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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1428

NOTES AND TABIES FOR USE IN THE
ANALYSTS OF SUPERSONIC FLOW

by The Staff of the Ames 1~ by 3—foot
Supersonic Wind-Tunnel Section

INTRODUCTION

This paper is a compilation of formulas, tables, and curves
that has been found to be very useful in the analysis of super—
sonic wind-tunnel data. The information has been compiled by members
of the Ames l-— by 3-—foot supersonic wind—tunnel section with the
specific needs of supersonic wind-tunnsl operation in mind,

With one exception, all tables and curves contained herein
have been computed for the value of 7y = 1.400. The one exception
is the curves showing the characteristics of cones in supersonic
flow. These curves were taken directly from the data of references 1
and 2 wherein a value of % = 1.405 was used in the calculations.

Most of the symbols used in the paper are defined in Symbols
and Notation. In several sections it has been found necessary to
use certain gpecial symbols that would appear only in that particular
section, and in such cases those symbols are defined as they are
introduced in the text and they are not included in the general
list, A

Some of the material (e.g., the differential equations of
motion) has been included in the information not because it represents
material frequently used in wind—tunnel operation, but because it
has been found useful as a reference when reading the widely scattered
literature on compressible flow.
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Explanation of Tables

Three tables included in this papesr, Table I-Subsonic,
Table IT-Supersonic, and Table III-Normal Shock Waves, give
numerical values of certain physical quantities that are often
used in the calculation of problems involving a compressible
fluid. The calculations of these numerical values were carried
out to enough places to insure accuracy to four significant
figures in the final result. Thus, in most cases six figures
were used, but in some cases it was necessary to use eight
figures and then round the final result off to four places. A
second complete set of independent calculations was carried out
and the tables checked in that manner,

The definitions of the symbols used in the tables can be
found at the end of tables IT and IIT.

Table TI-Bubsonic.— The well—kmown isentropic relations (section I,
part B) for the pressure, density, temperature, speed of sound, and
area ratios are given as a function of Mach number. If at a point
in an isentropic flow, any one of these ratios or the Mach number
is known then gll other ratios for that point can be read or inter—
polated from the table. The last three columns are the values of -
certain parsmeters (V/a*, V/ag, and V/¥) which sometimes are
found to be more convenient to use than Mach number. Their relation
to Mach number is uniquely determined for any adiabatic flow (section
I, part B).

Table II— Supersonic.— In addition to the quantities given in
table I others relating the dynamic pressure (q = épva), the Mach
angle, and the angle-—of—turning through a PrandtL4§eyer expansion
are given as a function of Mach number. Logically, this table
should also include values of the three parameters mentioned above.
The addition of three more columns, however, would make table IT
too wide to be printed conveniently, so these columns have been
included in table IIT instead. In table III exactly the same
values and Increments of the Mach number have been used as in
table II.

Table ITT-Normal Shock Waves.— To be consistent with shock-wave
notation the Mach number argument in table III has been designated
Mo 1instead of M, hence the three above-mentioned parameters also
have subscripts o in table ITI. This should not be confusing
because the relation between Mach number and the corresponding value
of V/a*, V/a s Or V/V is valid even if shock waves do exist
in the flow. '
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It 1s to be noted that although the values given in table III
are for normal shock waves, many of the columns in the table can
also be used for oblique shock waves. (See section IV, part B and
section VII, part A.)

SYMBOLS AND NOTATION

a local velocity of sound

S area

A agpect ratio

c chord of airfoil

cf flap chord

Cp gpecific heat at constant pressure
cv gpecific heat at congtant volume

Cp,C1.,Cm aerodynamic coefficients of drag, lift, and pitching
moment, respectively

cd,Ccl,Cm gsection force coefficlents

d distance from the leading edge to piltching-moment
axis, positive to the rear

e bagse of natural logarithms, 2.718...

E internal energy.

h enthalpy (pv + E)

1 characteristic reference length

In logarithm to base e

M Mach number (ratio of local velocity to local velocity
of sound)

n number of degrees of freedom of gas molecule

gtatic pressure
P pressure coefficient (p—po)/ 45

H total pressure
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q dynamic pressure (2pVZ)

Q heat added to system

R perfect~gas constant

Re Reynolds number

8 entropy

t © time variable

T - absolute temperature

u,v,w velocity components

ul,vt,w’ perturbation velocity components

X,¥ 2 rectangular coordinates

X,r,0 ¢ylindrical coordinates

v specific volume (1/p)

v resultant velocity / u2 + v2 + w2>

% maximum velocity obtalinable by expanding to zero
temperature '

W external work performed

o angle of attack

am Mach angle (sin™t 1/M)

B JM2Z =1

¥ ratio of specific heats (cp/cy)

8 angle of deflection of the supersonic stream when
passing through an oblique shock wave, or

5] when prefixed to another symbol, denotes the inexact

differential

o airfoll flap deflection (positive downward)
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| local angle of inclination of airfoil surface with
respect to free-gtream direction

K abgolute coefficient of viscosity

P perturbation velocity potential

® velocity potential

o] mass density

g angle between_chord line and the tangent to the
alrfoll surface at a glven point

6 angle between original direction of flow and the
shock wave

v kinematic viscosity (u/p) or,

© angle through which a supersonic stream is turned
to expand from M =1 to M> 1

& : pressure ratio across a shock wave, pl/po_

Subscripts

o} refers to free—stream conditions or to conditions

Just ahead of a shock wave

a refers to reservoir conditions

1 refers to condifions Just behind the initial shock
wave or to conditions at a second point of the
flow

2 refers to stagnation conditions behind a shock wave

8 refers to conditions on the surface of a cone

u refers to conditions on upper surface of airfoil

1 refers to conditions on lower surface of alrfoil

Superscripts

! perturbation quantities. (The prime is also used as

the symbol for the first derivative in section I-C)
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* refers to conditions where M = 1

Notation

Rotation such as [perf], [isen], etc., that appears after
many of the equatlons signifies that the equation is strictly
applicable only if the flow of the fluld complies with the limita—
tions indicated between the brackets. For example,

[perf] means that when applying the equation to compressible
flow processes the fluid must be a perfect gas.

[isen perf] means that the flow must take place isentropically
and the fluld must be a perfect gas, in order that
the equation be applicable.

[adiab] means that the only limitation to the flow process is
that no heat be transferred across the streamlines, -
With this limitation the flow does not necessarily
have to take place isentropically, although it may
and the equation would of course still be valid.

The restrictions to the equations are intended to indicate the
most serious limitations that the flow must comply with., It is
desirable to Indicate these limitations because shock waves must be
dealt with very often in the applications of campressible flow
equations, and those equations that are predicated on the assump—
tion of isentropic flow are of course no longer valld. However,
many of the equations are predicated only on the less severe
assumption of adiasbatic flow and such equations are applicable
even 1f shock waves do exist in the flow. ’

I. FUNDAMENTAL RELATTORSHTPS

A — Thermodynamic Relations

The notation [perf] or [rev] following an equation indicates
that it is valid only for a perfect gas or for a reversible process,
regpectively.,

_ () . /§Q> _ re] = &b
cp = 3T>p = 5 , ¢y + R [perf] 3 [perf] (1)
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(&Y . (a) . _ dE
ov=ké~f>v = \-a%>v = cp — R [ perf] —% [ perfl

d8 = dQ — dW (first law) = cy 4T [ perf]
h=pv+E=cpl [perf] = (cy + R) T [perf] -

2P [perf] = 22 [pere]
1 p -1

dh = pdv + vdp + dE = cp 4T [perf] = (cv + R) 4T [perf]

Lo}
]

oRT [perf] (perfect gas law) = Bvl [ pert]
Q= (rev) f Tas

dQ = dW + dB (first law)

pdv + dE [rev] = pdv + oy 4T [perf rev]

dh + vdp [rev]

H

= 2 =Bv rf
R < [perf] =5 [ perf]

cp —cy [perf] = cp (-—7:;-]-'->[perf]

cv (7-1) [perf]

(2)

(3)

(4)

(5)

{6)

(7)

(8)
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as = <@> /dE+dW +gdv [ rev]
T /rev rev '
daT av
= —— e ve——
oy = + P % [ perf rev]
= cviT--—RgQ [perf rev]
T P
= Cv dp _ Cp do [perf rev]
Y P
= Cp %T-— - R %E [perf rev] (9)

S =cy InT~R Inp [perf]
= ¢y Inp~cp In p [perf]
=cp iInT—R inp [perf]

= cy In p'“(7"l) T [perf]

=cp Inp L;'L T [perf]
X
=Rumpr7* [ perf] (10)
A8 = (rev)f %9’ Z 0 (gecond law) (11)
v = & = BE | [perf] (12)
B * B
av= — 42 (13)
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dW = dQ — dB (first law) = pdv [rev ] (1k)
W= fpd.v [ rev] (15)
_Cp ¢y +R
y = 5-3 = = [ perf]
_n+2
=ots (kinetic theory) (16)

B — General Equations of Compressible Flow

The notations [perf], [adiabl, and [isen] indicate that the
equations apply only for a perfect gas, an adiabatic process, or an
isentropic process, respectively. A&n equation without such notation
indicates no restrictions.

The fundsmental equations of compressible flow along a stream
tube are:

Euler's equation:

9-3 +Vav = 0 (17)
f %E- + gf = const. (18)

Continuity equation:

do &V L dA_ g (19)
o] v A

Energy equation:

2
ho + —— = hy + —— ~Q (20)
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For adiabatic flow the energy equation becomes
v2

h + 5 = hg = const, [adiab]

vz
cp T+ 5 =cp Tg [adiab perf]

N
{ P—> + = = 2@_ ] adiab perf
7—1 \ 7’—1 pa,} [ pert]

2 2 2
a2 Y2 _ 8" [aq1ap perf]
y—1 2 -1

From the following relationships

%\ Z
(-84— = —%]—_ [adiab perf]

ag, V4

2 1 ,
<%§‘-—— = Z—;—- [adiab perf]
(e g -
\-—;r;; = 1 [adiab perf]
) .

NACA TN No. 1428

(21)

(22)

(23)

(2k)

(25)

(26)

(27)

(28)

(29)

(30)



NACA TN No. 1hk28 11

Speed of sound equation:

a2 = %E [perf] = yRT [perf] (31)

Bernoulllfs equation:

2
. x EH
7__1 > \Oa.> 5 i [isen perf] (32)
7—1
/ Pa
i, :
< —-1 [isen perf] (33)

(

Isentropic relations:

-%- = constant [isen perf] (34)
p ' :

7=1
<§_> 7 = /%7—1 = <%>2 = <'TT;> [isen perf] ﬂ (35)

The following equations are derived from the above relation—
ships and are grouped according to which of the various parameters

<M, ;—Y;, -a-;g, %> is being used as the independent variable.

The second form of the equations apply to air for which y=1.400.
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Parameter -—g—= M
— X 7
e, —1 )
% =<1 + 7—211M2> F (1 +0.2M2) % [isen perf] (36)
_ i _s
e e 2
-pP- =<1 + L M2> (1 + 0.2 M3) [ 1sen perf] (37)
& fay

T 1 -1 -t
= =<1 + = M2> = (1 +0,2M3) [adiab perf]

T 2
-1 1
a _ -1 o) 2 o 2
v <1 + LJ‘ M> = (1 + 0.2 M3) [adiab perf] (39)
% = %Mz = 0,7M2 [perf] (k0)

Y _z
g =5 M2 (1 + Zg—l— M2> 7 _ 0.7M2 (1 + 0.2 M2) °[isen perf](Ll)

4 2
\E%) = b_’fi == OMS e [ adiad perf] (42)
1+ 2’-——2 M
2 +1 N2 ,
Z—g— M 2
..Y;F = - del ME [ adiab perf] (43)
a 1+ —1 M2 1+ 0,2M2
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/o N8 2=k 2 0.2 M2
Kl) = 2 = [ adiab perf] (L4)
v 1+ 7:2'—1 M 1+0.2M
¥ 7
" 7T Z
. l+Z——-]—'M02 1+ 0,2 M2
Pr_ 2 7 = — [isen perf] (45)
Po  1+2Em? 1+ 0.2 M2 |

S

i N\ :
' -1 5 ; 2\
<Y_;2_/M1>2 (-1+1§—MO2 _<1“_4;>2 /1 +0.2 M2
- i - !
A \Mo W1+ 1'-2:-1- M12/ M \1 + 0.2 M12/

[ adiab perf ] (46)

iy
o
% = [l - ;—:%(g;) :’ [isen perf] (¥7)
—
{‘ - / N2 | Y1
-pﬂ = 1- -;—4—_—1—2 \g—;) } [isen perf] (48)
// 2
&T— = [1 - Z:;—i: K%) J [adiab perf] (49)
a 4 a
' 1
27 2
2122 (1)°1% pate o (50)
aa a -t
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2 (X >2
1
;1—) Vi = [adiab perf] (51)
7+1 (a*)
2 7—1
v -1
% - 7%.1. <§"—*> [ Z'*'l <a*> ] [isen perf] (52)

M2 = AR [adiab perf] (53)
L 7+l <55‘—>
< aa.> 7+l < a.*> [ adiab perf] (54)
2 2
<%> = % <;V;> [adiab pert] (55)
-7
[‘1 7 <Y.1. 2p-1
%j_) = ﬁ ;** = [isen perf] (56)
- Lz ~O .
' 7+l <a*) _j
2
2 Vi

Gi) _ 5;?;)2 » (57)

Parameter — g—-

a,

_Hp_ = [ 7_1 < > 7—1 [ 1sen perf] (58)
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1l
2 =
L - [: 1 -2 <§v§:> i!')'_l [isen perf]

r 2
é! =] 1 _.Zgi <;¥;> ] [adiab perf]
a, . R
1
— 2 2
a2 _ 1_2_EL<-V_ ] [adiab perf]
ag, L aa,
2
ya gl->
q 2 \"@ .
5 = T X [adiab perf]
2 ag,
2
—1
2 27
-2 () b ()] o
2L = 1 - = — isen perf
3° 5\ 5 =/ [ perf']
2
(x
a
2 _ - a A [adiab perf]
-1 (g
ag,

[adiab perf]

[adiab perf]

_v_)a ! (’y_ >
/‘f 2 a.a

- =1
> .
P 1~ 25 <i§é> ]
fudl i igen perf
(27

15

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)
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B (68)
Vs Z:L
Parameter —%
Y1
—%)-[ = [l - < %>2} [ isen perf] (69)
1
r - 2‘]7"'1
L _ 1-—<7\£> | [ isen perf] +('70)
& v/ 4
T /vNET . 1
‘Tz = 1[ 1 - \_7V'g> _’ [adlab perf] (7 )
1
l soN21°%8 ‘
RN B N X) ] [ adiab perf] (72)
ag, I v )
b '/V>2
4 = 2 >V [adiab perf ] (73)
)
k>
1
, 2 2 - '7/—_'.1' .
4 _ LQX.) {1 - /Y_> ! [ isen perf ] (74)
E ,2\v./ = \%/ J
7 2
2 /V> |
M2 = 7-—1 \5-—-5—- [adiab per‘f ] (75)
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§!<
N
N
|
~
llm
'_l
N
<<
v

[ adiab perf ]

2 2
<—Y- =t <%> [adiab perf]

[isen perf ]

.

With the Mach number M as a parameter, numerical values

be found in table II for

r o T =a
H pg’ T’ aa

H e

2
2 3
2

and in table III for

¥y Xy
aa’ a*x T

¢ — Differential Equations of Motion

17

(76)

(77)

(78)

(79)

will

Rectangular coordinates (x, Ya z) .~ The basic differential

equations of fluid motion with friction and gravity forces neglected

are:

1 The equation of continuity

9 . 3(ew) , S(ev) . 3(pew) _ ,
ot ox oy oz

(80)
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2. The momentum equations

du du ou
§§+u~a—£+v—a-§
ov ov ov
—t U — 4 T —
ot ox oy
o +u ow + v ow +
ot ox dy

&

oz

v

oz

du
dz

NACA TN No. 1428

(81)

If pressure is a function only of the density [isen], then

¥I
gk
¥l

=1
gl
=

vl
i
g5
¥l

£18
]

(82)

In the following equations a steady frictionless flow is
postulated.

Combinations of basic equations.— Combining equations (80), (81),

and (82) yields one nonlinear differential equation

p \
éE(l—ﬁ>+§y—'Kl-—z-2-)+-a-y-<l—
ox a2 dy a® oz

vw ([ dw Ov

wu /ou

dw

W’2
a.2

“2\Gts) "ae\s: i/ 7

du
+-—-—

oy

(83)

[ isen]
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For irrotational flow [irrot] the following purely geometric
relations hold

v _Jdu ow_9ov Ju_ 9w [irrot] (8k4)
Ox OJy OJy 0Oz 09dz Ox
08 o0 o0 )
also u = o v = 357 W = 57 [irrot] (85)

Combining (84), (85), and (83) gives the differential equation
for the velocity potential

80-62)T b6 12 -G

2_ 3% 99 _8_?_@_9_%_@_2_5_@_52_2_&_5}3@_0 [isen irrot](86)

axz Bxay 0x 0y a® Jyoz oy 0z a® dzdx & Ox

Cylindrical coordinates (x, r,8 ).— The differential equation

for the velocity potential is
G2yl aph-Cerlsn -G
a ox a or 2 562 ra 36

2 320 J0 J0 ) 920 30 d0 2 9320 J0 0

Omem  — n  Sreta——— So———  o———r. iy —oa—  aep——  —————— ———— p—

a2 Oxdr Ox Or a2r2 9xo8 Ox 30  aZrZ ordd or 98

1 5@ a¢

1
=—=—==0 i i
a21'3 Br - [isen irrot] (87)



20 NACA TE No, 1428

y lrical 8 111} -~ In this
system z is measured in the direc‘cion of the undisturbed flow and
r 1s measured perpendicular to x., The velocity components u, v
are measured in the' x and r directions, respectively. The equa~
tion of motion is

2
?.1}.(1“%)4.21( -:r-z.)- Bu av + 2= 0 [1gen] (88)
x a or a Br Bx

r

The condition of irrotationality is
' ou v

— [1rrot] 89)
or Jx (89
The differential equation for the potential of the irrota.tiona.l.
flow is
2 2
% [ ( 13 ] [ ..< > _ 22, 1w,
0x2 or2 . a or J a.2 Bxar Bx dr ' T or 0

[isen irrot] ~ (90)

meggizeg Forms .~ The perturbations from the undisturbed flow

are assumed to be small enough so that thelr squares and cross
products can be neglected. The velocity potential is written im two
parts, that is, @= Vox + ®. The veloclty components are

Vo + u? u‘=Q

v ox

v =v! A = %g (91)
% 3 — @

w=w v oz

For two—-dimensional flow the linearized differential equation
for the perturbation potential is

LT _ ;). 2o
- =0 2
axa &02 -1 52 (92)
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The general solution to equation (92) is

9 = £3(x-B1y) + f2(x+B1y) (93)
ﬁhere f1 and fz are arbitrary functions and

v ‘
Pr =M™ M, = a%

For the case of axially symmetric supersonic flow (thin bodies
of revolution) the linearized form in cylindrical coordinates is

2
Ma2—l) — - Xl = 2X =0 i
(Mo )sz or® r or (94)

The general solution to this equation is

x—Br
o =f £(¢) ak |
° / (x~£)% — B1%r?
or
A O
] =j < f(x—B81 r cosh 7) dn (95)
cosh™ BT
where
By = Mol

N o
£ and 17 are variables of integration, B—;é.—: 'y

f(¢) is an arbitrary function

Equation (95) can be used to calculate the pressure distribution
about a slender body of revolution of arbitrary shape (but pointed nose)
at zero angle of attack, by using the following additional equations

Lp = — pVout (96)

u?t = @: —[X—Brf'(g) 1 (97)
0
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£(x) _
Vo

H
f1g

(98)

Other sometimes useful relationships are

& _ 99,
Vo ax ar v?

TP oie) (x—t) ar

f e s e (99)

IT — SUPERSONIC ROZZLES

A — One-Dimensional Theory

u=20 M¥=]
A= o u¥=g*

i P,T,p,H
pa,aa \A &,u,M=a'
Pa=Hg s Ty

p*,T*
p*,A%*

€
ES

The use of the continuity equation in the form

pul = p*u*A* = constant (100)

requires that the flow be assumed unidimensional, that is, it
requlres thet the velocity profile be gtraight and the veloclity
component Vv be neglected. Then u= =v.

By combining the above equation with sultable equations in
gsection I-B, the following equations for the area ratio are derived
(+¥=) () “
7+l 4
Ax u 2(7-1) 1,728 M

A y—1 T +o.2M)0
lL+-—pM

[1sen perf] (101)
o _
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<..._.> <L_>2(7-l) [1_7"1 >2J 7L [1gen pert] (102)

< > J 7— 1) [1sen perf 1(103)

¥l
£ @) SR (-3
A \a¥ y¥L\ 2 ' y+L
7+l -
AX =<‘_’:> _?_<l‘f£> 2(y-1) [1 - <92 ] 71 [isen perf] (104)
) -1\ 2 : )

= will be found in table II asg a

Numerical values for 'y

function of M.
The compressible flow equations of section I and the numerical

values in table II are applicable in the unidimensional analysis.
B — Nozzle Data
Maximum theoretical contraction ratio that permits start of

A
supersonic flow in diffuser entrance —-9-->
A*/ pex

AO

‘_L A

M \{/
M,>1 ;gg
m

-1
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The following equation is derived for unidimemsional flow which
ig isentropic upstream and downstream of (but not through) the
normal shock wave

D RN

\ 7—1

%o
¥
max

1 1

(5
( 7‘1 y-1 < -+ >7—1 2 w2 - 1) 71
7——

7—1

27,000 My&(1 + 0.2 M_2)®
(5 + M) 35,2 - 1) 2-5

(105)

When supersonic flow has been establighed in the diffuser
entrance the normal shock wave stands downstream of the second
throat Aj¥*.

