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One of the problems associeted with the devslopment of high-
enthalpy hypersonic test facilities has been the determination o

nozzle flow properties. This note presents a technique for deter
mining the flow properties of air in an equilibrium, nonequilibrium,
or frozen state using two test section measurements.

A knowledge of two stagnation properties is required before the

technique can be applied. The stagnation pressure can

and reference 1 offers a method for determining stagnation enthalpy.

diameter. Experimental enthalpies obtained using the method of

reference 1 have been compared with those obtained using an energy-

balance technigue for 50 runs in a smell hypersonic arc-heated

tunnel of the High-Temperature Fluid Mechanics Section o

Langley Research Center, and were found
In illustrating the
perties a stagnation press

of 4500 BTU/1b is ass

static pressure and pressiPé. ke k2" B8k can be measured.
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Althoush the following discussion is based on the

o

hese two pressures, the technigue would still be

any two test secticn properties, such as velocity, swvced of sound,

}..a.
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density, temperature or even the shock detachment distsnce, were
imoun. The key to the technigue is to censtruct a chart such as
figure 1. Figure 1 presents calculated curves of the variation

of stagnalion pressure.behind a normal sqock with free-stream static
pressure for eguilibrium, nonequilibrium, and frozen flow. The
equilibrivm curve can te calculeted by using the method described

in reference 3. The frozen (frozen reactions and frozen vibrations)

results were calculated assuming air to be composed of 23 per cent

o}

oxvgen znd 77 per cent nitrogen (see reference 4). The nonequili-
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brium calculations were made by using Bray's approximate
(see reference 5), which assumes the air is in equilibrium up %
a point and then freezes rapidly, remaining frozen until passing
through a ncrmal shock, whence it returns to a stete of eguilibrium.
Bray indicates thalt the assumption of equilibrium flow behind the
shock is reasonable. The methods of references 3 and 4 were used

to calculate the equilibrium and frozen rarts of the nonecuilibwiwn

ratios, A/A", of 1, 2, and 4. Meesurement of the froe-siream static
pressure and the stagnation pressure behind a normal sheck enables
the curve corresponding to the state of the flow to be determined
from figure 1. (If the shock detachment distance and stagnation

pressure behind a normal shock are the measured quantities in the

test section, then the state of the flcw could be determined
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a figure showing the variation of shock detachment distance with



alone the axis of the nozzle of the stagnation pressure behind
+ A O J
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1111 determine if a non-

]..J-

a normal shock and the sbtatic pressure,
equilibrium expansion remains frozen to the seme degree along

the nozzle, thus giving é check on Bray's assumption of rapid

The effective area ratic corresponding to the pressure
measurements can also be determined from figure 1. Once the effec-

tive area ratio is known, the flow properties, the effec

Ey ‘

tive Loundary

layer displacerant thiclmess, and the size of the test fcore" can

The flow properties can te obtained from plots such as figure

2. This figure presents the variation of free-stream Mach number

igu

with static pressure for eguilitrium, nonequilibrium, and frozen flow.
(Similar plots can be constructed for other flow proverties.) Once

the free-stresm static nressure has been measured and the state of

the zir determined from figure 1, Mach number can be obtained by

>

use of figure 2.
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Variation of stagnation pressure behind a normal shock with free-stream static pressure

Fig. |
’ at a stagnation pressure of 20 atm and stagnation enthalpy of 4500 BTU/Ib.
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Fig. 2. Variation of free-stream Mach number with free-stream static pressure

at a stagnation pressure of 20 atm and stagnation enthalpy of 4500
BTU/Ib.
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