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SUMMARY

Numerical solutions of the differential equation obtained from
the momentum theorem for the development of a turbulent boundary
layer along & thermally insulated surface in two-dimensional and in
radial shock-free flow are presented in tabular form for a range of
Mach numbers from 0.100 to 10. The solution cen be used in a step-
wise procedure with any given distribution of favorable pressure
gredients and for zero pressure gradients. Solutions are also given
for use with moderate adverse pressure gradients. The mean veloclty
in the boundary layer is epproximated by & power-law profile. In
view of the stepwise integration methods to be used, the exponent
designating the profile shape can be varied along the surface
between the integrel fraction limits 1/5 and 1/11 through interpo-
lation. Agreement obtained hetween theoretical and experimental
boundary-layer development in & supersonic nozzle at a nominal Mach
nunber of 2 indicates the general validlty of the approximstions
used in the analysis - in particular, the method of extrapolating
low-speed skin-friction relations to high Mach number flows. The
extrgpolation method used sssumes that the skin-friction coeffi-
cients depend primerily on Reynolds number, provided that the den-
sity and the kinematic viscosity are evaluated at surface conditions,

The tabulated results are directly applicable to the correc-
tion of supersonic-tunnel contours for the effects of boundary-
layer growth. In connection with this problem, an idealized ansl-
ysis of the Mach wave boundary-layer interaction is presented;
which leads to a method of contour correction that differs in
principle from the conventional method based on use of displace-
ment thickness. A brief discussion of the two methods is given.

AN,
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INTRODUCTION

Computation of turbulent-boundary-layer development is required
in numerous flow problems. Inasmuch as the fundamentsl processes
governing turbulent boundary-layer flow are not yet completely
understood it becomes necessary to resort to semlempirical methods.
The Karmén momentum equation in reference 1 provides such a method
for obtalning the approximate growth of a compressible turbulent-
boundary layer in shock-free flow under the action of pressure
gradient, provided that the streamwise veriation of the local skin-
Priction coefficient and of the boundary-layer veloclty profile
are known. A summary of recent contributions to the computation
of compressible boundary-layer flows is presented in reference 2.
Tetervin makes use of the Kérmén momentum equation to indicate the
integrations needed for obtaining the turbulent boundary-leyer
quantities in compressible flow.

The method used at the NACA Lewis laboratory for this report
differs from that of reference 2 primarily in the manner whereby
the local skin-friction coefficlents for compressible flow are
extrapolated from low-speed values. 1In the absence of sufficlently
decisive experimental deta, the present computations have been
extended to include the extrapolation method of reference 2. The
stepwise integration method lncluded herein mskes it posslible to
present integrated results for two-dimensional and for radial tur-
bulent boundary-layer flows along thermally insulated surfaces with
stream Mach numbers from 0.100 to 10 in a form that is applicable
to a variety of cases.

As one application of the tebulgted results, the correction of
supersonic-tunnel contours for effects of boundery-layer growth is
discussed. The conventional method of contour correction 1s based
on continuity of mass flow, which leads to selection of displace-
ment thickness as the correction criterion. In this report the
problem is also treated from the concept of Mach wave interactlon
with the'boundary layer, giving rise to a contour correctlon that
differs from the conventional correction.

BOUNDARY-~LAYER DEVELOPMENT
Physical Assumptions
Application of the Karman momentum equation to turbulent flow

requires a knowledge of the local skin-friction coefficient and the
boundery-layer velocity profile. Falkner (reference 3) has reviewed
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the low-speed date available on turbulent flow over flat plates
(zero pressure gradient) asnd concludes that local skin-friction
coefficients can be obtsined with fair accuracy from an emplrical
formula which, in the notetion of reference 3, is

where

¢y local skin-friction coefficient

£ local skin-friction stress

p fluid density

v tangential velocity at outer edge of bourndary layer

v kinematic viscosity

1 distance to given point from leading edge of plate

Reference 3, being concerned only with low-speed flow, does not
further specify the density and the kinematic viscosity. In refer-

ence 2, equation (1) is applied for compressible flow in a modified
form which, in the present notation (appendix A), 1s equivalent to

T_ _o.0131 (2L l/7= 0.0131 (12)
e
" where
T local skin-friction stress

p; density at outer edge of boundary layer
wy velocity at outer edge of boundary layer

Ul kinematic viscosity at outer edge of boundary layer
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b 4 distance from start of boundary-layer development
Rg stream Reynolds number

The friction relation of equation (la) is in accordance with
established procedure for subsonic flow, '

This analysis conslders another essumption; namely, that the
local skin-friction coefficient for turbulent flow under pressure
gradient is dependent only on Reynolds number, provided that the
" density and the kinematic viscosity are evaluated for the tempera-
ture and the pressure prevailing at the bounding surface or wall.
Equaetion (1) is then modified as

1/7
T 5 = 0.0151 (ﬁ) = -‘)‘—0%% (1v)
pwul 1 Bw

where the subscript w designates surface or wall values. This
formulaetion was suggested by the observation that the laminar-flow
flat-plate drag coefficients calculated by von KArmén and Tsien in
reference 4 become practically independent of Mach number if the
density and the kinematic viscosity are evaluated at wall conditiomns
instead of stream conditions. Evidence to support the assumption
implied by equation (1b) is given in reference 5, which presents
the results of heat-transfer investigaetions of turbulent alr flow
at high subsonlic speeds in an electrically heated tube. In refer-
ence 5, better correlation of turbulent friction coefficient and
Reynolds number was obtained by use of oy and V. than by use

of "bulk values.” The enalysis that follows utilizes both equa-
tions (la) end (1b). (It has come to the attention of the author

that von Karmén in reference 6 proposed an essumption similar to
that implied in equation (1b)).

Some assumption must also be made regarding the msan veloclty
profile in a compressible turbulent boundary layer. Figure 1
presents & comparison of the power-law profile given by

S <1>1/N = zl/N (2)

o
where
u  boundary-layer veloclty at distance y from surface

1207
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¥ ‘normel distance from plate surface
nominal boundary-layer thickness
N  velocity-profile parameter

with an experimental profile obtalned from measurements taken
slightly upstream of the test section in & supersonic tunnel with a
design Mach number of 2.08. The power-law profile appears to offer a
satisfactory epproximetion to the profiles obteined In compressible
flow under favorable (negetive) pressure gradients and is used in
the analysis for both favorable and adverse (positive) pressure’
gradients.

Dependable relations for the variatlion of the velocity-profile
parsmeter N of equation (2) with Reynolds number, pressure gradi-
ent, and Mach number are not yet known for compressible turbulent
flows. An approximate guide for the selection of N 1nsofar as
Reynolds number effect is concerned may be obtained as follows:
Dryden (reference 7) rearranges Karmin's logarithmic velocity-
profile relation to obtain

ch

u 1
—_— - =alc k
e (ul ) = Zk f = (l )

!

which, with the use of equation (la) or (1b), results in

N=—E — (R ) 1 (3)

The subscript s,w indicates that the quantity in question may be
based on streem or wall values. The value of N obtained from equa-
tion (3) will obviously depend upon the value selected for u/ul.
Experimental investigations would be required to determine whether the
effect of pressure gradient and of Mach number could be approximately
accounted for by proper selection of the ratio u/ul. In the absence
of such data arbitrary selection of the velocity ratio at the outer
portion of the boundary layer, that is, ufu; = 1, gives

1/14

N = 8.7 k(Rg,y) (48)
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Figure 8 of reference 8 indicates that the constant k should be
given the value 0.3; thus,

1207

1/14-
N = 2.6 (Rg ) (4b)

A plot of equation (4b) is given in figure 2. The qualitative
nature of this relation should be noted.

The foregolng assumptions as to skin friction and velocity
profile are primerily based on results obteined for the case of zero
pressure gradient. Figure 4 of reference 9 indicates that use of a
flat-plate skin-friction relation mey provide s satisfactory approx- _
imation for favorable pressure gradienis and even for very moderate
adverse pressure gradlents. Unpubllished data for low speed
turbulent flow show no significant changes in velocity profile for .
pressure gradlents varying from favorable to moderately adverse.
The lack of sufficient date precludes consideration of the possible
effect of Mach number on the turbulent boundary-layer velocity -
profile.

The customary assumption of zero static-pressure gradient normal
to the wall 1s made for the boundary-layer region, inasmuch as
curvature effects are neglected in the analysis. The well or bound-
ing surfaces are considered tobe thermally insulated and the effec-
tive Prandtl number is taken as unity. The stream stagrnation tem-
perature and the surface or wall temperature are thus equal. The

2
energy equation cpt + %; = constant is then applicable to the
boundary-layer flow. The ratio of specific heats 7y 1s teken as

1.40, independent of temperature.
Treatment of Boundary-Layer Equation

In the present notation, the Karman momentum equation of
reference 1 for two-3imensional compressible flow

d 2 duy
T = — u, 0) + 5% —=
iz (Dl 1 _) ] ax

can be written es
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(Z;Miz) + §; dMi Py T

My (1 + m?) -E; °= EI pwul2 ®)

L+

where
8 boundary-layer momentum thickness

x distance along surface from effective start of boundary-
layer development

M;  Mach nunber at outer edge of boundary layer

&%  Dboundary-layer displacement thickness

© M 2

2grly2 L
n’ &= =
With the use of the substitutions f =6/5, g =&%/8, and
H = g/f, equation (5) tekes the form

as 1
E*[?

The development that follows will be concerned with obtaining
e solution of eguation (6) in a form convenient for stepwise inte-

gration., It will be found convenient to retain Mach number M; and

velocity-profile parameter N as the working parsmeters in the
solution of equation (6) or related equations. The boundary-layer
ratios ¥ and g must therefore be obtained in terms of these
parameters. From the assumptions of constant static pressure
through the boundary layer and applicebility of the energy equa-
tion and through use of the perfect gas law, the density ratio
mey be obtained as

+

BRI

(Z-Mlz) + H dMl _ o} T
(o) dx} § = ¥ (6)

pl fpwulz

e W | ™
211 u
[ (2]

From the defining equations for &% and 6 given In the 1list of
symbols (appendix A), the ratios f and g can be obtained as
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1
0 1“1
1
2
f.=1-g- .—Eu_éd_z
0 PN

end, through use of equations (2) and (7), can be put in the form

1
N_ N+l
£ = sz(s szgds (8)
1m o 1_ms
l4m
1
N
g=1- sz 8 ds (9)
1+m' 0 1_111282
1+m2

vhere s 1is s variable of integration (s = zl/ 1\"). Although
equations (8) and (9) cen be integrated in closed form, evaluation
by numericel methods (Simpson's one-third rule) using punch-card
equipment was much faster for comparable accuracy., Values of the
momentum thickness ratios f and of the displacement thickness
ratios g for Mach numbers from 0.100 to 10 and for velocity-profile
paremeters N =5, 7, 9, and 11 are listed in tables I and IT,
respectively. Corresponding values of the parameter XH .T are
listed in table III. * :

By means of equations (7), (8), (9), and (1la) or (1b), equa-
tion (6) may be written as

ds d'Ml Kws W

=tP&® ° AN

(10)
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where

1
2 2(aN_N+1
g+ (2-m?) + SBH f so(s’-s T ) ds
0

(1+m?)2 (- - mgsz)z
® = Lin® (11)
VErfm(l + m2)
o 1/7
K = 0.0131
Po2o
2/7
¥, = Qi“;z_lr with equation (la)
1/7
™
T, = 1 with equation (1b)

(1+m2)3/ 7 fMll/ 7

and the zero subscript denctes stagnation values. In evaluation of
af/dx from equation (8), the differentiation has been conducted
with respect to the Mach number parameter only. The qualitative
nature of the relation given by eguation (4b) does not appear to
warrant differentiation with respect to the paremeter N. Tor most
of the range of interest the important varleble is M rather than
N. In deriving equation (10) for the skin-friction relation given

t
by equation (la), the assumption has been made that u, = 4 ':f]':)
0

am.
For the case of zero pressure gradient (’3'1!@: = O) s equa-

tion (10) simplifies to

KY, -
B _ s 12
& = /7 | (22)

For constant velocity-profile parameter N and thus constant f
and noting that £& = 6, the solution of equation (12) may be
put in the form:
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5 1/7

2 6/7 6/7

6y = 7K | (L4m?) Xy / -x /‘> + 6_  (using stream values) (13a)
8 Ml & a

or

i

L/7
6y Ki__1 / <?b6/7_x36/7) + 05 (using well values) (13b)

My (L+m2)

where X, and xp. designate the start and the end, respectively,

of the integration interval. The velocity-profile parameter is
obtalned from equation (4b) or by use of figure 2 and the ratios

8/6 and ©*/8 from the value of N and tables I and II. The
parameter N 1is taken as constant for the integration intervael and
is based on the average Reynolds number prevailing for the interval.
For the case where gn initial boundary layer exists at the start of
the constant Mach number run, the effective value of x, at the
start is obtained by computing the distance required for development
of the inltial momentum thickness Bq - The distance x, 1is also
megsured from the apparent origin.

For the case- of pressure gradient, equation (10) has the
general solution : -

o aMy ix q,dMl
8 =e = x | Yo, ¢ = & aMy + B (14)
x177 _ dMy

where B 1s a constant of integration. Certain simplifications of
the numericasl work required for evaluation of equation (14) can be
obtained if the stream Mach number variation under consideration is
approximated, as shown in figure 3, so that dx/aM; and, in effect,
xl/7 are constant for a given surface interval. With My and M,
denoting the- stream Mach numbers at the start and. the end, respec-
tively, of an interval and with the-parameter N constant for the
interval, equation (14) is approximated by
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Yo My My
Mg My Mg
Bl&b = e -——17-,-?' . WS,W e dMl -+ SMa
X Mg .

or, in a form more convenient for the necessary numericel integra-
tions,

M,

M . My
1 M 1
sMb = e _i77 Ws,we aM - Ws,we aMq [+

1 1

where x denotes the meen distance of the interval degignated by
M; and M, from the effective starting point of boundary-layer
development. This starting point is obtained by use of equa-
tion (13). The assumption is made that 5Mé or Oy,  develops

under action of a zero pressure gradient at the Mach number M,.

This assumption is consistent with the use of a flat-plate skin-
friction reletion for the case of pressure gradient. The action
of pressure gradient is thus tsken into asccount only in calculstion
of the boundary-layer quantities through equation (15). With sub-
sonic flow, the Mach number for the lower limit of integration is
chosen as 0.100,

The various guantities (designated A to F) needed to
obtain the variation of the boundary-layer thickness & iIn two-
dimensional flow using equation (15) have been obtained by means
of punch-card equipment. These gquantities are listed in tzbles IV
to IX for N =5, 7, 9, and 11 and for Mach numbers from 0.100 to
10. The following variations of equation (15) will be found con-
venient for computation of two-dimensional flows:
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For favoreble pressure gradients (dM;/dx positive),
K X
5 =T o Aor B -(AorB) +
Mo "M 17 I M T M
X

o) Fy B
Ma "Ma ‘Mt
where

My

M , Pay
A= f ¥, © a; (from teble IV)
1

M
o [P
Bz ¥, e dM; (from table V)
1

M
o,
EmeVl (from table VIII)

M
f o amy
FzeYl (from table IX) -

(152)

1207
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For adverse pressure gradients '(dMl/d.x negative),

. pa -
w, = Bty 377 e o= D, - (c ox D] +

®u, B, i (150)

where

M
! -L[\ *M
1
C= J’;— ¥_e d4; (from teble VI)

My
D= Vs e 1 My (from teble VII)

1

For diverging radiasl boundsry-laeyer flows, the momentum egua-
tion (equation (18), reference 10} can be written in the present
notation as

2 B*
a |BMD) 5 ) oy (16)
dr My(lm?) & T 1 oy ?

where r designates the distance from the spparent origin of the
radial flow to the point in question. With the substitutions used
in obtaining equation (10), equation (16) becomes

. aM K¢
as L 1 8,W
_.+<q3__+_£>§=;l-7.27_ (178.)

where x designates the effective distance from the start of the
boundary-layer development in radial flow. As indicated in refer-
ence 10, the following variation of equation (17a) is convenient
for converging redial flow:



K%,
r11'-1'0> 5= ';lgﬁ (17)

5&

as

— o P

dry. (
where

rq distance from start of integration iﬁterva.l to point In question
ro distance from start of integration interval to apparent sink in converging radial flow

With the approximations used for equation {13), the respective solutions of equations (17a)
and (17b) are

4 dr =
s, = Jl ﬁr J Voot d“l-J v, eJl
1 1
L ¥,
m -
BMa -:_-'-E e"/:' P M ) ‘/;‘ P (18e)
and
" _ :
dr 1 My Mlcp
-] @ it Y e P aMy f f \
6Mb=aJ:' dulxanlrlrog‘-(rh; e¥?l My - ¥, eVl dMl““ +
l_(rb'ro) = /-ﬂ . 8,V J . 8,W
Mg My

. (r*-ro) ‘v[; P ady -J; @ aMy L
rp-To e e (180}

1207
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where

r mean distance of interval designated by M, and M, from
apparent source in diverging radial flow

(rq-r ) mean distance of intervel designated by My and M, to
apparent sink in converging radial flow

Here also the assumption is made that GMa develops under the

action of a zero pressure gradient at M,. With subsonic flow, the
Mach number Pfor the lower 1limit of integration 1s chosen as 0,100,

The following variations of equations (18a) and (18b) are con-
venient for computation of radlal flows:

Subsonic flow under adverse pressure gradient (aM; /ar mnegative):

or = .
SR = LJM}

(192a)

Subsonic flow under favorable pressure gradient (d.Ml/dr positive):

_. ( ‘1‘0) (r.-0)

=E (A or B)y - (A or B) a9
%, = By, (ry-to) 1/7 [ Mo M;, Mo Trprg) (rp-ro) ~
(19b)

Supersonic flow under adverse pressure gradient (dMl/drl negative):

(r1-7o
_ aﬂ- 1 _ (rqy I‘o)
B = Fhay - =7 [(C or D)Mb (C or D)Ma;’ 6}"3 " EMB}

(19¢)

Supersonic flow under favoreble pressure gradient (a.Ml/dr positive):
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dr —

K r
O, = Bagy 'r;a-zl-‘l—ﬁ Eé or Bl - (& or E)M*i_]+ Sy, % Py, (194)

Divergent or convergent flow fields may be regarded as radial flows
for which the position of the apparent source or sink is variable.
For the boundary-layer calculetions, this continuous variation may
be approximated as a stepwise variation such as shown in figure 4.
The distances r, ry, eand r, are determined from the geometry

of the flow field under consideration, as Indicated in figure 4.

The approximate development of a turbulent boundary layer can
be obtained from the preceding analysis. For two-dimensional flow,
equations (15a) and (15b) are used for favorable and adverse pres-
sure gradients, respectlvely, to obtain the variation of the
boundary-layer thickness o along the surface under consideration.
Bquations (19a) to (194) are used to obtain corresponding results
for radial flow., The various quantities neuded to evaluate these
equations are listed in tables IV to IX. Equation (13) is appli-
cable to the case of zero pressure gradient. With the variation of
the boundary-layer thicknmess & along the surface thus known, the
local values of momentum thickness 6 and of displacement thickness
* are calculated from the ratios f and g of tables I and II,
respectively; because the Mach number is known and appropriate values
of the parameter N can be obtained from equation (4b). Linear
interpcletion for M and N is within the accuracy of the various
spproximations, The constant K may be written

1/7
NTo
K = 0.0218 <P-QP—-9- (20)
0

provided that the coefficient of viscosity, temperature, and pres-
sure are assigned the following units, respectively: slugs per
foot-second, %R, and pounds per square foot. All distances must
then be expressed in feet and the boundary-layer quantities
obtalned will be given in feet.
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APPLICATION TO SUPERSONIC~TUNNEL
CONTOUR CORRECTION

Analyticel and graphical procedures (references 1l and 12)
based on the method of characteristics are avallable for the design
of two-dimensional supersonic nozzles with potential flow. The
effect of the wall boundary layers on the performance of such
nozzles must be consldered, however, 1f shock-free flow at the
desired Mach number is to be obtained. The assumption is custom-
arily mede that effects of boundery-layer growth on the flow can be
eccounted for by a correction of the potential-flow nozzle contours.
The preceding enalyslis is directly appliceble to the contour-
correction problen,

Disgplacement~Thickness Contour Correction

The displacement thickness &* is generally considered as the
proper criterion for correction of supersonic-tunnel contours in
that the continuity of mass-flow requirement is thereby satisfied.
This basis for selection of & will be reviewed. Contours of the
potential-flow nozzle and of the corrected nozzle are designated by
AA' end BB', respectively, in figure 5. The contour correction
et any nozzle station is represented by the quantity e. The
boundary layer is contained between contours BB! and CC'. The
line DC' represents a potential-flow streamline that is tangent
to the boundary layer at C'. The mass flow in a two-dimensional
boundary layer is obtained from the defining equation for &% as

S
f ou &y = pyuy (8-6%) (21)
0

From the continuity equation and equation (21),
(plul)'t (DC + 8'{‘,-5'1',*) = (plul)e (83-88*)

where subscripts % and e designate the throat and nozzle-exit
(pyuy )y
(plul)e

the one-dimensional ares ratio corresponding to the Mach number of
the potentiel flow at 0!'C'; thus,

stations, respectively. The quentity 8| A reopresents the
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DC +-By =%\ (8g-Bg¥%) + By¥ (22)
With the ares ratio also given by A = 8.8 the quantit
g v Y'——z————”_ TC+5 P) g ¥

A, through use of equation (22), may be written

Y -5 ¥
A=-2_8_ (23)
Y -84*

If the exit Mach numbers of the initiasl potentisl-flow contour
nozzle and of the flow bounded by streamlines DC' and O00*' are
to be equsl,

Y=g

B Ti-ey
Thus,

T~ = To-5*

Yi-ey  YTy=Og¥

(24)

Equation (24) is obviously satisfied by the requirement that
8g = Be* and that e; = 5%, With the additional assumption that

e = & throughoul the nozzle, consistent with the neglect of cur-
vature effects, the displacement-thickness contour-correction method
then consists of “opening" each wall of the potential-flow nozzle
by the displacement thickness &% applicsble to each station.

Puckett suggests in reference 13 that an approximstion to the
contour-correction method Just described may be obtalned by adding
the displacement-thickness cross-sectional area at the nozzle exit
to the potential-flow nozzle-exit srees and then designing the nozzle
contour by the method of characteristics for the higher Mach number
thus obtained. Reference 13 also contains a method for estimating
the thickness of a turbulent boundary layer at the outlet of a
supersonic nozzle., This method is briefly discussed in appendix B.

Reflection~-Thickness Contour Correction

The contour-correction methods Just described teke into account
the change in mass flow due to frictional retardation and thereby
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satlsfy one of the requirements for a contour correction - that flow
should be obtained at the desired Mach number. It is not cbvious
that these methods will satisfy the second regquirement; nsmely, thet
the flow in the test section should be frees of expansion waves end
shock waves. :

Consideration of the basic process of supersonic-nozzle design,
that 1s, cencellation of the Mach waves set up through sxpansive
turning of the walls in the forepart of the nozzle by compressive
turning of the walls in the straightening portion of the nozzle,
indicates that a method of contour correction should logically be
based on interaction of the Mach waves and the boundary layer.
Certain simplifying assumptions are required to mske the Mach wave
boundary-leyer interaction smensble to anslysis.’ Suppose that the
interection is ideslized by assuming that the curvature of a Mach
wave penetrating the boundary layer is entirely due to the extension
of the wave into a region of warisble Mach number and that the Mach
wave reflection from the sonic line is a solid-boundary reflection,
the sonic line remasining undeformed. This assumption of a solid
bounpdary reflection is compatible with the results obtained by Tsien
and Finston in reference 14. The turbulent state of the boundary-
leyer flow enters the analysis only to the. extent thaet the mean
velocity profiles assumed determine the Mach wave curvature and the
thickness of the subsonic portion of the boundary layer. Chasnges in
local Mach number resulting from the wave penetration and dissipation
effects are considered negligible. The interaction under these
assumptions is schematically represented in figure 6 and results in
the Mach wave being apparently reflected from point B. Point A is
the reflection point for potential flow. The Mach wave boundary-
leyer interaction is further considered in appendix C, In this
treatment the boundary layer is regarded as a discontinuocus rota-
tional flow field. The results of this analysis indicate a general
agreement with the preceding simplified picture.

The reflection thickness ratio A/8 is given by

A_q . 3B (25)

S 2
5:\/ M °-1

where xB,A are the coordinates of the reflectlon point B of fig-

ure 6. The differential equation for the deflection path of the
incident wave from which xg 1s obtained is

.1 (e
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For a given velocity-profile parameter N, +the quentity =z = y/6
is readily obtainable In terms of the applicable boundary-layer
Mach number from the assumption that the energy equation

v
2
gretion of equation (26) and substitution into equation (25) give

the following expression for the reflection-thickuness ratio:

cpt + = constant holds for the boundary layer. Formal inte-

N/2 1/2[ L
2 1/2
R ] 1 MN'l(Mz-ll/ am (27)
5 SMy My onl A\ E
AR N (0

Equation (27) has been numerically integrated for values of velocity-

profile parameter K of 5, 7, 9, and 11. ¥The reflection-thickness
ratio A/8 for Mach numbers from 1 to 10 are listed in table X.
The contour correction using A/% is applied in the same manner as
the displacement-thickness method and consists In openling each wall
of the potential-flow nozzle by the value of A applicable to each
station.

DISCUSSION
Boundary-Layer Development
A discussion of the effect on the boundary-layer development
of the various parameters entering Intc the analysis may prove

helpful in the applications thereof. Inasmuch as K 1is the only
guantity that depends on the pressure and the temperature, equa-

tion (20) indicates that the development is not critically dependent

on these parameters, The manner Iin which such chosen quentities as

the velocity profile and skin-friction relations affect the develop-

ment is not immediately apparent and may be best indicated by
numerical computation.

