ISSN 2433-2224(0nline)
JAXA-RM-19-007

FHEMZMARFEEERARTEEN

JAXA Research and Development Memorandum

HEERIRE ORI HEERT ST DT DZE 451l i

Evaluation Method for Propulsion/Airframe Integration of Supersonic Transport

B BB, WEF A0, (EBE —R, =R 1BE, B I, 8E, B8 =X

UENO Atsushi, MAKINO Yoshikazu, SATO Kazushige, MITOMO Toshiteru, ISO Hideo,
MIURA Noriyuki and TAKAYA Ryota

2020F2H

FHMZMARRFERR

Japan Aerospace Exploration Agency

This document is provided by JAXA.



1. [ZC&IC 1
2. EREBRICDOWT 2
2.1. ;d—%ﬂ%)lj( ................................................................................................... 2
2.9. §+{EU5J§{£ ................................................................................................... 3
2.3. @/@%ﬁ%ﬁ*ﬁ)jﬁ ............................................................................................. 4
2.3.1 ﬁi@z}:{?’; ............................................................................................... 4
2.3.2 ()ﬁ%%}ﬁ;ﬁé70'7 7 ...................................................................................... 5
2.3.3 %1»@\”%% ............................................................................................... 6

3. BEEEAER 7
3.1. Xlﬁol/_“\/‘\jﬁﬁ .......................................................................................... 7
3.1.1 ?“?@fi ............................................................................................ 7
3.1.2 %1‘(/@”%% ............................................................................................... 8
3.1.3 m{ﬁ%ﬁ%ﬁk CFD @ij—tt ........................................................................... 8
3.1.4 CFD ﬁ?ﬂf%?ﬁﬁﬁ Lf:?\j%ﬁﬁﬁ%ﬁﬂi ............................................................ 10

3.0 B 2N BHTEL ceevee e 12
3.3, F B SRR FPHRET «ooererrrrrr e 13
4. BEER AR 14
4.1. 5:__57;)'7&@ ............................................................................................... 14
4.1.1 %@7"37%&1?@%% ............................................................................ 14
4.1.9 %fﬁ}fl/“—yﬁéi{j(@%ﬁ ............................................................................ 14
4.1.83 CFD ﬁ%ﬂqi{f@%ﬁ .............................................................................. 15
4.9. 7\]:01/_5/“;]:&% ......................................................................................... 15
4.2.1 CFD ﬁz*ﬁ%%k@;ﬁtt ........................................................................... 15
4.9.9 th’]/b_c/?ﬁﬁgqqﬂﬁ%% ......................................................................... 16

5. #H - MPINEEE 17
5.1. LU A LR R JUPEBEZRAI] -cvvvvrreerrrrereemrene e 17
5.9. *Ejj_ﬁjjﬂi ......................................................................................... 19
6. L& 21
R 21
BE 21

This document is provided by JAXA.



IR B DOREIR  HEE R B ET D T2 D DZE J R R AL
E RS BB AR, PR —RRS, SR MRS, B SEHES, S B B AT

Evaluation Method for Propulsion/Airframe Integration of Supersonic Transport

UENO Atsushi"!, MAKINO Yoshikazu™', SATO Kazushige >, MITOMO Toshiteru™, ISO Hideo™,
MIURA Noriyuki?, TAKAYA Ryota™

ABSTRACT

Propulsion/airframe integration (PAI) is one of the key technologies to realize an environmentally fiiendly and
economically viable supersonic transport. Japan Aerospace Exploration Agency has studied engine/nacelle layout to
improve cruise efficiency and to reduce sonic boom loudness. For the validation of PAI design, wind tunnel test technique
is studied through the joint research with SUBARU CORPORATAION. In this study, "Thrust-Drag Bookkeeping" is
focused on, and additional drags caused by PAIL such as the spillage drag, are measured. Through supersonic and
transonic wind tunnel tests, knowledge on improvement of measurement accuracy was obtained. This report summarizes
results obtained in the joint research.

