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SUMMARY

Tabulated solutions are presented for the equilibrium gas
properties behind the incident and reflected normal shock-waves in the
shock-~tube, for nitrogen and oxygen. They cover the range of shock-wave
Mach numbers up to 12 at intervals of 0,2, for selected values of the
undisturbed gas pressure between 1 and 2000 mm Hg.

The thermodynamic model of the gas used in the calculations
ig described in some detail, as is the method of solving the equations.
The limitations of the assumption of thermodynamic equilibrium are discussed
with regard to shock-tube applications, and the estimated accuracy of the
tables is indicated.
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1. Introduction

In many cases in aerodynamic research it is found convenient to
perform experiments in gases other than air. The simplification which
results from using for exemple, one of the constituents of air, is
considerable when account iz taken of the chemical reactions which occur
in the vicinity of a body travelling at hypersonic velocity.
Considerations such as this have led to the extensive use of nitrogen as
a test-gas in shock-tubes and shock-tunnels, In other applications, the
properties of single gases have been measured directly in the shock-tube,
In evaluating the performance of new experimental techniques it is often
very convenient to carry out the measurements in a pure gas whose
behaviour can be predicted with some confidence.

High-stagnation enthalpy gas streams are conveniently
generated by means of the shock-tube, in which a diaphragm separating
regions of high and low pressure gas is burst. The resulting wave system
has been frequently described! and will not be considered here. It is
sufficient to note that a shock-wave travels into the low pressure gas,
compressing and heating it, and this shock-wave may then be reflected from
the closed end of the tube, causing further heating and compression.
Both the gas behind the incident shock-wave, and that behind the reflected
shock-wave have been used as test samples. It is clear that if the
experiments carried out in these gas samples are to be of maximum use a
knowledge of the state properties of the shock-processed gas is required.

Such data are available for air? over a wide range of initial
shock-tube conditions, but data for other gases are not readily available
in a convenient form. For nitrogen,Waldron3 has published the results
of some calculations, but his graphical presentation is not sufficiently
accurate, nor his data extensive enough, when it is realised that
temperatures for example may be measured to within *20°C (Ref. L4).

The results presented here in tabular form for the incident and
reflected shock cases, have been computed for a range of incident shock-wave
Mach number up to 12, in steps of 0.2, for selected values of the
undisturbed gas pressure, between 1 mm Hg and 2000 mm Hg. The
-shock-processed gas is assumed to be in thermodynamic equilibrium - the
effects of a finite relaxation time in the shock-tube are considered in
Section b,

2, Equations of Motion

The equations of motion for the two cases are identical when
velocities are referred to axes moving with the shock-waves. Thus the
laws of conservation of mass, momentum and energy are, respectively,

prwy = pa(wi-ug) eeo(2.1)
Pr + PaWE = D2 + pa(wi-ug)? ...(2.2)
H + 2WM = Ha + Z(wi-ua)® ...(2.3)
for the incident shock-wave, where w = O and for the reflected
shock-wave case, in which uws = O,
pa(Wwa+ug) = pswa eee(2.4)
pa + pa(Wa+ug)® = ps + ps(wa)® oo (2.5)
Ha + z(wa+ua)® = Hs + 2w’ eee (2.6)

The/
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Table 5 (contd. )
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H = H(T,p) e.. (2.16)

for the gas, these equations completely specify states 2 and 5. In
region 2, the flow Mach mumber is

Ug
MQ = e— = UﬂiAﬂ.Q- -00(201?)
8a

The methods of solution are described in Section k4, but it is
first necessary to consider the form of equation (2.16) for the specific
enthalpy.

3. Thermodynamic Properties of the Gas in Equilibrium

The range covered by the present calculations is such that at
the higher shock strengths, molecular vibration, electronic excitation, and
dissociation are all important energy absorption processes. Equation (2.16)
is, therefore, no longer a simple expression such as equation (2.10), and no
explicit solution of the shock-wave equations is possible, in terms of the
undisturbed gas.

In order to take account of these energy absorption processes,
a statistical-mechanical model of the gas is assumedD; since only at the
extremes of the present range is the gas density very high, the effects of
molecular interactions, usually accounted for by employing a virial
equation of statee, are ignored.

According to this model, there are two modes of energy absorption
for an atom, and four for a molecule. Thus an atom is assumed to absorb
energy in translation and electronic excitation, while in addition the
molecules will absorb energy in rotational and vibrational modes.

All these absorption processes are here assumed to act
independently. The diatomic molecule is assumed to behave as a "dumb-bell",
with two degrees of freedom in rotation, and the vibration is assumed to be
harmonic., At high temperatures this will lead to errors, since the
rotational and vibrational modes interact, resulting in anharmonicity.

The enthalpy will therefore be underestimated, but the errors are unlikely
to be large.

The law governing the equilibrium concentrations in the
dissociation process

ba 2 24 cea(3.1)
nﬂ Qﬂ

is A _ A DT ee (3.2)
DA, QAa

where D is the dissociation energy per molecule
is the number of A atoms in volume V at temperature T,

and QA is the partition function of A, i.e.,

e—e/k’l‘

QA = 7 eee(3.3)

where the summation extends over all the energy levels, €, of the A atom
in volume V, and k 1is Boltzmann's constant.

The/
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The quantities nAa and QAa are similarly defined for the

molecule Az, but the energies €, are measured from the ground states of
the two species, so that €0, and €0, differ by D per atom.
]

The partition functions may be expressed in terms of the several
partition functions associated with the various excitation modes of the
component particles. Thus

T E
Q = 99 oo (3.4(a))
T R .V E
Q = Q ‘Q 'Q .OQ oo [ b
NI RC AR (3.4(0))
where the superscripts denote the excitation modes. If m, is the mass

of the atom, the trangslational partition functions are

QX = {omnk/b® 2.V oo (3.5(2))
and Qi = izx.ZmOkT/h”}g.v eee (3.5())

for the atom and molecule respectively, where h is Planck's constant, and
k, Boltzmann's constant,

The rotational partition function for the molecule is, assuming a
rigid rotator,

R 2IkT 1 1 h?
QAQ = +—+_< >+’noooo
h? 3 15 \ 2IkT
T
N — 010(306)
6R0
provided T >> 6
ha
where GR =
21ko

I is the molecular moment of inertia, and o is a symmetry number equal

to 2 if the atoms composing the molecule are similar, and one otherwise. The
second form is convenient, in which a characteristic rotational temperature
6., is defined, only the first term of the previous expression being

rétained, This is justified, since in the range of interest, T >> 6R

(for example 6 = 2.88°K for Ng; and 2,07°K for Oa).

By assuming the molecule to be a simple harmonic oscillator - a
dumb-bell with freedom to vibrate along the axis - the vibrational
partition function may be written

hy

Q 1 -e kT

v
Ay

|2

e (3.7)

i
-
1
®
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where it is assumed that the vibrational states differ from the ground
state by energies 0, hv, 2hv .., etc,, in arithmetic progression to
infinity, and the frequency v is the natural vibration frequency of the
molecule obtained from vibration spectra. Equation (3.7) defines a
characteristic temperature of vibration, 6v.

The electronic partition functions Qﬁ and Qi; are given by

B €
Qp = L g exp ( - ;ﬁ ) eee(3.8)
R €n
and‘ QAQ = é g;l ex—,p ( - —lc—T ) onl(30 9)

where g, and gﬂ are the spectroscopic weight terms, or the degeneracy
of the states of energy € and eﬁ respectively, They consist normally

of only a few terms, since the higher excitation states are filled to a
negligible extent from a thermodynamic point of view,

The gas density is given by
p = mo(nA+2nA2)/V ees (3.10)
and if a is the proportion by mass of atoms in the mixture,

n
@ = —A cer (3.11)

n,+2n

ARy

Using equations (3.4) to (3.11), equation (3.2) becomes

o? i monZ
1-a 2anAﬁ
La®p
or Kd = -
kT : 2y '"'%TL (2)? '6_1]')'
= ROT.2mo< > ) (-——T—)<1 - e ) Qfﬂ e ees(3.12)
where ©p = D/k is a characteristic dissociation temperature
R, = k/2m  is the molecular gas constent

Kq is the reaction rate constant, and is a function only of
temperature for any gas,

and p 1is the total pressure of the mixture.
The last form of equation (3.12) is obtained using the equation of state,

k
p = kT(nA+nA2)/V = E;— pT(1+a). eee (3.13)

(o}

The/
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The specific internal energy of the mixture is given by

kT? a(enQ, ) 9(enQy ) n D
E = ~— nA———-A~+n G G o (3.18)
A
oV oT aT pv

the last term being necessary because the energies of the atoms and molecules
are referred to different zeros, 2 atoms of A having D more energy than one
molecule of Ag at their respective zeros,

Using equations (3,10) and (3.11), this becomes

a(¢nQ,) 3(enQp )
E = R Tﬂ 2(1 —_"—A" + (1"“) ______;‘A_ﬂ;__ + aRoeDo uo.(3015)
° aT aT
The specific enthalpy is
b
H = E+— = E+ROT(1+a)
o]
H 3(enQ,) a(enQy_)
go that — = TJ{(1+a) + 2a —A 1-a) A, + a6D. .. (3.16)
R a(en T) a(enT)

[e]

The specific heats are then given by

oH
c = (—-—) eee (3.172)
p T
av
*(3)
T
c, = C_ +——F oo (3.17D)
P av-
(ap >T

and the low frequency speed of sound by

op dp o}
a® = (——) = y(-——-) where y = ==, ...(3.18)
ap 4 ap m Cv
3enQ
The entropy/mole = s = R {€nQ + T < -——> ee.(3.19)
oT

for a single component, and for the mixture

S.
i

s, = R EXi—I;—ZXifanXi

where R is the universal gas constant, and X5 the mole fraction of

component i. The second term arises as the entropy of mixing. Thus since

and/



and X = —

the specific entropy is
| 8 2a 1-a
S = Ry (1-a) o + 20 -2 _ 20 ¢n < ———-) < (1-a) ¢n ——-) .
R R 1+a 1+

Making use of the foregoing equations, and noting that equations
(3.16) and (3.19) lead to

8 h,-eq
—A = 4n QA + A A
R RT
ee. (3.20)
s h _eo
R RT

where hi is the molar enthalpy of component i, and o, and eoAz,

the ground states, differ by % the energy of dissociation per mole, we may
derive the following expressions for the binary mixture:

Specific entropy:

S H 1+a
—_— =z =3 fn Q‘A2 + £én <_—'—> . 100(3021)
R RT 1-a
o] o}
Specific enthalpy:
N € e} ]
Gl e -—=& e! -4
H 7 3 T kT kT
— = Tqe—=+=q +—pg——+ 20 3 + (1~a) e 4
R 2 2 -+ - -
’ ot B B
- v
+ o O ees(3.22)

ecific
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Specific heat at constant pressure:

a O ( 2 €n ~ e 7]
6V —rf- en —-ﬁ € - L]
(1—“)(“")6 ggn<—_> e Zg"'rlekT
c 7 3 T KT °
L ——ay + 2 4 - >
5] € €
RO 2 2 ﬁ% ] '-E% --n
e -1 kT
( ) 2g e | Zg e ]
) ! - N
a e! [ el—‘g
€' A—E% ' —i%
- -
b e ( pg =2
kT kT ;
+ (1~a)9 < - 7
S kT
58 ° R
\J
e € e'--w ?
0 € -E? e! -8
v
— ke pgZe”
a(1-a®) |3 o iy KT Tk
+ 4""!"‘“""‘" 3] + 2 3 - A ”~
k
L T gee ™ g
veo (3.23)
Specific heat at constant volume:
~2
_ € €]
r 6 € ..—Il- e' _—2
v g gh._g e kT 5 g n kT
c, ¢© 2 a(1-a) |3 6 T KT © Myr
= = B q1 -4 2 s 2 — - =
R, R, 2~ 2 2 T -—T! ..-k-g -2
e -1 Z g, e % gﬁ e
[ ° J
L N
oco(3.2}+)
The specific heat ratio:
c
y = -E. -00(3025)
C
v
The low frequency speed of sound:
ZVROT
a? = < . ...(3.26)
2-o
Compressibility factor:
7z = 14+ a ... (3.27)

Thus equations (3.12) and (3.22) give an expression for the
specific enthalpy of the partially dissociated gas in terms of the
pressure and temperature, and these may be used in conjunction with equations (2.8),
(2.9) and (2.11) to solve the incident shock equations, Correspondingly
they may be used with equations (2,12) to (2.15) to obtain the solution of
the reflected shock equations. The methods of solution are outlined in the
next section,

b/
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4, Methods of Solution

The approaches to the solution of these two problems, although
basically the same, are sufficiently different to warrant separate
treatment, In the case of the primary shock-wave, the gas in front is at
rest and at room temperature, which allows considerable simplifications
to be made. In the case of the reflected shock-wave however, the gas
behind it is at rest, and it moves into a region which is far from
thermodynamically perfect. In each case the solution is required in terms
of the state of the undisturbed gas in region 1, and the primary shock
velocity, since these are the quantities which are most readily measured.

(2) The incident shock-wave

By eliminating Tis from equations (2,8), (2.9) anda (2.11), we

obtain
Py, -1
TQZQ = PQi 1 = Ti ceo s (1+01)
y&Wf1
2
Ha-Hy  Ta1Zo-1 Ho-Hy  To4Zo~1
and P21 = - + = + Tﬁizﬁ e (4‘2)
RT 2 RT 2
01 O 1

where only the positive root has been retained in equation (4.2) as being
physically possible,

Then for specified values of py, Ty and Wiy, a first
approximation to Pp; is assumed, and the R.H.S. of equation (4.1)
evaluated. With this value of TaZa = Te(1+az) and with ps = Paips
the values of Ts and a3 are obtained using a simple iteration procedure
involving equation (3.12) in the form

157} = . soe (14- 3)
l{-pz + Kd(Tg)

With these values of T; and ag, Hy 1is evaluated using
equation (3.22), and since H; is known, a new value of P;s may be
obtained using equation (4.2). Unfortunately this second value of Pas
is very sengitive to changes in T;, and hence to the initial assumption
for Pas, so that a simple iteration procedure is divergent., The
behaviour of the process is illustrated in Fig, 2. Point (a) is the
initial approximation, and point (b) is obtained by the process already
described. Point (c) is the mean of the two values of P21 already
obtained and point d; is then obtained using equation (4.1). A similar
procedure then results in points (e), (f) and (g) ..... The iteration is
seen to diverge from the required solution at (X). In the region of (X)
however, the two curves are nearly straight lines, and a "second"
approximation may be obtained by determining the junction of the diagonals
of the quadrilateral formed by points (a), (b), (d) and (e).

Even this procedure, which requires only the calculation of the
four points at each stage, can break down if the initial value of Pa1 1is
too far below X, since then the second value of P21 is so large, that the
solution of equation (4,1) yields a negative value of TzZs, This
difficulty was overcome in the following general way.

Equation/

To increase the rate of convergence of the iteration, the mean of the
current and previous values of «, is used in the succeeding approximation,

#
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Equation (2,8) may be written

Pas

1 4 YaWaa (Waa-WeaTea]

1 + y1Waa [Wia-Uss ] oo (b l)

where Uga = o=,
a4

Now (Wi1-Uzs) 1is very insensitive to changes in Wi4,
Accordingly, the calculation is begun at the first value of Wiy (in this

case at Wys = 1.2) using the perfect gas approximation
y1-1 2ys
PZ:L = W?;i - 1 olo(l‘—.B)
Y1 +73 Y1 -1

since real gas effects may be neglected here.

The complete solution is then calculated for this value of Wyq
and using the value of (Wys-Usa) s0 obtained, a first aspproximation to Py
may be obtained for the next value of Wiz (in the present case Wiz = 1.4),
and so on,

This first approximation ig very close to the solution and
convergence using the described procedure is very rapid,

In order to speed the computation, the first approximation to aa
in the first iteration at any value of W;; is taken as the solution at the
previous value of W,s. Furthermore, having completed a solution for the
range of values of Wiy at a fixed value of p;, the first approximation
to Ppas for any given value of Wi1 and a new value of p; 1s taken as
the solution at the previous value of py, since P14 1s very insensitive
to the undisturbed gas pressure, 7pi.

The problem has been programmed for solution on a Mercury digital
computer, in such a way that it may be used for any homonuclear diatomic gas,

The results, for the range of shock-wave Mach mumbers, Wiz = 1,2(0,2)12
and for initial gas pressures, p» = 1, 2, 5, 10, 25, 50, 100, 200, 500,
1000 and 2000 mmHg with Ty = 290°K are presented for nitrogen in

Table 2, and for oxygen in Table L, The characteristic gas properties, and
the values of the constants used are listed in Table 1.

(b) The reflected shock-wave

As a result of the previous calculations, both region 2 and
region 1 may be regarded as known, and again a solution is only obtainable
by an iterative procedure. For a given set of initial conditions, pi, Wi1,
and Ty, a first approximation to the enthalpy ratio [H51]1a is assumed

and equation (2,12) entered to obtain a first approximation to Tss using
the results of Section 4(a) for the properties in region 2.  Equation (2.13)
is then used to obtain [Egi]ia and thus ps. TsZ follows from the

equation of state (2.15). In a manner similar to that described in
Section 4(a), the enthalpy Hs may then be determined uniquely using these
velues of ps and TsZ, thus yielding a second approximation, [Hssl] .

As in the previous sub-section, a simple iteration process is
divergent. A second value is therefore chosen, such that

[Hs1 ]1b = [H51]1a + 0,1 {[Hﬁi ]13. - [H“]aa} eee{ln6)

and/
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and the procedure is repeated, yielding [Hgs ] b* The factor 10% of the
a

difference is arbitrary but convenient, '

Now suppose [H51]1i to be plotted against [Héilai' The

solution required is the point where this curve crosses the line

(Heal, [Hs1] ;5 that is, the solution is
e - [Bsal  [(Hsal , - [Hsal , [Hsal e T)
(#51],, = [Hosl,, + [Hsa] | - [Heal '
if a linear relation is assumed between [HM]1i and [Hm]ai in the

region of solution,

This value provides the starting point for further approximations,
and the process may be continued to any desired degree of accuracy. The
other state parameters then follow from the equations of Sections 2 and 3,
the specific entropy also being of interest in comnection with the operation
of a hypersonic shock tunnel’.

The first approximation to Hsi has yet to be determined.
Equation (2,12) may be written as

Y1 -1
Hsa = Has + Ua4[Uas +2Wa1
2
'Y1-1 I'59+1
= I-Ial + Ugﬂ. * ooo(L!-oB)
2 T59-1

For any given value of the undisturbed gas pressure, pi, the
factor in curly brackets varies only slowly with incident shock velocity, Wia
for Wis greater than about 6. Accordingly up to Wia = 6, the first
approximation to Hsis is obtained using the perfect gas assumptions, when

(W21 +2) (LT ~1) 7
Hea = Tes = for y = -
M3 1 5

and thereafter, for Wiy > 6, equation (4.8) is used, employing the value
of (I'sa+1)/(I'sa-1) obtained as the solution at the previous value of Wii.

This problem has also been programmed for solution on the Mercury
digital computer, and employs as data, in addition to the characteristic gas
properties (Table 1), the results of the calculations defining region 2,

The solution for nitrogen is presented in Table 3, and that for oxygen in
Table 5. The range of parameters is the same as that for the incident
shock-wave case.

5. Relaxation Effects in Diatomic Gases

In the previous sections, the theory has been developed, and the
calculations carried out on the assumption that the gas is in equilibrium.
It remains to consider how this equilibrium is attained, and in :
consequence, how restrictive the previous assumption is in regerd to the
flow in a shock-~tube,.

The gas can only attain the equilibrium state - that is the state
in which there will be an equipartition of energy among the various modes,
or in the case of chemical reactions, when the net rate of formation of any
species is zero - by a process which involves collisions between particles.

Ad justment/
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Adjustment of the external mode - translation - to a new value, after a
sudden compression, will take place rapidly since any collision will
readjust the energy distribution. The rotational mode will take somewhat
longer, since certain collisions - those nearly along the molecular axes -
will not be very efficient at altering the rotational energy. The
vibrational energy will take many more collisions, since only those more
or less along the molecular axis, will produce a change in the vibrational
energy. For a chemical reaction, such as dissociation, to take place,
the particleg involved must also possess sufficient energy to supply the
heat of formation of the products, in this case, the dissociation energy
of the molecule,

It is evident then, that the probabilities of energy being
absorbed in a collision are higher for translational and rotational excitation
than for the other modes.  Accordingly, after a sudden compression, the
translational mode will adjust rapidly to a new temperature, and the
rotational modes will follow fairly quickly. Typical values are 2 to 3
collisions for translation and 4 to 6 collisions for rotationS.

Subsequently, after many more collisions, the energy will be
redistributed so that the vibrational energy is increased, and correspondingly
the temperature will fall, energy being extracted from the translational
and rotational medes in compensation. The other state properties will of
course also be relaxed toward~ the equilibrium values.

Such a relaxation process will of course take place behind a
shock-wave, The process by which equilibrium is attained does not affect
the final state of the gas, so that the previous calculations are valid
some distance aft of the shock-front. It remains to determine the
extent of this non-equilibrium zone. If, as is usual, it is assumed
that the rate of approach to vibrational equilibrium is proportional to
the departure from equilibrium, the process will be an exponential one, and
we can only define a characteristic time (or distance) during which the
approach is made to within a specified (but arbitrary) limit.  The usual
assunption made is that

oK. 1

—= = - —[5-E(1)] e (5.1)
ot T )

where Ei denotes the internal energy, and Ei(Te) the energy that would be

possessed by the internal modes if they were in equilibrium with the "external
temperature, Te. This equation defines the relaxation time, 7. When

considering the vibrational relaxation of a gas, the "external" temperature
is to be regarded as that of the translational and rotational modes. Thus
after a sudden compression through a shock-wave, the temperature will jump
to a value, T4 which may be calculated ignoring the vibrational
absorption mode; that is by assuming y = 1.4 for a diatomic gas.

Since the two temperatures, T4 and T (the equilibrium value) are
independent of pressure for the case in which no dissociation occurs, the
relaxation time T, for vibration, is simply inversely proportional to

the pressure at a given temperature, since the number of collisions per second
is proportional to the density. Thus only a single curve of pT, against T
is necessary to define the process.

Blackman 9 has measured the vibrational relaxation times in
oxygen and nitrogen behind shock-waves for a wide range of conditions.
Figs, 3 and 4 have been constructed directly from a mean curve drawn through
his experimental points and those of Ref, 10. They are plotted in carpet
form rather than as a single curve to illustrate their importance in the

shock-tube, /
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shock~tube. It was assumed in constructing these curves that the pressure
in the relaxation zone did not vary significantly. This is justified,
since the temperature and density changes in the relaxation region oppose
each other, producing only a small pressure relaxation.

In operating a shock-tube, the maximum pressures which may be
employed are governed by structural considerations. The higher the
pressures which may be employed, the lower will be the relaxation time.
Theoretical criterion curves are shown in Figs. 3 and 4 for a shock-tube
employing a hydrogen driver at 100 atmospheres to drive shocks in nitrogen,
and a helium driver at 100 atmospheres to drive shocks in oxygen. Hydrogen
is unlikely to be used with oxygen for safety reasons,

In practice these criterion curves will be somewhat more
stringent, since the shock-strength realised at a given position in the
shock-tube will be lower than the theoretical value for a particular
diaphragm pressure ratio, due to imperfect diasphragm rupture and viscous
attenuation. A typical curve is shown in Fig. 3 for a hydrogen/nitrogen
shock-tube of 1% inches square cross-section extrapolated from results at
lower chamber pressures11 in which the shock velocity was measured-at
112 hydraulic diameters from the diaphragm - a typical working position.

