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SIMILAR SOLUTIONS FOR THE COMPRESSIBLE LAMINAR BOUNDARY LAYER WITH HEAT
TRANSFER AND PRESSURE GRADIENT 2

By Crarexnce B. Coren and Eur REsHOTEO

SUMMARY

Stetwcartson’s transformation 18 applied to the laminar com-
pressible boundary-layer equations and the requirement of
stmilarity s introduced, resulting in a set of ordinary nonlinear
differential equations previously quoted by Stewartson, but
unsolved. The requirements of the system are Prandtl number
of 1.0, linear viscosiiy-temperature relation across the boundary
layer, an tsothermal surface, and the particular distributions
of free-stream velocity consistent with similar solutions. This
system admits axial pressure gradients of arbitrary magnitude,
heat fluz normal to the surface, and arbitrary Mach numbers.

The system of differential equattons is transformed to an
integral system, with the velocity ratio as the independent
variable. For this system, solutions are found by digital com-
putation for pressure gradients wvarying from that causing
separation to the infinitely favorable gradient and for wall
temperatures from absolute zero to twice the free-stream stagna-
tion temperature. Some solutions for separated flows are also
presented.

For favorable pressure gradients, the solutions are unique.
For adverse piressure gradients, where the solutions are not
unique, two of the infinite family of possible solutions are
identified as the only solutions yielding finite displacement
thicknesses. For the case of favorable pressure gradients with
heated walls, the velocity within a portion of the boundary
layer is shown to exceed the local external velocity. The varia-
tion of a Reynolds analogy parameter, which indicates the
ratio of skin friction to heat tramsfer, is from zero to 7.4 for a
surface of temperature twice the free-stream stagnation temper-
ature, and from zero to 2.8 for a surface held at absolute zero,
where the value 2 applies to a flat plate.

INTRODUCTION

Factors that affect the development of laminar boundary
lnyers are pressure gradient, Mach number, and heat trans-
for, plus the properties of the fluid under consideration.
Since mathematical complexities preclude solutions of this
problem in a completely general fashion, the literature con-
sists largely of solutions treating particular combinations of

these factors. TFor the flow of an ideal gas over a surface
without pressure gradient, the remainiong factors have been
taken into account completely by Crocco (vef. 2) and Chap-
man and Rubesin (ref. 3). For small pressure gradients,
Low (ref. 4) has, by a perturbation analysis, treated the gen-
eral problem of the isothermal surface. With the introduc-
tion of pressure gradients of arbitrary magnitude, other
restrictions become necessary. The assumption of constant
fluid properties (density, viscosity, etc.), for example, leads

-to the greatest simplification—the separation of the mo-

mentum and energy equations. With this assumption, for a °
special case of & decelerating stream, Howarth (ref. 5) has
obtained a series solution to the momentum equation. The
introduetion of a similarity coucept (that the velocity or
temperature profiles may always be expressed in terms of a
single parameter) leads to a power-aw free-stream velocity
distribution. The momentum equation of this problem was
first solved by Falkner and Skan (ref. 6), whose calculations
were then improved by Hartree (ref. 7); the energy equation
was later treated by Eckert (ref. 8) and others (refs. 9 and
10). TFor the same problem the restriction of constant fluid
properties may be removed by alternatively requiring that
the Mach number be essentially zero (ref. 11) or that the
Mach number and the heat transfer be limited to small
values (ref. 12).

Ilingworth (ref. 13) and Stewartson (ref. 14) have dem-
onstrated that, for an insulated surface in a fluid with a
Prandtl number of 1.0, any compressible boundary-layer
problem may be transformed to a corresponding problem in
an incompressible fluid; the earlier solutions thus become
applicable to certain compressible problems. For the case of
heat flux across the surface, the transformation of Stewartson
(vef. 14) with the concept of similarity introduced leads to a
set of nonlinear ordinary differential equations previously
quoted (ref. 14), but unsolved. Solutions to this set of
equations, which are presented herein, are applicable to
flows at arbitrary Mach number, pressure gradients of arbi-
trary magnitude (but of a form consistent with the require-
ments of similarity), and arbitrary but constant wall tem-
perature.?

1 Supersedes NAOA TN 3325, “Similar Solutions for the Compressible Laminar Boundary Layer with Heat Transfer and Pressure Gradfent,” by Clarence B. Ochen and Elf Reshotko, 1055,
3 The prineipal developments of this paper, which s part of the doctoral dissertation of the senior author (ref. 1), were carried out under the stimulus and guidance of Professor Luigl Crocco
and tho sponsorship of the Danlel and Florence Guggenhelm Foundation. The final analysis and the computations were completed at the NAOA Lewis Iaboratory daring the spring of 1954.
3 Further solutions to these equations have been published recently by Levy (ref. 15) and by Li and Nagamatsu (ref. 16). The relation between theso and the present solutfons 1s de-

serlbed herein, The present Investigation Includes ranges of variables not treated in these references; for exampls, favorable pressure gradients applicable to supersonie nozzles and values of
ndverse pressure gradlents incdluding that causing separation. For adverse pressure gradients, the problems of uniqueness and multiples solutions are also considered In soine detail. Tha soln-
tions of refs, 15 and 16 wers obtained by means of a differential analyzer, whereas the present solutions were obtained by digital calculation and are presented in tabular form.
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Since free-stream velocity distributions of the form re-
quired by similarity are not generally encountered in prac-
tice, the utility of these solutions is principally as follows:
(1) The effects of pressure gradient, wall temperature, and
Mach number may be viewed qualitatively; (2) the results
may be used as 2 check on any approximate method (such as
a Karméan-Pohlhausen method) for reliability; (3) the flow
to be solved may be divided intuitively into segments, and
the solution for each segment may be matched by some
arbitrary technique; or (4) the results may be used to con-
struct & new simple method (of the integral type) for the
calculation of the laminar compressible boundary layer with
heat transfer. This latter analysis has been carried out,
utilizing the solutions herein given, and is presented in
reference 17.

STEWARTSON’S EQUATIONS

BOUNDARY-LAYER EQUATIONS

The equations of the steady two-dimensional compressible
laminar boundary layer for perfect fluids are:

Continuity:
35 (#0) 5 (o9)=0 ®
. Momentum:
ou
At =g (+3y)
> @
P
20
oy
Energy:
p Oh
3-'5+ by l by( Hs (6y> ®)
(All symbols are defined in appendix A.)
The viscosity law to be assumed is
!i=)\i ) @)
JITI 1

Equation (4) is of the form taken by Chapman and Rubesin
(ref. 3), excopt that the reference conditions (ug,t) are free-
stream stagnation values, since in the presence of pressure
gradient the local “external” values are not constant along
the outer edge of the boundary layer. The constant A is
used to match the viscosity with the Sutherland value at a
desired station. If this station is taken to be the surface,
assumed to be at constant temperature, the result is

)\_( t0+kxu
to

tut ®

where k,,=Sutherland’s constant (for air, k,,=198.6° R).
The viscosity law of equations (4) and (5) was demon-
strated to be adequate for a flat plate (ref. 3) by compari-
son with the more exact calculations of reference 2. In
the present case no such comparison is available.

. STEWARTSON'S TRANSFORMATION

The velocities in the equations of motion (1) to (3) can be
replaced through the definition of & stream function:
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§l’r=ﬁ
Po
(6a)
.
& Po

If the quantity A is introduced from equation (4), « slight
modification of Stewartson’s transformation may be written

X [ B g
(6b)
Ay
Y—do 0 ;t; dy

The transformed coordinates are now represented by upper-
case letters (X,Y), and the subscript e refers to local condi-
tions at the outer edge of the boundary layer (external).
The subseript 0 refers to free-stream stagnation values.

Applying equations (4) and (6) to the boundary-layer
equations (1), (2), and (3) and assuming that Pr and ¢, are
constant (but not yet requiring .that Pr=1) result in the
following equations:

Ux+ Vy—_—o (7)
UUx+VUy=U,U,, (1+8)+vUyr 8)

[@)].

(9

where the enthalpy function S is defined for convenience as

7—1
Syy__l —Pr 2
1471 e

USx+ VSy=Vo PI' PT

s
S=p—1 (10)

and &, is the local stagnation enthalpy. The stream funetion
has been replaced by the transformed velocities (U,V)
through the relations

The resulting relation between the transformed and physical
longitudinal velocities is U=‘;E U,

The boundary conditions applicable to the system (7) to
(9) are:

U(X,0)=0 )
V(X,0)=0

o7 x0~(57),]

lim 8§=0
Yoo

lim U=U/(X) J

Yoo

S(X,0)=8, or

Y~

(11)
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The solution S=0 and the resultant continuity and mo-
mentum equations (7) and (8) make up the extremely useful
correlation developed by Stewartson between compressible
and incompressible boundary layers on insulated surfaces
with Pr=1. Another special case is that of U,;=0. Then,

if Pr=1, the relation S=S, (1—%—) satisfies equation (9);

this is Crocco’s integral of the energy equation for the flat
plate (ref. 2).
SIMILARITY REQUIREMENTS
When a pressure gradient exists and the surface is not in-
sulated, it is necessary to find a means of solving the system
(7) to (9) subject to the boundary conditions (11). To this

end, the question will be asked: Under what conditions can -

this system be reduced to a system of ordinary differential
equations by the assumption that the boundary-layer pro-
files are functions of a similarity variable  and that the wall
temperature is constant? This question may be resolved
by inserting the following assumed relations into the system
(7) to (9) and observing the conditions required for obtaining
ordinary differential equations:

y=AXU%f(n)
Y=BX'Utn 12)
S=38(n)

where A4, B,a, b, p, and ¢ are undetermined constants. This
procedure has been carried out by Li and Nagamatsu (ref. 18)
for Pr=1. In that analysis it was concluded that four
classes of similar solutions are possible. It has been pointed
out (ref, 19) that three of these four classes can be reduced
identically to the case which requires that

U,=0X" (13)
while the remaining case requires that
U,=C, exp (CoX) (a4)*

Corresponding analyses for incompressible flow, including
conditions for similarity and the case of the exponential free-
stream velocity, have been made by Mangler (ref. 20) and
Goldstein (ref. 21), respectively.

When equations (12) are used in the form

2, X
m—+1

m+1 U,
r=Y A[2EL De

the system of ordinary differential equations corresponding
to the power-law velocity distribution of equation (13) may
be written

fll’_l_ff/l:ﬁgl’_l_s)
(y—1)M;

S +PrfS'=(1—Pr) l: == ](f’f’”—}‘f"’) (16)
M

y=1n)

(15)

_2m
m+1
and the velocity ratio is U/U,=ufu,—~f’, where primes
denote differentiation with respect to 7.

The boundary conditions are

THe pressure-gradient parameter 8 is defined as =

1O =1'©)=0)
S(0)=8,
lim f'=1 (17)
lim S=0
o J

Since M, may, in general, depend on x, the right member of
the energy equation is not yet functionally consistent with
the left member for arbitrary M, and Pr. Thus, the right
member of the energy equation (16) must be zero or a func-
tion of 1 to be consistent with the left member. This may
be achieved in the following ways: (1) The external Mach
number may be & constent other than zero; (2) the external
Mach number may be zero; (3) the Prandtl number may
equal 1; (4) the factor

[ (v—1)M? :I

Y—1 -
=
mey be approximately 2 corresponding to hypersonic flow;
or (5) the ratio of specific heats ¥ may equal 1.

The case of constant external Mach number is the flat-
plate problem (8=0) and, the solution to the momentum
equation being known, the energy equation could be inte-
grated directly. The flat-plate problem has already been
solved with great accuracy and completeness by Crocco
(ref. 2). If the pressure gradient is small enough, it may
be reasonsable to consider M, constant in the energy equation
in spite of the gradient, but to retain the pressure-gradient
parameter in the momentum equation. However, this
problem is treated more completely by the analysis of refer-
ence 4.

The case M,=0 (with arbitrary 8) produces the equations
of Levy and Seban (ref. 22). * In that analysis approximate
solutions were obtained by the assumption of simple forms
for the velocity and temperature profiles that contained
undetermined coefficients. These coefficients were then
evaluated by use of the boundary conditions. Because the
actual profiles cannot be simply represented, this method
is not reliable in some ranges even if the Mach number is
nearly zero. Brown and Donoughe (ref. 11) also considered
the low Mach number problem with variable fluid properties
and Pr,=0.7. The system of equations encountered in that
analysis is much more complicated than the present system
because of the power-law viscosity, conductivity, and specific-
heat relations used. These refinements do not alter the
effects of omitting the viscous-dissipation and compressive-
work terms, which may be significant at higher Mach
numbers.

4 It was shown in referenco 19 that, for the exponential case (eq. (14)) with C>0, the system (7) to (9) can be reduced to the ordinary differcntial equations (16), but with S=2. For 3<0,
the /7’ term In equations (16) isreplaced by —f". In this cass, with 8x0, it can be shown that, because of the sign of the f’*” term, no salution is possible fn which the velocity ratio approaches
its houndary condftion smoothly, A question is thus raised as to the validity of any possible solutfon for O3<<O regardless of the value of 8. For the remainder of this paper, this class will

bo omitted from consideration,


http://www.abbottaerospace.com/technical-library

922

The case of hypersonic flow requires the introduction of
the effects of displacement thickness upon pressure gradient.
For example, for the flat plate, Lees (ref. 23) has shown
that the induced hypersonic pressure gradient corresponds to

—1

This case is not treated herein.

The possibility of assuming y=1 does not simplify the
equations more than does the assumption of Mach number
zero. For most gases, the assumption of y=1 is physically
unreasonable. Therefore, this case does not appear to
warrant further consideration.

If strong pressure gradients and reasonably high Mach
numbers are to be considered, the most inclusive category
is that of Pr=1, with the result that equations (16) become

flll+ﬁl'=B(f/2_1_S) (18a)
S"'I‘fS’:O (18b)

with the boundary conditions (17). Equations (18) were
derived by Stewartson by assigning similarity relations
corresponding to (15) to the system (7) to (9) with Pr=1;
however, no solution was indicated.

The comparison between assuming that M,=0 or that
Pr=1 may perhaps be indicated by examination of the
solutions to the insulated-flat-plate problem, which include
effects of both Prandtl number and Mach number (ref. 2).
If M.=0, the viscous-dissipation and compressive-work
terms are omitted in equation (3). Then the predicted
static-temperature profile is & constant rather than the
correct variation from free-stream static to recovery temper-
ature at the wall. However, if Pr=1 is assumed, a constant
stagnation temperature is predicted rather than the actual
slight variation in this quantity. The latter discrepancy
is small compared with the former.

METHOD OF SOLUTION

Bquations (18) with boundary conditions (17) compose
the system to be solved for the dependent variables f ()
and S(n). Because of the nonlinearity of the system, its
high order (fifth), and its classification as a “two-point
boundary-value problem,” no.standard integration methods
will yield results expressible in closed form. Methods appli-
cable to equations of this type may be classified as either (1)
forward integrations or (2) integrations by methods of suc-
cessive approximations.

By ‘“forward integration” is meant the progressive inte-
gration of the equations from one (initial) boundary to the
other. For this purpose several sets of initial values of the
derivatives are assumed. Then the final boundary values
obtained are compared with those specified and, after interpo-
lation of the initial values, this trial-and-error process is
repeated until the final boundary conditions are satisfied.
The integrations may be carried out by the use of either an
analog computer (mechanical or electrical) giving continuous
integrals or by digital computations involving finite-differ-
ence integration. Although generally applicable, a disad-
vantage associated with forward integration of nonlinear
equations is the lack of any inherent convergence mechanism.
Thus, the approach to the correct initial values depends al-

REPORT 1293—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

most entirely on the intuition and experience of the one
performing the calculations. This method is particularly
troublesome for a problem with more than one dependent
variable, since evidence for the fitness of & given initial value
may be obscured by & poor selection of the corresponding
initial value of another dependent variable. Furthermore,
when an analog computer is employed, the accuracy is
generally limited, particularly for nonlinear equations where
in certain regions the results tend to be highly sensitive to the
chosen initial values. If digital computation is utilized to
obtain a desired degree of accuracy, the procedure may be-
come excessively tedious.

Successive approximation methods generally assume an en-
tire function for the dependent variables (satisfying as many
of the boundary conditions as possible) rather than only the
initial derivatives. Then, by use of the differential equa-
tions, & procedure is developed for estimating the error as a
function of the independent variables. This error is applied
to the original choice, and the process is repeated until
satisfactory convergence occurs. An example of & method of
successive approximation is Picard’s method.

A difficulty shared by both these methods arises when the
range of integration is infinite. Then it i8 necessary to decide
upon & finite value of the independent variable at which the
boundary conditions may be approximately satisfied and the
degree to which they may be satisfied. This suggests the
desirability of changing to an independent variable so that
only a finite range of integration is required. In the present
problem this change of variables can be achieved by following
s method used by Crocco for the solution of the compressible
flat-plate boundary layer (ref. 2). The concept is advanced
that the velocity is & more suitable independent variable
since it is bounded. This concept leads to a set of equations
conveniently handled by a method of successive approxima-
tions.

TRANSFORMATION TO VELOCITY PLANE

To accomplish the transformation to the velocity ratio f*
as the independent variable, the following identity may be
used:

Lupr it a9,
This identity may be applied to f/ and f as follows:

22 £77 ﬂij_’_,
f _‘f dfl

where the dummy variable of integration is & and f/(¢
represents the functional relation between f’/ and f’, that it
F7(f"). The primes continue to denote differentiation wit.
respect to 1.

Inserting equations (20) into the momentum equatior
(182a) results in

af’ __ (7 &t
a7 f 7T

(20

f——"},l,_s @
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which satisfies the following condition at f'=0 required by

the momentum equation
J&'=—B(1+S.) (22)

Now, if equation (21) is integrated once with respect to f”
and if the limits of integration are chosen so that (f/);r.,=0,

the result is
f Fo1—50)
f : df‘f e f 7O @3)

By inverting the order of integration (or by integrating
by parts) the double integral may be reduced to two single
integrals, resulting in

1 (N1 — s fdf 1(1_§)fdf 153_1"8!(9
pn=a-n ] 7+ [ et ), e (d*
24)

Equation (24) is the form of the momentum equation as it
will be used in this report. The subscript 7 is the iteration
number in the method of successive approximations.

A corresponding form of the energy equation is obtained
by writing equation (18b) as

and integrating with respect to n, to get
In § =—ffdn+ constant (25)
Equation (18a) may be written

_r (*—1-8)
fd” f// dﬂ"l‘ﬂ f" d

df,’i n_q— S) ,
f” T ﬁ (flf)i df

Substitution of this expression into equation (25) results in

In 8'= f df’ f £—1—58() dt+constant

MGk
or the equivalent expression
Sl —_— 03 j'/l J(f') (26)

Jo=esp |~ [ Ere a |

If this expression is integrated once again and the boundary
conditions S(0)=8,, (S);r.;=0 are required, the result is

st ), T
| swa

Inspection of equations (24) and (27) indicates that the
integrals to be evaluated are singular, or indeterminate, at

where

@7

the upper limit. To evaluate these integrals, closed-form
expressions must be obtained for the integrands in this range.
This requires knowledge of the solution of the system (18)
for large n (near f’=1). This “asymptotic solution” and
its development are given in appendix B. The results show
that equation (24) can be used in its present form, but that
equation (27) must be modified to

1—-¢

g1 A=+ " ied ,
o = 28)
eJ(1—e)+ " JiE)dE
where ¢ is an arbitrary small quantity (e<1). In this form

the singularity has been removed. Equations (24) and (28)
constitute the system used in the present investigation.
The convergence of this system is discussed in appendix C,
and the method of ecalculation by digital computer in
appendix D.

PROPERTIES OF SOLUTIONS

In the following sections the solutions obtained in this
study are presented and their properties are discussed. The
two parameters defining a case are S, and 8. The enthalpy
function evaluated at the wall S, determines the wall
temperature through the relation

tw=t:)(1 +Sw) (29)

Thus, Sp,=—1 corresponds to a wall temperature of
absolute zero, and S,=1 corresponds to a wall at twice the
free-stream stagnation temperature. The case S,=0 cor-
responds to a wall at the free-stream stagnation terperaturs,
which for Pr=1 is the case of an insulated surface.

