ISSN 1349-1113
JAXA-RR-16-004

FHEMZMARERERARTERS

JAXA Research and Development Report

RAERBIG 0 T BRI R Z FVVCJAXA T .27 miiiE EHEEE(C
BIF DT —FINSDEICEAT HEFH

Deviation in Standard Model Force Measurements
in JAXA 1.27m Hypersonic Wind Tunnel

H?ﬁ# |=|)| I$BH I\'éﬂ—, lJ\U-I lu\%
=E B, Bl R, RS F=L, PR RHE

Keisuke Fuijii, Shoichi Tsuda, Tadao Koyama,
Yoshiki Takama, Muneyoshi Nakagawa, Yukihiro Itabashi, Akiyoshi Nakamura

2016F11H

FHMZMRRFERKS

Japan Aerospace Exploration Agency

This document is provided by JAXA.



FELEFER 6 9 AREREERZ ALV JAXA1.27Tm 1B FE AR
[ZHBITABT—E2N\S DT HHEELM

BAENT, REM— . DMUEET, BRRE T RIREC. WBEL Y. hRRER

Deviation in Standard Model Force Measurements
in JAXA 1.27m Hypersonic Wind Tunnel

Keisuke Fuijii ', Shoichi Tsuda™', Tadao Koyama™, Yoshiki Takama',
Muneyoshi Nakagawa, Yukihiro Itabashi?, Akiyoshi Nakamura™

Abstract

Re-examination of free stream Mach number calibration data obtained in JAXA 1.27m hypersonic
wind tunnel suggests that the perfect gas assumption during nozzle expansion process results in less
Mach number deviation throughout the test core region of the tunnel than the assumption of ‘real gas’
in equilibrium with respect to vibrational excitation which has been adopted in the facility. Vibrational
relaxation time was then estimated so large that the vibrational energy excitation should effectively be
frozen at a point downstream of the throat under typical operating conditions of the tunnel, which supports
the validity of the perfect gas assumption in the nozzle flow estimation. Another problem posed by a series
of standard model tests is unexpectedly large scatter in the monitored pitot pressure measurements
between test campaigns. Analysis in the scatter of pitot pressure measurements suggests that the free
stream Mach number which has been assumed constant could actually differs by the test campaign.
Consequences of the above aspects to the force measurements are also evaluated by looking up results of
HB2 standard model tests and of HRV capsule configuration tests conducted during a period from the year
of 2002 to 2016. It suggests that scatters in force measurement could be reduced by adopting perfect gas
assumption instead of the real gas equilibrium model, and also shows a possibility of further reduction in
the data scatter observed between test campaigns by correcting free stream Mach number obtained only
from the nozzle calibration tests by the monitoring pitot pressure measurements in each test blows.
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X1 — Xp
=478
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CZCT.
o = Liea(xi = X)* + Viep(x; — Xp)? (i + i)
b= Ny + Ng — 2 N, ' N

COZDODEHEDEN. BE—DHRHENSDHYT)
VI THRETHHERELTO significance 1%, 1 — A(t|v)
ERSN, ACVIE.
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fzo %/ 3 THREINTL A &LSIZ S00~S11 D FRFETH
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# 3. BEEINF HB2 ZEERHKER. HRV AT /LERHBRT—X

Run |Po, Mpa To, degC ERERHEARS EHER Run |Po, Mpa To, degC ERERHARI FHER
1461 4.0 762 2743 2.5 681
1462 2.5 715 2744 2.5 683
1463 25 722 2745 59 739
1465 1.0 680 2746 1.0 644
1466 4.0 765 2747 3.9 719
1467 2.5 742 2748 5.9 783
1468 1.0 681 2749 25 704
1470 1.0 661 2750 1.0 652
1471 1.0 658 2751 1.0 678
1473 1.0 665 2752 3.9 775

S00 1475 6.1 701 2002.1.11 - 1.25 HWTO1-11 (HB2) 2753 39 727

1477 6.1 766 2754 3.9 751

1478 6.1 765 2755 25 742

1480 2.5 724 2756 1.0 636

1481 1.0 683 2757 59 721

1482 4.0 745 2758 59 754

1483 1.0 670 2759 1.0 677

1486 6.1 794 2760 39 742
1487 6.1 797 S07 2761 25 689 2016.1.18-2.12 HWT15-53 (HB2)

1488 6.1 792 2762 3.9 697

1786 1.0 648 2763 24 710

1787 6.0 624 2764 3.9 764

1789 6.0 691 2765 3.9 776

1790 6.0 762 2766 2.5 741

1791 6.0 745 2767 3.9 736

1792 6.0 736 2768 59 729

1793 4.0 789 2769 1.0 654

1794 2.5 756 2770 3.9 790

S01| 1795 6.0 756 2004.6.23-7.9 HWT04-03(HB2) 2771 24 740

1796 1.0 658 2772 5.9 765

1797 40 707 2773 3.9 726

1798 6.0 766 2774 3.9 763

1799 1.0 654 2775 1.0 687

1800 2.5 714 2776 3.9 714

1801 1.0 654 2777 3.9 754

1802 1.0 656 2778 3.9 708

1803 1.0 643 2336 5.9 745

2426 1.0 638 2337 1.0 615

2427 6.0 738 2338 24 694

2428 2.4 692 2339 59 704

S02 2429 6.0 729 2012.9.3- 9.7 HWT12-103 (HB2) 2340 59 753

2430 2.4 692 2341 5.9 746

2431 1.0 638 2342 2.4 683
2530 4.0 712 S08| 2343 2.4 674 2012416 — 425 HWT12-01 (HRV)