The dissociation relaxation time is somewhat more difficult to
define, since the equilibrium temperature is pressure dependent12.
Furthermore, if vibrational and dissociation relaxation occur at comparable
rates, the process becomes even more complex15. Thus it is not possible to

3
construct a chart on the basis of the available experimental results1 4
(which only exist for oxygen) in the same way as those for vibrational
relaxation. In addition, the process of approach to chemical equilibrium
is not an exponential one (see Refs. 12, 1)) so that there is no exponential
decay constant which may be used, as in vibrational relaxation, to define
the relaxation time,

In principle, since every point on a chart such as Figs. 3 and 4
represents a unique flow condition, it is possible to construct a carpet in
which the ordinate is a measure of the approach to within a given arbitrary
degree of equilibrium, However the paucity of experimental data precludes
this being done at present. Fig. 5 shows the results of Byron15 and two
points calculated from Matthews' paper1h3 for oxygen. In these cases, the
relaxation time is assumed to be that time during which the density rises
from the no-dissociation level to halfway between this value and the
equilibrium value. No data exists for nitrogen dissociation.

6. Discussion of Results

The region in which the results may be expected to apply has
been indicated in the previous section. It remaing to consider the accuracy
of the tabulated solutions. This will depend partly upon the adequacy
of the model chosen to represent the gas. It will be recalled that
effects due to molecular interactions and those due to vibrational-rotational
interaction of the molecular species were ignored. In the conditions
investigated, the effects of the former may be important for the highest
values of initial channel pressure ps at the higher shock strengths,
Such extreme conditions are unlikely to be realised in practice,

The effects of ignoring the vibrational-rotational interaction
are difficult to estimate. They are likely to be most serious at the
higher pressures and temperatures where little dissociation has taken place,
and a considerable proportion of the total energy is absorbed in vibration
and rotation. However a com%arison of the entropy and enthalpy of nitrogen
based on the model used herel® with the data calculated at the National Bureau
of Standards?’ shows less than 1,5 difference at 8000°K and 100 atmospheres,
In the practical range of shock strengths it is not expected that the
present model of the gas is unduly restrictive,

The/
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The iteration procedures employed in solving the equations of
Section 2 will also introduce errors, depending upon the convergence limits
used. It will be recalled that for the incident shock-wave case, two
iterations were involved, the first on the temperature and compressibility
factor, and the second involving the shock pressure ratio. The first
iteration was continued until successive values of Z agreed to within
0.0005, so that conditional upon Pas the temperature and compressibility
are accurate to the last printed digit. The iteration on P31 was
continued until it had converged to within 0.1/,

For the reflected shock case, similar limits were used, but
since the computation uses the results of that for the incident shock-wave,
the errors will be double those of the latter case. In both cases, all
the tabulated data are estimated to be within 1/ of the exact solution,
and are probably within 0. 5/b. (These latter figures only refer to the
arithmetic accuracy, of course.)

Note: The computations were originally carried out for the range

Wee = 2(1)20 and ps = 1, 2, 5, 10, 25, 50, 100, 200, 500,
760 mm Hg in nitrogen only. These are available from the author.
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T Notation

A, A

A, .
1J

P, .
1j

iJ

- 16 -

Atomic and molecular species, respectively
a,

speed of sound ratio, —=

a,
J
gpeed of sound

specific heats at constant pressure and constant
volume, respectively

molecular dissociation energy-electron volts
specific internal energy
internal energy per mole

spectroscopic weight terms for atom and molecule,
respectively

specifiic enthalpy
Planck's constant - 6,62517 x 10727 erg-second
reaction rate coefficient for dissociation process
Boltzmann's constant - 1,3804kk x 10 *® erg/°K
flow Mach number
mass of atom
Avogadro's number - 6,02322 x 10°% molecules/mole
number of particles of species 1 1in volume V

P.

. i
pressure ratio, -

Pj

pressure

partition function of species i

universal gas constant - 1,9872 cal/mole/°K
molecular gas constant = Nk/2mo

specifiic entropy

entropy per mole

temperature - °K

273.16°K

time - seconds

velocity ratio,

o

7



i3

r,.
1J

Subscripts
1,2,3 ,4 ,5
v

R

13

-17 -

volume

Yy
— ~ note: Wii
a,

J

shock-wave velocity ratio, is the
shock-wave Mach number
mole fraction of species i
compressibility factor (1+a)
degree of dissociation by mass
P,

density ratio,

P
J

specific heat ratio, Cp/Cv
energy level above ground state -~ ergs
energy level of ground state - ergs

characteristic temperatures of rotation, vibration
and dissociation, respectively

density

symetry number, eguals 2 for homonuclear diatomic
gas, one otherwise

relaxation time for vibration and dissociation,
respectively

Refer to regions so labelled in Fig., 1
vibrational mode
rotational mode

dissociation
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Table 1

Characteristic Gas Properties Assumed for Computations

Nitrogen

Atomic weight 14,008
Characteristic rotational temperature, GR 2,8785°K
Characteristic vibrational temperature, Gv 3353, 4°K

Characteristic dissociation temperature, o, 113,300°K

eo/k 0
e1/k 27,700°K
ea/k 41,500°K
Ga/k -
Electronic energy levels ﬁ €a/k ~
eé/k 0
€d/k -
ed/k -
ed/k -
L
8 L
&1 i0
ga 6
& -
Statistical weight terms < ga -
g 1
g -
g4 -
el -
.,
p
Ty 290°K
Undisturbed gas state 7 vi 1.3998
H/R,T, 3.71577
L & 347,07 m/sec

Oxygen
16, 0000
2. 0687°K
2239.3°K
59,370°K

0
228, 05°K
325.90°K
22,830°K
48,620°K

0
11,390°K
18,990°K
51,940°K

W =+ N W = U -

290°K
1.3957
3. 7194

324, 26 m/sec

Table 2/
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Pa = 1 mm Hg
Wia Ty °K
S 327
Te4 364
.6 402
1.8 444
3.0 489
3.2 537
3.4 589
3.6 645
2.8 704

Py e) 766

2 832
3.4 901
3.6 7
3.8 124é
4.0 11279
4.2 1208
404 1292
4.6 1380
4.8 1471
5.0 1564
Se2 1661
Se 4 1762
506 1865
S5e 8 1971
6.0 2081
6.2 2194
6.4 2310
6.6 3439
6.8 2553
7.0 2678
72 2807
7.4 3940
7.6 3075
7.8 3214
8.0 3354
8.3 3496
8.4 3635
8.6 3780
8.8 3918
Q.0 4051
9.2 4176
94 4291
9.6 4 400
9.8 4301
10.0 45935
10.2 4681
10. 4 4766
10,6 4843
10,8 4915
I1.0 4983
Il1e2 5049
1104 51!2
13,6 5173
11.8 5330
12.0 5285

-2 -

Table 2, Incident Normal Shock in Nitrogen
Za Haa Ags Pas Tas
1.000 Iel3 ie06 1¢51 14342
1,000 Ie3§ 1.12 2013 1690
1.000 1439 1.18 2,82 2.034
1.000 1.53 l1e34 34632 2,363
1,000 1.69 1e29 4051 2,675
1000 1.86 I1e35 5¢49 324966
1,000 2.04 1.432 6.57 30236
14000 2e24 1048 775 39486
1,000 246  1.%4 9402 34718
1,000 2,08 1.0 1040 3935
1.000 2493 1.67 11.87 4138
1,000 3¢19 1.73 13644 4328
1.000 3046 1.80 15e11 40508
1.000 3076 1.86 16089 4072
1.000 4406 1e92 18,76 4828
1.000 4438 I.99 20.73 4.9;g

1000 4073 305 22,80 gel

1,000 508 2.12 24498 50248
1.000 Se 4% 2.18 27.25% 5374
1,000 5«83 235 29462 Se491
1,000 6e24 2033 32,09 50602
14000 6065 3.38 34067 5707
1.000 709 3e4% 3734 50807
1000 753 252 40411 5901
1.000 8.00 2458 43 498 5991
1.000 Beg8 3,65 45+ 98 6.0753
1.000 8497 2.73 49402 6.155
1.000 Ge49 3479 $3.19 6.2 30
1.000 10401 2486 55046 6.302
1.000 10456 2493 58482 6.370
1.000 1112 3.99 62.39 6e43s
1,000 1169 3.06 65485 6e496
1.000 132,28 313 69.52 6.555
1.000 12,89 3e20 7339 6,613
1,000 13451 3430 7715 6,669
1.000 1415 333 81.13 6,728
1.001 1479 3438 85423 6795
1.001 15047 3¢43 89.42 6.853
1.002 16,17 348 9373% 64926
1.003 16.87 3e5%2 98.31 7.011
1.004 17.60 3¢558 102,81 76107
1.006 18431 3e58 107456 Te224
1.009 19405 3461 112443 7348
I.011 1983 34624 X17e47 7483
1.015 20464 3.67 122,03 74636
1.018 21e432 3e70 127493 7782
1,023 22436 373 13333 7935
1.027 23412 3475 138.86 8,098
14032 3398 378 144453 84267
1.036  24.86 3.81 150431 8e440
1.041 2573 3¢84 156421 8,616
1.047 26,68 3487 162,22 8,788
1.0§3 327458 390 168435 8.967
1.058 38451 393 174460 9e147
1,005 29447 3496 180,496 9+3328

T
U214

031
0e¢57
0.81
1.04
1.2%
1046
1.66
I.85
3005
2034
2¢43
2,61
3.80
2.99
3.17
3+36
354
372
391
4409
4.27
4045
4464
482
Se00
5018
5036
554
572
590
6,08
6426
6.44
6,62
6.80
6.98
7e16
7435
T+53
7e¢72
7.91
8.10
8.29
8.49
8.69
8.89
9609
929
9049
9470
9e 90
10,1310
10.31
10451
10.71

contd, /

290°K

Mg

06288
Oe§I0
0.691
0.841
6.967
I|°76
1.171
Ie254
1.328
1399
Ie455
10510
10560
10606
1.649
1.688
10724
10758
1.789
1.818
1.844
1.869
1.893
1914
1935
1,954
1.97%
1,988
2.003
2,018
24032
24046
26059
2,072
2,086
20102
26122
26141
20166
2419

2.2zg
2360
2.296
2332
2.369
20405
3.440
24475
2e510
26544
24578
2,611
34644
26676
20708



2

Wia

ITe2
104
Te6
I.8
20
202
3.4
3.6
2.8
30
3e2
304
3e6
308
400
4e2
fe4
4e6
4.8
5¢0
502
Se4

58
600
602

648
TeO
Te2
7e

Te

78
800
802

8.6
8.8
GeO
9e2
9e4

9.8
I0e0
I0e2
I0e4
r0.6
1048
IT.0
1.2
If.4
fI.6
I1.8
1240

2 mm Hg

Ta °K

337
364
4032
444
489
537
589
644
704
766
832
901
973
1048
1127
1208
1293
1380
1471
1564
1661
1761
1865
1973
2081
2193
2309
2429
3551
3678
3807
2939
3076
3213
3356
3500
3646
3791

3930
4068

4200
4339
4448
4562
4664
4760
48532
4936
5014
5089
5161
5230
5294
5357
5415

Za

I¢000
1,000
I« 00O
I«000
1000
Ie0OO0OO
1000
1,000
1000
Te¢00O0
1.000
14000
1000
1000
I¢ 000
Te Q00O
1000
J« 000
I+ Q00O
1000
1000
1,000
I«.0C00
I« 000
1,000
1,000
1,000
I4000
I000
1000
I+.000
1.000
I1+000
14000
Je0OOO
1000
1000
T.001
14001
1003
I4003
I.005%
1007
14010
TeOI2
1,016
1019
Ie023
10028
I1.033
1,037
Ie042
I.048
10053
I1.060
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Table 2 (contd. )

1,06
Iel2
1.18
le24
Ie29
1936
Ted2
1048
Ie54
I.60
1067
1¢73
1.80
1086
IeQ2
1499
2205
26212
2018
2625
2¢32
26138
3045
2e523
2058
3065
272
2479
285
2002
2,99
3006
3013
3026
3033
3«39
3e45
349
3354
3e58
3061
3465
2468
271
3474
377
380
3083
3486
389
392
3095
3098
4401

Pay

I¢51
2013
2‘83
3e62
4051
5049
6e57
775
Q9¢02
10440
11087
I13e44
ISeII
!6.89
18476
20e73
2280
24098
2725
29.63
32009
34067
37«34
40411
42098
4595
4002
52019
55046
58.83
62¢29
65486
69.52
73028
7715
81e11
85410
89437
9370
98.!4
I02672
I07e¢41
112425
I17«23
12235
127.61
13299
138050
14415
149401
I5579
16178
167.90
17413
180.48

Tas

10343
10690
2033
3.364
24674
20966
30236
3487
34719
34936
40138
4¢328
4505
4e672
40829
40976
5eX15
5249
5373
5491
50603
5¢707
50807
5e900
59090
64075
6.156
6e231
6e305
6.370
6e434
6,498
6e554
6.610
64665
6e719
64774
6-833
6.90%
6.979
7.068
7¢160
7267
70382
7515
7657
7080!
Te951
8e114
80276
8.440
8.608
8778
84949
Ge123

Ty =

Uza

Oe 31
Q.57
0.81
I¢04
1025
1046
166
1085
3405
2424
2643
2.61
280
299
317
3036
3¢54
3072
34901
4409
4027
4e45
464
4482
SoOO
5.18
536
Se54
5072
590
6.08
6426
6e44
6.62
6,80
6.98
7016
7+ 34
753
Te71
7e90
8.09
8.28
8447
8.67
8.87
907
9e27
947
9467
9487
10008
10428
10048
10,68

contd, /

290°K

M2

0,288
eIl
0.691
00841
0.967
1.076
I.171
10254
I¢338
I.395
I¢455
Is«510
I.560
1.606
I¢649
1688
Te724
10758
10789
r.818

1844
10869

I.893
14014
T.+935

I1.954
1.973

10988
24004
24018
24032
2.046
2058
2.070
30083
24097
26113
2,131
24154
2.180
2.207
24238
2270
2.303
24337
26372
34406
20440
2¢474
24508
2.540
2¢573
3.605
2.636
24667



P1

Wia

Le2
Ie4
Teh
I.8
200
2e2
3¢ 4
246
2¢8
30
3e2
3e4
3e6
38
4e0
4e2
4e4
46
48
5«0
S5e2
Se4
5«6
5e8
6e0
642

6.6
6.8
Te0
Te3
7e4
746
78
8e.0
802

8.

Te©O
Oe3
Qe 4
9.6
9e8
1040
I0e2
10.4
1046
108
Ile0
Ile2
IXe4
ITe6
I1e8
I30

S mm Hg

T2 °K

327

364

403

444

489

537

589

645

704

766

832

901

972
1048
1126
1208
1393
1380
1471
1564
1661
1761
1864
1971
2081
2194
2310
2429
a552
2678
3807
3940
3077
3215
3357
3503
3649
3797
3945
4087
4228
4365
4496
4620
4739
4846
4947
5045
5134
5218
5300
5377
5449
5519
5587

Za

I«000
1000
I«000
I+000
1000
14000
1000
I+9200
1000
1000
I«000
I.000
Y4000
14000
I4000
14000
I+4000
Is000
1000
14000
T« 000
I+000
I+000
T« 000
I+000
14000
1000
I« 000
1.000
I.000
1000
1,000
14000
14000
I+000
1000
Y« 000
I«001I
I.001X
I002
T4 003
1004
I« 00§
Is007
Ie¢O1I0
TeOI2
1.0I§
I+019
1023
1027
I«032
1037
I«042
19047
14052

Has

Tel3
le2§

I.39
Ie53
1069
T.86
3.04
2024
3.46
268
2493
319
3+ 46
3476
4.06
4+ 39
472
5008
5e45
5083
6e23
6465
7.08
753
8.00
8.48
8¢97
9«49
I0e01I
I°o56
IT1el2
1169
1228
13+ 89
I3e51
1418
14081
15048
1617
16.87
17058
18432
19409
19486
20466
21e45§
22425
33909
23092
34482
35471
364,61
3752
38.45
39440
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Table 2 (contd., )

Agy

X006
IsI2
I.18
1«24
I«29
Ie36
Te42
1048
Te54
1e60
1067
1473

179
186

Te9O2
I.99
2405
3eI2
218
3e¢23%
2032
2.38
3425
2052
2058
3463
272
279
286
2¢92
2¢99
3.06
3«13
3e20
3«27
3033
3040
3046
3e51
3356
306!
3065
3069
3072
3076
3«79
3.83
385
3.88
3«91
3495
3098
4e01
4004
4407

Pay

IeSI

3e12

2483

3.62

4e 51

349

6e57

775

0e.02
I0e 40
IT.87
13«44
I5e12
16089
18076
23073
2380
34-98
27e2%
29462
32«10
34067
37«34
4012
42498
4595
4903
52«19
5546
58482
62429
65483
69e51
73028
7714
B1er1
85.18
89435
93064
98.06
102,60
10727
113407
117400
122406
127428
132463
138609
14370
14943
15537
161423
167433
17353
179485

Ta1

I¢342
10689
2034
20363
3.675
24963
3.236
3.486
3.718
30938
4135
4+ 327
40514
40672
44829
4976
5116
5249
5373
50493
54603
5¢708
5.810
Se¢002
50991
6.074
6e155
6e231
64302
64369
6e435
64496
64552
6.609
6,661
6.715
64768
6-82:
6.877
6.948
7022
7102
T7e1901
Te293
7399
T7e524
70657
7791
70938
8.084
8.335
8.389
8s5512
80710
8.87:

Ty =

Uz

Oe3I
0e57
0081
I.04
Ie2%
1046
1.66
T.85
2405
2424
2043
2461
2.80

299
317
336
3054
3072
391
409
4027
4045
4064
4.82
500
S.IB
536
5054
573
590
6.08
6&26
6e44
6,62
6,80
6.98
716
7+ 34
T7e52
770
7+ 89
8,08
8-27
8446
8465
8.84
904
9e24
9+ 44
9464
9¢84
10,04
I0e234

I0e45
IOQ6S

contd./

290°K

Mz

0,288
Oes 510
0.607T
0.841
0967
10075
I.I7f
le254
1328
I.395
Ie454
Ies510O
I.562
1.606
1.649
1.588
Ie724
1758
1+789
1.818
1845
1.870
1.893
19014
1.935
1953
T«971
1988
2003
2,018
20032
3+045
3057
24070
2.082
20094
2108
2123
2«I40
2.163
24186
24213
20241
24271
24302
2¢334
20366
3.398
2e413%
20463
2494
34525
24556
30586
30616



Pr =

Wi

Te2
Iag
16
18
240
202
2e 4
26
28
30
32
304
346
3.8
440
4a2
4ot
446
4.8
500
502
5e4

5¢8
6.0
603
6e4
6e6
6.8
TeO
T2
7o 4
746
708
8ao
Se2
8.4
846
848
9a0
Qe 2
9e 4
9e6
98
1040
10e2
f0.4
1066
10,8
ITa0O
Ile2
ITe4
I1.6
I1.8
I260

10 mm Hg

Ta °K

327

364

403

444

489

537

589

644

704

766

832

gor

973
1046
1127
1208
1293
1380
1471
1564
1662
1761
1863
1071
2080
2194
2311
2429
2548
2678
2808
2940
3076
3215
3358
3503
3651
3800
3951
4101
4244
4385
4523
4657
4782
4904
5014
5121
5219
5315
5400
5485
5566
5644
5718

Za

1000
T4000
I.000
I»,000
14000
Ie000
I+000
1000
T4 00O
ITe 00O
1,000
I.000
1e¢ 000
14000
1000
I.000
I1.000
I.000
1000
I2000
J2000
Te 000
1000
1000
1000
14000
Je 00O
I+00Q0G
1000
1000
I.000
s 000
1000
T« 00O
14000
1000
I.000
I.000
I«002X
Ie0O01X
I«0902
16003
14004
1006
1,008
I0XO
Is013
T1e016
Ie0I19
I.023
1,028
I¢032
14037
10042
16047

Hos

IeI3
Ie25

1«39
Ie53
T«69
1086
2004
2024
245
2+568
2493
3019
30 46
3075
4006
4038
473
5008
5¢45
5083
6024
6s65
Te09
753
8,00
8.48
8.98
90 49
10600
10. 56
I1Te1X12
11.69
12428
12.89
I3e51
14015
14081
15,48
16a17
16088
1759
18433
19006
19o85
20066
21045
224,26
23409
23093
34079
25470
264,60
27¢52
28045
29641

T:ble 2 [contd,)

Aay

T1e06
Iel2
I.18
Ie24
I«29
1036
Ie 42
1048
Te 54
1,60
1067
I1.73
I+ 80
1.86
Ta92
I.99Q
24058
2412
2018
26258
2032
2.38
2045
2452
2,58
2465
272
2079
2.85
2492
2499
3006
3013
3e20
327
3033
3e 490
3¢ 46
352
3+58
363
3067
3072
375
379
3+83
3486
389
3493
3096
399
402
4405
4409
4012

Pay

I.51

2«12

3482

3.62

4e51

S+ 49

6e57

775

Qe 02
10640
11587
1344
IS5e1II
16490
18476
20073
22.80
34.98
27425
29062
32409
34467
3734
40411
42098
45095
4901
52e¢1I9
55948
58482
62429
65485
69.53
73028
TTe14
81e10
85e17
89.34
93463
98.01
102e 54
107e19
II1.96
116086
121.89
12700
132437
137+ 80
14338
149907
I54400
160,83
166480
17307
I79e 36

Tas

Ie342
10690
2033
20363
3.675
20966
34234
3+ 487
3720
3936
40138
44327
40505
4.683
4829
44979
SelX2
50249
5373
50491
50603
Se708
50807
54002
5+991
6.075
6e149
64230
6e314
6e370
6e434
6e495

6e554
66610

64663
6.714
6.764
6.815
6.868
6.923
6+995
74069
TeIS50
7235
7334
7439
7+558
74680
74815
7949
8.094
842137
8e384

8.534
84685

Ty =

Uza

O0e 31
0657
0081
I404
Ie25
1046
1066
1085
2605
2024
2443
2461
3080
2099
3017
3e 36
354
372
39012
4009
4e27
4e45
4064
4482
5400
5018
5036
5¢54
§5¢72
590
6,08
6426
6e44
6,62
6480
6.98
7416
734
752
Te70
7088
8407
8e26
8e45
8.64
883
9402
Ge22
Qe 42
9+62
9.83
1002
I0e22
I10e 42
10,62

contd, /

290°%

Ma

0,288
OeSIT
0691
0.841
00967
10076
I+« X70
I»254
10328
10395
T35S
I.510
Ie 560
1609
1e649
1.688
Ie¢723
10758
10789
1.818
1844
10869
10893
I.91I%§
14935
1.954
I«070
10988
20006
2,018
20132

264045%

24057
2.069

2.081
20093
270§
2119
2134
20151
2e174

24199
20222

20250
2¢280
24307
34338
2.368
2399
2429
24460
26490
2e520

20549
2.578



P1

Was

Ie2
fc4
Te6
Te8
260
2e2
3e4
346
28
3e0
3e2
304
346
3.8
4e0
4e2
4e4

408
Se0
5.3
Sed4
5.6
S8
6e0
6.2
6e4
6.6
6438
70
Te2
Te4

748
8.0
8e2
8.4
8.6
8.8
Qe 0
Qe2
9e 4
96
9¢8
I0e0
1062
1044
1046
10.8
IXleO
Ile2
Ile4
Ir.6
I168
1340