Keywords: Propulsion/airframe integration, Supersonic transport, CFD, Wind tunnel test
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Appendix A. fiiIEfREIZ DT

R SR IZ 36 1T 2 fl ELRER
@imﬁE%ﬁi@Dmﬁfﬁ%héﬁrﬁﬁéAﬁ@Iﬂ@Ffkﬂﬂﬁ%ﬁ%ﬁ DOREAE
DHFETH 5, FHEOHMIEFREIL CFD AT TE DAL 5 K5 1124t O X FH AR & RR SR A
STCOYEFREEDOLRTH D, B X —RT 4 7T T OMIEREZFE AL IRT, 7ok, BJHRER
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TITHEAIZOWNT 3 A TEHIIL TV D25, Ml EARENE CFD MRS R 2 FEIZ A 0 E TOAKEL T
B, DA OEHIZBNTCHRI UM EREEZHNDZEE LTV,
FAla. IR B X —RT 47T 7 <16, HAO0E FRIEFIE)
LOPZi
Jo—J&E 0 [deg] 2O0—RJ)— | 15%T55 20% 755 25% 755 30% 755
6 0 0.8900
17 45 0.8834 0.8765 0.8422 0.8991 0.9739 0.9358
7 90 0.8853 0.9424 0.9460 0.9490 0.9298 0.9404
16 135 0.8546 0.9280 0.9336 0.9299 0.9719 0.9332
8 180 0.9095 0.9774 0.9703 0.9705 0.9874 0.9568
15 225 0.9751 0.9880 0.9844 0.9823 0.9515 0.9808
9 270 0.9378 0.9517 0.9630 0.9565 0.9397 0.9356
14 315 0.8888 0.8902 0.8656 0.9480 0.9730 0.9502
P
Jo—J&%E 0 [deg] ZJO0—RJIL— | 15%TF55 20% 55 25% 55 30% S35 20%7 =25
2 0 1.0015
13 45 1.0040 0.9795 0.9920 0.9794 0.9676 1.1025
3 90 1.0229 1.0189 1.0255 1.0244 1.0232 1.1085
12 135 1.0155 1.0039 1.0103 1.0179 1.0041 1.1093
4 180 0.9859 0.9872 0.9879 0.9933 1.0080 1.1116
11 225 1.0049 1.0177 1.0119 1.0111 0.9997 1.0081
5 270 1.0209 1.0272 1.0054 1.0131 1.0271 1.0529
10 315 1.0050 1.0001 0.9972 0.9731 0.9483 1.1092
Bl
o —7‘%%—' 6 [deg] JO—RJL— 30% 754 20%F =15
n/a 1.0109
Kéf%@btﬁrumPMP%T@K@E%ﬁﬁEWéMf\@DT%EhéM
TWHEMEPTHIEDN 6 S 5,
FAlb. #ilERRE : ¥ X —RT 4 7T 7 =y 16, A0 (FREHIIE)
sy
Jo0—J%E 6 [deg] JO0—XJL— | 15%F54 20% 755 25%F545 30% 7545 2057 =15
6 0 0.9614 1.6520 1.5741 1.4189 1.0394 0.9531
17 45 0.9653 1.3911 1.1664 0.9344 0.5408 0.9657
7 90 0.9659 0.8403 0.7899 0.7420 0.7794 0.9573
16 135 0.9987 0.9921 1.0171 1.0092 1.0388 0.9613
8 180 1.0181 1.0265 1.0899 1.0990 1.0421 0.9829
15 225 0.9972 0.9999 1.0301 1.0350 0.9686 0.9792
9 270 0.9801 0.9055 0.8703 0.8166 0.6165 0.9847
14 315 0.9713 1.4896 1.2302 0.9520 0.5160 0.9381
2DPZi
Jo0—J%E 6 [deg] J0—RJ)L— 15% 755 20% 755 25%F545 30% 7545 20%7 =215
2 0 0.9344 1.4631 1.3299 1.2272 1.1291 0.5807
13 45 0.9325 1.3121 1.1437 1.0643 0.9263 0.5741
3 90 0.8735 0.9008 0.8747 0.8289 0.7879 0.5755
12 135 0.8687 0.9992 0.9523 0.8801 0.9599 0.5854
4 180 0.9311 1.0474 1.0251 0.9590 0.9973 0.6262
11 225 0.8838 1.0102 1.0087 0.9622 0.8745 0.7087
5 270 0.8699 0.9744 0.9522 0.8864 0.7631 0.6750
10 315 0.9411 1.3475 1.1583 1.0725 0.9884 0.5743
gl
Jo0—J%E 6 [deg] J0—RXJ)L— 15% 755 20% 755 25%F545 30% 7545 20%7 =215
1 n/a 0.8197 1.2064 1.2382 1.3036 1.3303 0.5219
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T =a T =T IR A MIERE A DL T IORT,