2531 1.0 646 2344 58 763

S03| 2532 5.9 736 2013.9.5 -9.11 HWT13-101 (HB2) 2345 2.4 710

2533 2.4 689 2346 5.8 725

2534 1.0 643 2347 2.4 670

2553 5.9 752 2348 5.8 740

2554 3.9 730 2349 2.4 696

2555 2.4 676 2350 5.8 730

2556 5.9 729 2470 40 735

2557 24 703 2471 40 709

S04 2558 10 610 2013.11.6 - 11.15 HWT13-102 (HB2) 2472 10 642
2559 1.0 609 S09| 2473 59 744 2012.10.16 = 11.1 HWT12-05 (HRV)

2560 5.9 753 2474 59 743

2561 3.9 710 2487 24 677

2562 2.4 677 2488 1.0 640

2597 2.4 664 2604 1.0 595

2598 5.9 704 2605 2.4 670

S05 2599 10 583 20141117 - 11.21HWT14-52 (HB2) 2606 24 670

2600 3.9 696 2607 24 665

2669 2.4 702 2608 1.0 605

2670 2.4 688 S10| 2609 24 660 2014.11.25 - 124

sos| 2671 10 642 5015831 -94  HWT15-51 (HB2) 2610 24 670
2672 5.9 744 2611 1.0 592 HWT14-02 (HRV)

2673 1.0 624 2612 1.0 605

2674 5.9 727 2613 2.4 683

|| 2614 24 655

2616 1.0 593

2617 24 682

S11| 2618 24 669 2015.2.10 - 2.13
2619 1.0 602
2620 2.4 648
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0.0042

T T

® ® Po=1.0MPa
® @ Po=2.5MPa
® @ Po=4.0MPa

0.0040 - T TR © @ Po=6.0MPa ||
Fe-ot T Y
- "
0.0038 = - - - B T
® .y Teeal
® v -
- o -
e s-- R -
P E L S— RIS LN N,
£ — S N AS O
: ;'_‘Vvt B
e o @%c - =~

0.0034 S S o

0.0032|... Po=1.0MPa:mean= 3,923-03,5ig=1.150% .
Po=2.5MPa:mean= 3:698e-03,s5ig=0.715%
Po=4.0MPa:mean= 3;579e-03,sig=0.753%
Po=6.0MPa:mean= 3.511e-03,sig=1.289%

0.0030,
7

50 800 850 900 950 1000 1050 1100 1150 1200
To, K

9. Er—EEEHRIFER
E=A—REr—EFAIEL TR 3(2H115 S02~S11 FTEEHLIZL D,

x4, Eb—EL (polp,) RUEERZE
E=A—REr—EFRIEER 3 (28115 S02~S11 FTEEEHLIZL D,

Po, SHKRERR(SRITN) E=4—FEr—EE A
MPa =R Al ER 182 8l ER =Z8-EE A"

1 - 0.00382 (0.57%) 0.00382 (0.57%) 0.00392 (1.15%)
2.5 0.00364 (0.58%) 0.00357 (0.69%) 0.00359 (1.09%) 0.00370 (0.72%)

4 0.00352 (0.46%) | 0.00347 (0.69%) 0.00350 (0.86%) 0.00358 (0.75%)

6 0.00343 (0.53%) | 0.00341 (0.79%) 0.00341 (0.75%) 0.00351 (1.29%)

®5-1. E=4—AErEL ttest #ER (p,=1MPa)

S00 S01 S07 S10
Mean Val. | c/Mean, % N 7 6 7 4
3.86E-03 0.32 S00 7 1.00 0.00 0.17 0.00
3.96E-03 0.57 S01 6 0.00 1.00 0.00 0.05
3.87E-03 0.35 S07 7 0.17 0.00 1.00 0.00
3.99E-03 0.26 S10 4 0.00 0.05 0.00 1.00

= 5-2. E=HA—HAErR—IELE ttest $ER (p,=2.5MPa)

S00 S07 S08 S10
Mean Val. | 6/Mean, % N 4 8 6 7
3.62E-03 0.32 S00 4 1.00 0.00 0.00 0.00
3.69E-03 0.37 S07 8 0.00 1.00 0.15 0.00
3.67E-03 0.48 S08 6 0.00 0.15 1.00 0.00
3.72E-03 0.45 S10 7 0.00 0.00 0.00 1.00