25 mm Hg

Ts °K

327
364
402
444

537

589

644

704

766

832

900

973
1048
1126
1208
1292
1380
1470
1563
1661
1761
1863
1971
2081
2195
2310
2429
2553
2698
2807
2939
3076
3216
3358
3594
3652
3803
3956
4109
4262
4409
4556
4699
4837
4968
5095
$212
5327
5431
5534
5627
5718
§806
5890

Za

1000
I000
14000
14000
1,000
1.000
1000
1000
I«000
1000
I« 000
1000
1000
T¢000
I+000
1000
I.000
I1.000
I¢000
1000
L1000
14000
14000
I1.000
I 000
I¢000
Ie0Q0OO
14000
I«000
1000
1000
I 000
14000
1000
I.000
1« 000
I 000
X+ 009
I«001
I¢001X
1002
1.003
1,004
T.006
T.008
Ie0110
Ie013
1.016
019
I.023
14027
Ie031
Te036
14041

- 25 =

Table 2 (contd. )

Hai

IeI3
Ie2)%
Ie39
Ie53
.69
1. 86
2.04
224
2046
2468
2493
3019
346
3076
4.06
439
4e72
5008
545
Se83
6.23
665
709
753
8.00
8448
897
9e 48
10401
10456
Ite12
17.69
12428
12489
1351
415
14.80
547
16416
16,87
1759
18432
19407
10.84
20463
2Te43
22426
23409
2394
2479
25.67
36056
2750
28444
2939

1.06
Iel2
118
Ie23
Ie29
1036
Ie42
1048
Te54
160
1e67
Ie73
I.80
186
Ie92
1e99
2608
2612
2.18
22§
2032
2.38
3045
2452
2.58
3065
272
2¢79
2486
2¢92
299
3006
3013
320
3027
3034
3¢ 40
3047
3053
3059
3065
370
3075
3479
3083
3087
391
395
3098
402
4005
4008
4013
4e15
4e19

Pgq

I.51

2e 12

3.82

3062

4051

549

6e57

775

Qe0C2
106 40
11.87
3345
ISeXX
16.89
18476
20673
22.80
24.98
2725
29063
32.10
34¢67
37+34
4011
42.98
4595
49402
52«19
55646
58Q82
62.29
65.86
69.52
73028
7714
81e10
85416
89433
93+60
9797
102¢ 46
10709
111.83
116470
12169
126481
132406
13746
14297
148.63
15440
160631
166433
17247
178673

Tas

Te342
106;2
24034
20366
30675
20964
3.236
3487
30717
3936
4.!36
4332
40505
44673
40839
4977
50116
50248
5376
50496
54604
5.708
5.806
5001
5901
6.071
6s155
6+232
64302
6.1369
64435
6.498

6e554
60608

6,661
66712
6.761
6.810
6859
6s.910
6.963
7031
7099
Tel74
7256
7347
72443
7554
70665
7790
7913
8s048
84181
8e317
8.456

Ty =

Uaa

0.31
Oe57
0.81
Te04
1e2§
1446
166
1085
200§
2024
343
2462
3.80
299
3017
3036
3¢54
3672
391
4009
4027
4045
4064
4082
5000
50!8
5+ 36
5¢54
Se72
590
6408
6426
6e44
6,62
680
698
7016
734
Te52
Te70
7088
8.06
8.25
8e43
8.62
881
0e00
9e20
9439
959
9478
9.98
10018
10438
10458

contd./

290°K

Ma

00288
Oe§IXI
0e691
0e842
04967
1075
IeI71
Ie254
Ie327
I1e395
Te454
IeSIY
1. 560
1606
Ie649
1688
Te724
10758
10789
Ie819
10845
I0869
10892
Ie014
14935
1.953
I.97Y
10988
22003
3.018
2032
26045

20057
20069

2.080
20091
2103
20115
20128
3.142
2¢159
24180
2201
20224
2249
264276
24303
2e¢332
24359
20388
20416
20445

20473
26500
20528



Wia

Ie2
1e4
16
I.8
240
262
2.4
36
2.8
30
3e2
304
3e6
308
4LeO
4e2
4oy
446
408
S5e0
52
Se4
5.6
Se8
6e0
6.2
6e4
6.6
6.8
Te0
Te2
Te4
7+6
78
8a0
8a2
8e 4
8.6
8.8
9e0
Qe2
9e4
946
948
X060
10e2
10.4
1046
I0e8
IXs0
IXe2
IXe
Ilog
Ile8
I3.0

§o mm Hg
T2 °K Zg
327 Te 000
364 14000
403 14000
444 14000
489 1,000
537 I+000
590 1,000
644 1,000
704 1,000
766 1+000
8133 1,000
9o1x 1,000
974 1+ 000
1046 1,000
1127 1000
1210 1,000
1291 I1.000
1380 1.000
14712 I+ 000
1564 14000
1661 I,000
1762 1+000
1865 1000
1971 T« 000
3080 I+000
2194 14000
2309 I+000
2429 14000
2551 1000
2678 1000
2807 1,000
2940 10000
3076 1.000
3320 1000
3358 14000
3504 1,000
3653 10000
3804 I.000
3958 e 000
4114 14000
42170 T1.00%
4425 Ie00T
4574 1+002
4721  Te003
4867 1004
5009 I+006
§I143 Ye0o08
8273 Ie010
5398 14013
5512 1.016
5625 1.019
5739 I.023
3831 14027
5925 I4032
6016 1.036
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Table 2 (contd. )

Aag

I.06
lel2
I.18
Ie24
Ie¢29
1036
Te42
1048
Ie54
1e60
1.67
Ie73
I.80
1086
I¢02
1499
2405
212
3618
2425
2e¢ 32
2.38
3045
2e¢52
2058
2065
2¢72
2¢79
2683
2092
2499
3.06
3013
3e20
3e27
3034
3041
3047
3054
3e60
3466
3e72
377
3.81
3.86
3490
3¢94
3098
4002
4006
4009
4e13
417
4020
4024

Pay

Ie51I

2¢12

Ze82

3.62

4051

549

6e56

Te75

9002
10.40
11.87
1344
ISeII
1690
18476
206713
23481
34.98
27«25
29.62
33609
3466
3734
406121
42499
4595
49.02
52¢1I9
55946
58.82
62.29
65085
69.52
73026
7714
81.10
85.16
B9e 32
9359
97496
10244
IC7e03
111476
11661
131058
136066
131488
13723
I42.70
148633
154006
15994
16502
17205
178.28

Tga

Ie 342
1e690
20034
24363
3.675
2.966
30228
304901
3e720
30936
40!38
4+ 327
4497
40686
4e829
40964
S5e¢I33
5.248
5¢373
S5¢491
5e602
5e705
5e 807
SOQOI
50994
6075
6.!58
6.230
64 306
6.370
6e434
64495
6s554

6+599
6.663

6.712
6,760
6.808
6.855
64903
6.952
7004
7072
70140
7214
7290
74378
7471
7570
7682
7794
7917
8,038
84168
8297

Ty =

Uay

Oe 31X
0e57
0.8!
1«04
Ie2)
Ie46
1066
186
2‘05
3624
2043
3.61
3.80
2099
317
335
3054
372
3.91
4409
4e27
4045
4064
4e82
5.00
518
5036
5054
Se72
5e90
6.08
6.26
6044
6462
6e80
6098
716
T34
752
770
7.88
8.06
8024
8+43
8.61
8.80
8499
918
9e 37
957
9476
9496
10,16
10436
I0455

contd./

290°K

Ma

00288
OeSIX
00691
0.841x
04967
1.076
Ie168
12558
I.328
I.395
Ie455
Ie5I0O
1558
1e609

10649
1.685
Ie?735
1.758
10789
1.818
10844
10869
1893
leQI4
1.933
1954
1072
1988
24004
20018
32032
24045

22057
24067

20080
240971
206102
34113
30124
24137
24151
2,168
2.188
204211
26231
2.255%
20280
2. 305
2¢ 331
2.358
24384
26413
24438
24463
30492



P

Wis

Te2
Ie4
Te6
I8
340
2e2
3e¢4
2.6
268
30
3e2
3e4
306
308
40
4e2
Ao

4.8
590
Se2
5¢4
546
5«8
6.0
6a2
6esg
6.6
6.8
70
Te2
Te4
746
78
8.0
8e2

8.8

I0e0
I0a2
I0e4
10646
1048
IleO
Ile2
I1e4
IIe6
I1.8
1247

100 mm Hg

Ty °K

327

364

402

443

489

537

589

644

704

766

831

901

973
1048
1127
1208
1293
1380
1470
1564
1662
1761
1863
1971
2081
2193
2310
2429
2552
2678
2807
2939
3076
3216
3359
3505
3654
3806
3960
4117
4275
4434
4587
4742
4894
5041
5187
53325
5459
5588
5707
5825
5934
6041
6143

I,000
14000
1000
1000
1000
1000
14000
14000
I+000
L6000
I 000
000
14000
I+ 000
T« 00O
I.000
Ie¢ Q0O
L1000
14000
Ye00O
I¢00O
1000
1000
I.000
Te ©COO
I+000
Y000
1000
T¢000
1000
Je Q0O
IJoe0OO
Ie0OOO
I«000
I« 000
14000
I« 000
14000
Ie¢000
Ye Q00
1001
I001X
Ie00O2
1,002
1,003
I«004
I.006
1008
I40XO0
I.013
Xe016
I.,010
Ie023
1037
Ie0312

Haa

IeIX3
1025
I.39
Ie53
1069
186
2004
3e24
2+45
2068
203
319
3+ 46
3076
4006
439
4072
5008
544
5083
6.24
6,65
7.08
753
8.00
8048
8497
9¢ 49
10,012
IO.S6
IXelI2
11.69
I2.28
12089
13051
I401I5
14-80
I5¢47
16416
16.86
17458
18+ 32
19006
10.83
20.60
2Xe¢ 40
32¢23
23408
2393
24.80
2567
26-57
3747
28440
39438

- 27 -

Table 2 (contd. )

I.06
TeI2
Ie18
Te23
Ie29
Te 36
Ia42
1048
Te54
T.60
1067
Te73
1. 80
186
I«92
I¢99
2.05
3e12
3618
2025
20 32
2.38
2645
3¢ 52
258
2-65
2¢72
279
2486
2092
2499
3e 06
3013
3020
3027
3034
304X
3047
354

3467
3073

Pay

Ie51I

32613

2482

3.62

405X

5049

6e57

7475

Q602
10.40
1187
I3¢44
I5¢11X
16089
184,76
20e73
22480
2498
27.25
29462
32409
34067
37«35
40611
42008
4595
40002
5219
55046
58082
62629
65486
69.52
73628
7714
81e10
85016
89¢ 132
93e58
9794
102442
107600
I11e71
116,53
12147
126454
I3Ie72
13703
142648
148e04
153476
159458
165455
171462
17782

Tas

Te 342
10693
30034
2-367
26675
3962
3.236
3+ 487
30718
3+936
40143
40328
40505
4.671
4.828
40977
SeII6
S5e250
5377
5e492
5e601
50708
59814
5e90T1
5991
6.078
6155
60230
6e302
6.369
6435
66499

6e554
6,608

64660
6.710
6e758
60805
6.85!
6+897
66944
6.992
70051
7109
Te175
7246
7319
70403
70491
7584
74691
7795
7912
8e025
8er42

Ty =

Uz

Oe 31
Q057
OeB1
I.04
Io25
Ie46
1.66
1.8%
2408
2e24
2443
2001
280
2499
3017
3¢ 36
3054
372
3901
4009
4027
4e45
.4.64
4e82
500
518
536
Se54
5072
50900
6.08
6426
6e44
662
6.80
698
7-16
7e34
T7e52
7e70
7.88

8.06
8024
8e42
8.61
8.79
8498
Qe 17
9. 36
9e55
9¢74
994
10013
10633
I0e53

contd, /

290°k

Ma

0.2838
Oe 512
0.691
0s842
06967
Ie07%
IeT71X
10254
Te328
T¢395
10456
Ies510
Ie560
I0606
1649
10688
Ie724
10758
1790
I.818
Te844
I0869
10894
I¢01I4
1935
10954
T1e971
10988
24003
24018
2032
20043
24057
2.069
20080
2090
210X
2eI11
2122
213

2214

2¢160
20178
30196
2.215
24236
20258
20283
3¢ 306
3.330

2e355
2¢380

2.406
26431
20456



248

4o

408
5.0
S5e2
Se4
546
5.8
6.0
6e2

6.6
6.8
Te0
Te2
Ted
76
708
800
8.2
8.4
8.6
8.8
Qe 0O
Qe
94
9.6
98
1060
I0e2
10+ 4
I0e6
104 8
IXeO
ITe2
Ile4
I1e6
IYe8
I32690

Ta °K

327

364

402

444

489

537

588

645

704

766

833

901

973
1047
1127
1307
1293
1380
1471
1564
1661
1756
1865%
1971
2073
2194
2309
2429
2552
2678
2807
2940
3076
3215
3360
3514
3654
3806
3961
4119
4279
4440
4601
4757
4916
5070
5221
5371
5512
5652
5785
5910
6033
6148
62612

Za

Ie¢ 000
I¢000
I« 000
T+000
1,000
Ie«0OOO
1000
1000
I.000
1000
I+4000
14000
Ie000
Ie 00O
I« 000
I+000
1000
14000
14000
I4000
I«000
I+000
1,000
Te 00O
I« 000
14000
Ie0©OO
I1000
I.000
J4000
I4000
I¢000
1000
I+4000
14000
14000
T« 000
14000
I1e¢000
IeN0OO
I«000
I.001
T60012
14002
Ie¢002
I003
16005
T+006
I.008
Ie0O1IO0
Ie0I3
1,016
I.019
Ye0O22
1.026
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Table 2 (contd.)

Has

IeI3
Te2§
Ie39
Ie53
1069
Z.86
2404
224
245
2468
2093
319
3e 46
375
4e06
4e38
473
5008
545
5+83
6024
6463
709
753
797
8448
8,97
949
10401
104 56
IIeI2
11.69
12.28
12. 89
I3e512
I4e¢19
14480
1547
16+16
16486
1758
18432
19407
19083
30461
2140
2221
23406
23492
24078
25467
26456
27e48
28439
29«34

Aga

I1e06
TeI2
Te18
Is24
Ie¢29
1036
Ie42
1048
Ie54
Is60
1067
Ie73
1. 80
1086
IeQ2
1«99
240%
2¢I2
2418
3e2)
2033
2038
2445
2e¢ 52
2058
2065
2072
2479
2486
2003
299
3006
3e13
3e20
3627
3034
3041
348
3054
6

3.68
3074
3e80
3e85
391
3096
4000
405
4009
4e14
4.18
4023
4036
4e 30
4034

Pay

IeSI

2e12

3682

3.62

450

349

6e57

775

Q.02
10440
1187
L3044
ISQIZ
16089
18476
20473
22480
24098
2725
29462
3209
34469
3734
40e1X
4302
45095
49002
53¢19
5546
58482
62¢29
65485
69e52
7328
7713
81e.05
85015
89e31I
9357
9794
I02e40
106497
111065
116447
121438
126443
I3Ie59
136487
142.28
14781
15347
159027
165418
I7Ie24
I77e 40

Taa

Ie342
10690
2+034
2.363
2.674
2.966
3«240
3¢485
3719
30936
40138
40327
4e 506
4.680
40828
4.980
SeII2
50248
5373
5#491
5e602
5729
5¢807
SeQOX
6.019
6,075
60156
6.230
6.303
6.370
60434
6¢495

6e554
6.609

6.658
64539
6e757
6«804
6.849
6.893
6.938
64983
7030
7088
ARX D
7207
7275
7345
7423
7507
7594
74694
7792

7900
8.0208

Ty =

Uas

Oe 3l
0u 57
0081
Ie¢04
1e¢25
1046
!066
1085
304
2624
2443
261
2.80
2.090
317
3¢ 36
3054
3e72
391
4009
4e27
4046
4464
4.82
Se0O0O
5.18
5436
5«54
572
S5eQ0
6008
6¢26
6¢44
6063
6.80
6¢97
7016
734
7+52
7459
7487
8.05
8.23
8.42
8.60
8.78
8e97
90!6
935
953
9e¢73
Qe93
I0e11t
I0e31
I0e 50

contd,/

290°K

Ma

0,288
OeSII
O.69f
0.841
0.967
1.076
Tel72
Ie254
I.328
I+395

1e455
Ie5IO

Ie560
15608
1.649
10689
1723
Ie¢758
1789
I1.818
10844
10874
10893
Ie«QI14
Ieg940
1.954
IeQ72
10988
2.004
2018
24032
2045
24087
2.069
24979
2086
2e¢ 100
20110
201271
24131
2e142
2154
2.168
3.185
20202
20220
2e240
24261
2.283
203905
2.328
2e¢ 352
2375

2399
20422



P1

Wis

Is2
Ie4
I.6
I8
2«0
2.2
2e¢4
346
268
30
32
304
35
3.8
400
4e2
4o 4
46
48
500
52
Se

Se

5¢8
6.0
6.3
6e4
6.6
TeO
Te2
Te4

708
8.0
803
8.4
8.6
8.8
9e0
Qe 2
9«4
9e6
9e8
10.0
10.2
10e 4
1066
I0e8
11e0
ITe2
I1e4
rf.6
1148
120

500 mm Hg

T= °K

327

364

402

444

489

537

589

644

704

766

831

901

973
1048
1127
1208
1293
1380
1471
1564
1661
1761
1864
1971
2081
3193
2310
2429
2552
2679
23808
2941
3076
3216
3359
3505
3654
3807
3962
4121
4282
4445
4610
4775
4938
5100
5260
5418
5573
5724
5871
fox4
6148
6281
6405

I«000
1,000
Te00O
14000
T¢000
I«000
I« 0200
14000
I.000
14000
14000
14000
Ie 000
149000
14000
140200
I1.000
1.000
I«000
14000
14000
14900
1¢9200Q
T« 000
1000
I«000
1000
1000
Ie 000
I+000
1.000
I« 000
Y« 000
14000
I«000
I«000
1,000
1000
T 00O
14000
Y« 000
1000
I¢001
Y.001I
14002
1003
I+003
14004
I1+006
1,008
14010
Ie012
1015
1017
14022
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Table 2 (contd. )

Haa

IeI3
Ie2}§

.39
Ie53
1069
I1.36
2¢04
2024
2443
2068
2493
319
3¢ 46
3076
4.06
439
4e72
5.08
545
5083
6.33
6.635
7008
753
8.00
8448
8497
9e 49
10401
10056
IlI.12
II.69
1228
12489
I3e51I
I4e15
14080
15047
1616
16486
I7c58
18431
1906
19.83
20463
2Xe43
22422
23005
2390
2477
35066
26.56
27¢46
38640
29¢33

Aas

1. 06
I«I2
1.18
Ie23
Ie20
I35
Ie43
1048
Te54
I.50
1067
I.73
1.80
e 86
Ia92
I¢99
208
2612
2018
202§
2e¢ 32
2038
2045
2452
2458
2-65
272
279
2486
292
299
3006
3013
320
3027
3034
3041
3.48
3e55
3661
3.68
3075
3.8I
3+87
3493
3098
4004
499
4e14
4018
4033
437
4031
4436
40 40

Pas

IeSI
2612
282
3.62
40512
549
6e57
7475
Qe92
I0e¢ 40
11.87

13044

ISeX1
16089
18,76
2073
2280
24;98
277025
29«62
332410
34467
3734
40011
42.98
45935
49402
5219
55046
58083
62.29
65485
69.52
73.28
7714
81e10
85416
89.31
93e57
9793
I02e 39
106495
I11.62
116440
12129
126430
13144
136469
143606
14754
153016
158.89
164477
170476
176.88

Tas

Ie¢ 342
10690
209034
3.364
2¢675
24967
34236
30487
30719
30936
4141
40327
4505
4.672
4.828
40977
SeX16
Se¢250
50372
50492
50603
5708
54808
59001
5991
6.075
6e155
66231
6¢ 301
6+367
6e434
64493
6e554
6.609
6.660
6.710
64759
64801
6.847
6.890
60932
6e974
72017
7062
7elll
70163
7223
7284
7349
7e418
70494
7572
70661
7749
70847

Ty

Uaa

Oe 31X
0e$7
O.BI
1004
I2%
1046
166
1085
2.05
2622
2613
2.6I
2.80
2«99
3017
3036
354
372
3091
4009
4e27
445
424
4482
5400
5.18
536
5+54
572
§e900
6.08
6.26
6e44
6e62
6.80
698
70[6
734
7e5I
7+69
787
8e05
8023
8epr
8e59
8.78
8.96
914
933
Qe 52
Qe71
9¢89
10409
10+28
I0e47

contd, /

= 290°K

M2

0,288
Oe§IrI
0e691
00841
0967
10076
TeI7X
I«254
Te 323
Ie395
10456
I« 510
Ie560
I+506
10649
1.688
I1e724
I.758
10789
1818
10845
10869
1893
I«914
£.935
14954
I-D7%
1.988
22003
26017
20132
2¢044
24057
20069
24079
29090
24100
24100
26119
24129

2139
2¢149
20161
2173
20188
2e204
24220

3237
20256

3275
24296
2316
24338
20359
2.381



P1

Was

Ie2
Ie 4
Ta6
Ie8
280
Z2e2
e 4
246
248
30
3e2
3e4
306
3e8
40
42
4es
46
4.8
5.0
Se2
Sed
546
5«8
6-0
6.2
6e4
740
Te2
Te 4

78
8.0
8e2
8e4
846
8.8
Qe 0O
Oe2
9eq
9e6
9¢8
I040
IO0a2
I0e4
1046
10.8
Ile0
Ile3
Ile4
ITe6
Ile8
2240

1

1000 mm Hg

Ta °K

327

364

403

444

489

537

589

644

794

766

832

901

973
1046
1127
1208
1292
1380
1471
1564
1661
1761
1865
1971
2079
2194
2310
2429
3552
2673
2807
2940
3076
3216
3360
3504
36354
3807
3963
4122
4284
4448
4614
4782
4951
514
5281
5444
5607
5766
5924
6074
6223
6367
6503

2

1000
14000
I+ 000
I« 000
14000
I«.000
1000
Y4000
I.000
14000
I«000
1000
I.000
T«000
14000
14000
I+000
I+ 000
I«0Q00
14000
I000
I¢000
1«000
I.«000
12000
I.000
I.000
I+ 000
I« 000
Y000
T4000
T« 000
I+ 000
I+ 000
1000
1,000
I.000
14000
1000
14000
T+000
I« 000
I«00O0
I.001
I.001
14002
J«002
1.003
1004
I1.006
I1.007
T140I0
I«OI2
I«0X4
Ie0O17
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Table 2 (contd. )

Haa

I«I3
I«25
1.39
I»53
I.69
1.86
3404
224
2e 45
2+68
2493
319
3046
3075
4006
4+ 38
4e72
5008
5445
5083
6.23
6.63
709
753
799
8648
8+97
949
I0s01
104 56
IIsI2
11069
12028
12089
I3e52
14015
14080
15047
16. 16
16686
1758
18. 31
19o06
1983
20.61
21e40
22622
33e006
23088
2474
25.64
26455
27e46
28439
29433

