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EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW !

By AvEs RESEARCH STAFP

SUMMARY

This report, which is a revision and extension of NACA TN
1428, presents a compilation of equations, tables, and charts
useful in the analysis of high-speed flow of a compressible fluid.
The equations provide relations for continuous one-dimensional
flow, normal and oblique shock waves, and Prandil-Meyer
expansions for both perfect and imperfect gases. The tables
present useful dimensionless ratios for continuous one-dimen-
sional flow and for normal shock waves as functions of Mach
number for air considered as a perfect gas. One series of charts
presents the characteristics of the flow of air (considered a. perfect
gas) for obligue shock waves and for cones in a supersonic air
stream. A second series shows the effects of caloric imperfec-
tions on continuous one-dimensional flow and on the flow
through normal and oblique shock waves.

INTRODUCTION

The practical analysis of compressible flow involves fre-
quent application of a few basic results. A convenient
compilation of equations, tables, and charts embodying these
results is therefore of great assistance in both research and
design. The present report makes one of the first such
compilations (ref. 1) more readily available in a revised and
extended form. The revisions include a complete rewriting
of the lists of equations, as well as the correction of certain
typographical errors which appeared in the earlier work.
The extensions are primarily in the directions dictated by
increasing flight speeds, that is, to higher Mach numbers and
to higher temperatures with the accompanying gaseous
imperfections.

Compilations similar to those of reference 1 have been
given in other publications, as, for example, references 2
through 6. These references have been utilized in extending
the tables and charts to higher values of the Mach number.
The extension to imperfect gases is based on the relations
presented in references 7 and 8.

SYMBOLS AND NOTATION
PRIMARY SYMBOLS

a speed of sound
A cross-sectional area of stream tube or channel

Oy

k=~

normal-force coefficient for cones, Iﬂzﬁ%@ﬂa
oMb

specific heat at constant pressure

specific heat at constant volume

enthalpy per unit mass, u-+pv

characteristic reference length
7
Mach number, %

pressure 2
dynamic pressure, p V?/2
heat added per unit mass

gas constant

Reynolds number, pTVZ

base area of cone

entropy per unit mass
absolute temperature 2
internal energy per unit mass

. 1
specific volume, ra

velocity components parallel and perpendicular
respectively, to free-stream fow direction

velocity components normal and tangential,
respectively, to oblique shock wave

speed of flow

maximum speed obtainable by expanding to
zero absolute temperature

external work performed per unit mass

angle of attack

VAF=T]

ratio of specific heats, %—’1

v

angle of flow deflection across an oblique shock
wave '

shock-wave angle measured from upstream flow
direction _

molecular vibrational-energy constant

Mach angle, sin‘l—jlz
absolute viscosity
Prandtl-Meyer angle (angle through which a

supersonic stream is turned to expand from
M=1 to M>1)

1 Supersedes NACA TN 1428, ¢ ‘Notes and Tables for Use in the Analysis of Supersonic Flow’’ by the Staff of the Ames 1~ by 8-foot Supersonic Wind-T'unnel Section, 1947,
2 When used without subscripts, p, p, and 7' denote static pressure, static density, and static temperature, respectively.
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£ pressure ratio across & shock wave, %
p _ mass density 2
¢ semivertex angle of cone
SUBSCRIPTS
free-stream conditions
1 conditions just upstream of a shock wave
2 conditions just downstream of a shock wave
f total conditions (i. e., conditions that would
exist if the gas were brought to rest isen-
tropically)
* critical conditions (i. e., conditions where the
local speed is equal to the local speed of sound)
¢ conditions on the surface of a cone
r reference (or datum) values
pert quantity evaluated for a gas which is both ther-

mally and calorically perfect
therm perf quantity evaluated for a gas which is thermally
perfect but calorically imperfect

() derivative evaluated at constant pressure

( s derivative evaluated at constant entropy

( )z derivative evaluated at constant temperature

(s derivative evaluated at constant specific volume

{ Jrer quantity evaluated over a reversible path
NOTATION

The notation in brackets [ ] after many of the equations
signifies that the equation is valid only within certain
limitations. For example:

[perf] means that the equation is restricted to a gas
which is both thermally end calorically
perfect. (By “thermally perfect’” it is
meant that the gas obeys the thermal
equation. of state p=pRT. By “calorically
perfect” it is meant that the specific heats
¢, and ¢, are constant.)

means that the only restriction on. the gas is
that it must be thermally perfect. Equa-
tions so marked may be used for calorically
imperfect gases. (They are, of course, also
valid for completely perfect gases.)

means that the flow process must take place
isentropically. Egquations so marked may
not be applied to the flow across a shock
wave.

means that the only restriction on the flow
process is that it must take place adiabati-
cally—that is, without heat transfer. (Such
a flow process may or may not be isen-
tropic depending on whether it is or is not
reversible.) Equations so marked may be
applied to the flow across a shock wave.
An equation without notation has no restrictions beyond

those basic to the study of thermodynamics and/or inviscid

compressible flow.

ftherm berf]

[isen]

[adiab]

FUNDAMENTAL RELATIONS

THERMODYNAMICS
THERMAL EQUATIONS OF STATE

A thermal equation of state is an equation of the form

p=p(, T) (1

Several of the more commonly used thermal equations of
state are the following:
Equation for thermally perfect gas

=RTT= pRT [therm perf] (2)
o dp dp dT
__2___P____= ¥
> T 0 [therm perf] (3)

Equations for thermally imperfect gas

Van der Waals’ equation (ref. 9)
P=,"F (4}

where ¢ is the intermolecular-force constant and b is
the molecular-size constant (see ref. 9, pp. 390 et seq. for
numerical values).

Berthelot’s equation (ref. 7)

=3

v—b _557' (5)

where b is the molecular-size constant and ¢ is the
intermolecular-force constant (see ref. 7 for numerical
values).

Beattie-Bridgeman equation (ref. 10)

S EYED) IO

where a, 4y, b, By, and ¢ are constants for a given gas
(see ref. 10, p. 270 for numerical values).

CALORIC EQUATION OF STATE
A calorie equation of state is an equation of the form

u=u(v, T) (M

It can be shown that
du=c, dT+[T(g% —p] dv (82)
du=c, dT [therm perf] (8b)

If the gas is calorically perfect—that is, the specific heats
are constant—equation (8b) can be integrated to obtain

w=¢,T+u, [perf] (%)

2 When used without subseripts, », p, and T dencte statie pressure, static density, and static temperature, respectively.
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ENERGY RELATIONS

The law of conservation of energy gives
dg=du-+dw (first law of thermodyna-mics)} (108)

=du+p do=dh—v dp
dg=c,dT+p dv
=¢, dT—v dp

42:-'—1*.',:'\7

} [therm perf] (10b)

SPECIFIC HEATS

The specific heats at constant pressure and constant
volume are defined by

_(29Y _(2h
»=37),=37), (11)
| _[0¢\ _[ou
=(5%),~(37), (12)

It can be shown that

= = < (13a)
[ ++16R

¢,—¢=R [therm perf] (13b)
The ratio of specific heats is defined as
=%
=g (14)

~ According to the kinetic theory of gases, for many gases over
a moderate range of temperature,

_n+2
r=—7 (15)
where 7 is the number of effective degrees of freedom of the

gas molecule. Useful relations for thermally perfect gases

are
cp_%:g,,-}- R—'Yﬁgl [therm perf] 16)
d R
¢ d_g’=c” R= o [therm perf] a7
ENTHALPY

The enthalpy of a gas is defined by

h=ut+pv (18)
It follows that

dh=du-p dv-+v dp=dg+v dp

B[ @) 7@ o

dh=(co,+R)dT=c¢,dT [therm perf] (19b)
h=(¢,+R)T+u,=c, T+u, [perf] (20)

=|:c,+v

ENTROPY
The entropy is defined by
It follows that
_(dutdw\ _ /dutpdoN _  dT, /op
ds_( T )rn—< T )Tﬁﬂ—c" T +(aT ﬂd (223’)
-
ds=c, %+R —
aT dp
=¢, T— _;.
L [therm perf] (22b)
ar dp :
=, TR L
ot
p P J
T 2
§—8,=¢, In T,_R In — p
T
=c, In —T—T—Rln% L [perf] (232)
=¢, ln lo——c,, In £
- PrJ
T, N
= ey
T/T,
=y In pr Utz - Iperd] (23b)
— p[p:
=l oy
%—- g”; e¢ /o [perf] (24)
The second law of thermodynamics requires that
s—s,20 [adiab] (25)

CONTINUOUS ONE-DIMENSIONAL FLOW
BASIC EQUATIONS AND DEFINITIONS

The basic equations for the continuous flow of an inviseid
non-heat-conducting gas along a streamline are as follows:
Thermal equation of state

%: RT [therm perf] (26)

Dynamic equation

% dp-+VdV=0 1)
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Energy equation

du-t-d (2>+VdV=o
P [adiab] (284a)
dh+VdV=0
¢, dT+VdV=0
[adiab, therm perf] (28b)
2 d(B)+vav=o
T—1 " \p
Additional useful variables are defined as follows:
Speed of sound
R N
=\/ - §= YET [therm perf] (29D)
=~49.0 /T ft/sec for air
if T is in degrees Rankine
(=degrees Fahrenheit1459.6) (29¢)
Mach number
Vv
M =7 (30)
Dynamic pressure
_1
=—2' V2 (3] a)
=% pM? [therm perf] 31b)

INTEGRATED FORMS OF ENERGY EQUATION

The energy equation (28) can be integrated at once to
obtain
V2
h +?=consba,nb=h,

[adiab] (32a)

-

&
c,,T—i-?:c,,T,

v-— <p> i~ 11 %)

a?
1+ 2 ,Y(ﬁl f [adiab, perf] (32b)
V2 vy+1
St 2<
V V.
v— 1 2 J

The three reference speeds a;, ay, and V,, are related by

< a,) 'Y+ 19

%) =”f_“—i . [adiab, perf] (33)
Kmy:i

a; Y=

PRESSURE-DENSITY RELATION
From equations (27) and (28b) it follows that

p

£ constant:ﬁ% lisen, perf] 39

from which

=(_:_t>y=<7_1;>'7:!‘—1=<%>72}1'~ [isen, ?erﬂ (35)

BERNOULLI'S EQUATION

Combination of equations (32b) and (35) gives Bernoulli’s
equation for compressible flow in the form

-1
() T+ F-4(
v—1 \p: D: 2 'Y_'—l P

1 ) lisen, perf] (36)

RELATIONS BETWEEN LOCAL AND FREE-STREAM CONDITIONS

With the aid of the foregoing equations it can be shown that

== 12 [ () -]

e e A I C 2 >—1]}
z={i-5 () "1]}

In small-disturbance theory, where it is assumed that
(V—-V_)KV,, these equations take on the simplified form

[adiab, perf] (87)

[isen, perf] (38)

[isen perf] (39)

Fat—a—0M.2 Y e fadish, perf]  (40)
;’ ~1—yM 2 V? Ve [isen, perf] 41)
P o ar e V=V i

o ~1—-M, 7. [isen, perf] ' (42)

USEFUL RATIOS

On the basis of the above results, useful relations can be
derived expressing various dimensionless ratios as functions
of a single parameter. These relations are given below,
grouped according to which of the various parameters
(M, Vi]a,, V]a,, or V/V,,) is used as the independent variable.

In each case the second form of the equation applies for 'y=%-
Parameter Af.—

TT(H M> 1=<1+%ﬁ>—1 [adiab, perf] (43)

<1—l—'y 1M2> 1=(1+M?2>—ZT [isen, perf] (44)

_5
E_ 1+X5= 1M2) 1=<1+%ﬁ) ’ isen, perf] (45)

o (1475

L =
M2> 2=<1+MT” " [adiab, perf] 46)
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M? [therm perf] 47

[isen, perf] (48)

(e gy
— M2'<1+—2‘5£>_1 ladiab, perf] (49)
B

_6M?

(1 +%’>'1 [adiab, perf] (50)
(7o) =25 2 (14757 22)”
-'——1‘54—2<1+1V5f>_1 [adiab, perf] (51)

v
Parameter —.—
G

T_._ y—=1/V
Tl 1 v+1 )

Pt [ z;; (V>:|7_1 ,
=|:1 -1 (g;)z]g [isen, perf] (53)
pz 7+1 (V> ]7—1
—[1——( >] lisen, perf] (54)
a’t z;i( >:| .
J1=L(ENT  [adiab, pert (55)
(-3
=EC -E@T
-=—7§ ((%)2 [1—6 ((%) ]—1 [adiab, perf] (56)
_1_
=@ -EET

-

351779—56—2

VY [adiab, perf]  (52)
1]

)2]% [isen, perf] (57)

-G = @T
-2 () [1-3(% ) e, pert 69
@) -G =3 @)
) - @) =@

Parameter Z —

__= 7_1 <V>_ —z <Z> [adiab, perf] (61)

__[1_1_—_1< )]7—1
—‘[1——< ):I lisen, perf] (62)
=
L_ 1___( ]7
5
@ wnen o
L]
az
=[1—% (Z—i—)z:l% [adiab, perf] (64)
HOT-2OT
( >[ —_— (Z)Z:]—l [adiab, perf] (65)
=
=@ @1
10( )[ ( )T [isen, perf] (66)
( >[ 'Y—l V)'-‘I—l
) [1-3 @) rdib, sy 67

%)2 T+l < —-g- (a,z,)z [adiab, perf] (68)

() =% &)=

[adiab, perf] 59

[adiab, perf] (60)

o

( [adiab, perf] 69)
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Parameter Vl.——

m

T LAY
T‘_l-—(-v;) [adiab, perf] (70)

—--— 1— ( 1=[1—(T]V;)2]% [isen, perf] (71)

1 5
r—- 2=l 22
Lj1~ 'T'/V; j 1=[1—(—%) ]2 [isen, perf] (72)

Pt L
1
— 12
£ f1- % T [adiab, perf] (73)

=1 (Vl) LT\, )]—1

- Vm) [1 (V)]—l lediab, perf] (74)

2= (WD-GT
L T-GOT

w= 4G -GT
=3 (_‘}’;) [1_ ‘%)2]—‘ [adiab, perf] (76)

G- o) wmnm o

Tables I and II list numerical values of the following ratios
with Mach number M as the independent variable:

[isen, perf] (75)

Pt Pt "TY t pz Qy
STREAM-TUBE-AREA RELATIONS

If it is assumed that the density and speed are uniform
across any section of a given stream tube, then the equation
of continuity is

pVA=constant=p,a,4, 79

By combining this and certain of the foregoing equations,
the area ratio A,/A can be expressed as a function of any
one of the four parameters used above. The final equations

are
¥+l L
ﬂ____(?'i‘l)z(?_nM (1+.Y_1 M") 2(y~1)
4 2
216

-3 .
=138 M (1 +— ) [isen, perf] (80)

4 O OT
5 5
= %)2 (az*)[l—% (%)2]2 lisen, perf] (81)

4 (D2 (DT

BOLAET e o

42 (TR I-ET
- (T e 09

Numerical values of A./A as a function of M are given in
tables I and I1.

Equation (79) combined with equations (26), (20b), (45),
and (46) can be employed to obtain the mass-flow rate per
unit area pV along a stream tube as a function of Mach
number, total temperature, and total pressure. Numerical
values can be obtained conveniently from chart 1 where the
variation with Mach number of the mass-flow rate per unit
cross-sectional area is presented for various total temperatures
and a total pressure of 1 pound per square inch absolute.

SHOCK WAVES

NORMAL SHOCK WAVES
BASIC EQUATIONS

The previous relations for isentropic flow are valid on
either side of a shock wave, but not across it, because at the
shock wave the flow quantities bave discontinuities. Jump

'

LELL L L L L LSS LSS

’,f-Shock wave

/A v P2 Fa
hn 2

T! a) M| M2

5 S2

- T a3

Yttt

Ficore 1.—Notation for normal shock wave.

conditions for a steady normal shock wave (fig. 1) result
from requiring conservation of

mass: p1UL= palla (84)
momentum : D1+ o1t =p;+ patts® (85)
energy:? u1’+h1=— u2-+hy [adiab] (86a)

2

1The actusl relation for conservation of energy is mw (-‘2- m’+fu) =patis (-% u:'-i-h:); it
reduces to the ahove form in: view of equation (84).
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1 1
3 U-+c, T1==§ U, T

Y P

pry > [adiab, perf] (86b)

wd Y D l 2
+ 1p1 2u2+

1 1 1
2+ —1 G12=—2' u22+7_1 as’

2
1
2 o
together with the requirement that the entropy does not

decrease:
As 582—8120. (87)

It follows immediately from the energy relation (86) that
total enthalpy, total temperature, and total speed of sound
are constant across the shock and hence (from the previous
relations (33) for adiabatic flow) also the critical speed of
sound and limiting speed:

 hy=h, [adiab] (882)
T‘1=T‘2
Qy, =0,
[adiab, perf] (88b)
Gy =0y,

Combining equations (84) to (86) leads to Prandtl’s
relation

[adiab, perf] 89)

Uty =g, 2=L2P1
P1

pa—

which implies that the flow is supersonic ahead of the shock
wave and subsonic behind (the reverse possibility is ruled
out by the requirement of nondecreasing entropy), and to
the Rankine-Hugoniot relations

p2_ (y+1) pa—(y—1) ps
P (v+1) p1—(y—1) p2

p2_ (v+1) pot+(y—1) py
pr (y+1) pi+(v—1) pa

pz—P1= p2+p1
P2 p1 P2+P1

[adiab, perf] 90)

[adiab, perf] 91)

[adiab, perf] 92)

USEFUL RELATIONS

Many relations for normal shock waves are conveniently
expressed in terms of either upstream Mach number M; or
the static-pressure ratio across the shock ¢=ps/p;. The fol-
lowing relations apply to adiabatic flow of a completely
perfect fluid. The last form of each equation holds for

v="7/5.

Parameter M;.—

Pa_ _27M12_(7_1) 7M12—1
Pl | 8 (93)
£2=£1=u_12_&_2_ (v+1) M2 6My? 00

(v—1) M7+2" M?+5

~

Tg 0122
T, af

RyM?—(y=1)] [(y—1) M,*1-2]
(‘Y+' 1)2 M2

_(TMP—1) (M345)
= 67 (95)

Mp2= (v— 1) M*+2 M12+5

T M —(y—1) TMi— (6)

P2_ 2y MiP—(y—1)
YN v+1

[('Y'- 1) ?Mlz'l' 2]
z
=P (k) o

Sz

yi) 4yMPE—2 (y—1) 7_
N N CESV 72,

Dy p-’2_e"A_1g

Dey Py

1
_(y+1) MP “"1[ v+1 =
(‘Y"‘l) M?4-2 2y M2 —(v—1)

= A%ﬁs) (7M1 1) (99)
R e

=<“;f*>f (=) oo

. (Rayleigh pitot formula)
—(v 1) »=—@—Dln (p">

_ 27Mx —('v—l) (v+ 1M,
‘ln[ ] [w—nwlz

7M1—1 60,3
= (75=)—5n <M12+5 (10)
Po—D1 4(M1 '—'1) 5(]‘4-1
PR R} 7 3M1 (102)

Numerical values from equations (93), (94), (95), (96), (99),
and (100) (with y=7/5) are given in table II.

For weak shock waves (4, only slightly greater than unity)
the following series are useful:

p‘z

=1— 3(7+1)2 (MP—1) +( +1)3 (MP—1)4 o+

245

—1— 25 M- g ny g (103)
As 1 As

BT oS O = e
=22 (a2 — 1225 (-1 - (104)
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Paramefer £=7p,/p,.—

My (‘Y+1)52-{;(7-.-_1) 65+1 (105)
pr U (’Y—l)f+(7+1) f+6
T, a" (y—DE+(y+1) £4-6
T ot P DET (=D 66+1 (107)
(y—1DE+GH+1) _¢4-6
M2 IvE = 7E {108)
7
pz__ )i 4y 7_ d
L E{(7+1)[('Y—1)E+(7+1)]} 5[6(s+6)
(109)
P { dvg }7-1 a5 T
P, P, DI+ 1DE+E—1)] 8(6t+1)
(110)
Pa_pu_, ¥, [ Vet =1
Dy Py ('Y“I)E'l'(’}"{'l)
6.E+1 ;
‘<s) 16 (111)
=(r—1) F=—(—Dn (%:—f)=lns—
(r+1)é+(y 651
i 6 1)s+(7+1)] Ing— 1(s+6 (112)

For weak shock waves (¢ only slightly greater than unity)

Dy, v+1 'Y+1

i G S G
= 1—'— (t— 1)3+ (E 1)+ (113)
As_ 1 As_y+1 7-[—1
B 7—ic, 127 (E—1)*— E—1*+ -
= 12 -1 (114

In unsteady flow a normal shock wave acts at each in-
stant as a steady shock. Hence all the above relations are
valid across 2 moving normal shock wave if instantaneous
velocities are measured relative to the shock.

OBLIQUE SHOCK WAVES

In general, a three-dimensional shock wave will be curved,
and will separate two regions of nonuniform flow. How-
ever, the shock transition at each point takes place instan-
teneously, so that it is sufficient to consider an arbitrarily
small neighborhood of the point. In such a neighborhood

Shock wave—~__

Y
Py
T. ’ a, ‘TII
M s
Streamline

/

FieorE 2.—Notation for oblique shock wave.

the shock wave may be regarded as plane to any desired
degree of accuracy, and the flows on either side as uniform
and parallel. Moreover, with the proper orientation of
axes the flow is locally two-dimensional. Hence it is
sufficient to consider a straight oblique shock wave in a
uniform parallel two-dimensional stream, as shown in figure 2.

BASIC EQUATIONS

For a steady oblique shock wave, jump conditions result
from requiring conservation of

mass: p1i = polis (115)
normal momentum: p;-+ prity =ps+ pqit,? (116)
tangential momentum: pyé: 5= pyflss (117)
energy®: 2 (t+5)+ h1=% (@25 +haadiab]  (118a)

3 @5 e, Timg (it 5 +e, T, )

(u12+?,12)_|__7_'_ pl__ (@12 59+ 2 — P2 [adiab,

Y—1 p2 perf

1.,
3 (U —‘ (i

(118Db)
together with the requirement that the entropy does not
decrease:

Ag=8§,—8,=0 (119)

Again it follows from the energy relation (118) that total
enthalpy, total temperature, and total speed of sound are
constant across the shock and hence also the critical speed
of sound and limiting speed:

h;1=h‘2 [adiab] (120)
Tt1.= T;z
=% [adiab, (121)
perf -

Q)™= gy
V—ml= Vm..z

+ Compare remark for normal shock waves, footnote on page 6.
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CONNECTION WITH NORMAL SHOCK

A comparison of equation (115) with (117) shows that
the tangential velocity is constant across the shock wave:

91=17, [adiab] (122)

so that the change in velocity is normal to the shock. It
follows that

so that the energy equation (118a) reduces to
5 Wt hi=g @2+hy  [adiab] (123)

Now equations (115), (116), and (123) involve only. the
component of velocity % normal to the shock, and are
identical with equations (84), (85), and (86) for normal
shock waves. Hence an oblique shock wave acts as a
normal shock to the component of flow perpendicular to
it, while the tangential component is unchanged. This is
also clear physically from the “sweepback principle”’ that
the oblique flow is reduced to the normal flow by a uniform
translation of axes (Galilean transformation).

Because the speed of sound depends on the tangential
velocity, Prandtl’s relation differs from that for normal
shock waves (see ref. 11, pp. 302-303):

~ ~ Y— 1 ~ .
Uly=a,’— pomy ??  [adiab, perf] (124)
where a, and 7 can be evaluated on either side of the shock.
The Rankine-Hugoniot relations are the same as for
normal shock waves:

Pe_ (v+Dps—(y—1p: . _
21 v+ Dpi—(r—1)pg [adiab, perf] (125)

pz__ (y+1)pa+(y—1L)ps )
o1 (vFDpiF(r—1Dp; [adiab, perf] (126)

f:::f:=»y f:if; [adiab, perf] (127)

USEFUL RELATIONS

Because an oblique shock wave acts as a normal shock
to the flow perpendicular to it, the previous relations for
normal shocks (except those for ratios of static to total
pressures) apply to oblique shocks if M; and A, are replaced
by their normal components M, sin § and M, sin (§—3).
This gives most of the following relations; the remainder
are derived from them by using the kinematic condition
that the stream turns through an angle §, together with the
previous isentropic-flow relations.

Parameters Af; and 9.—

P2, 2vM7sin'6—(y—1) 7My sin’9—1

pl o] § (128)

- My? sin*(6—8)=

ps_ W (y+1)M®sin?@ _ 6M%sin)
pr Uz (y—1M?2sin?0+2 M,?sin?6+5
Tz agz [2’)’11./[12 sin®*g— (’Y—" 1)] [(‘Y— 1)M12 Sin20+ 2]
T a? (v41)204,2 sin?f
__(7M,? sin%0—1)(A4,? sin%0+ 5)
- 36M,°
(y—1)M*sin%*0+2  M,?sin®*0-+5
2yM? sin®6—(y—1) 7M?sin*0—1
(181)
M o (v +1)2M,* sin’0— 4(M,? sin®0— 1)(vM,2 sin%6+1)
T [2vM? sin®%—(y— 1)][(y— 1)M;* sin%6+- 2]
__36M,* sin?0— 5(M* sin®— 1)(7M? sin?0-+ 5)
B (7M,? sin?9— 1)(M4;2 sin®9 - 5)

(129)

(130)

(132)
Uy _ (y—DMPsin’6+2 . M?sin’045
Vi— GEDMIsme S0 0="gi77emry Sl (183)
%21=€—;1=cos 8 (134)
Uy _2(M?sin’9—1) . 5(M:* sin’0—1)
AR E VY A 637 (188)
Vg 2(2‘112 sin®g— 1) _ 5(M12 sin’*g— 1)
7 CEmN YA cot H_W cot 9
(136)
V22 1—4 (]‘.’[12 sin?g— 1)(’)’.21{12 sin26+ 1)
Vi (v+ 1)%044% sin®6
_ 5 (M,? sin®0—1)(7M,® sin%9+ 5)
=1 36 Mi* sin®e (187

v+ 1)M12 _ 1:]
2(M? sin*d—1)

_ M2

2 cot 0(M,? sin®0—1) 5 cob §(M:? sin® 6—1)

cot 6=tan 6

b 0= Py F1—2 56 5+ 6—5 sin)
(139a)
_ M;® sin 26—2 cot 6_ s M, sin 26—2 cot 6
" 2+4+M*(v+cos 20) ° 10-+DME(7 5 cos26)
(139b)
P2 _2vM,* sin® §—(y— l)l: 2 ]F-'l
D¢, (v+1) (y—1DM+2
_TM2sin?0—1;7 5\
=% (a7 5) (140)

Pa_ {,,[2~er2 sin? §— (y— 1)] [(y— 1)M? sin? 2] } =
Dy, (v+1)2M* sin? 6 [(y— 1) M7+ 2]

2 oin2 A 2 I 2 7/2
=[5 (7M,2 sin? §— 1) (M,® sin® 6+ 5) (141)

36M,* sin® 6(M,°+5)
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Py _Pu_%
Dy, Py

_[_G+1)Msin® 6 ] [ v+1 :I
(y—1)M,*sin® 6+ 2 2yM,?sin? 0— (v—1)

60,2 sin? g \'/%
“\M7sin? 0+5) (7M'1 sin® f— 1) (142)
p‘z__[ y+1 :l %
2yM,? sin® —(y— 1)
{('y-l-l)MI 51n’0[('y—1)M12+2]}7—1
2[(y—1)M,? sin® 6+ 2]
_( 6 )5’2 60,2 sin® O(M2+ 5) T2 143)
~\FarFsnr =1 (7 s 615) (
Aa_ o BS_(P
. r—03 (y—1) In 'pzl)
—In [2711!12 sin? f—{y— 1)]__
v+1
In (v+1)M2 sin® 6 :I
YL G —1M7 ¢in? 612
fTM?sin? 0—1\ 7 60,2 sin® 0
_hl( i )—5 n(M',z sin? ¢+ 5 (144)
pa—p1_ 4(M*sin® 6—1) 5 M*sin® 6—1 (145)
a1 (+DM? 3 M? '

Values of the following ratios for oblique shock waves can be
read from table II, provided A/, sin 8 is used instead of Af; in
the first column:

P- 23 Tz D,
2)1 m Tl Py

For weak shock waves (M sin & only slightly greater than
unity) the following series are obtained from equations (103)
and (104) by replacing M, by Af; sin 6:

P,

1—371=1 30y +1)2(‘Ml sin® § 1)3+( +1)3(M1 sin? 0—1)4+..
=1—%(Mf sin? §— 1) 242@»11 Sin?o—1)44-. .. (146)
g; 'yil i": 3(7_1_1)2(21[1 sin? 6—1)}—
w+1)*(M1 sin’ 0—1)'+
(Ml sin? §—1)8— (MI sin? 0—1)44-. . (147)

216 864

Parameters 6 and §.—

1 y+1lsinésing . ,, v+1 tan §

M2 ALz s’ 6— 2 cos(f—0) sin” 6 2  tan 5-+cot 8
Canzg Y1 tan 8
=S 0—"5" tn 6+cot &

(148a)

Mie 2(cot 8-1-tan &)

' " sin 26—tan 6(y+cos 26)
_ 10(cot 8--tan 8)
" 5sin 26—tan 6 (75 cos 26) (148D)
Dr—P1__,Sin B sin g
gi ~ cos (6—8)
tan § tan 6
=2t 5+cot 52 tan 8+cot & (1492)
pa—pi_ S (149))

ps  sin @ cos (8—3)
Parameters Af, and 6.—

No convenient explicit relations exist. IHowever, the
value of sin? ¢ can be found by solving the following cubic
equation (ref. 12):

sin® 8-+b sint 8+4-c¢ sin? 8+d=0 (150u)
where e
p=—ME2 it )
221.{1 1 ('Y+1)2 s g -
C=""7377 I: +- Mz]sm §» (150D
cos® &
d=="gF )

The smallest of the three roots corresponds to a deerease in
entropy and should he disregarded.

For weak shock waves (small deflections §) the following
series are useful (note that & must he measured in radians):

7M1 (r+DAMP— 1AL 1) |,
1+(Zl 1)”26"{"7.:1{12 4(1‘1‘_ 1). o 52+
M2 12 . 12y—3
(_?\[T;._I]_)TIE (‘Y;-,) M — s .;1 v RYASS
St 1):1f.f1*—flff+§:l B+... (sl
¢ A=t 2(MI —1}2
1 1)? 7+12y—3
(Mz—1)y"" (H_ R agp—TE 7o T Mo+
3 4 [, 2 4 3 BY
5(7+1)Ml—_MI +§ 8-... (152
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P2 M* s B—7)MP(MP—2)+4

p1 1+(M2 1)V o+ My 4(MzP—1) R
(y— DM (153)
e
(y—1)hge OE I)M‘t(i%‘_z_&? VM=l sy q54)

Since flow through weak shock waves is nearly insentropic,
compressions through small angles can also be calculated with
the aid of table II by regarding them as reversed Prandtl-
Meyer expansions (see later section). The resulting nu-
merical accuracy is greater than that obtained by retaining
terms up to & in the above series, and nearly equal to that
obtained by retaining terms up to &.

Charts 2, 3, and 4 show the variation of shock-wave angle,
pressure coefficient across a shock wave, and downstream
Mach number with flow-deflection angle for various upstream
Mach numbers.

Parameter £=p:/ps—

2 g o (YFDEF(—1)  6E+1
M2 sin? 6= oy == (155)
e (= DEFGFD £+6
M2 sin? (6—08)= 9vE T (156)
e M+ DE+ (= 1] — 2= 1)
? B —DEF(+1)]
_ MPBE+D—5E—1)
ET0) (157)
pr_ (y+DE+(H—1)_ 6£(+1
o —DEF(FD) E+6 (158)
T, as? (’Y—l)f'f'(’Y'l‘l) £16
el t G Der—D teetr 159

van? s( —E=1 Y 2¥MP—(y—1)— G+ DE
yM2E—¢t+1 (yF+ 1D+ —1)
[ sE—1) T IMi—(6e+1)
= 7M12—5(£—1):| BEL (160)
/o

Shock wave~(_

Streamlme

Sonic circle
—_— \[/ =0y

.
E‘£=ﬂ=e“%_ y+DE+E=D)T -

e, 1, L=+ FD)
_ 65+1 712 ~5/2
16 (161)
Ve 2=1) 1 5E=1)
Vi My +DE+(v—1)] M#Bt+1)
(162)

For weak shock waves, equations (113) and (114) apply to
oblique as well as normal shocks.

SHOCK POLAR

The velocities associated with an oblique shock wave are
conveniently represented in the velocity-vector (hodograph)
plane. For a given Mach number ahead of the shock wave,
all possible velocity vectors behind the shock lie on a single
curve.

Only the closed loop represents real shock waves with non-
decreasing entropy, and forms Busemann’s shock polar

(fig. 3). Its equation is
2
ug'—av*
v =(Vi—uy)’ 2 12 (163)

Other forms of this equation convenient for computation are,
given V; and M;,

#)-(-%)

, (M2 “5 L g (1~
()

o 5(M2—1)—6 M (1—1{—;1
“ (1642)

2 ——

561, (1 >

-(-%)

Limit circle
V= VmaA\

Fieure 3.—Shock polar.
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given e, and V;,

Vv
_Té)’; Vi iz)’ @y Oy
@y ¢, a, 2 V1 V1 Uz
o v+1 Cy By
6 Tfl Y )
Vi 4\ Qy Oy
z &-;) 5(&)_ Eﬂ_l) (164b)
@y By Cy
and given V; and V,,,
Vit vl
) ( 1 2 Vm I’m 'Y+1
Vo Vm 2 ﬂ)z 1 r—1 ﬁ U
Y+1\Va I'Y+1 Vo Vm
TI_ ?.62
, (7
- TTf:‘.—TuT:) m (164¢)

) (GW?—)

The shock-wave angle ¢ and wedge angle § are given in
terms of the velocity components by

Vi— 2 'ul

L’} B (165)

tan f=———

tan a=§ (166)

23

The shock-wave angle 8, for sonic flow behind the shock
is found (by setling M,;=1 in eq. (132)) to be given by

sin? aﬁmﬁﬁ. v+ D) Me— B —y)+

Vo + DI+ DM —2@ -1 M2+ (v +9)l;

3M*—2+3(BM*—4M213)] (167)

7’\/[2[

The shock-wave angle 6; _ for maximum stream deflection
behind the shock is given by
. 1
SIl’l2 95m=m? {('Y-l- 1) ﬂf12—4+

\f(7+1) [(y+1y M*+8 (v—1) M*+16}}
- [8MP—5-++3 (BM, "+ 4 M+ 20)]

71‘[ (168)

For small deflection angles (hence Mach numbers close to
unity), the deflection angle (radians) for sonic flow behind the
shock is given approximately in terms of the upstream Mach
number by

1 (M,2—1)¥% (M2—1)32

= =0.2046 ———
V2 (v+1) M M?

The meximum stream deflection angle for a specified up-
stream Mach number is given approximately by

4 (Ms—1)7 (M32—1)*2

Omar= =0.3208 ——
“T83 e+ M7 My

(169)

(170)

In unsteady flow all the above relations are valid across a
moving oblique shock wave if instantancous velocities are
measured relative to the shock.

SUPERSONIC FLOW PAST WEDGES AND CONES

A shock wave forms ahead of any body in supersonic {light
and remains fixed relative to the body if the flight is steady.
It stands ahead of blunt shapes, but may be attached to
pointed shapes.

Just at the tip of a pointed airfoil or body of revolution the
flow is the same as for the initially tangent wedge or cone.
The bow wave is attached at sufficiently high Mach numbers
for 2 wedge of semivertex angle § less than sin=!(1/y)=45.6°
for v="7/5, and for a circular cone of semiverlux angle o less
than 57.5° for y=1.405. Below these limits, the wave is
attached above a minimum Mach number whose dependence
upon nose angle is shown for wedges and cones in figure 4.
(These values can be applied to pointed airfoils and bodies
of revolution which are not concave.) Also shown in figure
4 are the slightly higher Mach numbers above which the
velocity behind the shoel wave is supersonie, and for the
cone the still higher Mach number above which the flow is
supersonic even at the surface. (For wedges these last
two coincide.) For thin wedges, these Mach numbers
are given approximately by equations (169) and (170).

FLOW PAST WEDGES

If the bow shock wave is attached to a wedge, it is straight,
and the flow behind the shoek consists of uniform streams
parallel to either face of the wedge. The flow patiern above
the upper face (fig. 5) may be regarded as obtained from the
straight oblique shock-wave pattern of figure 2 by replacing
the streamline behind the shock wave with a solid wall
Flow quantities are determined by the oblique-shock-wave
relations, equations (115) to (170). As noted previously,
table I1 ean also be applied if 37, sin 6 is used in place of A4
in the first column.

The flows above and below the wedge are independent, so
that inclined wedges can be treated if neither face exceeds
the attachment angle shown in figure 4. However, if the
angle of attack exceeds the semivertex angle, the flow over
the upper (leeward) surface is given by a Prandtl-Meyer
expansion (see fig. 4) rather than by the shock relations.

It is clear from the shock polar (fig. 3) that two different
shock waves and flow patterns are theoretically possible for
a given wedge and Mach number. However, it is believed
that only the weaker shock wave (larger u#; and smaller 6)
can oceur attached to an isolated convex body.

Charts 2, 3, and 4 show the dependence of shock-wave
angle, surface pressure coefficient, and downstream Mach
number upon wedge angle for various free-stream Mach
numbers.

FLOW PAST CONES

If the bow shock wave is attached to an uninclined eireular
cone, the shock wave too has the form of a circular cone.
Flow quantities are constant on all concentric conical sur-
faces lying between the shock wave and the body, and so
depend upon only one space variable. The transition across
the shock wave is governed by the oblique-shock relations,



EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE. FLOW . 13

5.0 |
ny
/ I,
17
11
4.6 / Tt
/ h
{
] i
0l
4,2 1Tl
i ]
Cones
Wedges Limri
3.8 “ / I
Fi ‘B
JIVi
4 il
-3
7 y J
- Vi ViKim/i
2 y. y A
L0
£ /'/ /
2 30 f A
S5 7 ‘/ /
[=}
2 MZ | i B0 N
E 26 q 7 :
g y PATNEELu.2
o N v
s Shock attached y }/! \>< // //
2.2 a - - - i
y Shock atfuched\
v <l .
[ ;; B \\'\‘/ //
p> 1 ab
1.8 /;{l A L1 A
T LA~
- A P
l’— = E /,
1.4 é’ 4/,— ,’;/
1 =
P Lt e e il
1.0 M e 1
0 4 8 i2 16 20 24 28 32 36 40 44 48 52 56

Semivertex angle, degrees
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Shock wave—~_
~,

Streamline

Fiaure 5.—Flow past a wedge.

and is followed by a continuous isentropic compression to
surface conditions, as indicated in figure 6. The flow
quantities have been extensively tabulated in reference 6
for y=1.405 and for y=4/3. As in the case of wedges, two
solutions exist for each cone and Mach number, but it is
believed that only the weaker shock wave can ocecur on an
isolated convex body. Charts 5, 6, and 7 show the depend-
ence of shock-wave angle, surface-pressure coefficient, and

"
Shock v(mvex%

Streamline

Fraure 6.—Flow past a cone.

surface Mach number on cone semivertex angle for various
free-stream Mach numbers.

The effects of slightly inclining a cone have been considered
by Stone (ref. 13) and numerical results are tabulated in
reference 14. Chart 8 shows the variation with Mach
number of the initial slope of the normal-force curve for
various cone angles  Stone has also sought an approximation
for larger inclinations by retaining squares as well as first
powers of angle of attack (ref. 15), and numerical results have
been tabulated (ref. 16); however, these results are not free
of error (see refs. 17 and 18).
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PRANDTL-MEYER EXPANSION

A uniform two-dimensional supersonic stream flowing over
a convex bend expands isentropically. Convenient relations
are found by considering the special case of a stream at
Mach number unity flowing around a sharp corner (fig. 7).

Initial Mach line

Finat Mach
fine
T
Sireamline | -

_——

F1oURE 7.—Prandtl-Meyer expansion around a corner.

For a perfect gas, the Prandtl-Meyer angle » through which
the stream turns in expanding from M=1 to a supersonic
Mach number M is

v_\/y-;-ltn_l\/%_(goo_,‘) (1718)

=\/:fi tan—! ijr—; (M?—1)— cos~! % (171b)
=\/1fi tan =" /;—-;—:— (M2—1)—tan~YAM*—1
(171c)

(For ="/5, \/H"l —2.4495, and\/ﬁ—i=o.40825.) The

maximum expansion angle, for M=, is

vm,-—(—JT-l_ 1—1)>< 90°=130.45° for y=7/5 (172)

The ratio of static to total pressure, corresponding to Mach
number MM is given by

( {1+cos:

2\/ :—j_i (v1-90°— p.)]} (173a)

=7_}_—1 {1 -+cos :2\/%_;—1- (v—i—cos’1 le_zf)]} (173b)
='Y_1—T {1+cos :2\/:__:;? (v-{—tan“\/m)]}

(173¢)

which falls to zero as ¥—vp,. Numerical values of », g, and
p/p: are given in table II as functions of M.

These relations and the values in table II apply fo a
uniform stream flowing past any convex surface in the ab-

sence of external disturbances. (They also give a very good
approximation at all Mach numbers when, as on an airfoil,
external disturbances arise only from interaction with a
shock wave, and are disregarded.) If flow quantities are
known at one point, the values at any second point can
be read from table II by identifying the change in flow
angle between the two points with Ar=w—», as indicated
in figure 8.

Mach lines
/

Fiarre 8.—Prandtl-Meyer expansion over a convex surface.

For expansions through small angles Ay, the ratio of final
to initial static pressures is given by the following series
{A» in radians):

P2 'YM1 (‘Y+ 1) 41‘{1 —4 (ﬂf} 1) ?__
o AT Mgy 2 o=
yM,? v+1i . Bt Ty—24"
5 (Mf—ll)”z[ E1 g STV g0y
5 + DW: 2 4 3 ]
§(7+1) M—22, +3 AR+ ... (174)

Up to and including the term in (Ar)? this series is identical
with that for compression through an oblique shock wave
(eq. (151) with §=—A»).

IMPERFECT-GAS EFFECTS

Methods for calculating the flow of a calorically imperfect,
thermally imperfect gas and a calorically imperfect, thermally
perfect gas at temperatures up to 5000° R are described in
this section. The equations presented are in substantially
the same form as those given in references 7 and 8. Effects
of gaseous imperfections, such as molecular dissociation,
which become important at temperatures greater than about
5000° R are not considered.

Atmospheric and wind-tunnel air flows are of primary
concern here. In such flows air generally exhibits only
caloric imperfections to any appreciable degree. Conse-
quently, numerical results are presented only for the flow of
g calorically imperfect, thermally perfect diatomic gas.

THERMODYNAMICS
EQUATIONS OF STATE

The thermal equation of state used here for a calorically
and thermally imperfect gas is the Berthelot equation
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(eq. (5)). The thermal equation of state used for a caloric-
ally imperfect, thermally perfect gas is equation (2). The
caloric equation of state used for a calorically and thermally
imperfect gas is equation (8a). The caloric equation of
state used for a calorically imperfect, thermally perfect gas
is equation (8b).
SPECTFIC HEATS

The assumption of a simple harmonic vibrator is used to

account for the contribution of the vibrational heat capacity

to the specific heats. The equations for the specific heats
at constant volume and constant pressure, respectively, are

(see ref. 7)

€= (Co)pert {1+('Ypert 1) [(T) @ eee/T 1)2]} [therm. perf]

(175)

(176)
S 7Yper ed'r
¢ ={Co)pert ll'l‘ p‘Y:m (T) (ee/T—1)2
2—bp l
L AL
2¢ —b 2RT2 —r
| T g || 477
(1—bp? RT? 5
wr—1 Yes
er= e {1+ 222 [ () g [foherm per
(178)
The ratio of specific heats is then
Y="Ypert X
" 2— bp+ T
1+ Ypert— 1 ( ) d i26p 1+ 1—bp 2RT?
Ypert T) (e9T—1)* " RT*? 1 2¢p-
(1—bp)®> RT?
e®'T 2c ’
! s [ (7) Gyt 28 ) i
(179)
or, for a thermally perfect gas,
Ypert—1 [therm perf] (180)

y=1+ L 1) [<T> (eeee/rl)z:l

The following values of v are for temperatures from 400° R
to 5000° R, with ©=5500° R (see ref. 7). For engineering
purposes, these are a satisfactory approximation for air.