The pressure-gradient parameter S is related to the
exponent m of the velocity distribution in the transformed
plane U,=CX™ through the relation

b= m+1

For a velocity distribution of this form, m can be represented

as .
m=<%> %’ (a.p.)"‘J:aqpadx (30)

It is apparent that 8<C0 (m<C0) corresponds to an unfavor-
able gradient; =0 (m=0) corresponds to flat-plate flow;
and f=2 (m= ) corresponds to an infinitely favorable
pressure gradient. Stewartson (ref. 14) has shown that
B=1 (m=1) corresponds to flow in the immediate vicinity
of a stegnation point for two-dimensional flow, as in the
incompressible case. It can be shown that the case of a
stagnation point in axisymmetric flow can be transformed
to the solution for =% (ref. 24). An approximate method
for relating B to more general physical flows is given in
reference 17. In the present investigation, solutions .are
found for pressure gradients ranging from that causing
geparation to the infinitely favorable gradient and for wall
temperatures from absolute zero to twice free-stream
stagnation temperature.®

§ It should be noted that all but ons of the presented solutions for Sey=0 are those first obmin;ed by Hartres (ref. 7) for the problem of Falkner and 8kan (ref. 6). Asa farther cheok on the
present mothod, the solations for f=1.6 and 2.0 with S.=0 were obtained independently in the present investigation; these values agree very well with those of Hartree.
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All solutions are presented in tabular and graphic form.
Table I shows the values of f, f/, f7, S, and S’ tabulated
againsl 7. From these values and equations (18), the
quantities f/’/ and S” can be easily calculated. Table IT
presents a summary of the values of fi (related to wall
shear) and S; (related to heat transfer) from table I, as
. well as the Reynolds analogy parameter CyRe,/Nw, which
reprosents the ratio of skin-friction to heat-transfer effects.
Certain other quantities of interest cannot be tabulated in
general, but can be easily calculated from the following
formulas:

Static-temperature ratio:

—_( +—-M’> R Vi (31)
or, with the static temperature ¢ referred to the free-stream
stagnation temperature o,

7=t == " (32)
’ 14—=M;
Flux density:
pU I (33)
el (1 11 M“) a+ 'y 1
UNIQUENESS

For p<0, S,=0, Hartree (ref. 7) first observed that the
boundary conditions (17) are not sufficient to determine a
unique solution. Thus, there is not a unique value of fy
for a given 8. In studying the uniqueness, it is useful to
consider the following expression for velocity ratio (for any
S,) valid for large »:

=14 =i oo+ 2 |exp| ~I5L [rasta—ny®
(34)

where o, oz, ag, and & are integration constants (see appendix
B). TFor the case of S,=0, oy is also equal to zero; however,
this does not change the uniqueness problem, which is inde-
pendent of wall temperature. For >0, o is necessarily
zero in order to satisfy the boundary condition llm f’—l

For continuity in g8, Hartree then selected the asymptotlc
solution with «,=0 for <0 also. More importantly, the

integral
“(1— "“)d
J:) ( P K

related to the displacement thickness, can be shown to
become infinite for a.<0. This result is contrary to the
concept of a thin layer outside of which the viscous effects
may be neglected. A further interpretation of the effect of
the a; term on the solution can be observed by examination
of the dimensionless quantity f’///ff’’ (suggested by Pro-
fessors L. Crocco and L. Lees), in which f/// represents the
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net viscous forces acting on the fluid element and f’/ is
proportional to the velocity gradient (shearing flow). It
can be shown that for ap=0

7‘(’///)

Fr

lzm (

117
lim( f——)—z im =28 o
e f N e (1K)
Thus, in order to retain both the viscous forces in the
asymptotic region and the shearing flow set up by their
action to the same order of magnitude, a; should be taken
equal to zero.

Another feature of solutions with o« different from zero is
the analytical result that the velocity ratio in the outer
portion of the boundary layer may exceed unitv. For
example, if a, is not zero, equation (34) shows that for large
7 the « term of the velocity ratio expression is dominant,
and thus (f”—1) is necessarily of the same sign as a;. That
is, for positive ap, the velocity ratio approaches unity from
above; this phenomenon will be termed ‘‘velocity over-
shoot.” Since, for & given 8 and S, in this range, each of
these various solutions has associated with it a different set
of values of fi, and S, one of these parameters, for example
f=, can be conveniently used in place of «; to identify the
various solutions. This infinite set of solutions can be
represented as in sketch (a) for a typical (cold wall) case.

while for a.0

! ]
| |
.10 | I
|
‘" }
max cn ¥ Ot
| eerO0 |
l
(.00
|
|
|
{
a,>0———a, <0 ap>0—
J:I
2l
g|
il
gl
s, kKt

fll

L4

(a)

It is seen that there are a maximum and a minimum sheai
(represented by f») and heat transfer (represented by S
that can satisfy the equations without incurring velocity
overshoot. These distinct solutions (circled points it
sketch (a)) correspond to «;=0°%; that with the lower shea:
is designated the “lower-branch’” solution. The behavio:

¢ In the evalnation of the singularities of the integrals required for the method of successive approximations, @ was taken to be zero. Henco, solutions for @140 were obtalned by forwar

integration (appendix D), although the numerical values of @ were not determined.
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of the calculated family of solutions is presented in figure 1
for S,=—0.8 and B=-—0.325, —0.3285, and —0.336.
For a given value of S, as g is decreased, the two solutions
with a,=0 approach each other. At a value of 8 to be desig-
nated Baia, these two solutions become identical, and, for
B< Bmix, N0 solution with «;=0 exists. For negative S,
only the solutions with finite displacement thickness will be
considered in the remainder of this report.

LR S

Pressure gradTent

_ﬂ' parameter,

@3 T o -0525

s 1 o - 3285

g Fla ed s) mbols denote

g -30 h:ﬂmuﬁ{‘and mlini{num V/

| sheor without velocity

c overshoot {ap=0) ?#

:é .28 ,y

o

g 26

3

E .29

;.7

& 22

1,020
N A

1,016
&
g 2os
T Loil2 N
2’ JL\ \\
8 N O\ B
2 MO -0.336
€ h_D\ N yd
2 NN 3285
£ 1,004 N S0 L R
s’ N 11 B-325

c\ C\ 7
I.OOO L& /f/ I

02 04 06 ~08 10 .2 J4 16 8
Shear function at wall, 7y

o

Frgure 1—Family of so]utlons for adverse pressure gradient.

With regard to the physical significance of the double
solution, it may be noted that for adverse pressure gradients
(8<0) & real flow cannot completely reproduce the similar
solution, because U/,(0)= « would be involved. However, a
pressure field can, in principle, be applied to a developing
boundary layer so that, after a phase of adjustment, the
boundary layer would approach one of the similar solutions
with <0 and stay quite close to it thereafter. It seems
reasonable to believe that, depending on the way the pressure
field is applied, one solution or the other corresponding to
the same 8 could be approached after different adjustment
phases. This result is exactly what Clauser (ref. 25) has
found in his experimental work on similar turbulent
boundary-layer flows.

VELOCITY AND TEMPERATURE PROFILES

The veloa?r and enthalpy-function profiles obtained
from the tabulated solutions are presented as functions of
7 in figures 2 and 3, respectively. The distance y normal to
the surface in the physical plane is related to the similarity

925

variable n through equations (6) and (15), and may be

expressed as
?aac Vm+1 m—l-l

where t/i, is given by equation (32).

Velocity overshoot.—The velocity profiles shown in figure 2
indicate that, for a given wall temperature, the initial slope
increases as the pressure gradient becomes more favorable.
For adverse pressure gradients an inflection point occurs

(35)

" within the boundary layer and moves outward as the gradi-

ent becomes more adverse. The velocity ratio varies mono-
tonically from zero to the final value of 1.0 except for the
cases of favorable pressure gradients with heated walls.
Then the velocity ratio in the outer portion of the boundary
layer reaches a maximum value greater than 1.0 before
returning to its final value of 1.0. This type of velocity
overshoot was also obtained in the investigation of reference
11 for favorable pressure gradients with heated walls and is
to be distinguished from that associated with the nonunique
(c3520) solutions which occur only for adverse pressure
gradients. When the wall is heated in a favorable-pressure-
gradient flow, the density within certain layers of the
boundary layer is lowered so that, in spite of the viscous
retardation, the flow is accelerated more than the external
flow by the external pressure forces. Thus, a velocity greater
than the external velocity may be obtained.

This phenomenon can be established by examination of
equation (34) and the corresponding asymptotic expression
for the enthalpy function (appendix B):

S=astr— exp [ 259 @0

For favorable pressure gradients, a;=0, as previously men-
tioned. Then, the a; term in equation (34) is dominant for
large 7. Thus, (f'—1) and «; are of the same sign. Hence,
for any case of a heated wall (o positive, eq. (36)) with
favorable pressure gradient the velocity ratio must finally
approach 1.0 from above. This is in contrast to the results
of reference 16 where ‘“‘critical” values of S, greater than
zero were said to be required to produce overshoot. The
latter results are possibly due to the inability to detect small
overshoot using an analog computer.

Stagnation-temperature profiles.—Figure 3 shows that, for
Pr=1, the stagnation temperature varies monotonically
across the boundary layer from the wall value to the free-
stream value. For favorable pressure gradients with a cold
wall, there is small variation with 8 of this distribution. The
variation becomes more pronounced with an inerease in wall
temperature.

Boundary-layer thickness.—The velocity profiles (fig. 2)
indicate that the boundary layer thickens as the wall shear
stress diminishes. Also, for a given value of the pressure-
gradient parameter 8, the boundary layer, when considered
in terms of 7, thickens as the wall temperature is lowered.
However, in the physical plane (in terms of y) because of the
relation between y and n (eq. (85)), the trend is just the
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Fraure 2.—Velocity profiles as functions of similarity variable 7.

(Asterisk denotes lower-branch solutions.)
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opposite., 'This emphasizes the necessity for careful con-

sideration of the relation between the transformed quantities
and their physical counterparts.
The thermal boundary layer also thickens as separation is

approached. The relative thicknesses of the dynamic and

thermal boundary layers may be conveniently observed
from o plot of S against f/ (fig. 4). Then if a fixed fraction of
Su, say 0.99, is chosen to define the thermal-layer thickness
and if the same value of velocity ratio is taken to define the
dynamic layer, it can be seen that, regardless of wall tempera-
ture, the thermal layer is thicker than the dynamic layer for
favorable gradients aad thinner for adverse gradients.

For Pr<1 the relative magnitude of the dynamic thickness
1o the thermal thickness will be decreased, since the Prandtl
number represents the ratio of viscous to thermal effects in
the fluid.

INTEGRAXL THICKNESSES

The boundary-layer integral thickmesses in the trans-
formed plane are defined by the following relations:
Displacement thickness:

@
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(Asterisk denotes lower-branch solutions.)
Momentum thickness:
[/} m+1U,X = 1—
Vet T ra—ma= [ S e 69
Thermal thickness:
m+1U,X 1 SE)
mr: = = 39
f”(E) d‘E ( )
Convection thickness:
R e R (40)

The numerical values of these thickness parameters for the
solutions presented are given in table II. The transformed
displacement thickness is negative for cases of favorable pres-
sure gradient with very low wall temperature. This occurs
because the surface cooling produces an increase in density
near the wall so that there is more mass flow per unit flow
ares within the boundary layer than in the external flow.

The form factor H,— 0—” is also listed in table IT.
r
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Figure 4.—Enthalpy function representation in velocity plane.

SHEAR AND SKIN FRICTION

The shear distribution in the boundary layer is presented
in figure 5, where '/ is plotted as & function of 5. The shear
function f*/ is related to the shear stress 7 through the
expression

a 2y-1
du AGE
=gy | MU (%)

For >0 the maximum shear is at the wall, whereas for 8<0
the point of maximum shear moves increasingly outward as
the pressure gradient becomes more adverse.

The quantity that is of primary interest in boundary-layer
calculations is the shear stress at the wall 7., which can be
made dimensionless through the definition of & local skin-
friction coefficient. The resulting relation is

mil mt1 U, ]f” (41)

m+1 Vo

——f w 2M14-S.)] 3 U.X (42a)

0,1}‘

which, upon the introduction of a Reynolds number based on
fluid properties evaluated at the wall temperature, Rew=$,

becomes
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(Asterisk denotes lower-branch solutions.)

C’n,/Rew m+1dln X

o 2 dlnez

(42b)

The importance of evaluating fluid properties at the wall
temperature can be seen from the fact that the right member
of equation (42b) is constant for the case of the flat plate.
If the skin-friction coefficient and the Reynolds number
were t0 be based on local free-stream fluid properties, rathor
Ho ta

fe Lo
right member of equation (42b). The range of this factor,
when evaluated using Sutherland’s viscosity law, is from

1/4 -1/4
(—tt—’3> at a low temperature level to <%) at high tempera-
(] e

ture levels.

The quantity fy is presented as a function of 8 and S, in
figure 6. It can be seen that heating the surface increases
the sensitivity of the wall shear to pressure gradient, while
cooling the wall has the opposite effect. A suggested
physical interpretation for this trend is related to the effect
of wall temperature on the mean density of the fluid within
the boundary layer. For the heated wall, the boundary-
layer density is less than that for the cooled wall, rendering

than on wall values, a factor of would appear in the
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Ficure 5.—Shear-function profiles.
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the heated boundary layer more susceptible to free-stream
acceleration forces than the cooled boundary layer. Figure
6 shows further that a linear extension of the slope of the
curve fy against 8 from B=0 to large positive 8 would
grossly overemphasize the effects of favorable pressure
gradient; while the same linear extension toward negative 8
would underemphasize the effects of adverse gradient.

In figure 6(b), the two solutions with finite displacement

REPORT 1293—NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS

thickness that occur for adverse pressure gradients for a
given 8 and S,, are plotted. It is seen that a double solution
is indicated for even the insulated surface (Sy=0), although
Hartree reported only one. In this case the lower-branch
solution corresponds to negative wall shear stress (separated
flow), which was not considered in reference 7. For heated
walls (S,>0) both solutions may indicate separated flow
for B near Basx, Wwhile for cooled walls both solutions may be
unseparated in this region. The physical interpretation of
these double solutions has been discussed in the section
Uniqueness.
HEAT TRANSFER

The variation of heat transfer across the boundary layer
is plotted in figure 7 in terms of the derivative of the enthalpy

function S’=%§~ This quantity is related to the stagnation

enthalpy derivative in the physical plane by the expression

o (§>=(£& , /."ﬂ U, ’S’
oy \ho Poo 2 X

These curves again indicate the thickening of the thermal
layer as separation is approached. Furthermore, as separa-
tion is neared, the zone adjacent to the surface where S’ is
essentially constant spreads rapidly. This is a zone whore
the heat transfer is primarily by conduction because of the
nearly zero velocities in the neighborhood of the surface.

The values of S at the surface (S3,) are shown plotted as a
function of pressure-gradient parameter B in figure 8 for
constant wall temperatures. Two facts are noteworthy:
(1) In the region of favorable pressure gradient, S}, is nearly
constant; (2) the heat transfer varies sharply near separation.
From these facts the additional conclusion may be drawn
that, if a linear extension of these curves is made with the
slope at =0, the result will seriously overemphasize the
effects of a favorable pressure gradient or heat transfer and
underestimate the effects for adverse pressure gradients.
A similar influence of pressure gradient on skin friction bas
already been noted. A comparison of figures 6 and 8 indi-
cates that the effect of pressure gradient on heat transfer is
smaller than the corresponding effect upon wall shear.

As with the gkin friction, it is convenient to define a dimen-
sionless number from which the heat transfer may be
determined. The Nusselt number is

’ (g_;) s, mFTdln X
Vem =5 P e @

The quantity (—S%/Sw) is plotted in figure 9 for constant
wall temperatures as a function of the pressure-gradient
parameter 8. The Reynolds number Re,, is again defined in
terms of wall properties.

Reynolds analogy.—From expressions (42b) and (44),
8 simple modified Reynolds analogy parameter is evaluated
by

43)

OfRew__ 2f:,

—W—(—:“’—%_,) (45)
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This quantity is the reciprocal of the usual Reynolds analogy
quantity in order to avoid infinite values as separation is
- P
-8 0 4 .8 1.2 1.6 20 approached. It is plotted in figure 10 as a function of the
Pressure-gradient parameter, B pressure-gradient parameter 8. These curves resemble the -
Fiaurp 8,—Variation of heat transfer with pressure gradient. fu curves (fig. 6) because of the relatively small variation
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in magnitude of S,/S, compared with that of fu. The
variation of CyRe,/Nu is from zero to 7.4 for a surface of
temperature twice the free-stream stagnation value and
from zero to 2.8 for a surface held at a temperature of abso-
lute zero, as shown in figure 10. This indicates the inade-
quacy of utilizing the flat-plate value of 2.0, as has often been
done for estimates of heat transfer. Figure 10 is of particu-
lar use in evaluating the heat transfer for a problem when
used in conjunction with simple methods for determining
Cy, as proposed, for example, in reference 17.
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Ficure 10.—Variation of Reynolds analogy parameter with pressure
. gradient.

SUMMARY OF RESULTS

From an analysis of the laminar compressible boundary
layer based on Stewartson’s transformation and including

REPORT 1293—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

effects of heat transfer and pressure gradient, the following
results were obtained:

1. If the condition of similarity is required and the Prandtl
number is constant but different from 1.0, the external Mach
number must be either zero, constant, or very large. If the
Prandtl number is taken as 1.0, the Mach number may be
arbitrary. The free-stream velocity distributions consistent
with the similarity concept are either power-law or expo-
nential distributions in the transformed coordinates. Since
the exponential distribution appears to be limited to favor-
able gradients and in this range the problem may be reduced
to a special case of the power-law distribution, the calcula-
tions have been based on the latter class.

2. For flows with adverse pressure gradients, two classes of
solutions were obtained. One class is discarded because it
yields infinite displacement thickness. The class retained
consists of two solutions with finite displacement thickness
for each adverse pressure gradient.

3. For heated surfaces with favorable pressure gradients, a
velocity overshoot, whichincreases withinereasingly favorablo
gradient, results within the boundary layer. This excess
velocity is associated with the acceleration of a layer of fluid
in the outer portion of the boundary layer, with density less
than the external density. Since this layer is subject to the
external pressure field and is restrained only slightly by the
viscous forces acting on it, it is accelerated more than the
external flow.

4. For a Prandtl number of 1.0, when the thicknesses of
the dynamic and thermal boundary layers are defined by a
fixed fraction (say 0.99) of the velocity ratio and stagnation-
temperature-difference ratio, the thermal boundary layer is
thicker than the dynamic layer for favorable pressure gra-
dients and thinner for adverse gradients.

5. The boundary-layer displacement thickness is negative
for cases of favorable pressure gradient with very low wall
temperature. This occurs because the surface cooling pro-
duces an increase in density near the wall so that there is
more mass flow per unit flow area within the boundary layer
than in the external flow.

6. The variation of a Reynolds analogy parameter is from
zero to 7.4 for a surface of temperature twice the free-stream
stagnation value and from zero to 2.8 for a surface held at a
temperature of absolute zero, with the value 2.0 for the flat
plate.