Supersonic diffusers without initial boundary layer check the
theory very closely, but if there is an initial boundary layer the
maximum contraction ratio is reduced and the equation is a fair
first approximation.

A \
Numerical values for (——Q—> may be picked from the curve of
figure 1. 17/max
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IIT — SHOCK WAVES
A. — Hormal Shock Waves
The previous relations for isentropic flow are valid for

points on either side of a shock wave (e.g., & and 0, or 1 and 2),
but not across it.

u=0 \/f - / u=20

M=1 17171
.__..__:__—?- =
py=H, T, = a* Po %o Py 8 Ps Hz T2

121-—2- +h = hy (assuming adiabatic flow)
us cpl = cpTy (assuming adiabatic flow
2 of a perfect gas)

7 P 7 EH

2 -1l p y—l a
2
u 8
woe e = + CyT = == + c.T
) Og, vTa
u?2 a®  az® 7+l >
—
2 -1 =l 2(y-1) J
Hence
Hy = H,
Hy = Hz
(107)

Tp = Ty



26 NACA TN Fo. 1428

Together with the momentum equation
2 2
Po + PoUy P1i + paua (108)

and the contimmity equation

pouo = piui (109)
the energy equation provides the following relations across the shock
wave
uouy = a¥? (Prendtl's relation) . (110)
po (7L)pr + (y+1)p , .
=2 2 (Rankine-Hugoniot relation) (111)
p1  (r-L)pg + (7+l)pa
Given Mg
(My>1.0)
(y=1) M2+2 M 2+ 5
v, % = -~ = -2 (112)
2Mp® = (7-1) TMo® -1
)
oY t 2M% ~ (y1) MR -1 (113)
Py (7+1) . 6
. u 1,2 +1)M 2 6M,, 2
Py _ B Wo® (MR O (114)
P, W a¥2 (')'—-1)1\40’»2 +2 M2+5 v
T, a,2 [2yMp2— (7D (r-1)Mp2 + 2]  (TMo2 — 1)(Mo2 + 5)
To ao° (7+1) BMp2 36 Mp®
(115)

7
T 7
Py _ 27M02 — (7-1) [(7—1),1\{02 + 2 :] 71 7Mo2 -1 <M02 + 5)._2_
E 7+l ) = 3 5

(116)
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y ) .
P, [MMOZ - 2(y1) ];::I i [ 36 My~ }" s (117)

H, L (y+1)2 Mp2 5(TMo2 — 1)

28 7 1
B _H_p2__"F_ [ (7+1)Mo2 ] ‘;:1‘[2%2 - (y-1) ]- T
T L(y=1)M2 + 2 y+1

6Mo2 \ T /TMo2 ~1 \= 2
“\Mp2 ¥ 5 2< 3 >2 - (18
A 3 .
Hy _ (7+1)M02]7-‘-I M2 = (1) 1 77T M\ L M2 -1 -2
p‘[“""‘é‘“" [ o7r+1 ] - 52>2(06 >_2
o . (119)
\
w=01) g=-0-1) 1 G—E/
2M,2 ~ (7-1) (7+1)My2

Numerical values from equations (112) to (118) are given in-
table ITI. : '

For M, only slightly greé.ter than unity, the following series
are useful

2o (%0)° 27 (Mo™1)* ~
Hy 3(7y+1) (7+1) T
=1 - g_i.g (Mo21)® + g-gi- (MoZ1)* ~ . . (121)
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48 2y .,
R " z7+l;2 (M ( 1)3 (MQ 2-1)
=3 waa)s M a0y,
Y (M3-1) en (My3-1) . . (122)
Given § = %
| {t >1.0)
o L+ D) 6841
My~ = 5y = (123)
w2 - {(r1) ¢ + (742) _ b+ 6 (124)

27¢ T

Pr T (ya) g +(y1) 68 +1 |
Pe  me (125)
Po u, {72) &+ (741) t + 6

T a1 ) 51(7—1} £+ (7a—1)1 _ e +6) (126)
o 8% {y#l)t + (1) 6 +1

% [ Ky_l)hi ) - y [« g?; &) ] - n @)m—n

7 -
P TORNGA)E + AN ] 7T {5;(6 t +1) ]._..g.

= = {128

H, | byt 35¢ (228)
28 7 1

H p, ~X [(7+1)§+(7—l)] T, 53 6§+1) : -%

Ho pg {(r1) ¢ + (1) g+ 6

(129)



NACA TN No. 1k28 ' 29 |

5

bo

w| B

Y 1

[(7+1)[(7+1) g + (7-1)] ]7—3;?:1‘{ 6(6 & + 1)] £,"3

Ly
(130)

[(7+l) g+ (7—1)J
LD &+ (D)

(131)

48 H,
00 == m(gE)-me -y

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

1 7+l 7+l
TR (§-1) +8 2(§-—l) - . s .

l--——(g—l +-;-é5-(§—-1)4—. - (132)
7+l 7+l 4

122(§ 872(g-l) + 0. .
%(e—l)s—-;-g(e—l)*+. .. (133)

B — Obllque Shock Waves

An oblique shock wave acts as a normal shock to the component

of velocity directed perpendicularly against it, while the tangential
component is unchanged. Hence substitution of My sin 8 for M, and

My sin (P — 8) for M; in the previous relations

Yo
Po To T:—"_—>/7 pl Ty

89 Po
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provides equations (134) to (140) below. The others are determined
by the condition that the flow must be deflected through an angle B.

Again from the energy equation (the subscript 2 refers to
stagnation conditions behind the shock)

T2= Ta,

&z = &g

Glven M, and 8

M.2 gin2 6 - {y— 2 gin28 -1
&E§=2;VM0 §m 6 - (y l)=‘7'Mo sin (134)
Po {7+1) 6
o, (7+l) My sin® @ M2 sin® 6 (135)
pg (-1)M28in2 0 +2 M2 sinZ 6 + 5 ;
T, a2 [2yM,2 sin2 6—(y=1)][(7-1)M,2 sin2 642]
o) B ay? B (7+l)2Moz gin® 8
. 2 — 2 2 B4
) (TMo2 sin2 6-1)(Mo2 sin2 6+5) (136)
36 Mp2 sin2 @
(7-1)M,2 8in2 8 + 2 M,2 8in2 6 + 5 ‘
M; 2 sin® (6-8) = = — = (137)
(2yM,2 sin2 8 — (y-1) T™M,2 sin® 8 -1
o (741)M* sin® 6 - 4 (M,2 sin® 6 — 1) (MM,® sin® 0 + 1)
) [2yM 2 sin2 6 — (7-1)] [(7-1)M,2 sin? 6 + 2]
6 Mo? 8in2 6 — 5 (M2 sin2 6 — 1)(7 Mp2 sin2 6 + 5
2 (138)

(7 Mo2 81n2 6 — 1) (Mo® sin® 6 + 5)
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2(Mo? 8in O cos 6 — cot 8) Mo2 gin 28 — 2 cot @

tan B = " = -
2 + Mp2(y+l-2 sin2 0) 2 + Mp2(y + cos 28)

by _ 2My? stn? 6~(3-1) [ (7-1)M,2 + 2 ]~ T
H, (y» +1) 2 ’

_ M2 8in2 0—1(1&02 + 5)—-%

- - -
Py _ [ (7+1FMo2 s1n2 o[ (7-1)Mo242] ]— -7{1‘
HEx L 2[2/Mp% s1n® 6-(7-1)1[(7-1)M® s1n? 642]

_[ 36402 sin® 6(Mo? + 5) ] -2

L5(TMo2 s1n® 8-1) (Mo sin? 8+5)

e 7

B pp TR [(7+1)M02 s1n? © J;:i[ 27Mo? 8in? §—(7-1)
E "9, °  TLGDMg? sin® 642~ | 7 + 1

[ 6My2 sinze}-;- [moa sin2 9—-1}—2
M,2 sin2 845 6

1
Hy [ 2yMy2 sin2 6~(y-1) ]" ;:_;_[ (7+1)My2 sin2 B[ (7~1)My2+2]
P y +1 2[(y-1) Mp® sir® 6421

[ M2 sin? 6-1 }——Z— [GMOZ sin2 9(M,2 +5):| f;’-
L 6 5(Mg2 8in? 6+5)

31

(139)

(140)

(141)

1
J =

(142)

-
o

(143)
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cv

A8 o (pm1) 48 ——-(')u-l) in %)

2 2 e
. [27140 sin2 8-~y 1)} Yy [ (y+1)Mp2 sin2 @ } (1)

y +1 (7-1)My2 sin® 842

Vi2 wmiva2  (y+1PM# sin2 6-4(M_ 2 sin2 6-1) (yM,2 sin2 6+1)

Vo2 w2 (7+1)2Mg% sinZ 6

36 Mo% sin® 6-5(Mp2 sin® 6-1)(7 Mp2 sin® 6+5)
= (145)
36 MQ4 sin2 @

For wesk shock waves (Mo gin @ only slightly greater than
unity) these series are useful

H, . __,_____2_7_'___, 2 2 o 1)3 2y P 2 g_1)¢
T - 1 SGE (Mo sin? 6-1)° + Gi® (Mo2 sin® 6-1) .
=1 — (Mo® sin® 6-1) 3 + 45 (Mo sin® 6-1)% - ... 146)
216 86k (
28 2y 2 > 2y2 2‘
—= in® 6-1)8 - gin® 6-1)% +
R . 3(y+1)2 (o™ . (7+1)® (¥ sin®

245
= = (Mo® 810 6-1)° — = (Mo® 810 6-1) + ... (147)
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Given 6 and B

2 2(cot 6 + tan )
sin 26 — tan ® (y + cos 26)

Given My and O

33

(148)

No explicit relations can be obtained. The following series
(which is identical to that for isemtropic flow up to and including
the term in ®2) 1ig used in Busemann's airfoil theory (reference 3)

for small values of © (in radians):

Mo . 7 (7+1) Mo8—lyMo (Mo 1) 5 .

Pazg-1 8 :
Po Mo2-L 1(Mp2-1)2

Py

Given ¢
Po

]

_ (7+1) & + (y-1) _ 6t +1
2y T

Mp? sin® @

(7-1) ¢ + (r+1) B 6
27t , T¢

M2 ain® (6-9) =

M, %

Mo®[(7+1) &+ (p—1) F2(£51)  Mo3(6 &+ 1)-5(t3-1)

el (y-1)& + (y+1) ] E (& + 6)

o, (r+l)e+ (y-1) 68 +1

R -
p, (r)e+ (y+1) & +6

(149)

(150)

(151)

(152)

(153)
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T &t tl1) g + (4] (6 +6)

To a2 (74 + (1) | 6E+1 (34
2 s 4
tan2 § = E -1 > Mo ~(y—1)~(y+1) ¢
ME-E+ 1 (7+1) & + (y-1)

[ 5(&~1) Mo2-(6€ +1)
= (155)
™o2-5( £ —1) 6+ 1

= b4
o Pa | (r-1) & + (r+1) T+ 6 E 2
(156)
v 2 u 2+v 2 2(§2 —l) 5(§2 _l)
1 - 1 1 = 1 - S T — (‘157)
V52 uo? M2l (7+1) & + (7-1)] 206 £+ 1) i

Equations (132) and (133) of part A of this section are
applicable to oblique shocks ag well as to normal shocks.

Use of Tables

The following values for obligue shock waves may be read from
table ITI provided M, sin 6 1s used instead of M, 1in the first
column,

SRR G

3 9 —3 3
Po Po Ty &y Hy

Furthermore, since flow through weak shock waves is nearly
isentropic, compressions through small angles © may be computed
from table IT as if they were expansions reversed.
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IV —. EXPANSION AROUND A CORNER
A - Prandtl-Meyer Expansion

The following equations are valid for two-dimensional, isentropic,
irrotationsl flow of a perfect gas.

‘z/——Mach line for Mb=l

S~ % =

- Mach

line for
- D M
UhVAVAVNVﬂ7hVOVﬁW%VﬂVf "—_"T _____
0
/, ) a

The final equation for the angle through which a stream must
turn to expand from My = 1 to a Mach mmber M is ( v in degrees):

v = [T san /I 0P1) ~(90° - @)
7-1 7+l
S Y 7 R _ o _ -1 1

The pressure ratio %% corresponding to the Mach number M
ig given by (v and « in degrees):

or
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Y Gt

<H>--- = 1 + cos 2/—[U +{90° -—on)]}

or

<>—_— Py l+c082F[n+(QO - gin | E)]} (159)

Wumerical values for v, o, and p/H will be found in table II
as a functionm of M. '

The above equations and the numerical values in table II apply

also to the flow along a convex curved surface in the absence of
external or reflected disturbances in the reglon.

V3—~0g= AV |

Use of Table IX

Consider stations O and 1. If M, and My, or py/H, and
p,/Ho, or any other conditions at stations O and 1 are known, the
angle through which the stream must turn to expand from Mo to M

may be found by referring to v, and %o in table II and taking
the difference Av.

If Mg and Av are known, the conditions at station 1 may be
be found by cbtaining V1=0g+A0 and locking in table II under this
value of v,

For expansions through small angles, ]g:,_/;p,;J may be expressged
in series where OAp=py — Vg (in radisns) as follows:



NACA TN No. 1428 37

2 a n
Py TM gy IO AMA0GR) (g
PO Moa'—l 4(%2—1)2 .
P/ . 741y 10 _ (27PP+7r45) 4
E(Moz_l)ﬁ 4 4

{ (-2r2+7m5)2  (Lrte8P41172-8r-3) 3 :] 8
+ + = 1 %
16¢ +1) 2k (7 +1)

~ 2Mp* + % Moa} (AY® 4+ tere (160)

Up to and including the term in (Av) this series is
identical to that for the pressure ratio across obligue shocks.
(See equation (149).)

V — ATRFOIL THEORY
A — Small~Perturbation Section Theory
It is assumed that the angle of inclination n of the airfoil
surface relative to the free-stream direction is everywhere small.

Thig implies that the angle of attack o is small, that the surface
of the airfoll makes at all points a small angle ¢

(In the general air-
foil equations it
is not necessary
that the trailing
odge fall on the
chord line.)

Pos Vos ¥y
——
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with the chord line, and that the leading and trailing edges are
sharp. The theory is mot valid below the Pree—stream Mach number
at which the flow at any point in the field becomes subsonic.

The pressure at any point on the airfoil is given by

_E:Bg = C1m + Czn2 + (terms of higher order) (161)
épdvdz

where C; and Cz are functions of M, given by

Cy = e (162)
M02_1 .
Cp = (7+1;b?iif)ﬁge—l) (163)

Values of €3 and Cgz are listed in table IV.

The equations of part A that follow are based on the work of
C. N. H. Lock (reference 4) and have been deduced from Busemann's
approximation (reference 3), which retains the first two terms in
equation (161). Corresponding equations based on Ackeret's
approximation (reference 5), which retains only the first term,
can be obtained by setting Cz=0 in the gliven egquations. The error
resulting from the approximations used in Busemann's analysis is of
the 2?der of n%; whereas in Ackeret's analysis it is of the order
of n%.

To evaluate the aesrodynamic coefficients for any given airfoil
section the following integrals are required:
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o [ oux ‘

- [onex

e [Pu AN
ne for

- f e a

In general, all integrals are evaluated over both surfaces of the
airfoil from x =—-1/2 to x =+ 1/2. The value of ¢ at any
point on'either surface is positive when, for an observer moving
from the leading edge to the tralling edge, the absolute value of
the ordinate of that surface 1s increasing (see foregoing diagram).
All angles are in radian measure. All linear dlmensions are
referred to the airfoil chord.

For any airfoil with both the leading and trailing edges on the
chord line, Ip = 0 for each surface.

General airfoil.— The force coefficients for any general airfoil

are

cp = 2Cia + 01(101_1011) + CZ(Ill—Ilu) (165)

cd = 2C10% + 201(I03~Io,)a + C1(Tay+I1,)

+ 3C2(T13-T1,)a + Ca(Izy+Iz,) (166)

Cm, = — Cl(ISl—ISu) - 202(1-6 1+I:3u)04

Wi

- Ca(Iy-T, ) | (167)

a a 1 '
oy <o+ (8-3) (268)
c 2
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It should be noted that the formulae for cg given in this
gection are for the total wave drag only, amd do not include any
effects of viscosity.

For any airfoil, (Is; + Is;) 1is equal to minus the cross—
sectional area of the airfoil.

Symmetrical airfoils.— Equations for calculating the aerodynamic
coefficients for five types are listed as follows:

1. Symmetry about the chord line (x-axis).— In this case
01 = oy and the general equations reduce to

cy = 2034 (169)

cq = 2C;a° + 20113, + 202Tay (170)

Cm‘J; = e 402137‘01 (171)
2

2, Symmetry about the normal to the chord line at midchord

(y-axis) .~ In this case o(x) = — o(~x) and the general
equations reduce to

¢y = 2030 + Cp(Iy — I1y — Iay) (172)
cd = 201“2 + C1(Tyy + Izy) + 3C2(Iag — Ir,)e (173)
cm}é = = Cl(Isl - Isu) - 2C2(I:31 + Isu)a' (17%)

3. Symmetry about both the chord line and the normal to the
chord line at midchord (x— and y-axes).—

¢y = 2C1a (175)

cg = 2C1a® + 20113, (176)

el = — hCzIazm (177)
P



NACA TN Fo. 1428 u1

Antigymetry abo he midochord point (origin).- In this
sase 0,(x) = ~0y(—x) and the general equations reduce to

Cy = 2010, + 20]_101 (178)

cd = 201_0;2 + ll»clIolCL + 2011_]_1 (179)

opy = = ¥0alg o ~ 202, (180)
2

Because of the conditions of symmetry, in cases 1, 3, and k4,
the integrals (16k4) need be evaluated over ome surface only.

Speciflc types of airfoils.— Equations for calculating the
aerodynamlc coefficients for specific types of airfolls are as
follows:

1. Airfolls made up of segments of stralght lines and circular
arcg.— Conglder a portion of an alrfoll surface of clrcular-arc form
with a radius r (in chord lengths) and a radius center on the
normal to the chord line at x = 8, For a thin airfolil, to a
gufficient degree of spproximation,

¢ = 01 + OoX [(181)

where for convex surfaces (both upper and lower)

= -k

gy = Oz =
- r

R

and for concave surfaces (both upper and lower)

Hin

gy = — 3 02 = =

For a portion of the circular-arc surface between the limits
Xx=m and X =n, the contribution of this portion to the
integrals (164) is

—
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1
Alg, = oy(n-m) + 3 oz(n®u®) B
1
ATy = 01 %(n-m) + gr02(nZm®) + 3 o2 (n%m®)
ATz = 01%(n~m) + % 01%02(2%02) + 0102%(n>n®)
- mn > (182)

+ % 0'23(1”14"1"(14)

AIam = 321 o1{nZm?3) + % az(na®) Q
1 2

A‘L;,m =5 d;a(nz-ma) + §'clag(na-m3) + % o2 (n4—m4) J

(Wote that m, n, and s are measured from the midchord point)

The corresponding expressions for a stralght—line element of
surface are obtained by putting o0z = 0 and replacing o3 with
the angle of inclination of that element relative to the chord line
with due regard to signs as defined immediately after equations (16L4).

2. D ' Foil o~
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For the gemneral double—wedge airfoil as shown

c1 = 2Cia + C2Mm1®F; (k1) — 1 ®F1 (key) ] (183)
cd = 2C10% + C1 331 (ky) + hy®BFa (k) |

+ 3021 F2 (k) — by®F1 (k)] @

+ C2[hy %Fa(ky) + ilust(ku)] | (188)
cm, = 12" Ci(hi~hy) + Cz2(hy+hy) o

- % Calb; ®F, (k) - hu2F4(ku)\] (185)

where the functions F(k) are defined by

3
Fa(k) = - Lo
k¥ k-1
=L __1_ .
Fa(k) = 55 - o5 $ (186)
v
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Values of these functions are given in the following table:

k Fi Fo F, k ¥y ¥z Py
0. - —— —

05 | 21,053 | 398.802 | -18.947 1 .55 L. 0ko -1.632] 0. h0k
.10 | 11,111 | 98.765 |~ 8.889 ] .60 ka6t -3.472] 04833
«15 T843 | 43.060 | — 5.491 1 .65 4,395 § 5,796} 1.319
«20 6.250 | 23.437 |- 37501 70 L 762 ~9.070} 1.90k
«25 52333 | 14222 |~ 2,667 75 52333 ~1h,222] 2,667
«30 h762 1 9,070 {— 1.90k] .80 6.250 | -23.437{ 3.750
'35 )4'=395 50796 - 1‘319 185 7-81"3 430060 5.“"91
40 | L.167 372 |- 0.833 ] .90 | 11.111 | -98.765| 8.889
45 | 4,040 1.632 |— O.40k} .95 | 21.053 | —398.802{18.947
«50 | 4.000 0 0 11,00 S —_— | -

3« Biconvex airfoil.—

\'hui

*hz

!