Calculations of the boundary-layer development in two typical
supersonic nozzles (one at a Mach number of 2.08, the other at a
Mach number of 7,00) were made using equation (15a) with wall
density and kinemstic viscosity. The results are summarized in
table XI and indicate that the momentum thicknegs 6 is not appre-
cigbly affected by comparatively large changes in the profile
parsmeter N, The parameter N enters into equation (5), which

Ll

[
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provides the basis for the analysis, only through the ratio

H =5*%/6. As shown in taeble III, the ratio H is relatively insen-
sitive to changes in N so that & small effect of N on 6 might
be expected. The variation of &% 1listed in tesble XI with changes
in N is a consequence of the insensitivity of H +to this paremeter.

In view of the preceding discussion, it appears that for a given
pressure distribution the proper selection of a skin-frictlon rela-
tion is the decisive factor in the determination of the boundary-
layer quantities &, &%, and 6. The effect of the skin-friction
relations of equations (la) and (1b) on the boundary-layer develop-
ment is shown in figure 7 for the curved wall or contour plate of &
Mach number 2.08 supersonic tunnel with a contour plate width of
3.84 inches and test-section dimensions of 3.84 by 10 inches. The
boundary-layer momentum thickness 6 at the throat was chosen to
correspond with the experimental dasta, which are plotted in figure 7
for comparison. For these calculations, the flow along the contour
plate was assumed to be two dimensional and equations (15a) and
(13) were used for the nozzle and the test section, respectively.

Use of the skin-friction relation of equation (la), which is based
upon stream values of denslty and kinematic viscosity, leads to
excessively high values for the important houndary-layer quantities
8% and ©; whereas use of equation (1b), which is based on wall
values of density and kinematic viscosity, offers a relatively good
check with experiment. The experimentel boundary-layer development
along the center line of the flat side plate is compared in figure 8-
with the calculated development using the skin-friction relation of
equation (1b), which involves well density and kinematic viscosity.
The side-plate nozzle flow was approximated as & stepwise distribu-
tion of radial divergent flows and equations (19d) and (13} were used
for the nozzle and the test section, respectively. An absolute stag-
nation temperature of 590° R and sbsolute stagnation pressures of 37
and 29 inches of mercury were used in the contour-plate and side-plete
calculations, respectively, consistent with the experimental values.

It should be noted that the presence of some secondary flows
in the nozzle section was indicgted by pressure distributions
ohserved along the contour plate transverse to the stream direction
and that the test-section flow is traversed by shock waves that
originate at the start of the test section, that is, at the 38.3-inch
station. The shock waves from each contour plate meet along the
slde-plate center line at about the 46-inch stetion. The secondary
flows in the nozzle section are probably ceused by the proximity of
the side plates. The shock waves would have the effect of increasing
the momentum and displacement thicknesses (fig. 30, reference 15)
and of setting up additionsl secondary flows. The lack of data
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mekes it diffilcult to estimate the effect of the secondary flows on
the boundary-layer developments It appeers reasonable to suppose
that if the potential-flow conditions postulated are obtained the
accuracy of the calculated development would come between the limits
indicated by figuree 7 and 8.

CONTOUR~CORRECTION METHODS

The variation of the reflection-thickness ratio A/8 with

/7
stream Mach number for the veloclty profile &L = <%) is shown
1

in figure 9. Use of the assumption that the sonlc line remains
undeformed by impingement of the Mach wave accounts for the rele-
tively sharp increase in the value of A/S as the stream Mach
number approaches unity. This assumption is probaebly invalid at
the low supersonic stream Mach numbers where the boundary layer
consists for the most part of subsonlic flow. The variation of
displacement-thickness ratio &%/8 with stream Mach number for the
same velocity profile is also plotted 1n figure 9 for comparison.

Use of - & as the correctlion criterion satisfies, within the
accuracy of the present boundasry-layer anslysis, the requirement
that the flow be obtained at the desired Mach number. Inasmuch as
a proper criterion for contour correction must in sddition satisfy
the requilrement thet the flow be free of expansion waves and shock
waves, the comparison shown in figure 9 might have been expected
to show an approximate equivalence of &% /5 and A/8 for at least
the higher Mach numbers. In the gbsence of & rigorous calculation
for A/& and &%/85, the choice of contour-correction method
would appear to remsin an open questlon.

CONCLUDING REMARKS

With the tabulations presented herein, the approximste develop-
ment of a turbulent boundary layer in plane shock-free flow aglong
a8 thermally insulated surface under arbitrary pressure gradient
variaetion may be obtained through routine arithmetic computation.
The agreement between the results of such computetions and the
experimental data obtalned in a supersonic tunnel at-a nominal Mach
number of 2 suggests that Falkner's empirical skin-friction relation
for low speeds may be applicable to high Mach number flows under
favorable and zero pressure gradients and possibly even very moder-
ate adverse gradlents provided the extrapolation method of the

1207*
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present analysis 1s uged; that is, provided that the local skin-
friction coefficients depend primarily on Reynolds number when
dengity and kinematic vigcoslty are evaluated at surface or wall
conditions. "It does not appear likely that the assumptions
employed In the anslysls will remsin valid at the very high Mach
numbers. The tabulations were extended to a Mach number of 10
primarily as & means of obteining at least a first approximation
40 the boundary-layer development. TFurther experlmental checks -
particularly at Mach numbers counsiderably greater than 2 - are
desirable.

The boundary-layer analysis presented is dlrectly appllcable
to the problem of supersonic-tumnnel contour correction and permits
use of a correction method based upon the continuity of mass flow
requirement (dilsplacement-thickness method) or on the requirement
that the test-section flow be free of expansion waves and shock
waves (reflection-thickness method). Although it is impossible
to decide, a priori, which method 1s most appropriate in principle,
it appears advisable at present to use the dlsplacement-thickness
method In view of the drastlc simplifying assumptions required for
the reflection-thickness method.

Lewls Flight Propulsion Iaboratory,
Ratlonal Advisory Committee for Aercnautics,
Cleveland, Chlo, July 14, 1949.
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APPENDIX A
SYMBOLS
The following symbols are used in this report:
nozzle-asrea ratio
speed of sound baesed on stagnation tempersture

local skin-friction coefficient, T
P11

nozzle contour correction at nozzle exit
nozzle contour correction gt throat
ratio of momentum thickness to boundary-layer thickness, 6/8
ratio of displacement thickness to boundary-layer
thickness, &%/

boundary-layer-shape parameter, %; = %

effective thickness of stream tube (used in appendix C)

1/7

) 133

constant based on stagnation conditions, 0,0131 <E—é%-)
0%0

(See also equation (20).)

"universal™ constant used in Kdrmdn logarithmic velocity-
profile relation (references 6 and 7)

Mach number in boundary layer

Mach number at outer edge of boundary layer

M 2
Mach number parameter, m m 2%]-2 M-_;_z = —é—'—

velocity-profile parsmeter, % = z]'/N
W
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PO tunnel-inlet stagnation pressure

X
My

R; stream Reynolds number,

p.wulx p.wulx
Ho

R, well Reynolds number,

r radial distance of line of constant Mach number from spparent
source in ‘diverging radial flow

rqo radisl distance from start of integration to apparent sink in
converging radial flow

ry radial distance of line of constant Mach number from start of
integration to point in question for converging radial flow

8 variable of integration

To sabsolute stagnation temperature

t ebsolute static temperature in boundary layer

ty absolute static temperature at outer edge of boundary layer
u velocity in boundary layer

Uy velocity at outer edge of.boundary layer

x distance slong surface measured from effective start of
boundary-layer development

megn distance of surface Interval from effective start of
boundary-layer development

b

xp coordinate (sbscissa) of effective wave reflection point
measured In streamwise direction from penetration point of
incident wave '

¥ normgl distance from surfece

2Yy nozzle-exit ordinate

ZYt nozzle-throat ordinate
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normel distance parameter, y/&
retio of specific heats, 1.40
nominal boundary-layer thickness, dilstance from surface to
point 1n boundary layer where velocity i1s approximately
equal to stream veloclity
&
boundery-layer displacement thickness, 2 (p ul-pu)dy
' P1YL *

5

boundary~layer momentum thickness, 1 > pu(ul-u)dy
| L |,

coordinate (ordinate) of effective wave reflection point
measured from bounding surface

coefficlent of viscosity based on wall temperature
coefficlent of viscosity based on stagnation temperature
coefficient of viscosity based on stream static temperature

wall kinematic viscosity, p.w/pw

stre;m kinematic viscosity at outer edge of boundary layer,
H1/01

density in boundary layer

density at wall or bounding surface
stagnation density

density at outer edge of boundary laysr
locel skin-friction stress

coefficient defined by equation (11)
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2/7
¥, friction paremeter, 11'*_”-2)7/_
1/7

M

¥, friction parameter, 1

(l+m?)3/7fMil/7

27



28 NACA TN 2045

APPENDIX B

APPROXTMATE DETERMINATION OF BOUNDARY-LAYER
DEVELOPMENT

In many instances a comparatively repid method of estimating
the boundary-layer quentitlies at the exit of a supersonic nozzle is
of value during the initial design stage. The method devised by
Puckett in reference 13 is especially adapted for such a purpose.
In applying the momentum eguation to obtain & at-the nozzle exit,
Puckett assumes that the boundary-layer velocity profile is linear
end that the variation of -stream Mach mumber along the nozzle con-
tour 1s alsgo linear. The local skin-friction coefflcient 1s teken
as constant, being evaluated for stream conditions at the nozzle
exit and the boundary-leyer thickness at the -nozzle throat 1s neg-
lected. The integration ilnterval extends from the nozzle throat to
the nozzle exit. In order to obtein &% from B, the ratio &*/8

1/7

evaluated for the profile &i = (%) is apparently used. This
1

procedure results in s serious underestimation of-the boundery-lasyer

quentities when applied to the experimental data of this report;

wherees consistent use of the linear boundary-layer velocity profile,

that is, in obtaining 5*/5 and in solving for &, ylelds much
better agreement. ’

The basic procedure of reference 13 may be followed using the
tabulations of this report by reducing the number of integration
intervals. The use of a single integration intervel for the nozzle
with the assumptlon of a linear variation of Mach number along the
nozzle contour will generally lead to an underestimation of the
boundary-layer velues. A minimum of two integration intervals is
suggested for the nozzle section. The Msch mumber variation along
the contour might be approximated by the following elliptic distri-
bution in the event ‘that the exact distribution is umevailable:

2 _,2 ti 2 L
My =M 1‘<T‘><'—'é (1)
Me
where
Mii stream Mach number at distance 1

1207
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N distence from nozzle throat

1 length of nozzle section
Mg test-section Mach number

The use of a single integration interval with a linear contour
distribution of Mach number is probably adequate for the portion
of the tunnel upstream of the throat. The velocity-profile
parameters to use are obtained from equation (4b}.
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AFPENDIX C

1207 .

CHARACTERISTICS ANALYSIS OF MACH WAVE BOUNDARY-
LAYER INTERACTION

The Mach weve boundary-layer interaction masy salsoc be analyzed
through use of-the method of characteristics. The boundary-layer
reglon is regarded as a dlscontinuous medium composed of parallel
stream tubes with the flow in each tube irrotational, The static
pressure in the boundary layer upsiream of the initial incldent
wave is essumed constant for all stream tubes.

For ease in computation, the effective thickness of each stream
tube constituting the supersonic portion of the boundary lsyer is so
chosen that the product J of the actual thickness and of the local

value of 'V ﬁ?-l is constant for all stream tubes, M designating
the Mach number representative of the stream tube under considera-
tion. Such spacing Iinsures wave intersections at desired intervals,
a8 schematically shown in figure 10.

I, Irving Pinkel of the Lewis laboratory has shown that the
following relations apply if no discontinuity in pressure is to
exist across the plene separating two stream tubes downstream of a
wvave Iinteraction, such as DG, EH, and so forth, of figure 10:

A
- 12

ses (1~ 3)

Aas; flow deviation produced by characteristic incident on plane
of separation

(c1)

Ay,

where

Aoy Tlow deviation produced by characteristic transmitted through
plane of separation

Aa,. flow deviation produced by characteristic reflected from plane
of separation
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P
L}
o |-

<?§ + %) if, for example, the characteristic AB 1is incident
b1 at B (fig. 10)

]

toj
4

b
<‘ +-%) if, for example, the characteristic CE 1is incident
2 at B (fig. 10)

2
b= _eu_, pressure index g

N1

With a selected velocity profile and an assumed strength (flow
deviation) of the Mach wave impinging on the boundary laeyer, equa-
tions (Cl) can be used to determine the two sets of characteristics
throughout the simulated boundary layer. The Mach number repre-
sentative of each stream tube 1s assumed to be unchanged by the
interactions. In the numerical example considered, the stream Mach

nunmber was taken as 2.44 and the profile u/ul = zl/5 was chosen.

Under these conditions the subsonic portion of the boundary layer
represents 5.2 percent of the total thickness &. The quantity

zNME-1 from M =1 to M= 2.44 was divided into 25 equal inter-
vals and average values of the pressure index b corresponding to
each Interval were determined. Application of equations (Cl),
which are based upon linearized theory, becomes questionable when
the Mach number M of the stream tube approaches the sonic value
so that the index b approaches infinity., For the present case,
the value of the index b was arbitrarily taken as 100 times the
value obtained for the next adjacent stream tube. The strengths

of the characteristics entering the potentisl flow from the
boundary-layer region as determined from the analysis are listed

in table XII for en incident compression Mach wave of unit strength.
Compression and expansion waves are denoted by poésitive and nega-
tive signs, respectively. The location number represents the -
distance of the secondary waves from the primsry incident wave

meesured in intervals of the quantity 2] Miz-l. The strengths

of the secondary waves are inappreciable relative to the primary
incident wave strength except for the wave at location number 24.
The Interaction represented by the data in table XIT is in general
egreement with the interactlion shown in figure 6 in that the wave
at location 24 has gbout the same strength and sign as the original
incident wave. It is of interest to note the attenuation of wave
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strength downstream of location 24. On the basis of some prelimi-
nary computations, it would appear that no physical significance
can be attached to the oscillatory nature of these secondary waves,
inasmich as the use of 24 intervals rather than 25 gave rise to
secondary compresgion waves having approximetely the same strength
as would be obtained by groupling the wave strengths of table XIT
as follows: 25 and 26, 27 and 28, 29 and 30, and so forth.
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TABLE I - VARIATION OF MOMENTUM-THICKNESS RATIO

f WITH MACH NUMBER M AND VELOCITY~
PROFILE PARAMETER N

[£= 5]

(2) Subsonic flow

nﬂiﬁgr Velocity-profile parameter, N

M 5 7 9 11
0,100 |0,11894 |0,09715 | 0.08176| 0.07460
.200 | ,11865 | .09695 | ,081l62] .07448
.300 | .11816 | .09662 | .08138| .07427
.400 | 11748 | ,09616 | ,08105| .07398
.500 | .11663 | ,09557 | .,08063| .Q7361
«600 «11560 . 09487 .08012 « 07317
700 | ,11442 | ,09406 | ,07953; .07266
« 800 +11309 »09315 .07887 07208
«200 | (11162 | .09214 ( .0Y81l3| .07144
1.000 | ,11004 | .09104 | .07738] 07074
e

~NACA -
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TABLE I - VARTATION OF MOMENTUM-THICEMESS RATIO £

AXD VELOCITY-PROFILE PARAMETER

[e= 5]

(b} Superscnic flow

WITH MACH NUMBER M

¥ - Continved

%

Bmhwwu.. Velooity-profile parameter, N xwow.n. Velocity-profile parameter, ¥

¢ 8 7 ] 11 .S & 7 9 HWJI
1.00 ]0.11004 | 0.09104 |0.07735 |0.08711 |] 3.40 [0,08441 | 0.06708 | 0.05107 | 0.04617
1.04 10938 «09088 «Q7699 +08685 S.44 « 06377 « 05657 +06066 «04582
1.08 +10870 «0901.0 «07664 +06658 || .48 «06314 +06607 «06024 «04548
l.12 +10801 +«08962 «07628 +06631 | S.823 «06261 «0B557 <0494 «04514
1.18 10730 -08912 «07592 +08803 J.66 «06189 «05507 «04943 «04480
1.20 +10658 «08862 «07685 «065674 || 3.60 «06128 «05458 «04903 o 04447
l.24 10585 «08810 07516 «06645 S.64 «06067 +06410 «04863 «04413
l.28 «10511 08768 <0748 «08515 S.68 «06007 +06361 + 04823 « 04580
1.32 «10435 «08704 07438 +06486 || 3,72 | 06848 «05314 «04784 | 04347
1,36 «10359 +08660 « 07388 +06454 3,76 +06888 +06266 «04745 «04314
1.40 «10281L «08595 «07557 «06422 Se80 »06832 «05219 «047068 «04282
led4d +10203 +»08540 «C7315 «08300 || 3.84 | 06774 «05173 «04668 | +04250
l.48 10124 «08483 07273 «06357 )| S.88 +06718 «05127 + 04630 «04217
1.52 «10045 +08427 «07251 « 06324 || 3.92 «06662 «06082 «04592 «04186
L.E6 +09965 +08369 «07188 +06291 || 3.98 «05606 «06037 «04556 «04154
1.60 +09884 08311 +07144 «06257 || 4.00 «05651 «04952 +04518 «04123
l.64 09803 « 08253 «07100 206223 | 4.04 «05497 «04948 «04481 «04092
1.68 09721 +08184 «07068 +06188 || 4.08 «05444 «04904 «04445 «04081
1.72 +09640 «08136 «07011 «06183 || 4.12 +0B391 «04861 +» 04400 «04030
1.76 «09657 +08076 «06968 +06118 | 4.16 «05339 +04818 «04373 «04000
1l.80 «09475 +08018 +06921 +06083 || 4,20 05287 « 04775 « 04337 «03596¢
l.84 « 08393 «079566 «06875 +06047 | 4.24 «05236 04733 04302 « 0359359
l.88 «09310 07896 «036830 «06011 || 4.28 +0B8186 «04692 « 04267 «03810
1.92 +09228 «07835 «06764 +00974 || 4.32 +05136 «04651 | 04233 «03880
1.86 «09145 T4 «0873%7 «06838 | £.36 +06087 «04610 «04198 +03851
2.00 +09063 «07714 08691 «06801 | 4.40 05038 +04570 204164 «03822
2.04 +08980 «0'7663 « 06644 +05864 {| 4.44 «04990 «04550 « 4135 «05793
208 +08868 «07592 «06598 +0B827 || 4.48 «04842 04490 «Q4098 037656
2.12 08816 «07532 «085651 «05790 || 4452 «048956 «0445) «04065 «03736
2416 «08734 «0747). .om@Oh «OB763 || 4.56 «04849 «04412 «04032 «03708
2420 08853 07410 « 06457 +056716 | 4.60 «04803 <4374 « 03989 « 03680
224 +08572 «Q7350 «08410 «056878 | 4.64 +04768 «04336 «03967 «036538
2.28 +08481 +07289 +06384 «05641 4,68 <0471 « 04299 « 03936 03626
2.32 08410 « 07229 «08317 «06603 | 4.72 «04869 «04282 «03904 +05698
2.36 08330 Q7168 «06270 +06565 4.76 +«04626 04225 «03873 +03571,
2.40 +08250 +07108 «06223 «05528 | 4.80 +04582 «04189 «05842 «035545
244 «08171 « Q7049 +06176 +05491 [} 4.84 «04539 «04153 «03811 +03518
2448 «08092 +06989 +06130 +05453 || 4.88 04497 04117 «03781 +035492
2452 +08014 +089%50 +06083 +05416 | 4.92 +04455 «04082 «0376L +03466
2456 «07836 08870 + 06037 «05378 | 4.96 «04414 « 04047 «03721 +03440
2460 +07859 +06818 «069%0 «05341 | 5.00 04373 «04013 «03692 «03416
2.64 +07782 «08763 + 05944 «06304 || 5.04 « 04333 «0397¢ « 03663 «03389
2.68 Q7706 «06695 » 05898 «06266 § 5,08 «04293 «03945 «05634 « 05564
272 «07630 «0863% «06852 «06229 S.12 +0425654 «03912 «05608 «03359
2.76 «075656 «08579 06807 «06192 | 5.186 «04216 03879 «03677 +035315
2.80 07480 +«06522 «05761 «05156 5.20 <0417 «03846 «03649 «03280
2.84 «07407 « 08465 05716 06118 f| 5.2¢ «041359 03814 «03521 +05266
2.88 07333 +06408 0587 +06081 5428 +04102 03782 «03493 03242
2,92 »07281 «06352 05628 «05044 | 5.32 «04066 «03761 «03466 035218
2.96 07189 «06296 05681 05008 5436 04028 +03718 «03439 «03194
3.00 «07117 06240 +055637 «04972 | 5.40 «03992 +»03588 03412 «03171
3,04 +07047 068185 »05493 «04935 5e44 +03956 +03658 «03386 «03148
3.08 06977 +0613) «05449 «04899 | 5.48 « 03921 +03628 +035569 «03125
3.12 «06907 «08076 «05405 «04863 | 5.562 -03886 +036598 « 03334 «03202
3.16 «06839 «06022 «08362 +046828 5.56 «03852 «03568 «03308 + 03079
J.20 .06771 +05969 «06318 «04792 | 5.60 «03818 «03539 03282 | 03057
Se24 «06703 +«05916 +0b276 +OAT5T § Be64k 03784 +«03510 «032567 «03035
3428 «06637 +056863 05233 «04721 | 5.68 «03761 | 403481 « 03232 «03013
3432 +06571 +«05811 +05191 04686 S.72 «03718 «03453 «03207 «02891
3,36 | ,06505 | ,05759 | .05149 | .04651 §&.76 | .03ens | .ozaos| .oziam | .02870]
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TABLE I - VARIATION OF MOMENTUM-THICKNESS RATIO £ WITH MACH NUMBER M
AND VELOCITY-PROFILE PARAMETER X -~ Comoluded

[r=£]

(b} Supersonic flow - Concluded

NACA,

nﬁ;ggf Velocity-profile parameter, N n::ggr Velocity-profile parameter, N
| i} 7 9 il | 5 7 g 12
6.80 |{0,03853 | 0,03397 |0.03158 |0.02948 B.20 [0.02264 | 0.02164| 0.02060 | 0.01961
5.84 | 03622 .03369 | 03136 | 02927 .84 | 02248 | 02148| 02046
5.88 «03590 03342 »03111 «02906 8,28 02232 02134 +02033
5.92 03559 03315 03087 «02885 8.52 02216 02120} .02019
5.96 «03529 «03289 «03064 «02865 8.36 «02200 02105 «02006
6.00 05499 035268 .03041 «02844 8440 .02184 02091 «01993
8.04 «03469 03236 «03018 . 02624 8.44 02168 02077 01980
6.08 03439 03210 02995 02804 8,48 «021563 «02063 «01967
6412 | 03410 ,03185 | 02973 | .02784 8.52 | 02138 | .02049| .01654
6416 «03381 03180 «02951 «02764 8.66 | «02123 02035 «01542
620 03352 03136 +02929 + 02745 8,60 +02108 «02021 «01929
6424 03324 «03110 «02807 «027256 8.64 02093 02008 «01917
6.28 | 03296 .03086 | ,02885 | ,02706 8468 | 402078 | .01894| .,01905
6432 | 403269 | .O306L | 02864 | .0R2687 8.72 | .02064 | 01981} .01802
8.36 { 03241 .03037 | .02843 | .02668 8,76 | 02060 | .01968) .01880Q
6e40 | 032141 03014 | .02822 | (02649 8.80 | 020556 | .01955| .01868
8e44 «03188 «02990 »02801 «02831 8,84 «02021 «01942 «01857
8048 | ,0316L{ .02967 | 02781l | 02613 8,88 | 02007 | 01929 | .01845
6052 +03135 «02944 02760 «02594 8,62 «01994 +01816 +01833
6456 | 403110 L02921 | ,02740 | 02576 8,98 | 01980 | .01804| .01822
8.60 «03084 +02899 «02720 «02669 9,00 +01966 «01891 | .01810
6464 | 03059 | ,02877 | 02700 | .02541 9404 | 02953 | 01879 | 01799
6,68 | 03034 | .028556 | 02681 | .OR523 9.08 | 01940 | ,01867| .01788
Be72 | 03000 | .02833 | 026861 | 02506 9.12 | .01927 | .01855) .OL776
6.76 «02985 «02811 02642 +02489 9.16 01914 001843 | 01766
6.80 «02961 +02780 «02623 02472 9420 «01901 | .01831 «0L754
Ge84 | ,02937| .02769 | ,OR604 | .02455 9.24 | .01888 | .0181l9 | .OL744
6.88 +02924 «02748 «026588 +02438 9.268 | .01876 .01807 | LO1733
692 | 02890 | ,02727 | 02567 | 02421 0e32 | 01863 | 01706 | .01722
8498 02867 | L02707 | 02549 +02406 9436 01850 «01784 «01711
7.00 | 02844 | .02686 | .0R531 | .02389 9,40 | ,01838 | .OL773| .OL701
7.04 02822 +02666 02513 02372 Fedd »01826 «01762 «01691
7.08 | 02800 | .,02646 | .024956 | 02356 9,48 | .01814 { .O01750( .01680
Tel2 +02778 «02627 | 02478 «02341 9.52 «01802 | LOL739 «01670
716 | 402756 | (02607 | 02460 | ,02325 9.56 | 01790 | .OL7R28( .01660
7e20 | 02734 02688 | 02443 | 02309 9.60 | J01778 | 01717} .01850
Te24 «02713 [ 02669 «02426 «02294 Pe64 01767 ! 401707 +01640
7.28 | 02692 | ,02550 | 02409 | .02278 9.88 | 01765 | 01696 | .01830
7.32 | 02671 | .0253) ( .02392 | .02263 9,72 | 01744 | 01685 | ,01620
7,36 | 02660 | .02513 | 02375 | .02248 9,76 | +OL733 | .01875 | 01610
7.40 | .02630| .02495 | .,02359 [ 02233 9.80 | ,OL72) { .0)665{ 01801
7e44 | .02610 | ,02476 | 02345 | ,02218 9.84 | (01720 | ,01654| L,O1591
7.48 «02590 «02458 | 02326 «02204 9.88 «01699 «01644 «01582
7452 | 02570 .OR441 | .02310 | .02189 9.92 | ,01689 | .01834 | .01572
7.56 «02550 «02423 | .02294 «02175 F.96 »01678 +01624 «QL563
7,60 | 02831 | .02406 | .02279 | ,02161 | 10,00 | 01867 | 01614 | .01564
Te€4 | 402512 | 402388 | .02283 | .0R2146
7.68 +02493 «02371 02248 02132
7,72 | 02474 | .02354 | .02232 i .02119
7.76 «02458 02538 | .02217 02105
T¢80 | o02437 | 02321 [ .,02202 | 02091
7.84 «024)19 +023056 «02187 | 02078
7.88 | 02401 | .,02288 | .02173 | .

