, 56 P W 46 DL g 22231
KTV T B PR 5 LI Ay 22 S g O oA

(2) B R 1 RS I R (N T B
R A S RS S LR S A, TR R R A
S A oS S, TR I FIRE AR

TRV A8 L A SR B AR T A B 1

(3) UZ AL P vt i Al A i 74 1) B s ) 5 49855 BL
[ SR G, ) B v 0 AR e A B AE ML A S, Al &
PRI B 58 LI YR HUS R A R I R A
RYGE, BT — % S m i (CFM56 3 41) , M 52
PRA S KA .

(4) LI ST IR GE s v 2048 A1 Jmy 14 (1] B4 ) 3R 8 H
TR FEHLIF AN 7 A Z LU, 5 AT iR B 3 T2 3
A, i HL kT ek 1) 4 B bl R A SRR RS B
15, AT ASRARIE T S AR ol Ve 28R , DRI i i 1 AR
WA E iR A XU & Sh LA Sl R BRI A R G 00
A [AST]

SER

(1] W%, FM8 K. R &L e e m B sha il HoR
SAHTI]. L B EOR ,2012(2): 1-6.

Zeng Jun, Wang Pengfei. Analysis on turbine active clearance
control technology of civil aircraft engine[J]. Aeronautical
Science & Technology, 2012(2): 1-6. (in Chinese)

(2] JBifts, FR80, BRi, 55 . FRTIILZS 9 Kk sidLiva e 2R ] B
HEARLEA[T]. HE LA, 2013,26(1): 1-4.

Gu Wei, Qiao Jian, Chen Xiao, et al. A review of turbine
clearance control system for civil turbofan engine[J]. Gas
Turbine Technology, 2013, 26(1): 1-4.(in Chinese)

(3] #7253, Mk, B0 . K sliL 32 Shiml Bdis ) SR Eer s A b 4 e
RAHNI]. Wi R BIHL, 2014, 40(6): 73-78.

Chang Zhiyong, Qu Sheng, Li Xu. Applications and
development trend of gas turbine active clearance control
system[J]. Aeroengine, 2014, 40(6): 73-78. (in Chinese)

(4] WHER, 8500 . iz R SHLM-JRAE I ) BB 50 R AR (]
23 KR 5hHL,2014,40(1): 60-67.

Hu Yanging, Shen Xiuli. Overview on aeroengine radial tip
clearance[J]. Aeroengine, 2014, 40(1): 60-67. (in Chinese)

(5] ki, M8 RN, 55 . I T ORIAIE L sl 2 a] Bl i 45
FABET AT [I]. PR B S LR R 24243, 2014, 31(2): 14-19.
Zhang Qing, Hao Yong, Huo Feng, et al. Structure design for
the clearance control of blade tip of a high bypass ratio
acroengine[J]. Journal of Shenyang Aerospace University,
2014, 31(2): 14-19. (in Chinese)

[6] Rich S E, Fasching W A. CF6 jet engine performance

improvement: high pressure turbine active clearance control[R].



BAFAE A R B 2 Il B ) AR A Jey 20 B

81

NASA-CR-165556, 1982.

(7] BFRAE ARG, SRV A TE L I8 B & B LR e 4 it
KSEHARSIT[I]. W72 K BIHL,2009,35(3): 8-11.
Yang Yanghua, Fu Yishun, Liu Zhijiang. Analysis of key
technologies of turbine structural design for high bypass ratio
turbofan engine[J]. Aeroengine, 2009, 35(3): 8-11. (in Chinese)

[8] fF58HA, i &UE, £ . CFMS56 R4 & shil i IR i 451 %
TS T[] BN A B4l 2014, 30(3): 22-27.
Fu Yaoming, Xiao Zhibin, Wang Dan. Analysis of improved
design for high pressure turbine structure in CFM56 engine
family[J]. Journal of Binzhou University, 2014, 30(3): 22-27.
(in Chinese)

[9] Wojciech S. Advanced thermal HPT clearance control[R].
NASA/CP-2006-214383, 2006.

[10] Mcaulay J E. Engine component improvement program-
performance improvement[R].NASA-TM-79304, 1980.

[11] Staubach R L. Advanced commercial engines for the 1990° s

[R]. ATAA-83-2479, 1983.

[12] General Electric Aviation. Intelligent engine systems: HPT
clearance control[R].NASA/CR-2008-215234, 2008.

[13] s AR Tl a8 . & &0 A & sh L SCHR G IH[M]. JEat
s ol i ik, 2003.

Aerospace Industry Department. High efficiency and energy
saving engine corpus(Sth album)[M]. Beijing: Aviation Industry
Press, 2003.(in Chinese)

[14] Beitler R S, Saunders A A, Wanger R P, et al. Fuel conservation
through active control of rotor clearances[R]. AIAA-80-1087,
1980.

[15] Saunders N T. Advanced component technologies for energy
efficient turbofan engines[R]. AIAA-80-1086, 1980.

[16] Sevich G J, Allan T, Ishizawa K, et al. New developments with
the V2500 engine[C]/11th International Symposium on Air
Breathing Engines, 1993:869-894.

Analysis on the Layout of Turbine Blade-tip Active Clearance Control System

Zhao Jiajun, Zhao Yunmo

AECC Shenyang Engine Design and Research Institute, Shenyang 110015, China

Abstract: Tubine tip clearance control system is one of the most important systems to improve the performance of
modern military and civil aero-engines with large bypass ratio. The structure layout and cooling air flow direction of a
typical turbine tip thermal Active Clearance Control(ACC) system for a modern aero-engine with large bypass ratio are
analyzed and summarized into two forms. Among them, the built-in impact separator of the double-layer case has a
simple layout and structure, and the cooling air from the high-pressure air source can be used for secondary cooling
of other components after the gap control function is realized. However, the performance cost of air entraining from
the middle stage of the high-pressure compressor is relatively high, so it is rarely used in practice. The structure
component of the impact cooling pipe surrounding the external case layout is more, but can realize the cooling pipe
and the outer wall of casing convex rib closely, so as to realize the optimal target location and impact, enhance casing
thermal response efficiency, and the performance cost of using cold air from the low-pressure air source behind the
fan is low, therefore, this kind of layout in the modern large bypass ratio engine has been widely applied, It has
become the development trend of structural layout of turbine thermal active clearance control system.

Key Words: aero-engine; tip clearance; active clearance control; layout; impingement cooling
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