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Aerodynamic Design and Wind Tunnel Tests of 2nd Configuration
Air-Intake for Jet-Powered Supersonic Experimental Airplane

Akira MURAKAMI ', Yasushi WATANABE ! and Hitoshi Furmwara !

Summary

The Jet-Powered Supersonic Experimental Airplane (NEXST-2) being developed by the National Aero-
space Laboratory (NAL) will have a high-speed propulsion system with two-dimensional external compres-
sion air-intake with variable ramps. This report describes the aerodynamic design of the NEXST-2 2nd con-
figuration air-intake (C 313 air-intake) and its wind tunnel test results. The C 313 air-intake was designed at
a Mach number of 2.0, using both a 1 D empirical estimation method and 3 D CFD analysis. The main objec-
tive of the wind tunnel tests was to obtain the aerodynamic characteristics required to estimate the perfor-
mance of the propulsion system, and develop the air-intake control system. The wind tunnel tests were per-
formed in Mach numbers ranging from 0.6 to 2.1 at the 2 m X 2 m Transonic Wind Tunnel and 1 m X 1 m
Supersonic Wind Tunnel at NAL. The wind tunnel model is a 19.2% scale isolated C 313 air-intake model. The
aerodynamic characteristics obtained in the wind tunnel tests are in reasonable agreement with those predict-
ed by the CFD analysis used for the aerodynamic design, so aerodynamic performance such as pressure recov-
ery and distortion at the engine face met the design target. At higher Mach numbers (Mo > 1.8) however,
“buzz” initiated by “Ferri-instability”” was observed at a relatively high mass flow ratio in subcritical condi-
tions. Consequently the stable margin in subcritical operations was smaller at higher Mach numbers. The test
results also indicated that the state of air-intake flow could be appropriately correlated with the pressure ratio
in the bleed plenum chamber to the freestream total pressure, used for the air-intake control. Side-wash
upstream of the air-intake did not affect the aerodynamic performance at side-wash angles of less than 4

degrees.
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Pressure Recovery — C2A2-intake _
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ARG HERRE (P = v PEBR) 82 KBIRS v 7 — 7 OZET G & BARZE) RIS R R 13

%23 WEET > T %925 By VBB
(FEEtEIBE ¢ 62 = 12 deg) AR 500
BER T D 4k (z/D=0.0) RESZAR metes Zﬂgﬂgﬁqu
F17THIK F2o7 TR %/D y/D %/D y/D
x/D y/D x/D y/D 12853 | 06859 | 12853 | 0.6859
0.0000 | 0.0000| 0.7730| 0.0828 128571 oss57| 12857| o0.6876
00403 | 00021 | 1.3477| 0.2920 12863 | 06857 | 12863 | 0.5884
00807 | 00042 | 1.3640| 0.2979 12869 | 06857 | 12869 | 0.5890
02330 | 00138| 14127| 03135 12884 | 06857 | 1288a| 0.6903
02910 | 00189 | 14174| 03148 12889 | 06857 | 128389 | 0.6906
03462 | 00245| 14187 | 03151 128971 ossso | 12397 | 06911
07730 | 00828 | 1.4206| 03156 13313 | 06901 | 13313 | 07056
13556 | 06933 | 13556 | 0.7113
13800 | 06964 | 1.3800| 0.7163
14043 | 06996 | 14043 0.7207
14287 | 07030 | 14287 0.7249
14530 | 07063 | 14530| 0.7286
14774 | 07097 | 14774| 07321

24 WERT A7 2—FRIK
(FRETFOZIR ¢ 82 =12 deg)

BEHRET1721—H —IK(=/D=0.0)