For the general biconvex airfoil made up of twe circular arcs

as shown

¢} = 2Cia + 1—36- Ce(h12-h,®)

cqg = 201(!,2 +

16
3

2
c = = C3(h1~h +
ml 3 1( 1 u)

2

3

Cz(hi+hy)a

C1(hyZ+h,®) + 16C2(hy3-h,%)a

(187)

(188)

(189)
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Airfoil with Flap.— Equations for calculating the asrodynamic
coofficients of an airfoll with flap are as follows:

l. General airfoil with flap.—

7

o

For an airfoil with a plain flap of chord Cf‘il as shown,

the. increments to the aerodynamic coefficients as a result of
the deflection of the flap are

(Acq)p = 2Cicpbye + 202(Ioz+10u)f Bp (190)

(Aca)p = 2Ci1cf(2048£)0p + 2C1(Toy-To,) Bf

+ 302(Top +Toy) o (2atdr)Br + 3C2(Tap—Tay), B . (191)

<A0m_3_> = — Caop(1-op)dg — 202(Ta ;415 )0r (192)
2/f
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where the subscript £ to the integral expressions indicates
that the integrals (equation 164) are evaluated in this case
over the chord of the flap, that is, from x = % —-cf to x = 1

- e

The hinge-moment coefficient for the flap is

Ci /1
ch = — Cafa+ds) + a—f3<§ - Cf> (Iol“‘Iou)f sz(Iel Isu)f

Ca
32 3 °f (I°1+I°u)f(a+6f) -2 E}E(I31+13u)f(a+8f)

+ E§§'<;'— cf (Ill‘Ilu)f 5524141 Ts)s (193)

2o Airfoil with straight—sided symmetrical flap.— For any

airfoil with a symmetrical flap having straight sides each of
which make an angle T with the chord line of the airfoil at
the trailing edge,

(Acy)p =2(C12C27) cfde S (194)

(Acg)p =2(C1i- C27) cf (2a4df)dF (195)

(ACI@ = — (01-2027) o (1—cf)oe (196)
2/t

on = = (01-2027) (asdg) (197)
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Limits of the Theory.— All of the foregoing equations of
section V-A are theoretically valid only if the flow fileld is every-
where supersonic. For any given case the minimum free—stream Mach

number at which this condition exists can be determined from the data
of section VI as follows:

For the angle of attack in question, determine the maximum
angle @5 through which the stream is deflected in a compressive
direction at the leading edge of the alrfoil. The minimum free-
stream Mach number above which the foregoing equations are valid
igs then given by the curve in figure 2 which defines a Mach number
of unity aft of the shock wave for a wedge.

— large~-Deflection Section Theory

With the assumption of zero viscosity, the pressure distribution
over a given airfoil at a given angle can be plotted with good accuracy
with the aid of the data on flow about wedges from section VI and on
expansion around a cornsr from section IV. The section force and
moment coefficients can then be found more accurately than with the
small—perturbation theory of part A by graphical or numerical integra-
tion of the pressure distribution.

| / condition 2

condition 1

Two conditions are possible with regard to the flow over the
surface of an airfoil:

Condition 1 — The flow at the leading edge 1s characterized
by a compression through a shock wave, as on the lower surface
of the airfoil in the preceding figure.
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Condition 2 —~ The flow at the leading edge 1s character—

ized by an expansion around a corner, as on the upper surface of
the airfoil in the figure.

The method to be followed in plotting the pressure distribution in
each case is outlined below.

Condition 1.~ The pressure coefficient Py at the leading
edge Just behind the shock wave 1s given by

Pm=?—q; <> (= -1 (198)

The value of (prgp/p,) in this equation is found from figure 3,
where, for this case, ® 1s replaced by 7z and (p. /pg) by

(prr/Po)e The value of (qo/p,) 18 found from table 1T as a
function of My,

The pressure coefficient P at any other point on the surface
is then given by

P b P
R {——— SE -} (199)
%o do PIE Po
2)
The values of (qo/p,) and (prg/p,) are already known.

The value of (P/PEE) can be found as follows:

Determine the Mach number Mg from figure 4 where & is
replaced by wr and My by Mp. Read the corresponding values

of vig and (prg/H) from table II as a function of M. Compute
the value of v at the point in question from the equation

L =V +4n (200)

where An 1s the change in angle betwsen the leading edge and the
given point. Find the corresponding value of (p/H) from Table II.
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The desired quantity is then given by

w2

Condition 2.~ In this case the pressure coefficient at any
point on the surface, including the leading edge, is given by

P-Po 1 P
P = =t 2 2 202
9 }_9_ Po } (202)
Py

The value of (%/Po) is determined from table II as a function of
My. To determine p/p,, first find ©, and p,/HE from table II
as functions of My. Find v at the point in question from

V= DQ + 7 (203)

where 1 1s the angle of inclinmation of the surface with respect to

the free stream, and determine the corresponding value of (p/H) from

table II. The desired ratio is then given by

o ® -
® - 5

Limits of the theory.,~ The limit of the large-deflection theory
as regards minimum Mach number is the same as that outlined for the
small—perturbation theory, i.e., the flow field must everywhere be
supersonic in order that the theory be applicable.
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It is to be noted that the application of Prandtl-Meyer flow to
the expansion immediately behind a shock wave (as is done in the
analysis of condition 1,) is not strictly Justified, even in a
nonviscous fluid. However, it 1s a good approximstion to actual
conditions.

C. Small-—-Perturbation Sweepback Theory

The effect of sweepback for a constant-chord wing of infinite
span has been détermined by Busemann (reference 6) and by Ludwieg
and Weber (reference 7). The theory is based on the same assumptions
as the small-perturbation theory of part A. In applying the theory,
the free—stream Mach number is resolved into a component parallel to
the leading edge My sin A, which has no effect on the surface
pressures, and a component perpendicular to the leadlng edge My cos A,
The 1ift force acting perpendicular to the free—stream direction, and
the drag force acting in the horizontal plane perpendicular to the
leading edge are then the same as the lift and drag forces that would
act on an unswept wing at a stream Mack number of My cos A. The
resulting equations correspond to Ackeret's equations for airfoil
sections; that i1s, they are based on the retention of only the
first—order term in 71 in equation (161).

Normal section

Streamwise section

Two cases are considered with respect to the angle of attack:

(1) For the case in which the wing is rotated about an axis
parallel to the leading and trailing edges, the force coefficients are

I cos A 2 cos? A (Iolmlou) (205)

CZ e i o A >
VMp2 cos® A-1 VMoZ cos® A-l



NACA TN No. 1428

51
2
Cd - )4' cos A (1,2 + L cos= A (Ioz—Iou) o
VM2 cos® A1 VMo2 cos2 A—L
2
» 2008 A (1,41, ) (206)

Jhoz cog® pA-l

(2) For the case in which the wing is rotated about an axis

verpendicular to the streamwise direction the following equations
apply

c_bcos®A _2cos® A

FoF oot e ax v =0

L Coss A o ) COS

VMoZ cos? A-1 ¢M62 cos2 Al ) *

G4 =

2
2 co8 & (Ty-Tay) (208)
JMoz cos® A-1

The angle of attack o (in radians) in both cases is the- angle between
the undisturbed stream and the chordline of a streamwise section of

the wing. The integrals I, defined by equations (164), are here
evaluated for a streamwise section of the wing, that is, for a section
taken parallel- to the general undisturbed flow. (The integrals Ip

are zero for all alrfoils in which the chordline passes through both
the leading and trailing edges.)

If it 1s desired to evaluate the integrals I for a normal
section of the wing, that is, for a section taken normal to the

leading edge, the foregoing equations can be modified with the follow—
ing relationships
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Io = (To)y (209)

Il = (Il)n cos A (210)

where the subscript n refers to a section taken normal to the
leading edge.

The center of pressure of the swept~back wing at an angle of
attack o has the same chordwise position (in percent chord) as
would a normal section of the wing set at an angle of attack of
a/cosA (case 1), or « cos A (case 2) 1in a two-dimensional stream
of Mach number M, cos A.

For a given angle of attack «, the foregoing equations are v
theoretically invalid below the free—stream Mach number Mg at which
the quantity My cos. A becomes equal to the limiting Mach number for
the normal section of the wing when set at an angle a/cos A (case 1),
or a« cos A (case 2) in two-dimensional flow (part-A).

VI — FLOW ABOUT WEDGES AND CONES

When a body moves through air at a uniform speed greater than
that of sound, a shock wave is formed which remains fixed relative to
the body. A pointed shape, that is, a two-dimensional wedge or a
cone, forms an oblique shock wave the characteristics of which are
determined by the vertical angle and the free—stream Mach number. At
high Mach nuwbers the shock wave originates from the point and forms
an angle with the body axis that varies inversely with the Mach
number. When the speed is reduced to a certaln critical value which
depends upon the vertical angle, the shock wave becomes detached from
the point and stands shead of the body. A comparison of the conditions
under which shock waves become detached from wedges and cones is shown
in figure 5 which presents the maximum wave angle and the minimum
Mach number at which shock waves are attached. A comparison of the
flow conditions about both cones and wedges is shown in figure 2.
These characteristics were determined by theoretical computations
that agree excellently with experimental results.

A — Flow About Wedges

The equations which describs the conditions about two~dimensional
wedges in supersonic flow are given in section IV, part B, Oblique
Shock Waves. As explainsd in that section, the following values may
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be determined from table IIT if M, sin & is used in place of M,
in the first column:

——— e e ummeme aswma—

Figures 3, 4, and 6 give the characteristics (i.e., pl/po, My, and
Ow,) of oblique shock waves for wedges of a given semivertical angle
% as functions of free—stream Mach number M,.

B — Flow About Conss
The conditions about cones in supersonic flow have been calculated
by Ge I. Taylor and J.W., Maccoll, and have been reported in references
1 and 2. The results of these calculations are shown in figures 7 and 8;
the former shows the wave angle 0Oy and the latter the pressure coeffi-— ‘

cient P for cones of various semivertical angles 695 as a function
of Mach number M,.

APPENDIX A
VISCOSITY OF AIR

The viscosity of air 1s sensibly independent of pressure, while
its variation with temperature is closely represented by

( ;f .76 (A1)

or more accurately by Sutherland's formula (T in °R = °F + 460):

}.-Lg Tl + 216 >3/2 (A—Q)

41 To + 216 \ T,
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Ths following valuss of L are based on Sutherland®s formula:

T 7} T T U
Ib smec (l'b ee) 1b sec
£t £t2 of £t2
(°F) e (°F) (°F) e
~100 o,eg!; -30 1 0.319 4o | 0.361
w90 42 ~20 «325 50 .366
- 80 L287 ~10 »331 60 «372
- TO 294 0 «337 70 .378
- 60 300 10 «343 80 .383
- 50,306 20 | 349 90 389
- b0 ,313 30 | 355 100 <39k
APPENDIX B

REYNOLDS NUMBER

Reynolds Number is defined as

_ Vsl Vol
Re = m = —,0—- . (Bf»l)
where 1 is a characteristic linear dimension.
Approximately, for airfoils at sea level,
Re = 10,000 (Vo in mph)(chord in feet) (B-2)

The variation of Reynolds number per foot with Mach number for vario
altitudes is given in figure 9.

In a high-speed wind tunnel (subsonic or supersonic) assuming
isentropic expansion from a total pressure H, and using equation
A-2  Tor the variation of viscosity with temperature, the Reynolds
number per unit reference length is given by
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M T, '?r"
Bz_. EM > (B-3)

Using a constant value of H, the Reynolds number per foot has
been plotted in figure 10 as a function of M for various tempera—
tures Ty

APTENDIX C
HUMIDITY RELATIONS

The following relationships are presented for the humidity, density,
and vapor pressure:

Specific humidity of air;

§ = —2Y ~ —2Y (c-1)
1.61 (B~py) 1l.61 E
Relative humidity of air;
_ Py
r = Ba (c—2)
= 0,622 B 0,622 & C
8 E—p—vy r T r ( 3)
Density of air;
(E - py)(psi) 10

w=gp = 28 - 2,70 L (C-4)

RT (460 + T3) °F) £t°
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Vapor pressure from psychrometric data (Ap john)

H (Tq = Ty)

- c-5)
1k,7 psi  9O°F (

P =D,

where

8 specific humidity

r relative humidity

H pressure of the air and vapor mixture

Tq temperature (dry—bulb) of mixture

Tw wot—bulb temperature

pg saturated vapor pressure corresponding to Tg

Py gsaturated vapor pressure corresponding to Ty

Py saturated vepor pressure corresponding to dew-point temperature

Saturated Vapor Pressure of Ice and Water

T P T e T P T P
Op psi Op psi op psi Op psi
-90  .00005 -30  .0035 30 .0808 90 6982
-85 .00008 25  ,0046 35 «1000 95 8152
-80 .00012 -20 0062 40 .1217 100 .9L492
~75  .00019 -15  .0082 45 1475 105 1,1016
~70  .0002k4 -10 . ,0108 50 L1781 110 1.2748
65  .00035 -5 L,01k2 55 #2141 115  1.h4709
-60  .00050 0 .0185 60 «2563 120  1.692k4
-55  ,00070 5  .0240 65 +3056 125 1.9420
-50  ,00098 10  .0309 70 23631 130 2.2225
~45  ,00136 15,0396 75 «14298 135 2.5370
40,0019 20 .0505 80 «5069 140 2.8886
—35  .0025 25 L0640 | 85 <5959 145 3,281

For additional values see references 8 and 9.
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APPENDIX D

CONVERSION FACTORS AND CONSTANTS

Pressures
Maltiply>{ 1b St&gd"
b =0 =2 in., Hp0 in, cm ar
to ebtan | 102 £e2 i e " atmos-
pheres
1b/1n2 1 0.00694% 0,03613 0.h912  0,193%  1L.70
1b/ft2 1k 1 5620k T70.73 27.85 2117
ine Hz0 27.68 .1922 1 13.60 5¢354 406.8
in. Hg 2,036 SOTH1Y « 07355 1 +3937 29.92
cm Hg 50171 .03591 .1868 2,540 1 76.00
Standard
atmos— .06804  ,0004725 ,002458 ,033Lk2 .01316 1
pheres
Multiply by to obtain
Miles per hour %% = 1,467 Feet per second
(Miles per hour)? 2,151 (Feet per second)®
Radlans ;SQ = 5T7.30 Degrees
Square meters 10.76 Square feet
Square inches 6,452 Square centimeters
Centipoises 1.45 x 1077 Lb sec/in2
Pounds (avdp) 7000 Grains
Log,o 2,3026 ing
= 3.14159
o =2,71828
cp = 0.241 for dry air, room temperature, atmospheric pressure
cy = 0,173 for dry air, room temperature, atmospheric pressure
R = 1718 —iﬁaf for dry air
sec® VE
g = 980.665 cm/sec® = 32.17h ft/sec®
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APPENDIX E
NACA STANDARD ATMOSPHERF

Variation of Temperature, Pressure, and Density with Altitude

For altitudes up to the lower level of the isothermal atmosphere
(35,332 feet), the following exact equations are applicable (refer—

ence 10):
T = Tg, — Ch (Toussaint's formula) (B-1)
5,255
Lo (- R
£ -(1 - o > (E-2)
. y . .25 (n in feet)
—_— = 1 - T
S \ 115366 (E-3)
where
T abgolute temperature
C constant
h altitude
p static pressure
p density

Subscript SL refers to seaple#el conditions

For the English system

Ter, = 518.% R
C = 0.00356617
h = altitude, feet

For the metric system

Tgr, = 288 °K
h = altitude, meters

In the isothermal atmosphere (35,332 < h < 104,987 £t, and
T = 392.4.°R) the following equations apply (reference 11):
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£§L> . __h
10810 < P 122,862 T, LEe11l 0919 (=)
Tm = h
b _ _ 11.9900
392,14
T
Par, Par

where Tp harmonic mesn temperature, °R
Equations applicable tc altitudes above the upper level cf the
isothermal atmosphere (104,987 £t) are given in reference 12,

Viscogity Relationships

The coefficient of viscosity can be determined clcsely from
b ,31—25.76
HsT, 181
or more accurately from (see Appendix A)

" <TSL+2:L6>< T >3/2
ber N T +216/\Tg/

T in °R = °F 4+ 460

TSL = 518.11 OR

L = 0.371 x 1076 1B _sec
12

Table of Properties

Valves of temperature, speed of sound, pressure, viscosity and
q/M? are given in table V as functions of altitude for the NACA
standard atmosphere.
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TABLE I.- SUBSONIC

, A
A
¥ p/H | /oy | T/Ty | afa, A%/a Vola* | Volag VIV ¥ o/H ofoa | T/Ta | &lea wo /] vola* | Volaa| VofV
+00 |1,0000 | 21,0000 |1.0000 | 1.0000 | .00000 0 0 0 .50 | .8430 | .8852 [.9524 | o759 | .7464 | .5345 | .4879 ] .2182
.01 | .9999 [ 1,0000 [1.0000 | 1.0000 | .01728 | .01095 | .01000 | .00447 .51 | .8374 | .8809 |.9506 | .9750 | .7869 | .5447 | .4972 | .2224
.02 | .9997 | ,9998 | .9999 [ 1,0000 | .03455 | .02191 | .02000 | .00894 .52 | .8317 | .8766 |.9487 | .9740 | .7672 | .5548 | .5065 | .2265
.03 1 ,9994} .9996 | .9998 | .9999 | .05181 | .03286 | .03000 | .01342 .53 | .8259 | .s7es l.04e8 | .o730 | .7773 | .5649 | .5157 | .2306
04 | .9089| .9992 | .9997| .9998 | .06905 | .04381 | .03999 | .01789 .54 | .8201 | .8679 |.0449 | .9721 | .7872 | .5750| .5249 | .2347
05 | .9985 | .9988 | .9995| .9998 | .08627 | .05476 | .04999 | .02236 .55 | .e142 | .8634 |.9230 | .o711 | .7968 | .5851 | .5841 | .2388
.06 | 9975 | 9982 | .9993 | .9996 | .I1035 | .06570 | .05998 | 02682 .56 | .8082 | .8589 |.9410 | .9701 | .8063 | .5951 | .5432 | 2429
07 | 9966 | .9976 | .9990 | .9995 | .1206 | .07664 | .06997 | .03129 57 | .8022 | 8544 |.9390 | .9690 | .8155 | .6051 | .5523 | .2470
.08 | .9955 | .9968 | .9987 | .9994 | .1377 | .08758 | .07995 | .03575 .58 | .7962 | .8498 [.9370 | .9680 | .8244 | 6150 | .5614 | ,2511
209 | .9944 | .9960 | .9984| .9992 | .1548 | ,09851 | ,08993 | .04022 .59 | 7901 | .8451 |[.9349 | .9s69 | .8331 | .6249 | .5705 | .2551
.10 | .9930 | .9950 | .9980| .9990 | .1718 | .1094 | .09990 | .04468 .60 | 7840 | .8405 |.o328 | .9658 | .8416 | .6348 | .5795 | .2592
211 | .9916 | .9940 | .9976 | .9988 | .1887 | .1204 | .1099 | .04013 .61 | .7778 | .8357 [.9307 | .9647 | .8499 | .6447 | ,5885 | 2632
.12 | ,9900 [ .9928 | .9971| .9986 | .2056 | .1313 | .1198 | .05359 .62 | .7716 | .8310 |[.9286 | .9636 | .8579 | .6545 | .5976 | .2672
.13 | .9883 | .9916 | .9966 | .9983 | .2224 | .1422 | .1298 | .05804 .63 1 .76b4 | .8262 |.9265 | .9625 | .8657 | .6645 | .6064 | 2712
.14 | .9864 | .9903 | .9961 | .9980 | .2391 | .1531 | .1397 | .06249 .64 | .7591 | .8213 |.9243 | .9614 | .8732 | .6740 | .6163 | .2752
.15 | .9844 1 .9888 | .9955 | .9978 | .2657 | .1639 | .1497 | .06693 .65 | 7528 | .8164 |.9221 | .9603 | .8806 | .6837 | .6242 | (2791
.16 | .9823 | ,9873 | .9949 | .9974 | .2723 | .1748 | .1596 | .o7137 .66 | .7465 | .8115 |.9199 | .9591 | .8877 | .6934 | .6330 | .2831
17 | ,9800 | .9857 | .9943 | .9971 | .2887 | .1857 | .1695 | .07581 .67 | .7401 | .8066 |.9176 | .9579 | .8945 | .7031 | .6418 | .2870
.18 | L9776 | .9840 | .9936 | .9968 | .3051 | .1965 | .1794 | .08024 .68 | .7338 | .8016 |.9153 | .9567 | .9012 | .7127 | .6506 i .2909
19 | L9751 | .9822 | .9928 | ,9964 | .3213 | .2074 | .1893 | .08467 .69 | 7274 | 7966 |.9131 | .9555 | .9076 | .7223 | .6593 | .2949
20 | ,9725 | .9803 | .9921 | .9960 | .3374 | .2182 | .1992 | .08909 .70 | 7209 | .7916 |.9107 | .9543 | .o138 | .7318  .6880 | .2988
21 | .9697 | .9783 | .9913 | .9956 | .3534 | .2290 | .2091 | .09350 71 | .745 | 7865 |.908¢4 | .9831 | .9197 | .7413 | .6767 | .3026
.22 | .9668 [ .9762 | .9904| .9952 | .3693 | .2398 | .2189 | .09791 .72 | 7080 | L7814 |.0061 | .9519 | .9254 | .7508  .6853 [ ,3065
23 | .9638 | .9740 | .9895 | .9948 | .3851 | .2506 | .2288 | .1023 w73 | .vois | L7763 |.9037 | .9506 | .9309 | 7602 | .6940 | .3103
.24 | .9607 | .9718 | .9886 | .9943 | .4007 | .2614 | .2386 | .1067 74| .e951 | 7712 |.9013 | 0494 | .9362 | .7696 [ .7025 | 3142
.25 | 9575 | ,96941 .9877 | .9938 | .4162 | .27ee | .2485 | 1111 .75 | .e886 | 7660 |.8989 | .9481 | .9412 | 7789 | .7111 | .B180
.26 | 9541 | 9670 | .9867 | .9933 | .4315 | .2829 | .2583 |- .1155 .76 | .e821 | .7609 |.8964 | .9468 | .9461 | .7883 | 7196 | .3218
.27 | ,9506 | .06a5 | .98s6 | .9928 | .a4467 | .2936 | .2681 | .1199 77| .er56 | L7557 | .8940 | .9485 | 9507 | .7975 | .7280 | .3256
.28 | ,9470 | .96191 .9846| .9925 | .4618 | .3043 | .2778 | .1242 78| .6690 | .7505 |.8915 | .9442 | .9551 | .8068 | .7365 | .5294
.29 | .9433 | .9592 | .9835 | .9917 | .4767 | .3150 | .2876 | .1286 .79 | .6625 | .7452 |.8890 | .9429 | .9592 | .8160 | 7449 | .3331
.30 | 9395 | .9564 | .9823 | .9911 | .4914 | .3257 | .2973 | .1330 .80 | .6560 | .7400 |.8865 | .9416 | 9632 | .8251 7532 | .3369
31 | ,9355 | .9635 | .9811 | .9905 | .5059 | .3364 | .3071 | ,1373 81| .6495 | .7347 |.8840 | .9402 | .9669 | .8343 | .7616 | .3406
.32 | ,9815 | .9506 | .9799 | .9899 | .5203 | .3470 | .3168 | .1417 .82 | .6430 | .7295 |.s815 | .os89 | .9704 | .8433 | .7699 | .3443
33 | 9274 | 9476 | .9787 | .9893 | .5345 | .3576 | .3265 | .1460 .83 | .6365 | .7242 |.8789 | .9375 | .9737 | .8524 [ .7781 | .3480
3¢ | 0231 | 9445 | .9774| .9886 | .5486 | .3682 | .3361 | .1503 82| .6300 | .7189 |.8763 | .9361 | .9769 | .8614 | .7863 | .3517
-3 | L9188 | L9415 | L9761 .9880 | .S624 | 3788 | .3458 | .1546 .85 | .6235 | .7136 | .8737 | L9347 | (9797 ] .8704 | .7945 | .3553
.36 | .9143 | .9380 | .9747 | .9873 | .5761 | .3893 | .3554 | .1589 .86 1 .6170 | .7083 |.8711 | .9353 | .9824 | .8793 [ .8027 | 3590
.57 | .9008 | .9847 | .973% | .9866 | .5896 | .3999 | .3650 | .1632 .87 | .eloe | .7030 | .se85 | .9319 | .9849 | .s882 | .8108 | .3626
.38 | .9052°| 9813 | .9719 | .9859 | .6029 | .4104 | .3746 | .1675 .88 | .6041 | .6977 |.8659 | .9305 | .9872 | .8970 [ .8189 | .3662
.39 | .9004 | .9278 | .9705 | .9851 | .6160 | .4209 | .3842 | .1718 .89 | .5077 | .6924 |.8632 | .9291 | .9893 | .o058 | .8269 | .3698
40 | .8956 | .9243| .9690 | .9844 | .6289 | .4315 . | .3937 | .1761 90| .5915 | .es70 | .s606 | .9277 | .9912 | .9146 | .8849 | .5734
41 | .8907 | .9207 | .9675 | .9836 | .6416 | .4418 | .4033 | ,1804 .91 | .5849 | .6817 |.8579 | .9262 | .9929 | .9233 | .8429 | 3760
.42 | .8857 | .o170 | .9659 | .9828 | .6541 | .4522 | .4128 | .1846 .92 | .5785 | .6764 | .8552 | .9248 | ,994¢ | .9320 | .8508 | .3805
.43 | 8807 | .9132| .9643| .9820 | .6663 | .4626 | .4222 | .1888 93| .5721 | .6711 | .8525 | .9233 | .0958 | .9407 | 8587 | .3840
.44 | .8755°| .9094 | .9627| .9812 | .678¢ | .4729 | .4317 | .1931 .94| .s658 | .6658 | .8498 | .9218 | .9969 | .9493 | .8665 | .3875
P o