Lewis Fricar ProruLsioN LABORATORY
NatroNaL Apvisory COMMITTEE FOR ABRONAUTICS
CrevELAND, OHIo0, October 15, 1954
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APPENDIX A
SYMBOLS
sonic velocity Y tmnsformed normal coordinate,
arbitrary constents Pl 'p dy
local skin-friction coefficient, 0’—pm v . normal coor dinate
specific heat at constant pressure o, ete. integration constants in asymptotic solution
boundary-layer convection thickness 8 ressure-gradient parameter, f—
boundary-layer thermal thickness P e P P m1 +1
function related to stream function by f= | Bmin minimum value of B8 corresponding to a
v [m+1 viscid solution for a given wall tempera-
2,,0U&X ture
. @ Y ratio of specific heats
asymptotic function, g=* . 5* boundary-layer displacement thickness

boundary-layer form factor, H: E%

enthalpy
thermal conductivity
Sutherland’s constant

local external Mach number, M,=%
exponent from U,=CX"
(2
%Y/
to—te

Prandtl number, Pr=”—£l’

Nusselt number, Nu=

static pressure
PutheZ

Reynolds number, Fe,=

enthalpy function, S=h%-—

static temperature
transformed longitudinal velocity compo-

nent, U=%o#y
3

longitudinal velocity component
transformed normal velocity component,
V=—yx
normal velocity component
transformed longitudinal coordinate, X=
z
2P e gy
o Podo
longitudinal coordinate

arbitrary small quantity

€
7 similarity variable, 5 4 m;—l U:X
. < 0

6 boundary-layer momentum thickness
X integration constant in fi=y—«
N A (B/0) /to+k.:> ‘/t’w
(t/ 1 D) \t w+k

“ dynamic viscosity
v kinematic viscosity, v=plp
p mass density

ou
T shear stress, r=p b_y
¥ stream function: ¢y=U, ¢x=—V
Q oscillation coefficient, eq. (C2)
w damping coefficient, eq. (C3)
Subscripts
e local flow outside boundary layer (external)
7 result of 7th iteration
8 stagnation value
tr transformed quantity
w wall or surface value
0 free-stream stagnation value
Other notations:

agymptotic quantity

Primes denote differentiation with respect to 1.

A coordinate used as subscript represents partial differen-
tiation with respect to the coordinate.
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APPENDIX B
ASYMPTOTIC SOLUTION

To evaluate the integrals in equations (24) and (27),
it is necessary to have closed-form expressions for the

integrands concerned, in the range of large 1. This requires
a solution of the system

fll’+ﬁll=ﬁ(j12_1_S) (183)

S +£8'=0 (18b)

for large 7, which is the asymptotic solution.

The asymptotic solution for f (designated f) is assumed to
consist of a sum of terms, each smaller than the preceding.
Only the first two terms will be discussed herein. The
corresponding solution for the enthalpy term S is also
obtained.

Let oL
f=fit+fa B1)
where
Frh
Fih
Now, since lim(f')=1, let
v—.ﬂ
Sfi=n—« (B2)

where « is an undetermined constant. If f; is inserted into
equation (18), the corresponding enthalpy term S; must be
identically zero. Inserting equations (B1l) and (B2) into
equations (18) and dropping higher-order terms result in

B =y =B (2?,—&2)}
Si' +(1—x)S3=0
The energy equation can be integrated directly to give

(B3)

_s———‘)’
Si=Ce *

which integrates once again to the complementary error
function (denoted cerf)

@ _(!—‘)’
l§2=—0f € 2 dﬂ
7

or

(B4

If equation (B4) is now substituted into the momentum
equation of equations (B3) with the notation

g(n)=f;
there results
¢+ g ~o=—en5pen () @9
A particular integral to equation (B5) is
=500 %) (B6)

The complementary function can be found by noting that
the homogeneous part of equation (B5) is Weber’s equation.
Hartree (ref. 7) gives the general solution for large values of
the argument (y—=«) which can be written

g=0,(p—x)~ D exp I:__("_;'i’].;_a,(,,__x)u (B7)

where o and o, are undetermined constants.
For 8201t is clearly necessary to take as=0 if the boundary
condition lim g=0 is to be applied. For 8<0 the boundary

condition ‘does not require a;=0; this introduces a lack of
uniqueness in this range. The significance of ;=0 was more
fully discussed in the section Uniqueness.

Using the first term of the expansion for the complementary
error function

ca'f(n;/—g >‘={\/g(77—'<)'1 exp [—@;—K)’:I
I

and combining the preceding equations result in the follow-
ing expressions:

Fr=14H a0 45— [oxp [ 5 Hrasr—e

(34)
and

e e (36)
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APPENDIX C
CONVERGENCE AND EXTRAPOLATION

The method of successive approximations used in solving
equations (24) and (28) is as follows: Two functions f7(f)
and S,(f’) are assumed and inserted into the right sides of
equations (24) and (28). This produces two new functions,
fisa(f) and Sya(f’), on the left. The question of conver-
gence is the first to consider. In reference 2, Crocco treated
2 momentum equation which was essentially equation (24)
with 8=0. There it was shown that the result might con-
verge to a pair of functions between which it would oscillate
and of which the geometric mean was the proper solution.
In practice, the use of the arithmetic mean was demon-
trated to be adequate. In the same way in the present
case, the property of oscillation cannot be developed ana-
Iytically; however, it has been found by frial that, if

f’—’——-*;f"“ is used in place of f}4 to obtain fi.s, the oscillation

is reduced and a convergence takes place. A typical result

is shown in sketch (b).

lteration

o . f’ 1
{b}

When the value for g for which a solution was sought was
sufficiently positive, the ‘enthalpy function S also showed a
tendency to oscillate. In these cases, applying the same
averaging procedure to S again improved the convergence.
It was also found that convergence was improved if, in the

initial assumed function for f’/(f’), the slope %) was

taken so that it satisfied equation (18s); that is,
"\ _—B1+Sa)
af' Jw fa
‘When an iterative method is used to determine a function,
it is always desirable to develop a method of extrapolating

the result to correspond to a larger number of iterations
than have actually been carried out. This cannot be done
in an exact fashion unless & definite law of convergence is
established. Recently, an extrapolation method was devised
(ref. 26) that required four successive iterants for an arbi-
trary iterative computing scheme. The development
assumed that the remaining error after any iteration con-
sisted essentially of two terms, both of which damped by a
factor w with each iteration. The sign of one of these terms
was assumed to change with each iteration. This method
extrapolated & function by breaking it into n~1 parts and
treating it somewhat like an n-dimensional vector. The
method has been demonstrated for Laplace’s equation for
which it was quite adequate. For nonlinear equations,
however, the method is not as suitable.

In reference 1, & method requiring five successive iterants
was developed which combined the method of reference 26
and the geometric mean rule. The function to be extra-
polated is considered to be made up of a set of numbers F;,
where the subscript ¢ identifies the particular component of
the set. Then, the resulting relations for the 4th component
of the extrapolated function ¥# in terms of the preceding five
iterants, (Fy); . . . (Fi)sp4, where j is the iteration number,

are:
F— é‘ (& 1):+41—_ng 1)1+2:| (1)
where the oscillation coefficient Q; is given by
= [Fspa— o’ Fi)yys
e e P ©2)
and the damping coefficient w is
2 _ Fo)sp—(F 1)1]
2 L) Nemves Y RN

> )

Application of this system was extremely effective. It
generally reduced the oscillation remaining after five itera-
tions by a factor of 10. A typical plot of the oscillation of

» is indicated in figure 11.

o]
rs

f? E?rupolu?ion
v e

— PN iteration
S0z — %
3 JA :
5 AENPAR

g o ' VA b -
s ~ o

s /

g o2 i

2 {

- ) B =20
g ! Sw= -8
< -04 J

g -

S5

085 I 6 7 8

3 49
lteration number, /
Figure 11.—Plot of oscillation of .
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APPENDIX D

CALCULATION PROCEDURE

The successive approximation celculations were carried
out by means of IBM Type 604 Calculating Punch machines.
The program was coded for fixed-point calculation, with the
standard Function-Generating control panel used, plus a
control panel especially wired for rapid integration of quo-
tients by a trapezoidal rule. The step size (in f’) varied
from & maximum value of 0.050 or 0.025 at f'=0 to 0.00001
at f'=0.9999, the total number of intervals being 122 in the
former case and 236 in the latter. By doubling and halving
the step size for a critical case, the results are judged to con-
tain & maximum error of 0.0002. Comparison with solutions
obtained by forward integration, for the same case, confirms
this accuracy. A given iteration (utilizing the 0.050 step
size) could be carried out in approximately 1% hours by an
experienced machine operator. If the averaging and extra-
polation techniques described in appendix C are used, ten
iterations generally would suffice for the accuracy desired.
In contrast with forward integration, this number of itera-
tions is not a function of the experience of the person carrying
out the calculations.

In the derivation of the integral relations (eqs. (24) and
(27)), it was assumed that the velocity ratio varied smoothly
and monotonically from zero at the wall to 1.0 at infinity.
However, in the range >0 and S, >0 (favorable pressure
gradient and hot wall), the solution involves an increasing
velocity ratio to a value greater than 1.0, followed by a
smooth decrease to 1.0. Under these unusual circumstances,
the method of successive approximation derived herein

must be considerably modified if it is to be used at all.

Equations (18), together with the boundary conditions
(17), constitute a nonlinear two-point boundary-value
problem. Cases of this boundary-value problem were solved
by forward integration, with the IBM Card-Programmed
Electronic Calculator (CPC) used to integrate with five-
point integration formulas.

For the cases where tha solutions are not unique (8<0),
the solutions were obtained in two patterns: In one pattern,
B and S, were fixed and, for a set of values of /3, the quantity
Si was altered until boundary conditions at infinity were
apparently satisfied. In the other pattern, fz and S, were
fixed and, for a set of values of negative S, the quantity
S, was altered until boundary conditions at infinity were
apparently satisfied. An attempt was made with both
patterns to include the solution with the minimum value
of the maximum velocity ratio fa.. within the boundary
layer. Except for those cases where no solution existed
without velocity overshoot, this minimum value was 1.0.

The details of the integration method used are described
completely by Liynn U. Albers in an appendix to reference
27. The possible error contained in the results is indicated
in the footnote to table 1. Each trial run of a case required
approximately 30 minutes. A person considerably exper-
ienced with the method of obtaining solutions by forward
integration generally achieved convergence within 12 trials;
however, this number is perhaps insufficient by a factor of
the order of 2 if the person lacks experience.
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TABLE 1.—SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.!

f=—0.326, S,=—1.0 =—0.3657, S,=—1.0
" s 7 i s s " s r i s s
0 0 0 0 —1. 0000 0. 2477 0 0 0 0. 0600 —1. 0000 0. 2958
.2 . 0000 . 0001 . 0016 —. 9506 . 2477 .2 . 0010 . 0101 . 0522 —. 9408 . 2958
.4 . 0001 . 0009 . 0065 —. 9009 . 2477 .4 . 0041 . 0211 . 0586 -—. 8817 . 2056
.6 0004 . 0029 . 0145 —. 8514 . 2476 .6 . 0086 . 0339 . 0693 —. 8226 . 2952
.8 . 0014 . 0069 . 0258 —. 8019 . 2476 .8 . 0178 . 0491 . 0841 —. 7636 . 2044
L0 0034 . 0135 . 0403 —. 7524 . 2475 1.0 . 0295 . 0678 . 1028 —. 7049 . 2931
1,2 0070 . 0232 . 0580 —. 7029 . 2472 1.2 . 0452 . 0905 . 1252 —. 6465 . 2909
1.4 0129 . 0369 . 0788 —. 6535 . 2468 1.4 . 0660 . 1180 . 1509 —. 5886 . 2877
1.6 . 0220 . 0650 . 1026 —. 6042 . 2459 1.6 . 0928 . 1510 . 1791 —. 5314 . 2832
1.8 . 0352 . 0781 . 1290 —. 5552 . 2445 1.8 . 1268 . 1898 . 2091 —. 4754 . 2771
2.0 . 0536 . 10687 . 1578 —. 5064 . 2424 2.0 . 1691 . 2347 . 2395 —. 4208 . 2690
2.2 . 0783 . 1413 . 1882 —. 4582 . 2392 2.2 . 2211 . 2856 . 2690 —. 3679 . 2588
2 4 . 1106 . 1821 . 2196 —. 4108 . 2348 2.4 . 2837 . 3421 . 2956 —. 3174 . 2461
26 . 1516 . 2291 . 2508 —. 3645 . 2288 2.6 . 3582 . 4035 .3174 —. 2697 . 2308
28 2026 . 2822 . 2799 —. 3195 . 2208 2.8 . 4454 . 4686 . 3324 —. 2252 . 2131
3.0 . 2648 . 3409 . 3066 —~. 2763 . 2108 3.0 . 5458 . 5359 . 3388 —. 1846 . 1930
3.2 . 3393 . 4042 . 3260 —. 2353 . 1985 3.2 . 6508 . 8035 . 3354 —. 1482 . 1711
3.4 . 4267 . 4708 . 3392 —. 1970 . 1839 3.4 . 7871 . 6694 . 3216 —. 1162 . 1481
3.6 5277 . 5392 . 3434 —. 1619 . 1672 3.6 . 9273 . 7315 . 2083 —. 0889 . 1248
3.8 . 6075 . 3377 —. 1303 . 1488 3.8 1. 0793 . 7881 . 2668 —. 0663 . 1022
4.0 . 7706 . 6737 . 3220 —. 1025 . 1202
4.0 1. 2421 . 8379 . 2299 —. 0480 . 0810
4,2 . 8116 . 7367 . 2969 —. 0786 . 1002 4 2 1. 4140 . 8799 . 1904 —. 0337 . 0821
4.4 1. 0845 . 7919 . 2642 —. 0588 . 0897 4.4 1. 59356 . 9140 . 1513 —. 0229 . 0460
4.6 1. 2279 . 8410 . 2285 —. 0427 . 0713 46 1. 7791 . 9406 . 1154 —. 0151 . 0328
4 8 1. 4004 . 8824 . 1867 —. 0301 . 0548 48 1. 9693 . 9605 . 0843 —. 0096 . 0225
6.0 1. 5803 . 9158 . 1478 —. 0206 . 0407
5.0 2. 1629 . 9747 . 0589 —. 0059 . 0149
5 2 1. 7662 . 9417 . 1123 —. 0137 . 0291 . 8.2 2. 3589 . 9845 . 0395 —. 0035 . 0095
5.4 1. 9566 . 9610 . 0818 —. 0088 . 0201 5.4 2. 5565 . 9909 . 0253 —. 0020 . 0058
56 2. 1502 . 9748 . 0571 —. 00565 . 0133 5.6 2. 7551 . 9949 . 0155 —. 0011 . 0034
5.8 2. 3462 . 9843 . 0383 —. 0033 . 0085 5.8 2. 9543 . 9973 . 0092 —. 0006 . 0019
6.0 2. 5437 . 9905 . 0245 —. 0020 . 0052
62 2, 7422 . 9944 . 0152 —. 0012 . 0031 6.0 3. 1539 . 9987 . 0052 —. 0003 . 0011
6 2 3. 3538 . 9995 . 0028 —. 0001 . 0006
8 4 2. 9414 . 9987 . 0088 —. 0007 . 0016 8.4 3. 5537 . 9999 . 0014 —. 0001 . 0003
6.6 3. 1409 . 9980 . 0050 —. 0005 . 06009
6.8 3. 3405 . 9988 . 0028 —. 0004 . 0005
1 The accuracy of solutlons obtained by the method of mecew(ve appmximstlonsisbellaved to be -1:0.0002. Solutions by forward ini tion were gbtnined in two patterns (appendix D).
Whera 8 and S, wers initially fixed, thae values are bellpved to be correct to 2-0.0002,  Where /¢ and .waralnltlallyﬁxed,ﬂan % are belloved to be correct to 20.0002 (except in the

©aso of #=0.2460, Sw=—0.4, whers 8 and
aslarge as twice'the above amonnts.

are belleved to be correct to £0.002). The values {n

tables are of comparable aceuracy e:ceept at large 5, where the entries may contain errors
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS,

B=—0.3884, S,=—1.0 p=—0.36, S,=—1.0
7 b bid b S s 7 ! b b 8 s
0 0 0 0. 1400 —1. 0000 0. 3527 0 0 0 0. 2448 —1.0000 | 0.0400
.2 . 0028 . 0282 . 1427 —. 9294 . 3527 . 2033 . 0050 . 050 . 2476 —. 0186 . 0399
.4 . 0113 . 0574 . 1506 —. 8589 . 35623 . 4024 . 0199 . 100 . 2562 —. 8301 . 0308
.6 . 0259 . 0887 . 1633 —. 7886 . 3510 . 5942 . 0438 . 150 . 2663 —. 7628 . 0396
.8 . 0470 . 1230 . 1803 —. 7186 . 3485 .T776 . 0759 . 200 . 2793 —. 6906 . 0392
Lo . 0754 . 1611 . 2010 —. 6493 . 3443 . 9524 . 1151 . 250 . 2929 —. 6225 . 0386
1.2 . 1118 . 2036 . 2243 —. 5811 . 3379 1.1193 . 1610 . 300 . 3061 —. 5588 . 0376
14 . 1571 . 2509 . 2491 —. 5143 . 3290 1. 2795 . 2130 . 3560 . 3178 —. 4093 . 0366
1.6 . 2125 . 3032 . 2738 —. 4496 . 3171 1. 4344 . 3711 . 400 . 3274 —. 4436 . 0362
L8 . 2787 . 3603 . 2963 —. 3876 . 3020 1. 5855 . 3353 . 450 . 3341 —. 3916 . 0336
2.0 . 3569 . 4215 . 3149 —. 3291 . 2834 1. 7342 . 4060 . 500 . 3375 —. 3428 . 0318
2.2 . 4476 . 4859 . 3273 —. 2745 . 2616 1. 8824 . 4838 . 550 . 3368 —. 2870 . 0298
2.4 . 5513 . 8519 . 3318 —. 2246 . 2368 2.0318 . 5697 . 600 . 3317 —. 2541 . 0275
2.6 . 6683 . 6180 . 3270 —. 1800 . 2006 2.1847 . 86563 . 650 . 3215 —. 2138 . 0251
2.8 . 7984 . 6821 . 3125 —. 1409 . 1811 2. 3439 . 7728 . 700 . 3057 ~—. 1760 . 0223
3.0 . 9409 . 7423 . 2888 —. 1076 . 1522 2 5134 . 8957 . 750 . 2833 —. 1405 . 0194
3.2 | 1. 0950 . 7971 . 2576 —. 0799 . 1242 2. 6995 1. 0400 . 800 . 2635 —. 1074 . 0162
3.4 | 1.2593 . 8450 . 2213 —. 0577 . 0982 2. 9129 1. 2162 . 850 . 2146 —. 0766 . 0127
3.6 | 1.4325 . 8855 . 1827 —. 0405 . 0750
3.8 | 1.6130 . 9182 . 1448 —. 0275 . 0553 3. 1766 1. 4473 . 900 . 1646 —. 0479 0089
3. 2397 1. 5043 . 910 . 1529 —. 0425 0081
4.0  1.7993 . 9436 . 1101 —. 0181 . 0393 3. 3078 1. 5667 . 920 . 1406 —. 0372 0073
4.2 j 1.9900 . 9625 . 0802 —. 0115 . 0269 3. 3825 1. 6358 . 930 . 1275 —. 0320 0065
4.4 | 21839 . 9761 . 0559 —. 0071 . 0177 3. 4654 1. 7133 . 940 . 1136 —. 0270 0067
46 | 23801 . 9853 . 0373 —. 0043 . 0112
4.8 | 25778 . 9913 . 0239 —. 0025 . 0068 3. 5596 1. 8023 . 950 . 0988 —. 0220 . 0048
3. 6123 1. 8525 . 9565 . 0911 —. 0196 . 0043
5.0 | 27765 . 9951 . 0146 —. 0014 . 0040 3. 6697 1. 9075 . 960 . 0830 —. 0172 . 0039
5.2 | 2.9758 . 9974 . 0086 —. 0008 . 0023 3. 7332 1. 9686 . 965 . 0746 —. 0148 . 0034
5.4 | 3.1754 . 9987 . 0048 —. 0005 . 0012 3. 8044 2. 0376 . 970 . 0659 —. 0126 . 0030
5.6 | 3.37562 . 9904 . 0026 —. 0003 . 00068 3. 8859 2.1168 . 975 . 0668 —. 0103 . 0025
5.8 | 3.5752 . 9998 . 0013 —. 0002 . 0003 3. 9822 2. 2110 . 980 . 0472 —. 0080 . 0020
4. 1012 2.3279 . 985 . 0370 —. 0059 . 0015
6.0 | 3. 7751 1. 0000 . 0006 —. 0002 . 0002
6.2 | 3.9751 1. 06000 . 0003 —. 0001 . 0000 4. 2604 2. 4851 . 990 . 0262 —. 0038 . 0010
4. 3003 2. 5247 . 991 . 0239 —. 0034 . 0009
4. 3443 2. 5682 . 992 . 0216 —. 0030 . 0008
4. 3933 2. 6169 . 993 . 0192 —. 0026 0007
4. 4489 2. 6722 . 994 . 0167 —. 0022 0006
4. 5134 2. 7363 . 996 . 0142 —. 0018 . 0006
4. 5905 2. 8130 . 998 . 0117 —. 0014 . 0004
4. 6872 2. 9094 . 997 . 0090 —. 0010 . 0003
4. 8187 3. 0406 . 998 . 0062 —. 0006 . 0002
5. 0327 3. 2543 . 999 . 0033 —. 0003 . 0001
6. 1247 4.3446 | 1. 000 . 0000 . 0000 . 0000
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