7.92 «02%84 202272 02158 «02081
796 | 02368 | .02256 | 02144 | ,02038
8.00 | 02349 | .02241 | ,02129 | ,02026
8.04 «02331 «02226 «02115 «02012
8,08 | 02314 | 02209 | .02101 | .0L999
8.12 02297 «02194 «02087 | 01986
8,16 | .02281 | .O2179 | 02073 | ,01073

L02T
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NACA TN 2045

TABLE II - VARIATION OF DISPLACEMENT-THICKNESS
RATIO g WITH MACH NUMBER M AND
VELOCITY-PROFILE PARAMETER N

o=

(a) Subsonic flow

Mach -
umber Velocity-profile parameter, N

M 5 7 S 1l
0.100 |0.,16708 | 0,12533 |0.10026 | 0.08353

.200 | .16832 | .126375| .10115 | .08431
.300 | .17038 | ,12811 | .10264 | .08561
,400 | .17324 | .13052 | .10471 | .08742
,500 | 17687 .13359 | ,10735 | .08973
.600 | .18124 | .13728 | ,11054 | .09253
700 | .18631 | .14159 | .11426 | .09579
.800 | .19204 | .14647 | .11848 | .09951
.900 | .19838| .15189 | .12319 | .10366

1.000 «20529 «15783 « 12836 .10822

37
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TABLE II - VARIATION OF DISPLACEMENT~THICENES3 RATIC

AND VELOCITY-PROFILE PARAMETER N - Cont

[e= &

&

(b) Supersonic flow

g

NACA TN 2045

WITH MACH NUMBER K
inued

NACA,

N,

Yach
mmber| Veloolty-profile parameter, ¥ rumber| Veloclty-profile parameter, N A

M 3 7 [ 11 X 5 7 L] — 11
1.00 [0.20530 {0.15782 [0.12836 [0.,10822 | 3.40 |0.43230! 0.36603 | 0.31894 | 0,28338
1,04 [ .20821 | 16033 | .13064 | +11016 || 3.44 | .43595| 36058 | .32234) ,28660
1,08 | «21220 | +16291 | 13280 | 11215 || 3.48 | +43968] .37312 | 432573 | .28982
1,12 | 21426 | .16556 | .13512 | .11l421 | 3.52 | .44319] L376684| 32911} .20306
1416 | oR1740 | 026628 | 13750 | 11632 ] 3.56 | .44677| 38015 | .35248[ 29626
1e20 | 22061 | 417206 | 13994 | 011849 | 3.80 | 45033

le24 | .22389 | L17391 | 24244 | L12072 | 3.64 [ 46387

L1e28 | 422722 | o17681 | 414500 | 12200 || 368 | 445738

L1e32 | 23062 | 17978 | 414761 | 12632 | 3.72 | 46088

1e36 | 23408 | 18280 | <15028 | 12770 || 3.76 | 46434

1le40 | 23759 | ,18687 | .16299 | 13013 || 3.80 | .48779

1e44 | 424115 | (18600 | 16676 | +13261 || 3.84 ; 47121

148 | «244756 | L19217 | J16857 | 13513 || 3.88 | 47460

1.52 | 24841 | ,19639 | 16143 | J1I76O || B,92 | ATIOT

1.56 | 25210 | 19866 | 16434 | 14030 | 3.96 | 48132

1.50 | 25584 | .20196 | ,18728 | .14294 (| 4.00 | .48464

1e64 | o25961 | L2053L | 17027 | .14563 || 4.04 | .48794

1.68 1 426341 | 20869 | ,17320 | .14835 || 4.08 | 49121

1.72 | «268725 | .21211 | (17635 | o1611L1 | 4.12 | .49446

1.76 | 27112 | 21557 | 17944 | 16391 | 4.16 | ,48769

1.80 | 27501 | 21905 | .18257 | .16674 || 4.20 | .50089

1,84 | .27892 | .22266 | .18573 | ,15860 || 4.24 | 50407

1.88 | .28286 | 22610 } .18892 | .1l6249| 4.28 | .50722

1.92 } .28682 | 22067 | .1921% | .16541 | 4.32 | .51035

1,96 | +20079 | 23325 | .19537 | .16836 | 4.36 | .51345

2.00 | .B9478 | .23686 | .19864 | L17135 || 4.40 | 51654

2.04 | .20878 | .24049 | .20193 | L7433 | 4.44 | .51959

2,08 | «30280 | 24414 | .80624 | .177 4.48 | .52263

2.12 | +30682 | .24780 | .20858 | .1804 4.52 | 62564

2,16 | «31085 | 25148 | 21193 | .18346 | 4.56 | 52862

2020 | «31489 | ,26517 | 21630 | .186865| 4.60 | .53158

2424 | JB1893 | L25888 1 .21868 | 13865 | 4.64 | 53452

2428 | «32297 | .26259 ( .22208 | .19R278[ 4.68 | 53744

2452 | o32701 [ 26631 | 22649 | 19592 4.72 | 454033

236 | 53105 | 27004 | .22662 | 19907 | 4.76 | 54320

2440 | 33509 | 27378 | .23236 | 20224 (| 4.80 | 54604

2044 | 339135 | 27752 | 23580 | .20542( 4.84 | 54887

2448 | «34316 | 4281268 | 423026 { .20861{ 4.88 | 56187

2.62 | «34718 | 28501 | 24272 | .21182| 4.92 | 56444

2.56 | +35120 | .28876 | .24619 | .21503| 4.96 | 55720

2.60 | «35621 | .20250 | .24966 | .21825| 5.00 | 55993

2,64 | 435921 | ,20624 | 253147 .22149% 5.04 | 56264

2468 | +36320 | .20999 | .25662 | 22472 5.08 | 56533

2.T2 | +36718 [ 30373 .26011 | .22797| 5.122 | 56800

2,78 | 37114 | 30746 | 26359 | 23122 ]| 5.16 | 57084

2,80 | +37509 | 431119 | (26708 | 23448 5.20 | 57327

2.84 | <37903 | ,31492 | 27056 | RT3l 5.24 | .57586

2488 | 438296 | 31863 ) «R7405 | +24100(| 5.28 | 57844

2492 | «38886 | 32234 .27Y53 } 244261 5.32 | 89100

2486 | o39075 | 32605 | 428101 | .24753| b5.36 | 58364

3000 | 39463 | 432974 | 28449 | 25079 5.40 | 58608

S.04 +39848 ¢ .33342 | .28797 | .26406!1 .44 | .58855

3408 | 402321 35708 1 429143 | .R5733| 5.48 | (59103

3el2 | 040614 | 434076 | .20450 | .26068| 5.52 | 59349

34168 | 240994 | o34441 | 429836 | 26385 5.56 | 59592

3420 | «41372 | 434804 | 30181 | L26711] 5.60 | ,59834

3024 | 41747 | 435167 | 30525 | 27037 5.64 | 60073

3428 | 42121 ) .35028 | .30869 | .27363|| 5.68 | 60310

3432 +42493 35888 31231 276881 E.72 «6CU48

B3e36 | o42B63 | 56246 L31665 | .28012] 65.76 | 60778

LQ2T



NACA TN 2045

TABLE II - VARIATION OF DISPLACEMENT-THICKNESS RATIO g WITE MACH NUNBER M
AND VELOCITY~PROFILE PARAMETER N - Comncluded

=5 NS

{b) Supersonic flow - Concluded

Mach

number Veloclty-profile parameter, N mumber Velooity—lprorile parameter, N
N ] ki 9 11 ¥ 5 7 9 11
5.80 [0.61012 | 0.54628 | 0,49715 | 0.45766 8.20 | 0,71964| 0.66442| 0,8201l1) 0.,55297
5e84 | «61241 | 54870 | 49963 | 46005 Be.24 | T2 «66598) J62177) 458469

5e88 | 481460 | 55111 | 50209 | .46262 8428 | .T22468| J66704] .62342] .68640
5¢92 | 481695 | o56350 | 504535 | 46497 8.32 | 72387 .66908] .62506| 58810
5.96 | 61910 | 55687 | <5066 | 46741 B8e36 | 472625 .6708l| .62668| .58979

6.00 | 62142 | .556823 | 50937 | .46984 8,40 | 266q «67213| .62830] 59146
604 | 482362 | ,560568 | 51177 | 47225 Be44 | T2800] L6704 .62991| L5I5L3
8.08 | .62580 | .56288 | 51416 ] 47465 Be48 | oT2034] 467514 J6316L) 59479
6e12 | 462798 | 456519 | 51651 | 47704 8.52 | J730T0] «67683| .63308| 4659644
6,16 | 63012 | 56748 | 51886 | 47941 8.56 | 73204] 67811 .83466| 59807

€420 | 463228 | «56975 | 52120 48176 8460 | J733JT| 487957 .63625| 59970
6.24 | +63437 | J5TR00 | .52352 | .4841L BeB4 | TI46B[ .68103] L63I7TT8| .60132
6,28 | 63647 | 57424 | .52582 | .48643 8.68 | .73698] 468248] ,63932f .60202
632 | 63856 | 57646 | .5281L | 48876 8.72 | JTOT29] ..68391| L64086| .60452
8.36 | 64062 | 57866 .53038 | .49105 8,76 | L73857] .68534) .64238( .60611

6440 | 64267 | ,58085 | 53264 | .49334 8.80+ 73985 ,686768] .64389] .60768
Bed4d | 64469 | 58302 | ,53488 | .49561 8.84 | .74112] ,68316| 64540| .60925
G.48 | 64670 | 58518 | LB371L | .49787 8.88 | .74236] .68956] .64689| 61081
Be52 | 484871 | 58732 | 63933 | 5001l 893 | 74363 L60095| 64837 61256
6,56 | 65060 | 58944 | .54152 ] .BO235 8,96 | .T74486; L69232| .64985| .61389

6480 | 465266 | .BOL66 | 54371 | .80457 9.00 | .74610| .69369| .65131] .61542
B.64 | o60460 | .59365 | .54688 | LBOETT7 9,04 | ,T4T52| .89505| .86277| .61694
6.68 | ,85663 | 459572 .54803 | .50898 9.08 | .T74852| .69640] .6542L| .81845
872 | «65845 | 59779 | 56018 | 51114 8.12 | JTASTS! .69774| .65665| 61995
8.76 | +660356 | 59983 | .b5R30 | 51331 9.16 1 75092| ,69907] ,L65707| .62144

6e8Q | 66224 | 60187 | 55442 | .51546 930 | «75212] L70038| .65849| .62292
B84 | 486411 | 60389 | .5GE5L | 51760 Ge24 | L75329| <70170| 65990 .62440
6.88 | .66596 | 60589 | .5%5860 | .51972 9e28 | oT5445] LT0300| .66130| .62586
6.92 | 68781 | .60788 | .56067 | .52184 932 | T56684| LTO430| .66268) .62752
6496 | 66963 | .60985 | .BER7TS | 52394 8.36 | 76678 .70558| .66408| .682878

7.00 | o87145 | «61181 [ «56477 | .52602 0440 | +76794] ,70886| .656544| .63020
7«04 | .67326 | 61376 | .56680 | .52810 Q.44 | THO07] .70B12| .66680| .63163
7408 | 678502 | 61569 | .56882 | 53018 9.48 | «76018] L70938) .66BlE| 63304
712 | 467680 | 61760 | .57082  .53221 9,52 | TEL3S| LTL0B5| L669501 .63445
Tel6 | +87855 | 61951 | 457281 .53424 956 | JT6243| L71187| .67083| .63586

Te20 | 68029 | +62140 | 57478 | .53627 9.60 | 76354| L71L31)] L672)6| .63725
Te24 | 468201 | .62327 ) .57676 ] .53828 9.64 | 76464 ,T1433) .67348| .63863
7eR8 | 468372 | ,62513 | 57870 | .54028 0.688 | 76570 .71655| .67479| 64001
7.32 | 68643 | .626898 | .580635; .54228 972 | 76681} ,7i675| 67608 .54138
Te36 | #6BTLL | 62882 | 58266 | .b54424 «T6 | «T6T8B) LTLTOS| 67738 | 64274

4

740 | 68879 | 63064 | 58447 | .54620 9,80 | 76895 .71924) ,67867| .64409

Tedd | 469045 | .63245| .,58636 | .5481l6 0.84 | JTT001| LT72033| .679956 | 464543

Ted8 | 469200 | ,63424 | ,58825 | 455008 g.g JTTI0B|  ,7R2150| .68222 | 684676
9.

7e52 | 469374 | .63602  .59012 | .66201 «77211| L72267| .68248 | .6480%9
756 | 69536 | 63779 | 59198 | .55392 «+64941

Te60 | +69696 | «63955 | 59383 | 55582 [|10.00 | .77418] 72498 | .68497| .65072
Te€4 | «69856 | +64129 | 59567 | 56771
Te€8 | oTO013 | 464302 | 59749 | 55959
TaT2 | «TOLTL | o+64474 | 59930 | 56146
Te76 | #70327 | «64645 | .60110 | .56351

780 | 470482 | .64814 | ,60289 | .56518
TeBh | 70635 | 64982 | 60466 | 5669
7.88 | 470786 | 65149 | .60642 | .56881
Te92 | 470938 | 66315 | - .60818 | 57062
7e96 | «71088 | 65479 | ,60991 | 57241

8400 | LTI237 [ 65643 | .61164 | 57420
8,04 | »71386 | .65805 | -.613368 | ,57598
8408 | JTIB30 | 65966 | «61508 | 57774
‘8e12 | JT1676 | 66126 | .61676 | 57949
8.16 | 71820 | .662B4 | .61844 | .58184

&
3
A
=
3§
a
&
@
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TABLE III -~ VARIATION OF SHAPE PARAMETER H

NACA TN 2045

WITH MACH NUMBER M AND VELOCITY-
PROFILE PARAMETER N

[x=5]

(2) Subsonic flow

Mach
number

Veloclty-profile parameter, N

5

7

9

11l

0.100
«200
«300
«400
«500
«600
«'700
« 800
«900

1,000

1.40466
1.41866
1,44198
1.,47463
1,51658
1.56785
1.62840
1,69821
1. 77728
1,86559

1.29006
1.30353
1.32596
1,35737
1,39773
1,44704
1,50531
1,57249
1.64860
1.73364

1.22618
1.25934
1,26127
1,29199
1,35142
1,37965
1.43663
1.850233
1,57677
1.65994

1.11961
1,13203
1.,15272
1.,18169
1,21894
1.26449
1,31836
1.38054
1,45103
1,52987

v

L02T
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NACA TN 2045,

PABLE III - VARIATION OF SHAPE PARAMETER H WITH MACH NUMBER M ARD
VELOCITY-PROFILE PARAMETFR XN - Contimued

-4

(b) Supersonie

flow

[ ¥ach Velocity-profile parameter, N

Veloolty-profile paramster, N

¥ ]

7

g

11’

&

17

9

il

1,00 [1.8656
1.04 |1,9036
1.08 |1.9429
1.12 [1.9837
1.16 [2,0261,

1.2012,08699
.24 |2,1161
1.28(2.1619
1432 (242201
1.36 |2.2597

1.40)2,3108
1.44)2.3634
1.4812,4175
1.62]2,4730
1.56[2.,5300

1.96(3.1797

2400|35.2527
2.04[3,3271
208 [3.4029
201213,4802
216 |3.5689

220346391
2424 3,7207
2.2813,8038
2.3213,8883
2436 13,9742

2.40 14,0616
2444 (4,1504
2448 |4,2407
2.524.3324
2.66 (4,4255

2.60 14,5201
2.684 {4.6161
2468 [4,7135
2.72 4.8124
2.76 [4.9127

2.80|5.0144
2484 6,1176
2,8815,2221
2.9215.3282
2.96 15,4366

500 |5,65446
5404 |5.6648
3408 |5,7665
3412 (648797
3,16 |5.9043

342016,1103
3.246.2278
3488643466
343216,4670

3,36 16.5887

1.7336
1.7701
1.8080
1.8474
1l.8882

1.9303
1.9739
2.0190
200654
241132

2.1625
242132
2.2663
2.3188
2.3737

244300
2.4877
2.5469
2.6074
2.6694

2.7328
2.7976
2.8637
2.9313
30003

540706
Sel424
342156
342902
343662

3444368
345823
5.6025
3.6841
S5.7671

5.8514
3.,9372
4.0243
4.1129
4,2028

4.2042
4,3869
4.4810
4,5765
4.6734

4,7717
4.8714
4,9724
540749
5.1787

542840
543906
5.4988
546080
5.7188

5.8309
65,9445
6,0594
841757
66,2934

1.6699
1.6968
17327
1.7712
1.811L

1.8524
1.8950
1,929
1.9845
2,0314

2.0796
28,1292
2.1802
2.83526
2.2863

2.5414
2.3980
2.4659
2.,6152
2.6768

£2,6379
247013
2.7661
2.8323
2.8999

2.9688
340391
3.1108
31839
32683

343341
344115
3.4809
35,6698
3.6511

5.7338
3.8)79
3.9033
3.,9901
4.,0782

4.1678
4,2587
4,3509
4.,4446
4,5396

4.6359
40,7337
4.8328
4.9332
5.0351

513583
5.2428
53488
5.4560
5.6647

5.68747
65,7881
5.8988

8.0129;

6.1284

1.6126
1.6478

3.5'766

3.6582
3.,7411
35,8254
33,9111
3.9881

4,0865
4.1762
4,2873
4,3597
444535

4,5486
4,6461
41,7429
4.842)
449427

6.0446
5.1478
5.2524
5'&%
544666

55743
5.6843
547956
5.9083
86,0223

36 |14.4887

e.m
648364
65,9624
7.089
7,218

7354907
74807
746138
77483
7.8843

9.,1719
93221

10,0943

10,2530
10,4130
10,5746
10,7375
10,2018

11.0677
11.2349
11,4035
11,6735
11,7450

11.91.78
12,0921
12.2678
12,4449
12,6234

120&54
12,9848
13,1676
13,3518
13,6374

13,7245
13,9129
14,1027
14,2940

14.6808
14,8763
15,0733
15,2717
15,4714

15,6727
15.8752
16,0792
16,2847

644125
66,6330
646648
647780
56,5027

7.0287
71560
742848
74160
7.5465

76704
748137
7.94935
8,0864
8,2248

843646
8,6068
8,6484
8,7823
8.9377

9.0844
9,2326
9,3819
9.6328
G 6850

98386
9.99356
10.1499
10,3077
10.4668

10.6273
10.7891
10.9524
11.1170
11,2830

11,4504
11.8192
11.7893
11.9608
12,1337

12.3079
12,4856
12,6806
12.8390
13,0187

13.1989%
13,3824
13,5663
13,7518
135.9382

14,1262
14,3156
14,5064
14,6988
14,8921

15,0870
15,2833
15,4808
15,6800

16,461515

848452
63634
644830
646038
6472681

6.8498
6.9748
7.1011
742288
7.3579

7.4883
7.6201
77632
78877
8,0256

8.,1608
8.2094
84394
8,5807
847233

8.8673
9.0127
9.1694
9.3076
9.4669

96077
9.7599
9.9134
10.0682
10.2246

10,3820
10,5410
10.7013
10.8629
11.0259

11,1803
11,3660
11,6230
11,6914
11,8812

12,7304

12,9083
13,0876
15.2682
1344502
13,6335

13.8182
14,0042
14,1916
14,3803
14,5704

14,7619
14,9547
16,1488
15,3443
15,6412

58112,371.8

86,1377
842544
643726
56,4919
648127

8.7348
648685
8.9831
7.1092
7.236%7

73656
74957
7.6273
7.7602
7.8944

8,0300
8.1669
843051
8.4447
8,6857

847280
8,8716
9.0166
9.162%9
935106

24506
9.8099
9.7616

09147
10.0680

10.2247
10.3818
10,5402
10,7000
10,9611

11.0235
11.1873
11l.3324
11.5188
11,6866

11,8558
12,0263
12,1981

12.5457

12,7218
12,8088
13.0773
15.2573
13,4384

13.6209
13.8048
13,9901
14,1766
14,3645

14.6638
14,7444
14,8564

ig:1296
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PABLE IIT - VARTATION OF SHAPE PARAMETER
VELOCITY-~-FROFILE PARAMETER

e %]

NACA TN 2045

H WITH MACH NUMBER M AND
R - Concluded

t”

MR
(b) Supersonic flow — Cancluded

W“’h Velooity-profile parameter, K | M2 { yelooity-profile ter, N

munber » uber e parareter,

M [ 7 9 11 X 5 7 9 11
5,60 |18,5998| 16,0822| 16,7594| 15,6202 || 8.20[51,7843] 50,7051 50.1091 |29, 7299
5.84 |16,9094! 16,2853) 15.9350{ 15,7175 | 8.24 |32.0788! 30,9908 30.5898| 30,0077
5.88}17,1204! 16,4808( 16,1399 16,9162 8,28 |32,3742| 31,2778 30.6719|30,2868|
5.92[17.3331} 16.6957| 16.3422] 16,1161 | 8.32|52.6721| 31,5661 30,9554 | 30,5670
5,96 |17.5469¢ 16,9030 16,5458| 16,3175 8,38 32,9707] 31.8560f 31.,2402] 30,8488
6,00|17,7624] 17.1117] 16,76508] 16,6201 8,40|53,2712| 32,1471 31,5265|81,1318
6.04 |17.9791| 17.5217] 16.9671| 16.7241 | 8.44133,5727| 32,4396| 31,8139(31,4162
6,08{18.,1971| 17,5331| 17,1648} 16,9294 8448 |55,8751( 32,7336 32,1028 31,7020
6,12 |18,4168| 17,7460} 17.3759] 17,1561 || 8.52|34.1800| 33,0288] 52,3931 | 51.9889
8.16|18.8378| 17,9601] 17.5843| 17,3441 || 8456 | 34,4857 33,3264| 32.6847| 32,2774
6.20(18.8603|18,1755| 17,7960 17,6535 | 8,60 |34.7932| 33.6234( 32,9776 52,5671
6424 |19.08401 18,3925{ 18,0091 17,7642 8464 |355,1020| 33,9230| 38.2719| 32.8583
6,28(19,3091]18.6107|18.2238|17.9763 | 8.68|35.,4113| 34,2236 33,5676| 53,1608
6432 (19,5360 18.8304118.4394]18,1897 | 8.72 56,7235 34,5258| 33,5646 | 33,4445
6.36(19,7639|19.051418.6665|18.4045 | 8.76|56,0363} 34,8293 34.1630| 53,7395
6.40]19.9936]19,2730116.8751118.6204 | 8.80(36,3506 35.1343| 34,4627 34,0361
6.44[20.2243]19,4976(19.0949(18.8378 | 8,84 36,6664 |35,4408| 34.7638|34.5559
6.48]20,4565|19.7228|19.3162]19.0565 || 8.88|36.9828{ 35, 7481) 55.0662| 34,6530
8,52]|20,6904)19,0493]19,5387(19.2766 | 8.92|57,3021(36.0573] 56,3700| 54,8535
6.56 |20,9265|20.1772|19.7627)|19.4980 | 98.96]37.6218| 36,3677 35,6751 ] 55,2553
6.60(21,1622{20,4085|19.9880|19,7208 2.00{37,9438) 36.6794| 35,9817) 55,5584
6,64 121,4000(20,6371|20.2146|19,9449 9.04 38,2662 36,9926 36.2894| 55,8429
6.68(21,6393{20,8692|20.,4426[20,1704 9,08158,5897| 37,3072 36,5986/ 36,1488,
6.72]21.8802|21.102620.6720/20.3971 | 9,12|38.98157| 37.6230| 36,5091) 36,4559
6.76|22,1224121,3374 20,9027 20,6252 9,16 |39,2421| 37.9402] 37.221)) 36,7646
6.80(22,3662]21,6736121,1347|20,8548 9420 |39,5716| 38,2590| 57.5344| 37,0744
6.84 22,6111 /21,8211 |21.3681 |21.0856 | 9.24 |39.9010|38,6789| 37.8490| 37,3855
6.88{22.,8575)|22,0600|21.6028(21,3177 9.28{40,2313| 38.9003{ 38.1649| 37,6681
6.92128.1058]| 22,2903 |21,8590|21,5612 | 9.32|40.5656! 33,2232 38,4823 | 58,0120
6.96 [23.3648]| 22,5819 |22.0765 [21.7860 | 9.36 (40,8993 39,5474 38.8008| 38,3272
7400 |23.6056 | 22,7749 |22.5163 |22,0221 9,40 (41,2352 39,.8730| 59.1209| 58,6437