45 | .8703 | 9055 | .9611| .9803 | .6908 | .4833 | .4412 | .1973 .95| .5505 | .6604 | .8471 | .9204 | .9979| .9578 | .8744 | .3910
.46 | .8650 | .9016| .95941 .9795 | .7019 | .4936 | .4506 | .2015 .96 | .5632 | .6551 | .8444 | .0189 | .o988'| .9663 | .8821 | 3945
.47 | .8596 | .8976 | .9577| .9786: | .713¢ | .5038 | .4599 | ,2057 co7| .5469 | .e498 | .8416 | .o174 | .9992 | .9748 | .8899 | .3980
48 17,8541 | 8936 | .9560°| .977% | .7246 | .5141 | .4693 | .2099 98| ,65407 | .6445 | .8389 | .9159 | .9997| .9833 | .8976 | .4014
.49 | .8486 | .8894 | .9542 | .oved | .7356 | .5243 | .4786 | .2141 99| .5345 | .6392 | .8361 | .9144 | .9999| .9916 | .9052 | .4048
60 | .8430 | .se52 ) .9624 ) .o7s0 | (7464 | .5345 | .4879 | .2182 1.00] .5283 | .6339 | .8333 | .9129 |1.0000{ 1.,0000 | .9129 | .4082
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TABLE IT,.. SUPERSONIC NACA TN No. 1428
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M2 p/H ploa | T/ty | afay, | a*/a a/p a/e 8 1/8 v og
1,0000 | ,5283 | ,6339 | .8333 | ,9129 ]1,0000 | .7000 | .3698 0 ® 0 90.00
1.0201 | ,B221 | ,6287 | ,8506 | ,9113 | ,9999 )} .7141 | .3728 | ,1418 | 7.053 04473 | 81.93
1.040¢ | 5160 | ,6284 | .8278 | ,9098 | ,9997 | .7283 | .zvs8 | .2010 | 4.978 21257 | 78,64
1.0609 | .5099 | ,6181 | .8250 | ,5083 | ,9993 | .7426 | .3787 | .2468 | 4.082 2294 | 76.14
1.0816 | .5089 | ,6129 | .8222 | ,9069 | ,9987 | .7571 | .3815 | .2857 | 3.501 .3610 | 74,08
1,10256 | ,4979 | ,6077 | .B193 | .9052 | .9980 | .7718 | 3842 | .3202 | 3,124 4874 | 72,25
1.1236 | .4919 | .6024 | ,8165 | .9036 | .9971 | ,7865 | .3869 | .%516 | 2.044 6367 | 70.63
1.1449 | ,4860 | ,5972 | ,8137 | .9020 | .9961 | .8014 | .3895 | .3807 | 2.627 7973 | 69.16
1.1664 | .4800 | ,5920 | ,8108 | .9005 | ,9949 | .8165 | .3919 | .4079 | 2.451 .9680 | 67,81

1.1881 <4742 | .5869 | ,8080 »8989 - 9936 8317 | 3944 4337 | 2,306 1,148 66,55

1,2100 | ,4694 | 5817 ( .8052 | ,8973 . 9921 .8470 | ,3967 .4683 | 2,182 1.336 65.38
1.2321 .4626 | .5766 .8023 | .8957 »99056 «8625 | .3990 4818 | 2,076 1.532 64,28
1.2544 | .4568 | .5714 | .7994 | .8941 , 9888 .8781 .4011 5044 | 1.983 1.735 §3.23
1.876¢ .41l ! 5663 .7966 | .8925 »9870 -8938 | .4032 5262 | 1,900 1.944 62,25
1.2°° o «44565 «5612 | ,7937 | .890%9 + 9850 .9097 | 4052 5474 { 1.827 2.160 61.31

e 3285 .4398 | ,5662 - 7908 .8893 . 9828 . 9258 .4072 5679 | 1.761 2.381 60,41
1.3456 | 4343 »6511 | 7879 | .8877 +9806 .9419 »4090 +5879 | 1.701 2.607 59,58
1.3689 » 4287 .5461 | 7861 | .8860 .9782 .9582 .4108 26074 | 1,646 2,839 58,73
1.,3924 | .4232 | 5411 .7822 | .8844 9788 29747 | ,4125 .6264 | 1,596 3,074 57.94
1.4161 | .4178 .5361 | ,7793 | .8828 .9732 . 9913 .4141 .6451 | 1,550 3,314 57,18

1.,4400 | ,4124 | ,5311 « 7764 .8811 .97056 | 1.008 24157 .6633 | l.508 3,558 56.44
1.4641 | .4070  .5262 .7735 | ,8795 <9676 | 1,025 .4171 .6812 | 1,468 3,806 55,74
1.4884 .4017 | 5213 7706 | ,8778 « 9647 | 1,042 .41856 26989 | 1,431 4,057 55,05
1.8129 | 3964 | .5164 | .7677 | .8762 -9617 | 1,059 .4198 27162 | 1,396 4.312 54,39
1,5376 | .3912 «5115 .7648 | .B745 .9586 | 1.076 .4211 L7382 | 1.364 4,569 53.75

1.5625 -3861 | 5087 | .7619 | .8729 29853 | 1,094 24223 7800 | 1,333 4,850 | 53,13
1.8876 .35809 | .5019 27590 | 8712 .9820 | 1,111 . 4233 27666 | 1,305 5,093 | 52,53
1.6129 | 3759 24971 « 7661 | .8838 .9488 | 1,129 24244 . 7829 [ 1,277 8,359 51.94 |
1.6384 .3708 .4923 | .7532 | .8679 9451 1} 1,147 « 4253 7990 | 1,282 5,627 - | 81,38
1.6641 | .3658 | .4876 | 7503 | .8662 +9415 | 1.165 +4262 .8149 | 1,227 8,898 50.82

1.6900 | .3609 . 4829 .7474 | 8645 <9378 1 1.183 «4270 .8307 | 1,204 6,170 50,28
1.7161 .3560 | ,4782 J7445 .8628 9541 | 1.201 4277 +8462 | 1,182 6,445 49,76
1.7424 | 3512 24736 | ,7416 | .8611 9502 | 1.220 .4283 «8616 | 1.161 6,721 49,25
1.76889 .3464 | ,4690 | ,7387 -8595 29263 | 1,238 + 4289 28769 | 1,140 7,000 48,75
1.7956 <3417 | .4644 | 7358 | .8578 «92283 | 1.257 «4294 .8920 | 1,121 7.279 48.27

1.8225 23370 | .4598 | ,7329 | .8561 .9182 | 1,276 + 4299 25069 | 1,103 T.561 47.79
1.8496 | .3323 +4B53 7300 | .8544 29141 | 1,295 » 4303 «9217 | 1.08% 7,844 47,33
1.8769 | 3277 | .4508 <7271 85687 .9099 | 1.514 + 4308 «9564 | 1,068 8,128 46.88
1.9044 .3232 | .4463 | 7242 | .8510 . 9058 | 1,333 + 4508 .9510 | 1,052 8,413 46.44
1,9321 | 3187 | 4418 | 7213 | .8493 «9013 | 1,352 | .€510 .9655 | 1,036 8,699 46,01

1.9600 | 3142 24374 | 7184 | 8476 +8969 | 1,372 «431L 4 .9798 | 1l.021 8.987 45,58
1.9881 »3098 | ,4330 | 7158 .8459 <8925 | 1.392 « 433182 «9940 | 1,006 9,276 45,17
2.,0164 | 3055 | .4287 7126 | .B442 -8880 | 1,411 24312 | 1,008 | ,9919 | 9.565 44,77
2.0449 | 3012 L4244 27097 | 8425 .B83¢ | 1.431 -4311 | 1,022 .978% | 9,855 44,37
2,0736 | 2969 | .4801 | ,7069 | .8407 8788 | 1.452 .4310 | 1,036 +9651:110,15 43,98
2,1025 | 2927 | .4158 | ,7040 | .8390 8742 | 1,472 +4308 | 1,050 .9524 | 10,44 43,60
2,1318 2886 | .4116 7011 | .B373 .8695 | 1,492 4506 | 1,064 .9401 [ 10,73 45.23
2.1609 | ,2845 »4074 | .6982 | .8356 +8647 | 1,513 <4303 | 1.077 ,9281 | 11,08 42.86
22,1904 | .,2804 | ,4032 6954 | .8339 .8599 | 1,533 24299 | 1,091 .9165 111,32 42,51
2,2201 | .2764 | .3991 | ,6925 | .8322 »8551 | 1,554 42056 | 1.106 29053 | 11.61 42,16
2,2500 | .2724 { 3950 | ,6897 | .8305 8502 | 1,575 .4290 | 1,118 8944 (11,91 41.81
2,2801 | .2685 3909 | .6868 .828%7 .34583 | 1.596 .428% | 1,131 .8838 | 12.20 41.47
2,5104 | ,2646 25869 | .6840 | 8270 .8404 | 1,617 24279 | 1.145 8736 | 12,49 41,14
2,3409 | .,2608 | .3820 | 6811 | .82853 #8354 | 1,639 «4273 | 1,158 -8636 [ 12.79 40,81
2.3716 .2570 | .3789 .6783 | .8236 .8304 | 1,660 24266 | 1,171 .8539 | 13.00 40,49
2.4025 .2B53 | 3750 | .6754 | ,8219 8864 | 1,682 .4269 4 1,184 .8444 |13.38 40,18
2.4336 -2496 | ,3710 | ,6726 .820% 28203 | 1,704 4252 | 1,197 8552 |13.68 39,87
2,4649 | ,2459 | .3672 6698 | .8184 8162 | 1,725 4245 | 1,210 .8262 [13,97 39,56
2,4964 | .2423 | 3633 . 6670 .8167 .8101 | 1,747 .4235 | 1,223 .8175 | 14,27 39,27
2.5281 .2388 3595 . 6642 .8150 »8050 | 1,770 24226 | 1,236 .8090 | 14,56 38,97
2,5600 | 2353 | .3557 | .6614 | .8133 7998 | 1,702 <4216 | 1l.249 .8006 ) 14,86 38,68
2.5921 2318 5520 | .6B86 | .8115 7947 | 1,8)4 -4206 | 1,262 .7925 | 18,16 38,40
2.6244 22284 | ,3483 .6558 | ,8098 .76895 § 1,837 04196 | 1.275 27846 {15,485 38,12
2.6569 | ,2250 -5446 | 8530 | .8081 «7843 | 1.860 »4185 | 1,287 7769 | 18,75 37.84
2.,6896 | .2217 .3409 { .6502 | .8064 <7791 t 1,883 24174 | 1,300 <7693 | 16,04 57,57
2,7225 | ,2184 | 3373 26475 | .8046 27739 1 1,906 .4162 | 1,312 .7T619 | 16,34 37,31
2.7566 | .2151 | .3337 .6447 | ,8029 27686 | 1,929 +4150 | 1.325 27547 116,63 37.04
2,.7889 .2118 | ,3302 «6419 .8012 7634 | 1.952 .4138 | 1.337 7477 116,93 56,78
2.8224 | .2088 .3266 | 6392 | ,7995 7881 | 1.976 41256 | 1,350 27408 117,22 36,53
2.8861 | ,2087 | .53232 6364 | 7978 7629 | 1.999 4212 | 1.362 .7340 {17.52 36,28
2.8900 22026 { ,3197 | .6337 | .7961 27476 | 2,023 4098 | 1.375 7274 |17.81 36,03
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NACA TN Ne. 1428 TABLE II.- CONTINUED. SUPERSONIC 63
M M3 pfH o/ps /s | 8lag § a%/a }afp q/H 8 1/g v ™
1.70 | 2.8900 | .2026 | .3197 | .6337 | 7961 | 7476 | 2.023 | .400% | 1.376 { .7274 | 17.91 | 36.03
1.71 | 2.9241 | .1996 | .31e5 | .6510 | .7943 | .7423 | 2.047 | .4086 { 1.387 | .7209 | 18.10 | 35.79
1.72 | 2.0884 | .1966 | .3129 | .e283 | .7926 | .7a71 | 2.071 | .40m1 | 1.399 | .7146 | 18.40 | 35.58
o7z | 2.0029 | o193 | .3005 | .e286 | L7909 | .7318 | 2.095 | .4056 | 1.412 | .70e4 | 18.69 | 35.31
1.7 | 3.0276 | .1907 | .3082 | .6220 | .7892 | .7265 | 2.119 | .4041 | 1.424 | .7023 | 18.98 | 35.08
1.75 | 3.0625 | .1878 | .z029 { .e202 | .7875 | .7212 | 2.144 | L2026 | 1.436 | .6963 | 19.27 | 34.85
1.76 | 3.0976 | .1850 | .2906 | .e175 | .78b8 | .7160 | 2.168 | .4011 | 1.448 | .6905 | 19.56 | 34.62
177 | 3.1329 | 122 | .2064 | .s1a8 | .7841 | .7107 | 2.393 | 3996 | 1.460 | .6847 | 19.86 | 34.40
1owe | 3.1684 | 1794 | .oo32 | .e121 | .7s24 | .7054 | 2.218 | .3980 | 1.473 | .6791 | 20.15 { 34.18
1.79 | 3.2081 | 1767 | .2000 | .e095 | o707 | 7002 | 2.243 | .3964 ) 1.485 | .6736 | 20.44 | 33.96
1.80 | 3.2400 | 1740 | .2868 | .e068 | 7790 | .6949 | 2.268 | .3947 | 1.497 | .e682 | 20.73 | 33.75
1.81 | 3.2761 | 1714 | .2837 | .e0a1 | 27773 | .6897 | 2.203 | .3031 | 1.500 | .6628 | £1.01 | 33.54
1.82 | 3.3124 | 1688 | .2806 | .6015 | .7756 | .6845 | 2.319 | .3014 | 1.521 | .6576 | 21.30 | 33.33
1.85 | z.3280 | .1s62 | .2776 | .5989 | .7739 | .e792 | 2.344 | .3807 | 1.533 | .6525 | 21.59 | 33.12
1.82 | 3.3856 | .1637 | .ov45 | .5963 | .7722 | .6740 | 2.370 | .3879 | 1.545 | .6474 | 21.88 | 32.92
1.85 | 3.2225 | .1612 | .2715 | .5936 | .770s | .ee88 | 2.396 | .3862 | 1.556 | .6425 | 22.16 | z2.72
1.86 | 3.4508 | .1587 | .2686 | .5910 | .7688 | .6636 | 2.422 | .3844 | 1.568 | .6376 | 22.45 | 32.52
187 | 34069 | 1563 | .2656 | .5084 | .7e71 | .6584 | 2.448 | .3826 | 1.580 | .6328 | 22.73 | 52.33
1.88 | 3.5342 | .is39 | .o627 | .5859 | .7es4 | .6533 | 2.474 | .3308 | 1.592 | .e281 | 23.02 | 32.13
1.89 | 3.5721 | .1516 | .2508 | .5833 | .7637 | .6481 | 2.500 | .3790 | 1.604 | .6235 | 23.30 | -31.94
1.90 | 3.6100 | .1402 | .2570 | .5807 | .7620 | .6430 | 2.527 | .3771 | 1.616 | .6190 | 23.59 | 31.76
1.01 | 5.6481 | .1470 | .o542 | .5782 | sveoa | .6279 | 2.554 | .3753 | 1.627 | .6145 | 23.87 | 31.57
1.02 | 3.6068 | .1447 | .2514 | .5756 | .7587 | .6328 | 2.580 | .3734 | 1.639 | .6101 | 24.15 | 31.39
1093 | 3o7249 | t1ae5 | 2486 | .5731 | L7570 | 6277 | 2.607 | .3715 | 1.651 | .6058 | 24.43 | 31.22
1.94 | 37636 | 1403 | .2459 | .5705 | .7553| .6226 | 2.635 | .3696 | 1.662 | .6015 | 24.71 | 31.03
1.95 | 3.0025 | .1381 | .oa32 | .se80 | .753v | .6175 | 2.662 | .3677 | 1.674 | .5975 | 24.99 | 30,85
1i96 | 3.8416 { .1360 | .o405 | .5655 | .7520 | .6125 | 2.689 | .3657 | 1.686 | .5932 | 25.27 | 30.68
1,07 | 30800 | .1339 | .o378 | .5630 | .7503 | .6075 | 2.717 | .3638 | 1.697 | .5892 | 25.55 | 30.51
1ios | 30202 | 1318 | .2352 | .5605 | .7487 | .6025 | 2.744 | .3618 | 1.700 | .8852 | 25.83 | 20,33
199 ! 30601 | Jizes | o326 | .5580 | .7a70 | .5075 | 2.772 | .3598 | 1.720 | .s812 | 26.10 | 30.17
2.00 | 2.0000 | 1278 | .2300 | .5586 | .7454 | .5928 | 2.800 { .3579 | 1.732 | .5774 | 26.38 | 30.00
a.01 | 4.0801 | .1988 | 2275 | .5531 | .7437 | .5877 | 2.828 | .3559 | 1.744 | .5735 | 26.66 | 29.84
202 | 2.0804 | 1239 | .2850 | .5806 | .7420 | .5828 | 2.856 | .3539 | 1.756 | .5698 | 26,93 | 29.67
5903 | 41200 | 1200 | .2%25 | 5482 | w7404 | 57790 | 2.885 | .3518 | 1.787 | .6661 | 27.20 | 29.51,
2.04 | 4.1616 | .1201 | .o200 | .s4s8 | .7ses | .5730 | 2.913 | .3498 | 1.778 | .se24 | 27.48 | 29.35
2,05 | 4.2025 | .1182 | 2176 | 5433 | .73 | .5682 | 2.942 | 3478 | 1,790 | .8688 | 27.75 | 29.20
o.06 | 2.2436 | .1164 | .2152 | .5200 | .7355 | .5634 | 2.071 | .3458 | 1.801 | .5852 | 28.02 | 29.04
2.07 | 4.2840 | -3146 | .18 | .5%85 | .7338 | .58586 | 2.999 | .3437 | 1.812 | .5517 | 28.29 | 28.89
s.08 | 4.3262 | .1128 | .2104 | .5381 | .7322 | .5538 | 3.028 | .3417 | 1.824 | .5483 | 28.56 | 28,74
o.00 | 4.3681 | .1111 | .08l | .5337 | .7306 | .5491 | 3,058 | .3396 | 1.835 | .5449 | 28.83 | 28.59
2,10 | 2,2100 | .1092 | .z088 | .s313 | .7289 | .5244 | s.087 | .3376 | 1.847 | .5415 | 29.20 | 28.44
2:11 | 44521 | 3077 | 2035 | .5280 | .7evs | .s3e7 | 3.116 | .3355 | 1.858 | .5382 | 29.36 | 28,29
212 | 4.4042 | 1060 | .2013 | .5286 | .7257 | .5350 | 3.146 | .3334 | 1.869 | .5350 | 29.63 | 28,14
5233 | 4.5569 | .10a3 | .1900 | .5243 | .7e41 | .5304 | 3.176 | .3314 { 1.881 | .5317 } 29.90 | 28,00
2.14 | 4.5708 | -3027 | 196 | .5219 | .7225 | .5258 | 3.206 | .3293 | 1.892 | .5285 | 30.16 | 27.86
2,15 | 2.6225 | .1011 | .1946 | .5196 | .7208 | .5212 | 3.236 | .3272 | 1.903 | .5254 | 30.43 | 27.72
5.16 | 4.6656 | 09956 | .1925 | .5173 | .7192 | 5167 | 3.266 | .3252 [ 1.916 | .5223 | 30.69 | 27.58
ov17 | 4.7089 | coesoz | L1803 | .5150 | .7ive | .5122 | 3.296 | .3231 | 1.926 | .5193 | 30.95 | 27.44
518 | a.7624 | 09650 | .1882 | .5127 | .7160 |-.5077 | 3.327 | .3210 | 1.937 | .5162 | 31.21 | 27.30
5239 | 4.7961 | coeso0 | .1se1 | .5104 | .7144 | .5032 | 3.357 | .3189 | 1.948 | .5138 | 31.47 | 27,17
2,20 | 4.8400 | 09352 | .1841 | .5081 | .7128 | .4088 | 3.388 | .3189 | 1.960 | .5103 | 31.73 | 27.04
oe21 | 4.8841 | .os2o7 | .1s20 | .5080 | .7112 | .4944 | 3.419 | .3148 | 1,971 | .507¢ | 31.99 | 26.90
o.02 | 4.0284 | 09064 | .1800 | .5036 | .7097 | .4900 | 3.450 | .3127 | 1.982 | .5045 | 32.25 | 26,77
oe2x | a-9729 | .0s923 | .1780 | .5014 | .7081 | .4856 | 3.481 | .3106 | 1.993 | .5017 | 32.51 | 26.64
o.24 | 5.0176 | 08785 | .1760 | .4991 | .70e5 | .4813 | 3.512 | .3085 | 2,004 | .4989 | 32.76 { 26.51
2,25 | 5.0625 | .oseas | .1740 | .4969 | .7048 { .4770 | 3.544 | .3065 | 2.016 | .4961 | 33.02 | 26.39
oo26 | 5.1076 | .08514 | .1721 | .4347 | .7033 | .a727 | 3.575 | .3044 | 2,027 | .493¢ | 33.27 | 26.26
oeom | Bo1520 | cosssz | .ivoz | .29%5 | .7018 | .4685 | 3.607 | .3023 | 2,038 | .4907v | 33.53 | 26.14
o'os | 8.1084 | o252 | .1e83 | .4905 | .7002 | .4643 | 3.639 | .3003 | 2.049 | .2880 | 33.78 | 26.01
o.00 | 5.2441 | .08123 | .1ee4 | .4881 | .6986 | .4601 | 3.871 | .2082 | 2.060 | .4852 | 34.03 | 25.89
2,30 | 5.2000 | .ovo07r | .1646 | .4859 | .eo71 | .4560 | 3.703 | .2961 | 2,071 | .4828 | 34.28 | 25.77
5os1 | 5.3361 | .o7ers | .1e2s | .4837 | .6955 | .4519 | 3.735 | .2941 | 2,082 | .4802 | 34.53 | 25.65
o35 | 5.8824 | .oms1| .1609 | .4816 | .6940 | .4478 | 3.768 | .2920 | 2,095 | .4777 | 34.78 | 25.53
oezs | 5.am89 | 07631 | 1502 | .4794 | .6924 | .4437 | 3.800 | .2900 | 2.104 | .4752 | 35.03 | 25.42
ooz4 | 5.a756 | ovsiz | L1574 | .a77s | .e00s | .4397 | 3.833 | .2879 | 2.116 | .4v2v | 35.28 | 25.30
.35 | 5.5225 | .0v396 | .1586 | .4752 | .6895 | .4357 | 3.866 | .2859 | 2.127 | .4702 | 35.53 | 25.18
536 | 5.5808 | .ovesy | .1539 | .4731 | .6878 | .4317 | 3.809 | .2839 | 2.138 | .4678 | 35.77 | 25.07
oozn | s.8180 | .ovies | .1522 | .a700 | .6863 | .4278 | 3.932 | .2818 | 2.149 | .4654 | 36.02 | 24.96
oo3g | 5.6642 | 07057 | .1505 | .4688 | .6847 | .42839 | 3.965 | .2798 | 2.160 | .4630 | 36.26 | 24.85
530 | 57121 | .06048 | .1488 | .4668 | .6832 | .4200 | 3,998 | .2778 | 2.171 | .4607 | 36.50| 24.73
2.40 | 5.7600 | .os840 | .1472 | .4647 | .es17 | .4161 | 4,082 | 2758 | 2,182 | 4583 | 36.75 | 24.62
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NACA TN Fo. 1428

