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Flow Characteristics of UT-Kashiwa Hypersonic Wind Tunnel

by
Osamu Imamura, Tadaharu Watanuki, Kojiro Suzuki, and Kashiwa Wind Tunnel Working Group (Univ. of Tokyo)

ABSTRACT

In this study, the flow characteristics of UT-Kashiwa hypersonic wind tunnel are obtained by measuring the Pitot pressure distribution.
In this wind tunnel, the Mach 7 and 9 hypersonic nozzles are inherited from its predecessor facility in UT-Komaba Campus. From a
viewpoint of the operation safety and cost, the maximum stagnation pressure at Kashiwa facility is 950 kPa, which is much lower than at
Komaba facility (5 MPa). To evaluate the uniformity of the freestream of this tunnel, the Pitot pressure traverse was conducted for the
Mach 7 nozzle by using the rake of 11 Pitot tubes with 20mm intervals in the radial direction. The measurement has been done at every 30
or 45 degrees in the circumferential direction and also at some streamwise locations. The Mach number calculated from the settling
chamber pressure and the test-section static pressure is nearly 7, which is almost the same as the Mach number obtained from the Pitot
pressure (about 14 kPa) on the center line. The Pitot traverse shows that the uniform flow core with 120 mm diameter is formed both at the
nozzle exit (200 mm in diameter) and at the center of the test section. Such ratio of the core diameter to the nozzle exit diameter seems
quite resonable, comparing to other existing hypersonic wind tunnels. The cross-sectional Mach number distribution shows slight deviation
from the axi-symmetric pattern because of the misalignment of the nozzle and the test section to the tunnel center line. Consequently, the
highly uniform Mach 7 flow is obtained in this facility, though the nozzle is used under the off-design operation pressure, that is, the off-
design Reynolds number.
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#1 ARG

Pitot Rake Flow Condition Mach
Exp. No Run No
z, mm 0, deg Case Por » kPa 7,. K Poo » kPa Number
1 #157 0 30 1 952+1 598 0.22 7.05
2 #158 0 60 1 952+1 599 0.22 7.05
3 #159 0 90 1 952+1 590 0.21 7.10
4 #160 0 120 1 952+1 614 0.21 7.10
5 #161 0 150 1 952+1 565 0.21 7.10
6 #163 0 270 1 952+1 553 0.22 7.05
7 #164 0 90 2 952+1 552 0.21 7.10
8 #215 -100 90 1 952+1 637 0.22 7.05
9 #216 -100 45 1 9521 671 0.23 7.00
10 #217 -100 135 1 952+1 644 0.22 7.05
11 #218 -100 270 1 952+1 649 0.23 7.00
12 #219 -100 0 1 952+1 650 -— -—
13 #220 -100 270 2 952+1 696 0.22 7.05
14 #221 100 270 1 952+1 665 0.22 7.05
#2 VY EAEEE
Run 0 Sensor Number and Pressure, kPa(A)
Z, mm Case
No deg 1 2 3 4 5 6 7 8 9 10 11
#157 30 13.69 | 087 | 5.60 13.69 | 1389 | 1443 | 14.21 1458 | 1405 | 8.66 0.54

#158 60 14.06 | 1.01 6.73 1403 | 1398 | 1454 | 1425 | 1464 | 1412 | 7.83 113

#159 90 14.00 | 1.11 7.65 13.99 | 1387 | 1440 | 1419 | 1454 | 13.89 6.71 1.12

#160 120 1421 | 1.36 | 8.54 1402 | 1388 | 1455 | 1426 | 1472 | 13.78 5.82 0.78

#161 150 1432 | 1.23 | 1024 | 1425 | 1404 | 1473 | 1449 | 1486 | 13.70 | 5.27 0.07

#163 270 1431 | 133 | 7.30 1407 | 1412 | 1487 | 1460 | 1492 | 1430 | 8.01 0.27

ojlojlojo|jo|o|oO

#164 90 1431 | 216 | 8.12 1140 | 1327 | 1499 | 1456 | 1332 9.67 7.02 3.09

#215 | -100 90 -— | 021 5.14 1158 | 1128 | 13.96 | 13.73 | 13.77 | 13.09 | 6.09 1.31

#216 | —-100 45 13.63 | 0.37 | 448 12.26 | 12.41 1410 | 13.76 | 14.05 | 13.11 8.07 1.18

#217 | -100 135 13.72 | 050 | 4.68 1298 | 1320 | 1407 | 1370 | 1404 | 13.15 9.30 1.60

#218 | -100 270 13.68 | 090 | 7.06 1343 | 13.15 | 1391 | 1359 | 1397 | 13.18 | 6.60 0.09

#219 | -100 0 13.65 | 064 | 5.13 1324 | 1357 | 1400 | 1354 | 13.88 | 13.11 9.57 1.83

#221 100 270 13.86 | 1.01 6.11 1338 | 1340 | 1421 | 1384 | 1411 | 1294 | 6.46 1.18

1
1
1
1
1
1
2
1
1
1
1
1
#220 | -100 270 2 1382 | 228 | 6.53 8.48 11.00 | 1402 | 13.69 | 12.19 9.17 7.55 3.74
1
(BN

% Case 1,212\ T Al E=SH
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MLAA DT BT B IE SR AR k(AT kPa/V, g\}—jjar Pressure Using Calibration Factor
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Ppitot = (patm 'pvac)/(Vatm - vac) (Vout - Vvac) + Pvac Al lljjjj J_‘ igl/] ;ky) ’Bﬂf\_]_‘j]’f /\;E%B[_]
INHOROBEE K ALITRT, !
APSN _ﬂf‘o(D HADFRKRE LT, FENEHGL LD
HIRERIZ HEBEBRMNRFEELSLNY 7 hoEBOfM, =
*‘11/3::_*‘7 ERHWEEDI DL DD — 7 OFERE
ZHibH,
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Sensor Ca:e Cazse Pressure Transducer Amplifier Calibration
Numb
umoer r,mm | r, mm Maker Products Serial No. Products Serial No. | Amplification degree kPa / Volt
1 0 0 PAB-A-1MP | FG0950003 6M92 3080126 1.497V / 300ue 39.44
2 -100 -90 PG-5KU YK7450038 (San-e) 1014995 0.999V / 200pe 24.60
3 -80 -80 KYOWA PG-5KU YK7450010 9091429 1.002V / 200ue 2477
4 -60 -75 PG-5KU YK6560001 | DPM-305A | HA1748 0.691V / 100pue 17.75
5 -40 =70 PG-5KU YK7450046 (KYOWA) HA1747 1.488V / 200pe 16.51
6 -20 -60 PMS-5V 5H 4787 PD-304A (CH1) 3.988V / 10mV 11.35
7 20 60 PMS-5 10H 5359M (HOKUTO) (CH2) 5.000V / 10mV 13.23
8 40 70 PMS-5 500K 5564 (CH3) 4.008V / 10mV 10.31
TOYODA
9 60 75 PMS-5 2H 14 AA4500 6F156410 1.003V / 10mV 13.02
10 80 80 PMS-5 5H 4147M (TOYODA) 9L100815 3.006V / 10mV 12.84
11 100 90 PD104K 1F 495 6H158306 1.003V / 10mV 13.48
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