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• Preliminary design of an interchangeable shock tunnel (shock tube + Ludwieg 
tube) for future hypersonic tests has been conducted, focusing on cases for 
Mach 5-10 using a Ludwieg tube configuration (driven tubes only).

• Pipes and connectors from the previous hypersonic shock tunnel facility used 
in the 80s in the AERB basement are investigated.

• Pipes are made of moly steel (potentially 4340), pressurized up to 5000 psi for 
the driver section and 3000 psi for the driven section, and integrated with 
scored aluminum diaphragms. (Scott O’Brian, '93 UW A&A Ph.D)

Motivation / Investigation of Existing Pipes

Tube Fill Pressure

• Maximum pressure affected by tube 
fill temperature (structural concerns).

• Relationship between test section 
flow properties and flight conditions.

Future Work, References, and Acknowledgments

• The maximum pressure of the tubes is calculated using Lame’s 
equation with the Tresca criterion: 
Driver tube yield point = 19600 psi
Driven tube yield point = 13300 psi

• The reasonable maximum operating pressure for the driven 
tube is set to be 2500 psi (FoS = 5.32).

• The minimum pressure required to start the tube is 
determined based on Pope and Goin’s experimental values of 
the tunnel starting compression ratio (λ) [1].

• λ: The ratio of test section total pressure to the dump tank 
(diffuser exit) pressure.

• Minimum required temperatures are calculated based on a target Mach number 
and a test section total pressure using Wegener and Mack’s experimental values 
for air and nitrogen condensation [2].
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Tube Fill Temperature

Test Section Sizing Comparison with Other Ludwieg Tubes

Test Section Calculation: Shock Propagation 

Driver (6 ft x 2), will not be used for Ludwieg tube  Driven (12 ft x 2 + 6 ft x 4)

[1]

• Since the test section diameter 
significantly impacts the size of the 
test article [1], a larger test section 
diameter is preferable.

• Considering the heating requirements 
in the test section, minor decreases in 
test section P0, T0, H0, Re, and ttest for 
larger Dtest, and the need to avoid 
exceeding an upstream Mach number 
of 0.1 [5], the optimal test section 
diameter is set at 0.3 m for the UW 
Ludwieg tube.

• For the in-house code, 
known variables are: gas type, tube fill pressure, tube fill temperature, target 

Mach number, fill tube diameter, and test section diameter 
to calculate: upstream (fill tube) Mach number, test section total pressure, test 

section total temperature, test section total enthalpy, test section velocity, test 
section Reynolds number, and test time, 
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based on Ludwieg tube shock loss, the isentropic relationship in the nozzle area 
ratio, Davis and Gwin’s test time theory [3], and losses due to the normal shock [4]. 
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Conclusion
• With Dtest = 0.3 m, target M = 7, and 

the minimum Tfill to prevent 
condensation (445K - 663K), the 
Ludwieg tube will accommodate 
the flow with a range of Re from 
6.40x104 to 1.78x107 /ft and ttest 
from 66.1 to 80.7 ms.

Subscript 0 = test section
Subscript 1 = upstream
Subscript t = total

• UTSI M4LT: 
P0 = up to 150 Psi, T0 = 300K, 
Re = 1.0x106 – 1.65x107 /ft, 
ttest = 105 – 125 ms

• UTSI M7LT:
P0 = 150-300 Psi, T0 = up to 560K, 
Re = 1.0x106 – 3.0x106 /ft, 
ttest = up to 135 ms

• UTSA M7LT:
P0 = up to 2000 Psi, T0 = up to 700K, 
Re = up to 6.0x108 /ft, 
ttest = 70 – 100 ms

Reynolds Number vs Mach Number Comparison
UW: Air, Dtest = 0.3 m, Minimum Tfill to prevent condensation

This chart has been partially adapted from Kreth et al. [6]. 