E£3TVITHIK BRI H LK
x/D y/D x/D y/D x/D y/D

1.7053 0.3163 2.9997 0.2217 1.2853 0.6859
1.7062 0.3211 3.1035 0.2076 1.4774 0.7097
1.7073 0.3234 3.3117 0.1780 1.6764 0.7343
1.7089 0.3254 3.5205 0.1472 1.8749 0.7576
1.7109 0.3272 3.7301 0.1132 2.0756 0.7797
1.7136 0.3287 3.9404 0.0678 2.2854 0.8014
1.7172 0.3297 4.1520 0.0244 2.4841 0.8207
1.7283 0.3296 4.3653 0.0050 2.6970 0.8403
1.7478 0.3292 4.5800 0.0000 2.9094 0.8587

1.7719 0.3287 3.1213 0.8764
1.8088 0.3277 3.3324 0.8931
1.8653 0.3259 3.5430 0.9091
1.9519 0.3225 3.7527 0.9277
2.0847 0.3155 3.9616 0.9583
2.2884 0.3010 41693 0.9887
2.4815 0.2833 4.3753 0.9986
2.6885 0.2606 4.5800 1.0000

2.8958 0.2344
2.9997 0.2217
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WLzE = EHAT b 7E T &R TM-774 7

F#26 HHEET 1 72— FRIEIIK GERtEIZIR 0 82=12 deg)

BERT 21— —FEIZK

x/D=1.4286 x/D=2.1429 x/D=2.8571 x/D=3.5714 x/D=4.5800

y/D z/D y/D z/D y/D z/D y/D z/D y/D z/D
0.6240 0.5000 0.6267 0.5000 0.5713 0.5000 0.5190 0.5000 0.5000 0.5000
0.6406 0.4997 0.6656 0.4996 0.6186 0.4996 0.5744 0.4980 0.5653 0.4957
0.6736 0.4954 0.7044 0.4969 0.6659 0.4967 0.6291 0.4897 0.6294 0.4830
0.6940 0.4730 0.7407 0.4840 0.7123 0.4880 0.6820 0.4731 0.6914 0.4620
0.7003 0.4366 0.7651 0.4544 0.7554 0.4689 0.7313 0.4480 0.7500 0.4330
0.7026 0.3733 0.7776 0.4131 0.7906 0.4376 0.7751 0.4144 0.8044 0.3967
0.7030 0.2800 0.7843 0.3489 0.8153 0.3974 0.8127 0.3740 0.8536 0.3536
0.7030 | -0.2800 0.7866 0.2616 0.8340 0.3436 0.8441 0.3267 0.8967 0.3044
0.7026 | -0.3733 0.7869 0.1744 0.8466 0.2716 0.8710 0.2694 0.9330 0.2500
0.7003 | —0.4366 0.7869 | —0.1744 0.8523 0.1941 0.8914 0.2041 0.9620 0.1913
0.6940 | -0.4730 0.7866 | -0.2616 0.8540 0.1166 0.9039 0.1367 0.9830 0.1294
0.6736 | —0.4954 0.7843 | —0.3489 0.8543 0.0389 0.9100 0.0686 0.9957 0.0653
0.6406 | -0.4997 0.7776 | -0.4131 0.8543 | -0.0389 09114 0.0000 1.0000 0.0000
0.6240 | —-0.5000 0.7651 | —0.4544 0.8540 | -0.1166 0.9100 | —0.0686 0.9957 | -0.0653
0.3159 | -0.5000 0.7407 | -0.4840 0.8523 | -0.1941 0.9039 | -0.1367 0.9830 | -0.1294
0.3159 0.5000 0.7044 | -0.4969 0.8466 | —0.2716 0.8914 | -0.2041 0.9620 | -0.1913
0.6656 | —-0.4996 0.8340 | -0.3436 0.8710 | -0.2694 0.9330 | -0.2500
0.6267 | —0.5000 0.8153 | -0.3974 0.8441 | -0.3267 0.8967 | —0.3044
0.3119 | -0.5000 0.7906 | -0.4376 0.8127 | -0.3740 0.8536 | —-0.3536
0.3119 0.5000 0.7554 | -0.4689 0.7751 | -0.4144 0.8044 | -0.3967
0.7123 | -0.4880 0.7313 | -0.4480 0.7500 | -0.4330
0.6659 | -0.4967 0.6820 | -0.4731 0.6914 | -0.4620
0.6186 | —-0.4996 0.6291 | -0.4897 0.6294 | -0.4830
0.5713 | -0.5000 0.5744 | -0.4980 0.5653 | -0.4957
0.2394 | -0.5000 0.5190 | -0.5000 0.5000 | -0.5000
0.2394 0.5000 0.3057 | —0.5000 0.4347 | -0.4957
0.2447 | -0.4990 0.3706 | —-0.4830
0.1847 | —-0.4900 0.3087 | —0.4620
0.1503 | -0.4524 0.2500 | -0.4330
0.1413 | —-0.3950 0.1956 | -0.3967
0.1394 | -0.3127 0.1464 | -0.3536
0.1393 | -0.2234 0.1033 | —-0.3044
0.1393 0.2234 0.0670 | -0.2500
0.1394 0.3127 0.0380 | -0.1913
0.1413 0.3950 0.0170 | -0.1294
0.1503 0.4524 0.0043 | -0.0653
0.1847 0.4900 0.0000 0.0000
0.2447 0.4990 0.0043 0.0653
0.3057 0.5000 0.0170 0.1294
0.0380 0.1913
0.0670 0.2500
0.1033 0.3044
0.1464 0.3536
0.1956 0.3967
0.2500 0.4330
0.3087 0.4620
0.3706 0.4830
0.4347 0.4957
0.5000 0.5000