TABLE 311.-~ CONTINUED. SUPERSONIC
M ¥? pfH p/og /T | afaa | A*/A ) afp q/H B 1/8 v gy
2.40 85,7600 .06840 - 1472 4647 6817 4181 4,032 2758 2,182 4588 | 36.75 24,62
2,41 | 5,8081 06734 21456 .4626 - 6802 4123 | 4,066 22738 1 2,193 4661 | 36.99 | 24,52
2,42 5.,8564 .06630 1439 +4606 +6788 +4085 4,099 2718 | 2,204 .4538 | 37,23 | 24,41
2,43 5,9049 06527 «1424 » 45685 28771 24048 4,133 2698 | 2,215 4815 | 37.47 | 24,30
2,44 5,9536 06426 +1.408 + 4565 + 8756 <4010 4,168 2678 2,226 24493 37,71} 24,19
2,45 6,0025 06327 .1392 .45644 26741 «3975 | 4.202 +2668 2,237 #4471 | 37,99 24,09
2.46 68,0516 06229 « 1377 4524 8726 3937 4,236 2639 2.248 4449 | 38,18 | 23.99
2,47 | 6.1009 06133 .1362 » 4504 «8711 3800 4,271 2619 | 2,269 4428 | 38.42 23.88
2,48 6.1504 »06038 «1347 » 4484 8696 23864 4,305 - 2599 2,269 « 4406 38,66 23,78
2,49 6.2001 05945 21332 24464 6681 3828 4,540 -2580 2,280 - 4385 38,89 23.68
2,50 | 6.2500 .06853 »1317 4444 «8667 | 3793 | 4,375 22661 | 2,291 24364 | 39.12 | 23,58
2,51 6,3001 08762 « 1302 +»4425 +5652 3767 4,410 22041 | 2,302 +4344 39,36 | 23.48
2,52 6,3504 06674 1288 +4405 + 8637 3722 4,445 .25622 2,313 »4323 39,59 23,38
2:.53 | 6.,4009 .05588 »1274 + 4386 . 6628 .3688 4,481 2503 23R4 4303 | 39,82 | 23,28
2,54 6,4516 ,08500 | 1260 »4366 + 6608 » 2653 4,516 +2484 2,335 - 4283 40,05 23,18
2,55 6,5025 05415 «1246 » 4347 + 8593 235619 4,552 2465 | 2,546 » 4263 40,28 28,09
2,56 66,5556 05332 1252 » 43528 » 6579 3585 4,588 22446 | 2,357 4243 | 40.52 { 22,99
2,57 6.,6049 052850 21218 « 4309 +6564 «3652 | 4,623 +2427 2,367 4224 40,75 | 22.91
2.58 6.6564 .05169 » 12056 « 2289 +5549 »3519 4,659 .2409 | 2,378 «4205 40,96 | 22.81
2.59 68,7081 05090 1192 24271 6538 54886 4,696 » 2390 2.389 ~-4186 41,19 22,71
2,60 6.7600 06012 » 1179 » 4252 +55621 23453 | 4.732 #2371 | 2,400 » 4187 41,41 | 22,62
2,61 86,8121 04935 +1166 » 4253 6606 3421 4,768 » 2383 2,411 +4148 41 .64 22.53
2,62 5.8644 -048569 + 1153 » 4214 +6492 23389 4,805 22335 2,422 - 4129 41,86 22,44
2,63 6,9169 04784 51140 4196 6477 +3357 | 4.B42 2317 2,432 4111 42,09 22,55
2,64 6,9696 204711 1128 4177 85463 » 3328 4.879 . 2208 26443 » 4093 42.31 § 22.26
2.65 7.0225 04639 »1115 -4159 »6449 -3294 4,916 22280 2,454 +4075 42,53 | 22.17
2,66 740756 « 04568 21103 #4141 »6435 3263 4,953 2262 2.465 « 40587 42,75 22,08
2,67 71289 »,04498 - | 1091 4122 26421 » 3232 4,990 +2245 2.476 4039 42,97 | 22,00
2,68 7.1824 « 04429 1078 4104 6406 «3202 5,028 22227 24486 +4022 43,19 | 21.91
2,69 7,256 04362 +1067 » 4086 6392 3172 5,065 #2209 | 2.497 «4004 | 43.40 | 21,82
2,70 72900 -+ 04295 1056 + 4068 «6378 20142 5,103 22192 2,508 «3987 43.62 | 21,74
2,71 7,5441 .04229 21044 24081 6364 »3112 5,141 2174 | 2,519 3970 43,84 | 21,68
2,72 7.5984 04165 21033 » 4033 6350 +3083 5,179 22157 | 2,530 3853 44,05 | 21,57
273 7.4529 .04102 +1022 »4015 6337 «3054 | 5,217 2140 2,540 « 3937 44,27 | 21,49
274 | 7.5076 +04039 1010 »3998 + 6323 +3025 5.265 22123 | 2,551 3920 44,48 | 21,41
2675 75626 03978 09894 «3980 6309 «2996 | 5.294 »2106 2.562 -5904 | 44,69 | 21,32
2.76 7.6176 03917 .090885 + 3963 6295 +R968 5.332 .2089 2,572 3887 | 44,91 | 21.24
2.77 7.6728 05858 209778 23945 6281 »2840 5+371 2072 | 2,583 3871 45,12 | 21,16
2,78 7.7284 203799 »09671 .3928 .6268 22912 5,410 +2055 2,594 . 3888 45.3% | 21,08
2,79 7,7841 03742 09566 «3911 6254 2884 | 5,449 22039 | 2,608 .5839 45.5¢ | 21,00
2,80 | 7.8400 « 03685 209463 23894 » 6240 «2857 | 5.488 22022 | 2.615 3824 45,75 | 20,92
2,81 78961 .03629 09360 » 3877 6227 «2830 | 5.527 »2006 2,626 +3808 45,95 { 20.85
2,82 79524 03674 09259 3860 6213 2803 5.567 21990 | 2,837 » 3793 46.18 | R0.77
2,83 8.0089 - 03520 .09158 .5844 6200 = R777 5,606 #1973 2,647 3777 46,37 20,69
2.84 | B.0656 .03467 » 09059 3827 .6186 » 2750 5,646 1957 | 2.688 - 3762 46.57 | 20,62
2.85 8,1225 .03415 08962 +3810 «6173 2724 | 5.686 21941 | 2,669 25747 46,78 | 20,54
2,86 8.,1796 +03363 .08868 3794 6159 2698 | 5.726 21926 | 2,879 | .3732 46,98 | 20.47
2.87 8,2569 203312 .08769 23777 »6146 2673 5.766 21910 ] 2,690 3717 47.19 20,39
2.88 | 8,2944 03263 08675 «3761 .6133 2648 [ 5.806 +1894 1 2,701 . 3703 47,39 | 20,32
2.89 | B.3521 »03213 «08581 3745 26119 22622 | B.846 | .18 { 2.711 »3688 47.58 | 20.24
2,90 8,4100 03168 .,08489 . 3729 .6108 +2598 5.887 » 1863 2,722 23674 1 47,79 | 20,17
2,91 8,4681 03118 .08398 #3712 .6093 «2573 5,928 +1848 2,733 + 3659 47,99 20,10
2,92 8,5264 -03071 . 08307 +3696 . 6080 2649 5.968 +1833 2,743 » 3645 48,19 20,03
2,93 8.5849 .03025 08218 3681 « 6067 22624 | 6.009 +1818 2,754 3631 | 48,38 | 19.96
2,94 | 8,6436 02980 »,08130 +3665 6064 +2500 6,051 » 1803 2,765 +3617 48,59 19.89
2,95 8,7025 02935 08043 25649 6041 « 2477 6,002 21788 | 2,775 3603 48,78 19.81
2,96 | 8,7616 ,02891 07957 +5633 .6028 +2453 6,133 « 1773 2,786 -3589 48,98 19,75
2.97 8,8209 02848 .07872 35618 .6015 » 2450 6,175 1758 | 2,797 3576 49.18 | 19,68
2,98 8,8804 «02805 07788 3602 - 6002 2407 6.216 <1744 | 2,807 3562 49.37 | 19,61
2699 8,9401 . 02764 07708 3887 .5989 » 2384 6,258 .1728 { 2.818 3549 49,56 19,54
3,00 9,0000 202722 07623 23571 .5976 «2362 | 6,300 1715 2,828 »3536 | 49.76 19,47
5,01 9.0601 ».02682 »07541 +3556 + 5963 +2339 | 6,542 1701 | 2,839 55622 49,96 19,40
5,02 89,1204 02642 07461 «5541 +5951 23817 6,584 ,1687 | 2,850 3509 50.14 | 19,34
3,03 93,1809 028603 ,07382 3526 -5938 +2295 6,427 1673 24860 3496 5033 | 19.27
5.04 9.2416 .02564 07303 3511 5925 2273 6,469 . 1659 2,371 23483 60,52 19.20
3,056 09,3025 02526 ,072286 . 5496 #5913 2262 6,512 -1645 | 2.881 22471 | BO.71 | 19,14
5.06 9,3636 .02489 07149 » 3481 + 5900 «2230 [ 6,558 »1631 | 2.892 + 5458 50,90 | 19,07
3,07 | 9.4249 .02452 ,07074 «5466 + 5887 » 2209 6,597 .1618 1 2,903 #3445 51,09 19.01
3,08 9,4864 «02416 06999 3452 +5875 .2188 6,640 +1604 24913 23433 51,28 18,95
3,09 9,5481 02380 06925 23437 +5862 +2168 6.684 +1591 2,924 .3420 51.46 18.88
3.10 9, 6100 . 02345 206852 »3422 « 5850 2147 6,727 « 1877 2,934 3408 51.65 | 18.82
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TABLE II.- CONTINUED. SUPERSONIC
¥ u? p/H p/pg /P | afa, | a®/a a/p a/d 8 1/8 v %m
3,10 9,6100 .02345 | .06852 | ,3422 | .5850 | .14y 6.727 | 1577 2.934 | .2408 | 51.65 | 18.82
3,11 9,6721 .02310 | 08779 |} .3408 | .5838 | .212 6770 | .1564 | 2.945 | .3396 | 51.84 [ 18,76
3,12 9,7344 .02276 | 08708 | ,3393 { .5825 | .2107 6.814 | 1551 2.955 | .3384 | 52,02 [ 18.69
3,13 9.7969 .02243 | (08637 | .3379 | .5813 | .2087 6.858 ( .1538 2,966 | .3372 | 52.20 | 18.83
3,14 9.8596 L02210 | .0B568 | .3365 | .5801 | ,2067 6,902 | .1525 2,977 | .3360 | 52.39 | 18,57
3,15 9,9225 .02177 | 06499 | .3351 | 5788 | .2048 6,946 | .1512 2.987 | .3348 | 52.57 | 18.51
3,16 9.9856 .02146 | .06430 | .3337 | .5776 | .2028 6,990 | .1500 2,998 | .3336 | 52.75 | 18.45
3,17 | 10,0489 .02114 | .06363 | .3323 | 5764 | .2009 7.034 | .1487 3,008 | .3324 | 52,93 | 18.39
3,18 | 10,1124 .02083 | .06296 | .3309 | .5762 | .1990 7,079 | .1475 3.019 | 3313 | 53,11 | 18,33
3.19 | 10,1761 .02053 | ,06231 | .5295 | .5740 | 1971 7.123 | ,1462 3,029 | 3301 | 53,29 | 18,27
3,20 | 10.2400 .02023 | ,06165 | .3281 | .5728 | .1953 7.168 | .1450 3,040 | .3290 | 53,47 | 18,21
3.21 | 10,3041 01993 | 06101 | .3287 | .5716 | .1934 7.215 | ,1438 3,050 | 3278 | 53,65 | 18,15
3.22 | 10.3684 .01g64 { ,08037 | .3253 | .5704 | .1918 7.268 | .1426 3.061 | .5287 | 53,85 | 18,09
3,25 | 10,4329 .01936 | 05975 | .3240 | .5692 | .1898 7,303 | ,1414 3,071 | .3256 | 54,00 | 18,03
3,24 | 10,4976 .01908 | .05912 | .3286 | .5680 | .1880 7.348 | .1402 3.082 | .3245 | 54,18 | 17.98
' 3,256 | 10,5625 ,01880 | .05852 | .3213 | .5668 | .1863 7.394 | .1390 3,092 | 3232 | 54,35 | 17,92
3,26 | 10,6278 .01853 | .05790 | .31909 | .5656 | ,1845 7,439 | ,1378 3,103 | ,3223 | 54.53 | 17.86
3,27 | 10.8929 .01826 | .05730 | .5186 ) .5645 | .1828 .| 7.485 | ,1367 3,113 | .3212 | 54,71 | 17.81
3.28 | 10,7584 02799 | ,08671 | .3173 | ,5633 | ,1810 7.631 | ,1355 3,124 | .3201 | 54.88 | 17.75
3,20 | 10,8241 01773 | .05612 | .3160 | ,5621 | .1793 TeB77 | 1344 3.134 | ,3190 | 55,05 | 17.70
3,30 | 10,8900 01748 | ,08854 | .3147 | .5609 | 1777 7.623 | .1332 3,145 | .3180 | 55,22 { 17.64
3,31 | 10.9561 01722 | ,05497 | .3134 | .5598 | .1760 7.669 | 1321 3,155 | .3169 | 55.39 | 17,58
3,32 | 11.0224 .01698 | ,08440 | .3121 | .5586 | .1743 7,716 | 1310 3,166 | 3155 | 55.56 | 17,53
5,33 | 11.0889 .01673 | 05384 | ,3108 | 5875 | 1727 7,762 | .1299 3,176 | 3148 | 58.73 | 17,48
3.34 | 11,1556 .01649 | 08329 | .3095 | ,5563 | 1711 7,809 | .1288 3,187 | ,3138 | 55,90 | 17,42
3,35 | 11.2225 .01625 | 08274 | .3082 | ,5552 | .1695 7.856 | 1277 3,197 | 3128 | 56,07 | 17.37
3,36 | 11,2896 .01602 | ,08220 | 3069 | .5540 | .1879 7,903 | ,1266 3,208 | ,3117 | 56.24 | 17.31
3,37 | 11,3569 .01579 | ,05166 | .3057 | .5529 | .1863 7,950 | .1255 3.218 | 3107 | 56,41 | 17.26
3,38 { 11,4244 ,0155% | ,05113 | .3044 | .5517 | ,1548 7,997 | 1245 3,229 | .3097 { 56,58 | 17,21
3,39 | 11.4921 .01534 | 08061 | .3032 | .B506 | 1832 8,044 | .1234 | 3.239 | .3087 | 56,75 | 17,16
3,40 | 11,5600 .01518 | ,08009 | ,3019 | .5495 | .1617 8.092 | .1224 3,250 | .3077 | 56,91 | 17,10
3,41 | 11,6281 .01491 | .04958 | .3007 | .5484 | .1602 8,140 | ,1214 3,260 | 3067 | 57,07 | 17,08
3,42 | 11,6964 .01470 | 04908 | .2995 | 5472 | .1587 8,188 | ,1203 3.271 | .3068 | 57,24 | 17,00
3,45 | 11.7649 .01449 | ,04858 | .2082 { ,5461 | .1572 8,235 | ,1193 3,281 | .3048 | 57.40 | 16,95
3,24 | 11,8336 .01428 | ,04808 { .2970 | ,5450 | .1588 8,284 | .1183 3,201 | .3038 { 57.56 | 16.90
3.45 | 11,9025 01408 { 04759 | .z088 | .5439 | .1543 8,332 | .1173 3,302 | .3029 | 57.73 | 16.85
3.46 | 11,9716 .01388 | ,04711 | ,2946 | .B428 | .1529 8,330 | L1163 3,312 | .3019 | B7.89 | 15.80
3.47 | 12,0409 .01368 | .04663 | ,2934 | .5417 { .1515 8,429 | ,1153 3,323 | .3010 | 58,05 | 16,75
3.48 | 12,1104 .01349 | ,04616 | .2922 | ,5406 | ,1501 8,477 | ,1144 3.333% | .3000 | 58,21 | 16.70
3.49 | 12,1801 .01330 | ,04669 | .2910 | .5395 | ,1487 8,526 | .1134 3,344 | ,2991 | 58.37 { 16.85
3,50 | 12,2500 ,01311 | ,04523 | .2899 | .5384 | .1475 8,575 | .1124 3,354 | .2981 | 58.53 | 16.60
3,60 | 12,9600 .01138 | ,04089 | ,2784 | ,5276 | .1342 g.072 | .1033 5,458 | .2892 | 60,09 | 16.13
3,70 | 13,8900 | 9.903 5 | *08702 | .2675 | .5172 | 1224 9.583 | ,09490] 3.862 | .2807 | 61,60 | 15.68
x10~
5.80 | 14,4400 | 8,629 . | .03355 | .2672 | ,5072 | .1117 10.11 .08722 | 3.666 | 2728 | 63,04 | 15.26
%10~
3,90 | 15,2100 | 7.532 . [ .03044 [ .2474 | .4974 | .12021 10.685 08019 | 3,770 | .2653 { 64.44 | 14.86
x10™
4,00 | 16,0000 [ 6.586_. { .02766 | .2381 | .4880 | .09329 | 11.20 .07376 | 3.873 | .2582 | 65.78 | 14,48
%10~
4.10 | 16.8100 | 5.769 . | .02516 | .2293 | .4788 | 08536 | 11,77 .06788 | 3,976 | .2515 | 67.08 | 14.12
x10™ ER
4.20 | 17,6400 | 5,062 . | .02292 | .2208 | .4699 | ,07818 | 12.35 062511 2,079 | .2451 | 68,33 | 13.77
x307 -
4,30 | 18,4900 | 4.448 . | .02090 | .2129 | .4614 [ .07166 | 12,94 L08759 1 4,192 | .2591 | 69.54 | 12.45
x10™
4,40 | 19,3600 | 3,918 . | .01909 | .2053 | .4551 { 06575 | 13,55 .05309 | 4,285 | .2334 | 70,71 | 13.14
%10”
4,50 | 20,2500 | 3,455 . | .01745 | .1980 | .4450 | .06038 | 14,18 ,04898 | 4,387 | .2279 | 71.83 | 12,84
x10™ .
4.60 | 21,1600 | 3,083_; | ,01597 | .1911 | .4372 | ,08560 | 14,81 |..04521) 4,490 | .2g27 | 72,92 | 12.56
X107
4,70 | 22,0900 | 2,701 . | .01464 | .1846 | .4296 | ,05107 | 15,46 L04177 | 4,592 | 2178 | 73.97 | 12,28
x10” B
4,80 | 25,0400 | 2,394 . | .01343 | .1783 | .4223 | .04703 | 16,13 | .03861{ 4.695 | .2130 { 74,99 { 12,02
x10™
4.90 | 24,0100 | 2,126 . | .01233 | .1724 | .4162 | .04335 | 16.81 L03572 | 4,797 | .2085 | 7s.97 | 11.78
x10™
5.00 | 25,0000 | 1.890_ | .01134 | .1667 | .4082 | .04000 | 17,50 03308 | 4,899 | 2041 | 75.92 | 11.54
x107
6,00 } 36,0000 | 6.33¢ , |5.194 . .1220 | .3492 | .01880 | 25.20 ,01596 | 5.916 | .1690 | 84.98 9,594
*x107 x10”
7,00 | 49,0000 { 2,416 2,609 .| .00259( .3043 [9.602 5 | 34,30 |8.285 5| 6.928 | .1443 | 90,97 8,213
x10"% x10” x10 x10
8,00 | 64.0000 | 1,024 1428 . .07246| .2692 [ 5,260 . | 44,80 | 4.589 5| 7.937 | .1260 | 95.62 { 7.l&
1074 x10” x10° x10
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TABLE IY.-~ CONCLUDED, SUPERSONIC