Agyq

I 06
I« I2
T.18
Ie24
Ie29
1036
Te42
I+48
Te 5S4
1.60
Te67
I.73
179
1.86
1903
I.99
2405H
2e12
2418
2025
2032
2438
2045
2e 52
2.58
3.65
2672
2479
2086
2492
2499
3.06
3013
3420
3e27
3034
3e41
3e 48
3055
3.63
3468
3«75
3.83
3488
394
4400
4406
4eIlX
4016
4021
4026
4e 31
435
4e 40
4044

RM

Ie5I

2eI2

2482

3062

4 50

549

6e57

775

9e02
IOQ40
11087
I3«44
13412
16«90
18076
20«73
22481
24498
37253
29462
32«10
34467
3734
4011
4299
4595
4902
52.!9
55046
58482
62429
65485
69.51
73.28
7713
81s10
85e15
89431
93457
9792
102438
106494
111.60
116437
12125
126426
I131e 36
136459
1493
I47.4O
152497
158468
164050
170e¢45
176453

contd. /

M2

0.288
OeS§II
00691
0e841
00966
I.0%76
I«¢170
I.25§
I+328
Te395

Te455
Ie510

I.S6f
I.509
1+649
1.688
Te725
Io758
I.789
Te818
10845
I.869
11893
I«014
Ie936
Ie954
Ye¢971X
10988
20004
2.018
24032
3.045
20357
2.068
24079
24090
2e 100
2109
20118
2e128
24137
24146
26157
2.!67
24179

21904
24208

24225
24239
26257
264273
24294
2312
2e332
2¢352



P1

Wia

Ie2
Ie4
146
1.8
2e0
2e2
264
266
2.8
3«0
32

3e4

3.8
4e0
4e2
4e 4
446
4.8
Se0
5e2
Se4
Se6
5e8
6e0
6e2
6e4
6‘6
648
Te0
7e2
Te4
746
78
8e.0
8e2
8e4
8e6
8.8
9e0
Qa2
9e¢4
96
9«8
I0e O
I0e2
10‘4
1046
I0e8
II1e0
Ile2
I1e4
ITe6
Ile8
I260

2000 mm Hg

Ta °K

337

364

403

444

489

536

589

644

704

767

833

901

973
1048
1127
1208
1293
1380
1471
1563
1661
1761
1864
1971
2081
2194
2310
2429
2553
2678
2807
2940
3075
3215
3359
3505
3655
3807
3964
4123
4283
4450
4617
4787
4958
5130
5297
5468
5635
5803
5967
6129
6288
6440
6592

164000
T¢000
I000
I«000
e 00O
14000
I¢ 00O
Te 000
14000
T000
T+ 000
14000
1000
10000
Ie OO0
14000
1000
Ye0OO0O
1000
Ie0OO0OO
1000
I« 000
T« 000
14000
Te OO0
1000
L1000
14000
I000
1,000
I« 00O
I«000
T¢000
Yo OO0
1000
1000
I+000
14000
Te 000
Te 000
T« 000
1000
1000
ITe0OI
10012
I¢001
10023
1002
I¢003
1,004
1,006
14007
1009
IeOIX
I.014

Has

Ie13
f.ZS
I.39
I«53
1069
1. 86
2.04
224
2445
3.69
2493
3¢19
346
3076
4e06
439
472
5008
5045
5¢83
6e23
6.63
708
753
8e00
8448
8e97
949

I0e 02

10056

IJel2

1169

I2627

12038

I3eS5I

T4e15%

14080

1547

1616

16486

1757

I18e 31X

1906

19482

20061

2Te41l

23621

330904

23.90

24074

25.6I

26453

37043

28439

29433
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Table 2 (contd.)

1.06
Iel2
118
Ie24
Te29
I35
Ie 42
1048
Te 54
1.61
1067
1«73
I«80
1.86
I«902
199
2605
2012
2418
2025
2e 32
2038
2e45
2652
2¢58
2.65
2e72
2479
2486
2492
3099
306
3013
320
327
3¢ 34
3941
3048
355
3062
3069
3¢75
3082
3«89
3495
401
4007
413
40!8
4e24
4e29
4034
4e 39
4e44
4e49

Pay

Ie5X
2412
2482
3061
40351
5049
6e57
7075
Qe02
10w 39
11087
X344
I5IX
16089
18076
20673
22080
24098
27e25
29463
3209
34067
37434
40011
42-98
4595
40023
5219

5545
5882

62¢29
65085
69052
73028
7714
81610
85.15
89031
93e57
9792
102438
106493
I1Ie59
116035
I121e22
136420
I131e30
1366 50
14783
14726
152682
158048
164427
170.18
176421

Ta1

Te 342
10690
3.033
324360
24673
26971
30236
30487
3e720
30929
4139
4.338
4505
40672
40828
4977
Se116
5249
5372
50496
5-603
Se708
50808
Se001
5991
64075
6erss
6.231
64 300
6369
6e434
60496
6e557
6.610
64660
60710
6e757
66802
60846
64887
60928
6e9067
70006
70045
7085
7¢126
7175
70222
Te274
70328
7.386
Te444
7-508
7577
7.648

Ty

Ua1

Oe 31
0e57
0e 81
104
Ie2§
I+46
Te66
Ie85
2408
224
2443
2.61
2.80
299
3«17
3436
3¢54
3«72
391
4409
4e27
4045
4e64
4082
S5e00
5018
5e36
5¢54
572
5e90
6.08
6.26
6e44
6.62
6,80
6098
716
T34
7e51
7469
787
8.05
8e23
8.41
8e59
8e77
8e95
9e13
9e32
Qe 50
9468
9¢87
10+06
10.24

10643

Table 3/

290°K

Ma

0,288
OeSIL
00691
0.840
0e967
I1.078
TeI71
Ie254
10328
Ie393
1e455
Ie«510
10560
T1.606
14649
1688
16724
Xe7538
I+789
Ie819
10844
10870
1893
TeOX4
I.235
10954
1071
10988
24003
24018
26032
2e 045
2058
24069
264079
2090
34099
24109
2,718
2127
34136
2eY44
2154
20163
2174
20185
20198
20212
2227
20241
2257
20273
3e200
2.308

2.325



Pa
Wia

1.2
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e &
v O

O O
)
Od

908
1040
I10e2
1004
1006
10.8
1140
ITe2
IXe 4
11.6
11,8
1260

I mm Hg
Was

0.961
04935
©e949
0959
04983
1.009
1.036
1.068
100
I«130
10166
1201
1e337
1277
Ie¢312
30348
1.392
10430
Ie470
1odcs
I.566
1632
10674
I.706
1.735
30760
1e777
1.788
1.796
10798
I1.798
1.796
1794
I+790
1.786
1783
1.778
1.776
1773
I.771
1.769
10768
1.768
1.769
1.770
1772
1.776
14779
1783
1,786
1e792

1797
10803
1.810
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Table 3, Reflected Normal Shock in Nitrogen
Ty =

Ts °K Zs Hes Ps1 Isq
368 1000 1637 2.3 L1e77
4 43 1,000 I1.53 41 2.72
5§39 1,000 1.83 6.9 377
618 1.000 2.1% 10§ 493
714 1.000 2.49 15.0 08
817 1,000 2,87 2045 7426
935 1.000 3428 26.8 8eq42
1038 1.000 3.71 341 9453
1161 1.000 4e30 42.6 10,65
128¢ 1.000 470 5240 11.73
1419 1,000 5024 62,5 12.77
1557 1.000 5681 737 1373
1704 1,000 6e41 86.4 14e70
1863 I.000 707 100.3 15,61
32018 1.000 773 11448 16.50
2184 l1.000 8e4s 130+9 1738
32363 1.000 9.19 147.8 18,13
2543 1,000 9+ 97 16547 18.90
2738 1,000 10.80 185.5 19.67
2929 1.000 11.64 20%.7 20437
3134 I1+000 12454 22740 3a1.01
3349 1.000 1345 24946 21,62
3559 1.000 14042 273+9 22431
3782 1.001% I5e 40 29847 32,89
3986 I1.001 16441 32443 2355
4188 1.003 1744 350.6 24431
4380 1,005 18448 37748 24490
4554 1.007 19.56 4057 35.65
4709 I.0II 20.64 43443 36446
4833 1.01% 21.75% 46347 27430
4979 1,020 22,88 49347 28.20
5097 I.035 24402 52406 29411
5305 1.031 35419 55642 30.06
5306 1037 26,40 588.9 31.02
5402 I1.044 27462 622,35 33.00
549L 16053 28487 657¢4 33002
5577 1059  30e14 694e3 34409
5662 1.067 31449 73360 35418
57412 1,076 33.8% 77341 36,30
s820 1.085 34625 81744 3758
5897 1.094 35471 86446 38,86
5971 I.104 37.15 9159  40.30
6044 1.114 38465 97041 41.80
6118 1.124 40433 102947 43043
6193 1.135§ 4188 100349 45409
6264 1146 4351 116043 46.86
6335 1e158 45422 1230.0 48,63
6406 1170 46.97 13041 50647
6475 1.182 4873 1383,1 53437
6545 1195 50458 146643 54437
6612 14207 53438 155146 56437
6681 1e331 S4e31 1639.8 58431
6749 1e234 56e34 1735e1 60.41
6815 I1.248 58017 1831.5 62447
6881 1.262 6o.13 193148 64053
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9.8
1040
I0e2
10e¢4
10,6
10,8
I1e90
x!.z
114
I1.6
11.8
12,0

a2 mm Hg

Wai

0e961
093§
0.949
00956
00983
1+.009
10036
I1.068
1.097
1e130
1.1606
Ie201
1237
1276
l1e312
Ie328
1.388
10431
1.469
10509
1e¢552
1+594
1.631
1.676
1.710
1743
1.,77%
1793
1808
1.819
1.82%
1.828
1.829
10828
1,826
1.824
1.822
1.819
1.816
1.813
1.813
1.813
1.812
1.813
10815
1.815
1.818
1,822
1.825
1.830
I.834
1.839
1.846

1.853
10860

Ts °K

368
443

529
6316
714
817

925
1038
1158
1284
1419
1557
1704
1862
2018
31350
2358
3544
2733
32928
3133
3343
3557
3787
3998
4206
4411
4600
4769
4925
5065
5194
5314
5425
5529
5637
5721
5810
5899
5983
60635
6147
6226
6304
6383
6 460
6536
6613
6685
6759
6832
6906
6978
7049
7130

- 33 -

Table 3 (contd, )

X1¢000
I1.000
1,000
14000
£+000
l1.000
1000
Ie000
1000
1,000
14000
I1.000
1,000
14000
14000
1,000
14000
1,000
1,000
1000
14000
1,000
1000
1001
10012
1002
1.004
10006
1,009
1,013
1,017
1,022
I1.028
1.034
1e¢0G490
1,047
1.05%§
1,063
I.071
1079
1.088
1.098
1.108
1.118
1129
14139
Iel50
1,162
1174
1,186
1199
1212
le229§
1.238
1e252

Hs 4

1437
153
1.83
2014
3049
2.87
328
3+71
4019
4+70
5e34
5'81
6041
7.06
773
8443
919
9+ 97
10.80
11064
12053
13444
14.41
Ige41
18042
17445
18.51
!9.60
20.69
21.81
22.94
34.!0
25428
26449
2772
28.98
3027
31.60
32496
3435
35078
37e29
38479
40-36
41497
43461
45030
47405
48.80
s0.60
52443

5435
56,26

§8.21
6o.21

Ty =

Tea

177

2472

3.77

4094

6007

7426

8.43

953
10,67
11.74
1377
1373
14-70
15462
16,50
17459
18.16
18089
19.67
20437
21401
21,64
22433
23,86
23+5%50
24.14
24079
35448
36025
37403
27.87
28.76
29.64
304535
31048
32043
33040
34439
35053
36.63
37.86
30613
4047
41.86
43.42
45+07
46072
48441
50e31l
52001
53485
55478
57466
5957
614350

290°K
Ss /Ro

28089
28.93
29.06
2919
29437
29456
29,76
2997
30.19
30041
30064
30486
31008
31431
3151
31,66
31494
32415
32.35%
32459
324753
32499
33013
33433
33.90
33.68
33486
34403
346320
34437
34054
34.70
3487
3504
35021
35438
35456
35'74
35912
36.09
36427
36.46
3646¢
36.84
3703
3722
3742
37.602
37483
38403
38.24
38445
38467
38.88
39410

contd, /



Pa
Was

Ie2
I.4
1.6
1.8
200
203

L )
E-N

WO OO0 0@ OIJI I~ 0cCCCoururiurniaun-b H b Db s W
[ ] [ [ ] [ ] L] [ [ ] [ ] [ ] L ] L J L ] [ ] . . [ ] L ] L] L ] [ L ] ] E ] . [ ] [ [ ] L L ]
N O OOE DO D ¥O OO DO OO NO oD MO O

S mm Hg
Was

0e961
0935
0+949
00959
0e¢983
1.008
1.036
1.068
l1eI00
1.132
1.167
10203
10238
1.277
14312
I1+353
I1+390
14429
I1.471
1¢509
Ie581
1593
1.635
10674
10718
1.750
1.780
1.810
I1.831
1.847
10858
1,866
1.870
1.873
1873
1.874
1.874
1873
1.872
1,872
1.871
I1.871
1.873
10873
1.876
1879
1.881
1.88¢
10889
I.895%
14901
1.907
1.915
I.920
1.928

Ts °K

368

442

529

618

714

817

925
1038
1161
1287
1421
1558
1704
1863
2019
32192
2362
2541
2736
2928
3130
3342
3563
3782
4016
42217
4438
4649
4838
5013
5173
5330
5454
5581
5696
s8o9
5913
6016
6113
6305
6297
6388
6471
6562
6647
6731
6814
6897
6979
7061
7143
7331
7302
7380
7458
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Table 3 (contd, )

Zs

I4000
14000
1,000
1,000
Is+000
I1.000
1000
I«000
I1.000
1,000
14000
1,000
1,000
1000
I.000
1.000
14000
1.000
14000
1,000
1,000
1,000
1000
1,000
le001
1,001
1.002
1,004
1007
I.010
14014
1.018
1,023
1,029
1,035
1e041
1049
In056
10064
1,073
1.081
1090
1099
1109
l¢el119
1.130
1140
1151
I.163
I1¢175
1.187
Ie¢200
Ie¢213
Is.225

1.239

Hs1

1e¢27
1e53
183
2.15
3449
2.87
3.28
3.71
420
470
Se24
S.BI
6.41
Te07
7473
8446
9e19
9497
1081
11064
12,52
13e44
14642
L5640
16043
1747
18453
19.63
20474
21,88
23403
24019
25.38
26,61
27.85%
39.12
JOoe42
3175
33e10
34+ 49
35.93
37043
38495
40 ¢ 50
42410
43671
45439
47«12
48.86
50.70
53454
54043
56432
5830
60.28

Pss

243
41

10.5%

1540

20.4

26,8

34.1

4246

52,40

62,5

737

86,6
100,63
I114.8
13140
14708
16507
IBS.S
20547
22740
2495
27461
29807
32447
3511
37808
407+ 4
436.5s
46643
49790
52844
560,.3
5934
627,42
662,0
698.0
735e0
7736
814.9
859e5
906,.6
9564
100943
1065e1
112543
1190.,8
135043
1332341
140708
148701
156948
1657.1
174946
18433

Ty
Tsa

177

2.732

377

4093

6.08

7426

8e42

953
10065
11.73
12475
13.72
14473
15.61
16049
1733
18014
18.91
19066
20.38
21403
21.65
22430
22490
23043
344006
24469
25430
25099
26,71
2749
28429
29412
29497
30.85
3173
32.63
3355
34450
3553
36,63
37771
38.95
40022
41.52
42493
4445
45498
47.60
4930
50.86
5255
54428
56,11

57486

= 290°K

Ss/Ro

2797
28.01
28.14
28428
2757
28064
28.8%
2906
29.28
2Ge 50
29073
29«94
30.16
30639
30.60
30.82
31603
31623
31444
31.04
31.83
32403
32.22
32'40
32460
3277
3294
33012
3329
33445
33062
3378
33.95
3411
3427
34044
34.61
34078
34096
3513
35431
3549
35067
35485
36004
36.22
36041
36060
36.79
36.99
37419
37«39
37.60
3779
38.00

contd.,/



Wia
Te2

Teh
1e8
200
Be2
e

3.3
2¢83
39
32
3e4
3e6
38
4e0
4e 2
4et

48
Se9
Se3
Se 4
505
5.8
6e9
6.3

6%
648
TeO
Te2
74
75
78
8e.0
8e3
8.4
8¢5
8.8
Qe 0
Oe2
9e 4
9¢56

10e0
1063
I0e 4
I0ehH
fo.B
IO
Ite3
ffo4
1.6
Ile8
130

Pr =

Was

04961
0e935
Oe 249
0+959
0e983
14209
1.037
Te068
f.Oga
Iof30
I.166
YTe203
14337
1276
14309
Te348
14391
Te41312
Ie4770
I« 520
:0552
I.594
Te636
f¢674
Te719
Te754
10788
T.319
10845
Te 866
I+3812
f0893
1+900
1.905
14909
1913
Te9IX
1914
1.915§
f0916
Y917
1917
I.919
Te932
1924
Te928
Ie232
10936
I.940
f.946
953
I1.960
10968
T¢975
f.984

X0 mm Hg

Ts °K

368

442

529

618

7%4

817

9253
1038
I159
1284
1419
1558
1704
1862
3014
2183
2363
2544
2735
2928
3133
3343
3568
3783
4019
4240
4461
4676
4880
5071
5346
5407
5557
5695
5825
3951
6059

6174
6280

6382
6480
6578
6672
6766
6860
6949
7038
7127
7215
7302
7391
7477
7562
7647
7732

~ 35 -

Table 3 (contd. )

Te000
I e000
1e9200
14900
I¢000
14000
1000
Te000
I1¢000
1000
Te000
1e000
Ie¢900
J4000
Ie000
Ien200
XeNOO
Zs000
IaNOO
Te 200
1000
Je0200
1492090
Ie D00
I+002
TeD01
14002
Xe003
Ie005%
t.008
Ie21X
Ie0X)
14030
1,025
1031
T1«9237
Ie¢044
I¢0512
1058
1e066
L1975
10083
109093
Ie¢102
IeXIZX3
Ie1223
TeI33
IeI43

IeX54
1166

14178
I¢I90
I¢203
Te31I§
Te228

Hpa

1e37
Te
!.gg
215
249
2057
3028
3071
4019
4e70
S5e24
508!
6eg1
7.06
773
8.45
De20
9«97
106580
11064
fz.53
I3¢44
I4e43
I5e 40
16443
17.48
18056
19.65
30476
31692
23008
34026
25.46
26.69
2794
2923
30453
3187
33423
34063
36.04
3754
39003
40.6!
42023
43084
45049
4723
4898
5077
52064
5452
56044
58038
60.38

P51

33
3.1

*9
I0e§
I5e92
2045
26.8
341
43.6
5269
63.5
737
8644
200+ 3%
IX4e7
1310
1477
165.8
185.5%
20567
32740
24945
274e1
298.7
33407
35%e4
378.8
40747
43749
46744
4983
539.8
563.3
5955
62905
664.5
700.1
7373
7757
81505
85804
904e7
953¢4
100404
10500
111662
11775
124365
13%4e1
138761
146448
15449
162847
1716490
1806.7

Ty =

Ts1

1¢77
2472
3077
4093
6.08
7.26
8.4!
Oe
to.gg
Ite74
1377
I3¢73
I4e70
15056
16453
1739
18.13
13089
19456
204 37
210X
21465
23327
23690
23442
240901
24058
23%+322
35.89
26452
2723
27498
28477
29458
30.40
31«23
32410
3295
33434
3475
3575
36.83
3793
3906
40426
41e¢52
42483
4426
4575
4725
48479
50+34
5193
53e55
5517

290°K

Se/Ro

37428
2732
27645
37058
36.87
26,88
28,16
28.37
38.58
28,80
39723
29¢25
39447
29459
39.90
30e13
30+34
3054
30«75
30094
31«14
31634
3153
317X
3190
320079
33225
32642
32059
33076
32492
33409
33035
33041
33458
3374
330930
3407
34034
34041
3458
3475
3493
351X
35239
35047
3555
35083
36.02
36031
36440
36450
3679
36099
37013

contd./



Te3
1.4
1.6
1.8
3,0
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o e
O\ b

9.8
ICeC
I0e32
10e¢ 4
10.6
10.8
I1.0
ITe2
11.4
11,6
11.8
I2.0

0.961
0«937
©e949
0.960
0.983
eC1IIX
1.036
I1.c68
lel02
I«I30
1165
1.203
1e237
14276
1.418
XQBSO
10308
1e428
l1e470
1509
1e§51I

Te 594
1.636

1.678
1718
1.758
1795
1.828
1,861
10887
1907
I1¢924
1937
1¢947
1.953
I.960
1.964
1.968
19712
1974
14977
1.980
10982
1.986
1.990

1e994
2 000

24005
24011
24017
24024
24032
24040
2,050
2.060

Ts °K

368

443

529

618

114

819

933
1038
1163
1284
1420
1563
1704
1862
23173
2189
32358
2539
3734
2927
3131
3343
3568
3791
4017
4251
4479
4704
4928
5138
5333
5513
5683
5841
5987
6128
6259
638%¢
6505
662:
6733
6837
6944
7046
7149
7249
7349
7449
7543
7640
7734
7828
79%4
§o19
3113
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Table 3 (contd. )

Zs

1000
1,000
le0OO
1,000
1¢C0O0
1.000
1,000
1.000
14000
I«.000
I1.000
1,000
1000
14000
14000
240900
1,000
1000
1000
Ie¢00O
1,000
l1.000
1.000
1000
1000
I1e001I
I1.001
14003
1.006
1.009
Ie012
1e016
102X
1.026
1.032
1.038
1.044
1.0951
1059
Ih°67
14075
10083
1.003
1102
1111
I.122
I.132
1.143
1.154
1,165
14177
1.188
1.201
1.214

&4
P

127
1.53
1.83
2.15
2.49
3.88
3428
371
4070
Se24
5«82
6.41
7407
7487
8.46
9.19
997
10080
11.64
13253
1344
14443
IS.4I
16,43
1749
184506
19,66
20.81
21497
23615
24034
25056
26,80
28.06
29036
30467
32.01
3339
34.80
36,23
37469
39.21
4074
43434
43497
45495
47438
49012
5091
53e71
54058
56.52
58e49
60.48

P54

23
4e3

106§
IS.O
204§
36,6
3401
4346
52.0
63245
T4e2
8604
10043
11761
131e0
2477
165.7
18545
a05.8
22761
349.6
274.0
298.8
33467
3514
379+4
40803
438.0
46804
4997
5318
56404
§979
63241
66744
703+4
740.6
7789
81805
859+ 5
9035
95047
9985
105046
1105+7
1163, %
123705
1291.6
136244
14332
151049
159009
167406
1761.6

Ty =
Tsa

177

2472

377

4¢93

6.08

Te24

8.43

9+53
10.63
11e74
12.75
1377
1470
15063
15§.63
1737
18.17
18.92
19068
20039
21.03
31.65
22427
332,86
23043
23496
34054
25011
25,68
26,28
26.95
27.64
28035
29.08
29485
30062
31.41
32421
33403
33.86
34071
35.66
36465
37.62
18,68
39.80
4094
42421
4345
44483
46.14
47+57
49e00
50443
51289

290°K

Ss /Ro

26,36
26,40
26,53
26,67
26084
2705
2724
27445
27,68
27.88
28,11
28034
28055
28078
39439
29.20
29e41
29,62
29483
20402
30.22
30.42
30.61
30.80
30.98
3116
3133
31.50
31.68
3!084
32.01
3217
32433
32049
32605
32.81
32497
33013
3330
33446
33063
33079
33496
340%3
34030
3447
344058
34483
35001
35.18
35436
3555
3572
350902
36011

contd./
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Wia

l1e2
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1000
10.2
10+ 4
10,6
108
I1e0
I11e2
Ile4
I1.6
11.8
12.0

so mm Hg
Waa

0.961
00935
0e¢949
©s959
0-983
1009
I1.041
1.068
1,098
1.130
1.166
14203
1.239
1276
Ie311
1.351
16391
Ie429
14469
1.509
l1e§51
1.593
1.637
1.678
1.717
1.761
14799
1836
10868
I1.900
1925
1945
1.962
1.976
1.986
1.994
2,002
2.008
2.014
24018
24023
2027
2032
2,036
24041
2,046
2.053
200589
24060
2.073
2,082
2,089
24099
2.109
2.119

Ts °K

368

442

529

618

714

817

939
1041
1159
1284
1419
1558
1707
1861
2017
2185
2363
2541
2734
2927
3131
3343
3569
3791
4015
4257
4491
4726
4951
5179
5389
5585
5770
5945
6107
6259
6404
6543
6677
6801
6924
7042
7155
7271
73171
7487
7596
7701
7806
7911
8013
8115
8218
8331
8419
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Table 3 (contd.)