VARIATION OF RATIO OF SPECIFIC HEATS WITH
TEMPERATURE

T,°R v T, °R v T, °R v
500 1. 400 1300 1,861 2200 1.322
600 1,399 1400 1. 356 2400 1.317
700 1.396 1500 1,349 2600 1.313
800 1,392 1600 1.344 2800 1,309
900 1.387 1700 1,839 3000 1.308
1000 1,381 1800 1,835 3500 1,301
1100 1,375 1900 133 4000 1,208
1200 1.368 2000 1.328 4500 1.206
5000 1,204

CONTINUOUS ONE-DIMENSIONAL FLOW
BASIC EQUATIONS AND DEFINITIONS

Basic equations pertinent to this section are equations
(28), (27), (28), (29), (30), and (31). The equations for the
speed of sound are (see ref. 7)

. ; 1 2¢p
a*= 1(1 b BT

(Yperr—1) <RT2 )2
1+ D[ (3) (ee""”l)z 2ep

(181)

and

ﬁ=RT§

The integrated forms of the energy equation are (see ref. 7)

1— T
V*=2RT,| ————

Ypert —

Ypert — 1

[1 + (Ypere— 1) (T) (eeee”' 1)2]

INTEGRATED FORMS OF ENERGY EQUATION

} [therm perf]

(182)

1
eelT__ 1>+

T T,) RT, p‘ %)] [adiab] (183)

T (89/ Tem1

2¢
RT,

and

2_op Ypert
Vi=2RT, ['Ypert_' 1 (1 )+

0 1 1 : ‘
T (?9/_"7——1 _GGIT—T)] [adiab, therm perf] (184)
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In terms of Mach number these equations become, respectively,

[ T
-, 1
M= 27, Ypert— 1 +, T, <96/Tt— 1

+p &_Q:l
TR 1) RT, T Tz) RT, P7= [adiab]

and

e 2T,

(185)
i =7 >—z—12zt}@ e (i mbp)
1— e 2¢
P 1+ (vpert—1) [(T) ET—1p RTP;]
Der:

where v is given by equation (180).

>
a’* therm perf
%/ perf

T
(Tt>therm pert
(7)
Tt pert

The variations of and

charts 9 and 10.

with Mach number for several values of total temperature T, are given in

PRESSURE AND DENSITY RELATIONS

For isentropic flow, the relations between density and temperature are (see ref. 7)

)

and, for a thermally perfect gas,

1— bpt) (eS/Tg__ 1) ( )‘herf—l sz
1—bp e®T RT?

+(> e®!T ( ) e9/T:
l’?T2 T)e®T—1 \T,) e®Mi—1

[isen] (187)

P ee/Tg.._.]_ T 'Yperl-l GGIT
P (ee” ) (T¢> oXP [(T> €8T —

( )thexm perf

Pt perf

The variation of ~—£ ez pert

(188)

o €97
1 (_T—z) ¢ ~1

] [isen, therm perf]

with Mach number for several total temperatures is presented in chart 11.

For the isentropic flow of a thermally imperfect, calorically imperfect gas, the relation between pressure, density, and

temperature can be obtained by a trial-and-error procedure using equations (5) and (187).°

For the isentropic flow of a

thermally perfect gas, the relation between pressure and temperature is

_Yperf

e®Te—1 Yoert—1 eo/T
=(om=r) (1) e [(7) 7=

The relation between dynamic and static pressure for a
thermally imperfect gas can be obtained by a trial-and-error
procedure using equations (5), (31a), (183), and (187). The
relation between dynamic and static pressure for a thermally
perfect gas can be obtained with equations (31b) and (186),

and is
g Yoert _T_z_
p—’)'nert"‘ 1)+T (eelr"—l T — 1)

[adiab, therm perf]

(190)

< )therm NPt/ snerm pert o q <—>“‘—°£‘_‘L‘”E with Mach

<pz pert (pz pert

number for several total temperatures are given in charts
12 and 13.

The variations of

——(77) 7,

¢0/7

:I lisen, therm perf] (189)

STREAM-TUBE-AREA RELATIONS
The stream-tube-area relation is given by equation (79),

or, in more convenient form,

'A Pyl

A" pal (191)

This ratio can be evaluated for a thermally imperfect gas
with the aid of equations (187), (181), (5), and (185), and
for a thermally perfect gas with the aid of equations (188),

< *)
! R
( >
-41* perf

number for several values of total temperature is presented
in chart 14.

(182), and (186). The variation of with Mach

§ In this, as in many of the cases to be presented, no direct solution for fow properties is possible if the gas exhibits both thermal and caloric imperfections. Approximate solutions o:

this type can be obtained, howerver, if the degree of imperfection is small (see ref, 7).
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NORMAL SHOCK WAVES

The requirements for conservation of mass, momentum,
and energy across a normal shock wave are given by equa-
tions (84), (85), and (86a). The energy relation can be

written

U U? R 2¢p2 20P1> P2 P1>
Yo U B r_Ty— _h P D

2 2 ‘Ypen:—1< : 1) T2 T + (2 +

[adiab] (192)

1 1
Re (eesz——l—ee/Tx._l):O

or, for a thermally perfect gas,

u? U’ (

- 5 Ypers >R(T2 T1)+

Ypert—

Reo (ge/T::—— 150 ,T}__ 1>=0 [adiab, therm perf] (193)

No explicit equation has been found to relate the tempera-
ture downstream of a normal shock wave in thermally
imperfect air to the upstream conditions. A trial-and-error
procedure, starting with assumed values of p, and T and
involving equations (5), (84), (85), and (192), can be used
to determine the downstream temperature.

For the flow of a thermally perfect gas, the simultaneous
solution of equations (84), (85), (193), and (2) yields the
following relation from which the temperature behind the
shock wave can be found:

( 1+£ﬁ) ( 1+-@>\/(u1+RT1) —4RT,—2RTy—

Ypert >4R(T2 T1)+

Ypert —

1
)0

2u12+<

4R© (W%-l- [adiab, therm perf] (194)

Since the total temperature 7, remains constant across a

shock wave, other flow parameters behind the shock wave
can be found with the aid of previously presented one-
dimensional flow relations. The variations of

Tl therm perf ( )thermpert <p‘2>therm pert,
Tl)pert ( )Dert (ptz)pe“

¢
p1>the1m pert, Afztherm pert} and p‘l therm perf
.&) M2pert <_pﬂ>
D1/ pert Pty ) pert

with upstream Mach number for several total temperatures
are presented in charts 15 through 20, respectively.

OBLIQUE SHOCK WAVES

For a thermally imperfect gas, no simple equations can be
found to relate the values of the flow parameters across
oblique shock waves. In general, trial-and-error procedure,
starting with assumed values of p, and T, and involving the
relations for the conservation of mass, momentum, and
energy, must be used. (See egs. (115), (116), (117), and
(118a) as well as equations (5) and (183).) For a thermally
perfect gas, the Mach number downstream of an oblique
shock wave can be found with the aid of the energy equation
(see eqs. (118a) and (186)), thus

2T M;*
Mp=221 I:’Yl 1 ( Ypert ) ( __)
volol 2 Yoert— 1 1 +

o 1
T, \e¥F1i—1

where v; and v, are the functions of T} and T, respectively,
given by equation (180). The pressure ratio across the shock
is given by

_ewi_ 1)] [adiab, therm perf] (195)

%‘"{ (L +72M22>——1 (L+7MA+

N M~ (1 +71M12)] +4 T;}
[adiab, therm perf] (196)

The density ratio can be determined from the equation of
state (eq. (2)) with the aid of the pressure and temperature

ratios. The shock-wave and deflection angles are given by
(see ref. 8)
G (z) Gr) -
sin® 0= < > [adiab, therm perf] (197)
and
712‘112 .
cot 6=tan 6 (p———-—— 1) [adiab, therm perf] (198)
2
2]
y 41
respectively.

The variation of § with & for various values of Af; and T
is presented in chart 21. In addition, the variations of

=)
1 therm pert

=
q1 pert

are presented in charts 22 and 23.
Values of the ratios

(Mz) therm pert
(M)pere

and with ¢ for various M; and T}

P2 p2 T Py
Pl, P1’ Tl’ Py

for the flow of a thermally perfect gas across an oblique shock
wave can be determined from the normal-shock relations,
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provided that A, sin ¢ is used instead of M, and that the
static temperature 7} just upstream of the shock wave is the
same for the oblique shock wave as for the normal shock

wave.
PRANDTL-MEYER EXPANSION

The Prandtl-Meyer angle for the flow of an imperfect gas
can be found by graphically integrating the equation (see
ref. 8)

p=— fp __dr lisen] (199)

pV? tan p

The relations between p, p, ¥, and u can be found with the

aid of equations (5), (187), (183), and (185). Fora thermally
perfect gas this equation becomes (see, again, ref. 8)

?gin 2 . i
37p dp [isen, therm perf]

y=—

(200)

e

The relations between v, p, and ¢ can be found with the aid

of equations (180), (189), and (186) using the temperature

as a parameter. 'The graphical integration of equation (200)

has been carried out, and the variations of vierm pers and

V‘—h';-’m with Mach number for various values of total
pert

temperature are presented in chart 24.



APPENDIX A
. VISCOSITY AND THERMODYNAMIC CONSTANTS FOR AIR

VISCOSITY

The viscosity of air is nearly independent of pressure; the
variation with absolute temperature, between temperatures
of about 300° R and 900° R, may be approximated by the

formula ,
0.7l
Mr

For a wider range of temperatures, between about 180° R
and 3400° R, Sutherland’s formula (see ref. 19) is more

accurate: T o
u__T.1+198.6
T T+108.6 ) (42)

The viscosity of air, as determined from this relation, may
be expressed as
e

Ib sec
~8

=2.970
B T

This latter equation has been employed in the calculations
of Reynolds number (chart 25).

THERMODYNAMIC CONSTANTS

The value of ¥ employed for air, when treated as a com=
pletely perfect gas, is 7/5. This simple value, which has
been employed in table I, table II, charts 1 to 4, and chart
25, is a good approximation to the more precise values
obtained from spectroscopic measurements (see ref, 20).
Values of ¢,, ¢,, and R for air, consistent with the approxima-
tion y=17/5, are

¢,=6006 ft*/sec® °R
=4290 ft*/sec? °R

R=1716 ft*/sec® °R

APPENDIX B
REYNOLDS NUMBER

Reynolds number is defined as

I
For sea-level conditions,
R=10,000 (V" in mph) ( in ft) (B2)

In a wind tunnel (subsonic or supersonic), if isentropic
expansion is assumed from a total pressure p, and equation

(A2) is used for the variation of viscosity with temperature,
the Reynolds number per unit reference length is given by

-2 l 98 6
y~2 ] I
Tg

R _ M \/ = ,
CET > L1988 [perf] (B3)
+— T,

The Reynolds number per unit length for p,=1 psia has
been plotted in chart 25 as a function of M for various total
temperatures 7.

PRESSURE CONVERSION FACTORS AND CONSTANTS
Multiply——
b 1b b in. H20 n. Hg em. Hg Standard
"\ oy it gtT0°F | at70°F | at70° B atmos.
to obtain\ p
LN
1bfin.2 1 0.006944 | 0.03607 | 0.4892 | 0.1926 14.70
1bjit? 144 1 5.194 70.45 27.74 2117
in, H10 (70° F) | 27.73 . 1025 1 13.56 5. 340 407.6
i, Hg (70° F) | 2,044 -01420 . 07378 1 .3037 30.08
em, Heg. (70°F) | 5182 .03603 .1873 2.540 76.33
Standard :
atmospheres L00804 | 0004725 | 002458 03328 01310 1

19
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TABLES

The tables that follow contain numerical values for certain
quantities often required for the solution of problems in
compressible flow. The symbols used in these tables are
the same as those used in the preceding sections. For con-
venience, however, the symbols are redefined at the end of
table II.

To conserve space, a modified computing-machine notation
has been adopted to indicate the position of the decimal
point in the tabulated quantities. The loecation of the
decimal point is governed by the following rules:

(a) A group of digits followed by ., indicates that
the decimal point should be n places to the loft of
the first digit.

Example: .3268 _;=.0003268

(b) A group of digits followed by 4, indicates that the
decimal point should be n places to the right of the
last digit.

Example: 3268 ,3=3,268,000

(¢) A group of digits without a suffix indicates that the
decimal point is correctly located as printed.

TABLE 1.—SUBSONIC FLOW

The ratios given by equations (43), (44), (45}, (48}, (50),
and (83) are given as functions of Mach number. If, at &
point in an isentropic flow, any one of these ratios or the
Mach number is known, then all other ratios for that point
can be read or interpolated from the table. In addition,
the parameter §=+/[M?—1}, which is sometimes more con-
venient to use than the Mach number itself, is also tabulated,

TABLE II.—SUPERSONIC FLOW

The ratios given in table I for subsonic flow are also given
in table II for supersonic flow. The Mach angle g and the
Prandtl-Meyer angle » are also given as functions of Mach
number. In addition to these point functions for isentropie
flow, the normal-shock relations given by equations (93),
(94), (95), (96), (99), and (100) are tabulated as functions
of the Mach number Af; ahead of the shock wave. Although
these values are for normal shock waves, the values of
Pa/pr, paler, TofTh, and p.,fp., may also be used for oblique
shock waves, provided Af; sin @ is used instead of Af; in the
first column.
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TABLE I.—SUBSONIC FLOW

21

=78
2 K] I L A L4 ; 2 2 z KA A Y
M D J] T & Dt Ay T M Pe pt T: 8 Pt A, Ty
0 . 0000 1,0000 1, 0000 1. 0000 0 @ 0 0.50 0. 8430 0. 8832 0. 9524 0. 8680 0. 1475 1,3308 0. 53452
.01 . 9999 1, 0000 1. 0000 1.0000 L7000 -4 57,8738 . 01095 .51 .8374 . 8800 . 9506 . 8602 1525 1.3212 . 54469
02 . 9997 . 9998 . 9999 . 9998 L2799 -8 | 28,9421 . 02191 .52 8317 . 8766 . 9487 L8542 . 1674 1,3034 5483
03 . 9994 . 9996 . 0908 9895 .6206 -3 19, 3005 . 03286 .53 . 8250 . 8723 . 9468 . 8480 1824 1.2865 56493
04 . 9989 . 9092 . 0997 . 9992 L1119 =2 1 14,4815 . 04381 .54 . 8201 . 8679 . 9449 . 8417 1674 1,2703 57501
.05 . 99! . 9988 . 9995 . 9987 1747 2 11.5914 . 05476 .55 . 8142 . 8634 . 9430 . 8352 1724 1.2550 . 58506
08 . 9975 . 9982 . 8993 9982 .2514 =2 9. 6659 . 065870 .56 . 8082 . 8589 .9410 .8285 1774 1,2403 59507
07 . 9906 . 9978 . 9990 . 9978 .3418 =2 8.2915 . 07664 .67 . 8022 . 8544 . 9390 . 8216 1825 1,2263 60505
08 . 9955 . 9968 . 9087 . 9968 .4460 -2 7.2616 . 08758 .58 . 7962 . 8408 L9370 8148 1875 1.2130 61501
09 . 9944 . 9960 . 9984 . 9959 .5638 -2 6. 4613 . 09851 .59 . 7901 . 8451 . 9349 . 8074 1925 1.2003 62402
.10 .9930 . 9950 . 9980 . 9950 .6951 -2 5, 8218 . 10944 .60 .'7840 . 8405 . 9328 . 8000 1976 1.1882 63481
.11 . 9916 . 9940 .0Y76 . 9939 L8349 -2 5. 2992 . 12035 .61 L1778 . 8357 . 9307 . 7924 . 2026 1, 1767 64466
.12 . 9900 .9928 L9971 . 9928 .9979 =2 4. 8643 . 13126 .82 L7716 . 8310 . 9288 . 7846 2076 1. 1657 65448
13 . 9883 . 8018 . 9966 .9915 L1169 =1 4, 4969 . 14217 .63 . 7654 . 8262 . 9265 . 7766 2127 1,1552 66427
.14 . 9864 . 9903 . 9961 . 9902 .1353 -t 4.1824 . 15306 .84 . 7591 .8213 . 9243 7684 . 2177 1.1452 67402
15 . 9844 . 9888 . 9955 . 0887 L1550 -1 3.9103 . 16395 .85 . 7528 8164 . 9221 . 7550 . 2227 1, 1356 . 68374
18 . 9823 . 9873 . 9949 . 9871 1760 -t 3.6727 . 17482 .86 . 7465 8115 . 9199 . 7513 . 2276 1.1265 . 69342
17 . 9800 . 9857 .9943 . 9854 .1083 -1 3.4635 . 18569 .67 . 7401 . 8066 9176 L7424 . 2326 1.1179 . 70307
18 L9778 . 9840 . 9936 9837 2217 1 3.277¢ . 19654 .68 . 7338 .8016 .9153 . 7332 . 2375 1. 1097 . 71268
.19 . 9751 . 0822 . 9928 . 0818 2464 -1 3,1123 . 20739 .69 .T274 .7966 . 0131 .7238 2424 1.1018 72225
20 .9725 . 9803 .9921 .9798 L2723 = 2.9635 . 21822 70 7209 . 7916 . 8107 7141 . 2473 1,0044 73179
21 . 9697 . 9783 . 9013 L9777 .2004 1 2. 8293 . 22904 W71 . 7145 . 7865 . 8084 . 7042 . 2521 1.0873 74129
22 . 9668 .9762 . 9904 9785 .3276 =1 2.7078 . 23984 .72 . 7080 7814 . 8061 . 8940 . 2569 1. 0806 . 75076
23 . 9638 . 9740 . 9895 .9732 .3569 -1 2. 5968 . 25063 .73 . 7016 . 7763 . 9037 . 6834 . 2617 1.0742 76019
24 . 9607 . 9718 . 9886 . 9708 3874 -1 2, 4956 . 26141 .74 . 6951 L7712 . 9013 6726 . 2664 1, 0681 76958
25 . 9575 . 9694 . 9877 . 9682 L4189 =1 2,4027 . 27217 W75 . 6886 . 7660 . 8989 . 6614 L2711 1, 0624 . 77804
26 . 9541 . 9670 . 9867 . 96566 L4515 -1 2,3173 . 28291 .76 . 6821 . 7609 . 8964 6499 . 2758 1. 0570 . 78825
.27 . 9508 . 9645 . 9856 . 9629 .4851 -1 2. 2385 . 20364 7 . 67586 . 7857 . 8940 6380 . 2804 1.0519 . 79753
L9470 . 9619 . 9846 . 9600 .5197 -1 2. 1656 . 30435 .78 . 6691 . 7505 . 8915 6258 . 2849 1. 0471 . 80677
29 . 9433 9592 . 9835 . 9570 . 5553 '\—1 2.0979 .31504 .79 . 6625 . 7452 . 8880 6131 . 2894 1.0425 . 81597
30 . 9395 . 9564 . 9823 .9539 .5919 31 2.0351 32572 .80 . 6560 . 7400 . 8865 . 6000 . 2039 1,0382 . 82514
W31 . 9365 . 9535 L9811 . 9507 .6203 < 1.9765 . 33637 .81 . 6405 . 7347 . 8840 . 5864 . 2083 1,0342 83426
32 . 8315 0506 . 0709 L9474 L8677 1 1,9219 . 34701 .82 . 6430 . 7205 . 8815 5724 .3027 1.0305 84335
33 L9274 0476 9787 . 9440 L7089 = 1,8707 . 35762 .83 . 6365 . 7242 . 8780 . 55678 3069 1.0270 85239
34 L9231 9445 9774 9404 LTAT0 -2 1.8229 .36822 .84 . 6300 .7189 . 8763 5426 3112 1.0237 86140
35 . 9188 L0413 .9761 . 9367 .7879 -t 1.7780 . 37879 .85 . 8233 . 7136 . 8737 . 5268 . 3153 1.0207 . 87037
36 . 9143 . 9380 L9747 . 9330 .8205 -t 1.7358 . 38935 .86 L6170 . 7083 L8711 . 5103 .3195 1.0179 87929
37 . 8008 . 9347 .9733 . 9200 .8719 -1 1, 6961 . 39088 .87 . 6106 . 7030 . 3685 .4931 .3235 1.0153 . 88818
38 . 9052 9313 L9719 . 9250 .9149 -1 1. 6587 . 41039 .88 . 8041 . 6977 . 8659 4750 3275 1.0129 89703
39 . 9004 . 9278 . 9705 . 9208 ,9587 -1 1,6234 . 42087 .89 . 5977 . 6924 . 8632 4560 .3314 1,0108 90583
40 . 8056 . 9243 . 9690 . 9165 .1003 1.5901 . 43133 5913 6870 . 8606 . 4359 . 3352 1,0089 . 91460
41 . 8907 . 9207 9675 9121 1048 1. 5587 44177 91 5849 6817 8579 .4146 . 3390 1.0071 . 982332
42 . 8857 9170 . 9659 8075 . 1094 1. 5289 .45218 92 5785 08764 8552 . 3919 . 3427 1, 0056 . 93201
43 . 8807 . 9132 00643 9028 1140 1. 5007 . 46257 .93 5721 6711 8525 . 3676 3464 1, 0043 94065
44 . 8755 . 9004 9627 8980 1187 1. 4740 . 47203 94 5658 6658 8408 3412 3500 1,0031 04925
45 .8703 . 9085 9611 8930 1234 1.4487 . 48326 95 . 5595 6604 8471 .3122 3534 1.0022 95781
46 . 8650 . 8016 0594 8870 1281 1.4246 . 40357 .96 5532 6551 8444 . 2800 . 3569 1.0014 3
47 . 8596 . 8076 0577 8827 1329 1.4018 . 50385 97 5460 6498 8416 L2431 . 3602 1,0008 97481
48 . 8541 . 8935 0560 8773 . 1378 1. 3801 . 51410 98 5407 . 6445 8389 . 1990 . 3635 1.0003 . 98325
49 . 8486 . 8894 9542 8717 1,3595 . 52433 99 5345 2 8361 L1411 3667 1, 0001 9165
1.00 5283 . 6339 8333 . 0000 3608 1. 0000 1. 00000
TABLE II.—SUPERSONIC FLOW
y=T/5
M J D,
P 0 T [ A |4 . D3 . T '] D
= LA — 2 £, —_— . M, 2 2 22 ol 2
1?;, e ot T: s D Ax G g # ! ™ [ Ty Py Py
1.00 | 0.5283 0. 6339 0. 8333 0 0. 3698 1.000 1. 00000 0 90. 00 1,000 1,000 | 1.000 1.000 | 1.000 0, 5283
1.01 .5221 . 6287 . 8308 . 1418 .3728 1.000 1.00831 .04473 | 8193 . 9901 1,023 | LO17 1.007 | 1.000 . 5221
1,02 . 5160 . 6234 .8278 . 2010 . 3758 1,000 1,01658 L1257 78.64 . 9805 1.047 | 1.033 1,013 ) 1,000 5160
1.03 . 5099 . 6181 . 8250 . 2468 . 3787 1.001 1, 02481 . 2294 76,14 L9712 1.071 | 1.050 1,020 | 1,000 . 5100
1.04 . 5039 6129 . 8222 . 2857 .3815 1.001 1,03300 .3510 74.06 . 9620 1.095 | 1.067 1,026 . 9999 . 5039
1,05 . 4979 . 8077 . 8193 3202 .3842 1.002 1.04114 . 4874 72.25 . 9531 1,120 | 1.084 1.033 . 9999 . 4980
1.06 4919 . 6024 . 8165 .3516 . 3869 1,003 1,04925 . 6367 70.63 L9444 1,144 | 1,101 1.038 . 9997 .4920
1.07 . 4860 5972 . 8137 .3807 . 3893 1.004 1.05731 .7973 69,16 . 9360 1,169 | 1.118 1,046 . 0996 . 4861
1.08 . 4800 5920 . 8108 . 4079 .3019 1. 005 1. 06533 . 9680 67.81 L9277 1,104 | 1,135 1,052 . 9994 4803
1,00 L4742 5860 . 8080 . 4337 . 3044 1.006 1.07331 1,148 68, 55 . 9196 1.219 | 1,152 L. 069 . 9992 4746
1,10 4084 . 5817 . 8052 . 4583 . 3067 1,008 1. 08124 1.336 65,38 L9118 1,245 | 1.189 1,085 . 8089 . 4689
111 . 40626 . 5766 . 8023 . 4818 . 3990 1.010 1, 08913 1.532 64,28 L9041 1,271 | 1186 1,071 . 9986 .4632
112 4568 5714 . 7004 . 5044 .4011 1.011 1. 09699 1.735 63.23 . 8966 1.297 | 1.203 1.078 . 9082 .4576
1,13 4511 . 5663 . 7966 . 5262 .4032 1.013 1. 10479 1,944 62.25 . 8892 1.323 | 1.221 1.084 0978 .4521
1.14 4455 . 5612 L7937 . 5474 . 4052 1.015 1,11256 2,160 61,31 . 8820 1,850 | 1.238 1,080 9973 . 4487
1,15 ., 4398 . 5562 . 7908 . 5679 . 4072 1.017 1.12029 2.381 60.41 . 8750 1.376 | 1.255 1.087 . 9967 . 4413
6.1 . 4343 .5511 . 7879 . 5879 . 4090 1.020 2. 607 59, 55 8682 1.403 | 1.272 1,103 . 9981 4360
1,17 . 4287 . 5461 . 7851 6074 4108 1.022 . 13561 2.839 58,78 .8615 1,430 | L2080 1.109 . 9953 .4307
1,18 4232 5411 . 7822 . 6264 , 4125 1.025 1,14321 3,074 57.94 . 8549 1.458 | 1.307 1.115 . 9946 . 4255
119 4178 . 5361 L7793 . 6451 L4141 1,026 1.15077 3,314 57,18 ' 8485 1.485 | 1.32¢ 1,122 9937 4204
1,20 4124 . 5311 7764 . 6633 .4157 1.030 1. 15828 3, 558 56, 44 . 8422 1,513 | 1,342 1.128 ) . 9928 L4154
121 4070 . 5262 .7735 .6812 4171 1.033 1.16575 3. 806 55, 74 . 8360 1,541 | 1.359 1,134 . 9918 .4104
1.22 .4017 . 5213 T . 6989 .4185 1.037 1,17319 4. 057 55.05 . 8300 1.570 | 1,376 1.141 . 9907 . 4055
1,23 .3964 5164 7877 . 7162 .4198 1,040 1. 18057 4,312 54,39 . 8241 1.598 | 1.394 L 147 . 9896 . 4006
1,24 L3912 5115 . 7648 . 7332 . 4211 1.043 1,18792 4,569 53.75 . 8183 1.627 | 1,411 1.153 . 9884 . 3058
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TABLE II.—SUPERSONIC FLOW-—Continued
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1.25 5067 7619 7500 4223 1.047 1. 19523 4,830 53.13 8126 165G | 1.420
1.26 5019 7590 7666 4233 1. 050 1.20249 5. 083 52,53 §071 1.686 | 1.446
127 4971 7561 7820 4244 1.054 1. 20972 5.359 51 94 8016 1715 | 1.463
1.28 4923 7532 7980 4253 1.058 1,21690 5. 627 51.38 7063 1.745 | L.481
128 4876 7508 8149 4262 1.062 1. 22404 5.898 50.82 7911 L775 | 1.498
1.3¢ .4829 7474 8307 4270 1. 066 1. 23114 6.170 50. 28 7860 1.805 | 1.516
531 4782 7445 8462 4277 1,071 1.23819 6. 445 49,76 7809 1.836 | 1.533
1.32 . 4736 . 7416 8616 4283 1.075 1.2453t 6. 721 49,25 7760 1.866 | 1.551
1,33 387 8769 4289 1.480 1. 25218 7 48.75 7712 1.897 | 1.508
1.34 4644 '358 8920 4294 1,084 1,25012 7.280 48,27 . 7664 1.928 | 1.585
1.35 4598 7329 . 9069 . 4209 1.089 1. 26601 7. 561 7. 79 7618 1.960 | 1.603
1,36 4563 7300 L9217 . 4303 1.094 1.27286 7.844 47.33 7672 1.991 | 1.620
1.37 4508 7211 .93 . 4306 1.099 1. 27068 8.128 46. 88 7527 2.023 | 1.638
1.38 4463 7242 . 9510 4308 1.1 1. 28645 8,413 46,44 i 2.055 | 1.685
1.3¢ 4418 7213 . 9665 . 4310 1.109 1.20318 8. 699 46.01 7440 2.087 | 1.672
1.40 4374 L7184 .9798 4311 1.116 1. 29087 8.987 45,58 .1897 2.120 1.630
1.41 4330 7155 . 9040 4312 1.120 1. 30652 9.276 45,17 7355 2,163 | 1.707
1.42 4287 7126 1.008 4312 1.126 1.31313 9. 565 44,77 . 7314 2.186 | 1.72¢
1.43 4244 7097 1.022 4311 1.132 1.31970 9. 855 44,87 2.219 1.742
1.4 4201 . 7069 1.036 4310 1,138 1.32623 10.146 43.08 7235 2,253 | 1.750
1.45 4158 7040 1,050 4308 1,144 1.33272 10.438 43 7196 2,280 | 1.77
1,46 4116 L70LL 1.064 4306 1. 150 1. 33917 10. 731 43.23 7157 2.320 | 1.793
1.47 4074 . 6982 1077 4303 1,156 1.84558 11,023 42.86 7120 2,35¢ | 1.811
148 4032 . 6954 1,091 4290 1,163 1.35195 11,317 42,51 7083 2,380 | 1,828
1.49 3991 . 6925 1,105 4205 1,169 1.35828 11.611 42,16 7047 2.423 | 1.845
1, 50 3950 . 6897 1,118 4200 1.176 1.36458 11,905 41.81 7011 2.458 | 1,862
1.51 3909 . 6868 1,131 4985 1.183 1.37083 12,200 41,47 6976 2.493 | 1.879
1. 52 3860 . 6840 1,145 4279 1,190 1. 37705 12,495 41,14 . 6941 & 1,866
1,53 382¢ 6811 1.158 4273 1,197 1,88322 12,700 40,81 . 6007 2.564 | 1,913
1,54 . 3780 6783 1.171 4206 1,204 1. 38936 3. 086 40.49 . 687 2.600 | 1,930
1.55 3750 L6754 1.184 4259 1,212 . 3054 13.381 40.18 6841 2.636 | 1,947
1.56 3710 .6726 1,197 4252 1.219 1,40152 13. 677 30.87 3 2. 6% 1,064
1.57 3672 . 6698 1.210 4248 1,227 1, 40755 13,973 39 8777 7 1,081
1.68 3633 . 6670 1.223 4235 1.234 1. 41353 14,209 39.27 6746 2.746 | 2,908
1.59 3595 6642 1.236 4226 1,242 1.41048 14, 564 8.9 6715 2.783 | 2.015
1,6¢ . 3557 G614 L.24¢ . 4216 1.250 1, 42539 14,861 38.68 . G084 2.820 | 2.032
1.61 .3520 . 6588 1.262 . 4206 1,268 1.43127 15,156 38.40 . 6655 2.857 | 2.048
1,62 3483 1.275 . 4196 1,267 1, 43710 15,452 38.12 6625 2.805 | 2.065
1.63 3446 6530 1,287 4185 1.275 1, 44260 15.747 37.84 . 6596 2.933 | 2.082 |
1.64 3409 6302 1,300 4174 1.284 1, 44866 16.043 37.587 . 6568 2,971 | 2.098 1
1.66 .3373 6475 1.312 .4162 1,292 1,45439 16.338 37.31 6540 3.010 §2.115 :
1,66 7 . 6447 1,326 L4180 1.301 1, 46008 16. 633 37.04 6512 3.048 12132 i
1,67 3302 6419 1.337 4138 1,310 1, 46573 16. 928 36. 78 . 6485 3.087 | 2.148 I
1.68 . 3266 . 6392 1.350 4125 1.319 1. 47135 17.222 36. 53 . 6458 3.126 | 2,165 |
1.68 3232 . 6364 1.362 4112 1.328 1. 47693 17,516 36,28 6431 3.165 | 2,181
1.7¢ 3197 6337 1,375 4098 1,338 1, 48247 17.810 36.03 L6405 3.205 | 2198
1.71 3163 6310 1.387 4085 1.347 1,48708 18.103 35.79 . 6380 3.245 | 2,214
1.72 3120 6283 1,399 4071 1,357 1, 49345 18.307 35,56 . 6355 3 2.230
1.73 3005 1,412 4056 1,367 1,4988 18,689 35.81 . 6330 3.325 | 3,247
1.74 3062 . 622¢ 1.424 4041 1,376 1,50429 18,981 35.08 . 6305 3.366 | 2.263
1,75 3029 . 6202 1.438 .4026 1,386 1, 50966 14, 273 34.85 .6281 3.406 | 2,279
1.76 2006 6175 1,448 .4011 1,397 1, 51489 19, 565 34.62 . 6257 3.447 | 2,205
1,77 . 2064 6148 1,460 . 3006 1.407 L. & 19, 855 34,40 . 6234 3.488 [ 2.311
1.78 . 2031 L6121 1.473 . 3080 1.418 1. 52556 20. 146 34.18 .6210 3.530 | 2.327
1.79 2000 6095 1,485 .39 1.428 1. 53078 20.436 33.96 .6188 3.571 | 2.343
L.80 « 2868 [i] 1,497 3947 1,439 1. 53508 20,725 33.75 . 6165 8.6I13 | 2,859 '
1.81 7 6041 1,500 3931 1,450 1. 54114 21, 014 33.54 L6143 3.656 | 2.375 i
1.82 2806 6015 1.52t 3914 1.461 1, 54626 21.302 33.33 L6121 3.698 | 2.301 )
1.83 2776 5989 1.533 3897 1.472 1. 55136 21. 590 33.12 . 6099 3.740 | 2,407 .
1,84 5963 1,545 3879 1,484 1. 55642 21,877 32,92 6078 3.783 {2,422 !
1.85 L2715 . 5036 1. 556 3862 1,495 1.56145 22,103 32,72 6057 3.826 | 2.438
1.86 . 2686 5910 1.568 3844 1. 507 1. 56644 22,449 32.52 6036 3.870 | 2,454
1.87 2656 . 5884 1.580 . 3826 1.519 1,57140 22,735 32.33 6016 3.913 | 2,469
1,88 . 2627 . 5859 1.592 3808 1,531 1.57633 23.01¢ 32,13 5096 3.057 | 2.485
1.89 « 2508 . 5833 1,604 1,543 1.58123 23.303 31,04 597 4.001 | 2.500
1.90 . 8807 1.616 377L 1, 558 1. 58600 23. 586 31. 7 . 5056 4.045 | 2,516
1.91 2542 5782 1627 3753 1. 568 1, 59092 23,869 31. 57 . 5037 4,080 | 2.531
192 2514 5756 1.639 3734 1. 580 1, 59672 24,151 31.39 5018 4,134 | 2.546
1.93 <2486 5731 1. 651 3715 1. 5603 1. 60049 24, 432 321 5808 4. 17! 2, 562
194 . 2459 5705 1. 662 . 3696 1,606 1. 60523 24,712 3L.03 5880 4.22¢ | 2,577
195 2432 . 5080 1,674 3677 1,619 1. 60003 24, 992 30.85 5862 4.270 | 2,592
1.96 2405 5655 1. 686 3057 1,633 1, 61460 25,271 30. 68 844 4.315 | 2.607
1.97 2378 5630 1. 697 3638 1. 646 1. 61925 25. 549 30.51 . 5826 4.36f | 2.622
1,98 . 2352 5606 1,709 3618 1. 660 1. 62386 25.827 30.33 . 5808 4,407 | 2,037
1.99 <2326 5580 L.720 3598 1.674 1. 62844 26,104 30.17 5701 4,453 | 2,652
2.00 2300 5556 1.732 3578 1.688 1. 63200 26, 380 30. 00 L5774 4,500 | 2,667
2.01 2275 . 5531 1744 . 3569 1,702 1,63751 26. 655 20, 84 5767 4.547 | 2.081
2.02 2250 1.755 .3589 1.716 1. 64201 26. 928 29, 67 5740 4,504 | 2,696
2.03 2225 5482 1,767 3518 1,730 1. 64647 3 29, 51 5723 4,641 | 2.711
2.04 2200 5458 1.778 3498 1.745 1. 66090 27, 47 20.35 5707 4,680 | 2.725
2.06 2176 5433 1.700 3478 1.760 1. 65530 27.748 26. 20 . 5601 4,736 | 2.740 1
2,06 2152 . 5409 1. 801 .3438 1. 7756 1, 65967 28. 20.04 5675 4,7 2,756 L
2.07 2128 1.812 3437 1.790 1, 66402 28.290 28.89 56 4,832 | 2.769 1.
2,08 2104 . 5361 1 3417 806 1. 66833 28, 560 28, T4 . 5643 4,881 | 2,783 L
2,00 2081 . 5337 1835 .3396 1,821 1.67262 28, 829 28.59 . 5628 4,929 | 2,708 L7
2.10 2058 5313 1. 847 3376 1837 1, 67687 29,097 28. 44 5613 4,978 | 2.812 L7
2,11 2035 5200 1.858 3365 1,853 1, 68110 20.364 28.29 5508 5027 | 2826 L7
2,12 . 2013 & 1. 869 1. 869 1. 68530 29. 631 28.14 5583 5.077 | 2.840 1
2,13 1980 5243 1.881 3314 1885 1. 68947 29, 897 28,00 5568 5,126 | 2.85¢ L
2,14 1968 521% 1,892 3203 1,902 1. 60362 30. 161 27.86 . 5554 5.176 | 2.868 1,




EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW
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. 5106 1.903 .3272 1919 1. 69774 30,425 27.72 . 5540 5.226 | 2.882
5173 1.915 .8252 1.935 1.70183 30. 689 27.58 . 5525 5.277 | 2.896
5150 1,926 3231 1.953 1, 70589 '30. 951 27.44 5511 5.327 | 2.910
5127 1,987 3210 1.970 1.70892 31,212 27.30 5408 5.378 | 2,024
. 5104 1,948 3189 1,987 1.71393 31,473 27.17 5484 5.429 | 2.938
. 5081 1. 960 .3169 2.005 1.71791 31.732 27.04 . 5471 5.480 | 2.951
. 5059 1.971 .3148 2.023 1. 72187 31.991 26.90 . 5457 5.531 | 2,065
. 5036 1,082 .3127 2.041 1. 725679 32,250 26.77 . 5444 5.588 | 2,978
. 5014 1.993 .3108 2, 059 1.72970 32. 507 26, 64 . 5431 5.636 | 2.992
. 4691 2.004 . 8085 2.078 1. 73357 32.763 26. 51 . 5418 5.687 | 3.005
. 4069 2.016 . 3065 2.006 1,73742 33.018 26.39 . 5408 5.740 | 3.019
L4047 2.027 . 3044 2.115 1, 74125 33.273 26.26 . 5393 5.792 | 3.032
.4925 2.038 .3023 2,134 1.74504 33. 527 26.14 . 5381 5.845 | 3,045
. 4903 2.049 .3003 2,154 1, 74882 33. 780 26.01 . 5368 5.808 | 3.058
. 4881 2. 060 .2082 2.173 1. 75257 34,032 25.89 . 5356 5.951 |3.071
. 4859 2,071 . 2061 2.193 1,75629 34.283 25.77 . 5344 6.005 | 3.08
. 4837 2.082 . 2041 2.213 1. 75999 34.533 25.85 . 5332 6,050 | 3.008
. 4810 2.093 . 2920 2.233 1. 76366 34,783 25.53 . 5321 6.113 | 3,110
. 4794 2.104 . 2000 2.254 1.76731 35.03L 25.42 . 5309 6.167 | 3.123
4773 2.116 . 2879 2.274 1. 77083 35.279 25.30 . 5207 6.222 | 3.136
L4752 2.127 . 2859 2.205 1.77453 35, 526 25.18 . 5286 6.276 | 3.149
.4731 2.138 . 2839 2.316 1.77811 35.771 25.07 . 5275 6,331 | 3.162
. 4709 2,149 . 2818 2.338 1. 78166 36. 017 24.96 . 5264 6.3%6 | 3.174
.4688 2.160 . 2708 2.359 1. 76519 36. 261 24. 85 . 5253 6.442 | 3.187
. 4068 2.171 .2778 2.381 1. 78869 36. 504 24.73 . 5242 6.407 | 3.199
4647 2.182 . 2758 2.403 1. 79218 36.746 24, 62 .5231 6.553 | 3.212
. 4626 2.193 .2738 2.425 1. 79563 36.088 24,52 .5221 6.609 | 3,224
.4606 2.204 .2718 2,448 1.79907 37.2290 24,41 . 5210 6.666 | 3.237
.4585 2.218 . 2608 2.471 1,80248 37.469 24.30 . 5200 6.722 | 3.240
. 4565 2.226 . 2678 2.494 1. 80587 37.708 24.19 . 5189 6.779 | 3.261
L4544 2.237 . 2658 2.517 1.80624 37.046 24.09 . 5179 6.836 | 3.273
4524 2,248 + 2639 2.540 1.81258 38.183 23.99 . 5169 6.804 | 3.285
. 4504 2.259 . 2619 2, 564 1.81591 38.420 23.88 . 5169 6.951 | 3.208
. 4484 2. 269 . 2599 2.588 1.81921 38. 055 23.78 . 5149 7.000 | 3.310
4464 2.280 2380 2,612 1.82249 38.880 23,68 . 5140 7.067 | 3.321
4444 2,201 . 2561 2.637 1,82574 39,124 23,58 . 5130 7.126 | 3.833
. 4425 2.302 . 2641 2. 661 1.82808 39.357 23.48 . 5120 7.183 | 3.345
. 4405 2.313 . 2522 2,686 1. 83219 39, 580 23.38 L5111 7.242 | 3.357
. 4386 2.324 . 2503 2.712 1. 83538 39.820 23.28 . 5102 7.301 | 3.360
. 4366 2.335 . 2484 2.737 1, 83855 40. 050 23.18 . 5092 7.360 | 3.3%0
. 4347 2.346 . 2465 2,763 "1 1.84170 40, 280 23.09 . 5083 " 7.420 | 3.302
4328 2.357 . 2446 2.789 1.84483 40. 509 22.99 . 5074 7.479 | 3.408
4309 2.367 . 2427 2.815 1. 84794 40,736 22.91 . 5085 7.530 | 3.415
4289 2.378 - 2409 2.842 1.85103 40. 963 22.81 . 5036 7.599 | 3.426
4271 2.389 . 2390 2. 869 1. 85410 41,180 22,71 . 5047 7.659 | 3,438
4252 2.400 . 2871 2. 896 1.85714 41,415 22. 62 . 5039 7.720 | 3.449
3 2,411 2353 2,923 1. 86017 41, 639 22,53 . 5030 7.781 | 3.480
4214 2.422 2335 2,951 1.86318 41,863 22,44 5022 7.842 | 3.471
.4196 2.432 L2317 2,979 1. 86616 42,086 22.35 . 5013 7.903 | 3.483
4177 2.443 . 2298 3,007 1. 86913 42,307 22,26 . 5005 7.965 | 3.494
.4159 2,454 . 2280 3.036 1.87208 42, 529 22.17 . 4096 5.026 | 3.505
4141 2.465 2262 3.065 1. 87501 42,749 22,08 4088 8.088 | 3.516
4122 2.476 2245 3. 094 1. 87792 42,968 22.00 4980 8.150 | 3.527
4104 2.486 2227 3.123 1.88081 43,187 21.91 4972 8.213 | 3.537
4056 2.497 2209 3.153 1, 88368 43,405 21.82 4964 8.275 | 3.548
. 4068 2.508 . 2192 3,183 1. 88653 43, 621 21,74 . 4956 8.338 | 3.589
. 4051 2,519 2174 3.213 1. 88936 43,838 21,65 . 4949 8,401 | 3.570
. 4033 2,530 . 2187 3.244 1.80218 44,053 21, 57 .4941 8,465 | 3.580
.4015 2,540 . 2140 3,275 1, 89497 44, 267 21.49 . 4933 8,528 | 3.591
.3908 2. 551 . 2123 3.306 1.89775 44,481 21.41 4926 8.592 | 3.601
.3980 2, 562 .2106 3.338 1. 90051 44, 604 21,32 L4918 8.656 | 3.612
3963 2.572 2089 3.370 1. 90325 44, 906 21,24 4011 8,721 | 3.622
3945 2.583 2072 3.402 1. 90598 45.117 21.16 4903 8.785 | 3.633
2,594 2055 3.434 1. 90868 45,327 21,08 4896 8.850 | 3.643
3511 2. 605 2039 3.467 1,91137 45. 537 21.00 4889 8.915 | 3.653
. 3804 2,615 . 2022 3. 500 1. 91404 45,746 20.92 . 4882 8.080 | 3.664
. 3877 2.626 . 2006 3. 534 1.91669 45, 954 20.85 . 4875 9.045 | 3.674
. 3860 2.637 .1990 3. 567 1.91033 46.161 20.77 . 4868 9.111 | 3.0684
. 3844 2.647 .1973 3. 601 1. 92193 46. 368 20. 69 . 4861 9.177 | 3.694
. 3827 2.658 . 1957 3.636 1. 92455 49. 573 20. 62 . 4854 9.243 | 3.704
. 3810 2. 669 1941 3. 671 1.92714 46,778 20. 54 . 4847 9.310 | 8.714
. 3794 2. 679 . 1926 3.706 1.92970 46. 982 20. 47 . 4840 9.87 3.724
3777 2. 690 . 1910 3. 741 1. 93225 47.185 20. 39 . 4833 9.443 | 3.734
.3761 2.701 . 1804 3. 777 1.93479 47.388 20.32 . 4827 9.510 | 3.743
. 8745 2.711 .1879 3.813 1. 93731 47, 589 20,24 .4820 9,577 | 3.758
3729 2.722 . 1863 3.850 1. 93981 7.790, 20. 17 . 4814 0.645 | 3.763
.3712 2.733 . 1848 3.887 1. 94230 47. 990 20.10 . 4807 9.713 | 8.773
. 3696 2.743 . 1833 3.924 1.94477 48.190 20. 03 . 4801 0.781 | 3.782
. 3681 2,754 . 1818 3.961 1.94722 48,388 19,96 4795 0.849 | 3.792
. 3665 2,765 . 1803 3.999 1. 94966 48. 386 19.89 . 4788 9.818 | 3.801
. 3640 2,775 . 1788 4.038 | '1,95208 48,783 19,81 . 4782 0.986 | 3.811
. 3633 2.786 L1773 4.076 1. 95449 48, 980 19.75 4776 10.06 3.820
. 3618 2.797 . 1758 4.115 1. 95688 49.175 19. 68 . 4770 10.12 3.829
. 3602 2.807 L1744 4.155 1.95025 49,370 10.61 . 4764 10.19 3.839
. 3587 2.818 . 1729 4,194 1. 96162 49. 564 19. 54 4758 10.26 | '3.848
. 3571 2.828 L1715 4.235 1. 9639 49. 757 19.47 . 4752 10.33 3.857
3556 2,839 1701 4.275 1, 96629 49. 950 19. 40 4746 10. 40 3.866
3541 2.850 1687 4,316 1. 96861 30.142 19.34 4740 10. 47 3.875
3526 2,860 167 4.357 1.97091 50.333 19.27 4734 10. 54 3.884
3511 2.871 1659 4. 399 1.97319 50. 523 19. 20 . 4729 10. 62 3.893
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TABLE II.—SUPERSOXNIC FLOW—Continued
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3496 2.881 1645 4. 441 1.97547 50. 713 10.14 4723 10. 69 3. 902
3481 2,802 1631 4,483 197772 50. 902 18.07 4717 10.76 3. 911
3466 2 903 1818 4. 526 1.97997 51.090 19.01 4712 10.83 3. 920
3452 2013 1604 4.570 1.98219 51.277 18.95 4706 10. 90 3.929
3437 2,924 1591 4.613 1. 98441 51, 464 18.88 4701 10.97 3.938
3422 2,934 1577 4. 657 1. 98661 51. 650 18.82 4605 11.05 3. 47
3408 2,945 1564 4.702 1. 98879 51.835 18. 7 4690 11,12 3. 955
3303 2. 955 1551 4.747 1. 99007 18. 69 . 4685 11.19 3. 964
3379 2.966 1538 4.792 1.99313 52 208 18. 63 4679 11.26 3.973
3365 2.977 1525 4.838 1. 99527 52.386 18. 57 4674 11.34 3.981
. 3351 2 087 1512 4.884 1. 99740 52. 569 18. 51 4669 11,41 3.990
. 3387 2.998 1500 4.930 1. 99952 £2.751 18. 45 4664 11.48 3. 998
.3323 3.008 1487 4.977 2 00162 52,931 18.39 4050 11. 58 4,006
. 3309 3.019 1475 5.025 2.00872 53.112 18.33 4654 11. 63 4.015
.3295 3.020 1462 5.073 2. 00579 53.202 18.27 4 1L71 4.023
.3281 3.040 1450 5. 121 2. 00786 53.47¢ 18.21 4643 11.78 4.031
. 3267 3. 050 1438 §5.170 2 00991 53.648 | 18.15 4639 11.85 4,040
.3253 3.061 1426 5.219 2.01195 §3.826 i 18.09 4634 11.93 4,048
.3240 3.071 1414 5. 268 2. 01398 54, 003 18.03 4629 12.01 4,066
. 3226 3.082 1402 5.319 201509 54,179 17.98 4624 12.08 4. 064
. 3213 3.092 1390 5.360 2, 01799 54,3556 17.92 4619 12.16 4,072
3108 3.103 .1378 5.420 2.01998 54. 529 17.86 4614 12,23 4
3186 3.113 1367 5.472 2.02196 54. 703 17.81 4610 12.31 4,088
o173 3.124 1355 5, 523 2.02392 54,877 17.75 4605 12,38 4,096
3160 3.134 1344 5. 576 2, 02587 55. 050 17,70 12,46 4,104
3147 3. 145 1332 5,629 2,02781 6. 222 17.64 . 4596 54 4112
3134 3.1585 1321 5. 682 2.02074 55.393 17.58 4501 12,62 4,120
312t 3.186 1310 5,736 2. 03166 55. 17.53 .4587 12. 69 4,128
3108 3.176 L &. 2.03356 55,734 17.48 4 12.77 4,135
. 3005 3.187 1288 5.845 2. 03545 55. 904 17.42 4578 12.85 4,143
. 3082 3.197 1277 5. 900 2.03733 56.073 17.87 L4573 12,93 4,151
. 3069 3.208 . 1266 5. 956 2. 03920 56. 241 17.31 4560 13.00 4,158
. 3057 3.218 . 12556 6.012 2, 04106 56. 409 17.28 4565 13.08 4,166
3 3.220 1245 6. 069 2, 04290 56. 576 17.21 4560 13.16 4,173
.3032 3.239 .1234 6. 126 2, 04474 56, 742 17,16 . 4556 13.24 4,181
.3019 3.250 L1224 6. 184 2.04656 56. 907 17.10 .4552 13.32 4,188
. 3007 3.260 L1214 6,242 2. 04837 57.073 17.05 .4548 13.40 4,196
2005 3.271 .1 6.30L 2,05017 57. 237 17.00 4544 13.48 4,203
2982 3.281 L1193 6.360 2. 05196 57.401 16. 95 4540 13. 56 4,211
2970 3.281 . 1183 6.420 2.05374 57,564 16.90 . 4535 13,64 4,218
2058 3.302 L1173 6.480 2. 05561 57,726 16.85 4531 13.72 4,225
2046 3.312 <1163 6. 541 2, 05727 §7. 858 16.80 4527 13,80 4,232
2934 3.328 1153 6. 602 2. 05901 58,050 16,756 4523 13.88 4,240
2922 3.333 1144 6. 664 2.06075 58.210 16.70 4519 13.96 4,247
2010 3.344 1134 8.727 2.06247 38.37¢ 16, 65 4515 14,04 4,254
2899 3.354 1124 6,780 2.06419 58. 530 16.60 4512 1413 4,261
2887 3.365 1115 6. 853 2. 06589 58. 689 16. 55 4508 14,21 4,268
2875 3,376 1105 6.917 2, 06759 58, 847 16. 51 4504 14,29 4,275
2864 3.385 . 1096 6. 982 2.06927 59. 004 16.46 45 14.37 4,282
2852 3.39 .1087 7.047 2. 07094 58. 162 16.41 4496 14,45 4,289
. 2541 3.406 1078 7.113 2. 07261 59,318 16.36 . 4492 14.54 4,206
. 2829 3,417 . 1069 7.170 2.07426 59.474 16.31 . 4489 14,62 4,303
.2818 3.427 . 1059 7.246 2,07590 59. 629 16. 27 .4485 14.70 4.309
. 2806 3.437 . 1051 7.813 2.07754 58. 784 16,22 .4481 14,79 4.316
. 2795 3.448 1042 7.382 2. 07916 59, 938 16.17 4478 14.87 4,323
2784 3.458 1033 7.450 2.08077 60. 091 16.13 4474 14,056 4,330
. 2773 3. 469 1024 7.519 2, 08238 60, 244 16.08 4471 15.04 4,336
2762 3.479 1016 7. 589 2.08307 60.397 16.04 4467 15,12 4,343
.2751 3. 490 . 1007 7. 659 2. 08556 5 15.09 4463 15,21 4,350
2740 3. 500 L0984 -1 7.730 2.08713 60. 700 15,95 . 4460 15.20 4,356
L2729 8.510 L9900 -t 7.802 2. 08870 60, 851 15.90 . 4456 15.38 4.363
2718 3. 521 L9817 -1 7.874 2.00026 6L, 000 15, 86 4453 15.46 4,360
. 2707 3,831 9734 -1 7.047 2.00180 61, 150 15.81 4450 15,55 4,376
. 2697 3. 542 9652 -1 8.020 2.09334 61,299 15,77 L4446 15.63 4,382
. 2686 3. 562 L9570 -t 8.00¢ 2.00487 61,447 15.72 4443 15.72 4,388
. 2075 3. 562 L9480 -1 8. 169 2. 00639 61. 595 15.68 .4439 15.81 4,305
. 2665 3.578 0410 L 8.244 2. 09700 61, 743 15, 64 . 4436 15.89 4,401
. 2654 3. 583 L9381 = 8,320 2. 09941 61. 889 15, 50 . 4433 15.08 4, 408
. 2644 3. 593 9258 -1 8.397 2. 10090 62,036 15,55 . 4430 16.07 4.414
2633 3. 604 L9175 -2 8.474 2.10238 62,181 15.51 4426 16.15 £.420
. 2623 3.614 .0008 -1 8.552 2.10386 62,326 15.47 . 4423 16.24 4,426
. 2613 3. 625 8021 1 &.630 2.10533 62,471 15.42 4420 6. 4,432
2602 3.635 8045 -1 8. 708 2.10679 62.615 15.38 4417 16.42 4.439
. 2592 3.645 8870 -1 8, 789 2. 10824 62. 758 15.34 4414 16. 50 4,445
2582 3.856 L8796 -1 8.870 2. 10968 62, 901 15.30 L4410 16.59 4.451
2572 3. 666 8722 -1 8. 951 2.11111 63. 044 15.26 . 4407 16.68 4,457
. 2562 3.676 L8640 1 9.032 2, 11254 63. 186 15, 22 4404 16,77 4,463
. 2552 3. 687 8577 9.115 2.11395 63.327 15.18 L4401 16.86 4,469
. 2542 3.697 L8505 -1 9. 198 2. 11536 63.468 15,14 .4398 16,95 4.475
.2532 3.708 L8434 -1 9. 282 2,11676 63. 608 15.10 . 4305 17.04 4,481
. 2522 3.718 .8363 - 9.366 2,11815 63. 748 15.06 L4302 17,13 4,487
<2513 3.728 .8203 -t 9.451 2.11954 63. 887 15.02 .438% 17,22 4,492
. 2508 3.739 L8224 -1 0. 537 2.12091 64,026 14,98 .4386 17,31 4,498
2493 3.749 8155 -1 9. 624 2. 12228 64. 164 14. 94 L4383 17.40 4, 504
2484 3. 759 7 -1 9.711 2,12364 64.302 14,80 .4380 17.49 4. 510
<2474 3.770 .8019 -1 9. 799 2.12499 64, 440 14. 86 L4377 17.58 4,516
« 2464 3.780 L7852 -1 9. 888 2.12634 64, 576 14,82 4375 17,67 4, 521
. 2455 3.790 . 7886 -1 9. 977 2.12767 64, 713 14,78 4372 17.76 4,527
. 2446 3. 801 L7820 1 10.07 2. 12900 04. 848 14,74 4360 17.85 4,533
. 2436 3.811 L7755 =t 10. 16 2.13032 64, 083 14.70 . 4366 17, 94 4. 538
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EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW

TABLE II.—SUPERSONIC FLOW—Continued
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TABLE II.—SUPERSONIC FLOW—Continued

=T[5
M - " D
or 2 e z 8 g A L v u p pu} 2 I '3 Bl
M e s T: o Ay Qe i . m m T Dy Py
4.85 2255 -2 1287 -1 | L1758 4,746 3714 22.1% 2, 224455 75. 482 1100 4175 27.28 4, 048 5. 512 6986 . 3252
4,86 (222G -2 L1276 <1 | L1747 4, 756 3685 -1 22.33 2. 225257 75, 580 11,87 4173 27.39 4, 052 5831 =t . 3249
4,87 2202 -1 L1265 =11 (1741 4.766 3657 -1 22.51 2. 226055 75.678 11.86 4172 27.50 4,955 5. 560 -t . 302
4,88 L2177 -2 L1254 -1 0 L1735 4,776 .3628 1 22.70 2, 226848 76. 776 11,43 4170 27,62 4,959 5. 509 =t .33
4. 89 L2150 -1 244 1729 4,787 L3600 -1 22,88 2, 227638 75,872 1L. 80 4169 27.73 4, 962 5. 588 =1 . 3200
4,90 L2126 -2 .1233 ~1 L1724 4,797 3573 1 2.07 2, 228424 75. 969 11.78 .4167 27.85 4, 966 5. 607 -1 L SI8T
4,91 L2100 =3 | 1223 -1 <1718 4,807 .35456 1 23.25 2. 229206 76. 066 11.76 4165 27.96 4,969 5. 620 -1 7Y
4.9 2076 -t | L1213 -1 1712 4,817 .3518 -t 23.4 2.220084 76.162 11.73 L4164 28.07 4,973 5. 646 ~1 . 3161
4,93 L2052 -2 | 1202 -1 1706 £,828 L3401 -t 23.63 2.230758 76.258 1L 70 .4163 28,19 4,976 5. 666 -1 . 3149
4% 22028 -* | 1192 -1 | 1700 4,838 .3464 2 23,82 2. 2315628 76.353 11.68 4161 28,30 | 4980 5. 684 =1 3130
4,05 L2004 -1 | 3182 -1} L1695 4,848 L3437 -1 24,02 2. 232204 76.449 11.66 4160 28,42 | 4.983 5.703 =t | L3124
4,9 .1981 -1 173 1 .1689 4,858 L3411 ~1 24.21 2. 233056 76. 544 I.63 .4158 28,54 4,087 5.723 =t 1801
4,97 . 1957 -2 L1163 -1 . 1683 4,866 .3385 =1 24.41 2, 233816 76. 638 11.61 4157 28.65 4,990 5.742 =L | L3008
4.98 1035 -2 J153 ~1 1678 4,879 ,3369 < 24.60 2, 234570 76. 732 11.58 4155 28,97 4,503 5. 761 -1 3087
4,99 L1912 1144 =1} L1672 4,889 .3333 1 24.80 2,235321 76. 826 11. 56 4154 28.88 4,997 &, 781 =1 . 3075
5. 00 L1800 1 L1134 . 1667 4,899 .3308 1 25.00 2. 236068 76.920 11, 54 L4152 20,00 5.000 5. 800 6172 -1 3062
5.01 .1868 -2 L1125 =1 . 1661 4,900 .5282 -1 25, 20 2, 236811 77.013 11, 52 .4151 28,12 5.003 5,820 L6128 - . 3051
5.02 L1847 2 L1135 = . 1656 4,919 .3257 ! 25.40 2. 237551 77. 106 11.49 4149 29.23 5,007 5.839 6077 - 3039
5.03 L1825 -1 L1106 -1 . 1650 4,930 .3233 1 25.61 2, 238287 77.199 11,47 4148 20.35 5,010 5. 859 6030 -1 3027
5.04 L1504 -4 L1097 1645 4,940 .,3208 -t 25,81 2, 239020 77. 291 11,44 4147 29,47 5.013 5.878 . 5088 - . 3015
5.05 L1783 2| .1088 - . 1639 4,950 .3184 -t 26. 02 2. 239749 77.385 11,42 . 4145 29. 5¢ 5.016 5.808 L5938 ~t . 3003
5.06 L1763 -2 | (1079 ! .1634 4,960 .3159 ~I 26.22 2.240474 77.477 11.40 -4144 20.70 5.020 5. 018 L5803 =1 . 2001
5.07 L1742 ~3 ) (1070 -1 | .1628 4.970 . 8136 -1 26. 43 2. 241195 77. 568 11.38 .4142 20.82 5.023 5. 937 L5848 -1 . 2080
5.08 1722 -2 1 L1061 L .1623 4,981 L3112 -t 26.64 2. 241914 77. 660 11.35 4141 20.94 5. 026 5,957 5803 ~¢ . 2068
5.09 L1703 -2 L1058 -1 . 1618 4.991 .3088 -1 26.86 2, 242628 77.751 11.33 4140 30.06 5.020 5.977 5750 -1 2957
5.10 .1683 -2 L1044 -2 .1612 5. 001 .3065 -1 27.07 2, 243339 77.841 11.31 .4138 30.18 5. 033 5,007 AT1E = UHS
5.11 .1664 -2 .1035 =t . 1607 5.011 L3042 1 27.28 2, 244047 77.931 11.29 .4137 30.30 5. 036 6. 016 5672 =1 . 2034
5.12 L1645 -1 L1027 -t | .1602 5.021 .3019 I 27. 850 2. 244751 78.021 11.26 . 4136 30.42 5.039 6. 036 5628 -! 2023
513 L1626 -1 Jd09 -t . 1597 5.032 .2006 1 27.72 2.245451 78.111 11. 24 4134 30. 54 5. 042 6. 056 L5686 1 2011
5.14 .1608 -2 1010 . 1591 5. 042 L2073 L 27.94 2,.246148 78.201 11.22 .4133 30.66 5,045 6. 076 5543 -1 + 2000
5.15 .1689 -2 L1002 -1 . 1586 5. 052 L2051 =t 28.16 2, 246842 78. 200 11.20 .4132 30. 78 5.048 6. 006 L5501 -t « 2880
5.16 L1571 .0939 -2 .1581 5. 062 L2029 -t 28,38 2. 247532 78.379 11.18 .4130 30. 90 5. 051 6. 117 5460 -1 L2878
5.17 .1553 -2 | 0858 - .1576 5.072 L2907 1 28.60 2. 248219 78. 408 11.15 .4129 3L.02 5.054 6. 137 5418 =t . 2667
5.18 L1636 -2 | .9778 - | 1571 5.083 L2885 -1 28.83 2, 248003 78. 556 11,13 .4128 3L 14 5,058 6. 157 5377 - 2856
5.19 L1518 % | .9608 -2 | .1566 5.093 .2863 - 29,06 2.249583 78.645 11,11 .4126 31.26 5 061 6. 177 5337 =1 . 2845
5.20 L1501 -2 | .9620 -2 .1561 5.103 2842 L 20.28 2. 250260 78.733 11.09 4125 3138 5. 064 6. 107 L5207 =t . 2834
5.21 L1484 ¢ | 9548 ~2 | .1568 5.113 L2821 1 29. 51 2, 250934 78.820 11.07 4124 3L 50 5.067 6. 217 52567 =1 . 2824
522 L1468 -1 | .9466 - . 1550 5.123 L2799 29.74 2. 251604 78. 908 11.04 .4123 3L 62 5. 070 6. 238 JB217 -1 . 2313
5.23 L1451 -2 | .9380 -2 . 1545 5.134 278 =t 29.98 2, 252271 78. 995 1102 L4121 3L75 5.073 6. 258 L5178 -1 . 2303
524 .1435 -2 | .0314 -? | .1540 §.144 L2788 -1 a0.21 2. 252035 79. 081 11.00 .4120 3L.87 5. 076 6.278 . 513g = . 2702
5.25 L1419 -2 | .923% ~2 | .153C 5. 154 2737 1 30.45 2. 253596 79.167 10. 98 4119 31.99 5,070 6. 299 L5100 -1 L2782
5.26 L1403 -2 .9165 -2 . 1531 5.164 L2717 30. 68 2. 254254 79. 254 10. 96 .4118 3211 5.082 G.319 L5062 -1 L2771
527 LIS8E -2 [ .9002 -2 .1526 5.174 .2607 -~ 30.92 2, 254908 79. 340 10.94 L4116 32.2¢4 5.085 6. 340 .5024 =1 | L2761
5.28 1372 - .g019 -2 . 1521 5.184 L2677 =1 3L.16 2. 255559 79. 426 10. 92 .4115 32.36 §.088 6.360 4087 -t . 2750
52 .1356 -2 | .8%47 -~ | .1516 5. 195 2657 3L.41 2. 256207 79. 511 10. 90 .4114 32. 48 5. 000 6. 381 L4050 -1 [ .27
8.30 L1341 -2 .8875 -2 1511 §.205 2637 -1 3L.65 2. 256852 79. 597 10.88 .4113 32.61 5. 093 G. 11 L4913 =1 - 2730
5.81 L1326 - .8805 -2 . 1506 5.215 L2617 31.89 2257494 79.681 10.86 .4112 82.73 5. 096 0. 422 L4870 -1 Ryl
5.32 .131) -2 L8734 -2 - 1501 5. 225 .2508 -1 32.14 2. 258133 79. 765 10.83 .4110 32.85 5.009 6. 443 L4810 -1 2710
5.33 L1207 % | .8665 <2 | .1407 5. 235 L2579 = 32.39 2. 258769 79. 850 10.81 4100 32.98 5. 102 6. 464 4804 - | L2700
5.34 1282 -2 | .8586 -2 . 1492 5. 246 L2660 -1 32.64 2. 250401 79. 934 10.79 .4108 33.10 5. 105 6. 484 47068 1 . 2090
5.35 L1268 -2 | .8528 -2 | 1487 §. 256 2541 -1 32.89 2, 260031 80. 018 10.77 L4107 33.23 5. 108 6. 505 L4733 1 . 2080
§5.36 L1254 -2 ] (8461 -2 | .1482 5. 266 L2522 33.14 2. 260658 80. 101 10.75 .4106 338.35 &.111 6. 526 .4697 =1 . 2670
5.37 L1240 -2 | .8394 -2 1478 5.276 L2504 33.40 2. 261281 80. 185 10.73 . 4104 33.48 5. 113 6. 547 L4663 = « 2060
5.38 L1927 -2 L8327 -t | .147m 5. 286 . 2485 -1 33.66 2. 261902 80. 268 10.71 . 4103 33.60 5.116 G. 568 4628 -1 . 2050
5.39 1213 2 .8262 -2 . 1468 5.296 L2467 -1 33.91 2. 262520 80,351 10. 69 .4102 33.73 5.119 G. 58¢ L4504~ « 2041
5.40 L1200 <% | L8197 % .1464 5.307 2449 34.17 2, 263135 80. 434 10. 67 4101 38.85 5. 122 6. 610 L4560 -1 L2631
5. 41 L1187 - | .8132 % | 1450 5,817 L2431 34. 44 2.263747 80. 515 10. 656 . 4100 33.98 5.125 0. 631 L4526 = . 2621
5.42 174 -2 .8068 - . 1454 5.327 L2413 -1 34.70 2. 264356 80. 597 10.63 . 4009 34.11 & 127 6. 652 L4403 -1 . 2012
543 L1161 -2 8005 - . 1450 5.337 L2395 -1 34. 97 2. 264962 80. 680 10.61 . 4098 342 5. 180 6. 673 SAd60 - . 2602
5.44 L1148 -2 | 7942 -2 1445 5. 347 281 - 35.23 2, 265566 80. 7 10. 59 . 4096 . 34.36 5.133 §. 694 A427 - . 2503
5.45 1135 -2 L7880 -1 . 1441 5. 3567 L2361 -t 35. 50 2. 266166 80,842 10. 57 . 4095 3440 5.136 6.715 .4305 = . 2583
5. 46 .1123 -2 .7818 -2 . 1436 5.368 L2344 35.77 2. 266764 80. 923 10. 55 . 4094 34. 61 5. 138 6. 737 4362 -t . 2574
5:47 L1 -2 ) 7757 -2 L1432 5.378 L2326 -t 36. 04 2. 2673590 81.004 10. 53 .4003 34,71 5. 141 6. 758 L4330 -t . 2505
5.48 L1009 -% ;L7697 -* . 1427 5.388 2300 36.32 2. 267951 81,084 10. 51 . 4002 34.87 5. 144 6. 779 L4209 -1 . 2556
5.49 L1087 ~¥ | .7637 -2 [ .1423 5.398 .2203 -1 36.59 2. 268540 81,185 10. 50 . 4091 35.00 5. 146 6.800 .4267 = . 2546
5. 50 1075 —* | .7578 -9 . 1418 5. 408 2216 -1 36.87 2.269127 81.245 10.48 . 4090 3513 5. 149 6.822 4286 <2537
5. 51 1063 -2 ! .751% -2 . 1414 . 5,418 .2260 -t 37.15 2, 260711 81.324 10. 46 . 1089 35.25 5. 152 6.843 JA205 <2528
5. 62 L1052 -2 | .7460 -2 | .1410 5. 420 L2243 -1 37.43 2. 270292 81,404 10. 44 . 4088 35.38 5. 154 6.805 4175 -1 | L2519
5. 63 L1040 -1 L7403 -2 | .1405 5. 439 L2227 =1 37.71 2. 270870 81,484 10. 42 . 4086 35. 51 5. 157 6. 886 L4144 -l .2510
5. 54 1020 -2 .7345 -2 . 1401 5. 449 221 -~ 38.00 2.271446 81, 563 10. 40 <4085 35.64 5. 159 6. 008 4114 2501
5. 55 L1018 -2 7289 -2 1397 5. 450 L2195 ~ 38.28 2. 272019 81.6£1 10. 38 4084 35.77 5.162 6. 920 4088 -t . 2492
5. 56 L1007 -2 .7232 -2 | .1392 5. 469 2179 -t 38. 87 2, 272589 81.720 10.36 .-4083 35.90 5. 165 6. 951 L4054 - . 2483
5.57 L9861 -2 71T -2 .1388 5.479 L2163 -t 38.86 2.273157 8L 79 10.34 . 4082 36.03 5.187 6. 973 4025 1 . 2475
5. 58 (9858 —8 | 7121 -3 1384 5. 480 .2148 - 39.15 2273722 81.876 10.32 4081 36. 16 5. 170 6. 994 L3996 ~t <2466
5.50 L9748 ~¥ | 7067 -2 1379 5. 500 2132 -1 890.44 2.274285 81. 955 10.31 4080 36.29 5.172 7.016 La06T « 2457
§. 60 L9643 0| (7012 -2 L1375 5. 510 L2117 -1 39.74 2.274844 82,032 10.29 4079 36. 42 5.175 7.038 .3038 =1 L2440
5,61 L8540 = 6959 -2 . 1371 &. 520 2102 ~t 40. 04 2, 275402 82.109 10.27 . 4078 36. 55 5,177 7. 060 L3010 ~ L2410
562 | .9438 - | .6905 -7 | ,1367 5. 530 L2087 -t 40, 34 2.275057 82,187 10.25 4077 36.68 5.180 7.082 | .3882 ~1 | .2431
563 .9337 -+ | .6858 -° | . 1363 5. 540 S.2072 1 40.64 2. 276509 82,263 10. 23 . 4076 26.81 5, 182 7.103 L3858 -1 . 2423
5.64 .9287 ¥ [ .6800 -~* | ,1338 5. 551 2057 1 40.94 2. 277058 82,340 10.21 40758 36.94 | 5.185 7. 125 .3806 ~1 | 2414
5.65 .90139 =2 6748 -2 L1354 5. 561 L2042 -t 41.25 2, 277606 82,417 10.20 4074 37.08 5.187 7. 147 3708 . 2406
566 [ (9041 -% | .6607 -1 | .1350 5. 571 .2028 ~t 41.55 2. 278150 82, 493 10.18 . 4073 37,21 5 190 7168 | .3vm1 = | L2397
5,67 L8945 =3 .6646 - | .1346 5. 581 L2013 ~1 41.86 2. 278692 82. 569 10.16 . 4072 37,34 5.192 7.141 34% -1 . 2380
5.68 L8850 -3 | ,6506 -2 1342 5. §¢1 .199g -1 42,17 2.279232 82,645 10. 14 4071 87. 47 5.195 7. 213 L3717 -1 . 2381
5.69 L8756 -% | 6545 -¢ | 1338 5. 601 1984 -1 42. 48 2. 279769 82,720 10.12 4070 37.61 5,197 7.236 3091 B Fis
5.70 .8663 -3 6406 - | .1334 5. 612 L1970 -t 42.80 2, 280304 82,795 10. 10 . 4069 37.74 5. 200 7. 258 L3004 -1 L2364
5.71 L8572 =8 | 647 2| .1330 5. 622 L1056 = 43.11 2. 280836 82.871 10.09 .4068 |. 87.87 5. 202 7. 280 .3638 =1 . 2356
572 .8481 ¢ | ,6308 =2 | .1326 5.632 L1942 =1 43.43 2. 281366 82.946 10.07 . 4067 38.00 3. 2056 7.302 L3613 -1 <2348
573 | .8302 ~1| .6350 -1 | .1322 5. 642 L1928 -1 43.75 2.281804 83. 020 10. 05 . 4066 38, 14 5.207 7.824 L3586 -1 | 2340
5.74 ,8303 —¢ | .6302 - 1318 5. 652 L1815 =1 44.07 2. 282419 83. 095 10.03 . 4065 38.27 5. 200 7.347 3561 -1 . 2332




EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW 2

TABLE II.—-SUPERSONIC FLOW-—Continued

=T[5
M .
P T q 4 Vv D2 2 T, Py Dt
or = o _ = -— » M; = 2 - —
M ot T, 8 P e a b ! D1 pt T Py Dy
5.75 N TR S 101 5.662 L1902 -t 44.40 2. 282042 83. 169 10.02 . 4064 38.41 | 5212 7.360 | .3536 -1 | .2324 -
5.76 -3 ] 6207 - | .1310 5.673 L1888 -t 44,72 2. 283462 83.243 9.998 | .4083 ]/.54 | 5214 7.302 | .3510 -1 | .2316 -t
5.77 -3 | .6161 -2 | 1306 5.683 ,1875 -t 45.05 2. 283080 83.317 0.980 | .4062 38.68 | 5.217 7.414 | .3486 -1 | .2308 -1
5.78 -3 L6114 -2 | 1302 5.698 .1862 -t 45.38 2. 284406 83.301 0.963 | .4061 38.81 | 5219 7.436 | .3481 -t { .2300 -t
5.79 =31 .60690 -2 | .1208 5.708 .1848 =1 45.72 2. 285009 83. 463 0.946 | .4060 38.04 | 5.221 7.459 | .3436 -1 | .2202 -t
5.80 -3 | ,6023 -2 | .1204 5.718 .1835 -t 46.05 2. 285520 83.537 0.928 | .4059 39.08 | 5.224 7.481 | .3412 -1 | .2284 -
5.81 =30 .5978 -2 | ,1200 5.723 L1823 1 46.39 2. 286029 83.609 9.911 | .4059 39.22 | 5.226 7.504 | .3388 -1 [ .2277 ~t
5.82 -3 | 5034 -2 | .1286 5.733 L1810 -t 46.72 2. 286535 83. 683 9.8904 | .4058 30.35 | 5.228 7.527 | .3364 -t | .2289 -t
5.83 -8 | .5889 -7 | 1282 5744 L1797 -1 47.07 2. 287040 83. 755 9.877 | .4067 30.49 | 5.281 7.540 | .3340 -1 | .2281 -t
5.84 -8 | .5846 -2 | ,1279 5.754 L1784 -t 47.41 2, 287542 83.827 9.860 | .4056 30.62 | 5.233 7.572 | .3817 -1 | ,2254 -t
5.85 =3[ .5802 -2 | .1275 5.764 L7721 47.75 2. 288041 83.899 9.842 | .4055 30.76 | 5.235 7.595 | .3208 -1 | .2246 -t
5.86 =3 B759 -t | 1271 5.774 L1760 -t 48.10 2, 288539 83,971 9.826 | .4054 20.90 | 5.237 7.618 | .8270 -t | ,2238 !
5.87 -3 | JA716 -2 | 1267 5.784 L1747 -t 48.45 2. 280034 84.042 9.809 | .4053 40.03 | 5.240 7.640 | .3247 -1 | .2281 =t
5.88 -8 | 5674 -2 | .1263 5.704 1735 -t 48.80 2. 280527 84.114 9.792 | .4052°) 40.17 | 5.242 7.663 | .3225 -1 | .2223 -t
5.89 -2 | .5632 -2 | .1280 5.804 L1723 1 40.15 2. 290018 84,185 9.775 | .4051 40.31 | 5.24 7.686 | .8202 -1 | .2218 -
5.90 -3 | .5500 -2 | .1256 5.815 L7t -t 49, 51 2. 290507 84.257 9.758 | .4030 40.45 | 5.246 7.708 | .3180 -t | ,2208 -t
5.91 =3 | L5540 -2 | 1252 5.825 .1609 1 49,86 2. 290093 84,397 9.742 | .4049 40.58 | 5.249 7.732 | .3157 -t | .2201 -t
5.92 -3 | 5508 -2 | .1249 5.835 .1687 -1 50. 22 2. 291477 84.308 9.725 | .4049 40.72 | 5.251 7.755 | .3135 -1 | .2194 -1
5.93 -3 | .5468 -2 | .1245 5.845 L1676 -t 50. 59 2.2919060 84. 468 9.708 | .4048 40.86 | 5258 7.778 | .3118 -1 | .2186 =L
5,94 =3 | .5498 -3 | L1241 5.855 1664 -t 50.95 2.292440 84. 539 9.602 | .4047 41.00 | 5.255 7.801 3002 ~1 | 2179 -1
5.95 =21 .5388 -2 | .1238 5.865 .1652 -t 51.82 2. 292018 84.600 9.675 | .4048 41.14 | 5.257 7.824 | .3070 -t | 2172 -
5.96 -3 | 5348 -2 | 1234 5.876 L1641 =t 51.68 2.293304 84. 679 9.650 | .4045 41.28 | 5.260 7.847 | .3040 -1 | ,2185 -t
5.97 -3 | .5309 -2 .1230 5.886 .1630 -t 52.05 2. 203867 84, 748 0.643 | .4044 41.41 | 5.262 7.871 | .8028 ~t | 2157 -t
5.98 -3 1,570 -2 L1227 5.896 .1618 -t 52.43 2.204339 84,817 0.626 | .4043 41,55 | 5.264 7.804 | .3007 -1 | ,2150 -t
5.99 =3 | 5232 -2 | ,1223 5.906 1607 -t 52.80 2. 204809 84.887 9.610 | .4042 41,69 | 5.266 7.917 | .2086 -t | .2143 -1
6.00 =3 L5194 - | L1220 5.916 .1506 -t 53.18 2. 295276 84,055 9.594 | .4042 41.83 | 5.268 7.041 | .2965 -1 | .2136 ~!
6.0L -8 L5156 -2 | L1216 5.026 .1585 -1 53.56 2, 295742 85.025 0.578 | .4041 41.97 | 5.270 7.964 | .2045 -1 | ,2120 -
6.02 =] 518 -2 .1212 5.936 L1574 = 53.94 2.296205 85.003 9.562 | .4040 42,11 | 5.213 7.987 | .202¢ -1 | (2122 -!
6.03 -2 { 5081 -2 .1209 5.947 .1563 ~t 54,82 2.296667 85.162 9,546 | .40%0° | 42.25 | 5.275 8.011 | .2004 -t | .2115 =t
6.04 =3 L5044 -2 ! L1208 5.957 1558 - 54,71 2.297126 85.230 9.530 | .4038 42.40 | 5.277 8.03¢ | .288¢ -t | ,2108 -t
6.05 =1 .5008 2| .1202 5.967 .1542 -t 55.10 2.297583 85. 207 9.514 | 4087 42,54 | 8.279 8.058 | .280¢ ~1 | .2101 -t
6.06 =3 | .4071 -2 | .1108 5.977 41331 - 55.49 2.208039 85. 366 0.498 | .4037 42,68 | 5.281 8.081 | .2844 -1 | ,2094 -1
6.07 =1 .4085 -2 | L1195 5087 | .1521 - 55.88 2.208493 85, 433 9.482 | .4036 42.82 | 5.283 8105 | .2825 -1 | ,2088 ~!
6.08 =31 ,4000 -2 | .1191 5.907 L1511 =t 56.28 2.208944 85. 500 9.467 | .4035 42,06 | 5.285 8129 | .2806 ~t | ,208L -!
6.00 -8 | ,4864 -? | ,1188 6,007 1500 = 56.68 2.299393 85. 568 0.451 | .4034 43,10 | 5.287 8,152 | .2786 -1 | .2074 ~t
6.10 -3 1 ,4820 -3 | ,1I85 6.017 1490 -8 57.08 2.299841 85. 635 0.435 | .4033 43.25 5.289 8.176 L2167 = | L2067 !
6.11 =8| 4795 <3| .1181 6.028 L1480 =t 57.48 2.300288 85. 702 9,420 | .4033 43.39 | 5,201 8.200 | .2748 -1} 2061 =
6.12 =3 L4760 2 | 1178 6.038 L1470 -t 57.88 2.300730 85,768 0.40¢  .4082 43.5% | 5203 8.223 | .2780 -1 | ,205¢ -
6.13 = 4726 < | L1 6.048 1460 =t 58.20 2.301172 85.834 9.380 | .4031 43.67 | 5.205 8.247 | .2711 -t | .2047 -
6. 14 =31 ,4602 - | .1171 6.058 L1450 =1 58,70 2.301612 85.901 9,378 | .4030 43.82 | 5.207 8,271 | .2602 -1 | 2041 -t
6.15 =31 4658 -2 | L1168 6.068 1440 ~t 59,11 2.802050 85. 967 9.358 | .4020 43.96 | 5.209 8.205 | .27 -1 | .2034 -t
6,18 ~3 | 4625 -2 | 3164 6.078 1430 ~1 59,53 2, 302486 86. 033 9.343 | .4029 44,10 | 5.301 8.319 | .2856 -t | .2028 -t
6.17 =81 4502 -2 1 1161 6.088 L1421 50.94 - 2.302020 86. 099 0.327 | .4028 44,25 | 5.303 8.343 ' ,2638 -1 | .2021 -t
6.18 =8 | 4559 =2 | .1158 6.099 L1411 -1 60. 36 2.308353 86, 164 9.312 | .4027 44,39 | 5.805 8.367 | .2620 -t | ,2015 -
6.19 -8 | .4a27 -2 | L1154 6.109 L1402 60.79 2.303783 86.220 9,297 | .4026 44.5¢ | 5.307 8.391 | .2602 -t | .2008 -t
6.20 =449 -2 L1181 6.119 1892 61,21 2.304212 86. 205 0,282 | .4025 44.68 | 5.309 8.415 | .2584 ~ | .2002 -t
6.21 =81 4483 -2 | L1148 6.129 .1383 -1 61.64 2.304639 86. 360 9.267 | .4025 44.82 | 5.311 8.430 | .2567 -t | ,1995 -
: 4431 -2 | L1144 6.139 1378 -1 62.07 2. 305064 86. 424 9.252 | .4024 44.97 | 5313 8.464 | .2550 -1 | .1089 ~!
L4400 -2 | L1141 6. 149 1364 ~ 62. 50 2, 305487 86. 490 9.237 | .4023 45.12 | 5.315 8.488 | .2532 -t | 1983 -!
=3 | .4369 -2 | .1138 6.159 .1355 1 62.93 2.305908 86. 554 9.222 | .4022 45.26 | 8.317 8.512 | .2518 - | 1977 -t
~3 [ 4338 ~2 | .1135 6.169 .1346 63.37 2.306328 86. 618 9.207 | .4022 45. 41 5.319 8.536 | .2408 -1 ] ,1970 -!
~3 1 4807 ¢ | 1132 6.180 1337 ~t 63.81 2.306746 86. 683 9.102 | .4021 45.55 | 5.821 8.561 | .2482 -1 | ,1984 -t
=1 4977 2| L1128 6,100 .1328 ~ 64,25 2.307162 86, 746 9,177 | .4020 45.70 | 5.323 8.585 | .2465 ~t | ,1958 ~!
~8 | 4246 -2 | .1125 6.200 L1319 ~1 64. 69 2.307576 86. 810 9.163 | .4019 45.84 | 5.325 8,610 | .2448 -1 | 1952 -!
= | L4217 -2 L1122 6.210 1810 ~ 65.14 2, 807989 86. 874 9.148 | .4019 45.99 | 5.327 8.63¢ | .2432 -1 | 1945 !
~ 487 2| 1019 6.220 .1302 - 65. 50 2. 308400 86,937 9,133 | .4018 46.14 | 5.329 8.658 | .2416 -t ! ,1939 -t
= L4158 -2 | L1116 6.230 .1208 ~t 66, 04 2. 308809 87.000 9.119 | .4017 46.290 | 5831 8.683 | .2390 -1 | ,1933 -!
~ 1 4128 =2 | (1113 8.240 L1284 <t 66. 50 2.309216 87.063 0.104 | .4016 46.43 | 5.332 8.708 | .2383 -t | 1927 -t
~3 1 4100 -2 | .1109 6, 251 L1276 -1 66,95 2. 309622 87.126 9.090 | .4016 46.58 | 5.83¢ 8.732 | .2367 -1 | .1921 -t
=407 =2 | (1106 6.261 1267 ~1 67.41 2, 310026 87.189 9.075 | .4015 46.73 | 5.336 8757 | .2852 -1 | ,1915 ~!
34042 -2 L1108 6.271 1250 ~ 67.88 2.310428 87,251 9.061 4014 46.88 | 5.338 8.781 | .2336 -1 | .1909 -!
=1 4014 -2 [ 1100 6.281 L1250 ~t 68,34 2.310828 87.313 9.046 | .4014 47.02 | 5.840 8.806 | .2320 -1 | ,1903 -t
=3 ,3986 -2 | .1097 6.201 1242 ~t 68,81 2.311927 87.376 9.032 | .4013 47.17 | 5.342 8,831 | .2305 -t | ,1807 -
=1 ,8058 -2 | 1004 6,301 L1234 ~t 9. 28 2. 311625 87.438 9.018 | .4012 47.32 | 5.344 8.856 | .2200 -1 | .1801 -!
=1 ,3031 | .1001 6.311 .1228 ~1 80,75 2. 312020 87.499 9.004 | .4011 47.47 | 5.345 8.881 | .2274 -t [ ,1886 -
=3 ,3004 -2 ] .1088 | 6.821 1218 = 70.23 2.312414 87. 561 8.080 | .4011 47.62 | 6.847 8.905 | .2259 -1 | .1880 =
=3 | 8877 -2 | .1085 6,333 V1210 = 70.57 2. 312806 87.623 8.975 | .4010 47.77 | 5.349 8930 | .2244 -1 | .1874
=8 ,8850 -2 | .1082 6.342 L1202 = 71.19 2.313197 87. 684 8.961 | .4000 47.92 | 5.851 8.955 | .2230 -1 { .1868 ~
-3 1 ,3828 -2 | .1079 6.352 1194 =1 71,67 2. 313580 87.745 8.947 | .4009 48,07 | 5.853 8.980 | .2216 -t | ,1882 -!
= | ,8797 -2 | .1076 6.362 .1186 =t 72.16 2.313973 87.806 8.933 | .4008 48.22 | 5.354 9.005 | .2200 -1 | .1857 -
=3[ ,8771 -2 | .1073 6.372 L1178 =1 72.65 2,314359 87.867 8.919 | .4007 48.37 | 5856 9.031 | .218 -t | ,1851 -
006 -2 | 3745 —2 | 1070 6,382 L1170 =1 73.14 2.314743 87.927 8.905 | .4007 48.52 | 5.358 9.056 | .2171L -1 | 1845 -
=3 8719 - | 1067 6.392 L1163 =t 73.63 2,315126 87.988 8,801 | .4006 48.67 | 5.360 9,081 L2157 -1} .1840 -
-3 | .3693 -2 | .1064 6. 402 L1155 =1 74,13 2.315507 88,048 8.877 | .4005 48,82 | 5.362 9.106 | .2143 -t [ ,1834 =
=31 .8668 -2 | .1061 6.412 L1148 =1 74,63 2.315886 88,108 8.884 | .4004 48.97 | 5.363 9.131 | .2129 -1 [ .1828 -t
-3 | .343 -2 | .1008 6.423 L1140 75.18 2.316264 88. 169 8.850 | .4001 49.13 | 5.365 9.156 | .2115 -t [ .1823 -
~5 | .8618 -2 | .1055 6.433 L1133 75.65 2. 316640 88. 228 8.836 | .4003 49.98 | 5.867 9,182 | .2100 -1 ] 1817 -t
~3 | .3508 -2 | .1052 6.443 1125 76.15 2.317015 88,288 8.828 | .4002 49.43 | 5.369 9.207 | .2087 -1 | .1812 -t
-3 | .8568 -2 | .1080 6.453 L1118 = 76. 66 2.817388 88. 347 8,809 | .4002 49.58 | 5.870 9.232 | .2073 -1 | .1806 -!
-3 | .3544 -3} 1047 6. 483 A1 4 77.18 2.317760 88. 406 8.795 | .4001 49.73 | 5.372 9.258 | .2060 -1 | .1801 -t
~3 | ,8520 -2 | .1044 6.473 .1108 +t 77.60 2.318130 88. 466 8,782 | .4000 49.80 | 5.874 9.283 | .2047 -t | ,1795 -1
=31 .34906 -2 ! .1041 6.483 1006 -t 78.21 2.318499 88, 525 8.768 | .4000 50.04 | 5.375 9.309 | .2033 - | .1780 -t
=3 ] ,8472 -2 | ,1088 6. 493 .1089 -t 78,74 2. 318866 88. 584 8,755 | .8999 50.19 | 5.377 9.334 | .202 -1 | .1784 -1
=1 ,3449 -2 | 1083 6. 504 L1082 =t 79.26 2.319232 88. 642 8. 741 . 3999 50.35 | 5.879 9.360 | .2007 -1 | .1779 -t
~8 ! (3425 -2 | .1032 6.514 ,1075 =1 79.79 2.319596 88. 701 8.728 | .3998 50.50 | 5.381 9,386 | .1994 -1 | .1774 -1
-8 | .8402 -2 | .1080 6.524 .1068 -t 80. 32 2,319959 88. 760 8.715 | .3997 50.65 | 5,382 9.411 | .1981 -1 | .1768 -t
-3 | 3379 -2 | 1027 6. 534 1061 -t 80.86 2. 320320 88,818 8.702 | .3997 50.81 | 5.884 9.437 | ,1988 =1 | .1763
-3 | .3356 -2 | .102¢ . 6.544 1054 —t 81. 40 2.320679 88.876 8.688 | .3906 §0.96 | 5.386 9.463 | .1955 -1 | 17688 -t
- | .3333 -2 | 1021 6. 554 .1048 -t 81,94 2,321038 88. 934 8.675 | .3995 5112 | 5.887 0.488 | ,1943 -t | .1753 !
-+ .3311 -2 | ,1019 6. 564 L1041 -1 82, 48 2. 321395 88. 991 8.662 | .3905 51.27 | 5.380 9.514 | .1930 -1 | .1747 -1
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1016 6. 574 L1034 -t 83.03 2. 321750 89.040 8. 640 . 3004 51.43 §.391
.1013 6. 584 L1028 83. 58 2. 322104 80.106 8.636 3993 §1. 58 5.392
1010 6. 595 1021 -1 84.13 2. 322456 89.164 8.628 3993 51.74 §.394
. 1008 6. 605 1014 - 84.68 2.322807 80.22] 8. 610 3892 51,89 5.895
. 1005 6. 615 .1008 -1 85.24 2.328157 89.278 8. 597 . 3992 52.05 5.397
1002 6. 625 L1001 -1 85.80 2. 323505 89.335 8. 584 . 3901 52.21 5.399
L0995 - 6. 635 .9050 -# 86.37 2. 323852 89. 391 8. 571 . 3990 52, 36 5. 400
L0968 6. 645 .0886 -2 86.94 2. 824198 80,448 8. 558 . 3990 52,52 5. 402
L0042 -~ 6. 655 .9823 -2 87.51 2. 324542 89. 504 8. 545 . 3089 52.68 5. 403
9915 -1 6. 665 9761 -2 88.08 2. 324884 88, 561 8. 532 . 3988 52.83 5. 405
L9888 -1 6. 676 9699 -2 88. 66 2.325226 82,617 8. 520 . 3088 52.99 5. 407
.0862 -1 6. 086 9637 -2 86,24 2. 325566 89. 673 8.507 . 3087 53.15 5.408
L9836 -1 6. 696 L9576 2 89.82 2. 325904 89.729 8.494 3087 53.31 &. 410
L9810 6.706 .9515 -2 90. 41 2. 326242 89,784 8,482 . 3986 53. 46 5. 411
L0784 -1 6.716 9454 2 91. 00 2, 326578 80,840 8. 469 . 3086 53.62 5.413
9758 -1 6. 726 .9395 - 91. 50 2.326012 £0. 895 8. 457 . 3985 53.78 5. 415
9732 6.736 L9335 -2 92.19 2, 327245 89. 950 8.444 .3084 53.94 5.416
9706 1 6.746 9276 -2 92. 79 2. 327577 80. 005 8.432 . 3084 54.10 5. 418
.9681 = 6. 756 L9218 -2 93. 3¢ 2. 327008 90. 060 8. 419 . 3983 54. 26 -5.419
.9655 1 6. 767 9160 -2 4. 00 2. 328237 $0.116 8. 407 3033 54. 42 5. 421
L0630 - 6. 777 9102 -2 94,61 2. 328565 0. 170 8.304 . 3082 54. 58 5,422
L9604 -1 8. 787 945 ~2 95.22 2.328802 20.225 8.352 .3981 54. T4 §.424
8519 1 8. 797 8988 -2 95. 83 2.329217 90.279 8.370 .3981 54, 90 5,425
L9554 = 6. 807 L8831 -2 46.45 2.329541 ©0.333 8.357 . 3980 &5.06 5. 427
L8529 1| 6,817 .8675 -t 97.08 2.320864 90.387 8.345 . 3080 &6 22 5.428
.9504 1 6. 827 .8820 -2 97.70 2.330186 0, 441 8.333 .3979 §5.38 5. 430
479 6. 837 8764 -2 08.33 2.330506 90. 495 8,321 .3979 55. 54 5. 431
.9456¢ -1 6. 847 8710 - 08.96 2. 330825 90, 549 8.300 . 3978 55.70 5,433
L9430 6. 857 . 86556 -1 9. 60 2.331143 90. 602 8. 207 3977 55. 86 5.434
L4058 -1 6. 868 L8601 -2 100.2 2.331460 90. 655 8,285 3977 56.02 5.436
.9380 1 6.878 8548 2 100.9 2.331775 90, 709 8. 278 . 3976 56.19 5.437
L9356 -t 6. 888 8495 -2 101.6 2. 332080 00. 762 8, 261 3076 56.35 5,439
.9332 -1 6,598 8442 2 102.2 2.332402 90. 8156 8. 249 3975 56. 51 5. 440
L9307 -1 6. 908 8489 -2 102.8 2.332714 90. 867 8.237 3675 56. 67 5.442
L9283 -t 8.018 L8337 2 103.5 2.333024 $0. 920 8.225 L3074 56. 84 5,443
L0258 -1 6,928 .8286 -2 104. 1 2.333338 90.973 8. 213 L3074 57. 00 5.444
9435 -1 6. 938 8234 2 4.8 2.333641 91. 026 8. 201 3873 87.16 5.4468
8211 6. 948 8183 - 105.5 2. 333048 ¢1.078 8.180 3973 5§7.33 5. 447
L9188 -1 6. 959 L8133 -2 106.1 2.33425¢ 91.130 8.178 L3972 §57.49 5.449
L9164 =1 6. 969 .8082 -t 106.8 2.334558 91.182 8. 166 L3971 57, 66 5.450
910 6.979 L8032 - 107.5 2.334862 91,234 8.155 L3971 57.82 5.462
8117 1 6. 980 .7083 -2 108.2 2.335164 91. 286 8. 143 .3970 57,98 5. 4563
L9093 6. 999 7934 -2 108.9 2.335165 91.337 8.13t 3970 58.15 5.454
9070 -1 7.002 .7885 -2 108.5 2. 335765 91.389 | 8.120 3669 58.31 5. 456
9047 - 7.019 7831 -2 110.2 2.3360683 a1, 440 5,108 . 3969 58.48 5,457
L0024 -1 7.028 T8 -2 110.9 2. 336361 91,402 8.097 .3968 58.65 5. 459
L8001 =1 7.058 LT741 2 1116 2. 336667 91,543 8.085 .3968 58.81 5,460
L8978 7.049 .7603 -2 112.3 2. 336952 91, 584 8.074 .3987 58.98 5.461
L8955 —1 7.060 7646 2 113.0 2.337246 91. 645 8,062 . 3967 59,14 5.463
L8032 -1 7.070 . -t 113.7 2,337539 91, 695 8.051 .3966 59.31 5. 464
8008 -1 7.080 7563 -1 114, 5 2.337831 91,746 8.040 . 3066 59,48 5,465
.8886 -t 7.090 .T507 -t 1152 2.338122 81. 796 8.028 .3065 59,84 5.467
L8864 -1 7.100 7461 -2 115.9 2.338412 91,847 8.017 3065 59. 81 5,468
L8841 -t 7.110 7416 -2 116.6 2.338700 91. 897 8.006 3964 59.98 5.470
.8819 -1 7.120 L7371 - 117.3 2.338088 91,947 7.995 .3 60.15 5.471
8797 -1 7.130 L7326 -1 118.1 2.330274 91,997 7.984 . 3963 60.31 5.472
L8774 -1 7.140 .7281 -2 118.8 2,339559 92,047 7.972 .3063 60.48 5.474
8752 1 7. 150 L7237 -t 110.6 2.339843 92.007 7.961 3062 60. 65 5.476
870 -1 7.161 L7194 =2 120.3 2.340127 92. 146 7.950 . 3062 60. 82 5,476
L8708 -1 7.171 L7180 -2} 1210 2,340409 92,198 7.939 . 3961 60. 99 5.478
. 8686 -t 7.181 L7107 -t 1218 2.340690 02. 245 7.928 . 3961 61.16 5,479
L8664 -1 7.191 L7064 -2 122.5 2.340969 92. 204 7.917 . 3860 61,33 5,480
.8643 -1 7.201 L7021 -2 | 123.3 2.341248 92,343 7. 906 . 3860 61. 50 5.481
8621 -1 7.211 .6970 - 124, 1 2.341526 92,302 7.895 . 3959 61,66 5.483
L8588 -1 7.221 L6937 -2 124.8 2.341803 92, 441 7.884 .3958 . 61,83 5.484
.8578 7.231 .6896 -1 125.6 2. 342079 92,490 7.874 .3058 62,01 5.485
8566 -1 7.241 .6854 -2 120.4 2, 342353 92, 538 7.863 3958 62.18 5.487
8536 7.251 L6813 - 127.2 2, 342627 92. 587 7.852 + 3957 62.35 . 488
8514 -t 7.261 6772 127.9 2, 342000 92.635 7.841 3957 62.52 5,489
.8492 -1 7.2712 ..6731 8 128.7 2.343171 92, 684 7.830 . 3056 62,69 &.49%0
8471 7.282 L6601 -2 128.5 2.343442 02,732 7.820 . 3056 62.86 5.492
8450 -t 7.292 L6651 ~2 130.3 2,343711 92. 780 7.809 3955 63.03 5.493
8429 = 7.302 6612 -4 131.1 2.343980 92,828 7.708 . 3955 63.20 5.404
.B40B - 7.312 L6572 —* 131.9 2. 344248 92. 876 7.788 3955 63.38 5,495
8388 7.322 L6533 2 182.7 2.344514 92,923 .17 . 3954 63.55 5, 497
8367 1 7.332 L6404 % | 133.5 2, 344780 92,971 7,786 . 3954 63.72 5.408
L8346 = 7.342 6456 -1 134.3 2, 345044 93.018 7.756 . 3953 63.89 5,499
8326 -t 7.352 L6417 - 135.2 2, 345308 93. 066 7.745 . 3053 64.07 5. 500
L8305 7.362 06379 136.0 2. 345571 93.112 7.735 . 3952 64,24 5.502
8285 7.372 .6341 -1 136.8 2.345832 93.160 7.724 . 3952 64.41 5, 503
.8264 -t 7.383 L6304 137.6 2. 346093 93. 207 T.714 3951 64. 59 &, 504
8244 7.393 .6267 -2 138.5 2. 346353 93. 254 7.704 . 39561 64.76 5. 505
8224 -t 7.403 .6229 - 139.3 2.346612 93. 300 7.693 . 3950 64.93 &, 507
8208 -1 7.413 L6193 -1 | 140.1 2. 346870 03.347 7.683 . 8950 66,11 5. 508
L8183 -1 7.423 6156 -2 141.0 2.347126 93. 304 7.673 . 8050 65.28 5. 509
L8163 -1 7.433 .6120 -2 141.8 2.347382 03.440 7.662 . 3049 65.46 5. 510
8143 -1 7.443 L6084 -2 142, 7 2.347637 93,487 7.662 . 3940 65. 63 5.511
L8123 ~1 7.453 L6048 -2 143.6 2.347892 93. 533 7.642 . 3048 65. 81 5.513
.8104 —1 7.463 L6013 -* 144.4 2. 348145 93. 579 7.032 . 3048 8. §. 614
L8084 -1 7.473 5077 -8 145.3 2. 348397 93. 624 7.621 . 3947 66. 16 5. 515