M u? p/H p/pg /Ty afag | A*/A | alp aft B 1/8 v .
8.00 | 64,0000 | 1,022 , [1.424 5] .07246 | .2692 |5.260 .| 44,80 | 4.589 7.937 | .1260 95.62 | 7.181
=10 %10 x10™ %109
9.00 | 81.0000 | 4,739 8.150_, | .05814 [ .2411 3,056 ;| 56,70 | 2.687 8.944 | .1118 99,32 | 6.379
x1075 | x10” x10~3 %10~
10.00 | 00,0000 | 2.356_g [4.948_,| 04762 | .2182 |1.886 5| 70,00 | 1,649 g} 9.950 | .1005 102.3 | 5.739
x10 x10” x10” x10™3
15,00 | 225,0000 | 1.515_ 6,968 _g| 02174 | .1474 |2.663 ,|157.5 2.386_,| 14.97 ,06682 | 111.5 | 3.823
x10™ x10 x107 %10
20,00 | 400,0000 | 2,091 ,, 1,694 o| 01235 | .1111 }6.503 ;|280.0 | 5.854 4 19,97 ,05006 | 116.2 2,866
4 x30” x10” %107 x10™
100,00 10 2.790_;,|5.583_ |4.998_, | .02236 } 2,157 _4[7000.0 | 1,955 ,100.0 .01000 | 127.6 5720
x10 x107°} x10” x10 x10~8
- o ) 0 ) 0 ) . 0 o ) 130.5 0
pefinition of Symbols for Table II
M Mach number

p/ﬁ ratio of static pressure to total pressure

p/pa ratio of local density to stagnation density

T/Ta ratio of locel temperature to stagnation temperature

a/aa ratio of locel speed of sound to speed of sound at stagnation conditions
A#/A ratio of area of throat to local cross sectional area of a stream tube
q/p ratio of %‘)Vz to static pressure

a@/H  ratic of % p V2 to total pressure

8 the factor YMZ—1

v angle-of-turning of a supersonic stream from M=1 to M, degrees

am Mach angle, degrees
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A
Mo by Po/Hy P1/Po | Py/Po | Ty /0o | 8, /5, B,/Hy {D,/8, |p,/By |Vo/a® | Volag | YofV
1,00 1,000Q 5283 1,000 1,000 1,000 1,000 1.,0000 5283 D283 1,000 » 9129 4082
1,01 | .9901 | .5221 | 1.028 [ 1.017 | 1.007 | 1.003 |1.0000 | .5342 | o5344 | 1.008 | .0208 | 4116
1,02 | .9805 | ,5160 | 1.047 | 1,083 | 1,013 | 1.007 |1.0000 | .5403 | .5403 | 1.017 | .9280 | 4150
1,03 9712 .5099 14071 1,080 1,020 1,010 1.0000 5462 .H462 1,028 9355 .4184
1.04 | .9620 |.5039 | 1095 | 1,067 | 1.026 | 1.023 | .9999 | .5519 | .5519 | 1.033 | .0430 | .4217
1.05 | .9551 | .4979 | 1.120 | 1,084 | 1.035 | 1.016 | .o099 | .5575 | .5574 | 1.041 | .o504 | .4250
1,06 | .9444 | .4919 [ 1.144 |1.101 | 1,030 | 1,019 | .9998 | .5650 | .5629 | 1.040 | .9578 | -4o84
1.07 | 9360 {.4860 | 1.169 | 1.118 | 1.046 | 1,023 | .9996 | .5683 | .5681 | 1.0.7 | .9852 | .4316
1,08 | .9277 |.4800 | 1.194 | 1.135 | 1.052 | 1.026 | .9994 | .5736 | .5732 | 1.085 | .o78s | L4340
1.09 | .9196 | .4742 | 1.218 | 1.152 | 1.059 | 1.020 | .9992 | .5787 | .5782 | 1.073 | .oves | .4382
1.20 | .0118 |.4684 | 1.245 | 1,160 | 1.065 | 1,032 | .9980 | .5837 | .5831 | 1.081 | .o870 | .4414
1,11 » 92041 4626 1.271 1,186 1,071 1.038 <9086 . 5886 5878 1,089 =9942 24446
1,12 | .B966 | .4568 | 1.297 | 1.203 | 1.078 | 1.038 | .0982 | .5935 | .5024 | 1.097 | 1.001 | 4478
1,03 | .8892 | .4511 | 1.323 | 1,221 | 1.084 | 1.041 | .oove | .5982 | .5068 | 1.305 | 1.000 | -4510
1.14 | .8820 | .4455 | 1.350 | 1.238 | 1,090 | 1,042 | .9973 | .6028 | -6012 | 1.113 | 1.016 | .4542
1,15 | .8750 |,4308 | 1.376 | 1.255 | 1,007 | 1.047 | .o0e7 | .6075 | .6083 | 1.120 | 1.025 | .4574
1.16 8682 $4343 1,403 1.272 1,103 1,080 . 9961 .8118 .6093 1.128 1,030 . 46058
.17 +8615 . 4287 1430 1,290 1,109 1,083 9953 <6161 «6132 1.136 1,037 . 4638
1.18 | .8549 | .4232 | 1.458 | 1.307 | 1.115 | 1.056 | .9946 | .6203 | .6170 | 1.143 | 1.044 | .4667
1.19 | .8485 | .4178 | 1.485 | 1.324 | 1.122 | 1.059 | .9957 | .6245 | .6206 | 1.151 | 1.051 | .4698
1.20 | .8422 | .e124 | 1.513 {1,342 | 1.128 | 1.062 | .0928 | .e2e6 | .624% | 1.188 | 1.087 | .aves
1,20 | .8360 |.4070 | 1.541 | 1.359 | 1.132 | 1.065 | .0918 | .6326 | .6074 | 1.166 | 1.084 | 4750
1,22 | .8300 | .4017 | 1.570 | 1.376 | 1,141 | 1,068 | .0007 | .6365 | .6306 | 1.173 | 1.071 | .4790
1.23 .3241 3964 ) 1.598 1,394 1.147 1,071 « 9896 6403 » 6337 1,181 1,078 » 4820
1.2¢ | .8183 | .3012 | 1.627 | 1.411 | 1.153 | 1.074 | .9884 | .e441 | .6366 | 1.188 | 1.084 | .48850
1.25 | 48126 | .3861 | 1.656 | 1,420 | 1.159 | 1.077 | .9871 | .6478 | .6304 | 1.195 | 1.001 | .4880
1.26 | .8071 | .3809 | 1.686 | 1.446 | 1.166 | 1.080 | .9857 | .6512 | .6421 | 1.202 | 1.008 | .4909
1.27 | .8016 | .3759 | 1.715 | 1.463 | 1.172 | 1.085 | .9842 | .6549 | .6446 | 1.210 | 1.104 | .4939
1.28 | ,7963 | .3708 | 1.745 | 1.481 | 1.178 | 1.085 | .o827 | .6584 | .8470 | 1.217 | 1331 | .4968
1,20 | .7911 | .3688 | 1.775 | 1.498 | 1.185 | 1.088 | .9811 | .6618 | .6493 | 1.8924 | 1.117 | .4997
1.30 | .7860 | .3609 | 1.805 | 1.516 | 1.101 | 1,001 | .o704 | .e652 | .es14 | 1.231 | 1.12¢ | .5026
1.31 | .7809 | .3560 | 1.835 | 1.533 | 1.197 | 1.004 | .o776 | .6684 | .e535 | 1.233 | 1.130 | .5085
1.32 | 7760 | .3512 | 1.866 | 1.551 | 1.204 | 1,007 | .o758 | .6717 | .e55% | 1.245 | 1.137 | .5084
1.35 | 7712 | .3464 | 1.897 | 1.568 | 1.210 | 1.100 | .9738 | .6748 | .6571 | 1.252 | 1.143 | .s11g
1.3¢ | .7664 | .3417 | 1.928 | 1.585 | 1.216 | 1.105 | .9718 | .6779 | .6588 | 1.959 | 1.149 | .5140
1.35 | .7618 | .3370 | 1.960 | 1.603 | 1.223 | 1.106 | .9697 | .e809 | .6603 | 1.266 | 1.156 | .51e8
1.36 | 7572 | .3323 §1.991 | 1.620 | 1.229 | 1.109 | .os76 | .e839 | .6617 | 1.275 | 1.162 | .5196
1.37 7527 3277 2,023 1.838 1,235 1.111 . 9653 . 5868 .8630 1.280 1,168 5224
1.38 | .7483 | .3232 | 2,055 | 1.655 | 1.242 | 1,114 | .9630 | .6897 | .6642 | 1.286 | 1.174 | .5552
1.39 . 7440 .3187 2.,08%7 1.872 1.248 1,117 » 96086 .6925 .6652 1,203 1,181 5279
1.40 | L7397 | .3142 | 2.120 | 1.690 | 1.255 | 1.120 | .os82 | .6055 | .ee62 | 1.300 | 1.287 | .s807
1.41 | .7355 | .3098 | 2.153 | 1.707 | 1.261 | 1.123 | .9557 | .6980 | .6670 | 1.307 | 1.193 | .5334
1.22 | L7314 | .3055 | 2.186 | 1.724 | 1.268 | 1.126 | .9531 | .7006 | .6677 | 1.313 | 1.199 | .5381
1.45 | 7274 | .2012 | 2.219 | 1.742 | 1.274 | 1.129 | .0504 | .7032 | .6683 | 1.320 | 1.205 | .5388
1,44 | .7235 | .2069 | 2.253 | 1.759 | 1.281 | 1.132 | .0476 | .7058 | .6688 | 1.326 | 1.011 | .5214
1.45 | 7196 |.2027 | 2.286 | 1.776 | 1.287 | 1,135 | .9448 | .7083 | .6692 | 1.335 | 1.217 | .5441
1.46 = 7157 +2886 2,380 1,793 1.294 1,137 9420 7108 6698 1.339 1,222 . 5467
1.47 | 7120 | 2845 | 2.354 | 1.811 | 1.300 | 1.140 | .0390 | .7132 | .6697 | 1.346 | 1.028 | .5493
1.48 7083 . 2804 2,389 1,828 1.307 1,143 + 93860 7158 6698 1.352 1.234 D519
1.49 | .7047 | .2764 | 2.223 | 1.845 | 1.314 | 1,146 | .9329 | 7170 | .6698 | 1.358 | 1.240 | .5545
1.50 7011 27724 2,458 1.862 1.320 14149 .2298 27202 .6697 1.365 1.246 «OETL
1.51 . 6976 .2685 2,493 1.879 1.327 1,152 . 9266 . T225 .6694 1.371 1.251 5596
1.52 | .6941 |.o646 | 2,529 | 1.896 | 1.334 | 1,155 | .9233 | .7247 | .6691 | 1.377 | 1.e57 | .5622
1.6 | .6907 ] .2608 | 2.564 | 1.913 | 1.340 | 1.188 | .9200 | .7269 | 6687 | 1.385 | 1.263 | .5647
1,54 .6874 . 2570 2,600 1.930 1.347 1,161 .9166 «7290 6682 1.389 1,268 5872
1.56 | .6841 | .2533 | 2.636 | 1.947 | 1.354 | 1.164 | .o132 | .7m1a | .66 | 1.395 | 1.274 | .s697
1.56 | .6809 | .2496 | 2.675 | 1.064 | 1.361 | 1.166 | .0097 | .7332 | .8670 | 1.402 | 1.270 | L5722
1.57 | .e777 | .2459 | 2.709 | 1.981 | 1.367 | 1.169 | .0061 | .7352 | .6662 | 1.408 | 1.285 | .5746
1,58 « 6746 »2423 2,746 1.998 1.374 1,172 .9026 7372 » 6654 1.414 1,290 D771
1.59 | .6715 | .2388 | 2.783 | 2.015 | 1.381 | 1.175 | .s989 | .7392 | 26645 | 1.419 | 1.296 | .5798
1.60 | .6684 | ,2355 | 2.820 | 2,032 | 1.388 | 1,178 | .ses2 | 7411 | .6635 | 1.425 | 1.301 | .5819
1.61 | .6655 |.2318 | 2.857 | 2,049 | 1.395 | 1.181 | .8012 | .7430 | .e622 | 1.431 | 1.307 | .5843
1.62 » 6625 2284 2,895 2,065 1.402 1,184 8877 7449 <8818 1.437 1,312 5867
1.83 .6596 «2250 2,933 2.082 1,408 1.187 .8838 | .746%7 6600 1,443 1.317 +D891
1.64 ,6568 22217 2.971 2,099 1l.416 1,190 8799 27465 .6587 1,449 1.382 »5914
1.65 | .8540 |.2184 | 3,010 | 2,135 | 1.425 | 1,193 | .8760 | .7503 | .6573 | 1.45¢ | 1.328 | .5938
1.66 | .6512 | .2151 | 3,048 | 2.132 | 1.430 | 1.196 | .8720 | .7521 | .6558 | 1.460 | 1.33% | .5961
1.67 | .6285 | .2119 | 3.087 | 2.128 | 1.437 | 1.190 | .8680 | .758a | .6543 | 1.466 | 1.338 | .5984
1,68 .6458 » 2088 5,126 2,165 1.444 1,202 8640 7558 6587 1.471 1,343 +8007
1.69 .6431 « 2057 34165 2,181 1,451 1,205 8599 7572 6511 1.477 1,348 .8030
1,70 | .6405 | .2026 | 3,205 | 2,298 | 1.458 | 1.208 | .8857 | .7s88 | .6493 | 1.482 | 1.353 | .e0s2
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TABLE III... CONTINUED.