.04 23,8576 25,0195 |23.6654 | 22,2696 | 9.44 |41.5722|40:1998| 39.4422| 58,9616
7,08 |24.1109 | 23,2662 (23,7970 |22.4984 | 9.48 [41.9098|40.5280 39,7650} 39,2820
7.12 |24.3660{ 23,5122 | 23,0398 |22. 75686 | 9.52 |42.2506|40,8578| 40,0891 | 39,6014
7,16 {24,.6223 | 23,7608 |23.2840 (22,9801 | 9.56 {42.5912]41,1887| 40,4145 |39, 9234
7.20 |24.880% | 24,0107 |23.6296 (25,2230 | 9.50 |42,9342( 41,5212 40,7414 |40.2488
7,24 }25,1393 | 24,2810 |23, 7766 |25.4672 | 9.64 |43.2781| 41.8552( 41,0695 40,5713
7.28126,3996 (24,5146 [24,0248123. 7127 | 9.68 |43.6224|42,1902]| 41,3991 40,9973
7,52 |25.6619 [24.7687 |24.2746 |23,05068 |'9.72[43,9703(42.5267| 41,7299 |41.2244
7,56 |25,9251 (25,0240 |24.5255 [24.2078 | 9.76 |44.3185|42,8646|42,0621 (41,5552
7,40 /26,1903 |25,2608 |24, 7778 24,4574 | 9.80 |44.6682|45,2040(42,3956(41.8831
Te44 (26,4564 | 25,5390 |25,0316 | 24,7083 9,54 145,0198|43,5448| 42,7306 | 42,2144
7.48 (26,7258 (25,7985 [25,2866 (24,9608 [ 9.88|45.3714[43.68867143,0669 42,5471
7.52 |26,9935 [26,0694 |25,5430 [258,2142 | 9.92 |45,7264|44,2302]45,4045 42,8809
7.56 (27,2639 |26,3217 26,8008 |25,469]1 | 9.96 (46.0818|44,5750]45,7435(43,2163
7,60 127.5359 | 26,5863 |26,0600 }26,7263 [10.00 |46,4388(44,9212)44.0837|43,5631
7.64 (27,8094 |26, 68503 |26, 3203 |25,9829
7,6828,0836 |27,1167 |26,5822 {26,2418
7,72 |28,3602 |27, 3846 |26, 8453 26,5021
.76 |28,6376 |27.65636 (27.1099 26,7637
7.80 |28.916%7 [27,9243 [27.3768 |27, 0287
7.64 29,1971 28,1962 |27.6430 [27,2910
7.88 {29.4785 28,4693 | 27,9118 |27,5568
7,92 |29,7621 |28, 7440 |26, 1816 |27, 8236
7,96 [30.0467 |29, 0201 |28.4528 | 28,0919
8.00 {30.3328 29,2075 |28,7255 |28,3616
8404 [30.,6203 |29.5762 [28,9995 |28,6326
8.06 30,5087 |29,8564 |20,2748 |28,9045
8.12 (31,1995 |30,1379 29,5515 |29,1786
8.16 {31.4909 30,4208 {29,8897 29,4536

IN7vT
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TABLE IV - VARIATION OF A WITH MACH NUMBER
M AND VELOCITY-PROFILE PARAMETER N

)

A
M 0

. 100

Ywe

100

‘PdMl

dMl

(2) Subsonic flow

Mach
number

Velocity-profile parameter,

N

M 5

l7

9

1l

0.100 0

«200 4,90763
«300 | 28,17632
«400 | 93,48682
«500 | 252.48958
.600 | 481,47685
700 | 877.,4528%7
«800 [1454,29779

«900 |2240,82484

1.000 |3269,30901

0

5.67833

31.,23720
100,40804
243,59694
494 ,42310
885,98133
144%7,39366
2201,14120
3161,36979

0
6.53852
35.12561
110.93310
265,44898
532.76912
945,76453
1532,68505
2314.61073
3303.93265

0
6,80235
35,12758
107,71321
251.,84194
495,97768
866,51738
1385.11728
2066,81014

2919,05415

“HH;!F’
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TABLE IV - VARIATION OF A WITH MACH NUNBER M AND VELOOITY-PROFILE
PARAMETER N « Continued

©
0

a6 s a8 . e

PPRPOND DODDR Bk
5 $8BR8 KBRS ¥

B
o3
1N

W
oo
-3

000N

N
R
=]

S8BR8 GEBRE 23BRB FI3

PWONVON 0

AAUGA QLRGUA

1
¥ oty
A= 4( !'e aMy | NACA
{b) Supersonic flow
Py Velocity-profile parameter, N laf%, Veloolty-profile parameter, N
5 7 g 11 N 5 7 Q h & S
0 o ) o] 3.40 | 59,83027 |[44.51024 | 50.17217! 58.22780

«55033 «42266 «49686| 57207 S.44 |40,36827 |45,07350 | 50,79058] 56,90900
«'72903 87739 | 1.03042| 1.18648 S.48 140,8765% |46.82666 | 51.3982457.57603
1.,136805 | l.56425 | 1.60027] 1.83963 3.52 |41,38454 | 46.16658 | 51.,98049| 68,228908
1.,67111 | 1.88267 | 2.20673] 2.53372 3.56 |41,88301 |46.,896869 | 52,57045)58,86838

2,03385 | 2.43199 | 2.84594! 5,26663 S.60 |42,37186 | 47.21605 | 53,13930| 50,49412
2,62368 | 3.01139 | S,61983] 4,03709 S.64 142.,68512) | 47,2481 | ©T.69624! 60,10654
S5,03991 | 5.61988 | 4.22620| 4.84366 5,68 | 43,52118 | 48,22513 60, 70564
358170 | 4425635 | 4.06368| 5,68473 3,72 [ 43,7890 | 48,71117 6l.29229
4.14809 | 4.91967 | 5.73071| 6,65855 .76 | 44,2356 |49,18910 6l.86608

4.75803 | 5.60820 | 6,52B675| 7,46521 5,80 (44,876156 |49.656710
5,35039 | 6.32081 | 7.34709| 8,39678 J.84 [45.10994 | §0,11532
5.98394 | 7.05592 | 8,19295| 9,35728 5,88 | 4£8,63504 | 50,56595
6,83739 | 7.81196 | 9.06152{10,34246 5,92 | 45.95169 | 61.00315
7.50043 | 8,68734 | 9.,965093{11,35031 5,86 | 48,35975 | b1.4351%

7.99870 | 9,38047 |10,86930(12,3786%7 4,00 | 46,76962 [ 51,85400
8.70380 | 10,18969 |11,784'76)13,42639 4,04 147,15138 | 52.266598
9442335 ( 11,01338 | 12,72543[14.48832 4,08 |47,53517 | 52,66933
10,15591 | 11,84993 | 15,67946(16,56536 4,22 [47.91114 |53.068393
10, 90015 | 12,69773 | 24,64502(16,65451 4,16 | 48,27945 |B63,48024

11,85466  13.5652% | 15,62036|17, 75374 4.20 |48,64019 (6535.82834

«41809 | 14.42089 | 16,60369|18,88108 4,24 | 48,09%56 |54,19840 | 60,75519| 67,84921
3.18913 | 16,2932% | 17,59339)19,97467 4,28 149,55969 |54,66057
13,966848 {16,17080 |18,58781(21,09270 4.32 (49,67872 | 54,.91503
[L4,74890 | 17,05222 | 19,58541(22,21348 4,38 | 50,01078 |55,28195 | 61,90975|69,11197

15,5358 | 17.93616 | 20.58471|23,33531 4,40 150,33603 |55.60147 | 62,27800! 69,51452
[L6.32421 |18,82138 | 21,58432| 24,46666 4.44 | 50,85480 [56.,95378 | 62.63825 69,90820
[17,11483 {19,70665 | 22,58288} 25,57607 4,48 | 50,96662 |56,266898 | 63,99088 70,293523
B7.,90602 |20.569084 | 23,57915|26,69212 4,62 [61.27224 [56.B7727 | 63,33547 70,66980
118.69676 | 21,47288 | 24.57193| 27,80351 4,56 | 51.571.58 | 56,8880 | 63,67278 71,05814

19,4861S | 22,35175 | 25,68014|28,90903 4,80 {651,86478 [67,19372 | 64.00280| 71,398%9,
0,27324 | 23,22663 | 26,54275( 30.00758 4,64 |B2.,15197 | 5745216 | 6452568 71. 76077]
«06724 |24.06631 | 27,61878}31,08810 4.68 [ 52,43327 |57.78427 | 64,64158 72.00842
«83737 | 24,96031 |28,48738|32,17962 4,72 {52.7T0888 |58.,07020 | 64,950881 72,43257
2.61290 | 26,81776 | 29,44772]35,28125 4.76 |62,97875 [58,35008 | 65,25312] 72,76240

38515 | 26,66794 | 30,39905|34,31221 4,80 |53.24312 |58,62405; 65,54005| 75,08505
+14760 |27,51024 | $1.34071(36,38177 4,84 163,50212 1658,89225 | 65,83864| 73,40088
+90538 [ 28,34409 | 52,27207|56,59026 4,88 155.76685 |59.15480 | 66.12202| 713,70950
«65626 |20,16804 |33.19258|3%7,42400 4.52 | 54.00440 [B9,42185 | 66.59934| 74,.01162
«39987 |29,9843% | 34.10176)38,458578 4,96 | 54,24792 |50.66347 | 66,67074] T4, 30724

7.13518 |30,.78984 | 34,99915|39,43574 5,00 |54,48649 (59.90084 | 66,93656| 74.59645
27.86259 | 51,58509 | 35,88439[40,41767 E,04 |B4,T2025 |60,126007 | 67,19654| 74,87647,
28,58095 |32,36975 | 36, 76712 |41,56720 5.08 | 54.94925 |60.38727 | 67.45081) 75,15643
29,29066 |35,14362 | 37,61705 [42,34803 5,12 |56.17566 (60.61865 | 67.89988( 75,.42746
20,99092 | 35,90624 | 38,46396 |45.28192 5,16 |656,39363 |60.84503 | 67,94370| 76.69272

30,68182 | 54.656743 | 39,.2076244.20868 5,20 |65.60009 |61.066881 | 68,18208( 76,96233
51.56304 |35,39719 |40.1178745.11610 5,24 |56,82015 |61.28402 | 68,41605| 76,20643
52, 03440 136,22529 | 40,92458|46,01010 5,28 |58.02706 (61.49676 | 58.84484(76,45614
52,6957 |36.84160 | 41,71767|46,88857 5,32 [56.22986 |61.705)13 | 68.86884( 76,69868
55.3470) |37,64606 | 42,49705 (47, 76149 5,%6 |56,42862 |61.90920 | 69.08817| 76,93895

33,98804 |58,23867 | 43,26270[48,59881 6.40 |56,62345 |62,10912 | 69.30295|77.17029
34.61877 138,91918 | 44,01461(48,43063 .44 [56.81438 |62,30495 | 69.51387 7T7,39872
36.23917 | 39,08772 |44.762379|60.24671 5,48 | 57,00156 |[62,49680 | 69.7T1924( 77,62240
36,8492 140.24435 |45,47727 (51,0474 5.52 [57.18606 |62.68478 | 69.92097| 77,5414
56.44886 140.88504 |46,18812/61,83269 5,56 [ B7.36495 |63,86891 | 70.11865|78,05691

57.03814 |41.52186 |46,88540 |62,60267 5,60 | 57,54129 [63.04936 | 70,31209] 78.26598
37.61708 |42,14285 | 47,56022 1563,35747 8,64 | 57.72420 | 63,22617 | 70,50168] 78,470.72
38418570 [42,75207 |48,25068 |64,09722 §.808 | 57,08374 |63.39943 | 70.68740{78,67321
38.74408 (45,34064 | 48,89890(64,82209 5.72 | 68,04008 (63.56823 [ '70.56935} 78,87056
59,20223 |43,93660 | 46,64201 ]65,53221 5.76 | 58.21300 |83,73565 | 71.04761) 79.,06388

02T
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TABLE IV - VARIATION OF A WITH MACH NUMEER M AKND VELOCITY-FROFILE
PARDMETER ¥ - Coneluded

[
A Ej:!'ﬂ iy

(b) Supersonic flow — Concluded

Mach Kach

ber Veloolty-profile parameter, N bex Veloclty-profile parameter, ¥

M S 7 9 1 LS & 7 9 11
5,00 |bB, 37507 |65, 00078 | Ll 00020| 70.25328 || 8,20 |64,12830 | 69,68966] 77,39276] 85.01490
6,84 |58,52066 |64,05863 | T1.30344| T0,43878 || 8.24 |64,18276 | 69,76572] 77.44980| 85.97616
5,88 [58,68342 |64,21534 [ 71.56116|'79.62068 || 8.28 |64.23636 | 69,80693| 77.50692| 86,0364)
5.92 {58,83425 |64,36897| 71,72564| 79,79872 || 8.32 |64.28813 | 69,85928| 77.56112] 86,09569
5,96 |68,98219 (64.,51958| 71,886683| 79.97326 || 8.36 |64,34107 | 89,912080| 77,61544| 86.15401
6,00 [59,12732 (64.668725 | 72,044535] 90,14427 || 8,40 |64,39221 | 69,96150]| 77.66888| 86,21157
8,04 |59.26969 |64.81203 ! 72,19930| 80,3119 || 8.44 |64.44265 | 70.01140| 77,.72148| 86.26782
6,08 |59.,40937 (64,95401 | 72.35102| 80.47619 |i 8.48 |64.49212 | 70.06051| T7.7T7321| 86.32333

6.12 |569,54640 |65,09322 | 72.,40076( 80,83718 |t 8,52 |64.54092 | 70.10884 | 77.82413| 86,37798
6,16 |59,68086 |65.,22976 ) 72.64667| 80,79499 || 8,56 |64,58898 | 70,16642 T7.87424) 86.43174

20 [59,81280 |656,36364 | 72,78853| 80.94972 || 8,60 |64.,83630 | 70,20526| 77,92556| 86.48466
6,24 |69,94227 |65,49497 | 72.92872| 81.10140 | 8.64 |B4.668200 | 70,24957| T7.9721l| 86,63674
28 |60.06952 (66.62378 | 75,06618] 81.25009 | 8,88 [ 64,72880 | 70,20476! 78.01989| 86.58768
8,32 |60,19403 |65,75015 | T3.20009| 81.39589 || 8.78 | 64. 77399 | 70.33045| 78,06692| 86.63843
6436 [60,31642 |65.87411 | 73,3338% | 81.53887 || 8,76 | 64,8185 | 70.58346 | 78.113228( 86,68806

6,40 (80,43655 |65,99575 | 73.462688| 81.67009 || 8,80 |64,86236 | 70.42678] T8.16880( 86,73691
6.44 (60,55447 {66.11604 | 75.58006| 81.81660 || 8.84 | 64.90555 | 70.48944| 'T8.20568( 86.78502
6.48 (60,67024 |66,23212 | 75,T14683 | 81,965147 || 8.88 | 64.94810 | 70,61146| 78.24786( 86,83236
6,62 [60,78388 |66,34700 | T3.83722| 82.08372 || B8.92 | 64,99002 | 70,65282 78.20136| 86,87898
8.56 |60,89646 |66,4597TS | TS, 95T30| 82,21345 || 8.96 | 85,05151 | 70,59857| 78,33420| 86.92488

6.60 |61.00502 |66,57037 | 74,07611| 82,34072 || 9,00 | 65,07200 | 70,63370| 78,37638( 86.97006
8,64 (61.11259 [66,87895 | 74,19070| 82.,46568 || 9.04 | 65,11208 ; 70.67323| 78.41762| 87,01467
6.68 |61,21822 '|66,78653 | 74,30415| 82,68809 || 9.08 | 65,16168 | 70,71217| 78.45883| 87,05838
6,72 |61,32196 |66,89014 | 74.41644| 82.70827 || 9.12 | 66.19050 | 70.75052( 78.49912| 87.10153
8,76 |81,42385 [66,99283 | 74,52467| 52,82618 || 9.16 | 65,22886 | 70.78830| 78.53881| 87,14402

6,80 [61,52389 |67,00364 | 74,83188| 82.94192 || 9.20 | 65.28664 | 70,82652| 78,67790| 87.18589
8,84 [61.62216 |67,16261 | 74,75711} 83,06660 || 9.24 | 66,30389 | 70,86219| 78.61640| 87.22711
6.88 |61.71870 |67.26979 | 74,84040 83.16697 I 9,28 | 65,34060 | 70.89838| 78.85435) 87.268775
6.92 (61.81353 [67,38520 | 74.94179| 83,27635 || 9,52 | 65.37678 | 70.93392| 78,69169| 87.30775
6,96 (61,90869 |67.47890 | 75,04134| 63.38374 || 9.36 | 65,41245 | 70,96000| 78,72851( 87.34TL7

7,00 |61,99822 [67,57091 | 76,13907 | 83.48916 [ 9.40 | 65,44'760 | 71, 00367 78.78477| 87.58599
7.04 [82,088156 |67,66127 | 76.,25502| 83.,59286 || 9.44 | 65.48825 | T1,03763( 78,80051| 87.42428
7.08 |62,17651 [67.,76002 | 76.32024| 83.60425 || 9.48 | 65,51648 | 71,07120( 78,85572| 87.46190
712 |62.26334 |67.83719 | 75.,42176| 85.79398 || 9,62 | 66.56008 | 71.,20429| 78,8704l 87,49903
7.18 |62.34866 |67,92282 | 76,561262| 85,80190 || 9.56 [ 65.58530 | 7T1.13689| 78.80480| 87.33562

7+20 [62,43251 (68,00803 | 76,60186 | 83.,98807 || 9.60 | 665,61603 | 71,16903( 78,93830| 87,67167
Te24 |62,61492 (68,08966 | 765.68950| 84,0851 || 9.64 | 66.64851 | 71,2007 78,97160| 87.60719
7.28 {62.59592 (688,17074 | 76,7668 | 84.17627 || 9.88 | 66,68014 | 71.23194| 79.00423) 87.64218
732 |82,67654 (68,25050 | 75,86014 | 84,26638 || .72 | 65.T11E2 | TL.26273( 79.05649] 87.67668
736 |62,T5380 |68,32888 | T6.94521 | 84.35683 9,76 | 65.74247 | 7129307 79,06828] 87,.7T1066

7.40 |62,83074 (68,40589 | 76,02482 | 84,44373 || 9.80 | 65.77209 | 7T1.32299| 79.09962| 87,74417
Tedd [62.90638 68,48157 | 76.10499 | 84.655007 | 9.64 | 65,80300 | 7135249 T9LZ06L] 87.77T7L7
7.48 |62,98074 |68,556695 | 76,18377| 84.61490 (| 9.88 | 86.83277 | 71.38167| 79,16007| 87.80974
7.52 |63.05386 (68,820906 | 76.26118| 84.60824 | 9.92 | 66.86206 | 71.41025| 79,19099| 87.84184
7,56 63,1256 (68,70090 | 76.35735 | 84.78010 | 9.968 | 65.,80095 | 71.43833| 79.22058| 87,87546

7.80 [65,19645 [68,77162 | 76,41200( 84,86066 [[10.00 | 85.,91942 | 7T1.,46641| 79.24978] 87,90465
7.84 165,26597 |68,84095 | 76,48546 | 84.93969
7.68 |65,33434 }68,90019 | 76,66767 | 85.01729
7.72 [63,40159 |€8,97629 | 76.62884  85,00362
7.76 [63,46773 j69,04226 | 76,69840 ( 85,16867

7.80 [63.53278 ,60.10712 | 76.76698 | 85.24242
7.84 [65,506878 [69,17080 | 76,83440 ( 85,51491
7.88 |83,685974 ,69,23362 | 76,80069 | 85.38619 .
7,92 |83,72167 |69.29530 '76,966868 | 86,45627

7.98 [63,76261 {69.35596 | '77,02094 | 85,52516

8,00 )63,84257 69,41663 | 77.09206 | 86,59288
8,04 [63.90156 [69,47451 | 77,15493 | 86,65947
8,08 |63,859682 |69.53304 | 77.21588 | 85,72493
8,12 |64.01674 |69,58882 | 77.27682 | 85,768931
B.16 [64,07207 |69,64469 | T7,33477 8626
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TABLE V - VARIATION OF B WITH MACH NUMBER
M AND VELOCITY-PROFILE PARAMETER N

2=,

M
100

My
0.7100

s ©

aMy

(a) Subsonic flow

Mach

numben

Veloclty-profile

parameter, N

5

7

9

11

0.100
«200
« 300
«400
«500
«600
+'700
.800
«900

o)
4,92760
28,42363
94,92805
238,04224
497,89291
917,'78388
1540,.67351
2407,32764

1.000

3565,.86900

0

5,70129

31.,50022
101.94268
249,36305
511,12627
026,.,52241
1532,83301
2363.03540
3444 .65036

0
6.5648"7
35,43010
llé.62025
271.70006
550,87254
988.59400
1622,34001
2483.87891

3598,25118

o)
6.82980
35.42974
109.33747
257.71972
512.,49115
905,38529
1465,34709
2216.43096

3176.,37TTT

L02T
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TABLE V - VARIATION OF B WITH MACH NUMBER M AND VELOCITY-PROFILE
PARAMETER N - Continued
3
;'Y fl ediy ;
B=[ 10
1 ® !
(b) Supersonic flow
Mach Velocity-profi Hach -
roner elocity-profile parameter, N . a Velooity-profile parameter, N
) "§ 5 7 9 11 M ) 7 9 13

.00} O [+] [} 2] 3.40 | 66,54997 | 73.62654 | B3.04947 | 92.87098
1.04 «40101 48366 +56872 «65480 || 3.44 | 67.79927 | 75,25025 | 84.,51255 | 94.48275
1.08 «83875 | 1.00941 | 2,18647 | 1.36383 || 3.48 | 69.03943 | 76,58083 | 85.96265 96.,07954
1.12 | 1,31584 | 1.57784 | 1.86076 | 2.12767 || S5.62 | 70.27024 | 77.89110 | 87.39931 | ¢7.668116
1.16 | 1.82712| 2.18932 .2.56490 2.94623 || 3.56 | 71.491652 | 79.18990 | B88.82267 | 99.22746
1.20 | 2.37865 | 2,84405 | 3.352795 | 35.81977 || S.60 | 72.70300 | 80.47708 | 90.23252 |100.77831
1.24 | 2,96873 ( 3.54200 ! 4.13976 | 4.74792 || 85.64 | 73.90479 | s1.76250 | 9i.s28ve |102.31361
1.28 | 3.59738| 4.28300 | 4.99993 | 5,73016 [} 3.68 | 75.09649 | 83,01607 | 93.01119 |103.8332¢
1.32 | 4.26446 | b5.08667 | 5.90794 6.7T6675 |} 3.72 | 76.27807 | 84.267TL | 94.37986 [105,33727
1.36 | 4.96968 | 65.80245 | 6.8630L | 7.86376 || 3.76 | 77.44041 | 85,50735 | 95.73468 |106.82551
1.40 | 5.71260| 6,75965 7.86422 | 8,99305 3.80 78.,61044 | 86,73488 | 97,076560 (108.29800
l.44 | 6.,49266 | 7.66741 | 8.91048 |10,18229 { 3.84 | 79.75107 | 87.85031 | 98.40259 |100.75470
1.48 | 7,30918 8.61479 | 10,00058 | 11.42007 | S.88 | 80,90124 | 89.15357 | 99.71563 |111.19562
1.52 | 8,16126 | 9,60068 | 11.13318 |12.70479 (| 3.92 | 82.03089 | 90.34467 | 101.01475 |112.62079
1.66 ) 9.04807 | 10.62387 | 12.30685 |14.03472 (| 3.96 | 83.14998 | 91.52357 |102.29993 |3114.03023
1.60 | 8,96859 | 11,68308 [ 13.51996 (165,40008 || 4.00 | 84.25847 | 92.69028 | 103.67119 |115.42396
1.64 |10,92170 | 18.77694 | 14£.77094 |16.82294 || 4.04 | 85.35635 | 93.84482 | 104.82858 |116.80205
1,68 [11,90626 | 13.90402 | 16.05808 |18.27737 || 4.08 | 85.44560 | 94,98720 | 108,072)2 |118.16456
1.72 |12.92105 | 165.06262 | 17.37962 |19.76934 || 4.12 | 87.52022 | 96.11746 | 107.30188.[119.51156
1.76 |13.96479 | 16,26181 | 18,73376 |21.29678 || 4.16 | 88.58621 | 97.23562 | 108,51792 |120.8431%
1.80 |15.03615 | 17.46041 | 20.11867 [22.85762 || 4.20 | 89.64169 08,34173 | 109.72030 |122.16834
1.64 [16,13380 | 18,71405 | 21.53251 | 24.44976 || 4.24 | 90.68638 | 99.436584 | 110,90909 |12%5.46029
1.88 |17.26637 | 19.98409 | 22,97342 |26,07207 || 4.28 | 91.72060 [100.51800 |112,08437 |124.74609
1.82 118,40247 | 21.27794 [ 24.43956 [27.71947 || 4.32 | 92.74428 [101.58828 | 113,24625 |126,01685
1.96 [19.57070 | 22.60398 | 25.92906 |29.39288 | 4.36 | 03.75746 |102.64676 | 114.39476 |127.27267
2.00 |20.76967 | 23.93062 | 27.44012 |31.08926 || 4.40 | 94.76019 |103.69350 | 115.53005 |138,.51367
2,04 [21,96799 | 25,28627 | 28.97094 | 32.80656 || 4.44 | 95,75251 |104.72856 | 116.65220 |129.73998
2.08 [23.19428 | 26.66936 | 30,519'74 | 34,54279 || 4.48 | 96,73448 [106.75204 |117.78132 |130.95172
£2.13 |24.43720 | £8.04836 | 32.08483 [ 36.,29606 Y 4.52 | 97.70616 [106.76403 |118,85755 |132.14802
2,16 |25,69538 | 29.45179 | 33,86447 [38.06443 || 4.66 | 98,68759 [107.76462 | 119.94094 |133.33202
2,20 |26,96750 | 30,86814 | 35,25702 | 39.84607 | 4.60 | 99.61187 [108,7539C | 121.01166 |134,50088
2.24 [28.,25228 | 32.2060L | 56,86000 |41,63921 { 4.64 [L00.56005 |1L09,.73195 |122,06880 |135,656566
2.28 [29.54845 | 35,73599 | 38,47465 |43.44212 (| 4.68 [01.,49120 |110.69889 |125.11549 [136.79658
2,32 |30,86479 | 35.18075 | 40.00648 | 45,25326 [ 4,72 [02.41240 [111,66481 |124.14888 |137.92376
2.36 |32.17010 | 36.63498 | 41,72523 [47.07071 || 4,76 [05.32372 [112.56981 | 125.17001 |139.03734
2.40 |33.,49323 | 38,00643 | 43.36043 |48,89326 (| 4.80 [04,22526 [113.653400 | 126.17910 |140,13740
2.44 |54.82307 | 39,66090 | 44.,99774 |50,71932 || 4.84 [05.,11708 |[114.46749 [127.17624 |141,22434
2.48 }36,16856 | 41.03023 | 46.65890 | 52,5475 ([ 4.88 |N05,99927 [115.37037 | 128.16164 |142,20804
2,62 |357.49862 | 42,50252 | 48,28170 |64.37649 || 4.92 PO6.87181 [116.27275 | 129.13514 |143.35872
2.56 [38.84229 | 43,97610 | 49,92498 | 56,20500 || 4.96 [O7.73511 |L17.16477 |130.09720 | 144.40658
2.60 |40.18862 | 45.45067 | 51.66764 1658.03181 | 5.00 [L08,58891 |118,04649 | 131.04780 |145,44172
2.64 [41.53668 | 46.82476 | 63,20862 ;659.856%0 | 5,04 [109,43346 [118,91808 | 151.98714 |146,46433
2.68 [42.,88560 | 48.39776 | 64.84694 (61.67687 § 5.08 [110,26882 [119.77962 | 132,915638) |147.47456
2.72 |44.23455 | 49,86868 | 56.48167 [63,49103 65,12 [11.09504 [120.63119 | 133,83241 |148,47251
2,76 [45.58276 | 51.336735 | 58,21193 | 65,30031 [| 5,16 [11.91227 [121.47205 | 134,73861 |149.45837
2.80 [46.920945 | 52,80113 | 69, 75689 [67.10281 || 6.20 [12.72058 1192.30499 | 135.63403 | 150.43229
2.84 |48,27394 | 54.,26116 | 81.35678 |658.8977L || 5.24 [113.52007 |123.12743 | 1356.51882 | 151,39441
2.88 |49,61554 | 65,7161l | 62,96785 |'70,6841¢ || 5,28 [114.31087 |123.94043 | 137,39314 | 152,34495
2.82 |60,95361 | 57.,16535 | 64.67240 | 72.46101 || S.32 (115.09305 |124.74405 | 138,256708 | 163.28400
2.96 |52.28765 | 68,60826 | 66,16881 |'74.,22899 { 5.36 [116.86663 [125.63838 | 139,11074 | 154.21168
5,00 |53,61681 | 60,04430 | 87,75648 | 76.98600 || 6.40 |118.63180 |126,32358 | 139,954381 | 166.1281¢%
Se0k [54494085 | 6147295 | 69.33488 | TT7.75195 || B.44 |[117.38860 |127.09972 | 140,78768 | 1656.03364
3.08 |56425917 | 62.80364 | 70.90343 | 79.46629 || 6.48 |118,13716 |127.86695 | 141,611680 | 156.92821
Se12 [57.57130 | 64.30598 | 72.46173 | 81.18852 || 5,62 [118,87762 |128.62534 | 142.,42657 | 167.81200
3.18 |58.87680 | 685,70954 | 74,00931 | 82.,89817 || 6.566 |119,60985 [129,37504 | 143,22904 | 168,68518
3.20 |60,17527 | 87,10392 | 75.54577 | 84.,59483 || 5,60 [120.33417 |130,11616 | 144,02484 | 169,54790
J.24 |61.46634 | 68,48876 | T7.07074 | 86.,27811 || 5.64 [121,05063 |130,84878 | 144,82040 | 160.40030
3,28 |62,74966 | 60,86575 | 78.658588 | 87,94766 || 5,68 [121.,75930 |131,57302 ; 145,58672 | 161,24250
332 [64.02490 | 71.22853 | 80,08490 | 89,60317 || S.72 [122.46026 |132.28898 | 146,35392 | 162.07464
3.36 |65,20176 | 72,58289 | 81.573561 | 91.24435 || 5.72 [123,16360 |132.99676 | 147,11212 | 162.89687