FA2a. /BRI : T =2 T —7F 7, ~v 1.6, 90 E (BJIEMMIE)

sy

Jo—J&E 0 [deg] 2O0—R)Lb— | 15%F55 2057545 25% 7545 30% 7545
6 0 0.8900 0.9307 0.9467 0.9529 0.9544
17 45 0.8834 0.9313 0.9358 0.9444 0.9652
7 90 0.8853 0.9302 0.9404 0.9493 0.9296
16 135 0.8546 0.9226 0.9332 0.9379 1.0138
8 180 0.9095 0.9489 0.9568 0.9588 0.9599
15 225 0.9751 0.9894 0.9808 0.9832 0.9690
9 270 0.9378 0.9173 0.9356 0.9506 0.9487
14 315 0.8888 0.9416 0.9502 0.9603 0.9552

DPZi

Jo—J%%S 0 [deg] JAa—2JL— | 15%F54 20% 755 25% 754 30% 754
2 0 1.0015 1.0891 1.1077 1.1353 1.1285
13 45 1.0040 1.0869 1.1025 1.1236 1.1308
3 90 1.0229 1.0879 1.1085 1.1268 1.1278
12 135 1.0155 1.0890 1.1093 1.1236 1.1177
4 180 0.9859 1.0863 1.1116 1.1290 1.0978
11 225 1.0049 0.9719 1.0081 1.0602 1.1256
5 270 1.0209 0.9484 1.0529 1.1387 1.1727
10 315 1.0050 1.0980 1.1092 1.1263 1.1236

Bl

Jo—J%E 6 [deg] J0—RJ)L— | 15%TF55 20%F55 254755 30% 755

1 n/a 1.0109 0.9898 0.9879 0.9865 0.9858

FA. WERE T =T =TT, v 1.6, 30 E (FIEMIE)

yPYi

Jo—J&%E 0 [deg] JO0—RJL— 15% 755 20% 755 25% 7545 30%F545
6 0 0.9721 0.9539 0.9530 0.9717 0.9514
17 45 0.9760 0.9810 0.9656 0.9534 09113
7 90 0.9766 0.9954 0.9572 0.9301 0.9300
16 135 1.0098 0.9966 0.9612 0.9286 0.9477
8 180 1.0294 1.0042 0.9828 0.9884 0.9527
15 225 1.0083 0.9998 0.9791 0.9807 0.9640
9 270 0.9910 0.9904 0.9846 0.9835 0.9917
14 315 0.9820 0.9458 0.9380 0.9338 0.9559

PP

Jo—J%%S 0 [deg] Ja—2J)L— | 15%F54 204755 25% 754 30% 754
2 0 0.9447 0.6516 0.5806 0.5476 0.5306
13 45 0.9429 0.6583 0.5740 0.5327 0.4834
3 90 0.8832 0.6616 0.5754 0.5251 0.4738
12 135 0.8784 0.6670 0.5853 0.5236 0.4693
4 180 0.9415 0.7026 0.6261 0.5644 0.4091
11 225 0.8936 0.8066 0.7086 0.6456 0.4547
5 270 0.8796 0.7922 0.6749 0.5926 0.5445
10 315 0.9515 0.6644 0.5743 0.5288 0.5403