NORMAL SHOCK WAVES

NACA TN No. 1ho8

N

¥y By Po/Ho | Pafoo | P2/Po| Tiffo | aifae | Hy/fHy | py/Hy | Py /Ho Vol/a* | Volag| YVolV
1.70 -6405 - 2026 3,205 2,198 1,458 1,208 8587 »7588 + 6493 1.482 1,383 »6052
1,71 - 3380 1996 3,245 2,214 1,466 1,211 .8516 »7604 »5475 1.488 1,358 +B075
1.72 6355 . 1966 3,285 2,830 1,473 1.214 .847a .7620 6457 1,403 1.363 -.6097
1.73 L6330 19386 3.325 2,247 1,480 1.217 +8431 7635 .5438 1.489 1.368 6118
1,74 «6305 1907 3.566 2,263 1,487 1.220. | .B389 7651 .6418 1.504 1.373 .6141
1.75 .6281 1878 3.406 2,279 1,495 1,223 .8346 .7666 6398 1.510 1.378 .6163
1.76 62587 + 1850 30447 2.295 1,502 1.226 L8302 . 7681 8377 1,515 1.383 <6185
1,77 .6234 . 1822 3,488 2,311 1.509 1,829 3289 76986 6356 1,520 1.388 28207
1.78 26810 + 1794 3.530 2,327 1.517 1,832 .8215 <7710 6354 1.526 1,393 6228
1.79 . 56188 1767 3,571 2,343 1.524 1,235 .8171 o 7724 »8311 1.531 1.397 | 6249
1.80 26165 « 1740 3,613 2,359 1,532 1.238 .8127 7738 . G289 1.536 1.402 6271
1.81 «6143 «1714 3,655 2.375 1,539 1,241 . 8082 . 7752 6265 1.541 1,407 62092
1.82 +8121 . 1688 3,698 2,391 1,547 1.244 8038 7768 6242 1,546 1,412 +6313
1.83 +6099 1862 3,740 2,407 1.554 1.247 .7993 . T779 . 8217 1,551 1,416 6333
1.84 .6078 . 1637 3,783 2,422 1,562 1,250 »7948 7792 +6193 1,586 1,421 6354
1.85 . 6057 1612 3.826 2,438 1,569 1,253 » 7902 »'7805 +8168 1,561 1,425 .8375
1.86 .8038 21587 3870 2,454 1,577 1.256 .,7857 7818 .5142 1,566 1,430 + 56395
1.87 6016 »1563 3,913 2,469 1.585 1,259 . 7811 7830 .8116 1.871 1,434 .8415
1.88 .5996 + 1839 3,957 2,485 1.592 1.262 <7765 .7843 » 5090 1.576 1.439 «6435
1.89 «5876 .1516 4,001 2,500 1,600 1.265 L1720 7855 +6064 1,581 1,443 26455
1.80 5856 1492 4,048 2.5186 1,608 1.268 7674 7867 60387 1.586 1.448 6475
1.91 5937 1470 4,089 2,531 1.616 1,271 L7628 27879 6009 1.591 1.452 26495
1.92 .5918 1447 4,134 2,546 1,524 1,274 7581 7890 . 5982 1.596 1,457 »6515
1,93 5899 .1425 4,279 2,562 1,631 1.277 7535 L7902 1. .5954 1,600 1.461 8534
1,94 » 5880 21403 4,224 26877 1,639 1.280 »7488 STI13 - D926 1,805 1,465 8553
1.95 5862 .138% 4,270 2,592 1 1.647 1,283 . 7442 »7925 5897 1,610 1,470 «8573
1,96 5844 « 1360 4,315 2. 607 1.655 1.2 . 7395 7936 . 5869 1,615 1.474 65692
1,97 5828 » 1339 4,361 2,822 1,663 1.290 ,T349 .7948 .5840 1.619 1,478 6611
1.98 D808 1318 4,407 2,637 1.871 1,293 » 1302 7967 +5810 1.624 1.482 . 6628
1,99 5721 ,1288 4.453 2,652 1,679 1.296 +7255 .7968 5781 1,628 1,487 .6648
2.00 NSYA K » 12178 4,500 2,667 1.688 1,299 »7209 27378 LH7HL 1.833 1.49) 5667
2,01 557 .1268 4,547 2,681 1,696 1,302 .7T162 » 7988 »572L1 1.828 1.495 .6685
2,02 L, B740 » 1239 4,594 2,698 1.704 1,305 7115 7998 +5691 1.64%2 1,499 8703
2.03 5723 1220 4,341 2,71 1.712 1.308 .70869 .8008 .5661 1,646 1.503 .6722
2,04 5707 1201 4,889 2.725 1,720 1,312 »T022 .2018 +5630 1,.,6D1 1,507 8740
2,08 +5681 »1182 4,736 2,740 1,729 1.315 .6975 8088 . 5600 1,655 1.511 .6758
2,06 « 5675 .1164 4,784 2,755 1.737 1,318 6928 . 8038 5569 1,680 1,515 8776
2,07 5659 +1146 4,832 2.769 1,745 1,321 .68B2 8047 .5638 1,664 1.51¢ 0793
2,08 . 5643 .1128 4,881 2,783 1,754 1,324 . 8835 .8056 - 5507 1,668 1,523 .6811
2,09 - 5628 L1111 4,929 2,798 1.762 1,327 .6789 «8066 -0475 1,673 1,527 . 6828
2,10 « 5813 »1094 4,978 2.812 1,770 1,331 .8742 . 2075% 5444 1,677 1,531 6846
2,11 .5598 2077 5,097 2.8286 1.779 1.334 5696 .8084 .5412 1,681 1.835 . 6863
2,12 5583 « 1060 5,077 2.840 1.787 1.33%7 .6649 .80%2 5381 1.685 1,538 »,6880
2,13 . 5568 . 1043 5,126 2.8354 1,796 1,340 »6603 .8101 + 5349 1,689 1.542 . 6897
2el4 5554 1087 5,178 2.868 1.805 1,343 6557 8110 5317 1.694 1.5486 5814
2.15 5540 «1011 5,226 2.882 2.813 1,347 +86511 8118 5285 1.698 1,550 «B931
2:16 5585 ,09956 5,277 2.896 1.822 1,350 6464 8127 52563 1,702 1.554 »6948
2,17 «5511 09808 5,327 2,910 1.831 1,383 8419 8135 .5221 1,706 1,557 .5964
2,18 5498 09650 5,378 2,924 1.839 1,356 ,6373 «8143 .5189 1,710 1.861 .6981
2,19 <5484 »,09500 5,429 2,938 1.848 1,359 6327 «8151 »5157 1,714 1.565 .6997
220 «5471 09352 5,480 2,951 1.85% 1.363 6281 8159 +5125 1.718 1.568 7013
2.21 +5457 09207 5,521 2.965 1.868 1,566 6236 8167 5093 1.722 1.572 . 7029
2,22 5444 000864 5,583 2,978 1.875 1,369 6191 .8178 +5061 1,726 1.878 7046
2,23 5431 08023 5,635 £2.992 1.883 1,372 61485 .8182 .5026 1,730 1.579 7061
2.24 ,5418 . 08785 5,687 3,005 1,882 1.376 6100 «8190 L4006 | 1.734 1,583 « 7077
2,25 «5406 »08648 5,740 3,019 1.901 1,379 «60865 .8197 . 4964 1.737 1.5886 . 7083
£.26 +H383 ,08514 5,792 3,082 1,910 1.382 «6011 8205 » 4931 1,741 1.590 +7109
2.27 .5381 ,08382 5,845 3.045 1,919 1,385 5968 8212 +4899 1,745 1.593 <7124
2,28 .B368 ,08251 5,808 3,088 1,929 1,389 « D921 .8219 « 4867 1,749 1,596 »7140
2,29 .5356 L,0B123 5,951 3,071 1,938 1.392 « D877 8226 . 4835 1,753 1,600 7155
2430 5344 207997 6,005 3.085 1,947 1,395 » 5833 «B233 » 4802 1,756 1.603 L7170
2631 «H332 .07873 6,069 3,008 1,956 1,399 .5789 «9240 4770 1,760 1.607 . 7185
2,32 +D321 LO07751 6,113 3.110 1,965 1,402 5745 8247 4738 1.764 1.610 7200
2,33 »5309 ,07631 6,167 3,123 1,974 1.405 8702 .85254 4708 1,767 1,613 »7215
2:34 « 5297 07512 6,222 3.136 1,984 1,408 . 5658 + 8260 . 4674 1,771 1,617 #7230
235 .5286 07396 6,276 3,148 1,993 1.412 5615 ~ 8267 24642 | 1,775 1.620 7245
2:36 +5275 ,07281 6,331 3,162 2,002 1,415 5572 8273 +4610 1.778 1,623 . 7258
237 .5284 .07168 6,386 3,174 2.01E 1,418 . 5529 « 8280 -4578 1,782 1.626 s7274
2.38 5253 07087 6. 442 3,187 2,021 1,422 5486 « 82886 4546 1,788 1.830 7288
2.39 ,5242 06948 6,497 3,199 2,031 1,428 « 5444 8292 <4514 1.789 1.833 7302
2440 <5231 .06840 6.5563 3,212 2,040 11,428 » 5401 » 3299 - 4482 1.792 1.636 7317
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NACA TN Ne. 11428 TABLE IIZ.~ CONTINUED. HNORMAL SHOCK WAVES

.y

Hy H, Po/Ho | PifPo | P3/fo | Ta/fo | @alao | HifHy {Pu/Hy [ pafBo | Vola® | Volaa | Vof¥
2.40 .BR31 .06840 6,553 3.212 2.040 1.428 .5401 -8299 - 4482 1.792 1.636 7317
2e41 .5221 06734 6,600 3,224 2,050 1.432 D359 »8305 4451 1,796 1,638 L7331
2.42 »5210 06630 6,666 3,237 2,089 1.435 5317 «8311 .4419 1.799 1.642 <1345
2,43 »5200 . 06627 6,722 3,249 2,069 1.438 52756 8317 « 4388 1,802 1.645 27359
2,44 »5189 06426 6,779 3,261 2,079 1,442 <5234 .8383 - 4356 1,806 1.649 L1372
2.45 «.5179 ,06327 6,836 3.273 2,088 1,445 - 0193 +8328 - 43256 1,809 1.682 <7386
2.46 +5169 06228 6.894 3.285 2,098 1,449 »5152 8334 +4294 1,813 1.655 7400
2,47 .5159 .06133 6,951 3,298 2,108 1.452 »5111 +8340 + 4263 1.816 1.658 L7413
2,48 5149 ,06038 7,009 3,310 2.118 1,455 5071 8346 + 4232 1.819 1.661 7427
2449 « 5140 05945 7,067 | 3,321 2.128 1.459 + 5030 +8351 24203 1.822 1.664 +'7440
2,50 | 5130 ,05853 7,125 5,333 2,138 1,462 « 4950 8357 »4170 1,828 1.66% « 7454
2.51 5120 08762 7,183 3.345 2,147 1,485 + 49650 .8362 .4139 1,829 1.870 »746%7
2,568 .5111 05674 7,242 3,357 2,157 1,469 24911 8367 .4109 1.832 1.673 » 7480
2,53 .5102 ,05586 7.301 3,369 2,167 1.472 »487) .8373- + 4078 1.835 1.875 - 7493
2.54 f5092 05500 7,360 3380 26177 1.476 4832 -B8378 -4048 1.839 1,678 75086
2,55 .5083 . 05415 7,420 3,392 2,187 1.479 « 4793 83893 +4018 1,842 1,681 7519
2,56 « 5074 05352 7479 3,403 2,198 1.48%2 4754 .8388 3988 1.845 1,684 27531
2.57 5065 056250 7.539 3.415 2,208 1.486 - 4715 » 8393 + 39568 1,848 1.687 27544
2,58 5056 .0B169 7.5988 3,426 2,218 1.489 « 4677 8399 + 3928 1,861 1,690 + 7657 1
2,59 « 5047 . 05000 7.659 3,458 2,288 1,493 4639 8403 . 3898 1,854 1.693 27569
2,60 . 5039 058012 7.720 3,449 2,238 1.456 .4601 .8408 + 3869 1,857 1,695 .7582
2,61 5030 » 04935 7.781 3,460 2.249 1,500 245664 <8413 + 3839 1.8860 1.698 7594
2,62 5022 «04859 7.842 3,471 2,289 1,503 24526 8418 +3810 1.883 1.701 7606
2,63 +5013 .04784 7903 5,483 2,269 1.506 «4489 8423 23781 1.866 1.704 7619
2,64 «5005 ,04711 7.965 3.494 2,280 1.510 « 4452 .8428 3752 1,869 1,706 .7631
2,65 4996 048639 8,026 .| 3,505 2.290 1.513 4416 <8432 » 3723 1,872 1,709 27643
2,66 4988 .34568 8,088 3,516 2,301 1,517 » 4379 8437 +» 3695 1.875 1.712 7655
2,67 4980 ,044908 8.150 3,527 2,311 1,520 »4343 28441 + 3666 1.878 1.714 7667
2,68 4972 .04429 8,213 3.537 2,322 1.584 » 4307 8446 3638 1.881 1.717 7678
2,69 24964 04362 8,275 3,548 2,332 1.527 +4271 +8450 « 3609 1,884 1,720 7690
2,70 4956 04295 8,338 3.559 2,343 1,531 + 4236 28455 .5b81 1,887 1,722 »7702
2,71 4949 »,04229 8,401 3.570 2,054 1,834 +4201 +8459 +3553 1,889 1,725 #7713
2,72 »494) 04185 8,465 3,580 2,364 1.538 +4166 +8463 3526 1,892 1,727 +TT25
2,73 <4933 04102 8,528 3,591 2,375 1,541 « 4131 +8468 5498 1,895 1,730 7736
2.74 .4926 .04039 8,582 3,601 2.386 1,545 » 4097 8472 + 0470 1.898 1,732 »7748
2.75 .4918 03978 8,656 3.612 2,397 1.548 » 4062 8476 « 3443 1,901 1,735 L7759
2,76 4911 .03917 8,721 Z.622 2,407 1,562 » 4028 28480 + 3416 1.903 1,737 7770
2,77 4903 ,03858 8,785 3633 2,418 1,585 » 3994 +8484 . 3389 1.906 1,740 <7781
2,78 +4898 . 03799 8,850 3.643 22429 1.5859 +3961 -8488 «3362 1,909 1,742 L7792
2,79 +4889 03742 8,918 3,653 2,440 1,562 + 35928 »8402 23535 1.911 1,745 7803
2.80 4882 03685 8,980 3.664 2,451 1,566 +3895 28496 23309 1.914 1,747 »7814
2,81 4875 03630 2,048 3,674 2,462 1,569 . 3862 +8500 . 3283 1.917 1,750 + 7825
2.82 » 4868 03574 9,111 3,684 2,473 1.573 » 3829 »8504 + 3256 1,919 1.752 +'7836
2,83 4861 . 03620 9,177 3,694 2.484 1,576 - 3787 .8508 3230 1.922 [ 1.754 = 1846
2.84 4854 03467 9.243 3,704 2.496 1,580 3765 -8512 25205 1.925 1,757 7857
2.85 » 4847 .03415 9.310 3.714 2.507 1.583 + 3733 +8515 3179 1.927 1,759 .'7868
2.86 - 4840 . 03363 9,376 S.724 2,518 1,587 « 3701 »8519 29153 1.930 1,762 7878
2.87 . 4833 03312 0,443 3,734 2,529 1,590 « 3670 .3523 3128 1.932 1.764 .7888
2.88 . 4827 02863 9,510 35,743 2,540 1,594 - 3639 +8527 3103 1.935 1.766 7899
2.89 4820 03213 . 9.877 3,753 2,558 1.597 20608 +8830 » 3078 1,937 1.769 7909
2.90 4814 .031865 9,645 3.763 2.563 1,602 « 3877 8534 23053 1.940 1.771 7919
2.91 - 4807 ,03118 9,713 3. 773 2,575 1,606 23547 8537 +3028 1,942 1,773 «7929
2,92 4801 »03071 9,781 3.782 2,586 1.608 + 3517 +.8541 » 35004 1,945 1,775 »T939
2,93 « 4795 »03025 S,849 3.792 2.598 1,612 + 9487 .8544 .2979 1,947 1.778 7949
2.94 .4788 02980 9,918 3.801 2,609 1,615 « 3457 .8548 « 29855 1,950 1,780 <7959
2,95 4782 .02935 9,986 3.811 2.621 1,619 » 3428 . 8551 22931 1,952 1.782 7969
2,96 4776 02891 10,06 3.820 2.632 1.622 + 3398 86564 22907 1.954 1.784 + 7979
2,97 - 4770 02848 10,12 3.829 2,644 1,626 + 3369 .85658 + 2883 1.957 1.786 7989
2,98 4764 02805 10,19 3.839 2656 1,830 +3340 .8561 22860 1,959 1,789 » 7999
2.99 +4768 02764 10.26 3,848 2,667 1,633 0312 8564 «2836 1,962 1.791 28008
3.00 - 4752 02722 10,33 3,887 2,679 1.837 23283 -3568 +2813 1,964 1,793 +8018
3,01 « 4746 .02682 10,40 3.866 2,691 1.640 + 5255 .8571 . 2790 1.966 1.78% 8027
3,02 « 4740 ,02642 10.47 3.875 2.703 1.644 . 3227 8574 2767 1.969 1,797 » 8037
3,03 4734 +0R2603 10.54 3.884 2,714 1.648 + 3200 8877 2744 1.971 1.799 »8046
3.04 4729 +02564 10,62 3,893 2.726 1,651 »3172 3580 2722 1,973 1,801 + 8058
3,08 «A723 »Q2526 10,69 3,908 2,738 1.855 ~ 5145 8583 2699 1,975 1,803 »8065
3,06 <4717 ,02489 10,786 3,911 2,780 1,658 «3118 8587 2677 1,978 1.805 8074
3,07 + 4712 »02452 10,83 3,920 2,762 1.662 +3091 8589 + 2655 1.980 1.807 28083
3,08 +4706 .02416 10,90 3.929 2,774 1.666 «3065 8592 2633 1,982 1.809 . 8092
3.09 «470) . 02380 10,97 54938 2,786 1,669 » 3038 8595 2611 1,984 1.812 8101
3,10 » 4695 .02345 11,08 34947 2,799 1.673 «+3012 - 8598 .2890 1.987 1.814 .8110
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70 NACA TN No. 1L428
TABLE III.. CONTINUED. NORMAL SHOCK WAVES
) ) A
Mo My PolHo| Pa/Po| Pa/Pol Ti/To| eyfag| HyfBo} Py/Hy| py/H, Volat Volaaf VofV
3,10 4695 » 02345 11.05 3,947 2,799 1.673 3012 +8598 +2590 1.987 1.814 »8110
3.11 » 4690 ,08310 11,12 3.955 2,811 1.677 2986 8601 25688 1.989 1,816 8119
3012 » 4685 -02276 11.19 3.964 2.823 1.680 + 2960 .8604 2547 1.998) 1.818 .8128
3413 4679 .02243 1l.26 3.973 2,835 1.684 22935 8607 25286 1.993 1.819 .813%7
3.14 . 4674 .02210 11.34 3.981 2.848 1.687 «2910 .86810 «2505 1.995 1.821 »8146
3,15 » 4669 02177 11.41 | - 3.990 2,860 1,691 .2885 +8613 2484 1,997 1,823 8154
3.16 4664 -02146 11.48 5,998 2.872 1,695 2860 .8615 .2464 2,000 1,825 8163
3,17 « 4659 .02114 11.56 4,008 2,885 1.698 . 2835 .8618 2443 2,002 1.827 8172
3418 .4654 02083 11.63 4,015 2.897 1.702 2811 «8621 . 2423 2,004 1.829 »8180
3.19 <4648 .02083 11,71 4,023 2,909 1,706 + 2786 ,8624 22403 2,006 1.831 .8189
3420 . 4643 + 02023 11,78 4,031 2,922 1,709 27682 .8626 22383 2.008 1.833 »8197
3,21 » 4639 .01993 11.88 4.040 2,935 1.713 2738 8629 2363 2,010 1.835 .8205
3422 4634 »,01964 11.93 4,048 2,947 1.717 2715 .8632 2343 2,012 1,837 8214
3423 « 4629 -01936 12.01 4,056 2,960 14720 .2691 8634 <2324 2,014 1.839 .8222
3.24 4624 »,01908 12.08 4,064 2,972 l.724 2668 3637 2304 2,018 1.840 +8230
325 4619 »01880 12.16 4,072 2,985 1.728 +2645 +8639 22285 2,018 1.842 8238
3226 + 4614 01853 12.23 4,080 2,998 1,731 .2622 8642 +2266 2.020 1.844 .8247
3427 » 4610 .01826 12.31 4,088 3,011 1,735 +26Q0 8644 2247 2,022 1,846 .8255
3428 » 4605 »01799 12,38 4,096 3,023 1,739 2577 .8647 2228 2,024 1.848 .B263
329 4600 LOL7T3 12,486 4,104 3.036 le742 <2586 8649 2210 2.026 1.849 .8271
3430 .4536 .01748 12,54 4,112 3,049 1.746 « 2533 +8652 L2191 2,028 1.851 «8279
3231 +45981 .01722 12,62 4,120 3,062 1,750 2511 .8654 22173 2,030 1.883 8286
3432 .458%7 .01698 12.69 4,128 3,075 1,754 .2489 8657 +2155 2.032 1.855 .8294
3433 4582 01673 12,77 4,135 3,088 1,757 <2468 .8659 2137 2,034 1.858 »8302
334 . 4578 »01649 12.85 4,143 3,101 1.761 «2446 8661 2119 2,038 1.858 8310
3435 »4573 .01625 12,93 4,151 3,114 1.765 2425 +8664 2101 2,037 1,860 «8317
3,36 « 4569 01802 13,00 4.158 3.127 1.768 2404 .8666 2084 2,039 1,862 8325
B3.37 » 45658 01579 13,08 4,166 3,141 1,772 »2383 8668 2086 2,041 1,863 8333
3.38 4560 015657 13,16 4,373 3.154 1.778 »2363 »8671 2049 2,043 1.865 8340 |
3439 .4556 |. ,01534 13,24 4,181 3.167 1,780 . 2342 8673 »2032 2,045 1.867 .8348
3.40 . 4552 01512 13,32 4,188 3,180 1,783 2322 8675 22015 2,047 1,868 B35S
3,41 . 4548 01481 13440 4,196 3,194 1.787 <2302 8677 .1998 2,048 1,870 8362
3442 + 4544 .Q1470 13,48 4,203 3.207 1,791 2282 8680 ,1981 2,050 1,872 8370
Fe 43 . 4540 .01449 13,56 4,211 3+220 1.795 2263 .8682 ,1964 2,082 1,873 8377
3444 4535 .01428 15,64 4,218 3.234 1.798 «2243 8684 »1948 2,054 1.875 .8384
3.45 4531 01408 13,72 4,225 3,247 1,802 2284 .3686 ., 1932 2.056 1,876 8392
3,46 . 4527 .01388 13,80 4,232 3,261 1,806 »2205 .8688 »1915 2,057 1,878 .8399
3,47 4523 .01368 13.88 4,240 34274 1.809 .2186 +8690 .1899 2,059 1.880 .84086
3,48 45619 01349 13,96 4,247 3,288 1.813 2167 .8692 21883 2,061 1.881 «8413
3,49 » 4515 »01330 14,04 4,254 3,301 1.817 »2148 +8695 .1868 2.062 1.883 8420
3.5 4512 ,01311 14.13 4,261 3,315 1.821 .2129 .86?7 »18562 2,064 1.884 8427
3a6 4474 .01138 14,95 4,330 3.45¢ 1.858 219563 8716 £1702 2,081 1.899 8495
3.7 4439 19,903 3 15.80 4,395 3.596 1,896 21792 8734 1565 2,096 1.914 8558
%107
3.8 . 4407 | 8,629 3 16,68 4,457 B.743 1,935 .1645 8781 1439 2,111 1,927 3619
%107
3.9 «4377 | 7,532 3 17,58 4,516 3.893 1,973 1510 8767 1324 2,125 1.940 .B86758
x10”
4,0 » 4550 |} 6,586 5 18,50 4,571 4,047 2,012 » 1388 .8781 .1218 2.138 1.962 8729
x10™ :
4,1 4324 | 5,769 3 19.45 4,624 4,205 2,081 21276 8794 L1122 2,150 1,963 8779
x10™
4,2 4299 {5,062 3 20,41 4,875 4,367 2,090 1173 «8807 »1033 2.162 1.974 .8827
x10~
4,3 4277 | 4,449 3 21,41 4,723 4,532 2,129 +1080 .8818 .0852471 2,173 | 1,984 .8872
x10™
4,4 +4255 | 3,918 3 22,42 4,768 4,702 2.168 .00948( .8829 ,08783} 2,184 1,993 8915
%10™
4,5 +4236 | 3,455 3 23,46 4,812 4,875 2,208 .09170{ .8839 ,0Bl05} 2.194 2,002 8955
%x10™
4,6 24217 | 3,053 3 24,52 4,853 5,052 2.248 208459 | ,8849 .07485] 2,203 2,011 .8994
x10”
4,7 4199 | 2,701 3 25,61 4,893 5,233 2,288 .07809 1 .8858 .06917| 2.212 2.019 « 9030
x107 '
4.8 .4183 | 2,394 3 26,71 4,930 5,418 2.328 07214 ] .8866 06396} 2,220 2,027 . 9065
x10™
1 4.9 , 41867 | 2.126 3 27.85 4,966 5,607 2,368 06670} .8874 .05819{ 2.228 2.034 9098
x107
5,0 .4152 | 1,890 , 29.00 | 5,000 5,800 2.408 06172 | .8881 .06481} 2,236 2,041 9129
xio™¢
6,0 4042 | 6.334 2 41,83 5,268 7.941 2.818 .02065 | .8936 .02650| 2,295 2.095 - 9370
x10”
7.0 3974 2.416_4 57,00 5,444 |10,47 3,236 .01535 | .8969 L01377) 2,333 2,130 [.9526
x10
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TABLE IIT... CONCLUDED. NORMAL SHOCK WAVES
A
¥, My PolSs| Pifpo | Pu/Po| Ti/To| ay/ag| B /H, Py /By | Py /H | Vola® | Vo/ay Vol/V
7 +3974 | 2.416 4 57,00 15.444] 10.47 | 3.236 01535 «8969 01377 | 2,333 | 2,130 9526
x10™
8 23929 1.024_4 74,50 |5.565| 13,39 | 3.659 | 8,488 3 .8990 '7.6:’{.\.:_;5 2,359 | 2.154 .9631
x10 x10™ x10
9 .3898 | 4.739 5 94,33 5,651 16.69 4,086 4,964 3 » 9005 4,470 3 2,377 2,170 « 9705
%107 x107 x10™
10 3876 | 2.356 116.5 5,714 | 20,39 | 4.515 | 3,045 9016 | 2.745 2,390 | 2.182 9759
x1075 x10"3 %1073
15 3823 1.515_6 262.3 5,870 | 44,69 | 6.685 4.:’>95__4 29041 3.974 , | 2.423 | 2.212 .9891
x10 ] x10 x10
20 .3804 | 2,001 " 466,5 54926 ] 78,72 | 8.873 | 1.078 4 .90850 | 9,753 5 2.434 | 2,222 .9938
%107 %10~ x10°
100 3781 | 2,790 12 11,6665| 5,997 |1945.4 {44.11 3.593_8 .9061 | 3,285 2,449 | 2.236 . 9998
x10” x10 x10~8
® . 3780 [0} e 6 o o o] + 9061 [¢] 2,449 2,236 1,000
Definition of Symbols for Tablie III
My Mach number upstreasm of normal shock wave
M, Mach number downetream of normal shock wave
pa/l-‘lo ratio of static pressure to total pressure upstream of shock wave
p‘/po statlic pressure ratio across shock wave
P,/ density ratio across shock wave
T;/To temperature ratio across shock wave
31/30 local speed of gound ratio across shock wave
H;/Ho ratio of total pressure downstream of ghock wave to total presgsure upstream
p:l/H,L retio of static pressure to total pressure downstream of shock wave
Px/ﬁo ratio of static pressure downstream to total pressure upstream of wave
Vo/a* ratio of veloeity (corresponding to M,) to the speed of sound where V = a
Vo/ag ratio of velocity (corresponding to My) to the speed of sound where V = o
VO/G ratio of veloocity (corresponding to My) to the velocity where p=p =T = o
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TABLE IV.- MACH NUMBER FUNCTIONS FOR USE WITH SMALL-
PERTURBATION AIRFOIL-SECTION THEORY