=—0.3, So=—1.0 f=—0.14, S,=—1.0
7 7 i b S s 7 7 7 7 S s
0 0 0 0. 3181 —1.0000 | 0.4262 o - 0 0 0. 4185 0 0. 4554
. 1568 . 0039 . 050 . 3196 —. 9331 . 4261 . 1199 . 0029 . 050 . 4170 —. 9453 . 4564
3123 . 0165 . 100 . 3236 —. 8669 . 4255 2397 . 0119 . 100 . 4179 —. 8908 . 4551
46565 0347 . 150 . 3292 —. 8018 . 4239 3591 . 0269 . 150 . 4190 —. 8365 . 4541
6159 0609 . 200 . 3359 —. 7383 . 4209 4783 . 0477 . 200 . 4199 —. 7825 4522
. 7632 0941 . 350 . 3427 —. 6766 . 4163 . 5973 . 0745 . 250 . 4202 ~. 7288 . 4490
. 9077 1338 . 300 . 3401 —. 6169 . 4095 . 7164 . 1072 . 300 . 4194 —. 6756 . 4443
1. 0408 1800 . 3560 . 3543 —. 55693 . 4005 . 8359 . 1461 . 350 . 4173 —. 6229 . 4377
1. 1902 2326 . 400 . 3579 —. 5039 . 3892 . 9563 . 1912 . 400 . 4133 —. 5708 . 4290
1. 3296 2018 . 450 . 3501 —. 4506 . 3752 1. 0782 . 2431 . 450 . 4072 —. 5192 . 4179
1. 4690 . 3581 . 500 . 3575 —. 3994 . 3586 © 1.2023 . 3020 . 500 . 3986 —. 4682 . 4040
1, 6098 4320 : 550 . 3525 —. 3502 . 3393 1. 3296 . 3689 550 . 3869 —. 4178 . 3872
1. 75633 5146 . 600 . 3438 —. 3031 . 3170 1. 4615 . 4448 600 . 3717 —. 3681 3671
1. 9016 6072 . 650 . 3302 —. 2580 . 2018 1. 5995 . 6311 . 650 . 3525 —. 3191
2 0572 7123 . 700 . 3117 —. 2148 . 2633 1. 7462 . 6302 . 700 . 3287 —. 2707 3153
2, 2240 . 8333 . 750 . 2871 1735 . 2315 1. 9053 . 7457 . 750 . 29095 —. 2232 . 2827
2, 4080 . 9761 . 800 . 25566 —. 1342 . 1960 2. 0829 . 8834 . 800 . 2639 —. 1764 . 2447
2, 6202 1. 1513 . 850 . 2155 —. 0968 . 1565 2. 2897 1. 0543 . 850 . 2204 —. 1304 . 2005
2, 8836 1. 3819 . 900 . 1648 —. 0616 . 1122 2. 5484 1. 2809 . 800 . 1669 —. 0855 1483
2. 9465 1. 4389 . 910 . 15628 —. 0549 . 1026 2. 6106 1. 3373 . 910 . 1547 —. 0766 1367
3. 0147 1. 5014 . 920 . 1404 —. 0482 . 0928 2. 6781 1. 3991 . 920 . 1419 —. 0678 . 1247
3. 0895 1. 5705 930 . 1273 —. 0417 . 0828 2. 7523 1. 4677 . 930 . 1284 —. 0591 1121
3. 1726 1. 6483 . 940 . 1134 —. 0352 L0724 2. 8348 1. 5448 . 940 . 1142 —. 0504 0990
3. 2670 1. 7375 950 . 0986 —. 0289 . 0817 2. 9287 1. 6336 950 . 0991 —. 0417 . 0853
3. 3199 1. 7878 955 . 0908 —. 0258 . 0562 2. 9813 1. 6837 . 855 . 0912 —. 0374 . 0782
3. 3775 1. 8430 . 960 . 0827 —. 0227 . 0506 3. 0387 1. 7387 . 960 . 0831 —. 0331 . 0709
3. 4412 1. 9043 965 . 0744 —. 0197 . 0449 3. 1023 1. 7999 965 . 0746 —. 0289 . 0834
3. 5127 1. 9735 . 970 . 0657 —. 01687 . 0391 3. 1738 1. 8691 . 970 . 0658 —. 0247 . 0556
3. 5945 2, 0531 975 . 05856 —. 0137 . 0332 3. 2556 1. 9486 . 975 . 0666 —. 0204 . 0476
3, 6912 2. 1477 980 . 0470 —. 0108 . 0271 3. 3521 2. 0430 . 980 . 0470 —. 0163 . 0392
3. 8108 2. 2652 . 985 . 0369 —. 0080 . 0208 3. 4717 2.1605 . 985 . 0369 —. 0121 . 0305
3. 9708 2, 4232 . 990 . 0260 —. 0052 . 0143 3. 6319 2.3187 . 990 . 0260 —. 0080 0213
4, 0109 2. 4629 091 . 0238 —. 0046 . 0129 3. 6721 2. 3585 . 991 . 0237 —. 0072 0194
4. 0551 2, 5067 992 . 0214 —. 0041 . 0116 3. 7163 2. 4024 992 . 0214 —. 0063 0174
4. 1044 2. 5556 . 993 . 0191 —. 0035 . 0103 3. 7657 2. 4514 993 . 0190 —. 0055 0155
4. 1603 2. 6112 994 . 0167 —. 0030 . 0089 3. 8217 2. 5071 994 . 0166 —. 0047 0135
4, 2251 2. 8756 . 995 . 0142 —. 0025 . 0075 3. 8867 3.5717 995 . 0142 —. 0039 0114
4. 3028 2. 7528 996 . 0116 —. 0020 . 0061 3. 9643 2. 6490 096 . 0116 —. 0031 0093
4, 3097 2. 8495 997 . 0090 —. 0015 . 0046 4. 0616 2. 7459 997 . 0090 —. 0023 0071
4, 5319 2. 9814 . 998 . 0062 —. 0009 . 0031 4. 1939 2. 8778 . 998 . 0062 —. 0015 . 0049
4. 7471 3. 1963 . 999 . 0033 —. 0004 . 0016 4. 4088 3. 0924 999 . 0033 —. 0007 . 0026
5. 8542 4. 3031 | 1. 000 . 0000 —. 0000 . 0000 5. 4938 4.1772 | 1. 000 . 0000 . 0000 . 0000
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

B=0.5, Sy=—1.0 B=2.0, Se=—1.0 —7
n b Fid il S 8’ 7 f 1 Fild S S’

0 0 0.5806 | —1.0000 | 0.4948 0 0 0 0. 7381 —1.0000 | 0.5203
. 0861 . 0021 - 050 5797 —. 0574 . 4948 . 0678 . 0016 . 060 . 7359 —. 0647 . 5203
1726 . 0086 . 100 5770 —. 9147 . 4946 . 1360 0068 . 100 . 7293 —. 9202 . 5201

. 2596 . 0195 - 150 5724 —. 8718 . 4940 . 2051 v, 0154 . 150 7188 —. 8933 . 5198
. 3474 . 0349 . 200 5659 —. 8285 . 4929 . 2754 . 0277 . 200 . 7045 —. 8567 . 5190
. 4364 . 0549 250 5674 —. 7848 . 4910 . 3472 . 0439 . 250 . 6869 —. 8196 . 5177
. 5270 . 0798 . 300 5468 —. 7406 . 4881 . 4212 . 0643 . 300 . 6660 —. 7814 . 5157
. 6195 . 1099 . 350 . 5340 —. 6957 . 4839 . 4976 0892 . 350 . 6420 —. 7421 . 5128
. 7145 . 1456 . 400 . 5188 —. 6501 . 4781 5772 1191 . 400 . 6150 —. 7012 . 5086
. 8128 . 1873 - 450 . 5011 —. 6037 . 4704 6606 . 1545 . 450 . 5852 —. 65693 . 5029
. 9145 . 2358 . 500 . 4808 —. 5564 . 4605 . 7485 . 1964 . 500 55625 —. 6166 . 4063
1. 0211 . 2018 550 . 4576 —. 5081 . 4479 . 8421 . 2456 . 560 5170 —. 5696 . 4862
1. 1337 . 3566 .600. | .4310 —. 4587 . 4319 . 9427 . 3036 . 600 4786 ~. 5216 . 4721
1. 2539 . 4318 . 650 . 4008 —. 4081 . 4120 1. 0520 . 3719 . 650 4372 —. 4707 . 4651
1. 3842 . 5199 . 700 . 3666 —. 3561 . 3873 1. 1726 . 4534 . 700 3925 ~—. 4172 . 4330
1. 5283 6244 . 750 . 3277 —. 3026 . 3567 1. 3085 . 5520 . 750 . 3444 —. 3603 . 4045
1. 6922 7516 . 800 . 2834 —. 2474 . 3189 1. 4659 . 6742 . 800 . 2924 —. 2006 . 3674
1. 8866 9122 . 850 . 2324 —. 1903 . 2715 1. 6562 . 8314 . 850 . 2355 —. 2344 . 3187
2. 1344 1. 1293 . 900 1727 —. 1307 . 2110 1. 9030 1. 0477 . 900 1720 —. 16390 . 2628
2 1947 1. 1839 . 910 . 1595 —. 1185 1968 1, 9636 1. 1026 . 910 1583 —. 1490 . 2369
2 2603 1. 2440 . 920 . 1457 —. 1061 1817 2. 0299 1. 1632 . 920 . 1442 —. 1339 . 2198
2, 3327 1. 3109 . 930 1313 —. 0936 1658 2.1031 1. 2310 . 930 1206 —. 1186 . 2014
2. 4135 1. 3865 . 940 1163 —. 0809 1486 2. 1852 1. 3078 . 940 1144 —. 1028 . 1814
2. 5069 1. 4738 950 . 1005 —. 0681 1303 2. 2793 1. 3967 . 950 . 0986 —. 0868 . 1598
2. 5578 1. 5233 955 . 0923 —. 0616 1205 2. 3322 1. 4471 . 955 . 0004 —. 0786 . 1482
2. 6146 1. 5777 . 960 . 0839 —. 0551 0716 2. 3903 1. 5027 . 960 . 0821 —. 0704 . 1360
2. 6776 1. 6384 . 985 . 0762 —. 0485 0998 2. 4548 1. 5648 . 9656 . 0736 —. 0620 . 1232
2. 7486 1. 7071 970 . 0662 —. 0418 . 0887 2. 5275 1. 6351 970 . 0646 —. 0636 1097
2. 8300 1 7862 975 . 0588 —. 0351 0769 2. 6109 1. 7163 976 . 0554 —. 0450 0054
2. 9265 1 8805 . 980 . 0470 —. 0283 0644 2. 7099 1. 8130 . 980 . 0458 —. 0364 . 0801
3. 0462 1 9981 . 985 . 0368 —. 0215 0511 2. 8327 1. 9338 . 985 . 03568 —. 0275 0636
3. 2069 2. 1568 990 . 0259 —. 0145 0366 2. 9977 2. 0967 990 . 0252 —. 0186 . 0456
3. 2473 2. 1969 . 991 . 0236 —. 0131 0335 3. 0392 2.1378 991 . 0230 —. 0167 . 0418
3. 2018 2. 2410 . 992 . 0213 —. 0117 . 0303 3. 0849 2. 1831 992 0207 —. 0149 . 0379
3. 3415 2. 2904 - 993 0189 —. 0102 . 0271 3. 1359 2. 2338 903 0184 —. 0131 0338
3. 3980 2 3464 . 994 . 0185 —. 0088 0238 3. 1939 2. 2913 994 0161 —. 0113 0297
3. 4635 2 4116 995 0140 —. 0074 - 0203 3. 2611 2. 3581 0995 0137 —. 0094 0254
3. 5418 2. 4895 996 0115 —. 0059 0168 3. 3414 2. 4381 996 0112 —. 0075 0209
3. 6400 2. 5874 997 . 0089 —. 0044 0131 3. 4421 2. 5385 997 0087 —. 0067 0163
3. 7738 2. 7209 998 . 0061 —. 0030 . 0092 3. 5792 2. 6753 . 908 0060 —. 0038 0114
3. 9916 2. 9384 999 . 0032 —. 0015 - 0049 3. 8023 2. 8980 909 0032 —. 0019 0061
5. 1056 4. 0521 1. 000 0000 —. 0000 - 0000 4. 9344 4.0298 | 1. 000 0000 —. 0000 0000
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

p=—0.10, Su=—0.8 p=—0.2685, Su=—0.8
J bid b S i 7 J r b id S i

0 0 0 —0.0686 | —0.8000 | O0.0447 0 0 0 —0.0500 | —0.8000 | O0.1829

.4 | — 0053 | —. 0258 | —.0603 | —.7821 . 0448 .2 | —.0009 | — 0089 | —.0383 | —.7634 . 1829

8 | — 0202 | — 0482 | —.0515  —.7642 . 0450 4 | — 0034 | — 0152 | —.0246 | —.7268 . 1830

1.2 | — 0433 | — 0670 | —.0425 | —.7461 . 0455 .6 | —.0068 | — 0186 | —. 0090 | —. 6902 . 1832

1.6 | — 0733 | —. 0821 —.0330 | —.7277 . 0466 .8 | —. 0108 [ —. 0187 .0086 | —. 6535 . 1835
20 | — 1085 | —. 0933 | —.0231 | —.7087 . 0483

1.0 | —. 0140 | —. 0150 .0282 | —.6168 . 1840

2.4 | — 1474 | — 1005 | —. 0123 | —. 6889 . 0509 1.2 | — 0163 | —. 0072 .0409 | —. 5799 . 1845

28 | —.1882 | —. 1030 [ —.0003 | —. 6879 . 0544 1.4 | — 0166 | .0051 0737 | —. 5430 . 1851

3.2 | — 2201 | —. 1004 01368 | —. 6452 . 0591 1.6 | — 0139 | .0224 .0994 | —. 5059 . 1857

3.6 | — 2678 | —. 0918 0301 | —. 6204 . 0853 1.8 | —.0073 | .0450 1272 | —. 4687 . 1861
40 | —. 3016 | —. 0759 .0501 | —. 5928 . 0732

2.0 .0044 | .0733 .1566 | —. 4315 . 1862

4.4 | —. 3273 | —. 0511 0748 | —. 5616 . 0830 22 .0224 | . 1077 .1872 | —. 3043 . 1857

48 | — 3410 | —. 0154 .1048 | —. 5260 - 0950 24 0479 | . 1483 2184 [ —. 3572 . 1844

52 | —3379 | .0338 (1413 | —. 4853 . 1088 2.6 .0822 | .1951 . 2403 | —. 3208 . 1821

56 | — 3121 | .0984 .1837 | —. 4388 . 1241 2.8 1264 | . 2479 .2786 | —. 2845 - 1783
8.0 | —. 2568 | .1811 .2301 | —. 3861 . 1392

3.0 1817 | . 3063 .3040 | —. 2493 . 1730

8.4 | — 1647 | .2823 .2752 | —. 3278 . 1516 3.2 2492 | . 3695 .3264 | —. 2154 . 1657

68 | —. 0287 .3999 3103 | —. 2666 . 1578 3.4 .3207 | . 4364 .3413 | —.1832 . 1564

7.2 .1566 | . 5278 .3245 | —. 2029 L1541 3.6 -4239 | . 5055 .3481 | —.1530 . 1451

7.6 .3935 | . 8556 .3091 | —. 1440 .1383 3.8 5320 | . 5750 .3455 | —.1253 .1319
8.0 6794 | . 7709 . 2629 | —. 0937 . 1118

40 . 8538 | . 6430 .3330 | —. 1003 L1172

84 | Lo071| .8632 .1964 | —. 0553 . 0799 42 .7890 | . 7076 .3100 | —. 0784 .1015

88 | 1.3662| .9276 1270 | —. 0295 . 0497 44 . 9365 | . 7669 . 2807 | —.0598 - 0854

9.2 | L7457 | 9865 .0703 | —. 0145 - 0267 46 | 10953 | .8195 .2446 | —. 0442 . 0697

9.6 | 21369 | .9866 .0332 | -—. 0070 - 0123 48 | 1.2638 | .8644 .2052 | —.0318 . 0551
10.0 | 25335 | .9954 .0133 | —.0038 . 0048

50 | 14405 .9015 .1656 | —. 0221 . 0420

10.4 | 29324 | .9987 .0045 | —. 0026 . 0016 52 | 16239 | .9309 .1283 | —. 0148 - 0309

10.8 | 3.3321| .9997 .0013 | —. 0022 - 0005 5.4 | 1.8124| .0532 0954 | —. 0098 . 0219

1.2 | 3.7321 | 1.0000 .0003 | —. 0021 - 0001 5.6 | 20047 | 9694 0681 | —.0059 . 0150

58 | 21998 | .9808 .0465 | —. 0035 . 0098

6.0 | 23968 | .9884 .0305 | —. 0019 . 0062

6.2 | 25950 | .9933 .0192 | —. 0009 . 0038

6.4 | 27940 | 9963 .0116 | —. 0003 . 0022

8.6 | 29935 | .9981 - 0067 - 0000 . 0012

6.8 | 31932 | 9991 - 0037 - 0002 . 0007

7.0 | 3.3931| .9997 . 0020 . 0003 . 0003

7.2 | 3.5931 | 1.0000 . 0010 . 0003 . 0002
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=—0.3088, S,=—0.8

p=—0.325, S,=—0.8

L] 7 I 7 8 s
0 0 0 0 —0. 8000 2261
.2 . 0001 . 0013 . 0137 —. 7548 2260
.4 0007 . 0057 . 0303 —. 7096 2280
.6 . 0026 . 0136 . 0496 —. 6644 2260
.8 . 0065 . 0257 . 0716 —. 6192 2258
1.0 . 0132 . 0425 . 0963 —. 5741 . 2253
1.2 . 0238 . 0644 . 1234 —. 5209 . 2245
1.4 . 0393 . 0920 . 1627 —. 4843 . 2231
1.6 0610 . 1256 . 1835 —. 4399 . 2209
1.8 0900 . 1654 . 2151 —. 3960 2176
2.0 1276 . 2116 . 2465 —. 3529 2130
2.2 1750 . 2639 . 2764 —. 3109 2067
2.4 2335 . 3219 . 3031 ~. 2704 1984
2.6 . 3041 . 3848 . 3247 —. 2317 . 1881
2.8 3877 . 4514 . 3395 —. 1953 1756
3.0 . 4848 . 5201 . 3458 ~. 1616 1609
3.2 . 5957 . 5890 . 3423 —. 1311 . 1445
3.4 . 7203 . 8563 . 3286 ~—. 1039 1267
3.6 . 8580 . 7199 . 3055 —. 0804 1082
3.8 | 1.0079 L7779 . 2742 ~—. 0606 0898
4.0 | 1.1687 . 8291 . 2372 —. 0444 0723
4.2 | 1.3391 . 8727 . 1975 —. 0316 0563
4.4 | 1.5173 . 9082 . 1580 —. 0218 0423
4.6 | 1.7018 . 9360 . 1213 —. 0145 0306
48 | 1.8012 . 9570 . 0893 —. 0094 0214
5.0 | 2.0842 . 9722 . 0630 —. 0058 . 0144
5.2 | 2.2798 . 9827 . 0426 —. 0035 . 0093
5.4 | 2.4771 . 9896 . 0276 —. 0020 . 0058
5.6 | 2.67564 . 9940 . 0172 —. 0011 . 0034
5.8 | 2.8748 . 9967 . 0103 —. 0006 0020
6.0 | 3.0741 . 9983 . 0059 —. 0003 0011
6.2 | 3.2738 . 9992 . 0032 —. 0001 0006
6.4 | 3.4737 . 9996 . 0017 —. 0000 0003
6.6 | 3.6737 . 9999 . 0009 . 0000 0001
6.8 | 3.8737 1. 0000 . 0004 . 0000 0000