-1
-1
-4
-1
-t

-1
=1
-l

] -l

-1

-1
-1
-1

04 -1

-1

-1

88 -t

-1

-1
-1
-t

-1

~-1
-1
-1
-1
-1

-1
-1
=1
-1
=1

06 -1

=~
-1
=1
=t
=

nG -1

638 -

=1
=
=1

=1
=1
-1
=t
=i

=1

-1
=1

82 -l

-1
=1
~1
-1
-1

-1
-1
=L
-1
-1

-1
=t

b ]
=1
=1
-l
-1

=i
=1
=1
-1
=1

-1
-1
-1
=1
-1

=~
=1
-1
=1
-t

68 -1

A3 -1




EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW

TABLE II1.—SUPERSONIC FLOW-—Continued

29
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4 D 0 T q A |4 D2 o1 Ty Py P1
or = - = = = — == = = — =
M P pe T g 2 4. T v s My D P T Dy, Dy
7.55 L1489 -8 1847 -2 .8064 -1 7.483 L5042 -2 146.2 2. 348648 93. 670 7.611 . 3947 66.34 5.518 12,03 1100 -t 1364 -1
7.56 L1477 -3 1836 -2 .8045 -1 7.484 .5908 -3 147.0 2. 348899 93.716 7.601 . 3946 86, 51 5.517 12.08 1003 -t 1351 -t
7.87 1464 -3 .1824 - .8025 -1 7.504 L5873 -2 147.9 2. 349148 93.762 7.591 . 3946 66. 69 5. 518 12,09 1087 =t 1347 -t
7.58 1452 -8 L1813 -2 L8006 -1 7.514 .5839 -2 148.8 2. 340397 03. 807 7.581 . 3946 66. 87 5. 520 12.11 1081 =t 1343 -1
7.59 1439 -3 1802 -2 .7986 -1 7.524 . 5805 -2 149.7 2. 349644 93.853 7.571 . 3945 67,04 5,521 12.14 1074 -1 1340 -1
7.60 1427 =3 1792 -2 L7967 1 7.53¢ | 5771 -2 150.6 2. 340891 93.898 7.561 . 3945 67,22 5. 522 12.17 1068 -t 1336 -1
7.61 1415 -8 1781 -2 L7948 7.044 L5737 -2 151.5 2. 350137 93.943 7.551 3944 67.40 5.523 12.20 1062 -1 1333 -1
I 7.62 1403 -3 1770 -2 .7928 -1 7.554 L5704 -2 152. 4 2. 350382 93. 988 7. 541 . 3044 67.58 5.524 12,23 1056 -t 1320 -t
| 7.63 1301 -3 1759 -2 L7909 7.564 L5671 -2 153.3 2, 350626 94,033 7.531 . 3943 67.75 5.525 12,26 1049 =t 1326 -t
l 7.64 1380 -3 1749 -2 | .7800 -t 7.574 .5038 -2 164.2 2. 350869 94,078 7.521 . 3043 67.93 5. 527 12.29 1043 ~! 1322 -t
7.65 1368 =3 1738 -2 L7871 -1 7.584 L5605 -2 156, 1 2.351112 04.123 7.511 . 3043 68,11 5. 528 12,32 L1037 -1 L1318 -
l 7.66 L1357 -2 ,1728 -2 L7852 -t 7.594 .5572 -3 156.0 2. 351353 94.168 7,501 L3042 68.29 5. 528 12.35 L1031 =t L1316 -1
7.67 1345 -2 L1717 -2 L7833 -1 7.805 L5540 -2 157.0 2. 351594 04,212 7.491 . 3042 68.47 5. 530 12.38 L1025 -1 1312
7.68 1334 -3 1707 =2 L7815 -1 7.615 ., 5508 -2 157.9 2.351834 94, 257 7.482 . 3941 68. 65 5. 531 12,41 .1019 -t L1309 -1
7.69 1323 =3 1697 -2 L7796 -1 7.825 5476 -2 158.8 2.352072 94. 301 7.472 . 3041 68.83 5.532 12,44 L1013 -1 L1305 -1
7.70 .1312 - 1687 -2 L7777 -1 7.635 JBdds -2 159.8 2. 852310 94,345 7.462 . 3041 69,01 5. 5833 12.47 L1008 - ,1302 -1
7.71 .1301 -3 1677 -2 L7759 -1 7.645 L5413 -2 160.7 2.352548 94. 389 7.452 8940 69.18 5,534 12. 50 L1002 -1 .1299 ~1
772 .1200 -0 1667 -3 L7740 = 7.855 5382 -2 161.7 9. 352784 04,433 7.443 . 3940 69. 36 5,536 12.53 L9950 -3 1205 -t
7,73 L1279 -3 1657 -2 L7722 -1 7,665 . 5351 -2 162.6 2. 353019 94.477 7.433 .3939 69. 55 5. 537 12. 56 L9902 -2 1292 -1
7.74 1260 -2 L1647 -2 L7703 -1 7.675 L6320 -2 163.6 2. 353254 94. 521 7.423 . 3939 69.73 5. 538 12.59 .9845 -2 1289 -1
7 7% 1268 -2 L1637 -2 7685 -t 7.685 . 5200 -2 164. 5 2.353488 :  94.565 7.414 . 3939 69. 91 5. 539 12, 62 L9788 -t | (1285 -1
7. 1248 -2 L1627 -2 L7607 - 7. 695 . 5250 -2 168.5 2. 353721 04. 608 7.404 . 3938 70.09 5. 540 12. 65 L9732 -2 L1282 =1
.77 1237 -3 1618 -2 L7648 -t 7.705 .5229 -2 166.5 2. 353953 04, 652 7.305 . 3938 70.27 5. 541 12. 68 L9676 -2 1279 -t
7.78 L1227 -3 1608 -2 .7630 -1 7.715 L5199 -2 167. 4 2. 354184 94. 695 7.385 . 3937 0. 45 5. 542 12.71 .9620 -2 L1278 =
.79 L1217 -8 1599 -2 L7612 - 7.726 8170 -2 168.4 2. 354415 94,739 7.375 .3937 70.63 5. 543 12.74 .9565 -2 L1272 -1
7.80 1207 = 1589 -2 L7504 -1 7.736 .5140 -2 169. 4 2. 354644 04,782 7. 366 . 3037 70.81 5. 544 12.77 .9510 2 1269 -t
7.81 1197 -3 1580 -2 .75786 -1 7.746 L5111 -2 170.4 2, 354873 04, 825 7.856 . 3936 71.00 5, 545 12.80 9456 -2 1266 -1
7.82 1187 -3 1671 -2 .75588 -t 7,756 L5082 -2 171. 4 2. 355101 04, 868 7.347 . 3936 71.18 5. 547 12.83 9402 2 L1263 -1
7.83 1177 =2 1561 -2 L7540 1 7.766 5053 -2 172.4 2. 855328 94, 911 7.338 . 3935 71.36 5. 548 12.86 .9318 -2 L1259 -t
7.84 1168 -3 1562 -2 .7528 -t 7.776 L5024 -2 173.4 2, 355555 04, 954 7.328 . 3935 71. 54 5. 549 12,89 0205 -2 1256 -1
7.85 1158 -8 | .1543 -2 | .7505 -1 | 7.78 L4005 =2 | 1744 2. 355780 94.996 7.319 | .3935 71.73 | 5.550 12.92 9242 -2 | .1253 -
7.86 1149 =3 1534 -2 . 7487 -! 7.796 . 4967 -2 175. 4 2. 356005 95,039 7.309 . 3934 71,01 5. 551 12.96 .0180 -2 1250 -t
7.87 1139 -2 1525 -2 L7470 -1 7.806 .4039 -2 176.4 2. 356229 95. 082 7.300 . 3934 72.09 5. 552 12.99 .9137 - 1247 -1 1
7.88 1180 -2 1518 -2 | .7452 - 7.816 L4911 -2 177.8 2. 356453 95,124 7.201 . 3933 72.28 5. 553 13.02 L0085 ~2 | 1244 !
7.89 1121 -2 1507 -2 | .7435 -t 7.826 . 4883 -2 178.5 2. 356675 95. 166 7.281 . 3933 72. 46 5. 554 13.05 .0033 -2 | .1241 !
790 | L1111 -3 | (1498 -2 | 7417 -1 | 7.836 L4885 -2 | 179.5 2. 356897 95,208 7.272 | .3938 72.65 | 5.555 13.08 .8082 -3 | 1287 -t
At 1102 -3 | .1490 -2 | .7400 ' | 7.847 .4898 =2 | 180.5 2357118 95, 251 7.263 | .3032 72.83 | 5.536 13.11 L8031 -2 | 1284 -
7.92 1093 -3 1481 -2 7883 -t 7.857 4801 -2 181.6 2. 357338 95. 293 7.254 . 3032 73.01 5. 557 13.14 . 8880 -2 L1231 =t
| 708 1084 -3 1472 -2 | 73865 -t 7,867 L4774 -2 182.6 2. 3575587 95. 834 7. 245 . 3032 73.20 &. 568 18.17 .8830 -2 1228 =1
i 7.04 1076 -3 1464 -2 | .7348 -1 7.877 L4747 =2 183.7 92, 357776 95, 376 7.235 . 3931 73.38 5. 550 13.20 .8780 -2 1225 -t
7.95 1067 -2 1455 -2 7331 =1 7.887 L4720 2 184.7 2. 357994 95.418 7.228 . 3931 73. 57 5. 560 13,23 .8731 -2 ,1222
7.96 1058 -3 | .1447 -3 | .7314 -1 | 7.807 .4603 2 | 1858 2. 358211 95. 460 7.217 | .3930 73.76 | 5.561 13.26 .882 =2 | 1219 -1
7.97 1050 =3 . 1438 -2 L7297 ! 7.907 .4867 -2 186.9 2. 358427 95. 501 7.208 . 8930 73.94 5.562 13.29 .8633 -2 L1216 1
7.08 1041 -3 1430 -2 | .7280 -t 7.617 L4641 -2 188.0 2. 858642 98B, 542 7.199 . 3030 74.13 5. 563 13.33 .858¢ -2 | L1213 -t !
7,09 1033 -3 | .1422 -2 | .7263 -1 | 7.e97 ‘4615 - | 180.0 2. 858857 95, 584 7.190 | .3920 74.31 | &.564 13.36 8536 -2 | .1210 -1 °
800 | .1024 - | 1414 -2 | 7246 -t | 7.037 L4589 -2 | 190.1 2.350071 95. 625 7.181 | .3929 74.50 | 5.565 13.39 .8488 -2 | L1207 -
800 | .1016 -3 | .1405 -2 | .7280 -1 | 7047 4563 -2 | 19L.2 2. 360285 95, 666 7.172 | .8029 74.60 | 5.566 13.42 8440 -1 | 1204 -t
8.02 1008 -2 1397 -2 L7213 7.957 .4538 -2 192.3 2. 358497 08,707 7,163 . 3928 74.87 5. 567 13,45 8303 -2 1200 !
8.03 .9997 4 1380 -2 L7196 7.967 L4512 -2 193.4 2. 359709 95. 748 7.154 . 3028 75. 06 5. 568 "13.48 L8346 -2 1198 -1
8.04 | .9916 —+ | .1381 —2 | .7180 ' | 7.978 4487 =2 | 1945 2. 359920 95.780 7.145 | .8927 75.25 | 5.560 13.51 .8200 -2 | .1105 -t
805 | .9837 -4 .1373 =8 | 7163 -t | 7.088 .42 -2 | 195.6 2,360130 95.830 7.136 | .3027 75.44 | 5.570 13.5¢ .8253 -2 | ,1192
8.06 | .0758 -+ | .1365 -2 | .7147 = 7.998 4437 -2 | 196.7 2. 360340 95.871 7.127 | .3927 75.62 | 5.571 13. 57 8207 -3 | .1189 -t
8.07 0879 -4 1358 -2 L7130 1 8. 008 L4413 -2 107.8 2. 360549 95.911 7.118 . 3926 75.81 5. 572 13. 61 8161 -2 1186 =1
8.08 .0602 -4 1350 -2 | 7114 -t 8.018 .4388 -2 109.0 2, 380757 95,951 7.109 . 3926 76. 00 5. 573 13. 64 811§ =2 1183 -t
8.00 | .9525 -4 | .1342 -2 | ,7097 = 8.028 L4364 -2 200.1 2. 360965 95.992 7.100 | .2926 76.19 | 5.574 13.67 .8070 -2 | .1180 -t
8.10 9449 =~ | ,1334 -2 | .7081 -1 | 8.038 4330 -2 | 2012 2.361172 06. 032 7.002 | .3925 76.38 | 5.575 13.70 8025 -2 | L1177 =
811 | .9373 -4} 1327 -2 | .7065 - | 8.048 .4315 -~ | 202.4 2,361378 96.073 7.083 | .3025 76.57 | 5.676 13.73 7081 -2 | L1174 -
812 | .9208 - | 1319 -2 | 7040 - | 8.058 S4202 0} 203.5 2, 361583 96.112 7.074 | .3925 76.76 | 5.577 13.76 7937 -3 | .1172 -
813 | .0224 - [ .1312 -2 | .7083 -1 [ 8.068 ‘4268 2! 2046 2.361788 96.153 7.065 | .3924 76.95 | 5.578 13.80 7803 -2 | .1160 -t
814 | .9150 4| .1304 —2 | .7017 -t | 8.078 | .4244 -2 | 205.8 2. 361992 98,103 7.057 | .3024 77.14 | 5.579 13.83 7849 =2 | 1166 -1
8.15 | .9078 =% | .1207 -2 | .7001 -t | 8.088 L4221 2| 207.0 2.362195 6. 233 7.048 | .3924 77.33 | 5580 13.86 7805 -2 | .1163 -
818 ,9005 -4 .1289 -2 .6985 -1 8,098 L4197 -2 208.1 2. 362397 96, 272 7.039 . 3928 77. 52 5. 581 13.89 L7762 -2 1160 -~
8.17 | .8934 -+ | .1282 -2 | 6960 -1 | 8109 4174 -2 | 200.3 2. 362509 96.312 7.031 | .3923 7770 | 5.682 13.92 719 -2 [ L1187 o
8.18 8863 -4 L1275 -2 6058 -1 8.119 L4151 -2 210.5 2. 362800 986. 352 7.022 .3923 77.90 5. 583 13.95 L7677 2 1155 -t
819 | .8793 -« | .1267 -2 | .6937 -1 | 8120 4120 -2 | 2L7 2. 363001 96. 391 7.013 | .3922 78.00 | 5.584 13.99 7634 -2 | .1162 -
8.20 .8723 4 1260 -2 .6921 -1 8. 139 .4106 -2 212.8 2. 363201 96. 430 7.005 . 3022 78.28 5. 585 14.02 L7502 -2 1149 -1
8.21 8654 -4 | 1258 -2 | .6906 -t 8.149 .4083 -2 214.0 2. 363400 96. 470 6.998 . 3921 78.47 | 5.586 14. 05 7651 -* 1148 -1
8.22 .8586 —4 L1246 - .6800 ! §.150 L4061 -2 215.2 2.362598 | 96.509 6. 988 . 3921 78. 68 5. 587 14,08 7500 -3 1143 -1
8.23 .8518 ~4 1239 -2 L6874 =t 8.160 .4039 -2 216.4 2. 363796 96. 548 8. 979 . 3921 78.86 5. 588 14.11 .7468 2 1141 ~t
8.24 8451 —4 1232 2 . 6859 -1 8.17 .4017 -2 217.7 2. 363993 96. 587 6.971 . 3920 79.05 5. 588 14,15 L7427 -2 1138 -t
8.25 .8384 4 L1225 -2 .6843 -1 8. 189 .3095 -2 218.9 2. 364190 986. 626 6. 962 . 3920 79.24 5. 589 14,18 .7386 -2 1185 -1
8.26 .8318 -4 L1218 -2 .6828 - 8.199 .3973 -2 220. 1 2. 364385 96. 665 6. 954 . 3920 79.43 5. 590 14,21 .73486 -2 1132 -t
8.27 .8253 -4 L1211 =2 .6813 -1 8.209 .3951 -2 221.3 2. 364581 96, 704 6. 945 . 3019 79.63 5. 591 14,24 -7306 -2 1130 ~t
8.28 8188 -4 1205 -2 .6797 -1 8.219 .3930 -2 222.5 2.364775 96, 742 68,937 . 3919 79.82 5. 502 14.27 7266 -2 1127 =t
8.20 8124 -+ | ,1198 -2 | .6782 -1 | 8220 | 3908 - | 293.8 2. 364969 96.781 6.928 | .3919 80.01 | 6.598 14.81 7226 -2 | (1124 =
8.30 .8060 -4 1191 -2 . 6767 -t 8.240 L5887 -2 225.0 2. 365162 96. 820 6.920 . 3918 80.21 5. 504 14,34 L7187 1122 -t
8.31 L7997 4 1184 -2 L6752 -1 8.250 .3866 -2 226.3 2. 365364 96. 858 6.912 . 3918 80. 40 5. 596 14.37 L7147 2 1119 -t
8.32 | .7085 = | .1178 -2 | .6737 -t | 8 260 3845 ~2 | 227.5 2.365546 96.896 6.903 | .3018 80.50 | 5.596 14.40 L7100 -2 L1116 7t
8.33 L7873 -+ L1712 L6721 -t 8.270 .3824 -2 228.8 2.365738 96. 935 6.895 . 3917 80.79 5. 597 14.44 L7070 -2 1114 -
8.34 L7811 ~ 1165 -2 .6706 -1 8.280 .3803 -2 230,0 2,365928 96.973 6.887 .3017 80,98 5. 598 14.47 L7031 -2 11 -t
]
8.86 7750 1158 -2 L6601 -1 8.290 .3783 -2 231.3 2, 366118 97,011 6.878 . 3017 81.18 5. 509 14, 50 .6993 -2 L1108 -1
8.36 L7690 1152 -2 L6676 =t &, 300 .3762 -2 232.8 2. 366307 97.049 6.870 . 3017 81.37 5. 569 14. 53 6955 -2 [ .1106 -}
8.37 .7630 ¢ 1145 -2 . 6662 -t 8.310 L3742 -2 233.9 2, 366496 97,087 6.862 . 3916 81, 57 §. 600 14.57 .8918 -2 L1103
8.38 L7671 -~ 1139 -2 L6647 -1 8.320 .3722 ¢ 235.2 2. 366684 97.125 6.854 . 3916 81.76 5. 601 14.60 .6880 -2 ,1100 -1
8,39 L7512 1133 -2 .6632 -1 8.330 L3702 -2 236.5 2. 366871 97.162 6.845 . 3916 81.96 5. 602 14.63 6843 -2 L1008 !
8. 40 7454 1126 -2 L6617 -1 8.340 .3682 -2 237.8 2. 367058 97.200 6.837 . 3915 82.15 5.603 14,66 .6806 -2 1085 -1
8.41 L7306 1120 2 L6603 -t 8.350 .3662 -2 239.1 2.367244 67. 238. 6. 829 .3915 82.36 5. 604 14,70 .6760 -7 1003 -
8.42 .7339 - 1114 =2 .6588 =t 8,360 .3642 —2 240.4 2. 367430 97.276 6.821 . 39015 82, 56 5,805 14,73 6733 -2 1080 -
8.43 L7282 -4 1108 -2 .6573 ! 8.370 .3623 -* 241.7 2. 367616 97,313 6.813 . 3914 82.74 5. 606 14,76 .6697 ~2 1087 -t
8.44 7226 -4 1102 -2 .6559 -1 8,381 .3603 -2 243.0 2. 367799 97.350 6.805 .3914 82.94 5, 606 14,79 . 66861 -2 1085 ~t
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6644 1 8.501 3684 -2 244 4 2.367983 97.388 6.797 3914 83.14 5.607
L6530 - 8.402 .3565 -t 245.7 2.368166 97,424 6. 788 3013 83.33 5. 608
L6515 -t 8. 411 3545 -2 2470 2.368348 97.462 6. 780 3913 83, 5. 609
L6501 -t 8.421 .3526 248.4 2. 368630 07.499 6.772 3613 83.73 5.610
. 6487 -1 8.431 .3608 -% | 249.7 2.368712 97.536 | 6.764 3912 83.93 5.611
L6472 -1 8.441 .348¢ - 251.1 2.368892 97. 573 6. 756 . 3012 84.13 5.612
6458 -1 8.451 L3470 -2 252.5 2. 369072 g7.609 6.748 .3012 84,32 5.613
L6444 -1 8.461 .3452 -2 253.8 2. 369252 97, 646 8. 740 L3011 84. 52 5.613
6430 -1 8.471 .3433 =2 255.2 |- 2.369431 97. 683 6.732 .3911 84,72 5.614

6416 8.481 3415 -2 256. 6 2. 360609 97.719 6.725 -3911 84.92 5615
L0402 -1 8.401 3307 2 258.0 2.369787 97. 756 6.717 3011 85.12 5.616

.6388 -1 8. 501 .3379 - 259.4 2. 369964 97. 792 6. 709 . 3910 85. 32 5.617
L6374 - 8. 511 .3361 -2 260.8 2870140 97.828 6. 701 . 3910 85. 52 5.618
.6060 -1 8. 522 .3343 -2 262. 2 2.370316 07.865 6.693 3810 83.72 5.618

L6348 -t 8. 538 .3326 2 263. 6 2.370492 97.901 6.685 . 8009 85.92 5.619
6332 I 8. 542 .3308 -2 265. ¢ 2. 370667 97.937 6 677 . 3900 86.12 §. 620

.631¢ -1 8. 5562 .3291 -2 266. 4 2.370841 7. 973 6 670 .3900 86,32 5. 0621
.6305 -t 8. 562 .3273 - 267.9 2.371015 88.009 6. 662 . 8909 a6. 52 5. 622
.6291 ~ 8. 572 .3256 2 269.3 2.371188 08. 045 6 654 . 3908 86. 7 5.623
.6277 8. 582 .8239 - 270.8 2.371360 98. 081 6. 646 . 3008 §6.92 5. 623
.6264 8.502 .3222 2 272.2 2.871532 03,116 6.639 . 3008 87.13 5. 624
. 6250 -t 8.602 3205 -2 273.7 2.371704 98.152 6. 631 . 3907 87.33 5.625
.6237 -1 8.612 .3198 -2 275.1 2.871875 08.187 6. 623 . 3907 87.63 5.626

.6223 -1 8.622 L3171 2 276.6 2.372043 08.223 6. 616 . 3907 87.73 &.627

.6210 - 8.632 L3155 1 278.1 2.872215 98. 258 6.608 . 3006 87.94 5. 627

L6197 -t 8.642 J3138 - 279.6 2.372381 08.293 6.600 3006 - 83.14 5.628

.6183 8. 652 3122 =2 281.1 2.372553 08,320 6. 693 3006 88.34 5.629

L6170 -t 8. 662 .3105. 2 282.6 2372721 08. 364 6. . 3

L6187 -1 8.673 .3089 -2 284.1 2.37288¢ 08. 399 6.5 . 3

L6143 1 8.683 3073 -2 285.6 2. 373056 98. 434 6.570 . 3605 88.95 5.631
6.

.6130 = 8.693 .3057 -2 287.1 2.373222 98. 469 3 . X . 67
L6117 1 8.703 3041 -2 288.6 2.373388 ' 98. 504 8. 555 3004 80. 306 5.G33
L6104 -1 8.713 .3026 -2 290. 1 2.373554 98. 539 6. 647 3004 80. 57 5. (i34
L6091 -t 8.723 ;3010 -2 291.7 2.373119 08. 673 6. 540 . 3004 89,77 5. 635

6078 =1 8.733 L2094 -3 293.2 2.873883 98.608 6.532 . 3004 £0.07 5.635
6065 -1 8.743 L2978 -2 294.8 2, 874047 98.642 6. 625 3903 0,18 §.036
6062 -t 8.753 .2063 -2 206.3 2.374210 98. 677 6. 518 . 3903 o, 39 &. 637
.6039 -t 8.763 248 -2 297.9 2,874373 98.711 6. 510 3003 90. 5¢ 5. 638
.6026 - 8.713 2032 -2 299, 5 2. 374535 08,745 6.503 . 3003 90.80 5. 038
L6014 L 8.783 L2917 % 301.0 2, 374697 88. 780 6.495 3002 9100 5.639
L6001 - 8.793 .2902 -2 302.6 2.374859 98.814 6.488 3802 01.21 §.640
.5088 -1 8.803 L2887 -2 304. 2 2.375019 08.848 6.481 .3902 o142 &. 641
L5975 -t 8.813 2872 2 305.8 2.375180 98.882 8.473 .3001 01,62 5.641
.5963 -t 8.824 L2857 -2 307.4 2,875339 08.916 6.466 3001 91,83 5.642
L5950 - 8.834 L2843 -2 300.0 2, 375409 8. 950 6. 459 3901 92,04 &. 643
. 5938 -1 8.844 .2828 -1 310.6 2.375657 08, 984 6. 451 .3901 92.25 5. A4
L5925 -1 8.85¢4 2814 -2 812.3 2.375816 99,018 6. 444 . 3900 02, 45 5.045
.go1s -t 8.864 2799 -2 313.9 2.375973 99,051 6.437 3900 02.66 5646
L5900 -t 8.874 L2785 -2 816. 5 2. 376131 0n. 085 6.430 . 3000 92.87 5.616
. 5888 -t 8.884 - -t 317.2 2.876287 69,119 6.422 . 3900 93.08 5.647
L5875 -1 8.804 L2756 2 318.8 2.376444 99. 152 6.415 . 3800 93.20 5. 647
5863 8.004 L2742 2 320.5 2.376599 99, 186 6.408 . 3899 03, 50 5.648
5851 -t 8.914 .2728 2 822.1 2. 3767556 00,219 6.401 . 3899 03.70 §. 649
5838 -1 8.924 2714 2 323.8 2. 376900 99. 252 6. 394 . 3809 93.91 5. 650
.5826 -~ 8.934 L2701 -2 325.5 2. 377064 99, 286 6.387 . 3898 04.12 5.650
L5814 -1 8.944 .2687 2 327.2 2.377217 99, 319 6.3790 . 3808 01.33 &. 651
5802 8.954 2673 2 828.9 2.377371 99.352 6.372 . 3893 gL 54 5. 652
L8700 -t 8.964 .2660 -2 830.6 2.377524 09, 384 6. 365 3897 94,75 5. 063
LE778 -t 8. 974 L2646 2 832.3 2.377676 69.417 6.358 3807 04, 96 5. 653
L8766 - 8.985 . 2633 -2 334.0 2.377828 98, 451 6.351 . 3807 95.18 5.654
L5754 -1 8.995 L2619 336.7 2.377979 99. 483 5. 344 . 3807 93. 3% &. 656
L5742 -t 9.005 2606 ~2 337.5 2.378130 99, 516 6.337 . 3896 95.60 5. 666
5730 - 9.015 L2503 2 839.2 2,378281 90, 549 6.330 . 3896 85.81 &, 656
L5718 -t 9.025 L2680 -2 340.9 2.378431 99. 581 6.323 . 3896 96.02 5. 057
L8706 -t 9. 035 . 2667 -2 342.7 2.378580 89, 614 6.316 . 3896 96.23 5.668
L5604 -1 9. 045 2564 -1 3445 2.378729 09. 646 8. 300 . 3895 96. 45 4. 658
.5682 -1 9.055 L2541 2 346.2 2.378878 09,679 G. 302 . 3805 08. 66 5. 659
LG6TL -1 9. 065 L2528 -2 348.¢ 2.379026 99,711 6. 295 . 3895 06.87 5. 660
L5650 -t 9.075 L2515 -2 349.8 2, 379174 09. 743 G. 288 3805 97.08 5. 660
587t 9. 085 L2503 —* 851.6 2.379321 90. 776 6.281 . 3881 97.30 5. 661
.5636 1 9,095 .2490 353.4 2.379468 69.807 6. 274 . 3804 97. 51 5. 662
L5624 - 9.105 L2478 1 354.2 2.379614 99.840 6.268 3804 97.72 5. 663
5612 - 9.115 L2465 357.0 2.379760 09,872 6. 261 3881 o7, 04 5.063
L5601 -t 0.125 . -2 358.8 2.379905 90,914 6.25¢ . 3803 93.15 5,664
.58 -t 9.135 L2441 -2 360.6 2. 380050 99. 036 6.247 . 3803 98,37 5. 685
.5678 -1 9.145 .2428 -1 362.5 2. 380195 99. 967 6. 240 . 3863 98. 53 &. 865
.5866 -1 9. 156 «2416 -2 364.3 2.380339 09, 499 6. 233 . 3893 88,79 &, 666
5666 -1 9.166 L2404 2 368. 2 2.380483 100. 031 G.227 . 3802 99.01 5. 667
.04 1 9.17% .2392 1 368.0 2. 380626 100. 082 6.220 .3802 90,23 5.067
5532 ! 9.186 2380 2 369.9 2. 380769 100. 094 6.213 3802 99. 44 5. 668
.5621 1 9.195 L2368 -2 371.7 2,380011 100.125 6. 206 3892 29, 66 5. 668
G610 &, 206 .2357 -2 373.6 2.381053 100. 157 6.200 3892 99. 87 5. 669
5499 -1 9.216 L2345 1 875.5 2.381104 100. 188 6.193 3801 100.1 5.670
. 5487 -t 9.226 .2333 - 377.4 2.381335 100. 219 6.186 .3gaL 100.3 5.67]
L5476 -l 9.236 .2322 -1 379.3 2.381476 100. 251 6.179 . 3891 100.5 5.671

5465 -1 0.246 L2310 3812 2, 381616 100. 282 6.173 . 3891 100.7 5.672
L5454 -1 9.256 .2209 2 383.1 2, 381756 100. 313 6. 166 . 3800 101.0 5.673
5443 -l 8. 266 .2287 -2 385.1 2.381895 108. 344 €. 160 .3890 10L. 2 5.673
G482 -t 9.276 L2276 3 387.0 2.382034 100. 375 6,163 . 3890 0.4 | 567

5421 -1 | 0,286 2265 % 380.0 2.382173 100. 406 6. 146 . 3800 10l.6 ° 5.675
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EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW

TABLE IIL—SUPERSONIC FLOW—Continued

31

=T[5
M 2,
) 4 T g 4 v b2} et L 24 b8
J?}l Dt pe T: s D Ay ay v B M o n T, Dy D1y
9.35 | .3683 ¢ 6807 =3 | .5410 9.296 L2254 =2 | 390.9 2,382311 | 100.436 6.140 | .3889 | 101.8 5.675 17.94 .4162 -2 | .8840 -2
9.36 | .3657 — 8773 -8 5309 -1 9,306 2243 -2 3029 2,382448 | 100.467 6,133 | .3889 | 102.0 5.676 17.98 L4142 -2 | ,8828 -3
9.37 | .3631 -+ | ,6739 -3 5388 -! 9.316 2232 -3 | 3048 2.382585 | 100.498 6.127 | .8880 | 102.3 5.877 18.01 4121 -2 | .8809 -3
9.38 | .3605 ~ | .6705 -2 | ,5377 -t 9.327 2221 -2 306.8 2.382722 | 100.529 6.120 | .3889 | 102.5 5.677 18.05 4101 -2 | .8791 -2
9,39 3580 -4 | .6671 -8 5360 -1 9.337 L2210 2| 898.8 2.382859 | 100.559 6.113 | .3888 | 102.7 5.678 18.09 .4081 -2 | .8773 -3
9.40 | .3655 -4 | .6638 -2 | .5356 -t 0,847 2199 -2 400.8 2.382005 | 100.590 6.107 3888 | 102.9 5.679 18.12 L4061 -3 | L8754 -2
9.41 | .3580 -4 | .6604 -3 | 5345 -t 9.357 2188 -2 | 4028 2.383130 | 100.620 6.100 3888 | 103.1 5.670 18.16 4041 -2 | .8736 -2
9.42 | ,3605 -4 | .8571 -8 | ,5334 -1 9.367 2177 -3 | 404.8 2,383265 | 100.651 6,004 3888 | 103.4 5.680 18.20 4021 -2 | .8718 -2
9,43 | .3481 -4 | .6538 -3 | 5323 9,877 2167 -2 | 406.8 2.383400 | 100.68L 6.087 3388 | 103.6 5,681 18.23 .4001 -2 | .8609 -3
9,44 | .3456 — 6506 -3 | .5313 ~ 9.387 2156 -2 | 408.8 2.383534 | 100.711 6.081 3887 | 103.8 5.681 18.27 3082 -2 | .8681 -2
9.45 3432 —4 | .6473 -3 | 5302 ~t 9,397 2146 -2 410.9 2.383668 | 100,742 6.074 3887 | 104.0 5,682 18.81 3062 -2 | .8662 -1
9.46 3408 -¢ | 6441 -3 | 5291 ~1 9.407 2135 -1 | 412.9 2.383802 | 100.772 6.068 3887 | 104.2 5.083 18.34 3043 -2 | .8644 -2
9,47 | .3384¢ -4 | .6400 -3 | .5281 9.417 2125 -1 | 4149 2.383935 | 100.802 6,062 3887 | 104.5 5.083 18,38 3024 -2 | .8626 -2
9.48 | ,3361 =~ | .6377 -3 | 5270 -! 9.427 L2114 =2 417.0 2.384068 | 100,832 6.055 3886 | 104.7 5,684 18.42 .3904 -2 | .8607 -2
9,49 | .3337 ~4 | .6345 -8 | ,5260 9,437 2104 -2 | 410.1 2.384200 | 100.862 6.049 3886 | 104.9 5.68¢ |  18.45 3885 -1 | .8589 -2
9.50 | .8314 = | .6313 -3 | 5249 9,447 .2004 -2 | 4211 2.384332 | 100.892 6.042 | .8886 | 105.1 5.685 18.49 3866 -2 | .8572 -2
9,51 | .3201 -4 | ,6282 -3 | 5239 -~ | 9,457 2084 =2 493,2 2.384464 | 100,922 6.036 | .3886 | 105.3 5.686 18.53 3848 -2 | .8554 -2
9.52 | .3268 -+ [ .6251 -8 | ,5228 -t 9.467 2073 425,3 2.384505 | 100.952 6.030 | .3886 | 105.6 5.686 18. 57 .3829 -2 ( .8636 -2
9.53 | .3246 ~4 | ,6220 -2 | 5218 - 9.477 L2083 -2 | 4274 2.384726 | 100,981 6.023 | .3885 | 105.8 5.687 18.60 .3810 - | .8518 -2
9.54 | .3223 - 6189 -3 | ,5208 - 9.487 L2058 -2 | 420.5 2,384856 | 101.011 6.017 | .3885 | 106.0 5.688 18.64 .3792 -2 | .8500 -3
9.55 | .3201 ~4 | .6168 =8 5197 -t 9.498 L2043 =2 431.8 2.384086 | 101.041 6.011 .3885 | 106.2 5.688 18.68 .8773 ~2 | .8483 -2
9.56 | .3179 = | .6128 - 5187 - 9,508 L2034 -2 483.7 2.385116 | 101.070 6.004 | .3885 | 106.5 5.689 18.71 .3755 -2 | .8465 -2
9.57 | .3157 -4 | .6098 -3 | 5177 - 9.518 .2024 -2 | 435.9 2.385245 | 101.100 5.098 | .3884 | 106.7 5.680 18.75 8737 -2 | .8447 -2
9.58 3135 =4 | .6067 -3 | .5167 -! 9.528 L2014 -7 | 438.0 2.385374 | 101.129 5.992 | .3884 | 106.9 5.690 18.79 ,8719 -2 | .8431 -2
9.59 3113 -4 | .6037 -3 5156 =t 9. 538 .2004 -2 440.2 2.385502 | 101.159 5.985 | .8884 | 107.1 5.601 18.83 L8701 -2 | .8412 -2
9.60 | .3092 -4 | .6008 -3 5146 -1 9. 548 1995 -2 442.3 2.385630 | 10L.188 5.979 | .3884 | 107.4 5.691 18.86 ,3083 -3 | .8394 -2
9.61 [ .3070 -4 | .5078 -8 5136 ~! 9. 558 1085 -2 | 444.5 2.385758 | 101.217 5.973 | .3884 | 107.6 5.602 18.90 .3665 -2 378 -2
9.62 | .3040 -4 | .5049 -3 5126 - 9.568 1975 ~2 | 446.7 2.385885 | 101.247 5.967 | .8883 | 107.8 5.092 18,04 .3647 -2 [ .8360 -2
9.63 | .3028 -+ | .5919 -8 5116 =t 9. 578 1966 ~2 448.8 2.386012 | 101.276 5.060 | .3883 | 108.0 5.693 18.98 3630 ~2 | .8343 -2
9.64 | .3007 -4 5800 -3 5106 -t 9.588. 1956 -2 | 45L0 2.386139 | 101.305 5954 | .3883 | 108.3 5.694 19.01 3612 -2 | .8325 -1
9,65 2087 =4 | .5861 3 | .5006 - 9. 508 1947 -2 [ 453.2 2.386265 | 101.334 5.948 3883 | 108.5 5.694 19.05 .3595 -2 | .8308 -2
9. 66 2966 ~+ | .5833 -3 | .5086 -t 9.608 1038 -2 455.4 2.386391 101. 363 5,942 3883 | 108.7 5.605 19.09 .3578 -2 | .8201 -2
9.67 2046 - 5804 =3 | .5076 - 9.618 .1928 =2 457.7 2.386516 | 101.362 5.986 3882. | 108.9 5.685 19.13 3560 -2 | .8275 =
9.68 | .2026 ~¢ | .5776 -3 | .5066 -~ 9. 628 L1919 -2 | 450.9 2. 386641 101. 421 5.030 3882 | 100.2 5.696 19.16 3543 -1 | .8257 -4
. 9.69 | .2006 ~¢ | .5747 -3 5066 - 9.638 L1910 -2 462.1 2.386766 | 101.450 5.923 3882 | 109.4 5.607 19.20 3526 -3 | .8240 -2
9.70 | .2886 -~ | .5719 -2 | 5046 -1 9,648 1901 -2 464.4 2.386800 | 101.479 5.917 | .3882 | 100.6 5,607 19.24 3510 ~2 | .8224 -2
9.71 | .2866 ~+ | .560L -3 | .5086 ~t 9. 658 1892 -2 466 6 2,387014 | 101.507 5011 | .3882 | 109.8 5.698 19.28 ,3403 -2 | .8206 -?
9,72 | .2847 -4 | .5064 -t | .5026 -t 9.668 .1883 -2 468.9 2,387138 | 101536 5.905 | .3881 | 110.1 5.608 19.81 3476 -2 | .8150 -¢
9.73 | .2827 -~ | .5636 -S| .5016 ~! 9. 678 L1874 =2 471.2 2.887261 | 101564 5.809 | .3881 | 110.3 5.689 10.85 3450 -2 | .8174 -2
9.74 | .2808 -4 8609 -* | .5007 -t 9. 689 1865 -2 473.4 2.387384¢ | 101.503 5.803 | .3881 | 110.5 5.700 19,39 3443 -2 | .8155 -2
9.76 | .2780 -~ | .5881 -2 | 4997 -t 9.699 1856 -2 475.7 2,387507 | 101.621 5.887 | .3881 | 110.7 5.700 19.43 3427 -2 | .8139 -2
9.76 | .2970 -4 | .5554 -9 | 4987 -t 9. 709 1847 -2 | 478.0 2.387620 | 101.650 5881 | ,3880 | 111.0 5.701 19, 47 3410 -2 | .8123 -2
9.77 | .2751 -4 | .5527 -3 | (4977 - 9,719 1838 -2 480.3 2. 887711 101. 678 5.875 . 3880 111.2 5,701 19. 50 3304 -3 .8107 -2
9.78 2733 4| L5501 ~% | 4968 -t 9.720 1830 -2 482.6 2.387872 101. 707 5.869 .3880 111.4 5.702 19. 54 3378 -2 | .8000 -2
0.79 | .2714 -4 | .5474 =3 | 4958 ~I 9.739 1821 -2 | 485.0 2.387993 | 101.735 5.863 3880 | 11L.7 5.703 19.58 3362 -2 | .80738 -2
9.80 | .2608 ~5 | .5447 -3 | 4949 -1 9.749 L1812 -2 487.3 2.388114 101.763 5.857 . 3880 111.9 5,703 19. 62 .3346 -2 | .8057 =2
9.81 | .2677 4| .5421 % | 4939 -t 9,759 1804 -2 | 480.6 2.388234 | 101791 5.851 | .3879 | 112.1 5.704 19.66 13330 -2 | .8040 -
9.82 L2059 -4 5395 —8 4928 =1 9. 769 1795 =2 492.0 2, 388354 101.820 5,845 . 3879 112.3 5. 704 19. 69 .8814 -2 | .8025 =2
0.83 | .2641 ~ 5369 -3 | .4920 -t 9.779 1787 =2 494.4 2.388474 | 101.848 5.830 | .3870 | 112.8 5.705 10.73 13208 -2 | .B0O8 -2
0.84 L2624 -+ .5343 -8 L4910 = 9.789 1778 2 496. 7 2, 888593 101.876 5.833 . 3879 112.8 5. 705 19.77 3283 -1 L7992 -t
9.85 | .2006 =4 | .5317 -3 | .4901 -t 9.799 1770 =2 499.1 2.388712 | 101.004 5827 | .3879 | 113.0 5.706 19.81 .3287 -2 077 =
0.86 | .2888 ~4 | .5202 -3 | .4891 -t 9.809 1762 =2 501. 5 2. 388831 101. 932 5.821 | .3878 | 113.3 5.707 19.85 .3252 -2 7960 -2
9,87 | .2571 =4 | .5266 -3 | .4882 -1 9.819 1753 =2 503.9 2.388949 | 101.960 5816 | .3878 | 113.5 5.707 19.89 .3237 ¢ 7944 2
9.88 | .2 =1 .5241 -3 | .4873 = 9.829 1745 ~2 506. 3 2. 380067 101. 987 5,809 . 3878 113.7 5.708 19.92 3221 -3 | .7928 -2
0.89 | .2537 -4 | .5216 -? | ,4863 -1 9.839 1737 =2 508.7 2.380185 | 102.015 5.803 3878 | 113.9 5.708 16,96 3206 -1 | .7012 -2
9.90 12520 -+ | 5191 -3 | 4884 -1 9.849 1729 -2 511.2 2. 389302 102. 043 5.797 . 3878 114, 2 5.709 20.00 3191 -2 | .7866 2
9.91 [ .25083 —4+ | .5166 -3 | .4845 -1 9.859 L1720 -2 513.6 2,880419 | 102.070 5792 | .3877 | lid.4 5.709 20. 04 3176 -2 | .7880 -2
9.92 | .2486 -¢ | .5141 -3 | 4835 -t 9.869 1712 =2 516.0 2,380536 | 102.008 5.786 | .3877 | 114.6 5.710 20, 3161 ~2 | .7864 -2
9.93 | .2469 - 5117 -3 [ 4826 -1 9.880 1704 -2 518.5 2.380652 | 102.126 5780 | .3877 | 114.8 5.710 20.12 3146 -3 { .7848 -2
0.94 | .2453 - 5002 =5 | .4817 -1 9.890 1696 ~* 521.0 2.389768 | 102.153 5.774 | .8877 | 1151 5. 711 20. 15 3132 -2 | .7831 -2
9.95 | .2436 —4 | .5068 -3 | .4808 ~! 9,900 .1689 -2 523.4 2,389884 | 102.180 5.768 3877 | 115.3 5.712 20.19 3117 -4 L7817 2
9.96 1 .2420 4 | .5044 3| 4708 - 9.910 .1681 -2 525.9 2.380009 | 102.208 5.762 3877 | 115.6 5.712 20.23 3102 -3 | .7801 -*
9.97 | .2404 -4 | ,5020 -2 4789 -t 9.920 1673 2 528.4 2.390114 | 102.235 5.756 3876 | 115.8 5.718 20. 27 .3088 - 7785 -2
9.98 | .2388 ~4 | .4996 -3 | ,4780 -1 9.930 L1865 -2 | 530.9 2.390220 | 102.262 3.751 3876 | 118.0 5.713 20, 31 3078 -8 | .7770 -2
9.99 | .2372 -~ | (4972 -3 | 4771 = 9.940 .1657 -2 533. 4 2.390343 | 102.290 5.745 3876 | 116.3 5,714 20.35 L8059 -2 | .7755 2
10.00 | .2356 —4 | 4048 -3 | 4782 -t 9. 950 1640 -2 535.9 2.800457 | 102.32 5739 | .3876 | 118.5 5.714 20. 39 .3045 -2 7739 -2
10.02 | .2825 -4 | 4001 -3 | .4744 -1 9,970 1634 -2 541.0 2.390684 | 102.87 5798 | .3875 | 117.0 5.715 20. 47 .3016 -2 ) .7708 -2
10,04 | ,2294 =4 | 4855 -8 | 4726 - 9,990 .1619 -2 546.1 2.390010 | 10242 5716 | .8875 | 117.4 5.717 20. 54 L2088 -2 | .7678 -2
10.06 | .2264 -4 | .4809 =3 | .4708 - | 10.01 .1604 =2 551.8 2.39113¢ | 102.48 5.705 | .3875 | 117.9 5.718 20. 62 L2061 -2 | 7646 2
10.08 2234 —4 | .4764 8 4690 -1 | 10.03 .1589 -2 556.4 2, 391358 102. 53 5. 693 .3874 | 118.4 5.719 20.70 .2084 -2 7616 -2
10.10 | .2205 -4 | 4719 =3 | .4673 - | 10.05 1575 =2 561.7 2,301579 | 10259 5682 | .3874 | 118.9 5.720 20.78 .2006 -3 | .7588 =8
10,12 | 2176 —4 | 4675 =3 | ,d4656 —1 [ 10.07 1560 —2 567.0 2,391809 | 102.64 5.671 | .3874 | 110.3 5.721 20.86 L2879 -2 | 7558 -2
10.1¢ | .2148 -4 | ,4631 =3 | ,4637 —t | 10.09 1546 -2 572, 8 2.392020 | 102.70 5.060 | .3878 | 110.8 5.722 20, 94 L2858 -1 | .7528 2
10,16 | .2120 -4 | .4588 -8 | 4820 - | 10.11 1532 -2 577.6 2.302238 | 102.75 5.648 | .3873 | 120.3 5.723 21.01 L2827 =3 | (7408 -2
10.18 | .2092 -4 | ,4545 -8 | ,4603 -1 | 10.13 1518 -2 583.0 2.392455 | 102.80 5.637 3872 | 120.7 5.724 21.09 .2801 -2 | .7469 -2
10.20 | .2085 = | .4508 -3 | .4586 —' | 10.15 1504 2 | 588.4 2,392670 | 102.85 5626 | .3872 | 121.2 5.725 21.17 L2775 -8 | L7439 -2
10.22 | .2088 =4 | ,4461 -3 | 4568 -1 | 10.17 .1490 -2 593.9 2.392885 | 102.90 5.615 | .3872 | 12L.7 5.726 21.25 L2750 -2 | L7411 =2
10.24 | .2011 =+ | 4419 -3 | ,4B51 ~1 | 10.19 1478 -2 500, 5 2,393098 | 102.95 5.604 | .3871 | 122.2 5.727 21.33 2725 -t | .7382 -2
10.26 | .1985 ~ 4378 -3 | ,453¢ - | 10.21 1483 =2 605. 0 2.308310 | 108.01 5.503 | .38711 | 122.7 5.728 21.41 L2700 -2 | .7334 2
10.28 1960 -4 4338 -3 | .4518 -1 | 10.28 L1450 -2 610.6 2.393521 | 103.06 5.582 | .3871 | 123.1 5.720 21.49 L2676 ~2 | 7324 =2
10,30 | .1934 -4 | ,4208 -3 | 4501 -t | 10.25 1437 -2 616, 2 2.393731 | 108.11 5571 | .3870 | 123.6 5.730 21, 57 .2650 -2 | .7207 =8
10.32 | L1009 =4 | .4258 -3 | .4484 -1 | 10.27 L1424 2 621.9 2.393040 | 108.16 5561 | .3870 | 1241 5.731 21. 85 2627 -2 | .7268 -3
10,34 | .1885 - | ,4219 -3 | .4468 — | 10.29 L1411 = 627.6 2304147 | 103.21 5550 ( .3870 | 124.6 5.732 21.78 .2603 -2 | .7240 =2
10.36 | .1861 -¢ | .4180 -3 | .4451 -t | 10.31 L1398 -2 633.4 2.30435¢ | 108.27 553 | .3889 | 1251 5.733 21.81 2580 -5 | ,7213 -3
10.38 1837 -4 | .4142 -3 | ,4435 -1 | 10.88 1385 -2 639, 2 2.304559 | 103.31 5528 | .3860 | 125.5 5.734 21.89 L2557 -1 7185 -2
10. 40 1813 =4 | .4104 -3 | ,4419 ~1 | 10.35 1378 2 645,1 2394763 | 103.86 5.518 3869 | 126.0 5,735 21,97 ,253¢ 2 7157 =~
10. 42 1780 =4 | ,4066 - 4402 - | 10.87 1361 -2 851.0 2.304966 | 103.41 5,507 3868 | 126.5 5,786 22,06 L2511 7130 -3
10. 44 1767 =4 | ,4029 -8 4386 -1 | 10.39 1348 -2 656.9 2.305167 | 103.47 5.497 3868 | 127.0 5.787 22.14 .2488 -2 1 (7102 =
10. 46 1745 -4 | .3008 -3 | .4370 1 | 10.41 1336 662, 9 2.395388 | 108.52 5.486 3868 | 127.5 5.738 22.22 .2468 -2 | .7075 -3
10.48 | ,1723 -4 | .3956 -8 | .435¢ -1 | 10,48 1324 -2 | 668.9 2.395568 | 108.56 5.476 | 3867 1 128.0 5.739 22.30 2444 -1 | 7040 -2
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TABLE II.—SUPERSONIC FLOW-—Continued

¥=T/5

M T v Ty s,

or 2 £ L 8 £ A 4 ’ 2 M B o I e n
M F p T: ) Ay x ”m m T Py Diy
10. 50 701 .3020 4 L4338 10. 45 L1813 -2 675.0 2. 395766 103. 61 5, 465 . 3867 128. 5 5. 740 22.38 L2422 -3 JST032 T
10. 52 1679 4 .3885 -2 .4323 -1 10. 47 L1301 -2 681.1 2. 395964 108. 66 5.455 . 3867 120.0 5 741 22. 46 2400 -2 L6006 -1
10. 54 1658 -4 3850 - L4307 -1 10. 49 L1289 -2 687.3 2. 396160 108.71 5.444 . 3866 120.4 5. 742 22. 54 2379 -2 L0068 -2
10. 56 .1637 -+ .3815 -3 L4201 -1 10. 51 L1278 -2 693. 5 2. 396355 108. 76 5.434 . 3866 120.9 5.743 22.63 2358 -2 L0942 -2
10. 68 L1616 -+ .3780 .4276 -t 10. 53 L1267 -2 699.7 2, 396550 103.81 5.424 . 3866 130. 4 5. 744 227 2337 -2 L0017 -1
10. 80 L1506 4 L3472 L4260 1 10. 55 .1255 -2 706,0 2.396743 103.86 5.413 5 130.9 5,744 22,79 207 L0801 ~-*
10. 62 L1676 -4 | .37i3 - 4245 -1 10. 57 Jd244 2 712.3 2. 396935 103. 90 5.403 3865 131.4 5,745 22.87 L2206 -2 G866 -2
10.64 1556 .3680 -2 4230 -1 10.59 L1233 -2 718.7 2.397126 103.96 5. 803 . 3865 131.9 5 746 22,96 L6 2 f%39 -2
10. 66 . 1537 4 . 3647 - 4216 10.61 L1223 -2 726.2 2,397316 104. 01 5,383 . 3864 132.4 5. 74T 23.04 2256 -1} G814
10. 68 .1618 ~4 L3614 -9 L4200 10.63 1212 -~ 7316 2, 397505 104.05 5. 378 . 3864 132.¢ 5.748 23.12 226 -2 L0789
10.70 L1499 ~ .3682 (4185 1 10. 65 .1200 -2 738.2 2.397693 104. 10 5. 363 . 3864 133.4 5.749 23.21 L2216 -2 . G71 -2
10.72 L1480 ~ .3550 -3 A17G -1 10. 67 191 -2 744.8 2.397880 10414 5. 353 . 3863 133.9 5. 750 23.29 L2197 -2 L0737
10.74 1462 ~+ .3518 -3 L4156 -1 10.69 L1180 -2 7614 2. 398066 104.19 5.343 . 3863 1344 5,751 23.37 .2178 -2 G712 -2
10. 76 1444 ~ L3487 L4140 1 10.71 170 =2 758.1 2.308251 104.24 5.333 . 3863 13¢4.9 5. 752 23. 46 2158 - G688 -
10.78 1426 ~4 . 3456 L4125 1 10.73 L1169 -2 764.8 2, 398435 104.20 5.323 . 3862 135.4 5.753 23. 54 2140 - L0063
10.80 L1408 ~ L3428 3 L4111 10.75 L1150 -2 77,5 2, 3080618 104. 33 5.313 . 3862 135.9 5.753 23.62 22121 -2 . -
10.82 L1301 .3305 -2 L4096 ! 10.77 1140 2 718. 4 2. 398801 104. 38 5,308 . 3862 136.4 5.754 23.71 2103 -2 .66l4 -2
10.84 1374 4 .3365 - L4081 10.79 L1130 ~2 785.2 2.398082 104. 43 5.203 . 3862 136.9 5. 756 23,7 2085 -2 L6080
10. 86 1357 " -4 3336 -2 . 4067 -t 10. 81 L1129 ~2 782.1 2. 399162 104.48 5. 283 . 3861 137.4 5. 756 23.88 2007 -2 665 -7
10.88 L1340 =4 3306 - .4058 -1 10.83 L1110 ~2 709.1 2,399341 104. 52 5 274 . 3861 137.9 b, 757 23.96 2048 1 L6542 -2
10.90 L1324 L3277 ¢ .4038 -1 10.85 L1101 -2 806, 1 2. 399519 104, 57 5. 264 - 3861 138.5 5,758 24,05 J2031 -* | .0518 -2
10.92 L1307 .3249 -3 4024 -1 10,87 1001 -2 813.1 2, 399607 104,61 5.254 . 3860 139.0 5.759 4,13 L2013 -2 G404 -2
10.94 L1201 - L3220 JA00 -1 10.89 .1082 -¢ 820.3 2,309873 104. 66 5,245 . 3860 139.5 5.759 24,21 L1996 ~2 .Giag -
10. 96 L1276 -4 3192 -8 | .3096 - [ 10.01 1073 = 827.4 2. 400049 104.73 5.235 . 3860 140.0 5,760 24.30 07 -2 h147 2
10. 98 1260 .3165 -2 .3082 ~t 10.93 L1064 -2 834.6 2. 400223 104. 75 5.225 . 3860 140.5 5, 761 24,30 .1062 -2 24 -
11.00 1245 -4 L3137 .3968 -1 10,95 .1064 -2 841.9 2. 400307 104. 80 5. 216 . 3850 141.0 5,762 24.47 L1045 -2 LGH00 -2
il.02 L1230 4 3100 - 3854 -t 10,97 | .1045 - 849.2 2, 400570 104,85 5.206 3859 141.5 5. 703 4. 56 L1929 -2 037G -
11.04 J216 4 3083 - 3041 3 1100 L1036 -2 836.6 2. 400741 104. 89 5.197 . 3850 142.0 5. 764 24.64 L1012 = G354 2
11.06 Jd20 — .3066 -3 3927 1 11.02 L1028 -2 864.0 2. 400012 104.93 5. 188 . 3858 142.6 5. 764 24,73 L1806 -2 6330 -
11.08 . —4 .3030 -2 L3913 11.04 1019 -2 871.5 2, 401082 104.98 5,178 . 3858 143.1 5.765 24,81 L1880 -1 68 -1
1110 L1171 4 .3008 -2 L3900 -t 11.06 L1010 -2 870.0 2, 401252 105.02 5,169 . 3858 143.6 5. 766 24,90 1864 - 286G -2
11.12 1167 L2078 ¢ .3888 -1 11.08 L1002 -1 886.6 2. 401420 105.06 5,159 . 3858 1441 5.767 24.90 1848 -2 L0263 -2
11.14 L1148 L2052 =3 .3873 -1 11.10 L9932 = 894, 2 2. 401587 105,11 5.150 . 3857 144.8 5,768 25,08 L1832 =2 G241
11.16 .1130 2027 -~ L3860 -1 11,12 8847 - 901, ¢ 2.401754 105.16 §.141 . 3857 145.1 5. 768 25.16 L1817 = JA2I8 -2
11,18 1116 -4 2002 -1 .3846 -1 11.14 L9765 -3 909.6 2. 401919 105,20 5.132 . 3857 145.7 5,769 25,25 L1801 -1 6197 -2
11.20 L1103 -4 JORTT - L3833 —t 11,18 L9683 -1 917.4 2,402084 105. 24 5,123 . 3856 146.2 & 770 25,33 1786 -2 6174 -2
11,22 .1 -4 L2852 ~¢ .3820 11.18 9602 -2 925.2 2. 402248 105.28 5,113 . 3856 146.7 8.77L 25,42 AT -2 L6152 -t
11.24 L1077 L2828 % .3807 -t 11.20 9521 =% 933.1 2.402412 105.33 5.104 . 3856 147.2 6.772 25, 51 L7686 1 G131 -t
11.26 L1064 4+ | (2804 - 3794 — 11, 22 L0440 - 0411 2. 402574 105.37 5.005 . 3856 147.8 5. 772 25.60 1742 A 610§ -2
11.98 L1050 —+ | o0 -1 ¢ 3781 -1 | 11.24 L0362 -2 949, 1 2.402735 105, 42 5,088 . 3955 148.3 5.773 25,69 1727 27
11,30 1039 1) o756 = .3768 -1 11,26 9283 957.1 2. 402806 105. 46 5.077 3855 148.8 5.774 25,77 171z -2 L0066 -2
11.32 1026 .27133 = .3785 -t 11. 98 L9206 -2 965.3 2. 403056 1035, 50 5.068 3855 149.3 5.716 26. 86 1608 -2 64
11,84 014 ~4 | om0 -8 ;L8743 -1 | 11.30 L9130 -3 973. 5 2.403215 106. 55 5.(59 . 3855 140, 9 5.775 25.956 1684 -3 | 6013 -t
11,36 L1002 -4 L2887 -1 .3730 - 11.32 L9054 - 081.6 2, 403373 105. 59 5.050 . 3854 150.4 5. 776 26.04 1670 ~ L6002 -t
13.38 .8005 -8 L2064 -3 377 11.34 .8979 -3 089.9 2. 403531 105.63 3,041 .3854 160.9 5777 26,12 1856 - L5081 -2
11.40 -5 2642 -8 .3705 -1 11.36 .8004 -2 908.3 2. 403687 105.67 5.032 8854 1515 5.778 26.21 64 -2 5050 -
11, 42 .0873 -5 2690 -3 | .3692 -1 | 11.38 .8830 -8 | 1007 2. 403843 105.71 5.024 3854 152.0 5.779 26.30 162 -2 | .5030 -2
11, 44 L9560 ~§ o508 -3 | 3680 — 11.40 L8757 —& | 1015 2. 403908 105. 75 5.015 .3853 152. 5 5.770 26,39 L1615 =2 5018 -2
11.46 L0447 -8 .a576 -8 ] .3688 11.42 L8685 -1 1024 2. 404152 105.80 3, 006 . 3853 153.1 5. 780 26.48 L1602 = L5807 -t
11,48 L0337 -3 | (2554 -s | .86 -1 | 1l.44 .8613 -3 | 1082 2.404306 | 106.84 4.997 | .3853 | 153.6 5.781 28. 57 .158g -2 [ 5877 -2
11. 50 49228 -5 1 2533 -3 | .3643 —1 | 11.46 .8543 -2 | 1041 2. 404459 105. 88 4,989 . 3853 154.1 5.781 26,66 L1575 -t | 5858 -2
11. 52 0120 -8 | 2512 -3 | .363L -~ | 31.48 8472 -3 | 1080 2. 404610 105.92 4.980 . 3852 154.7 5.782 26.75 .1503 -2 .533% -
13,54 8014 = | 2900 -~ | 3619 ~ [ 11.50 L8403 -3 | 1058 2. 404762 105. 97 4,971 .3852 155.2 5.783 26.84 L1550 -t | .5816 -
1.56 | .8009 -5 | .2470 -8 | .3g07 ~t | 11.52 .| .833¢ -1 | 1067 2,404012 | 106.0L 4963 | .2852 | 158.7 5.784 26.03 1537 - § (5707 -
1158 L8806 -% | _2450 -0 ) .8505 -1 | 11,54 .8266 -3 | 1076 2. 405062 106.05 4,954 . 3852 156.3 5.784 27.02 1525 = | (5776 1
11.60 8704 -5 | 9430 -0 | .3588 - | 11.56 8199 -5 | 1085 2.405211 t 106.09 4945 | .8851 | 156.8 5.785 27.11 1512 - | 5787 -2
11. 62 8604 -5 | .2400 "¢ | .8571 -t | 11.58 L8132 -1 | 1004 2. 40535¢ 106.13 4,937 . 3851 157. 4 5.'7186 27.20 L1500 -t | 5187
11.64 8506 -0 | ,2300 -5 | 3552 -1 | 11.60 .8066 -3 | 1103 2.406506 | 106.17 4.928 | .3851 | 157.9 5. 787 27.29 1488 -1 | (5717 1
11, 66 L8406 -t | _egfg 0| .3547 | 1l.62 L8000 -8 | 1il2 2. 405653 106. 21 4.920 . 3851 158.5 5.787 27.38 1475 -2 | .5G08 -2
1,68 | 8310 -5 | .2350 -3 | .3536 -1 | IL64 V7935 s | 1121 2.405709 | 108.25 4.012 | .3850 | 150.0 5.788 27.47 L1564 - | L5678
11.70 L8215 - | ,2831 -* ] .3p24 ~ | 1l.66 87 - | 1130 2.405044 | 106.29 4,903 .3850 159.5 5.780 27. 56 L1452 -2 ) L5050 -2
11,72 L8120 - | .2312 -8 | .3512 -t | 11.68 L7808 - | 1140 2. 406080 106. 33 4.895 . 3850 160. 1 5.730 27.65 L1440 - 5630 -2
11.74 .8027 -8 | 2203 -8} .3501 ~1 | 1.7 L7744 -3 | 1149 2. 406233 106.37 4,886 . 3850 160.6 5.790 .74 L1428 -2 5620 -2
1,76 | 7936 -5 | 2974 -1} .3489 -1 | 1L.72 7682 ~% | 1158 2.406376 | 106.41 4878 | .3349 | 1612 5.701 27, JAIT - | LgooL -2
.78 | .7845 -1 | .9256 -3 | .3478 - | 1L7T4 L7620 ~a | 1168 2.406618 | 106.45 4870 | .3849 | 1gn7 5.701 27.93 1405 -3 | .5533 -2
11.80 L7766 -8 | 2937 -1 | 3466 -t | 1L.76 L7559 -8 | 1IT7 2. 406660 106. 40 4.861 .3840 162.3 5.702 28. 0 130 -~ ¢ 5564 =
11, 82 7667 -5 | ,2210 -3 | .3455 -1 | 1L 78 L7408 -a | 1187 2. 400801 106. 83 4,853 .3849 | 162.8 5.703 28,11 1383 -2 | 5514
11.84 7580 - L2201 -8 L3444 -1 11,80 .7438 1197 2. 406942 106. 57 4,845 . 3848 163.4 5.793 28, 1372 ~ 5526 -
.86 | .7404 -5 | .o183 -2 | .3433 -1 | 1182 L7379 -5 | 1206 2.407081 | 106.61 4,837 | .3%48 | 163.0 5. 794 28.30 1361 ~r | 5508 -t
.88 | .7400 -+ | 2185 -2 | .3492 -1 | 1I.8&¢ L7320 -5 | 1218 2.407220 | 106.65 4,829 | .3%48 | 1645 5.705 28.39 1360 -2 | 5480 -
11.00 L7825 -8 (2148 4 3410 -1 11.86 L7261 - 1228 2. 407359 106. 69 4,820 3848 165.1 5.795 28. 48 1339 - L5171 =1
11,62 M3 -+ b 2191 ¢ ] .3309 -1 ] 11.8% L7204 -8 | 1236 2. 407496 106.73 4.812 . 3848 165, 6 5.'7196 28, 57 1328 -1} 5453 -t
11,94 7161 -5 | 2118 -8 | .3388 -1 | 1L§0 7146 -8 | 1246 2.407633 | 106.76 4,805 | .3%47 | 166.2 5.797 28, 67 1318 -2 | 5435 -2
1.66 | .7080 -t 2096 -2 | .3377 -1 1192 L7089 -3 | 1236 2.407770 | 106.81 4.796 3347 | 166.7 5.797 28, 76 L1307 | (5416 -?
1L.98 | .7000 -8 | .2079 -8 .3367 -1 | 11.94 L7033 -1 | 1266 2.407905 | 106.8¢ 4.788 3347 | 167.3 5,798 28.85 J297 -2 | s
12.00 6922 -5 L2063 -3 .3356 - 11.96 6078 - 1276 2. 408040 106.88 4,780 3847 167.8 5. 790 28,04 187 -2 .5380
12,02 L6845 -6 .2046 — .3345 -1 11.98 .6022 - 1267 2.408175 106. 92 4,772 . 3840 168.4 5.'7199 29,04 L3771 5362 1
12.04 | .6768 -5 ] .2030 - | .333¢ -1 | 12.00 6868 -3 | 1207 2.408308 | 106.95 4,764 1 .3846 | 160.0 5. 500 29.13 L1266 = | L5345
12.06 | .6692 - | 2014 -8 | .3324 -1 | 12.02 .6814 -3 | 1307 2.408441 | 106.99 4.756 | .384G | 160.5 5,801 20,93 L1250 -1 5327 ¢
12.08 LG6618 -5 1008 -3 | .3313 -1 | 12.04 L6760 —8 } 1318 2.408574 107.03 4.748 .3846 1701 5, 801 29,32 L1247 -2 0 5300 -
12,10 ,6544 -3 1982 -3 | .3302 -1 | 12.06 .6707 -1 | 1328 2. 408706 107.07 4,741 3846 170.7 5,802 20,41 L1237 -3 0 5202 -2
12,12 L8472 - 1066 -8 L3202 =1 12.08 6666 -9 g 2.408837 107.11 4,733 3815 1782 5. 803 29, 51 L1227 -1 L8276 1
12.14 L6400 =5 | .1050 -2 | .3281 -1 | 12.10 g ¢ | 1349 2.408087 107. 14 4,725 3845 171.8 5,803 20, 60 L1217 -2 1 8257 -3
12,16 | .6328 -5 | ,1935 -2 | .3271 - ! 12,12 .6550 -3 | 1360 2.400097 | 107.18 4.717 3846 ; 172.3 5. 804 28,70 L1208 -+ ! (5240 -2
12.18 6250 -8 | .1620 ~s ! .3261 -1 [ 12.14 L6500 -1 | 1871 2.409226 107.22 4.709 3845 172.9 £.801 29.7¢ L1198 =21 523
12.20 | .6189 -5 | 1004 -0 | .3250 -1 | 12.16 L6448 8 | 1382 2.400355 | 107.26 4702 | .84 | 17.5 5.805 20.89 1180 = | 5205
12.92 L6122 -¢ | L1880 -3 | .3240 -1 1218 L6300 -t | 1303 2.400483 107,20 4, 604 .3544 174.1 5.806 20,08 1180 -1 ,518@ =2
12.% L6054 -+ .1874 -+ | .3230 -1 | 12.20 L6344 -1 | 1404 2.408611 107.33 4,686 L3844 174, 6 &. 806 30.08 1171 = 5172 =
12,26 L5987 ~¢ | 1860 3219 -1 12.22 L6299 - | 1415 2. 409738 107.36 . 679 L3814 176.2 5. 807 30. 17 1161 -1 5155
12.28 L5922 -8 L 1845 -8 1 3208 -1} 124 L6251 -3 | 1426 2.409864 107. 41 4,671 . 3814 175. 8 5. 807 30. 27 L1153 = 5138 -t
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v="7/5
M : .

p P T [4 A 1 [0 p2 Ty D1y n
or i L - - [ = — M £L = = —= —
M, | P p: T 8 D Ay Qe g b M P2 [ T Dy Dy
12,30 | .587 -5 | .1881 -8 3199 -t | 12,26 6202 -3 1437 2.409989 | 107.44 4.063 | .3%43 | 176.3 5.808 30.36 1144 -2 5122 -1
12,82 | .5792 -5 | .18i8 -3 3180 -1 | 12.28 6154 -3 1448 2.410116 | 107.48 4,656 | .3843 | 176.9 5.809 30.46 1135 -2 [ ,5105 =2
12,34 | .5729 -5 | 1802 =8 3179 -t | 12.30 6107 -8 1460 2.410239 | 107.51 4,648 | .3%43 | 177.5 5.800 30. 55 1126 -2 | .5088 -2
12,30 | .5R07 -3 1788 -3 3169 -1 | 12,32 6060 -2 1471 2.410363 | 107,85 4,641 | .3843 | 178.1 5.810 30. 65 1117 =2 |- .5072 -2
12.38 | .5605 -5 1774 =8 3159 -1 | 12.34 .6013 -8 1482 2.410486 | 107.39 4,633 3843 | 178.6 5.810 30.75 1109 -2 | .5056 -2
12.40 | .5544 -¢ 1760 =3 3149 -1 | 12.36 5967 8 1494 2.410609 | 107.62 4.626 | .3842 | 179.2 5,811 30.84 L1100 -7 | .5030 =2
12,42 | 5484 -4 1747 -8 3140 -1 | 12.38 .5021 =3 1506 2.410731 | 107.66 4,618 | .3842 | 179.8 5.812 30,94 L1092 -t | .5028 -2
1244 | .5424 -8 1733 -8 3130 -t | 12.40 L5876 =2 1517 2.410853 | 107.69 4,611 | .3842 | 180.4 5.812 31,04 .1083 -1 | .5007 -
12.46 | .5365 -5 1720 -8 3120 -1 | 12,42 5831 -8 1529 2.410074 | 107.73 4,608 | .3842 | 181.0 5.813 31,13 L1075 -2} .4991 -2
12.48 | .5307 -8 1706 -8 3110 -1 | 12.44 5786 -2 1541 2.411094 | 107.77 4.506 | .3842 | 18L5 5.813 31,23 1087 -2 | .4975 -2
12.50 | .5250 -5 1693 -3 | .3101 - | 12.46 5742 -8 1553 2.411214 | 107.80 4,589 | .3841 | 182.1 5.814 31.33 1080 =2 [ .4060 -2
12.52 | .5193 ¢ 1680 =3 | .3091 -! | 132.48 L 5698 -3 1565 2.411333 | 107.84 4,581 | ,3841 | 182.7 5.815 31,42 1051 -2 | .4044 -2
12.5¢ | .5137 -8 1067 -8 1 .3082 -t | 12.50 L5655 -8 1577 2.411452 | 107.87 4,574 | .3841 | 183.3 5.815 31.52 1043 -2 | .4027 -2
12.56 | .5082 -5 | .1654 -8 | 3072 -t | 12.52 5612 -3 15689 2.411571 107.90 4,587 | .3841 | 183.9 5,816 31.62 1035 -1 | .4912 -t
12.58 | .5028 -5 | .1642 -3 | .3083 -1 | 12,54 5570 - 1601 2.411688 | 107.94 4,859 | .3841 | 184.5 5.816 3172 1027 -1 | 4897 =2
12.60 | .4973 -5 | .1620 =3 | .3058 -t | 12.56 5527 =2 1614 2411805 | 107.98 4,552 | .3840 | 185.1 5.817 3181 L1019 -2 | 4881 2
12.62 | .4920 -5 [ .1617 -8 | .3044 -1 | 12.58 5480 -8 1626 2.411922 | 108.01 4,545 | .3840 | 185.6 5.817 31,01 L1011 -2 | (4865 =2
12,64 | .4808 -¢ 1604 -8 [ .3035 — | 12.60 L5444 -8 1639 2.412038 | 108.05 4,538 | .3840 | 1%6.2 5.818 32,01 (1004 -2 | 4850 -~2
12.66 | .4818 -¢ 1592 -3 | 3025 — | 12.62 5403 =8 1651 2.412154 | 108,08 4,530 | .3840 | 186.8 5,819 32.11 L0961 -3 | (4835 -~
12,68 | .4764 -* 1580 -8 | .3016 -1 | 12.64 5362 -3 1664 2.412269 | 108,12 4.523 .3840 | 187.4 5.819 32,21 L0885 -3 | (4820 -2
12.70 | 4714 -5 | ,1568 -8 | .3007 -t | 12.66 5329 -8 1676 2.412383 | 108.15 4,516 | .3830 | 188.0 5.820 32.31 L0810 -3 | ,4805 -2
12.72 | .4603 -5 1556 -3 [ ,2998 -1 | 12.68 . 5282 =3 1689 2.412407 | 108,18 4,500 | .3830 | 188.6 5.820 32,41 9737 -3 | 4700 -
12,74 | .4614 ~$ 1544 -3 | ,2089 -1 [ 12,70 L5249 -3 1702 2.412611 | 108.23 4,502 | .3839 | 180.2 5.821 32. 50 L9064 -3 | (4775 =2
12.76 | .4565 -3 1532 -3} .2079 -1 | 12.72 5203 =3 1715 2.412723 | 108.25 4,495 | .3839 | 180.8 5,821 32.60 9591 -3 | ,4760 -
12.78 L4517 -8 1521 ~3 | .2070 -1 | 12,74 5164 -3 1728 2.412836 108. 29 4.488 .3839 190.4 5.822 32,70 9520 -3 4745 2
12,80 | .4469 - 1509 -3 [ .2961 -1 | 12.76 (5126 8 1741 2.412048 | 108.32 4.481 | .3839 | 191.0 5.822 32.80 448 -3 ) 4730 <2
12.82 | L4422 - 1408 -3 | .2052 -1 | 12.78 .5087 -8 1754 2.413059 | 108.35 4.474 | .3838 | 10L6 5.823 32.90 L0378 -8 | L4716 -t
12.84 1 .4376 -8 1487 -8 4044 -1 | 12,80 L5050 -3 1767 2.413170 | 108.39 4,467 | .3838 | 102.2 5.823 33.00 9308 -3 | 4701 -~
12.86 | .4320 - 475 -3 | ,2035 -t | 12,82 5012 -8 1781 2.413280 | 108.42 4,460 | .3838 | 1028 5.824 33,10 9239 -3 | 4686 ~2