48 NACA TN 2045
TABLE V - VARIATION OF B WITH MACH NUMBER M AND VELOCITY-PROFILE
PARAMETER N - Ooncluded
Vi
J-u (! -
2= [Mrge
1 S 1
(b} Supersonic flow - Contluded
nﬂ°§r Veloocity-profile parameter, K "’°§r Veloolty-profile parameter, N
N [ 7 ] 11 X 5 7 9 11
B.00 |125.80045 | 155.60650 | 147.06147 | 165,70054 8,20 |154,21493| 164,28196| 180,37806| 198.80184
5.84 {124,51786 | 134,38828 | 148,60207 | 164,51217 8.724 [154.58300| 164.6474)] 180,76367| 199.2158
5,88 [125,18892 | 135,07219 | 149,3340L | 165,30546 8,88 |154.94765| 165,00931| 181.14587| 199.6257.
5.92 [126,86276 | 1365.74837 | 160,06747 | 188,08940 8.32 |156,30887) 165,36773{ 181,52320] 200,0314
6.96 [128,50941 136,41687 | 150.77251 | 166,86408 8,38 [155.66676| 185,T2271L| 181.89743| 200.4332
68,00 |127.165800 | 137,07783 | 151.47927 | 167,62062 8.40 |156,02134] 168.07427| 182,26799| 200.830%
6.04 [127.80163 | 137,75136 | 162.17787 | 168,.38620 8444 |156.37266| 166.42247| 182.63493| 201,2247
6.08 |128,43736 | 158,37754 | 152.86842 | 166,13302 8.48 [156,72073] 166,76735| 182,99831| 201.6148
6,12 |129,08625 | 139,01643 | 1563.56098 | 169.87284 8,52 |1657.06562] 1687,10894| 183,35816{ 202.0007
6,16 [120.68842 | 139.64816 | 154.22570 | 170.60314 8466 [157.40737] 167.44729] 183,71454| 202.3830
6420 [130.30306 | 140.27283 | 154.89268 | 171.32496 8,60 |157.74601! 167.78245| 184,08748] 202,76168
6e24 {130.91201 | 140,89062 | 166.66203 | 172,03838 8¢64 |158,08157] 168,11446] 184.41703| 205.1365
6,28 |131.61539 | 141.60132 | 1656.,20385 | 172.74363 8,68 |158.,41400] 168,44335]| 184,78323| 203.507
6432 |132.11150 | 142.10637 | 166.84829 | 173.44056 B.72 |158,74%6)| 168,76915] 185.,10612| 203.87654,
6436 |132,70130 | 142.70273 | 157.48540 | 174.,12956 B8.76 |159.07016| 169,09192| 185.44574 | 204,23967)
6,40 (133,28485 | 143,29347 | 168,11528 | 174.81061 8,80 [159,39378| 169.,41167| 185.78214] 204.600351}
8,44 |133.86223 | 143.87769 | 158,73804 | 175,48384 i 8,84 |159.71451]| 160,72847| 186,11636 | 204.96740
6.48 1134,43355 | 144.45649 | 1590,35379 | 176.14938 8.88 |160,03258] 170,04235] 186.44544 | 205.31126
6.58 {134.,99886 | 145,02692 | 1659,96261 { 176.80750 8,92 {160.34742] 170.35330| 186.77240} 205.66166
6.68 [135.68828 | 145.59210 | 160.56461 | 177,45776 8.86 |160.85967]) 170.66141] 187.09630 | £08.00875
6.60 [1368,11179| 146,15113 | 161.15988 | 178,10083 9.00 {180,96916| 170,96869; 187.41718{ 208.35265
6.64 |136,65956 | 146,70408 | 1.61,74849 | 178.73661 9,04 [161.27692| 171.,26919| 187,73507{ 206.89309
6,68 |137,20163| 147.25096 | 162.33066 | 179,365622 9.08 [161.57999f 171.56893) 188.05002 | 207,.03045
8,72 |137,75807 | 147,79194 ; 162,90817 | 179.98676 9.12 |162,.88139] 171,.86596| 188.36204| 207.36466
8,76 |158.268094 | 148,32705 | 163.,47559 | 180.60128 9,16 [162,18016f 172.16027; 188.67118| R07,88571
6.80 (138.79433 | 148.85640 | 164,03833 | 181,80893 9,20 [162,47632| 172,45195| 188.97749 | 208.02370
8,84 |139,31430| 149,38004 | 164,598507 | 181,80981 g.24 [162,7699)| 172,74090| 189,28087 208.34864
6.83 |139,82892 | 149,8980% | 186,14571 | 182,40399 9.28 1165.08097| 175.02746| 1689.58169 | 208.87058
6.92 [140,33826 | 1650.4105G6 | 185,69031 | 182,99157 Q.32 }163.34951| 173,31135| 189.87966| 208.08954
6,96 |140.84241 | 150.91759 | 166,22899 | 183,567266 9.56 [163.63557] 175,5927L( 190.17495| 209.30668
7.00 [141.34141} 151.41921 | 166,7618Ll | 184,14733 9.40 |163,91918] 173.87168| 190.46763 | 209.61873
7.04 |141.835633 | 161.91581 | 167,.28885 | 184.7TL56%7 944 [164.20035 174.14796| 190.75748 | 200.92000
7.08 |142.52423 | 162,40656 { 167.81015 | 186.27777 Ged8 [164.47913] 174,42192; 1-1.04483 | 210.23644
7.12 |142,80819 | 182.89244 | 168.32686 | 185.,83373 9.62 [164.76664| 174.69346| 191.32959 | 210.54108
7.16 {143.28726 | 165.37319 | 168.8560L | 186.38362 9.56 [166.,02060| 174.96260] 191.61180 | 210,84298
7«20 (143,76148 | 1565.,84890 | 169.34067 | 186.92758 9460 |166.30135| 176.22059| 191.89160 | 211.14214
Te24 [144.23097 | 154,.31064 | 169.8%996 | 1.87.46563 G.64 |1656.67082| 176.49387| 192,16870 | 211.43863
7.28 |144,69574 | 154.76544 | 170.33368 | 187.9977T1 9,68 [165.83801| 175.,766035| 1l92.44544 | 211.73245
7.32 [145.15587 | 166.24641 | 170.82257 | 188.52416 9.68 [166,10298f 1786,01591| 102,71576 | 212.02565
7.36 1145,61142 | 155.70260 | 171.30809 | 189,04495 9476 [166.36570, 176427355 192.98506 | 212,32225
7.40 |1246.06245 | 156,15406 | 171,78448 | 186.56014 9.80 ]166.62625( 176.52897| 195.26321 | 21.2.59628
7.44 }146,60898 | 156,60087 | 172.25783 | 180,08985 9.84¢ |166.88464( 176,78220| 183.51841 | 212,88177
7«48 |146.05112 | 157.04309 | 172.72632 | 180.57414 9,88 [167.14089] 177.03326| 193,78131 | €13.16276
7.62 [147,3889) | 1657.48077 | 173,1890 | 191,07307 9.92 [167.39503] 177.282L7| 164.04191 | R13.,44128
7.66 |147,82237 | 167.91397 | 175.64832 | 191,56669 9,96 [187,64708 177.52896| 194,.30025 | £13, 71736
7.60 1148,26159 | 168.34275 | 174.10218 | 182.055611 [|10.00 [167.89706f 177.77366] 194,66635 | 213.99100
7,64 [148.,8766) | 168,76717 | 174,56129 | 192.53840
7.68 |149.09749 | 159,18729 | 1'74,99577 | 1935,01661
7.72 |149.51428 | 169,60318 | 175,43667 | 193,48982
7.76 |149,92703 | 186.01484 | 175,.871035 | 193.95809
7.80 {150,33580 160.42?59 176,30193 | 194,42149
T.84 |160.74083 ] 1680,82536 | 176,72842 | 194.88009
7.88 {151,14169 | 161,22630 | 177,15068 | 1.85.33398
7,92 [161.63870 | 161,62077 | 177.66844 | 1985,78318
7.96 [151,93202 | 162,01231 | 177.98206 | 196,28777
8.00 [152.32160 | 168.39999 | 178,39152 | 196.66781
8.04 [1652,70740 | 162.78384 | 178,79687 | 197.10338
8,08 |153.08972 | 163.,16592 | 179.19814 | 197.63461
8012 [153,46934 | 163.54026 | 179.650639 | 197,96126

8416

1635.84340 | 163.91293 | 179.968868 | 198.358371
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NACA TN 2045

TABLE VI - VARIATION OF C WITH MACH NUMBER
M AND VELOCITY~PROFILE PARAMETER N

My
c = M 0.100
0.100
(a) Subsonic flow
Mach
number Velocity-profile parameter, N
M 5 7 9 11
0.100 |0 0 0 0
e200 | 39810 | .49987 | .60250 | .67674
.300 | .45070 | .57082 | .69147 | .78359
.400 | .46640 | .59286 | .71971 | .81885
.500 | .47304 | .60245 | .73219 | .83486
.600 | .47649 | .60753 | .73888 | .84362
700 | .47853 | .61059 | .74204 | ,84905
.800 | .47988 | .61263 | .74566 | .85273
.900 | .48082 | .61408 | .74761 | .85541
1.000 | .48152 | .61518 | .74909 | .85746

“‘“H;!F’
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TABLE Vi =VARTATIOK OF € WITH MACH NUMBER M ANRD VELOCITY-PROFILE
PARAMETER N - Continued

My r

s“f*’v;f‘ ™

(b} Supersonic flow

Mach - Mach
unher Veloclity-profile parameter, N armmbex Veloclty-profile parameter, N

M ;] 7 [ 11 ' 5 7 9 11
1.00 {O [+] [¢] ] 3.40 2.53215 | 11.36144 | 13,27290 | 15,12415
1.04 +»32103 «38865 «4B766 52746 Be44 9.51687 | 11.568170 | 15,523%4 | 16,4021S
1.08 «+61490 « 74502 «87795 | 1.01208 3.48 | 9,70663 | 11.,80653 | 13,77872 | 16.,685634
1.12 « 885569 1.,07405 1.26619 1,45904 3.52 | 9,80858 |12,03610 | 14,03926 | 15,97400
1.16 |1.13644 1.37962 l.62688 | 1.87609 3,56 |10.09585 | 12.27059 | 14,350506 | 1.6.26825
1,20 {1,37012 1.66468 | 1,963687 | 2.26474 F.60 120,20757 | 12,52017 | 14.57633 | 16.56826
l.24 |[1,58896 1.93192 | 2.27968 | 2,62948 J.64 ]10.50391 | 12,75497 | 14,85324 | 16.87426
128 {1,79489 2,18382 2.57760 | 2,97333 $.68 110,71500 | 13.,00517 | 16.13597 | 17.,18637
1.327|1.98968 | 2.42226 2,80962 35.,20886 3472 110,93101 | 13,26095 | 15.4247) | 17.650485
1e36 [2.17478 | 2,648835 | B.12770 | 3.60824 3.76 |11.16207 | 13.52244 | 15.,7196% | 17.82987
1e40 [2,36055 | 2.86500 | 3,38348 | 3490340 3.80 |11,37835 | 15,78986 | 16,02099 | 18.16161
le44d | 251910 3607199 | 3.62844 | 4,18601 3¢84 {131,61002 | 14,06340 | 16.52886 | 18.50026
1l.48 | 2.68095 3427088 | 3.86380 | 4.4H750 5.88 {11.84726 | 14.34320 | 16.64351 | 18.84605
1.562 | 2.83601 346262 | 4,00069 | 4.71914 3.92 [12,0002) | 14.62947 | 16,96512 | 19.19917
1.56 | 2.98786 3648056 4.31003 | 4.97202 3496 112.53904 | 14.92240 | 17,29387 | 19.56884
1.80 | 3,133564 382790 | 4.52275 6.21716 4,00 112,59393 | 16,22218| 17.635000 | 19,92825
1e84 | 3.27595 | 4.00283 | 4.729569 | 5.45539 4,04 [12,85506 | 15,62903 | 17.97370 | 20.304564
1e68 | 3.41452 | 4.17343 | 4.93122 5.,687556 4,08 |13,1226) | 15,84313 | 18,32519 | 20.68920
1.72 |5.55001 | 4,34019 B5.,126828 5,914351 4.12 |13.39677 | 16,16467| 18,68471 | 21.08220
1.76 | 5,882756 4,503683 5.32127 | 6,13628 4,16 [13,67776 | 16.,49389 | 19,05246 | 21.48384
1,80 |3,81314 | 4.66414 5,61072 6,35409 4,20 |13,96572 | 18.83098 | 19.42866 | 21,80456
l.B4 |3.94149 | 4,82213 | 6,69710 | 6.56824 4,24 |[14,26087 | 17.17617] 19,8136 | 22,3400
1,88 [4.06811 4,87796 5,88083 8,77921 4.28 |14.56340 | 17,62070] 20.20730 | 22.74300
1.92 [4,19328 | 5.13194 6.,06228 | 6.88742 4,32 |14,87356 | 17.80176| 20.61026 | 25,18161
1,96 [4,31724 |- 5,28438 6,24181 | 7.19328 4,36 |15.,19151 | 18,28265| 21,02259 | £3,83007
2,00 {4,44020 5.,43552 6.,41972 7.39712 4.40 | 15.51760 | 18,684261 [ 21.44458 | 24,08868
2.04 14,56243 5.58571 6,59631 | 7.59034 4.44 | 15,8617 | 19.03167 | 21.87647 | 24.,55763
2.08 |[4,68407 | 5.73612 6.,77188 | 7.80024 4.48 116,194435 | 19,43052| 22,3185l | 25.05722
212 14,80554 | 5,88399 6.94668 | 8,00012 4,62 |16,54586 | 19,83875 ] 22.77099 | 25.,52775
2,16 14,92643 6.03256 7,12099 8,19928 4,66 | 16,90616 | 20,25720| 23.23415 | 26,02941
2420 {B,04762 | 6.18101 | 7.296500 | 8,39798 4,60 |17,275685 | 20,68592| 23.70828 | -26,54255
2.24 156.,16873 8432952 7.48895 8,59644 4,64 | 17.,65456 | 21.12520| 24.19388 | 27,06745
2428 | 520023 | 6,47832 | 7.64308 | 8,73492 4,68 ) 18,04313 | R21,57533 ] 24.,6906) | 27.80440
2432 |5.41216 662765 7.81767 | 8.99364 4,72 | 18.,44165 | 22.03656| 25,19936 | 28.1537.
236 | 5,53469 6477738 | 7.99260 9.19284 4,76 |18,85033 | 22,50914 | 25,72023 | 28,716564
B¢40 [5.,65794 8.92798 B.16840 9.39271 4,80 | 19,26945 | 22,99341( 26.,25352 | 20.290566
2444 |8,78203 7.07949 8,34511 | ©.59343 4,84 |19.60930 | 23,4896 | 26.79953 | 20.87874
2,48 [5,90713 7423208 | 8,52290 | 9.,79522 4,68 | 20,14014 | 23,99819| 27.,35861 | 50.48050
2,62 [6,03332 | 7,38592 | 8.70195 | 9.99828 4,92 | 20,59226 | 24,.51931| 27.93103 ) 31.09618
2,58 |[6.,16076 7.54114 8.,88244 |10.20274 4,96 | 21,05594 | 25,05332| 28,51717 | 31,72612
2.60 |6,268958 7.69786 | 9.,06449 }10,40884 5,00 121,565145 | 26,680054 | 29.,11730 | 52.37060
2.64 16,41985 7.865625 9.24828 [10,.61869 5,04 | 22,03014 | 26,161335| 20,73183 | 53.03007
2468 |6,551L73 8,01644 9.43399 |10,82651 5,08 | 22,61930 | 26,73602| 50,36106 | 33,70454
2,72 |6,68530 | 8.,17856 9,62174 [11,03844 5012 | 23.03219 | 27.32488( 31,00534 | 54,39521
2,76 |6,82072 8.34273 9.81170 |11.25270 5.16 {23,65816 | 27,92832| 81,66504 | 55.10159
2,80 |6.,95807 | 8,50911 |10,00401 |11,46942 5.20 | 24,09757 | 28,54670 32.34083 | 35.,82438
2,84 |7.09750 8,67783 |10.19884 |11.68873 524 | 24,.65072 | 29,.18037| 35.03217 | 36.56388
2.88 |7,23910 | 8,84902 |10,39631 |[11,91081 5,28 | 26,21797 | 20,82070] 53,74041 | 37.32060
2,92 17,38200 9.02284 |10,59659 |12,13587 BeB32 | 26,79964 | 30,49506| 34,46558 | 38,09485
2.96 |7,529268 | 9,19937 | 10,7998l |12.36400 5+36 | 26,39611 | 31,17685| 355,20004 | 58,88704
5,00 |7.,67809 9,37878 |11.00814 |12,59538 540 | 27,00771 | 31.87544 | 35,96825 | 39.69758
3.04 |7,62058 9,5611¢ }11,21672 |12,83018 Bod4 | 27.63480 | 32,59120] 36.74659 | 40.52687
3.08 |7,98383 9.74677 | 1L.42868 |13,06857 5.48 | 38,2778 | 33,32459| 37.54352 | 41.37539
312 |8,14087 9,93565.|11,64518 |13,31073 5452 1 28,93702 | 34,07600| 38,55938 | 42,24350
5,16 |8,30112 [10,12795 11,8653 |13.66679 5456 | 29,61289 | 34,84589 | 39.19468 | 45,15171
5420 |8,46439 [10,32379 |12,08944 [13,80688 5,60 | 50,30585 | 55,63463| 40,04989 | 44.04045
5.24 |8,83090 {10,52334 |12,31750 114.,086122 5.84 | 51,01823 | 56,44289| 40,02539 | 44,97018
3428 |8.,80082 |10,72674 |12,54971 |14.31995 5468 | 31,74448 | 37,27054 | 41,82169 | 45,92133
3432 [B8497423 |10,9341) [12,78624 |14,58324 5472 | 52,49098 | 38,11856] 42,73923 | 46.89438
5036 {9,15129 |11,14582 [13,02726 {14.8512¢6 || 5.76 | 33,25619 | 38.98727| 43,57849 | 47,889

. n——
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N - Conoluded

o= [r,e ax

{b) Supersonic flow -~ Concluded

TABIE VI - VARIATION OF C WITH MACH NUMEER M AND VELOCITY-PROFILE
PARAMETER

Velocity-profile parameter, X Mach Velocity-profile parameter, K

[¥ach
rmrbexr mzber
¢ [ ki [ 11 M & 7 9 a1

5.80 | 34.04058 | 30.87710 | 44.63999 | 48.90818 8420 | 138.,67567 | 156.82575 | 167.73563 | 176.72228
S.84 | 34.84455 | 40.78872 | 45,62418) 49,94991 8.24 [141.76665] 159,743525 | 171.41737| 180.,50350
5.88 | 35.66856 | 41,72235 | 46.63165] 51.01549 8,28 | 148.02788 ! 163,33682 | 175.,17510| 184,36130
G.82 | 36.51308 | 42,67885 | 47.66267| 52410663 8.32 | 148,35877| 167.,00594 | 179,01035| 188.29712
B.96 | 37.57885 | 43.65802 [ 48.7T1799| B3.22048 8.36 | 161.'78064 | 170,75199 | 182,92450 | 192,31239
6.00 | 38.26548 | 44.66107 | 49,79813 | 54,36092 8.40 [1655,85439 | 174.57621 | 186.91876 | 196.40834
6,04 | 39,17436 | 465,68835 | 50.90360 | b55.52740 8.44 |158.78181 1 178,48022 | 190.99480 | 200.58656
6.08 | 40,10568 | 46.74034 | $2,03496 | 56,72044 8,48 | 162,40408 | 182.46537 | 195.,15400 | 204,.84844
6.12 | 41.05988 | 47.81754 | 53.19268 | 57.94056 8,52 |166.10256 | 186.,53319 | 199.39785 | 200,19544
6.16 | 42,03764 | 48.92055 | 54,3774l | 59.18840 8.56 |{169.87887| 19Q,68514 | 203,72786 | 213.62807
6.20 | 43.,03820 | B50.040906 | 55.58974 | 60.48458 8,60 | 173.73580 | 194,92871 | 208,14551 | 218,15080
6,24 | 44,06535 | 51,20638 | 56.83022 | 61.76967 8,64 | 177.66934 | 199,24746 | 212.65238 | 222,76218
6,28 | 45.11657 | 52.,390350 | 68,09948 | 63.10408 8,68 | 181.68677 | 203,86088 | 217,25002 | 227.46481
6.32 | 46,19346 | 53,60248 | 59.39819 | 64.46876 8.72 |185.787538 | 208,16460 | 221,94000 | 232.2601¢
6,56 | 47.,29652 | 54.84342 | 60.72692| 65,88418 8.76 |189.97304 | 212,76014 | 226,72393 | 237.14984
6.40 | 48.42629 | 56,11371 | 62.,08625 | 67,28091 8.80 |194.24488 | 217.44915 | 251,60339 | 242,13544
6.44 | 49,58338 | b57.41401 | 63.47686 | 68,74968 8,84 |198.60459 ( 222,2333]1 | 236.58016 | 247.21872
6.48 | 50,76846 | 58,7450 | 64.89948 | 70.24119 8,88 |203,05366 | 227.11426 | 241,66587 | 262.40126
6,62 | 61,98206 | 60,10730 | 66.36471| 71.76602 8.92 | 207,69568 | 232,00363 | 246.,83215 | 257.68471.
8,56 | 53.22482 | 61.50162 | 67.84327 | 73.32482 B.96 {212.82645 | 257,17347 | 252,11101 | 263,07105
6,60 | 54.49742 | 62,92867 | 69.36584 | 74.918569 9,00 |216,95540 | 242,36620 | 257,49397 | 268,56171
6,64 «8004) | 64.38901 | 70.92307 | 76.54764 9.04 | 221.77615 | 247,640566 | 262,982'74 | 274.15853
6.68 | 57.13448 | 65,8834l | 72.51574 | 78.21285 9.08 | 226,69662 | 253.03162 | 268,57940 | 279,86345
6.72 | 58.50020 | 67.412863 | T4.14457 | 79.914956 9.12 | 231.71597 | 2658.52988 | 2'74,28544 | 285.67802
6.76 |} 59.89847 | 68.,97729 | 75.810228 | 81.65464 9.16 [ 256,83632 | 264.13726 | 280.102684 | 291.60414
6480 | 6L.32076 | 70,57820 | W7.651%54 | 83.43273 0.20 | 242,05046 | 269.85887 | 286,03374 | 207.64390
6,84 | 62,79484 | 72,21609 | 79.25627 | 85,24098 D.24 [247,38684 | 275.68726 | 292.,07968 | 303,79886
6.88 | 84,29447 | 73.89176 | €1.05618 | 87,10709 9.28 [262,82063 | 281.63370 | 298.24294 | 310.07122
6.92 | 65,82032 | 75.606595 | 82.85705 | 80.00494 9,52 |258.36231 | 287.69679 | 304,52506 | 31.6.46266
6,96 | 67.40019 | 77.35953 | 84.71880 | 90.94443 9.36 | 264,01392 | 203,87883 | 310.92840 | 322.97538
7.00 | 60.00773 | 79.15324 | 86.62213 | 92.926235 9,40 | 269.77737 | 300.18173 | 317.45495 | 329.,61134
T.04 | 70.65273 | 80.98789 | 88,56790 | ©4,95120 S.44 | 276.65425 | 306,60730 | 324410647 | 338.37229
7.08 | 72.33596 | 82,86432 | 90.655686 | 97.02018 9.48 |281,64688 | 313,16791 | 330,.88533 | 343,26069
7.12 | 74,05831 | 84,78343 1 92,59020| 99.13410 8.52 | 287,75671 | 519.63624 | 337.79324 | 3650.27783
7.16 | 75.82043 | 86,74601 | 94,66841 | 101,29372 8.56 293,98599 | 526,64168 | 344.83265 | 357.42663
7,20 | 77,62318 | B8,75295 | 96.79°49 | 103,49994 9,60 [300,35682 | 333,87950 | 5352.00676 | 564,70906
7.24 | 70,46743 | 90.80518 | 98,96346 | 105,753 9,64 |306.,681116 | 340,65085 | 559,32477 | 372,12725
7.28 | 81,356394 | 92.80351 | 101,18208 | 108.055988 9.68 | 313,41088 | 547,85752 | 368.76163 | 579.68307
Te32 | 83.,28364 | $95.,04897 | 103.44946 | 110,40766 9,72 |320,13808 | 3655,20202 | 374,34854 | 387,37896
T7.38 | 85,25741 | 97.24251 | 105.76649 | 112.80970 9,76 |326,99498 | 362,68658 | 382,07803 | 396,21710
7.40 | 87.27602 | 99.48492 | 108,13401 | 115,26296 9.80 | 333,98579 | 370,31362 | 389.,95246 | 403.19990
T.44 | 89,34048 | 101.77752 | 110.56513 | 117.768564 9.84 13541,10660 | 378,08541 | 397,97404 | 411,352964
Te48 | 91.45169 | 1Q4.12087 | 113,02486 | 120,352745 9.88 | 348,36657 | 386,00431 | 406,14518 | 419.60885
7.62 | 95.61066 | 108,51594 | 115,66016 | 122,94083 9,92 |555.76295 | 3904.,07276 | 414,46825 | 428.03928
7.56 | 95,81788 | 108,96399 | 118,12060 | 1265.60894 9,968 | 563,30101 | 402,28309 | 422,94569 | 436.62392
7.60 | 98.07476 | 111,46603 | 120.76532 | 128,55364 1 10,00 |370.98164 | 410.66785 | 451.57986 | 445,56484
7«64 [100,38216 | 114,02309 | 123,45744 | 131.11571