7 i) f 7 8 8
0 0 0 0. 0493 —0. 3250 2546
.2 . 0011 . 0113 . 0640 —. 7401 . 2546
.4 . 0047 0258 . 0819 —. 6082 . 2544
.6 . 0117 0442 . 1029 —. 6474 25640
.8 . 0227 0672 . 1269 —. 5966 25631
1.0 . 0389 0952 . 15635 —. 5462 . 2516
1.2 . 0611 1287 . 1821 —. 4961 . 2491
1.4 . 0907 1681 . 2121 —. 4466 . 2454
1.6 . 1288 2135 . 2423 —. 3980 . 2401
1.8 . 1765 . 2649 . 2714 —. 3607 . 2329
2.0 . 2351 . 3219 . 2978 —. 3050 2236
2.2 . 3056 . 3837 . 3196 —. 2614 2118
2.4 . 3889 . 4403 . 3349 —. 2204 1977
2.6 . 4865 . 5172 . 3420 —. 1825 1812
2.8 . 5958 . 5855 . 3396 —. 1481 1626
3.0 . 7196 6523 . 3272 —. 1176 1426
3.2 . 8565 7167 . 3052 —. 0011 1218
3.4 | 1. 0056 . T738 . 2749 —. 0688 1012
3.6 | 1.1656 . 8263 . 2388 —. 0508 0815
3.8 | 1.3352 8691 . 1996 —. 0361 . 0635
4.0 | 1.5127 . 9052 . 1604 —. 0250 . 0477
4.2 | 1.6967 9335 . 1238 —. 0168 . 0346
4.4 | 1.8867 09549 . 0014 —. 0110 0242
4.6 | 2.0783 . 9705 . 0648 —. 0070 0163
4.8 | 2.2735 . 9812 . 0440 —. 0043 0106
5.0 | 2.4705 . 0884 . 0287 —. 0027 0066
5.2 | 2.6687 . 9930 . 0179 —. 0016 0039
5.4 | 2.8676 9959 . 0108 —. 0010 0023
5.6 | 3.0670 9975 . 0062 —. 0007 0013
5.8 | 8.2666 9984 . 0030 —. 0005 0006
6.0 | 3.4664 . 9991 . 0024 —. 0004 00056
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

p=—0.3285,8,=—0.8 8 =—0.3285, S, =—0.8
7 f Nid b il S 8’ n Fi Fid K i S S’

0 0 0 0. 0693 —0. 8000 0. 2644 0 0 0 0. 1100 —0. 8000 . 2818
.2 . 0015 . 0153 . 0842 —. 7471 . 2644 .2 . 0023 . 0234 . 1250 —. 7436 . 2818
.4 . 0063 . 0039 . 1024 —. 6943 . 2642 .4 . 0096 . 0502 . 1434 —. 6873 . 2815
.6 . 01563 . 0665 . 1238 —. 6415 2636 .6 . 0228 . 0810 . 1650 —. 6311 . 2806
.8 . 0292 . 0836 . 1482 —. 5888 2625 .8 . 0423 . 1164 . 1893 —. 5751 . 2788

1.0 . 0491 . 1159 . 1750 —. 5365 . 2605 1.0 . 0696 . 1569 . 2156 —. 5196 . 2758

1.2 . 0760 . 15638 . 2036 —. 4847 . 2573 1.2 . 1054 . 2027 . 2428 —. 4649 . 2710

1.4 . 1110 . 1974 . 2331 —. 4337 . 2526 1.4 . 1510 . 2540 . 2698 —. 4114 . 2642

1.6 . 1563 . 2470 . 2621 —. 3838 . 2459 1.6 . 2074 . 3105 . 2048 —. 3594 . 2549

1.8 . 2101 . 3021 . 2892 —. 3366 . 2371 1.8 . 2755 . 3716 . 3162 —. 3096 . 2430

2.0 . 2765 3624 . 3125 —. 2892 2259 2.0 . 35663 . 4366 . 3319 —. 2624 . 2281

2.2 . 3564 . 4267 . 3301 —. 2453 2121 2.2 . 4503 . 5039 . 3401 —. 2185 . 2105

2.4 . 4474 . 4939 . 3401 —. 2045 1958 2.4 . 5579 . 5720 . 3395 —.1784 . 1904

2.6 . 55630 5622 . 3412 —. 16871 1772 2.6 . 6791 . 6391 . 3292 —. 1425 .1683

2,8 . 6722 . 6297 . 3324 —. 1337 1568 2.8 . 8134 . 7031 . 3093 —. 1111 . 1450

3.0 . 8047 6945 . 3138 —. 1045 1353 3.0 . 9600 . 7622 . 2810 —. 0845 . 1215

3.2 . 9497 7646 . 2863 —. 0796 1136 3.2 1.1178 . 8151 . 2463 —. 0625 . 0987

3.4 1. 1081 . 8086 . 2520 —. 0590 0925 3.4 1. 2855 . 8605 . 2079 —. 0449 . 0776

3.6 1. 2727 . 8552 . 2136 —. 0425 0729 3.6 1. 4615 . 8981 .. 1687 —. 0313 . 0590

3.8 1. 4477 . 8939 . 1741 —. 0297 0556 3.8 1. 6443 . 9281 . 1314 —. 0211 . 0432

4.0 1. 6297 . 9249 . 1362 —. 0201 0408 4.0 1. 8323 . 9510 . 0982 —. 0138 . 0305

4.2 1. 8172 9487 . 1022 —. 0131 0289 4.2 2. 0242 . 9678 . 0704 —. 0087 . 0207

4.4 2. 0088 9662 . 0735 —. 0083 0197 4.4 2. 2190 . 9795 . 0483 —. 0053 . 0136

4.0 2.2033 9785 . 0507 —. 0051 0129 4.6 2. 4158 . 9875 . 0318 —. 0032 . 0085

4.8 2. 3999 . 9868 . 0335 —. 0030 0082 4.8 2. 6138 . 9926 . 0201 —. 0018 . 0052

5.0 2. 5978 9922 . 0212 —. 0017 . 0050 5.0 2. 8127 . 9957 . 0121 —. 0010 . 0030

5.2 2. 7967 9956 . 0129 —. 0010 0029 5.2 3. 0121 . 9976 . 0071 —. 0005 . 0017

b, 4 2. 9960 0976 . 0075 —. 0005 . 0016 5.4 3. 2117 . 9987 . 0039 —. 0003 . 0009

5.0 3. 1056 9987 . 0042 —. 0003 . 0009 5.6 3. 4115 . 9993 . 0021 —. 0002 . 0005

5.8 3. 3964 9994 . 0023 —. 0001 0005 5.8 3. 6114 . 9996 . 0011 —. 0001 . 0002

6.0 3. 59564 9997 . 0012 —. 0001 0002 6.0 3. 8113 . 9998 . 0006 —. 0001 . 0001

6.2 3. 7953 9999 . 0006 . 0000 . 0001 6.2 4.0113 . 9999 . 0002 0000 . 0000

6. 4 3, 8953 . 0999 . 0003 . 0000 0000

6. 6 4. 1953 1. 0000 . 0001 . 0000 . 0000

6.8 4. 3963 | 1.0000 . 0001 . 0000 0000

7.0 4, 5953 | 1. 0000 . 0000 . 0000 . 0000

7.2 4. 7953 1. 0000 . 0000 . 0000 . 0000
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

=—0.3, Soe=—0.8

p=—0.325, S,=—0.8
7 f i i S s

0 0 0. 1353 —0.8000 | 0.2913

3379 . 0080 050 . 1623 —. 7015 . 2011
6210 . 0289 100 . 1922 —. 6192 . 2897
8632 0590 150 . 3314 —. 5494 . 2866

1. 0761 0961 200 . 2487 —. 4888 . 2819
1. 2677 1391 250 . 2732 ~—. 4353 . 2757
1. 4439 . 1875 300 . 2044 —. 3874 . 2679
1. 6087 . 2410 350 . 3120 —. 3440 . 2587
1. 7654 . 2997 400 . 3258 —. 3042 . 2479
1. 9165 . 3639 450 . 3354 —. 26877 . 2359
2. 0643 . 4341 500 . 3406 —. 2338 . 2224
2. 2108 . 5110 550 . 3412 —. 2023 . 2075
2. 3582 . 5958 600 . 3366 —. 1729 . 1913
2. 5088 . 6899 650 . 3265 —. 1454 . 1737
2. 6656 . 7958 700 . 3103 —. 1197 . 1545
2. 8327 . 9170 750 . 2874 —. 0956 . 1339
3. 0161 1. 0592 800 . 2569 —. 0731 . 1118
3. 2268 L 2332 850 . 2172 . 0521 . 0878
3. 4876 1. 4618 . 900 . 1663 —. 0328 . 0618
3. 5500 1. 5182 910 . 1544 —. 0291 . 0563
3. 6175 1. 5800 920 . 1419 —. 0255 . 0507
3. 6915 1 6484 930 . 1286 —. 0219 . 0450
3. 7737 1. 7253 940 . 1146 —. 0185 . 0392
3. 8672 1. 8136 950 . 0996 —. 0151 . 0332
3. 9194 1. 8634 955 . 0918 —. 0134 . 0302
3. 9764 1. 9180 960 . 0836 —. 0118 . 0271
4. 0394 1. 9786 985 . 0752 —. 0102 . 0239
4. 1101 2. 0470 970 . 0664 —. 0086 . 0208
4. 1911 2 1258 975 . 05672 —. 0071 . 0176
4. 2867 2 2192 . 980 . 0475 —. 0056 . 0143
4. 4050 2. 3354 . 985 . 0373 —. 0041 . 0109
4. 5632 2. 4917 . 990 . 0263 —. 0026 . 0074
4. 6029 2. 5310 . 991 . 0240 —. 0024 . 0067
4. 6466 2. 5743 . 992 . 0217 —. 0021 . 0060
4. 6953 2. 6228 . 993 . 0193 —. 0018 . 0053
4. 7507 2 8777 . 994 . 0168 —. 0015 . 0046
4, 8148 2 7415 . 995 . 0143 —. 0013 . 0038
4. 8915 2 8178 . 996 . 0117 —. 0010 . 0031
4 9876 2. 9136 . 997 . 0091 —. 0007 . 0024
5. 1186 3. 0443 . 998 . 0063 —. 0005 . 0016
5. 3319 3. 2573 . 999 . 00338 —. 0002 . 0008
6. 4255 4. 3506 | 1. 000 . 0000 —. 0000 . 0000

7 f b r 8 s

0 0 0 0. 2086 —0. 8000 | 0.3154

. 2310 . 0056 . 0560 . 2248 —. 7271 . 3154

. 4447 . 0215 . 100 . 2435 —. 6597 . 3146

. 6423 . 0461 . 150 . 2629 —. 5978 . 3126

. 8259 . 0782 . 200 . 2819 —. 5407 . 3091

. 9979 . 1168 . 250 . 2995 —. 48790 . 3040
1. 1605 . 1615 . 300 . 3151 —. 4390 . 2973
3. 3159 . 2120 . 3560 . 3280 —. 3034 . 2888
1. 4660 . 2682 . 400 . 3380 —. 3607 . 2786
1. 6124 . 3304 . 450 . 3445 —. 3108 . 2667
1. 7568 . 3990 . 500 . 3472 —. 2732 . 2530
1. 9010 . 4747 . 560 . 3457 —. 2378 . 2376
2. 0468 . 5586 . 600 . 3305 —. 2044 . 2204
2. 1964 . 6521 . 650 . 3282 —. 1729 . 2013
2. 3526 . 7576 . 700 . 3111 —. 1431 . 1804
2. 5194 . 8786 . 750 . 2875 —. 1149 . 1574
2. 7030 1. 0210 . 800 . 2566 —. 0883 . 1322
2. 9142 1. 1954 . 850 . 2166 —. 0633 . 1046
3. 2759 1. 4246 . 900 . 16567 —. 0400 . 0743
3. 2385 1. 4813 . 910 . 1538 —. 03566 . 0678
3. 3063 1. 5433 . 920 . 1413 —. 0312 . 0612
3. 3808 1. 8120 . 930 . 1281 —. 0269 . 0646
3. 4631 1. 6892 . 940 . 1141 —. 0227 . 0476
3. 5569 1. 7779 . 950 . 0992 —. 0186 . 0404
3. 6094 1. 8279 . 955 . 0914 —. 0166 . 0367
3. 6667 1. 8827 . 960 . 0833 —. 0146 . 0330
3. 7299 1. 9436 . 965 . 0749 —. 0126 . 0203
3. 8010 2. 0123 . 970 . 0661 —. 0107 . 0254
3. 8823 2. 0915 . 975 . 0569 —. 0088 . 0215
3. 9784 2. 1854 . 980 . 0473 —. 0069 . 0175
4. 0972 2. 3022 . 985 . 0371 —. 0051 . 0134
4. 2562 2. 4592 . 990 . 0262 —. 0033 . 0092
4. 2961 2. 4986 . 991 . 0239 —. 0029 . 0083
4. 3400 2. 5422 . 992 . 0216 —. 0026 . 0074
4. 3890 2. 5908 . 993 . 0192 —. 0022 . 0066
4. 4446 2. 6460 . 994 . 0167 —. 0019 . 0056
4. 50980 2. 7101 . 995 . 0142 —. 0016 . 0047
4. 5860 2. 7868 . 996 . 0117 —. 0012 . 0038
4. 6827 2. 8831 . 997 . 0090 —. 0009 . 0029
4. 8143 3. 0144 . 998 . 0062 —. 0006 . 0020
5. 0287 3. 2285 . 999 . 0033 —. 0003 . 0010
6. 1270 4. 3265 { 1.000 . 0000 —. 0000 . 0000



http://www.abbottaerospace.com/technical-library

SOLUTIONS FOR COMPRESSIBLE LAMINAR BOUNDARY LAYER, HEAT TRANSFER AND PRESSURE GRADIENT

945

TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

g=—0.14, S,=—0.8 8=0.5, Sy=—0.8
7 f r e 8 s 7 f i i 8 s

0 0 0 0. 3841 —0. 8000 | 0.3590 0 0 0 0. 6546 | —0. 8000 0. 403

. 1294 . 0032 . 050 . 3882 —. 7535 . 3590 . 0768 . 0019 . 0560 6464 —. 7690 .403

. 2675 . 0128 . 100 . 3926 —. 7075 . 3590 . 1547 . 0077 . 100 6368 —. 7375 . 403

. 3841 . 0286 150 . 3970 —. 6622 . 3580 . 2339 . 0177 . 150 6258 —. 7056 . 403

. 65094 . 0505 . 200 . 4009 —. 6174 . 3560 . 3147 . 0318 . 200 6133 —. 6731 . 402

. 6337 . 0784 . 250 . 4039 —. 5734 . 3530 . 3971 . 0504 . 250 . 5993 —. 6400 . 401

. 7672 . 1124 . 300 . 4057 —. 5300 . 3490 . 4817 . 0737 . 300 . 5835 —. 6063 . 399

. 8804 . 1524 . 350 . 4058 —. 4873 . 3440 . 5687 . 1020 . 350 . 5659 —. 5717 . 396
1. 0039 . 1987 . 400 . 4039 —. 4453 . 3360 . 6586 . 1357 . 400 . 5463 —. 5363 . 391
1. 1283 . 2516 . 450 . 3996 —. 4040 . 3270 . 7520 . 1755 . 450 . 5246 —. 5000 . 386
1. 2640 . 3116 . 500 . 3925 —. 3634 . 3160 . 8496 . 2219 . 500 . 5004 —. 4627 . 379
1. 3837 . 3796 . 650 . 3822 —. 3235 . 3020 . 9524 . 2759 . 550 . 4737 —. 4243 . 369
1. 5170 . 4562 . 600 . 3682 —. 2843 . 2860 1. 0614 . 3387 . 600 . 4441 —. 3848 . 357
1. 6561 . 5432 . 650 . 3500 —. 2459 . 2670 1.1784 . 4119 . 650 . 4111 —. 3439 . 342
1. 8038 . 6429 . 700 . 3269 —. 2081 . 2440 1. 3058 . 4979 . 700 3743 —. 3016 . 323
1. 0636 . 75689 . 750 . 2084 —. 1711 . 2190 1. 4472 . 6006 . 750 3333 —. 2577 . 298
2. 1417 . 8971 . 800 . 2633 —. 1349 . 1890 1. 6086 . 7258 . 800 2870 —. 2119 . 268
2, 3489 1. 0682 . 850 . 2202 —. 0995 . 1540 1. 8010 . 8848 . 850 2345 . 1641 . 230
2. 6077 1. 2950 . 900 . 1669 —. 0650 . 1140 2. 0469 1. 1003 . 900 1737 —. 1137 180
2, 6699 1. 3513 . 910 . 1547 —. 0582 . 1050 2. 1069 1. 1546 . 910 1603 —. 1032 169
2, 7375 1. 4131 . 920 . 1419 —. 0515 . 0950 2.1723 1. 2144 . 920 . 1463 —. 0926 . 156
2. 8116 1. 4817 . 930 . 1285 —. 0448 . 0860 2, 2444 1. 2811 . 930 1318 —. 0819 . 143
2. 8941 1. 5588 . 940 . 1143 —. 0381 . 0760 2. 3250 1. 3565 . 940 1166 —. 0710 . 128
2. 9879 1. 6475 . 950 . 0992 —. 0316 . 0650 2. 4171 1. 4436 . 950 1007 —. 0599 .113
3, 0405 1. 6976 . 966 . 0913 —. 0283 . 0600 2. 4690 1. 4930 . 956 0925 —. 0543 . 104
3. 0979 1. 7526 960 . 0831 —. 0250 . 0540 2. 5257 1. 5473 . 960 0840 —. 0486 . 096
3. 1614 1. 8138 065 . 0747 —. 0218 . 0480 2. 5887 1. 6079 . 965 0752 —. 0429 . 087
3, 2328 1. 8828 . 970 . 0859 —. 0186 . 0420 2. 6596 1. 6766 . 970 0662 —. 0371 .077
3. 3145 1. 0623 975 . 0567 —. 0154 . 0360 2.7410 1. 7557 . 975 0568 —. 0312 . 067
3, 4110 2. 0566 . 980 . 0471 —. 0122 . 0300 2. 8375 1. 8501 . 980 0470 —. 0252 . 057
3. 5305 2. 1741 . 985 . 0369 —. 0091 . 0230 2. 9573 1. 9678 . 985 . 0367 —. 0192 . 045
3. 6905 2, 3320 . 990 . 0260 —. 0060 . 0160 3. 1183 2. 1268 . 990 0258 —. 0130 . 032
3, 7306 2.38718 . 991 . 0237 —. 0054 . 0150 3. 1588 2. 1669 . 991 0235 —. 0117 . 030
3. 7749 2. 4158 992 . 0214 —. 0047 . 0130 3. 2034 2. 2111 . 992 . 0212 —. 0105 . 027
3, 8243 2. 4647 993 .0191 —. 0041 . 0120 3. 2532 2. 2606 . 993 0189 —. 0092 . 024
3. 8803 2. 5204 094 . 0166 —. 0035 . 0100 3. 3098 2. 3168 . 994 0165 —. 0079 . 021
3. 9452 2. 5849 995 . 0142 —. 0029 . 0090 3. 3755 2. 3821 . 995 0140 —. 0066 .018
4. 0228 2, 6622 996 . 0116 —. 0023 . 0070 3. 4540 2. 4603 . 996 0115 —. 0053 . 015
4. 1201 2. 75901 997 . 0090 —. 0017 . 0050 3. 55626 2. 5586 . 997 0088 —. 0040 . 012
4, 2524 2. 8912 - 998 . 0062 —. 0011 . 0040 3. 6869 2. 6925 . 998 0061 —. 0027 . 008
4, 4078 3. 1062 . 999 . 0033 —. 0005 . 0020 3. 9056 2. 9109 . 999 0032 —. 0013 . 004
b, 5574 4. 1955 | 1.000 . 0000 0000 . 0000 5. 0257 4. 0307 | 1.000 0000 . 0000 . 0600
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS,