. 12,88 | .428¢ - 1464 -3 [ ,2926 -1 | 12.84 4975 =3 1704 2.413390 | 108.45 4.453 | .3838 | 103.4 5.825 33.20 9170 -3 4672 -
| 12.00 | .4239 - 1453 -3} .2017 -1 | 12.%6 .4038 -3 1807 2.413500 | 108.49 4,440 | .3838 | 194.0 5.825 33.30 ,9102 -3 | L4657 -1
| 12.92 [ .4195 - 1442 -3 | 2008 -1 | 12.88 4901 -3 1821 2.413600 | 108.52 4.439 | .3837 | 104.6 5,826 33.40 L9036 - | .4643
p 12,04 | (4151 -5 | (1432 -3 | 2000 -1 | 12.90 4865 -3 1836 2.413717 | 108.55 4,432 | .3837 | 195.2 5.826 33. 50 L8068 -3 [ ,4620 -2
'12,96 | L4107 -5 | .1421 -8 | ,2801 -t | 12,92 .4820 -3 1848 2.413825 | 108.59 4,425 | .83837 | 105.8 5.827 33. 60 8002 -3 | ,4614 -~
12.98 | .4065 -5 1410 -3 | ,2882 -1 | 12,04 4794 -8 1862 2.413932 | 108.62 4,419 | .3837 | 196.4 5,827 33,70 (5836 -3 | .4600 -2 {
13.00 | .4023 -8 1400 -8 | .2874 -1 | 12,06 4759 -8 1876 2.414039 | 108.656 4.412 | .3837 1 197.0 5.828 33.81 8771 -8 4586 ~2
13.02 | .3081 =5 1380 -3 | ,2865 -1 | 12,08 4723 -8 1890 2.414146 | 108.69 4.405 | .3837 | 197.6 5.828 33.91 .8706 -3 4572 =2
13.04 | .3039 -6 1379 -3 | .2867 -1 | 13,00 .4680 -3 1904 2.414252 | 108.72 4,308 | ,3836 | 108.2 5.820 34,01 8642 =2 4559 -2
13.06 | .3808 -5 1369 -8 | .2848 -1 | 13.02 .4655 -3 1918 2.414357 | 108.75 4,391 | .8836 | 198.8 5.829 34,11 L8580 -2 | 4544 -2
13.08 | .3858 -5 1350 -3 | .2840 -t | 13,04 4620 -3 1933 2.414462 | 108.78 4.385 | .3836 | 199.4 5.830 34.21 8517 =3 4530 ~1
13.10 | .3818 -¢ 1340 -3 | ,2831 -t | 13.06 4586 -3 1047 2.414567 | 108.82 4.378 | .3836 | 200.1 5.830 34.31 8453 -3 4517 =
13.12 | .3779 =8 1330 -2 .2823 -1 | 13,08 .4553 -3 1061 2.414671 | 108.85 4,371 | .3836 | 200.7 5.831 34.42 .8302 -8 4503 ~2
13.14 | .3740 - 1320 -3 | .2814 -1 | 13,10 4520 -3 1978 2.414775 | 108.88 4.365 | .3836 | 201.3 5.831 34,52 L8331 -3 ] ,448) -2
13.16 | .8701 - 1319 -8 2206 -1 | 13.12 4487 3 1090 2.414878 | 108.91 4.358 | .3835 | 201.9 5.832 34,62 L8271 -8 | L4475 -2
13.18 .3663 -5 1309 -3 2798 -1 | 13.14 4454 -3 2005 2.414981 108.94 4,351 3835 | 202.5 5.832 34,72 .8210 -3 4462 =2
18.20 | .3626 - 1800 -3 | .2790 -1 | 13.16 4423 -3 2020 2.415083 | 108.97 4,345 | .3835 | 203.1 5.833 34.82 L8151 =3 [ L4448 -2
18.22 | .3580 - 1290 -3 | .2781 -1 | 13.18 4390 -8 2034 2.415185 | 109,01 4,338 | .3835 | 203.7 5.833 34.93 L8001 -3 | 4435 -2
13.24 | .3552 -5 | .1281 -2 2773 -1 | 13,20 4358 -3 2040 2.415286 | 109.04 4,332 | .3835 | 204.4 5,834 35.03 8032 -3 4422 =
13.26 | .3516 -5 | .1271 3 | .2765 -t | 13.22 .4327 =3 2064 2.415387 | 109.07 4,325 | .3%35 | 205.0 5,834 35.13 L7974 -3 | L4400 -2
13.28 | .8480 -5 1262 -3 2757 =1 | 13,24 ,4206 -8 2079 2.415488 | 109.10 4.319 3834 | 205.6 5.835 35.24 L7918 -3 | L4395 -
18.30 | .3444 -5 1253 -2 2749 -t | 13.26 4904 -8 2005 2.415588 | 100.13 4312 | .3834 | 206.2 5.835 35.34 L7860 -8 | .4382 -2
13.82 | .34090 -¢ 1244 =3 274l -1 | 13,98 4234 =3 2110 2.4156876 | 109.16 4,306 | .3834 | 206.8 5.836 35.44 L7802 -3 ] L4360 -2
13.34 | .3374 -5 1235 -3 | .2783 -t | 13.30 .4203 -8 2125 2.4157868 | 109.20 4.209 | .3834 | 207.5 5,836 35, 56 T4 4356 -
13.36 | .3340 -* 1226 -8 [ 2725 -1 | 13.32 4173 - 2141 2,4158856 | 109,23 4,203 | .383¢ | 208.1 5.837 35.65 7601 -9 4342 -t
13,38 | .3306 -5 1217 =3 | .2717 -1 | 13.34 4143 -3 2156 2.4159839 | 109.26 4,286 | .3834 | 208.7 5.837 35.76 .7636 -3 4330 -
13.40 | .3213 -5 1208 -3 | ,2709 -1 | 13.36 4113 -3 2172 2.4160818 | 109.29 4.280 | .3833 | 209.3 5.838 35. 86 L7582 -3 | 4316 -2 |
13.42 | .3240 -5 1199 -3 | 2701 -1 | 13.38 4084 =3 2188 2.4161793 | 100.32 4,273 | .3833 | 210.0 5.838 35.06 L7527 -3 | 4304 -
13.44 | .3207 -5 1191 -3 | ,2604 =1 | 13,40 .4055 -8 2204 2.4162763 | 109.35 4,267 | .3833 | 210.8 5.838 36.07 L7474 -3 | (4201 =2
13.46 | .8175 -3 1182 =3 | ,2086 -1 | 13.42 4026 -3 2219 2.4163730 | 100.38 4,261 | .3833 | 2112 5.830 36.17 L7420 -3 | 4278 2
13,48 | .3143 -5 1174 -3 | 2678 -1 ] 13.44 3097 -8 2236 2.4164692 | 109.41 4.25¢ | .3833 [ 2118 5.839 36.28 7367 ~3 | 4206 -2
13.60 | .3111 -8 1165 -3 | .2670 -1 | 13.46 .3969 3 2252 2.4165650 | 100.44 4,248 | .3833 | 212.5 B. 840 36.38 L7815 -3 | 4258 =2
13.52 | .3080 -5 1157 =5 | .2663 -1 | 13.48 L3041 3 4268 2.4160604 | 109.47 4,242 | .3832 | 213.1 5,840 36,49 7263 -8 | 4241 -2
13.54 | .3049 -¢ 1149 =3 | .2655 -1 | 13.50 .3013 =8 2284 2.4167554 | 109, 5L 4,938 | .3832 | 213.7 5,841 36. 59 L7212 -8 | 4228 -2
13.56 | .3019 -3 140 -3 | 2647 -t | 13.52 .3885 -3 2300 2.4168499 | 109,54 4,220 | .3832 | 214.4 5,841 36.70 7161 -8 | 4216 -2
13.58 | .2088 -3 1132 -3 | .2840 -1 | 13.54 .3868 -3 2317 2,4160441 | 109, 57 4,223 | .3832 | 215.0 5.842 36. 80 7100 -2 ] 4204 -2
' 13.60 | .2058 - 1124 -3 | ,2632 -1 | 13,86 3830 -8 2334 2,4170379 | 109.59 4,217 | .3832 | 215.6 5.842 36.91 L7059 -8 | 4101 -*
13.62 | .2020 -8 1116 -8 | ,2025 -1 | 13.58 3803 -2 2350 2,4171312 | 109.62 4.211 | .3832 | 216.3 5,843 37.02 L7009 -8 | (4179 -2
13.64 | .2900 - 1108 =3 | ,2617 -1 ] 13.60 3777 -3 2367 2.4172242 | 109.65 4,204 | .3832 | 216.9 5.843 37.12 .6960 =3 4166 -2
13.66 | .2871 -8 1100 -3 | ,2610 -1 | 13.62 8750 -8 2384 204173167 | 100.69 4,108 | .3831 | 217.5 5.843 37.28 .6011 =8 4155 =2
13.68 | .2842 -5 1002 -8 | ,2602 -1 | 13.64 .372¢ -8 2401 2,4174089 | 109,72 4,192 | .3831 | 218.2 5.844 37.33 .6862 -3 4142 -2
13.70 | .2814 -S| ,1085 -3} ,2505 -1 | 13.06 3697 -8 2418 2.4175007 | 109.75 4,186 | .383L | 218.8 5.844 37.44 L6814 -3 | 4130 -2
13.72 | .2787 - 1077 -8 2588 1 | 13,68 8672 -3 2435 2.4175021 | 100,77 4,180 | .3831 | 210.4 5.845 37.55 6767 -2 | 4118 -2
18.7¢ | 2759 -8 1089 -3 2580 -1 | 13,70 3646 -3 2452 2.4176831 | 100,81 4,174 | ,3831 | 220.1 5.845 37.65 L6719 =3 4106 -2
18.76 | .2782 -3 1062 -8 2573 -1 | 13.72 3620 -3 2470 2.4177787 | 109,84 4,168 | .3831 | 220.7 5.846 37.76 L6672 =t 4004 -2
13.78 | .2705 -3 1054 -3 2566 -1 | 13.74 3595 -3 2487 2.4178639 | 109.86 4,162 | .3831 | 221.4 5.846 37.87 .6626 =8 4082 -2
13.80 | .2678 -8 1047 -3 | ,2558 -1 | 13,76 .8570 -8 2503 2,4179537 | 109,80 4,156 | .3830 | 222.0 5.847 37.97 6580 -3 | .4070 -*
13,82 | .2652 -% 1040 -3 [ ,2551 -1 | 13,78 .3545 -3 2522 2.4180432 [ 109,92 4,150 | .3830 | 222.7 5,847 38.08 6533 -3 | ,4059 -2
13.8¢ | .2626 =5 | .1032 =3 2544 -1 | 13.80 3521 -8 2540 2.4181323 | 109,95 4,144 3830 | 9223.3 5.847 38.19 6489 -3 | 4047 -2
13.86 | .2600 -5 § .1025 -8 2537 -1 | 13,82 3497 -3 2558 2.4182210 | 109,98 4,187 | .3830 | 224.0 5.848 38.30 6443 -3 4036 -2
13.88 | .2575 -8 | .1018 -3 | 2530 -t | 13.84 L3472 =3 2576 2,4183003 | 110,01 4,132 3830 | 224.6 5.848 38.41 ,6308 -3 4024 -2
13,90 | .2550 -5 | ,1011 -3 | .2528 1| 13.86 .3448 -3 2594 2.4183973 | 110,04 4,126 3830 | 225.8 5.840 38.51 L6354 -3 | .4013 -2
13.92 | .2525 -8 [ 1004 -3 | .2516 -t 3.88 3424 =3 2612 2,4184840 | 110,07 4.120 | .3830 | 225.9 5,849 38.62 L6310 -3 | .4001 -2
13.94 | .2500 -8 | ,9966 ~ 2500 -1 | 13,90 3401 3 2630 2.4185721 | 110.09 4.114 | .3829 | 226.5 5.850 38.73 L6267 -3 | ,3080 -2
13,96 | 2476 -6 | 0807 ~ 2502 -1 | 13,92 .3377 =3 2648 2.4186500 | 110,12 4.108 | .3820 | 227.2 5,850 38.84 6223 =3 | ,3978 -2
13.08 | .2452 -8 | .9828 -~ 2405 ~1 | 13,04 3354 =3 2667 2.4187455 | 110,15 4,102 | .3820 | 227.9 5.850 38,95 6180 -% | .3067 -8
14.00 | .2428 -5 9760 ~4 | .2488 -1 | 13.96 .3331 -3 2685 2.4188316 | 110,18 4.006 | .3829 | 228.5 5.851 39.06 6138 -8 | 8056 -2
14,02 | .2404 -5 | ,0092 -4 | ,2481 -t 13.98 .3308 -8 2704 2,4189174 | 110,21 4,090 | .3820 | 220.2 5.851 39.16 6096 -3 | ,3944 -2
14,04 | .2381 -5 | 0625 —5 : 2474 -1 | 14.00 3286 -3 2723 2,4190028 | 110.24 4,084 | ,3820 | 220.8 5.852 39,27 6054 -3 | ,3033 -2
14,06 | .2358 -5 ! .0558 =4 | .2467 - | 14.02 ,3263 -9 2742 2.4100879 | 110,26 4,079 | .3820 | 230.5 5.852 30,38 L6013 -3 | .3922 -2
14.08 | .2335 -3 ' .9403 = ! 2460 -1 ! 14,04 .3241 -3 2761 24101726 | 110,29 4,073 : .3828 | 2311 5.852 39.49 L5971 -3 | .3011 -2
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14,10 L2313 -7 ] o427 -} (2453 -t | 14.06 L3219 -2 2780 2,4192569 ¢ 110,32 4,067 . 3828 231.8 5. 853 39.60 L9312 30
14,12 L2200 -8 ) .0362 <4t 2447 -1 | 34,08 L3l97 -1 2700 2,4193100 | 110.35 4,061 . 3828 232.4 5.853 39.71 L5890 -1 [ 38RO
14.14 L2288 -5 | L0207 -4 (2440 ' | 1410 3175 2818 2. 4194246 | 110.38 4,055 .3828 233.1 5.854 39.82 L5840 -3 (387N
14,16 L2246 -5 | 9233 -4 2433 1| 14,13 3153 -9 2838 24195079 | 110.41 4. (50 .3828 233.8 5,851 30,03 L5810 -3 3807
14,18 .2225 -3 | LQLT0 -4 (2426 -t | 1416 .3132 - 2857 2. 4195900 | 110,44 4.044 L3828 234.4 5. 851 40,04 JETT0 - [ L3806
14,20 L2204 =5 | Q108 -4 | .2420 1| 14,17 L3111 -3 2877 2.4196735 ; 110.40 4,088 . 3828 236.1 5.855 40.15 L5732 -3 | L3845
14.22 L2183 -5 | L0045 ~6 | 2413 -1 | 14,19 3088 -3 2897 2.4197558 | 110,49 4.033 . 3827 235, 7 5.856 40. 26 L5603 - | L3834
14,24 (2162 -5 | .8083 -4 [ .2406 1| 14.21 .3068 -% 2916 2,4198378 | 110.52 4,097 . 3827 236. 4 5.856 40,37 L5654 -3 | L3824
14.25 L2141 -5 | .8922 =6 | (2400 -1 | 14.23 L3048 =3 2936 2.4199194 | 110.54 4,021 .3827 | 471 5,850 40,48 G616 -3 | L3813
14,28 L2121 -8 | 8861 —5 | .2893 1| 14.25 3027 -8 2956 2.4200007 ; 110.57 4.016 . 8827 87,7 5.856 40.00 L5578 -3 | .38Q2
14.30 L2100 -5 | .8800 —¢ | .2387 -1 | 14.2¢ 3006 -3 2007 2.4200816 | 110.60 4.010 . 3827 238.4 5.867 40.71 L5540 -3 | 3w
14,32 L2080 -5 1 8740 -4 [ ,2380 -1 | 14,29 L2086 -8 2097 2.4201622 | 110.63 4,004 .3897 239.1 5.857 40,82 L5503 -3 | L3780
14,34 L2061 -8 L8682 —+ | .287¢ 1| 14.31 L2067 -8 3017 2.4202425 | 110,65 3.999 . 3827 230.7 5.858 40.93 CB466 -3 | L3771
14,38 L2041 ~5 | .8623 ~+ | .2367 -1 | 14.33 2046 -8 3038 2.4203225 | 110.68 3.003 . 3827 240.4 5. 858 41.01 L5429 =% | L3760
14,38 .2022 - | .8565 -+ | .236I "1 14.85 2027 -3 3058 2.4204021 | 110.71 3.988 . 3826 241.1 5.858 41,15 L5303 - | .aTH0
14.40 L2003 -~ | 850G -+ | .2355 -1 | 14,37 L2007 -3 3079 2.4204815 | 110,74 3.982 . 382G 241.8 5,850 41.26 .5357 -% | 8730
14.42 1984 ~Y [ 8440 -+ 2348 -1 14,39 .2888 -2 3100 2,4208604 | 110.76 3.977 . 3826 242.4 5,869 41,38 L5321 -3 | L8728
14.44 J1985 -8 | 8302 -+ | (2342 -1 | 14,41 .2869 % 3121 2.420639L | 110.7 3.971 .3826 243.1 5,800 41.49 (5285 -3 | L3719
14.46 Jlg47 -0 | 8336 4| (2835 ! 14.43 2849 -3 3142 2.4207176 | 110.81 3. 866 . 382G 243.8 5. 800 41,60 L5250 - L3708
14.48 L1929 -5 | (8280 -+ .2329 14.45 L2830 -% 3163 2.42079556 | 110.8%4 3.900 . 3826 244. 5 5.800 41,7 L5215 -3 1 L3608
14, 60 L1010 -t (8224 -4 (2823 -F | 14.47 L2812 - 3184 2. 4208732 | 110.87 3. 955 . 35826 2451 5,861 41,83 L5180 -3 | ,3G8§ -*
14. 52 L1802 -5 | 8168 4 ¢ .2317 -t | 14.49 L2093 - 3206 2. 4200506 | 110. 80 3.948 . 3825 245.8 5. 861 41.9¢ LAl <Y b 3677
14. 54 L1875 -5 8114 - .2310 14. 51 L2774 3 3227 | 2.4210277 | 110.92 3.944 . 3825 248. & 5. 861 42.05 6111 -1 L3008 -*
14, 56 L1857 -5 | .8058 -4 | .2304 T | I4.58 2756 3 3249 2. 4211045 | 110.95 3,038 . 3825 247.2 5.862 42017 LO0TR -8 | L3467 -
14.58 L1840 =5 L8006 .2208 -1 14.55 L2187 3271 2.4211810 ( 110.97 3.933 . 3825 247.8 5. 862 42,28 L5044 ¥ L3047 -
14. 60 L1823 -8 | .7052 -4 L2202 - | 1457 L2720 3 3292 2.4212572 | 111.00 3.927 .8825 248.5 5.803 42,30 L50EL -1, 303N
14.62 L1806 -8, .vRO9 -1 | 2286 T | 14.50 2702 -8 3314 2,4213330 | 111.03 3.922 . 3825 2490.2 5.863 42, 51 A0S % L3628
14.64 L1780 -8 | 7847 -4 | 2280 -1 | 14.61 L2684 -8 3330 2 4214086 | 111.05 3.917 . 3625 249.9 5.863 42.62 4945 -1 1 (3618
14,66 L1772 S i .2274 -1 14. 63 2666 -8 3359 2.4214838 ; 111,08 3.911 . 3625 250.6 5 864 42,73 L4012 1 « 3608
14.68 WJA756 <8 | 7743 4| L2268 T | 14.6 L2649 8 3381 2.4215588 | 11L.10 3.906 . 3825 251.3 5 5G4 42.85 L4880 -1 | (3508
14.70 L1789 <5 | L7601 4 p (3262 <Y | 14,67 L2081 =S 3404 2. 4216335 | 111.13 3.901 3824 251.9 5 864 42,96 ARET -1 L3588
. 1472 I =5 ,7640 4| (2256 -1 | 14.60 2614 -3 3426 2.4217078 | 111.16 3.895 .59824 262.6 5. 865 43.08 L4816 -~ | 3504 -
\ 14.74 L1707 -5 | L7590 -6 | .2260 L f.14.T1 .2507 -8 3449 2.4217819 | 111.18 8.890 L3824 253.3 5,865 43.19 AT88 -1 L3560
14.78 L1682 =5 | 7540 6| (2244 -1 | 1473 .2680 -8 3472 2.4218557 | 111.21 3.886 .3824 254.0 5. 865 43.31 .47 -2 | .8559
[ ¢ N1 L1676 -5 | (7480 1| .2238 -1 | 14.75 L2663 -3 3494 2.4219202 | 111.23 3.880 L3824 254.7 5. 866 43.42 L4722 -3 | L3550
! 14.80 L1660 -2 7440 | .2232 1| 1477 2546 -3 3518 2.4220023 | 111.26 3.874 . 3824 256. 4 5.866 43. 54 601 -3 34 in
| 14,82 L1645 -8 7392 4| 2226 1 | 14.70 .2630 -2 3541 2.4220752 | 111.28 3.869 . 3824 256.1 5. 866 43. 69 L4660 - | L3531
14.84 J1630 -4} (7343 4| .222¢ 1| 14.81 L2518 1 3564 2. 4221479 | 11131 3,864 L3824 256.8 5.867 43,77 4 -3 3521
i 14.86 L1615 -8 | (7205 -4 (2214 1| 14.83 2407 -2 3588 2.4222202 | 111.34 3.860 .3823 257.5 5.867 43.88 ! -3 3612
. 14,88 L1600 -8 | 7247 -4 (2208 1 | 14.8% L2480 8 3611 2.4222922 | 111.36 3,833 .8 258.2 5. 868 44.00 4570 3 3502
14.40 L1586 -8 | .7189 -4 | (2203 - | 14.87 L2464 3 3635 2,4223640 | 111.38 3.848 .3823 258.9 5. 808 44.11 L4500 -1 3403
14,92 L1571 -6 | (TL168 -4 L2197 T | 14,80 2449 3 3559 2. 4224355 | 111.41 3.843 .3823 250. 6 5.808 44,23 L4511 3 3183
14.94 L1557 -8 | L7106 -4 L2191 -1 | 14.91 .2433 = 3683 2. 4225066 | 111,43 3.838 . 3823 260.2 5. 868 44,35 L4181 -3 3471
14.96 L1543 -5 L7058 L2185 -1 14.93 2417 =S 3707 2. 4225776 | 111.46 3.833 .3823 260. 9 5.869 44,46 L4462 =2 3166
14.08 L8520 6| (7014 ~6 | (2180 -l | 14.95 L2401 -3 37131 2.4226482 | 111.48 3.528 3893 261. 6 5.869 44.58 A9 =3 3156
15.00 L1615 =% 6068 — | .2174 -l [ 14.97 .2386 S 3756 2.4227186 | 11151 3.823 . 3823 262.3 5 870 44,69 L4305 -¥ | L3iH6
15.02 L1501 -5 [ .6023 —~ | .2168 -1 | 14.99 L2378 - 3779 2,4227880 | 111.53 3.817 . 3823 203.0 5. 870 44.81 4367 -3 3137
15,04 L1487 -4 0878 5| L2163 1| 15.01 .2866 -2 3804 2.4298585 | 111. 56 3.812 . 8822 263.7 &, 871 44.93 AJ30 -8 3408
15.06 L1474 -5 [ (6833 ~4 | .2157 1 15.038 .2340 -2 3329 24299280 | 111.59 8.807 . 3822 204.4 5,871 45,05 L4311 - 1 3D
15. 08 L1461 -2 LG8 -+ | 2161 1 15.08 L2326 -1 3854 2.4229973 | 111.61 3.802 . 3822 265.1 5. 871 45,16 L4283 =3 3410
15,10 4T - L6745 ~t | .2146 ! 16.07 2810 8 3879 2. 4230663 | 111.63 3.797 3822 265.9 5.871 45,28 4256 -3 3401
15,12 L1438 -8 | L6702 -4 | 2140 T I15.09 .2296 -3 3904 2,4231350 | 111.66 3.792 3822 266.6 5. 872 45.40 4229 -3 3392
16.14 L1421 - L6058 -4t 2185 ! 15.11 2281 8 3929 2.4232035 [ 111.68 3.787 3822 2067.3 5,872 45, 52 4201 -3 . 3383
15.16 L1408 -3 .6618 ¢} L2120 1| 1513 L2266 3956 2.4232717 | 111.71 3.782 . 3822 208.Q 5. 872 63 A5 - L3374
15.18 L1306 -5 | 6573 1] L2124 1} 1515 L2252 3 3080 2.4233396 | 111.73 3.777 288.7 5.873 45,75 4148 - | L3365
15. 20 L1383 -5 | .6581 | .2118 -1 1517 .2287 % 4005 2.4234078 | 1IL76 3.772 3822 269. £ 5.873 45,87 4122 =1 3357
15.22 L1871 -8 | L6489 -+ | 2113 -1 | 15.1% .2023 -3 4032 2.4234747 | 1117 3.767 3821 270.1 87 45,99 LA096 <3 L L3
15.24 .1458 -8 6447 -1 | .2107 -1 | 15.2] .2209 -3 4057 2.4235419 | 111.80 3.762 3821 270.8 5. 874 4G.11 4070 -2 | L33
16.26 L1347 - E L6406 -4 | L2102 1 15.28 L2195 -3 4083 2,.423G6088 | 111.83 3. 757 L3821 2715 5. 874 £6.22 048 . 3330
15.28 1335 - 6365 ~+ | .2007 1| 15.25 2181 3 4110 2. 4230754 | 111.85 3.752 1 272.2 5. 874 46,31 A018 -3 s321
15.30 L1828 -8 .6325 4| (2001 | 15.27 L2167 = 4135 2.4237418 | 111.88 3.748 .3821 272.9 5.875 46.46 L3002 - .3813
15,32 L1811 -8 | (6284 4 (2086 1| 1520 L2154 -3 4162 2.4238079 | 111.90 3. 743 3821 213.7 5.875 46,58 307 <] .
15. 34 L1209 -8 | (6244 -4 (2081 T | 15.31 L2040 8 4189 2. 4238738 | 111.92 3.738 1 274.4 5.875 4G. 70 LB042 -3, 3205
15,36 L1288 -8 | 6204 ) (2075 -t | 1533 L2127 - 4215 2, 4230304 | 111.95 3.733 . 3821 275.1 5. 876 46.82 3917 -3 3287
15.38 L1276 -8 | (G165 | L2070 1| 15,33 L2113 - 4242 24240048 | 111.97 3.728 . 3821 275.8 5.876 4G.94 L3893 -1 | .3278
15.40 L1265 - L6126 -4 | .2065 1 | 1587 L2100 4269 2.4240600 | 112.00 3.723 3820 276. 5 5,876 47.06 =311 .3270
15,42 L125¢ -1 6087 -4 | 2060 T | 1589 L2087 = 4296 2.4241348 | 112.02 3.7I8 3820 277.2 5. 876 47.18 384 | .
15.44 L1243 -6 | (6040 -4 | L2064 1| 15.41 2074 3 4323 2.4241904 | 112,04 3.714 .3820 278.0 5,877 47.30 .3820 - | .3283
15.46 .1232 -4 | .GOI0 —+ | .2040 -l | 15.43 2061 4351 2.4242638 |- 112.06 3.709 . 3820 278.7 5.8377 47.42 L3796 - | 3245
15.4% L1221 -6 5972 -2044 T 15.45 .2048 3 4378 2.4243280 | 112.09 3.704 . 3820 279.4 5.877 47. 54 L3772 -3 | L3236
15. 50 L1210 -5 | (5935 -+ | 2039 -1 | 1547 L2085 S 4400 2.4243018 | 112.11 3. 690 .3820 280. L 5.878 47.66 3718 -3 L3228
15, 52 L1189 =% | 5807 -+ 2034 -1 | 15.49 2022 -8 4434 2.4244556 | 112.14 3. 694 . 3820 280.9 5.878 477 .3725 =% | 3220
15. 54 L1180 -8 1 _5%61 ~4 | .2020 ! 15. 8L <2010 -2 4462 2.424518¢ 1 112,16 3.600 3820 281.6 78 7. 90 L3702 -2 3211
156,56 L1178 -6 1 5824 | L2023 -1 1553 L1997 =3 4400 2.4245821 | 112.18 3.685 . 3820 282.3 & 87 48,02 L3679 V| .3
15, 68 L1168 -5 | 5787 -4 | .2018 -1 | 1456 L1985 -1 4518 2. 4216450 | 112.20 3. 680 . 3819 283.0 5. 879 48.14 L3666 -3 3105
15. 60 L1168 -5 | (5761 -4} L2018 ~f | 15.57 L1972 4546 2.4247077 | 112.23 3. 075 .3819 283.8 5.870 48, 2G L3633 5| (387
15. 62 L1148 & | 57156 .2008 15.59 1960 3 4575 2.4247702 | 112,25 8. 671 .3819 284. 5 5. 880 48, 3¢ L3610 3 3179
15.64 L1138 -8 | L5679 ~¢ | .2008 1, 1561 L1948 =S 4604 2.4248324 | 112.27 3. 660 .3810 285.2 5. 380 48, 61 3588 ~3 1 3170
15. 66 L1128 -8 | 5643 -5 | .1998 -1 [ 15,63 .1086 -5 4633 2.4248044 | 112.30 3. 66L . 8819 285.9 5. 880 48, .3566 -3 | .3162
14 68 L1118 -8 | L5608 ~ | 1993 -1 | 15,65 1924 -8 4662 2.4240562 | 112.32 3.657 . 3819 286.7 5.880 48.75 L35 | L3
15.70 L1108 -5 | 56574 -~ .1988 -1 | 15.67 1912 ¢ 4690 2,4250177 | 112.34 3. 652 . 3819 207.4 5.881 48, 87 3522 -1 | L3147
15.72 L1080 -% | .5539 -+ | .1083 -1 [ 15069 L1900 -2 4720 24250700 { 112,87 3. 647 . 3819 288.1 5. 881 4 3500 -3 | .3130
15.74 L1089 -5 | .6505 -4 | (1978 -1 | 1571 .1889 - 4749 2.4251401 | 112,39 3.643 .3819 288.9 5. 881 49,12 airg -* | L3181
15. 76 L1070 -5 | 5470 -+ | .1973 -1 | 15.78 L1877 4779 2.4252000 | 112.41 3.638 .3819 269, G 5.882 49,24 3467 -3 | 3122
16.78 L1070 -5 ] 5436 - | 1808 1 | 1576 L1865 -2 4809 2.4252616 | 112.43 3.633 . 3818 290.3 5.852 49.36 3436 ¥ | .31t
15.80 L1061 -5 | 5403 -4 | (1964 -t [ 15777 L1854 -8 4838 2.4253220 | 112.45 3.629 .3818 291.1 5.882 49,49 L3415 -8 | (3107
15.82 L1062 -5 | .5360 ~4 | .1959 -1 [ 15.70 L1843 8 4868 2,4253821 | 112.48 3. 624 .3318 201.8 5.883 330¢ -3 | 3000
15.84 L1043 -8} 5336 -4 | 188 ~F [ 15.81 .1831 3 4890 2.4254421 | 112.50 3.620 .3818 202.6 5.8833 40,73 -] o.an
15. 86 L1034 -5 [ .5803 -1 | .1940 -1 | 1583 .1820 - 4029 2.4255018 | 112.52 3.015 . 3818 293.3 5. 883 40,86 L3352 % | .3053
15.88 L1025 -8 | (5271 ¢ | ;1044 1! 1585 .1809 = 4959 2.4255613 | 112.55 3.610 3818 204.0 5.883 49.98 .3332 307
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EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW 35