This document is provided by JAXA.




15

il & HLARZE T P U B SR

i

U
X

— 7 D%ES]

5

KA~

Z,
2

INELERE RS (Y v M ERRE) 8652 508

Wi

~-—— 3642 —»

M & — £ 2 LA ECTIED LTZIH

|

899°1

G'GLG -]

@ v 2H

Wow v TR

002’1

Y

-— G'|8C —»

< 249.8

Y

T Y98 — o
V4

v

-
ﬁ

e A N2 E—

MABRA—TC/LEBEEE O ¥

This document is provided by JAXA.



16 ALZEF T P if

3. AR

3.1 AR

TR AT B AL ZE T AT ZERT O 2 m X 2 m #iaE
FHAUEE E O T m X 1m MR E LS i ic B v Tt
BEEmL. &40 EEH T #31IRT. K
HEETIE~ Y06 ~ 14 12BWTEESHEE, ~ v
1.5~ 2.1 TidE#)a i 2 Hv 7z,

3.2 fE{ER

BB L 7B A 7 — o B R RS
BERCEERTH - MEREEEO 3O ORI NS,
AR S N MR TR 23112, $220ME
M 3212RF.

321 A>F—UHER

40T —=7BERNE C3I3IRA v 7 — 27 @ 19.2 % R
BRTHL., 47— 7 BEMBREZM33ITRS. 12T
— 7 HRNE, JHETRE Ac = 3360.7 mm? (Hc48.01 mm X
B70.0mm), &L =23206mm, HOELZED="70.0mm T
HLH. AT 7 EHOMMES S He 12O LA/ VX
% (Re_Hc) 3B #)a{H % Cld Re_Hec =05~ 0.7 X
10°, BEHAFAHRERTIZRe_ He=12~14 X 10°TH 5.
%3, FERETIZRe_ He=1~3 X 10° (%) h=40 kft, Mo =
06~20) THh5.

HE2T7 A2 Ty s TR A LIZLD, 0°
M5 156° FTI2 MR CRET DI LNTE, £707
Ty 72 7 THEM R TV AEM), 5B
29 v 7HEPHH12mm LROMEIL, WA TV T4
JEETM O 7= O ELFR T O TWD, FHE3 T~
FIEHGICTET LG > TBY, #2577
HORREEr —JICL VB E2%HET L.