Zg

I.000
1000
1000
I1.000
14000
1000
1.000
I.000
1000
1000
1000
14000
1000
1,000
14000
I1e00O
1000
I14000
1,000
I«000
1000
I.000
L1000
I1e000
I1.000
1000
100X
16002
1,003
14008
1.007
Ye0OIO
Ie013
1.018
Ia022
14027
1.033
1.039
14046
1e0S§3
1,061
10068
1,076
1.085
1.094
1103
1113
14133
I.I133
1e¢144

1e155
1,166

1.178
I.190
L6202

Psy

2.3
401

10e}
ls.o
20+5
26,8
3444
4346
$2 .0
62.5
737
86,3
10046
11408
I30e¢2
148.0
16547
1850
20502
22760
249+ 4
274X
298.8
324.8
3517
37948
40845
43846
469.2
50046
$32+8
56549
5989
6343
669,6
7059
74302
78145
82140
861,.8
Q0 4e1
94946
99844
104706
110007
11§72
1216,2
127842
134605
14150
14899
156743
1649.0
17306

Ti =
Ts4

1e77
2472
3677
4093
6008
726
8437
90587
10,66
11.74
12477
13472
14066
15.67
16451
1727
18416
18. 91
19.67
20637
21603
21.64
22427
23.86
23.45
23«95
24.50
25403
25462
36015
26,76
27.40
28.07
28471
29447
30420
3094
31e70
32445
33.35
34404
34085
35.76
36070
37465
38.64
39.69
40.78
41490
4314
4434
45466
46495
48430
49460

290°K
Ss/Ro

25,67
2571
25.84
25.98
26426
2527
26,56
26,76
26,97
2719
2722
27.64
2787
28.08
28429
38051
28.72
28.93
2914
29433
2953
29473
29492
30.10
30428
30417
30464
30.81
30498
31e15
3132
3].48
3103
31.80
3195
32411
32427
32443
32459
32.75
32491
33407
3323
33e40
33456
33473
33.90
34407
34024
34442
3459
34676
3494
3513
3531

contd, /
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1¢4
1.6
1.8
240
2e2
244
2.6
2.8
3.0
3e2
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100 nmm Hg
Was

0.961
0937
0e 949
0¢959
04983
1007
1,036
10068
1,097
1.130
1,168
1e¢201
1.237
1.276
14310
14353
1.388
10430
1.468
1.509
1.552
1¢594
10635
1,678
1e719
1.762
1.802
1841
1'876
1.908
1.939
1.964
10984
2,002
20016
24039
2,038
24047
3.055

2,063
2,068
2074
2.080
2.086
2.002
2099
2106
2.114
20132
2.131
2.140
2.149
2.159
20169
2,181

Ts °K

368

443

539
618
7% 4
817

925
1038
1148
1284
1422
1557
1704
1862
2016
2191
2359
2542
2732
2938
3134
3343
3565
3792
4023
4261
4498
4740
4975
5206
5436
5649
5849
6039
6218
6388
6545
6698
6845
6984
7118
7248
7372
7494
7616
77332
78 50
7968
8081
8193
8303
8415
8528
8634
8745
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Table 3 (contd, )

Zsg

le000
1,000
1000
14000
1«000
1000
1,000
1,000
1000
I.000
1000
l1.000
I.000
1,000
10000
1,000
1000
Is.000
I.600
1,000
I+000
1000
I«.000
14000
1,000
1,000
I1.001

I«001

Je002
1003
IQOOS
1,008
I+01IX

1.014
1019
14023
1,029
1.034
1,041
1047
I1.054
1.062
1,009
10078
!.086
10095
14104
1114
I«1234
I.134
Te14s
1156
14159
I.178
1190

Hs1

l1e27
1453
1.83
2414
3449
3487
3.28
371
4019
470
5'35
501
6041
707
Te¢73
8446
9419
9497
10.79
11.64
12.53
13044
14¢42
IS.4I
16443
17449
18057
1970
30.84
32,02
234322
34044
25068
36,95
38.24
39455
30.88
32.2%
33065
35006
36,51
3799
39+ 49
41,03
42462
44022
45091
47464
49438
S1e17
5297
54086
56473
58469
60.73

Pss

2,3
4e3

IO.S

1540

3004

26,8

3412

43,6

5200

62,6

737

86,4
100,3
1147
I31.0
1477
16548
18545
205¢7
22740
34946
3743
298.8
32407
35%e9
37907
408,8
43807
4695
SOI.S
53442
56702
60142
63600
67147
70861
74546
784412
823.6

9004 5
951.0
99649
16459.9
109704
1151.7
120943
126944
1333.3
1399+ 5
147047
154403
1622 ,0
170343

ﬂ_ =

Ts4

1.77

3472

3717

493

6,08

Te25s

Be42

9¢53
10066
11074
12,76
13473
14.70
15,62
16051
1734
18016
18401
19.69
3037
214,01
21.65
22431
23085
23441
234958
34047
24498
25652
26,06
26,61
27.23
27483
28046
29e13
29.80
30651
31.21
31492
33,66
33e40
34016
34098
35080
36,70
37+59
38453
39053
40454
41458
43.70
43085
45004
46435
470445

290°K
Ss./Ro

24.98
25.03
25.14
2528
24057
35405
25085
36006
26,28
26.50
26,73
36,94
27417
27439
27461
27.83
28.03
28024
28444
28.64
28.84
29403
29422
20641
29459
29717
29495
30412
3029
30045
30402
30.78
30494
31e10
31,26
31e41
31.56
31472
31.88
32,03
32419
32435
32451
32467
32.83
32.99
33e16
3332
33449
33466
33082
34000
34016
34034
3451
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O O
e 9
» O

4

O WO O
s o 0
o« O

1040
1003
10.6
1008
IX60
| B XY
I1.4
11,6
11.8
1340

Ts °K

368

442

539

618

715

817

926
1038
1158
1284
1419
1558
1704
1861
2020
2187
2362
3539
2736
2928
3134
3343
3568
3792
4018
4264
4506
4751
4993
5335
5471
5701
59117
61253
6330
6507
6683
6848
7009
7159
7308
7452
7590
7737
7857
7985
8113
8239
8363
8486
8608
817a8
8846
8965
9081
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Table 3 (contd, )

1.000
1,000
1,000
1,000
1.000
1,000
1,000
1000
I1.000
1,000
1000
l.000
14000
1,000
I1.000
1,000
14000
1000
1,000
1,000
1,000
1000
14000
1000
1,000
1,000
I1.000
1001
1,003
1,003
1,004
1,006
1,009
1012
14015
I.020
1024
1,030
1.035
1e041
1,048
1.055
1,063
1,070
1,078
10087
1,095
1,105
IelX 4
le124
Ie134
1el45
| % S
1,166

1177

Hss

1.27
1«53
1.83
2.15%
2449
2.87
3428
3¢71
419
4¢70
534
581
6.41
7.06
773
Be4s
9e20
9497
10.81
11.64
13‘54
13+44
1443
15441
16, 40
17450
18,58
59071
20.85
32,04
23.25%
24048
2573
37401
28431
29.65%
30.98
32435
33476
3515
36461
38010
39.62
41.20
424717
4437
46.04
47.78
49+ 54
51.28
5315
5499
56489
58.83
60.80

Psy

343
4ot

10.§
IS.O
204§
26,9
341
4346
520
62.5
737
86.4
10044
11448
1310
14767
16547
185.5
20507
32760
2511
27461
398.8
326,0
351.8
3799
40940
43941
47001
502,0
53468
56804
602,8
63746
670.5
7!0.4
74801
78647
82447
86505
907.4
95047
9984
10455
109408
114844
1203.8
1262,3
133145
138742
145542
153449
I001,1
1677.3

Ty =

Iss

1.77

2072

30717

493

6.07

7.26

Beg2

9¢53
1007
11«74
1277
1372
14071
1565
16048
17.38
18413
18.92
19066
20437
21,01
21,78
223,27
22.85
23453
23092
24444
24+94
25046
25497
26,50
2704
27462
28421
284,81
29430
30.09
3077
31e44
32.08
32717
3347
34019
35001
3579
36460
37417
38.36
39.28
40.!8
41.20
4224
43037
44041
45049

290°K

Ss/Fo

24428
24032
34445
34059
23.88
23.88
323+90
25637
25458
25080
26,03
36,26
26047
26,70
26,91
27«12
2734
27454
27175
27495
28.15
28433
28453
38;72
38089
2908
29426
39443
29460
29.76
20093
30.09
30.25
30+ 40
3056
30«72
30.87
31602
31417
31e32
3:.48
31,63
3179
3%e94
33410
32.25
32.41
32457
3274
32490
33.06
33023
3339
33456
33e¢72
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Table 3 (contd. )

P+ = 500 mm Hg Ty = 290°%K
Wyg Wa1 Ts °K Zs Hs1 Psa1 Ts1 Ss /Ro
Ie2 0.961 368 1,000 137 2.3 177 2337
Ie4 04933 443 1.000 I1.53 2.: 2.73 23441
16 04949 . 539 1.000 1.83 9 377 33454
1¢8 0.956 616 1,000 2.14 104§ 4494 23,66
2.0 04983 714 1.000 2449 I5e0 6,08 32,96
3.2 1.012 819 1.000 32,88 32045 Teds 24405
2.4 1.036 93¢ 1.000 3428 26.8 8442 24624
2.6 1,068 1038 1,000 371 341 953 24443
2.8 1.097 118 1.000 4019 43,6 10,67 244,67
3.0 I.130 1284 1.000 470 340 11.74 3489
3e2 14166 1419 1,000 Se24 62,5 13477 2§.11
34 1.203 1558 1000 S+ 81 7367 13723 25034
3.6 1.237 1704 1,000 641 8604 14470 35456
3.8 1.276 1862 1.000 707 10043 15462 25.78
440 1313 2030 1.000 7¢13 11448 16448 26,00
42 1e353 a190 1,000 8.46 1310 I7¢35 364,21

404 1.388 2358 1,000 919 1477 18017 26441
4.6 1428 2540 1,000 9497 16547 184902 26,62
448 1.470 2733 1,000 10.80 18%¢4 19,66 26,84
50 1e§l0 2929 1.000 11.64 20547 2037 27403
Se2 le$5I 3131 1,000 12,52 227.0 21403 27423
Se4 1593 3343 1,000 13.44 34946 21465 2742
5e6 1.63% 3566 1.000 14442 37441 22.29 37.61
5e8 1,678 3792 1,000 I5e41 298,.,8 232485 37480
6.0 1s722 40238 1.000 10,44 324.8 23439 27.99
6.2 1764 4266 1,000 17450 351.8 3234901 28,16
6egq 1806 4510 1.000 18458 379¢9 3443 28434
6.6 1.848 4761 1,001 19472 40942 24491 28.51
6.8 1.887 5010 1,001 20487 4393 25440 28,68
70 1.926 5363 1,003 33,06 47043 35487  28.8%
7

«2 1.961 §S10 1,003 23428 02,6 26,38 39,01
Te4 I1.994 5753 1.004 24451 $35.5 26,88 29,17
7¢6 2.026 $994 1.006  35.79 69.7 37439 29433
7.8 24053 6223 1,009 37,08 04e4 27493 29449

8.0 24076 6440 1,012 28,40 639.8 28448 29,64
8e3 24096 6649 1.0I5 29474 676,32 29405 29479
Beqg 2.115 6848 1.019 31.10 713.% 29464 29.94
846 2,131 7039  1e034 332449 751¢3  30e34 30409
Be8 2,146 7219 1,029 33.88 788.6 30481 30434
90 2,158 7389 1034 3532 82843 31e44 3039
Qe 3 24171 7559 1,040 36479 86942 3206 30¢54
9.4 3.182 7721 1.046 38429 911.0 33471 30469
9¢6 24193 7879 1.0%3 39.81 95403 33¢35 30482
9.8 24203 8032 1.000 41438 998,.7 34402 30.99
10,0 24315 8183 1,068 43.99 1045.1 3469 31.14
1042 24228 81333 1,076 44465 1095.1 35043 31.30
I0e4 30334 8 470 1,084 46437 11455 36.20 31.44
10,6 2,337 8596 14090 47493 119740 3704  31a56
10.8 3.25% 8750 1.101 4971 125440 3775 3175
11,0 2,267 8889 1.110 5IeS1 13137 38,58 31e91
11.2 2.279 9026 1.1320 53435 1374¢3 39443 32407
Ile4 242913 9I88 14130 5517 14358  40e35 32,23
I1.6 34303 9393 I1.140 57410 15057 41433 32438
11.8 32,316 9426 I.1§0 $9404 157%¢3 4314 33454
12,0 24339 9556 1.161 60.99 1648.9 43.13 33469
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Pa
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1000 mm Hg

Was

0.961
0.935
00949
0959
. 04983
1,009
10038
1,068
1.097
1.130
14166
14203
1.237
1.276
1313
1349
1.389
1.431
1.470
10510
10551
1.593
14637
1.679
Ie721
10765
1.807
10849
1.890
1¢931
1.969
24004
2037
2.069
20096
2121
26143
3.163
2181
2198
242313
2.325
24339
24253
3.364
2,276
24287
243090
24314
24337
20341
24354
24367
32,381
24396

Ts °K

368

443

529
618
714
817

926
1041
1158
1284
1419
1548
1704
1862
2030
2186
2360
2544
2735
2928
3132
3343
3569
3794
4025
4369
4512
4766
5019
52738
5535
5786
6036
6284
6519
©744
6 960
7169
7365
7559
7746
7920

8095
8263

8426
8586
8739
8917
9051
9206
9353
9499
9645
9789
9933
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Table 3 (contd, )

Zs

14000
1000
14000
14000
1.000
1,000
1,000
14000
14000
1,000
1,000
1,000
1,000
I+000
I1.000
1e000O
I1.000
1000
1 «000
1,000
1.000
Ie.000
14000
1,000
1000
10060
I <000
I1.000
Is.001
Ie«001L
1,002
1.003
I1.005%
14007
1,009
I1.012
1,016
1020
1,024
1029
1'034
I.040
Io046
I.OS3
1.000
1,067
1074
1.084
10091
l1el100
1109
I.118
1127
16137
10147

He4

1327
1.53
1.83
32.15%
2449
2.87
3428
3073
419
4«70
5¢24
5081
604!
7406
773
Beqs
9019
9497
10.80
I11.64
12,52
1344
1443
15¢41
16043
1750
18.¢8
19472
30.87
2207
23430
24+54
25.81
27413
28.46
29.81
31,18
32459
33098
35044
36.92
38443
39497
4154
4314
44476
46,41
48.30
49.86
51067
$3+48
55036
51.26

59e20
61417

Pss

2.3
4¢1

IOQS
1409
20.5
26.9
3404
4240
52 4,0
63.5
737
86.4
100.5%
124.8
I3140
I147.8
16507
IBS.S
205.7
227.1
34945
3741
298.8
32501
35149
380.0
40G.3
43Ge5
470.8
50361
536.2
57043
60503
64009
67749
71562
75304
79141
831.0
872.2
9140
9572
1001.9%
104702
1095.4
114444
119847
125143
130849
1365.9
142803
1493.8
156043
1631,.1

L1e77

2,72

3717

493

6,07

7426

8.41

9 58
10067
11474
1277
1372
14071
15466
16.48
1738
18.16
18489
19066
20431
21,02
21,63
22e37
22.84
23432
323490
24042
24489
2537
25083
26,31
36s79
27427
27-75
28625
28,80
2934
29489
30e42
30499
3157
32018
33478
3339
34001
34468
35436
35496
36075
3749
38420
39600
39481
40464
41Ie50
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Waig

Te2
Ie 4
1.6
1.8
200
Je2
3e 4
246
28
30
Je2
3ed
306
3.8
440
402
4 4
46
4e8
500
5e2
Se4
506
5e8
6e0
6e2
6e4
646
648
70
Te2
7e4
746
7.8
8s0
842
8e4
846
Qe 0
9«2
9e 4
946
9e8
1040
IQe2
10e4
10.6
1068
I1+0
I11le2
Ile4
116
118
12e0

DPa

= 2000 mm Hg
Wai Ts °K
0.961 368
0935 442
0+ 949 529
0e 959 618
04983 714
1. 009 819
1.036 925
14068 1038
I1.098 1159
14132 1287
1167 1431
1.201 1557
1e237 1704
1e277 1863
I.313 2020
1350 2188
14391 2363
1+431 2544
14470 2735
l1.510 2929
Ie551 3132
14593 3343
1636 3567
1.678 3792
Ie722 4028
1766 4270
1. 807 4514
1.851 4770
I1+893 028
12934 5289
14974 5552
24012 5813
24046 6070
3e080 6327
20113 6583
20142 6826
2¢167 7061
2.191 72879
2213 7502
20233 7713
2.251 7917
24269 8117
2¢233 8304
20298 8488
34314 8672
24327 8845
24341 gorb
26356 9186
2375 9370
24388 9528
3402 9687
3e417 9851
2e432 10012
3¢448 10165
26463 10321

- L2 -

Table 3 (contd. )

1.000
1000
I1.000
Ie¢ 0092
I 000
I.,000
I+000
I.000
1,000
I1.000
Ie 00O
1+000
I+.000
I.000
I.000
12000
14000
I«000
I1.000
14000
1000
I.000
Ie000
1. 000
le¢ Q00
1,000
1+.000
14000
14001
I.001
J.001
1002
1004
14005
I¢007
I+010
TeOXI2
Ie016
I«020
10024
I1¢029
1034
14040
1045%
14052
1¢059
I1.065
I.073
100381
10089
1¢097
1e106
1.116
lel2)

1e¢134

Hsa

1.27
Ie53
1083
215
2¢49
2,88
3e28
371
4e19
4e71
5024
5481
6e41
7007
773
8.46
9e19
997
1080
11.64
12652
1344
14e43
1541
16¢ 44
17«50
18.59
19473
30.89
22408
33431
34.56
25.83
27.15
38.50
29087
Jie25
33.67
34.08
35955
3703
38457
4Q0¢11
4169
4331
44+95
46.60
48430
50e11
51.85
53+64
5554
5746
3937
61e35

Psa

2¢3
41

10e)
I5e0
2045
26.8
341
4206
5Ie9
6205
737
8644
10043
1448
1310
147.8
16548
18544
2058
22740
249435
2741
398.8
32448
3519
380.0
409+ 3
43935
47009
5033
53647

5711
60662

64203
679.1
71648
755+4
7933
8335
8748
0I70
9600!
1004+ 5
I050e2
10970
114603
1196.6
125146
13057
1362.0
I422.1
148501
154842
161549

Ty =

Tsa

I 77
2672
377
492
6408
727
8042
953
10+ 56
Ite 70
12076
1373
1470
1561
16048
17.36
1814
18.90
19066
20038
21.02
21.635
32428
22485
2339
2390
24.4!
24.88
25+33
2580
36025
36e71
2719
27465
38.09
28.58
3908
29459
30008
30e61
3115
31.69
3226
32482
3338
33093
34;61
3521
35083
36¢49
37016
37+ 84
38.56
39028
40003

290°K
S5 /Ro

21.98
22602
22415
33.39
21le57
22,635
23,86
23.07
23428
23.51
4373
23495
24417
24440
24461
34482
25404
25.24
2545
25665
25484
26,04
26423
26041
26460
26478
264,958
27013
27.30
37.46
37463
2779
2794
28409
28435
28040
28455
28070
28.84
28499
39.13
29.28
29.42
29456
29471
29485
39.98
3013
30.29
30043
30057
30072
30087
31e01
31e16
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Pa

1 mm Hg
Waia Ts °K
le2 327
1.4 363
1.6 401
I8 441
2.0 484
22 530
24 579
2.6 632
2.8 687
3.0 746
3e2 808
34 872
346 941
38 1012
4e0 1086
4e2 1163
44 1244
446 1327
48 1414
50O 1504
502 1597
5¢4 1693
546 1790
5.8 1886
6e.0 1985
6.2 2078
6e4 2166
6.6 2249
6.8 2318
7«0 2383
72 2445
Te4 2 §00
76 2553
78 2600
8e0 2645
8.2 2687
Bad 2727
8.6 27635
88 2802
9e0 2836
9e32 2871
9e 4 2903
9.6 2935
9.8 2963

1040 2995
102 3024
104 3054
10.6 3082
10.8 3110
110 3137
11,2 3163
11e4 3189
11.6 3216
11.8 3241
12.0 3267
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Table 4. Incident Normal Shock in Oxygen
Zg Haa Agy Pay Fas
1.000 Ie13 1.06 I.51 Xe344
1,000 1.26 1.12 2.12 I.695%
14000 1.39 1.17 3083 2.047
1,000 Ie%3 1.22 3403 24387
1.000 1.69 1,28 452 24712
1.000 1.86 1634 Se 53 34020
1,000 2,04 1.39 6,61 3.310
1,000 2e2¢4 1e45 7.80 3e581
1.000 2446 1.51 9.09 3.837
1.000 2,68 .57 10448 4073
1,000 2493 1.63 I1.97 44396
1.000 3¢19 1.69 1355 40508
1.000 3¢ 46 1.75 I5¢24 44599
1.000 3476 1.81 I7.03 44880
I+000 4406 1.88 18,91 5+050
1,000 4438 Ie¢94 20489 56208
1,000 4472 2,00 22,98 5e357
1.000 5408 2,07 25416 5497
1.000 5.44 2.13 27.44 5.626
1.000 5¢83 2,20 29,82 5¢750
1,000 6.23 2,26 32431 5.836
1.000 6.6¢ 2432 34.89 5.978
1,000 7.08 2438 37.58 6,088
1.001 7e52 2443 40439 6.207
1.001 7¢99 2448 43429 6.317
1,002 8.48 2452 46.33 6.450
1.004 8e98 2,56 49¢51 6.600
1,007 0447 2459 52483 6.779
1.010 10,00 3,62 56,28 6,972
I.014 1055 2.64 29.87 7.184
1.019 1114 2.67 357 74399
1.035 11e72 2,70 67441 7.632
1.031  13.34 2473 71437 74867
1.037 12494 32.75% 7545 8.113
1,044 13.57 3478 79464 84363
1.052 14421 2,81 834958 8.615
1.000 14.88 32,84 88,38 8,869
1,068 15.56 3.87 92491 gel24
1,077 16,25 2.90 97456 9.380
1,086 16,96 2,92 102432 9+637
1.095% 17.68 2495 1074190 0.889
1,105 18444 3,98 112,16 104140
1,11 19419 3.01 11725 104394
1135 1996 3,04 133.4% 10e643
1,136 30475 3.07 127475 10.890
1e147 21,56  3.10 133417 11,133
1.158 22438 3413 138.69 11,373
1.170 23.32 3.16 144431 11,610
1.152 24407 3419 150,05 11,844
1.194 24493 3.22 15540 12,076
1.206 25,82 3e25 161,85 12,303
1.219 26,72 3.29 167490 12,526
1.232 27.63 3632 174.07 124743
14245 28,458 3435 18ce34 124957
10259 20452  3.38 186,72 134167