TABLE II.—SUPERSONIC FLOW-—Continued

y=7/5
“ M ’
4 P p T q A v j2) o2 T2 DL
I or 2 £ = L £ — v M B 2 - 2
Y 5} D o T d D Ay ax “ : n o T Dty
15.90 L1016 -4 .5238 = L1939 =1 15,87 L1798 2 4990 2,42562006 | 112,57 3. 606 . 3818 294.8 5. 884 50.10 L3811 -3 . 3068 -2
15.92 L1007 - .5200 = .1935 -1 15.80 L1787 -8 5020 2,4256797 | 112,59 3. 601 . 3818 295. 5 5.884 50. 23 .3201 -3 .3060 -¢
15, 94 L9086 -0 [ (5174 -+ | ,1030 -1 15.91 L1776 3 5051 2.4257385 | 112.61 3. 597 . 3818 206.3 5. 884 50.35 .3271 -3 1 ,3053 -2
15.96 L0809 0 .5l42 = L1025 -1 15.93 L1765 -8 5082 2.4257971 | 112.63 3. 592 . 3818 207.0 5.885 50.47 .3251 -3 L3045 -2
15.98 L9815 -6 LBl L1920 -1 15.95 L1754 -3 5113 2,4258555 | 112.66 3. 588 . 3818 207.8 5. 885 50. 60 .3232 -3 .3037 -
16.00 L9731 -0 L5079 -4 | L1916 1 15.97 744 3 5145 2.4250137 | 112,68 3. 583 . 3817 208.5 5. 885 50.72 .3212 -3 .3030 -
16.02 L0647 -6 L5048 - L1011 -1 15,99 .1733 -3 5176 2.4250717 1 112.70 3.579 . 3817 299. 3 5. 885 50. 85 .3192 -3 .3022 -2
16. 04 9565 -0 5017 - L1906 = 16.01 L1723 -8 5208 2.4260205 | 112.72 3. 574 . 3817 300.0 5. 886 50.97 L3173 -8 .3015 -2
16. 06 .048t -6 | 4087 -+ ] (1902 -1 16.03 LA712 -3 5239 2,4260871 | 112.74 3. 570 . 3817 300.7 5. 886 51.10 L3154 -3 ] ,3007 -2
16.08 L0104 -6 .4957 - .1897 16.05 L1702 -3 5271 2,4201444 | 112.76 3. 566 .3817 301.5 5. 886 51,22 L3135 -3 L3000 -2
16.10 .9323 -0 .4926 - -1 16,07 .1692 -2 5304 2.4202015 | 112.79 3. 561 . 3817 302.3 5.887 51.35 L3116 -2 .2002 -2
16,12 L9244 6 .4897 -1 16,09 L1681 -2 5330 2.4262585 | 112.81 3. 557 . 3817 303.0 5.887 51,47 L3007 -8 L2085 -2
16.14 .0165 -8 .4867 - - 16.11 L1671 -8 5369 2.4203152 | 112.83 3. 552 . 3817 303.8 5. 887 51. 60 L3079 -3 2977 2
16.16 .9089 -8 .4838 -t 16.13 J1661 -3 5401 2,4263717 | 112.85 3. 548 . 3817 304. 5 5. 887 51.72 .3060 -3 L2070 2
16,18 .go1r -6 4808 -4 -1 | 16,15 .1651 -8 5434 2.4264280 | 112.87 3. 543 . 3817 305.3 5,888 51,85 .3012 -3
16. 20 .8036 -6 L4719 = -1 16,17 1842 -8 5466 2.4264841 | 112.89 3. 539 . 3817 306.0 5. 888 51.97 3024 -8
16.22 .8860 -8 L4751 -1 16,19 .1632 =2 5499 2.4265400 | 112.91 3.536 . 3816 306.8 5.888 52.10 .3005 -2
16,24 .8784 -4 L4721 -1 16.21 .1622 -3 5533 2.4265958 | 112,91 3. 630 . 3816 307.5 5,888 52,23 . 2087 -8
16.26 L8712 -0 L4004 -1 16.23 L1612 -3 5566 2,4266513 | 112,96 3. 526 . 3816 308.3 5. 889 52.35 L2069 3
16.28 .8638 -6 4005 -1 16.25 .1603 -3 5600 2.4267066 | 112.98 3. 522 . 3816 300.0 5.889 52.48 L2052 =3
16.30 8565 -6 .4037 4 -1 16,27 .1593 -3 5634 2.4267617 | 113.00 3,517 . 3816 300.8 5.889 52.61 .2034 -3
16.32 .8491 -0 4600 - -1 16,29 L1584 -3 5607 2.4268156 | 113.02 3.513 . 3816 310.6 5. 880 52.73 .2016 -8
16,34 .8123 -0 .4582 -4 -1 16, 31 W1574 =3 5701 2.4268713 | 113.04 3. 509 . 3818 311.3 5. 890 52,86 .2899 -3
16.36 .8352 - 4554 -4 =1 16,33 L1565 -3 5735 2.4269258 | 113.06 3. 504 . 3816 312.1 5. 800 52,99 .2882 -3
16.38 .8283 -6 L4527 4 -1 16.35 .1556 -8 5770 2.4269801 | 113.08 3. 500 . 3810 312.9 5. 890 53.12 .2865 -3
16,40 .8213 -6 (4500 -4 =t 16,37 L1546 -2 5804 2,4270342 | 113,11 3.406 . 3816 313.6 5. 891 53.24 L2848 -3
16. 42 8144 -0 | 4473 - ~l ] 16,39 .1537 -8 5839 2.4270881 | 113.13 3.492 . 3816 314.4 5. 891 53.37 ,2831 -3
16.44 .8077 -8 L4447 = -1 16,41 ,1528 -3 5874 2.4271418 | 113,15 3.487 . 3816 315.2 5. 891 53. 50 .2814 -3
16,40 .8000 -0 .4420 = -t 16.43 L1519 -3 5910 2.4271954 | 113,17 3.483 . 3815 315.9 5. 891 53. 63 L2708 -3
16.48 L7942 -0 L4304 -1 16.45 L1510 -2 5945 2.4272487 | 118.19 3.479 . 3815 316.7 5. 892 53.75 L2781 =3
16. 50 L7876 -G .4307 = -l 16.47 L1601 -3 5080 2,4273019 | 113.21 3.475 . 3815 317.5 5.892 53.88 2705 -2
16, 52 L7811 -6 L4341 -1 16. 49 L1492 -3 6016 2.4273548 | 113.23 3.470 L3815 318.2 5. 802 54,01 L2749 -3
16, 5¢ T -6 | L4816 -1 1 16,51 L1484 -3 6051 2.4274076 | 113.25 3. 466 . 3815 319.0 5. 802 54.14 .2732 -8
16. 56 7082 -¢ L4290 - =1 16, 53 .1475 -3 6087 2.4274602 | 113,27 3.462 . 3815 319.8 5. 893 54.27 L2716 -2
16. 58 L7620 -¢ L4205 = =t 16. 55 .1406 -2 6123 2.4275126 | 113.29 3.458 . 3815 320.6 5,893 54,40 L2700 -8
16. G0 . 7556 -6 AA0 -1 16.57 .1457 -3 6160 2.4275648 | 113.31 3,454 . 3815 321.3 5.893 54. 83 .2085 -3
16,62 .7403 -0 L4215 - -1 16. 59 L1449 -2 6106 2.4276169 | 113.33 3.449 . 3815 322.1 5.803 54, 66 . 2669 -8
16, 64 .7432 -8 L4190 -1 16. 61 L1440 -2 6233 2.4276687 | 113.35 3.445 L3815 322.9 5, 804 54,78 . 2653 -3
16. 66 L7812 -8 .4166 -4 -1 16. 63 .1432 -8 6208 2.4277204 | 113.37 3.441 . 3815 328.7 5. 804 54.91 .2638 -8
16. 68 L7311 ¢ L4141 - -1 16. 65 L1424 -8 6306 2.4277719 | 1138.39 3.437 . 3814 324.4 5. 894 55.04 L2622 -8
16. 70 .7250 8 L4117 4 -1 16. 67 L1415 -3 6343 2.4278232 | 113.41 3.433 . 3814 325.2 5, 804 55.17 L2607 -8
16.72 L7191 -6 .4003 - - 16, 69 L1407 -3 6380 2.4278743 | 113.43 3.429 . 3814 326.0 5. 895 55,30 .2502 -2
16.74 .7132 -6 .4069 -4 -1 16. 7L .1398 -3 06417 2.4279252 | 113.45 3.425 . 3814 326.8 5,805 55,43 L2877 =3
16,76 ()75 B 4045 -1 16.73 .1301 -8 6455 2,4279760 | 113.47 3.421 .3814 327.6 5. 895 55, 56 .2562 =2
16.78 L7016 -0 L4021 -4 - 16.75 L1383 -2 6493 2,4280206 | 113.49 3.417 . 3814 328.3 5,805 55, 69 V2547 -3
16. 80 L0050 -6 | ,3008 -4 -1 16.77 L1375 -8 6581 2.4280770 | 113,51 3.413 . 3814 320.1 5,806 55.82 .2532 -t
16. 82 L6002 -8 L3974 =i 16.79 L1367 <3 6570 2,4281272 | 113.53 3.408 . 3814 329.9 5. 896 55,96 .2517 -t
16. 81 6846 -8 L3951 ~i 16. 81 L1359 =3 6607 2.4281772 | 113,55 3.404 . 3814 330.7 5. 896 56,09 .2503 -2
v 16.86 L6700 -t .3028 4 -1 16.83 .1351 -3 8647 2. 4282271 113. 67 3.400 . 3814 331.5 5. 896 56. 22 .2488 -3
i 16.88 .6735 -t L3905 -4 -l 16.85 .1343 -3 6685 2.4282768 | 113.59 3.396 . 3814 332.3 5,897 56. 35 2474 -3
16.90 L0680 -¢ | .3883 -4 -1 10. 87 .1336 -3 6724 2,4283204 | 113.61 3. 802 .3814 333.1 5. 807 56,48 .2460 -3
16. 92 L6626 ¢ .3860 -4 -1 16.89 .1328 -8 6763 2.4283757 | 113.63 3,388 . 3813 333.8 5.897 56, 61 2446 2
16,04 L6072 =6 .3838 -1 16.91 ,1320 -3 6802 2.4284249 | 113.65 3.384 .3813 334.6 5. 897 56, 74 L2432
16.96 L0520 =8 L3816 -4 -1 16. 93 L1313 -3 06841 2,4284739 | 113.67 3.380 . 3813 335.4 5,808 56. 88 L2418 -3
16. 98 L0407 ~¢ L3798 -t 16.95 .13056 -2 6881 2,4285228 | 113.69 3.376 . 3813 336.2 5,898 57.01 L2404 -3
17.00 L0415 -6 L3772 -t 16.97 .1208 -3 6920 2.4285714 | 113.71 3.372 .3813 337.0 5. 898 57.14 .2300 -3
17.02 .036¢ -6 .3750 = -1 16.99 .1200 =3 6900 2.4286199 | 113.73 3.368 . 3813 337.8 5. 898 57,27 .2876 -3
17.04 L6311 -8 .3728 '~ -1 17.01 .1283 -3 7001 2,4286683 | 113.75 3. 864 . 3813 338.6 5,808 57.40 L2363 -3
17.06 .6261 - L3707 - -t 17.03 L1276 -2 7042 2.4287164 | 113.77 3.360 . 3813 339.4 5. 899 57.5¢ .2349 -3
17.08 .6211 ¢ .3086 -4 -1 17.05 .1268 -2 7081 2.4287645 | 113.79 3.356 .3813 340.2 5. 809 57.67 ,2336 -3
17.10 .610L -® .3065 4 -t 17,07 L1261 -3 7122 2.4288123 | 113.81 3.353 . 3813 341.0 5,809 57.80 2322 8
17.12 L6111 -6 L3044 - 17.09 1254 -8 7163 2.4288600 | 113.83 3.849 .3813 341.8 5. 899 57.9¢ L2309 -2
| 17.14 6063 -0 .3623 - -1 17.11 L1247 8 7204 2.4280075 | -113.85 3.345 .3813 342.6 5.900 58.07 .2286 -3
17.16 L6014 -0 L3602 4 =1 17.13 1240 -3 7248 2.4280548 | 118.87 3.341 . 3813 343. 4 5,900 58.20 .2283 -3
17.18 . 5966 -8 .3581 -4 -1 17.15 .1233 -8 7287 2.4200020 { 113.88 3.337 .3812 344.2 5.900 58. 3¢ .2270 =3
17.20 .5918 -8 L3561 -4 -1 17.17 L1226 =3 7329 2.4290490 | 113.90 3.333 .3812 346.0 5,900 58,47 .2257 3
17.22 L5871 -6 L3541 =1 17,19 .1219 =3 7371 2.4200950 i 113,92 3.329 . 3812 345.8 5,901 58,60 <2245 =3
17.24 .582¢ -8 .3520 -4 -1 17.21 .1212 -8 7413 2.4201426 | 113.04 3.325 . 3812 346.6 5. 901 58. T4 .2232 3
17.268 L5779 -8 L3501 = -1 17.23 .1205 -8 7454 2.4201891 | 113.96 3.32L .3812 347.4 5. 901 58.87 ,2219 -3
17.28 L5782 -6 .3181 -1 17.25 L1108 8 7497 2. 4202355 113.98 3.318 . 3812 348.2 5. 901 59.01 2207 -3
17. 30 . 5087 -¢ L3461 ~1 17,27 L1192 -2 7539 2,4202818 | 114.00 3.314 . 3812 349.0 5.901 59,14 L2194 -8
17.32 L5642 -6 L3441 - -1 17.29 .1185 -3 7583 2.4203278 | 114,01 3.310 .3812 349.8 5. 902 59.27 L2182 -8
17.34 .5597 -6 .3422 -4 | -1 1.17.31 L1178 -8 7626 2.4293737 | 114.03 3.306 . 3812 350.6 5.902 59. 41 L2170 -8
17.36 .55653 -6 .3403 -l 17.33 A7 -3 7669 2.4204195 | 114.05 3.302 . 3812 351. 4 5.902 59. 54 L2157 -8
17.38 L5500 -f .3383 -4 -1 17.35 c1165 -3 7713 2.4204651 | 114.07 3.209 . 3812 352.2 5,902 59, 68 .2145 =3
17.40 5465 -6 L3364 -1 17.37 L1158 =3 757 2.4205105 | 114.09 3,205 . 3812 363.1 5,903 59,81 .2133 -3
17.42 L5423 -6 L3346 =1 17.39 L1152 -8 7799 2.4205558 | 114.11 3. 201 L3812 353.9 5. 903 59.95 W2121 -3
17.44 .5380 -0 .3326 -1 17.41 L1145 -3 7844 2.4208010 | 114,13 3.287 . 3811 354.7 5. 903 60. 09 L2109 -3
17.46 . 5338 =6 .3308 = =1 17.43 .| .1139 -2 7888 2,4290460 : 114,15 3.283 . 3811 3565. 5 5.903 60. 22 .2008 -2
17.48 .5205 -0 .3280 =~ -1 17.45 .1183 -8 7933 2.4206908 | 114.16 3.280 . 3811 356.3 5. 903 60.36 .2086 -3
17, 80 L5264 -0 L3271 -1 17.47 L1126 =2 7977 2,4207355 | 114.18 3.276 . 3811 357.1 5. 904 60. 49 2074 =3
17. 62 .5213 -6 .3252 -~ -t 17.49 L1120 -2 8022 2.4297800 | 114.20 3.272 . 3811 357.9 5. 904 60. 63 L2063 -
17. 54 L5172 6 .3234 4 -1 17.5L L1114 =3 8067 2.4208244 | 114.22 3.268 . 3811 388.8 5.904 60. 77 L2051 -3
17. 56 L6131 -6 L3216 — -1 17. 53 .1108 % 8113 2,4208086 | 114.24 3.265 . 3811 359.6 5. 004 60. 90 L2040 -3
17. 58 .5092 -¢ .3198 -4 =1 17. 85 .1102 -2 8157 2.4299127 | 114.26 3. 261 . 3811 360. 4 5.905 61.04 .2029 -8
17.60 . 5052 -6 .3180 —* -1 17. 57 L1095 -8 8203 2.4290566 | 114,27 3. 257 . 3811 36L.2 5.905 61.18 .2017 -3 L2504 -2
17.62 . 5013 =0 .3163 - -t 17.59 L1080 -3 8248 2.4300004 | 114.29 3,254 . 3811 362.0 5,905 - 61.31 .2006 =8 2499 -3
17.64 .4073 -6 .3145 =4 -1 17.61 L1083 =3 8295 2.4300441 | 114,81 3. 250 .3811 362.9 5.905 61.45 .1995 -3 L2403 2
17. 66 .4935 -6 .3128 -1 17.63 L1077 =2 8341 2.4300876 | 114.33 3.246 . 3811 363.7 5,905 61. &9 1984 =8 .2488 -2
17. 6R L4897 =0 L3110 ~ -1 17.65 L1071 -8 8387 2.4301309 | 114.35 . 3.242 L3811 364. 5 5. 906 61.72 .1973 -8 L2482 -2
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¥=7f5
M : , |
P 0 T q A 1 Ds a3 Ts Py M
2 £ = g “. L » Af b2 o2 kil a3 e
1?;, Dt o T: 8 ) A, O u ! F 2 Ty Py, Dy :
17.70 L4850 -6 L3003 -4 1571 17.67 L1066 -2 | 8434 2. 4301741 114.36 3.239 .3811 365.3 5. 906 61. 86 1962 -3 2476 E
17.72 .4821 - 3076 4 L1567 17.69 .1060 -3 | 8481 2.4302172 | 114.38 3.235 L3810 366, 2 5. 906G 62.00 1851 -3 ¥ins :
17.74 L4783 ¢ 3058 L1564 1 17.71 .1054 -3 | 8520 2. 4302601 114. 40 3.23L .3810 367. 0 5. 906 02, 14 g 2 2465 -7 ;
17.76 4747 -6 L3042 ~4 L1561 -1 17.73 L1048 -3 | 857 2,4303020 | 114.42 3.228 . 3810 367.8 5. 906 G2.25 1930 -2 2460 -7
i7.78 4710 ¢ .8025 L1587 -1 17,75 L1042 -8 | 8623 2.4308455 | I14.44 3.224 . 3810 368.7 5.907 G2. 41 1019 L2458 1 i
17. 80 L4674 - .3009 -+ L1564 -t 1777 1037 -2 | 8670 24303880 | 1id.45 3.221° | .38i0 368. 5 5.907 2. 55 10090 -1 -1 31 B
17.82 4637 -t L2902 1560 -1 17.79 L1031 -2 | 8719 2.4304304 | 114.47 3.217 .3810 370.3 5. 907 62.60 .1808 % 17 B
17.84 4602 ¢ .2075 L1547 -1 i7.81 .1025 -5 | 8767 2.4304726 | 114.49 3.213 3810 71.1 5.907 62.33 L1888 -1 237 "1
. 17.86 L4566 0 .2059 1543 17.83 .1020 -% | 8815 2.4305147 | 114.51 3.210 3810 372.0 5.907 62. 97 L1878 -3 2132 =
: 17.88 4531 -t .2043 L1540 -1 17.85 1014 % | 8864 2.4305566 ; 114,52 3. 206 3810 372.8 5. 908 63,12 1867 -3 I i
17,90 4496 6 L2026 -4 .1587 -1 17.87 1000 -3 | 89(3 2.4305984 | 114,54 3.203 . 3810, 373.7 5.908 63,25 1857 - l
17.92 4462 -6 L2910 - .1533 - 17.89 L1003 - | 8962 2.4308401 | 114,56 3.199 . 3810 374.5 5. 608 63.30 JIB47 - |
17.94 4428 -6 2805 L1530 -1 17.61 L9976 — 1 a010 2.4306816 | 114,58 3.195 .3810 375.3 5. 908 G3. 53 1837 -8 L
17.96 .4301 ¢ L2870 L1526 -t 17.93 L0921 -4 | 9060 2.4307230 [ 114.59 3.192 3810 376.2 5. 908 63.67 1827 = )
17.98 L4361 -6 <2863 1523 -1 17.95 L9868 -4 | 9109 2.4307642 | 114,61 3.188 . 3810 377.0 5. 800 63.80 817 : '
118,00 .43 =% ,2848 | 1520 17.97 L9816 -4 | 9159 2.4308053 | 114.63 3.185 . 3810 377.8 5. 900 63.04 L1807 - :
. 18,02 L4204 -t .2832 .1516 -1 17.99 9760 4 | 9210 2.4308463 | 114.65 3.18t . 3800 378.7 5,900 G4.08 1797 = H
T 18.04 .4261 -t L2816 L1513 -1 18.0t L9707 | 9260 2.4308872 | 114,66 3.178 . 3800 379.5 5. 900 64.23 .1788 3 T
18.06 4229 6 .2801 L1510 = 18.03 L8655 - | 9311 2,4300279 | 114.68 317 . 3809 380. 4 5.909 4. 37 1778 1 *
18.08 4197 -6 L2786 L1507 1 18.05 9602 2,4300685 | 114,70 3.171 . 3809 381. 2 5. 910 64, 6L L1768 =3
T 1810 4165 -5 2T L1503 1 18.07 L9662 -] 9411 2.4310089 | 114,72 3.167 . 3809 382.1 5.910 (4. 65 L1759 % o
| 1812 4134 -5 L2756 — L1500 - 18.09 L0500 4 | 9463 2.4310492 1 114.73 3.164 . 3809 382.9 5.910 64, 79 L1740 i
i 18.14 4102 -8 2141 .1497 -t 18.11 9448 -1 [ 0516 2.4310804 114,75 3.160 3809 383.7 5.910 64,93 JAT40 -2
1816 4071 2726 L1404 18.13 L9398 ~4 | 9566 2.4311205 | 114.77 3.157 . 3309 384.6 5,010 65,07 731 2
i 18.18 4041 -6 2711 - L1400 ~1 18.15 .9340 -1 | 9617 2.4311694 | 114.78 3.153 . 3809 385.4 5.911 65,21 1721 -8 |
18. 20 L4010 -6 .2606 ~4 1487 1 18.17 L0207 -1 ¢ 9671 2.4312002 | 114.80 3.150 . 3809 386.3 5.011 G5, 35 .1712 3 . N !
18,22 .3079 -6 L2682 ~ L4888 1 18.19 9247 4 | 978 2.4312488 | 114.82 3.146 . 3809 387.1 5,911 G5. 49 L1703 - d ,
I 18.24 .3040 -4 2067 -4 .148: -1 18.21 L0198 -+ | 9775 2.4312884 | 114.83 3. 143 3809 388.0 5.611 65,64 1604 =2 233 i
I 18.26 L3920 -0 L2053 L1477 -1 18.23 L0148 -+ | 0828 2.4313278 | 114.85 3.139 . 3800 388.8 5.911 65. 78 .1685 =¥ L2327 9
V18,28 3800 -6 ; .2639 -~ | .14Ti - 18.25 L9099 -+ | 9881 2.4313671 | 1:4.87 3.136 . 3800 380.7 5.912 65, 92 1670 -8 | 2321 -2
| 18.30 L3861 -6 | .2625 -1 | 1471 -1 | 18.27 L9052 -+ | 9933 2,4314062 | 114.89 3.133 . 3809 390. 5 5.012 66, 06 L1607 -3 | 2317 -*
18.82 .3832 - 2618 - L1468 -1 18.29 L8003 -+ | 0087 2.4314452 | 114.90 3.129 . 3800 301.4 5.012 G6. 20 L1058 =1 202 -t
I 18.34 L3808 ¢ 2596 -1 1465 -1 18.31 L8054 — | 1004 2.4314841 | 114.92 3.126 . 3808 392.3 5.012 06. 35 L1648 = .2306 -
i 18,36 3775 6 2583 - L1462 -2 18.33 L8907 — 71010 # 2.4315220 | 114.94 3.122 . 3808 303.1 5.012 60.49 1640 2 .2302 -,
18.38 3747 ¢ 2569 L1459 18.35 L8868 -1 | 1015 # 2,4315616 | 11495 3.119 . 3808 3040 5.913 G6.63 1632 -1 207 0t I
i 18,40 L3718 -t . 25556 - .1455 -1 18.37 L8812 -4 ;1020 # 2,4316001 | 114.97 3.115 . 3808 304.8 5.913 66.78 .1623 -3 L2200 -2
8. 42 L3601 ¢ L254] L1452 -1 18.39 L8765 — 1 1026 # 2.4316385 | 114,99 3.112 . 3808 305.7 5.913 66. 92 L1614 =1 L2287 -2
| 18.44 L3663 -¢ .2528 L1449 -1 18.41 L8719 —5 | 1031 # 2.4316768 | 115.00 3.100 3808 396. & 5.013 67.06 16806 - L2281 -2
o 18.46 .3636 -6 L2514 - 1446 1 18.43 L8673 | 1087 # 2.4317149 | 115.02 3.105 . 3808 397. 4 5. 913 67.21 L1507 - | 2277 -2
: 18.48 3608 -6 2501 -4 1443 1 18,45 8628 — | 1042 # 2.4317530 | 115.04 3.102 . 3808 398.3 5,913 67.35 .1580 -1 .2272 -2
i 18.50 .3582 -0 .2488 1440 1 18.47 .8582 -1 | 148 # 2,4317909 | 115.05 3.009 . 3808 309.1 5. 014 67.49 1580 -3 L2267 -2
18. 52 3655 -0 . 2475 L1437 -1 18,49 L8536 -4 11054 # 2.4318287 : 115.07 3. 095 . 3308 400.0 5.014 67. 64 1572 -3 2262 -3
18. 54 .35630 - L2462 .1434 ~1 18. 51 L8492 4 11050 H 2.4318664 | 115.08 3.002 . 3808 400. ¢ 5.914 67.78 . 1564 - L2267 -1
18. 56 .3503 -0 J2448 .1431 1 18.53 L8446 1 | 1065 ! 2.431903¢ | 115.10 3.089 . 3808 408, 7 5. 914 67,93 . 1555 -1 L2252 -2, |
18.58 3477 -6 L2436 L1428 -1 18. 55 8403 -4 1070 24319413 } 115.12 3.085 . 3808 402.6 §. 914 08.07 JA57 A 22i8 -
| 1860 3452 -6 L2423 = L1425 ~1 18. 57 8359 -4 | 1076 2. 4319787 | 115.13 3.082 . 3808 403.5 5,915 68. 21 1538 -8 2213 -2
¢ 18.62 3426 -5 2410 4 L1422 1 18. 59 L8315 -5 | 1082 2.4320159 | 115.15 3.070 .3808 404.3 5.915 (8. 36 1531 = L2238 -2
‘18,64 3400 -6 2397 L1419 - 18.61 8270 -5 ) 1088 2.4320529 | 115.17 3.075 . 3808 405. 2 5.915 68. 50 1523 L2233 -2
18, 6t .3375 -6 2384 L1416 -1 18,63 L8226 -4 [ 1093 # 2.4320809 | 115.18 3.072 3807 406.1 5.915 08. 65 L1616 - L2228 -2
- 1868 .3351 -6 2372 1413 -1 18.65 L8185 —1 | 1009 + 2,4321267 | 115.20 3. 069 . 3807 406.9 5.915 68,79 1507 =3 L2228 -
©18.70 .3326 -6 . 2356 — .1410 1 18. 67 L8142 - [ 1105 *# 2.4321035 | 115.21 3.065 . 3807 407.8 5,015 68.04 1400 =2 L2219 -*
N L3301 -¢ L2347 L1407 1 18.68 L8000 - | 1111 W 2.4322001 | 115.23 3. 062 . 3807 108.7 5,910 69.09 1491 -3 J2214 =
. 18,74 3278 ¢ 2336 L1464 -1 18.71 L8058 -1 | 1116 H 2.4322366 | 115.25 3.050 . 3807 400.6 5.916 6. 23 1484 -2 L2200 -*
18.76 3263 -¢ 322 ~ L1401 1 18.73 L8015 | 1122 # 2.4322729 ; 115.26 3. 056 . 3807 410.4 5.916 69, 38 1476 =2 L2205 -1,
18.78 3230 -¢ | .23:10 -4+ | .1308 -l 18,75 L7074 -4 | 1128 # 2.4323002 | 115.28 3.052 . 3807 411,3 5.916 69, 52 1468 -2 2200 -
15,80 .3206 -t L2208 .1395 -1 18.77 L7081 -+ 1134 41 2.4323454 | 115.29 3. 049 . 3807 412.2 5.916 G9. 67 L6 -2 2195 -2
. I8.82 .3182 -6 .2286 1392 1 18.79 L7800 1 | 1140 + 2.4323814 | 115.81 3. 046 . 3807 413.1 5017 (9. 82 1453 -3 91 -~
18,84 3150 -¢ .2274 L1389 -1 18.81 LTRAQ -4 | 1146 2.4324173 | 115.33 3.043 . 3807 413.9 5.017 69. 9G 1445 -1 &G T
| 18.86 L3136 -6 2282 L1386 -1 18.83 L7800 -1 ] 1152 4 2.4324531 | 115.34 3. 03¢ . 3807 414.8 5017 011 L1438 -3 282 - |
I 18.88 3113 L2251 -1 L1383 -1 18.85 L7768 -1 | 1158 # 2.4324888 | 115.36 3. 036 . 3807 415.7 5017 70.26 L1430 -2 277 -t ]
. 18.490 .3000 -0 .2239 -4 L1380 -1 18.87 7 L1 M 2,4325244 | 115.38 3.033 . 3807 416.6 5,917 70.40 L1423 -2 L2172 "E .
s 18.92 3088 -0 L2227 .1378 -1 18.89 7687 1 [ 1170 H 2.4325509 | 115.39 3.030 . 3807 417.5 5.917 70. 55 L1416 =3 L2167 -2
o189t 3046 -5 L2216 ~ L1375 -1 18.91 7649 ¢ | 1i76 + 2.4325953 | 115.41 3.027 . 3807 418.3 5.918 70.70 L1408 -1 2163 -*
i 18,08 3024 -0 2204 L1372 -1 18.93 L7608 -4 | 1182 # 2.4326305 | 115.42 3.023 . 3807 419, 2 5.918 70.84 L1401 2158 -?
. 18.98 .3002 ¢ 2193 -4 | ,1369 -1 18.95 L7570 ~4 | 1188 # 2.4326657 | 115.4% 3. 020 . 3807 420.1 5.018 70.99 1394 2154 =2 l
i 19.00 2980 -6 L2181 1366 -t 18,97 JTH30 4 | 1195 2.4327007 | 115.45 3.017 3806 421.0 5.018 Tl.14 L1387 - 2149 -2
o10.02 L2059 -6 L2170 1363 - 18.99 7492 1| 1201 2.4327356 | 115.47 3.014 3806 421.9 5.918 71.20 L1379 -3 J2145 -2 [
10,04 .2937 ¢ 215¢ -+ L1361 -t 19,01 7454 -4 (1207w 2,4327705 | 115.48 3.011 3806 422.8 5.918 Tl.44 L1372 -3 L2141 -2 i
. 19,06 2915 - 2148 —4 L1368 -1 19.03 L7414 | 1213 H 2.4328052 | 115.50 3.008 3806 433.7 5.919 71.58 1305 -t 2136 -2
i 19.08 .2804 -t 2136 -+ <1355 19.05 L7376 - {1220 H 2.4328398 | 115.52 3.004 3806 424.6 5.919 .78 1358 - 231 -2 t
19,10 L2874 -6 2125 - L1352 19.07 .7338 -4 712286 + 2, 4328743 115. 53 3.001 . 3806 4£25.5 6.919 71.88 L1361 -3 227 -2 i
19.12 2854 ¢ 2115 - L1349 - 16,00 L7302 =4 | 1232 2,4320087 | 115.55 2.998 . 3806 426.3 5,019 72.03 L1344 -3 a1 -t
; 19,14 .2833 = 2104 ~ 1347 -1 18.11 L7264 —+ | 1230 # 2. 4320430 115.56 2.905 . 3806 427.2 5.919 72.18 JI337 L2118 -t '
i 19.16 L2812 6 2003 -4 1344 -t 19, 13 L7227 <4 {1245 H 2.4320771 | 115,58 2,902 . 3806 428.1 5.919 72.33 L1331 =1 L2014 -2
1818 2792 % 2082 ~¢ | 1341 19.15 L7189 4 | 1252 w1 2,4330112 | 115.59 2.989 . 3806 429.0 5.920 72.48 1328 1 2100 -* |
! 19,20 L2172 L2072 L1338 - 19.17 L7154 ~4 | 1258 + 2.4330452 | 115.61 2.986 . 3806 420.9 5. 920 72,62 LT -3 L2105 -* Il
| 19,22 L2752 ¢ L2061~ 1336 - 18.19 LTI6 =4 | 1264 H 2.4330790 | 115.62 2,982 . 3806 430.8 5920 297 L1310 SN0 2
19,24 L2733 -6 2050 =4 L1333 - 19,21 L7081 L1271 2.4331128 | 115.64 2,979 . 3806 431.7 5.920 72.92 L1304 -1 L0 -? '
19,26 L2713 ¢ 2040 -4 .1330 -t 19.23 7045 - | 1277 + 2,4331464 | 115.65 2,976 . 3806 432.6 5. 920 73.07 L1207 -8 2092 1 i
19.28 L2694 -6 | ,2030 - 1327 <1 ¢ 19.25 JIO0 - | 1284 # 2.4331800 | 115.67 2.973 . 3806 433.5 5.920 73.22 L1201 -8 | 2088 - I
19. 30 (2674 ~6 | 2019 -5 | 1326 -1 19,27 6073 4 [ 1o 2.4332135 | 115.68 2.970 . 3806 434, 4 5.921 73.37 L1288 -1 2083 2
i 19.32 2655 -4 L2000 -4 1322 -1 19.29 L8037 — | 1297 + 2. 4332468 113.70 2,967 . 3806 435.3 5.921 73. 62 L1277 -8 079 -t |
!o19.34 L2036 -+ 1 .1009 -4 | ,1319 -1 19,31 6902 —+ 1304 +1 -] 24339800 | 11571 2, 964 L3806 +| 436.2 5.921 73.67 L1271 =3 | 2074 2 i
©19.38 2617 ¢ L1088 -4 L1316 -1 10,33 6867 - 1310 41 2,4333132 | 115.78 2.961 . 3805 437.1 5.921 73.82 L1265 % - 2070 *
[4.38 L2699 -8 | (1970 4 (1314 -1 | 190.35 6834 -1 | 1317 2,4333462 | 115,74 2.958 . 3805 438.0 5.921 3.8 L1258 -3 | .2066 -* i
16.40 2581 -0 1068 -4 1311 - 19.37 L6799 4 | 1324 # 2.4333792 | 115.78 2,955 . 3805 438.9 §.921 74.13 L1252 =1 L2002 - !
, 10.42 L2562 -4 1958 — L1308 = 19.39 6764 -t | 1330 2,4334120 | 115.78 2,952 .3805 439.8 5.922 74.28 A5 -2 L2057 -1 i
i 19.44 2544 0 1949 -4 L1306 - 16.41 L6731 -t | 1337 2,4334447 | 115.79 2,949 <3805 4407 5. 922 74.43 .1239 -3 .2053 -t
1 19.46 2526 4 ,1938 = .1308 -1 19.43 L0606 -t | 1344 2,.4334774 ¢+ 115.80 2,046 .3805 441.6 5.022 74.58 L1233 1 L2049 -2
: 1048 2508 -¢ 1629 -1 L1301 -1 19.45 f A663 -1 | 1851 +1 2. 4335099 115.82 i 2,043 3805 442.6 5.932 T4.73 L1297 =3 2045 -2
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y=1/5

® | 2 3 4l 8 . | o4 | T , s | 2 a2 mn| B oa

M Dt e T o¢ Ax [N o o1 [ Dy Dy,

10.50 | .240t =6 | .1019 -¢ | .1208 -1 | i0.47 6630 —4 | 1357 2.4335424 | 115.83 2.040 | .8805 | 448.3 5.922 74.88 J1221 -3 | 2041 -2
10.52 | .2473 ~6 [ .1900 ~ | .1205 -t | 10.49 8505 4 | 1365 + 2.4335747 | 115.85 2.037 | .8805 | 444.4 5,922 75.03 L1214 -3 | (2036 -*
19,54 | .2455 ~6 | .1900 -~ | ,1203 - | 19.51 8563 —4 | 1371 # 2.4336070 | 115.86 2.034 | .3805 | 445.3 5.922 75.19 L1208 -3 | .2032 -
19.56 | .2438 ~¢ | .1800 -~ | ,1200 - | 10.53 .6530 -4 | 1378 #t 2.4336391 | 115.88 2.931 | .3805 | 446.2 5.923 75.84 L1202 -8 2028 -2
19,58 | .2421 ~6 | ,188L -+ | 1287 -1 | 10.55 6407 -4 | 1385 #1 2.4336712 | 115.89 2.928 | .3805 | 447.1 5.923 75.49 L1196 -% | 2024 -2
19.60 | .2404 ~6 | .1871 ~¢ | ,1285 -1 | 10.57 L6464 -4 | 1302 # 2.4387031 | 115.91 2.025 | .8805 | 448.0 5.023 75.84 1100 -3 | ,2020 -2
10.62 | .2387 ~6 | .1862 ~ | .1282 — | 19,50 6432 4 | 1309 + 2.4337350 | 115.92 2,022 | .3805 | 448.9 5.928 75.80 1184 -3 | ,2016 -*
19.64 | .2371 -6 | ,1858 =~ | .1280 -t | 19,61 L6401 — | 1406 2.4337667 | 115.94 2.919 | .3805 | 449.9 5,928 75.95 1178 -3 | ,2012 -2
10.66 | .2854 ~6 | .1843 -~ | 1277 -1 | 19,63 6380 4 | 1413 # 2.4337084 | 115.95 2.016 | .8805 | 450.8 5.923 76.10 1178 -S| ,2008 -2
19.68 2337 ~6 1834 -~ | L1275 -t | 19.85 6336 4 | 1420 #t 2.4338300 | 115.97 2.013 | .8805 | 45L.7 5.924 76.25 1167 -3 { ,2003 -2
19.70 | .2321 -8 | 1825 -~ | 1272 -1 | 10.67 .8306 4 | 1427 # 2.4338615 | 115.98 2.010 | .8805 | 452.8 5.024 76.41 1161 -3 | -2
19,72 | .2305 -6 | .1816 ~+ | .1260 - | 19.69 6274 =~ | 1435 # 2.4338928 | 116.00 2.907 | .8805 | 453.5 5.924 76. 56 1155 -8 | 1095 -2
10.74 | .2280 -8 1807 ~ [ 1287 -1 | 19.72 L6243 -4 | 1442 2.4330241 | 116.01 2.904 | .3805 | 454.5 5.024 76.71 1140 -3 | ,1991 -2
10,76 | .2278 = 1798 ~ | .1264 -t | 19.74 6213 — | 1449 # 2.4330553 | 116.03 2.001 | .3804 | 485.4 5.924 76.87 1144 -3 | 1088 -%
10.78 | .2257 -6 1788 ~ § .1262 ~1 | 19.76 .8180 -4 | 1456 + 2.4330864 | 116.04 2.808 | .3804 | 456.3 5.024 77.02 1138 -4 1 .1083 -2
19.80 2241 =8 1780 ~+ | .1259 -t | 10,78 L8150 =4 | 1464 # 9.4340174 | 116.05 2.805 | .3804 | 457.2 5.924 77.17 1132 -8 1979 -3
19.82 2296 -6 1771 ~ | .1257 -t | 10.80 L6120 —4 | 1471 # 2.4340483 | 118.07 2.802 | .83804 [ 488.1 5.025 77.33 1127 -3 [ 1975 -2
19.84 2210 -6 1762 ~4 | .125¢ -t | 10,82 L6090 -4 | 1478 + 2.4340792 | 116.08 2.889 | .3804 | 459.1 5.925 77.48 1121 -3 | ,1971 -8
19.86 2195 -6 1758 =~ | .1252 -1 | 10.84 6050 ~4 | 1488 #1 2.4341009 | 116.10 2,886 | .8804 | 460.0 5.925 77.64 1116 -3 | 1067 -2
19.88 2179 ¢ 1745 ~+ | .1249 -1 | 10,86 L6020 4 | 1493 # 2.4341405 | 116.11 2.883 | .3804 | 460.9 5,025 77.79 1110 -2} ,1963 -2
19.90 2165 ¢ 1786 ~ | .1247 -1 | 19.88 6001 —4 | 1500 +1 2,4341711 | 116.13 2.880 | .3804 | 461.9 5.925 77.95 1105 -8 1960 -2
19.92 2150 - 1727 ~ | (1244 -t | 10,90 L5971 —4 | 1508 +t 2.4342015 | 116.14 2.878 | .3804 | 462.8 5.925 78.10 1009 -8 1956 -3
19.94 2135 ~¢ 1719 ~4 | 1242 -1 | 19.92 5041 —4 [ 1515 + 2.4342319 | 116.15 2.875 | .3804 | 468.7 5,926 78. 26 1004 -3 1952 -2
19.96 2120 - 1710 ~4 | .1240 = | 10.94 L5918 -4 | 1528 + 2.4342622 | 116.17 2.872 | .3804 | 464.6 5.926 78.41 1088 -3 1048 -2
19.98 2105 -¢ 1702 ~¢ | .1287 =t | 19,06 5883 -4 | 1530 + 2.4342024 | 116.18 2.860 | .3804 | 465.6 5.926 78.57 1088 -3 1044 -2
20.00 | .2091 -6 | .1804 ~¢ | .1235 -1 | 19.98 .5855 —4 | 1538 + 2,4343205 | 116.20 2.866 | .3804 | 466.5 5.926 78.72 L1078 -3 | L1940 -2
20.20 1952 -6 | 1612 ~4 | .1211 -1} 20.18 L5574 =4 | 1615 # 2.4346186 | 116.34 2.838 | .3803 | 475.9 5.927 80. 20 L1026 -3 | L1902 -2
20.40 1823 ¢ 1536, ~4 | .1187 -1 | 20.38 L5311 -4 | 1895 + 2.4340062 | 116.47 2.810 | .3803 | 485.4 5.920 81,86 L9778 —4 | ,1865 -2
20. 60 1704 -t 1463 ~4 | .1165 -1 | 20.58 L5062 =4 | 1779 # 2.4351855 |, 116.61 2,782 | .3802 | 494.9 5,930 83.46 0310 1820 =1
20. 80 1594 -t 1395 ~4 § .1143 | 20.78 L4827 -4 | 1866 2.4354560 | 116.74 2.756 | .8%02 | 504.6 5.932 85.07 L8887 1794 =2
21,00 1492 -6 1331 ~4 | 1121 ~t | 20,08 .4606 4 | 1956 + 2.4357207 | 116.87 2.729 . 3802 514.3 5.933 86. 69 L8478 -4} 1760 2
21,20 1397 ¢ 1270 ~+ | .1100 =t | 21.18 4396 4+ | 2049 + 2.4350772 | 117.00 2.704 | .3801 | &24.2 5,934 88.34 L8001 -+ | (1727 -
21.40 1309 -6 1212 ~4 [ .1080 -t | 21.38 4197 4 [ 2147 2.4362265 | 117.12 2,678 | .3801 | 534.1 5.935 89.99 L7725 =4 | L1695 -2
21. 60 1227 -6 1158 ~4 [ 1080 -~ | 21.58 L4000 -4 | 2248 1 2.4364600 | 117.24 2,654 | .3800 | 544.2 5,936 91. 66 7880 -4 | 1663 -2
21.80 1151 - 1106 ~4 | .l041 -~ | 21.78 .3830 —4 | 2353 +#t 2,4367050 | 117.86 2.620 | .3800 | 854.8 5,938 93.35 7052 -4 1633 -2
22.00 | .1081 -8 1057 -4 .1028 -t | 2198 3662 4 | 2461 # 2.4360346 | 117.48 2.605 | .8800 | 5645 5.039 95.05 6742 1604 -2
22.20 | .10154=¢ | .1011 ~4 | .1004 -1 | 22,18 8502 — | 2574 # 2.4371581 | 117:60 2.582 | .3700 | 574.8 5.040 96.77 6447 -4 1575 =2
22,40 | .9541 -7 | .0670 -5 | .9867 —2 | 22.38 L3351 -4 | 2600 2.4378757 | 117.71 2.559 | .3799 | 585.2 5.941 98, 51 6188 - 1547 -1
22,60 | .8971 -7 | .0253 -5 | .0604 -2 | 22.58 .3207 4 | 2811 92,4375876 | 117.82 2.53 | .3709 | 595.7 5.942 | 100.3 5904 —4 1520 -2
22,80- | .8430 -7 | .8858 -3 | .9827 -2 | 22.78 L3071 —4 | 2936 # 2.4377940 | 117.93 2.514 | .3798 | 696.3 5043 | 102.0 5658 -4 1493 -2
23.00 | .7943 7 8483 ~5 | ,0363 -2 | 22.08 L2041 -4 | 3085 2.4370051 | 118.04 2.492 | .3798 | 617.0 5.944 | 103.8 L5414 -4 | 1467 -8
23.20 | .7480 7 8127 ~5 | .0204 -2 [ 23.18 L2818 ~4 | 3199 # 2.4331911 | 118.15 2.470 | .3708 | 627.8 5.945 | 105.6 L5188 -4 | 1442 -2
23.40 | .7048 -7 7780 -5 | .9049 -2 | 23,38 L2701 -4 | 3338 2.4383821 | 118,25 2.449 | .3797 | 638.7 5946 | 107.4 4972 -4 [ 1418 -2
23.80 | .6644 -7 7467 -5 | .8807 ~2 | 23,58 L2500 =4 | 3481 2.4385683 | 118.36 2,429 | .3797 | 649.8 5.947 | 109.2 L4768 4 1304 -3
23.80 | .062866 -7 7161 -5 | .8750 ~2 | 23,78 .2485 -4 | 3630 + 2.4387409 | 118.46 2.408 | .3797 | 660.7 5948 | 111 4578 4 1370 -2
24,00 | .5013 ~7 | .6871L -5 | .8606 -~2 | 23.98 .2384 —4 | 3783 + 2.4380270 | 118.56 2.388 | .3796 [ 671.8 5048 | 112.9 .4388 -4 1348 -2
24.20 | .5582 -7 [ .6594 -5 | .8465 ~2 | 24.18 2288 — | 3p42 2.4300098 | 118.65 2.368 | .8796 | 688.1 5.949 | 114.8 L4211 1325 -2
24.40 | .5272 -7 | .6330 -5 | .8328 ~3 | 24.38 L2197 -4 | 4106 # 2.4302683 | 118.75 2.340 | .3796 | 694.4 5.950 | 116.7 4044 4 1304 -2
24.60 | .4981 7 | .6079 -5 | .8195 ~2 | 24.58 L2110 4 | 4275 41 2.4394328 | 118.85 2.330 | .3796 | 705.0 5.951 118.6 .3884 -4 | ,1283 -t
24.80 | .4700 -7 | .5830 -5 | .8064 ~2 | 2478 L2027 —4 | 450 H 2.4305034 | 118.94 2,811 3795 | 71T. 4 5952 | 120.5 3731 -4 1 .1262 -3
25.00 | .445¢ -7 | .5611 -5 | ,7037 ~2 | 24.98 1048 -4 | 4681 2.4397502 | 110.03 2.202 | .8795 | 720.0 5.052 | 122.5 3586 -4 1242 -3
25.20 | .4214 -7 | .5394 -5 | 7812 ~2 | 25.18 L1878 4 | 4817 # 2.4300083 | 119.12 2.274 | .3795 | 740.7 5.953 | 124.4 L3447 4 1222 -2
25.40 | .3989 -7 | .5187 -5 | ,7600 ~2 | 25.88 L1801 — [ 5009 #t 2.4400528 | 119.21 2,256 | .3795 | 752.5 5.95¢ | 126.4 .3315 1208 =
25. 60 8777 -7 | .4088 -5 | 7572 ~2 | 2558 | .1783 -~ | 5208 2.4401088 | 110.30 2.239 . 3794 764. 4 5.955 128.4 .3189 1184 -8
25.80 | .3578 -7 | .4800 - | 7456 ~2 | 25.78 1667 —4 | 5412 + 2.4403415 | 119.38 2,221 8794 | 776.4 5.955 | 180.4 .3069 1168 -2
26.00 | .330L -7 | .4619 -5 | .7342 ~2 | 25.98 L1605 -4 | 3624 + 2.4404800 | 119.47 2.204 | .37904 | 788.5 5.956 | 132.4 .2958 - 1148 -2
26,20 | .3216 7 [ .4447 -5 | .7231 -2 | 26.18 1545 — | 5841 # 2.4406172 | 119. 56 2.187 | .8794 | 800.7 5.957 | 1344 2844 1131
26.40 | .3050 7| .4282 -5 | .7128 -2 | 26.38 1488 -4 | 6066 + 2.4407504 | 119.63 2,171 | .3794 | 813.0 5.957 | 136.5 L2739 4 1114 -2
26.60 | .2804 -7 4125 =8| 7017 -3 | 26.58 L1434 - | 6207 # 2.4408806 | 119.71 2,154 | .3793 | 825.3 5.058 | 188.5 2638 ~4 1097 -
26.80 2747 -1 3074 -5 | .6913 -2 | 26.78 L1881 -6} 6535 2. 4410080 | 119.79 2.138 | .3703.. | 837.8 5,950 | 140.6 2542 -4 1081 -2
27.00 2609 -7 | .3830 -5 | .6812 -2 | 26.98 1331 4 | 6781 + 2.4411325 | 110.87 2.123 | .8798 | 830.3 5050 | 142.7 L2450 4 1085 -2
27.20 | .2479 7§ .3692 -5 | ,6713 -2 | 27.18 L1284 -4 ] 7083 2.4412544 | 119.95 2,107 | .8793 | 863.0 5.960 | 144.8 .2362 1040 =2
27.40 | .2855 -7 3360 -5 |, .0616 ~2 [ 27.38 L1238 =4 | 7204 # 2.4413736 | 120.08 2.002 | .3793 | 8757 5.960 | 146.9 2278 -4 | (1034 -2
27.60 | L2230 -7 [ .348¢4 -5 | .6521 -2 | 27.58 L1104 —4 | 7562 + 2.4414902 | 120.10 2.076 | .8792 | 888.6 5.961 | 149.1 2197 -4 | .1019 -2
27.80 | .2130 -¥ | .3313, -5 | .6428 -2 | 27.78 L1152 -4 [ 7837 # 2.4416043 | 120.18 2,081 | .3792 | 9015 5,061 | 1512 2120 —+ | .1005 -3
28. 00 2026 ~7 3197 -5 | .6337 -2 | 27.08 L1112 -4 | 8121 +i« | 2.4417160 | 120.25 2.047 | .8792 | 914.5 5.962 | 153.4 L2046 =4 9902 -3
28,20 1928 -7 3086 -5 | .6248 -2 | 28,18 L1078 -4 | 8413 # 2.4418254 | 120.32 2,082 | .3792 | 927.6 5.963 | 155.6 1875 9762 -?
28,40 1836 =7 | (2979 -5 | .6l161 -2 | 28.38 L1036 -4 | 8718 2.4419325 | 120.39 2.018 | .3792 | 040.8 5.963 | 157.8 L1807 -4 | 0626 -2
28, 60 1748 -7 | .2877 -5 | .6076 =3 | 28.58 L1001 =5 | 9022 # 2,4420373 | 120.46 2,004 | .3792 | 0541 5.964 | 160.0 1842 ~4 | .940] -8
28,80 1665 =7 | ,2779 -5 | .5092 -2 | 28.78 L9660 =5 9340 2.4421400 | 120.53 1,090 | .3791 | 967.5 5.964 | 162.2 1779 4 9380 -
29.00 | .1587 -7 | ,2085 -8 |..5010 -2 | 28.98 .9348 -~ | 9866 1 2.4422406 | 120.60 1,976 | .8701 | 98L0 5.085 | 164.5 1719 = 9232 -3
20.20 | 1513 -7 ] .2505 -5 | .5830 - | 20,18 .9030 -5 | 1000 +2 2.4423391 | 120.67 1.063 | .379L | 994.6 5.965 | 166.7 1662 - 9106 -
20.40 | .1443 -7 | ,2500 -5 | ,5751 -2 | 29,88 L8730 -3 | 1085 +2 2.4424356 | 120.73 1.9490 | .3701 | 1008 5066 | 160.0 1606 -+ 8083 -3
20.60 | .1876 -7 | .2425 -5 | .5674 —2 | 29,58 L8440 =5 | 1070 +2 2.4425302 | 120.80 1,036 | .3791 | 1022 5966 | 17L.3 1553 -4 | .8860 -3
29.80 | .1313 -7 [ .2346 -5 | .5509 -2 | 20,78 L8164 5 | 1107 # 2.4426230 | 120.86 1.923 | .379L | 1036 5966 | 173.6 1602 ¢ | .8743 -3
30.00 1254 =7 | .2269 -% | .5525 -2 | 20,98 L7897 <5 {1144 2.4427138 | 120.98 1.610 | .8760 | 1050 5967 | 175.9 1453 -4+ | .8626 -3
30. 20 1197 - 2195 =5 | .5452 -2 | 30.18 L7641 5 | 118 2,4428029 | 120.99 1,808 | 8700 | 1064 5.967 | 178.3 L1406 8512 -3
30. 40 1143 7 2124 -5 | .5381 -2 | 30.38 7305 -6 | 1222 +2 2.4428002 | 121.05 1.885 | .3700 | 1078 5968 | 180.6 L1361 —4 | .8400 -t
30.60 | .1002 -7 | .2086 -5 | .5812 -2 | 80.58 L7158 =5 | 1262 +2 2.4429759 | 121.11 1.873 | .3790 | 1002 3908 | 182.0 L1817 4| .8202 -8
30.80 | .1044 -7 | 1091 -5 | .5243 —2 | 30.78 6931 -5 | 1304 +2 2.4430599 | 12L.17 1.861 | .3790 | 1107 5.960 | 185.4 1275 = 8185 -?
3L.00 | .9977 -8 1928 -5 | .5176 3 | 30.98 L6711 -1 11348 2.4431423 | 121.28 1.849 | .8790 | 1121 5.960 | 187.8 1235 -+ | .8079 -8
31.20 | .9540 -8 1867 -5 | .5110 —2 | 31.18 .6500 -8 | 1390 +2 2.4432931 | 121.20 1.837 | .3790 | 1136 5.960 | 100.2 1196 -+ | ,7076 -3
31.40 9124 -t 1808 -5 | .5046 -2 | 81.38 L6207 -5 | 1435 # 2.4433023 | 121.35 1.825 | .3789 | 1150 5.970 | 102.7 1159 -4 | 7874 -8
31.60 | .8780 -8 1752 -5 | .4982 -2 | 3L.58 6102 -5 [ 148] +2 2.4433801 | 121.41 1.813 | .3789 | 1165 5.970 | 195.1 1123 - 7775 -3
31.80 8354 -8 1608 -5 | ,4920 -2 | 8L78 L5014 -5 | 1528 +2 2.4434564 | 121,46 1.802 | .3789 | 1180 5.971 | 197.6 .1088 -4 7677 -3
32.00 | .7997 -8 | .1646 -6 | .4850 -2 | §L98 L5733 =5 | 1576 +2 2,4435314 | 121.52 1791 | .3789 | 1195 5.971 | 200.1 L1055 4| ,7583 -3
32.20 | .7658 -8 | 1596 -5 | .4799 -2 | 82.18 5558 -5 | 1626 +8 2,4436040 | 121. 57 1.780 | .3789 | 1210 5.971 | 202.68 L1023 4| .7488 -3
32.40 | .733¢ -8 | 1547 -8 | 4740 -2 | 32.38 .5380 -5 | 1677 2 2.4436770 | 12L.63 1769 | .3780 | 1225 5.972 | 205.1 L9916 -5 | .739% -8
32.60 | .7026 -8 | ,1501 -5 | .4683 -2 | 32.58 L8227 -8 1720 © 2.4437479 | 121.68 1.758 | .3789 | 1240 5972 |207.6 L0618 -8 | .7305 -3
32.80 6733 -8 | ,1456 -5 | .4628 -2 | 32.78 L5071 -5 | 1782 8 2.4438175 | 121.74 1.747 | .3789 | 1265 5972 | 210.1 .9330 =5 | .7217 -
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L6454 -8 | (1412 -F | .4570 -2 | 32.08 .4920 -5 | 1837 *2 | 2.4438858 | 121.79 , 1737 | .9789 | 1270 5973 | 212.7 L0083 -5 | L7121

.6188 -8 | ,1370 -5 | .4518 -2 | 3318 LATTL -6 | 1803 2 | 2.4430520 | 121.84 | L.726 | .9788 | 1286 5073 | 2153 L8785 -1 L70if Y

L5035 -8 | .1330 -5 | .4482 -2 | 3339 4634 -6 | 1950 +2 | 2.4440188 [ 121.8¢ ; L.716 | .378%8 | 1301 5013 | 217.¢ L8527 =5 [ .0960 -?

5692 -8 | .1201 -5 | .4409 -2 | 33.59 L4499 -5 | 2009 +2 | 2.4440835 | 121.94 17086 | .3788 | 1317 5974 | 220.5 L8277 -5 | .o

5462 -8 | 1258 - | .4358 -2 | 33.790 L4368 ~9 | 2060 2 | 2.4441471 | 121.99 1.605 | .3788 | 1333 5974 | 228.1 L8087 -8 | .6T96 -?

JBa42 -6 | (1217 -S| .4307 2| 33.99 L4242 -5 | 2131 +2 | 2.4442005 | 122.04 1.685 | .3788 | 1340 5.974 | 225.7 L7805 -5 [ L6716

.5032 -8 | L1182 -5 | .4257 -1 3419 L4120 -0 | 2194 2 | 2,4440700 | 122.09 1.676 | .3788 | 1364 5075 | 228.4 L7581 -8 | 6638 -

.4832 -8 | .1148 -% | .4208 -2 | 34.39 .4002 -5 | 2250 +2 | 2,4443312 [ 122,14 . L.666 | .8788 | 1380 5076 | 280 L7364 -8 | .as61 -

L4640 -9 | L1116 - | .4150 -] 3459 L3880 -8 | 2325 +2 | 2.4443005 | 122,19 |, 1.656 | .3788 | 1397 5,075 | 283.7 L7165 5| 6180

JA457 -8 | L1084 3| L4112 - 3479 L8779 -5 | 2302 +2 | 2.4444488 | 122.94 1.647 | .9788 | 1413 5076 | 2864 .6952 -F | .64

4283 -8 | .1054 -b | .4065 ~* | 84.99 L3672 -5 | 2462 +2 | 2,4445060 | 122.28 1.637 | .3788 | 1429 5.97 230.1 L6757 -5 | .c338

L4116 % | .1024 -5} .4019 -2 | 35.19 L3570 -5 | 2532 2| 24445693 | 122.33 1.628 | .8787 | 1445 5976 | 241.9 G568 -4 | G267

.3057 -8 | .0956 -¢ | .3074 ~* | 35.39 3471 -5 | 2005 2 | 2.4446177 | 122.37 | 1.619 | .3787 | 1462 5976 | 2446 6385 ~5{ .glo7 -*

.3804 —# | .9680 -¢ | .3080 —* | 85.50 L3375 -5 | 2670 +2 | 2.4446721 | 122.42 1.610 | .3787 | 1478 5.07 247, & L6210 -+ | .Gl -2

3658 -8 | .94l -6 | .3886 -2 | 35.7¢ L3282 -5 | 2756 +2 | 24447256 | 122.47 1.601 | .8787 | 1495 5077 | 250.2 6030 ~¢ | ,005¢ -?

L3519 -8 | .0156 —¢ | .3843 —2 | 85.08 L3102 ~5 | 2832 +2 | 2.4447783 | 122.51 1.502 t .8787 | 1512 5077 | 252.9 L5874 =1 | L5000 -3

.3386 —¢ | .8007 £ | .38 ~% | 36.19 L3106 -5 | 2011 *+2 | 24448300 | 192.55 1.583 | .3787 | 1520 5077 | 255.8 L5714 -t | L5025

.3258 -8 | .8666 -6 | .3760 -2 | 36.39 .3022 -5 | 2002 42 | 2,4448810 | 122.60 1.574 | .3787 | 1546 5977 | 2i8.6 5560 =5 | 5860 -*

3136 8| .8433 -5 | .3718 -~ | 36.59 L2941 -5 | 3075 2 | 24440311 | 122.64 1.566 | .3787 | 1563 5.978 | 20614 L5410 -5 1 L 5TOT 1
36.80 | .3019 -® | .8207 -5 | .367% 2| 36.70 .2862 -5 | 8150 +2 | 2.4449803 | 122.68 1.557 | .8787 | 1580 5.978 | 2643 L5205 5 | LETH
37.00 | .2007 -8 .798% -6 | .3639 -2 | 36.00 L2786 -1 | 3246 +2 | 2.4450288 | 122.72 1.540 | .3787 | 1507 5978 | 267.1 L5126 -5 | LaeTp
aron | .o800 -8 | .77e7 ¢ | (8600 -2 | 37.19 L2712 -5 | 8334 42 | 2.4450765 | 122.77 L.540 | .3787 | 1614 507 270.0 L4900 - | 5611 -0
37.40 | .2697 -8 | .v572 s | 3582 -2 | 3§7.30 2641 -5 | 3424 +2 | 2.4451935 | 122.81 1.532 | .3787 | 1632 5079 | 272.9 .4858 -3 ) 5551 -3
37.60 | .2508 ~¢ | .7878 -6 | .3524 ! | 37.59 L2572 -5 | 8516 + | 2.4451697 | 122.85 1.524 | (3787 | 1640 5970 | 2758 A732 =6 5402 -3
37.80 | .250¢ -8 .7181 -8 | 3487 -1 | 31.70 L2504 -5 7 8611 *+2 | 2,4452152 | 122.89 1.516 | .3786 | 1667 5970 | 278.8 4608 -8 | L5431 -3
w®aon | .2414 -0 | .6995 -6 ! 3451 -2 | 37.09 L2440 -5 | 3706 +2 | 2.4452500 | 122.03 1.508 | .3786 | 1085 5.070 L4480 -5 | L5377
33.20 | .2827 -8 | .6814 -¢ | .3415 -2 | 38.1% L2377 -5 | 3805 42 | 24453040 | 122.97 1.500 | .3786 | 1702 5,080 4373 -4 | L5321 =
340 | L2244 -8 [ .6680 -0 [ .8370 - | 38.89 L2316 -5 | 3905 +2 | 2.4453474 | 123.00 1.492 | .3786 | 1720 5.080 L4200 =3 | L5206 -2
3,60 | .2164 -0 | .0460 -0 | .3345 —* | 38.50 L2257 -5 | 4007 42 | 2.4453901 | 123.04 1,485 | .3786 | 1738 5,080 L4152 -3 ) (b2 -
38,80 | .2087 -8 | .6305 -9 | .3310 2| 38.79 L2100 -5 | 4112 +2 | 2.4454321 | 123.08 1.477 | .3786 | 1756 5,980 DG <3 | L5158 -3

L2013 -t | .6145 -0 | 3277 -2 38.99 L2144 -3 | 4219 M| 24454735 | 128.12 1.460 | .3786 | 1774 5.980 L3041 -5 | L5105 -

1943 -8 | .5001 -0 | .3243 -2 | 39.19 2080 -5 | 4327 *2 | 24455143 | 123.16 1.462 | .3186 | 1793 5,981 3845 -5 .5058 =

L1875 -¢ | 5841 -6 | .3211 2| 30.39 .2038 -5 | 4438 +2 [ 2.4455545 | 123.19 1.45¢ | .3786 | 1811 5.981 3749 - | 5002 !