$=1.5, Su=—0.8

8=2.0, Sy=—0.8

n i) 7 b S s’ g] f r i 5 8
0 0 0 0. 8689 —0.8000 | 0.4261 0 0 0 0. 9480 —0.8000 | 0.4331
. 0581 . 0014 . 050 . 8504 —. 77562 . 4261 . 0533 . 0013 . 050 . 9255 —. 7768 . 4331
. 1176 0059 . 100 . 8296 —. 7498 . 4260 . 1081 . 0054 100 . 9003 —. 7531 . 4330
. 1788 0136 . 150 8065 —. 7238 . 4258 . 1645 . 0125 150 . 8724 —. 7287 . 4329
. 2418 0246 . 200 7812 —. 6970 . 4253 . 2229 . 0227 . 200 . 8421 —. 7035 . 4324
. 3069 0393 . 250 . 7537 —. 6693 . 4245 . 2834 . 0364 250 . 8094 —. 8773 . 4317
. 3746 0580 .300 . 7240 —. 6406 . 4231 . 3466 . 0538 . 300 7743 —. 6601 . 4306
. 4453 0810 . 350 . 6922 —. 6108 . 4211 . 4128 . 0754 350 7370 —. 6216 . 4287
. 5194 1088 . 400 . 6582 —. 5797 . 4182 . 4826 . 1018 . 400 6975 —. 5918 . 4201
. 5975 . 1421 . 450 . 6221 —. 5471 4142 . 5565 . 1331 . 450 6658 —. 5604 . 4225
. 6805 . 1815 . 500 . 5838 —. 5130 . 4088 . 6355 . 1706 500 6121 —. 5273 . 4175
. 7694 . 2283 . 550 . 5432 —. 4770 . 4015 . 7205 . 2153 550 5662 —. 4921 . 4108
. 8653 . 2836 . 600 . 5003 —. 4389 . 3919 . 8129 . 2686 . 600 5181 —. 4546 . 4019
. 9701 . 3491 . 650 . 4547 —. 3985 3792 . 9144 . 3321 . 850 4678 —. 4144 . 3898
1. 0864 . 4277 . 700 4064 —. 3554 3625 1. 0278 . 4087 . 700 4152 —. 3711 . 3738
1.2179 . 5232 . 750 . 3549 —. 3092 3406 1. 1570 5025 . 750 . 3600 —. 3242 . 3625
1. 3711 . 8420 . 800 . 2998 —. 2692 3117 1. 3086 6202 . 800 . 3019 —. 2729 . 3239
1. 5572 . 7958 . 850 . 2402 —. 2049 2729 1. 4941 L7786 . 8560 . 2401 —. 2166 . 2848
1. 7999 1. 0085 . 900 1744 —. 1452 219 1. 7377 . 9870 . 900 1732 —. 15639 . 2299
1. 8597 1. 0627 . 910 . 1603 —. 1324 2063 1. 7980 1. 0415 910 1590 —. 1406 . 2163
1. 9252 1. 1226 . 920 1458 —. 1194 1921 1. 8640 1. 1020 920 . 1445 —. 1267 . 2010
1. 9977 1. 1897 . 930 1308 —. 1061 1767 1. 9372 1. 1697 . 930 1296 —. 1126 . 1856
2. 0790 1. 2657 . 940 1154 —. 0924 1599 2. 0193 1. 2465 940 1142 —. 0980 . 1680
2. 1724 1. 3540 950 . 0993 —. 0784 1416 2. 1137 1. 3357 950 . 0082 —. 0831 . 1488
2. 2250 1. 4041 955 . 0910 —. 0712 1317 2. 1670 1. 3864 956 . 0900 —. 0754 . 1384
2. 2827 1. 4594 . 960 . 0825 —. 0639 1213 2. 2254 1. 4424 960 . 0815 —. 0677 . 1274
2. 3469 1. 5212 . 965 . 0738 —. 0565 1103 2. 2903 1. 5048 965 . 0729 —. 0598 . 1168
2. 4193 1. 5912 970 . 0648 —. 0489 0986 2. 3636 1. 5758 970 . 0640 —. 0518 . 1036
2. 5025 1. 6721 . 975 . 0555 —. 0413 0861 2. 4477 1. 6576 975 . 0549 —. 0437 . 0904
2. 6013 1. 7687 . 980 . 0459 —. 0335 0726 2. 5476 1. 7553 980 . 0454 -—. 03563 . 07062
2. 7240 1. 8893 . 985 . 0358 —. 0255 0580 2. 6718 1. 8773 085 . 0354 —. 0269 . 0608
2. 8391 2. 0524 . 990 . 0252 —. 0173 0419 2. 8387 2. 0421 . 990 . 0249 —. 0182 . 0438
2. 9307 2. 0935 . 991 . 0229 —. 0156 0385 2. 8806 2. 0837 . 991 0227 —. 0164 . 0402
2. 9764 2. 1389 . 992 . 0207 —. 0139 . 0349 2. 9269 2. 1295 . 992 . 0205 —. 0146 . 0366
3. 0276 2. 1897 . 993 . 0184 —. 0122 0313 2. 9785 2. 1808 993 0182 -—. 0129 . 0326
3. 0856 2.2473 . 994 . 0160 —. 0105 0275 3. 0371 2. 2390 994 01569 —. 0111 . 0288
3. 1530 2. 3144 . 995 . 0136 —. 0088 . 0236 3. 1051 2. 3066 995 0135 —. 0093 . 0246
3. 2336 2. 3946 . 996 . 0112 —. 0071 0195 3. 1864 2. 3876 996 0111 —. 0074 . 0203
3. 3347 2. 4953 . 997 . 0086 —. 0064 0152 3. 2883 2. 4891 . 997 . 0086 —. 0056 . 0158
3. 4724 2. 6327 . 998 . 0060 —. 0036 0107 3. 4270 2. 6274 . 998 . 0059 —. 0037 . 0111
3. 6964 2. 8564 . 999 . 0032 —. 0018 0058 3. 6526 2. 8627 . 999 . 0031 —. 0019 . 0060
4. 8362 3.9959 | 1.000 . 0000 . 0000 0000 4. 7958 3.9956 | 1.000 . 0000 0000 . 0000
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

8=—0. 2350, S,=—0.4 8=—0.2460, S,=—0.4
) r b S s’ gl ) 7 i s s

0 0 0 —0.0500 | —0. 4000 0. 1107 0 0 0 0 —0. 4000 0. 1249

.2 | —.0008 | —.0071 —. 0213 —. 3779 . 1107 .2 . 0002 . 0030 . 0301 —. 3750 . 1249

.4 | —. 0025 | —.0084 . 0085 | —. 3557 . 1107 .4 . 0018 . 0121 . 0615 —. 3500 . 1249

.6 | —. 0038 | —.0037 .0393 | —.3336 . 1108 .6 . 0055 . 0277 . 0940 —. 3251 . 1248

.8 | —. 0035 | —.0073 .0712 | —. 3114 . 1108 .8 . 0131 . 0498 . 1276 —. 3001 . 1246
1.0 | —. 0004 . 0249 . 1041 —. 2893 . 1109 1.0 . 0259 . 0787 . 1618 —. 2752 . 1241
1.2 . 0089 . 0490 L1379 | —. 2671 . 1108 12 . 0451 . 1146 . 1964 —. 2504 . 1233
1. 4 . 0197 . 0800 L1722 | —. 2449 . 1106 1.4 . 0721 . 1573 . 2305 —. 2260 . 1218
1.6 . 0393 . 1179 . 2067 | —. 2229 . 1099 1.6 . 1084 . 2087 . 2631 —. 2018 . 1197
1.8 . 0673 . 1627 . 2404 | —. 2010 . 1088 1.8 . 15662 . 2623 . 2929 —. 1782 . 1166
2.0 . 1048 . 2140 L2724 | —.1794 . 1069 2.0 . 2137 . 3235 . 3184 —. 15652 . 1124
2.2 . 15633 . 2714 .3013 | —. 1583 . 1042 2.2 . 2849 . 3893 . 3379 —. 1333 . 1069
2.4 . 2138 . 3342 .3266 | —.1378 . 1005 2.4 . 3606 . 4582 . 3497 —. 1126 . 1002
2.6 . 2873 . 4012 L3434 | —.1182 . 0956 2.6 . 4883 . 5285 . 3624 —. 0933 . 0922
2.8 . 3745 . 4710 .35633 | —.0996 . 0895 2.8 . 5810 . 5985 . 3452 —. 0758 . 0830
3.0 . 4767 . 5419 . 3539 | —.0825 . 0822 3.0 . 7075 . 6660 . 3280 —. 0602 . 0730
3.2 . 5912 . 6119 .3445 | —.0668 . 0739 3.2 . 8471 . 7201 . 3017 —. 0466 . 0625
3.4 . 7203 . 6701 . 3252 | —. 0529 . 0649 3.4 . 9988 . 7861 . 2681 —. 0352 . 0520
3.6 . 8625 . 7414 . 2970 | —. 0409 . 0554 3.6 | 1.1611 . 8360 . 2298 —. 0258 . 0419
3.8 1. 0165 . 7974 .2621 | —.0308 . 0459 3.8 | 1.3326 . 8780 . 1898 —. 0184 . 0327
4.0 1. 1809 . 8459 .2220 | —. 0226 . 0369 4.0 | 15118 . 9119 . 1504 —. 0127 . 0246
4.2 1. 35643 . 8865 .1825 | —.0160 . 0286 4.2 | 16989 . 9384 . 1148 —. 0084 . 0178
4.4 1. 5350 . 9190 . 1436 | —.0110 . 0214 4.4 | 18867 . 9581 . 0839 —. 0054 . 0124
4.6 1. 7214 . 9442 .1086 | —. 0073 . 0155 4.6 | 2.0798 . 9723 . 0589 —. 0034 . 0084
4.8 1. 9122 . 9628 .0786 | —. 0048 . 0107 4.8 | 22753 . 9821 . 0397 —. 0020 . 0054
5.0 2. 10682 . 9760 . 0547 | —. 0030 . 0072 5.0 | 24724 . 9885 . 0257 —. 0011 . 0034
5.2 2. 3024 . 9850 .0365 | —.0018 . 0046 5.2 | 2 67056 . 9926 . 0160 —. 0006 . 0020
5 4 2. 5000 . 9910 .0234 | —.0011 . 0029 5.4 | 2 8693 . 9952 . 0096 —. 0003 . 0012
56 2, 6086 . 9947 .0144 | —. 00068 . 0017 5.6 | 3.0685 . 9967 . 0056 —. 0001 . 0008
58 2. 8978 . 9969 . 0085 | —. 0003 . 0010 5.8 | 3.2679 . 9975 . 0032 . 0000 . 0003
6.0 3. 0973 . 9982 . 0048 { —. 0002 . 0006 6.0 | 3 4675 . 9980 . 0018 . 0000 . 0002
6.2 3. 2970 . 9989 . 0027 { —. 0001 . 0003

6.4 3. 4969 . 9993 .0014 | —. 0001 . 0001

6.6 3. 6968 . 9995 . 0007 | —.0001 . 0001

6. 8 3. 8967 . 9997 . 0003 . 0000 . 0000
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

f=—0.2483, S,—=—0.4 =—0.24, S,=—0.4
f b il N S’ n f 7 b S
0 0 0 0.0500 | —0.4000 | o0.1360 0 0 0 0.1064 | —0.4000 | 0.1473
.2 L0012 [ .0130 .0805 | —.3728 . 1360 . 3766 .0083 | .050 | .1628 | —.3447 | .1460
4 0056 | .0323 11122 | —. 3456 . 1359 . 6490 0284 | .100 | .2056 | —.3060 | .1452
.6 0145 | . 0580 1450 | —. 3184 . 1357 - 8732 .0662 | .150 | .2409 | —.2726 | .1438
.8 .0203 [ .0903 .1788 | —. 2913 . 1351 1. 0687 0903 | .200 | .2707 | —. 2447 | .1418
L0 L0511 | . 1204 L2123 | —. 2644 . 1340 1. 2453 L1209 | .250 | .2056 | —.2199 | .1390
1.2 0815 | .1752 .2453 | —.2378 .1323 1. 4087 (1748 | .300 | .3160 | —.1074 | .1356
1.4 J1216 | . 2274 2785 | —.2116 - 1296 1. 5628 .2248 | .350 | .3322 | —.1768 | .1316
1.8 .1728 | . 2856 3045 | —.1880 . 1259 1. 7106 .2802 | .400 | .3442 | —.1677 | .1267
L8 2362 | .3489 3276 | —. 1613 - 1209 1. 8541 .3412 | .450 | .3518 | —.1399 | .1212
2.0 .3126 | .4162 .3441 | —.1377 . 1145 1. 9955 .4083 | .500 | .3540 | —.1282 | .1160
2.2 4028 | . 4860 03524 | —. 1156 . 1066 21366 .4824 | .550 | .3533 | —.1074 | .1080
24 L5071 | 5565 .3513 | —. 0952 . 0973 2. 2793 .5644 | .600 | .3466 | —.0028 | .1002
2.6 .6254 | .6258 .3402 | —. 0768 . 0869 2. 4259 6561 | .650 | .3346 | —.0785 | .0916
2.8 7572 | . 6919 3193 | —. 0605 - 0757 2. 5793 .7596 | .700 | .3166 | —.0851 | .0822
3.0 .9018 [ . 7530 .2899 | —. 0465 . 0641 2. 7433 .8786 | .750 | .2021 | —.0625 | .0719
3.2 | 10580 | .8075 .2541 | —.0348 . 0528 29242 | 1.0189 | .800 | .2600 | —.0405 | .0606
34 | 122431 .8544 .2146 | —. 0253 . 0420 3.1328 | 1.1912 | .850 | .2191 | —.0202 | .0481
3.6 | 1.3992| 8933 J1744 | —. 0179 . 0323
3.8 | 1.5811| .9243 S1362 | —.o0123 - 0240 3.3018 | L4181 | .900 | .1672 | —.0186 | .0343
3.4538 | 1.4742 | .910 | .1s52 | —.0185 | .0314
4.0 | 17684 .9480 .1021 | —.0082 . 0172 3.5210 | 1.5357 | .920 1425 | —.0145 | .0283
42 | 19598 | 9654 0734 | —. 0054 . 0118 3.5947 | 1.6039 | .930 1201 | —.0126 | .0252
44 | 21542 9778 .0506 | —.0034 . 0078 3.6767 | 1.6806 | .940 1149 | —.0106 | .o0221
46 | 23507 | .9861 0335 | —.0022 . 0050
48 | 25485 | .9915 0213 | —.0014 . 0031 3.7698 | 1.7686 | .950 | .0009 | —.0087 | .0188
3.8220 | 1.8183 | .956 0920 | —.0078 | .0171
50 | 2.7471| .9949 .0130 | —.0009 . 0018 3.8789 | 1.8728 960 0838 | —.0068 | .0154
5.2 | 29463 .9969 0076 | —.0006 - 0010 3.9418 | 1.9333 | .966 | .0753 | —.0059 | .0136
5.4 | 3.1458 | .9980 -0043 | —. 0005 - 0006 40125 | 20017 | .970 | .0864 | —.0050 [ .01190
5.6 | 3.3455| .9087 .0024 | —. 0004 . 0003 4003¢ | 20805 | .975 | .0572 | —.0041 | .o0101
58 | 35453 | .9991 .0013 | —. 0003 . 0001 41891 | 21740 | .980 | .0475 | —.0033 | .0082
43074 | 22002 | .985 | .0372 | —.0024 | .0083
6.0 | 3.7451 | .9992 .0006 | —.0003 . 0001
6.2 | 3.9450 | 9993 .0004 | —.0003 - 0000 44658 | 24467 | .990 | .0263 | —.0016 | .0043
6.4 | 41448 9994 0000 | —.0003 - 0000 45056 | 24861 | .991 | .0240 | —.0014 | .0039
45493 | 25205 | .902 | .0216 | —.0012 | .0036
45082 | 25780 | .993 | .0192 | —.0011 | .0031
4653 | 26330 | .904 | .o0168 | —.0000 | .0027
47179 | 26970 | .995 | .0143 | —.0008 0022
47947 | 27735 | .996 | .0117 | —.0006 0018
48012 | 28606 | .997 | .0000 | —.0004 0014
5.0226 | 3.0006 | .998 | .0062 [ —.0003 | .0009
52317 | 3.2144 | .999 | .0040 | —.0001 | .0004
6.5567 | 4.5414 | 1.000 | .0000 | —.0000 | .0000
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

p=—0.2, S,=—04

949

£=0.5, Su=—0.4

7 ! I i S s

0 0 0 . 2182 | —0.4000 | 0.1626

. 2161 . 00562 . 050 . 2447 —. 3648 . 1625

. 4108 . 0197 . 100 . 2692 —. 3332 . 1621

. 5892 . 0419 . 150 . 2014 —. 3044 . 1612

. 7651 . 0709 . 200 . 3111 —. 2778 . 1597

. 0115 . 1060 . 250 . 3281 —. 2629 . 1575
1. 0608 . 1470 . 300 . 3422 —. 2297 . 1546
1. 2044 . 1937 350 . 3531 —. 2077 . 1501
1. 3444 . 2461 . 400 . 3607 —. 1869 . 1463
1, 4821 . 3047 . 450 . 3646 —. 1671 . 1409
1. 6191 . 3697 . 500 . 3647 —. 1482 . 1345
1. 7669 . 4421 550 . 3606 —. 1302 . 1272
1. 8971 . 5227 600 . 3519 —. 1129 . 1189
2. 0419 . 6132 . 650 . 3381 —. 0964 . 1096
2. 1939 . 71569 . 700 . 3188 —. 0805 . 0990
2, 3671 . 8343 . 750 . 2932 —. 0853 . 0873
2. 537b . 9742 . 800 . 2604 —. 0508 . 0742
2, 7460 1. 1464 . 850 . 2190 —. 0369 . 0595
3, 0054 1. 3737 . 900 . 1668 —. 0236 . 0429
3, 00676 1. 4300 910 . 1548 —. 0211 . 0393
3. 1360 1. 4916 920 . 1421 —. 0186 . 0356
3, 2080 1. 5600 . 930 . 1287 —. 0161 . 0318
3. 2911 1. 6369 940 . 1146 —. 0136 . 0279
3. 3846 1. 7263 950 . 0995 —. 0112 . 0239
3, 4369 1. 7761 965 . 0016 —. 0100 . 0218
3. 4941 1. 8298 . 960 . 0836 —. 0088 . 0196
3. 5672 1. 8906 965 . 0750 —. 0077 . 0175
3. 6281 1. 9592 970 . 0662 —. 0065 . 0152
3. 7094 2. 0382 975 . 0570 —. 0054 . 0129
3, 8054 2.1321 . 980 . 0473 —. 0042 . 0106
3. 9240 2. 2486 . 985 . 0373 —. 0031 . 0082
4. 0829 2. 4056 990 . 0262 —. 0020 . 0057
4. 1228 2. 4451 991 . 0239 —. 0018 . 0051
4, 1608 2. 4887 992 . 0216 —. 0016 . 0046
4, 2158 2. 5373 993 . 0192 —. 0014 . 0041
4, 2714 2. 5926 994 . 0187 —. 0012 . 0035
4, 3358 2. 6567 . 995 . 0142 —. 0010 . 0029
4. 4129 2.7334 996 . 0117 -—. 0008 . 0024
4, 5096 2. 8297 997 . 0090 —. 0005 . 0019
4, 6411 2. 9609 . 998 . 0062 —. 0003 . 0013
4. 8545 3. 1740 . 999 . 0033 —. 0001 . 0007
5, 9279 4.2471 | 1. 000 . 0000 0000 . 0000