7,68 1102.74106 | 116,63620 | 126,20734 | 133,95622

T.72 }105.15249 | 119.30843 | 129.01606 | 136.,85630

T.76 {107.61746 | 122,03485 | 131,868477 | 159,81703

7.80 [110.13698 | 124,82266 | 134.681460 | 142,83954

7.84 {112,71211 | 127,67097 | 157.80668 | 145,.92493 R

7.88 {115,34400 | 130,58097 | 140.86228 | 148.07450

7.92 j118.03361 | 153.55372 | 143,98240 | 162.28828

7.96 |120,78206 | 136,69041 | 147.16827 | 155,57042

8.00 [125,59064 | 139,69240 | 150.42129 | 158.91936

8,04 |128,46040 | 142.86089 | 153.74266 | 162.33723

8,08 |120,39237 | 146.096989 | 157.15345 | 165,82516

8,12 |132.38774 | 149,40192 | 160,59407 | 189,38441

8.16 |135,44781 | 162.77712 | 164.12863 | 175.01640
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TABLE VII -~ VARTATION OF D WITH MACH NUMBER

NACA TN 2045

M AND VELOCITY~PROFILE PARAMETER N

M
M 0.100
__I_)_ = f TS e dMl
0.100
(a2) Subsonic flow
Mach
number Veloclty-profile parameter, N
M 5 7 9 11
0.100 | O 0] 0] 0]
«200 «39908| * L,5011L » 60400 « 67845
« 300 45211 « 37264 «69370 .78618
« 400 « 46806 59505 72242 « 82203
+ 500 «47490 .60491 « 73525 « 85849
«600 «47849 « 61020 « 74222 «84762
700 48066 «61345 74652 « 85337
800 «48210 «61564 74946 « 85734
« 200 «48314 «61724 « 75160 « 86029
1,000 «48393 61848 «'75327 « 86260

NACA
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TABLE VII - VARIATION OF D WITH MACH NUMBER M AND VELOCITY-PROFILE
. PARAKETER K - Continued

n.'\f;ul"’-“l
e

(b) Supersonic flo¥

Kzo!elr Veloolty-profile parameter, K . Hadez Veloo:.ﬁy-mrne pararater, N
¥ 5 yi 9 13 ¥ 5 7 [ hhY
1.00{ O 0 o o 5.40 |15,19799 | 18.47281| 21.51765| 24.44626

1.04 «36742 +44468 «52379 «603T0 | .44 | 165.63507| 18.99397)| 23.1102% | 265.10401
1.08 «70707 «85667 1.00954 | 1.16370 ! B.48 |16.08696| 19.53285( 22,72169( 25.78204
l.12 | 1.,02306( 1.24079| 1.46200| 1.68661 | 3.52 |16.56426| 20.08851| 23.35255| 26.48112
1,16 | 1.31887; 1,60103} 1.88819 | 2.17742 | 3.66 [17.03768| 20.66285| 24.00383| 27.20204

120 | 1.59737; 1.94075] 2.28958 | 2.64063 || 3,60 [17.53757| 21.25862| 24.67622 | 27.94564
1.24 | 1.86097) 2.26278| 2.67026 | 3,07099 (| 3.64 [18,05488| 21.87034| 26.87050) 28.712%
1.28 | 2,11172| 2,56954| 3.03300 | 3.40869 | 3.68 [18.59015| 22.50479| 26.08751| 29.50424
1.32 | 2.35137| 2.86308| 3,38022 | 3.89946 f 3.72 |19.14416 | 23.16077| 26.82809 | 30.32102
1.36 | 2.58147| 35,14517) S.71397 | 4.28464 | 3.76 |19.71765| 23.83907| 27.59313 | 31.1640)

1.40 | 2.680329 | 3.41738| 4.03607 | 4.66633 ] 3.80 |20.351116| 24,54066| 28.38354 | 32.03417
1.44 | 3.01801| 3.68105| 4.34808 ( 5.01631 || 3.84 [20,92571| 25,26610| 20.20023| 32.93246
1.48 | 3.22661} 3,.93737| 4.65138 | 5.36617 || 3.88 |21.56199| 26.,01669| 30.04418 | 353,8699)
1.52 | 2.42008| 4.,18741| 4.,94720 | 5.7075)1 | 3.92 |22,22088| 26.79208| 30.91641 | 34.81767
1.56 | 3.62890] 4.43210) 5.23666 | 6.04100 | 3.96 [22,90318| £27.5062)( 31.81791 | 35.80651

1.60 | 3.82410| 4.67230| G5.52075 | 6,36835 | 4.00 | 23,6007¢ | 28.42727| 32.74976 | 356.82783
1.64 | 4,01619| 4.90875| 5.800290 | 6,69037 | 4.04 [24.34165 | 29.28718| 33,71302| 37.88268
1.68 | 4,20580 1 5.14215| 6.07615 | 7.00802 | 4.08 {25,09967| 30.17700| 34,70883 | 38,97219
1.72 | 4.39344 ( 5.37516| 6,34908 | 7.32212 || 4.12 |25.88482 | 31.0978)| 35.73836| 40,09762
1.76 | 4.57965 | 6,60235} 6,681075 | 7.65348 || 4.16 |26.69811. 32,06074| 36.80279 | 41.26021

1.80 | 4,76480 | 5.85027| 6.888756 | 7.94273 [ 4,20 |27,54066 | 33.03695| 37.90336 ) 42.4612%
1.84 | 4.94937 6,06742| 7.15675 | 8.25060 || 4.24 |28.41325 | 34.05762| 39,04133| 43,70201
1.88 | 5,13371} 6.28428| 7.42421 | 8.85772 (| 4.28 |[£9,3173L| S5.11398{ 40,21801 ! 44,98391
1.92 | 5.,31825 ) 6.51129| 7.69171 | 8.86468 || 4.32 | 30.25384 } -36.20731| 41.43475] 46.30834
1.96 | 5.60329 | 6,73889| 7.,95972 | 9.17202 || 4.36 |[31.22405 | 37.33802| 42.602035 | 47,87674

2.00 | 5.68924 | 6.96748| B8.22875 | 9.48030 | 4.40 |32.22008| 358.,5)015| 43,99398 | 490.05058
2.04 | 5.87659 | 7.19746| 8.49918 | 9,79000 | 4.44 |33,27025 | 39,72238] 45.33937 | 650.56140
2.08 | 6.,06509 | 7.42922| 8,77150 |10,10162 | 4.48 | 34,3488l 40.97706]| 46.73062 | 52.,06078
2.12 | 6.2556) ] 7.66512| 9.,04613 }10,41564 § 4.652 |35.46608 | 42,276567] 48,18930| B3,62034
2,16 | 6.44820 | 7.80951| 9.32347 |10.73253 § 4.66 |56.62348 ( 43.61972| 49.,656701| B55,23175

2.20 | 6.,643423 ( 8,13876) 9,60393 | 11.05275 | 4.60 |37.82240 | 46.01078| 51.19543 | 56,809673
2,24 | 6,84126 | 8,58120| 9.88791 |11.37668 || 4.64 |30.06428 | 46.45047| 52.78623 ) B8.61703
2.28 | 7.04215 | 8.62720| 10.17680 | 11.70482 || 4.68 |40.35062 ] 47.94046| b54.43119 | 60.39450
8.32 | 7.24635 | 8,87710] 10.46799 | 12.03760 (| 4.72 [41.68298 | 45.48246( b56,13212 | 62.23099
2436 | 7.45420 | 9,1351283 | 10.76487 | 12.37544 || 4.76 [45.06293 | 61.07824| 57.89086 | 64.12841

2040 | 7.86595 | 9.38994 | 11,06685 | 12.71876 || 4.80 |44.49217 | 52.72064| 659.70837 | 66,08879
2e44 | 7.88180 | 9,.65368 ) 11.,57428 | 15,06800 || 4.84 |45.97231 | 54.43850| 61.58959 | 68.11411
2.48 | 8,10255 | 9.92250 | 11,687556 |13,.42358 | 4.88 {47.50516 | 568.20874| 65.633565 | 70.20648
2.52 | 8432760 | 10,19705 | 12,00710 | 27.79995 | 4.92 [49.,09248 | 58,03638 | 65.54320 | 72,36904
2.66 | 8.55796 | 10.47760 | 12,33330 | 14.15553 | 4.96 |50.73617 | 59.92045| 67.62106 | 74.60108

2460 | 879370 | 10,76449 | 12,66656 | 1483278 | 5.00 |52,43803 | 61l.887900| 69.,76894 | 76,80774
2.64 | 9.03521 | 11.06810 ) 13.00730 | 14.91812 | 5,04 |54.20014 | 63.81431| 71.98935 | 79.29051
2.68 | 9.28278 | 11,35881 | 13.36692 {15,312035 § &.08 |656.,02480 | 66,01087] 74.28467 | 81.,75176
2.72 | 9.53672 | 11.66699 | 13.71286 |15.71496 | 5.12 |67.91308 | 68.17685] 76.65688 | 84,20377
2,768 | 9.79739 | 11,98304 | 14.07854 | 16.12739 | E.16 |59.8881l0 | 70.42183| 79.10887 | 88,91929

2.80 110.06613 | 12.30736 | 14,45342 | 16,54979 | 5.20 |61.89176 | 72,74192) 81.64308 ] B89.63087)
2.84 [10,34030 | 12,64036 | 14,85704 | 16.98266 | 5.24 |63.986335 | 75.14138| 84.26207 | 92.43116
2.88 |10.62327 | 12,98247 | 16.23267 | 17.42648 (| 5.28 |66.15425 | 77.62304; B6.96878 | 95.32312
2.92 110,91440 } 13,35341). | 16.63778 | 17.88178 | 5.32 |68,39780 | 80.18040| 89,78560 | 98,30939
2.96 [11.21410 ; 13,69573 | 16.05406 | 18.34909 (| 5,36 |70.71937 | 853.84310| 92.65549 | 101,39282
5,00 |11.52276 | 14.06779 | 16.48191 (18,82895 [ 5.40 |73.12166 ( 85.,58710] 98.64149 | 104,57656
3.04 |11.84076 | 14.45076 | 16.,92185 | 19.32189 (| 5.44 |75.60714 | 88.42412] ©8,72641
3,08 |12,16856 | 14.84509 | 17.37441 | 19.82849 || 5.48 [78.17859 | 91.35722 | 101.91347
.12 |12.50665 | 15,25131 | 17.84013 | 20.34034 § 5.52 80.83867 | 94.38930| 105.20568
.16 [12.86622 | 15.66994 | 18.,31956 | 20.88502 | 5.56 |83,59036 | 97.52361| 108,50643
3,20 |13,21500 | 16,10148 | 18,813529 | 21.,43814 | 6.60 |86.43651 | 100.76335 | 112.11904
3.24 |13.586837 | 16.64651 | 19,32190 | 22.00334 # 5.64 |89.38016 | 104.11175 | 116,74692
5.28 |13.96985 | 17.00656 | 19.84599 | 22.68728 | 5.68 |92,42435 | 107,567221 | 119.49354
3,52 |14.36593 | 17,47925 | 20.38621 | 23.18862 || 6,72 |95.57223 | 111.14816 | 123.36251
536 |14.77614 | 17.96811 | 20.94321 | 25.,80804 || 5.76 [98.82699 | 114,84315 | 127,35751
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NACA TN 2045
TABLE VII - VARIATION OF WITH MACE RUMBER N AND VELOOCXTY-PROFILE
P, TER N - Oonoluded
L
u 1 "
2 - |./; !l . u]_ NACA
{b) Supersonic flow - Concluded

m;"?r Veloolty-profile parameter, X ""fl:r Veloolty-profile parareter, N

N ] 7 9 11 M 5 7 9 hu
8,80 [102.,19219| 118.66101 | 151.48250 |142.64288 || 8.20 | 704.2R2753| 788.146635| 839.09716| 878.67606
5.84 [108,67108| 128,6063%3 | 155,74123 | 147.15068 || 8.24 | 725.80720| 81l1.93285| 863.98028| 902.23354
5.88 [109.20719 | 126,67095 | 140,13766 | 151.80110 [ 8,88 | 747.99116| 836.37739] 889.541654| $28.47635
5,92 [11R.984239 | 130.80898 | 144.67610 | 156.59883 || 8.32 | 770.79491| 861.40685( 916.70834| 056.423084
5,96 |116,82688 | 135,23650 | 149,36054 | 161.54780 | 8.38 | 794.23387| 887.30784| 942.76742) 983.08678
6.00 |120.79595 | 139.72625 | 154.19549 | 166,66262 || 8.40 | 818.32260; 913.82609 | 970.46480 | 1011.48919
6,04 [124,89840 ( 144.36316 [ 150,1.8544 | 171,01786 || .44 | 543.07810{ 941.07008| 9908,90924 | 1040.64673
8,08 [120,1374% | 149.15156 | 184.33484 | 177,34806 || 8.48 | 868.51635| 969.,05692 | 1028.11828 | 1070,57675
6,12 [135,81664 | 154.09508 | 169.64807 | 182.94766 || 8.52 | 894.65386( 997.00451 | 1068.1.0984 | 1101.29738
6,16 |138,04069 | 169.19924 | 176.13026 |188,72186 || 8.56 | 921.50789| 1027.33142 | 1088.90301 | 11.32,82750
6,20 |142,71385| 164.46854 | 180.786268 | 194,67562 || 8.60 | 949.00586| 1067.66626 | 1120.61666 | 1165.18804
8,24 |147,54056 | 169.50784 | 186,62111 | 200.81400 || 8,64 | 977.,43620{ 1088.79812 | 1162.97009 | 1190.39220
6,88 [152.52838| 175.52810 | 192,63092 | 207,14221 || 8.68 {1006,54384| 1120.77622 | 1186,28286 | 1232.46555
6,32 |157,67333 | 181,51690 ) 108,84836 |213.66803 || 8.72 |1036.44012{ 1153.61038 | 1220.47616 | 1867.42615
6.36 [162,9880% | 167.20688 | 205,285)60 [220.39058 || 8.76 |1067.14203| 1187.32095 | 1R55.56766 | 130320440
6,40 |168.47705 | 195.46761 | 211,86480 |227.32137 | 8.80 |1098.67127| 1821.52846 | 1291.50096 | 1340.09106
6,44 |174.14285 | 100,.83455 | 218,66402 |234,46426 | 8.84 |1131.04492| 1257.45421 | 1328.55686 | 1377.83784
6.48 |179.99167 | 206,40366 | 886.68526 | 841,.82542 || 5.85 |1164.26394| 1203.91979 | 1366.457R3 | 1410.56647
6,52 1188,020863 | 213.18040 | 232,92419 (249.41069 || 8,92 |1198,40769| 1351.34647 | 1406.36387 | 1456.26839
6.566 |192.25944 | 820,17104 | 240,38725 |257.22651 || 8.96 |1233.4305L 136975840 | 1445.268062 | 1496.99806
6.60 1198.88044 | 227.58166 | 248.08071 |265.27891 || 9.00 |1260.39546| 1409.1789% | 1486.22588 | 1538.76693
6.64 |205,32462 | 234.81820 | 256,01086 |273,67466 (| 9.04 |1308,30631| l449.62545 | 1528.23488 | 1681.59863
6.68 |212.17086 | 242.48729 | 264,18309 |263,12020 | 9.08 |1344,18616| 1491.12501 | 1672.38110 | 162551841
6.72 |819.8341) | 250.39647 | 272,60740 [£90,92259 (| 9.12 |1383,05938( 1583,71041 | 1615.,61170 | 1870.54927
6,76 |226,52032 | 258.54914 | 281,29745 | 299,96838 || .16 |1422,94822| 1677.39365 | 1660.83109 | 1716.71534
6.80 |234.03616 | 266,96557 | 290,25163 |309.32513 )| 9.20 |1463,87825| 1622,20636 | 1707.307R9 | 1764.04460
6.84 {241.78805 | 276,62178 | 209.44716 |518,94015 (| 9,84 [1605.87136( 1668.17208 | 1754.96306 | 1812.56067
6.88 |249,78265 | 284.55495 | 508,94143 | 328,84088 || 9.28 {1548,96384| 1715.31908 | 1803.82974 | 1862.£9158
6,92 |258,02670 | 303.76242 [ 518,72196 (339.03492 || 9.52 [1693.14700 | 1763.67143 | 1853,92904 | 1913,26280
6.96 [286,52765 | 505.25224 | 328,79706 | 349.53060 | 9.38 |1638,46112| 1&13,26891 | 1905.20182 | 1865.50203
7.00 |276,29213 | 515.03166 | 539,17414 | 360.33543 || 9.40 |1684,97889) 1864,10890 ! 1957,94500 | 8019.0388¢9
7.04 |884,32750 | 523.,10867 | 549,.86139 |371.46768 || 9.44 |1752,66525| 1916,24726 | 2011.91780 | 207589846
7.08 |293,64131 | 333.49141 | 360,86717 | 582,90576 || 9.48 {1781,57000| 1969.70684 | 2067.2391¢ | 2130,11288
7.12 |503,24151 | 344,18857 [ 572,20039 | 594,.68883 || 9.52 |1831.71713| 2024.51064 | 2125.93682 | 2187,70840
7.16 |815,15560 | 355.20819 | 585,86932 |406,81461 | 9.56 |1885,1365L] 2080,65407 | 2182.,04327 | 2248.70741
7.20 |%23.,55157 | 366,56899 | 395,88286 |419,20266 | 9.60 |1985,85720| 2138,28729 | 2241.50011 | 2307.17127
7.24 |333,85818 | 378.,25041 | 408,26071 |432,13268 || 0.64 |1989.90769| 2197,52130 | 2502,60863 | 2569,10117
7.28 |344,66318 | 390,£9095 | 420,98156 | 445,34306 | 9.68 |2045.316505] 2267,82483 | 2365,12768 | 2432.535865
7.32 |366,81876 | 402,6905) { 434,08556 |458,93430 | 9.72 12102.11066| 2319,83186 | 2480.16210 | 2407.50005

«58 | 56T7.30473 | 418,45859 | 447.57245 |472.91613 || 9.76 |2160,32505| 2383,37563 | 2494.80501 | 2664.05431
7e40 | 379,136850 | 428,6043L | 461.45165 |487.20791 || 9.80 |2219,98071| 2448,48958 | 266R.,03082 | 2632.20556
Tedh | 591432606 | 442,13849 | 475,7539) |502,09073 | 9.84 |L2R01,13674| 2516.20836 | 2650,89566 | R701,09692
7.48 | 403,87966 | 456,07131 | 490,42997 | 517.50615 | ©.88 |3343,79813 | £2583.56668 | 3701.42019 | 2773.46351
7.52 [416,80597 | 470,41301 | 505,58022 | 532,96168 | 9.92 |2408.00856| 2653,560966 | 8775.67255 | 2046.863099
7.56 1430,11616 | 485,17360 [ 521.10479 | 549.04026 | 9.96 |2473,795238] 2785,34292 | 2847.66003 | £021.56240
7,80 |445.81803 | 500,36479 | E37,10577 | 565.58538 §10.00 |2541,19865| 2798.83329 | £923,42880 |2098.268780
T.64 |457.92492 | 515,99776 | 653,6645% | 582,69209
7.68 [472.44850 | 632,08393 | 570.49281 | 800.07837

TR | 497.39387 | 548,63492 | 587.90230 | 618,05406
7.76 | B02,77662 | 565.66264 | 605,80546 | 836.563124
7.80 | 518,60769 b 583,17058 | 624.21466 | 665,52875
7«54 [534.89806 ' 601,10800 | 643,14267 | 475,04119
7.88 [551.66023 | 619.75156 | 663.60325 | 685,10038
7.02 |568,90534 | 658,79215 | 682,60875 | T15. 70364
7.08 | 586.64800 | 658,39358 | 703.17386 | 736.89167
8.00 {604,60644 | 678.54072 | 724.31039 | 758.66238
8,04 |623.66648 | 609,27400| 746.03540 | 781.00877
8,00 |642.97142 | 720.568858 | 760,36144 | 803, 97443
8,12 |662,82375 | 748,48648] TR1,30332 | 827,66408
8.16 |683.258111 7 3 814,87712 | 851,79388
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TABLE VIII - VARIATION OF
M AND VELOCITY-PROFILE PARAMETER N

M
L e
0.100

Em e

—

WITH MACH NUMBER

amy

(2) Subsonic flow

Mach
numbe

Velocity-profile parameter, N

5

7

9

11

0.100
«200
« 300
«400
+«500
« 600
«'700

- «800
«900

1.000

}.OOOOOOO

0966699
.0251985
« 0099328
. 0049379
.0028542
0018362
.0012804
. 0009432
. 0007312

1.0000000

« 1045974
« 02853569

. +0116115

« 0059131
» 0034839
0022766
. 0016083
. 0012079
« 0009530

1.0000000

.1092891
. 0305797
0126636
. 0065348
. 0038905
.0025639
.0018239
. 0013777
.0010924

1.0000000

«1176454
« 0343666
. 0146729
0077527
« 0047054
.003151%
. 0022736
. 0017387

. 00153937
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TABLE VIII - VARIATION OF