Ma

0¢290
0.514
Oe700
0.854
0.987
11023
1,203
1.2923
1.372
14444
I.508
10566
1.619
1,666
1,710
1.750
1.787
1.820
1.8¢1
1,881
1.908
1.936
1.965
1.998
2.033
2,075
2.123
2.174
24,227
2.280
2,332
2.384
20433
2,483
20531
2.579
24625
2,670
2.714
2.758
2.799
2.840
2,880
2.919
20957
2+994
3.029
30064
3+097
3+130
3.162
3.193
3.222
3.251
3:279

contd./



D1 =

Wit

6.0
6.3

6,6
6.8
7.0
T3
7+4

7.8
8.0
8.2
8.4
8,6
8.8
Q9.0
943
9.4

9.8
10,0
10.3
1004
1006
10.8
13,0
11.3
1104
11.6
11.8
13.0

2 mm Hg

T3 °K

327

363
401
441

484

530

579
6132
6819
746

808
873
940
1013
1086
1163
13244
1328
1414
1504
1597
1693
1791
1891
1991
2086
2178
3265
2346
2419
2485
2 546
2602
3654
2703
3749
2792
2834
32873
2911
2948
2983
3017
3051
3083
3114
3145
3176
3207
3335
3265
3293
3323
3350
3377

1.000
I1.000
1.000
1.000
1.000
I1.000
I1.000
1,000
1.000
1.000
l1+000
ls000
1,000
1.000
1+000
1,000
1000
I.000
1000
I1.000
1,000
1000
I.000
1,000
1.001
10002
I1.003
10005
1,008
1,012
1.016
l1e021X
1.027
1.033
I.040
1047

1.08%
;0063

1.0671
1.080
1.089
1.098
1.108
1.119
Fe¢l29
10140
l1e1§1
1.162
1.174
10186
1.168
Ie¢e21X2
1.223%

1237
1.3250

7.08
7«53
8 .00
8e47
8497
949
10403
1057
11,12
11072
12,30
13493
13056
1421
!4.88
15056
16,25
16495
17067
18443
19418
1997
20¢74
31056
22,38
23431
244098
24493
25,80
26,72
27463
28.56
29.5:
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Table 4 (contd. )

1,06
1.3
117
1423
1,28
1034
1.39
1.45
Te§I
157
1.63
1069
¢75%
1.81
1.88
1.94
2,00
32.07
2,13
34,20
3.36
2432
2+390
3444
3,50
I
.
2.64
2067
2470
2.73
2.76
379
2.82
2.84
32.87
2,90
2.93
2496
3.99
3.02
3405
3.08
3011
314
3,17
3421
3.34
3037
3+30
3633
3.37
3040
3043

Pai

1e51
2.13
2,83
362
4053
5+ 53
6,61
7080
9.09
10,48
I1.96
1355
15024
17.02
18.91
204,89
22,98
24416
37445
29.82
32430
3489
37517
40436
4326
46430
49446
5274
56.16
§Ye73
63442
67024
71,18
75034
79+42
8373
88.13
92,66
9729
103.04
106,90
111.87
116,94
122,13
137043
132.83
138433
143495
149.68
1550512
101445
167450
173.63%
17992
186,28

Tas

1.344
1.697
2.045
20384
24713
3.010
Je309
3e581
3836
4+074
44300
4504
4«700
4.881
5e050
50308
50358
5496
50631
5749
50865
S¢975
60081
6.186
6.2
6-43§
6.565
60715
60885
7077
7.385
7498
7727
T¢958
8.195
8e43
8o878
8e922
94168
9e413
9.658
9e.9Q01
10+142
10.378
104619
104850
11.080
11.3009
11534
11754
11.972
12,183
124392
124597
12,797

Ty

Ua1

0e31
0457
0.82
1004
1.26
1.47
1.67
1.87
2.07
24,26
2.45
2,65
2.83
3.02
3e21
339
358
3.76
3095
4013
4031

290°K

Ma

O0e¢290
0s513%
0.699
0853
cs987
14101
1.203
1293
1.372
Te444
1.507
10566
1.619
1.667
Ie71L0
I+750
1.787
1.820
l1e852
1.880
1908
1934
1.961
1«990
2033
2,062
2.109%
20152
324200
2.280
2e300
2.350
24400
24448
24495
2.541
24586
24630
3.674
3.716
34757
2.797
2835
24873
26910
24945
32.980
34014
3e047
30078
o109
30139
30167
3195
3.322
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I.z
I.4
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100
1042
10+ 4
10.6
10.8
1140
I1le2
11e 4
I1e6
11.8
1230

5 mm Hg

Ta °K

327
363
401
441
484
530
579
632
687
746
808
873
941
1013
1086
1163
1244
1328
1414
1505
1597
1694
1793
1893
1995
2034
2193
2285
2373
2456
2831
3599
26632
2721
27717
2830
2878
2924
2968
3011
3082°
3092
3130
3168
3204
3239
3274
3308
3342
3374
3406
3438
3470
3501
3532

Zg

I1.000
1,000
1000
I1.000
I1.000
I1.000
1000
1,000
L1s0OO
I+4000
14000
14000
14000
I,000
I.000
1.000
I1.000
I.000
1000
14000
l .ooo
I1.000
I+4000
1000
I.001
140012
14003
1,004
1,006
1,009
1013
1017
1,022
1.028
1.034
1,041
1.048
1,055
10064
1072
1,081
1,090
1099
1,109
Iel20
I.I30
1eX42
lIeI53
1,163
141758
1.187
1.199
16312
I235%
I1.338
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Table 4 (contd, )

Haa

1.25%
1e39
153
1.69
1,86
2.04
2424
2446
2,68
293
319

Ags

1.06
1ea12
117
122
1.28
1034
I.39
1-45
1.51
1.57
1063
1069
1475
1.81
1.88
1.94
2407
2.13
2420
2,26
2433
2.39
3445
2.51
.55
3060
3-64
2.67
2‘70
3.74
24717
2,80
32.83
2,86
2.89
2.92
293
2.98
3e01
304
3e07
eIl
3«14
3e17
3320
333
327
3.30
333
337
3.40
343
3e41
3e 50

Paqs:

1.51
3,13
2,83
3463
4.53
552
6.61
7.80
909
10.48
1197
1355
15434
1703
18.91
30.89
32,98
25416
23744
29082
32.31
34489
37«57
40436
4325
46.27
49+ 40
52.66
56.06
594358
63e24
67.04
7096
7499
7915
83443
87.82
92433
96.95
101,68
106451
IX1X1e47
136053
Ial.70
126,98
132.36
137.86
143446
149016
:54098
160,91
166494
17307
179¢31
185,66

Tay

1e344
1.699
2,047
24387
24712
3,020
3309
3.58!
3.836
4074
4.2 96
4504
44699
4-880
50050
5209
$e357
50494
5.626
5e748
54865
$¢973
6.079
60181
6.384
§Q4°I
6.523
6.658
60808
6.971
7156
7355
7.562
7775
7993
8.316
80447
8.676
8.90%
9135
9¢361
9e 590
9.818
104044
10,3607
104 487
10704
104918
I1.138
11337
114542
110742
11.937
13139
12,316

Ma

0.290
o0s516
Oa 700
0.854
0.987
TsI02
1.203
1.293
1372
Te444
I.508
I0566
1.619
I.667
Ie710
I.750
1.787
1.820
1.851
Y880
I.908
1.933
1.959
I.98%
24014
2,048
2,085
26127
24173
26217
2.264
26311
24359
2.404
2¢449
24493
2.538
2.580
24621
2,662
24701
2739
24777
2.813
2.848
24882
2.916
2.948
24979
3e010
34039
.3.067
34095
3e121
36147

contd. /
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Ie2
104
1.6
1.8
3.0
Fe3
2.4
2,6
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908
I10.0
10,2
1004
10.6
1048
I1.0
1104
11,6
I11.8
12,0

10 mm Hg

Tg °K

327

363

400

441

484

530

579

632

687

746

808

872

941
1012
1086
1163
1243
$328
1415%
1504
1598
1693
1792
1894
1997
2I00
2199
2296
2390
2478
2561
32636
21705
2771
28131
2888
2943
32994
3043
3089
3134
3177
3219
3360
3299
3338
3376
3413
3449
3485
3521
3555
3589
3623
3657

Za

1.000
1.000
I1.000
I.000
1,000
1,000
1000
1.000
1000
I.000
1.000
1.000
1,000
1.000
I.000
1+000
I«000
I+000
I.000
I1.000
1000
I1.000
14000
1000
l.000
I.001
1,002
1003
I1.00%
1,008
Ie0X1
1,014
1.019
1.024
1030
1.036
1,043
I1.050
10058
1,066
1074
1.083
1093
1,102
1113
l1.122
1,133
10143

IO!SS
1.166

1.178
1.190
14303
Ie31§
1.338
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Table L (contd.)

Haa

1413
le2g
I.39
1.53
1.69
1.86
2404
2‘24
2.46
2.68
293
3419
3047
3476
4.06
4438
472
5.08
5645
5083
6.23
6.64
7.08
Te53
799
8448
8.97
9'48
10401
1057
11413
1I.70
12,29
134932
13454
1418
14484
15053
16,21
16493
17065
18. 40
19416
19.93
320472
21e¢53
22435
3317
24404
24.9:
2579
36,69
37461
28.54
29.48

1.06
1.1I2
ITe17
Ie«2323
1.28
134
1039
1e45s
ICSI
1e587
In63
1-69
1.75
I1.81
1.88
I1.94
2,00
2,07
2413
2.30
2.26
2433
2439
3445
2,91
2.56
3.61
2.65
2,69
2473
3,76
2479
2,83
2.86
3.89
2.92
2.95
2,98
302
3.05
308
311
3015
318
3431
3023
.28
331
3353
3.38
3e42
345
3049
3e53
3.56

Pas

I.951
2.12
2,83
3+63
4052
Je52
6,61
7.80
909
10.48
1197
13055
1524
17.02
18.91
20,89
22,98
35.16
3744
29.82
33430
3489
3757
40435
4324
46424

49037 "

52462

5599
$9+49
63413
66,89
7079
74-81
78495
83.21
87.58
92.07
96.68
I01.39
106,32
111,16
116,20
121,36
126,63
132400
137048
14307
148076
15457
!60.48
166449
173462
178034
185418

Tas

1.344
1.697
32,050
2.388
2712
34018
Je312
3.581
3.836
4073
4297
4506
4.698
44879
5.050
5.309
5363
50496
§+635
§5¢749
5-864
5974
6.078
6.179
6,278
6,380
60500
6,626
6.760
6.912
707
7e25
7449
T¢645
7-854
84004
8e277
84493
8.711
8.929
9.148
9366
9¢582
90797
10,009
10,219
100425
10.633
10.831
11.028
114222
I1e414
11.601
11.783
11,963

Ty =

Uaa

Oe31
O0e57
0.82
I.o
I.z
1047
1.68
1.87
3.07
2,26
2.46
2.65
2483
302
331
3439
358
3476
395
413
431
430
4-68
486
.04
5433
Se43
5060
5¢79
5499
6,18
6,38
6.58
6,78
6.98
718
739
759
7«79
799
8se19
8440
8-60
8.80
Ge00
920
Te 40
9.60
9080
104,00
I0s20
10440
10460
10.80
11.00

290°K

Ma

0e290
Oe51§
Os701
0.855
04987
IsI01X
1203
1293
1.372
1e444
I.508
10566
1,618
1.666
Ie710
1.750
1.788
1.820
1.851
1.880
14907
I.933
10958
1.983
2,009
2,038
2.074
26111
2.152
24196
3,238
2.283
24328
2¢372
26417
2459
20501
3.543
30582
24621
2.659
2,696
24733
2-768
24802
3‘835
2,867
2.899
24928
2.957
2,986
34013
3¢040
3-065
364090

contd,/



=
R

WWLWWLWLWW D B D W D e -
® ¢ & ¢ 0 O o ° ¢ o O & o @
R OCH O XA VO OO »

Lol )
. @
» O

4e4

[ AN+ N W WV W WS- N
® ¢ o & 0 0 0 o o @
L N O O DO OO

O O
=)

6.8
7e0
T3
Te4

78
8.0
8.2

P2

= 25 mm Hg
ﬁkoK Z2
337 1.000
363 1,000
401 1,000
441 1.000
484 1.000
530 I1.000
579 1,000
632 1,000
687 1,000
746 1,000
808 1,000
873 1,000
941 1.000
1012 1,000
1086 1,000
1163 1.000
1244 1,000
1326 1000
1414 1.000
1505 1,000
1598 1.000
1694 1.000
1793 1.000
1894 1.000
1998 1,000
2103 1.001
2206 1,001
2308 1.003
2409 1,003
2504 1005
32595 1.008
2681 1.011
2759 l1.015
2832 1.019
2900 1,034
2965 1.030
3026 1,036
3085 1.043
3!39 IOOSO
3102 1.058
3343 1,066
3292 1.074
3340 1,083
3386 1.093
3431 I.102
3474 1.112
3517 I.121
3558 1132
3599 1143
3639  1.354
3679  1.1635
3719 1.177
3757 1.189
3794 1.301
3832 I1e214

Has

1.13
1.29§
1.39
1453
1.69
1.86
2434
2446
2.68
293
319
3446
3476
4006
4438
4e72
5407
Se44
5.83
6.23
6.65
7008
753
7+99
8.47
8.97
9e 4
10,01
10656
11012
11471
12,30
12.89
13.52
14017
14483
I15e51
164,20
16091
17063
18038
1914
19¢92
2041712
21.51
22,33
23617
32403
34.88
2577
326,67
37.60
28.52
39447
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Table L (contd,)

Age

1.06
1.12
1.17
Te32
1.28
1434
1.39
1445
1e§2
1057
1.63
1069
1.7%
1.81
1.88
1.94
2,00
2,07
2,13
2420
2426

2433
32.39
3445
2.52
2.57
3,62
2,67
2.72
2,76
279
32,83
2486
3-90
2493
2496
3.00
3.03
3407
3e.10
3013
3¢17
3¢20
3e24
327
332
3434
3438
3041
3e45
349
352
3.56
3+60
363

P21

151

3413

2.83

3463

453

552

6,01

7480

9+09
10048
1197
13055
15024
1703
18.91
30.89
22498
25417
37044
29.82
32430
34488
37«57
40435
4334
46.23
49034
52.57
55092
59+ 39
63499
66,73
7059
74058
78070
82.93
87,28
91.74
9%.33
101,02
10583
11074
lx5077
120490
126,15
131051
136.97
142454
148022
154000
159+89
165.88
17:.98
178.20
18451

Tas

1e344
10697
3.047
24387
24712
34020
3e«309
3.58!
3835
4+074
44296
4+ 3504
4.699
4.880
5.048
§e309
5357
e 5O
1.da8
50748
54864
§5+973
6.077
6,176
€.273
6.370
6,478
6e 591
6.709
6.841
64985
7138
7311
Te494
7-682
7.874
8.070
8.268
8.474
84,676
84879
9.082
9.280
90481
90680
9871
10.071
10.262
100450
10.635
100815
10+ 992
11,165

11337
11.504

%_ =

Uas

031
0.58
0.82
1.0
I1.26
1e47
1.67
1.87
2007
2,26
2.46
32.65
2,83
3402
321
3439
358
3476
395
4013
431
4050

6.96

8.16

8457
84717
8497
9e¢17
9¢37
957
977
997
10416
10.36
I10.56
10476
10096

290°K

Ma

0.290
0.516
0.700
0e854
0.987
1.103
16203
1.293
x.372
Te444
I.508
10566
I.619
1.667
1710
I.750
10787
1.822
1.8512
1.880
I.907
1,933
1.957
1.981
20005
24,031
32.062
2.09%
24130
2,168
2.208
26248
3.290
2¢332
2374
2¢41%
2454
2493
24532
2.569
24606
2.641
2.675
20709
26741
24773
2.804
2.833
2.862
2.890
24916
20942
2-967
2+992
34018

contd./
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9¢8
1040
1063
I10e4
10.6
1068
11,0
I11.3
11.4
I1.6
11.8
12,0

§0 mm Hg

Ta °K

327

363

401

441

484

530

579

631

687

746

807

872

941
1011
1086
1163
1241
1328
1415
1504
1599
1693
1793
1895
1999
210%
3212
2316
2420
2519
2616
2707
2794
28174
2949
3022
3087
3181
3213
3271
3327
3381
3433
3484
3533
3581
3637
3674
3718
3763
3805
3849
3891
3933
3974

Za

1,000
1,000
1000
1000
1000
I1.000
1000
1.000
1.000
14000
14000
I.,000
1.000
14000
1,000
1000
1000
1000
1.000
1.000
I.000
1,000
1000
1,000
1,000
I1.000
1001
I1.001
I1.003
10004
1.006
1009
Is.012
1.016
102X
I1.026
1032
1.038
1044
1-052
1059
1.067
1,076
1.084
I1.094
1103
Io1II13
Iel33
1.133
1.144
1195
1.167
1.178
I+Ig0
le202
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Table 4 (contd.)

Ags

1006
Ies12
Iel7
1,32
1.28

134
I.39
1e45
Ie51
1e57
1063
1.69
1758
1.81
1,88
1.94
2600
2407
2613
2420
2.26
233
2439
2.46
2.52
2,58
2,63
2,68
2473
2,78
2.82
2.85
2.89
2.93
3.96
3.00
3.03
3e.07
3el0
314
317
3621
3624
3¢28
3e32
335
3.39
3443
346
3e50
3¢54
3458
3461
3.65
3.69

Pay

1051
2.12
2.83
34063
452
552
6.61
780
9+09
10448
11497
1355
15024
17403
18491
30.89
22.99
35416
27«44
29.82
32430
3489
37587
4035
4323
46422
4932
5254
55088
5934
62,91
66,62
70;46
T4e42
78452
82.72
87.06
9Ie350
96.06
100474
105053
110643
115044
130456
125479
I31.13
136.57
142.13
14779
153455
159043
105441
17149
17769
183.98

11,010
11,166

T, = 290°K
Uas Mz
04312 0290
0e57 04515
0.82 Oa700
10§ 0.8¢55
1.26 0+987
1447 l1eI01I
1067 10203
1.87 1.293
2407 1.372
2426 14444
2.46 10508
2.65 I.566
2.83 1.619
3402 1,667
3621 I.710
339 I.750
3e58 1.790
3.76 1.8320
3.95% 1.851
4413 1.880
4031 1.906
4450 1.933
4468  1.957
4.86 1.980
S04 2,003
Se23 20028
541 2+054
5+60 2,083
578 20117
$c97 20152
6,16 2,188
6035 24226
©e55 24265
6.74 34304
6.94 24344
Tel4 2.382
T34 2.431
Te54 20458
774 20495
7094 2.531
8.14 2.566
8.34 2.600
Be54 24633
8e74 24605
8494 34696
9el4 24727
9¢34 2.756
9e 54 2.785
Ge74 2,812
994 2.839
10014 20865
I033 2,889
1053 24913
1073 2,936
I0+93 2658

contd,/



P+ = 1oo mm Hg
Wia T2 °K
1.2 327
Ieg 363
I.06 401
1.8 441
240 48 4
2.2 530
2.4 S79
2.6 632
2.8 687
3.0 746
302 808
3+4 873
3+6 940
3.8 1012
400 1086
4e2 1163
4«4 1244
446 132§
48 1414
50 1504
Se2 1598
Se4 1094
5.6 1793
58 1895
6.0 2000
6,2 2106
6oy 2215
6,6 3321
6.8 2428
7e0 2532
7.2 2633
7«4 2733
706 2834
78 2913
8.0 2995
8.2 3073
8e4 3148
8.6 3218
8.8 3284
9e0 3349
Qe2 3411
9e 4 3470
9.6 3528
9¢8 3583

10.0 3637
103 3690
1064 3741
10,6 3793
108 3842
i1.0 38 g0
ile2 3937
Il1e4 3983
11.6 4031
11.8 4077
1240 4133

Zg

1000
I1.000
1000
1000
14000
I.000
1000
1,000
1000
1,000
1000
1000
Ie.000
I1.000
1.000
1000
1,000
1000
14000
1000
1,000
1000
1.000
10060
I1.,000
I1.000
l1.001
1.001
1002
1,003
14005
1007
Je0OXO
14,013
14017
14022
1,027
1032
1039
1,046
1,053
1,060
10068
1077
1.085
1094
1104
14113
1e123
1134
1eX458
Ie156
1.!67
1179
1190

- 49 -

Table 4 (contd.)