7 f I it 8 s

0 0 0 . 7948 —0.4000 | 0.209
. 0637 . 0016 . 050 . 7753 —. 3866 . 209
. 1290 . 0085 . 100 . 7551 —. 3730 . 209
. 1962 . 0149 . 150 . 7339 —. 3590 .209
. 2654 . 0270 . 200 . 7116 —. 3445 . 208
. 3368 . 0431 . 250 . 6881 —. 3296 . 208
. 4108 . 0835 . 300 . 6632 —. 3143 . 207
. 4878 . 0886 350 . 6369 —. 2084 . 206
. 5681 . 1187 . 400 . 6090 —. 2819 . 204
. 6523 . 1546 . 450 . 5793 —. 2648 . 202
. 7411 . 1968 . 500 . 5477 —. 2470 . 199
. 8354 . 2464 . 550 . 5138 —. 2284 . 195
. 9364 . 3046 600 . 4774 —. 2090 . 190
1. 0456 . 3729 660 . 4381 —. 1887 .183
1. 1657 . 4540 . 700 . 3956 —. 1673 . 174
1. 3001 . 5516 . 760 . 3493 1447 163
1. 4548 . 6716 . 800 . 2984 —. 1207 . 148
1. 6406 . 8252 . 850 . 2417 —. 0950 .129
1. 8804 1. 0353 . 900 L1775 —. 0672 .103
1. 9391 1. 0885 910 . 1635 —. 06813 . 097
2. 0032 1.1471 . 920 . 1490 —. 0554 . 090
2. 0741 1. 2127 . 930 . 1339 —. 0492 . 083
2. 1535 1. 2870 940 . 1183 —. 0430 075
2. 2445 1. 3730 950 . 1020 —. 0365 . 067
2. 2957 1. 4218 . 955 . 0935 —. 0332 . 062
2. 3519 1. 4756 960 . 0848 —. 0299 . 067
2. 4143 1. 5356 . 965 . 0759 —. 0285 . 052
2.4846 -| 1.6037 . 970 . 0667 —. 0230 . 047
2. 5654 1. 6823 975 . 0572 —. 0195 . 041
2. 6614 1. 7761 . 980 . 0472 —. 0159 . 035
2. 7807 1. 8933 . 985 . 0369 —. 0122 . 028
2.9412 2. 0518 . 990 . 0259 —. 0083 . 020
2. 9816 2.0918 . 991 . 0236 —. 0075 .019
3. 0261 2. 1360 . 992 . 0213 —. 0068 017
3. 0759 2. 1864 . 993 . 0189 —. 0060 .015
3. 1324 2. 2416 . 994 . 0165 —. 0051 .013
3. 1980 2. 3068 . 995 . 0140 —. 0043 . 012
3. 2766 2. 3850 . 996 . 0116 —. 0035 .010
3. 3752 2. 4833 997 . 0088 —. 0026 . 008
3. 5097 2.6174 . 998 . 0061 —. 0018 . 005
3. 7288 2. 8362 . 999 . 0032 —. 0009 . 003
4. 8386 3.9458 | 1.000 . 0000 0000 . 000
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS,

=20, Su=—04 g=—0.1947, S,=0
] f I il 8 N 7 I i ”
0 0 0 1. 3329 | —0. 4000 0. 230 0 0 0 —0. 0500
. 0381 . 0009 .050 | 1.2868 —. 3912 . 230 .2 —. 0007 —. 0061 —. 0111
0777 . 0039 .100 | 1.2386 —. 3820 . 230 .4 —. 0019 —. 0044 . 0279
1190 0091 .150 | 1.1884 —. 3725 . 230 .6 —. 0020 . 0051 . 0669
1620 . 0166 .200 | 1.1360 —. 3626 . 230 .8 . 0008 . 0223 . 1058
2071 . 0268 .250 | 1.0816 —. 3523 . 230 1.0 . 0075 . 0474 . 1446
. 2546 . 0399 .800 | 1.0252 —. 3413 . 229 1.2 . 0201 . 0801 . 1829
. 3049 . 0563 . 350 . 9668 —. 3356 . 229 1. 4 . 0400 . 1205 . 2203
3583 0764 . 400 9084 —. 3176 .. 228 1.6 . 0688 . 1681 . 2559
4155 1007 . 450 8440 —. 3046 . 227 1.8 . 1077 . 2226 . 2885
L4772 . 1301 . 500 L7797 —. 2906 . 225 2.0 . 1582 . 2833 . 3169
5443 . 1654 . 550 7134 —. 2756 . 223 2.2 . 2214 . 3490 . 3395
6181 2079 . 600 6450 —. 2592 . 220 24 . 2081 . 4186 . 3547
7002 2593 . 650 5746 —. 2413 . 216 2.6 . 3889 . 4903 . 3610
7932 3222 . 700 5021 —. 2215 . 210 28 . 4042 . 5623 . 3574
. 9011 . 4005 . 750 . 4276 —. 1992 . 202 3.0 . 6138 . 6326 . 3436
1. 0302 . 5007 . 800 . 3507 —. 1738 . 191 3.2 . 7470 . 6991 . 3202
1. 1921 . 6345 . 850 . 2714 —. 1442 .174 34 . 8930 . 7601 . 2885
3.6 1. 0506 . 8141 . 2510
1. 4116 8269 900 1890 —. 1087 . 148 3.8 1. 2182 . 8602 . 2104
1. 4671 8772 910 1721 —. 1007 . 141
1. 5284 9333 920 1549 —. 0922 . 134 4.0 1. 3941 . 8083 . 1697
1. 5970 . 9967 . 930 . 1376 —. 0833 . 125 42 1. 5769 . 9284 . 1316
1. 6748 1. 0695 . 940 . 1200 —. 0739 . 118 44 1. 7650 . 9512 . 0980
46 1. 9570 . 9679 . 0700
1. 7651 1. 1549 . 950 . 1021 —. 0640 . 104 4.8 2. 1518 . 9796 . 0480
1. 8164 1. 2038 . 955 . 0930 —. 0587 . 098
1. 8731 1. 2581 . 960 . 0838 —. 0533 . 092 5.0 2. 3486 . 9875 . 0315
1. 9365 1. 3191 . 965 . 0744 —. 0477 . 085 5.2 2. 5467 . 9926 . 0199
2. 0086 1. 3888 . 970 . 0849 —. 0419 . 077 54 2. 7455 . 9957 . 0121
2. 0919 1. 4698 . 975 . 0553 —. 0358 . 068 5.6 2. 9448 . 9976 . 0070
2. 1914 1. 5672 . 980 . 0454 —. 0295 . 058 58 3. 1444 . 9986 . 0039
2. 3161 1. 6897 . 985 . 0352 —. 0229 . 048
6.0 3. 3443 . 9992 . 0021
2. 4850 1. 8565 . 990 . 0245 —. 0158 . 035 6.2 3. 5442 . 9995 . 0011
2. 5276 1. 8987 . 991 . 0223 —. 0144 . 032 6.4 3. 7441 . 9997 . 0006
2. 5747 1. 9454 . 992 . 0201 —. 0129 . 030 6.6 3. 9440 . 9998 . 0002
2. 6274 1. 9977 . 993 . 0178 —. 0114 . 027 6.8 4. 1440 . 9998 . 0002
2. 6873 2. 0572 . 994 . 0155 —. 0099 . 024
2. 7569 2. 1264 . 995 . 0132 —. 0083 . 020
2. 8402 2. 2093 . 996 . 0108 —. 0067 . 017
2. 9449 2. 3136 . 997 . 0083 —. 0051 . 013
3. 0875 2. 4559 . 998 . 0058 —. 0034 . 009
3. 3196 2. 6877 . 999 . 0030 —. 0017 . 005
4 4979 3.8657 | 1. 000 . 0000 . 0000 . 000
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

f=—0.1, Sw=1.0 g=—0.1305, Su=1.0
n ) 7 r S S 7 f bl il N s’

0 0 0 —0.1613 | 1.0000 | —0.2076 0 0 0 - |—0.0500 | 1.0000 [ —o0.3139
.2 | —. 0030 | —. 0283 | —. 1217 . 9585 —. 2076 .2 | —. 0007 | — 0048 | .0014 . 9372 —. 3139
.4 | — 0108 ] —. 0488 | —. 0831 . 9189 —. 2079 .4 | —.0013 | .0004| .0511 . 8744 —. 3139
.6 | —.0220 | —. 0816 | —. 0455 . 8753 —. 2086 .6 .0002 | .0155| .0992 . 8117 —. 3140
.8 | —. 0349 | —. 0670 | —. 0086 . 8335 —. 2098 .8 0056 | .0400 | . 1456 . 7489 —. 3138

L0 | — 0483 | — 0651 | .0276 . 7913 —. 2115 1.0 .0168 | .0736 | .1900 . 6862 —. 3132

1.2 | — 0605 | — 0560 | .0635 . 7488 —. 2138 1.2 .0356 | .1159 | .2319 . 6237 —. 3116

1.4 | — 0702 | — 0397 | .0990 . 7058 —. 2187 1.4 0637 | .1881 | .2704 . 5616 —. 3085

1.6 | — 0759 | — 0164 | .1344 . 6621 —. 2199 L6 11025 | .2237 | .3048 . 5004 —. 3035

L8 | — 0763 | .0140 | .1695 . 6178 —. 2233 L8 1538 | .2876 | .3331 . 4404 —. 2959

20 | — 0609 | .0514 | .2042 . 5728 —. 2266 2.0 L2179 | .3565 | .3545 . 3822 —. 2852

2.2 | — 0553 | .0956 | .2378 . 5272 —. 2295 2.2 .2964 | .4288 | .3672 . 3266 —. 2709

24 | — 0312 .1464 | 2699 . 4811 —. 2315 24 .3896 | .5028 | .3702 . 2741 —. 2530

2.6 0037 | .2034| .2992 . 4347 —. 2322 2.6 .4975 | .5762 | . 3627 . 2256 —. 2318

28 .0508 | .2658 | .3247 . 3884 —. 2310 2.8 S6199 | . 6472 | .3449 -1817 —. 2072

3.0 L1104 | .3320 | . 3448 . 3425 —. 2273 3.0 .7560 | .7135 | .3176 . 1428 —. 1808

3.2 .1839 | .4033 | .3582 . 2976 —. 2208 3.2 0049 | .7737 | .2828 - 1095 —. 1530

3.4 2718 | . 4756 | . 3634 . 2544 —. 2110 3.4 | 1.0650 [ .8263 [ .2430 . 0816 —. 1257

3.6 .3742 | .5481 | .3595 . 2135 —. 1978 3.6 | 1.2349| .8707 ! .2012 . 0591 —. 0999

3.8 4009 | .6188 | .3461 . 1755 —. 1815 38 | 1.4128 | .9068 | .1603 . 0414 —. 0767

4.0 .8215 | .6859 | .3236 . 1410 —. 1624 40 | L5971 | .9351| .1227 . 0282 —. 0567

42 7849 | .7477 | .2031 .1108 —. 1414 42 | 17883 | .9563 ) .0903 . 0186 —. 0404

4.4 . 9201 8028 | . 2568 . 0845 —. 1196 44 | 1.9792| .9716 | .o0637 . 0118 —. 0277

46 | 1.0855| .8502| .2172 . 0628 —. 0979 46 | 21748 | .0822| .0432 - 0072 —. 0183

4.8 | 12597 | .8898 | .1771 . 0453 —. 0774 48 | 23718 | .9892| .0281 . 0043 —~.0116

5.0 | 14400 | .9211| .1390 . 0317 —. 0591 5.0 | 25701 | .9937 | .0175 . 0025 —. 0071

5.2 | 1.8277| .9455 | .1048 - 0215 —. 0435 52 | 227602 .9984| .0105 . 0014 —. 0042

5.4 | 1.8186 | .9635| .0760 . 0141 —. 0308 5.4 | 209686 .9981 | 0061 - 0007 —. 0024

5.6 | 20127 9763 | . 0529 . 0090 —. 0210 5.6 | 3.1684 | .9990 [ 0034 - 0004 —. 0013

5.8 | 2.2089 | .9850 | .0354 . 0056 —. 0137 5.8 | 3.3682 | .9995| .o0018 . 0002 —. 0007

6.0 | 2 4065 9008 | .0227 . 0033 —. 0087 6.0 | 3.5681 | .9997 [ .o0009 . 0001 —. 0003

6.2 | 2 6050 9944 | . 0140 . 0020 —. 0052 8.2 | 3.7681| .9999 [ .0005 - 0000 —. 0001

6.4 | 2 8041 9966 | . 0083 . 0012 —. 0031 6.4 | 3.9681| .9999 | .0002 - 0000 —. 0001

6.6 | 3.0036 9978 | . 0048 . 0007 —. 0017

6.8 | 3 2033 9986 | . 0026 . 0004 —. 0009

7.0 | 8. 4030 9990 | . 0014 . 0003 —. 0005

7.2 | 36028 9992 | . 0007 . 0002 —. 0002

7.4 | 3.8027 9993 | . 0004 . 0002 —. 0001

7.6 | 40025 9993 | 0003 . 0002 —. 0001

7.8 | 42024 9994 | . 0001 . 0002 . 0000

435876-—07——01
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS,.

p=—0.1295, S,=1.0 p=—0.1, S,=1.0
7 i b i S s 7 ! I fr S s
0 0 0 0 1. 0000 —0. 3389 0 0 0 0. 1805 1. 0000 —0. 4033
.2 . 0003 . 0051 . 0509 . 9322 —. 3389 . 2451 . 0057 . 050 . 2284 . 9012 —. 4027
.4 . 0027 . 0203 . 1001 . 8645 —. 3388 . 4477 . 0207 . 100 . 2654 . 8197 —. 4016
.6 . 0091 . 0450 . 1473 . 7967 —. 3384 . 6260 . 0429 . 150 . 2054 . 7482 —. 3093
.8 . 0213 . 0790 . 1924 L7201 —. 3374 . 7885 . 0712 . 200 . 3199 . 6836 —. 3956
1.0 . 0413 . 1218 . 2347 . 8618 —. 3364 . 9400 . 1053 . 250 . 3308 . 8241 —. 3004
L2 . 0706 . 1727 . 2735 . 5951 —. 3317 1. 0837 . 1448 . 300 . 3554 . 5684 —. 3834
1.4 . 1108 . 2309 . 3076 . 5293 —. 3258 L 2220 . 1897 . 350 . 3670 . 5160 —. 3747
L6 . 1634 . 2953 . 3358 . 4650 —. 3170 1. 3568 . 2402 . 400 . 3745 . 4662 ~—. 3640
1.8 . 2293 . 3647 . 3565 . 4027 —. 3049 1. 4896 . 2967 . 450 . 3778 . 4186 —. 3513
2.0 . 3094 . 4373 . 3684 . 3433 —. 28980 1. 6220 . 3505 . 500 . 3769 . 3731 —. 3364
2.2 . 4043 . 5114 . 3702 . 2874 —. 2691 1. 75655 . 4296 . 550 . 3718 . 3203 —. 3192
2. 4 . 5139 . 5847 . 3615 . 2359 —. 2456 1. 8918 . 5080 . 800 . 3615 . 2872 —. 2994
2.6 . 6380 . 6553 . 3425 . 1894 —. 2189 2. 0329 . 5962 . 650 . 3463 . 2465 —. 2770
2.8 . 7757 L7211 . 3141 . 1485 —. 1901 2.1815 . 6966 . 700 . 3255 . 2071 —. 2517
3.0 . 9260 . 7804 . 2784 . 1134 —. 1604 2 3416 . 8128 . 750 . 2085 . 1691 —. 2231
3.2 1. 0874 . 8321 . 2382 . 0843 —. 1312 2. 5192 . 9505 . 800 . 2642 1324 —. 1908
3.4 1. 2583 . 8756 . 1963 . 0608 —. 1038 2. 7250 1. 1204 850 2215 0969 —. 1542
3.6 1. 4371 . 9107 . 1556 . 0426 —. 0793
3.8 1. 6221 . 9381 . 1185 . 0289 —. 0584 2. 9818 1. 3456 900 . 1682 0628 —. 1124
3. 0436 1. 4013 910 . 1560 0561 —. 1033
40 1. 8118 . 9585 . 0867 . 0189 —. 0414 3. 1105 1. 4625 920 . 1431 0496 —. 0038
4.2 2. 0051 . 9731 . 0609 . 0120 —. 0282 3. 1839 1. 5304 930 . 1205 0430 —. 0841
4.4 2. 2008 . 9832 . 0410 . 0074 —. 0185 3. 2656 1. 6069 940 . 1162 0366 —. 0730
4.6 2. 3981 . 9899 . 0265 . 0044 —. 0117
4.8 2. 5966 . 9941 . 0165 . 0026 —. 0071 3. 3586 1. 6948 950 . 1000 0302 —. 0634
) 3. 4107 1. 7444 955 . 0020 0270 —. 0580
5.0 2. 7957 . 9967 . 0098 . 0015 —. 0042 3. 4676 1. 7989 960 . 0838 0239 —. 0624
5.2 2. 9952 . 9982 . 0056 . 0009 —. 0023 3. 5305 1. 8594 965 . 0763 0208 —. 04687
5.4 3. 1949 - 9991 . 0031 . 0005 —. 0013 3. 6011 1. 9278 . 970 . 0664 . 0177 —. 0409
5.6 3. 3948 . 9995 . 0017 . 0003 —. 0007 3. 6821 2. 0066 . 975 . 0571 . 0148 —. 0348
5.8 3. 5947 . 9998 . 0008 . 0002 —. 0003 3. 7779 2. 1002 . 980 . 0474 . 0116 —. 0286
3. 8964 2. 2166 . 985 . 0372 . 0086 —. 0221
6.0 3. 7947 . 9999 . 0004 . 0002 —. 0001
6.2 3.9947 | 1. 0000 . 0001 . 0002 —. 0001 4. 05651 2. 3734 . 990 . 0262 . 0056 —. 0154
6. 4 4.1947 | 1. 0000 . 0003 . 0001 —. 0001 4. 0950 2. 4128 . 901 . 0239 . 0050 —. 0140
4. 1388 2. 4563 . 992 . 0216 . 0045 —. 0126
4. 1878 2. 5049 . 993 . 0192 . 0039 —. 0111
4. 2433 2. 5601 . 994 . 0168 . 0033 —. 0097
4. 3077 2. 6241 . 995 . 0143 . 0027 —. 0082
4. 3847 2. 7008 . 996 . 0117 . 0022 —. 0066
4. 4813 2. 7971 . 997 . 0090 . 0016 —. 0061
4. 6129 2. 9283 . 998 . 0062 . 0010 —. 0035
4. 8269 3. 1420 . 999 . 0033 . 0005 —. 0018
5. 9066 4. 2215 | 1. 000 . 0000 . 0000 . 0000
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TABLE 1.—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