gl

Jo—J%E 0 [deg] JO—XJ)L— | 15%TF55 20%F55 254754 30% 754

1 n/a 0.8288 0.6242 0.5218 0.4534 0.4070
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FA3a. fIERER : 7 =27 —7 57 ~v/N1.6, HA 21 FE (BIEAIE)
LoPZi
Jn—J%S 6 [deg] JO0—XJL— 15% 754 2057545 2507545 304754
6 0 0.8938 0.9300 0.9375 0.9388 0.9427
17 45 0.8828 0.9315 0.9288 0.9372 0.9572
7 90 0.9176 0.9366 0.9469 0.9430 0.9291
16 135 0.8652 0.9341 0.9425 0.9630 0.9062
8 180 0.9006 0.9317 0.9334 0.9754 0.9766
15 225 0.9371 0.9915 0.9804 0.9663 0.9706
9 270 0.9214 0.9042 0.9452 0.9350 1.0164
14 315 0.8909 0.9435 0.9468 0.9474 0.9422
L2DPZi
Jn—J&E 0 [deg] JA—XJ)L— | 15%F55 20% TS5 2547545 304754
2 0 1.0024 1.0902 1.1208 1.1193 1.1362
13 45 0.9985 1.0866 1.1101 1.1223 1.1483
3 90 1.0184 1.0886 11112 1.1269 1.1325
12 135 1.0084 1.0931 1.1140 1.1192 1.1389
4 180 0.9834 1.0866 1.1121 1.1087 1.1457
11 225 0.9943 0.9719 1.0059 1.1010 1.1589
5 270 1.0102 0.9525 1.0746 1.1144 1.1335
10 315 0.9990 1.0973 1.1131 1.1134 1.1293
fuly
Jo—J%E 0 [deg] JO0—XJ)L— | 15%TF545 20%754 25% 5% 30% 5%
1 n/a 0.9989 0.9889 0.9864 0.9918 0.9840

F A3 MERE : T =27 =777, ~v1.6, W21 E (FRHEMIE)

sy

Jo—J%E 6 [deg] JO0—RJ)L— | 15%T55 20% 7545 25% 7545 30% 7545
6 0 0.9552 0.9684 0.9584 0.9774 0.9273
17 45 0.9638 0.9874 0.9737 0.9731 0.9320
7 90 0.9835 0.9855 0.9530 0.9442 0.9537
16 135 1.0030 0.9981 0.9667 0.9911 0.9586
8 180 1.0109 1.0076 0.9917 0.9860 0.9641
15 225 0.9973 0.9990 0.9813 0.9702 0.9979
9 270 1.0063 0.9952 0.9880 0.9631 0.9427
14 315 0.9685 0.9519 0.9494 0.9597 0.9289

2DPZ)

Jo—J%= 0 [deg] 20—R)— | 15%F55 20457545 25%754 30% 7545
2 0 0.9343 0.6568 0.6125 0.5596 0.5069
13 45 0.9313 0.6585 0.5974 0.5470 0.4768
3 90 0.9025 0.6596 0.5798 0.5372 0.4716
12 135 0.8973 0.6768 0.5941 0.5683 0.4857
4 180 0.9468 0.7100 0.6362 0.5811 0.4695
11 225 0.9079 0.8048 0.7108 0.5577 0.5162
5 270 0.9188 0.7879 0.6714 0.5491 0.5690
10 315 0.9341 0.6613 0.5846 0.5446 0.5207

Gl

Jo—J%%S 6 [deg] JO—XJL— | 15%TF55 20%5 755 25% 7545 30% TS5

1 n/a 0.8314 0.6261 0.5242 0.4812 0.4034
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FAda. WIERE : 7 =27 —7 57 ~v/N1.6, HMA 3.7 (BIEAIE)
LYPZi
Jo—J%E 0 [deg] JO0—XJL— 15% 755 20%5 755 25% 755 30% 7545
6 0 0.8959 0.9313 0.9407 0.9387 0.9375
17 45 0.8831 0.9301 0.9267 0.9405 0.9554
7 90 0.9497 0.9557 0.9608 0.9531 0.9451
16 135 0.8767 0.9524 0.9539 0.9596 0.9021
8 180 0.9236 0.9578 0.9353 0.9836 0.9916
15 225 0.9001 0.9919 0.9822 0.9612 0.9805
9 270 0.9221 0.9045 0.9587 0.9531 0.9307
14 315 0.8899 0.9428 0.9486 0.9482 0.9425
D%
Jn—J&%E 0 [deg] JA0—RJL— | 15%TF54 20% 755 25% 755 30% 754
2 0 1.0005 1.0920 1.1229 1.1168 1.1231
13 45 1.0002 1.0882 1.1101 1.1231 1.1250
3 90 1.0224 1.0897 1.1105 1.1241 1.1273
12 135 1.0099 1.0955 1.1157 1.1235 1.1206
4 180 0.9834 1.0862 1.1153 1.1005 1.1175
11 225 0.9965 0.9718 1.0072 1.0980 1.1338
5 270 1.0131 0.9590 1.1117 1.1195 1.1465
10 315 0.9995 1.0959 1.1104 1.1148 1.1539
sl
Jn—J&E 0 [deg] JO—XJ)L— | 15%TFF55 20%754 25% 754 30% 754
1 n/a 0.9987 0.9889 0.9868 0.9915 0.9857

