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Study on Reflected Pressure in a Shock Tunnel According
to the Size of a Nozzle Throat

Jong Kook Lee*

Agency for Defense Development

ABSTRACT

In a reflected shock tunnel, stagnation conditions of a nozzle are determined by the
flow behind a reflected shock. When calculating the flow behind the reflected shock, unlike
a shock tube, the flow leakage through the nozzle is to be considered. The analytical
studies were done to find out the characteristics of the stagnation conditions of the nozzle
with various nozzle throat size. Experiments and numerical simulations were also carried
out for further understanding of the flow leakage effects. It was found that the nozzle
stagnation pressure was diminished by the increase of the size of the nozzle throat. It was
also found that the steady pressure in the stagnation were maintained well at the area
ratio of the driven tube to the nozzle throat is 4.5.
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Fig. 1. Wave diagram of a shock tunnel
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Fig. 3. Flow parameters across the reflected
shock in the shock tube
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Fig. 4. Flow parameters across the reflected
shock in the shock tunnel. (U.g,
denotes the velocity of the second
contact surface shown in Fig. 2)
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Fig. 5. Schematic of the test facility

Table 1. Characteristics and measurement
purpose of the transducers(Position
means the location from the nozzle
entrance in the upstream direction)

Trans | Range | Accuracy | Position PUIDOSE
ducer | [MPa] [kPal [mm] P
Pryi | 069 155 130.5 primary
shock
Pryy | 069 +55 630.5 velocity
p 6.89 1689 0 reflected
el e e pressure, ps
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Fig. 6. Pressure history recorded in the

experiment
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Table 2. Nozzle dimension (Diameter of the
driven tube, D, = 47.6mm)

Nozzle throat | Diameter Area

Nozzle | diameter, D+ ratio, ratio,

[mm] D,/D* | A]A*

Noz 1 2.73 17.4 304.0
Noz 2 11.89 4.0 16.0
Noz 3 18.06 2.6 6.9
Noz 4 22.35 2.1 45
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Fig. 7. Configuration of the four nozzles
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Fig. 8. Results of repeatability tests
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Table 3. Boundary and initial conditions to
simulate the experimental condition
of p,=20kPa, and ug1.19km/s

Tempe ,
Condition Pressure rature velocy
[kPa] [m/s]
(K]
Inlet 280.5 | 956.45 | 910.52
B.C. -
Outlet extrapolation
Domain | 280.5 956.45 | 910.52
|.C. Domain I 20.0 290.0 0.0
Domain Il 0.04 290. 0.0
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Table 4. Analytical results on the reflected
shock considering the nozzle flow
(p5=1.50MPa, 75=1,466K, Ug ,=380.7
m/s for the w/o nozzle flow case)

Area
Nozzle | ratio Ps T U, U
’ S2 C.52
Noz1 304.0 1.50 1465 | 379.5 1.5
Noz2 16.0 1.46 1457 | 356.6 | 284
Noz3 6.9 1.35 1400 | 320.7 | 61.3
Noz4 45 1.30 1389 | 297.1 95.9
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Table 5. Experimental results on the reflected

pressure
Area | Reflected pressure, p, [MPa]
Nozzle | ratio, w/o w/ (1) 0 usec
A,/ A*
nozzle flow nozzle flow
Noz1 304.0 1.421+0.046 1.443+0.041
Noz2 16.0 1.434+0.044 1.327+0.042
Noz3 6.9 1.441x0.047 1.277+0.049
Noz4 45 1.425+0.042 1.182+0.052 (2) 44 psec
=ZEe A7|7} E42 F, WHH, A,/ A%
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Tads o 5
£ AN
HEARRE 2
o]t} (4) 84 usec
3.2 Ad A3t
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Table 6. Numerical results on the reflected 2.0 NOZ 1 nozzle, D./D* = 17.4
r 4. the moment when steady flow
pressure } Lsé‘i';isu“rﬁé’n"c‘éa"a'”“"'°¥
15+ 1 —
Area | Reflected pressure, p; [MPa] i — W Nmy
. B 3. steady flow
Nozzle ratlo’ W/O W/ E rr 2. secondjtm results from e
A / A* = the reflected shock b
1 nozzle flow nozzle flow < o5 — m— Exp. (wio nozzle flow)
I — —A — xp. (with nozzle flow)
Noz1 | 3040 | 1557+0.004 | 1.553+0.004 GFD (wio nesle low)
Noz2 | 160 | 1.557+0.011 | 1.489+0.003 0.0y ===~ _CFD (shnoezie fowd] |
Noz3 |69 1557+0.013 | 1.406+0.004 ot impreaba o
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