% 5-3. E=A—RErM—EL ttest &R (p,=4MPa)
S07 USNEHUTILE S LT THALDDSEBELTHE TS,

S00 S01 S04 S07 S09
Mean Val. | o/Mean, % N 3 2 2 15 2
3.51E-03 0.43 S00 3 1.00 0.10 0.12 0.00 0.29
3.59E-03 1.04 S01 2 0.10 1.00 0.44 0.87 0.28
3.55E-03 0.31 S04 2 0.12 0.44 1.00 0.00 0.26
3.58E-03 0.32 S07 15 0.00 0.87 0.00 1.00 0.00
3.53E-03 0.05 S09 2 0.29 0.28 0.26 0.00 1.00

%= 5-4. E=HA—FER XL t-test $EE  (p,=6MPa)

S00 So1 S07 S08
Mean Val. | c/Mean, % N 6 7 6 8
3.42E-03 0.30 S00 6 1.00 0.00 0.00 0.00
3.54E-03 1.16 S01 7 0.00 1.00 0.35 0.00
3.52E-03 0.57 S07 6 0.00 0.35 1.00 0.00
3.47E-03 0.38 S08 8 0.00 0.00 0.00 1.00
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(c) p, =4.0MPa

BWTt=7~-8 W THRINIE+—FEZE. BAHTLED
EORATE 11 I2RY, HIZSEO HWT15-53 [ZiF
B 3LMBERERIIRONGENIEND NS,
RICEAEHEABIZEITEN\Z DD MET 5
HizY., FTEEARBEARTHEONZRRITATO
14 Mach M., &, BEABICEHBSNDBRAREN
Pos BET, ENLFHHNLEEERD, TNIZLEIE
RIEALFITITETENZRMELTRELz, &oT. fi
ZFEHEASAETIVICEIEENER. T254
ETIICEREEHERIITROKICHOHEND :

Fn

¢ =
N eq qeq(Mcaleq:p(J'To)sref (eq1 )
F
¢ =
Ner apr(McaipfPo)Sref (eq.2)

::—C‘\ Mcaleqs Mcalpfli%h%hqzﬁigﬂéﬁﬁ{z-(%
T, BERARETILEZRAVCRRRERRICHSITHE
F—ELE D K YURDT-FH—HRFK Mach #1&LTLNS,

ZORBF v R—2THELNIz p,=6MPa [ZH1T5
ATEENGRBM CrZz. THEEIAZRELIREKIE
HERERMS/ON-—HR Mach BRUKRBAHE.
BABEMBED, K12 (a) ITFRT, —AT. 5
2RAZEREL. Mach #. BHEISKRDI-ATEE S
FREER 12 (b) ITRY, MEOLLEMNS, FHEA
SEERELEZHER (a) JURLERERELEER
(b) DAEMNGDENNSKGEH>TNDIEN MDD, —
AT, FEREIZES Cr@o=0deg DB EKREMLE

0.0042 Po=2.5MPa i
! ! T @ewwmoT
@ @ HWT04-03
@ Him2.105
8 & im0
0.0040 |- | ! ; : i o o i3 10z ]|
H H H H H i i @ ® HWTL4-52
' (@ ® HWT15-51
o 0 sy
0.0038 |- .
o
.
° R P ‘f)do‘t %°
% 0.0036| | ; i )
& AR T=—
0.0034 |-
0.0032f
0.0030 i ; ; i ; ; ; i
750 800 850 900 950 1000 1050 1100 1150 1200
To, K
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(d) p, =6.0MPa

1. BBEFvUR—UBOEMELORREKREFSE
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TIR13ICESNEKSIC, FHERETRDONT-ZE
NFRBUNSDEICIE, KRBABELHEBEOHDIEN
Dhot=f=8. TERETIIBEHTEICHS ITHREE
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EERAEEZRELEDEBLETRON/NTDEDE

12 [Equi:Po=6.0MPa
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— Run2748
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L
run2772|
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0.574 T T T

.
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>
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Chr@a=0deg D#NREKFNE (HB2 5E)
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Mach M S#EL-BIEX AV CEE LI-RIEE# N %
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HEXvoR—UFBELTROIIBEREE, ERITH
Ex% 5 @ Ll ETHSD HWTO01-11, HWT04-03, HWT15-
53D 3HBFvIR—VEICTRODEIZEREERT,
FIZIER () [Z5REND P,=IMPa @ Cy IZ8(F5/35
DECELT, ARFPIZRENTLVEDRET vy R—
UTRLNET—2LEHBONZEERE BER) &
BHORBRFvoR—UTHLONIRERELLAREBSD
TREBYBBIEN MY, ERBEFYIR—2ITE
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T CIEB/NEEE LSRR H HEE R D,
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EEZDLENSHD, CIT. 4.1 TROENF=LSICF
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EZ25L95H, CIT. [IRREARICBLTRERIT
AN FY Mach 1 (R 1) LE=4—HRAERFTA
BrE (x=900mm) RWIZHITHF Mach 81 (£ 2) &
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