A0 — FERA ) v b THIA S A7 22 AU Tl ] (2 3
FENTHER S 7 b xS L CTHERE 2 X 2 b i RAL

#3.1 AR E T

SEE Pl e v R AR
iz = AR 2 iR &E H LA
KBRS0 b 2.0m x 2.0m 1.0m x 1.0m
RIS PAY 0.1~1.4 1.4~4.0

. 150kPa(M1.4)~
&K PR & JE | 50kPa~150kPa
1,270kPa(M4.0)
SR 308K~338K =R

%

BT &R TM-774

WICHE SN D, MR A vzl e TR,
J AN RIS B 2 L2 XD A AR . Abex/ Ac =
0.0,0.03,0.06,0.09,0.12 K TF 0.15 0 6 FEFH DI H 144 %
HETE L. FAmEBE XV PATE &2 9 5 el
JANBIRE RS TEY, MRREFHNO 7200 &iRET
W7a—T7 RO ZVPATEICE = 70— 7 R OHIE
IAEFENTVED,

w177, MEENROH T OVEIZIEZENE IR
545 mm ORLEICELRERMED /OO T4 A7 T T %
A (D=2mm,t=02mm) %#J 3.5 mm & TEH L 7.
322 KEZHEE

RIS B E LA A 7 1~ Z IO S, A v
T — 7 BRURAR N Ok § 2 MR - S ik E &
THRT 5. RS R E R R ST A T =
BRI O A E 1° BB TRAL FTEZLILENTE LI
wEhoTwh, Tz, IFHEEZIEN L —FY
2= VSNEISRTBY, ENE s —FHllH#E T 1 >,
WREEEHN T A ¥ RO - s @& S 7 1~

(a) 7 R ET 1555
[31 C3I3TRA ¥ 7 — 27 19.2 % HAKJE I f

TR

~
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AN R ERE (Y =y NEBRR) B2 RIBIRA VT — 7 O 22T kAT & BARZED RIS R SR 19

W R E I A o7 LR TV EE R A LT
SRS E s & % o TV B

3.2.3 #EEMR| - RERRLEE

A 27— 7 BOSOBEEH - EREEEOMEE
341287

(1) HEFHHE

KEFERTHIES X 90° MM OMIEL — 7 4 K THER SN, &
BEREDO AT vy €y 7E—F —I12L D, 1° M TRk 90°
MR T X A5 L o TWAh, MEPFOBEILE0.1°T
HEH, Erh=70—=7R3KL—27 98k, Pl B
371, TR T - T4AEFERTON TS, K70
— 7R AE D & 7 N EEE 21T 90° RIFE T 4 7 TSR FL
R HLNTWw5

F72, BEL— MK X Y 16 mm L5 B T 6E
IR ERIEEHN 71 — 7 (Y% ¢1.6 mm, HNE ¢1.0 mm,
R E COMEBER 30 mm) % JE 7)1 90° kR T
4APNCRT 2. B, ZOFEEERLERN 70— 7131
YT =7 OFEFRNEL ONX) FHEOHELZHI L
L7cRBOL &0 A, FHWNTH 5 22 ISR
BTl 7 u— 7 0B e Y 5720, JEE AR
TH—=TIET TR AL 7.

(2) it

FTESM 30° OFEEGRIRD 7T 7% mERIEO A T v ¥ v
JE—=F I DRIZRICEBET S L THOmMAL
(Aplug/Ae) AL THERELZT I OME L o Ty
. PREWRE L IIHAE X Aplug/Ae = 0 % ~ 140 % T
i)% HOmFELOREREITE003%THD. /27
=75 CORERI OO T 7 iz 4 5o
WL 70 =705 Twb

3.3 EHEIFIES X7 L

JRI FRBR 2 W 2 BHIIE > A 7 2 OBEZE A X 3.5 127K
T BRI > A T 2IXETT - WEERH Y A T A R OHR
JERHE - RE B S AT A2 0BREN TV
FEJ) - mERH Y A 7 A FHIH Y=y Fra vy ¥ a -
— (PC1) WX il si, #Hll7—% & PC 1124
ENns. FEEWENFHIOAEHET — & EFHEEIZLY
frbis:.