Haa

1.13
1.35
1.39
1053
1069
1.86
32,04
2424
2446
2.68
32.93
319
3446
3.76
4006
4038
4e72
507
544
583
6.23
6.65
7408
T¢53
7«99
8047
8.97
948

10401

I0e54

11410

I11.69

12¢29

12,90

1352

I4.16

14481

15448

16,19

16.90

17.62

18036

IQ0.12

19490

20,68

21449

22431

23413

23499

24487

2847

32062

37.56

28449

2944

1006
IeI2
Ie17
1622
1.28
134
I.39
1.4
Ie51
1.57
1023
1069
1075
1.81
1.88
1.94
2400
2,07
2413
2020
2,26
2433
2439
2440
2452
3,58
2.64
2.69
2.74
2.79
2.84
2,88
2492
2,96
2499
303
3.07
3.10
314
3018
3e21
Je25
329
3432
336
3e40
3044
3.48
351
355
3459
3463

" 3467

371
375

Pas

Ie§I
2412
2,83
3463
4e52
52
§.81
7080
9«09
10.48
11497
13455
15.24
1702
18.91
20.89
22498
35.17
37444
29082
32.30
34088
3757
40435
43023
46.22
49431
52452
55484
5929
62.85
66453
70434
74428
7835
82454
86.84
914237
9508!
100047
105023
II0e12
I1§e1II
1204021
125.42
13074
136.17
14171
14735
153+10
158.96
164093
17699
17716
183444

Taq

1343
1.696
2,047
2.387
24712
3e020
3309
30581
3836
44074
4+396
40504
44699
4880
Se050
54209
5357
Se507
54626
50749
54864
§973
6,076
o174
6,268
6.361
60453
6e555
6.657
6,769
6.8g0
7014
Tels2
7297
Te457
74634
7791
7+968
8.143
8e321
8. 500
8.679
8.858
90037
9e214
94389
9 562
9733
9e 902
10.064
10228
10.385
100542
10,693
10.840

Ty

Uz

0e31
0e57
0,82
1,08
1626
Ie47
1.67
1.87
207
2426
2446
2.65
2.83
3402
3021
339
3.58
3.76
395
413
"4e31
4450
4468
4486
5¢04
523
541
5¢59
5478
597
6.15
6.34
6e54
6.73
6.93
Te12
7.32
752
772
793
8e12
8432
8e52
8.72
8e901
9611
9e31
GeS5I
9e71
991
I0e 10
10s30
10.50
10470
1089

= 290°K

Ma

0.289
0e§Is
0.700
0.854
0+987
1.102
1203
1.293
14372
Ie444
I.508
1.566
1.619
10667
Ie710
1.750
1.787
1.833
I.851
10880
1907
I0932
1.956
1.979
20002
2-025
2049
2¢077
24106
26137
20171
24206
3.241
24278
3e315%
20352
2.388
26424
20459
20494
265327
2e560
24591
2,622
24652
2,681
3.709
2+737
20763
2.788
2.813
24837
2.860
2-882
24903

contd./
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200 mm Hg

Te °K

337

363

401

441
48 4

530

579
631
6817
746
808
873

941
1013
1086
1163
1244
1328
1416
1504
1597
1693
1793
1895
2000
21079
2316
3327
2435
3543
2648
2752
28351
2946
3037
3122
3203
3281
3354
3424
3493
3558
3623
3684
3743
3801
3859
3914
3969
4030
4074
4136
4178
4228
42178

Z3

I+000
I1.000
1000
14000
I1.000
1000
1.000
1000
14000
1,000
14000
I«000
1000
I1.000
14000
1,000
1000
16000
1,000
1000
I1.000
I1.000
14000
1,000
Is000
1000
1000
I.,001X
14001
14002
I.004
14005
1.008
I.011X
1.018
1,023
1.028
1034
1040
1.046
1.053
1.061
1.069
1077
10086
10094
1.104
I1.113
1.123
1134
10144

onss
1.167

I.178
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Table 4 (contd, )

7.08

7453

T7¢99

8.47

8.97

9¢48
10400
1059
I11.10
11.69
12,29
X3089
I3.53
L4616
14081
15049
16019
16.8¢
17461
18.3%
19611
19088
30068
31.48
22.29
23013
23.97
3408!
35.74
26063
27456
38048
29e42

Pas

I+5I
32,132
2,83
3.63
4.53
3352
6,61
7.81
9.09

10448
1197
13435
15.34
17.01X
18091
20089
22,98
25416
2743
29.83
33,31
34+89
37456
4035
4333
46.21
49+ 30
52450
55482
5924
62,79
66,46
7043 %
74016
78.319
82,36
86.65
9l.04
9556

100,20

104495

109,81

114078

119,86

135,06

130036

13577

141429

146,01

153,66

158048

164042

170.47

176,63

182,89

6,732 20254
6.91 2,288
Tell 24323
731 24358
7050 20391
770 24425
7+ 90 24448
8e10 24490
8.29 3.521
8eg49 24551
8.69 3,581
8.89 2,609
909 24637
9428 2,664
9448 2.690
9.68 2.71%
9.88 20741
10,07 20763
10,27 24785
10447 2,807
10,66 2.828
10486 24848
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104
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Il.0
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11.4
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11.8
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500 mm Hg

Ta °K

337
363
401
441
484
530
579
032
687
746
808
873
940
1012
1089
1164
1344
1327
1414
1504
1598
1694
1793

1895
2000

2108
2218
2330
2443
2553
2664
27173
2880
2982
3083
3180
3270
3356
3441
3520
3599
3673
3745
3815
3884
3950
4015
4078
4141
4203
4261
4321
4379
4437
4494

Zg

I4000
I.000
I1.,000
I1e000
14000
l1.000
1,000
1,000
14000
1000
14000
1.000
1,000
l1«00O
I.000
1,000
1000
I1.000
1000
14000
1000
1,000
I1.000
1,000
I1+000
I.000
1000
14000
1,001
1002
14002
1004
I.OOS
1,008
l1e01l0
I.014
1.018
1022
16027
Ie032
10038
1044
I1.051
IQOSB
10066
14074
1.082
1.091
I+100
1109
1119
1.129
1.139
IQISO
1161
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Table 4 (contd.)

Aai

1006
IIIQ
1017
1,22
1.28
1034
1.39
Ie45
I.51
1¢57
1.63
1.69
1075
1.81
1.88
1.94
2.00
2.07
2.13
2.20
2.20
2433
2439
2446
2.52
2459
3.65
2471
2.77
2.82
2,879
2.92
3.97
301
3000
.10
314
318
3023
3426
3.30
334
3.38
3e42
3041
3e5I
3e55
3«59
3403
3468
3.72
3476
3481
3.85
389

Tas

1.344
1.698
20,047
24387
2713
340320
3e309
30581
30836
40074
40297
4+ 504
40699
4-880
5033
56200
5357
5499
5.026
5749
50864
59732
6,076
6,173
6,266
6.356
Sed444
64530
60618
6,716
60812
6,916
7.025
Tel42
Te204
74391
7531
7677
7821
7973
8e122
84273
Beg2s
8e577
84728
8.878
94026
9.173
9.318
9459
9599
9736
9.869
9999
10,126

Ty =

Uz1

0e31
0058
082
I.OS
1.26
1447
1067
1.87
2407
2426
2446
2,65
2483
3402
3¢21
3e¢39
3.58
3476
395
413
4.3I
4450
4068
4486
5.04
522
Se 4l
5¢59
Se77
§+96
6.14
6.33
6.53
607!
6090
709
7.28
7.48
7467
7.87
8s07
8426
8-46
8,66
8.85
Ge05
Ge2d5
9e 44
9e 04
9.84
10.03
10423
10e42
10.62
10.81

290°K

Ma

0e290
0es516
Oe700
Oe854
0e987
IelO2
1e203
I.293
1.372
1e444
I.508
10566
I.619
1.667
14707
I.750
1.787
1.821
1.851
1.880
Le 907
1e932
1.956
1.978
24000
20021
30042
24004
2,087
2.113
26140
2.167
2+197
20228
24258
2,288
24320
3.352
2-382
2¢4I3
24443
2.472
324500
2.528
2554
20580
26606
2.630
266053
32,676
24698
2.719
2739
2.758
2,771
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= 1000 mm Hg

Wia

I.2
104
1.6
1.8
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10,0
I10e2
I0e4
10.6
10.8
11,0
ITle2
I1le4
11,6
11.8
12,0

Tq °K

327

363

401

441

484

530

séo

631

687

746

808

873

941
1010
1086
1163
1244
1328
1415
1505
1596
1694
1793
1895
2001
2109
2219
2331
2445
2560
26732
2785
2896
3008
311X
3214
3314
3408
3500
3588
3674
3757
3836
3912
3688
4061
4133
4204
4273
4341
4406
4473

4536
4601
4665

Za

1,000
1.000
1,000
1,000
1,000
1,000
1,000
14000
14000
I1.000
1.000
I1.000
I1000
1.000
1,000
1.000
1,000
1000
1.000
1.000
1,000
1.000
1000
1.000
1000
1,000
1000
1.000
1,001
14001
1,003
1,003
1.004
1.006
1,008
I.011X
1,014
1.018
1.022
1,027
10033
1.038
1.044
I.031
1.057
I.06%
1,073
1.081
1.089
I.098
I1.107
1.119
I1.127
14137
1.147
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Table 4 (contd.)

Haa

I¢13
I35
1.39
I.53
1.69
1.86
2.04
2434
2.46
2,68
2.93
3«19
347
3475
4406
438
4072
508
545
5083
6,22
6,6¢
7.08
753
799
8.47
896
9048
I0e00
IO.SS
IlelO
11.68
12427
12.88
I3e¢51
415
14481
15048
16,17
16,87
17«59
18033
19607
19,86
304,65
2!.45
22427
23410
23496
24.82
25471
26,61
2753
28045
29439

Aas

1.06
1.12
1.17
I1.22
1.28
1.34
1«39
1+45
I.SI
Ie57
1-63
1.69
1e75
1.81
1.88
1.94
2.00
2.07
2413
2420
2426

2633
239
2446
2,52
2.59
2.05
2471
2.77
2.83
2,488
293
2498
3.03
3.08
3412
317
3621
3e25
3e30
334
338
3e42
3e47
351
3«55
3060
3464
3.68
3473
377
3.83
3486
391
396

Pas

1.41
2412
2483
3463
452
§e53
6.61
7480
9.09
10048
1197
13055
1524
1703
18.91
20.89
22.98
25416
27444
29.82
32431
34.88
37450
4034
43023
46.21
49429
52.+48
55477
59.18
62470
66,33
70.08
7394
7793
82,03
86,25
90.%0
95.06
99.64
104633
109014
1144006
119.09
124023
129448
13484
140031
145489
I15Ia57
157436
163425
169e2
175035
181456

Tas

1e344
1.697
2.047
2,386
2.711
3.019
3.306
3585
3.836
44073
40296
4+504
4+698
4-888
5050
209
5358
Se496
5.621
So748
50870
5¢971
6.073
6.172
6,205
0.355
0e441
0.526
6,611
6,696
6.793
6.887
6.990
7093
Te205%
7322
Te443
7575
7¢705
7.844
70982
8e120
8,263
8e404
8.543
8.682
8.820
84956
9091
9e222
903532
9478
90602
9723
9.841

Ma

04290
0e515

Oe 700
00854
0.987
I«103
Ie202

1.294
1.372
Ie444
1.508
1.566
1,618
1.668
1710
1.750
1.787
I.820
I.850
10880
I.608
1.932
1.956
1.978
1,999
2020
3.041
2,001
2.083
2.105
26131
2.156
24.182
2.210
20238
24267
2.295%
24325
2.353
24382
24410
24437
2.464
2¢490
24516
24540
2.564
2.587
2.609
24630
2,651
2670
2.690
2708
34725

contd., /

¥



P1

= 2coo0 nm Il

Waia

Ie2
leg
1.6
1.8
2.0

O COODL MO OOOD VO OOHE O OOCOHE DO DAL O OO

® 8 ¢ & ° 0 O B & 0 & ® 9 & & % 0 ¢ * 0 9 O O 9 O o o

VoK -Neo-Me-I« M. XN B IR SEN BEN B« W o N« W o W NV W WV RWT WV, I - N . A N X )

9e3

Ta °K

327

363

401

441

484

530

579

632

687

746

808

873

940
1013
1088
1163
T244
1337
1414
1504
1598
1694
1790
189g
2001
2109
2219
2332
2447
2564
2678
2795
2910
3023
3135
3244
3350
3454
3553
3650
3742
3833
3922
4006
4090
4172
4250
4328
4405
4481
4555
4627
4698
4769
4840

Zg

1.000
I1s000
1000
14000
I1.000
14000
1,000
1000
14000
14000
I.000
1000
14000
1,000
1000
14000
1+.000
14000
1,000
I1.000
I.000
1.000
I1.000
1.000
14000
1000
I.000
14000
14000
1,001
1001
I1e.002
I.003
1.004
1,006
1.008
l1s01X
I.014
1,018
1,022
1,027
1,031
1.037
14043
1049
1.056
1,063
I1.071
1079
1,087
1,095
1,104
Tellg
14133
1133

Table 4 (contd.)

7406

Tes52

799

8-47

8096

9447
104,00
10055
11410
11,68
1227
I2’87
13e50C
L1415
14.8:
15448
16016
16,87
1759
18,32
19.08
19.83
20.62
2].43
22426
23.09
23494
24480
25.68
26459
2750
28444
39.38

Pas |

1.51
2,12
2483
3463
4053
5+ 32
6061
7080
909
10448
I1Xe97
1355
1524
1702
18.90
30.89
32,98
25,16
37444
29482
32430
34.88
37-58
4035
4322
46.21
4929
52.48
5577

594106
63,68

66,30
70403
73088
7784
814092
86,12
90+ 44
94.88
9943
104410
108.88
11377
11879
123.90
129413
134046
139491
145046
151e12
156.88
153075
168.72
174480
180.98

Ty =

Uay

Oe3l
0e58
0082
I.OS
1.26
1047
1.67
1.87
2407
3426
2.46
2,65
2483
3202
321
339
3058
3476
3095
413
431
450
4468
4-86
504
522
S5e41
5359
S« 77
595
6.14
6.32
6es51
6.69
6,88
7e07
726
Te45
764
7.84
8,03
8.22
8.43
8.61
8.81
9400
919
9¢39
9e58
9+78
997
IC.17
IO-36
105§
10675

Table 5/

290°K

Ma

0e290
o0e.516
0.700
0.854
0.987
I.102
1.203
1293
1e372
1.444
1.508
1.566
1.019
1667
I.708
Ie750
10787
1.820
I.851
1.880
10907
1.932
1,958
1.978

1.999
24020

24040
2,059
2,080
2100
20123
24146
24171
26195
20221
2¢247
2e274
24300
24327
2.353
2. 380
2.405
2e430
34455
24479
24502
24524
3546
2.566
24586
2.606
2.624
24642
3,659
2.675
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Tablc . Reflected lormal Shock in Oxygen

per = 1 mm Hy T, = 290°K

Wiy Was Ts °K Zs Hs1 Ps4 I'sy Ss/Ro

l1e2 09587 366 1.000 1.27 242 1.78 31631
1ed 0e 937 442 1000 1e54 403 2473 3128
1.6 04928 531 1,000 1.82 6.9 3.86 31.38
1.8 0.933 604 1,000 2.14 10,6 5007 31e582
240 04951 693 1.000 2448 I§el 6,30 31.70
2¢2 0.971 788 1.000 2.85 20,6 7¢59  31.90
2¢4 0.993 887 1,000 3035 272 8,88 32.11
2.6 1.020 995 1000 3469 3448 10415 32433
2.8 1.051 Irix 1.000 4017 437 11,40 32457
30 1.079 1228 1,000 4466 53e4 12,61 3279
3e3 1.113 1359 1.000 §e31 64e7 13.80 33404
3e4 14147 1493 1,000 S+78 76.8 14.93 3327
36 1.180 1628 1.000 6.37 89.7 15497 33«50
3¢8 1.216 1776 1000 T7e02 10461 17.00 33473
40 1249 1935 I1.000 7.68 I19.8 18.03 33.96

402 1277 2067 I.001 8437 1359 19.04 34418
44 1297 2204 1,003 9409 153e5 20614 3440
446 14314 2329 I.006 9483 1715 21.22 346062
48 1.320 2439 1.0I1 10459 190.9 32,446 34484
5e0 14323 2534 1.016 11437 21045 23471 35406
Se2 Ie321 2619 1.023 12,16 231.0 25400 35428
Se 4 1.316 2697 1.031 13400 25343 20,41 35e50
5e0 Ie311 3766 1.040 13484 27548 27.81 35072
5¢8 1+305 2832 1.049 14473 30049 29436 35096
6.0 1.301 2894 1,059 15.64 326,1 30.84 36,19
0e2 143297 2953 1.07% 16,60 35447 32452 36445
beyg 1.293 3010 1.083 17459 38548 3432 36.69
1.289 3066 1,095 18,61 4214 36.39  36.93
1.288 3120 14109 1967 45848 - 38448  37.19
1.287 3175 I.133 20481 50343 40485 37445
1.288 3239 1.138 21.99 5473 43.18 37.73
1290 3380  1.154 23.18 596.2 45.68  38.00
1.293 3331 1.170 24643 648.1 48.20 38430
1.29% 3383 1.187 35.70 7055 50+ 95 38457
I+300 3432 16204 27400 76449 53460 38486
Is304 3483 14333 38435 82947 56450 39417
I.311 3533 142432 29,73 89643 56438 39.47
1.317 3582 1.261 31.16 968,6 634,19 39478
1.324 3639 14281 32459 1042.6 65.05 40.09
1e332 3679 1.301 34010 112249 68.01 40441
9e3 Ie341 37217 Te332 35e%0 120442 70487 40¢73
9e 4 I¢353 3776 14344 37416 138945 73468  41.07
9.6 1.361 383§ 1.366 38.77 13817 76,66 41440
9.8 14373 3874 14389  40.39  1474.9 79.48  41.74
I0,0 1385 3924 1e412 42404 15720 82,28 42408
102 I1.398 3973 14436 4373 167341 85+06 42443
1044 lIe 4ll 4035 Le 460 456 50 178048 87486 42479
10,6 144236 4076 14485  47.36  1889.6 90e53 43614
10.8 Ie441 4138 I.5I0 49.06 2003.5 93.15 43450
I1.0 Ie 457 4181 1.536 50.89 211945 9%e72 43.86
11,2 1.480 4341 1.566  $2,79 2241.5 9786 44429
I1.4 1e492 4393 I1.589 54669 236543 100459 44e%0
I1.6 1e516 4355 1.61G 56,65 249447 102,61  45.02
11.8 1.538 4418 1,648 §8.67 2062749 104469 45442
132.0 1.560 4481 1.676 60,70 2764.8 106,77  45.80
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10.2
10.4
1046
10.8
I1e0
Ile2
11.4
11.6
11.8
1240

Ts °K

366

438

531

6o3

093

788

887

995
1111
1228
1356
1493
1629
17717
1931
2074
2218
2350
2468
2573
2665
2747
2828
2899
2968
3032
3094
3154
3212
3270
3326
3383
3439
3493
3547
3602
3655
3709
3761
3813
3866
3919
3971
4025
4078
4132
4187
4342
4398
4363
4414
4481
4538
4%07
4677

- 55 -

Table 5 (contd.)

Zs

1.000
1,000
1.000
1,000
1.000
14000
1000
1,000
14000
1,000
1,000
1,000
I 4000
1,000
14000
14001
1.002
IOOOS
1.009
I1.014
1,020
I.027
1,036
1.045%
1.05%
1.066
L1e077
10090
1103
1,116
1,131
1,146
1,162
1.179
I.196
l1.214
1232
1.253
16271
1.291
Is312
1.333
1.355
1.378
1-401
1e 434
1e448
1.472
1. 497
14537
10548
10578
1.602
1.632
1,660

Hes 1

1627
1.52
1.82
2,13
2448
3085
363y
3469
417
4.66
5420
578
6.37
7.02
7469
8437
QelO
9+85
10.61
I1e40
12.19
I13.04
1389
14o77
I15.70
160,65
17.64
18,68
19.74
20.85
21.99
23420
24444
25071
27.02
28439
29.76
31.20
32.64
34;10
35665
37e20
38479
404 46
42410
4381
4554
47030
4909
§0¢97
53482
54478
56,71
58.73
60,78

Psa

242
4.1
6.9

1049

I5e1
20.6
271
348
4317

534
64.2
76.8
8907
104e2
11949
136.0
15348
171.8
1915
21141
23147
353.9
276,35
30042
320,3
3548
385¢4
41843
45402
49448
53849
586.0
63844
692,6
7503
81342
878.0
948. 4

10204

109603

1178.0

1261,.1

13479

14409

153548

1633.6

173504

184144

195100

200504

218147

230304

243745

2689.9

Ty =

Ts4

1.78
2e74
3.85
5.04
6.30
759
8.87
IO.IS
11040
12,61
13473
14. 91
15497
1700
17499
19400
20.06
21610
22430
23446
24472
26,10
27438
28.74
30.23
31.84
33453
3530
37«19
39431
4155
4383
46.33
48.77
51429
5394
56.53
§59+24
61.90
64458
67435
70000
72465
75033
7797
80.350
83.0I
85050
8793
8993
92456
9445
96.83
98.64
100448

290°K

Ss/Ro

30652
30456
30.68
30,82
31.01
31.21
31e41
31464
31,88
32.10
32.34
32458
32.80
33.04
3328
3349
33.71
33493
34414
34+30
34457
34078
35002
35425
35048
35.72
35.96
36.20
3645
36071
36.96
3723
37.50
3778
38,00
38035
38464
38495
3925
3955
39.86
40418
40.50
40483
41.15%
4149
41482

42. 16
42.50
42492
4320
43461
434932
44432
44.69

contd, /



Pa

= 5 mm Hg
Wia Wa1
1e2 0e957
1.4 Oe922
1.6 0.930
1.8 04933
260 0.954
2.2 0e970
2e4 0+991
206 0997
2.8 I.052
3.0 1077
Je2 14113
3«4 1148
366 1.181
308 1.217
40 1253
43 1284
4e4 14312
446 1.334
48 1350
560 1.3601
5e3 1367
5¢4 I.370
566 1.368
5¢8 14304
6.0 11366
6e2 1.364
6.4 1.363
e 6 1.362
©,.8 1.363
70 1,363
Te2 I.366
74 1.368
746 1.372
78 1377
8e.0 14383
Be2 1390
8eyq 1397
8.6 I.407
8.8 1e4l4
Qe O 10426
Qe 2 14437
9+ 4 1¢449
9+ 6 I¢462
9¢8 14475
I0.0 Ie¢490
1062 Ie50%
10+ 4 I1.521
10.6 1539
1048 Ie556
I1.0 l1.582
Ile2 10595
1104 10631
I1.6 10639
11.8 1.666
1340 1.6932

Ts °K

366

439

5323

604

695

788

886

974
1113
1326
1360
1495
1639
17717
1933
2079
2331
2370
2503
3620
2735
2825
2909
2984
3067
3137
3307
3273
3339
3403
3465
3526
3589
3649
3709
3769
3828
3888
3943
4003
4064
4122
4180
4339
4300
4359
4421
4483
4545
4616
4674
4746
4811
4887
4963
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Table 5 (contd,)

Zs

14000
I+.000
I.000
14000
14000
1000
1000
1000
14000
1000
1,000
14000
1000
I.000
1,000
1001
1,003
1.004
I1.007
14011
I.016
14023
l1.030
1.038
1.049
1.059
1070
1.081
1094
lel07
Iel21
1136
IeI5I
10167
1.184
I1e202
I1e¢e320
1.238
1e256
1277
1.298
1.318
10340
I.3601
10384
1.407
Ie431
1e455S
10480
I.508
I.530
1.559
I1.582
o611
1,639

Hs1

1627
I.53
1.82
2014
3.48
2085
3e35
3.67
4017
4465
5021
5078
6.37
7602
7469
8,438
9e1I1
9.86
10,64
11643
12424
I3Q10
1395
14083
15477
16.71
17470
18473
19081
20493
22,060
33.24
24. SO
25076
2707
28441
29.80
31.21
32.67
34.14
35072
3727
38486
40448
4219
43489
45463
4741
49022
SIeIO
52496
54+ 90
56.86
58089
60095

Psya

342
4¢3

1046
I5e1
20,6
2371
3446
437
534
64.7
76.8
8907
10442
I199
136.1
1539
172.,0
19108
311.8
232,6
258501
3777
301.3
32744
3544
384.0
41601
450.8
48944
§304 4
§759
626,3
67844
73348
79247
85702
9232
9923
106544
11437
123347
13074
13947
1488.2
158346
168007
1783245
188706
199748
21097
22326,9
23458
24703
25971

Ty =
Ts2

1.78
2.717
385
507
6030
7.60
8,88
I0e30
I11.39
12,62
1379
14090
15496
16,99
17.99
18097
19.98
20497
22,08
2319
34436
35460
26,87
28.20
29.52
30.94
32446
34.09
3579
37466
3959
41471
4395
46.17
48445
50476
53024
55060
58.08
60444
63,89
65.31
67.70
70409
724 50
74.82
77+05
7923
81.41
8323
85e55
87428
89438
90+ 98
93 . 60

290°K

Ss /Ro

29.60
29.64
2977
329.91
30.10
3029
30449
30.64
30.96
31.18
31643
31467
31.89
32.12
32436
32057
32.80
33e01
3323
33044
33465
33.88
34.09
34.28
34454
34677
35e00
35023
35448
3573
35097
36.22
36448
36075
3701
3729
3757
37.85
38.12
38442
38.73
3002
39033
39462
3994
40425
40458
40 ¢ 9O
41.32
41.60
41.88
43436
42454
42.92
43427

contd, /
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Ts °K

366

438

520

6o4

695

788

888

994
1110
1237
1371
1496
1632
1778
1929
2081
2238
2385
2528
2652
2766
28172
2971
3057
3138
3321
3296
3366
3436
3508
3575
3642
3708
3774
3839
3903
3969
4032
4096
4159
4322
4288
4351
4416
4479

4546
4612

4678
4747
4823
4887
4965
5043
§X21
52032
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Table 5 (contd.)