FAdb. WERE : T=a2T7—7F 7, ~v/ 1.6, 9437 (FFEMME)

LYPYi

Jn—J%E 0 [deg] JO0—ZXJ)L— | 15%TF545 20%755 25% 754 30% 754
6 0 0.9554 0.9702 0.9617 0.9831 0.9752
17 45 0.9658 0.9866 0.9780 0.9731 0.9591
7 90 0.9820 0.9720 0.9505 0.9431 0.9689
16 135 1.0053 0.9914 0.9697 0.9998 0.9825
8 180 1.0137 1.0041 0.9957 0.9892 0.9565
15 225 1.0034 0.9934 0.9773 0.9654 0.9560
9 270 1.0055 0.9927 0.9912 0.9504 0.9582
14 315 0.9683 0.9469 0.9451 0.9657 0.9559

IPZi

Jo—J%%= 6 [deg] J0—RJL— 159755 20% 755 25% 7545 30%F55
2 0 0.9338 0.6613 0.6159 0.5567 0.5128
13 45 0.9316 0.6608 0.5982 0.5434 0.5022
3 90 0.8993 0.6543 0.5765 0.5268 0.4683
12 135 0.8997 0.6775 0.5969 0.5919 0.4772
4 180 0.9464 0.7176 0.6460 0.6040 0.5159
11 225 0.9059 0.8007 0.7049 0.5410 0.5098
5 270 0.9174 0.7767 0.6573 0.5434 0.5324
10 315 0.9327 0.6537 0.5827 0.5406 0.4988

Bl

Jn—J%E 0 [deg] JA—XJL— | 15%F54 20% TS5 254755 30% 754

1 n/a 0.8338 0.6228 0.5245 0.4779 0.4066
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B ERR BRI B T A RIERE

BEHERRBR X7 =27 —7 7 70HNHWbLNZ, £7-. CFD OMIIA v T— 2 %7
H O O FFEFHAGE ROt L TITo 7=, 1 0 £ CFD fRbTs 3R & FRICRE L 7= el B4R %%
FASITRT, B, AEAEKEETOHAIZER LT,

K A5, fERE : 7T =2 T =757 v 08, M0 (FEHIE)

Jo0—JFS | ibiBEE | 155754 | 205754 | 25%054 | 30%TF54 | 40%T54
1 0.000 1.0348 1.0478 1.0459 1.0431 1.1404
2 6.185 1.0318 1.0436 1.0424 1.0396 1.1474
3 -6.185 1.0325 1.0439 1.0421 1.0396 1.1024
4 8.658 1.0292 1.0397 1.0389 1.0362 1.1224
5 -8.658 1.0294 1.0396 1.0381 1.0357 1.0908
8 11.132 1.0262 1.0354 1.0350 1.0323 1.0949
7 -11.132 1.0257 1.0346 1.0334 1.0312 1.0755
8 13.606 1.0233 1.0310 1.0309 1.0283 1.0712
9 -13.606 1.0215 1.0291 1.0283 1.0262 1.0558
10 16.079 1.0205 1.0271 1.0270 1.0245 1.0550
11 -16.079 1.0170 1.0235 1.0232 1.0212 1.0391
12 18.553 1.0182 1.0242 1.0241 1.0218 1.0463
13 -18.553 1.0125 1.0183 1.0183 1.0167 1.0291
14 21.026 1.0167 1.0232 1.0230 1.0210 1.0416
15 -21.026 1.0086 1.0147 1.0153 1.0143 1.0241
16 23.500 1.0161 1.0238 1.0235 1.0186 1.0248
17 -23.500 1.0072 1.0143 1.0153 1.0144 1.0249