NACA TN 2045

E WITH MACH NUMBER M AND VELOCITY-PROFILE
PARAMETER ¥ - Continued

Mae

(b) Supersonic flow

x =

X NAC}LA’.‘,J

m Veloocity-profile parameter, N mmbmer Velooity-profile parameter, N

- ] 7 9 11 o 5 7 9 11

«00 + 00000 1 1,00000 | 1.60000 [1,00000| S.40 }0,58555| 0.,81904 | 0,63006] 0,6835254
1404 | 91732 | 493040 | 92197 | ,0289L| Sedd | 59750 ( L65170| .6428L| .864516
1.08 | 846876 | 86227 | .86509 | 85677 Je48 | 80084 | 64476 .565695| ,85816
1e12 | J786818 .70566 | JTOVAT | ,79975| J.52 | 62256 .65821| .86949| 67157
1.16 | TBBO2| JTAROT | JTATES | ,7B030| 3I.56 | .63567) L67208) .6 + 88537
1.20 | .68864 | ,808097| ,70422 | ,70730| S.60 | .64918] .68636| .8978)| .69968
le24 | 6402581 «86639 | .86976] S.84 | ,66300| ,70106; . 9! 71420
1.28 | 61488 ,63710| .65329 | .63689| B.68 | 67T40| L,TI619| L,7R780| .7E924
132 | OBAT6 | LBOTT2 | .60425 | ,60803| S.72 | 69213 ) LTILTE| LTAIMS]| 74470
1436 | 56835 | L57191 | ETOTL | .58266] 5.76 | 70727 7ATI6| T6953| .76060
l.40 | 53512 ,54920 | .B55624 | .56028) 3.80 | 72288 7648 ,77608] .77693
1e44 | 51487 | ,5ROLO | BIB4R | 54056 B84 | .73888| L781LL| .TO304} 79370
1.48 | 449666 | 51187 | ,51896 | .53317| 3.88 | 75630 | .79848( .81048| .B81093
1.82 | 48078 | .,49603 | .BOBB6 | .50783| S.82 | LT7220) L8163l | .82838] ,.@Re61
1,56 | «46680 | 48238 | 49001 | .49431] 3.06 | .76984| .8346821 .84678] .84676
1460 | o45450 | 47034 | 47809 | 48243 4400 | 80736 .86342 | .06563| .88538
1064 | 44370 | 46980 | 46764 | 47200 4.04 | 83663 87271 | .88498) ,88448
1.68 | +43424 | ,45080 | .45852 | .46280 | 4.08 | 84439 | ,80250 ,90484| .90407
1.72 | 442801 | .44260| . 9 | .45497] 4.12 | .66364 | .91280| ,923580| .92415
1,76 | «41887 | 43560 | 44375 | 44814 | 4.18 | 88337 | .93362 1 04607| 04474
L1e80 | 41R7S |  o42078 | 43700 | 44220 4020 | 60361 ]| 95496 | 96747 .96883
1,84 | «407B1 | 442479 | 432907 | 43738 24 | 4924368 .97684 | ,98940| .98745
1088 | +40313 | 442063 | ,42887 | 43325 4.28 | 94563 ,99927 | 1,01188| 1,00960
1e92 | ¢59958 | 41726 | 42565 | 42905 | 432 | 98743 1.,02224 | 1,03490 | 1,03289
1e968 | 439684 | 41460 o AR73L] 4.36 | ,98978 | 1,04579 | 1,06849 | 1,05562
2,00 | 439442 | ,41262 | .42102 | ,42637| 4.40 (1.,01264 | 1,06990 | 1,08264 | 1,07931
2,04 | .59282 | ,41126 | .41972 | .42408 ] 4.44 [1,03607 | 1.09460 | 1,10737| 1.10367
2,08 | 439180 | ,41060 | .41001 | .42534] 4,48 {1,08007 | 1,11689 | 1,13270| 1.12869

o12 | #39134 | ,41029 | 41887 | .42317] 4.62 |1,08465 | 1.24579 | 1.156862 | 1,15411
2,18 | 439140} ,41062 | .41920 | .4R354)] 4.58 11.,10980 | 1.17230 | 1.18515} 1. 318021
2,20 | ,39196 | 41145 | .42014 | .4B44)] 4.60 |1,13556 | 1.19943 | 1,L1220 | 1.20692
224 | 4302981 41278 | 42151 | .4R8763 4.64 [1,1619)1 | 1.28719 | 1.24007 | 1.23425
2.28 | 439446 | 414535 | 42354 | 42757 4.68 (1.18988 | 1.25660 | 1,2684¢ | 1.26220
252 | 439637 | (41874 | 42862 | 42982 ] 4.72 [1.21648 | 1.28467 | 1,20766 | 1.29078
236 | 439870 | (41939 | 43835 | 43250] 4,76 |1.8447L | 131440 [1,32729 | 1.32000
2.40 +40143 «42245 «43148 43560 F 4,80 |1,27568 | 1.34482 | 1.35769 | 1.54988
Behd | 440456 | (42591 | (43498 | 43910 4.84 [1,3031) | 1,37592 | 1.58878 | 2.38043
Be48 | (40807 | 42977 | 4435891 | 44300 4.88 (1.33331 | 1.40772 |1.,42056 | 1.41166
2462 | ¢41105 | 43401 | 44322 | 44728 ) 4,92 [1,36419 | 1,44028 |1.45305 | 1.44567
2,568 | 441620 | 43864 | 44792 | 45194 | 4,96 |1.39576 | L.4T34T |1,48626 | 1.47618
Be60 | 442081 | (44383 | (45209 | 45697 5,00 |1.42803 | 1,80745 |1.62010 | 1.50950
2464 | 4425 44899 | 445843 | 46236 F 5,04 |1,46101 | L.54217 |1.566487 | 1.54355
£,68 | (43108 | o454ATL | 46422 | .48812| 6,08 |1.49472 | 1.67768 | 1.59081 | 1.57832
2,72 | 43674 | .46080 | (A7038 | .47424] 5,12 |1.52016 | 1,61392 |1.68651 ( 1.61586
276 | 44870 | o46T24 | AT6P0 | 48070 5,16 [1.56435 | 1.65096 |1.6634¢ | 1,65013
2,80 | 44900 | 47403 | 48377 | .48763 | b5.20 |1.60031 | 1.6888]1 {1,70126 | 1.68718
2,84 | (46677 | .48118 | (48100 | .49470| 5,24 [1.63703 } 1.7TR74Y |1.73985 | 1.72501
2,88 | .46280 | .48868 | .4985¢ | 50223 5.88 [L.87T454 | 1,76695 |1.77923 | 1.76564
2,92 | 47018 | .49864 | .5085% | .51011] 5,32 |(1.712868 | 1,80727 |1.81945 | 1.80307
28,96 | JATT87 | 50475 | .51488 | .51835| b5.38 ]1.75197 | 1.84845 |1,86052 | 1.8453%
5.00 | .48591 | .51331 | .52347 | .58691| 65,40 |1,79192 | 1.89049 |1.90245 | 1.88442
3,04 | ,49420 | 52224 | 53248 | 53585 5.44 [1.83270 | 1.93341 |1.54524 | 1.92636
3,08 | 50302 | .53162( .54184 | 54515 65,48 [1,87435 | 1.,97722 |1,98802 | 1.96914
3.12 51210 «54116 56157 66478 6,62 |1.91682 | 2.02194 |2,05360 | 2.01281
3.18 | 52152 | .55118 | .56187 | .B6478| 5,56 [1.96020 | 2,08759 |2,07900 | 8.06736
3,20 | 53120 | ,56164 | (57215 | .57616) 5,80 [|2.,00446 | 2.11417 |2,12642 | 2.10281
3.24 +54242 «5'7228 «56296 .BBBBB || 5,84 [2,04963 | 3.16170 [R,1TR78 | B.14918
5,28 | ,55101| ,58340( .50416 | .59698| 5,88 |2.00572 | 2,281020 !2,22110 | £.19647
3.52 | ,58276| ,50489 | .60874 | 60846 5,72 (2,14274 | 2.25968 |2,27038 | 2.24471
3,36 | 57398 | .80677| .617TX | .62031[ 6,76 |2.19070 | 2.351017 |2.32087 | 2.29392
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NACA TN 2045

TABLE VIITI - VARIATION OF WITH MAOCE NUMBER X AND VELOCITY-PROFILE
P, TER ¥ - Oonoluded

g .d,,l]

(b) Supersonic flow - Ooncluded

-

Ff:r Veloolty~proflle parameter, ¥ iofr Yeloclty-profile parameter, ¥
X 5 7 9 11 ' 5 7 9 11

5.80 }2.23083 | 2.36168] 2.37195 [ 2,54408 | 8.20 | ' 7.568628 | 7.99308 | 7,96007| 778500
5.84 [2.28984 | 2,41418 | 2.42424 | 2.39623 [ 8.24 | 7.72817( 8,14271| 8.10820( 7.0289%
5.88 [2,54044 | 2.46774 | 2.4TTE7 | 2,44738 || 8,28 | 7,872268 | 8.,20469 | 8,25883 | 8.,07509
5492 [2.39235 | 2,52235 | 2535164 | 2.50085 || 8,32 | 8,01858 | 8,44504 | 8.,41170| 8.82350
896 |2,44527 | 2,57806 | 2.68737 | 2.55476 || 8,36 | 8,187.6| 8,680578 ) 8,566892 | 8.37419
6400 [2.49924 | 2.63485 | 2.84389 | 2,60999 |} 8,40 | 8,31002| B8,76404 | B8,72454¢) 8.52719
8.04 {2,56428 | 2,69275 | 2.70160 | 2,66630 || B.44 | B8,47120| 8,92856| 8.88458| 8.68252
6,08 |2,61034 | 2,76175 | 2,76028 | 2,72368 || B8.48 | 8.,626870 | ©.090684 | 9.04706 | 8,88022
8412 [R.66751 ) 2,81190 | 2.,82007 | 2,78218 || 8.52 | 8,78457 | 9,25724 | 9.21202) 9,00030
8.16 [2.72678 | 2.87322 | £.88108 | 2.8¢174 || 8.56 | 8,94454 | 9.42637| ©.37948| 9.16281
8,20 [R,78517 | 2,93871 | 2.94322 | 2,90246 8,60 | 9,10752| 0,59807 ] 9.,54948( 9.32776
8,24 [2.84569 | 2,99940 | 3.00655 | 2,9643) || 8.64 | 9,27264 | 9,77257| 9,72804 | 9.46518
6.28 |2,90736 | 5,06429 | 3.07108 | 3.02733 8,66 | 9.,44024| 9,94929| 9,.8971.9( 9.,68511
8.32 |2.87019 | 3, 3.13683 | 3,00151 || 8,72 | 9.61034 | 10,12886 | 10,07495 | 9.83767
8,36 |3,03421 | 3.19779 | 3.20380 | 3,15690 { 8,76 | 9,78297| 10.31112 [ 10,25639 [10,01258
6040 | 35,00043 | 3.26642 | 5.27203 | 5.,22349 || 8.80 | 9,958168 | 10,48610/ 10,43850 |10,15019
Gedd [ 5.16688 | 3,35635 | 334162 | 3,20151 || 8.84 }10,13694 | 10.68383 | 10,62432 [20,37042
Be4B [ 5483353 | 3,40755 | 3.41230 | 8,36037 || 8.88 | 10,31633 | 10.87434 | 10,81289 [20,55529
6,62 | 3.30245 | 3.48008 | 3.48438 | 3,43089 8,92 | 10,49937 ) 11.,06768 | 11.00423|10,73885
6456 | 3.37284 | S,556396 | 3.55778 | 5.,50230 8,96 | 10,68508| 11.26382 | 11,19838 (10,9271
6,80 | 5,44412 | S,62918| 5.63262 | 3,57620 || 9.00 | 10.87350| 11.46288 | 11.39538(11,11812
6464 | 5.61690 | 5,70579 | 370862 | 564942 [| 9.04 [ 11,08465 | 11,66482( 11,56524 (11.,32190
6468 | 3,59101 | 3,78379 | 3.78610 | 5.72497 || 9.08 | 11,25857 | 11,86989 | 11.79800[11,50847
672 | 3.86646 | 3,86320| 5486498 | 3.80188 || 9.12 | 11.46628] 12,07754| 12,00369 [11,70788
6,76 | BTABRT | 3.94405 ] S.94527 | 3.880156 9,26 | 211.65482 | 12,28840| 12,212%6 {11,91016
6,80 | 5,82146 | 4,02636 | 4.02701 | 3,65982 || 9.20 | 11.,85722 | 12.50230| 12.42402/12,11532
6.84 | 5,90104 | 4,11014 | 4.11019 | £.04088 Ge24 | 22,06250| 12,71626 | 12,63672[12.52341
6,88 | 3,95205 | 4,1054) | 4,19486 | 4,12340 || 9,28 | 12.27070| 12.,93934 | 12,85648(12.55448
6,92 } 4,06449 | 4, 4.28102 | £,20756 932 | 12,48184| 13,16256) 15,07734|12,7465)
8,96 | 4414839 | £,37052 | 4.56870 | 420277 [| 9,36 [ 12.69587| 13,38893| 13,30134(12.96667
7,00 | 4,23376 | 4,46041 | 4.45792 | 4,37968 | 9,40 | 12,91311] 13,61853] 13.52850)13.18570
7.04 | 4.32063 | 4,68187 | 4,54869 | 4,46809 Dekd | 13,15329; 13,85136| 1%,75887[135.,40891
708 | £,4090)L | 4,64493 | 4.,64105 | 4.55804 | 9,48 [ 13,356658) 14,08747| 13.99247|13.63525
Tel2 | 4,498094 | 4,75961 | 4.7T3501 | 4.64953 || 9.B2 ] 13,58293] 14.32690) 14.,22935|13,86475
T.18 | 4.59041 | 4,85605 | 4.83069 | 4,74269 || 9.56 | 13,81243| 14,568967| 14,46953(14,00743
Te20 | 4,68347 | 4,93392 | 4.,92781 | 4.85724 0,80 | 14,04512] 14.81582( 14.71305|14.33334
Te24 | 4,77812 | 5,03360) 5.,02670 | 4.953650 Q.64 | 14,28101] 15,06540| 14,965995]14.57251
7e38 | 4,874390 | 5,13409] 5.12727 | 5,03140 | 9.68| 14.62015] 15.51843( 165,21027|14.081497]
7452 | 4,97230 | 5,25810] 5.,22066 | 5.13094 o2 | 14.76266| 15.57486| 185.46403)16,08076
Te38 | 5,07187 | 5,34298| 5,33368 | 5.23816 9.76 | 16, 15.83600| 15,72128|15,30992
74O | 5417315 | 5.44062 | 5.45935 | 5,33508 || 9.80 | 15.,25735] 16.09861 15.98205|15,5624
Todk | 5,27608 | 5,65807 | B.54691 | 5,43972 9.84 | 15,50979! 16.,36583| 16,246838|15,.8184
Te48 | 5438077 | 5.,66835| B5,65628 | 5,54600 9.88} 15,76564] 16.,63669| 16.51431]16,0779
Teb2 | 5448720 | 5,78047 | 5478744 | 5.65423 9.92 | 16,02494f 16,91123| 16,78588|16,340!
7.56 | 5,89540 | 5,804468| 5.,808046 | 5.76416 9,96 | 16,28772 17.18948| 17,06111|16,60
7460 | 5470539 | 68,01036| 5.99535 | 5,87889 |[ 10,00 | 16,55401| 17,47149| 17.34005|16,877147
Te64 | B5,8LT720 | 6,12816( 6.11214 | 5,98945
Te68 | 593085 | 624791 | 623086 | 8,10487
Te72 | 8,04636 | 6.,36063| €.35151 | 6.,22217
776 | 6.163T5 | 640534 | 647413 | GoB41ET
780} 6.,28305 | 6,61907| 6.50074 | 6.46249
7.84 | 6,40429 | 6,74684| 6.72637 | 6.58857
7.88| 6,52747 | 6,87669| 6.86405) 6,.71061
7.92 | 6,65264 | 7.,00863| 6.98470 | 6,83766
7.96| 8,77981 | 7,14289| 7.11765| 8.,96672
8,00 6,90901| 7,27889 | 7.26258| 7,00784
8,04 | 7.04026 | 7,41727| 7.38068| 7,235102
8,08} 7,17358| 7.,65785| 7.52895] 7,36631
8,12 | 7.30001| 7,700686| T.6T042 | 7.5037L
8,16 | 7,44857| 7.84572| 7.81412| 7.84327
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TABLE IX - VARIATION OF F
M AND VELOCITY-PROFILE PARAMETER

M
b 100 °
0.100

(a) Subsonic flow

Ps e

NACA TN 2045

WITH MACH NUMBER

N

Mach

Veloclty-profile parameter, N

5

7

9

11

0.100
« 200
« 300
«400
«500
«600
«'700
« 800
« 900

1.000

1,00000
10.34448
39.68497

100, 67640

"202.,51727

350.36128
544,60092
780.98726
1060,19229
136758348

1.00000
9,56047
35.04360
86.12166
109.11741
287,03727
439,26097
621, 77891
827.91431
1049.26411

1.00000
9.15004
32,70139
78,96629
153,02743
257.03318
390.03557
548,2'7530
725,83398
915.43551

1.00000
8.50012
29,09806
68,15294
128,98686
212,52031
317.,29254
439,82513
575.15548
717.52915

RHQEQA:T

1 AT
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TABLE IX - VARIATION OF F WITH MACE NUMBER M AND VELOCITY-FROFILE
PARAMETER N - Continued

) §
J v
F = e —————
~RACET
{b) Supersonic flow
nd;r Velooity—proriie parameter, N hd;‘r Velooity-profile parameter, N
N b 7 9 i1 N 5 7. 9 11

1,00 |1,00000 | 1,00000 | 1.00000 | 1.00000 || 5,40 |1.70781| 1,61541 | 1,58715 |1.58083
1.04 |1,09013 | 1,08649 | 1.08483 | 1.08353 (| 3.44 [1.67363 | 1.58304 | 1.55568 {1.66001
1,08 11418099 | 1.17334 | 1,16946 | 1.26717 || 3.48 [1.63977 1.55098 | 1.52451 | 1.51838
112 |1.27198 | 1.26000 [ 1.26397 | 1.25043 || 3.52 {1.60626 | 2.51927 | 1.49367 [1.48906
1e16 |1.36254 | 1,34594 | 1.33764 | 1.35280 || 3.66 [1.57314 | 1.,45792 | 1.46%318 | 1.45906

1.20 | 145213 | 1.43067 | 1.42001 | 1.413682 || 5.60 {1,54041 | 1.45696 | 1.43305 |1,42043
1.24 | 1.54024 | 1,51371 | 1.60062 | 1.49306 || 3.64 |1,50810) 1,42641 | 1.40332 | 1,40016
1.28 |1.82638 | 1.59463 | 1.67906 | 1.57013 § 5,68 |1,47625 | 1,39627 | 1.3T400 | 1.37129
2432 11.71010 | 1,67302 | 1.65496 | 1.844656 | 5,72 |1,44482 | 1.36658 [ 1.34509 |1.54281
1,36 [1.79101 | 1.,74853 | 1.72797 | 1.71650 § 3,76 |1,41388| 1.33735 | 1.31661 |1.31475

1.40 |1.86874 | 1.82084 | 1.79780 | 1.7648) | 3.80 |1.38342) 1.30855 | 1.29857 )1.28712
l.44 1,94298 | 1,88966 | 1.86410 | 1.84992 | 5,84 |1.35545 | 1.28025 | 1.26098 |1,265992
1.48 [2,01346 | 1,95478 | 1.62694 | 1.91143 || 3,88 [1,32397| 1,25239 | 1.23384 |1,233515
1.52 |2,07995 | 2,01599 ) 1.98585 [ 1.96917 § 3,92 |1,29501| 1,22502 | 1.20717 | 1.20684
1.56 [2,14226 | 2,07315 | 2,04079 | 2.02301 | 3.96 |1,26655| 1,19815 | 1.18097 |1.18097

1,60 [2,20024 | 2,12613 | 2,09166 | 2.07286 || 4,00 [1,23861 | 1.17176 | 1.16523 |1.15556
1.64 [2,256380 | 2,17485 | 2,13859 | 2,11864 || 4,04 |1,21119/ 1.14688 | 1.12996 | 1,13061
1l.88 (2,30286 | 2,21628 | 2,180905 | 2,16033 || 4,08 [1,18428( 1.12045 | 1.10517 [1.10612
1,72 | 2,34739 | 2,25939 | 2.21932 | 3.19793 | 4,12 [1,16790 | 1.09555 | 1.08085 |1.08208
1,76 |2.38739 | 2.29620 | 2.25362 | 2.23145 || 4.16 |1,13203 | 1,07110 | 1.05700 |1,06860

1.80 [2.42288 |.2,32876 | 2.28361 | 2.26094 §| 4,20 [1,10667 | 1.04716 | 1.03362 [1.03538
1l.84 |2,45392 | 2.35412 | 2.30964 | 2,28646 || 4,24 }1,08185| 1.02371 | 1,01071 [1.01271
1.88 |2,48058 | 2,37737 | 2.33170 | 2.30811 | 4.28 j1,05750| 1,00074 | .98826 | 99049
1.92 |2.,50297 | 2.39661 | 2.34990 | 2.32599 || 4.52 |1.03367| .97824 | 496637 [ .96872
1496 (252120 | 241197 | 2.36435 | 2.354020 || 4,36 |1,01035| .956822 | 54474 | 94740 *

2,00 12,63540 | 2.42366 | 2,57618 | 2.35087 || 4,40 | .987562| .93486 | 98367 | .926562
2,04 |2,54671 | 2.43166 | 2.36254 | 2.36815 || 4.44 | 96518} L91357 | 490304 | 90607
2,08 12,55229 | 2.43606 | 2,38656 | 2.36218 || 4.48 | .94335| .89294 | .88283 | 88606
2,12 |2,56531 | 2,43728 | 2.38740 | 2.36309 || 4,52 | ,92196| .87275 | .86310 | 86647
2,16 (2,55492 | 2,43835 | 2.38522 | 2.36106 f| 4.56 | .90108]| ,BE5303 | .84378 | ,84730

2,20 }2,55131 | 2,43044 | 2,38018 | 2.35625 || 4,60 | .88063} ,83375 | .82488 | ,82855
2,24 |2.54466 | 2.42373 | 2.37244 | 2.34877 || 4.64 | .B6065| ,81487 | ,80840 | ,81021
2,28 |2,63512 | 2,41238 | 2.36217 | 2.33882 4.68 | (84113} ,79645 | ,768834 | 79227
2,32 12,52290 | 2.39955 | 2,34953 | 2,526656 4,72 | 82205 7841 | 77088 | ,774TS
2,36 [2,50816 | 2.58442 | 2.33487 | 2.51212 4,76 | ,80340| ,76080 | ,75342 | 76757

2.40 |2,49108 | 2,36715 | 2.31775 [ 2.20568 | 4.80 | ,78519| .74560 | 73854 | ,74080
2.44 |2,47183 | 2,34790 | 2,29894 | 2,27737 4,84 | 76739 | LTRETO | 72008 | ,72441
2,48 |2,45057 | 2,32682 | 2,276837 | 2,25734 || 4,88 | .7500L| ,71037 | ,70396 | ,708%9
2452 [2,42748 | 2,30407 | 2,26819 | 2.23574 4.92 | 73304 .60433 | ,68821 | .69273
2,86 12,40269 | 2.27980 | 2.23265 | 2.21270 4,96 | 71646 .67867 | ,67283 | ,6T743

2,60 12,37638 | 2.26413 | 2.20767 | 2.18833 5,00 | 70027 .56337| .,65781 | ,66247
2,64 [2.54868 | 2.,22722 | 2.18140 | 2.16880 8,04 | 68446 ,64844 | ,64304 | 64788
2,68 |2,31973 |2.19019 | 2,15415 | 2.13620 5,08 | .68902| ,L63385 | ,62881 | ,63358
2,72 |2.28968 | 2.17016 | 2,12693 | 2.10866 6,12 | (6D395| .61961 | 651481 | 61964
2,76 12.25863 | 2.14025 | 2.09688 | 2,08028 Ge16 | .63924| L,6057L | .60115 | ,60601

2.80 12,22672 | 2,10967 | 2,06708 | 2,05117 5.20 | .62488| 89213 | .58780 | 59271
2.84 |2,19407 | 2.07825 | 2.03664 j 2,02142 Se24 | .61086]| ,57888 | 57ATT | 57971
2,88 [2,16077 | 2.04632 | 2.0056€ | 1,99113 5.28 | 59718 .56595 | .56204 | 56701
2.92 (2,12693 | 2,01364 { 1,974235 | 1,96038 5,52 | .68382| .55332 | 54962 | 656461
2.96 [2,09264 [1.98119 | 1,94242|1,92928 5436 | (B67079] ,54099 | ,53748 | ,54250

3.00 12,05800 |1,94813 | 1,910321,89785 5,40 ;| ,56806| .52898 | .52564 | 53067
04 |2,02309 |1.91485 | 1,87801(1,86621 G.44 | ,54564| .51722 | .51407 | ,5191%
08 |1,98798 | 1,88141 | 1,84555 [ 1.83441 S.48 | ,53352| 50576 | L.50278 | ,50784
12 [1,96278 |1,84789 | 1,81300(1,80252 5,62 | (52170 .49487 | ,49178 | ,49682
16 |1.91748 | 1.81434 | 1.78042 | 1.77069 8,56 | ,51015| ,.48386 48100 | ,48606

20 |1,88220 |1,7808S | 1,74787}1.75868 || 5.60 | .49889] .47300 | .47050 | ,47555
24 [1,84699 |1.74739 | 1.71540 |1.70685 || 5.64 | .48789| .46260 | .46024 | [4eb529
.28 |1,81190 |1.71410 |1,683051.67509 || 6.88 | .477T16| .45245 | .45033 | -45528
32 |1.77698 |1.68097 | 1,65087|1.64350 W 5.72 | .466689| .44254 | .44045 | L44545
36 |1.74227 |1.64806 | 1.61880{1,61210 | 6.78 | .45647| .43287 | .43091 | -43594 |
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TABLE IX - VARIATION OF
P,

