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Summary of Research and Development in the Advanced Fan Jet Research ( aFJR ) Project
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The aFJR project of the Japan Aerospace Exploration Agency ( JAXA ) was started to develop advanced technologies
pertaining to components of the fan and low-pressure turbine for future high bypass ratio engines. JAXA and IHI researched and
developed the technologies in the aFJR project to engineer lighter fans with higher aerodynamic efficiency and lighter low-
pressure turbines and evaluated the effectiveness of the advanced technologies through demonstration experiments. This paper

summarizes the research and development themes as well as achievements in the aFJR project.
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Fig. 21 Test sample of resin-based acoustic liner

IHI $z#k  Vol.60 No.2 (2020 )



(a) HAWEE (b) HEERZ 1 FHRE (¢) 7IIZYLESA S

Jay sy N Tar =y o7 A0 N 70 N A w IV N e VA= A/ A I N
%22 BRABIEED 5 7 NHNOFT

Fig. 22 [Installation of acoustic liners

—— BRI A5 (97.0%)

o HIRET A (985%) BT A F— 2 HUS L7z

—o- RS 1 ) (910.0%)

. m:im%ﬁ (97.0%) fEHTE T IVIZOWTIE, CMC b:&ﬁ‘lﬂa%%’?ﬁ L,
AT LIS ABT A F (98.5%

BRSNS AN B IR OIS O IR e L

BREIIEREIRIC L > TERIL, #E 9479 T
ZIIBET O A 7o, R TV 2

(28720, CMC DRI EREAERD SREEE L 77
HIBEEE TV & R 72T &, BBR T ORI A v

APWL (dB)
=

6
: _ =, BHEREEB L UOT AR BT, MR
e YT ) BT DITO S A AR L7,

R R = & 25 RUZSERRE RO A )V — 25 5 AT

13 42 % —73y FhEE (Hz)
B3R BRI A FETINI =Y AT A S OGS

FEROPINT AN F—DEIGZRY. HRIIIEET

Fig.23 Comparison of sound absorption by resin-based liner and VLT TAERELTHIET, WTFhozkt

aluminum-based liner B — 202 0WT S EAYE TV, R

TV O T 3OV F— 133SI D7z, 3R

L7zRFEbHEL, IRORL LS DOITHREMELZEZ FiR & HHY B X O ERHEE TV X BT R O

THER A Ze s 472, RERTIE, Eﬁ%ﬁﬁ@”éﬁééiﬂ WEo—flE LT, & 26 BIIHZEAE B2 OF —

RS A 720, WA REFHIICOTHAT D% AD Y AEHEE L BEBIREE 2 7R 3. BHEE T

BEAF L, 22RO Bk ME) = 4 )L F — D FE 5 VTIEOT AT EAEELL 2V, Syt
(a) TAREERRA (b) ERMTETIV

B B

- CMC R CMC HEH
(FI)7HrRE)
o -
A2l X B-2 9 Bk 9 Bk
(250 m/s ) (A )
gl I@! (R AT-
S b5z 7
CRlARE )
[EE > 7

B2 PRERABRORBI & WATE T
Fig. 24 Specimens of impact test and FEM analysis model

IHI ##  Vol.60 No.2 (2020) 25



110

T A )L F — DEIG (GBS RTHRL)

AWM O ADVNES <, EEETT & COEED
HPWIEL, HERFr &R TOLERPEL 22T

BRI (HEEEE L) EHHEE IV WA & L TR SRR S o
BT R (RS ) TR H BEpT A R B A

- EREREER (HPRERER) O AJBIE L pkaE» L CEHE L7
103% (2) [lfmEEERERIC X A HGEE

E2RIC, RTFEY — VY UEE LR 72 CMC
SEHGRERH 7 10— & Chlfz &8, Hih I —EmE

CMC “PARGUER A

A-1 A-2 B-1 B-2

& 25 WIS T A )L 3 — D FLBs il S

Fig. 25 Rate of absorbed energies normalized by impact test results

By — 2 ‘

HD. —F, EERIEE SO IR A BRI O SR n—y
FTAHAPREVD, MITEEIEL, REEO VT A 27 @ [ SRR

FHBTETWA. IR — 2122\ T b fF

Fig. 27 Configuration of rotational impact test

(a) OT HESZIE (b) WEERIKRE
GOl G04 IR fiE AT
10 - 1.or (e TV )
£ 00 O o S %00 S
=) =
_1.0 1 1 | _l 0 1 1 | Gol 004
0 0.1 0.2 0.3 0 0.1 0.2 0.3
[ (ms) B [H (ms)
G02 GO5
1.0 1.0 -
0.0 P s sn R 0.0 T
»fi J:S g G02 GO5
) =
-1.0 ! . ) -1.0 I ! |
0 0.1 0.2 0.3 0 0.1 0.2 0.3
IE§E [ (ms) B [ (ms) G03 G06
GO03 G06
1.0 - 1.0 -
= =
& £ 00 m m~ — ‘—J
) =
-1.0 L - ! ~1.0 I I |
0 0.1 0.2 0.3 0 0.1 0.2 0.3
B B (ms) [ (ms)
() — @ R
Soo AT (EERUEE TV )
— AT (BIBEEE TV )
% 26 B-2 O O U AIRFLINE & FIRAE O HH A
Fig. 26 Comparison result of strain histories and fracture appearance for test case B-2
26 IHI $#  Vol.60 No.2 (2020 )