.1810 -8 | .5605 -5 | .3178 -2 } 39.50 L1987 -5} 4552 2 | 2,4455040 | 123.23 1.447 | .3786 | 1829 5.981 L3655 -8 | L4052 -3

.1748 -¢ | .b6554 -6 | .3147 -2} 39.79 .1038 -5 | 4667 +2 | 2.4456330 | 123.27 1.440 | .3786 | 1848 5.081 L3605 -5 | L4002 -3

.1688 -4 ) (5417 -6 | .8115 -2 | 39.99 1890 -5 | 4785 +2 | 2.4456714 | 123.80 1.433 | .3786 | 1807 5.981 L3477 ~8 | L4853 =3

.1630 -8 | .3284 -6 | .3084 -2 | 40.19 L1844 -5 | 4906 +2 | 24457002 | 123.34 1.425 | .3786 | 1885 5,982 L3392 = | 4805 -8

L1574 -8 | .5155 -6 | .3054 -2 | 40,39 1700 -5 | 5028 +2 [ 2 4457464 | 123.37 1.418 | .3786 | 1004 5.082 L3308 =5 | L4Th7

L1521 - [ .5029 -0 | .3024 -2 | 40.58 L1755 -5 | 5154 R | 24457831 | 123.41 1.411 .3786 | 1923 5.082 L3229 -8 L4710 2

L1470 -8 | 4008 -0 | .2095 % | 40,7 L1713 -5 | 5281 2 | 2.4458193 | 128.44 1.40¢ | .8785 | 1042 5082 R TE R i T

L1420 -8 | .4780 -0 | .2866 -2 | 40.99 L1671 -6 | 5412 *+3 | 2.4458540 | 123.48 1.38 | 3785 | 1061 5.082 3076 ~§ ] .4n10 -2

L1373 -8 | .4675 -0 | .2087 -2 | 41.19 L1631 -5 | 5544 +2 | 2.4458001 | 123.51 1.391 | .3785 | 1080 5.082 L3001 -5 | L4575 3

L1327 -8 | .4563 -5 | .2000 -7 | 41,39 L1592 -5 | 5680 *+ | 24459247 | 123.54 1.384 | .3785 | 2000 5,083 L2029 =5 | L4531 -2

L1983 -8 | L4455 -8 | 2881 -2 | 4L B9 L1555 ~5 | 5818 +2 | 24450588 | 123,58 1.377 | .8785 | ontg 5,088 L2860 =5 | L4197 -3

L1241 -8 | 4340 ¢ | .2854 -2 | 41.79 L1518 -5 | 5950 +2 | 24450024 | 123.6% 1.371 | .3785 | 2038 5,083 L2708 75 | L dig

L1200 -8 | L4947 -6 ] (2827 -2 | 41,09 L1482 -5 | 6102 *8 | 2.4460256 | 123.64 1.364 | .3785 | 2958 5.083 L2 5 402 1

L1161 -9 | .4148 -6 [ .2800 -2 | 42.18 L1448 -5 | 6248 2 | 2.4460583 | 128.67 1.358 [ .3785 | 2978 5.983 L2663 -5 | 4360 -2

L1124 -8 | 4051 -0 | .2774 -3 [ 42.30 L1414 -5 | 6397 3 | 24460005 [ 123.71 1.351 | .3785 | 2087 5,988 L2602 -+ | L4310 -3

L1087 -t | .8957 -¢ | .2748 -2 | 42,59 L1381 -5 | 6540 3 | 2.4461223 | 123.74 1.345 | .3785 | 2117 5,084 L2641 =8 | 4270 -2

L1052 -8 | .3866 -6 | .2722 -1 | 42.79 L1340 -5 | 6704 7 | 24461536 | 128.77 1.33% | .37185 | 2137 5.984 L2485 -5 | 4230 -

L1019 -8 | L8777 -6 | .2697 -2 | 42.99 L1318 -8 | 6861 2 | 24461845 | 123.80 1.333 | .3785 | 2157 5,984 L2426 -5 [ 4200 -t

L0861 v | .3691 -8 | .2672 -1 | 43.19 L1988 -2 | 7022 2| 24462150 | 123.83 1.326 | .3785 | 2177 5,984 L2870 <5 | L4160 2

L0548 9 | .3607 -6 [ .2648 -2 | 43.39 L1230 -5 | 7IS6 2 | 2.4462451 | 123.86 1.320 | .3785 | 2197 5.984 L2316 =8 | L4122 3

L0246 ¢ | .3525 -0 .2623 -2 | 43.59 L1230 -5 | 7852 2| 2.4462747 [ 123.89 1.314 | .3785 | 2218 5084 R I T

L8056 ¢ | .3445 0| .2600 2| 43.79 1203 -5 | 7522 +2 | 24463030 | 123.92 1.808 | .3785 | 2238 5,084 L2218 -5 [ L 4HS -3

L8676 -—* | .3368 -¢ | .2576 -1 | 43.99 L1176 -5 | 7694 2 | 2.4463328 | 123.95 1.302 | .3785 | 2259 5.985 | 370.4 L2063 -8

L8405 0 .3293 6 | .2553 2| 44,19 L1150 —5 | 7870 2 | 2.4463612 | 123.08 1.206 | .3785 | 2979 5.085 | 880.8 2115 -8

8144 -0 { ,3219 -6 .2530 -* | 44.39. L1124 -5 | 8040 +2 | 2.4463808 | 124.01 1.201 | .3785 | 2390 5985 | 3843 L2068 -8

7803 0 | .3148 -6 | .2507 2 | 44.560 L1009 -5 [ 8232 +2 | 2.4484170 | 124.04 1.285 | .3785 | 2321 5085 | 877 2022 -$

L7630 0| .3078 0| .2485 -2 | 44.79 L1075 =5 | 8418 +2 | 2.4464443 | 12407 1,279 | .378¢ | 2341 5.085 | 30L.2 L1977 -8

L7416 -0 | 8011 8| .2463 - | 44.09 L1051 -5 | 8606 +2 [ 2.4464713 | 124.10 1.278 | .3784 | 2302 5.085 | d04.7 Jlugs ¢

L7190 -¢ | L2045 -6 | (2441 -2 [ 4510 L1028 -5 [ 8798 2 | 2.4464070 | 124.12 1.268 ; .3784 | 2383 5.085 | 308.2 .lgyg -5

L6971 ~¢ | .2881 -8 | .2420 -2 | 4539 L1006 -5 | 8905 +2 | 24465241 | 124.15 1.262 | .3784 | 2405 5.086 | 401.7 L1851 -3

L6760 -0 | .28I8 -8 | .2300 -2 | 4550 L9840 -6 | 0194 +* | 2,4465500 | 124.18 1.257 | .3784 | 2476 5086 | 405.8 JI810 -8

G557 9| .2708 -0 | .2378 2| 4579 .9820 -6 | 9396 +2 | 2.4465756 | 124.21 1.250 | .378¢ | 2447 5.986 | 408.3 JATTL -8

L6361 -0 | .2008 -6 | .2357 -3 | 45,09 L0422 -6 | 0603 +3 | 2.4466009 | 124.23 1.246 | .3784 | 2460 5936 | 412.4 1733

L6171 -+ | 2641 6| .2837 4| 46.10 L9220 0 | 9218 +2 | 2.4468088 | 124.26 1.240 | 3784 | 2490 5.986 | 416.¢ L1696 =5

.5887 ~¢ | .2584 -5 | .2317 -2 | 46.39 L9023 -0 | 1003 +1 | 24466504 | 124,20 1,235 | .3784 | 2512 5.986 | 419.¢ L1660 -3

L5810 ~9 | .2520 -¢ | 2297 -8 | 46.39 .8832 6 | 1024 H | 2,4466746 | 124.31 1.230 | .3784 | 2533 5.986 | 423.2 1625 -5

L5630 0| 2476 -5 | .2278 -2 | 46,79 L8646 ~¢ | 1047 1 | 2,4466086 | 124.34 1.22¢ | .8784 | 2555 5.98¢ | 426.8 L1501 =8

JB474 0| L2424 -6 | L2258 % | 46.90 L8464 -6 | 1060 +5 | 2.4467223 | 124.37 1219 | .3784 | 2577 5980 | 430.5 L1557 -

L5314 ~9 | .2378 -0 | .2288 -5 | 47.10 (8287 -6 | 1002 +3 | 2,4467456 | 124.30 1214 | .378¢ | 2500 5087 | 434.1 1525 =3 B

L5150 -9 | .2323 -6 | .2221 -5 | 47.38 (B4 6| 1115 | 24467687 | 124.42 1.2090 { .3784 | 2621 5.987 | 437.8 L1403 -8

L5009 -* | .2275 6 | .2202 % ¢ 47.50 L7945 6| 1189 0 | 24467015 | 124.44 1.204 | .8784 | 2043 5.087 | 4415 L1462 =S

4865 0 | L2298 -6 | .218¢ 9| 47.79 L7782 6 | 1163 +7 | 2.4468140 | 124.47 1199 | .3784 | 2666 5087 [ 445.2 L1431 =

4725 -¢ [ 2182 8| .2165 3 | 47.99 L7620 -5 | 1187 8 | 2,4468362 | 124.49 1,184 | .3784 | 2688 5.087 | 448.9 (1402 -

4500 -0 1 L2187 -5 | .2148 -2 | 4819 L7464 -6 | 1212 4| 2,4468581 | 124,52 1,189 | .3784 | 2710 5.087 | 4527 L1373 =

L4450 -9 [ 9004 -6 | 2130 -5 | 48.39 L7312 -6 [ 1238 +3 | 2.4468708 | 124.54 1.184¢ | .3784 | 2733 5087 | 456.4 L1345 ~

.4332 ~0 | ,2051 -6 | .2112 -2 | 48.59 L7163 -0 | 1263 +3 | 2.4460012 | 124.56 1,170 | .3784 | 2756 5987 | 460.2 L1318 =

L4210 -9 | 2000 -0 | .2005 - | 48.79 L7018 -6 1980 H | 24460223 | 124,58 1.174 | .378¢ | 2778 5.987 | 4640 L1291 -8

L4001 ~0 | .1060 -0 | .2078 -?; 48.99 L6876 6 1316 1| 24460432 [ 124.61 1.169 | .3784 | 2801 5.988 | 467.8. 205 -

L3076 -9 | L1020 -5 | .2081 -2 | 49.19 L6738 6 | 1343 +3 | 2,4469630 | 124.64 1.165 | .378¢ | 2824 5988 | 47L6 L1240 - | 3208 -3

3865 ¢ | .1800 -6 .2045 -9 | 49.39 L0803 -6 | 1370 +% | 2,4460842 | 124.66 1160 | .3784 | 2847 5.088 | 475.5 J215 <5 L3182

3758 -¢ | .1853 -6 | .2028 -2 [ 40.59 (6472 -6 | 1398 43 | 2,4470044 | 124.68 1.155 | .3784 | 2870 5088 | 479.3 L1191 -8 (3157 A

L8653 -¢ | 1816 -] .2012 9| 40,79 L6342 6 | 1427 +2 | 2.4470243 | 124,71 1151 | .3784 | 2803 5.988 | 483.2 L1067 -5 | L8131 -

.3553 -¢ | (1780 -¢ ; 1906 -3 | 40.99 L6217 -0 | 1456 1 | 2,4470439 | 124.73 1.146 | .3783 | 2017 5.988 | 4871 LA -5 [ 3106 -3

.3093 -0 [ .1612 -¢ | .1919 -3 | 50.99 .5632 -6 | 1607 +3 | 2,4471388 | 124.84 1.12¢ | .3783 | 3034 5980 | 506.7 L1086 -5 | (2085 -3

L2700 <9 | L1464 0| .1846 -2 | 5199 L5118 6 | 1770 ] 2.4472982 | 124.05 1.102 ; .3783 | 8166 5.980 | 526.7 L0106 -0 | (2872 =

L2365 -9 | 1331 ~6 | .1777 -9 | 52.99 4840 -6 T 1047 +3 | 24473196 | 125.05 1,081 | .3783 | 3277 5.080 ¢ 547.1 L8553 -4 2785 =%

L2075 <1 L1212 8| 1712 -2 | §63.99 4235 6 | 2137 +1 | 24473024 | 125.15 1.081 | .3783 | 3402 5.090 | 567.9 T2 D26
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TABLE II.—SUPERSONIC FLOW—Concluded

v==1/5
o 2 2 z 8 3 A 4 . wm | B | om i 2y m
M Dt pt T: De Ax Gy # pL n T Dy Dy
56. 00 .1826 -0 L1106 -8 1650 -2 | 54,99 .3866 =6 | 2341 +3 2.4474679 | 125.23 1.042 3783 | 3529 5,990 589.1 L7111 -8 .2567 =3
56.00 .1609 -0 L1011 - 1592 -2 | 55.99 .35633 -8 | 2562 +3 2.4475304 | 125,34 1.023 .3783 | 3669 5.990 610.7 L6400 -0 | ,2478 -3
57.00 L1422 ¢ .9256 ~7 1537 -2 | 56.99 .8235 -6 ; 2798 +3 2,4476071 | 125.43 1.005 .3783 | 3790 5. 991 632, 7 .5950 -6 .2300 -8
58. 00 L1259 -8 .8485 -7 1484 -2 57.99 2065 —6 | 3052 +3 2,4476714 | 125.52 L9879 | .3783 | 3925 5.991 655. 1 L5455 ~6 | ,2308 =3
59.00 L1118 ¢ 779 T 1434 -2 58.89 2723 6 | 3324 +3 2.4477325 | 125.60 L9712 | .3782 | 4061 5. 991 677.8 .5009 - .2231 3
60.00 | 0037 | .75 -1 | .1387 -2 | 50.00 | .2504 —¢t {3615 +6 | 2.4477905 | 125.68 L9550 | 3782 | 4200 5.902 | 700.9 | .4608 -o | .2157 =
61,00 .8852 -0 6506 -7 | 1342 -2 | 60.99 .2306 -6 | 3026 +3 2.4478457 | 125.76 .9393 | .3782 | 4341 5.992 7245 .4241 -6 .2087 -2
62,00 L7900 -10 6082 -7 L1200 -2 | 61,99 L2126 -6 | 4258 +3 2.4478982 | 125,84 .9241 | .3782 | 4485 5,902 748,4 L3911 -6 .2020 -8
63,00 L7065 -1 (5615 -7 .1258 -2 62.99 1963 -6 | 4612 +3 2,4470483 | 125.91 L9095 | .3782 | 4630 5.993 772.7 .3611 =8 . 1957 -3
64,00 .6328 -0 5180 -7 | .1219 -2 | 63.99 1814 -8 1 4090 +3 2. 4470061 | 125.98 .8053 | .3782 | 4779 5.993 797. 4 .3338 -6 | ,1836 -3
85.00 | .5678 0| .4803 -7 | .1182 ¢ | 6499 | .1679 -8 | 5301 % | 2.4480416 | 126.05 L8815 | .3782 | 4929 5.008 | 822.5 | .3080 -t | .1838 -
66. 00 L5103 -10| 4451 -7 1147 -2 65.99 L1556 -6 | 5818 +3 2. 4480851 126.12 8682 | .3782 | 5082 5.993 847.9 .2863 -6 .1783 -3
67.00 .4594 -0 4120 -7 1113 -2 | 66.99 1444 -6 | 8271 +3 2.4481267 | 126.18 .8552 | .8782 | 5237 5.993 873.8 . 2655 -6 L1730 -3
68,00 L4141 -10 3834 -7 1080 -2 | 67.99 1340 -6 | 6754 +3 2,4481665 | 126,24 .8426 | .3782 | 5395 5.994 900. 1 .2468 -¢ L1679 -2
69. 00 3740 -0} 3565 -7 1049 -2 63.99 1246 -6 | 7264 +2 2. 4482045 | 126.30 .8304 | ,3782 ; 5554 5. 994 926.7 .2203 -6 L1631 -2
70.00 .3382 -1 ,3318 -7 | ,1019 -2 | 69,99 1160 -6 | 7804 +3 2,4482410 | 126.36 .8185 | .3782 | 5717 5.994 953.7 .2134 -8 ., 1585 -3
71,00 .3062 -0} .3001 -7 .9909 -3 70,99 L1081 -6 | 8378 +3 2.4482759 | 126,42 8070 3782 | 5881 5.994 981.1 .1088 -6 | .1540 -2
72.00 L2777 =10 L2882 =7 .9636 -8 71.99 L1008 -8 | 8984 +3 2.4483003 | 126,48 7958 3782 | 6048 5.904 | 1009 .1854 -¢ .1498 -~
73.00 2522 -10] 2600 -7 0374 -3 72.99 .9406 -7 | 9625 +3 2,4483414 | 126.53 7849 3781 | 6217 5.994 | 1037 L1730 -¢ , 1457 =2
74.00 L2203 -0 2513 -7 9122 -3 ; 73.99 L8789 -7 | 1030 2,4483722 | 126.59 7742 3781 | 6389 5.995 | 1066 L1617 ¢ 1418 -8
75,00 2088 -10{ 2351 7 .8881 -8 | 74,99 8220 -7 11102 H 2.4484018 | 126.64 .7639 | .3781 | 6562 5,995 | 1095 L1512 -6 L1381 -3
76,00 | (1903 ~io| 12200 - | 18640 -5 | 7599 | .7608 7 [ 1177 ++ | 2.4484302 | 126.69 .7530 | 13781 | 6730 5005 | 1i2 1415 -6 | 11335 =
77.00 L1737 -10f 2081 -7 .8426 -3 76.99 L7207 -7 | 1256 2,4484576 | 126.74 . 7441 .3781 | 8917 5.995 1154 .1326 -6 L1310 -2
78.00 L1687 -0 1032 -7 | ,8212 -¥ 77.99 L6767 -7 | 1340 + 2,4484838 | 126,78 . 7345 | .3781 | 7098 5.995 | 1184 .1243 -6 1276 -8
‘ 79, L1451 -0} 1813 =7 8005 -8 78.99 L6341 -7 | 1428 # 2. 4485001 } 126,83 7253 | .3781 | 7281 5.995 | 1215 L1166 -6 | 1244 =3
80.00 | .1320 -io| 1703 - | .7806 -5 | 79.99 | .s95¢ 7 | 1521 ++ | 24485335 | 126.88 7162 | 8781 | 7467 5.905 | 1215 1005 =8| L1214 =
I 8100 L1219 =10 1600 -7 L7615 -t 80.99 .5506 -7 | 1618 +4 2,4485569 | 128,92 7074 3781 | 7654 5.995 | 1277 1030 ¢ 1184 -3
1 82.00 L1118 -~ (1505 -7 L7431 -3 | 81.99 .5264 -7 | 1720 + 2,4485705 1 126.96 ,6987 | .3781 | 7845 5.996 | 1308 .9082 -7 .1155 =3
| 83,00 L1027 =10 1417 -7 L7253 -3 | 8299 .4054 -7 | 1828 2.4486013 | 127.00 .6903 | .3781 | 8037 5.006 | 1341 L9113 -7 L1127 -3
84.00 L9448 -1l 1334 -7 7081 -2 | 83.99 4667 -7 | 1040 H 2.4486223 | 127.05 L6821 | .3781 | 8232 5.996 | 1373 .8585 -7 .1101 -3
85.00 | .8607 -t | .1258 -7 | .6916 & | 8400 | .4300 =7 | 2059 1 | 2.44864% | 127.09 L6741 | L3781 | 8420 5.096 | 1406 L8003 1 | L1075 =t
86,00 ,8014 -1 1188 ~7 | .6756 - | 85.99 .4149 7 1 2182 2.4486622 | 127.12 6662 3781 | 8629 5.9068 | 1439 .7632 -7 | ,1050 -3
87.00 L7391 -u 1120 -7 | ,6602 -3 | 86.99 L3016 =7 | 2312 2.4486811 | 127.16 .6586 | .3781 | 8830 5.996 | 1473 L7204 7 .1026 -3
88,00 .6823 -1f 1058 -7 L6452 -3 | 87.99 .3609 -7 | 2448 + 2.4486994 | 127.20 L6511 | .3781 | 9035 5.996 | 1507 .6804 -7 .1003 -2
89.00 L6305 - .9995 % 6308 -3 | 88.99 .3496 -7 | 2590 + 2.4487170 | 127,24 6438 3781 9241 5.996 | 1541 L0431 -T | .9805 -4
90,00 .5831 - | ,9452 -3 | 6169 -3 | 89.99 3306 -7 | 2739 + 2.4487341 | 127,27 .6366 | .3781 | 9450 5.996 | 1576 .8082 =7 .9588
9100 | .5397 -u'| (8044 -3 | 16034 -5 | 90.09 3120 -7 2804 + | 24487506 | 127.31 -6296 | -3781 | 9861 5.996 | 1811 5788 1 | 10378 =
92,00 .5000 -t (8469 -3 | .5004 -3 | 91.99 2062 -7 [ 3057 * 2.4487666 | 127.34 .6228 1 .3781 | 9875 5,097 | 1647 L5430 =7 | L0175 -4
03.00 | 14638 -t | 18028 -1 | 15778 -5 | 92,99 2807 -1 (3226 + | 24487820 | 127.38 26160 | -3781 | 1000 + | 5997 | 1683 15163 -7 | 8978 -
94.00 .4302 -1t} .7606 -8 | .5656 -3 93. 98 2661 -7 | 3403 2.4487970 | 127.41 .6095 | .3781 | 1031 # 5.997 | 1719 L4804 7 L8790 -4
05.00 | .3095 - | 7214 -8 | 5837 -t | 0400 | .26%4 =7 | 3588 ++ | 24488115 | 127.44 .6031 | .378L | 1088 + | 5.907 | 1756 L4612 1 | L8605 —
96. 00 L3712 -1t 6846 -8 | L5422 -3 | 95.99 .2305 -7 | 8781 * 2,4488255 | 127.47 .5968 | .3781 | 1075 +l 5.997 | 1793 ,44053 -7 [ ,8427 =4
07.00 | 3453 -u| 8501 -5 | 531l -1 0600 | 2274 -7 | 3083 + | 24488309 1 127,50 '5007 | (3781 | 1008 # | 5007 | 1831 talg3 7 | 18254 -
98,00 .8214 -1 6176 -8 | ,5204 -3 ; 07.99 L2161 -7 | 4101 +¢ 2,4488524 | 127.53 J5847 | .3781 | 1121 # 5.997 | 1869 .3974 -7 .8087 -4
00,00 | 2003 -u| (3870 -5 | 15000 -t | 98:00 | 12054 -7 4410 + | 24488652 | 127.56 JGTRT | L38L | 143 w1 | 5.007 | 1007 377s 1| 7023 -
100,00 | .2780 -u| .5583 -3 .4998 - | 100.00 1053 7 | 4637 + | 2.4488776 | 127.59 L5730 | L3781 | 1167 + | 5.007 | 1045 .3508 1 | 7765
NOTATIONS FOR TABLES I AND II
M or M, local Mach number or Mach number upstream of a v Prandtl-Meyer angle (angle through which a super-
normal shock wave sonic stream is turned to expand from M=1
) . . :
L ratio of static pressure to total pressure to M>1), deg
Y \ R
0 u Mach angle, sin i deg
— ratio of static density to total density
P M, Mach number downstream of a normal shock wave
T . .
T, ratio of static temperature to total temperature % static pressure ratio across a normal shock wave
1
MF—1 . . .
ﬁq v 1 P2 gtatic density ratio across a normal shock wave
. « 1
7 ratio of dynamic pressure, 3 pV?, to total pressure ;,
¢ - . .
A T_2 static temperature ratio across a normal shock wave
T ratio of local cross-sectional area of an isentropic t
¥ stream tube to cross-sectional area at the point Py total pressure ratio across a normal shock wave
where M=1 Py,
4 i : P1 atio of static pressure upstream of a normal shock
— ratio of local speed to speed of sound at the point 7 p p
Oy 2 wave to total pressure downstream

where M=1
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CHARTS

The charts that follow present numerical values of certain
physical quantities that are functions of two variables and
hence are cumbersome to tabulate. These charts are de-
signed to provide accuracy to three significant figures.

Charts 1 through 8 and chart 25 are for a perfect gas.
The values presented in charts 1 through 4 and chart 25 were
celculated for a ratio of specific heats of 7/5. The values
presented in charts 5 through § were taken from references
6 and 14 and are for a ratio of specific heats of 1.405.

Charts 9 through 24 provide correction factors to account
for the effects of caloric imperfections on the quantities tab-
ulated in tables I and IT and plotted in charts 2, 3, and 4.

On many charts, points corresponding to static tempera-
tures of 5000° R and 100°R (—360° ¥} have been indicated.
These temperatures represent very approximately the limits
of validity of the charts.
simply as they depend on pressure as well as temperature.
At temperatures near 5000° R dissociation effects, which were
neglected in the calculations, can be significant at high alti-
tudes though perhaps not at sea level. At temperatures less
than about 100° R, air may condense at the pressures
encountered in many wind tunnels,

On the Reynolds number chart (chart 25), points corre-
sponding to a static temperature of 180° R (—280° F) also
are indicated since this is the lowest temperature for which
experimental viscosity data have been obtained. At tem-
peratures much lower than —280° F, Sutherland’s equation
(A2) may significantly underestimate the true viscosity.

The contents of the charts are as follows:

Chart Page
1. Variation of mass-flow rate per unit area with Mach
number for various total temperatures. Perfect gas,
P e e —— e 41
2. Variation of shock-wave angle with flow-deflection angle
for various upstream Mach numbers. Perfect gas, y="7/5. 42

3. Variation of pressure coefficient across shock waves with
flow-deflection angle for various upstream Mach numbers.
Perfeot gas, ¥y=T/5._ . e 44

4. Variation of Mach number downstream of a shoek wave with
flow-deflection angle for various upstream Mach numbers
Perfect gas, v="T/5_ - oo am—Co- 46

5. Variation of shock-wave angle with cone semivertex angle
for various upstream Mach numbers. Perfect gas, y=
1405 e 48

Exact limits cannot be stated
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Chart
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49

EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW

90

©
[le]
=
— //(
~LUNL NK N
EENNRN nO®OLNG
N N COoOwOS 15100
AN N N
T NN Y J I ) ) 320010 ) <
- N PBAEG A XY VIF1A A 0
1 N N\ g% / r Vi A
N N vy Y Y V144
1 L NN 1A AL )4 21 4
—uk //r N /x 21 A - 1.
ANAARN P 21,
P~ !///4/ Va » /]
| % RN V114 o
TR NER NN N1 0
|} = MR\ /
ARNENRNNNO L
|l./. // / vN'VA \'
o SONX
ol P A ARRN N
u.: _ z\rm/z///u //
\ [
1 < N N RN /! + 9
N N N N N M.. =
_ NENANNN z 5
~ q VRN NARN z N
o N, N Y NNRAY = X -
ALY 3 2
. NAN \ 5 =4
\ N ANTA S B RN\ o o
{ AN A NANN L
Q NN 2
LN N, b NN RNAN o
LT NN NN NNAAM A =
o NC N \ £
e N AN 1N NN ANN s
| N N N G T @
© N A\ AT © 5
= AUAR N RANNNLY ™o
~ N\ \
A AN N NN
- NN AR R LMY
i AN
Y N N b AN RN
1 L | N NN
N AN <
< ANUAAN VNERANARRLYNNLN 0
- NS AN \\
9 N VRN
N N NN N AN
N b ANEAVER Y A
0 AN NRVNAARN \
o = N NEAN 3 VNSAY
g Lo N A NARS NN (o]
=< N N A\ ATALNANNANNN N
WI L // NN NN ,/' \ /,/ )
N N \ Lo
L h VB VA WELYE\Y B A\ =B
= : NEA EEAVEAVE W VALY
/ N N NN N AN
AV A AV Y AN \ 9
[} o [&) [e) [e) o Q o (o)
@ ~ o 0 < L3} 3\ -
soaubop ‘g ‘916up saDm-3}o0Ug

Cuart 5.—Concluded



50 REPORT 1135—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

1.0
y
/
.
[ y L5
y, 145’ M=L6
I
|
’ I.4C’ 7 7
.8 ] N
At
.35
/i JARVIE S
vt ! .8
Y
7 §
A 2.0
J: [ :
[ It If f
¥ AR
! Fivi 2.4
y 4§ Vi ¥
f A y /£
A / 3
] Ji
|25I 4 / A 4
Y AR ’ /g
© N HATIVA VY o]
Y I . y, @
e y, I f/" v, f} ANAD &/
ol
< - 120 VAIAY, yAWAVE/./EE
AN v /| an s
ar [ i i 4 A AL
S y, ANAY
3 Y vyyy FAri
T 5 Filk'd Vil A A
© V A 4 A y v/
o A 1AL/ Vi y 7 /
o 1”5 / F / vimawi /.
o ] / iAW U ¥ y
5 I 7 ¥ 7V ]
@ ! / ANAV. S/
@ A AT VVIT VY s
2 / A Y 7 A .
4 II /,//('/'/ A ,/,
. /i
e 4 7 Y V1 7 v
2 y / VYA VXA VI Y TAR
; (N [e] Vi F YA A 4 V1 X VA
& AL AV AR AN AV 7Y ]
i Y VYA ¥ Y
VAvS @ /.vidvi ¥ ¥/
VNNV IW. y 4
Ji w ALV VXA A V17,
’ Vi V14 A
3 / Y YA/ AV. v/
I FRVAVAViW A4 AViV. A VA
rARVAWSY. AL Y 17¢ 4
¥ AL V1A V Y/
Vi A A XL £
AVNIISA44 ¥ A2
4 /] p.AV.D /.
y r’///( ’/,/,/ ///
‘|_05 / ;/ 1/:'///4 /4
A AAV. DAV
2 4 7 P A VI
LA/ AV
71/ VL 4 A Y 1A XA
I/ VYA A Y
4 VA Y2 A VA
4 /A A &NV
A Y YA,
L/ A XA
ARViV.PP A i
I AL XA Y| ¥
. Y. D970 4V 4y I
% 4794 s
//’Z, [ ] o
A
A
A 1A
A 1A 5
L 3 B
» aAG NN
0] 4 8 12 6 20 24 28 32

Cone semivertex angle, o, degrees

CrarT 6.—Variation of surface pressure coefficient with cone semivertex angle for various upstream Mach*numbers, Perfect gas, y= 1.405.



pc‘p[

EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW

51

2.0
1.8
1.6 {Ocn
15
A A
2 LA
aE)apay
L4 3.0 /'/
| ARy as
26/ T/ 1A 7
7~ 1l AVAT4y. 8% 4
2.4 ) A VA
/, 4 4
Y Y 7177
— 22/ 4 A ; V.. /.
7] 4 Y v v\
-1.2 210 L1 4 4
& 4
- ey / y.
E - Ig f/ y /I
3 2.8 YAV S Y4
5 VAW
g 1.7 7 7
° I / A v “
510 1.6 A/ /,
" o Vi Aav4 XA
o 7 4 V7 /
& / Y, A7/79.4
@ Zlhs / .4 V7, ,
[ / PAN4 A/ 7 /.Va
2 Z11.45]] AV.OAV.8'47 877
5 v V.O'AV.877 477,
7] M = V.RV.DS'AV.8% 7/ 87
R n i AV AV.044V.677.27
. ‘ R A/ v/
/ AV 8 4AV.0 7.7
4 2 X '
/ /' / /l/ /' A/
y.
4 74 V' VA N7
444 /
A Y 7% 4 Shock wave—
P 7Y S~
7 P
S
/';7 Vi
/ x,l'/ .
722 M'
> A9,
~3
4 y \\5
.2
0 ]
26 30 34 38 42 46 50 54 58

Cone semivertex angle, o, degrees

Cuart 6.—Concluded



52 REPORT 1135~——NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

¥ po—
——
20}~ =
=
O [~
o St
. - -
6 I — —— v—
5 .8 =1 == AR
- ==
4.5 - Pt ] ] — - —
! ] o] o - ~ —.—
3 5 I~ - i I ™ : [P~ e —~ -
- i o= | [~ ] o . . B ~ - - ) Ml =0
3.0k —_— - - Iy g e - - ~ gy 20
28k - —— —— - Pt —— [~ -~ 10
o e - = ~1_] — o g o] N = 8
2.6 P - - = ~ - ——— - —— = ™ 6
24]- ¢ i) ] ] o~ gy ~
] ] f e | 1 -~ ] =y 5
2.2k i LT T = T e M i 45
= ~ u - _— L _—— - I~ : bl 4.0
2.0 = = = = = e 38
L9 ] ~ ~ - = 1
l S - ] ™1 - - - g:g
i 7 - — — I~ ™~ — T~ 3 O
4 e . P - - . .
e - -
I (=] od ey, B ot F b~ = ~ ~ 2 8
5 =y - = - P~ n 2.6
- ot [~ e ™~ ™
- - -~ - ]
l4 L [t - Iy Y i~ I 2 4
s . - - ] -~ [~ -
i3 -~ I~ ~] - - N ™ N N NN 22
fe -~ [~ P 3
- Py g P N
--I o .2 ~- - ~ Y N Y I
L2k H - u = S n » K1y 20
Cl —_— — [~ -— — P, I
3 - [~ b~ I~ o S ™ - - N A "
- o -
5L 3 = = EEENS us TN B 1.9
E E  ENEEEN-SNEEES S N S S g
= E - - b . N = < I g
s, o — -~ P . b, ., b N 1.8
£ 0 e g 9 SN N
g M T — b, b N 1 b AN N
=] 2 == - . - X P
95 £ [~ N . N N AN
e 3 . + N N 3 NUEA . N L7
=] )
£o0f 5 .05 N \
E} o - h N A b
« = = h, N NN
Il
85} \ N \ N N h X \
-2 115 AN
d y \ \\ \\ 1.6
.20 '
80 - 125 A1 A
1.30 I
<1135 1 \
75t L4045
[ 1.5
oy
-4
701
.65
-6
.60}
-8
S5
sol-  -lo
(o} 4 8 12 16 20 24 28 32

Cone semiverfex angle, o, degrees

CraRrT 7.—Variation of Mach number at the surface of a cone with ccluaeo ;emivertex angle for various upstream Mach numbers. Perfect gas.
y=1. .



EQUATIONS, TABLES., AND CHARTS FOR COMPRESSIBLE FLOW

n
T

T

T

T

1T

T

T

S

-l
’ I MC

o

o]
o

o
o -

@
x

Mach number paramefer

@
(@]

Surface Mach number, M,

~
(6]

;,
o

Shock wave -~
M
=k‘ L
- S~
bt ] \‘\\
_F ] -~ e~
d Lot~ N
h-'d — - I
: ] I~
; — I~ B
™ B ~
g ] ~] =
— Py el -
Py — - — —
1 ™~ I~ ™ ~a NG ~
- - eI T N NS
-y - o~ e N N
I o, b Y b, h
-~ — P N )
- Pa ™~ N ™ M N .
| T~ o~ A N 3 A 4
Ny q » hl 1 b NN RN N .
N h NLY h S
N u N SN N SN N
~ N N ~ \\ N
Ny ™ N \\ h \\ \ ‘\
. h A EN N N N N N N
PN N N N N
h IN N RUNAN AN N \N
h \, ANN N \
N b, h, N N\, N N AN
~ ] N N A NN N N VNANN
L § N N NINLY NAVRN
n N N N N TN N\
N N, N ANEER \
N N N N NAVAR N NN \
N, AN q N b N NI NINN TN W\
N N N 1\
N N N\ N N\ N N A
N q N N A\ \
) N N N \ AY A\
N N N A \ N NIAYAVEAY
A N N \ N NAR \ \
N \ \ AV WANANARLY \
N\ N AY \ AW WA
\ N 1T\ \ \ \ \ A AVEAVHA)
1 \ AAEAY \
\ AR A\ \ \_ N \
1IN \ Y LWELAWINAY Wi
y \ \ A \ AUIATEATIWAY
\ \ \ LN WY \I\ | |
\ \ \l \ \ \CAER LYATAVEA) \
\ \ \ /AY i) \ U
\ \ | \ 1 \I i |l
\ [ \ \ VLY \
\ A1 \ ] \ \ \ ALY
b Rim e ‘ VR A
451 s = ] T
T e i B e e
[ 22 1247129 283.0\‘3_4.‘5.8\45\'6 8120
32136 40f{ 51171 10 17
L
I
!
4L
30 34 38 42 46 50 54 58

Cone semivertex angle, o, degrees

CuaRT 7.—Concluded



Mach number, M,

10 105 0 L5 120 125 130 13514014515 16 17 18 1920 22 24 26 28 3|-0 34 40455 6 g8 10 20 ®
i i [\ | 1 | 1 It 1
2.2
Use insert for interpolating
o=0° in this viginit
20 Y TN
o
\\, 5 =
.5° =
v 7 = = - =
10° = -
g N =l o frt—1""1 -
S8 N 125 = == -
= = I5° i &
E ™ - i
o ol - =
- 20 -
l:, - — - et1
1.6 u 1
3. . G
by <1 -
¢ 3011 ==
£ = -
F] ——
S 14 = W
o o
B8 35 ———
] - | o=
S ——
£
[=] -
[= L <
5 I.Z:] 40
o || i L I NN
(=%
(=] - -
-+ H PRo 1 LY »
s |1 A A \ P~
= H o BNE LA~ ~ 48
£ 1.0 e == =g
- a ] e - |
- |18 10 ] ;
= 1257 . - anik i SuEN 50
= 15 =1 |1 @«
o] == sspe ol
1 [Jos 04 | o2 o| H7X
E 1 ,1—4';-, o in degrees F p:
T I T T A T T T TP T P L F e T IT g
6 IR ENEENEENE NN ANEN T EENA NN !
0 ] 2 3 4 5 6 e 8 9 1.0
Mach number parameter, l—pl—
'

Cuarr 8.—Variation of the initial slope of the normal-force curve with upstream Mach number for various cone semivertex angles,

7 = 1.405.

Perfeet gas,

¥a

SOILAVNOUIAY YOI THELIIWWOD XYOSIAQY TVNOILVN—CSEIT LHOdTYH




EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW

55

"lo IEEEREENEENEEEENAREENAEE RN 131
Total temperature = 5000°R
INSERE" =,
Ll letT] |
I
3000°R
»” 11
1,05 T
2000°R
(V/0%) therm pert u
{(V/og) pert
1000°R
1.00
4
¢ 7T=100°R
.95
0 l 2 3 4 5 6 7 8 S 10
Mach number, M
Caart 9.—Effect of caloric imperfections on the ratio of local speed to speed of sound at the point where M=1.
120
4 F L Total temperature, 7 =5000°R
el © T=100° R = =
Yy
(r/m) '
7/T3) therm pert 1o y 1] 3000°R
(7/7;) pert >
'V
105 v 2000°R =
AV4
£
= C
1,00/ 1 :%l ?l I
(o] 1 2 3 4 5 6 7 8 9 10
Mach number, # '
CuarT 10—Effect of caloric imperfections on the ratio of static temperature to total temperature.
I'o Y llllll[lIIIlIllLbllllllll
Total temperature, 7, =1000°R
N N
9 S = 2000° R
N
N
N
NEK
A
N
N -
.8 . S
(P/PI) {herm perf = 3000° R
(PIPg) port
7 >
N
N
N
N
€ o 7=100°R
= 5000°R
-—
5, -
0 | 2 3 4 6 4 8 9 10

5
Mach number, #f

Crart 11.—Effect of caloric imperfections on the ratio of static density to total density.



56 REPORT 1135—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

1.1
S
1ok QN Total temperature, 7y = 1000°R
2000°R
|\
9 NS
(o) ‘
B/l therm perf
(p/p,) pert g 3000°R
IS
8
N
7 ¢ 7=100°R
1
5Q0Q0°R
s T 2 3 4 5 6 7
©* Mach number, M
Cuarr 12—Effect of caloric imperfections on the ratio of static pressure to fotal pressure.
I'o LLLT 8 I N g A I R O A R Y Y D D M S A
] Total temperature, 7+ = [0O0°R
- = LLITTI1
= = 2000°R
9
N
> 3000° R
(g/00) therm perf 8 -
{(9/Pt} pert ) ]
A
A
N
7 © T=100°R >
5000°R
.8
0 I 2 3 4 5 6 T 8

Mach number, #

Cuarr 13.—Effect of calorie imperfections on the ratio of dynamic pressure to total pressure.




EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW 57

|'7 00 N 1 O
AREENEEEN RS EEE NN
ISEENEEAERSEN AN NS RN
Total temperature,7»=5000° R
1.6 i
//
,l
1.5 3
A
A
1.4
1.3
(‘4/'4%) therm perf f
(4/4%) pert 3000°R
'02 l Y |
N
ay. 2000°R
v =
’/’ 1A
- 100Q°
10 © 7=100° R
.9
0 | 2 3 4 5 3] 7 8 9 10

Mach number, #

Cuarr 14.—Effect of caloric imperfectionson the ratio of local cross-sectional area of a stream tube to the cross-sectional area at the point where M=1.

7t =[000°R
PITT0 1
(72/7)) therm perf = 2000°R

\‘ ) - .
N -

T2/T0) pert Ay 3000°R

]
4

8
I . 2 3 4 5 6 7 8 9 10

Mach number, M,

Caart 15.—Effect of caloric i'rperfections on the static-temperature ratio across a normal shock wave.



58 REPORT 1185—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
120 0 I
Total tefnperature, 75 = 5Q000°R
¢ T=i00°R
1I5 va
3000°R
Y
(PZ/PI) therm perf 110
(P2/P1} pors ' At
rd 2000°R
A
.05
y
A
1000°R
10O T1T1]
| 2 3 4 5 6 7 10
Mach number, #,
Crarr 16.—Effect of caloric imperfections on the static-density ratio across a normal shock wave.
1.06
-
104 ™
V. N
1 .~ﬁ\
I
(pf/pr) therm perf 102
(210215} pert ’ N
N
N
LT N N [Total femperature, 7, = |000°R
1.00
_2000°R
] 3000°R
o 7, =100°R T 5000°R
98
2 3 4 5 & 7 8 ] 10
Mach number, A

Cmart 17.—Effect of calorie imperfections on the ratio of static pressure upstream of a normal shock wave to total pressure downstream.

1.06
¢ 71 =100°R
.04
Total temperature, 7; =5000° R
(Pz /p|) therm perf o I I I H I I
A 3000°R
\e2/%1) ur T iisin
i.
02 ‘ /] 2000°R
T n )
A /]
£ [ {[ fooo°r
1.00 pef
bl v 1
f”
5
; 1
.98| 2 3 4 5 6 7 8 9

CrarT 18.—Effect of caloric imperfections on the static-pressure ratio across a normal shoel weve.

Mach number, M



EQUATIONS, TABLES, AND CHARTS FOR COMPRESSIBLE FLOW

59

1.02
Total temperature, 7; =1000°R
1.00
ENANA N
2000°R
N
N I joust
N
98
M N
;iherm perf ] ™ 3000°R
2 perf ~
96 "
N
N
N
N
94 ~ 5000°R
o 7= I00°R
92
[ 2 3 4 5 6 7 i0
Mach number, M,
Crarr 19.—Effect of caloric imperfections on the Mach number downstream of a normal shock wave.
1.1
Total temperature, 73 = 1000° R
1.0 a == =
AR
RN
SNauE 2000°R
N A
N
9 h
. v =
Pty [P+
( 2/ |) therm peri n =Snuw 3000°R
(P10 /o) pert
.8
A
N
N,
N
N
7 n
- L
¢ 7 =100°R H 000 %
.6
! 2 3 4 5 6 10

Mach number, ¥,

Cuarr 20.—Effect of caloric imperfections on the total-pressure ratio across a normal shock wave.
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Cuarr 24.—Effect of caloric imperfections on the Prandtl-Meyer angle.
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Cuarr 25.—Variation of Reynolds number per unit length with Mach number for various total temperatures. Perfect gas, y=1%.
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