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Abstract: In order to provide an effective wind tunnel test prediction for multi—body separation security as-
sessment of high Mach number vehicles, the key problems and their solutions of multi-body separation test sys-
tem in @1m hypersonic wind tunnel were presented. Multi—body separation trajectory captive test technique plat-
form of @1m hypersonic wind tunnel were developed by the ‘three—in—one’ design method, including the data
acquisition of total pressure and total temperature of wind tunnel settling chamber and force from balance mount-
ed in the models etc., the calculation of aerodynamics and dynamics, and the mechanism motion control. Experi-
mental verifications were carried out with certain high Mach number vehicle model at Mach number 5 by doing
grid test and captive trajectory system (CTS) test. The test results show that satisfactory separation trajectory and
aerodynamic characteristics are obtained by the multi-body separation test system mentioned above , which meets
the functional needs of high Mach number multi-body separation experiment to realize grid force measuring and
trajectory capturing. In the case of capturing 35 trajectory points at a running, continuous trajectory control mode
can save less 42.5% running time than position control mode, as improves the test efficiency.
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Table 1 Maximum aerodynamic loads

F/N  F)N F/N  MJ/(N-m) M/(N-m) M/(N-m)

1000 800 500 100 100 50

Table 2 Motion range of each freedom

X/mm Y/mm Z/mm al(®) BI(°) y/(°)

+400 -350~+600 +350 -25~+25 -14~+15 -300~+300

Table 3 Motion velocity of each freedom

V/(mm/s) V/(mm/s) V/(mm/s) o /((°)/s) /((°))s) /((°)]s)

-150~+150 -15~+15 -14~+15 -30~+30

Fig. 1 Separator test model mechanism
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Table 4 Motion precision of each freedom

Repeat positioning accuracy Deviation of line

of line displacement displacement

Repeat positioning accuracy

) . Deviation of angular displacement
of angular displacement

0.lmm 0.Imm/100mm

1/10° 1'710°
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Fig.2 Topology diagram of control system
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Fig. 4 Position control time sequence
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Table S Operation parameters of wind tunnel
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5 1349 2.549 44.6 360
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Fig. 6 Model and mechanism in wind tunnel
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(a) a,=a,=0°, Grid point 1

(b) a,=a,=0°, Grid point 2
Fig. 7 Typical schlieren images of grid test

(a) a,=a,=0°, Track point 1 ~ (b)a,=a,=0°, Track point 2
Fig. 8 Typical schlieren images of position control CTS test

(a) Grid test

(b) Continuous trajectory
control CTS test

Fig. 9 Typical schlieren images of different test
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Fig. 10  Test results of the first stage with initial 0° attack
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between wind tunnel test and numerical simulation
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