—J, #IEE - e EE A -y v a s
Ya—%— (PC2) I IMIEFHN - MERHEEBEORIE L
— 7 RO ERET I FOMNELTHET S & &1, %

EIETRIZPCL RUTHALHATF VA XA ZIZV =2 - F
T RERTRBTERETAH. PCLIZPC2H5DL —
7T TRERTESEZER, MEDKREL — 7 i
BEROCTT7 7HEICBTA5TMT—4 205G $5. 7
mz#%®7?7-V—?&%%Tﬁvd#%ﬁEﬁT
— LB IIEMET - Y EREEICOIRDAENG. &

VAT ADOREREILLT O TH L.

331 EH-BEFAYZTL

JESIFHE > A 7 21213 Pressure Systems 152 SP-8400 %
Fw7z. EDFEHAN %ﬁﬁl IV > P#F 15 psi (103.4 kPa) O
mEMENEBETFRNZRAENEEE 2 -V E2EH
(Pressure Systems 11 %2 ESP-64 HD-DTC J% U ESP-32 HD-
DTC) HWTBY, RFHllY A7 4O FEDFHIKEE X+
0.05kPa (H & a7 fH), FHllY > 7Y ¥ 7 #HEE
20 kHz/channel TH 5. F7z, &HEIIE W —|JFEESH
JE % b As 4 2 JRUETE D Hl i 25 & L C RUSKA #H#
7215 xi & H\ 7z, RBEE O E N REREE KOE RN
FEixZFNZEN+002kPa (7% 0 sfH) KU+ 0.003kPa
(nruzl) ¢Hsb, INSEFFHUMH/ S—YFrar e
2—%— (PC1) 2L GPIBZ AL CTHII SN TV
Eﬁﬁﬁ%yl—w#%wﬁﬂ7~&iﬁwmo;i@%
W (SRS N1k, FRUEETIHIHLEEE D 5 OISR
JE7T—4% L EBICGPIBEZ AL TPCLICINY AT NS,

WEEHACIEEHIE o — & LT K BEE G2 H e,
FHAME 513 PC 1 IZ#lff) & 717> National Instruments £l SCXI
VAT LZXNEGEE - A/ DEREN, EHFHTF
— %L EBIZPCLICHDAENG., KRERICBIT A
FHAGSEE K OS> 7)) v SR EIR N E N 2TC )
N1kHz TH 5.

e FEIEEMTIIEFIM LY » VI E 100 psi
(689.1 kPa) M UVEE 25 psi (172.3kPa) DEILEIET & &~
F— (Kulite f1 3 XCQ-062 J UF XT-140) #HwW7z. &>~
=55 OFHIMES 1L TEAC HH 3R 2E (SA-B7) 124 D)
WiEtk, 777 - V-V BRERTRETLLLI, BT
— & 4E§k2EE  (NEC =545 DL 2300) 12X ) A/D %4
SN ATNG, KEEOFEY V7Y ¥ 7 EE LK
KI1MHz TH 5. KIEETIIEHNY > 7)) > 78 2 kHz
TiT-> 7.

3.3.2 HREETHE - HERARESHIES X T L

FERHE - R E R E O RN HIE N — Y
Jv¥Ea—%— (PC2) ICXVHEENLE-F—FTF
4 73— (National Instruments 1% MID-7604/7602) % F\»
720 RE=F—=FIAN—EFAKIZ4DDAT v E LT
E—F —ORIHIEETH ), FE—F —OHIHE T
CHEETETEEETIAIMELAFLTCVDE. KRR T
X, BELV— 7 MEBERESI FEEFHNTFT— % L O
Wolo, ZoRET TR TwS
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