FASh. WERE : T==2T7—7F7, ~v/~095, M40 (BEMLE)

JO—JBE| biEg | 15%T55 | 20457545 | 25%054 | 30%F54
1 0.000 1.0515 1.0678 1.0656 1.0543
2 6.185 1.0482 1.0641 1.0632 1.0527
3 -6.185 1.0482 1.0624 1.0590 1.0475
4 8.658 1.0446 1.0600 1.0594 1.0493
5 -8.658 1.0443 1.0572 1.0536 1.0421
8 11.132 1.0404 1.0553 1.0549 1.0454
7 -11.132 1.0396 1.0510 1.0473 1.0362
8 13.606 1.0358 1.0503 1.0501 1.0411
9 -13.606 1.0343 1.0443 1.0406 1.0301
10 16.079 1.0310 1.0453 1.0452 1.0370
i1 -16.079 1.0287 1.0374 1.0337 1.0242
12 18.553 1.0270 1.0407 1.0408 1.0336
13 -18.553 1.0229 1.0306 1.0272 1.0191
14 21.026 1.0243 1.0374 1.0380 1.0311
15 -21.026 1.0180 1.0256 1.0231 1.0163
16 23.500 1.0229 1.0364 1.0362 1.0220
17 -23.500 1.0166 1.0248 1.0224 1.0154

FASc. Wb : T =27 —77 7, ~vN 12, 80 E FRHEME)

JO—JFE | fbiEEE | 1557545 | 20%755 | 25%054 | 30%7545
i 0.000 0.5363 0.4583 0.3931 0.3432
2 6.185 0.4964 0.4255 0.3659 0.3201
3 -6.185 0.5011 0.4271 0.3667 0.3218
4 8.658 0.5067 0.3913 0.3388 0.2994
5 -8.658 0.4609 0.3931 0.3391 0.3021
6 11.132 0.7170 0.5275 0.3934 0.3047
7 -11.132 0.4907 0.3802 0.3145 0.3001
8 13.606 0.9303 0.8939 0.8202 0.7312
9 -13.606 0.8959 0.8395 0.6828 0.5861
10 16.079 0.9518 0.9289 0.9093 0.9051
11 -16.079 0.9251 0.9083 0.8877 0.8833
12 18.553 0.9609 0.9429 0.9277 0.9263
13 -18.553 0.9389 0.9241 0.9091 0.9058
14 21.026 0.9608 0.9499 0.9383 0.9397
15 -21.026 0.9453 0.9335 0.9211 0.9195
16 23.500 0.9429 0.9406 0.9369 0.9489
17 -23.500 0.9299 0.9264 0.9193 0.9209
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T=aT=7T 7 <o L4 M0 K (FEMIE)

JO—J%#E| LIEE | 15%F55 | 2047545 | 25%054 | 30%F54
1 0.000 0.5378 0.4593 0.4001 0.3450
2 6.185 0.4972 0.4264 0.3722 0.3216
3 -6.185 0.5032 0.4282 0.3736 0.3242
4 8.658 0.5200 0.3928 0.3446 0.3014
5 -8.658 0.4627 0.3941 0.3457 0.3034
6 11.132 0.6992 0.5321 0.3989 0.3021
7 -11.132 0.4464 0.3615 0.3207 0.2962
8 13.606 0.9229 0.8807 0.8171 0.6995
9 -13.606 0.8621 0.7909 0.6629 0.5634
10 16.079 0.9450 0.9309 0.9200 0.9015
11 -16.079 0.9174 0.9061 0.8889 0.8863
12 18.553 0.9543 0.9459 0.9398 0.9214
13 -18.553 0.9312 0.9225 0.9142 0.9102
14 21.026 0.9548 0.9525 0.9525 0.9332
15 -21.026 0.9377 0.9322 0.9326 0.9248
16 23.500 0.9342 0.9403 0.9477 0.9330
17 -23.500 0.9233 0.9252 0.9327 0.9270
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