A5G U 7o B R R & 1 4 |22 S 9 B iR A TR
El

58 28 BIZARHTIC & A HERRRE O Tl & 3 ERTZ O
Bpbrand. aBRCIE, FRBRF I b BB
MIREREEZ BT 2 $ TEIEL V20, BB
WY & B CIImERI AR 2 2. 22T, &
BRI DSREINT L 72T COREIRAE % 88 28 RIF AR
TRY. WMEOBIEERIE L C—FLTBY, HE
L 7> CMC ¥ERHEE 712 & o THEERI S B

(a) & B

[EL AT FABRA BT O i

(b) &

T3 18

%28 BT B IRRE D B
Fig. 28 Fracture appearance of CMC specimen

(a) REURASER

TETWAZ LRI

3.6 BEZ—E> - 75y 2BARERETIN

BRIREY R 2 V27 9 v 7 8% L, CFD ¥
WK ORGEEE 1T - 72, 8 29 RICEIROSMEZ RS, &R
JGZ, JAXA O zetErgabatiz Hyvs, 622
KEWAGIEE L, BAIHO~ v % 0.6 ThI
W B ENTEDL, WHABROLIFRE, T - F v T
D7 v T E—ROIKE T 5 2 L THEIFHBO BRI
AESE LWL ) RIRE 2o T D, 20720, JHEEL
L CUEZEiiEniny & 72 1), CFD 12X A 221 ED
FUREEORMGEZAT) T L TE 5.

fEAE L LTt 77 v v iFoRL 2 3 MHOER
ZRkEt L7z, 88 30 RICHEEMN 2Rd. 3 v FANNUAL
EIZBIT 5 3 FBEOEE, ZhenBHORIKILHE—
THY, BAFIIIIZFL IR > TWDED, BERIOE
JEE 8RR, EAREE, €— FERIIEZ > Tw5.
Blade 1 258 b 7 7 v Y FFEDALETH Y, Blade 3 %°
& OEIE, Blade 2 D32 DOHMOEENE o T\n 5
831 BIEETHTo 3 HHOBEMD 7 T v & ek
® CFD PRz md. XL, Al BE A,
MZETIHFEILLORERTH V), ZETHELDE O T
TVINGEEE D, WTNORKBRD, 1 KAL) E-F
(1T) OFFTERTH A, Blade 1 13, BEEMAHZE 270° D

(b) 37

229 LPT 7 7 v & iABa e
Fig.29 LPT flutter test result

IHI 38 Vol.60 No.2 (2020) 27



(a) Bladel

(b) Blade2

(c) Blade3

NN

5 30 PR
Fig. 30 Blade shape of test airfoil

—— ! Blade 1 M : Blade 1
: Blade 2 : Blade 2
— ! Blade 3 9  Blade 3
1.00E-02 -
Blade | 7 F v & 58/ 51 RAT
—~ 1.OE-02 [
7.50E-03 U
=
HER
5.00E—03 & 10E-03 |-
. ’*%K u 0 0 ey, L
| | R
| 2.50E-03 e LoE—oa -
kS j)
& 0.00E+00 = u
= =] .0E-05 | *
s q ] 24006809
R 550503 L 1% | ¢
o 250E-03 1\ m N oette
~5.00E-03 | g 1.OE-06 -
NEGE o
~7.50E-03 - D 1.0E-07 ! ‘ ‘
0.40 0.60 0.80 1.00 1.20
—1.00E-02 ! ! : : : : s O R CIRRTL L7 (-
0 60 120 180 240 300 360 RET R OTE TR il (-)

REAANE ()

5 31 LPT 75 v ¥ CFD Fifil#s%
Fig. 31 CFD prediction of LPT flutter stability

R TR E R Y, 7T v IRNEEE D, —
73, Blade 2, 313, ZEHHELAFIZIETHY) 7794
WEERD.

FRBEICT Ty yRBOBRELRT. KL, )5
FhriojiE TEOT L L 72iRE T, fHI0d A -2 T
FHUL7-EHOEHTH L. MERL L, 67% =TT
Blade 1 TIZ7 7 v ¥ 0354 L, REIDSEIMICKE %5
2SR CL A, —75, Blade 2, 3 TIEREFNEICES
T, 20 L) RAMRIREOMEMIA NS, 799 ¥
3584 LT vy, CFD 2 X AN & —3 L
TBY, CFD I2LA 7T v ¥ FHlOZ LS Z R L 7.

4. &

il

ARKT7uP 7 MIBWT, aFIR 70y =7 hOHES

28

B2 LPT 77 v & Bk
Fig.32 LPT flutter test result

EWRLOD, NROBENA/SALT VY Y ORSIZB W
T, 77 v OEEL - ERELB LIRS — Er ofFE
(L& FEB T 572012 BFKD S DN 2 IS 5 2
ENITET

|

B —

AROBRIL, JAXA, HHORSY, UK, &IRT3E
KRB L OHGER R L OIFEIIFIEIC L > TR B2 )
DTHY, MREOES TITRCEHOELRLET.

2 EZ XM

(1) TVHEERUE  JAXA ORZERFE T2y =7 b &Rl
SR T 7 v - ¥ —E UHEANIEE (aFJR ), 55 46 [0l
HARI A5 — ¥ o5 W R 25 3 U 5 U,
2018 4F 10 H

IHI $#  Vol.60 No.2 (2020 )



