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Fig. 2 Sketch of JF-16 structure and arrangement of measurement points
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Table 1 Flow parameters of nozzle entrance and exit (UPSW) s
Location u/(km s 1) T/K Ma 5 P7 ’ PZ /P7
Entrance 8.955 2 871 8.0 ’ (USSW) ’
Exit 9.117 1722 10. 4 » 2
1 , , ’ b
8. 955 km/s 9.117 km/s. ’
8.0 10. 4, 2 871 K ’ : ’
1772 K, ,
’ ’ JF-16 ,
’ ° ’ ’ 1.5 MPa s 41,
° 15 Pa ,
3.2 6 z ‘
s . 4
3 : . 4
, 2.55 m,2.95 m.,3.25 m 3.55 m,
[3,21]
3 s o
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2.0 MPa,
Table 2 Initial pressure parameters of 6 test cases 10. 2 km/s ,
No. P, /MPa Py /kPa P;/Pa 8 km/sM?7,
1 1.5 6 15 °
2 1.5 5 15 6 ’
, 3 o
3 1.5 4 15
3 s s s
1 1.5 2 15
b Y
5 1.5 1 15
b
6 1.5 0.5 15 Euler y .
b
b o
b 4 3
Ve ave s Table 3 Shock velocity data of test and computations
. N Vieae/(km ¢ s71)
P, /kPa Error/ %
Test CFD
0.5 9.655 10. 539 9.16
1 9.655 10. 472 8. 46
2 9.524 10. 188 6.97
4 9.333 10. 093 8. 14
5 9.150 9. 860 7.76
6 8. 750 9.511 8.70
3.3
b
3
b
Fig. 3 Shock velocity varying with shock tube pressure
b b
3 R 6 kPa o
1 kPa ’
, 0.5 kPa, ’
’ 1 kPa I’ o
. b
, 30, 20, 15, 10, 5, 1, 0. 5,
, 0. 25 Pa, 8 ’
’ u-. T MCJ, N
’ ) 1 kPa 4 o
, 4 ,
9.655 km/s, ) s, 0.25 Pa
JF-16 y 12 km/s, y
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Fig. 4 Test gas parameters varying with pressure of

expansion-acceleration tube
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Abstract: Hypervelocity (above 5 km/s) test flow is the essential test environment to study reentry physics of space vehicles

or capsules. To the date, an expansion tube is one of the few qualified test facilities on the ground. A detonation-driven ex-

pansion tube (JF-16) has been built at the State Key Laboratory of High-temperature Gas Dynamics in order to generate rel-

atively steady and clean test flow at high enthalpies. A series of typical model tests has been completed in recent years.

Test flow at velocities above 10 km/s has been successfully obtained via JF-16 after upgrade. An expansion tunnel nozzle

has been designed for the JF-16 facility. Generally, the test time duration of a shock-expansion tube is extremely shorter as

compared to a reflected-shock tunnel of the same scale which results in difficulties in the flow measurement and diagnostics.

Numerical simulation is a powerful assistant analysis tool for the study of hypervelocity test flow. Calibration tests as well as

numerical simulation are conducted to evaluate the performance of the upgraded test facility.
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