Zg

14000
1000
I«00O0O
14000
140060
I1.000
1000
1000
I1.000
1000
1,000
I 000
1000
1000
I4000
I1.0CO
I1.001
1.003
1.005
1.009
10014
I«020
1027
1.043
10053
1.064
1.075
1.087
lelOOC
1,113
I.128
14143
1.1583
Iel75
I.IQgl
I.209
1e227
1.2 46
Ie205
10285
1.306
1327
1.349
Ie370
1.393
I.416
11440
1.464
1e492
10514
Ie542
1.569
I.596
10622

Hsa

127
I1e52
1.82
2.14
2448
2.85
326
3469
417
4465
522
578
6,38
7.02
7469
8.38
9. 12
987
10,67
11445
12427
13.12
13.99
14088
15479
16.78
1777
18.77
15.84
20,98
22,11
23430
24452
25.81
27611
28.44
29483
31,206
32471
3421
35072
37«33
38.93
40.56
42022
4394
45068
47445
4929
51017
53«04
55.00
56499

5901
61,06

PBs4

242
401
6.9
10.6
IS.I
206
273
34.8
4317
534
64.8
7649
89e7
10402
11948
136.1
1542
17343
192.2
21263
233e2
325548
278.7
30204
32743
3547
38444
4148
4485
48644
525.6
5698
01743
667,6
72148
77849
84142
90 5al
9725
1043.3
II17e5§
119746
1278.8
136345
14515
15433
1638.2
1737«4
183941
194547
2053.9
2167.,8
2284.6
2404+4
252749

T, =
Ts1

1,78

2.74

3486

5007

6430

759

8493
10415
Ile40
12,01
I3.71
14.90
15«94
16.99
18,01
18096
1995
20.89
21493
23401
24012
2533
26449
27173
29000
30.32
3179
3324
34082
36e54
3830
40.22
42425
44.28
46.42
48457
50.82
5304
5527
5749
5973
624,02

64.21
66,40
68,58
70467
72473
74080
76475
784 40
8oe51
82.09
8372
85432
86,88

290°K

Ss/Ro

28.91
28495
29407
29‘22
29.41
29«59
29.80
30403
30426
30449
30477
30098
31.20
31443
31466
31,88
32e10
32432
32454
3275
32496
33017
33«40
33460
33.82
34405
34428
3451
3474
34498
35'22
35047
3571
3597
30423
36.49
36,76
37403
3730
3758
37.86
38e15
38445
38474
3903
3933
3964
3994
40e25
40.61
40.88
4124
4157
41e90
42.22

contd./



308

448
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LYo RV I Yo RV
e o o o
Oh O

9.8
10,0
10.2
1004
1006
10.8
I1.0
1143
11.4
1106
I148
Iz.o

Ts °K

366

440

533

604

695

788

886

997
1113
1229
1359
1493
1629
1779
1928
2089
2248
2398
2547
2689
2816
2936
Joss
3149
3238
3332
3412
3495
3575
36532
3727
3802
3876
3948
4021
4094
41065
4237
4308
4379
4450
4522
4595
4668
4740
4813
4887
4963
5039
5124
519§
53282
5368

5455
5545
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Table 5 (contd, )

Zg

I.000
14000
1,000
I 4000
1000
I.000
14000
I1.000
I.000
1,000
I.000
1+00O
14000
14000
14000
1000
1,001
1,002
10004
1007
14010
1.016
10322
10029
1.047
1,056
10066
1,078
I1.090
1,103
1.117
1131
1.146
1,161
1178
1.195
Ie212
I.230
14249
1.268
1,288
Ie¢309
1.330
1352
1374
14396
10419
1443
e 470
1.491
1,518
14545
1e571
1.596

1627
1.53
1.82
2,14
2448
2.85
Je25
3469
417
4.66
5321
5.78
6437
702
7469
838
9e13
9487
10.67
11048
12430
13418
14005
14095
15.87
16.85
17483
18,86
19694
21405
22419
23037
24.60
25085
37.16
28451
29,90
31032
32.77
34426
35078
37436
39«00
40465
43433
44404
45078
4759
49¢ 42
51e312
5315
55013
§7.14
59016
61.23

Pss

242

&5

10,6
ISeI
20,6
2741
3448
4347
5304
6447
7648
8947
104.3
I19e8
136.9
15403
173247
19205
212.,8
2339
25608
279.8
303.8
328.7
35601
384.1
4150
4479
483.2
521e3
56108
60704
656.2
708.0
76340
821,32
88205
947406
1015.6
1086,9
1161,6
124106
132341
140709
149641
158745
168244
1780.6
1883.1
198346
200244
220441
331944
34377

Ty =

Ts1

1.78

2,76

3485

5007

6.30

7460

8,88
10413
1139
12,60
13.80
14691
15496
16,98
18401
18.90
19.87
20.85
21483
224,80
33484
24497
26,08
27418
28439
29461
30093
32.29
33470
35420
36477
38.38
40418
42407
43499
45489
47.86
49483
51,86
53+84
55.86
57485
59486
61,80
63473
65,62
67449
69027
7103
72450
74438
75466
7708
7850
79087

290°K
Ss /Ro

37499
28.04
28,16
28430
28449
28.68
28,88
29412
39435
29.58
29.832
30.05
30428
30652
3074
30497
31.20
31040
31,62
31483
32404
332425
32446
32469
32489
33012
3332
3355
3378
34.01
34434
34047
34071
34495
35018
35044
35e70
35095
36.21
36048
36474
3701
37+29
3757
37.85
38,13
38041
38470
38499
39433
3958
39901
40422
40053
404832

contd./
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le2
1e4
1.6
1.8
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LY
©

I0e2
I0.'%
10,6
10.8
1.0
ITe2
1Xe4
11,6
11,8
I32.0

D1

Waa

0.956
0e¢927
0.928
04933
0.951
069712
©e993
1.020
1,050
1.079
1,113
1.147
1,181
1.218
10252
1.287
10326
10356
10385
Ie4lo0
10432
1.448
I1.462
le472
1.480
I.489
14495
10502
14507
1e513
Ie§20
I.528
1.537
1.540
1.556
1.568
1.580
1593
1.608
1.624
1.640
1.658
1.676
1.696
1.716
1.738
1.760
1.783
1.81%
10834
1.86%
1.896
1926

1.956
1.986

100 mm Hg
Ts °K

366
438
531
604
693
788
887
995
IIXI
1228
1359

1493
1629

1780
1932
2086
2257
2413
2576
2729
28178
3019
3148
3268
3379
3493
3595
3692
3788
3880
3968
4057
41417
4333
4320
4405
4490
4576
4661
4748
4833
4919
5006
5093
5178
5266
5356
5446
5547
5633
5733
5833
§933
6035
6134

- 60 ~

Table 5 (contd.)

Zs

I1.000
14000
1000
1,000
1000
1000
L1000
1000
1,000
1000
14000
1000
14000
1,000
1000
14000
14000
14001
I002
1.004
1,007
I1.010
1.01§
1,021
1.028
1.036
le044
1.053
10064
1.075
1,086
1,098
1,112
1.12%
Iel 40
1e155
IeI71
1.187
le204
1e222
1e240
l1e259
1,278
1.299
1.318
1e 340
1'361
1.383
1408
1429
1e453
10478
10502
1e5237
Ie5512

Psa

242
41

10,6

I .I
2206
371
34.8
4301
534
6447
76.8
8907
10402
11949
136.2
1543
1730
192,49
2134
23408
258,0
28143
305¢5
3307
35842
385.8
415+2
4472
481.3
5165
55449
5976
041.5
69044
740.8
7953
853e4
91442
97843
104504
IIIS.?
1189.1
126¢5.8
134360
142507
1511,6
1600.7
1693.9
1787.9
188401
198507
209047
2198,0
230449

™ =
Tsq

1.78

2.74

3.86

$e07

6.30

T¢59

8.87
IO.IS
I1e40
12,61
1380
14.9!
15096
16098
1799
18093
19082
204717
21.67
22.59
23451
2453
25.53
26.56
27.61
28,71
29.80
30496
32,18
33048
34476
36011
3759
39.06
40,66
42433
43.88
45051
4724
48.90
50458
5334
53.88
55e50
57405
58.61
63014
61.64
62,89
64044

65061
66.80

68,02
69.18
7027

290°K

Ss/Ro

26,61
26.65
36,77
26.91
27410
2729
27.50
27473
27496
28419
28043
28,67
28.89
29.13
29436
29.58
29,81
3002
3o0e24
30.44
30465
30.86
31,07
31.27
31.48
31.70
31.91
32411
32.33
3254
3276
32.98
33.21
33443
33466
33.89
34012
3435
34459
34484
35.08
35033
35.58
3584
36008
36.34
36060
36,86
37.16
3739
37468
37496
38423
38050
38476

contd, /
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J0e O
I0.3
I°o4
1046
1048
Il.0
1le2
11e4
11.6
11.8
120

200 mm Hg
Was

00957
0927
O0e930
0933
04954
0e 970
04993
1.031
10050
1.080
14111
1e¢147
I.181
1218
l1e253
1,288
14326
1.363
1.390
1.417
fe 444
I.461
10478
1493
I.504
Ie§I5
10524
Ie532
10540
1549
I.461
10567
1577
1.587%
1600
1.612
1626
1064I
1.658
1.673
1.691
10710
1.730
I.751
1774
1797
I1.821
1.846
10879
1.899
1.933
1.965
I1.998
24039
2,063

Ts °K

438
522

- 61 -

Table 5 (contd. )

Zs

1000
1000
16000
I.000
I.000
I.000
I1s000
1,000
I000
1000
1.000
14000
1000
1000
I1+000
I1.000
1,000
1,001
I<002
1.003
1,005
I.008
1012
l1.017
1,023
14030
I1.038
1047
1057
1.067
10079
1,089
1102
l1eI15
1¢129
1143
1.158
1¢I174
I.101
l1e207
l1e225
1e342
1.2601
1.281
I.301
Ie321
I¢341
1.363
1.387
10406
1e431
1.455
10478
Is501
1.526

Hsa

1e37
1053
.82
2.14
2,48
3085
3426
3e.70
4017
4467
5e21
577
0.37
Te02
7.69
8438
913
Q9e9I
10.71
Ile52
13637
132§
1415
15.07
16,01
16499
18002
19405
20413
21.23
22,438
2357
34480
36,04
27435
28.70
30.08
31449
32.97
34047
36001
3756
3918
40484
42456
4429
46.01
47484
49471
5le55
53e50
55048
5753

§952
61,62

Ps1

342
4ol

10,0
Igel
23.6
3744
3561
437
3e4
446
7604
8907
J0 440
1199
136.2
1543
17249
192.8
21346
33504
258.,6
281.9
30643
331.7
35842
386.9
415'8
447+ 9
480.3
516.3
55348
5941
6370
68304
73248
786 43
840.3
89944
96108
102608
109248
116440
1238,.2
131504
13957
147642
1562,6
165247
174546
1836.8
193544
203603
21372
3344.5

Ty =
Tsa

I1.78

2.74

3485

ge07

6,30

7459

8+.93
10.21
I1e440
12,60
13.81
14087
15696
16.94
1799
184901
Ig.83
20,66
21458
22451
23438
2437
25.31
26,27
2727
284,26
2934
30439
31.56
32.68
33486
35015
36445
37481
39016
40,66
42418
43.603
4511
46471
48424
49468
51418
52465
54-08
5559
56.84
58,18
5932
60.82
61.79
62,86
63.91
64495
65094

290°K
Ss /Ro

25091
25095
26.08
26422
26,41
26,60
26,81
2704
27627
27«50
27473
2797
28.20
28.44
28.66
28.89
29412
29434
2955
2975
29497
30417
30437
30.58
30.78
3099
31430
31.40
3161
31.82
32406
32.25
32647
32.68
32490
33012
33433
3357
33481
3403
34026
34450
34074
34498
3533
35047
3571
35096
30.24
36446
36.73
37400
3726
37.50
3776

contd./



1]

P1
Wia

1e2
104
1.6
1.8
240
2e3
2-4
246
2.8
30
KXY
304
3.6
38
40
4e2
404
4e6
4.8
5«0
Se3
S 4
56
508
.0
62
ey
6,6
6.8
7«0
Te2
7e4

7.8
8.0
8e2
8.4
8e6
B.8
9;0
Je2
9¢4
9¢6
9.8
1040
10e¢2
10e¢ 4
10.6
10.8
Il«0
11e3
11e4
I1.6
I1.8
I2.0

500 mm Hg

Wayq

0e 957
0.925
0e¢930
0933
0e954
0e.970
0e¢992
16022
10052
1.080
1113
1148
1.181
1218
l1e3%4
10390
1‘324
1363
1393
1.424
10451
1'481
1.498
I.SIS
14532
10548
Ie558
Ie571
10582
1e594
1.605
1.617
1.629
10642
1.656
1.671
1.687
I1.703
1.722
14740
1.760
1.785
I1.806
1.827
10850
1878
1.904
1.938
1.961
1.996
3,029
2.063
2.096
20131
2.166

Ts °K

366

440

522

604

695

788

887

997
IX13
1230
1348
1495
1629
1780
1935
2091
22355
2426
2594
2760
2923
3098
3242
3386
3527
3664
3791
3915
4032
4150
4261
4373
4482
4590
4697
4803
4908
sols
51320
5226
5339
5446
5553
5658
5764
5879
5991
6110

6217
63432
6461
6584
6703
6831
6956
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Table 5 (contd, )

Zs

I1.000
I.000
Ie000
1,000
I.000
1000
I1.000
14000
I1+.000
1,000
1.000
1000
I 4000
I.000
1000
I4000
1,000
I«000
1,001
1,002
1,004
1,006
14009
I.013
I.018
1024
1.0312
1039
1.047
1,056
1,066
1.077
1.088
I«100
I.I13
1.127
Ie¢140
1s1559
I.X70
1,186
1,203
Ie221
1.238
1.256
1274
1.294
10314
1.336
1.354
1.378
1399
10421
1¢443
1,466
10488

Ps1

243
442

10,6
I5el
20.6
2761
3408
437
5344
6447
7648
8907
10442
11946
136,2
1543
173e0
1932
2139
3355
359.2
282,7
3073
332.9
35946
388.4
4173
44746
481.2
5349
552e0
59101
63247
676,6
73349
77346
826,8
881.6
94145
100349
106705
113546
1206,.,6
127841
13553
1435e0
I5I5e8
160047
1689,6
177842
187206
1966.1
2065.7
2164,.,6

Ty =
Tsa

1,78
2,76
3.85
507
6030
7060
8.88
10413
11,38
12,60
13.81
14090
15496
16,98
1792

18,88

1984
20.67
21458
32042
23428
24.13
25406
2598
26,88
2779
28.81
2977
304753
31083
32487
3399
35e15§
36.33
3753
38075
40403
4139
42466
44004
4530
46455
47489
49+24
5048
51067
52687
53.86
55.13
56008
57«05
58.02
58494
59483
60,65

290°K
Ss/Ro

35.00
25404
25017
25e30
3549
25468
25489
26,12
26036
26.58
26,82
27406
27-28
27«52
2776
27498
28419
38.42
28463
28.84
2904
29427
29446
29465
29483
306,06
30436
30447
30467
30.87
3107
31028
31e49
3170
31.91
32412
32433
3254
32476
32.97
33020
3344
33466
33487
3409
3433
34056
34.81
35002
35028
35e52
35076
3599
36,22
36445

contd, /



P1

Waig

1e2
leg
1.6
1.8
240
22
244
2.6
2.8
3e0
3e2
3e4
3+6
3.8
440
42
404
440
448
§5e¢O
Se2
Seq
546

e & ¢ 0 o ¢ & ¢ o o ¢ o o

COOVWYWOOOOONNINI~II O
O OD N O oA B O OO MO X

-
O ©
e o
[¢]

10e2
I0e 4
10,6
1048
11«0
I11e2
I11e4
11.6
11,8
1240

1000 mm Hg

Way

0957
0e927
0e930
04933
0953
Os 970
Ce 992
1,018
1.044
1.078
1.112
10147
I1.184
1217
14253
1.289
I1.335
10365
1+400
1.430
Io460
1486
1e512
Ie531
1e 550
Ie§70
10584
1.598
I.611
1,625
1.637
1.653
1.671
1.682
1.699
1e715
1733
Ie751
1e771
1.792
1.813
1.835
1.857
1.885
10908
10945
1.967
2.004
2.030
2.067
324101
2137
24172
2310
24347

Ts °K

366

438

532

604

694

788

886

993
1105
12237
1358
1494
1633
1718
1933
2090
3245
24329
2606
2774
2942
3113
3278
3430
3581
3730
3872
4004
41332
4358
4381
4508
4631
4746
4865
4982
5098
5314
5333

5450
5568

5685
5802
5925
6042
6181
6292
6429
6546
6683
6813
6949
7083
73323
7361
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Table 5 (contd.)

Zs

1000
1000
1000
14000
1000
14000
14000
Ies000
1,000
1,000
1,000
I1000
1000
1,000
1,000
1,000
Ie000
I1.000
1,001
1001
14003
1,004
14007
1,010
1,015
Je0O20
1.026
1033
1.040
10048
1.087
10067
1.079
1,089
I¢«I101
1el14
Iel2T7
1155
IeX70
IQI86
I1e¢301
14218
1236
14253
16274
I1e291
1312
I+330
1.353
1.373
1.394
Ie41§
10436
1+458

Heq

127
I1.52
1.82
2.14
2448
2085

Se21

7e01
7.69
8.38
913
991
10472
11054
12.38
I3.30
14021
I5.15
16,11
17«10
18014
19¢20
20427
2!.38
22+54
23«75
24.96
26,32
27453
284,87
30e2 9
31,66
33015
34463
36,18
3775
39637
41.03
4274
4453
46427
48.13
4995
51.88
53081
55082
57.82
§9e90
©1497

Ty =
Ts1

1.78

274

3085

5007

6.239

7459

8.87
I0e17
11645
12,61
13.80
14091
15493
I7.02
17.99
18090
19.83
20.64
21448
22435
23.20
24405
24.88
25476
26,63
37449
28.44
2935
30.28
3121
32427
33427
3423
35+34
36443
37055
38067
39484
41.04
42421
4343
4459
45.82
46088
48.08
48499
50.16
§1.06
53413
52499
53086
5471
§5+53
56.32
57404

290°K
Ss/Ro

2430
2434
24.48
24.61
24480
24499
35.20
35641
25.64
25.88
326,13
264,36
26,60
26,82
27.06
27428
27-50
27«73
2795
28415
28.36
28,56
28077
28496
29416
2937
29.56
29,76
29495
30.15
3034
30s55
30677
30496
31,16
31436
3157
3177
31.99
32419
32.40
32461
324,82
33004
33625
33e51
33«70
33«95
34014
3439
34061
34484
35e05
35.38
3549

contd./
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10,2
I10e¢4
10.6
10.8
I11.0
11.2
11.4
11.6
11,8
12,0

ES

2000 mm Hg

Was

0e957
0e925§
0.930
00933
0e954
O¢97O
0.+992
I1.022
I1.0587
1.079
Ie114
10147
1.181
1.218
1.25%
1.289
1.32%
1.363
1399
16435
1.463
1¢495%
1.518
1544
1.565
1,588
10607
1.624
1e641
1.655
1.669
1.686
1709
10724
1e741
1759
1778

1799
1.820

1.842
1,866
1.890
1917
1.944
1.966
2.004
24029
2069
2.104
26132
2170
26210
3248
2287
26329

Ts °K

366
4 40
522
604
695
788
887
997
1118
1228
1361
1494
1630
1780
1936
2090
2357
2427
3606
2784
2952
3135
3296
3466
3626
3788
3943
4089
4232
4366
4302
4636
4781
4906
5036
5165
5294
5422

5559
5682

5812
5941
60176
6207
6333
6481
6609
6761
6903
7037
7185
7339
7487
7638
77917
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Table 5 (contd.)

1,000
14000
14000
I.00O0
1000
I.000
I1.,000
1,000
1.000
14000
14000
14000
1,000
1,000
1000
1000
I000
1,000
1,001
I1.001IX
I1.002
10003
IQOOS
1,008
1011
1.016
1,021
1,027
1.034
1.041
1.049
10058
1.069
1.078
1.08¢9
I.I0IX
1113
1.126
1.139

10154
1,168

1.183
1.199
1.216
1+230
1250
1266
14287
I1.306
1323
14343
1.364
1.384
1.404
Ied25

137
153
1.82
2414
2.48
2.85
.25
3e09
4.17
4,66
5.21
5478
0437
T7e02
770
8.38
9e¢13
9e 91
Ioe71
I1455
12,40
13432
14.20
15416
16,14
1714
18019
19424
20.33

e

23080
25.06
30,29
27.60
28.96
30435
31.76
3J3.31
3475
36.28
37084
39449
41.13
42.83
44058
46435
48e22
50407
51097
5391
5595

5795
60,01

63015

P51

443

1006
15.1
20.6
27.1
348
437
5304
64.7
76,8
8947
10402
11967
136.2
15403
17249
193+4
21402
335.9
25947
28441
308,6
33443
36!.4
39045
419.6
45040
48106
51603
55102
58906
628,2
670,42
71445
761.3
810.3
86304
91804
9757
103502
10993
116445
123343
1304.2
137641
145445
153344
1614.5
169706
178547
1873.6
1963.5
305941

h =

Tsa

1.78
2.76

3485

507
6.30
7+%0
8.88
10413
11035
12,61
1379
14491
I15.96
16,98
17493
18490
19483
20,466
ZIQSI
22429
2314
334959
24487
25461
20443
27424
28413
284,98
29483
30673
31e712
32460
3347
34044
35044
306445
3747
38.49
39455
40.63
41.68
4372
43476
44.76
4590
46.67
4770
48449
49+ 30
56429
51e02
51e74
5245
§3+11
53675

290°K
Ss /Ro

23.61
23465
2378
23.92
24.!1
24.30
24.50
24074
24499
25.19
2544
25.67
25490
26,14
26437
26,58
26081
2703
2725
2747
27066
27.88
284,06
28427
38446
28.67
28.87
29,06
29.25
29e44
29462
20482
30.05
30e33
30.42
30462
30482
31.02
31.22
31'42
3102
31.82
32.03
32.24
32.42
32466
32484
3308
33e30
3348
33.70
3392
34613
34433
3455



FIG. |

Diaphragm

Idealised shock-tube flow.

(a) Physical plane.

(b) Distance-time plane.

t=—'t|



EqD (4.2)

Sketch illustrating iteration procedure.
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