NACA TN 2045

WITH MACH NUMBER M ANFD YELOOITY-PROFILE
¥ - Concluded

Sy e

Emoe

~ XA~

{b) Supersonic flow ~ Concluded

[Hach - Mach -
e Velocity-profile parameter, N murber Velocity-profile parameter, X
.| 5 7 9 1l . 5 7
5.80 | 0,446560| 0.42343 | 0,42159 |0,42661 8,20 | 0,13182 | 0.1251)
B.B4 | 43677 .41422 | .41250 | 41780 B.24 | (12940] ,12282
5488 | +42727) ,40623 40362 | (40860 8,28} 412703 ,12056
Be92 | 441800 ,39646 | (39405 | 39991 8,32 | +12471| .11836
5.98 | ,40895| ,38789 | 38649 | «SO143 Be368 | ,12244 | .11620
6,00 | ,40012| ,37663 | .37823 | ,358314 8.40 | L12022 | ,1l409
6e04 | 39060 (37137 | .37017 | 37605 8e44 | 11805 | 11203
8,08 | +368309| 436341 [ ,36229 | ,368716 848 | ,11692] 411000
8.12 | 437488 ,35663 | .36460 | 55043 8452 | 411384 | ,10802
8.168 | o36687| 34804 | 34709 | 35190 8,66 | .11180 | ,10809
8e20 | 365904 .34063 | 353976 | 54454 8.60 | 10980 | .10419
Be24& | #35141) 33340 | 33281 | JSITS6 Be64 | ,10784 | 10233
6428 | J34396| 32634 | ,32562 | 35033 8,68 [ 20593 | .10061
632 | 33668 ,31945 | .31879 | ,52347 8,72 | 10405 | ,09873
6368 | 52088 .312723 | ,51213 | 51677 8.76 | .10222 ) .09698
6.40 | .32264 | 30616 «30662 | (31028 8.80 | .,10042 ) ,098527
Be44d | 31587 20973 | 20926 | (30383 B.84 | ,09866| 409360
6448 | 500268 ,20347 | .29306 | 29769 8.88 | .08693 | .09196
8562 | 50281 ,L,287356 | (28700 | (29149 921 09624 | ,09035
6,66 | ,296B0| ,28138 | ,28107 | 28553 8.98 | ,09359! ,08878
6.60 | .20038| ,27564 | 27529 | (27971 9.00 | 09197 | .08724
6,64 | .,28434| ,26985 | .26964 | 27402 9.04 ] ,09038| .08573
6.68 | 27847 | .26420 | .26412 | 26846 9.08 | .,08882 | .08425
8,72 | (27274 | ,25885 «26875 | .26303 9.12 | 08730 .08280
6,76 | 26715 ,25355 | 26347 | .25772 9.16 | .,08580 | .08138
8,80 | ,28168| 24836 | .24832 | ,26264 9.20 | 08434 [ .,07999
6,84 | 20634 .24330 | 24350 | 2447 9.24 | 08290 | .07862
6.88 ! L,86113| .23836 | .23839 | (L4252 9.28 | 08150 .077T28
6,92 | +24803| .23352 | .28359 | 23768 9.2 | ,08012| ,OT697
6496 | +24106] .22881 | ,32890 | 23298 QT8 | LO7BTT| .07469 | 07618 | LOTTLS
700 | +23620] 22419 | .22432 | .22833 940 | O7T744 ] 07543 | 07392 | ,07584
7.04 | .23145; ,21969 | .,21984 | ,22381 Dedid | 07814 | .,07220 | .07268 | 07458
T.08 | «2268L| o,21520 | .21547 | ,21939 948 | 07487 07009 | 07147 07334
Tel2 | o22227) ,21000 | .,21119 | 21508 9.62 | ,O7562 1 ,06980 | .07028| L0721
7.16 | .21785| .20679 | .20701 | .21086 9.56 | 07240 | ,06884 | 06911 | ,07094
TeR0 | +21352] ,20268 | 20293 | 20873 9.80| ,O7120; ,O068750 | 06797 | ,08977|
TeR4 | o20929! .,19866 | ,19894 | ,20270 9,64 | 07002 ,06638 | .,06685 | ,06882
7428 | oROB1B|  .19474 | 19504 | 19878 9.68 | .06887| ,068528 | .06575 ! ,06780
Te32 | 20111 .19091 | .18222 | 16490 0721 06774 | ,06421 | .08487 | ,08840
7.38 | 19717} L187T18 | .18749 | 19113 8,76 | .08663| .06315| .06381| ,06532
7.40 | L19331) .18550 | .,18385 | 18744 9,60 | .,08854| .08212 | ,06257 | ,06428
Te44 | 18953 17992 | ,18028 | ,168383 9.84 | .06448| .06110 | .06155 | ,06322
7.48 | ,18585 17642 | ,17680 | .18031 9.88 | ,068543 | .0601L | 08055 [ ,062820
7.62 | .18224( .17300 | ,17339 | ,17688 9,928 | .06240 | .05913 | ,05987 | ,061£0
7,66 | 17872 .16968 »17006 | (17349 9.96 | .06140( ,05818 ( ,05881 | ,06021
7.60 | ,17527° ,16638 | ,16880 | .17019 10,00 .,08041| .05724 | 057687 | 05928
7.64 | 17190 .16318 | ,16361 | .18696
7.68 | .16861; .16006 | .16049 | ,16380
7T | +166539 18700 | 16744 | .1e072
7.76 | 16224 15400 ] ,15446 | ,15770
7.80 | .165916 ‘ 15108 | ,15154 | .15474
7.84 «26616: _,14822 | ,1l4869 | .15185
7.88 | ,15320 I J14b42 | . 14690 | .14902
Te02 | 4150327 ,14268 | ,14317 | .14625
7496 | 14750 L14000 | ,14050 | 14354
8,00 o444 L1B738 | 13788 | ,14089
8,04 «14204 013482 | 13552 | .13829
8,08 | ,13940C| ,L23231 | .,13282 | ,15876
8.2 | L15682| ,12086 | ,13037 | 13327
Bel6 | 13420, L12746 | L12797 | 13083 |

L02T
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NACA TN 2045

TABLE X ~ VARIATION OF REFLECTION-THICENESS RATIO ')L/B WITH MACH NUMEER M
AND VELOCITY-PROFILE PARAMETER

¥ach - Mach =
ot Velocity-profile parameter, N pumbes Velocity-profile parameter, N

X [ 7 9 11 ).§ 5 7 g 11
1,00 | 1.0000 | 1,0000 |1,0000 [:.0000 || 3.40 |0.3692]| 0.2069 |0,2501 | 0.2169
1,04 5034 . 8678 +8540 +8028 || 3,44 «3708 2988 «2517 <2186
1,08 +«8191 7581 «7026 +8530 || 3,48 « 3724 + 3003 «£534 «2201

<12 +» 7499 +8721 «6043 + 5450 3,82 « 5740 « 5020 « 25651 <2218
1.16 +8922 «803¢4 5290 <4864 | 3,56 « 3757 « 3037 2568 <2254
1,20 8438 +«5479 «4704 +4074 | 3,80 « 3773 +«3085 2586 2251
1.24 56028 +5026 4242 « 3623 3.64 «3790 « 3072 «2603 « 2268
1,28 + 5679 +4684 « 3874 «3274 | 3,68 «3807 «3080 +2620 2285
1.32 +5381 +4345 38677 «3000 3,72 25824 «3108 «2638 +2302
1.36 .51256 | . « 3336 2781 3,76 «384) « 3186 + 2655 « 2319
1,40 <4903 +3871 «3138 «26807 3,80 «35858 3144 « 2675 « 2338
1,44 +4711 3688 «2974 2464 | 3,84 « 3875 <3162 <2691 « 2353
1,48 <4544 ° «2839 « 2348 3,88 «3893 «3180 «2708 <2370
1,52 <4399 «3400 <2728 « 2253 .92 « 3910 «3198 <2727 <2387
1,56 +4271 5287 +£630 «2174 3,98 « 3928 «3216 <2745 «2
1,80 +4180 «3190 « 2549 <2108 | 4,00 « 5945 « 3234 2763 2422
1.64 « 4082 «3107 2482 « 2054 4,04 « 3963 « 5282 <2781 «R439
1.68 + 3976 « 3035 2424 «2008 || 4.08 +3981 « 3271 « 2799 « 2457
1,72 « 35901 « 2973 +23576 «1970 4,12 +«3998 « 3289 «2817 2474
1,76 +3834 «2820 «2335 «1939 || 4,16 «4016 «3308 +2835 <2492
1.80 «37T8 <2874 +2300 1913 | 4,20 <4034 « 3326 +2863 2508
1,684 « 3725 « 2835 <2271 «1891 4,24 «4052 « 3344 <2871 « 2527
i.88 «3680 <2802 <2247 +1873 4,28 «4070 3363 .2889 <2545
1,92 « 3641 «2TTS « 2287 1859 4,32 +» 4087 « 3381 <8807 +2662
1,26 « 3607 « 2749 «2211 <1848 4,36 « 4105 + 3400 <2926 «2580
2,00 « 3577 +2T29 <2187 «1840 4,40 + 4123 «3418 2044 « 2597
2,04 « 3552 <2712 <2187 1854 4,44 «414) « 34357 2062 « 26158
2,08 3530 «2699 2179 «1830 4,48 + 4159 « 3455 <2080 +2633
2,12 +3512 +2688 <2174 <1827 4,52 <4177 <3473 «2098 « 2650
2.16 « 3406 . <2170 1827 4,56 + 4195 « 3492 « 3017 <2668
2,20 « 3483 + 2674 +2169 1828 4,60 4212 «3510 « 3055 «2688
2,24 3473 « 2670 «2169 +1830 4,64 . .3529 « 3083 <2704
2,28 « 3465 « 2667 <2170 «1833 | 4,88 4248 « 3547 <3071 2721
2,32 « 3459 «2667 2173 <1838 4,72 +4266 « 3565 « 3089 <2739
2,36 « 3454 2668 <2177 <1843 4,76 «4283 «3584 «3108 «2786
2,40 « 3452 «2670 .2182 1850 4,80 « 4301 « 3602 « 3126 2774
2,44 +« 3451 2674 2188 <1857 | 4.84 «4519 « 3620 3144 « 2792
2,48 ° 5452 <2679 + 2195 «18656 4,88 +43356 «3638 «3162 +2809
2,62 « 3454 2686 o2 J1873 | 4,92 <4354 « 3687 «3180 2827
2,56 « 3457 +2692 +2811 +1883 4,96 4372 + 3675 +3198 +2844
2.60 « 5461 «2699 « 2221 «1885 5,00 « 4389 3693 «3218 «2862
2,64 « 3487 <2708 .2231 1903 5,04 +4407 « 3711 <3234 «2879
2.68 « 5473 <2717 2241 1814 5,08 4424 » 3729 3258 «8897
2,72 « 35480 2728 £253 1026 | 5,12 « 4442 <5747 « 5269 «2014
2,78 « 35488 <2738 2264 <1957 | 8.16 4459 <3765 +« 3287 2932
2.80 5497 <2750 2877 «1950 || 5.20 «4476 « 3783 + 3306 +2949
2.84 «3507 <2762 «2289 «1962 § 5,24 + 4493 «35801 « 5523 «2967
2.88 « 3517 2774 +2303 +1S976 | 5,28 +4510 + 3819 « 3341 «2984
2,92 «3528 2787 +2316 1689 || 5,352 «4528 +3838 05368 «S00L
2.96 « 3539 «2800 2330 «2003 {§ 8,56 «4£545 «3854 « 5378 «+3018
5,00 +«3551 «2814 2544 2017 B.40 «4562 «3872 + 3393 «3036
3,04 3564 .2828 « 2359 +2031 | 8,44 4579 «3889 «3411 30563
3,08 «3576 .2843 +«2375 «2045 «48 «4596 «3907 « 3428 «3070
3,12 3580 2858 2389 «2060 || 8,52 «4612 «3024 «3446 « 3087
3.16 + 5603 2875 «2404 +8076 || 5,56 «4629 «3942 +3463 +5104
3,20 « 3617 .2888 «2420 «2090 || 8,680 4648 « 3989 «348) 3121
3.24 «3632 «£804 « 2435 «2106 | 5,64 «4683 «3976 «3498 «3138
3.28 « 5647 «£920 «2451 «2121 | 5,88 <4679 03994 <3515 +3156
3,32 + 3662 -2838 <2468 +2137 | 5,72 «4686 «4011 03532 03172
8,36 36877 +«2083 2484 «2183 | 8,78 4712 4028 + 3560 ¢§;§QJ
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NACA TN 2045

TABLE X -~ VARIATION OF REFLECTTON-THICKNESS RATIO 2/8 WITH MACHE NUMBER X
AND VELOOITY-PROFILE PARAMETER XN ~ Conoluded

‘\J&AOA:;

[ Hach - ¥ach
o Velocity-profile parameter, ¥ bex Velocity-profile parameter, X

)¢ 5. 7 9 11 M 5 7 9 11
5.80 | 0.472 0.4045| 0,3567| 0.3206 8,20 | 0.,65690 | 0.,4954 | 0.,4489| 0,4126
5.84 4745 «4062 « 3564 « 3223 8.24 «6602 «4968 «4503 «4139
5088 «4761 «4079 « 3601 « 3259 8.28 +5614 «4961 «4516 « 4153
5.92 4777 +4096 +«3618 «3256 8432 5627 «4994 «4530 4167
5.96 4793 4113 « 3636 « 3273 8,36 «5639 | - .5007 o4543 +«4180
6.00 4810 <4130 «3661 «3288 8,40 +«3661 «5020 «4557 4194
6.04 «4826 4146 +3668 «5308 8.44 «5683 «5033 «4570 «4207
808 «4842 4163 «3686 «3323 8.48 +6676 +5046 «4583 4221
8,12 +4857 +4180 « 3702 « 3339 8,528 «5687 «5069 «4597 4234
6.16 <4873 +4196 « 3718 .«3558 8,56 <5699 «5071 «4610 «4247
6.20 +4889 +«4213 « 3756 «3572 8.60 «6711 +5084 +«4625 «4261
6424 «4905 <4229 +376) +3388 8,64 «B723 «5097 «46356 « 4274
6.28 4920 4245 +3768 « 3405 8,68 «5754 «5109 «4649 «4287
532 4836 +«4262 «3784 « 3421 8.72 «5746 5122 «4662 «4300
6436 «4951 «4278 + 3801 «3437 8,76 +5768 +5135 «4875 «4313
6.40 4967 «4204 «3817 «34563 8.80 «5769 <5147 +«4688 «4326
6ed4 +4982 4310 +3833 + 3469 8.84 «6781 «8159 «4701 <4339
Ge48 «4997 4326 « 3849 . 8.88 5792 «5172 «4713 «4362
6.52 «5012 4342 15865 «3501 8,92 +5804 «5184 «4726 +4565
6456 5027 |+ 44358 «3881 «3617 8,96 +5815 5196 4739 4378
6460 5043 4374 « 3897 3633 9,00 «5826 +5208 «475L « 4391
6,64 +5058 «4380 3913 3649 904 «5837 +B220 04764 o 4404
6.68 5072 4406 « 5929 +«3665 2.08 +«5840 «5233 «4776 «4416
B2 «5087 4421 «3946 «3680 9412 +5860 6245 «4789 4429
8476 «6102 «44356 « 5961 3596 9.16 +56871 5267 +4801 obd4dl
6480 +B117 4452 «3976 «3612 9420 +5882 +5268 «4813 «$454
6.84 «5151 4467 +35993 3627 De24 +5893 «5280 «4826 «4468
6.88 5146 04483 +4008 « 5643 9.28 5904 +5292 +4838 04479
6.92 «5160 « 4408 « 4023 «3668 932 «5914 1) «48560 4491
896 | #5176 o456 «4039 «5674 9438 «5926 +5316 4862 .
7.00 5189 4528 +4054 «3689 940 +5938 «5327 «4874 «4516
7.04 5204 «4544 +4089 « 3704 Dedd «5947 «5339 . «4528
7408 «5218 «4569 «4085 « 3720 D48 «5967 +«5350 «4898 .
Tel2 «5232 v4674 +4100 « 3756 9.62 «5968 5362 «4910 «4565
718 +5246 +4589 «41156 «3760 9.66 «5979 «5373 «4922 +«4565
7420 +5260 +46035 «4130 « 3765 9.80 «5989 «5586 «4034 4877
724 +6274 +4618 4145 3780 9.64 «5999 «5396 4946 «4589
7.28 5288 «4633 «4160 « 5795 9468 «6010 «5407 +4958 «4801
752 56302 +4848 +4175 «3810 9.72 +6020 «5418 +4069 +4613
Te36 «5318 « 4662 «4190 «3825 8.76 «6031 +5430 +4981 «4625
7.40 | 5329 «4677 «42085 + 3840 9.80 8041 5441 «4993 4636
7244 «5343 «4691 «4220 «3866 9.84 «8051 «5458 « 5004 «4648
7.48 +5356 «4706 «4254 «3869 9.88 +6061 «5463 +«5016 «4660
7.52 «5370 . 4249 +3884 S92 «6071 <5474 <5027 «4672
7.568 +6383 «4'7134 +4264 « 3899 9.96 «5081 «5486 «5039 +4683
760 «6397 «4748 «4278 «3915 § 10,00 «6091 «5496 +5050 «4695
764 +5410 «3760 «4288 +3920
7.68 «5483 AT +4307 « 3942
7672 +543%7 4792 «4521 » 3957
7.76 +5450 +«4805 «4336 « 3971
7.80 25463 «4819 «4360 +»3985
7.84 +5476 4832 043564 #4000
7«88 +5489 +4846 4378 «4014
7.92 «6601 [ 44860 4392 +4028
7496 +5514 «4874 4406 «4042
8,00 #5527 +4887 +4420 +4056
8,04 «6640 34901 «2434 .4070
8.Q8 85562 «4914 4448 4084
8.12 +B566 04928 «4462 «4098
8.16 5577 <4941 4476 +4112
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TABLE XT

63

SUMMARY OF TYPICAL: NOZZLE BOUNDARY-LAYER CALCULATIONS

[Vblues of &, 6, ®*, and A listed are relative
to velues obtained for k = 0.30. |

k N N & 0 e g A
(throat)| (test .
section)
Test-section Mach number, 2.08
0.25 5,90 6.38 | 0.915]| 1,006} 1.036 1.070
«30 7.08 7.66 | 1.000{1.000{ 1.000{ 1.000
.39 9.21 9.95 | 1.155) .99 .S58 .920
Test-section Mach number, 7.00
0.25 5.72 5.07 | 0.960/0.,986{ 1.008 1.027
«30 6.87 6.08 | 1.000{1.000| 1.000 1,000
.39 8.93 7.9T j1.07411.018| .99 .959
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TABLE XII
SECONDARY WAVE STRENGTHS OBTAINED BY CHARACTERISTICS
ANALYSIS OF MACH WAVE BOUNDARY-LAYER

INTERACTION M; = 2.44, N =5

[Iﬁdnmry or incident wave strength: +l.000J
Location Wave Location Wave

number | strength number | strength
0 -0.00291800 25 0.02931285
1 - 00359997 26 -.03835323
2 - 00409983 27 04548135
3 - 00448471 28 -.02984755
4 - .00481447% 29 .04408122
5 - 00509892 30 -.02862546
8 - .00531820 31 04221899
7 - ,00554232 32 -.02765037
8 - .00575678 33 04042821
g9 - 00597492 34 -.02659263
10 - 00618321 35 .038819886
11 - 00640518 36 -.02553515
12 - 00863364 37 03731339
13 - .00688571 38 -.02447908
14 - 00714522 39 .03587558
15 - 00743806 40 -.02345762
16 - 00775829 41 .03447333
17 - 00811766 42 -.02250068
18 - .00848494 43 | .03312750
19 - 00880291 44 -.,02167685
20 - .00901364 45 .03158638
21 - 00878372 46 -.02117528
22 - 00224388 47 02977436
23 .00852988 48 -.02129959
24 97931981 49 02524097
50 -.02325054

NACA TN 2045



wha &V X

1.0 . >
W ,04‘
~
, ,
k) .9 D/
g | Pl
% ~
[ 3]
E .8 "’{/
§| O/O/
2
: T
L Pl
b o
. A
: =5
.6 . .
0L 02 03 LO4 .06 .08 ,10 20 « a0 +40 +60 .80 1,0

Normal.distance parameter, y/8

Flgure 1, - Comparison of power~law proflle and experimental profile obtalned in a supersoniec nosnzle at a
stream Mach number of 2.

ay0Z NL YIVN

‘69




66

NACA TN 2045

11 //r
" ' /
10 //

=
59
s
: /
5 /
& /
4 8 (//
i
Gt
0 /
2 ///f
b
g )
o2 7
(o]
~t
@
=

6

5 | 1 .

3 4 5 6 7 8 9

Logyo Rg,w

Flgure 2, - Variation of velocity-profile parameter with Reynolds
number for k = 0.3 and

—u—alo

u



1207

NACA TN 2045

§
By
g
d
g
S »

e
bR

(o}
© 0
Py
38
"3
g
O% -:E'
9%
Q g )
o]
o
o
(2]
o
a

[ ]
Ma Mb

Mach number

Figure 3. - Method of approximating potentlal-flow
Mach number distrlibution.

67



89

Flow
streamline
Flow
——
(a) Converging flow,
bt
Flow _
streamlin
Apparent Flow
aource o
points

(b} Diverging flow.

Pigure 4. - Method of approximating convergent and divergent flows as redial flows.

Gv0Z NL YOVKN

2021



Initlial potential-

] amar A A
i eSS Lalll I LLL

L o L LY J—

Nozzle wall

~ " .\Jr
I~ FoL Lot
\ / 00T A

L S
t
A -
Y l D e kPc)temti.a'ztl-flo'ﬁ'
t gtreamline
Flow
2 \—Throat station Nozzle-exjf/
y gtation
G Wozzle centbter llns Ot

g+¥0Z NL ¥OVN

69



70

NACA TN 2045

Reflected characteristic

Tncident for viscous flow
characteristic
y Flow
/
K { /
i ///
5 NP

A<i;eflected

Sonic \\ /// characteristic
11 _ for potential
A x f£low

NN N AN TN VNN NN NV NN VN VNN

Nozzle wall

<~

Flgure 6. ~ Comparison of wave reflectlon for viscous and potential Plows.

L02T



ay0Z NL VOVN

LZ20/
.10
Data
——  Theorotionl, uasing wall
density and linematio ”
g visocoolly 'L“_
‘ — — — —Theorotloal, naing stream ) -
density and kinematlo P
vimcoslty <
O Experimental . ¥
-B
LY ‘/'
Lt
///
g 7 //
" V4
‘; 7 o
/ e
w ” N P
- -
5 A& /f‘
ol ,;’
: e 5 =
] /’
5‘ .8 _ ” /‘/
3 ,’ [+] /
d . all
- ol |~ ~
4 e h— ,/ Start of test sectlon
-~ |~
21 -
LD .
e oy
3 o
> LT
. - ]
—r
It """
2 . i) —’J—)i’// .
’ -"“,.—-" .
. T e : Ty ———
= R
ol
4] 4 B 12 18 20 24 ea 32 38 40 i“ 48 68

Diltnnna_ downgtream of throat along contour-plats center line, in.
{a) Bomndary-layar thiokness.

Figure 7, - Comparison of theorstical and exparimantal boundapy-layer devalopment along contour-plats center line of 3.84- by 10~inoh Mash mmber -
. £.08 sopsrsonia’ tunnel.

1L




-20
Data
—————Thearetical, using wall = o
danaity and kinewatis -
18 viscoalty <
* — — — —Thacoretical, using stresm -~ .
density and kKinemmtio ”
viacosity >
© Experimantal ,L’
=16 f“ -
. Pl
e o
g .14 4 /
-t
e
- L ‘ 1
© - ="
; yd |
.18
§ ) .
a y.d . o
. "
- e ’ ] / i
il
g -10 /7 ")
2 yall P Start of test ssetion
[ J /
[} .
E-\‘ o8 "! // . !
re
L 1"4, .-/ -
o
,/'P D l
.06 : :
| 7 V/[
‘L / .
1 I,/f r .
73 ) l ‘/‘!/ J i ) ]
. — = ’ d g :
T : b
Ao : B : | ~gE
g T v H
Nt SRR L | ||
o 4 a 12 1lg 20 25 S8 38 10 44 48 52

Figumre 7. - Contlaoued.

D:l.:tanu downstream of throlb along coutour-plate ocenter line, in.
(b) Displsoement thicikness.

Compariscn of thaoretiocal and nxpn'l.-en boundary-laysr devel
h oumber £,08 supersonlo tuone

T.nnt along contour-plats opatar lina of 5.84~ by 10-inoh

ZL

G¥0Z NL VOVN

&




Data
» ~———Theoreblonl, uming well
4 donmity end Kinammtic
vincoslby
= r=— — Thaorotioel, ualng atxroanm
dansity and Kinemailoc
viscoalty
C Exporimantal
.W
-
J’,
/-
.08 1
L~
P
-
3 i
.08
s 1 - -
- —_ -
§ 04 ] > L
- / /‘
a ,-’/‘ . V] L]
E /"‘r ‘.P—"’IL/
g lm L/;‘_ ) V
4+ Start of tost section
|~ -
. F
o L
-0 L-"’-’ | e .
|
| P Yt WS, SUNACA
=T | =
00
[H] 4 B 18 18 20 24 38 a6 40 “ 40 -

Flgurs 7. — Cancluded.

28
Diztsnoc downstream of throat along contour-plate ocentar lina, in.

(¢) Momantum thiokness.

Nach nuaber 2.08 supsrsonis tunne

L]

On-p-:rison of theorstiocal and exparimental boundsry-layer d-nlo_runt. along contcur~plate onnter line of 5.84~ by 10-1inoh

GOZT N1 ¥OVN

€L




—rTheoratical ,

viscouity

0O Experimmntal

nuaing wall
density snd Kinsmatic

.8
el
. .5 P ~
5 L/O’
j - : - :
g L~ .
: ]
E .—-'{/f
E el — 0 Staxrd of ‘=t==a=:tica r"m-*'-“:- -
7" O i
. | W
b= J | _
o a 12 16 20 24 28 a2 58 40 44 48 =2 56

Distapne dewnstresm of throab alang slde-plats ocsnter lins, in.

Plgure 8. ~ Coxparison of theorstioal and experizental

{a) Pomary-laysr thickness.

boundary-layer development along slde-plate center line of 3.54- by 10-inoh Maoh mwmber I

2.08 supersanic tuvmal.

il e
gt

Alpts

YL

S¥0T NL YOVN




1207 .

Dats
—Thaoretical, using wall
dennlty amd klnematla
Yiacoalty
© Experimental
14 &
18 S
L~
//
§ w0 —9
Y S
g g
¢ .08 0 Py
5 Los
E ' Start of test~apotlion rhosbus
& -
= ot // 0
L /?;
("
//O/
OB
0]
] 4 8 12 18 20 24 40 44 48 &g

Pigure B, = Continued.

Ddstance downatromn of throst a:l.ons aido-p:m:a em line, in.
[{b) Displecemant thickness.

Comipariaon of theorstioal and axpserimental boundary-layer dsvelopment along side-plate oenter line of 3.84- by 10-inch Mach

number 2,080 supersonic turmel.

Sr0Z ML VOVN

Gl




——Theorstioal, uslng wall
denalty and kinesmtic
scoslty

QO Experimental

+ 06
1
o8 2
g o
- L1
3 s ol
- . Y Iy
E _J/
e
3 -+
‘/
.02 ——
E LT
. e | 8tart of test-section rhombus
ppamrar=]
N N
201 U ‘l 154 1 .
[
] 4 8 12 18 20 o4 8 40 44 48 52 58

FPigure 8. - Concludsd.

DMatance downstream of throat along d.de-plln conter line, In,

[e) Momentum thiskness.

Comparison of' thecretical and sxperimental bomdlnhllyor dnelo;-nt along side~plate center line of 3.84= by 10~-inch Mach

manbexy £.08 supersonic t

LOZT

°7

Gr0Z NL YOVN




Refleation- and displacement-thickness ratios, 3/5 and 8%%
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