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Nomenclature

a = sonic velocity

A/A* = one-dimensional area ratio

Cy = static pressure correction factor, defined by Eq. (4)

Fr = Froude number v /(gh)1/2

g = acceleration of gravity

h = height of water above table

] = Mach number (u/a)

P = fluid static pressure

u = local velocity

v = specific heat ratio

Subscripts

0 = stagnation condition

v = actual gas condition

vy = 2 = water table condition [Eq. (1), ete.]

HE hydraulic analogy relates the frictionless two-dimen-

sional flow of a liquid with a free surface to the flow of
a compressible gas. A water table is an experimental tool
utilizing the hydraulic analogy, in which water is flowed on a
horizontal glass plate, around or through the model to be
tested. For many years, the water table has been used to aid
in visualization of the complex flow patterns that can exist
when a fluid encounters a solid boundary.

Adams! presents an excellent set of correction factors which
can be used to apply the results from the water table to two-
dimensional axisymmetric gas systems. In his correction
factors for pressure, density, and temperature, he uses the
Mach number for the gas in both the numerator and denomi-
nator and caleulates this Mach number from an additional
correction factor on the water table Froude number and the
water’s analogous specific heat ratio of 2.0. This method is
an improvement over that of Byrd and Williams? where the
Mach number used in the pressure correction factor was that
of the water. However, this author feels a still more accurate
method of caleulating this correction factor can be made.

The fundamental relation between the pressure of the
hypothetical gas of v = 2.0 and the height of the water is

(P/Po)y =2 = (h/ho)? (1)

To ealculate the pressure ratio of a gas cf any specific heat
ratio, it is necessary to define a correction factor C, where

(P/PO)'Y - Cp(P/PO)~/=2.0 (2)

It is possible to calculate C, by using the well-known isen-
tropic relation

P/Py = {1 4 [(y — 1)/2]M2} /1~ ®)
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Fig. 1 Comparison of various definitions of C,.

Note that the left side of Eq. (2) is for the gas of interest,
whereas the right side is for the hypothetical water (gas) ‘of
v = 2.0. Now, placing (3) into (2) and solving for C,,

{1 [y = D/2IM
= 1+ (M yae:?/2)]72 (4)

The three different definitions of C, have been used for a v
of 1.4 (air) and are presented in Fig. 1.

It should be pointed out that this argument is largely
academic, as the practical way to gather data from the water
table is to calculate the Mach number of the water from the
height measurement and the equation

My=2 = Fryas = {2[(hg — h)/h]}1 (5)

then calculate the ares ratio from the one-dimensional
isentropic area ratio eguation

a6
A* T M,_a | \v+1

v =1 (y+1/2(v—1)
<1 + o wy:z)] (6)

where v =20

Since, as Adams mentioned, 4/A* is the same for the gas
and analogous water table system, Eq. (6) can be reused with
the gas specific heat ratio to solve for M.. Then, finally,
the static pressure ratio P/P, can be obtained by use of Eq.
3).
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