8=0.3, So.=1.0 8=0.5, S,=1.0
s b i S s 7 f r i S s
0 0 0 0. 9829 1.0000 | —O0. 5457 0 0 0 1. 2351 1.0000 | —0.5725
.1 . 0048 . 0053 . 9237 . 9454 —. 5456 .2 . 0234 . 2274 1. 0409 . 8855 —. 5716
.2 . 0189 . 1848 . 8657 . 8909 —. 5450 .4 . 0885 . 4172 . 85691 L7717 —. 5656
, 3 . 0416 . 2685 . 8089 . 8365 —. 5434 .6 . 1879 | . 5720 . 6918 . 6599 —. 55605
.4 . 0724 . 3466 . 75631 . 7823 —. 5403 .8 . 3151 . 6950 . 5414 . 5523 —. 5237
.b . 1107 . 4192 . 6983 . 7285 —. 53564 Lo . 4640 . 7898 . 4103 . 4513 —. 4846
. 6 . 1560 . 4863 . 6445 . 8752 —. 5284 L2 . 6295 . 8605 . 3000 . 3692 —. 4346
7 . 2078 . 5481 . 5919 . 6229 —. 5189 L4 . 8069 . 9113 . 2108 . 2780 —. 3767
.8 . 26566 . 6047 . 5406 . 5716 —. 5067 1.6 . 9929 . 9462 . 1417 . 2088 —. 3147
.9 . 3286 . 6563 . 4909 . 5216 —. 4919 1.8 1. 1846 . 9692 . 0908 . 1521 —. 2532
L0 . 3966 . 7029 . 4430 . 4733 —. 4744 2.0 1. 3800 . 9835 . 0550 . 1072 —. 1959
L1 . 4690 . 7449 . 3971 . 4268 —. 4544 2.2 1. 5776 . 9920 . 0313 . 0732 —. 1457
1,2 . b4b4 . 7826 . 3635 . 3825 —. 4319 2.4 1. 7765 . 9966 . 0165 . 0484 —. 1041
1.3 . 6254 . 8157 . 3124 . 3405 —. 4074 2.6 1. 9761 . 9990 . 0078 . 0310 —. 0714
14 . 7084 . 8450 . 2740 . 3011 —. 3811 2.8 2.1760 | 1.0000 . 0031 . 0193 —. 0471
1.5 . 7942 . 8706 . 2384 . 2643 —. 35635 3.0 2.3761 | 1L 0004 . 0009 . 0117 —. 0299
1.6 . 8824 . 8928 . 2068 . 2304 —. 3251 3.2 2. 5762 | 1.0004 | —. 0001 . 0069 —. 0182
L7 . 9727 . 0119 . 1761 . 1993 —. 2063 3.4 2.7762 | 1.0004 | —. 0004 . 0041 —. 0106
1.8 1. 0647 . 9281 . 1494 . 1711 —. 2676 3.6 29763 | 1.0003 | —. 0004 . 0025 —. 0061
1.9 1. 1682 . 9419 . 1256 . 1458 —. 2395 3.8 3.1764 | 1.0002 | —. 0003 . 0016 —. 0032
2.0 1. 2530 . 9534 . 1048 . 1232 —. 2123 40 3.3764 | 1.0002 | —. 0002 . 0011 —. 0017
21 1. 3489 . 9629 . 0865 . 1033 —. 1864 4 2. 3. 5764 | 1.0001 —. 0002 . 0008 —. 0008
22 1. 4456 . 9708 . 0708 . 0859 —. 1621 44 3.7765 | 1.0001 —. 0001 . 0007 —. 0004
2.3 1. 5430 . 9771 . 0574 . 0708 —. 1396 4.6 3.9765 | 1. 0001 —. 0001 . 0006 —. 0002
2.4 1. 6409 . 9823 . 0460 . 0579 —. 1190 4.8 4.1765 | 1.0001 —. 0001 . 0006 —. 0001
2.5 1. 7394 . 9864 . 0366 . 0470 —. 10056 5.0 4.3765 | 1.0001 | —.0001 - . 0006 . 0000
2.6 1. 8382 . 9897 . 0288 . 0377 —. 0841 5.2 4. 5765 | 1.0000 | —. 0001 . 0006 . 0000
2,7 1. 9373 . 9922 . 0224 . 0301 —. 0696 5.4 4.77656 | 1.0000 —. 0001 . 0006 . 0000
2.8 2. 0366 . 9942 . 0173 . 0238 —. 0571 5.6 4. 9765 | 1.0000 | —. 0001 . 0006 . 0000
29 2. 1361 . 9957 . 0132 . 0186 —. 0463
3.0 2. 23568 . 9069 . 0100 . 0144 —. 0372
3.1 2. 3355 . 9977 . 0075 . 0111 —. 0296
3.2 2. 4353 . 9984 . 0055 . 0085 —. 0233
3.3 2. 5352 . 9989 . 0040 . 0064 —. 0182
3.4 2. 6351 . 9992 . 0029 . 0048 —. 0141
3.6 2. 7350 . 9995 . 0021 . 0036 —. 0107
3,6 2. 8350 . 9996 . 0015 . 0026 —. 0081
3.7 2, 0349 . 9908 . 0010 . 0019 —. 0061
3.8 3. 0349 . 9998 . 0007 . 0014 —. 0045
3.9 3. 1349 . 9999 . 0005 . 0010 —. 0033
40 3. 2349 . 9999 . 0003 . 0007 —. 0024
4.1 3.3349 | L 0000 . 0002 . 0005 —. 0017
4.2 3. 4349 | 1. 0000 . 0001 . 0004 —. 0012
4.3 3. 5349 | L 0000 . 0001 . 0003 —. 0009
4.4 3. 6349 | 1. 0000 . 0001 . 0002 —. 0006
4.5 3.7349 | 1. 0000 . 0000 - . 0001 —. 0004
4.6 3. 8349 | 1. 0000 . 0000 . 0001 —. 0003
4.7 3. 9349 | 1. 0000 . 0000 . 0001 —. 0002
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TABLE 1—Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

p=1.0, Se=1.0 B=1.5, Su=1.0

7 f r 7 S S’ n f 7 i S i
0 0 0 1.7368 | 1.0000 | —0.6154 0 0 0 .| 21402 | 1.0000 | —0.6425
.1 .0084 | .1638 | 1.5403 9384 | —.6152 .1 .0102 | .1092 | 1. 8464 9358 | —.6423
.2 20321 | .3084 | 13526 8770 | —.6140 .2 0389 | .3699 | 15697 .8716 | —.6408
.3 0694 | .4347 | 1.1758 8157 | —. 6110 .3 0833 | .5139 | 1.3150 .8077 | —.6370
4 S1185 | .5439 | 10114 7549 | —. 6053 4 .1409 | .6337 | 1.0854 .7443 | —. 6300
.5 L1776 | . 6374 . 8603 .6948 | —. 5965 .5 .2083 | .7318 . 8818 .6818 | —.6101
.8 .2455 | .7166 . 7232 8357 | —. 5840 .6 .2866 | . 8109 . 7044 .6206 | —. 6040
7 3205 [ .7825 . 6004 5781 | —. 5677 7 .3700 | .8736 . 5521 5611 | —. 5845
.8 .4016 | .8370 . 4915 05223 | —. 5476 .8 .4608 | .9221 . 4234 .5030 | —. 5607
.9 .4876 | 8812 . 3965 .4687 | —.5238 .9 .5560 | . 9590 . 3163 4401 | —. 5320
L0 L5776 | . 9187 . 3142 4176 | —. 4967 1.0 .6523 | . 9861 . 2287 3974 | —. 5017
L1 .6707 | . 9445 . 2442 13694 | —. 4666 11 7519 | 1.0063 . 1582 .3480 | —.4677
1.2 7663 [ . 9659 . 1857 13243 | —.4343 1.2 8531 | 1.0182 . 1026 .3030 | —.4316
1.3 .8637 [ . 9820 .1372 92826 | —. 4003 1.3 9554 | 1.0262 . 0698 2626 | —.3043
1.4 9625 [ . 9936 . 0979 2444 | —. 3654 1.4 | 10583 | 1.0305 . 0277 .2251 | —.3566
15 | 1.0623| 1.0019 . 0666 .2096 | —.3302 1.5 | 1.1614| 1.0321 . 0044 .1013 | —. 3101
1.8 | 11628 | 10073 - 0422 S1783 | —. 2954 1.6 | 1.2646 | 1.0316 | —.0117 1612 | —. 2827
1.7 | 1.2637 | 10105 . 0237 1505 | —. 2617 1.7 | 1.8677 | 1.0299 | —.0221 1347 | —. 2478
1.8 | 1.3648 | 1.0122 . 0101 J1259 | —. 2204 1.8 | 1.4706| 1.0274 | —.0282 11186 | —. 2160
1.9 | 14661 1.0126 . 0004 S1045 | —. 1992 1.9 | 15731 | 1.0244 | —.0310 0916 | —.1847
20 | 15673 | 1.0123| —. 0061 .0860 | —. 1711 2.0 | 16754 | 10212 —.0314 .0746 | —. 1570
2.1 | 1.6685 | 1.0115| —.0101 0702 | —. 1456 2.1 | 17774 | 10181 | —.0302 0601 | —.1321
2.2 | 1.7696 | 1.0104¢| —. 0123 .0568 | —. 1226 2.2 | 1s7e1| 1.0152 | —.0279 0480 | —.1100
2.3 | 1.8706 | 1.0091 | —. 0131 0456 | —. 1022 2.3 | 1.9805| 1.0126 | —.0250 .0380 | —.0007
2.4 | 1.9714| 1.0078 | —. 0130 0363 | —.0843 2.4 | 20818 1.0102 | —.0219 .0208 | —.0740
2.5 | 20722! 10065 —. o122 .0286 | —.0689 2.5 | 2.1825 | 1.0082 | —.0188 .0231 | —.0508
2.6 | 21728 1.0053 [ —.0111 -0224 | —.0557 26 | 22832 | 1.0065 | —.0158 .0178 | —.0478
27 | 202732 | 1.0043 [ —.0098 0174 | —.0446 2.7 | 23838 10050 | —.0130 .0136 | —.0379
2.8 | 2.3736 | 1.0034| —.0085 0134 | —. 0354 2.8 | 24843 | 1.0039 [ —. 0108 0101 | —.0207
2.9 | 24739 1.0026| —. 0071 0103 | —.0277 29 | 25846 | 1.0029 [ —.0085 .0075 | —.0231
3.0 | 25741 | 1.0020 [ —. 0059 .0078 | —.0216 3.0 [ 26849 | 1.0022| —.0067 .0056 | —.0177
3.1 | 26743 | 1.0014 | —. 0049 -0059 | —. 0166 31 | 27850 | 1.0016 | —.0052 0030 | —.0135
3.2 | 27744 | 1.0010 | —. 0040 .0045 | —.0126 32 | 28852 | 1.0011 { —.0040 .0028 | —.0101
3.3 | 28745 | 1.0006 | —. 0032 0034 | —. 0095 33 | 29853 | 1.0007 | —.0031 .0019 | —.0076
3.4 | 229746 | 10003 | —.0026 0026 | —.0071 34 | 30853 | 1.00056 | —.0023 .0012 | —.0060
3.5 | 30745 | 1.0001| —.0020 L0019 | —.0053 3.5 | 31854 1.0003 | —.0017 .0008 | —.0041
3.6 | 31746 | .9999 [ —. 0016 .0015 | —.0038 3.6 | 3.2854| 1.0001 | —.0013 .0004 | —.0030
37 | 3.3854 | 1.0000| —: 0009 .0002 | —.0021
3.8 | 3.4854 | .9999| —.0007 .0000 | —.0015
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TABLE 1.—Concluded. SIMILAR SOLUTIONS OF LAMINAR

COMPRESSIBLE BOUNDARY-LAYER EQUATIONS.

$=2.0, Sv=1.0
n f i ” S S’

0 0 0 24878 | 1.0000 | —o0.6613
.1 0118 | .2291 | 2 0971 9339 | —. 6611
.2 L0446 | .4204 | 17341 .8678 | —. 6503
.3 0947 | .5771 | 1.4072 8021 | —.6548
.4 1589 | .7031 | 11204 7370 | —. 6466
.5 .2344 | .8025 . 8743 6729 | —.6341
.6 .3187 | .8793 . 6671 16103 | —.6168
7 .4007 | . 9372 . 4958 5497 | —.5948
.8 . 5056 | .9795 . 3566 .4915 | —. 5682
.9 8052 | 1. 0094 . 2455 14362 | —. 5375

1.0 7072 | 1.0204 1587 .3841 | —. 5034

1.1 8108 | 1.0418 . 0921 3356 | —. 4666

12 9153 | 1. 0484 0425 02000 | —. 4280

1.3 | 1.0203 | 1.0508 0067 .2500 | —.3885

1.4 | 1.1254 | 1.0502 | —. 0180 2132 | —.3490

1.5 | 12303 L0475 | —. 0341 .1802 | —. 3102

16 | 18349 | 1.0436 | —. 0435 S1511 | —. 2729

1.7 | 1.4390 | 1.0390 | —. 0478 1256 | —. 2375

1.8 | 1.5426 | 1.0341 | —.0486 1035 | —. 2048

1.9 | 16458 | 1.0293 | —.0468 0846 | —. 1745

2.0 | 17485 | 1.0248| —.0434 .0685 | —.1473

2.1 | 1.8508 | 1.0207 | —.0391 0550 | —.1230

22 | 1.9527| 10170 | —.0344 0438 | —.1017

2.3 | 20542 | 1.0138| —.0296 .0346 | —.0832

2.4 | 21564 | 1.0111 | —.0250 L0271 | —. 0874

25 | 22564 | 10088 | —.0208 0210 | —.0541

28 | 23572 1.0089 | —.0170 0162 | —.0429

27 | 24578 | 1.0054 | —.0137 0123 | —.0338

2.8 | 25583 | 1.0041 | —.0109 0004 | —. 0263

29 | 26587 | 1.0032 | —.0086 0070 | —.0202

3.0 | 27589 | 1.0024 | —.0066 0053 | —.0154

3.1 | 2.8591 | 1.0018 | —.0051 0039 | —.0117

3.2 | 29593 | 10014 | —.0038 0020 | —.0087

3.3 | 30504 | 1.0011| —.0028 0022 | —.0084

3.4 | 31695 | 1.0008 | —.0021 0016 | —.0047

3.5 | 325968 | 1.0008 | —.0015 .0012 | —.0034

3.6 | 3.3596 | 1.0005| —.0011 0009 | —.0025

3.7 | 3.4507 | 10004 | —.0007 0007 | —.0018

3.8 | 35697 | 1.0004| —.0005 0008 | —.0012

3.9 | 36598 | 1.0003| —.0003 0004 | —.0009

40 | 37598 | 1.0003 | —.0002 .0004 | —.0006

955
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TABLE II.—SUMMARY OF HEAT-TRANSFER AND WALIL-SHEAR PARAMETERS

. , S CilRew | 5 mFI1UX |00 /mFLlUX | & [mFlUX
S' B f- S. S' Nu X 2 Yo X 2 Yo X 2 Yo H”
—1.0 | —o0.326 0 0.2477 | 0. 2477 0 1. 3200 0. 8400 —2.1305 2. 063
—. 3657 . 0500 -2058 | . 2058 . 3381 1. 0056 . 6571 —1. 8407 1. 530
—. 3884 - 1400 -3527 | . 3527 - 7939 - 6486 - 8400 —1. 5762 1.013
—. 360 - 2448 -4001 | . 4001 1224 - 3719 - 5908 —1. 4082 . 830
—. 30 . 3182 4262 | . 4262 1. 493 . 2222 - 5498 —1. 3280 . 404
— 14 . 4166 4554 | 4554 1. 830 - 0863 . 4052 —1. 2503 134
0 - 4696 4606 | . 4608 2 000 0 - 4696 —1. 2168 0
. 50 - 5808 4948 4948 2. 347 —. 1000 - 4235 —1. 1825 —. 257
2 00 - 7381 5203 5203 2. 837 —. 2061 . 3833 —1.1107 —. 538
—0.8 | —0.10 —0. 0686 0.0447 | 0.0559 | —2 456 (-3 E . E
—.2685| —.0500 -1829 | . 2286 . 4374 (s . . .
—. 3088 0 12261 | .2826 1. 4052 0. 6274 —1. 5211 2. 240
—. 325 . 0493 ~2545 | . 3181 . 3100 1. 1579 6335 —1. 3757 1. 828
—. 3285 - 0893 -2844 | 3305 . 4194 1. 0738 - 6286 —1. 3309 1. 708
—. 3285 - 1100 -2818 | . 3523 - 6245 9298 - 6193 —1. 2589 1. 501
—. 325 - 1354 -2013 | 3841 L7438 8524 - 8107 —1. 2295 1. 306
—. 30 - 2086 3155 | .3044 1. 058 6624 - 5821 —1. 1381 1. 138
—. 14 - 3841 - 359 - 4488 1. 712 - 3485 - 5037 —1.0134 . 692
0 - 4696 -3757 | . 4696 2 000 - 2436 . 4696 —. 9744 510
. 50 L6547 . 403 - 5038 2. 599 . 0814 - 4001 —. 9136 - 109
1 50 - 8689 J4261 | . 5326 3 263 —. 0304 - 3859 —. 8707 —. 083
2 00 - 9480 14331 | 5414 3. 502 —. 0591 . 3551 —. 8590 —. 166
—0.4 | —0.235 | —0.0500 0.0447 [ 0.1118 | —0.8949 * * * %)
—. 248 0 S1249 | . 3123 1. 8383 0. 6045 —0. 6942 3. 041
—. 2483 . 0500 ©1360 | . 3400 . 2041 1. 8079 - 6001 —. 6471 2. 670
— 24 - 1064 S1474 | 3885 L5775 1. 4078 . 5868 —. 60768 2. 300
— 20 - 2183 1626 | . 4085 1. 074 11274 - 5544 —. 5534 2. 034
0 11696 -1878 | . 4696 2. 000 6308 . 4696 —. 4872 1. 656
.50 - 7947 - 209 - 5225 3. 042 4501 - 3799 —. 4498 1. 185
2. 00 1. 3329 2304 | . 5760 4 628 2934 . 2044 —. 4089 - 759
0 —0.1947 | —0. 0500 0 g-) * * (-g 0 )
—. 1988 0 0 0. 3265 0 2. 359 0. 585 0 4. 032
—. 16 . 1905 0 - 4023 . 048 1. 708 . 552 0 3. 004
0 - 4896 0 . 4696 2 000 1. 217 - 4696 0 2. 501
. 50 - 9277 0 - 5305 3. 436 . 8045 - 3501 0 2. 208
1. 00 1. 2326 0 5715 4 317 . 8482 - 2923 0 2. 218
1 60 1. 5213 0 - 5940 5.122 . 545 - 250 0 2. 180
2. 00 1. 6870 0 - 6064 5. 565 . 497 - 231 0 2. 152
L0 | —o0.10 —0.1613 | —0.2076 | 0.2076 | —1 554 8 8 2 .
—.1305| —.0500 | —.3139] .3139 —. 3186 . . . .
—. 1205 0 —.3388 | 3388 3. 8162 0. 5677 1. 6109 6. 722
—.10 .1805 | —.4033 | 4033 . 8056 3. 0765 - 5425 1. 3013 5. 671
0 -4896 [ —.4696 [ 41698 2. 000 2. 4360 - 4608 1. 2168 5. 187
.30 0829 | —.5457 | . 5457 3. 602 1. 8313 - 3334 1. 0662 5. 493
.50 12351 | —.5725| .5725 4 315 1. 6472 - 2740 1. 0237 6. 012
1. 00 1.7368 | —.6154 | .6154 5. 644 1. 3856 . 1785 9602 7. 850
1. 50 21402 | —.6425 | .6425 8. 662 1. 2382 -1113 - 9236 11, 125
2. 00 2.4878 | —.6613 | 6613 7. 527 1. 1431 . 06683 . 9029 17. 105

sThese values were not calenlated.
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