Mo Cy Ca Mo C, Cy Mo Cy Ca
1.02 | 9.950 | 746.293 2.02 | 1.140 {1.456 3.02 |.702 | 1.268
1.04 | 7.001 | 186.333 2.04 | 1,125 | 1.447 3.04 |.697 | 1.266
1.06 | 5.689 | 82.987 2.06 ] 1.110 |1.437 3.06 |.692 | 1.265
1.08 | 4.903 | 46.943 2,08 1.097 |1.429 ° 3.08 |.687 | 1.264
1.10} 4.364 | 30.315 2,10} 1.083 | 1.420 3.10 }.682 |1.263
1.12 | 3.965 | 21.313 2.12 | 1.070 |1.413 3.12 |.677 | 1.262
1.14 { 3.654 | 15.905 2.14 | 1.057 {1.405 3.14 |.672 { 1.260
1.16 | 3.402 | 12.404 2,161,045 |1.398 3.16 |.667 | 1.259
1.18 | 3.193 | 10.013 2,18 |1.032 |1.392 3.18 {.663 | 1.258
1.20} 3.015 8.307 2.20}1.021 |1.386 3.20 | .658 | 1,257
1.22 | 2,862 7.080 2.22{1.009 {1.380 3.22 |.653 | 1.256
1.24 | 2.728 6,096 2.24| .998 |1.374 3.24 |.649 | 1.256
1.26 | 2.609 5.356 2.26| .987 [1.369 3.26 |.645]1.255
1.28 | 2,503 4,771 2.28| .976 |1.363 3.28 |.640} 1.254
1.30] 2.408 4,300 2.30! .966 |1.358 3.30 |.636 | 1.253
1.32 | 2,321 3.916 2.32] .955 |1.354 3.32 |.632|1.252
1.34 | 2,242 3.598 2.34 | .945 {1.349 3.34 |.628 ] 1.251
1.36 | 2.170 3.333 2.36| .936 |1.345 3.36 |.623| 1.250
1.38 | 2.103 3.109 2.381 .926 }|1.341 3.38 |.619 | 1.249
1.40 | 2.041 2.919 2.40| .917 [1.337 3.40 |.61511.249
1.42 | 1.984 2.755 2.42 1 .908 |1.333 3.42 |.612 | 1.248
1.44 | 1.930 2.614 2.44] .899 |1.330 3.44 | .608 | 1.247
1.46 | 1.880 2,491 2.461 .890 {1.326 3.46 }.604 | 1.246
1.48 | 1.833 2.383 2,48 | .881 {1.323 3.48 | .600| 1.246
1.50 | 1.789 2.288 2.50! .873 {1.320 3.50 |.596 | 1.245
1.52 | 1.747 2.204 2,52 | .865 [1.317 3.60 | .578 | 1.242
1.54 | 1.708 2.129 2.54 | o857 {1.314 3.70 | 561 ] 1.239
1.56 | 1.670 2.063 2.56| .849 [1.311 3.80 {.546 | 1.236
1.58 | 1.635 2.003 2.58 | .841 {1.308 3.90 {531 | 1.234
1.60 | 1.601 1.949 2.60| .833 |1.306 4.00 {.516 | 1.232
1.62 | 1.569 1,901 2.62 | .826 |1.303 4.10 | .503 | 1,230
1.64 | 1.539 1.858 2.64| .819 |1.301 4,20 |.490]1.228
1.66 | 1.509 1.817 2.66 | .81l1 {1.298 4.30 |.478 | 1.227
1.68 | 1.481 1.781 2.68| .804 [1.296 4.40 |.467 |1.225
1.70 | 1.455 1.748 2.70 | 797 {1.294 4,50 |.456 | 1.224
1.72 | 1.429 1,717 2.72 | .791 {1.292 4.60 {.44511.223
1.74 | 1,405 1.689 2.74 | .784 |1.290 4,70 {.436 | 1,222

1,76 | 1,381 1.663 2,76 | 777 {1.288 4.80 |.426 | 1.221
1.78 | 1,358 1.640 2,781 .771 |1.286 4.90 |.417 | 1.220
1.80 | 1.336 1.618 2.80| .765 |1.284 5.00 {.408 {1.219
1.82 | 1.315 1.597 2.82 | .759 |1.282 6.00 |.338 | 1.212
1.84 [ 1,295 1.579 2.84| .752 |1.281 7.00 [.289 | 1.209
1.86 | 1.275 1.561 2.86 | .746 11,279 8.00 }.252 | 1.207
1.88 | 1.256 1.545 2.88 | .741 [1.277 9,00 |.224 | 1.205
1.90 | 1.238 1.529 2.90| .735 {1.276 10.00 |.201 | 1.204
1.92 | 1.220 1.515 2,92 .729 {1.274 15 |.134 | 1.202
1.94 [1.203 1.502 2.94 | .723 [1.273 20 1.100 | 1.201
1.96 [1.186 1.489 2,96 | .718 |1.271 100 |.020 | 1.200
1.98 | 1.170 1.478 2.98 | .712 |1.270
2.00|1.155 1.467 3.00| .707 {1.269
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TABLE V.~ PROPERTIES OF THE STANDARD ATMOSPHERE
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D
m

= pressure
= coefficlent
of viscogity

The subseript

t =
P = density
b=

coefficlent of
kinemstic vigcosity

Qp

sea level

SL refers to sea level [(h = 0)

density relative to

' X107 | wx10* | g/u?
2 a p/p p P |0 =¢lrgL f ot 7 53 Ho/
B kJ o5 a/ast (£t/ | (mph) e T} milli- (e1ug/ 1(':1:24 (:eo £43)
() (or) (%) gea) eq ft) | bars cu rt)
.6 | 1.0000 | 2116,2 |1013.2 | 1.0000 |0.002378 | 1.0000 | 3.719| 1.564 | 1481.3
0 59.00 is.gg 1.3322 Hlig ;gé.g 9644 2040.9 | “o7m.1 L9711 002310 .9854 | 3.699] 1.602 | 1428.6
1,000 | 57.44 | 13.02 ‘9932 | 1308 | 786.3 | .9298 | 1067.7 | eem'i | o8 | .oosnds 9710 | 3.679 | 1.641 | 1377.4
2,000 51.87 13.06 .9896 1105 | 783.7 .8963 1896.,7 908,1 9152 .002177 9566 3.659 | 1.681 1327.7
3,000 48,31 '08 .9862 1102 | 78150 8637 1827.7 875,1 .8881 .002112 .9424 3.639 | 1.723 1279.4
é,ggg ii-zs g'lo e 1008 | 7a5.4 .8321 1760.8 843.0 .8617 .002049 .9283 3.618 | 1.766 | 1232.6
,
.801¢ | 1696.0 12.0 | .8359 | .001988 9143 | 3.598 | 1.810 | 1187.2
6000 | Sno2 | 35| 57ec | Toao | 7asig | .iv |isano | S32-9| 3359 | .O00e8 | ;a5 | .50 1.810 1143.1
7,000 34,05 0'84 °9721 1086 740, 4 7428 1571.9 752.6 7880 .001869 .8866 3.557 1.903 1100.3
8,000 | 50.49 |- ol an loees | 1082 | vavenw (7148 11512,8 | 724,53 | .7620 | .001812 .8729 | 3.536 | 1.951 | 1059.0
10000 | 53.35 |- 4i0 | o680 | 1078 | 7selo | .G877 |1iSt.e | sed.s | .7ees | iooivee | oes | 3598 | Bioos | ieeare
» . . - .
, . +6614  [1599.8 [ s70.2 | .7156 | .001702 .8459 | 3,495 | 2.05¢ | 979,90
11,000 | 19.80 12 8:78 | 13570 | 1070 | weaiZ | leseo |isance | £30:2| .mss | -Ooiroz .6326 | 8.4741 2.107 | 94201
12,000 | 18-25 |- 870 | 5253 | 1086 | 7oes | 6113 |1z09-% 619.4 | .6714 | .001597 .8194 | 3.453 | 2,163 | 905.5
13,000 | 12.67 |-10.74 | 3545 | 10es | vaace | .sa75  |inasa 595.2 | .6500 | .001546 .8063 | 3.432 | 2,220 | svo.2
14,888 g- ég '_}L e ‘9270 | 1088 | 7el.2 .5644  11194.3 | s71.8 .6292 | .001497 7933 | 3.411 | 2.280 836.0
15, . -14. .
. -5420  [1147,0 | 549,1 | .6090 | .001448 .7804 | 3.390 | 2,341 | sgoz.9
16,000 | 1.98 |-16.68 | .943¢ To8s Tes | is2os  |1ieety 527.2 | .5892 | .001401 7676 | 3.369 | 2,404 | wvo.s
17,000 |- 1.59 | -18.66 | 9087 | 10aa | 11ace | 004 |logers 506.0 | .5699 | .001355 .7549 | 3.347 | 2.470 | 7z9.8
18,000 |- Bign |T53:65 | 9558 | l0ar | 7153 | iavoz  {Toreso | 2980 | 12395 | :oorsce 7424 | 3.326 | 2,538 | 7oo.8
18,000 |~ lg-;g Ee.ez t9os7 | 1037 | 7o7.3 | 2596 972.6 | 465.6 | .5328 | .001267 7299 | 3.305 | 2,608 680.8
20, -12.28 |-24, . :
. .4406 932,65 | 446,4 | .5150 | .001225 7176 | 3.283 [ 2.681 | es2.8
21,000 |-15.84 |-26.58 | 9250 | 1088 | 7045 | - es | moeis 227.5 | 2976 | .o01183 7054 | 3.262 | 2.757 | 625.7
22,000 | a0 ey | o0cts | loa7e | 1085 | eosi8 | 2087 | esera | a20:3 | imes | looiies 6933 | 2.240 | 2.834 | 599.5
23,000 |22 |Tooths | o138 | 10m3 | aoo.g | .3876 | ssois | 233:9 | timen | looiias 6813 | 3.218 | 2.915 | 574.2
24,000 et |Iaaias | iolo0 | 1037 | ome1 | imma | 7esis | Sezil | ieer | ooymod 6694 | 3.196) 2.999 | s549.7
25,000 |-30.10 [-34. .
. -3552 | 751.7 | 359,9 | .4325 | .00l029 .6576 | 3.174| 3.087 | s5gz6.2
26,000 |-33.66 |-30.45 | .9062 | 1012 | 890.2 | 0% | 7osa 324,53 | .2173 | .000993 :6460 | 3.158 | 5.177 | 505.4
27,000 [-37.23 '58-14 ‘sose | 1004 | es4.a | .3251 687.9 | 320,53 | .4025 | .000957 6345 | 8.130 8.270 | 481.5
28,000 |-40.79 '42-42 Goes 909 | 681.5 .3108 667.6 | 314.9 .3882 | .000923 .6230 | 3.108 :5.:569 460.3
29,000 | -4%.56 e 8900 | 995 | e7s.5 | .2970 | e28.5 | zo0lg | .3741 | 000890 .6116 | 3.086 | 3.4 440,
30,000 |~47.92 |-44. .
. -2837 | 600,4 | 287.5 | .3606 | .000858 .6005 | 3.064 | 3.573 | azo,3
31,000 |-51.48 |-46.38 ST | S | STES | oo | ovaca 274.,5 | .3473 | .0008286 -8994 | 2.041| 3.682 | 0.3
32,000 |-856.05 |-48.36 ores 982 669.7 .2586 547,3 262,0 . 3345 .000796 5784 | 3.019 5.’).'7l 383.1
53,000 |-58.61 |-50.34 lavea | o7s | eee.r | 2467 | sseis | oeaco | tasse | oooves +5675 | 2.997| 3.913 | 565.5
34,000 -gg-%i 'gz-go TBvia o753 | ee3.7 | .2353 498.0 | 23g8.4 .3099 | .000737 .5567 | 2,974 4.036 348.6
35,000 -65.74 |-54. .

- . 7L | 662.1 | .2314 Lgg.g 23k.5 .3058 | .000727 .5530 | 2.961| 4.073 sk,
25,532 | -67.6 | ~9p-22 gggg R It e L7h.g | 2703 | L2081 | .000709 -Blheo | 2.951 | lh.ife | 33p.
36,000 -6_7(.6 2558 15603 971 | 4621 .2138 52.5 216.7 <2845 .ooosgﬁs 533k | 2,961 4'37 316.8
37,000 | =272 ~25.33 ~8693 971 | 662.1 | .2038 | u31,3 206.5 | .271 | .ocoBlkg .5207 | 2.961 592 301.8
35,000 el |22:33 | s | on | eea | ishe |uinie 196.8 | .2pE} | 0006145 | L5083 | 2.961 | W.El9 | 2a7ly
B3:000 |6hie |22 | laeds | om | eemi | 1t |senie | aeeis | lohes -0005857 | K963 | 2.961| 5.055 | a7hls

’

= . 1 | 662.1 J1764 373.4 178.8 .2347 | .000B582 JUghs | 2,961 [ 5.305 261.4
41,000 '27'2 _g?gg 2232 3;1 662.1 | 1681 355.8 170.4 .2237 | .0005320 U730 | 2.961 | 5.565 249.1
k2,000 _67'6 285,33 2693 971 | 662.1 | .1603 . | 339.1 162. .2132 | .0005071 617 | 2.961 2.&39 237.4
2,000 _67'6 -B5.33 2693 71 | 662.1 | .152 323.2 | igh.8 | .2032 { .00004€33 4508 | 2.961 -&27 226.2
ﬁg'ggg :5%:5 -5B.33 | 8603 971 | e62.1 | .185 308.0 | 187.5 | .1936 | .0004605 .uhoo | 2.561 | 6.430 | 51g6

?

55, . 1| 662.1 | 1387 | =293.6 140.6 L1846 | ,.oooh390 <h296 | 2.961 | 6.745 | 205,5

ug,ggg '2;2 225 | aees | o | el 1322|2198 | I3hig 1759 .ggg’%gg {%gﬁ 2.2 Lor | 1958
, —é7.6 |-B5. . 1 2.1 | .12 266. 127. . . . . . .
k8,000 ‘g;g _gggg 5232 8%1 222,1 21201 2541 121,; .1598 | .0003800 3997 | 2.961 ;-792 177.9
gg'ggg Z67.6 |-55.35 | g6z | Orw | ée2.1 | 1185 lefiziz | 13606 | (1233 | lovostee | 3805 | 2361 | &.17% 169.5

’

o . .0713 150.9 2.2 .09k +0002240 .3069 [ 2.961 | 13.219 105.6
co.c00 |66 |25 | e | n | ey | olE |32 | IpE | e | SuedMo | 069 |2:30r| 1.2 e85
70,000 -67- ¢ |-22.3s L8633 971 | 66ey | .027h 54,0 27.& .0362 | .0000861 .1903 2.921 3h.3 g 4o,
0,000 -67-6 R i 971 | €6s.1 ] .0170 36.0 17.2 .0225 | +0000535 +1500 | 2.961 55-3 o 25.2
90,000 | - 67- ¢ |23 #693 971 | éés.x | .0106 22,1 10.7 L0140 | .0000331 .1183 | 2.961 89.45 15.7

100,000 | ~ 67' 2 b 18655 971 | €62.1 | -00831 | 17.59 &l | 0110 | .0000261 <1048 | 2,961 J113, 12.31

10k, 987 'u7°u L (8017 996 | 679.0 | +00658 | 13.82 6.66 | .oog27 | .000019 +09093| 3.090 J157.2 9.7

110,000 | = 7-2 TolTE J93u6 | 1063 | 713.1 | .00h26 9.026 | L.zp | .OOMEE | .000011 .06988| 3.339 |0&7, 6,318
120,000 | - 7.0 ihe JoTu9 | logg | 7hz.E | .00287 6.071 2.91 { .00302 | .00000717{ . 02 93{ 3.579 (498.9 -250
130,000 33-_‘ 20,9k | 1.o143 | 1132 | 77108 | 00199 .213 2.02 | .00193 | .00000k60 | .OL389| 3.809 27-2 2,909
140,000 | I%-2 | 8508 | 1:0m10 | 127k | ddors | 00183 | 309 Llks | o028 | 100000s05 | logses| kigsp | 132 2,102
150,000 112-% 67.61 | 1.0877 | 1215 | gos. +00103 2.190 | 1,05 | .00087 | .0000020% | .02957| b.2k7 2013 1.533
180,000 1395:8 | 36:&5 | 1:304 | 1281 | &s9.a | 000916 | .53 .928| .00075 | -000001 -02786) bo332 2 1.357
6l oli2 70- o | 76067 | 1.3021 | 1231 | &39.3 | 000767 | 1.é2% .777] -00063 | .00000150 | .02513( k.332 | 2 1.137
170,000 170.0 76.67 | 1.3021 | 1231 | a&mg.z | .000570 | 1.206 .577] -00047 | .00000111 | .0216 1&.332 3885 .84l
180,000 | 170.0 76:8% | 102001 | 1231 | amg.z | -o0oh23 89561 .Lag| .00035 | .00000083 -0126 gt T -626
190,000 170.0 78.8% | 13021 | 1231 | #3dl3 .ooozbrg . 7305 .350 .00028 | .00000068 | ,01685 | 4.33 i .En
196,850 | 17 | 70.7% | 1.09%1 | 1200 | #zi.e | -oco0al «66U5|  xig| ,00026 | .00000062 | 01621 | 4.277 61; ; Jes2
200,000 | 159. a1 1.0627 | 1187 | @09.3 | .000230 486 .233 | .00020 | .000000k& | ,01427|4%.099 | 8467 3408
210,000 [ 125. 23.5 1l0zee | 1152 | 745, +000166 350 .168 [ .00015 | .00000037 | .O1247 | 3.916 10&80 .2U53
220,000 92' h.dn | 1.0000 | 1117 6 g .000117 .zg 0 .11 | .00012 |.00000028 | .01080 | 3.727 |13koo 1729
280,000 | 8.9 | 14, 19009 | 1086 | J3k:R 1 locoomo | 319 -os1 | 100009 | 100000020 | 100936 | 81533 |17530 ‘1168
Shorooo | -3:3 | 25145 | %sep | 2ok2 | Zicls | loooosk | 1339| :98k| 199998 |.0000 015 | 200786 | 3-335 | 22700 -0797
5207505 | “2€i0 |aa.as | .o12s | 1009 | eohid | loooofz | lomsg| :9pF| 100558 |:S0006r3 | ! he | 3:212 | 2880 -0621
225:398 | “o#.0 | 3335 | .o123 | 1015 | éghig | .ocooss | .o7he 2032 | “o000k | 200000010 | +0064S | 3. 3209 <0520

£
Liet of symbols: h = height temperature veloelity of egound
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Figure 1.~ Moaximum theoretical contraction ratio tha! permits stort of supersonic
flow in diffuser entrance.
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Figure 3.- Variation of stalic pressure ratio with initial Mach number for various deflection angles.
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Figure 5.— Critical conditions for detached shock waves
on the vertices of cones and wedges.
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Figure 7.— Variation of shock-wave angle with Mach
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Figure 9.~ Variation of Reynolds number with Mach number af various altfifudes.
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